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Dr. Chouksey, Sh., Wholetime Director, JK Lakshmi Cement Ltd,, President of Cement Manufacturers Association, India

INDIAN CEMENT INDUSTRY — EVOLUTION,
GROWTH AND FUTURE CHALLENGES

O-p Yyken LW., wratHbI gupekTop komnanum JK Lakshmi Cement Ltd.,

npe3uaeHT Accoumanmmn npomssoauTenel uemenTa, Hama

MHOMNCKAA LEMEHTHAA
[MTPOMBILUJTEHHOCTb — 3BOJTIOL A,
POCT U OANTbHENLLME 3AOAYN

Abstract

Indian cement industry though it is the second
largest in the world after Chinese, has global cement
majors in commanding positions, and technologically
advanced plants; is largely confined to domestic
production and consumption. To the outside world, the
journey that the industry has travelled in its more than
100 years of history and its achievements are largely
unknown. The purpose of this article is to acquaint
the international readers having interest in cement and
allied businesses, about the cement industry in India in
a very simple manner, yet covering all the facts about the
industry. Where we are today is a matter of pride for the
industry, but on our way to our place in global context
we have seen many shades of ups and downs. We have
travelled the journey of the industry being under tight
control of the government to the extent of a buyer needing
a permit to buy a bag of cement to the time where it is
freely available in every nook and corner of a country as
diverse as India. We have evolved from cement plants with
a meagre capacity of a few thousands of tons of cement
to world’s largest cement kiln at one of the plants and
to probably world’s largest single location cement plant.
Today our plants are amongst the most energy efficient
plants and our products meet the global best in terms of
specifications and performance. The industry has come
a long way and yet has many more miles to go.

Key words: Indian cement industry, sustainability,
technology trends, energy performance and trading, GHG
emissions, alternate fuels and raw materials, blended
cements, technology roadmap

Background

Cement industry is one of the core industries of
India and occupies an important role in national economy
because of its strong linkage to other sectors such as
housing, construction, infrastructure and transportation.
India entered into the Cement Era in 1914, when the
Indian Cement Company Ltd. started manufacturing
cement in Porbandar (the state of Gujarat). The growth
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AHHOTaUMA

VWupuniickasa 1eMeHTHasd NPOMBIIIJIEHHOCTD
AB/IAETCA BTOPOJ B MMpe IO BelM4MHe IMOCIe KU-
TaVICKOM M MPeNCTaBIsieT COOOM TEXHOMOTUIECKN
pasBuTtoe npousBoacTBo. Cpeny MHAMICKUX IPOU3-
BOZIMTETIEI LleMEHTa eCTh KPYIIHbIe MUPOBBIE THUEPHI.
BMmecre ¢ Tem neMeHTHas orpacnb VIHAuM orpanu-
YMBAETCA NPEUMYIIECTBEHHO BHYTPEHHUM IIPOM3-
BOJICTBOM U moTpebneHneM. Uro Kacaercs BbIXOAa Ha
MEXX/IyHapOJHBIN PbIHOK, TO O KOHKPETHBIX JOCTMKE-
HUAX B 00/1aCTVM MEXJYHapOLHOI TOPTOBIM Ha IpPO-
TSAKEHUU BCEIl CTONETHEI UCTOPUM Pa3BUTHUA OTPACIN
IIOYTY HMYETO HeusBecTHO. Ilenb JaHHOM cTaThby —
MTO3HAKOMUTDb YUTaTeNell, MHTEPECYIOIMXCA LIeMEHT-
HBIM NIPOM3BOACTBOM M CMEXHBIMU C HUM OTPaCIAMHU,
C Pa3sIMYHBIMM aCIEKTaMM LeMEHTHOJ IPOMBIIITIEH-
HocTu VInpgunu. CoBpeMeHHBIE JOCTV>KEHUA WHJWUIA-
CKOJI IIeMEHTHOJ IIPOMBIIIIEHHOCTY — 3TO IOBOJ, 14
TOPAOCTY, XOTS Ha MYTU K HUM ObLIIO HEMaJo B3JIETOB
U najeHnii. MHOroe MsMeHMIOCH € Te€X MOp, KOTAa MIPo-
MBIIIEHHOCTh HaXOAM/IACh MOJ] )KECTKMM KOHTPOJIEM
IpaBUTENbCTBA U IMOKYIATEN0 TpeboBanoch paspelle-
HIle Ha IOKYIIKY Jake MeIlKa IjeMeHTa. Ceifyac IleMeHT
MO>XHO CBOOOJHO IPHOOpPECcTH BO BCEX YTONKAX CTPAHBbL.
llemeHTHaA NpOMBIIIZIEHHOCTD VIHAMY IpOII/Ia Iy Th OT
IIeMEHTHBIX 3aBOJIOB C He6OJIBIIOI MTPON3BOZUTENbHO-
CTbIO B HECKOJIDKO ThICAY TOHH IIEMEHTA 0 CO3JaHuA
KPYIIHeilllell B Mupe me4u Aas o0Knra [jeMeHTa 1 oT-
KPBITHA, BOSMOXXHO, KPYITHEIIEro IIeMEHTHOTO 3aBO-
pa B mupe. CerogHa MHAMUIICKNE LIeMEHTHBIE 3aBOJbI
SABIAIOTCA OHUMIY M3 CAMBIX 9HePros(dHeKTUBHBIX, a
UX IPOAYKIMA COOTBETCTBYET MUPOBBIM CTaHApTaM
C TOYKM 3pE€HMA TeXHUYECKMX XapaKTEPUCTUK U IIPO-
U3BOAUTENTbHOCTH.

Knioueevie cnosa: unoutickas uemenmnas npo-
MOBLUTIEHHOCIND, IKOTI02UMHOCTNb, MeHOeHY UL 6 PA36U-
MUY mexHono2uil, sHepeoIPPexmusHocms U NPooaxu,
NAPHUKOBbLE 2A3bl, ANLIMEPHAMUEHDLE 8UObL MONAUBA U
COIPbS, UeMeHMbL C MUHEPATbHBIMU 000a6KAMU, MeEXHO-
TI02UHeCKAS 00POKHAT Kapma



of the industry was slower in the beginning because
the industry was under control regime, but after total
de-control in 1989 there has been an unprecedented
growth in cement production in India. In the last
three decades the vibrant Indian cement industry has
shown a remarkable eighteen fold growth since 1980,
when its installed capacity was only 24 million tonnes,
owing to bold liberalization policies initiated by the
Government of India. It took nearly 83 years to reach
first 100 million tonnes capacity for the industry but for
achieving next 100 million tonnes, it took only 11 years
and for third 100 million tonnes - less than 4 years due
to complete de-control and substantial rise in demand
from construction and transportation sector. Today,
installed capacity of cement industry in India has reached
425 million tonnes with cement production over
290 million tonnes having about 225 large cement plants,
comprising integrated cement plants as well as standalone
cement grinding units.

India’s cement industry contributing to the growth
of construction sector in India, by itself is a prominent part
of its economy as it provides employment for more than
a million people, directly or indirectly, throughout the
country. The construction sector accounts for about 23%
of the GDP in terms of construction value and about 14%
of the GDP in terms of gross value added. It is estimated
that every million metric tonnes (MT) of cement consumed
by Indian construction is approx. 5 million man days of
employment. Indian cement industry continues being
the second largest manufacturer in the world, with about
7% of the annual global cement production today. While
the global economic scenario remains challenging with
economic growth hovering around 3.4%, Indian economic
growth keeps at the level of 7.3%.

Million Tonnes /f MnNKMOHOE TOHH
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IIponsBOACTBO LieMEHTA ABIAETCA OFHON U3 OC-
HOBHBIX OTpacjlell IpOMBIIIJIEHHOCTY VIHAuM U 3aHu-
MaeT Ba)KHOe MeCTO B HaI[MOHA/IbHOW 3KOHOMIKE, IT10-
TOMY 4TO TECHO CBA3aHO C Pa3BUTMEM >KUIUILIHOTO U
IPOMBIIIIEHHOTO CTPOUTENbCTBA, MHPPACTPYKTYPBL 1
TpaHcnoprTa. VInua BcTynuia B 910Xy LjeMeHTa B 1914 1.,
xorga xommanus Indian Cement Company Ltd. Hagana
IPOM3BOACTBO IieMeHTa B I. [Topbanpape (wrar ['ymxa-
par). B To Bpems Temmbl pocTa OBV 3HAYUTENTBHO HIDKE,
a ITPOMBINUIEHHOCTh HaXOAWU/IACh B YCIOBUAX PeXMMa
TOTAJIbHOT'O KOHTpOA. Iloc/ie IomHOI OTMEHBI 3TOTO pe-
)uma B 1989 r. B VIHANM mponsouuto HecriperiefieHTHOe
yBeMYeHye IPOU3BOACTBA LieMeHTa. 3a IoCIefiHIe TPU
OecATUNeTUA OVHAMUYHO Pa3BUBAIOILAACA MHAUIICKA
IleMEeHTHasl IPOMBIIIEHHOCTD IT0Ka3a/ia BIeYaT/IA0IINIA
poct. C 1980 rofa, Koria B pe3ynbTaTe CMesIoi MOMUTUKA
nubepanu3anuy, MHULUNPOBAHHO IPaBUTENbCTBOM VIH-
fuy, 06'beM IPOM3BOAMMOIL IPOAYKIMI COCTABISIT BCE-
r0 24 MJIH T, IPOU3BOJCTBO LJeMEHTA YBEMNINIOCh B BO-
ceMHapnarh pas. [lorpeboBanocs mouty 83 ropa, 4ToOb!
mocTudb 06BeMOB mponsBopcTBa B 100 mnH T. [Ipu aTom
IJ1A JOCTVDKEHU cnefyromux 100 MIH T IIpo1IjIo BCEro
11 nert, a mo TpeTbux 100 MJIIH T — MeHee YeThbIpex JIeT.
Takoil pe3ynbTaT CTal BO3MOXXKEH 6raropapsi ImOMHOM
OTMEHe pe>XXMMa KOHTPOJIA ¥ 3HAUYUTEe/IbHOMY yBennye-
HUIO CIIPOCa CO CTOPOHBI CTPOUTE/IBHOIO ¥ TPAHCIOPT-
HOTO ceKTOpOB. CerofiHs yCTaHOBJIEHHAS MOIIHOCTD Iie-
MEHTHO MPOMBILITIEHHOCTY VIHANY focTuria 425 MiH
T ¢ 06bEMOM IIPOU3BOACTBA IieMeHTa 6oee 290 MIIH T.
B cTpane feficTBYIOT OKOMO 225 KPYIHBIX IIEMEHTHBIX
3aBOJIOB, BKJIIOYasl 3aBOJIbI C 3aKOHYEHHBIM I[UKIOM
IIpPOM3BO/ICTBA, 2 TaK)Ke aBTOHOMHbIE YCTAaHOBKM J/1A
IIOMOJIa I]eMEHTA.

FY |/ DuHaHCcoBbIA rog

B capacity, million tonnes /f NPoKIBOACTEEHHARN MOWHOCTE, MAH T

m production, million tonnes // dakTndeckoe NPoK3IBOOCTED, MIHT

Fig. 1. Evolution, Development and Growth of Indian Cement Industry (1914 to 2015)

Puc. 1. Pa3BuTre NHANNCKON LEMEHTHOW NpoMbiweHHOCTH (c 1914 no 2015)
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A graphical representation of evolution, development
and growth of Indian cement industry is as shown below
in Fig. 1.

Advances in Manufacturing Technology

The Indian cement industry has always been at the
forefront in contemporary technology adoption. This is
proved by the achievements in physical indicators such
as energy consumption, kiln productivity, operating
hours per year, stack emissions, renewable energy use,
etc. Technology developments that are being harnessed
include installation of multi stream preheaters and
calciners with clinkering capacities exceeding 10,000—
12,000 tpd, adoption of energy efficient coolers,
modernization in finish grinding systems, higher use
of automation, adoption of waste heat recovery systems,
development of newer types of cement with reduced
carbon footprints, and so on. The technological advances
in cement manufacture have been accomplished over the
past two decades in the following major areas resulting in
higher capacity production units, better process control,
better quality control, improved energy efficiency and
better pollution control:

« Improved mining practices through remote
sensing, computer aided deposit evaluation, in-
pit crushing through mobile/semi-mobile crushers,
application;

«  Improved mechanical material conveyors like pipe
conveyors, high capacity bucket elevators instead
of pneumatic conveyors;

» High efficiency size reduction equipment such as
impact crushers, vertical roller mills, roller presses,
high efficiency separators etc.;

« Improved blending/homogenizing silos such as
controlled flow (CF) silos;

o Improved pyro-processing systems by means of
the latest generation precalciners, 5-6 stage low
pressure preheaters, high efficiency multi-channel
burners, high efficiency coolers etc.;

« High efficiency pollution control equipment such
as electro static separators with pulse energisation,
bag filters incorporating glass fabric etc.;

«  Improved refractory practices such as mag-chrome
bricks, magnesia-spinelide bricks, periclase spinel
bricks, high strength insulating bricks, alumina-
zircon refractory bricks, coating repellent
aluminum-zirconium-silicate bricks, etc.;

o Improved instrumentation and automation for
quality control and process control through
programmable-logic-controllers (PLC), distributed
control systems, expert kiln and mill control
systems, on-line bulk analyzers, on-line quality
control through industrial robots etc.;
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Vnpuiickas ieMeHTHas IPOMBILIUIEHHOCTD, 00e-
CIeYMBaloIlas poCcT CTPOUTENbHOTO cekTopa VInauu, AB-
JISIeTCs Ba>KHOI JaCTbIO €e 9KOHOMYKI, TOCKO/IBKY ITPefo-
craBiisieT paboune Mecra Jist 60/iee MIUJIIIOHA YeTI0BEK 1O
Bcell ctpaHe. CerofHsA CTpOUTENbHAA OTPACIb COCTABIA-
eT 0K0710 23% BBII B cTOMMOCTHOM BbIpa>kEHUM U OKOJIO
14% BBII o Banosoit go6asneHHoi crommocty. CormacHo
olleHKaM, B VIHMM Ha Ka>KIbIii MUJIJIMOH TOHH IIeMeHTa,
MOTPeOIsIEMOTO /Il CTPOUTENBCTBA, IPUXOAUTCS IPH-
MEpHO 5 MJ/IH 4elloBEKO-[Hei. VIHaniicKasA LieMeHTHasA
MIPOMBIIIJIEHHOCTb MIPOAIO/I’KAaeT OCTaBaTbCA BTOPOIL B
MIpe IO Be/INYMHE IPOU3BOJCTBA, YTO COCTAB/ISIET OKOJIO
7% OT eXerof{HOro IIPOM3BOAICTBA 1IeMEHTA BO BCEM MUpe:
KOT/Ia 9KOHOMMYECKUII pOCT B MUpe B CpeflHeM COCTaB-
1571 OKONo 3,4%, sKoHOMMYecKuit poct B VIHaUM coxpa-
HAJICA Ha ypoBHE 7,3%.

Ha puc. 1 npencraBieHa [UHaMMKa pa3BUTUA UH-
OUIICKOI LIEMEHTHOI MPOMBIIIJIEHHOCTH.

p,OCTI/I)KeHIIIiI B TeXHoJiIormn npom3sBoacTtBa

VHpnitckas eMeHTHA I IPOMBIIIJIEHHOCTD BCer-
ma 6pta nuaepoM B cdepe BHePEHUs COBPEMEHHBIX
TEXHOMOIUI1. DTO IMOATBEPXKAAIOT TaKye II0KasaTesn,
KaK sHepromnoTpebeHune, IpoU3BOAUTENBHOCTD Hedeli,
IJIATEIBHOCTD pabOThHI B TeUeHUe rOofia, YTUIM3aLNs
OTXOJAIMX Ia30B, UCIIONb30BaHYE BO30OHOBIAEMBIX
MICTOYHMKOB 9HEPIMM U T. I. B HacTosIee BpeMs mpu-
MEHSIOTCA CIeAyIollyie COBpeMeHHbIe TEeXHOMOTUI: YCTa-
HOBKa MHOTOKaHA/IbHBIX TOPEIOK U 00X UTOBBIX IIeYeli
IPOM3BOAUTENIBHOCTBIO KJIMHKepa 6osee 10 000-12 000
T/CYT, BHepeHe sHeprocbeperaommx KOMTOCHNKOBBIX
XOJIOVIBHUKOB, MOJIepHU3AI[MsI CCTEM TOHKOTO IT0-
MOJIa, aBTOMATH3a U IPOU3BOACTBEHHOTO IIPOLIecca,
BHeJIpeHNe CUCTEeM peKyllepanyy OTpaboTaHHOTO TeIla,
IpPON3BOACTBO HOBBIX BUJIOB LIeMEHTa C COKpalljeHneM
BBIOPOCOB YI/IEKUCIIOTO rasa u T. fi. Pe3ynbTaToM BHe-
ApeHNA HOBBIX TeXHOJOTMYECKUX pelleHNI, aKTUBHO
NPUMEHAIIINXCA IPYU IIPOU3BOACTBE LIeMEHTa B IIO-
CllefHMe [IBa NeCATUIETHA, CTa0 MOBBILIEHNE IPO-
U3BOJUTENBHOCTH, 6o/iee appekTUBHOE yIpaBIeHue
IPONM3BOACTBEHHBIM IIPOLIECCOM, YIydlleHNe KOHTPO-
I Ka4yecTBa, IOBBIIIeHMEe 9HeProdaPPeKTUBHOCTY U
KOHTPOJIb 3a BpelHbIMM BbIOpocaMu. Cpenn IOTOXM-
TeTbHBIX IPUMEPOB:

o Omrumusanus MeTONOB JOOBIUM CHIPbEBBIX Ma-
TEePUAJIOB: YCTAHOBKA JVICTAaHIVIOHHBIX [JATYNKOB,
aBTOMATU3MPOBAHHBII MOHUTOPUHT MECTOPOXK-
feHuil u gpobyieHNe B Kapbepax Py OMOLIY MO-
OUIBbHBIX/TIONTYMOOMIBHBIX HPOOUIOK;

»  MopepHusanus KOHBelepOB IIOaYy MaTepuaia,
TaKMX KaK TpyO4yaTble KOHBeliepbl, BbICOKOIPO-
M3BOJUTENbHbIE KOBIIOBhIE 3/1€BaTOPHI BMECTO
ITHEBMOTPYOOIPOBOJIOB;

o IlpumeHeHMe BBICOKOIIPOU3BOAUTENBHOTO 060-
PYZIOBaHMA A ITOMOJIA, TAKOTO KaK y/lapHbIe
ApOOWIIKY, BepPTUKaIbHbIC PONTUKOBbIE METbHUIIBL,
PONMKOBBIE IIPECCHI, MOLTHBIE CENIAPATOPBI U T.J.;



«  Product diversification/modification (production
of blended cements).

The technological advances in cement manufacture
in India over the past few decades are shown in the
Table 1.

Cement manufacture and
energy management

Cement manufacture is energy intensive process
with energy costs of up to 40-50% of its production
costs. Global and national focus on energy conservation
has led to the adoption of modern technology that
is continuously improving the production process.
This has led to considerable savings in energy by a
large number of plants with incorporation of modern
technologies in grinding, pyro-processing, cooling,
material handling and pollution control systems.
Sophisticated instrumentation and computerized
control systems have led to better efficiency and
economy. More than 99% of the installed capacity in
India is based on dry process technology. The estimated

Table 1. Technology Trends in Indian Cement Industry
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MogepHu3anusa CMeCUTENTbHBIX CYJIOCHBIX eM-
KOCTeJl, TAKUX KaK CUJIOCHI C KOHTPOIMPYEeMbIM
IIOTOKOM;

Ontummnsanusa TemIOOOMEHHBIX CUCTEM IpyU
IIOMOIIY KCIIO/Ib30BaHMs AeKapbOHM3aTOPOB
IIOC/IeIHETO MOKOJIEHN, 5—6 CTyIeHYaThIX Te-
II00OMEHHUKOB HU3KOTO JaBJI€HUs, BHICOKO-
9¢(PeKTUBHBIX MHOTOKaHa/IbHBIX TOPEIOK Y OX-
TaguTenen u T.h.;

ITpuMeHeHVe MOLTHOTO 0OOPYOBAHMA IS KOH-
TPOJISsI BpEHBIX BEIOPOCOB: 97IEKTPOCTATIYECKIE
CeIapaTopbl C MUMITY/IbCHBIM IIMTaHUEM, PYKaBHbIE
GUIBTPHL U3 CTEKNTOTKAHY U T.1.;

Vcrionb3oBaHMe COBPEMEHHBIX OTHEYIIOPHBIX
MaTepuanoB, TAKMX KaK MarHMeBO-XPOMOBBIII
KMPONY, MaTHE3MAIbHO-IINMHETUHBIN KUP-
1Y, MePUKIa30UINNHEIbHBI KMPINY, BbICO-
KOIIPOYHBIN M30MUPYIOMINIT KMPINY, OTHEYIIOp-
HBIIl KUPIINY U3 OKCUJA a/TIOMUHNA U [UPKOHa,
OTTAaNKMBAOIINI AJTIOMUHNUI-UYPKOHUI-CUIN-
KaTHBIV KUpONUY U T.J.;

Tabnuua 1. TeHaEHUMN PA3BUTUA TEXHONTOMMNIA B UHAUACKOWN LLEMEHTHOW MNPOMBbILNEHHOCTH

Before the 1960s //
Ao 1960-x ropoB

The 1970s //
1970-e rogbi

The 1980s //
1980-eroapbli

The 1990s //
1990-eroabi

The 2000s //
2000-e rogbl

« Wet process (300-600 tpd) //
Mokpbin cnocob (300-600
T/cyT)

- Semi-dry process (Lepol
grate 600 tpd) // Monycyxoit
cnocob (PeweTtka neyu flenons
600 T/cyT)

« Introduction of Dry process
plants (2-stage Preheater,
600 tpd)) // BHegpeHve
YCTaHOBOK C CYXMM CMNOCOOOM
MPOV3BOACTBA (ABYXCTYMEHY.
TennoobmeHHWK, 600 T/cyT)

- Ball mills for material
grinding // Waposbie
MenbHULbI A MoMona
marepuanos

- Pneumatic controls //
HeBMOaBTOMaTVKA

« 4-stage dry suspension
preheater kilns (1,200 tpd) //
4-CTyneHY. 3aneyHble
LIKNOHHblE TeNNOOBMEHHVIKNM
(1200 1/cyT)

« Ball mills for material
grinding // lWaposbie
MesbHULbI 415 moMOona
matepuanos

« Hard wired logic controls //
[MpoBogHble norvyeckmne
KOHTpONNepbl

« Precalciner kilns (3,000 tpd
and more) // [lekap6oHwu3aTopbl
(MowHocTbio 3000 T/cyT 1 6onee)

- Vertical roller mills for raw
material/coal grinding //
BepTukanbHble PONMKOBbIE
MeSbHULIbI 1A MOMOSIA CbiPbA/
yrnn

- Wet to dry process conversion //
Mepexopn OT MOKPOro K Cyxomy
Ccnocoby Npov3BOACTBa

« 5-stage suspension preheater //
5-CTyneHY. 3aneyHbii
L\MKJ’IOHHbM TEMNOOOMEHHMK

« Improved ball mill internals
(liners & diaphragm) //
MopepHu3poBaHHbIe
BHYTPEHHMWE SNIeMEHTbI
WapoBbIX MeNbHUL (BKﬂaﬁlb\UJV\ n
avadparmel)

« Multi-channel burners //
MHorokaHanbHble ropenku

« Programmable logic
controllers (PLC) //
Mporpammyipyemblie nornyeckme
koHTponnepsl (MJ1K)

« Kiln capacity of 6,000-7,500
tpd // Meun ana obxura
MOLHOCTbI0 6000-7500 T/CyT

« Roller press // Ponvikosbil
npecc

- High efficiency separator //
BbICOKO3PEKTUBHDIN
cenapaTop

« Low pressure 5-6 stage
preheaters // 5-6-cTyneHu.
TENNOOOMEHHMKM HU3KOTO
naBrneHna

- Expert control systems //
Cuctemsl IKCNEepPTHOro
KOHTpONA

« High efficiency coolers /
BblcokoadpdeKkTmBHbIE
XONOAUNbHWKN

« High speed bucket
elevators instead of
pneumatic conveying
// BbICOKOCKOPOCTHbIE

KOBLIOBbIE 3/1€BATOPbI BMECTO

NHEBMOTPY6ONPOBOAOB

« High efficiency fans, variable

speed drives //
BblcokoadpdeKkTHBHbIE

BEHTUNATOPbI C PErynnpyemMbim

npneogom

« Distributed digital controls

(DDCQ) // Cuctema UndppoBoro

ynpasneHus
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« Kiln capacities up to 12,000
tpd (in pipeline) // Meun ana
06K1ra MOLWHOCTBIO 1O
12 000 1/cyT

- Vertical roller mills for cement
grinding // BepTukanbHble
POMNKOBbIE MENbHWLBI AR
romosia uemeHTa

« Surface miners/ripper dozer //
KapbepHble kombaiHbl /
OynbAo3epbl-pbIXUTENN

« Bulk analyzers // O6bemHble
aHanm3atopsl

- Long distance belt conveyors
// NleHTOoYHble TpaHCnopTePb!
60MbWON NPOTAKEHHOCTN

« Alternate fuels //
AﬂbTepHaTl/lBHb\e BMAbl TONAVBA

« Multi- channel multi-fuel
burners // MHorokaHanbHble
rOpesnKM 41A Pa3HbiX BUAOB
Tonnmea

- Static grate coolers //
KonocHvKkoBble XOnoAnnbHUKM
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weighted average specific energy consumption of the
Indian cement industry in 2014-2015 was 721 kcal/kg
clinker for thermal energy and 76 kWh/t cement for
electrical energy. Currently the best specific thermal
and electrical energy consumption reported by the
Indian cement plants is 678 kcal/kg clinker and 71
kWh/t cement, which is comparable with the best
values reported worldwide. It must be noted that these
achievements have come against the back drop of non-
availability of high grade coal for cement industry in
India as the domestically available high grade coal is
mainly reserved for coal fired thermal power plants,
steel plants, and fertilizer plants. Indian cement
industry uses coal with low calorific value and high
ash contents.

It is worth mentioning here that the Indian
cement sector is one of the most energy efficient
worldwide, mainly due to modern technology being
implemented in the plants as well as because of the
efficient daily plant performance monitoring with a
focus on energy savings and CO, emissions reduction.
The trend of thermal and electrical energy consumption
in Indian cement industry is shown in Fig. 2 and 3.

The present scenario of economic liberalization,
environmental concerns and technological promotion
have compelled the industry to constantly re-examine
their manufacturing practices, business insights,
management methods and production plans etc.
Introduction of renewable energy resources such as
wind mills & solar plants are among them.

Presently around 6-8 plants have gone for wind
power plants with rated capacity of around 256 MW.
Replication potential exists for other plants for around
30% renewable energy substitutions. Some cement
plants have also installed solar plants with overall
power generation of around 16.5 MW. All this will

+ MogepHnsannusa KOHTPONbHO-U3MEPUTEIbHbBIX
Ipr6OPOB U aBTOMATUKIY Ji/I1 KOHTPOJIA KaueCTBa
U YIIpaB/IeHMS TeXHOJNOTMYECKMMI IIpoliecca-
MU C IOMOII b0 IPOTPAMMUPYEMBIX TOTMYECKIX
koutposiepos (IINIK), cuctem pacnpepeneHHO-
rO yIpaB/ieHNUA, 9KCIIePTHBIX CUCTeM yIIpaBJe-
HIS TeYaMU U MeJIbHUIIAMH, OHJIATHOBBIX 00'b-
€MHBIX aHA/TM3aTOPOB, ONEPATBHOIO KOHTPO/IA
KayecTBa C MICIONTb30BaHMEM IIPOMBIIIIEHHBIX
po6OTOB U T.1i.;

o  Mopuduxanyua nporykuun (Ipou3BOACTBO Iie-
MEHTOB C MUHEPATbHBIMU JOOABKaAMMU).

TexHONMOrMYeCKUE JOCTUIKEHNS B IIPOU3BOLCTBE
neMeHTa B VIHOUM 3a TIOC/IEHIE HECKONIBKO [eCATUIIe-
TUI IIOKa3aHbl B Ta0I. 1.

MponsBoacTBO LLemMeHTa n
KOHTpPOJIb 3HepronoTpe6neHuns

IIponsBopacTBO LieMEHTa — 3HEPTOEMKUIL IIPO-
Llecc: 3aTpaThl Ha S9HEPruio cocTasnAT 40-50% ot ero
cebectonmocTu. Heo6X0MMOCTh 9KOHOMMIY SHEPTUM,
aKTya/sbHas KakK A/ CTPaHbl, TaK U A/ BCErO MUPa,
TpebyeT COBPEMEHHBIX TEXHOJIOTUII U MOCTOSHHOTIO
COBEPIIEHCTBOBaHM A NIPOU3BOACTBEHHOrO IIpolecca.
Braropaps nosiBjeHn 0 601bLUIOTO KOIMYECTBA 3aBOJIOB,
NPpUMEHAIUNX COBpEMEHHbIe TEXHOMIOTUY NPU TIOMO-
JIe, TEIIOBOI 06paboTKe M OX/TAXXIAEHUN MaTepuanoB
U B CHCTeMaX KOHTPOJISI BBIOPOCOB YAamoCh JOOUTHCS
CHIDKeHUs noTpebdnenus sHeprun. CrnoxHoe 060pyo-
BaHIe U aBTOMATU3MPOBaHHbIE CUCTEMBI YIIpaBlIeHNA
CII0COOCTBOBAM IIOBBILIEHNIO 9HEPT03(DPEKTUBHOCTI
U 3SKOHOMMYHOCTH ITpou3BofcTBa. bonee 99% ycraHoB-
JIEHHBIX MOILIHOCTE MHAMIICKOM LeMEHTHOM IPOMBbILI-
JIEHHOCT) OCHOBAHO Ha TeXHOJIOTMY CYXOro CIIocoba
IIPOU3BOJCTBA. YCTAaHOBJIEHHOE CpefjHeB3BelleHHOe

WATTEUHRE LMKNOHHRIE

YEAR N TOL

—p— keal/kg clinker /f kxan/wr KnuHKepa

Fig. 2. Trend of Thermal Energy Consumption in Indian Cement Industry

Puc. 2. TeHaeHuun notpebneHna TENAOBOM SHEPrUN B UHAUIACKOW LLEMEHTHOW MPOMBILWNEHHOCTH
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YEAR /fTOQ
—4— kwh/t cement /f KET-4/T UemenTa

Fig. 3. Trend of Electrical Energy Consumption in Indian Cement Industry

Puc. 3. TeHOeHUUs NOTPE6NEHNA SNEKTPOIHEPTUN B UHANNCKON LLEMEHTHOW NPOMbILLIIEHHOCTA

contribute to achieving India’s target of 175 GW of
energy through renewable energy route.

Apart from technology up-gradation, Indian
cement industry has also made substantial progress
in insulating itself from the risks of grid power
shortage. Power provided by the national electric grid
is unreliable due to frequent power cuts. Besides, it is
more expensive than captive generation. That’s why
almost all cement plants have set up thermal captive
generation capacities to overcome the power problem.
Captive power generation in Indian cement industry
has increased substantially from just 118 MW in 1982
to present level of around 5,000 MW, which resulted in
production of ~ 60 % of total cement using captive power.
Further, industry is striving hard to reduce the energy
burden of the country as a whole through cogeneration
of power through waste heat recovery systems. The
present installed capacity of WHR system is about 200
MW, while the estimated potential is over 900 MW
power from waste heat of pre-heater and cooler gases.

Thanks to Clean India drive campaign currently
being fulfilled in the country, cement kilns can
contribute substantially in treating large amounts
of hazardous and non-hazardous wastes in safe and
environmentally sound manner. Although some
individual cement plants have achieved up to 11 %
thermal substitution rate (TSR), overall % TSR is
abysmally poor being < 1%. The major challenges
remain policy/regulatory norms which need further
attention, like polluter to pay concept, availability of
quality processed waste.
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[IPVUMEHSIOTCS BO30OHOB/IsIeMble MICTOYHUKY SHEPIUML,
TaKNMe KakK BeTpHHbIe " CO/THEYHBbIC BHCKTPOCTaHLU/H/I.

B HacToAlee BpEMA OKOIO 6-8 3aBO/IOB UCIIO/b-
3YIOT BETPOIHEPIrEeTUIECKME YCTAaHOBKH C HOMMHAIbHOM
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MOIITHOCTBIO 0KO/Mo 256 MBT. Takue ycTaHOBKM MOTYT
HIPUMEHATbCA U Apyrumu 3asogamu. [Ipu sTom go 30%
SHEPIUU MOXXHO 3aMEHATb Ha SHEPI'UI0 BO3OOHOB/IAEMBIX
UCTOYHMKOB. Ha HEKOTOPBIX LIEeMEHTHBIX 3aBOJlaX TaK-
K€ YCTaHOBJICHBI CONTHEYHBIE 3/IEKTPOCTAHIINM C 0OLINM
06 beMOM BbIpabOTKY 3Hepruy okono 16,5 MBr. [lmaBHas
1e/1b TaKOM PaboThl — nony4enue 175 I'Br sneprum c no-
MOIIIBI0 BO30OHOB/IIEMBIX ICTOYHMKOB SHEPTUNL.

Takum obpasom, MHAMIICKAs L[eMEHTHas Mpo-
MBIIIIEHHOCTD [OOM/IAaCh He TONIBKO MOJEPHM3ALUN
TeXHOJIOTHIL, HO ¥ pelnia npobnemy geduinra smex-
TposHepruu. [InTaHme OT rocy/jlapCTBEHHBIX CeTell d/IeK-
TPOCHAOXXeHMsT HEHAMIe)KHO M3-3a YaCTBIX OTKITIOYEHNIL.
Kpome Toro, ato foposxe, 4eM IPOU3BOACTBO 37IEKTPO-
9HEPIUHU [/Is1 COOCTBEHHBIX HYXXH, I09TOMY IIOYTH BCE
LIeMEHTHbIE 3aBOMIbl CO3any BHYTPEHHNE TeI/IOreHe-
pupypollye MOLUTHOCTH, TO3BOAOLINE B 3HAYUTETbHOM
CTeIleH! PeIInTb IPO6IeMy JOCTYITHOCTU SHEPropecyp-
coB. I[Ipon3BOACTBO 3MEKTPOIHEPINH AJIsI COOCTBEHHBIX
HY>XJ, B MHAMIICKOJM [JEMEHTHOI IIPOMBILITIEHHOCTY 3Ha-
4UTeNbHO BO3pocyo ¢ 118 MBT B 1982 r. o HbIHeIIHe-
ro yposHa okomo 5000 MBr. B pesynbrate okomo 60%
BCero ob’bema IleMeHTa POU3BOSUTCS C UCIOIb30Ba-
HIeM 3HepIruy, TeHepupyeMoit 3aBoflaMy IIpY IIOMOIL A
YCTaHOBOK BHYTpPEHHErO MCIonb3oBaHMA. Kpome Toro,
IPOMBIIIJIEHHOCTb IIPUJIAraeT BCe YCUMMA [IIA CHIDKe-
HIISI SHEPreTUYeCKOro OpeMeHN CTPAHBI B I[E/IOM 32 CYeT
KOMOVHMPOBaHHOTO IIPOU3BOJICTBA TEIJIOBOI Y 9NEeKTPU-
4eCKOJ 9HepIUHM C TIOMOIIbIO CUCTEM PeKyIlepaluy OTpa-
6oTaHHOTO TemIa. Tekylas ycTaHOB/IEHHAsI MOIITHOCTD
OJIHO TaKO¥ CUCTeMbI cocTaBnsaeT okono 200 MBT, uro
HO3BOJIsAET BbipabaTbiBaTh 60mee 900 MBT sHepruu uepes
0TpaboTaHHOE TeI/IO TeIIO0OMEHHIKOB U OXJIaITeNel.

braropaps ycnemso peanusyeMoit 9KOIOrM4ecKoi
kammanuy «Yucras Mapua» (Clean India) ¢ momomnipro
9KOJIOTUYECKU YMCTBIX METOJIOB B IIeMEHTHBIX ITeYaX BO3-
MO>XHO yTUIU3UPOBATH OOMBIIOE KOMNIECTBO OIACHBIX
Y HEOTIACHBIX 0TXO[0B. X0Ts1 K03 PUI[MEHT TEMTOBOTO
samemtenus (TSR) Ha oTHeNbHBIX I[EMEHTHBIX 3aBOMIaX
mocturaet 11%, B 1ieiom mons TSR ouyeHb HU3KAs U CO-
craBnsaeT < 1%. maBHBIMM 3agadyaMy OIS MHAUCKON
[[eMEHTHOJ MPOMBIITIEHHOCTY OCTAITCS pa3paboTka
3aKOHOZATE/IbHBIX HOPM, TaKMX KaK KOHIIEIIIIS «BM-
HOBHMK 3aTpsA3HEHNs IUTATUT» U HAJINYVe Ka4eCTBEHHO
06paboTaHHBIX OTXOLOB.

IIpooonienue cnedyem e Ne 2 (47), 2017
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';- ' CEMENT MANUFACTURER CHANGES

IN THE GLOBAL LANDSCAPE

Knawnn ., rnasa komnanum Kline Consulting, LLC, a-p Hayk, xumuk-TexHonor, CLUIA
[TIOBAJIbHbBIE M3MEHEHINA B TTPO3BOLCTBE
LIEMEHTA B MNPOBOM MACLLTABE

Abstract

The presentation will look at the major trends that
have been shaping the global cement industry over the
past several decades: the decline of the overall markets
in the developed countries as well as the rise of local
cement powerhouses in developing countries. Besides,
the article analyzes current tendencies in the Chinese
industry and their possible influence on the future
situation. General conclusion of the investigation is
that the forecasts of the future industry structure will
be based on these trends.

Key words: cement, industry structure,
sustainability, trends, industry drivers

The Cement Industry Today

The cement industry has seen incredible growth
over the past 150 years. It has become the building material
of choice around the world. It has been said that concrete
is the second most widely used commodity in the world.
Only water is used more. There are no hard statistics on
the global use of concrete; however several entities track
the global production and consumption of cement.

Cement consumption has been quoted recently at
over 4 billion tons per year. If we assume that concrete
is less than 25% cement by weight (most ready-mix
concrete is closer to 15% cement), then we can see that
annual concrete consumption is over 15 billion tons
per year. There are good reasons for this as concrete is
relatively inexpensive, has low energy intensity, is very
flexible in use and has widely available raw materials.

The industry has been growing steadily as the
nations of the world build out their infrastructure.
We see what appears to be a natural progression as a
country matures. In early developmental stages the
cement consumption per capita is relatively low. The
per capita consumption then increases gradually as
the national infrastructure is built out. Then it slows
again as the infrastructure is largely in place and the
consumption turns to rebuilding as opposed to building.
In this way the per capita consumption of a country is
interesting to consider.
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AHHOTaUMA

B craTpe nmpencTaBieHbl OCHOBHbIE T€HEHLIUN
PpasBUTHUA MMPOBOJ LJEMEHTHOM NMPOMBILIZIEHHOCTH 3a
MOCTIeHIE [eCATUIeTH: 00lliee MafieHne PHIHKOB pas-
BUTBIX CTPAH, a TAKXXe POCT U YCUJIEHE MECTHBIX IIPOU3-
BOJIMTEsIEN! lleMeHTa B pa3BMUBaloLiuxca cTpaHax. Kpome
TOTO, IPOBE/IEH aHaNN3 TeKYIel CUTyally B KUTaICKOM
LIeMeHTHOJI npoMblilieHHocTH. Ha ocHoBe uccnenoBa-
HMA 3TUX TEHJEHLMII BO3SMOXHO CJlellaTh IIPOTHO3 OT-
HOCUTE/IbHO JaJIbHENIIEro Pa3sBUTHSA OTPaCIN.

Kniouesvie cnosa: yemenm, cmpykmypa ompacnu,
aKonozurecku 6e30nacHoe ycmoiiuueoe pazeumue, mem-
OeHyuu, Pakmopot passumus ompacnu

COBPeMEHHOE COCTOAHMNE
LleMeHTHON NPOMDILWIEHHOCTN

ITocnepgnue 150 y1eT 1eMeHTHas MPOMBIIIIEH-
HOCTb pasBUBajIach HeBepOATHBIMU TeMnaMu. Bo BceM
MHKpe L[eMEeHT JMCIIONb3YeTCsI B KaueCTBe OCHOBHOTO
MaTepuaja ISl CTPOUTENHCTBA U SIBISETCS BTOPBIM
0 BOCTPeOOBAHHOCTY TOBAPOM ITOC/IE BOMbL. TOYHOIT
CTaTUCTUKY MMPOBOTO JICIIONb30BAHMUS 1leMEHTa He
CYILIECTBYET, OHAKO HEKOTOPble IIPERNPUITIA OTCIIe-
KMBAIOT IT06aTbHbBIE TIOKA3aTeNN ero obIero mpomns-
BOJICTBA U IIOTpeb/IeHNA.

[To mocnegHUM JaHHBIM, HOTpeOneHue LeMeH-
Ta B MIpe OLleHNBaeTCs 6ostee 4eM B 4 MJIPA TOHH B TOf.
Ecnu ucxoguTs U3 TOro, 4TO Macca 6€TOHa Ha YeTBEPTh
MeHbIIIe MacChI IleMeHTa (a 171 60bIIMHCTBA 6ETOHHBIX
cMeceil 3TO COOTHOILIEHME COCTaBasgeT 15%), TO MOXKHO
YBUJIETD, YTO €XKETOffHOE OTpebIeHNe 6eTOHA ITpeBbIIIIa-
eT 15 Mpg T B rofj. ITO 0OBACHSETCS TeM, YTO OETOH —
OTHOCKTE/IBHO HEJOPOTOli, YHUBEPCATbHBI B VCIIONb-
30BaHUM MaTepuajl, HOTydaeMblil C IIOMOIIbI0 HU3KO-
9HEPro3aTpaTHBIX TeXHOOTUI U JIETKOJOCTYITHOTO ChIPBAL.

OTpacnb cTabUIBHO pa3BUBAETCA IO Mepe pac-
MM peHnsA MHQPACTPYKTYPBI B Pa3HBIX CTPaHaX 10 BCe-
My mupy. Ilo Mepe 1X 95KOHOMMYECKOTO pa3BUTUA Ha-
OII0maeTcsA eCTeCTBEHHBIN POCT LIEMEHTHOW OTPAaC/IN.
B pasBuBaromuxcsa cTpaHax HoTpebneHye neMeHTa (B
pacdeTe Ha [yLIy HaceleHNsA) OTHOCUTETBHO HUBKOE.
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Fig. 1. Growth of cement by global region (Cembureau) — Evolution 2011-2015 [1]
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Fig. 2. Energy intensity of Cement and Concrete compared to other materials (Kline & Barcelo) [2]

Puc. 2. SHeproemMKocTb NPOU3BOACTBA LIeMeHTa 1 6eToHa Mo CPpaBHEHMIO C APYrMMI MaTepranamu [2]
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Another factor in cement consumption is population
growth. A growing population requires additional living
space including houses, schools, local stores, and eventually
industry. Based on the above analysis we can predict
that the countries with the most significant potential
growth in cement consumption are countries that are
beginning to build-out their infrastructure and have a
growing population and GDP. Conversely, countries that
are completing their infrastructure build-out will see a

decline in per capita cement consumption in the future.

The most notable candidate here would be China.

Comparison of Cement Consumption versus GDP per Capita /f
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Fig. 3. Cement consumption per capita plotted against GDP per capita
(Kline) [3-5]

Puc. 3. CpaBHeHMe NoTpebneHns LemeHTa oTHocuTenbHo BB Ha gywy
HaceneHwus [3-5]

Changes in the Manufacturing Landscape

The large global cement manufacturers used
to dominate the world stage. Cement giants such as
Lafarge, Holcim, Heidelberg and Cemex used to be
world leaders and still hold a large portion of the global
market. However, their share has been decreasing as
more and more local players enter that global market. I
define a global player as someone who is operating on
most of the continents with no country being a majority
of their business.

For many years the growth model for these global
companies was to expand their businesses in new and
developing markets. Expansion was mostly fueled by
acquisition with some new capacity installations. This

stretched their resources and increased their overheads.

Development funds dried up when the developed

countries that made up their base had economic slumps.

Home markets were partially protected through vertical
integration into aggregates and concrete businesses.

Large local players usually have a home base country
with a significant local presence that helps fund outward
expansion. We now see many of these players extending
beyond their home bases. Their cash reserves are buoyed
by their home base businesses which are from developing
countries with robust growth. Some examples are:
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YBenudeHne IoKasaTens NOTPeOIeHUs MPOUCXONUT
IIOCTENeHHO, II0 Mepe BBICTPaMBaHNUs HAIMOHATBHOM
MHPPACTPYKTYPBL. 3aTeM pOCT HOTpebIeHNs CHOBA 3a-
MEM/ISeTCs, YTO OOBACHIETCS pa3BUTON MHPPACTPYK-
TYPOIl U HEOOXO[MMOCTBIO PeKOHCTPYKIMM MMeolle-
rocst obopyznosanus. C 9TON TOYKM 3peHNUs NUHTEPECHO
CPaBHMTH HOTpeb/IeHNe [leMeHTa Ha AYILIY HaceleHNUs
B Pa3HBIX CTPaHaX.

Eme ofuH dakrop, BIMAI0INIT Ha HOTpebneHne
[leMEHTa, — MPUPOCT HACe/IeHN s, PV KOTOPOM BO3HM-
KaeT HeoOXOLMMOCTb PACIUIMPEHNs )KM3HEHHOTO IPO-
CTPAaHCTBa, BKJIIOYAs JOMA, Mara3uHbl U B KOHEYHOM
UTOTe IPOMBINIICHHBIe Inomany. Kak mokasaHo Ha
puc. 3, Haubonee 3HAYUTENbHBI POCT MOTpebIeHNS
HeMeHTa OyfieT HaOMIoaThCA B TeX CTPaHaX, KOTOpbIe
Ha4YMHAIOT PasBMBaTbh MHPPACTPYKTYPY U UMEIOT IPU-
poct HaceneHus u BBII. B To e Bpems B cTpaHax, 3a-
BepIIAOLINX CTPOUTEIBCTBO CBOEI MHPPACTPYKTYPBI,
B OynyieM OymeT HabMIONATbCA CHIDKeHNUe MOTpebiie-
HILS leMeHTa Ha fyiny Hacenenus. Haubomnee BaxHOI
U3 9TUX CTpaH AsnAerca Kurail.

N3meHeHNA Ha MUpoOBOI1 KapTe
npovsBoauTeneil LleMeHTa

KpymnHble MUpPOBbIE IPOM3BOAUTENN [IEMEHTA
IPUBBIK/IN JOMMHIPOBATh Ha MIPOBOM pbIHKe. Takue
ruraHTel, Kak Lafarge, Holcim, Heidelberg u Cemex, sB-
JISISICh MVPOBBIMU JIMIEPAMI, BCe ellie e PXKUBAIOT 60/Ib-
IIYIO YaCTh MUPOBOTO phiHKA. OfHAKO C IPUXOZOM Ha
PBIHOK MECTHBIX UTPOKOB [0JIsI TUTAHTOB 3aMETHO CHIU-
aercs. [Ipy 9TOM 1of;, By M MUPOBBIM IIPOM3BOLNU-
TeJ/leM ITOHMMAEeTCS KOMIIAHM L, OCYLIeCTBISIOLIAsI CBOIO
JiesITeNIbHOCTD HA BCEX KOHTVMHEHTAX, He BBIfIe/sis KaKyIo-
nubo cTpaHy B KadeCTBe OCHOBHOII /I CBOETO O13Heca.

Ha nmpoTs)keHuyu MHOTUX JIET TaKMe MUPOBBbIE
KOMITAHUM POC/IM B OCHOBHOM 3a CYET PacCIIMPEHNA Jie-
ATETbHOCTY Ha HOBBIX M pasBMBAIOLIMXCA PbIHKaX. B
OOJIblIIel! CTETIeHY TaKOE PacIIMPeHNe CTa0 Pe3yIbTaTOM
CO3JlaHNA HOBBIX IIPOM3BO/ICTBEHHBIX MOIJHOCTENL, 4YTO
3aCTaBMUJIO IPOU3BOJUTEIIEN BECTH JKECTKYIO SKOHOMUIO
CPEICTB U yBEINYNIIO HEPOM3BOAUTENbHbIE PACXOMBI.
Korpa B pasBUTHIX CTpaHaX, ABIAIOMINXCA OCHOBHBIMHI
moHopaMy (OHIOB PasBUTHA, CIYUMICA S9KOHOMMUYE-
CKUIT KPU3NC, 9TU POHABI UCCSKIN. JIOKa/TbHbIe PHIHKI
OBI/IM 4aCTMYHO 3aCTPAXOBaHBI OT Kpuayca 61aropaps
BEPTUKAIbHONM MHTErPaLMM UHAYCTPUY 3aIIOTTHUTEIEN
U 6€TOHHOJT OTPACINL.

Benyuime MecTHbIE IPON3BORUTENN OOBITHO MMe-
I0T CTpaHy 6asMpOBaHMA U 3aHMMAIOT 3HAYUTETbHYIO
[OJII0 Ha PbIHKE 3TOI CTPaHbl. DTO MIOMOTAET UM 3aBO-
eBbIBAaTh BHeIIHMe phIHKM. Cellyac MOXXHO HabMI0faTh
60JbIIOE KOMMYECTBO TAKNMX UTPOKOB, BHIXOAALINX 32
Ipefebl CBOMX JOMALIHUX PBIHKOB. VIX ¢puHaHCOBBIE
pesepBbl 00eCIeunBalTCA NPOU3BOACTBEHHBIM Mpef-
HpusATHEM, pabOTAIOIVM B JOMAIIIHEM PEerMOHe U MO-
CTaBJIAIIMM NMPOAYKINIO B Pa3BUBAIOL/eCA CTPaHbI
C YyCTOMYMBBIM 93KOHOMMYeCKUM pocToM. Cpeiu TaKmx
IIPOM3BOAMUTENEN:



« Votorantim - Brazil
e  Ultratech - India

. Eurocem - Russia

« Dangote - Nigeria

This model appears to work well for these new
entrants on the global stage. Even though the large global
players still dominate the world stage these large local
players are expanding more rapidly at present. The name
of the game is to fuel external growth from your base
country business before the base country falls into an
economic slump. Played correctly the external business
starts to provide additional development income before
the base country economic slump begins.

The new large local players appear to run on a
slimmer organization, carefully selecting growth patterns
that keep their overheads low. It is too early to tell if this
is just a question of where they stand on the growth curve
or a new trend in the industry.

The exception to the above models appears to be
China. Here tremendous internal growth of the country
has led to the development of several very large local
players. However, intense competition between these
string players has kept cement prices and profits low. The
inability to raise development funds may be a factor that
inhibits their expansion outside of China at the moment.

Cement has rather a low value per unit weight
compared to most other commodities. This helps to
protect local markets as the cost to transport cement,
especially by land, quickly outweighs the cost to produce
the cement locally. Despite this fact, the international
trade in cement has grown over the years. Although only
around 2.5% of global production, this international trade
has helped offset imbalances in supply and demand in
some markets.

As yet, few plants have been built specifically for
exporting cement from one country to another. This could
change however, especially if carbon taxes are unequally
assigned by different countries. Importation of cement
that has a lower carbon tax into a jurisdiction with a
higher carbon tax has been termed “leakage”. The issue
of leakage has been widely discussed in the countries that
have implemented carbon taxes. Exactly how the issue
of leakage will be resolved on a world scale remains to
be seen. However, uneven application of carbon taxes
would lead to an increase in international cement trade.

Cement Technology Drivers

What have been the drivers of cement technology?
There have been three main drivers: Energy Efficiency,
Economies of Scale, and more recently, Sustainability.

World energy costs started increasing dramatically
in the 1970s. This started a push towards more energy
efficient cement plants. Long wet and long dry kilns
started to be phased out to make way for the more
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o Votorantim - bpasnmusa

e  Ultratech - Inpusa

» EBpouemenrt rpyn - Poccusa
o Dangote - Hurepnsa

STU HOBbIE UTPOKY MUPOBOTO PBIHKA YCIELIHO
OPUMEHSAIOT NaHHYIO MOJEIb IS CBoero 6usHeca. 1
XOTA MUPOBbIE TUTAHTBI BCe ellle JOMMHUPYIOT, B Ha-
CTOSLINII MOMEHT 60Jiee BBICOKME TEMIIBI POCTa MTOKa-
3BIBAIOT KPYIIHbIE MECTHBIE IPOU3BOANUTENN. I TaBHaA
cTpaTermveckas 1je/b — 00eCrednTh POCT Ha BHEIIHEM
PBbIHKE 3a cueT JIOKa/IbHOTO IIPOM3BOJICTBA JIO TOTO, KaK
CTpaHa OKa)KeTcs B 3KOHOMUYeckoM Kpusuce. ITpu nmpa-
BMJIPHOM IIO[IXO/ie BHEMIHMIT 6M3HeC HaYMHAET IPUHO-
CUTDb JOIO/IHUTENbHBIE JOXOAbI OT CBOETO Pa3BUTUA 10
TOTO, KaK CTpaHa 6a3MpoBaHMSA BOI/IET B EPUOJ KO-
HOMMYECKOTO KpM3Muca.

HoBble KpymHbIe MeCTHBIE IPOU3BORUTENN Hortee
I'O6KO OPTaHU3YIOT CBOIO PaboTy, TIATENbHO OTOMpas
Ou3Hec-MOfeNy ¢ HU3KUM YpOBHeM usmepxek. Ha ce-
TOOHSAIIHUIL JeHb PAHO YTBEPX/ATb, ABAACTCA U UX
yCIIeX YaCTHBIM IIPUMEPOM POCTA, MV 9TO HOBAS TEH-
OeHI WA 1A BCell OTPACI.

VckniouenneM [ BCeX ONMCAHHBIX BbIIIE MO-
meneit AIBNAETCA CUTyalyA B IleMeHTHoM oTpaciu Ku-
Tasd. 37iechb B pe3yabTaTe CTPEMUTETbHOIO BHYTPEHHETO
POCTa NOABUIOCH HECKOIBKO OY€Hb KPYIIHBIX MECTHBIX
npoussoguteneit. OgHaKO 13-3a OCTPOIt KOHKYpeHI[ UK
MeX/ly HUMM IIeHbl Ha IIEMEHT OCTAaITCA Ha HU3KOM
YPOBHe, U, KaK CIe[iCTBJE, NPUOBIIb STUX KOMITAHUIA
TaKXXe 0CTaeTcA MMHMManbHOI. Takum o6pasom, B Ha-
CTOSAIUIT MOMEHT HEBO3MOXXHOCTb TTOIOTHeHU A OH/IOB
PasBUTUA MOXET ABIATbCA GAKTOPOM, 3aMeIIAI0INM
TeMIIbl POCTa NPOU3BOJCTBA KUTAMICKUX PERIPUATUIN
3a IpejielaMiu CTPaHBbl.

B cpaBHeHuUu ¢ 6OMBMIMHCTBOM LPYIUX HOTpe-
OUTEeNbCKMX TOBApPOB LIEMEHT MMeeT JIOBOJIBHO HM3-
KYI0 CTOMMOCTD 332 €JMHMITy MacChl. ITO IO3BOIAET
TapaHTUPOBATh Pa3BUTHE MECTHBIX PBIHKOB, ITOCKO/Ib-
Ky CTOMMOCTb TPAaHCIIOPTUPOBKM L[eMEHTa, 0COOEHHO
aBTOMOOM/IbHBIM TPaHCIOPTOM, IIpeBBINIAET 3aTpa-
TBI Ha COOCTBEHHOEe Mpou3BoAcTBO. HecMoTps Ha 3TO
MeXX/IyHapOJHbBI/ PBIHOK IleMEHTa B IIOCNeHME TObI
ObIcTpO pasBuBaeTcs. XOTA Ha CEKTOP MEXYHapOX-
HOJ TOPTOB/IY IPUXOAUTCSA TUIIb OKOJNO 2,5% MUPOBO-
TO TIPOM3BOJICTBA LIEMEHTA, TOTO JOCTATOYHO, YTOOBI
cbamaHCUpPOBaTh IOCTABKY U YAOBIETBOPUTH HOTpPe6-
HOCTY HEKOTOPBIX PIHKOB.

Ha cerogHsImHNIT leHb TUIIb HECKOMBKO 3aBO-
[10B OBITIO MOCTPOCHO CIELNATIBHO AJIs 9KCIIOPTA IIeMEH-
Ta 13 OJHO CTpaHbl B Apyryoo. OJHAKO 9Ta CUTyaINA
MOXeT U3MEHUTBCs, 0COOEHHO eC/I HaJIoT Ha BBIOPOCHI
YITIEKUCTIOTO Ta3a B pasHbIX CTpaHax Oy[eT OTINYaThb-
cs. VIMIIOPT LileMeHTa U3 CTpaHbI ¢ 60/ee HU3KOI CTaB-
KOJI HaJlora B CTpaHy ¢ 6ojiee BBICOKOI CTaBKOIl GBI
Ha3BaH «yTEYKOJl IleMeHTa». BOIpoc yTedky mupoKo
06CyXJancs CTpaHaMU, YCTAHABIMBAIOMMY HaJIOTH
Ha BeI6pocsl CO,. TeM He MeHee pellleH1e TPOOIeMbI B
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Kiln type Evolution ff Passwrse Tenos neyel
Fig. 4. Evolution of Kiln Type 1990 - 2014 (data extracted from
GNR database) [6]

Puc. 4. PazButme Tvnos neyen 1990-2014 rr. [6]

energy eflicient preheater kiln systems. Vertical mills
first introduced for coal grinding soon took over the raw
material preparation area as they could provide both the
grinding and drying functions in the same machine at
lower energy consumption.

More recently the vertical mill has started to take
over the finish grinding area as machine designs and
metallurgy in particular have allowed for more robust
designs at lower energy consumptions. The introduction
of vertical mills has enabled the feed streams to become
coarser. In fact, vertical roller mills need a coarser feed
to run well. This has allowed for more energy efficient
and less complicated crushers.

For raw mills, large single pass impact crushers are
now being preferred over older two stage, closed circuited
crushing systems typically involving a jaw or gyratory
crusher. For finish mills roll crushers at the end of the
clinker cooler have become more popular as they have
lower maintenance cost.

Economies of scale have led to larger and larger
plants being built. In the 1970s and 1980s it was common
to build cement plants with capacity of one million ton
per year. Today in-land plants are commonly around 2-3
million tons in a single kiln line, while plants with water
access for shipping are typically using 10,000-12,000 tons

per day per kiln. These plants often have multiple kiln lines.

Sustainability

Sustainability has become the new buzz word
for the industry. Entrenched global players based in
developed countries have come to the understanding that
working well with local communities and protecting the
environment are essential parts of staying in business
in the long term. Several large cement companies have
grouped together to form the Cement Sustainability
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MHIpPOBOM MacuiTabe ellle IPeACTOUT HailTu. Tak mnm
MHave, IpMMeHeHNe PasIMIHbIX CTABOK Ha/IOTa Ha BbI-
OpOCHI yITIEKUCTIOTO Ta3a BelleT K POCTY MeXAYHapOp-
HOJI TOPrOBJ/IM LIEMEHTOM.

QdakTopbl pa3BUTNA TEXHONOTNI
Npon3BOACTBA LleMeHTa

Cy1wecTByeT TPy OCHOBHBIX (paKTOpa pasBUTHUSL
TeXHO/IOTMIT IPOM3BOACTBA IieMeHTa: 3G deKTUBHOE MC-
[I0/Ib30BAHNE SHEPIII, SKOHOMISI 3a CIET POCTA IIPOU3-
BOJICTBA I, B IIOC/IEiHEE BPEMSI, SKOTIOrnYecKu be3ormac-
HOE YCTOIYMBOE PasBUTHE.

B 70-e rozpl MpoIIoro BeKa MUPOBbIE IIEHBI Ha
SHEPIUI0 HadajM CYIeCTBEHHO PaCTH, YTO IOATOMKHYIIO
IPOM3BOAUTENEI K CO3IaHNUI0 6o/ee SHeproadeKTnB-
HBIX LIeMEHTHBIX 3aBOJOB. MeneHHbIe meun, paboraio-
1J1e TI0 CYXOMY M/IM MOKPOMY CIIOCO0Y, CTa/IM HOCTEIIeH-
HO 3aMeHAThCA 6oriee 3P GeKTUBHBIMM, C TOUKM 3PeHNA
9HEpProsaTpar, CUCTeMaMI Ievell IpeBapUTeNbHOTO Ha-
rpesa. Brarogapst kom6yuHanVM QYHKIUIT M3MeTbYeHU
U CYIIKV B OZHOM YCTPOJICTBe IIpu 60jiee HU3KOM 3Hep-
TONIOTpeOIeHNM, I IIOATOTOBKY ChIPbs CTaJIy IIpUMe-
HSATbCS BePTUKAIbHBIE METBHUIIBI, KOTOPBIE M3HAYATBHO
MCIIO/Ib30BAJIICh TOMBKO [JIsI Pa3Mosia YIJIsl.

B mocnepHee BpeMst BepTUKaIbHbIE MeTbHNIIbI
Havaau 3aBOEBBIBATh M Cepy TOHKOTO MOMOJA, MO-
CKOJIPKY KOHCTPYKIMSI MALIMH, X B YaCTHOCTY TE€XHO-
JIOTVU METAJITy P, CIIOCOOCTBOBAIN CO3BAHMIO botee
HaJIeXXHBIX KOHCTPYKI[MIT PV MEHBIINX 9HEPros3arpa-
tax. C MCIONb30BaHMEM BePTUKATbHBIX BaTbLIOBBIX
Me/IbHUIL CTa/lI0 BO3MOXXHO IPUMEHSATh Marepuan 60-
Jlee KPYMHBIX PpaKiuit, 4T0 PaKTUIeCKN HeOOXO[UMO
nst ux 6ecnepeborinoit paborsl. B pesynprare mosBu-
nuch 6oree 3HeproadeKkTUBHBIE U IPOCTHIE [POOUTIKIL.

Cpepnu ChIpbeBBIX METIBHAL] CETOMHS IIPefIoUuTe-
HIe OTHAeTCS YAAPHBIM APOOMIKaM C OFHOKPATHBIM
IPOXOX/eHIeM MaTepyana BMeCTo 060pyLOBaHM CTa-
pOro THIIa ¢ [BYKPATHBIM IIPOXOXK/ieHIIEM MaTepuana —
cucreM [poOIeHNs C 3aKPBITHIM KOHTYPOM, OOBIYHO
MICIIO/IB3YIOIIMM I€KOBYIO VM BPAILIAIOMIYIOCH KOHU-
4ecKy1o fpo6uIKy. YTo KacaeTcst MelbHNL] TOHKOTO I10-
Mora, 6marogaps 60jee HU3KOIM CTOMMOCTI 0OCTYXuU-
BaHUs CTa/IN IPUOOPETATh MOMY/IAPHOCTD BaIbIIOBbIE
MeJIbHUIIBI, YCTAaHOBJIEHHbIE Ha KOHIlE KIMHKEPHOTO
XOTOAM/IbHUKA.

B pesynbrare skoHOMHUM 3a cueT MacuITaba mpo-
M3BOJICTBA CTA/IM CTPOUTHCS BCe GOJee KpyIHBIe TIpeh-
npusatusd. B 70-x n 80-x rogax nmpouuioro Beka CTpo-
UTEABCTBO 3aBOMla HA ONMH MMJIJIMOH TOHH lleMEHTa B
rof, 661710 OOBIYHBIM sABNeHMeM. CerofHAIIHNE 3aBOMbI,
He MMeOIJie BO3MOXXHOCTHY NE€PEBO3KY IIPOAYKIMN BO-
[HBIM TPAHCIIOPTOM, OOBIYHO PACCUUTAHBI IPUMEPHO Ha
2-3 MJIH T Ha IIPOM3BOACTBEHHYIO IMHUIO C OJHOJ II€YbIO.
A 3aBOAIBI, MMeEIOIIME TAKYI0 BO3MOXXHOCTD, OOBITHO HC-
IIO/Ib3YIOT M€Y MIPOU3BOAUTENBHOCTIO 10-12 ThIC. T B
menb. Ha Takux 3aBopjax yacto GyHKUMOHMPYIOT IPO-
U3BOJCTBEHHbIE TMHUN C HECKOTBKUMMU IIeYaMU.



Initiative (CSI). A non-profit group dedicated to
promoting sustainable activities within the global cement
industry.

Briefly stated, the focus of sustainability is to
allow for production practices today that preserve the
rights of future generations. The movement started
primarily as an environmental effort and has expanded
into a stakeholder wellness program which includes
employees, communities, and investors.

The environment and its protection have been in
the forefront of regulations in the cement industry, and
governments around the world have been tightening
environmental regulations on the industry. At first they
were mostly focused on dust and acid gases consisting
of NO, and SOy. The focus has now grown to include
heavy metals and mercury in particular as well as volatile
organic emissions placing emphasis on dioxins and furans.

Growing concerns over climate change have
pushed CO; to the forefront as well. CO, reduction has
become a major effort for the Cement Sustainability
Initiative. The major levers for reducing CO, emissions
have improved energy efficiency, substitute fuels use and
allowed to cut down clinker content in cement products.

Thermal energy efficiency has appeared to stall out
at around 3.0 GJ/t-clk with a 5 stage precalciner being the
best available technology for cement production today.
This provides a thermal energy efficiency in excess of 50%.
That is more than half of the heat delivered required to
drive the clinkering reactions.

Electrical energy consumption is plant specific
with the leading plants achieving energy efficiency of
less than 80 kWh/t-cem. These plants use state-of-the art
equipment including vertical mills for clinker and cement
production. They often use clinker substitutes in cement
products to reduce the energy input from the clinker.
Modern single line cement plants with few auxiliary
functions are the new model of a production facility.

The use of alternative fuels is widely seen as a major
factor in improving the sustainability of the industry.
Biogenic fuels, those fuels that come from plant life, are
often seen as CO, neutral. Alternative fuel use varies widely
by country. This is due primarily to the sophistication of
the country’s recycling program. The more local regulations
and practices are pushed towards a recycling culture, the
more material is available in the local market and the more
financial incentive there arises to use that fuel. Europe has
been leading the charge in this respect. Countries that want
to increase the use of alternative fuels need to start with a
focus on collection systems.

In future, I believe many cement companies will be
looking to grow a portion of their own fuel. Many cement
companies own large tracts of land that can be used, either
before or after quarrying, for the growth of fuels.

The last traditional lever in CO, footprint reduction
is the use of cement substitutes, also known as supplemental
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dKonornyeckn 6esonacHoe
ycTolumBoe pasButne

Okomnormdecky 6e30IacHOe YCTONYMBOE Pas3BU-
THe CTaJI0 HOBBIM IMOMY/IAPHBIM TPEHIOM COBPEMEHHOIA
L[EMEHTHOII IPOMbILIZIEHHOCTH. IIponsBopuTeny us pas-
BIUTDBIX CTPaH, JaBHO 3aHABIIVE CBOV HMIIN HAa MPOBOM
PBIHKE, Ha9a/IN IIOHNMATh, YTO YCIIEITHOE COTPYAHNYECTBO
C MECTHDIM HaCeJIeHMEM I 3allUTa OKPY>KaIOLIeil Cpeibl —
9TO HEOTbeMJIeMas YacTh MONUTHUKY, TO3BOIAIOLIEN CO-
XpaHNTb OM3HeC B JONTOCPOYHON NepcrekTnBe. Tak, He-
CKOJIPKO KPYIIHBIX IIPOU3BOAMUTEIEN LIEMEHTA o0 bemHN-
JIVICb B HEKOMMEPYECKYI0 OpTaHM3aIo «MHI/IHI/IaTI/IBa 10
YCTOMYMBOMY PasBUTUIO LIEMEHTHO IIPOMBIIITIEHHOCTH
(CSI)». 9ta HKO 3aHMMaeTcA npofBrkeHeM MepOoIp-
AT, HaTIPaB/IEHHBIX Ha YCTOMYMBOE 9KOJIOTMYECKOE Pas-
BUTHUEC L{eMeHTHOﬂ IIPOMBIIIIEHHOCTN.

Vpero ycTom4mBOro SKO/IOTMYECKOTO PasBUTHA
KPaTKO MO>KHO OIPENENNTh KaK pasBUTHE IPOMBIIIIEH-
HOTO NPOM3BOJICTBA C yYeTOM OOecredeHns 1 3alUThI
IpaB C/IefyoX IIOKO/IEHNI. ITO ABVKEHVE HAYMHATIOCh
KaK 3KOJIOTMYECKA A MHUIMATUBA, KOTOPas B Ja/bHelleM
BBIPOC/IA IO MACIITa00B IPOrpaMMBI 3J0POBOTO 06pasa
XKV3HU, B KOTOPOJI IPUHMMAIOT yYacTue KaK pabOTHUKY
IPENIPUATHIA, TAK Y MECTHBIE COOOIECTBA 1 IHBECTOPEL.

Bonpocel oxpaHbI OKpy>Karollei Cpeibl ABIAITCA
ONHVMMM V3 ITTABHBIX /11 HOPMAaTUBHO-IIPABOBOTO pery-
NMPOBAHMA LIEMEHTHOI OTPAC/IN, 3 IPABUTENbCTBEHHDBIE
Mepbl B 9TOM OTHOLIEHNM BO BCEM MUPE YKECTOYAIOTCS.
Chauasia IpUpPOJOOXPaHHOE 3aKOHO/IATE/IbCTBO B OCHOB-
HOM Pery/IMpOBajIo BLIOPOCH! NbIIY U KUCTOTHBIX Ia30B
¢ copiep>xaHmeM okcujos asora (NO,) U OKCHIOB cepbl
(SOy). Ceityac crieKTp MPMOPUTETHBIX TEM CTAI MINPE, OH
BKJIIOYaeT B ce6s1 BLIOPOCHI TSKETIBIX META/IOB, PTYTH I
JIETY 41X BEIJeCTB, B 0COOEHHOCTH JUOKCUHOB 1 (PypaHOB.

Pactyuiast 06eCIIOKOEHHOCTD B CBSI3M C M3MEHEH-
SIMM K/TMMATa 3aCTaBM/Ia PACCMATPUBATD CPENY BELIECTB,
OIIACHBIX MJIS1 OKPYIKAIOILIEil CPebl, M YI/IEKNCIIBII Ta3
(CO,). Baxkueriiueit nenpio opranusanuu «VIHunuaru-
Ba II0 YCTOMYMBOMY PasBUTHUIO LIEMEHTHOI IPOMBIIL-
JIEHHOCTY» CTAJI0 COKpallleHue KOTMYeCTBa BHIOPOCOB
CO,. OcHOBHBIE CIIOCOOBI YMEHbIIEHN TaKNX BBIOPO-
COB — IIOBBIIIEHME 3HEProapPeKTUBHOCTH, UCTIONb3O-
BaHUe a/IbTePHATUBHBIX BULOB TOIIINBA ¥ COKpalljeHe
KOJIIYeCTBA K/IMHKEPA B LleMEHTE.

Hawmy4meit u3 JOCTYIIHBIX T€XHOJIOTUIT IIPO-
U3BOJCTBA LleMEHTa Ha CETONHALIHUI JNeHb ABIAETCA
IATUCTYIIEHYATast CUCTEMa 4 C IeKapOOHU3aTOPOM,
9HEPrOeMKOCTb KOTOpOI cocTasnsAeT okonmo 3,0 I'Ix/T
knuHKepa. [Ipn atom skoHOMUTCA o 50% TennoBoit
sHepruu. ITo 6osee MONTOBUHBI IPOU3BOAVMOrO TeIa,
HEeOOXOAMMOTrO0 [IsI peaKIuy KINHKepooOpa3oBaHmsI.

KonnuectBo moTpebnsieMoit 371eKTPOIHEPTUN OT-
AMYaeTcs Ha KaXXIoM 3aBofe. DHeproapeKTMBHOCTD
BefylWMX npegnpuATuit — fo 80 kBt - 4/T nemeHTa —
mocTuraercs 61aromaps MCHONb30BAHUIO CAMOTO CO-
BpeMEHHOT0 000pyHOBaHNsA, BKIIOYas BepTUKAIbHBIE
MeJIbHUIIBI [/IS1 KIMHKepa 1 LieMeHTa. Kpome Toro, 4
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Fig. 5. Share of total energy by source for the German cement
industry (VDZ) [7]

Puc. 5. MoTpebneHne sHeprny No NCTOYHVKaM ANA LEMEHTHOM
npomblLneHHOCTN B fepmaHunu [7]

cementitious materials (SCMs). Common cement
substitutes have been flyash (a waste product from coal
fired power generation) and blast furnace slag (a waste
product from iron production). More recently limestone,
pozzolans, and calcined clays have been added.

Cement substitution is the area where there is still
the most to gain in reducing cement’s CO, emissions. The
quantities of flyash and blast furnace slag are limited by
other industries. They are both available in excess of supply
today but can easily be fully consumed in future. Indeed,
interest in the international trade of flyash is increasing.

On the other hand, there is an abundance of
pozzolans in the world today. Countries that have recent
volcanic experience tend to have good supplies of reactive
pozzolans that can be added directly to cement. This can
be easily seen along the Pacific coast of South America
nowadays. Areas with no recent volcanic activity may have

CHIDKEHU S 3Heprosarpar 4acTO MCIONb3YIOTCA MUHe-
panpHble [0OaBKM B LjeMeHTe. TakuM o6pasom, HOBas
MOJie/Ib COBPEMEHHOTO LIEMEHTHOTO 3aBOfia — 3TO IIPO-
M3BOJICTBO C OJHON JIMHMEN U HECKOTbKMMMU JOIIOTHN-
TeJIbHBIMY (PYHKIMAMM.

OCHOBHBIM (paKTOPOM YCTOIYMBOTO Pa3BUTHU OT-
paciy CYMTaeTCA VCIIONb30BaHNE ATbTePHATYBHBIX BUIOB
roruBa. IIpu aToM 6e30ImacHBIMM B OTHOIIEHUM BBIOPO-
coB CO, paccMaTpuBaroTCs GMOTOIINBO 1 BU/bI TOIINIUBA,
HO/Ty4aeMble B pe3y/IbTaTe XI3HeesATebHOCTY PacTeHNIA.
Vicnionb3oBaHMe abTePHATNBHOTO TOI/IVBA CYIECTBEHHO
BapbMPYETCs B 3aBUCHMOCTH OT CTPAHBL B mepsyio ove-
pefib 3TO IIPOMUCXOMUT U3-3a CIOKHOCTY FOCYAAPCTBEHHBIX
IIPOrpaMM IO TiepepaboTKe. YeM cuIbHee CTUMYITUPYETCH
BTOpMUYHAs IepepaboTKa Yepe3 MeCTHOE 3aKOHOHATE/Ib-
CTBO J IIPMHATYIO HA MeCTax IIPAaKTHUKY, TeM OOblie Ta-
KX MaTepyajIoB IOAB/IAETCA Ha MECTHBIX PHIHKAX M TeM
BBITOJJHEE CTAHOBUTCS MCIIONIb30BAHNE a/IbTePHATBHOTO
toriBa. EBpomna mpumaraeT 3HaYNTEIbHbIE YCUIIVS B 9TOM
HarpaBieHny. CTpaHBbI, KOTOPBIE XOTAT YBEMNINTD 00D-
€M JCIIO/Ib30BAHMA AJIbTePHATMBHOTO TOILINBA, JO/KHBI
HauMHATb C OPTraHU3ALUY CUCTEM COHOpaA CBIPDAI.

BesycnoBHO, B 6ypyleM MHOTHMe KOMIIAHUN-TIPO-
M3BOLUTENN LjeMeHTa GyAyT CTPeMMUTBCS UCIIONb30BATH
6o7ble COOCTBEHHOTO TOIMBA. MHOTMe TIPOU3BOJUTE-
IV BIAZEI0T GOMBIIMMY YIaCTKAMM 3€MJIM, KOTOPBIE, [0
VIV TIOCTIe KapbePHOIT PaspaboTKiL, MOXHO VCIIONIb30BATh
[yI51 yBe/IVYeHIsI 3aI1aCOB TOIUIMBA.

E1e onyH TpagMIMOHHBIN CIIOCO6 CHUYKEHMSI BBI-
6pocoB CO, — 9T0 UCHOIb30BaHME AKTUBHBIX MUHEPAIb-
HBIX J06aBOK, M3BECTHBIX KaK JJOIIOTHUTENbHBIE BSDKYILVE
matepuaisl (IBM). Hanbonee pacnpocrpanenusie [[BM —
3071a-YHOC (OTXOABI OT IPOM3BOACTBA 3TIeKTPOIHEPIUN
Ha OCHOBE CXKUTaHMA YI7IA) U JOMEHHBII IIIaK (OTXOfbI
CTaJIeNMTeITHOrO IPOU3BOAICTBA). B mocnenHee BpeMsa Kk
HMM JJ00aBUINCh USBECTHSK, MYILIONAH M KaIbLIMHUPO-
BaHHasA I/INHA.

Table 1. CSl targets and progress from selected cement manufacturer’s sustainability reports (Kline) [8]

Tabnuuya 1. Llenesble n pakTUUECKMe NoKasaTeny oThesbHbIX MPON3BOAMTENEN LEeMEHTA, NpeacTaBneHHble CSI Ha ocHOBaHWK OTYeToB 06

YCTONYMBOM Pa3BUTUM STUX KOMNaHWI [8]

Tharmal energy consumplion pertonne of dinker GJ | tonne /|

BRI — [ Sk
Alternative Fuels Tatal % /] AnprepHaTeaHos TORAWED, BOEo T 37%
Biomass fuel usage %  MNorpeSnewne Gunotonnnesa, % ingluded [/

HEAKYATENRMO
Clinker to cemunt ratic || OTHOWsHNE HAKHERDA 8 LBMEHTY T1%
Tonne {0, pertonne N 0.42
Enifpoos OO Ha ToHNY Lo senTa
18 Ne 1 (46) 2017 «ALITinform» MexayHapoaHoe aHanuTueckoe 0603p

3,533

15.1%
5.3%

71.0%

0.593

eHne

3650 3897 3802 3577 3.002 3.288
20.7% 26.6% 12.9% 33.9% 1.3% 13.3%
7.5% 10.9% 4.9% 12.1% 0.9% 2.2%

75.0% 78.6% BO5% 74.5% TB 2% B4.1%
0.635 0.769 0.691 0.622 0.644 0721



to resort to producing artificial pozzolans by calcining clay
materials. Calcined clays are less energy intensive than
clinker and can easily substitute clinker in cement.

Cements being made today have equivalent
properties to traditional Portland cements but with half
of the clinker content. The secret to high levels of clinker
substitution involves using the reactive substitutes and
paying close attention to the particle size distributions
of each component.

The Future of Cement

Cement production growth will be highest in
areas where the two main growth factors converge;
growing population and a need to develop a robust
infrastructure. This indicates that the cement
consumption will shift away from China to India,
Southeast Asia and Africa, as seen in the (already
outdated) 2011 IEA low-growth scenario.

4000

3500
3000
2500
2000
1500
1000

2030

Fig. 6. International Energy Agency “Low-growth” scenario (IEA, 2011) [2]

Puc. 6. CueHapuin NnageHnsa SKOHOMUKK, BbINONHEHHbIN M3A B 2011 1. [2]

Business consolidation will increase with a slower
growth registered by the global international players,
as the large local players continue to expand out of
their home countries. The impact that Chinese cement
companies will have on the world is still unclear. Large
excess capacities in China in the future could mean a
focus on exporting cement on the Pacific. This could
disrupt production in the developed countries operating
around the Pacific rim, especially Japan and the United
States.

Large capacity cement plants with 10,000 tpd
and clinker lines will continue to be preferred for the
areas with water transport. Simple single line plants
will remain most common for in-land plants, and
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Hawubonee a¢dekTiBHBIM CIOCOOOM COKpalleHN s
BbIOpocoB CO; B L|eMEHTHOJ! IIPOMBIIITIEHHOCTH SIBJIsA-
eTCsI 3aMeHa [[eMeHTa a/IbTePHATUBHBIMU MaTepuaIaMu.
Kom4yecTBO MCIIO/Ib3YeMbIX 30/IBI-YHOCA U JOMEHHOTO
II/IaKa OTPAHMYEHO MPON3BOLCTBAMM APYTUX OTPACTIEIL.
B HacTosAIIMIT MOMEHT 3TV MaTepuasnbl CBOOONHO J10-
CTYIIHBI, OFHAKO B OY/yIIleM OHI MOTYT OBITH OTHOCTBIO
ucYepIaHsl. JlefiCTBUTENBHO, 00 BEMBI MEXAYHAPOSHO
TOPTOBJIN 307I011-YHOCOM ITOCTOSIHHO YBE/TNYMNBAIOTCA.

B HacToAIMIT MOMEHT B MUPe CYILeCTBYeT M30bI-
TOK mynonana. CTpaHbl C HeJaBHO J1€JICTBOBABIIMMMU
By/JIKaHaMV aKTMBHO CTPEMATCA IIOCTABIATD Iy IO/ H,
KOTOPBII MOYKHO JJ06AB/IATH HEIIOCPEICTBEHHO B LIEMEHT.
Taxas TeHmeHUA HabmofaeTcA Ha TMX0OKeaHCKOM II0-
6epexxne 0xHO0IT AMepuku. CTpaHsl, B KOTOPBIX HET
BY/IKaHMYIECKON aKTMBHOCTY, MOTYT IIpuOeraThb K mpo-
U3BOJCTBY ICKYCCTBEHHOTO ITyIII0/laHA METOJOM KaJlb-
LUVHUPOBAHMA INIMHUCTHIX HOpof,. KanpuuHMpoBaHHbIE
ITIMHBI — MeHee SHEPIrOEeMKMIA MaTepuajl, YeM KIMHKED,
TIO3TOMY MOXKET JIETKO 3aMEHUTbH €TO B IIEMEHTE.

Africa & Middle East [/ Adpura n Bavsnni Boctox

Other in transition economies |/
Apyrie cTpane! € NEPEXOAHON IKOHOMUKOR

India /¥ Unamna

Other Asia & Oceania |/
Dpyrue cTpads AZan n OEeaHun

China /f Kutan

Europe [/ EBpona

Americas /[l Amepura

2050

Cpeny BUAOB IPOM3BOAVMOTO CETOHA I[eMeH-
Ta eCTh TaKue, KOTOpble MIMEIOT OfiMHAKOBbIE CBOJCTBA
¢ TPafiMIIIOHHBIM MOPTIAH/LIEMEHTOM, OHAKO /IO
KJIMHKepa B HUX cocTasisAeT nuib 50%. CexpeT BBICO-
KOTO YPOBHS 3aMeIlleH) s KJIMHKepa COCTOUT B MCIIO/b-
30BaHUM XMMMYECK!M aKTUBHBIX 3aMeHuTesneir. Kpome
TOTO, IPMUCTa/IbHOE BHMMAaHMe yHensAeTcsa pacipepesne-
HIIO Ka)K7IOTO KOMIIOHEHTA 110 pagMepaM 4acTull.

Bypyuiee uemeHTa
Hawub6oree BBICOKUIT POCT IPOU3BOACTBA LIEMEHTA

OXXUJlaeTCA B TeX PErMOHAX, I7le COYEeTAIOTCs /1BA OCHOB-
HBIX (hJaKTOpa pOCTa: IPUPOCT HACENEHN U YBeTIYeHNe
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mostly in the 5,000-6,000 tpd range. Automation will
proceed to advance, primarily driven by countries with
higher wage rates.

State of the art environmental controls will be
required for reducing emissions. These will include
SNCR for NOx control, lime injection for SOy control,
and activated carbon injection for mercury control. These
technologies have been proven effective in countries with
tighter emission levels today.

More attention will be paid to CO,. Leading
companies should already have their longer term CO,
strategies in place. These strategies rely on state-of-the-art
energy eflicient plants utilizing large amounts of biogenic
fuels and having high levels of clinker substitution.
Companies that want to stay ahead of the curve need to
understand today how they will meet the 2030 and 2050
CO; reduction targets.

Concrete and cement are here to stay. There are not
enough other materials known today that can take the
place of cement and concrete. That means that survival
of the fittest cement companies will depend on how well
they face and prepare for the competitive challenges of
the industry.
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006beMOB IIPOM3BOACTBA. ITO O3HAYaeT, 4To Knrait ne-
pecTaHeT OBITH MUAEPOM IO MOTPEOIEHNIO [leMeHTa 1
OCHOBHBIMM NIOTpebuTenaMu cranyt VMunus, I0ro-Boc-
rToyHas Asua u Appuxa, Kak BUJHO U3 yKe yCTapeBlle-
TO ClieHapus MajeHusa 3KOHOMMKM MeXIyHapOogHOTO
9HepreTudeckoro areHTcrea (MOA) 3a 2011 1.

ITpu 6oree MenIeHHOM pOCTe IMOTpebIeHNs,
¢duKcUpyeMOM BeRAYINMMYU MUPOBBIMY UTPOKAMU, BCE
6ornblile TpeAIpPUATUIL OYAYT KOHCOMUANPOBATHCS, A
KPYIIHbIe MeCTHbIE IIPOU3BOAUTENN MPOMOIKAT pac-
MY peHye 3a IIpefenbl CBONX CTpaH. IIpu aToM mo cux
IIOp OCTaeTCsl HEOUEBUTHBIM, KaKoe BIMAHNE Ha MUPO-
BOJI PBIHOK OKa)XyT KMTaJICKie IPOU3BOSUTENN LIeMEH-
Ta. Bonb1I0I ypOBEHD IepenpoON3BOACTBA B OyAyILeM
MOJKeT HOATONKHYTb KMTall K yBeInueHNIo 3KCIOpTa
I[leMEeHTa B CTPaHbI TMXOOKEaHCKOTO pernoHa. 3To Mo-
XeT cepbe3HBIM 00pasoM IO0pBaTh HPOU3BOJICTBO B
PasBUTBIX CTPaHAX, pabOTAIIINX B PETNOHAX, IIPUIe-
FaoIuX K TUXOOKEaHCKOMY M06epexbi0, 0COOEHHO B
Anonun u Coepunennpix llltarax AMepuku.

B 30Hax ¢ BO3MOXXHOCTBIO TPAaHCIIOPTUPOBKHA
BOJHBIM TPAaHCIOPTOM IPEJNOYTEHNE O-TIPEXHEMY
Oy/ieT OTHaBaTbhCs MOLIHBIM LIEMEHTHBIM 3aBOJaM C
KJIMHKEPHBIMU JIMHUSIMHU IPOU3BOSUTEIBHOCTHIO 60-
nee 10 000 1/cyT. B TO >Xe BpeMs 3aBOJbI C OFHOM /K-
Huell NpOU3BOAUTENBHOCTBI0 B 5000-6000 T/cyT 6y-
AYT OCTaBaTbcA HaubojIee pacIpOCTPaHEHHBIM TUIIOM
NpOM3BOAICTBA B PailOHAaX, y[aJleHHBIX OT BOAbI. AB-
TOMAaTM3al s HPOU3BOACTBA OYLET MPOJOIKATD Pas-
BMBATHCA, IJIABHBIM 00pasoM Graromapsi cTpaHam C
BBICOKMM yPOBHEM 3apabOTHOI IJIATHI.

s coxpaijerus BoIOPOCOB OYAYT MCIONIB30-
BaTbCsI HOBeEIIIIINe CPEeAICTBA KOHTPOJIS 32 COCTOSTHMEM
OKDY>KaIoLIleil Cpebl, TaKye KaK: /ISl PeryIupOBaHMs
copiepxxaHus asora (NOyx) ¢ IOMOIbI0 HeKaTaTNTHU-
4eCKOTr0 BOCCTAHOBJIEHNS; /sl oKcupAa cepol (SOx) —
[Ofia4a M3BECTH; U [JIsI PTYTU — BBefjeHMe aKTUBIPO-
BaHHOTO YI/IA. ITU TeXHOIOIMM [OKa3alu CBOKO 9¢-
(eKTUBHOCTD B CTpaHax ¢ Hambomee HU3KUM ypPOB-
HeM BBIOPOCOB.

Bce 6onblie BHMMaHMA OYeT yAeNATbCS BbI-
f6pocaM yriekyuciaoro rasa. Begymue koMnaHum yxe
celfyac JO/KHBI pa3pabaTbIBaTh JOMTOCPOUYHbIE CTPaA-
Teruu 1o cokpaennio Bbi6pocos CO,, 0OCHOBaHHBIE
Ha OIBITE 3aBOJIOB, OCHAI[EHHBIX HOBEWIINM JHEp-
ro3¢PeKTUBHBIM 0O0PYROBAHMEM M VCIIONb3YIOLIVX
3HAYUTENbHOE KOAMYECTBO OMOTOIINBA C BHICOKUM
yPOBHEM 3aMelleHNA KAMHKepa. KoMmaHum, xenamo-
mye OBITH Ha IIAT BIEpPeAl, YxKe CerogHA TO/KHBI 110-
HMMAaTh, KaK JOCTUYb HOpMaTUBOB coKpameHnsa CO,,
3amoxeHHbIX Ha 2030-e 1 2050-e ropml.

BeToH u meMeHT OyAyT MCIONB30BATHCS U B
manbHeieM. B HacTOAMIT MOMEHT He CyIleCTByeT
CTPOUTENbHBIX MaTEePUAJIOB, CIIOCOOHBIX 3aHATh UX
MecTO. A 3TO 3HAYUT, UTO HajbHellllee pa3BUTUE HAL-
6oJlee YCIIENIHBIX IleMeHTHBIX KOMIaHuil 6y#eT 3aBu-
CeTb OT MX TOTOBHOCTU CTONKHYTbCS C KOHKYDPEHIU-
eil B OTpac/Iy U IIpeofoIeBaTh ee.
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REGULATION OF CEMENT PRODUCTION
PROCESS TECHNOLOGICAL PARAMETERS
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HOPMWMPOBAHWME TEXHOJTOTMYECKINX

[MOKA3ATENEV MPOWV3BOOCTBA
LIEMEHTA HA OCHOBE HAVJTYYLUX
OOCTYMHbBIX TEXHOMNOMM

Abstract

Application of best available techniques (BAT) is
aimed at improving the existing legal regulation in the
sphere of environmental protection by means of BAT use
mechanism. Information and technical reference for the
best available techniques (ITR) provides a description
of cement production processes, equipment, technical
means and methods to reduce the negative impact on the
environment, water and raw material consumption, and
to improve energy efficiency. Technological parameters
specified in the ITR will be used as a basis for calculation
of technological standards established by the integrated
environmental permits (IEP).

Key words: best available technique, technological
parameter, technological standard, marker, integrated
environmental permit

Despite many recent publications on the best
available techniques used in the cement production,
most readers never got a clear idea of what is meant
by this word combination. First of all, there appears to
be some new fantastic production technology or new
equipment that enables production of Portland cement
with super-high quality indicators and at the same time
minimum fuel and electricity costs.

In fact, this is not the case. In accordance with
the Federal Law Ne 219-FZ “On amendments to the
Federal Law “On environmental protection” of 21.07.2014
and certain legislative acts of the Russian Federation”
[1], best available technique - is a standard (goods)
production technology, works performance and services
rendering practice determined on the basis of modern
scientific and technological achievements and by the best
criteria combination enabling to achieve environmental
protection goals, provided that technical feasibility of
its application is available. At the same time, the best
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AHHOTaUMA

[TpuMeHeHMe HAMIYYIINX AOCTYIHBIX TE€XHO-
noruit (HIT) HampaB/ieHO Ha COBEepIICHCTBOBaHUE CY-
I[eCTBYIOLIEr0 IPaBOBOTO PeryIMpoBaHus B 00/IacTu
OXpaHbI OKPY>KaIolell Cpefibl Yepe3 MeXaHM3M UCTIOTb30-
Banusa HIT. ViHbopManoHHO-TeXHUYECKHUII CIIPaBOY-
HUK II0 HAWTYYIIMM BOCTYIHBIM TexHonoruaM (MTC)
COZIEp)KMT OINCAHMe IPYMEH AEMBIX IIPY IPOU3BOACTBE
IleMEeHTa TeXHOMIOTMYEeCKIX [IPOLIeCcCOB, 000pyfOBaHNA,
TEXHMYECKNX CII0COOOB I METOOB, TO3BOMSIOLINX CHI-
3UTb HeTaTMBHOE BO3JEICTBIE Ha OKPY)KAIOLIYIO CPexy,
moTpebieHne BOABL U ChIPbsl, TIOBBICUTH 3Heproaddek-
TuBHOCTD. [IpuBenenHble B VITC TexHONMOrMYeCKe 1I0-
KasaTesy 6yyT IO/I0>KEHBI B OCHOBY pacyeTa TeXHOJIOT -
4eCKMX HOPMATVBOB, YCTaHABIMBAEMBbIX KOMIIJIEKCHBIMUI
aKkoorndeckumu paspemennamu (K9P).

Knwouesvie cnosa: naunyuwas docmynHas mex-
HOMO2UST, MEXHONO2UMEeCKULL NOKA3AeNb, MexXHO0eUYe-
CKUll HOpMAMue, Mapkep, KOMNIEKCHOe K0N02UHECKoe
paspeutenue

HecMortps Ha nosiBuBLIeecA B IIOC/IEIHEE BPeM
60/IbIII0e KOMNYECTBO ITyOIMKaLVIL, HOCBAIICHHBIX Hall-
TYYUINM JOCTYIIHBIM TE€XHONOTUAM IIPU MIPOU3BOJCTBE
LIEMEHTA, MHOTYE YUTATe/IN TaK U He IOy YM/IN CHOTO
IIpEeJICTAB/IEHN A, YTO MOJPAa3yMeBaeTCA IOJ] ITUM C/IOBO-
couetanueM. IIpexxae Bcero npencTaBasgeTCs KaKasa-ToO
HOBas paHTaCcTIYeCKas TEXHOMOT M IIPOU3BOJICTBA UK
HOBOe 000pyZOBaHIe, IO3BOJSIONIVE IOTYYUTD MTOPT-
JIAH/ILIEMEHT C CYTIEPBBICOKMMMU ITOKa3aTeIAMIU Ka4eCcTBa
U IpU 3TOM C MUHMMAJIbHBIMU 3aTpaTaMIU TOIIMBA U
97IeKTPO3HEPTUIL.

B pmeiicTBuTeNnbHOCTM 3TO COBCEM He Tak. B co-
oTBeTcTBUM C DPefiepanbHBIM 3aKOHOM OT 21.07.2014 T.
Ne 219-@3 «O BHecenuu usmeHeHnit B GefepanbHblil 3a-
koH «O6 oxpaHe OKpy>Xalolleil Cpefibl» ¥ OTAETbHbBIMA



available techniques can be classified as technological
processes, equipment, technical and other methods
of environmental protection. Thus, the best available
technique in cement production process is already
existing and proven technology allowing to obtain
Portland cement of good quality with less damage to
the environment.

The "technology" refers both to the technology
used and the way in which the facility is designed,
built, operated and decommissioned; it is not the
production technology only, but also various technical
and non-technical methods (environmental management,
management solutions) used to achieve the set goals.

“Available” means economically feasible and
non-unitary technique that has progressed to the level
allowing its implementation in the cement industry,
taking into account economic and technical feasibility,
considering costs and benefits; at the same time, the
technology should be implemented at least at two
enterprises of the industry sector.

"Best" indicates the technology that maximizes
environmental protection and resources (raw materials,
water, energy) conservation.

In the countries of the European Union, where
free exchange of information related to environmental
protection was introduced, reference books on the best
available techniques are issued for the industries causing
severe damage to the environment. "Reference document
on best available techniques. Production of cement, lime
and magnesium oxide" [2] was published in 2009. And in
late 2015, a similar reference guide (ITR 6-2015 Cement
production) was developed in the Russian Federation,
which was brought into effect on July 1, 2016) [3].

The information and technical reference book
on the best available techniques contains a description
of the technological processes, equipment, technical
methods and processes used in cement production
allowing to mitigate the negative impact on the
environment, to reduce water and raw materials
consumption, and to improve energy efficiency. Based
on the described technological processes, equipment,
technical methods and processes, we have identified
the solutions considered to be the best available
techniques. For each BAT, the ITR provides for the
appropriate technological parameters and standards. At
the same time, technological parameters are indicators
of pollutants concentration, volume and (or) mass
of emissions, pollutants discharges, production and
consumer waste generation, water consumption and use
of energy resources... per unit of output. Technological
standards are provided for the emission rates, pollutants
discharges, standards for permissible physical impacts
established using technological parameters listed in the
relevant BAT reference books.

ITR is recommended to cement industry
enterprises for BAT implementation programs
preparation, to regulatory bodies — for assessing
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3aKoHOfjaTeNbHBIMU akTaMu Poccuiickoit ®epepanum»
(1], Hauy4IIast JOCTYIIHASA TeXHOTOTUSA — TeXHOMOTHS
IPOM3BOACTBA IPONYKIUY (TOBApOB), BBIIIOTHEHNA pa-
60T, OKa3aHMA YCNIYT, OIpefiensgeMas Ha OCHOBE COBpe-
MEHHBIX JOCTM)KEHMI HayKM M TeXHUKM ¥ Haumlydlie-
TO COYeTaHMA KpUTepUeB JIOCTVKEHNUA Iienell OXpaHbl
OKPY>KaIolllell Cpefibl IIPM YCIOBUM Ha/lIM4NUA TeXHMUe-
CKOJ1 BO3MOXXHOCTU ee mpuMeHeHus. [Ipu aTom K Hau-
JYYLIVM KOCTYIIHBIM TE€XHOJIOTMAM MOTYT OBITH OTHe-
CeHbI KaK TeXHOMOTMYeCKNe IpoLecchl, 060pynoBaHue,
TeXHMYeCKIe CIIOCOOBI, TaK U APyrie MeTOMbI 3alUThl
oKpy»xaromielt cpefibl. TakuM o6pasom, Hammydmas fo-
CTyIIHas TEXHOJIOIW IIPU IPOU3BOJCTBE lleMeHTa — 9TO
y>Ke CyIecTBYIOIasi M anmpoOMpoBaHHas TeXHOJIOTHA,
HO3BOJIAIOIIASA IOTYYUTh NOPTIaH/LIEeMEHT YIOBIeTBO-
PUTEIBHOTO KadyecTBa C MMHMMA/IBHBIM YIepOoOM /A
OKpY>Kalollell Cpefbl.

Iop «TexHOMOTMeEN» IIOHMMAETCS KaK MUCIIONb3Y-
eMasl TEXHOJIOTHSI, TaK U CIIOCO0, C IOMOIBI0 KOTOPOTO
00'BeKT CIPOEKTUPOBAH, IOCTPOEH, SKCITTyaTUPYeTCs
U BBIBOAUTCSA U3 3KCITyaTallUy. DTO He TONbKO TeXHO-
JIOTU S NPOU3BOACTBA, HO ¥ Pa3lIM4YHble TEXHUYECKIE U
HeTeXHUYECKIe MeTOIbI (SKOIOIMYECKIIT MEHEIKMEHT,
yIpaBlIeHYecKye pellleHNsI), UCTIONb3yeMble [ OCTU-
>K€HU S MTOCTaB/IEHHBIX 1ie/IeNt.

Iox «mOCTYMHOI» MOHMMAETCs SKOHOMIYECKN
Lefiecoobpa3Has M HeyHUKaJbHasA TEXHONOTUsA, KOTO-
pas HOCTUINIA YPOBHS, IO3BONAKIEr0 00eCIeYnTh eé
BHEJp€HME B LIeMEHTHON IPOMBIIIIEHHOCTU C YYETOM
9KOHOMMYECKOIl 1 TEXHIYECKOIl 060CHOBAHHOCTH, a
TaK>Xe 3aTpar u npeumyuects. [Ipy aToM TexHONMOIUA
IO/KHA OBITh peann3oBaHa XOTs ObI Ha ABYX IIPEATIPH-
ATUAX OTPACIN.

IMop «Hamny4Ineit» MOHMMAETCA TEXHONOTH, B
MaKCHMaJIbHOI Mepe obecIeunBaplas OXpaHy OKpy-
XaIollell cpefibl U chepexkeHNe pecypcos (ChIPbsi, BOIBI,
9HepIrum).

B cTpanax EBpocor3a, B KOTOPBIX IPeRyCMOTPEH
cBOOORHBIIT 06MeH MHPOpMaIelt, KaCAIOLIeCs 3aIUThl
OKPY>KaIolleil Cpefbl, I/ OTPAC/eil IPOMBIIIIEHHOCTH,
HAaHOCAIIMX OLIYTYMBII yIiep6 OKpy>kaloleli cpefie, Bbl-
IYCKAIOTCS CIIPAaBOYHMKY II0 HAMIYYIINUM JOCTYIIHBIM
texHonorusaM. Tax, B 2009 r. 6611 ony6nukoBaH «Crpa-
BOYHBIIT JOKYMEHT 10 HaVMIy4IINM JOCTYIIHBIM TeXHO-
norusiMm «I[IponsBOACTBO IjeMeHTa, U3BECTU U OKCUAA
Maraus» [2]. A B koH1e 2015 . TO0OHBI CIIPaBOYHUK
(MITC 6-2015 [Tpon3BOACTBO LieMeHTa) ObLI paspaboTaH
u B Poccniickoit ®epgepanun. C 1 utons 2016 . oH BBe-
IeH B mevictBue [3].

HpOopManMOHHO-TeXHUIeCKMIT CTIPABOYHMK 10
HaVIy4LIYM JOCTYIIHBIM TeXHOJIOTUSAM CONEP)XUT OIU-
CaHMe IPYMEHAEMBIX IPI IIPON3BOACTBE IIEMEHTA TeX-
HOJIOTMYeCKUX IIPOLIeCCOB, 000PYLOBAHM S, TEXHNYECKIX
CrIoco60B ¥ METOJOB, O3BOJIAIOIINX CHU3UTD HETaTWB-
HOe BO3J[elICTBIEe Ha OKPY’KAIOIIYI0 CPefy, HoTpebeH e
BOJBL U CBIPbS, IIOBBICUTH 3HeproaddexTuBHoCTDL. M3
OIIMCaHHBIX TEXHOJOTMYECKNX IIPOLecCOB, 060pyoBa-
HUSA, TEXHUYECKUX CIIOCOOOB 1 METOMIOB OIpefie/IeHb
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the compliance of enterprises with environmental
requirements, and to the state bodies for making
decisions on state co-financing of investment projects
(modernization projects). The best available techniques
(BAT) application is aimed at improving the existing
legal regulation in the sphere of environmental
protection using BAT mechanism.

The introduction of the BAT principle will
eliminate the need for setting rigid standards for all
enterprises, which is impossible considering the variety
of raw materials used, production processes, etc. Using
the BAT reference book, industrial enterprises will be
able to assess how much the enterprise's emissions and
discharges correspond to the technological parameters
when applying BAT.

There are various cement production methods
that differ in terms of heat consumption, electric power
and natural material resources. Cement production
process is accompanied by release of various substances
having a negative impact on the environment: dust,
harmful and toxic gases, metal compounds, organic
substances, as well as noise, odour, etc.

Using for comparison a complete list of
production features or harmful substances emissions and
selection of the best technologies ensuring maximum
environment protection is an extremely difficult or
almost impossible task. Federal Law No. 219-FZ of July 21,
2014 defines that measurements during implementation
of industrial environmental control are carried out
with respect to marker pollutants to be determined for
monitoring environmental pollution, depending on the
technological processes used. The definition of the term

"marker substance" is provided in clause 2.17 of PNST 22-

2014 [4]: "The marker substance is the most significant
representative of a group of substances within which a
close correlation relationship is observed. It is selected
according to certain criteria. Possibility of evaluating
the values of all the substances making up the group
by the marker substance value is its peculiarity”. This
definition is very inapt due to limited understanding of
the marker concept.

Meanwhile, the clause 2.14 in the same PSTN
22-2014 describes the term "BAT reference book" as
"standardization document ... containing descriptions of
the applied ... technological processes, technical methods,
methods to prevent and reduce the negative impact on
the environment ... including the relevant environmental
performance parameters, resource and energy efficiency,
as well as economic indicators" (highlighted by the
authors). Therefore, in our opinion, when selecting
indicators characterizing a particular technological
process, the method or technique used in cement
production, the term "marker"” in its broader sense, in
particular, indicators of resource and energy efficiency
of production, associated with cement production should
be used instead of the term "marker substance”.

Taking into account the experience of developing
the European reference documents on the best available
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pelIeHu s, ABIAOIINeCS HaUTYYINMN JOCTYTHBIMA
texHonoruamu. Ina kaxpoin HIT B UTC ycranosne-
HBI COOTBETCTBYIOLIJie TEXHOTIOTMYeCKIUe I0OKa3aTeNnn 1
HOpMaTuBBL. IIpy 5TOM TeXHOIOTMYECKIe ITOKA3aTeNN
— TIOKa3aTeny KOHLEHTPAL[MN 3aTPASHAOMINX BeleCTB,
obbema u (MIM) Macchl BHIOPOCOB, COPOCOB 3arpsi3HsI-
IOIIMX BeIlecTB, 00Pa30BaHMsI OTXOLOB IPOM3BOJCTBA
u otpebennst, moTpe6IeHyst BOABI 1 MCIOMb30BAHNS
9HEPreTMYECKNX PECYPCOB B pacyeTe ... HA eNVHUILY
IpPOM3BOAMMON MPORYKINN. TeXHOMOrNIeCKMMM HOP-
MaTMBaMM CYUTAIOTCS HOPMATUBBI BEIOPOCOB, cOpOCOB
3arpsI3HSIONINX BEleCTB, HOPMATUBbI JOIYCTUMBIX (U-
3MYeCKUX BO3JEICTBUIT, KOTOPbIE YCTAHABINBAKOTCS C
IpUMeHEeHNEeM TeXHOTIOTMYEeCKMX II0KasaTesell, IpyuBe-
IEeHHBIX B COOTBETCTBYIOIMX cipaBoyHuKax mo HJT.

WTC pexoMeHIOBaH NPeNIPUATIAM IIEMEHTHO
IPOMBIIIIEHHOCTH JJ/IS1 TOATOTOBKY IPOrpaMM BHeEZpe-
Husa HIT, perynupytommm opraHaM — Jj14 OLIEHKHU COOT-
BETCTBUSI IIPEATIPUATIIL 9KOTIOTUIECKIM TPEeOOBAHIM,
TOCYJAapCTBEHHBIM OpTaHaM — i1 IPUHATHA pellleHNns
0 TOCYHapCTBEHHOM COPUHAHCUPOBAHUY IHBECTUIINOH-
HBIX IIPOEKTOB (IPOEKTOB MofepHu3aluu). [IpumeHeHme
HaMTYy4IINX JOCTYITHBIX TEXHOIOTMI HAallpaBJIEHO Ha CO-
BepIIEHCTBOBaHNE CYLeCTBYIOIIETO IPaBOBOTO PETyIn-
pOBaHUA B 00/1aCTY OXPaHbI OKPY>Kalolllell CpefIbl Yepe3
MexaHu3M ucronb3oBauus HJT.

Buepgpenne npuauumna HJT mossonut yittu or
YCTaHOB/IEHUA eJVHBIX /171 BCeX MPeANPUATUI XKeCTKUX
HOPM, YTO HEBO3MOXXHO C YYeTOM pasHOO0Opasus mpu-
MEHAEMOTO ChIPbS, IPOLECCOB NPOU3BOACTBA I T.1I. Vc-
nonb3ys cripaBouHMK HJI'T, mpoMbllIeHHbIE TpeRIIpH-
STUSL CMOTYT OLIeHUTb, HACKO/IbKO IIapaMeTpbl BBIOPOCOB
" cOPOCOB MPefIPUSIITHUSA COOTBETCTBYIOT TEXHOIOTMYe-
CKMM HapaMeTpaM npu npumenenun HIIT.

ITpousBOACTBO IIEMEHTA MOXKET OCYILECTBIATHCA
PasIMYHBIMU CIIOCOOaMM, Pa3INYAOIMUCS YPOBHEM
HOTpeOIeHNs TeIlIa, 3MeKTPUIeCKOll SHepTUM U IpU-
POIHBIX MaTepMaabHBIX pecypcoB. CaM Iporecc mpo-
U3BOJCTBA LIEMEHTA CONIPOBOXKJAETCA SMUCCHEN B OKPY-
JKAKOLIYI0 CPefly paslIM4HbIX BEIIECTB, OKa3bIBAOIINX
HEeTaTMBHOE BAMAHME Ha 5KOJIOTUIO: IIbIIN, BPEJHBIX U
TOKCMYHBIX I'a30B, COEMHEHNI METAJIJIOB, OpTaHNYe-
CKMX BEILECTB, a TAK)Ke IyMa, 3amaxa i T.I1.

Vcnonb3oBaHye MOTHOTO IePeYHs 0COOEHHOCTEl
IPOU3BOACTBA WM BBIOPOCOB BPEIHBIX BELIECTB /LA
CpaBHEHMs U BbIOOpa HAMTYYIINX TeXHOMIOI U, obecIe-
YYBAIOIMX MAaKCUMAJIbHYIO 3alIUTY OKPY>Kalollell cpe-
Ibl, ABIAETCA YPE3BBIYAlIHO CIIOXKHON MM IPAKTUIECKN
HEeBBIIIOIHMMOII 3a7aueit. PefiepabHbBIM 3aKOHOM OT 21
utonA 2014 r. Ne 219-D3 onpesieneHo, YTO U3MEPEHU A IPK
OCYILeCTB/IEHUY TTPOU3BOACTBEHHOTO 3KONOTMYECKOTrO
KOHTPOJIA IPOBOAATCA B OTHOIIEHUM MapKepPHBIX 3a-
IPA3HAIINX BEIIECTB, YCTAHOBIEHHBIX /1 KOHTPONA
3arpsA3HEHNs OKPY>KaIolllell Cpelibl B 3aBUCUMOCTU OT
IpUMEHAEMbIX TEXHONIOTUMYECKMX Tponeccos. Omperne-
JIeH/e TePMMHA «MapKePHOe BellleCTBO», IPe/ICTaB/IeHO
B 1. 2.17 ITHCT 22-2014 [4]: «MapkepHOe BelecTBO —
Hauboee 3HAYMMBIIL IIPeJICTABUTE/Ib IPYIIIIbI BEIECTB,
BHYTPM KOTOPOIT HaOMIOaeTCs TeCHAsI KOPpPe/IALOHHAA



techniques for cement production, the following markers
were suggested:

o markers are indicators of production
technological efficiency. These are generalized
parameters that significantly influence the cement
production process ecology;

o markers are substances or physical phenomena
arising during cement production emitted into
the environment and causing significant damage
to the environment and human health.

The following parameters are used as the mar-
kers — indicators of technological efliciency of cement
production:

o specific consumption of raw materials for the
production of 1 ton of Portland cement clinker
and Portland cement;

This marker is directly related to the resource
intensity of cement production process. Natural
raw materials can be partially or completely
replaced by industrial waste. In this context, it
results in less consumption of non-renewable
natural resources, and less environmental
damage caused by industrial waste dumps. In
addition, due to the fact that by-products are
often subjected to preliminary burning, their use
as a part of cement results in reduced emissions
of the most important greenhouse gas — carbon
dioxide CO..

o  specific heat (fuel) consumption for burning 1
ton of Portland cement clinker;

This marker reflects the energy intensity, in
particular, the fuel capacity of cement production
process. The lower is the specific fuel consumption
for burning of Portland cement clinker, the higher
is the energy efficiency of cement production,
and the lower are the emissions of the main
greenhouse gas CO; per ton of ready products.

o  specific energy consumption for production of
1 ton of Portland cement;

This marker is also associated with cement
production energy efficiency.

Thus, the three above-mentioned markers-
indicators of cement production process technological
efficiency are generalizing parameters associated
(directly or indirectly) with environmental damage
caused by greenhouse gas emissions and consumption
of non-renewable natural resources.

As markers — either substances or physical
phenomena arising during cement production process,
emitted into the environment and causing significant
damage to the environment and human health, it is
proposed to use [5, 6]:
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B3aIMOCBS3b, BbIOMPAaeMBbIil IO ONpefie/IeHHbIM KPUTe-
pusiM. Oco6eHHOCTBI0 MAPKEPHOTO BellecTBa ABIAETCA
TO, 4TO I10 €r0 3HAYEHNIO MOXXHO OLIEHUTb 3HAYEHM A BCEX
BellleCTB, BXOAAMMNX B Ipymiy». Takasa ¢popMyninpoBka
OIpefieNIeH N NpefCTaBAAeTCA KpaliHe HeylauHOll BCIef -
CTBUE PE3KOTO CY>KEHMA IOHATUA MapKepa.

ITpn sTom B ToM >xe I[THCT 22-2014 B 1. 2.14 ipu-
BopuTCA paciudpoBka TepMyHa «crpaBouHuk HIIT» kak
«JOKYMEHT IO CTaH[apTU3ALNN ..., COEEPXKAIUI OIIN-
CaHMNA IPUMEHAEMBIX ... TEXHOJIOTMYEeCKUX IIPOLECCOB,
TEXHUYIECKNX CII0COO0B, METOLOB IIPEOTBPAIEHNUS 1
COKpallleH)s1 HeTaTVBHOTO BO3JENICTBMS Ha OKPYXKalo-
Y10 CPefy ..., BK/II0Yas COOTBETCTBYIONINE TapaMeTpbl
9KOJIOTMYECKOII Pe3y/IbTaTUBHOCTH, PeCypco- 1 3Hepro-
3¢ PeKTUBHOCTH, a TaK)Ke SKOHOMMYECKIE TIOKA3aTe»
(BpImeneHo aBTOpaMMu). TakuM 06pa3oM, 10 HallleMy MHe-
HIUIO, IPY BBIGOpE TTOKa3aTesNeil, XapaKTepU3yIOIUX TOT
VIV 'HOJ T€XHOJIOTMYECKUIL IIPOLECC, IPUEM MU METOR,
PV IPOM3BOACTBE L[eMEHTa CefyeT MCIOIb30BaTh He
TEePMUH «MapKepHOe BELIeCTBO», 4 TEPMUH «MapKep» B
foree MNMPOKOM €ro CMBICTIE, B YAaCTHOCTU MOKa3aTe/n
pecypco- u 3HeproadHeKTUBHOCTY IIPOU3BOACTBA, CBS-
3aHHbBIE C 9KOJIOTMENl IIPOM3BOCTBA LIeMEHTa.

C yueToM oIIbITa paspabOTKY eBPOIEICKIX CIIpa-
BOYHBIX JJOKYMEHTOB IO HaVIyYIINM JOCTYIHBIM TeX-
HOJIOTVAAM IIPU NIPOM3BOJCTBE LIeMEHTa, OBIIO HMpemsIo-
JKEHO JICIIO/Tb30BaTh C/IeAy0IINe MapKephl:

e  MapKepbl — MOKa3aTeTU TEXHONOTUIECKOIT 3¢-
dexTUBHOCTN MPOU3BOACTBA — 00600IEHHDIE
napaMeTpbl, OKa3blBAIOIINE 3HAYNUTENBHOE BIIM-
sIHUE Ha 9KOJMOTUIO MpoLfecca MPOU3BOJICTBA 1ie-
MEHTa;

e MapKepbl — BelfecTBa min ¢pusndecKue sB-
7eHUA, BO3HUKAIoIIye IpU IIPOU3BOJCTBE Iie-
MEHTa, SMUTUPYeMble B OKPY>KaIOLYI0 CpPeny 1
HaHOCAIIYE OLYTUMBIV 9KOJIOTMYECKUIL BpeS
OKpY>Kalollell cpefie 1 3J0pOBbIO YeTOBEKa.

B kayecTBe MapKkepoB — IIOKa3aTeseil TEXHOJIO-
rn4eckoit 9¢ppeKTUBHOCTY MPOU3BOACTBA I[eMEHTa —
UCTIONIb3YIOTCS:

e VHAEIbHBIN PacxXof ChIPbeBbIX MaTepHUaTOB

Ha IPOMU3BONCTBO 1 T MOPTIAHALEMEHTHOTO
KINHKepa I MOPTIAHAIeMEHTa;
JJaHHBINI MapKep HaIIpsAMYIO CBA3aH C pecyp-
COeMKOCTBIO IIpoIiecca IPOM3BOJCTBA [JeMEeHTa.
ITpupoznHbIe ChIpbeBble MAaTEPUAIBI MOTYT OBITH
JaCTIYHO VIV TIOTHOCTBIO 3aMEeHEeHbI Ha TPOMBIII-
neHHble oTX0fbl. [Ipy 5TOM He TONBKO CHMIKAeTCs
HoTpebIeHre HeBO30OHOBIAEMBIX ITPUPOHbIX pe-
CYPCOB, HO U YMeHbLIAETCs Y1Iiepb OKpYy>Karolert
cpefie, HAHOCHMBIN OTBaaMy IIPOMBIIIIEHHBIX
oTxopoB. KpoMme TOro, IOCKOIbKY TeXHOT€HHbIE
MaTepuaibl 3a4acTyI0 MOBEPraloTCcs MpefBapu-
TEJIBHOMY OOXMUTY, TO MX UCIIOIb30BAaHNE B CO-
CTaBe IIeMEeHTa IIPUBOAUT K CHIDKEHUIO BBIOPO-
COB Ba)KHEJIIIIET0 MTapHMKOBOTO ra3a — JUOKCHU/A
yrnepoga COs.
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e dust emissions;

o emissions of nitrogen oxides NOx;
o emissions of sulfur dioxide SOy;

o emissions of carbon monoxide CO;

»  noise generated due to equipment operation.

There were also proposals to include in these
markers emissions of highly volatile heavy metals (Hg,
Cd, TIl), gaseous chlorides and fluorides (HCI, HF),
polychlorinated dibenzo-p-dioxins and polychlorinated
dibenzofurans (PCDD/PCDF). However, up to date, only a
few measurements of these emissions have been carried out
at several cement plants in the Russian Federation, so that
their inclusion into the markers seemed to be illegitimate.
Therefore, it was decided to include emissions measurement
of these pollutants into the environmental control program
(once every three to five years), to analyze the results
obtained and, subject to the subsequent updating of the
ITR, add them to the list of marker substances.

Below are the best available techniques for each
marker and performance targets achieved in their
implementation.

BAT 1. To reduce specific consumption of
raw materials for the production of Portland cement
clinker, natural raw materials should be replaced with
production waste, and the content of clinker in cement
should be reduced to the minimum acceptable level.

BAT 2. When using waste as raw material and
(or) fuel for cement production in order to minimize the
risk of growth of harmful substances emissions into the
environment, it is necessary to:

o perform the detailed analysis of any wastes
that can be used as raw material and (or) fuel
in a cement Kkiln, to apply a quality assurance
system to them in order to ensure permanent
physical (ash content, coarse particles, reactivity,
burnability and caloric content) and chemical
(content of chlorine, fluorine, sulfur, alkali,
volatile metals, etc.) criteria;

o ensure that there are sufficient number of
controlled parameters to assess waste quality.

BAT 3. To reduce/minimize specific heat
consumption for clinker burning, the following technical
solutions shall be applied:

o use of dry production method, optimizing the
number of cyclone heat exchanger stages in
accordance with the characteristics of the raw
materials used;

o application of the kiln system of the optimal
configuration and stable operating mode of the
furnace unit in accordance with the established
parameters by optimizing the control system,
including automatic computer-aided monitoring
and process control automation;
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e  YAeNbHBIiI pacxof Tema (Tonausa) Ha o6xxur 1
T MOPTAAHAIEMEHTHOTO KITNHKePa;

9TOT MapKep OTpa’kaeT SHEPTOEMKOCTD, TOUHee
TOIIMBOEMKOCTD IIpoliecca IIPOM3BOACTBA IleMeH-
Ta. YeM HMOKe YZIeNbHBI pacXOf TOIIMBA Ha 06-
XKUT TIOPTIaHAILIEMEHTHOTO KIMHKepa, TeM BbIIIIe
9HeproadHeKTMBHOCTD MPOU3BOLACTBA [IEMEHTA U
TeM HIKe BBIOPOCHI I/IABHOTO IAPHUKOBOTO rasa
CO, Ha TOHHY IPOM3BEJEHHON MPOAYKIUN.

] y,T.[eJIbeIﬁI pacxon SHEprum Ha Npon3BOACTBO 1
T HOPTIAHOLEMEHTA;

JlaHHBIT MapKep Tak>ke CBA3aH C 9Heproaddex-
TUBHOCTBIO IIpoliecca IPON3BOJCTBA LleMEHTa.

Takum 06pasom, Tpu BhIIIENIePeUIC/IEHHBIX Map-
Kepa — IOKa3aTe/Iy TeXHOIOIM4YecKoil 3¢ PeKTUBHOCTI
Ipoljecca IPOU3BOJICTBA IleMeHTa — ABMAITCA 06001a-
OIMVIMH ITapaMe€TpaMU, CBA3aHHbIMU (HaanMon nnn
KOCBeHHO) C 9KOJIOTMYECKUM yLuep60M, BbI3bIBA€MbIM
BBIOpOCAMI ITaPHIKOBBIX Ta30B 1 MOTpeb/IeHNeM HEBO3-
OGHOBIsIEMBIX IPUPOIHBIX PECYyPCOB.

B xauecTBe MapKkepoB — BelecTB Wan Qusnmde-
CKUX HBHQHMﬁ, BO3HUKAKIINX HpI/I HpOI/IBBOHCTBe IIEeMEH-
Ta, SMI/ITI/[pyeMbIX B Opr)KaIOHLYIO cpeny I HAHOCAIIUX
OILY TMMbII 3KOIOTUYECKUI BPeJ| OKPY KaIOLIEN Cpefie 1
3[I0POBBIO Ye/TOBEKA — MPETIOKEHO UCITONb30BaTh [5, 6]:

e BBIOpOCHI IbIIN;

. BBIOPOCHI OKCU0B a30Ta NOx;
e BBIOpOCHI guoKcua cepbi SO;
o BBIOpOCHI OKcupa yrinepopa CO;

e  IIYM, BOBHUKAIOINII B IMpolecce padoTsI
o6opynoBaHuA.

O6cyxpanuch Tak>Xe MpefIoKeHNsI BKIIOYUTD
B IaHHBIe MapKepbl BBIOPOCHI BBICOKOTIETYYNX TAXKe-
noix MetanoB (Hg, Cd, T1), rasoo6pa3HbIx XTOpUAOB 1
¢ropunos (HCI, HF), nonuxnopupoBaHHbIx AnbeH30-
I-JVIOKCYHOB ¥ NOJMMUX/TOPUPOBAHHBIX nbeH3odypa-
HoB (IIXJI/TIXJI®). OgHako KO HACTOSIIETO BpeMeHU
B Poccuiickoit @enepaniuy MpoBefieHbl UL eAVHNIY-
HbIe U3MEPEHUA STUX BEIOPOCOB Ha HECKOIBKMX LIeMEHT-
HBIX 3aBOJjaX, BC/IE[ICTBNE YeTO BKIIOYEHNE X B MapKe-
PbI IPeACTaBIANOCh He060CHOBaHHBIM. [ToaToMy 6b1710
HPUHATO pellieHNe BKIIOYNTh M3MepeHe BBIOPOCOB 9THUX
3arpA3HAOINX BellleCTB B IPOrpaMMYy 3KOTOTMYeCKO-
ro KOHTPOJIA (C MepUOANYHOCTDIO OOVH pa3 B TPU-TIATD
JIeT), IPOAaHAIN3MPOBATh IIO/Ty4eHHbIe Pe3y/lIbTaThl U
npy nocnepylomert akryamsanyy VTC fo6asuts ux B
HepeyeHb MapKePHBIX BEIIeCTB.

Hwuxe IIpeacTaBJa€Hbl HaNMIydlINe NJOCTYIIHbIE
TEXHOJIOTUM IO KaXXAOMY MapKeEPy I LE€JI€BbIE ITIOKa3a-
TeNN, JOCTUTAEMbIE IIPN UX pe€ann3annun.

HAT 1. Ina cHUXeHN YAEIbHBIX PACXOHOB Chl-
PbeBBIX MAaTepUAJIOB [ IPOU3BOACTBA NOPTIaH Lie-
MEHTHOTO K/IMHKepa HEOOXOMMIMO OCYIECTB/ISTh 3aMEHY
IPUPORHBIX CHIPbEBBIX KOMIIOHEHTOB OTXOlaMU IIPON3-
BOZICTBA U CHMDKEHME COfiepP>KaHUA JO/IU KIMHKepa B Iie-
MeHTEe [0 MUHMMAJIbHO JJOIYCTVMOTO YPOBHA.



o use of modern homogenization, materials and
fuel dosing and feeding systems;

o excess heat recovery from the kiln system,
especially from the clinker cooler, recovered
heat use for raw materials drying;

o use of high-calorific fuel with characteristics
having a positive effect on the specific heat
consumption reduction;

o minimizing atmospheric air ingress into the
kiln system;

« minimizing gas flow to the bypass system;

o minimizing the moisture content of raw slurry
by replacing some of the natural components
with by-products and applying slurry diluents.

As a result of the above-mentioned measures
implementation, the following technological parameters
of specific heat costs for clinker burning can be
achieved: for dry-process plants — 3550-4120 M]J/t
(90-160 kgoe/t), wet-production plants — 5750-6900 MJ/t
(196-235 kgoe/t), combined mode of production plants —
3950-4540 MJ/t (135-155 kgoe/t) of clinker.

BAT 4. In order to reduce thermal energy
consumption it is necessary to generate additional amount
of electric power or heat at the enterprise by combining
plants with thermal power stations or district heating
plants on the basis of useful heat recovery, within power
regulation schemes that are proven to be economically
stable.

BAT 5. When using waste as an alternative fuel, it
is necessary to minimize the risk of increasing harmful
substances emissions by applying the following technical
solutions:

o the use of appropriate input points to supply
alternative fuels into the kiln in order to ensure
the necessary temperature and stay time of fuel-
containing wastes in t his zone, depending on
their properties;

o supplying the alternative fuels containing
organic components that can evaporate to the
calcination zone into the zone with the required
temperature;

o controlling the kiln operation so that the
combustion gases of fuel-containing waste would
remain at temperatures over 850 °C for at least
2 seconds, even under the most unfavorable
conditions;

»  when burning hazardous waste containing fuels
in the amount of more than 1% of halogenated
organic substances (in terms of CL), the
temperature in the burning zone of the waste
should be increased up to 1100 °C or higher;

« ensuring stable and constant supply of fuel-
containing waste in the kiln during its ignition;
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HJT 2. [Ipu ucrionb3oBaHUY OTXOJOB B Ka4ecTBe
ChIPbEBBIX MaTepUasoB U (M/1M) TOIINBA JI/Is IPOU3BOJ-
CTBa L]eMEHTa J/Is1 MUHVMMM3ALUM PUCKA POCTa BBIOPOCOB
BPE/IHBIX BEll[eCTB B OKPY’KAIOLIYI0 Cpefiy Heo6X0A1MMO:

e OCYLIECTBIATH TIATE/IbHBII aHANMN3 MI0OBIX OT-
XOJIOB, KOTOpBbIe MOTYT GBITH MICIIO/Ib30BAHBI KAK
ChIPbeBOIT MaTepyan u (MIM) TOIUIMBO B LlEMEHT-
HOII IIe4y; IIPUMEHSTD 110 OTHOLIEHUIO K HUM CH-
CTeMy rapaHTUM Ka4eCcTBa C LieJIbio 00ecreyeH st
IIOCTOAHHBIX (bI/ISI/I‘IeCKI/IX (SOHI)HOCTI/I, HaIn4mAa
rpyOBIX YaCTHULI, PeaKI[MOHHOI CIIOCO6HOCTH, 06-
JKUTAEMOCTU U Ka}IOpI/H/uIHOCTI/I) " XMMMNYECKUX
(comep>xanus xyopa, Gropa, cepsl, Lienoyelt, e-
Ty4qnx METa/l/ZIOB 1 T.H.) KpPUTEPUEB;

o 06ecrneunTs JOCTATOYHOE KOTMYECTBO KOHTPO-
H]/IpyeMbIX ImapaMeTpoOB N1 OEHKM KadeCTBa
OTXOJIOB.

HAT 3. [Ins cokpalueHuss/MUHUMNU3ALUN Ye/b-
HBIX PACXOJIOB TeIlyIa Ha OOKUT KIMHKepa HeOOXORMO
HIPUMEHSATH C/IefyIollyie TEXHINYeCKe pelleH N :

. MCIIO/Ib30BaHIE CYyXOTO criocoba IIpON3BOLCTBA,
OIITUMM3ATNA KOMMYECTBa CTYHeHeIu/[ OUKIOHHOTO
TEIIOOOMEHHIKA B COOTBETCTBUM C XapakKTepnu-
CTUKaMU IPUMEHAEMBIX ChIPbE€BbIX MAaTE€PUAIOB;

e  IpUMeHeHNe IIeYHOI CUCTEMBI ONITUMATBHON KOH-
¢burypanyu u crabuIbHOTO peXKuMa paboThI Ied-
HOTO arperara B COOTBETCTBMM C YCTAaHOBIEHHbI-
M IapaMeTpaMM IIyTeM OITVMMU3ALUY CHCTEMbI
KOHTPOJIS, BK/IIOYasi aBTOMAaTUIeCKUI KOMIIBIO-
TEpHBIIT KOHTPOJIb ¥ aBTOMATM3ALMIO yIIpaBIIe-
HUS TEXHOJIOTMIECKUMI [IPOL[eCCaMIi;

. MCIIOIb30BaHME COBPEMEHHDIX CUICTEM TOMOTI€E-
Hu3anuuy, JOo3MpoBaHMA U IIOAA4YM B II€9Yb MaTe-
PpyasoB 1 TOI/INIBA;

o pexymepanus u30bITKa TeI/Ia U3 IEYHON CUCTe-
MBI, 0COOEHHO U3 KIMHKEPHOTO XOMOAV/IbHIUKA,
MCIIO/Ib30BAHME PEKYIIEPUPOBAHHOIO TEIIa J/IA
CYLIKM ChIPbEBBIX MaTE€PUAJIOB;

e JCIO/Ib30BaHNe BHICOKOKA/IOPUITHOTO TOII/INBA C
XapaKTepUCTUKaMU, OKa3bIBAIOIIVMM ITOTIOXKU-
TebHBII 3¢ (eKT Ha CHIDKEHME YAebHOTO pac-
XOfja TeIla;

e MUHMMM3ALI HOACOCOB ATMOC(EPHOTrO BO3Lyxa
B IIEYHYIO CHCTEMY;

. MMHUMM3alysA Ta30BOI0 IIOTOKA B CUCTEMY 6a17maca;

e  MMHMMM3ALUA BIaXKHOCTU CHIPb€BOTO IIJIAMa
IIyTEM 3aMEHBI YaCTY IIPUPOJHBIX KOMIIOHEHTOB
Ha TEXHOT€HHbIE MaTePyasbl M IPUMEHEHNA Pa3-
KIDKUTE e mjramMa.

B pesynbrare peanusaluy nepeunucIeHHbIX BbIIIe
MEpPOIPUATHUIL MOT'YT OBITH JOCTUTHYTHI CIEAYIOLINE TeX-
HOJIOTMYeCcKMe TI0Ka3aTen! yAelbHbIX PacXofoB TeIIa
Ha 06XXMT KIMHKepa: IJIs 33aBOJOB CYXOTo crtocoba mpo-
usBopcTBa — 3550-4120 M]/Ix/T (90-160 xr y.1./T), 3a-
BOJIOB MOKPOTO CII0c06a mpons3BopcTBa — 5750-6900
M]x/t (196-235 Kr y.T./T), 3aBOOB KOMOMHUPOBAH-
HOro criocob6a mpousBojcTBa — 3950-4540 MJIx/T
(135-155 Kr y.T./T) KTMHKepa.
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o  fuel-containing waste burning shutdown when
the necessary temperatures and stay time of the
material in this zone cannot be provided.

BAT 6. To reduce the specific power consumption for
cement production, it is necessary to carry out (separately or
simultaneously) the following technical measures:

o development, implementation and use of the
energy management system at the enterprise;

o use of modern high-performance grinding
equipment (vertical roller mills, Horomil mills,
roller pre-milling machines, etc.);

« use of highly efficient technological grinding
schemes optimized for grinding a specific material;

»  application of highly effective milling intensifiers.

When using the above-mentioned technical
measures, the following technological parameters
can be achieved: for dry mode of production plants —
110-140 kWh/t of cement, for wet mode production
plants — 100-135 kWh/t of cement.

BAT 7. To reduce dust emissions from the
stationary sources, it is necessary:

o to use modern hose and electrical precipitators,
optimized for cleaning specific gases with relation
to their humidity and temperature;

o  to use (where necessary) hybrid filters;

o to carry out continuous monitoring of the filters
condition and functioning and ensure necessary
maintenance and repair.

When using these measures, the maximum dust
emissions with SiO, content up to 20 mass% should not
exceed (in periodic measurements as the arithmetic
average for measurement time) for the designed
enterprises — no more than 25 mg/Nm?, for processing
lines commissioned after 2008 — not more than
50 mg/Nm?’, commissioned before 2008 with upgraded
filters — not more than 500 mg/Nm® and commissioned
before 2008 without upgrading the filters — not more
than 1,000 mg/Nm”’. Such a gradation of the technological
parameter, in terms of the enterprise type, appeared
after a long discussion among the members of the TRG
6 workgroup developing ITP.

BAT 8. To minimize dust emissions from fugitive
sources, the following technical measures should be
implemented:

o sealing of all technological processes associated
with dust generation;

« using only closed belt conveyors and elevators;

o elimination of material spillage locations,
installations sealing;

« using flexible hoses equipped with a dust
collection system, when loading cement in bulk
into a cement carrier;
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HJT 4. s cHyXeHus NOTpebIeHNs TeIIOBO
9HePruy HeoOXOAVMO OCYIIECTBIATh Ha IPefIpUATIN
BBIPABOTKY [JOIOTHUTEIBHOTO KOMMYECTBA INIEKTPO-
9HEPrUy WM TeIlIa TyTeM 0ObefMHEeHNsI 3aBOLOB C Te-
ITO3/IEKTPOCTAHLMSIMM W/IH TEIUIOLEHTPasAMU Ha 6ase
TI0/I€3HON peKyIepalyy Tela, B pefenax cXeM peryin-
POBaHM 9HEPTUH, KOTOPble 5KOHOMUYECKM YCTOMYMBBL.

HIT 5. IIpn ncronb3oBaHNM OTXOHOB B Ka4ecTBe
QJIBTEPHATVBHOTO TOIIMBA HEOOXOAMMO MUHUMUSUPO-
BaTh PUCK YBEeNNYEHN BIOPOCOB BPEHbIX BEIIECTB IIy-
TeM IPYMEHEHNA CTAEeNYOIUX TEXHNYECKUX PeIIeHMIA:

. MCIIONTb30BaHME COOTBETCTBYIOIIMX TOYEK BBOJA
A/IPTEPHATVMBHOTO TOIIZIMBA B II€Yb C LE/IbIO obe-
CIICYCHU A HCO6XOI[I/IMIJIX TEMIIEPATYPbI I BpEMeE-
HN HpeﬁbIBaHI/[FI TOIVIMBOCOZAEPIKANX OTXOOB
B ,[[aHHOI?I 30HE B 3aBUCUMOCTU OT UX CBOJCTB;

e  IOfaYa ajbTE€PHATMBHOTO TOI/NBA, COfep Kalle-
rO OpraHMYecKye KOMIIOHEHTHI, KOTOpble MOTYT
y/IeTyuYMBaTbCs, NO 30HbI KaJIbLIVMHIUPOBAHUSA B
30HY C HEOOXOZMOIL TEMIIEPaTyPOil;

o  ympaBieHMe paboOTOIt ey TaKuM 06pasoM, 4To-
6bI Taspl OT COKUTAHUS TOIIMBOCOMEPKAINX
OTXOJIOB HaXOAM/IMCH IIPU TeMIepaTypax Gomee
850 °C He MeHee JBYX CeKyHJ Aaxke mpu Hanbo-
Jlee HeOIATOIPUATHBIX YCIOBUIX;

e IIpM CKUTAHNUM ONACHBIX TOIUIMBOCOAEPKAIUX
OTXOfIOB C cofiep>kaHmeM 6ojiee 1% rajoreHcozep-
XKAI[X OPraHNYEeCKMX BelllecTs (B IepecyeTe Ha
Cl,) He0OXOAMMO YBeNNYINTh TEMIIEPATYPY B 30HE
roperusA oTxonos fo 1100 °C u BImIe;

e obecnedyeHue cTaOMIBHONM U MTOCTOSHHOM IOfAYN
TOIUIMBOCOJIEPXKAIUX OTXOOB B I1€Yb;

e IpeKpalljeH)e CKUTAHNS B IIeYy TOIUIMBOCOHEP-
YKAIIMX OTXOJOB PV PO3XKUTE K OCTAHOBE T4,
Korja HeoOXofMMble TeMIepaTypbl M BpeM Ipe-
ObIBaHMA MaTepuaja B JAHHON 30He He MOTYT
6bITh 0OOecCIIeYeHbl.

HAT 6. [Ina cHY>KeHNA y/Ie/IbHOTO Pacxofia SyeK-
TPOSHEPIUY Ha MPOU3BOACTBO LleMeHTa He0OXOAMMO
OCYIIeCTBNATD (pasfieTbHO WV OfJHOBPEMEHHO) CTIefy-
IO Ve TeXHNYeCK)e MEPOIPUATH:

. pa3pa60TKa, BHEOpPEHNE U UCIIO/Ib30OBaHME Ha
NpefnpuATUN CUCTEMDI SHEPTETMIECKOTO MeE-
HEI>)KMECHTA;

e JCIIONb30BaHME COBPEMEHHOTO BBICOKO3(D(HeKTHB-
HOTO [IOMOJIBHOTO 060pyOBaHM s (BEPTUKATBHBIX
BAJIKOBBIX Me/IbHMIIL, MenbHML, Horomil, BaikoBbIX
Hpeau3MenbunTenei n T.11.);

. VICIIO/Ib3OBaHUE BbICOKOSq)(beKTI/IBHbIX TE€XHOJIO-
TMYECKUX CXEM M3MENbYECHNA, ONITUMNU3NPOBAaH-
HBIX [/ UI3SMENTbYEHN S KOHKPETHOI'O MaTepuaia;

o  mpuMeHeHMe BBICOKO3(PeKTUBHBIX MHTEHCUPH-
KaTOpPOB IIOMOJIA.

B cirydae ncmonb3oBaHMA YKa3aHHBIX BBIIIE TeX-
HUYECKUX MEPONPUATUI MOTYT OBITH JOCTUTHYTHL Clle-
AyIoLiMe TeXHONOTMYeCKNe TIOKa3aTe/ln: /ISl 3aBOJOB
cyxoro croco6a npomssopcTea — 110-140 KBt/4ac/t



o wind protection;

o water spraying and use of substances that
suppress dusting;

o wetting of stacks;

« using roadside coatings, washing and cleaning
of roads.

BAT 9. To reduce emissions of nitrogen oxides
from the kiln system, the following technical measures
should be carried out:

o thorough regulation and burning process
optimization;

o flare cooling by means of water injection or
decarbonization of finely ground limestone;

o use of special burners with low nitrogen oxides
release;

« combustion of a part of fuel in the heat exchanger
inlet or in the middle part of the kiln;

o use of mineralizers to reduce clinker burning
temperature;

» selective non-catalytic reduction of nitrogen
oxides (SNCR technology);

o  selective catalytic reduction of nitrogen oxides
(SCR technology).

Application of the above technological measures
(separately or jointly) will allow achieving nitrogen oxide
emissions (expressed in terms of NO,) from dry-type
production kilns — not more than 500 mg/Nm’, and
from long kilns of wet process and Lepol furnaces-kilns
not more than 800 mg/Nm’.

BAT 10. If the SNCR selective non-catalytic
reduction technology is used to reduce the emission
of nitrogen oxides, it is necessary to maintain NH;
ammonia breakthroughs (releases) from the kiln system
at a minimum possible level, which may be achieved by:

o using only the stoichiometric quantity of a
reducing agent (ammonia or carbamide solution)
necessary to reduce nitrogen oxide emissions to
a given level;

« auniform distribution of the reducing agent in
the gas stream.

In this case, the maximum concentration of
NH; during breakthroughs usually does not exceed
30-50 mg/Nm”.

BAT 11. To reduce emissions of sulphur oxide
SO, from the rotary kiln, it is necessary:

o  to use raw materials, fuel or fuel-containing waste
with a minimum content of elemental (S°) or
sulfide (S2) sulfur;
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IleMeHTa, /I 3aBOJOB MOKPOTO criocoba Ipou3BOj-
crBa — 100-135 KBt1/4yac/T iemeHTa.

HIT 7. st cHUXeHNsT BBIOPOCOB HBUIN U3 Op-
FaHM30BAaHHbBIX UCTOYHUKOB HEOOXOAVMO:

o  IPUMEHSTH COBpPEMEHHbIE PyKaBHBIE U 3IEKTPO-
GUIBTPBL, ONTUMU3MPOBAHHBIE /ISl OYMCTKY KOH-
KPETHBIX Ta30B C yYETOM VX BIQXKHOCTU U TEM-
HepaTypbl;

o  mpuMeHATH (IpyU HEOOXOEMMOCTU) TUOPUTHBIE
¢bunpTpsy

o OCYLIECTB/IATH HENPEPBIBHBII MOHITOPYHT 32 COCTO-
siHMeM U QYHKIMOHMPOBaHMeM GUIbTPOB, obecre-
4MBATh VM HEOOXOAMMOe OOCTTY>KMBaHNE 1 PEMOHT.

IIpu ucnonb3oBaHMM JaHHBIX MEPONIPUATUI MaK-
CUMabHBbIe BBIOPOCHI IBIIN C cofepKanueM SiO, mo
20 macc. % He DO/DKHBI IIPeBBIMATD (IIpyU Iepuofude-
CKMX 3aMepax Kak cpefHee apudMeTndeckoe 3a Bpe-
MsA 3aMepa) I IPOeKTUPYeMbIX NPefupUATUIl — He
6o0mee 25 MI/HM®, /I TeXHO/OTMYECKNX JIMHUI, BBe-
TeHHBIX B SKCIITyaTanuio mocime 2008 r. — He 6omee
50 MI/HM>, BBE[IEHHDBIX B sKciuryaTanuo o 2008 r. ¢ Mo-
fepHU3UpoBaHHBIMU (unbTpamMu — He 6omee 500 Mr/HM?
¥ BBEJEHHBIX B 9KCIUTyaTanuio 1o 2008 r. 6e3 MopepHu-
sanuy GuabTpoB — He 6omee 1000 mr/um’. Takas rpa-
Jalys TEXHOTOTMYECKOTO MOKa3aTeNs B 3aBUCUMOCTH
OT TUIIA IPeIPUATUA MOABUIACH IOC/IE JOITON Auc-
Kyccuu Mexjy wieHamu paboueit rpymnst TPI 6, pas-
pabarsiBaromeit VITC.

HAOT 8. [Ins MuHMMM3ALMYU BEIOPOCOB IIbLIN U3
HEeOpraHM30BaHHBIX MCTOYHIKOB HEOOXOI MO OCYIIeCT-
BIATD CAEAYIOlIVe TeXHYeCKIie MepOIpUATUA:

. Te€pMETM3anMsA BCEX TEXHOTOTMYECKUX IIPOLEC-
COB, CBA3aHHBIX C IIbIJIEBBIJC/ICHNEM;

. MCIIO/Ib30BaHME TOJIBKO 3aKPbIThIX JIEHTOYHDBIX
KOHBeI?IepOB 1 371€BATOPOB;

. YMEHbUIEHVE MECT IIPOChIITaHN A MaTepuania, rep-
MeTn3anms yCTaHOBOK;

e NUCIIONB30BaHME I'MOKUX PYKaBOB, CHAO)KEHHBIX
CHCTEMOIT IIBUIEY/IAB/IMBAHNS, TIPY IIOTPY3Ke Lie-
M€HTa HaBajOM B IIeMEHTOBO3;

e  IPOTMBOBETPOBAS 3aLINUTA;

e BOJIHOE ONPBICKMBAHMNE M IPUMEHEHE BEIIECTB,
MOJAB/IAIOLIMX [IbITIEHNE;

o yBIaXHeHNe ITabernel;

e  IIpMMEHeHMe MOKPBITUIL Ha JOPOTaX, MbIThE U
ybopKa fopor.

HIT 9. [In51 cHM>KeHMs BBIOPOCOB OKCHU/OB a30Ta
U3 TIEYHOI CUCTEMBI HEOOXOIMO OCYILECTBIATD CTIeRY-
IoIlMie TeXHUYeCKMe MepOIPUATIA:

. THIAT€/IbHOE PETYyAINMPOBaHME N ONITMMU3ANNA
IIponecca 06)1(1/[1“;1;

] OXJTAXKICHNE TVITAMEHN (baKe)Ia 3a CYET BIIPBICKA
BOJIbI N/IN JIEKap6OHI/ISaLU/II/I TOHKOM3MEIIbYECHHO-
T'O U3BECTHAKA;

. IIpMMEHEHME CIIE€VAa/IbPHBIX TOPE/IOK C HU3KUM
BBIJICJICHNEM OKCUIOB a30Ta;
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e touse Ca(OH), as an adsorbent and an additive
to the raw mixture;

» to use wet scrubbers to desulfurize gases from
the rotary kiln.

In case of the abovementioned methods
implementation the maximum concentration of SO, in

the gases from the rotary kiln shall not exceed 400 mg/Nm”.

BAT 12. Minimization of CO emissions from
a rotary kiln can be achieved by using one or several
following techniques:

o using (where possible) raw materials with a low
carbon content;

« ensuring fuel uniform composition and
properties, uniformity and consistency of its
feeding to the furnace;

«  burning process optimization by maintaining the
necessary excess air factor in the kiln.

o  stable operation of the kiln, the use of automated
control systems for kiln operation;

e continuous automatic CO measurement in furnace
gases by using equipment with a short response
time located near the CO formation source.

The use of the said techniques will allow
maintaining CO emissions from rotary kilns at a level
of not more than 600 mg/Nm?® of gases.

BAT 13. To reduce and minimize the noise
level, it is recommended to implement the following
technological measures:

o choosing the right place for performing noisy
operations;

» fencing of noisy operations (units);

« vibration isolation of noisy units;

o soundproofing of the buildings where noisy
equipment is located;

o installation of soundproof walls and natural
soundproof barriers;

o the use of silencers on gas relief pipes;
« soundproofing of gas ducts and fans;
o closing doors and windows in shops and premises;

« soundproofing of wall openings by locks
installation;

« installation of sound absorbers in the gas release
areas;

o gas flows speed reduction in channels and flues;

o separation of noise sources and potentially
resonant components (e.g. compressors and air
ducts);

o using soundproof modules in devices (for
example, compressors);
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. CXKUTaHMEe YaCTU TOIIJZIMBA HAa BXO/€ B TEII000-
MEHHMK UNJIN B CpeJIHeﬁ YacCTu Ie4u;

e JCIONb30BaHME MMHEPAIN3ATOPOB JI/A CHIKE-
HIIS TeMIIepaTypbl 06XKNUTra KIMHKEPa;

e CEJIEKTUMBHOE HEKAaTA/UTUYECKOE BOCCTAHOBIEHIE
okcupos azora (trexnonorus SNCR);

e CENEKTMBHOE KAaTaJIUTUYIECKOEe BOCCTAHOB/ICHME
okcupos aszorTa (rexnonorus SCR).

IIprMeHeHMe yKa3aHHBIX BBIIIE TEXHONMOTMYIECKMX
MeporpusTHii (OTHENTbHO UV COBMECTHO) IIO3BOJLSIET [I0-
CTUTHYTb BBIOPOCOB OKCHUJIOB a30Ta (B epecyete Ha NO,)
U3 Iedeli CyXoro crocoba npousBoacTBa — He 6onee 500,
a U3 IJIMHHBIX [edelil MOKPOTro cr1oco6a Mpou3BOACTBA U
neyeit Jlenmonb — He 6omee 800 Mr/HM>.

HJT 10. B cnyyae MCnonb30BaHMA [/ CHYKEHM A
BBIOPOCOB OKCHJIOB a30Ta TEXHOJIOTUH CEJIEKTVBHOTO He-
Karanutndeckoro Boccranosnerns SNCR Heobxomumo
MOAePXKMBATh IPOCKOKM (BbIOpOCHI) ammuaka NH; u3
MeYHOI CYCTeMbl Ha MIHMMa/IbHO HU3KOM yPOBHE, YTO
TOCTUTAETCS:

e JCIIONb30OBAHNMEM TONBKO CTEXMOMETPUIECKOTO
KO/IMYIECTBA BOCCTAHOBUTENA (PAacTBOPa aMMMaKa
Iy Kapbamuja), HeoOXOAMMOrO ISl CHUDKEHU A
BBIOPOCOB OKCMOB a30Ta [0 3aJAHHOTO YPOBHS;

e  PaBHOMEPHBIM paclipefie/ieHNeéM BOCCTAHOBUTEA
B ra30BOM IIOTOKE.

B sTom cny4ae npepenbHas KoHyeHTpanua NH;
IpY IPOCKOKaX 06BIYHO He mpessimaeT 30-50 mr/um’.

HIT 11. [T cHMOKeHUs BBIOPOCOB OKCHJIA CepPbI
SO, u3 BpamjamoIerics ne4y HeobXoxuMo:

e JCIO/TB30BATH ChIPbEBBIE MATEPUATIBI, TOIIMBO
VIV TOIUTMBOCOTEP>KAIINE OTXOMbI C MTHMMAJIb-
HBIM COfiep)KaHyeM ameMeHTapHo (S°) wim cyb-
bunuoit (S?) cepsr;

o wucnonb3oBarb Ca(OH), B kauecTBe amcopbenTa
KaK JJO6aBKY K CHIPbEBOI CMeCH;

e JCHO/IBb30BaThb MOKpble CKpy6Oephl /A Jiecy/ib-
bypusanuy ra3oB 13 BpallaoIeiics ey

B cmydae npuMeHeHNUs yKa3aHHBIX BbIIlE CIIOCO-
60B MakcuMajbHas KoHIeHTpanus SO, B rasax us Bpa-
WAKOLeiiCcst eun He npesbimaer 400 mr/uM?,

HJAT 12. MuanMusanus Beib6pocos CO us Bpa-
I[AIOMEIICS MeYM MOXKeT ObITh JOCTUTHYTA HPUMEHEHN-
€M OJJHOTO MJIM HECKOIbKUX TeXHOJIOTMYeCKUX IIPMEeMOB:

e  ucnonb3oBaHue (IIpy BO3MOXXHOCTH) ChIPbEBBIX
MaTepuauoB ¢ HU3KUM cofiep>kaHyeM yraeponaa C;

] obecrneyeHme OOHOPOIHOTO COCTaBa " CBOIICTB
TOII/IVIBA, PABHOMEPHOCTb U IIOCTOAHCTBO €ro
IIoa4m B II€Yb;

o onTMMu3alLuA Ipoliecca 06Xura nmyTeM NOAep-
XaHMA HeobXoxyuMoro Koadduipmenta u30bITKa
BO3/lyXa B II€YIL.

e CTaOMIBHBII peXXUM pabOTHI IeYN, IPUMeHEHe

aBTOMATM3MPOBAHHBIX CUCTEM YIPaBIEHNUA pa-
60TOI1 Ieun;



o erection of buildings or planting trees and bushes
between a protective strip and noisy production, etc.

BAT 14. Development, implementation,
maintenance and continuous meeting of the
environmental management system (EMS) requirements.

BAT 15. Regular parameters and emissions
monitoring and measurement of in accordance with
EN, ISO standards or national standards that guarantee
compliance of the data with scientifically based criteria,
including:

o continuous measurement of process stability
parameters;

o critical process parameters monitoring and
stabilization: homogeneous and constant
composition of the raw mix, fuel, steady fuel feed
to the kiln, necessary excess air in the kiln factor;

o periodic measurements of dust, NOx, SO; in
accordance with the production control schedule.

ITR emphasizes that the use of one or another
BAT should be economically viable and related to the
result achieved in case of its implementation.

As already mentioned above, in accordance with
the Federal Law Ne 219-FZ of 21.07.14, there was a transfer
to technological regulation in the field of environmental
protection in the Russian Federation. First of all, this
applies to large enterprises in key economic sectors that
have a significant impact on the environment classified
as Category I objects [7]. Cement producing enterprises
(cement clinker in rotary kilns or other furnaces with
design capacity of 500 tons per day or more) are classified
as category I. These enterprises will be required to obtain
integrated environmental permits (IEPs) and demonstrate
compliance with the requirements of the best available
technologies. Industry-specific ITR provide technological
parameters for respective production operations which
will be used as the basis for calculating the technological
standards established by IEP.

Integrated environmental permit is a document
issued by an authorized federal executive body to a legal
entity or individual entrepreneur carrying out economic
and (or) other activities at a facility that has a negative
impact on the environment and contains mandatory
environmental requirements [4 ].

The issuance of the IEP should begin as early as
January 1, 2019. The first integrated environmental permits
will be received by newly constructed (modernized)
enterprises and 300 operating major enterprises, the
so called "polluters” — objects having a negative impact
on the environment and belonging to category I which
share in total emissions and pollutant discharges in the
Russian Federation is at least 60%. According to the
Draft Order of the Ministry of Natural Resources (dated
April 2016), five cement plants were included in the "List
of 300" Petersburgcement, LLC; Katavsky Cement, JSC;
Maltsovsky Cement, JSC; Sebryakovcement, JSC and
HeidelbergCement Rus, LLC in Novogurovsky settlement
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e  HellpepbIBHOE aBTOMaTnMyueckoe namepernue CO
B IIEYHBIX I'a3aX IIOCPEACTBOM JICIIO/Nb30BAHMA
060pymOBaHMA C KOPOTKMM BpeMeHeM OTK/IN-
Ka, pacIloIoKeHHOTo BO/IM3Y MCTOYHMKA 0Opa-
soBanusa CO.

IIpumenenye yKa3aHHBIX TEXHOIOTMYECKMX IIPH-
€MOB ITO3BOJINUT MOAAepKuBath Bei6pocsl CO 13 Bpala-
IOLIMXCS [ledeli Ha YpoBHe He 6oree 600 Mr/HM® ra3oB.

HAT 13. [Ins cHY>KeHNA M MMHMMU3aL NN YPOB-
HA NIyMa peKOMEHAIYeTCA OCYIeCTBUTD CIefyIOl/e TeX-
HOJIOTMYeCcK/e MepOIIpUATHU:

e BBIOOp HOAXOJAIIET0 MeCTa JiIsl BBIIIOTHEHN S
LIYMHBIX OIl€paLuii;

e OrpaxfieHJe UIYMHBIX Ollepaliuii (arperaTos);
e BUOPOM3OMALMS IIYMALINX aTrPETaTOB;

e 3BYKOM3ONALMA 3[JaHUIA, B KOTOPHIX pasMelia-
eTcst 060pyoBaHMe C BBICOKMM YPOBHEM LIYMa;

e YCTQHOBKA 3BYKO3QLIUTHBIX CTEH VI HPUPORHBIX
3BYKO3AIUTHBIX OAPbepOB;

o  IpUMEeHeHMe IyLINTeNel Ha ra300TBOASIIINX
Tpybax;

o 3BYKOM3OJSLMS a30BbIX KaHA/TOB U BEHTUISA-
TOPOB;

o 3aKpbITUE JBEpEIl M OKOH B LieXaX U IIOMELEHUSAX;

U 3BYKOM3OMALNA CTEHHBIX IIPOEMOB IIYTEM yCTa-
HOBKMI LI/TFO30B;

e  YCTaHOBKA 3BYKOIIOIIOTUTeEJENl B MECTaX BbI-
6poca razos;

U CHMJKEHME CKOPOCTM ra30BbIX IIOTOKOB B KaHa-
JIaX U Ira30xogax;

e  pasfeneHMe NCTOYHMKOB LITyMa U MOTEHIIMATbHO
PE30HAHCHBIX KOMIIOHEHTOB (Hampumep, KOM-
IIPECCOPOB U BO3/1YXOBOJIOB);

e JCIONIb30BaHNe 3BYKOU30/IMPOBaHHBIX MOZYIei
B YCTpOIICTBaX (HaIpuMep, KOMIIPeCcopax);

. BO3BE€IEHME TIOCTPOEK MINM TIOCagKa NEPEBHEB U
KYCTOB MEXAY SaHlMTHOﬁ MMOJIOCOI U IIyMHBIM
IIpON3BOACTBOM U T.II.

H]T 14. PazpaboTka, peanusanisi, mojaep>kaHue
B paboyeM COCTOSIHUM U TIOCTOSTHHOE BBITIONHEHME TPe6o-
BaHMIT CUCTEMBI 3KOJIOTMYECKOro MeHemK MmenTa (COM).

HIT 15. PerynapHblli MOHUTOPMHT U M3Mepe-
HUe TTapaMeTPOB ¥ BBIOPOCOB B COOTBETCTBUY CO CTaH-
mapramu EN, ISO mimu HanMoHaTbHBIMY CTaHAAPTaAMI,
rapaHTUPYIOIMMM COOTBETCTBME JAHHBIX HayYHO 060-
CHOBAaHHBIM KpUTEePUAM, BK/II0Yasd:

e  HempepbIBHbIE U3MEPEHUs MIAPAMETPOB, CBUE-
TEbCTBYOIUX O CTAOM/IBHOCTH IIPOLIECCa;

e  MOHUTOPMHI U CTabMIM3anMs KPUTUYECKUX ITa-
paMeTpoB IpolLecca: OGHOPOAHbIN U IOCTOAHHBIN
COCTaB CBIPHEBOJI CMECH, TOIIINBA, pABHOMEPHAas
[ojiavya TOIIMBA B IIeYb, HEOOXOAMUMBIL K03 du-
IIMeHT M30bITKa BO3JyXa B IeYl;

e  Ilepmopuyeckye 3aMepsl BbIOpocoB mbiu, NOx,
SO; B coOTBETCTBUY C IpadMKOM IPON3BOLCTBEH-
HOTO KOHTPOJIAL.
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(names of the enterprises are given as in the Draft Order
of the Ministry of Natural Resources).

Currently the Ministry of Natural Resources of
the Russian Federation is developing the "Procedure
for issuing integrated environmental permits, their re-
issuance, revision, amendment, and revocation". As part
of paragraph 94 implementation of the "Main activities
Plan for the Ecology Year 2017 in the Russian Federation"
approved by the Government of the Russian Federation
of June 2, 2016 No. 1082-p, national enterprises hold
events in "Business games" format to develop the order
and procedures for issuing IEP in the framework of the
draft document being developed. The business games
development and conduct is entrusted to the Russian BAT
Bureau. These activities are aimed at advance informing
of the industry about the changes in the environmental
regulation procedures, as well as creating a uniform
knowledge of the procedures for obtaining IEP by the
industry and regulatory authorities in the subjects of the
Russian Federation.

At the end of 2016, six business games were
held including two games at cement production plants:
Serebryansky Cement Plant, LLC and branch of
Heidelberg Cement Rus, LLC in Novogurovsky village.

The employees of the Ministry of Natural
Resources and Ecology of the Russian Federation,
BAT Bureau, territorial bodies of the federal executive
bodies, experts from industrial enterprises, consulting
companies, higher educational institutions, professional
media and public organizations, as well as the Russian-
German project "Climatically neutral economic activity.
Implementation of BAT in the Russian Federation"
(further referred to as “the Project”) took part in each
business game.

The project is implemented within the framework
of the German Initiative for Climate Technology (DKTI)
and the International Climate Protection Initiative (IKI).
The main objective of the program is to contribute
to climate — and environment friendly technologies
promotion in accordance with the EU Directives on
Integrated Pollution Prevention and Control (IPPC)
and Industrial Emissions (IED). The project is aimed
at creating favourable framework conditions for BAT
introduction in the Russian Federation by building
administrative and professional capacity and raising the
specialists’ awareness. It is also focused on developing
German-Russian cooperation in the sphere of technology,
as well as at supporting the process of the national
standardization system documents development in the
sphere of the best available techniques in the selected
industries. Petrochemical industry, mining and cement
production have been identified as pilot trends for the
practical activities of the project.

The conducted business games helped to identify
interested parties and to discuss with them approaches
to the preparation and consideration of applications for
integrated environmental permits, and also to receive
feedback and take reasoned decisions.
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VTC nop4epkyBaet, 4TO MpUMEHEHNE TOI MK
nHoit HAT fomxHO 6bITh 9KOHOMUYIECKH Iienecoobpas-
HBIM VI YBSI3aHHBIM C JOCTUTA€MbIM B CTydae ee peaj-
3aI[U Pe3y/IbTATOM.

Kax y>ke 6bIIO CKa3aHO BBIIIE, B COOTBETCTBUU C
@epepanbHbIM 3aKOHOM OT 21.07.14 Ne 219-D3, B Poccuii-
cxolt @efiepaliny OCYIECTBIIACTCA IePeXof K TeXHOIOT -
4eCKOMY HOPMUPOBAHMIO B OXPaHe OKPY>Kalollell CpefiblL.
ITpexxpe Bcero, 3TO KacaeTcsl KPYMHBIX IPeIpUATII KIT0-
4eBBIX OTpac/ieil 3KOHOMUKM, OKa3bIBAIONIVX 3HAUNTE/Ib-
HOe BO3JIeIICTBYIE Ha OKPY)KAIOIIYIO CPefly, OTHECEHHBIX K
obbexraM I kareropuu [7]. IIpeanpusaTusa 0o IponsBoa-
CTBY LieMeHTa (L]eMeHTHOTO K/IMHKepa BO BpallaloIINX-
s Ievax VJIM APYTUX IledaX ¢ IPOEKTHOI MOIIHOCTBIO
500 t/cyT. u 60/ee) oTHeceHs! K I Kareropuy. ITu mpexn-
npuATUA 6yAyT 00s3aHBI MOMYYaTb KOMIIIEKCHBIE 9KO-
normyeckue paspemenusa (KOP) u gemoHcTpupoBaTh
COOTBETCTBME TPeOOBAHMAM HAVITYYIINX JOCTYIIHBIX
TexHonoruit. B orpacnespix VITC npuseneHbl TeXHOO-
IMYecKye MoKa3aTeIy IS COOTBETCTBYIOIMX IMPON3-
BOJZICTB. VIMeHHO OHM Oy YT ITOIOXKEHBI B OCHOBY pacyeTa
TEXHO/IOTMYeCKIX HOPMaTHBOB, ycTaHaBInBaeMblx KOP.

KomrekcHOe 9KOTIoriyecKoe paspelieHne — TOKY-
MEHT, KOTODBIif BBIJJA€TCS YIIOTHOMOYEHHBIM (efiepambHbIM
OpraHOM MCIIOTTHUTE/IBHON BJIACTY IOPUANYECKOMY JIALY
VIV MHAVBUJYa/IbHOMY IIPeATIPUHIMATEII0, OCYILeCTBILAI0-
I[VIM XO3sIVICTBEHHYIO 1 (M/IV) MHYIO IeATe/IbHOCTD Ha 00b-
eKTe, OKasbIBaIOI[eM HeraTVBHOE BO3/E/ICTBIE Ha OKPyXKa-
IOIITYIO CPETY, ¥ COIIEPYKUT 00sA3aTeNnbHbIe /IS BBITIOMHEHA
TpebOBaHMsI B 06/IACTY OXPAHBI OKPYIXKATOLLell cpemsl [4].

Boipaga K9P momkHa HauaTbcs yKe ¢ 1 AHBaps
2019 r. IlepBpIMUM KOMIIZIEKCHBIE SKOIOTUYECKIE paspe-
meHNA 6yAYT IONTyYaTh BHOBD IOCTPOEHHBIE (MOIepHM-
3MpOBaHHBIE) NpeaupuATys U 300 KelIcTBYOUINX KPYII-
HEJIINX IPEeRIPUATUIL — «3aTPsA3HUTENEN» — 00BEKTOB,
OKa3bIBAIOIMX HETaTMBHOE BIMAHME HAa OKPY>KaIOLIYI0
cpeny, oTHOcAMXcA K I kaTeropuu, BKaaj, KOTOPBIX B
CYMMapHBIe BBIOPOCHI, cOPOCHI 3arpA3HAIOIUX BeleCTB
B Poccuiickoit @efepanun cocrasndeT He MeHee 60%.
Cornacuo Ilpoexty Ilpukaza MuHnOpupops! (ampennb
2016 1.) B «criucok 300» momany mATh IeMEHTHBIX 3a-
BozoB: OO0 «IleTepbypruement», AO «KaraBckuit
gemeHT», AO «ManpijoBckuii nement», AO «Cebpsi-
koBreMeHT» u OO0 «Xaitgenvbeprllement Pyc» B 1I.
HoBorypoBckuit (HaspaHMe NpegIpUATHUIL TaHO, KaK
B [IpoekTe [Tpukasa MuHIpupops).

B nacrosamee Bpema Mununpupops Poccun pas-
pabarbiBaeT «IIOpAROK BbIa4y KOMIIJIEKCHBIX SKOJIOTHU-
4eCKIX pa3pelleHn ], uX epeopopMIeHns, IepecMOoTpa,
BHECEHIA B HUX M3MEHEHMIA, a TAK)Ke OT3bIBa». B paMkax
peanusauuu 1. 94 «IlyraHa OCHOBHBIX MEPONIPUATHIA IO
nposefienno B 2017 r. B Poccuiickoit @epepanun oga
9KOJIOTUW», YTBEPXKJEHHOTO pacnopsxenuem Ilpasu-
TenbcTBa Poccuiickoit enepanuu ot 2 uiona 2016 r.
Ne 1082-p, Ha OTeYECTBEHHBIX NPEAIPUATUAX IPOBO-
RATCA MepONpuATHs B popMaTe «JeJIOBBIX UTP» IO OT-
paboTke mopsgka u mpouenyp Bogaun K9P B pamkax
paspabaTbIBaeMOTro IpOeKTa JoKyMeHTa. PaspaboTka n



As a result, key aspects were identified. Their
consideration will contribute to creation of a common
understanding of domestic industry transition to the
state regulation based on the BAT principles. The most
discussed aspects were public opinion consideration
in the process of IEP issuing, and procedure for IEP
materials coordination by the executive bodies.

References // iutepartypa:

1. ®epepanbHblil 3akoH oT 21.07.2014 r. Ne 219-D3
«O BHecenun usmeHennit B GPemepanbHblil 3aKOH
«O6 oxpaHe OKpYXXaIILeil CPefbl» U OT/eNbHbIE
3aKOHojflaTenbHble aKThl Poccuiickoit Pepepa-
mun» (c usm. ot 3.07.2016 1.).

2. Best Available Techniques (BAT) Reference
Document for the Production of Cement, Lime
and Magnesium Oxide, Available at http://www.
enofis.com.tr/mevzuat/ab/Cement%20BAT %20
2013.pdf (accessed 5 February 2017).

3. UTC 6-2015. MudopManMoOHHO-TeXHNYe-
CKMII CHPAaBOYHMK IO HAMIYYIINM JOCTYII-
HBIM TeXHONOrusiM. IIpou3BOACTBO LieMeH-
Ta. [JmekTpoHHBIIT pecypc]. — Pexxum gocryma:
http://www.burondt.ru/NDT/NDTDocsDetail.
php?Urlld=496&etkstructure_id=1872

4. ITHCT 22-2014. HOT. TepMmuns u omnpeperne-
HUA. [DneKTpoHHBIIT pecypc]. — Pexxum gocryna:
http://www.burondt.ru/NDT/NDTDocsDetail.
php?Urlld=332&etkstructure_id=1872

5. Cusxose C.I1., Ilomanosea E.H. Kputepum BbI-
60pa MapKepoB B CIIPAaBOYHOM JOKYMEHTE IO
HIT npu npoussopctse nemenTa // Hammyu-
mue gocTynHble TexHomorun. Omupenenenne
MapKepHBIX BEIIeCTB B Pa3AIMIHBIX OTPACIIX
npombinieHHocTy. COopHuk cTareir Ne 3. M.:
MspatensctBo Ilepo, 2015. C. 116-125. [Dnek-
TPOHHBII pecypc|. — Pexxum gocrymna: http://
www.burondt.ru/informacziya/publikaczii/
publikacziya.html?PublishingType=2

6. Sivkov S., Potapova E. Selecting environmental
marker parameter for the reference book on
best available techniques of cement production.
XVI International Multidisciplinary scientific
Geoconference SGEM 2016. Albena, Bulgaria,
2016. Book 5, Vol. 2. P. 727-734.

7. Ilocranosnenue IIpaButenbctBa PO ot 28 cen-
Ts16pst 2015 1. Ne 1029 «O6 yTBep>XeHuM Kpute-
p1eB OTHeCeHUsI 0OBEKTOB, OKa3bIBAIOIUX He-
ratuBHOe Bo3sgeiicTtBue Ha OC, k o6bekTam I, 11,
IIT n IV kxaTeropmuii».

8. Pacnopsxenne IlpaButenbcrsa Poccniickoit ®e-
mepanunu ot 2 uioHA 2016 r. Ne 1082-p «Ilnan oc-
HOBHBIX ME€POIPUATHUI 110 IpOBefleHn0 B 2017
ropny B Poccuiickoit Pepepanuu ['oga skomorum».

cement | uemeHT

IIpoBeJieHNe JeJIOBBIX UTP TIOpydeHa poccuiickomy bropo
HIT. STu MeponpusTisi HaIIpaB/IeHbI Ha 3a6/1arOBpeMeH-
Hoe NHPOPMMPOBaHIE IPOMBIIUIEHHOCTY 00 M3MEHEeHN-
SIX TIOPSAAKA PETY/INPOBAHMUSA B IPUPOZOOXPAHHOIL chepe,
a TaK>Ke CO3flaHe eTHOTO MOHMMAHNA IPOLeRyp TOMy-
yeHMs1 KOP IpOMBIIIIEHHOCTBIO ¥ KOHTPOJIbHO-HAI30p-
HBIMM OpraHaMM B cy6bekTax Poccuiickoit Gepepariyn.

Ha xoneq 2016 r. IpoBefieHO 1IeCTb [Ae/IOBBIX UTP,
B TOM YMCJIE 1B€ — Ha IPeANPUATUAX 110 IPOU3BOACTBY
nemeHTa: OO0 «CepeOpsAHCKUI IIeMEHTHBII 3aBO» U
®unnan OO0 «Xastnenvbepr Lement Pyc» B moc. Ho-
BOTI'yPOBCKMIL.

B kaxp1oi1 fenoBoil Urpe NpMHUMANN y4acTue
COTPYBHUKM MUHUCTEPCTBAa NPUPOJSHBIX PECYPCOB U
skonoruy Poccniickoit ®enepanun, bropo HAT, Teppu-
TOpUaNbHBIX OPTaHOB (eflepabHOl MCIOMTHUTENbHO
BJIACTH, CIIEIVaMIMNCTHI IPOMBIIIIEHHBIX MPeIpUATHN,
KOHCY/IbTAI[IOHHBIX KOMIIAaHUII, BBICIINX Y4eOHBIX 3a-
BefieHUIt, npodeccuonanbbix CMMU 1 06111eCTBEHHBIX
OpraHM3aINIi, a TAK)Ke POCCUIICKO-TePMaHCKOTO IIPOEK-
Ta «KnmmaTyeckn HelTpanabHas XO3AMCTBEHHas fHed-
TenbHOCTD. BHenpenne HIT B PO» (manee — IIpoexT).

IIpoexT ocyecTBnA€TCA B paMKaX IIPOrPaMMBI
Tepmanckoit Mianunatussl mo Knnmarocbeperamoimnm
Texnomoruam (DKTI) u MexagynapopHoit Mannnaru-
Bbl 10 3amute Knnmara (IKI). OcHOBHOIT 11en1bI0 PO-
TpaMMBl ABJIAETCA BKJIAJl B paclpocTpaHeHye Oe3omac-
HBIX JI714 KJAMMAaTa M OKPY>Kalollell Cpefibl TeXHOMOTUIA
B cooTBeTcTBuM ¢ JJupexktuBamyu EC o KoMIIekcHOM
KOHTpOJIe u npefoTBpauteHny sarpasuesuii (IPPC) u o
npombiiieHHbIX BoiOpocax (IED). IIpoekT HampasiieH
Ha co3flaHue O/MarompuUATHBIX PAMOYHBIX YC/IOBUIT AJIA
BHeppennsa HIT B Poccurickoit @emepanyy 3a cueT Ha-
palBaHNs A]MVMHUCTPATUBHOTO U IPOQeCCUOHATBHOTO
MOTEHIIAasIa ¥ MOBBIIIEHMA OCBEIOMIEHHOCTH CIIeLIMaIN-
cToB. KpoMe ToT0, 11€/IbI0 IPOEKTa ABMAETCSA pasBUTHE
repMaHO-pOCCUIICKOrO COTPYHUYECTBA B cpepe TeXHO-
JIOTMIt, a TaK)Xe IOAJep>KKa Mpoliecca paspaboTKM [0-
KYMEHTOB HalJMOHA/IbHOM CUCTEeMbI CTAH[JapTU3ALUN B
cdepe HAMTYYLINX JOCTYIHBIX TEXHOTIOTUIT B BHIOpaH-
HBIX OTpacnAX. B kadyecTBe MUIOTHBIX HallpaB/IeHUI 1A
MPaKTUYECKOI [eATETbHOCTY IPOEKTA OIpefie/IeHbl He-
¢rexuMyyecKas HpOMBINITIEHHOCTD, TOPHOLOObIBAIONIA S
IMPOMBIIIIEHHOCTD ¥ IPOM3BOJCTBO IIEMEHTA.

HpOBe,[[eHHbIe AETOBBIE UTPbI ITO3BOIN/IN yCTa-
HOBUTD 3aMTHTEPECOBAHHbIE CTOPOHBI, O6Cy}1]/ITb C HUMM
IIOAXOMDBI K IIOATOTOBKE I paCCMOTPEHNIO 3a1BOK Ha KOM-
IIJIEKCHDbIE 3KO/IOTMYECKME pa3pelIeHN s, IMOMTYyINUTDb OT-
K/INKN 1 IPUHATD 000CHOBaHHbBIE penieHnAa.

B pesynbraTe ObUIN ONpefie/IeHbl K/TI0YeBbIe aCIIeK-
THI, PACCMOTpEHE KOTOPBIX OY/eT Cl1oco6CTBOBATH CO3-
HaHWIO OOIero MOHMMAaHMs Mepexofia OTeYeCTBEHHOI
IIPOMBIIITIEHHOCTY Ha TOCY[JapCTBEHHOE peryaupoBa-
HIe, ocCHOBaHHOe Ha npuHynnax HJT. Haubonee 06-
CY>KJaeMbIMU aCIIeKTaMy CTa/lIy HOPANOK y4eTa MHeHU
obmecTBeHHOCTH B Ipolecce Bbigauu KOP, yuactue un
MOPAMIOK coTrnacoBaHMA MaTtepuanoB K9P opranamnm uc-
MOTHUTENbHOM BIIaCTH.
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CEMENT PLANTS MODERNIZATION
PROSPECTS IN TERMS OF INNOVATIVE

 CRUSHING AND GRINDING SOLUTIONS

‘_2- . '3narteB M., pykoBoguTens Npoaax Komnanun Haver Niagara GmbH, lfepmarus,

» ‘ 2IpoTioxaHH M., NCMONHUTENbHBIN ANPeKTOP KoMnaHun Haver Niagara GmbH, lepmaruis

MEPCTIEKTVBbI MOLAEPHV3ALUKVI LEMEHTHbBIX

3ABOLOB C MCMOTb3OBAHMEM HOBEMLLX
TEXHONOIMW OPOBJTEHNA 1 TIOMOJSTA

Abstract

The article investigates cement production
process: from raw material (limestone) to end-product
considering modern technologies allowing to reduce
energy consumption of the production process and
optimize quality of produced cement. In this context,
a successful German experience is shown in terms
of creation of a cement plant of the future. The used
innovative solutions allow for the cement plant the
highly flexible adaptation to the future demands for
cement products and dry mortar.

Key words: production process, raw material
processing, cement, innovative solutions, energy efficiency,
grinding

Modern investigations in the field of cement
production are mainly focused on the following items:

o Reducing energy consumption in cement
production;

o  Optimizing quality and uniformity of produced
cement;

+  Minimizing emissions from the cement-production
process [1], [2].

Previous experience proves that cement production
and sales are subject to local and regional market
fluctuations. To eliminate any effect of such dependence,
cement industry and mine-mill equipment manufacturers
need to solve the following tasks:

o Resources utilization and storage effectiveness
improvement;

« Extending the range of sellable product by
installing specialized technology within the
territory or in mediate vicinity of the cement plant.
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AHHOTAUMA

B craTpe mpoBoAUTCA aHaIU3 MpoLEcca Mpous-
BOJCTBA IJeMEHTA: OT MCXOLHOTO CHIPbs (M3BECTHSAKA)
[0 TIOMy4YeHM s KOHEYHOTO NIPOJIyKTa HA OCHOBE HOBbIX
TEXHOJIOTHII, IO3BO/ISIIOINX 00eCIednTh COKPALIeHIe
SHEPTOEMKOCTH NMPOU3BOACTBEHHOTO NpolLecca U ONTH-
MHU3aLUy KadyecTBa npopykuuu. [Ipegcrasnen momoxn-
TE€JIbHBIN ONBIT [epMaHUM 110 CO3MAHNIO COBPEMEHHBIX
LIEMEHTHBIX 3aBOJIOB HOBOTO TuUNa. VIHHOBallMOHHEIE
pelleHns OTKPBIBAIOT HOBbIE BO3MOXXHOCTY M IO3BOIA-
0T LleMEHTHBIM 3aBOfIaM T'MOKO pearupoBaTb Ha M3Me-
HeHMe CIIpOCa Ha PbIHKE I[eMEHTa U CyXMX CTPOUTENb-
HBIX CMecell.

Kniouesvie cnosa: npoussoocmeenblii npoyecc,
nepepabomka colpvs, yemeHm, UHHOBAUUOHHbIE Pelie-
HUA, aHeP20dPPHeKmUBHOCNb, HOMON

CoBpeMeHHbIe UCCTe0BaHN s TeXHOIOTMYeCKIX
MPOLIECCOB IIeMEHTHBIX MPOU3BOJCTB IIPOBOAATCA IIpe-
JKJie BCEro /I pelleHNns CefyoInX 3aiad:

e COKpallleHVe SHEPTONOTpebIeHNs IIpU IIPONU3-
BOJICTBE LIeMEeHTa;

. ONITMM3AaNNA Ka4eCTBa 1 OTHOPOIHOCTH IIPON3-
BOAMMOTO LIEMEHTA;

e MMHMMMK3ALM BHIOPOCOB B IIpoLiecce IMPOU3BOJ-
cTBa memMenra [1], [2].

OnBIT IIOKa3bIBAET, YTO MPOU3BOACTBO M COBIT
LIeMEHTa MOTYT CUJIbHO 3aBJMCETh OT KOHBIOHKTYPHBIX
KO/IeGaHMIT 1 CUTYalNy Ha PETMOHA/TBHBIX PBIHKAX. [Iist
NIPEOJ0/IEHN A TIOC/IEACTBUI 3TOM 3aBUCUMOCTY LJEMEHT-
Hasi OTPAC/b U IPOV3BOAVITENN TOPHO-000TaTUTETBHOTO
060pyIOBaHNUs JOKHDI PEIIUTD CTIefYIOLINe 3a1adu:

o  moBbleHMe 9P PEeKTUBHOCTY JOOBIUY CHIPbA U3
MICTOYHVIKOB IIPUPORHBIX MECTOPOXKECHMIT;



This task necessitates a conversion analysis for
the raw materials within the cement-production process,
from limestone to cement. The analysis considers new
production segments and equipment.

As Figure la shows, a mixture consisting of
limestone (approx. 70 to 80% by mass) and clay/marl
(approx. 20 to 30% by mass) present in native form in
many natural deposits for cement raw materials [2] is
the starting point for cement production. Depending on
the chemical composition of the raw material deposit,
further components such as iron ore or sand must be
added. Following excavation by means of drilling and
blasting or heavy equipment, the material is conveyed to
the crushing plant where the ROM material is subjected
to pre-crushing (using impact or hammer crushers, for
example), and is then further homogenized. Grinding
to raw meal using vertical roller or ball mills follows in
the raw meal plant. The raw meal is then deacidified in
the clinker plant by breaking down the CaCOs limestone
into its CaO and CO, components.

cement | LemeHT

e paclIMpeHNe acCOPTMMEHTa IPORYKLMY 33 CUeT
YCTAaHOBKU IOIIOTTHUTEIBHOTO 000TaTUTENbHOTO
060pyOBaHMS HA TEPPUTOPUN WIN B HELIOCPES-
CTBEHHOJI O/IM30CTH OT LIeMEHTHOTO 3aBOJIA.

[71s1 pelieHu s 3TUX 3a5a4 HEOOXORVMO ITPOBECTI
MICCTIeflOBaHMe BCETo IIpoliecca IMPONU3BOACTBA: OT VICXOA-
HOTO CBIpbsA (M3BeCTHSKA) IO MOMTy4YeHM I KOHEYHOTO IIPO-
AyKTa (LleMeHTa), a TaK)Xe HOBBIX CETMEHTOB IIPOVM3BOJ-
CTBa ¥ IIPUMEHAEMOr0 060PyIOBaHM AL

Kak BupmHO M3 puc. la, cplpbeBOll MaTepmant
HpefcTaBIsAeT coboll cMech M3BeCTHAKA (IPUMEPHO
70-80 Mmacc. %) u TIMHBI/Meprens (MpuMepHO
20-30 macc. %), KOTOpble IPUCYTCTBYIOT BO MHOTYX Me-
CTOPOXK[IEHUSIX B €CTECTBEHHOM COCTOsIHUM [2]. B 3aBu-
CMMOCTH OT XMMIYECKOTO COCTaBa CHIPbs KOHKPETHOTO
MECTOPOXK/ICHV I IPUMEHAIOTCA KOPPEKTUPYIOIINe JI0-
6aBKM (HampuMep, >kele3Hasi pyfa min mecok). IToce
9Tala TOPHON KOOBIYM OYPOB3PBIBHBIM WM 9KCKaBa-
TOPHBIM CIIOCOGOM CTIefyeT TPaHCIOPTUPOBKA Ha Iiiebe-

HOYHBII 3aBO, T/ie TOPHAs Macca IOJBEepPraeTcs IepBuy-
HOMY Apo6/IeHNIo (HallpuMep, yAapHO-OTpaXKaTelbHOl
VI MOJTIOTKOBOII ZPOOUIIKOI) ¥ TOMOTeHM3auN. 3aTeM

Burning at approx. 1450 °C in the rotary kiln
then takes place until sintering occurs. After cooling, the
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Fig. 1. Greatly simplified diagram of cement production, showing segmentation

Puc. 1. YnpoujeHHaa cxema Npon3BOACTBa LLleMeHTa No CerMeHTam
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cement clinker is ground in the cement grinding plant
while sulphates (e.g. gypsum) are added to yield various
grades of fineness (cement qualities). Deliveries of cement
take place primarily by means of shipment in silo vehicles
or in bags, by water, rail and/or road transportation. The
ready-mixed concrete industry (approx. 52%), and the
manufacturers of pre-cast concrete elements (approx. 26%)
are among the main customers for cement. The cement-
production process is always dependent on the proximity
of a suitable natural raw material deposit.

The most typical rock used in cement industry

is limestone sedimentary rock. It is also widely used

FEED-MATERIALS
ChIPBEBLIE MATEPUARLL  METHODS // NOBLIYA

IPOM3BORUTCS TOHKUII IIOMOJI MaTepyana B BalTKOBBIX
WIM LIAPOBBIX MEIbPHULAX O ChIpbeBoit MyKu. ChIpbe-
Basg MyKa pacKUcIgeTcs (HeTpanusyeTcs) B KIMHKep-
HOII ycTaHOBKe, a kanbuut (CaCO;) pacmagaeTcs Ha aBa
komrmioneHTa: CaO u CO,.

3areM MPOMCXOAUT OOXKMUI IIPU TeMIIeparype
okoyo +1450 °C Bo Bpamaromeicsa meum AasA cleka-
HUA. HOC}IC OXJIAXKEHN A I.[eMeHTHbe/[ K}II/IHKep U3MENb-
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Fig. 1a. Greatly simplified diagram of cement production, showing innovation clusters

Puc. 1a. YnpoueHHas cxema Npon3BOACTBa LieMEHTa MO MHHOBALMOHHbIM NPON3BOACTBEHHbBIM 3Tanam
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in the building materials industry, agriculture, water
management, steel, glass, fertilizers and paper industries.

By now, limestone deposit products are quarried and
sold by mining companies (e.g., by crushed stone plants).

The concept of further using the cement plants’
material deposits more intensively is therefore an obvious
step in improving the efficiency of natural deposit
exploitation.

Special attention should be paid making use of
existing overcapacities in the cement plants’ material
deposits. Frequently encountered deposit types, which
are not suitable for cement production, should be
transformed to sellable products by removing impurities.

In both cases after the primary and/or secondary
crushing stages, a portion of the mineral can be used
for producing various stone products such as crushed
stone and/or gravel.

Seeking a solution one can draw to the German
experience. Mining machinery plants of Germany elaborate
customized solutions for their customers from cement,
mineral chemical, food, feed and raw materials industries.

A new pre-crushing plant with an integrated
armourstone production for hydraulic engineering
was engineered and constructed at the Kleinhammer
greywacke quarry in Germany’s Sauerland region in the
2012-2013 period [4].

The scope of supply included not only
armourstone production facility, but also all conveying
equipment, temporary-storage and dust silos, structural
planning and complete installation.

An example of flexible production is provided by
the armourstone facility for hydraulic engineering, on
which the 4 to 40 kg and 10 to 60 kg weight classes can

cement | LemeHT

TPAaHCHOPTOM. [JIaBHBIMY IOTpeOUTENAMM LeMeHTa
SIBTISIIOTCST IPOM3BOLUTENN TOBapHOTO GeToHa (mpu-
MepHO 52%) u >kene306eTOHHBIX U3Henuil (IpuMepHO
26%). Takum 06pa3oM, MOXXHO YTBEPXKAATb, YTO MIPO-
1[ecC TPOMU3BOJCTBA LIeMEHTAa BCerfia CBA3aH C HaIM4uN-
€M COOTBETCTBYIOIETO ChIPb.

CaMBIM pacHpOCTpaHEHHBIM TUIIOM T'OPHBIX IIO-
POf, UCIIO/NIb3yeMBbIX B L[EMEHTHOI IPOMBIIIIEHHOCTH,
SIBJISIIOTCSL OCAJJOYHbIe ITOpOAbI M3BecTHsAKA. Kpome Toro,
OHM ABJIAIOTCA BaKHBIM CBIPbeM /I CTPOUTEIbHON MHLY-
CTPUM, CE/IbCKOTO XO3SIICTBA, PEHAKHBIX PaboT, a TaK)Ke
VICIIONB3YIOTCA B IPOU3BOJCTBE CTANN, CTEKIIA, Y0OpeHNi
U LIeJUTI0IO3HO- 6y Ma)k HOJT TIPOMBIIITIEHHOCTI.

B HacTosIee BpeMst IPOAYKIUs paspaboTKy Me-
CTOPOXK/JIEHNIT M3BECTHSKA JOOBIBAETCS VI peannsyeTcst
FOPHBIMU NIPERTIPUATUAMYU (HAIIPUMED, 1ie6eHOUHBIMM
3aBOJaMM).

Ins mopbimenus 3¢ PekTUBHOCTY paspaboTKu
MeCTOpOXJieHUiT TpebyeTcsi 60/mee MHTEHCUBHOE WUC-
[0/Ib30BaHNE 3aIIACOB MIHEPAIBLHOTO ChIPbS LIEMEHT-
HbIMH 3aBofamMy. Oco60e BHUMAaHNE JOIKHO YAEMAThCS
U3OBITKY 3aI1aCOB ChIPbs, HAXOAALIEMYCS B XpaHWU/IN-
Iax [leMeHTHBIX 3aB0f0B. ChIpbe, Hanbostee BocTpe6o-
BaHHOE, HO He IIPUTOHOE /IS IPOU3BOLCTBA [lEMEHTa,
HEeOOXOVMMO OYMCTUTD OT IIPUMECEIt U UCIOIb30BATh
IS IIPOJAK L.

B o6onx CIy4aAx 4aCTb IIOpOAbI TPV IIEPBMIHOM
W BTOPUIHOM ;upo6}1eH1/m MOXKET UCIIONIb30BATbCA 1A
IIPOM3BOACTBA TAKMX IIPOAYKTOB, KaK I_I_[e6eHb nnmm I‘paBI/Iﬁ.

B mouckax BO3MOXXHOTO pellleHUs IaHHOI Mpo-
671eMBI MOXKHO OOPaTUTBCA K YCIELIHO peannu3yeMoMy
HeMeLKoMY ombITy. B Tepmannu 3aBoppl TOpHOTO 000-
PYHOBaHNUA pa3pabaThIBAIOT MHAUBHUIYaTbHbIE IIPOEK-
TBI J/11 CBOMX K/IMEHTOB 13 00/1aCcTy IleMeHTHOI, MUHe-
PpanbHOI, XMMUYECKON, MNIIEBOI, KOpPMOBOJ, a TAKXe
CprbeBOIZ IIPpOMBIIIJIEHHOCTU.

Fig. 2. 3D view of the pre-crushing plant with an integrated armourstone production

Puc. 2. MpoekTtHoe 3D nsobpaxeHne APo6MIbHOro KOMMeKca ¢ 060pyA0BaHNEM As MPOU3BOACTBA 6I0KOB AN TMAPOTEXHUYECKNX

COOPYXKeHNI
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Fig. 3. Eccentric screening machine
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Puc. 3. TpoxoT TAXKenoro Tmna c SKCLULEeHTPUYECKNM Basiom

be produced singly or simultaneously as needed by means
of two heavy-duty mechanical screens (see Fig. 3).

Implementation time for the complete plant from
start to commissioning was only some twelve months.

More details can be seen in Fig. 4.
In summer 2015 a supply contract with the same

customer in the framework of even a larger project was
concluded.

B 2012-2013 rr. B Kapbepe TBep/bIX TOPHBIX I10O-
poxn mectroctu Kleinhammer (Sauerland) cnipoexTu-
POBaH ¥ MOCTPOEH HOBBII APOOUIBHBIN KOMIIIEKC C
VHTEIrPUPOBaHHBIM NIPOM3BOJCTBOM OIOYHOrO KaMHA
/1A TUAPOTEXHUYECKUX COOPY>KeHMmil [4].

CTpyKTypy KOMII/IEKCA COCTABIIAIOT IPOXOT [/A
KPYITHOTO I'POXOYEHN I U yCTAaHOBKA JI/IA IPOU3BOACTBA
KaMHSA JI71 TUAPOTEXHUYECKMX COOPYIKEHMIA, a TaKxKe
HOA'BEMHO-TPAHCIIOPTHAA TEXHMKA, IPOMEXKYTOYHBI
OyHKep 1 cuIoC mbuieyfaneHus. IIpu aTom c6opka Ka-
MUTATbHBIX COOPYKEHMI OCYIIeCTBIANACH IO 3apaHee
COTTIACOBAHHOMY IIPOEKTY.

ITpuMepoM MHTETPUPOBAHHOTO MIPOU3BOACTBA
CITYXXUT UCIIONb30BAHME YCTAHOBKM BBIPAOOTKY 67104-
HOTO KaMHA JyIsI TMAPOTeXHUYECKUX coopyxeHuit. IIpu
HeOoOXOMMOCTH C MOMOLIBIO IBYX IPOXOTOB TSXKEIOTO
THUIIA MOXXHO OJ[HOBPEMEHHO W/IM 110 OTAEIBHOCTHU IPO-
U3BOJUTDH COPTUPOBKY IO BECOBBIM KmaccaM 4-40 Kr u
10-60 kr (cm. puc. 3).

OO6muit mepuox peanusanyuy JAHHOTO IPOEKTa
OT Haya/a [0 BBOJA B 3KCIUIyaTallMi0 COCTABU/ BCETO
OKoJ10 12 Mecs1ieB.

Bonee mogpobHas nHpopMamus M0 TEXHOIO-
TMYEeCKOJ CXeMe YCTaHOBKM IpeJicTaB/IeHa Ha puc. 4.

Limestone Washing Facility Project /! MpoesT cBcTems! NPOMBDEA AIBECTHAKD
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Fig. 4. Equipment flow sheet

Puc. 4. TexHonornyeckasa cxema O60py,E|OBaHI/Iﬂ
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Fig. 5. Washing tower principal diagram

Puc. 5. MpuHumnmnanbHasa cxema NPOMbIBOYHOW YCTaHOBKM

An additional application for limestone is the
production of burnt lime. Burnt lime (CaO) is a powder
produced by burning limestone at approx. 800 °C. Burnt
lime reacts with heat to form slaked lime (Ca(OH),)
when water is added. Burnt and slaked lime are used by
a broad range of industries. For example it is used as an
additive for the production of mortar in the construction
industry, as agricultural lime in the fertilizer industry,
and for desulphurization of “hot metal” (unrefined iron
from the blast furnace) in the steel industry.

Slaked lime can also be used as an alternative
to limestone in flue-gas desulphurization in power-
generating plants [1], [2], [3].

The start-up of a low-wear, energy-efficient and
resource-conserving high-pressure washing facility
for the supply of high-quality limestone fractions for
further processing took place at Wietersdorfer & Peggauer
Zementwerke GmbH’s Peggau plant near the city of Graz/
Austria in 2009-2010 [7].

The high-pressure washer indicated in Fig. 5 was
used for cleaning of the heavily fouled deposit material
and has shown extremely good cleaning results with a
water consumption of only 1.5 m* per metric ton.

The material is exposed to cleaning in the washing
chamber (4) for approx. 3-8 seconds. It is then removed
from the washing chamber via a frequency-controlled
extraction belt (5). The material’s exposure period can
be modified to match the bonding (e.g. bond form, bond
type and bond strength) between the contaminant and the
product itself by altering the speed of the extraction belt.

This makes it possible to react flexibly to
fluctuations in deposit material, and so ensure
constant uniform cleaning for prolonged periods of
operation. A wet screen for production of the 0-5 mm,
5-30 mm and 30-70 mm fractions was also used in the
material preparation plant, in addition to the installed
high-pressure washing system. After washing the coarser
30-70 mm fraction is routed to the burnt-lime kiln while
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Jletom 2015 r. 661 3aKITI0YEH HOTOBOP Ha IIOCTaB-
Ky B paMKax ellle 60jiee KPYyIIHOTO IIPOEKTA.

OcajjouHble TOPOABI M3BECTHSIKA TAKXKe LIMPOKO
VICTIONIB3YIOTCA JJIA TIPOM3BOJCTBA HETalIeHON U3BEeCTH
(Ca0), xoTopas mpefcTaBiseT co60ll IMOPOILIOK, IOTyYae-
MBIif IIyTeM 06X1Ta M3BeCTHsIKA Ipu TeMireparype 800 °C.
ITpu fo6aB/IeHNY BOABI HETAIIEHas! M3BECTh BCTYIIAET B XU-
MMYECKYI0 PEAKIIIO C BBIfie/IEHNEM OOJIBIIOrO KOMIMYeCcTBa
TeIlIa ¥ [IepeXOofuT B raieHyo usects (Ca(OH),). Takas
U3BECTb UCIIOb3yeTCs B PA3/IMIHBIX OTPACIISIX IIPOMBIIII-
JIEHHOCTH, HAIIPUMED B CTPOUTEIBbHOI OTPACIIH, B KAIECTBE
[00AaBKY [I/Is1 M3TOTOBJIEHVISI CYXVX CTPOUTEIBHBIX CMeCet,
IPOU3BOJICTBE M3BECTKOBBIX YOOPEHMII N B KadeCTBe
mI0coBBIX T06ABOK B CTA/IE/IUTEIHOI IPOMBIIITIEHHOCTH
IUIs1 feCyIb(ypusaLuy JOMEHHOTO YyTyHa.

Kpowme toro, rauienas u3BeCTb MOXeET UCIIONb30-
BaTbCs B Ka4eCTBE a/JIbT€PHATUBBI U3BECTHAKA NPU Jie-
cynbdypusanny fHIMOBBIX Ta30B TEIIOBBIX 3JIEKTPO-
cranuumit [1], [2], [3].

B 2009-2010 rr. B 1. Ilerray mocrpoen 3aBop,
mo npousBofcTBY webHs Wietersdorfer & Peggauer
Zementwerke GmbH, Ha KOTOPOM VCIIOTIb3YeTCs M3HO-
cocTolikast, 9HeproaddekTuBHas, pecypcocbeperaromias
IPOMBIBOYHASI CUCTEMA BBICOKOTO [IABJIEHMS, TI03BOJIS-
I0II[asl IPOM3BOANTD BBICOKOKAYECTBEHHBII M3BECTHSK
pasnmuuHbIX GpaKunit A1 fanpHeliero oborauenus [7].

JI711 TpOMBIBKM CMJIBHO 3aIPASHEHHOTO CBIPBA (CM.
puC. 5) IPMMEHATACHh YCTAHOBKA BHICOKOTO TABIEHMUS C
pacxozmoM Bcero 1,5 M? BOJbI Ha TOHHY 3arpy»aeMoro
Marepuana, KOTopas IPOJeMOHCTPUPOBaa OTINYHBIE
pesynbTaThl OYUCTKU.

Marepnai 3arpyxaeTcs B IPOMBIBOYHYIO KaMepy (4)
B TeueHNe NpubmmsnTenbHo 3-8 cek. BeiBox MaTepuana 13
KaMepBl IPOUCXOMIUT C IIOMOILBIO IEHTOYHOTO KOHBelfepa ¢
JacTOTHO-perympyeMbIM npysopoM (5). IIpn nsmeHeHnu
CKOPOCTM JIBVDKEHVIS JIEHTBI JOCTUTAeTCs BBICOKAs CKOPOCTD
OYVICTKY, T.K. yaeTCs YUNTBIBATh TaKyie OCOOEHHOCTY Ma-
TepMasoB, KaK GopMa, TUII ¥ IIPOIHOCTb. TakuM 06pasoM,
LIeHHBIIT MaTepran 3PQPeKTNBHO OTAETSETCS OT HeXKeNa-
TeJIbHBIX IIPYMECeii, U PeryMpyeTcs Ka4eCTBO IIPOMBIBKIL

Bce 3TO M03BONMNIIO YYUTHIBATh (PU3UKO-MeXa-
HUYeCKHUe CBOICTBA CBIPbs, JOOBIBAEMOrO Ha pasinmd-
HBIX Y9aCTKaX MeCTOPOXK/IeHM A, ¥ 06ecriednBaTh paBHO-
MEPHYI0 OYMCTKY MaTepuana. B fomonHenne K JaHHO
YCTaHOBKE IPUMEHAETCS NPOMbBIBOYHBIN I'POXOT MO-
KPOTO TPOXOYeHMsI [i/Isl MonydeHus ppakuuit 0-5 MM,
5-30 MM 1 30-70 MM. ITocie mpOMBIBKY KpyIHasA ppak-
1y 30-70 MM 3arpyskaeTcs B M3BECTEOO0KNTATeTbHY IO
Ieyb, a MEIKas — MCIIONb3YeTCs A HPUTOTOBIEHNA Cy-
XX cMeceit. VIcnonb30BaHHYIO IS Ipoliecca IPOMbIB-
KJ BOJY OYMINAIOT B BOLOOYMCTUTEIBHON YCTAHOBKE I
IOJAIOT CHOBA B 3aMKHYTBIII MK/ OYMCTKIM MaTepyuaia.
ITpu sToM B KauecTBe KOPPEKTUPYIOIIETO MaTepuana B
IPOM3BOJCTBE KIMHKepa MCIONb3yeTCs NpeccoBaHHasn
IMHa. B mocnemnme rogs! mpyu co3ganuy eMEHTHBIX 3a-
BOZIOB HOBOTO TUIIAa CTa/lM aKTVBHO MPUMEHATHCA Bajl-
KOBO-TapejbyaTble MeTbHNLBI [5], [6].
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the finer fractions are used for producing dry mortar.
The resulting washing water is then cleaned by a water-
treatment plant and again fed back into the closed washing
process. Loam yielded in this process is routed as a
corrective to a clinker production plant. Over recent years,
vertical mills application, when building “the cement plant
of the future”, has gained further development[5], [6].

By now, vertical mills with integrated cyclone
(separator) for the ready product are the most typical
equipment to produce raw material meal. Fine fraction
content is subject to adjustment through cyclone
(separator) rotation speed regulation. Up to date mills
have special discharge device for coarse fraction (0-2 mm)
downstream of separator located inside the mill.

Limestone grit, e.g. of the 0.1-1.2 mm fractions,
is an optimum raw material for further processing into
typical fine-sand fractions that are needed for blended
cement, render and dry mortar production. Figure 6
shows a system diagram for grit-fraction preparation.

Downstream from the raw-meal mill the limestone
grit is sifted (removal of the ultra-fine particulates fraction <
0.09 mm from the material flow) in a classifier and then is fed
to the mechanical fine screens for separation into fractions.

Fractions of d < 2 mm can be used for flue-gas
desulphurization, as dry mortar, and cement additives.

It has become apparent in practical application
that the use of the Fine-Line Screening Technology (see
Fig. 7) and screening of limestone fine fraction with a high

Jna mpou3BOACTBa CBIPbEBOI MYKU OOBIYHO
IPUMEHAITCA BaJIKOBO-Tape/b4yaTble MEIbHUIIBI C MH-
TerpPMPOBAHHBIM IIMKIOHOM-CENAapaTOPOM MJIs FOTO-
BOTO IIPOAYKTA, B KOTOPBIX HOIMYCTMMOE KOTNIECTBO
TOHKOI1 (paKINy PEryIupyeTcs ¢ MOMOIIbIO U3MeHe-
HIA YacTOTHI BpallleH!s IIMKIIOHa-cenaparopa. Cospe-
MeHHbIE Ba/lIKOBO-Tape/byaTble Me/IbHUIIBI MIMEIOT CIIe-
IIUa/IbHYIO YCTAHOBKY /I BBIBOJIa KPYIIHOI dpaKkun
(0-2 MM) mOCIIEe TPOXOXKAEHNUs CerapaTopa, HaXople-
rocsl BHYTPU METbHUIIbL.

Hanpumep, msBecTkoBasg Meno4b C pasMe-
pom dvactuy 0,1-1,2 MM ABnsAeTCA MUIeaNbHBIM MC-
XOOHBIM MaTepuanoM [Js JanbHelimeit ob6pa-
60TKM MenKUX (Qpakuuil mecka, K IpuMepy, A
M3TOTOBJIEHNsI LIEMEHTa C HOOaBKaMM WV [JIsl IIPU-
TOTOBNIEHUA IITYKAaTYpKU U cyxux cMmeceit. Ha puc. 6
MOKa3aHa cxeMa o60pyoBaHMsA I/ 0OOTallleHus Me-
JIOYM.

ITocrme MenbHUIBI 7151 TOMOTIA CBIPbEBOV MYKM
MenKas ppakuysa U3BECTHAKA OTCEMBAETCA B CelapaTo-
pe (yhaneHue TOHKMX HBbUIEBUAHBIX YacTnL < 0,09 MM
U3 IOTOKa MaTrepyana) ¥ HaIpaBJsgeTCsl Ha TPOXOTHI
TOHKOTO I'POXOYEHNsI [/Is1 pasfeneHus Ha Gpakium.

Yactuisl pasmepom d < 2 MM MOTYT MCIIOTIb30-
BaTbCA AJIA Becynbdypu3aluy bIMOBBIX Ia30B, a TAKXKe
UL CYXMX CMecell M J06aBOK K LIeMeHTY.

[TpakTuyeckoe IprMeHeHe II0Ka3asI0, YTO PK
MICTIONIb30BAHMM IPOXOTOB TOHKOTO IpOXo4eHus (puc. 7)
U pacceBe MeKOI ppakumy M3BeCTHSIKAa BO3MOXKHO

B
P
-i,
il
&

Fig. 6. System diagram for grit-fraction preparation

Puc. 6. Cxema o6opynoBaHusa ans oboraleHmsa menoum
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Fig. 7. Fine-fraction mechanical screens

Puc. 7. TpOXOTbl TOHKOIO FPOX0OY€eHMA C NPAMbIM BO36y)K,E\eHVIeM
CnTa

processing capacity ensure good quality of the cut points
to produce dry mix products (see Fig. 1a, Cluster II).

One of the main initial tasks to create the cement
plant of the future is the screening clinker downstream
with separate grinding project sizes (see Fig. la,
Cluster IIT). The starting point for these ideas was
generation of clinker fines as a result of the rapid cooling
setting properties of the cement (at the temperature of
+1450 °C) after discharging from the tubular rotary kiln
and further pouring to the series-connected grate cooler
(with cooling level up to +100 °C) [8]. It is known that
clinker cooling speed affects the crystallization conditions
and clinker glassy phase, and consequently, influences the
cement hydraulic setting properties. The cooled clinker is
then routed via conveying systems to the clinker storage
facility. The cooling and conveying process resulting from
the system causes clinker fines fraction < 5 mm of up to 30%.

Ball mills have proven their capabilities for
clinker grinding for many years.

High energy demand of such mills could be
decreased by combined crushing with high pressure
grinding rollers.

Single-stage grinding using vertical and
horizontal mills and high-pressure roller mills has also
become popular during recent years.

Comparing to the ball mills, such grinding
method saves up to 40% of energy.

These mills are suitable for production of standard
cement grades.

In granulometric terms, special grades can still
be produced to a higher quality by using ball mills.

These and other economically determined factors
suggest that both ball and roller mills will continue be
equally used to grind clinker.

Based on an energy analysis, it would therefore
appear rational to comminute various clinker fractions
in separate grinding machines.

cement | LemeHT

IPOU3BOAUTH 6O/IBLIOE KOMNYECTBO M3BECTHIKOBOII
KPOIUKY JJIsI IPOU3BOJCTBA CYXUX CMeCeil, a TaKxKe
obecrneunTh YeTKOE pasfenenye Ha Qpakuyuy 1Mo pas-
Mepy dacTu (puc. la, II).

OnHoit M3 TTaBHBIX 3afad J/Is CO3/laHMsA Iie-
MEHTHOTO 3aBOfia HOBOTO THUIIA ABJIAETCA IPOCeUBaHNUE
KJIMHKepa ¢ IOMOIIbI0 YCTAHOBKM IS Pa3febHOTO
nomona (puc. la, III). AKTyanbHOCTD 3TOrO perie-
Hus 06yc0BNIMBaeTCss 06pa3oBaHMeM METKMUX YaCTHUL]
KJIMHKepa II0C/Ie BBIXOJa 13 Bpalljaloeiica neuu (Ipu
teMneparype +1450 °C) B mpolecce 6BICTPOrO OXJIaX-
[eHNs B KOJIOCHMKOBOM XOJIOAMIbHMKE (IIPUMEPHO J10
+100 °C) [8]. M3BecTHO, YTO CKOPOCTb OXJIaXKHAEeHUS
K/IMHKepa BAMAET Ha YCJIOBMA KPUCTAIN3ALNU U
CTEKJIOBUAHOI (asbl, a 3SHAYUT, U HA TUPABINIECKIE
CBOJICTBA LleMeHTa Ipu TBeppaeHuu. OXmakKJeHHBIN
KJIMHKep C TIOMOIIbI0O KOHBellepa TPaHCIOPTUPYeTCs
Ha KJIMHKEPHBIN CKJIaZh. B pesynbraTe oxmakpeHna
U TpaHCHOPTUPOBKM Jo 30% MaTepmasna cocTaBisAeT
KJIMHKep ppakiuu < 5 MM.

Ha OPpOTAXKEHNM MHOTUX JIE€T [Ojsd IIOMOJIa
K/IMHKEpa IPUMEHANNCDH XOPOIIO 3ap€KOMEHJOBABIINE
cebs nrapoBbI€ METbHUIIBI.

L.

1 = Kiln /# Meyn

2 = Clinker Cooler / KnuskepHbi
BN

% - Screening Machine /f Mpaxar !
4 = Ball Mill /¥ Wlaposan Mensimags

5 = Wertical Mill /¥ Bankoso-Tapenbustan |
MENEBHELEA I i T

Fig. 8. Diagram in principle of clinker screening with
downstream separate grinding

Puc. 8. MpuHUmMnunanbHaa cxema NpocenBaHNA KNNHKepa ¢
nocnefyowWmnM pasaenbHbIM MOMOIOM

Fig. 9. Clinker screen with 2 heads

Puc. 9. [poxoT KNuHKepa ¢ ABYMA feKamu
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As is shown in Fig. 9, the best clinker classification
with high quality cut point of coarse and fine fraction
is provided by the relevant screens.

To obtain energy benefits, the coarse fraction is
routed to a roller mill for further grinding, and the fine
fraction to a ball mill.

This achieves an overall increase in specific
throughput rate with a simultaneous improvement in
the energy-efficiency of the grinding process.

The energy savings attained via separate grinding
can be as large as 10%.

Further advantages include quieter operation and
low wear to the vertical roller mill.

Modern innovative solutions open new opportunities
and allow the cement plant to be flexibly responding to
changes in demand at the market of standard, special cement,
cement with admixtures, and other types of cement, as well
as dry mixtures. In conclusion, we would like to mention
the prospects of mutually beneficial cooperation for cement
and concrete plants (see Fig. 1a, Clusters I and IV).

Locating concrete production and processing in
the vicinity of a cement plant could reduce storage and
transportation costs and increase the diversity of products
available for regional sales.
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BI)ICOKYIO 9HEPro€MKOCTb TaKMX MEJIbHNL MOXXHO
65b1710 OBI CHUSUTD C IIOMOLIBbIO KOM6I/IHI/Ip0BaHHOI‘O I10-
MOJIa BaJIKOBbIMMU IIpeCCaMM BbICOKOT'O IaB/I€HM .

Tem He MeHee CErofgH:A CymeCTBYET TEHAECHI WA
OAHOCTYIIEHYATOI'0 IIOMOJIa BEPTUKA/TbHBIMU U TOPU30H-
TAa/TbHbIMM METPHUIIAMY, a TAK)KE Ba/IKOBbIMMU ITpECCaMU
BBICOKOTI'O JaBJICHUA.

ITo cpaBHEHMIO C IIAPOBBIMM METbHUILIAMY IIPU
TaKOM CI1ocobe OMOIa 9KOHOMMUS SHEPTUN COCTABISA-
et no 40%.

MEHbHI/ILUJI TAKOTO THUIIA TAKXE IMOAXOOAT /1A
MN3TOTOBJ/IEHNA CTAHLAPTHOTO LIEMEHTA.

CHCLU/Ia}IbeIe COpTa LIEMEHTa C OIITMMAa/IbHbIM
T'PaHYJIOMETPUIECKNM COCTAaBOM, KaK I paHee, N3rOTaB-
JIVIBAIOTCA B IIAPpOBBIX METbPHUILAX.

ITU U gpyrue SKOHOMUYECKY 0OYCIOBIeHHbIE
IIPUYMHBI TO3BOIAIOT NPEAIION0XKUTD, YTO U B Jajlb-
HelllIeM Ji/IsI TIOMOJ/Ia K/IMHKepa OYAyT IPpUMEHAThCS B
PaBHOII Mepe KaK IIapOBble, TaK U BaJIKOBbIE METIbHMUIbI.

TaxuM 06pa3oM, ¢ TOUKY 3peHN s SKOHOMUM IHep-
ruy, pasanydHble GpakUuy KINHKepa UMeeT CMBICI U3-
MeJIbYaTh PasfebHo.

Kak nmoxasano Ha pmc. 9, mydle BCETO K/Iaccu-
¢dbukaumsa KIMHKepa ¢ KaueCTBEHHON I'paHuMIelt pasye-
JleHUst TPy6OIl ¥ TOHKON (PPaKINM IPOUCXOFUT B COOT-
BETCTBYIOIMX TPOXOTaX.

J71s1 BOCTVOKeHMsT MaKCUMaIbHOI 9Heproaddex-
TUBHOCTY IOMOJI I'Ppy60it ppakium OCyIecTB/sETCS B
BaJIKOBOI1, a MEJIKOJ — B IIapOBOJ ME/IbHUIIE.

B pesynbrate aToro yBenuunBaetcs crienupuieckast
IPOIYCKHAsSI CIIOCOOHOCTD IPOV3BOACTBA IIPY OfHOBPEMeEH-
HOM Y/Ty4ILIeH!M 9Heprosd ek TMBHOCTHU IPOLiecca IOMOJIA.

[TpuMeHeHMe TeXHONIOTUM pa3febHOTO ITOMOJa
MO3BOJIAET JOCTUYD 10 10% 3KOHOMUM SHEPTUNL.

HOHOTIHI/ITGJ’II)HBIG IIpenMyuiecTBa JaHHOTO CIIO-
coba — 3TO CHUKeHIE YPOBHA IIyMa U MEHBIINI U3HOC
BaHKOBO-TapeHb‘{aTOﬁ MEJTbHUIIBI.

CoBpeMeHHbIe MHHOBAI[MOHHbIE PEIIeHUsT OTKPBI-
BAIOT HOBbIE BO3MOYKHOCTY 1 [IO3BOJISIOT LIEMEHTHOMY 3a-
BOJY 'MOKO pearnpoBarh Ha M3MeHEHe CIIPOCa Ha PbIHKe
[[EMEHTOB (CTaHITAPTHOTO, CIIEIMAIBHOTO IIeMEHTa, 1ie-
MEHTOB C JOOABKAMM U [PYTUX BUHOB), @ TAK)KE CYXMX
cMecell. B 3akouenne ciefyeT OTMETUTD [IEPCIEKTUBY
B3aJIMOBBITOJHOTO COTPYAHUYECTBA LIEMEHTHbIX 1 6ETOH-
HBIX 3aBOJIOB (cM. puc. 1a, I n IV).

Opranusanus mpou3BoACTBa 6eToHa 11 IlepepaboTKa
CbIpbEBbIX MaTePUAJIOB Ha TEPPUTOPUM LJEMEHTHOTO 3aBOfla
MOJKET CYIIeCTBEHHO CHM3UTD CKIAfICKIIE U TPAaHCIIOPTHBIE
3aTparThl, @ pa3HOOOpasye MPOAYKIVIM — 3HAYNTEIBHO YBe-
JIMYIUTD PETVIOHAIBHBII COBIT 1IEMEHTHOTO 3aBOJIA.
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CemTest — AN INNOVATION IN CEMENT TESTING

CemTest - UHHOBALIUW B TECTUPOBAHUN LIEMEHTA

Current compressive and flexural strength test
methodologies on cement typically require a laboratory
environment and equipment to cast, cure and then crush
sample prisms over a 28-day period, which are laborious,
time consuming and expensive.

UK based company has improved this situation
with a unique solution, it has developed the technologies
and algorithms of an accelerated method to test cement and
fresh mixed concrete within minutes rather than 28 days.

CemTest is a small hand-held instrument requires
only 15 grams of cement and 500 ml of de-ionised water
to perform the test. It has drawn on over 30 years of
experience from inventor Mr. A. Iromashvili and team
to arrive at the precise testing procedure that takes few
minutes.

It works by measuring the electrical conductivity
of cement and water solution during the early hydration
period, (60 seconds) using a purposely designed measuring
probe.

Test doesn’t require an environmentally controlled
area, can be utilised both in the field and in the laboratory.

The UK Accreditation Services (UKAS) and the
other independent Laboratory tests have confirmed that
CemTest provides accurate results for CEM I and CEM
II cement ranges typically within 5-7 % of BS EN 196-1
standards.

Please visit: www.cstinstruments.com

T
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CoBpeMeHHbIE METOABI UCTIBITAHNIT I[eMEHTa Ha
oKatye 1 u3rub, KaK MpaBUIo, SIBISIOTCS TPYAOEMKIMIL,
TpeOyIoT 1ab0PaTOPHBIX YCIOBMII U CIIELMATBHOTO 060-
pyZmoBaHus A GOPMOBAHUA, TBEPAEHNUA U Aa/IbHEIIIIero
UCIBITaHMsI 06Pa31OB B Bo3pacTe 28 CYTOK.

BputaHckas koMnaHus paspaboTaia TeXHOIOTVIO
U aITOPUTMBI YCKOPEHHOTO METOf[a ICIBITaHNA LleMeHTa
¥ IPUTOTOBJIEHHOI 6ETOHHOI CMeCH B TedeHNe HECKOb-
KUX MUHYT, a He B Te4eHue 28 mHeil.

MeTox HpOCTOIT 11 GBICTPBII, MCTIONb3YEeTC KOM-
HaKTHBII py4HOIt mpubop nox HasBaHuem CemTest. [Iis
HpoBefieHsI TecTa Heobxopmmo 15 rp nemenTa u 500 M
IeVIOHU3VPOBAaHHOII BOAbL. UTOOBI 06€CIIeunTh TOYHOCTD
HpOLEAYPBI TECTUPOBAHNS, Pa3paboTUMKM MpH6Opa OIN-
panuce Ha 6ormee yeM 30-meTHMIT OIBIT PabOThHI 1300pe-
Tarens A. VIpoMalBuIm 1 ero TpyIibl.

[Tpubop ocyuiecTBIsIeT U3MEpeHNMe IMEKTPOIPO-
BOJHOCTM 1]eMeHTa/BOJJHOTO pacTBOpa B TeYeHNe Mepyo-
Ia paHHel ruppaTanuy (60 CeKyHHI) ¢ UCIIONb30BaHNEM
CIIeIManbHO pa3paboTaHHOTO M3MEPUTENBHOTO 30H/a.

He TpefyeT creranbHbIX YCIOBUIL I M3Mepe-
HUIL, TIO3TOMY €TI0 MOYKHO MCIO/Ib30BaTh KaK B IIOJIEBBIX
YCTIOBUSX, TaK U B TaOOpaTOpUNL.

Cryx6a akkpennranuu Benukobprranuu (UKAS)
U [pyrVie He3aBUCUMbIe TabOpaTOpHBbIe UCIIBITAHVIION-
tBeppyy, uto CemTest obecrieunBaeT TOUHBIE pe3y/IbTa-
ThI B OTHOIIEHUM 1leMeHTHBIX Ki1accoB CEM I u CEM 11,
06bIYHO B Ipefenax 5-7 % ot crangaptos BS EN 196-1.
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INTERACTION BETWEEN POLYMER
COLLOIDS AND PORTLAND CEMENT

1KyH CAHMWUH, A-p TEXH. HayK, Npod., 2Ny L3bIusHb, KaH/,. TeXH. HayK, YHUBepcuTeT
LinHxya, @akynsTeT rpaxgaHCcKkoro CTponTenseTaa, MNekuH, Kutam

B3AVMOLEVCTBIE MOSTIMMEPHbBIX
KOJTJTONAHBIX CNCTEM

C NOPTNAHALEMEHTOM

Abstract

An overview of interaction of different types
of polymer colloids with Portland cement is provided,
including the ethylene/vinyl acetate (EVA) polymers,
styrene butadiene rubber (SBR) and styrene-acrylate
copolymer (SA). Generally, all of these polymer colloids
would retard the cement hydration and influence
the hydration products., The working mechanism of
SA polymer colloids with Portland cement is mainly
discussed in this paper based on our previous research
work. It is found that both the complexation of carboxyl
group contained in the polymer with calcium ions and/
or adsorption of the polymer particles on the surface of
cement particles are the main causes for the retardation
effect of polymer latexes on the cement hydration. In
addition, instead of the main polymer composition in the
core of polymer particles, the surface functionalization of
polymer particles (the charge type and charge density) are
decisive factors responsible for the described retardation
effect. In-situ X-ray diffraction (XRD) results clearly show
that polymer colloids with different surface property have
similar effects on the silicate reaction in cement hydration
but highly different effect on the aluminate reaction.

Key words: cement hydration, polymer colloid,
adsorption, retardation, complexation

Introduction

Polymer dispersions are well-established cement
modifiers and have been widely used in cementitious
materials, known as polymer-modified mortar or
concrete-polymer composite [1]. The composite is thus
composed of two binders, polymer and cement. In the
ideal case, both binders complement each other to result in
a material with improved performance. Various properties
of both fresh cementitious mixture and hardened material
can be improved by the addition of a polymer dispersion.
In fresh state, enhanced adhesion to substrates and lower
tendency for bleeding are sought for when using polymer
dispersions. In the hardened material an enhanced
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AHHOTaUuuA

B nacrosieit paboTe paccMaTpuBaeTCs B3aMMO-
JIeVICTBYE C TOPT/IAH/LIEMEHTOM Pas/NIHBIX TO/IIMEPHBIX
KOJUIOVJHBIX CYICTEM, BK/IF0Uas [IOVIMEPBI STH/IEHBUHIII-
anerara (9BA), 6yraguen-cruponsHoro kayuyka (BCK)
U akpunar-ctuponsHoro cononumepa (ACC). Tanusbie
HO/IMMepHbIe KO/IOUHBIE CHCTEMbI 3aMeJJISI0T IMApa-
TALVMIO [leMEHTa U BAMSIOT Ha IPOAYKTHI peakiyu. B
cTaTbe B OCHOBHOM PacCMaTPUBAETCS MEXaHU3M B3aUMO-
metictBusa ACC B Bujie TONMVMMEPHBIX KOTIOUTHBIX CUCTEM C
HOPT/IAH/LIEMEHTOM C YYETOM Pe3y/IbTaTOB IPOBEICHHbIX
paHee MCCTeROBaHNIL. BIIO yCTaHOB/IEHO, YTO IPUYIMHA
3aMeJIeHN s TUpaTalliiy [ieMeHTa MU BBEfIeHNM TOJN-
MEpPHBIX JTATEKCOB MOXKET OBITh CBsI3aHA KaK ¢ 06pa3oBa-
HIIeM KOMIUIEKCOB KapOOKCU/IBHOI TPYIIIBI IO/IMMepa C
MOHAMM KaJIbLIVISL, TaK U C afiCOpOLIelT MOIEKyII ITo/Mepa
Ha ITOBEPXHOCTM JacTuIl ieMeHTa. [ToMnmo sroro, pera-
IOL[YIO POJIb IIPY 3aMefI/IeHN Y TU/paTalluy UTpaeT He I10-
JIUMEPHBIIT COCTaB YACTHUL] JIATEKCA, @ QYHKI[VIOHATUSALIVST
VX TIOBEPXHOCTH (THII M IUTOTHOCTb 3apsifa). Pesynbrarer
PEHTTEHOCTPYKTYPHOTO aHa/IN3a i Situ TI0Ka3ay, 4To 110-
JIMMepHbIe KOJTIOU/JHbIE CUCTEMBI, BK/IIOYAIOIIe YaCTHUI[bI
C pas/IIMYHBIMU CBOJCTBAMU IIOBEPXHOCTM, OKA3bIBAIOT
CXOJIHOE BJIVMSIHIE Ha PEaKIMIo 00pa30oBaHyisl CHUINKATOB
KaJIBLVA TPV TU/[paTalluy LieMEHTa, ONHAKO BO3/e/ICTBIe
KOJITIOV/THBIX CVICTEM Ha a/IOMIHATBI 3HAYUTENbHO OT/IN-
YaeTcs B 3aBUCHMOCTH OT COCTaBa.

Kniouesvie cnosa: zuopamayus uemenma, nonu-
MepHbLe KONOUObI, A0COpOUUS, 3amednieHue, KOMNeK-
coobpasosanue

BBepgeHne

ITonumepHbIe MaTeKCHbIe CUCTeMBbl 3¢ (eKTUB-
HBI KaK JOOaBKY AJIs lEeMEHTHBIX MaTEPUAJIOB, NMEIOT
[aBHIOI MCTOPUIO IPUMEHEHMS U IIMPOKO MUCIONb3Y-
I0TCS1 B IIPOM3BOACTBE IBYXKOMIIOHEHTHBIX BSDKYIUX
Ha MIHEPaIbHO-IIOJIMMEPHOI OCHOBE, M3BECTHBIX KaK
HO/TMMepIleMEHTHBIE PACTBOPBI MM KOMIIO3UTHBIE Ma-
tepuansl [1]. Takum 06pasoM, KOMIIO3UTHBIIT MaTepua



flexural strength, adhesive strength, ductility, cracking
resistance, impermeability and durability can thus be
achieved [2]. It is of utmost importance to understand how
both binders interact in order to project what macroscopic
properties the composite will exhibit.

Ethylene/vinyl acetate (EVA) polymers, styrene
butadiene rubber (SBR) and the styrene-acrylate
copolymer (SA) are the three commonly used commercial
polymer colloids. It has been observed frequently that
these polymer dispersions can lead to a retardation effect
on cement hydration. As a result, the setting time and
early strength growth can be severely retarded, which is
undesired in the practical application. From this aspect,
it is important to deeply understand the effect of polymer
colloids on cement hydration.

This article summarizes the present knowledge
and information of three different types of polymer
colloids on the cement hydration and aims at disclosing
the retardation mechanism of polymer dispersions on
cement hydration.

1. Effect of polymer on cement hydration
1.1. Ethylene/vinyl acetate polymers

Ethylene/vinyl acetate copolymer is added to mortar
and concrete during the preparation to improve some
properties such as fracture toughness, impermeability and
bond strength to various substrates [3]. Water-retention
capacity and plasticity in the fresh state can be also
improved.

By using techniques of FTIR, TGA and soft X-Ray
microscopy, Silva [4,5] made an extensive research work
on EVA-modified cement pastes. Through FTIR, besides
some bands attributed to ethyl and acetate groups of EVA,
the author found a new production band appears at 1558-
1568 cm-1 as shown in Fig. 1, which does not appear in
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Fig. 1. Fourier-transform infrared spectrum of 20 % EVA-
modified cement paste, 28 days old

Puc. 1. UndppakpacHbii cnekTp ¢ Dypbe-npeobpasoBaHuem
20 % UeMeHTHOro KaMHA, MOANPULNPOBAHHOIO NOCPEACTBOM
OBA, B BO3pacTe 28 gHen
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COCTONT W3 ABYX BsKYIINX: ONMMepa I IeMeHTa. B
UfIea/IbHBIX YCIOBUSAX 3TU BSDKYIUe QYHKIIMOHAIBHO
IOIIO/HAIOT APYT LPYra U HO3BONAIOT IIOYYUTh MaTe-
pua ¢ BBICOKMMM pabodnMu oKas3aTesiMu. Pasmnansre
CBOJICTBA LIeMEHTHOTO TECTa U LIeMEHTHOTO KaMHS MOX-
HO YIy4LINTD IyTeM BBeeHM s OMMMEPHBIX IATEKCOB.
911 f06ABKM UCIONB3YIOTCS AJIs TIOBBILIEHNS Tpefiera
IPOYHOCTH Py U3rnbe, IPOTHOCTY CLEIIIEHNs C OCHO-
BaHMeM, 1epOPMATUBHOCTH, TPELUMHOCTOIKOCTH, He-
IPOHMI[AEMOCTHU U UBHOCOCTOMKOCTHU PaCTBOPOB, a TaK-
e JJIst CHY>KEHMsI BOZOOTAE/IEHNUsI PACTBOPHOIL CMeCH
[2]. I mporHO3MpOBaHMA MaKPOCKOIMYECKUX CBOJICTB
KOMIIO3JITa Ba)XXHO ITOHMMATbh MeXaHN3M B3aMMOJeNi-
CTBUA COCTAB/IAIIUX IBYXKOMIIOHEHTHOTO Bs>KYLIETO.

IMonumepsr atuneHBuHmnanerara (9BA), 6yragu-
eH-cTuponbHbll KayuyK (BCK) u akpunaT-cTUpOIbHbIA
cononumep (ACC) — Hanbosee pacipocTpaHeHHbIE IO~
MepHbIe KOJUIOVIHbIE CUCTeMBI. [JaHHbIe TONMMepHbIe J1a-
TEKCBI 3aMEeM/IAIOT TUAPATALIMIO [IeMEHTa, YTO MO/ TBEPXK-
[IeHO HEO[{HOKPATHBIMI MCCIIENOBAHMMMI UX BAVISIHVS Ha
CPOKY CXBaTBhIBaHN S PACTBOPHOI CMECH 1 KMHETUKY Habo-
pa IPOYHOCTH PacTBOpa. DTU CPOKY MOTYT 3HAUUTE/ILHO
YBEIMYNUTBCSL, YTO IPEACTAB/LSIET COOOIT HeXKeTaTe/TbHBII
3¢ ekt B mpaKTMKe CTPOUTENHCTBA, C/IEJOBATENIBHO, He-
06X0a1MO ITTyO0KO€e MOHMMaHMe BIVISTHIA TOMUMEPHBIX
KOJUIOMIHBIX CUCTEM Ha IIPOIIeCC IUJjpaTaluy leMeHTa.

B Hacrosmeit crarbe 06001eHbl U3BECTHBIE HA
CETORHAIIHNIT MOMEHT JaHHBIE O BIMSIHIY TPeX pasnny-
HBIX TOTIVIMEPHBIX KOJUTOMAHBIX CUCTEM Ha TUAPATALIMIO
LleMEeHTa, a TaK)Xe MHPOpMaLMsI O MeXaHM3Me 3aMefjIe-
HUSI TU/IpATallyy TOJIMMEPHBIMY JTATEKCAMU.

1. JenicTBMe nonumepa Ha
ruaparauumio LemeHTa

1.1. IlonuMepsl 3TUNEHBYHMIALETATa

Comnommepsr 9BA BBOAATCA B COCTaB pacTBOPOB
U 6ETOHOB NI IOBBIIIEHN TaKMX IIOKas3aTese, Kak
BASKOCTb pa3pylIeHNs U aATe3sMOHHas IPOYHOCTD [3].
Bopoynepxuparomias CIIoCOOHOCTD U MOABIKHOCTD
PacTBOPHOI CMecCHU TaK>Xe MOTYT HOBBIIIATHCA IpHU
BBemeHun JBA.

Vicnionb3ys MeToppl MH(PAKPACHOI CIIEKTPOCKO-
i ¢ ¢pypbe-ipeobpasosanmem (MICPII), repmorpasume-
tpun (TTM) 1 MUKpOpeHTreHorpaduy ¢ HUSKUM YPOBHEM
usnydennus, [I. Cunsa [4, 5] mpoBena mmpokomacirabHoe
UCCIIefloBaHMe LIeMEeHTHOTO TecTa, MOAM(UIMpPOBaHHO-
ro cononumepamy IBA. Ilo pesynpraram VICOII aBTOD,
HOMMMO HEeKOTOPBIX ITOJIOC, OTHOCAIIMXCS K STUIBHOM 1
amleTaTHoII rpymnmnaM SBA, o6HapyXua HOBYIO pabodyio
Hosocy B mpefenax 1558-1568 cm-1, (puc. 1), KoTopoii HeT
B CIIEKTpPe YUCTOro conomMepa IBA wmu Hemopnpunu-
POBaHHOTO TMAPATMPOBAHHOIO LeMEHTHOro Tecta. Ha
OCHOBaHNM JAHHBIX AU epeHINaNTbHO-TEPMUIECKOTO
(ITA) n repmorpaBumerpuyeckoro (TT') ananmusa aBrop
IIOKa3aJ1, YTo OBA 3HaUMTENbHO CHIDKAET TeMIlepaTypy
Jeruaparauyu u cogep>xanye ruppoxcupa kanbuus (I'K).
YKa3aHHBIE pe3y/IbTaThbl CBUETENIbCTBYIOT O XMUMIYECKOM
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the spectra of pure EVA copolymer or pure hydrated paste.
Based on the DTA and TG curves, the author found that
EVA strongly reduces the calcium hydroxide (CH) content
and dehydration temperature. All of these findings clearly
provide the evidences of chemical interaction of acid
groups released by alkaline hydrolysis of EVA with Ca*
ions in the pore solution of the cement pastes. With the
same methods, Betioli [6] evidenced that the hydrolysis
of EVA took place within the first 15 min in fresh cement
pastes, suggesting a rapid hydrolysis of EVA polymers.

1.2. Styrene butadiene rubber

Styrene butadiene rubber has been widely used
for floor and bridge overlays, although the minimum
thickness is usually about 30 mm. The advantages of SBR
are excellent bond strength to concrete, higher flexural
strength, and lower permeability. Wet curing is usually
required for 24 + 48 h to permit the concrete to gain
strength prior to permitting the latex film to form [7].

SBR appears to low the cement hydration rate
and broaden the heat evolution peak, but nearly have no
chemical interaction with ordinary Portland cement [8].
J. Plank concluded [9, 10] that SBR with carboxyl group on
the surface of polymer colloids generally retards both the
aluminate and silicate reactions as shown in Fig. 2. This
effect can be ascribed to the adsorption of SBR particles
onto positively charged clinker or hydrated phases and
the chelation of calcium ions presented in cement pore
solution with the carboxyl groups on the surface of SBR.
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Fig. 2. Time-dependent heat flow of OPC pastes recorded in the
presence and absence of liquid SBR latex (dosages: 5, 10 and
20 % bwoc)

Puc. 2. 3aBUCMMOCTb TENNOBbIAENEHNA LLEMEHTHOIO TecTa OT
BpemMeHu, ¢ fobaskon (npu cogepkaHum 5, 10 1 20 % oT Macchbl
LemeHTa) 1 6e3 nobaBku bCK-naTekca

The addition of SBR could affect the cement
hydrates, such as Ca(OH),, ettringite, C4AH;; and C-S-H
gel. It is found that the Ca(OH), content in wet-cured
SBR-modified cement pastes increases with polymer-
cement ratio (P/C) and reaches a maximum when P/C is
5%, 10% and 10% for the pastes hydrated for 3 d, 7 d and
28 d, respectively. With wet cure, appropriate addition
of SBR promotes the hydration of cement, while the
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B3aMMOJIEICTBIY KVICTIOTHBIX IPYIII, BHICBOOOXK/JAEMBIX B
pesyibrare 1iesi04HOro rufponusa OBA ¢ nonamu Ca®* B
IOPOBOM PacTBOpe LIeMEHTHOTO TecTa. VcIonb3ys Te ke
Mmetopbl, A. berunonu [6] moxgTBepan, 4To rupponus IBA
JIe/iCTBUTEIbHO IIPOUCXOMUII B TeUeH e IIePBBIX 15 MUHYT
B CBEXEIPUTOTOB/IEHHOM IIEMEHTHOM TecTe, YTO TOBO-
PUT 0 OBICTPOIT peaKuny TUAPOIN3a CONONNMEPOB IBA.

1.2. byTagueH-CcTUPONBHBIN KaydyK

byTapmen-cTuponpHbIN KaydyK IUPOKO IIPUMe-
HAETCA JJIs YCTPONICTBA IIOJIOB I MOCTOBBIX IIOKPBITHIL,
XOTs MMHMMAaJIbHasl TOJIMHA MaTepyuana OObIYHO CO-
cTaBnAeT muub okono 30 mM. IIpenmyiiecTBo pacTBo-
pos, Mmopuduuuposanubix BCK, 3aki04aeTcst B 04eHb
BBICOKOIT afire3ui K 6€TOHY, BBICOKOM IIpefiesie IPOYHO-
cTy Ipy u3rube ¥ HU3KON MpoHunaemoctu. Kak nmpasuio,
Heo6XO0IMMO BbIepXKVBaHMe 6eTOHA BO BIaXKHBIX YCIIO-
BUAX B TedeHue 24-48 1 1151 TOTO, 4T0OBI 6eTOH Habpan
IPOYHOCTD 10 POPMUPOBAHNSA TATEKCHOI IUIEHKU [7].

BCK narekc 3aMefinsieT CKOPOCTb TUJIpaTallun
LleMeHTa ¥ M3MeHseT CPOKYM MaKCUMATbHOTO TEIJIOBBI-
Ie/IeHN A, OHAKO IIPU 9TOM IPaKTUYeCKU OTCYTCTBYeT
XMMMYeCKOe B3aMMOIEICTBHE C TIOPT/IAH/LIeMEHTOM [8].
Iox. ITnank cpenan BoiBog [9, 10], uto BCK ¢ kapboxcunp-
HOJI TPYIIIION Ha HOBEPXHOCTY ITOIVIMEPHBIX KOJIOVIHBIX
cucTeM OOBIYHO 3aMeJIsieT peakiuio 0OpasoBaHMs Kak
QITIOMIHATOB, TaK U CUINKATOB (puC. 2). [JaHHOe siBleHne
MO>XeT OBITh CBsI3aHO ¢ agcopbuueit yactur BCK Ha no-
BEPXHOCTY ITO/I0)KUTETBHO 3apsXKEHHBIX KJIMHKEPHOI 1N
TUPATUPOBAHHOM (a3 1 06pa3oBaHMsI KOMIUIEKCOB IOHOB
KaJIbIVIA, IPUCYTCTBYIOIIUX B IOPOBOM pacTBOpeE ieMeH-
Ta ¢ KapOOKCMIBbHBIMY Tpynnamy Ha nosepxaocty BCK.

Bsepenne BCK nmaTekca MOKeT OKa3bIBaTh BIMAHIIE
Ha Takye Kpucrauroruaparsl, kak Ca(OH),, sTTpuHIuT,
C4AH;; n renms ruppocumkara kanpuus (I'CK). Yeranosrne-
Ho, uT0 cofepkanue Ca(OH), B BCK-mopudnunposanHoM
LIleMEeHTHOM KaMHe IIpM BJIayKHOM TBepfieH!M IIOBBIIIAeT-
¢s1 ¢ pocToM nonuMmepuemMeHTHOro otHomenus (I1/11) un
mocturaeT Makcumyma npu I1/10, pasrom 5 %, 10 % u 10
% [ LeMEHTHOTO KaMHsA B Bo3pacre 3, 7 11 28 CYTOK €O-
oTBeTcTBeHHO. IIpy BraxkHOM TBeprieHuu BBefeHne bCK-
JIaTeKca CIoCOOCTBYET IPOLIECCY IM/PATALIVIN, B TO XKe Bpe-
ms B BCK-MoauuipoBaHHOM IIeMEHTHOM TeCTe BIAHIE
nonuMepa Ha copiepxkanne Ca(OH), u cremeHb rufpaTanum
IleMeHTa He3HaYNTe/IbHO. Pe3y/IbTaThl peHTT€HOCTPYKTYP-
Horo aHanm3a (PCA) mokasaimy, yro BCK narexca yckopsier
PEeaKIVIO a/IIOMMHATA KaJIbLVA C TUIICOM U, TAKMM 00pa3oM,
HO/IOXKUTE/IBHO BIIMsieT Ha (POPMIPOBAHNE U CTAOMIBHOCTD
STTPUHTUTA, IPenATcTBYs popmuposanmio C,AH;; [11].

1.3. AKpuUIaT-CTUPONbHBIN CONONUMEDP

Axpunat-cruponbablit (AC) 1aTekc OTHOCUTCA K
©0JIBIIIOI IPYIIITe IIOTMMEPHBIX JIATEKCOB, IPUMEHAEMBIX
B CTPOUTENHHON MPOMBIIIIEHHOCTH O1arofapsi TaKum
CBOJICTBAM, KaK 37IaCTUYHOCTD Y BOLOHEIIPOHNIIAEMOCTD
[12]. Tem He MeHee cOOOIIATIOCH, YTO TIONMMEPHI Ha OCHOBE
aKpuIaTa BBI3bIBAIOT 3HAYMTE/IbHOE 3aMeJjIeHNe TUfpa-
TallyM IleMeHTa II0 CPABHEHUIO C JPYTUMU IONMMepaMIL,
takuMu Kak BCK-matekchl 11 IomuMeps! Ha OCHOBE BUHIII-
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Fig. 3. The heat flow calorimetry curves of cement pastes in presence of dispersion L1* (top) and L2* (bottom) are shown, whereas the

exothermic rate is shown in (a) and the accumulative heat flow in (b)

Puc. 3. 3aBncMOCTb TenoBblAeNeHnsA LEMEHTHOrO TeCcTa OT BPEeMEH NPU PasIMyHOM COfiepXKaHm aTeKca, COOTBETCTBEHHO, BEPXHUI
rpaduk L1* n HUKHMIA L2*. CKopoCTb 3K30TepMUYECKOI peakLuun (a); cymMapHoe TennosbigeneHue (b)

effect of SBR on the content of Ca(OH), and the degree
of cement hydration are not remarkable in mixed-cured
SBR-modified cement pastes. XRD results illustrate that
SBR accelerates the reaction of calcium aluminate with
gypsum, and thus enhances the formation and stability
of the ettringite and inhibits the formation of C;,AH,; [11].

1.3. Styrene-acrylate copolymer

Styrene-acrylate latex represents a big class of
polymer latexes used in construction industry [12] thanks
to its superior properties such like flexibility and water-
proofing property. However, it was reported that the
acrylate based polymer strongly retards cement hydration
compared with other polymers such as SBR latexes and
vinylacetate (VAc) based polymers [4], because of the
partial hydrolysis of the acrylate repeating units in alkali
condition and thus the production of carboxyl groups in
the polymer [3]. Our research work have shown that SA
polymer colloids with different surface property have
huge effect on cement hydration, as shown in Fig. 3. In
addition, our recent work have proved that hydrolysis
of SA polymers at room temperature in cementitious
systems is not remarkable and hence it is not the major
reason for the retardation effect of the SA polymer. It is
naturally to hypothesize whether the surface property of
polymer colloids is the key parameter to decide the effect
of polymer on cement hydration, instead of the main
polymer composition in the core of polymer particles.
In the following part, the inner working mechanism of
the polymer colloids on cement hydration is elaborately
discussed based on our previous research work [13].

arerara (BA) [4], no nmprynHe 4aCTMYHOTO TUAPONN3A

3BEHbEB aKpM/IaTa B IIEIOYHON Cpefie U, KaK CIIe[iCTBIE,
06pasoBaHsI KapOOKCUMIBHBIX TPYIII B TonuMepe [3]. Pe-
3y/IbTaThl IPOBENEHHOTO UCC/IeOBaHMA [IOKA3a/IM, ITO

AC-nionumepHble KOJUIOUTHbIE CCTEMBI C PasINIHbBIMU

CBOJICTBaMM IOBEPXHOCTY YaCTHUI] OKa3bIBAIOT 3HAYUTE/Ib-
HOe B/IMAHNE Ha IPOLIeCC TU/[paTaIiM 1ieMeHTa, KaK MoKa-
3aHO Ha puc. 3. [ToM1MO 3TOrO, pe3ynbraThl IPOBeeHHbIX

HeJlaBHO MCCTIeNOBaHNUIT TOATBEPAMIN, 4TO rupgponu3 AC

HOJIMMEpPOB IIpU KOMHATHON TeMIIepaType B LIeMEeHTHBIX

CUCTEMAX He AB/IAETCSA 3HAUNTENbHBIM 1, COOTBETCTBEHHO,
He MOKeT CITY>KUTb OCHOBHOJI IIPMYNHOI 3aMeJ|IAI0ILEro

addexra AC momumepa. EcTecTBEHHO MPEAIONIOXUTD, YTO

IJIaBHBIM (paKTOpPOM BIMAHUA NONIUMeEpPa Ha TUAPATALINIO

IleMeHTa SB/IAI0TCA TI0BEPXHOCTHbIE CBOJMICTBA YaCTHI] [IO-
JIMMEPHBIX KOJUIOMIHBIX CHCTEM, a He XMMIYECKIIT COCTaB

OCHOBHOTO COIIONIMIMepa B CepAlLieBMHe MONMMMEPHBIX da-
crull. B cnepytontelt 4acTy cTaThy IOAPOOHO PacCMOTpPEH

MeXaHV3M eJiCTBU IIOMMEPHBIX KOJUIOMJHBIX CUCTEM

Ha IIpolLiecc I'UApaTaluy IleMeHTa Ha OCHOBE pe3y/IbTaToOB

paHee IPOBeJeHHBIX UCCIefOBaHMI [13].

2. AHanM3 mexaHnusma gencrena
NOJINMEPHbIX KOMIOUAHDbIX CUCTEM
Ha ruapaTaumio HemeHTa

VcnonbsoBanuch fiBa CTUPON-H-OyTUIaKpUIaT
COTIONIMMEPHBIX JIaTEKCa C PasNAMYHBIMU CBOMCTBAMU
MOBEPXHOCTH, a MMeHHO: maTtekc L1 ¢ xapbokcumb-
HOJI TPYIIIIOJ Ha ITOBEPXHOCTM U jaTekc L2 6e3 3aps-
noB. Takum obpasom, nmatekc L1 paccMaTpuBancs Kak
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Fig. 4. Schematic drawing of polymer particle in the two latexes after alkali treatment: (a) L1, (b) L2

Puc. 4. CxemaTtyeckoe npeacTaBieHne NofMMepHbIX YacTUL ABYX NIATEKCOB Nocne wenoyHon o6paboTku: (a) L1, (b) L2

2. Mechanism analysis of polymer
colloids on cement hydration

Two styrene-n-butylacrylate co-polymer
dispersions with different surface property were used,
namely L1 with carboxyl group on the surface and L2
with no charges. Dispersion L1 was thus regarded as
negatively charged polymer and L2 as neutral. L1 contains
considerably more carboxyl groups on the surface of the
polymer latexes than L2. Polymer particles in the two
latexes are schematically illustrated in Fig. 4.

2.1. Adsorption of polymer latexes on cement
surface

The adsorbed amount of polymer latexes on the
surface of cement was determined by separating the
liquid phase from the freshly polymer modified cement
paste. Therefore a fresh cement paste was prepared by
adding the targeted amount of polymer dispersion L1
or L2 to 50 g of cement. The w/c was kept constant at
0.41 for all experiments. A hand mixer was used for 30
seconds to mix the paste thoroughly. The fresh paste was
filled into a centrifuge sample holder immediately after
mixing. 3-5 mL of supernatant was typically received after
centrifuging for 5 minutes at 4,000 rpm in a Varifuge GL
from Heraeus Christ/Germany. The polymer content of
the supernatant liquid was obtained by drying the liquid
phase at 100 °C in an evacuated oven for 2 h. The residual
was weighed and subjected to 600 °C for 1 h, burning
all organic constituents of the residual. The weight loss
during the burning process is regarded as polymer content.
The adsorption amount of polymer on cement in function
of polymer-cement ratio is plotted in Fig. 5.

From the inserted pictures in Fig. 5 one can see
that a milky white supernatant is obtained at a P/C-ration
of 2% in the case of the neutral latexes (L2), while in the
case L1, a P/C-ration of 22% is necessary to obtain a milky
supernatant liquid. From these pictures one can reach the
conclusion that the anionically charged particles have
a higher tendency to adsorb on the surface of cement
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MONIMMEP C OTPULATENBHDIM 3apA/IOM, a MaTeKkc L2 — ¢
HeMTPanbHbBIM 3apsATOM. DTO CBA3AHO C TEM, UTO JTATEKC
L1 comep>xuT HaMHOrO 6071bIIIe KapOOKCUIBHBIX TPYIII
Ha TIOBEPXHOCTY MONMMEPHBIX YacTull, 9em L2. Cxema-
THYeCcKMe U300 paXKeHN A YaCTUI] IIOIMMEPOB B IBYX JC-
CIIelOBAHHBIX JIaTEKCaX IIPeJCTaB/IeHbl Ha puC. 4.

2.1. Axcop6uus MOJIeKy/I HOTMMePHBIX TaTEKCOB
Ha IIOBEPXHOCTY YaCTUI] IJeMEHTa

CreneHb afcopOLnM MOJIEKY/I CONONIMMEPOB JIa-
TeKCa Ha IMOBEPXHOCTM YaCTHUIL IJeMEHTa OIpefeNAnach
IyTeM BbIJieTIeHMs XXUKO (asbl U3 MONMMMep-MOIY-
¢GUIMPOBaHHOTO 1IleMeHTHOTo TecTa. COOTBETCTBEHHO,
CBEXXENPUTOTOB/IEHHOE [[eMEHTHOE TeCTO OBUIO MOy de-
HO ITyTeM BBeeHN:A MomMepHoro nmarekca L1 v L2 B
50 r rieMeHnTa. BogouementHoe oTHomrenue (B/1I) ocrasa-
JIOCh TIOCTOSIHHO paBHBIM 0,41 [/1 BCeX 3KCIIEPUMEHTOB.
IlemeHTHOE TeCTO TILATEIBHO II€PeMeLIBaIi B PyYHOM
cmecurernie B TedeHue 30 CEKYHJ, M HENOCPENCTBEHHO I10
OKOHYaHMM IepeMellMBaHUsA 3aTpy)Xanu B Ipobopepxa-
Tenb LeHTpudyru. [locne neHTpudyrupoBaHus B TedeHMe 5
MUHYT €O CKOpocThio 4000 06/MyH B LeHTpudyre Varifuge
GL (mpoussopctBo kommanuu Heraeus Christ, Tepmanus)
0OBIYHO IIOMTYYanoch 3-5 M HafjocagouHou xxupkocTn. Co-
Jiep>KaHue IoNMMepa B HaIoCalOuHOM XIIKOCT Opefiens-
JIOCh BBICYIIMBaHVeM >KIAIKOI (pasbl mpu Temmeparype 100
°C B BaKyyMHOJ! ITe4) B TedeHe BYX 9acoB. [lomy4yeHHbI
OCTaTOK B3BEIINBAJICA U BBIJIEPKUBAJICA IIPY TeMIIepaType
600 °C B TeueHne 1 4, B pe3yabTaTe 4ero B OCTaTKe Cropa-
N1 BCe OpraHMYecKye KOMIIOHeHThI. [loTeps Beca Bo Bpe-
M TIpollecca TOPeHNA pacCMaTpMBaach KaK MOKa3aTenb
cofep>kaHys IouMepa. Bemuuna agcop6uyuy nonumepa
Ha TIOBEPXHOCTY YacCTUI] LIeMEHTa B 3aBMCUMOCTH OT CO-
OTHOILIEHN A IO/IMepa 1 LieMeHTa ITpeficTaB/eHa Ha PuC. 5.

Kak mokasanu pesynbTaThl IPOBEEHHOTO 9KC-
nepuMeHTa (puc. 5), HaffocaJouHas XUJKOCTD, BbIfe-
JIEHHasl U3 cocTaBa ¢ Mob6aBKoIl naTekca L2, Obl1a Mo-
JIOYHO-6€/I0r0 IBeTa yiXKe MPY IMONMUMePLeMEHTHOM
otHoweHuu II/IT = 0,02, Torga Kak B caydae cocTaBa
¢ matekcoM L1 aHHBIN pe3ynbTaT ObII JOCTUTHYT IIPU
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Fig. 5. Adsorption curves of the two polymer latexes in fresh cement pastes at very beginning after mixing

Puc. 5. 3aBucumocTtun a,qcopGumm ABYX NONMMEPHbIX NaTEKCOB B LEMEHTHOM TeCTe HeNoCcpeaCTBEHHO Nocne CMeWwnBaHNA

grains. The level of the plateau in the graph on the left
side in Fig. 5 is another indication for this. One needs
to add almost 30% of polymer to the cement in order to
get a constant polymer amount in the supernatant liquid
in the case of the anionic latexes of dispersion L1. In the
case of L2 one reaches a constant polymer amount in the
supernatant liquid at a dosage of 6%. After the adsorption
is saturated, the total adsorbed amount of L1 is 28% by
weight of cement (bwoc), which is much higher than that
for L2 (7% bwoc).

To our best knowledge confocal laser scanning
microscopy (CLSM) was employed for the first
time in order to observe in-situ the distribution of
polymer latexes in the fresh cement paste. Selective
labeling of the polymer latexes was necessary to
be able to observe them in the CLSM. Therefore
the polymer dispersions were mixed with Nile Red
(supplied by Sigma-Aldrich) for 72 hours. 10 g of
cement was then mixed into the dispersion at a p/c
of 10% and a w/c of 0.41 and manually stirred for 1
minute. The fresh pastes were then placed in a Lab-Tek
Chamber (supplied by Thermo Fisher) and observed in
the CLSM.

The hydrophobic dye Nile Red entered the polymer
latexes and thus the latexes appear as bright spots in the
CLSM images. Dark areas represent the cement grains
and the interstitial aqueous phase. As shown in Fig. 6a
the anionically charged polymer particles in dispersion
L1 are immediately adsorbed on the surface of cement
grains right after mixing. The particles stay there stably
during the hardening of the material, as can be seen
from Fig. 6¢. The bright layer covering the black cement
grains remains unchanged during the hydration. In case
of neutral latexes of dispersion L2 no such bright layer
covering the cement grains can be observed neither
in the fresh state (Fig. 6b), nor in the hardened state
(Fig. 6d). The bright domains are rather homogenously
distributed throughout the material. One can come to
the conclusion that the majority of the polymer in L2

II/11 = 0,22. Ha ocHOBaHMM 3TUX JaHHBIX MOXKHO Cfe-
TaTh BBIBOJ, YTO JI/I1 aHMOHHO-3aPSA>K€HHBIX YaCTUI] Xa-
pakxTepHa 6o/ee BbICOKasA aficopOLMs Ha IOBEPXHOCTU
LIeMEHTHBIX 3epeH. Ellle ofHMM IOATBEPKAEHMEM 3TUX
TAHHBIX AB/NAETCA YPOBEHb FOPM3OHTA/bHOTO yYACTKA
KPUBOIJI B IEBOJ YacTy puc. 5. B cnyvae ¢ aHMOHHBIMHI
natekcamy L1 B leMEeHT HeOOXORMMO BBECTU NMPAKTU-
gecku 30 % monmMepa, YTOOBI IOTYIUTD IIOCTOTHHOE
KOJIMYECTBO NONMMepPa B HAlOCAJOYHOM XUJKOCTH. B
Clydae C JaTeKcoM L2 mocTossHHOe cofiep)KaHue I0-
nuMepa B HaJJoCaflOdYHOMN XXUJKOCTY JOCTUTAETCA NIPU
BBefieHNH 6 %. IIpu MakcuManbHOI afcopbiuy obiee
afcopbuposaHHoe KomudecTBo L1 coctaBseT 28% ot
MAacCChl IIEMEHTA, YTO 3HAYMTENbHO IPEBBIIIAET JaH-
Hoe 3HauyeHMe i natekca L2 (7% oT Macchl LleMeHTa).

[To HauMMm maHHBIM, KOH(OKa/IbHAs NasepHas
ckaHupymomas mukpockonus (KJICM) npumenanaco
I U3y4eHUA in situ pacupesieZieHus IMOMMMEPHBIX Jla-
TeKCOB B IIleMEHTOM TecTe BIepBble. [/ BU3yanusanun
pacipefiefieH1s TaTeKCOB C UCIIO/NIb30BaHMEM MeTOMA
KJICM npoBoannach ux BeibOpoyHast MapkupoBka. Ilo-
9TOMY B IIO/IMMEPHBIe JIaTeKChl BBOAIN KpacuTenb Nile
Red mpomussopctBa Sigma-Aldrich n nepememmuBanyu B
teyeHue 72 4. [Tocne atoro 10 r LieMeHTa CMeIIUBAJIN C
narexcoM c IT/11 = 10 % u B/L] = 0,41 u nepeMemnBanu B
TedeHNue 1 MMHYTBI. 3aTeM IIOTy4eHHOE LIeMEHTHOE TeCTO
noMenianoch B kaMmepy Lab-Tek npoussopcTsa Thermo
Fisher n mpoussogumocs uccnegosanue metogom KJICM.

braropaps rugpodobuomy kpacuremo Nile Red,
BBEJIEHHOMY B IIO/IMIMEPHBIE JIATEKCHI, HA M300ParkeHSIX,
nony4enHbix MetonoM KJICM, yraTeKc mposiBIIs/ICS B BULIE
SIPKUX IIATeH. TeMHBIe y4aCTKM IPERCTaB/sII co001t 3epHa
IleMeHTa I TPOMEXXYTOYHYI0 XUAKYI0 (asy. Kak mokasaHo
Ha pUC. 6a, aHMOHHO-3aPsDKEHHBIE TIOTMMEPHbIE YACTUIIHI B
narexce L1 6pIcTPO aicopOUPYIOTCS Ha IIOBEPXHOCTH 3€PeH
IleMeHTa Cpasy ke [0C/Ie CMeLIMBaHsL. Bo BpeMs TBepeHust
Marepyasa OIYMePHbIe YACTHUIIbI YCTOIINBO (PUKCUPYIOTCS
Ha 3epHax [jeMeHTa (puc. 6¢). SIpKOOKpaleHHbIIT CIION, IT0-
KDBIBAOL[II1 TEMHBIE 3epPHA LIEMEHTA, BO BPEMsI TUPaTaLiy
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remaining in the water phase forms a film in these drying
water pockets. These results confirm our findings from the
adsorption experiments. The anionically charged latexes
of dispersion L1 have a high tendency to adsorb on the
surface of the cement grains immediately upon mixing
and remain there during the hydration of the cement.

It has been frequently reported that the carboxylate
group containing polymers, such as polycarboxylate
superplasticizers (PCE) [14-16] and acrylate based latex
[3, 17], have significant retardation effect on cement
hydration, due to the complexation between R-COO™ and
Ca*" jons in pore solution of cementitious system. Hence
the hydration kinetics of cement is greatly influenced
by the addition of polymer latexes in the following two
manners, as shown in Fig. 7:

1. Chemical retardation, that involves calcium
complexation, by which the concentration of free calcium
ions in aqueous phase of hydrating cement paste varies,
and thus the induction period can be prolonged;

2. Physical retardation, which is mostly related
to the covering layer on hydrating cement surface due
to adsorption. The adsorbed polymer skin on mineral
surface may inhibit the nucleation and growth processes
of hydration products and, thus decelerates the hydration
rate during the acceleration period and reduces the total
hydration heat in the slow hydration period.

2.2. Quantitative phase evolution over cement
hydration

Despite of different surface charges of the two
polymer latexes, it seems that they exhibit similar
effects on the silicate reaction in cement hydration,
namely formation of C-S-H. On the contrary, the
aluminate reaction is affected by the two latexes to
highly different extents. The latex L1 clearly delays
the initial formation of ettringite and the dissolution
of gypsum, most probably due to its strong affinity to
these highly positively charged surfaces. Both latexes
delays the dissolution of C;A and anhydrite, and hence
the later production of ettringite. As it is known that
the surface of silicate phases such as alite and C-S-H
is negatively charged, the adsorption of the negatively
charged polymer particles of both L1 and L2, is less
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OCTaeTcs HeM3MeHHBIM. IIpy BBelleH!Y B COCTaB JIATEKCOB
L2 ¢ HefiTpa/bHBIM 3apANOM Ha TeMHBIX 3epHAX IieMeHTa
HY B LJeMEHTHOM TecTe (puc. 6b), Hu B IleMEHTHOM KaMHe
(puc. 6d) sIPKOOKpALIEHHOTO TIOIMMEPHOTO C/I0sT He 00pa-
3yercs. OKpallleHHbIe YYaCTKY JOCTATOYHO OfHOPOIHO pac-
Hpefie/ieHbl I0 MaTepuany. Ha OcHOBaHUM BBIIIEV3TOXeEH-
HOTO MO>XHO CJ€/IaTh BBIBOJ], 4TO JIATEKCHBIN o/mMep L2,
OCTAIOLIUIICA B BOTHOM (ase, OpMMpPYeT IJIEHKY B IOpax.
OTa runoresa NOATBEPIKAACTCA IKCIIEPYMEHTAIbHBIMY JIC-
C/IeflOBaHMAMM afICOPOLIVI: aHUOHHO-3aPsKEHHbIE TaTeKCh
L1 umerot 6071ee BHICOKYIO afiCOPOLIMOHHYIO aKTUBHOCTD Ha
HOBEPXHOCTH 3epeH IieMeHTa KaK HeIIOCPEICTBEHHO IOCTIe
CMEIIVBaHNA, TaK U IIPY IUAPATALVIN.

B nuteparype 06bIYHO YTBEp)K/EHME, YTO TaKMe
KapOOKCIIATHBIE TPYIIIBI OIMMEPOB, KaK MOINKapPOOK-
cunatable cynepractuduxaropsl (IIKC) [14-16] u nmarex-
CbI Ha OCHOBe aKpuiaTa [3, 17], 3Ha4MTeIbHO 3aMeJ/ISI0T
TUIPATALINIO IleMeHTa BCTIefCTBIE 0OPa30BaHIUA KOMITIEK-
coB 1noHOB R-COO™ n Ca*" B mopoBOM pacTBOpe BSIXKY-
et cucteMbl. COOTBETCTBEHHO, BBEIEHNE OTMMEPHBIX
JIaTeKCOB OKa3bIBaeT 3HAYMTENTbHOE BIVHIE Ha KUHETUKY
TUApaTaly IleMeHTa AByMs ciocobamu (puc. 7):

1. XuMudeckoe 3aMefijieHNe C KOMIIJIEKCUPO-
BaHMEM Ka/lblus, B IIpoljecce KOTOPOro M3MeHseTCs
KOHIIEHTPALysl CBOOOIHBIX MIOHOB KaIbLUMs B XULKOI
(ase LIeMEHTHOTO TECTa, YTO MOXKET IIPUBECTN K YBe/IN-
YEeHMIO POJO/DKUTENbHOCTY MHAYKLIVOHHOTO Iepuofa.

2. ®usnyeckoe 3aMefjieHNe, KOTOpOe INTaBHBIM
06pasoM OTHOCUTCSA K C/IOI0 ITOTIMMEPOB Ha OBEPXHO-
CTM 3€peH LieMeHTa, 00pa30BaBIIEMYCSI B pe3y/IbTaTe
apcop6uym. Ilnenka afcopOupoBaHHOro MONMMepa Ha
MOBEPXHOCTY MUHEepaja MOXXeT TOPMO3UTD MPOLIEeCCh
HYKJIealluM U POCTa IPOAYKTOB TUAPAaTALNY, CHIKAA
CKOPOCTDb XVIMWYECKUX PeaKIil ¥ MHTeHCUBHOCTD Te-
IIJIOBBIJIE/IEHN A B IIEPUON MEIJIEHHON TUAPaTaIN.

2.2. KonmuuectBeHHOe n3MeHeHne ¢$as B mporiec-
ce ruppaTalluy IjeMeHTa

HecMoTps Ha pasnuyne MOBEepXHOCTHBIX 3apANOB
OBYX IOJIMMEDPHBIX JIATEKCOB, OHM OKa3bIBAIOT CXOJHOE
BIIMsIHIME HA PEAKINIO 06pa3s0BaHMs CUIMKATOB [IPU M-
Apatauuy nemeHTa. C pyroil CTOpOHBI, OHYM 3HaYUTENb-
HO pasNMyaroTcs 110 CTENEHY CBOETO BIMAHMA Ha peaKLMNIO



Fig. 7. Schematic representation of the adsorption polymer
latexes with negative surface charge on the surface of a cement
grain

Puc. 7. CxemaTnyeckoe npepacraBneHne agcopobumm
OTPULATENbHO 3aPAXKEHHbIX MOIMMEPHDbIX JTATEKCOB Ha
NOBEPXHOCTN 3ePHa LEMeHTa

thinkable for their retardation effect on the silicate
reaction. By contrast, in-situ XRD results clearly show
that they act very much differently on the aluminate
reaction. The reduction of the silicate reaction caused
by the addition of the polymer latexes might be the
consequence of their effects on the aluminate reaction,
namely the delayed CaSO, dissolution and the depressed
ettringite precipitation. The change of the calorimetric
curves caused by the addition of polymer latex is the
overall indication of its impacts on various reactions
involved in cement hydration, including silicate as well
as aluminate reactions. This work will be published in
the Cement and Concrete Research in the near future.

Conclusion

We briefly summary the effects of three main
types of polymer colloids on the cement hydration and
their corresponding mechanism. What we can conclude
is as follows:

1. Chemical interaction of acid groups released by
alkaline hydrolysis of EVA with Ca* ions in the pore water
of the cement pastes has great effect on cement hydration.

2. Hydrolysis of SA polymers at room temperature
in cementitious systems is not remarkable and hence it is
not the major reason for the retardation effect of the SA
polymer. Hence for both SBR and SA polymer colloids,
rather than the main polymer composition in the core
of polymer particles, the surface functionalization
of polymer particles (the charge type and the charge
density) is decisive factor responsible for the described
retardation effect.

3. On the basis of the presented results, it can be
concluded that the anionic polymer latexes retard the
cement hydration in two manners, namely the slowing
down effect characterized by a reduced main hydration
peak during the acceleration period and the postponing
effect represented by a delayed hydration peak. This is
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o6pasoBaHNs amrOMMHaTOB. JlaTekc L1, oueBnpHO, 3aMef-
NseT HadaabHOE 00pasoBaHMe STTPUHINTA U PACTBOPe-
HIe TUIICa; Hanbojlee BEPOsITHON IIPUYNHON SIB/ISAETCS
MHTEHCUBHOE B3aJIMOJEIICTBYE C JAHHBIMM IIOBEPXHO-
CTAIMU C BBICOKUM IIOTIOKUTENbHBIM 3apsagoM. Oba Bupa
JIATEKCOB 3aflep>KMBAIOT pacTBopeHme CsA M aHTUPU-
Ta, YTO, COOTBETCTBEHHO, IPUBOJUT K 60ee I03fHEMY
006pa3oBaHNI0 STTpUHIUTA. [I0BEpXHOCTD CUIMKATHBIX
¢das, TakMX KaK aINuT ¥ TUAPOCUINKAT KajabLiMs, 3aps-
XKeHa OTpPUIIATeNbHO, TI09TOMY aficOpOIMA OTPULIATENb-
HO 3apsD>KEHHBIX NTO/IMMEPHBIX YacTnl, Kak L1, Tak u L2,
NIPENCTAB/SAETCA MEHEE BEPOATHON IIPUYMHON 3aMefie-
HusA o6pa3oBaHMA cuanKaros. Pesynbsrarsl PCA in situ
HOKa3ajy, YTO HOMMMephl COBEpPIIEHHO MHaYe BINAIT Ha
peaxiinio 06pa3oBaHys aTIOMIHATOB. CHIDKEHE MHTEH-
CUBHOCTH CH/IMKAaTOOOPa30BaHN A, BbI3BAHHOE BBEICHN-
€M ITOJIIMEPHBIX JIATEKCOB, MOXKET SIBIATBCS CTIefICTBYEM
UX BIMAHMS Ha peaKLMIo 06pasoBaHM s allOMUHATOB, B
pesy/bTaTe KOTOPOro IIPOMCXOANT 3aMefi/IeHle PacTBO-
pernsa CaSO, u nofaBieHNe BBIMAJIEHNA STTPUHTUTA.
VI3MeHeHMS KalIOPUMETPUYECKUX KPUBBIX, BbI3BaHHBIE
BBeJleHMeM ITIOJIMMEPHOTO JIaTeKca, ABJIATCA 00muM
IOKa3aTeJleM BIMAHUA IO/IMMepa Ha Pas3MYHbIe peak-
LUV TUApATALNM IIeMEHTa, BKII0Yass 0OpasoBaHme CU-
nMMKaToB u amioMuHatoB. CTaTbss 06 sToM OyzeT omy-
6nukoBaHa B >xypHane Cement and Concrete Research
B GmKaiiiee BpeMs.

3aKknyeHne

B paboTe n3/m10)KeH MeXaHU3M BIMSHUSA TPeX OC-
HOBHBIX IIOIVMEPHBIX KOJUTOU/IHBIX CUCTEM Ha PeaKIVIo
TUApaTalluyM LjeMeHTa. B 3ak/lIoueHne MOXXHO cZenaThb
ClleflyIoll[/ie BbIBOJBL:

1. Xummdeckoe B3ayMOfelICTBIE KMCTOTHBIX IPYIIL,
KOTOpBIe 06pasyIoTcs MpH IeToYHOM rupiponuse IBA ¢
noxamu Ca”* B TOPOBOM pPacTBOPE LIEeMEHTHOTO TECTa, OKa-
3bIBaeT 3HAYMTEIbHOE BIMAHNE Ha TM/[PATALINIO [IEMEHTA.

2. T'upponus akpuaT-cTUpOIbHOTO CONONNMEpPa B
BSDKYIIVX CHCTeMaX IIpY KOMHATHOJ TeMIepaType Ipo-
MCXOIUT B HE3HAYUTENbHOM MaciuTabe, CIefoBaTeNbHO,
OH He ABJISI€TCA OCHOBHON IPUYMHON 3aMeJ/IEHNA TBEP-
menus npu BBefieHny ACC-go6aBkyt. COOTBETCTBEHHO,
OCHOBHOE 3HaueH}e B 3aMeJIeHUM TUApaTaluy MeeT
He MOJIEKY/ISIPHBINl COCTaB YaCTUI] MONMMepa, a PpyHK-
I[MOHA/MM3AIM A TIOBEPXHOCTY YaCTUL] IOMVMEPHBIX KO-
noupgoB BCK n ACC (3a cueT TuIIa 1 INIOTHOCTH 3apsifia).

3. Iony4eHHble JaHHBIE TIO3BOJIAIOT CAE/MATD BBIBOS,
4TO 3aMef/IeHye TUIPATaLI [ieMeHTa IOf, BIUAHIEM aHMU-
OHHBIX IIO/IMMEPHBIX JIATEKCOB IPOUCXOUT CIEAYIOLIM
o6pasom: 1) obIjee CHI>KeHME OCHOBHOTO MaKCUMyMa T~
ApaTanyy B Iepuop ObICTPON TUAPATALNA U 2) 3aTepXK-
Ka Ileprofa MaKCMMyMa rupparauymn. JJaHHbI 9¢pdexT
IPMHATO HasblBaTbh XMMUYECKVM 3aMefieHreM. JlaTek-
CBI C HEJTPa/IbHbIM 3apsAJOM IIOBEPXHOCTI B HEKOTOPOII
CTeIeHM MO3BOJISIOT 136eXXaTh afcopOIMy Ha IIOBEPXHO-
CTH LIEMEHTHBIX 3€pPeH B CBSI3U CO CTAa0BIM 3EeKTPOCTa-
TUYECKUM B3aVIMOJEJICTBIEM C IOBEPXHOCTBIO LIeMEHTa.
Taxum obpasoM, mpeobnajaroliee BINAHNE HA IPOLIECC
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commonly referred to as chemical retardation. Neutral
latexes can help to avoid the adsorption on the surface of
cement grains to some extent, due to the weak electrostatic
interaction with the cement surface. Thus the dominant
effect on the hydration becomes the slowing down effect,
commonly related to the physical retardation.

4. In-situ XRD results clearly show that polymer
colloids with different surface property show similar
effects on the silicate reaction in cement hydration but
highly different effect on the aluminate reaction.
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@ CONSTRUCTION OF DURABLE ROADS
g & "V/TH CEMENT CONCRETE PAVEMENT
BASED ON THE GERMAN EXPERIENCE

DKKepT A., ANNIOMUPOBaHHbIN UHkeHep, komnaHua STRABAG Grol3projekte GmbH, MioHxeH, fepmarua

CTPOUTEJIBCTBO AOJITTOBEYHbBIX
ABTOLOPOI C LEMEHTOBETOHHbBIMIA
MOKPbITVAMI HA ONMbITE OEAEPATVBHOM
PECTTYBJIMKN TEPMAHIWA

Abstract

The article presents a brief analysis of motorways
construction with cement concrete pavements in Germany,
starting from the beginning of this technology in the
1930s and until nowadays. Some economical and technical
aspects of cement concrete paving allowing creating
durable highways for heavy and constantly increasing
traffic loads are shown based on the German experience.

Key words: motorways, cement concrete pavement,
Germany, two-layer cement concrete pavement technology

Introduction

The share of roads with cement concrete pavements
in the modern autobahn network of the Federal
Republic of Germany is about 28% with total length of
approximately 13,000 km. However, the share of autobahn
type highways is only 5.6% of the entire German road
network. At the same time, such roads carry about 33%
of the total road traffic with the ever growing component
of freight transport [1]. About 84% of all cargo shipping
in Germany is carried out by road [2].

One of the most important factors for road
construction and maintenance is the share of freight
transport, as the impact on the road of one truck with axial
load of 11.5 t/axis is approximately equal to the impact of
280,000 cars with axle load of 0.5 t/axis [3]. The increase
in the maximum axial load from 10 to 11.5 t/axis, which
took place in Germany in 1965, meant the increase in the
total vehicle impact on the road structure by 75% [3].

Taking into account the ever increasing
freight traffic, motorways with high share of freight
transport should have a sufficient safety factor, and
their construction should not allow deformation of the
coatings due to high loads (especially in summer). At
the same time, the lifetime of such a road shall be long,
with maximum intervals between repair ensuring traffic
without significant restrictions and difficulties.
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AHHOTaUuuA

B crarpe maercst KpaTkumit 0630p CTPOUTETHCTBA
ABTOMArMCTpaseil ¢ [eMeHTOOe TOHHBIMY HOKPBITVSIMU
B epmManuy, HauMHaA OT UCTOKOB JAHHON T€XHONIOTUU
B 30-x rogax 20-ro BeKa ¥ IO CETOMHAIIHMI meHb. Ha
omnbITe [epMaHNy TOKa3aHbI HEKOTOPbIe SKOHOMUYECKe
¥ TEXHIYECKYIE ACTIEKTHI YCTPOIICTBA LIeMEHTOOE TOHHBIX
IIOKPBITUI, IIO3BO/IAIOLME CO3/IaBaTh O/ITOBEYHbIE aB-
TOMATrVUCTPaaN A1 BBICOKUX U MOCTOSHHO PacTyIIUX
TPaHCIIOPTHBIX HATPY30K.

Kniouesvie cnosa: asmodopozu, uemeHmobemon-
Hoe nokpuimue, [epmanus, mexHonozus 08yXcrotiHoL
YKNA0KU 6emoHa

BBepgeHune

B coBpemenHoit cetnt aBTobanoB PefepaTuBHOIL
Pecriy6nuky I'epMaHMs Bons aBTOROPOT ¢ LieMeHTObe-
TOHHBIM MOKPBITYEM COCTaB/IAET OKOMO 28% mpu ob1meit
HOPOTsKeHHOCTY pubnusutenpHo 13 000 km. [Ipu aTom
IO/ aBTOMATUCTPAsIeit TUIA aBTOOAH COCTABIsIET BCETO
5,6% ot Bceit ceTn aBTOofOpor l'epMaHNy, HO Ha Hee IPH-
XOJUTCSA OKOMO 33% BCETo aBTOOPOXKHOTO IBYKEHNA C
IIOCTOAHHO PacTyllieil COCTaB/IAIEN TPY30BOro TPaHC-
nopra [1]. Oxomno 84% Bcex rpysonepeBo3ok B [epmannn
OCYIIeCTB/ISETCSI ABTOMOOM/IBHBIM TPAHCIOPTOM [2].

Jlons rpy3oBoro TpaHCIOPTa ABIAETCSA OGHUM U3
Ba)XHENIINX (PaKTOPOB AJIsA CTPOUTENBCTBA 1 COTEpIKa-
HIA aBTOJIOPOT, TaK KaK BO3/IeJiCTBJE OJJHOTO TPY30BOTO
aBTOMOOWJIA € 0CeBOIL HarpysKoit 11,5 T/och npubnusu-
T€JIbHO COOTBETCTBYET Bo3zelicTBII0 280 000 j1erkoBBIX
aBTOMOOMJIEN ¢ oceBOIl Harpyskoit 0,5 T/och [3]. M3me-
HeHMe B 1965 I. MaKCUMaIbHO OCEBON HAarpysku ¢ 10
mo 11,5 T/och mpuBeNo K HEOOXOAMMOCTH YBeTMYeHUA
HopoxxHoro 6romxera l'epmanuu Ha 75% [3].

C y4eTOM IOCTOSHHO PacTyIIero rpy3on0TOKa
aBTOMAruCTPAJIN C BBICOKOI [OJIEN TPY30BOrO TPAHCIIOP-
Ta KO/DKHBI 00/1afaTh JOCTATOYHBIM K03 PUIMEeHTOM



The roads with cement-concrete pavements are
ideal solution for solving these problems. Provided that
all technical conditions and rules of construction and
maintenance are properly observed, the roads with
cement-concrete pavements have, first of all, the following
advantages:

«  Highload-carrying capacity with significant safety
factor;

»  Stable forms (also when exposed to high and low
temperatures);

e Good friction coeflicient;

»  Light color surface, facilitating orientation in the
darkness;

« Environmentally friendly type of construction
due to the long service life and the possibility of
the recycled materials use (concrete);

« Long service life without the need for significant
repair work.

The studies have demonstrated that after 23 years
of operation only 5% of the roads with cement-concrete
pavements needed to be repaired. On roads with asphalt-
concrete pavement this indicator was from 80 to 100%
(depending on the types of asphalt concrete) [4].

History of concrete roads
construction in Germany

Since the mid-1920s, the number of road transport
in Germany has been substantially and constantly
increasing. Accordingly, the need for durable motorways
suitable for motor transport has increased. In 1924, the
"Studiengesellschaft fiir Automobil-Straflenbau" (STUFA),
a road construction research society, was established,
and one of the first documents issued by this company
was the "Preliminary Guideline for the Construction
of Concrete Roads" which in subsequent years was
periodically improved and updated in accordance with
new theoretical and practical knowledge and gained
experience. The first concrete road of autobahn type
in Germany was the motorway between the cities of
Cologne and Bonn which was built in 1929-1932. In
1930s, there was a real boom in the construction of
cement-concrete roads — as of 1939, 63 million m? of
such roads were built. Of these, the autobahn network
accounted for 41 million m?, which was 90% of all
constructed roads of this type [5].

Of course, the construction technology and the
structure of roads in the 1930s do not meet the road
requirements of the 21st century. However, in spite of
all the technical drawbacks of concrete autobahns of
the 1930s, such as the small thickness of the coating,
imperfect joint spacing and design, drainage problems,
etc., several road sections with the original coating of the
1930s still exist in Germany — for example, a section of
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M3HOCOCTOMKOCTH, a X KOHCTPYKIIMA He JIOJKHA JIO-
HyCKaTb flepopMaLiuy MOKPBITUIT BCTIECTBIE BHICOKMX
Harpysok (ocobeHHO B neTHuUIt nepuop). Ipu aTom cpok
9KCIUTyaTallMy TaKOI JOPOTYU JNOXKeH OBITh A/IUTeIbHBIM,
C MaKCUMaJIbHBIM MEXPEMOHTHBIM MHTEPBaIOM, TapaH-
TUPYIOLIMM ABVD>KEHNUe TPAHCIIOPTa 6e3 CyIeCTBEHHbBIX
OTPaHMYEHNII U 3aTPYSHEHMI.

JIs pelieHyI sl JaHHBIX 3a/1a4 MeaIbHO HOAXOM T
ABTOOPOTH C 1IeMEHTOOETOHHBIMM IOKpBITUAMMU. [Ipn
HaJIeXxalieM COOMIOIeHNN BCeX TEXHIYECKUX YCIOBUIT
U IIPaBUJI CTPOUTE/IbCTBA U COflEP>KAHUS aBTOLOPOTH C
LIeMeHTOOETOHHBIMY MOKPLITUAMY MMEIOT CTIefyIolue
IMpeuMyIlecTBa:

e BBICOKAf HecCyIlas CHOCOOHOCTD C CyILIeCTBEHHBIM
K09 PMLVeHTOM M3HOCOCTONKOCTY;

o ycroiumBas ¢opma (B TOM UMC/Ie IIPU BO3[El-
CTBMM BBICOKMX Y HU3KUX TeMIIEPATYP);

o BBICOKUII KO3 UIIVEHT CLIeTIIeHNS;

. IIOBEPXHOCTD CBET/IOrO BETA, 06}161“18.101118}{ opu-
€HTAalINIO B TEMHOTE;

o 9KOJIOTMYECKM GEe30IaCHbIIl BUL CTPOUTENHCTBA
B CBSI3Y C [I/IUTEIBHBIM CPOKOM 3KCIIIyaTaliy
" BO3MOXXHOCTBIO TIOBTOPHOTO MCIIONb30BAHUS
Marepuanos (6eToHa);

e JUIMTENbHbI CPOK 9KCITyaTauuyu 6e3 Heob6Xo-
AVIMOCTY IIPOBENEHM A KPYIIHBIX JOPOXXHO-pé-
MOHTHBIX paboT.

WccnenoBaHns mMoKasau, 4To Yepes 23 roga 9Kc-
IJTyaTalluy TOJBKO 5% aBTOHOPOT C IIeMEeHTOOeTOH-
HBIM TOKPBITMEM HYXXJanuch B peMoHTe. Ha moporax
¢ achanbTo6E TOHHBIM IIOKPBITIIEM HAHHBII IIOKa3aTeNb
cocrasst ot 80 mo 100% (B 3aBUCMMOCTY OT BUJIOB ac-
danproberona) [4].

UcTopua ctpoutenbcTBa aBToA0poOr
13 6eTtoHa B lepmaHum

C cepepunbl 20-x rogos XX BeKa KOINYECTBO
aBTOMOOM/IBHOTO TpaHcHopra B [epMaHNUM ITOCTOSTHHO
U CylecTBeHHO yBennunBaeTcs. COOTBETCTBEHHO pac-
TeT U HOTPeOHOCTD B HONTOBEYHBIX U MPUTOFHBIX [
aBTOMOOWIPHOTO TPAHCIIOPTa aBTOROpOrax. B 1924 r. mo
MCCIIENOBAHNIO aBTOLOPOXKHOTO CTPOUTENBCTBA OBITIO
cosfaHo «YuebHOe 0OI[eCTBO 110 CTPOUTENBCTBY aBTO-
Mo6ubHBIX fopor» (STUFA). OpHuM 13 nepBbIX TOKY-
MEHTOB, u3fjanHbIX O61IecTBOM, cTano «PyKOBOJCTBO MO
CTPOUTENBCTBY ABTOLOPOT 13 6eTOHA», KOTOPOE B IOCTIe-
AYIOIIe TORbI IePUOANIECKY IepecMaTpUBanoCh 1 ak-
TYaJM3UpPOBAIOCh B COOTBETCTBUM C HOBBIMU TEOPETH-
9eCKMMU U IPAKTUIECKUMU 3HAHUAMM Y HAKOIIEHHBIM
ombiToM. IlepBoit aBTOROPOTOI M3 6eTOHA THITA aBTOOAH
B epMaHNM cTasa aBTOMArucTpanb MeX[y TOpofaMu
Kenpn u bonn, noctpoennas B 1929-1932 rr. B Tpug-
IjaThle TONbI HAYa/ICsA HACTOALIMIT OYM CTPOUTENbCTBA
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the Berlin-Stettin autobahn (today's designation is A11)
built in 1936. This proves that under certain conditions,
the lifetime of concrete roads can be up to 80 years!

Fig. 1. Section of the Berlin — Stettin autobahn (A11) in 1936

Puc. 1. Yuactok aBTOb6aHa bepnuH — LWTeTTunH (LLeyuH) (A11) B
1936T.

Over the past 80 years, road construction
technologies in Germany have been developing,
particularly thanks to close contact between
representatives of science, construction industry, public
authorities, manufacturers of machinery and materials
and other concerned parties. One of the leading roles in
Germany in the development and construction of roads
and other infrastructure facilities using concrete is the
Community Concrete Road Networks (Giitegemeinschaft
Verkehrsflichen aus Beton eV), which members are
representatives of the cement and road building industries,
as well as manufacturers of machinery and materials
being used in the cement concrete coatings construction.
The community, founded in 1959, is the link between
science, designers, customers and representatives of the
construction industry. Participation in the development
of technical standards, study and implementation of
technical innovations, search for solutions of the
emerging technical problems — all this contributes to the
effective development of construction of roads and other
infrastructural facilities with cement-concrete pavements
in Germany.

State-of-the-art technologies

The prerequisites for successful road operation
are created long before its construction. Time-proven
technical regulatory framework being constantly updated
is the most important prerequisite for creating long-
term, high-quality and comfortable roads in Germany.
At the design stage, innovative, on the one hand, and
experienced and proven technical solutions, on the other
hand, should be taken into account. Also, the choice
of the right road structure in terms of long-term road
performance plays an important role.
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aBTOJOPOT C LIeMEHTOOETOHHBIM MOKPBITYEM — IO CO-
CTOSAHMIO Ha 1939 I. 6bIIO IOCTPOEHO 63 MIIH M? TAKUX
aBTOZOpOr. VI3 HUX Ha ceThb aBTOGAHOB IMPUXOAMUIOCH
41 mH M2, 9T0 coctaBumo 90 % BCeX MOCTPOEHHBIX JI0-
por storo Tuma [5].

KoHeuHO, TeXHOIOTUSA CTPOUTEIbCTBA U KOH-
CTPYKLuA Bopor nepuopa 30-X rogos MPOLIJIOrO CTOJIe-
THUs He COOTBETCTBYeT TPeOOBaHMAM, IpefbABIAEMbIM
K aBTofoporaM B XXI Beke. OffHaKO ITpy BCeX TeXHUYe-
CKUX He[JOCTATKaX, IPUCYIINX OeTOHHBIM aBTOOaHAM
1930-x, TaKuM KakK HeGOJbIIas TONIWHA TOKPBITHSA,
HEeONTNMa/NTbHOE PacoONOXXeHNe ¥ KOHCTPYKLMA IIBOB,
Ipo6eMbl C BOFOOTBOLOM U ITPOY., B [epMaHuu emte co-
XPaHMIOCh HECKOMIBKO YYaCTKOB IOPOT C OPUTMHATTbHBIM
nokpbiTeM 1930-x rogos. B kadecTBe mpuMepa MOKHO
YIOMAHYTD y4acTok aBTob6aHa bepnuu — Iltertnn (Ile-
1uH) (ceropusuiHee o6o3HadeHme All), TOCTPOEHHOTO
emte B 1936 . TakyM 06pasoMm, Ipu OIpefelleHHBIX YCII0-
BUSIX CPOK 9KCIUTyaTaluy GETOHHBIX ABTOLOPOT MOXKET
coctaBiATh o 80 ert!

Ilocneguue 80 meT TEXHONMOTUM CTPOUTENBCTBA
aBTofopor B [epMaHuyu akTUBHO pa3BUBAINCh, B TOM
4JCIIe B pe3y/IbTaTe TECHOTO KOHTAKTa MEX/Y IIpencTa-
BUTE/ISIMU HayKJ, CTPONUTENbHOI OTPAC/IN, OpraHaMU To-
CY[apCTBEHHO BIACTH, IPOUSBOAUTENSIMU TEXHUKN U
MaTepHasoB I SPYTUX 3aMHTEPeCOBaHHBIX cTOpoH. OnHa
U3 BeAYILIMX POl B BOIIPOCE PAa3BUTHUS U CTPOUTEND-
CTBa aBTOJOPOT ¥ IMPOYNX MHPPACTPYKTYPHBIX 00BEK-
TOB C MCIIONb30BaHMeM 6eToHa B [epMaHUM IpKHAJIE-
KUT «Accoruanun 6eToHHbIX fopor» (Glitegemeinschaft
Verkehrsflichen aus Beton eV.), wieHamMu koTOpoOI1 AB-
JIAIOTCSA MPENCTaBUTENM LIEMEHTHOI M JOPOXKHO-CTPO-
UTENBHOI OTPAC/IH, a TaKXKe MPOU3BOJUTENN TEXHUKN
Y MaTepMasoB, UCIONb3yeMbIX IIPU CTPOUTENBCTBE Iie-
MeHTOOETOHHBIX MOKpbITUit. OcHOBaHHaA B 1959 . Ac-
coLMalysA ABMAETCS CBA3YOIMIMM 3BEHOM MeX/Y HayKoll,
HPOEKTUPOBIIVKAMI, 3aKa34MKaMMU U IIPEICTaBUTE/LAMMN
CTPOUTENIPHO MHAYCTPUM. Y4acTue B pa3paboTKe Tex-
HIYEeCKIX HOPMAT/BOB, 3yYeHNe U BHEPEHE MHHOBA-
IIVIOHHBIX TeXHOJIOTUIA, TIONCK PelleHN s BOSHUKAIOIINX
npob6jieM — Bce 3TO CIIOcOOCTBYeT 3P PeKTUBHOMY pasBu-
THUIO CTPOUTEILCTBA ABTOJOPOT U MPOYUX UHPPACTPYK-
TYPHBIX O0'bEKTOB C [[eMEHTOOE TOHHBIMIL TOKPBITVSIMIL.

CoBpeMmMeHHble TeEXHONornn

IIpenmochInKy A1 yCHEIHO 9KCITyaTal[ M aB-
TOJIOPOTH CO3AIOTCA 3afI0/ITO [0 e CTPOUTENbCTBA. Tak,
B OCHOBE CO3/IaHM A NONTOBEYHBIX, KAUeCTBEHHBIX 1 KOM-
¢doprHBIX aBTOZOpOr I'epMaHNUM JIEXKUT IIPOBEpeHHaA
BpeMeHeM U IIOCTOSIHHO OOHOB/IAeMasl HOPMaTUBHO-TeX-
HIYeckas 6asa. Yoke Ha aTalle TPOEKTUPOBAHMS JJOXK-
HBI YYUTBIBATDCS, C OFHOI CTOPOHDI, MHHOBAIJMOHHbIE,
a C APYroil — MCIbITAaHHBIE M 3aPEKOMEH/J0BaBIINe Ce6st
TeXHMYECKME pelleHn. Becomyio ponb B BOIIpoce JOITo-
BEYHOCTY aBTOJIOPOT TaK>Ke UTPaeT BbIOOP MpaBUIBHO
JNOPOXXHOM KOHCTPYKLIMN.

B l'epmMaHVMM cymecTByeT [iBa MeToOha BBIOO-
pa KOHCTPYKLIMU JOPOXKHBIX OfIeXK/I: BBIOOP THUIIOBOIL



In Germany, there are two methods for choosing
the design of pavements: the choice of standard design
in accordance with the Pavements Standardization
Guidelines (RStO — Richtlinien fiir die Standardisierung
des Oberbaus von Verkehrsflachen), or individual
design calculations, for example, in accordance with
the Guidelines for Determining parameters of cement
concrete pavements by calculation method (RDO —
Richtlinien fiir die rechnerische Dimensionierung von
Betondeckenim Oberbau von Verkehrsflichen).

RStO is a collection of standardized pavement
designs allowing selecting a typical design depending
on the main parameters such as the transport load,
the depth of freezing and, accordingly, the thickness
of the frost-resistant layer. This method of choosing
pavement design prevails in comparison with individual
calculation method which is used only for ultra-high
transportation loads or in case of the customer’s special
request, for example, when the road availability factor
is to be considered, i.e. the need for a minimum traffic
restriction due to repair work for operational period
(which is especially important in terms of public-private
partnership (PPP) projects).

It should be noted that almost all road construction
projects in the framework of the PPP model in Germany
are implemented using cement-concrete coatings. This
trend is easily explained by the fact that a concessionaire
finances the construction of the motorway at its own
expense and is responsible for maintenance and
availability of the motorway throughout the concession
period (usually 30 years). As a consequence, the vast
majority of concessionaires and banks that finance
these projects rely on motorways with cement concrete
pavements.

Fig. 2. New section of the A8 Ulm - Augsburg autobahn with
cement concrete pavement built under the PPP project

Puc. 2. HoBbilh yuacTok aBTo6aHa A8 YnbM-Ayrcoypr
LleMEHTOOETOHHBIM NMOKPbITEM, MOCTPOEHHbIN B pamkax Yl

At the construction stage, the main regulatory
documents for the cement-concrete pavements
construction are the proven ZTV-Beton-StB standards
(Additional contract specifications and guidelines for
the construction of cement-concrete pavements) and
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KOHCTPYKIMY B COOTBETCTBUM ¢ PYKOBOJCTBOM IIO CTaH-
mapTusanuu fopoxubix ogexn (RstO — Richtlinien fiir
die Standardisierungdes Oberbausvon Verkehrsflichen),
VIV MHAVBUAYAIBHBI pacdeT KOHCTPYKIVUY, HALIPU-
Mep, B COOTBETCTBIUY ¢ PyKOBOACTBOM 06 onpeneneHnn
[apaMeTpoOB LeMEeHTOOETOHHOTO MTOKPBITUS KOPOXK-
HBIX ofex [ MeTonoM pacyera (RDO — Richtlinien fiir
die rechnerische Dimensionierung von Betondeckenim
Oberbauvon Verkehrsflachen).

RStO mpencrasisier co6oit cOOPHUK CTAaHAAP-
TU3NPOBAHHBIX KOHCTPYKIL{MIT JOPOXXHBIX ONEX[, MO-
3BOJISIOLINIT BBIOPATh TUIIOBYI0 KOHCTPYKLMIO B 3aBU-
CUMOCTY OT OCHOBHBIX IIAPaMeTPOB JJOPOTH, TAKUX KaK
TPaHCIIOPTHAsI HArPy3Ka, [IyOuHa IIpOMep3aHus I, CO-
OTBETCTBEHHO, TOJIIHA MOPO30CTOMKOrO cyos. [JaHHas
MeTOAMKa BBIOOpA VMCIIONb3YeTCsI HAMHOTO Yallle, 4eM
MeTOJOM MHAMBUAYATIbHOTO pacyera. [TocmegHuit mpu-
MEHSIETCS TOIBKO IIPY pacdeTax AJisl ZOPOT CO CBEPXBBI-
COKMIMI TPAHCIOPTHBIMIL HATPy3KaMu 1160 Ipu 0co6om
HOXKe/TAaHUY 3aKa3uMKa, HAPUMep, B CIydasix, KOrjga
3aK/IafbIBaeTcsl PaKTOp JOCTYIHOCTHU HOPOTH, T.e. He-
06X0fIMOCTb MIHMMA/IBHOTO OTPaHMYeHN s ABVOKEHM S
BCJIE[ICTBIE PEMOHTHBIX PabOT Ha IIePUOJ, IKCIITyaTally-
OHHOTO CpOKa (4TO 0COOEHHO aKTYaIbHO B IIPOEKTaX ro-
CyapcTBeHHO-4acTHOrO mapTHepcTBa (I'YIN)).

Ba>xHO OTMETUTD, 4TO B I'epMaHMM IPaKTUIECKN
BCe IOPO’KHO-CTPOUTENIbHbIE TIPOEKTHI B paMKaX MOJIE/NN
['YII BBIMOMHAIOTCS C IPUMEHEHMEM 1IeMEHTOOETOHHBIX
HOKpbITUIL. Takas TeHIEHIUsA TeTKO OOBACHACTCS TeM,
4YTO KOHIeCCHOHep (pMHAHCUPYeT CTPOUTEIBCTBO aBTO-
JOpOTH 13 COOCTBEHHBIX CPEMICTB U B TeYeHME BCEro Cpo-
Ka JelICTBMSA KOHILIECCHOHHOTO JI0ToBOpa (KaK IpaBUiIo,
30 71eT) oTBeYaeT 3a ee cofepKaHye I JOCTYIHOCTb. [To-
3TOMY IOJaBIIAIOIee YMC/I0 KOHIIECCUOHePOB 1 6aHKOB,
(MHAHCHPYIOINX HaHHBIE IPOEKTHI, IeJIAI0T CTABKY Ha
aBTOJOPOTH C IIeMEHTOOEeTOHHBIMM TIOKPBITUAMIU.

Ha crapum cTpouTenbcTBa OCHOBHBIMM HOpMa-
TUBHBIMU JOKYMEHTAMI [IsI yCTPOVICTBA LieMEeHTOOe-
TOHHBIX IIOKPBITUII CITYXKaT 3apeKOMeHIoBaBIIue cebs
HopMmatuBbl ZTV-Beton-StB (JomonuuTtenbHbIe TEXHIYe-
CKJIe YC/IOBUA HOT0BOPa U PeKOMEHJALUY IO YCTPOVICTBY
1[eMeHT00eTOHHBIX HOKpbITHit) M TLBeton-StB (Texun-
JecKJie YC/IOBM S ITOCTaBKY MaTe€pUajIoB JJIsl yCTPOJICTBa
11eMeHTOOETOHHOTO TIOKPBITI).

CTaHEapTHYIO COBPEMEHHYI0 KOHCTPYKIMIO [O-
POYKHOI OfIEX/IBI C IeMEHTOOETOHHBIM TIOKPBITUEM Ha
aBTOJOpOrax Tuma aBTobaH B [epMaHMU MOXKHO IIpen-
CTaBUTb CIEAYIOMUM 006pasoM:

e  MOKPBITHE U3 IleMEHTOOEeTOHA TOMIINHOI 27 CM;

e IIeOEHOYHO-IIECYaHOE OCHOBAHME TOJIIIMHON
25 cM, YKpeIIeHHO€E LIEMEHTOM;

e MOPO3OCTOVIKMI CJIOJl OCHOBaHMA.
JnA coBpeMeHHBIX IJleMeHTOOeTOHHBIX IIOKPbI-

Tuit TepMaHuM XapakTepHO NMpUMEHEHMe ClIeflyIOIX
TEXHUYECKUX PeLIeHnI:
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TL Beton-StB (Technical conditions for the supply of
materials for the cement concrete pavement).

The standard modern design of the pavement with
cement concrete coating on motorways of the autobahn
type in Germany can be represented as follows:

e 27 cm cement concrete pavement;

e 25cm crushed stone and sand basement, reinforced
with cement;

o  Frost-resistantbase layer.
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Fig. 3. Schematic view of motorway with cement-concrete
pavement

Puc. 3. CxemaTtnyeckoe n3obpaxxeHne aBTOROPOri c
LLeMeHTOOeTOHHbIM MOKPbITUEM

For modern cement-concrete pavements in
Germany, the following technical solutions are typical:

« Absence of paving expansion joints during
surfacing, exception for the joints injunction area
with bridge structures or in the presence of other
artificial structures in the pavement (for example,
wells);

o The length of the slabs is limited to 5 m;
«  Absence of solid slab reinforcement;
o Arrangement of pin-type reinforcement:

The so-called studs (pins made of smooth steel
with a protective plastic shell) are laid in the transverse
joints and anchors (pins made of corrugated steel) are
laid in the longitudinal joints.

The studs are intended for transferring loads
between the adjacent slabs and fixing the slabs in the
upright position. Anchors prevent slabs from gapping or
moving along the longitudinal joints of the pavement;

o Joints sealing of can be performed with materials
of 3 types: the so-called hot bitumen-based mastic,
the so called cold mastic based on polysulfide
materials and rubber seals of "herringbone"
pattern;
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o oTcyTcTBUE HedOpPMALMOHHBIX LIBOB paclinpe-
HUsL TIPU YCTPOMCTBE MOKPBITUSA, 38 UCKIII0Ye-
HYEM IIBOB B 30HAX CONPSKEHUS ¢ MOCTOBBIMU
COOPYXXEeHUAMM, MO0 IPU HATUINN UHBIX VC-
KYCCTBEHHBIX COOPY)KEHMI B IIOKPBITUY (HATIPH-
Mep, KOTOJ1IeB);

. [/IVTHA IVIUT OTPAaHNYMBAETCA 5 Mm;
. OTCYTCTBME CIIJIOIIHOTO apMMPOBAaHNA II/INT;

e  YCTPOJCTBO IITBIPEBOrO apMUPOBAHUS: B IO-
[epeYyHbIX IIBaX 3aKIaJblBAIOTCA TaK Ha-
3bIBaeMble [i00ensi (CTalbHblE CTEPXKHU C
[JIAJIKOIT [IOBEPXHOCTBIO), @ B IIPOJO/IbHBIX IIIBAX —
aHKepbl (CTA/TbHBIE CTEPXKHU C HEPUOANIECKUM
npoduiem).

J106enst BBIMOMHAIOT QYHKIMIO TIepefady Ha-
TPY3KM MEX[AY COCERHVMU IVIUTAaMMU U (PUKCALUY II0-
JIO)KEHVSI IUIUT B BEPTUKAIBHON IIOCKOCTI. AHKepBI He
HO3BOJISIIOT PAa3OMTIUCh MO0 CABUHYTHCS IINTAM BIOTb
IPOO/BHBIX IIBOB TOKPBITILS;

e  repMeTM3alsA IIBOB MOXXET OCYLIeCTBIATHCA Ma-
TepuanaMy TPeX TUIIOB: TaK Ha3bIBAEMOI ropsYeit
MAaCTMKOJT Ha OCHOBe 6MTyMa, XONOJHOI MacTH-
KOJf Ha OCHOBE NONMNCYNbGUTHBIX MaTePUATIOB U
PESMHOBBIMY YIVIOTHUTE/LAMH IO TUITY «€/I0UKA»;

e  UCIONb30BaHME BHICOKOKAUYE€CTBEHHBIX GETOHOB:
XKeCcTKue TpeGOBaHNUs II0 KaueCTBY Kak K OeTOHY,
TaK M K MCIIO/Ib3YeMBbIM MaTepyaiaM (MHepTHBIE 3a-
HIOJTHUTENY, LIeMEHT, XMMIYecKue To6aBKy U [ip.);

e JIByXCIIOJHas TEXHOJOIN:A YCTPONICTBA LIEMEHTO-
6eTOHHBIX TOKPBITUI;

¢ YCTPOIICTBO MOBEPXHOCTY LleMEHTOGE TOHHBIX 110~
KPBITHIT C OOHa)KEHHBIM 3aMOTHUTENEM (TEXHO-
norusa «waschbeton»).

OcraHoBuMCst 6o7ee MOLPOOHO Ha ABYX IOCTIEN-
HUX pelIeHUsIX.

TexHonorns ABYXCNOWHOro yCTpoiicTBa
LLeMeHTO6EeTOHHbIX MOKPbITUI 1
TexHonorua «waschbeton»

OCHOBHBIM IPENMYILECTBOM [IBYXC/IOIHOI T€XHO-
JIOTUY SAABJISIETCA BO3MOYKHOCTD CO3[IaHMS TOHKOTO (5-6 CM)
BEPXHETO CJI0s1 C 0COOBIMI TeXHMYECKUMU XapaKTepu-
crukamu. Ilo ananoruu c achanbTo6e TOHHBIMU ITOKPbI-
TUAMY TAKOJ C/I0Ji MOYKHO YCTIOBHO Ha3BaTh «CTIOEM W3-
HOca». [IaHHBIII C/TOI C TIOBBIIIEHHBIMY TPe6OBAHMAMMY
K 0eTOHY M 3aIIO/IHUTE/IAM IIO3BOJLAET IPUAATH IOBEPX-
HOCTM 1IeMEHTOOETOHHOTO IIOKPBITH YIy4lLlleHHbIe TeX-
HIYECKNE XapAKTEPUCTUKM U IIPU 3TOM CYI|eCTBEHHO
YMEHBIINTD 3aTPAThl Ha €T0 YCTPOMCTBO B 1ie7IoM. TaKkoii
addekT focTuraeTcs 6narofaps UCIONb30BaHMIO bortee
HeIIeBBIX VM NOCTYIHBIX /11 MHOTUX PETMOHOB MaTepu-
aJIOB [ CO3MJaHM A HIDKHETO C/0sA GeTOHa.



o Use of high-quality concretes with stringent
requirements for both concrete and used materials
(inert aggregates, cement, chemical additives, etc.);

o Two-layer cement concrete pavement technology;

o Arrangement of cement concrete pavements with
exposed aggregate ("waschbeton" technology).

Let’s consider in more details the last two decisions.

Two-layer cement concrete pavement
technology and "waschbeton" technology

The main advantage of the 2-layer technology
in construction of a cement-concrete pavement is the
possibility of creating a thin (5-6 cm) topcoat with
special technical characteristics. As with asphalt-concrete
pavements, this layer can be called "a wear layer". The
construction of this layer meeting strict technical
requirements both for concrete and aggregates allows
to provide the cement concrete pavement surface with
improved technical characteristics and at the same time
to substantially reduce costs for the cement concrete
pavements construction on the whole by using cheaper
materials available in many regions to create bottom
concrete layer.

To illustrate this, we can compare the main
characteristics of the materials used in the upper layer
(according to the "waschbeton" technology described
below, with a maximum aggregate size of 8 mm) and in
the bottom layer of cement-concrete pavements, according
to the requirements of ZTV Beton-StB 07 and TL Beton-
StB 07.

Accordingly, in the case of arrangement of cement-
concrete pavement in one layer, if the required pavement
characteristics (abradability, adhesion coeflicient, noise
reduction) are achieved, 3.5 times more (21 cm/6 cm =
3.5) of high-quality crushed stone will be required.

The most common version of the top layer of
concrete when using the two-layer technology is the
creation of concrete with exposed aggregate or using the
German terminology "waschbeton".

“Waschbeton” technology — concrete with exposed
aggregate has two advantages:

1. Noise reduction.

Due to the formation of an optimum cement
concrete pavement surface with exposed aggregate in
terms of noise reduction, there is much less noise when
the car's wheel contacts the road than on any other type
of cement-concrete pavement(for example, with transverse
grooves created by a steel brush).

The noise level on cement concrete pavements
with exposed aggregate is comparable to the noise level
on asphalt pavements with optimized top layer (aggregate

concrete | 6eToH

Jl71s1 HarmAgHOCTYM IpMBefeM HeOOoblIoe CpaBHe-
HIle OCHOBHBIX XapaKTePUCTUK MaTepuaoB, UCIONb3ye-
MbIX B BEpXHEM C/10€ (HTIH OINMCAHHON najnee TEXHO/IOT UM
«waschbeton» ¢ MakcuManbHBIM pa3MepoM pakuyu 3a-
HOJHUTe eV 8 MM) 1 B HYDKHEM CTI0€ LIeMeHTOOeTOHHOTO
HOKPBITHS, B COOTBETCTBUY C TPeOOBAHMAMI HOPMATH-
BoB ZTVBeton-StB 07 u TLBeton-StB 07.

Table 1. Comparative characteristics of the materials used for
top and bottom concrete layers

Tabnuua 1. CpaBHUTENbHbIE XapPaKTEPUCTMKI MaTepuanos ans
BEPXHUX U HUKHWX Cll0eB 6eToHa

BepxHut cnon HwxHmin cnon

XapaKTepucTmkm 6 cm) (21 cm)

MakcrmManbHbI
pa3mep dpakumm 8 32
3aMnoNHUTENA, MM

[onycTtnmas
newagHoCTb 15 50
3anonHuTens, %

Konnyectso
OpOoO6neHbIX 3epeH B 90-100%
3anonHuTene

He HopmMKpyeTca

ConpoTtueneHne
noavpPyemMocTu PSV 53
3anonHuTens

He HopMUpyeTCsA

MuH1ManbHoe
KOMMYeCTBO LiemMeHTa 420 340
B 6eTOHe, KI/M?

CoOOTBETCTBEHHO, NIPU YCTPOIICTBE LieMeHTO0e-
TOHHOTO NOKPBITUS B OJVH CJIOJ, IPY YCTIOBUM JOCTHU-
KeHUs TpeOyeMbIX XapaKTepUCTUK TTOKPBITHA (MCTUPa-
eMOCTb, K09 (PNUMEHT CIeNIeHn s, CHIKeHNe YPOBHSA
IIyMa), BBICOKOKau4eCTBEHHOrO 1[eOHsA moTpedyeTcs B
3,5 pasa 6onblue (21 cm/ 6 cM = 3,5)

Traffic direction // Paboyee Hanpagnexsue

e
I—-\.\_\._}
L ——————

Fig. 4. Structure diagram of two-layer cement concrete
pavement based on the “waschbeton” technology

Puc. 4. Cxema ycTpoiicTBa ABYXC/IOMHOrO LLEMEHTOOETOHHOIO
NOKpPbITUA No TexHonorum «waschbeton»
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size is 0.11 mm). Compared to standard asphalt concrete
pavements, the noise level of surfaces with exposed
aggregate using “waschbeton” technology is "quieter” by
2 dB (A).

2. Long-term good adhesion coefficient of the
surface is obtained due to the optimal roughness of the
coating. Unlike other forms of cement concrete pavements
texturing that create roughness only in the surface layer
of cement-sand stone, when using the “waschbeton”
technology the roughness is created by exposing an inert
aggregate having much better resistance to abrasion and
polishing.

Fig. 5. Concrete surface with exposed aggregate
(“waschbeton”)

Puic. 5. MoBepxHOCTb 6€TOHa C O6HaXKEHHbIM 3aMoHUTENEM
(«waschbeton»)

Fig. 6. Concrete surface textured with steel brush

Puc. 6. MoBepxHOCTb 6€TOHa, TEKCTYPUPOBAHHOIO CTaNIbHOW
weTKom

Basic machines and mechanisms

The fundamental factor in cement concrete roads
development was and remains the constant evolution of
road building machinery necessary for quick and high-
quality construction of these types of roads. First of all,
these are concrete pavers and concrete mixing plants.
Taking into consideration nearly a century-long history
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CaMbIM pacIpoCTpaHEHHBIM BaPUAHTOM YCTPOIL-
CTBa BepXHero cyosi 6eToHa Py UCHO/Ib30BAHUY JBYX-
CJIOVIHON TEXHOJIOTUN ABJISAETC CO3aHMe OeToHa ¢ 00-
Ha>KEHHBIM 3aIIOJIHITE/IEM WIIN, HOIb3YsCh HEMEI[KOI
TepMuHosoryeii, «<waschbeton» (BaubeTon).

TexHonorus «waschbeton» — 6eToH ¢ o6HaKeH-
HBIM 3aIIOJIHUTETIEM — MMEET CTIEAYIOLIE IPEUMYIIecTBa:

1. CHM>XeHue YpOBHA IIyMa.

brarogaps onTMManbHOM, C TOUYKY 3pEHMS ITyMO-
TOHVDKEH N, KOHCTPYKIIVMY IIOBEPXHOCTH I[eMEeHTOOEe TOH-
HOTO TIOKPBITHUA C 0OHA)KeHHBIM 3aII0JTHUTENIEM, YPOBEHb
IIyMa IpY KOHTaKTe aBTOMOOMIBHOTO KOJeca ¢ JOpOroit
3HAYNUTE/IbHO CHIKAETCS, TI0 CPABHEHMIO C AHA/IOTMIYHBIM
ToKasaTesleM Ha JI0OBIX PYTUX BUAX LeMEHTOOETOH-
HBIX HOKPBITUI (HalpyMep, Ha MOKPBITUAX C MOIleped-
HBIMJ 60PO3IKaMu, CO34aBaeMbIMU CTA/IbHOI! IeTKOL).

YpoBeHb IIyMa Ha MOKPBITHAX 13 [leMEHTOOeTOHa
¢ 06Ha)KEeHHbIM 3aIIOJTHUTE/IEM CPaBHUM C aHaJIOTMYHBIM
IOKa3aTeleM Ha MOKPHITUX U3 achanbToOeTOHa C OII-
TUMU3VPOBAaHHBIM BePXHUM c10eM (pasmep dpaxiun
sanonuurens 0-11 Mm). B cpaBHeHUN cO CTaHZApTHBI-
MM acanbToOeTOHHBIMYU HOKPBITUAMHY, YPOBEHbD IIyMa
MOBEPXHOCTel ¢ 0OHa)KEHHBIM 3aIIONTHUTEIEM IO TeX-
Homorum «waschbeton»«tume» Ha 2 gb (A).

2. Boicokuit KoappuIMeHT CLienIeH s HOBEPXHO-
CTM TOKPBITHS C JJIUTENIBHBIM PecypcoM Orarofaps om-
TMMAaJIbHOIT IEPOX0BATOCTH. B oTmmdme ot apyrux popm
TeKCTypUpPOBaHUA LIeMEHTOOETOHHBIX IIOKPBITUI C Ille-
POXOBaTbhIM IIOBEPXHOCTHBIM C/I0€M IleMEeHTHO-TIIeCYaHO-
rO KaMHs, IPY IPUMEHEHN TeXHOMOrum «waschbeton»
IIEPOXOBATOCTb CO3[AETCS 3a CUeT OOHAXKEHsI MIHEPTHO-
TO 3aIOTTHUTENSI C 60JIee BHICOKOI COIPOTUBIIIEMOCTBIO
K UCTUPAHUIO U TIONMPOBAHUIO.

OCHOBHbI€ MalUNHbI 1 MEXaHN3Mbl

OcHoBononaraomuM GaKTopoM pasBUTHS ABTO-
Iopor 13 eMeHT0OeTOHa OBIIO U OCTAEeTCS HOCTOSIHHOE
PasBUTHE OPOXKHO-CTPOUTENBHON TEXHNKY, HEOOXOM -
MOIJ1 7151 GBICTPOTO U KA9ECTBEHHOTO CTPOUTENBCTBA 10~
por Takoro tuma. B nepByio ouepenb 9T0 6ETOHOYK/IAN-
YUK "N 6€TOHOCMCCI/ITCH])H])I€ yCTaHOBKI/I. y‘II/ITbIBaH
IIOYTU CTOJIETHIOKO I/ICTOP]/IIO pa3BI/ITI/IH 9TUX ME€XaHU3-
MOB, COBPEMEHHYIO TEXHUKY MOXXHO KOPOTKO OXapakK-
TEPU30BaTh C/IEAYIOMUM 06pasoM:

151 TpoM3BOACTBA GETOHHOI CMECH MCTIONb3YOTCSI
BBICOKOTIPOM3BONUTENbHBIE MOOVIbHBIE 6€ TOHOCMECHTEITb-
Hble yCTaHOBKM. Kak IpaBuyio, OHM MIMEIOT fIBa JBYXBa/lb-
HBIX CMECUTEIA IPUHYAUTE/IbHOTO JIECTBIUSA C CYMMapHOIA
IPOV3BOANTENBHOCTBIO 240-300 M*/4 1 aBTOMAaTH3MPO-
BaHHYIO CUICTEMY JO3MPOBKM MaTePUaIOB U YIPaB/IeHNS;

Ins ykmagku 6eTOHHOI CMeCH MCIIONb3YeTCs
6eTOHOYK/IAfINK MM O€TOHOYKIAfOIHBIN KOMIITIEKC,
cocTosAImMit U3 6eTOHOYK/IafuMKa HUXKHETO cos, Oe-
TOHOYKJ/IafuMKa BEPXHETO C/I0sI M CAMOXO[HOI paboyeit
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Fig. 7. An example of concrete-mixing plant for road
construction

Puc. 7. Mprmep 6eTOHOCMECUTENIbHOW YCTaHOBKM ANA
LOPOXHOMO CTPOUTENBCTBA

of these mechanisms development, modern technology
can be briefly described as follows:

For concrete mix production high-performance
mobile concrete mixing plants are used. As a rule, they
have two twin-shaft mixers of forced action with a total
capacity of 240-300 m*/h and an automated material
supply and control system.

The concrete paver or concrete laying complex
consisting of bottom layer paver, top layer paver and a
self-propelled work platform are used to lay the concrete
mix. Modern concrete pavers provide laying concrete
with width of up to 18.0 m and thickness of up to 60 cm.

Logistics

One of the significant tasks arising in the cement
concrete road construction process is logistics. As an
example, here are the following figures: for pavement
construction during one work shift with an average output
of about 500 lm it is necessary to move about 1500 m?
of concrete mix from the concrete mixing plant to the
place of laying, and at the same time it will be necessary
to deliver more than 500 t of cement and about 2,700 t of
aggregates to the concrete mixing plant. The lack of the
necessary transportation planning and/or a shortage of
transportation capacities, automatically result in delays
or stopping of cement-concrete pavement laying process.
In this case, and the 20-30 minutes delay in concrete
mix delivery means total shutdown of the laying process.

Maintenance and repair

For proper operation of roads with cement
concrete pavement, timely maintenance and repair (if
necessary) are necessary to be carried out.

The main activities are as follows:

o Joints care and their replacement, as a rule, every
5-10 years;
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Fig. 8. Concrete laying complex for two-layer concrete placing

Puc. 8. BeTOHOYKNagoUHbIi KOMMNEKC ANA ABYXCTONHON yKNaakun
6eToHa

mardopmbl. CoBpeMeHHbIe 6€TOHOYK/IaAUMKIL TI03BO-
JIAIOT IPOU3BOAUTD YKIIAKy 6eTOHA IMPUHOI 10 18 M
¥ TONMIIMHON 10 60 cM.

Jlorncrtuka

OpnHolt 13 cyllecTBEHHBIX 33/ja4, BOSHUKAIOLINX
B IIpOIlecce CTPOUTENHCTBA aBTOLOPOT C IeMeHTObe-
TOHHBIM IOKPBITUEM, SABAsSAETCA JTOTUCTUKA. B kaue-
CTBe IpMMepa MOXXHO IIPMBECTH CIefyioline nudpsr:
IpU YCTPOICTBE MOKPBITHS B TeUYeHMe OFHOI paboueil
CMEHBI CO CpefHell IPOU3BOAUTEIbHOCTBIO IPUMEPHO
500 IMOTOHHBIX METPOB HEOOXOVMO IePEeMeCTUTD OKO-
70 1500 m*> 6eToOHHOI cMecu OT 6ETOHOCMECUTENbHOI
YCTaHOBKM K MeCTy yKIanku. OfHOBpeMeHHO Ha 6eTOHO-
CMeCUTE/bHYI0 YCTaHOBKY TpebyeTcs JOCTaBUTD Ooree
500 T nemenTa 1 okoso 2700 T sanonuuTend. OTcyTcTBME
HeoOXOAVMMOro IIaHNPOBAaHNUA IPY30IePEBO30K /UMK
HebUIUT TPAHCIOPTHBIX MOILIHOCTEN aBTOMATUIECKN
O3HAYAIOT 3a/IEP>KKY MJIM OCTAaHOBKY IIpoliecca yCTpOi-
CTBa [[eMEHTOOETOHHBIX TIOKPBITHIL. [Ipu 9TOM 3amepiK-
Ka IIOCTaBKM 0eTOHHOIT cMecu 6osiee yeM Ha 20-30 MUH
O3HayaeT IOMIHYI0 OCTAHOBKY IIpoliecca yKIaJKu.

CopepiKaHue n peMOHT

J/ms Ka4eCTBEHHOM 9KCIUTyaTalluy aBTOOPOT €
[[eMEHTOOETOHHBIMY TOKPBITUSIMU HEOOXOLMMO CBOE-
BPEMEHHO BBINOMHATD PAJ, MEPONPUATHUIL IO COfiepKa-

HUIO ¥ PeMOHTY (B C/Iy4ae ero He0OXOZMMOCTM).

OcHoBHBIE MEPOIIPUATIA B XO[1€ IKCIITyaTalln
aBTOOPOT € I.IeMeHTO6eTOHHbIM TIIOKPBITHEM:

e yxop 3a fehOpMALMOHHBIMIY LIIBAMM 11 UX 3aMEHa,
KaK IIpaBUJIO, Kaxjble 5-10 neT;

. CBOE€BPEMEHHOE YCTPaHEHME JIOKA/TPHBIX J:[e(beKTOB
(CKOHbI, PaKOBYMIHBI U T.,Z[.) U TpEIINH B IIOKPBITUN;

. 3aM€Ha OTAC/IbHBIX IIVIUT C ICIIO/Ib3OBAHMEM CTaH-
AapTHBIX NN 6bICTp0TB€p}leIOIJ.II/IX 6EeTOHOB.
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o Timely elimination of local defects (chips, cavities,
etc.) and cracks in the pavement;

»  Replacement of individual slabs using standard or
fast-curing concretes.

With due regard to maintenance and timely minor
local defects elimination, the roads with cement concrete
pavements do not need major repair for the entire service
life (for about 30 years on average).

Summary/ Conclusion

Modern technologies of cement concrete
pavements construction and repair allow the creation
of road infrastructure facilities with high performance,
long service life and low operating costs.

Cement concrete pavements are particularly
advisable for highways with heavy traffic loads, and in
terms of the expected traffic load growth.

German experience demonstrates that this type of
road is in high demand and has undeniable advantages,
provided that the correct technical solutions are applied
and the construction technology is carefully observed.
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(Load-bearing and separating constructions Department at State Budgetary Institution "Center
for Expertise, Research and Testing in Construction” (SBI CERTC), Ph.D., Russia

m METHOD OF IMPROVING SURFACE

- 77 CONDITION OF PREFABRICATED AND
CAST-IN-PLACE REINFORCED CONCRETE
PRODUCTS AND STRUCTURES

HecseTtaino B. M., cotTpyaH1K MOCKOBCKOro rocyfapCTBEHHOrO CTPOUTENBHOIO Haf30pa
(oTREen HecyLwx 1 orpaxadatowmx KoHCTPYKUmin I'BY LISNINC), KaHamaaT TeXHMYeCKnx Hayk, Poccua

CNOCOb YJTIYHULLEHWMA KAYECTBA MNOBEPXHOCT
CBOPHbBIX 1 MOROJTNTHbBIX AKEJTE3OBETOHHbBIX
M3OENNA 1 KOHCTPYKLMA

Abstract

The article describes the causes of defects both on
the surface and inside the reinforced concrete structures
and products. Currently applicable defect identification
methods and equipment for defect measurement are
considered. We offer improving methods and instrumental
base for defects measurement as well as various means of
surface refining of the reinforced concrete structures and
products. The newly offered ready-mix concrete production
technology allows refining the quality of the reinforced
concrete structures surface radically, prolong the life of
the reinforced concrete structures and reduce their cost.

Key words: reinforced concrete products and
structures, defects, control procedures, innovative
technology

Classification and methods
of defect detection

It is widely agreed that, in most cases, defects arise
in the process of manufacture of reinforced concrete
structures and products. It should be noted that currently
there is no established classification of concrete structures
and products defects. However, they can roughly be
classified as surface and interior defects.

Surface defects are shrinkage cracks, foreign
inclusions, crushed edges, incompletely compacted by
compression (by vibration) areas, irregularities, lack of
protective layer all the way down the exposure of steel,
cavities, humidification and filtration of water (in winter
period), efflorescence, oil and rust stains.

Internal defects are gaps resulted by hang-up
of concrete mixture on the reinforcement cage during
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AHHOTaUmA

B paHHOI cTaTbe M3/I0KEHBI IPUYMHBI BO3HUK-
HOBeHIA TedeKTOB KaK Ha IOBEPXHOCTH, TaK ¥ BHYTPU
XKenme300eTOHHBIX KOHCTPYKLIMIL U M3eNuil. ABTOpaMu
paccMOTpeHbl IpMMeHsAeMble B HAacTOAIlee BpeMs Me-
TOJMKY BBIABIEHNS JjeeKTOB U MPUOOPHI /s UX U3-
MepeHus. [laHbI IpefIIo>KeHN A 10 COBEPUIEHCTBOBAHUIO
METOLMK VM MHCTPYMEHTAIbHOI 0a3bl A1 M3MepeHus Jie-
¢dexToB. [IpenmoxeHsl pasnuyHble CHOCOOBI YTy YIIeHN s
MIOBEPXHOCTH >Ke/le300e TOHHBIX M3JeINIT M KOHCTPYKIIMIL,
a TaK)Xe HOBasl TEXHOJIOT S IIPUTOTOB/IEHN ST € TOHHBIX
cMecell, KOTopas NM03Bo/AeT PafUKanbHO YIY4YIINTD Ka-
4eCTBO IIOBEPXHOCT XKeNe300eTOHHBIX M3eNil 1 KOH-
CTPYKI[NIL, IOBBICUTD JOITOBEYHOCTD JKeIe300e TOHHBIX
KOHCTPYKIVII U CHUBUTD UX Ce6eCTOMMOCTb.

Kntouesvie cnosa: rxene3o6emonHble U30eAUS U
KOHCMPYKUUU, OeeKmbl, MEMOOUKU KOHIMPOLS, UHHO-
BAUUOHHASL TMEeXHONOZUS

Knaccudukauma n metogaumkm
BbiABNeHUA fepeKToB

ITo 06wenpuHATHIM NpefiCTaBlIeHNAM, B 60b-
IIVHCTBE Cly4aeB Jie)eKThl BOSHMKAIOT Ha CTAfiUM U3-
TOTOBJIEHM S JKe/1e300€ TOHHBIX KOHCTPYKLMIA U USJETIIL.
Heo6x0oauM0 OTMETUTD, YTO YTBEP>K/EHHON KIIacCu-
duxanuy gedexToB >Keneso6eTOHHBIX KOHCTPYKIMI 1
U3[lenuii He CyIecTByeT. TeM He MeHee HedeKThI XKere-
300€TOHHBIX KOHCTPYKIIVIT ¥ U3ENNI YCTTOBHO MOXXHO
pasfennuThb Ha IOBEPXHOCTHDIE U BHYTPEHHME.

IToBepxHOCTHBIE iepeKThl — ITO yCafOUHbIE TPe-
IIVHBI, MTHOPOIHBIC BK/IIOYEHN A, OKOJIBL pebep, Heflo-
YIIOTHEHHbIe (HeIpOBMOPPOBaHHBIE) YYaCTKY, HEPOB-
HOCTH, OTCYTCTBUE 3aIUTHOIO C/I0S BIUIOTb JJO OTO/IEHUA



its rapid thickening and dense reinforcement, power
cracks formed due to soil subsidence and premature or
inappropriate loading of concrete structures and products,
wrong location of concrete joints and lack of contact
between concrete layers in the joint occuring due to
concreting pauses.

Surface cavities are resulted by air entrapment
in case of the lubricant thick consistency and its
uneven application. Incompletely compacted areas
are formed because of the insufficient plasticity of the
concrete mixture and its quick cementation. Exposure
of reinforcement arises due to improper formwork
installation. Shrinkage cracks occur due to improper heat
and humidity concrete processing. Loose connection of
surfaces in the concrete joints and their wrong location
in relation to the structures axes is a consequence of
irregularities in concrete pouring procedure.

The statistical data of inspected reinforced
concrete structures analyzed by our organization have
demonstrated that cast-in-place reinforced concrete
structures contain about 30% of incompletely compacted
concrete areas, about 20% of cracks of different nature,
and 30% of defective concrete joints, while cracks
and crushed edges are most common defects of the
reinforced concrete products. It should be noted that
the requirements for concrete products and structures in
terms of surface quality vary considerably (see Table 1).

When identifying defects our organization is
guided by the requirements of the following regulatory
documents: SNiP 52-01-2003 “Concrete and reinforced
concrete structures. Principal Rules”, Code of
practice SP 63.13330.2012 “Concrete and reinforced
concrete structures”, SP 70.13330.2012 “Load-bearing
and separating constructions” and GOST 13015-
2012 “Concrete and reinforced concrete products for
construction. General technical requirements” [1-4].
At the same time, we grade the defects identified by
the degree of danger into minor, major and critical,
enabling us to make more objective conclusions on the
compliance of the examined structures and products
with regulatory requirements and project documentation.
In our surveys, we pay attention mostly to the following
defects:

o All kinds of cracks;

o Exposure of reinforcement;

o Gaps and cavities;

+  Foreign inclusions;

o Incorrect location of concrete joints;

« Incompletely compacted areas.

In case of instrumental measurement of defects
we use the instruments, specified in GOST 26433.1-89
“System of ensuring geometrical parameters accuracy
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apMaTypbl, PAaKOBUHBI, YBIaXKHeHNe 1 QYIbTPALVS BIary
(B 3MIMHMII TIEPIO), BBICOJIBI, MAaC/ISTHBIE Y P>KaBble IIATHA.

BuyTpeHHMe fedeKTBl — 9TO IYCTOTHI, 0Opasy-
IOl Mecs M3-3a 3aBYCaHNA OETOHHOI CMecH Ha apMaTyp-
HOM KapKace IIpu ee OBICTPOM 3aTyCTeBaHUM U TYCTOM
apMUPOBAHNNM, CUIOBbIE TPEI[MHBI, 00pasyoluecs
13-3a IPOCaIKM TPYHTA U NPEXTEBPEMEHHOIO UM He-
MPaBUIBHOTO HAaTPY>XeHUA KOHCTPYKLIUII U U3HENnii,
HeIpaBM/IbHOE PACIIONIOXKEHMe IIBOB 6eTOHMPOBAHNUA
M OTCYTCTBME KOHTAKTa MEeXJy C/I0sAMHU GeTOHa B IIBe
IIpY IlepephIBaX B 6€TOHMPOBAHNIL.

PakoBMHBI Ha IIOBEPXHOCTY 00pasyroTCs U3-3a
3aIeM/IeHIsI BO3AYXa [IPU TYCTOM KOHCUCTEHIMY CMas3-
KU 11 ee HepaBHOMepHOM HaHeceHMu. HefloyIIoTHeHHbIe
y4acTKM 0OpasyIoTcs 13-3a HEJOCTATOYHON IIOJBIK-
HOCTHM OeTOHHOI CMecH ¥ ee OBICTPOro CXBATBIBAHN.
OrorneHue apMaTypsl 06pasyeTcs 13-3a HelIPABUIbHO
YCTaHOBKM OIIaTyOKM. YcafjouHble TPeLINHbI 00pa3yioT-
Cs1 ¥3-3a HeIIPaBMJIbHOJ TEIJIOBIa>KHOCTHON 00paboT-
Ky 6eToHa. OTCYTCTBME KOHTAKTA IOBEPXHOCTE B IIIBE
6eTOHMPOBAHNSA U UX HENPABUIBHOE PACIIONOXKEHNE OT-
HOCUTE/IBHO OCeil KOHCTPYKIIUM SAB/IACTCS CIefiCTBUEM
HapyIUeHNs TEXHONOTUM 6eTOHYPOBAHN.

AHanu3 CTATUCTUYECKMX JAHHBIX II0 MPOBENEH-
HBIM Hallleil OpraHm3anueil 00C/IeToBaHNsIM XKeme3006e-
TOHHBIX KOHCTPYKLIMIT IIOKa3aJl, YT0 B MOHO/IMTHBIX JKe-
71e300€ TOHHBIX KOHCTPYKLMAX OKOTO 30% COCTaBIAIOT
HeJIOyIUIOTHEHHBIE YYaCTKH 6eTOHa, 0komo 20% — Tperu-
HBI Pa3/IMYHOro xapakrepa u 30% cocTaBinsaoT gedeKThl
IIBOB OETOHMPOBAHMS, A B XKeNe300e TOHHBIX MBMIEUAX
HaybosIee 4YacTO BCTPEYAIOTCS TPELMHBI U OKOJIBI pebep.
Heo6xonumo 0TMeTUTb, YTO TPeOOBAHMS K U3HETUAM 1
KOHCTPYKIMSIM C TOYKM 3PEHMsI KaueCTBa IOBEPXHOCTI
[OCTATOYHO CU/IBHO Pas3nmnvarTcs (CM. Taom. 1).

Haura opraHusauys Ipu BbIABIEHUN [Ae(eKTOB
OpVEHTUPYeTCs Ha TPeOOBaHMsI CTIENYIOLINX HOPMATUB-
HbIX fokymeHToB: CHull 52-01-2003 «BeTronHbIE M XKe-
ne306eTOHHbIe KOHCTPYKIMM. OCHOBHbIE HOOKEHUD»,
ceoppl npasun CII 63.13330.2012 «beToHHbIE 1 Xere-
306eToHHBIe KOHCTpYKumum» 1 CIT 70.13330.2012 «He-
Cymiye ¥ Orpakfaloliyie KOHCTPYyKInm», a Takxke [OCT
13015-2012 «Visgenusa OeTOHHBIE U Kene300eTOHHbIE
Is1 cTpoutenbeTa. ObIIe TeXHIYeCKIe TpeOOBaHM»
[1-4]. ITpu sTOM MBI pa3fensieM BblIABICHHbIE eeKThI
IO CTeIIeHV ONAcHOCTM Ha MaJIO3HAa4MTeNbHbIE, 3HAUM-
TeIbHbIE ¥ KpUTHYeCcKye. DTO MO3BOJET JielaTh 6onee
06'beKTUBHbIE BBIBOJIBI O COOTBETCTBUM OOCIEOBaHHDBIX
KOHCTPYKIMII U M3[ennit Tpe6OBaHMsIM IPOEKTHOI 1
HOPMAaTMBHOI KoKyMeHTanuu. [Ipn mpoBefeHnn 06-
C/lefoBaHMIT MBI oOpaliaeM BHUMaHMe B OCHOBHOM Ha
crepyoniye neeKThl:

e  TpEIVHBI BCEX BUTIOB;
e  OrOJIEHME apMaTyPhl;
e IIYCTOTHI ¥ PaKOBMHBI;

] IIOCTOPOHHNE BKIIOYEHNI A,
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Table 1. Surface quality requirements for concrete products and structures

Tabnuua 1. TpeboBaHuA K Ka4eCTBY MOBEPXHOCTU KeNe306€TOHHbIX N3ZENNNIA N KOHCTPYKLUAI

Characteristics // Noka3atenu 13015-2012)

Concrete surface category // Kateropus

6ETOHHOW MOBEPXHOCTU
NOBEPXHOCTN)

Oil and rust stains // Krposble 1 pkaBble not allowed //
nATHa He fonycKatoTcA

Diameter of cavities, mm // OnameTtp

0-20
PaKOBWH, MM
Height of local fin, mm // Beicota mecTHoOro 0-5
HansbiBa, MM
Depth of crushed edge, mm // ny6uHa 590
OKOJa Ha pebpe, Mm
Cracks, not more than, mm // TpewmHbl, He 01-0.2

bonee, MM

Exposed reinforcement // Oronexue
apmaTtypbl

Incompletely compacted areas //
HepoynnoTHeHHble yyacTKm

Strength of concrete surface contact
in construction joint // Mpo4HOCTb
KOHTaKTa NOBEPXHOCTEN 6eToHa B WBe
OEeTOHUPOBaHWSA

Construction joint location //
PacnonoxeHune paboyero wea
OETOHUPOBaHWSA

in construction. Rules of measurement. Prefabricated
elements”, and other instruments and equipment, such as:

o Brinell microscope with a scale interval of 0.02
mm to measure the crack opening displacement;

o Pulsar 2.2 device to measure the depth of cracks;

o ruler to measure the size of cavities (diameter)
and caliper (depth);

o ruler to measure incompletely compacted areas,
foreign inclusions and exposed reinforcement;

« angle to measure the depth near the edges.

Upon cracks detection we measure the
displacement of their opening. Upon detection of the
exposed reinforcement, cavities and gaps, incompletely
compacted areas and foreign inclusions we determine
their size. As for concrete joints, we fix their position
in relation to the structure axes and contact absence
between the concrete surfaces in the joint. Recently
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Al (glossy) to A7 (hidden surfaces) //
ot Al (rnaHueBan) 0o A7 (CKpbiBaeMble

not allowed // He gonyckaetca

not regulated // He pernameHTnpyeTCA

not regulated // He pernameHTnpyeTCA

not regulated // He pernameHTnpyeTCA

Products (GOST 13015-2012) // 3pgenuns (TOCT  Constructions (SP 70.13330.2012) //

KoHcTpykumm (CM1 70.13330.2012)

A3 (for improved paintwork) to A7 (hidden
surfaces) // ot A3 (nog ynyuLeHHYo OKpacKy)
[0 A7 (CKpblBaemble MOBEPXHOCTH)

not allowed (except for A7) //
He gonyckatotca (kpome A7)

4-20

10-20

5-20

01-04

not allowed // He gonyckatotca

must be provided // nonxHa 6biTb
obecneveHa

joint surface must be perpendicular to the
axis of the columns and beams, surface of
walls and slabs // noBepxHOCTb WBa AONXHa
ObITb NepneHaVKyNApHa OCK KOMOHH 1 BanokK,
MOBEPXHOCTM MAUT U CTEH

e HeNpaBM/IbHOE PACIIONIOKEHNe HIBOB 6eTOHMPO-
BaHIS,

. HEQOYIIZIOTHEHHDbIE YIaCTKUL.

IIpy MHCTPYMEHTATPHOM M3MEPEHNY 1e(PEeKTOB
HaMM MCIIONb3YIOTCA Npubopsl, ykasaHHsle B TOCT
26433.1-89 «Cucrema obecriedeHysA TOYHOCTU IeOMe-
TPUYECKUX ITapaMeTpPOB B CTpouTenbcTBe. IIpaBmima
BBIIIOTHEHM A M3MepeHMI. DIeMeHTHl 3aBOICKOTO 13-
TOTOBJIEHMSI» I HEKOTOpbIe fpyrue mpubops u 060-
pyRoBaHue:

e I U3MEPEHMA IIMPUHBI PACKPBITUA TPELVH
JCIIO/Ib3yeTCsA MUKPOCKON bpuHennsa ¢ neHoi
nenenus 0,02 mm;

o ISl M3MEPEHNSI ITyOMHBI TPEeLVH UCIIO/Ib3YeTCsI
npubop Iynscap 2.2;

o UIs U3MEepEHMs pa3sMepOB PAKOBUH UCIIONb3YeTCs
NMHeJKa (ZMaMeTp) ¥ LITAHTeHIMPKY/Ib (I1yOuHa);



we have started using ultrasonic devices in addition to
other means of instrumental defect measurement, which
gives us a more objective pattern. Thus, measuring the
crack opening displacement, for example, enables us
to find out whether it is of structural nature affecting
load-bearing capacity, or non-structural nature (shrink
effect). Ultrasonic method can also detect the presence
or absence of contact between the concrete layers
in the concrete joint and the edges of incompletely
compacted areas of concrete. In addition, we started
to use MIRA ultrasound scanner to detect the internal
defects (cavities of various kinds, misplacement of
reinforcement, etc.).

Causes of defects in structures
and products

Modern technology of cast-in-place construction
involves the use of concrete mixtures with a cone slump
of 16-24 cm. These mixtures contain much entrapped
air that contacts with formwork and remains on it after
concrete setting and removal of the formwork, and leaves
various cavities of different size on the concrete surface.
The grease on the surface of formwork also facilitates
adhesion of air bubbles. Moreover, such mixtures have
a propensity for segregation and water separation and
therefore they lead to uneven distribution of density and
low durability of cast-in-place structures.

Reinforced concrete products manufacturing
procedure differs from the structures erection
technology. In addition to the above, higher surface
quality demands are traditionally set for reinforced
concrete products (see Table). There are several causes
for deterioration of concrete products’ surface quality,
the most important of which are uneven application
of grease on the surface of the formwork, insufficient
compaction of concrete mixture and its wrong recipe.
The principal difference of reinforced concrete products
manufacturing technology is the use of much less plastic
concrete mixtures - instead of the mixture with cone
slump of 20-24 cm, a mixture with a slump of 4-8 cm
is used. Such mixtures contain much less entrained air
and enable to obtain high surface category, up to Al
during horizontal casting. However, during cassette-type
production process (vertical molding) air entrapment on
the mold surface takes place at any consistency of grease,
so cavities formation is unavoidable. In addition, in case
of intensive vibration, which is typical for reinforced
concrete products manufacturing technology, there is
an additional air entrainment in the concrete mixture,
which also leads to the cavities occurrence.

It is widely believed that concrete mixtures of
high quality must contain a total of 500-600 kg (per
cubic meter) of finely divided components in the form
of cement and inert microfiller. However, in Russia
finely divided components in the concrete mixture are
represented by cement only and comprise 300-400 kg.
This causes the appearance of defects on the surface and
inside of reinforced concrete products and structures.
The use of self-compacting concrete mixtures is a common
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e 11 U3MEPEHUA PasMepPOB HEJOYIIOTHEHHBIX
Y4aCTKOB, IOCTOPOHHMX BK/IIOYEHMII U OTONIEHN A
apMaTypbl UCIIONb3yeTCA PYIETKa;

e Q1A M3MepeHMs IITyOMHBI OKOMO pebep MCIONb-
3yeTcs YTONbHUK.

ITpu o6HApPYKeHNU TPEIINH IPOBOASITCS U3Mepe-
HIA IV PUHBI X pacKpbITu. IIpy o6HapykeHNU Oronén-
HOJI apMaTypsl, PaKOBMH U IIYCTOT, HEJOYII/IOTHEHHBIX
Y4YacTKOB M IIOCTOPOHHMX BKJIIOYEHMIT OMpPee/sII0TCs
ux pasMepsl. JIns urBoB 6eTOHMpPOBaHUSA QUKCUPYET-
Cs1 ¥IX TIOJIOXKEHVE OTHOCUTEIbHO OCeil KOHCTPYKIIVY U
OTCYTCTBME KOHTaKTa 6€TOHHBIX IIOBEPXHOCTEI! B IIBe.
B mocnepgHee BpeMs IpU MHCTPYMEHTAIbHOM U3Mepe-
Huu fedeKToB HaMU HOIOMHUTETBHO UCIONb3YIOTCS
YIbTPa3ByKOBBIe IIPUOOPHI, KOTOPbIE MMO3BOIAIOT IONTY-
4UTh 60/Iee 06BEKTUBHYIO KapTUHY. VIsMepeHue rnyou-
HBI TPEI[VHBI, HAIIpUMep, TO3BOJIAET OTHECTH ee K KOH-
CTPYKI[MOHHOJ, BAUAIOLIEN Ha HECYILYIO CIIOCOOHOCTD
KOHCTPYKIMM 60 K HeKOHCTPYKI[MOHHOI! (YCafouHOIL).
YIbTpasByKOBOI METOJ, IIO3BOMAET TaKXKe OIpeNeNiATh
HaJIM4due YN OTCYTCTBYUE KOHTaKTa C/IoeB 6eTOHa B pa-
6oueM HIBe 6ETOHMPOBAHMS M TPAHUIBI HE[OYILIOT-
HEeHHBIX y4acTKoB 6eToHa. Kpome Toro, 111 BBIABICHUA
BHYTPEeHHUX JleheKTOB (II0TIOCTY PasIMYHOTO XapaKTepa,
HeIpaBUJIbHOE PACIIONOXEHe apMaTyPHl U IIpoUee) MBI
Hadya/Iu IPYMEHSATD YIbTPasByKoBoil ToMorpag «MVIPA».

nplll‘ll/lel BO3HUKHOBEHMNA Aed)EKTOB
B KOHCTPYKUMNAX N n3gennax

CoBpeMeHHasA TEXHONOTMA BO3BEfIEHN MOHOJIUT-
HBIX KOHCTPYKIUIT ITpefIIoIaraeT IpYMeHeH e 6eTOHHBIX
cMecelil ¢ ocafikolt KoHyca 16-24 cm. Takue cMecu cofepKat
MHOTO BOBJIEYEHHOTO BO3/lyXa, KOTOPBIiI IIPY KOHTAKTE C
omayOKoIt OCTaeTCcs Ha Hell M TOCIIe 3aTBepieBaHNs 6eTo-
Ha J CHATUA ONATyOKM OCTAB/IAET Ha TTIOBEPXHOCTY 6eTOHA
PaKOBMHBI pasnMyHOro pasmepa. Ilpunnnannio BosgyI-
HBIX IIy3bIPHKOB CIIOCOOCTBYET TAaK)XKe TyCTas cMasKa Ha
TIOBepXHOCTH onany6xu. Kpome Toro, Takme cMecu CKIOH-
HBI K PaCCTIOEHNIO ¥ BOTOOT/ENEHNIO U 110 3TOV IIPUYMHE
IPUBOAAT K HEPABHOMEPHOMY PACIIPeJie/IEHNIO T/IOTHO-
CTV ¥ HU3KOJ JO/ITOBEYHOCTY MOHONIMTHBIX KOHCTPYKLIMIL.

TexHOMOTYSA M3TOTOBIEHNA KeNe300eTOHHBIX W3-
JeNnii MMeeT HEKOTOpble OTIMYMA OT TEXHONIOTUM BO3-
BefleHVs1 KOHCTPYKLuit. IIpy 9ToM K Xee306e TOHHbIM
U3JeNUAM TPafULMIOHHO IPefbABAITCA O0jee BBICO-
K1ie TpeOOBaHMs K KaueCTBY IOBEPXHOCTU (CM. TabIL.).
CyuiecTByeT HECKONIPKO IPMYMH YXY/[UIEHNA KauecTBa
HOBEPXHOCTH )KeIe300€ TOHHBIX M3[Ie/INIT, OCHOBHBIMIU 113
KOTOPBIX MOXXHO IPM3HAaTh HEPAaBHOMEPHOE HaHEeCEeHNe
CMasKJ Ha IOBEPXHOCTb (POpMBI, HeTOCTATOYHO 3Pdex-
TMBHOE YII/IOTHeHNe OETOHHOI CMeCH U ee HellpaBU/IbHAs
petiennTypa. OCHOBHBIM OT/INYMEM TE€XHOIOIUM U3TOTOB-
JIEHISI JKee300e TOHHBIX U3JEIINIT SIB/ISETCsI IPYMEHEHIe
ropasno MeHee IVIACTUYHBIX OE TOHHBIX CMeceil — BMeCTO
CMECH C 0CaJIKoI KOHYca 20-24 cM IIpUMEHAETCs CMECh C
ocafikol1 KoHyca 4-8 cM. Takue cMecu cofiepKar ropasao
MeHbIIle BOB/IEYEHHOTO BO3JlyXa U IPY TOPU30OHTAIbHOM
¢$hopMoOBaHMY [TO3BOJIAIOT IONYYaTh IOBEPXHOCTH JOCTA-
TOYHO BBICOKOJ KaTeropuu, BIIoTh fo Al. OgHako mpu
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solution to improve surface quality of concrete products
and structures.

Proposals for improving
control procedures

The work on defect detection in our organization
has been established and is carried out on a scheduled
basis. However, we must keep on improving both
the procedures and control tools. Having analyzed
the existing and applicable defects identification and
measuring procedures, we would like to offer the
following:

1. Further updating of the list of defects to be
detected during the products and structures
inspection and their more detailed classification
in terms of danger. In particular, it would be
advisable to introduce an additional defect
gradation in terms of repairability, namely to
introduce such defect categories as repairable or
non-repairable defects.

2. Brinell microscope which is inconvenient
in construction conditions for instrumental
measurement of crack opening displacement
should be replaced with a set of needle-type
probes ensuring measurement accuracy at the
level of 0.02 mm (like a microscope).

3. Establish determination of the cracks depth, since
it would enable to classify the detected cracks
either as unrestrained shrinkage for cracks with
depth of up to 5% of the construction thickness,
or as stress cracking for cracks with depth of
more than 5%.

4. In the presence of cavities, the surface quality of
the reinforced concrete products and structures
should be made by categories (A1-F7) only. The
surface quality evaluating methods which are
based on the differential porosity indicators
(average pore size and their size variation
coefficient) with its reference to GOST 13015 [5]
are also worth considering.

5. Itis mandatory to control slump flow and water
separation in concrete mixtures during concrete
pouring process.

Proposals for defects reduction

The analysis of all abovementioned proves that
the problem of surface quality improving of concrete
products and structures can be solved in different ways.
According to the author, these methods can be arranged
by a degree of availability and cost, in the following order:

1. To apply lubricant on the forms and formwork
by means of mechanical methods only.
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KacceTHOM cIocobe IIpOM3BOACTBa (BepTyKanbHoe (Gop-
MOBaH€) TIpY JF000i1 KOHCUCTEHIIUM CMa3KJ IIPOUCXOIUT
3allieM/ieHe BO3/{yXa Ha IIOBEPXHOCTI (OPMBI U HEM30eX-
Hoe o6pa3oBaHme pakoByuH. Kpome Toro, pu MHTEHCHB-
HOM BUOPOBO3JEICTBIUM, XapaKTEPHOM JIJIs1 TEXHOIOT U
USTOTOBJIEHNS YKe/Ie300eTOHHBIX M3JeIINil, TPOUCXOSUT
IOIIOTHITENBHOE BO3[YXOBOB/IEUEH e B OETOHHYIO CMECh,
YTO TaKXKe IPUBOJUT K 0OPa30OBAHNUIO PAKOBUH.

Heob6xonuMo OTMETUTb — BO BCEM MUpe CUUTa-
€TCsl, YTO KaueCTBEeHHbIe OETOHHbIE CMeCH JO/DKHBI CYyM-
MapHO cogepxarb 500-600 kr (Ha Ky6oMeTp) MelIKOau-
CIIEPCHBIX KOMIIOHEHTOB B BlJie IIleMEeHTa U MHEPTHOTO
MuKpoHamnonHutens. OgHako B Poccun MenkopucnepcHblie
KOMITOHEHTHI B 6eTOHHOI cMecu cocTaBaaT 300-400 kr
¥ IIPeICTAB/IEHBI TOJIKO IIeMEHTOM. DTO 11 06yCIaBInBa-
eT IOsAB/IeHNe Ie(eKTOB Ha TIOBEPXHOCTY Y BHYTPHU XKeTle-
300€TOHHBIX M3TeNMNII ¥ KOHCTPYKuMit. OO11enpuHATHIM
peltieHneM pOOIeMbl TOBBILIEHNSI Ka4eCTBa [TOBEPXHO-
CTU >Kee306€ TOHHBIX U3MEINI U KOHCTPYKIMIL CYUTAET-
Csl IpMMeHeHJe CaMOYIIIOTHAIOIMXCS OETOHHBIX CMeceit.

I'Ipennox(eﬂvm no coBepLuIeHCTBOBaHNIO
MeToANK KOHTponA

Pa6ora 1o BbLABIEHNIO fe(PeKTOB B HaIlleil Opra-
HM3ALMM HAJIaXKEeHA U IIPOBOJUTCS B IVIAHOBOM IOPSIAKE.
OpnHako HEOOXORMMO MPORO/KATh COBEPIICHCTBOBATD
KaK MeTOAMKM, TaK ¥ MHCTPYMEHTHI KOHTposs. [loce
aHa/IM3a CYIECTBYIOIUX 1 IPUMEHSIEMbIX HAMU MEeTO-
[VK BBISIBIIEHVS U M3MepeHMs AeeKTOB XOTeI0Ch Obl
IPeAIoKUTD ClIefyoliee:

1. TIpomomXuTb yTOYHeHMe HepedHs ieeKTOB, KOTO-
pble TIOJI/IeXKaT BBLABICHUIO IIpY 00C/IeiOBAHNY U3-
eI Y KOHCTPYKLIMIL M MX O0Iee ieTaIbHYIo IpU-
BA3KY K KITacCu(UKaTOPy onacHocTH fedekTos. B
JaCTHOCTY, MOKHO OBLIIO OBI BBECTH JOIIOTTHUTENb-
HYIO rpafanuio AeeKToB [0 IPU3HAKY PEMOHTO-
IPUTOHOCTY, @ UMEHHO BBECTH TaKue KaTeropumn
IedeKTOB, KaK YCTPaHUMBII VIV HEYCTPaHVMBIIL.

2. Ilpm MHCTpYMEHTA/JIbHOM ONpPENENEeHUN IUPH-
HBI PaCKPBITUA TPEIIVH 3aMeHUTD HEYOOHBII B
CTPOUTENbHBIX YCIOBUAX MUKPOCKOI Bpunennsa
Ha Habop IIyIIOB UTO/MBYATOTO THUIIA IPK obecIe-
YEeHUM TOYHOCTY M3MEPEHNII C ero MOMOIIbIO Ha
yposHe 0,02 MM (KaK y MUKPOCKOIIa).

3. Y3akoHuUTH ompepeneHye ryOMHbI TpeIMH, HO-
CKOJIbKY 3TO IO3BOJIAET OTHECTU BBIABJIAEMBIE
TPEIVHBI K YCaJOYHBIM, [TTYOUHOI 10 5% TOMIU-
HBI KOHCTPYKIMY VI K CUJTIOBBIM — IJIyOMHOI
60ree 5% TOMIMHBI KOHCTPYKLIWMA.

4. TIlpu HanUYUM paKkoOBUH OLIEHKY KadecTBa IIO-
BEPXHOCTM Xe/le300eTOHHBIX M3eIUil U KOH-
CTPYKLMIT TPOU3BOAMUTD TONBKO IO KaTETOPYAM
(A1-D7). 3acmy>k1UBaeT TaK)Ke pacCMOTpeHNA
MeTO[MKa OIleHK! KadecTBa IIOBEPXHOCTH, B
OCHOBY KOTOPOJT TONO>KEHBI TOKasaTenu aud-
bepeH1MATbHON TOPUCTOCTH (CPETHMIT paszMep



2. To use a filler with maximum aggregate size of
10 mm for concrete mixtures preparation.

3. To use cements containing more than 50% of
mineral additives. At the same time, the content
of cement in the concrete mixture should be
increased by 30-40%. The use of blast furnace
cement (containing 80% of ground slag) may be
most effective in this regard.

4. To recover concrete mixtures consistency prior
to their pouring only by means of additional
introduction of small amount of plasticizer.

5. It is mandatory to add fine ground component
(mineral supplement) when preparing concrete
mixtures. Reference: In many countries adding
fine ground component into the concrete mixture
is legislated.

6. Use innovative (two-stage) concrete mixing
technology [6].

The first stage is mixing cement, plasticizer
and mineral additive, and the second is preparation of
concrete mixture by traditional technology using existing
concrete mixing equipment. In concrete mixtures prepared
according to the proposed technology, there is practically
no water separation and segregation, although at the same
time they have a very plastic consistency (slump flow of
more than 500 mm). Using the proposed technology results
in very high surface quality. Both mixer for dry mixtures
production and ball mill can be used during the first
stage of the technology proposed. When using ball mill
mechanical and chemical activation of the cement takes
place, and therefore it is possible to reduce its consumption.
A two-stage procedure is particularly advantageous in the
manufacture of modern concrete mixtures containing
various components (cement, microfiller, plasticizer,
hardening accelerator or retarder, antifreeze additive
stabilizer in underwater concreting, etc.).

Conclusions

1. It should be admitted that the currently used
technology of concrete mixtures production and
pouring does not guarantee high quality of the
surfaces of concrete products and structures.
High-quality surfaces of concrete products are
only possible with horizontal molding of products
(face down). For cast-in-place structures the
A3 surface quality category maximum may be
obtained.

2. A substantial increase in surface quality of
reinforced concrete products and cast-in-place
structures is possible only in case of mandatory
addition of fine ground component into concrete
mixtures.

3. Drastic improvement of surface quality of products
and structures can be achieved by switching to
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nop u K03 PuuMeHT Bapuay ux pasMepoB) ¢
ee npussskoit kK TOCT 13015 [5].

5. Ilpmyknanke 6eTOHHBIX cMeceil B 0043aTe/IbHOM
HOPsiiKe KOHTPOIMPOBATH PACIUIBIB KOHYCA U BO-
HnooTHeneHne OETOHHBIX CMeCeit.

MpepnoxxeHnA No CHMKeHNIO fePeKTHOCTU

AHanus BBILIEN3IOKEHHOTO IIOKA3bIBAET, YTO
mpo6eMa HMOBBILIEHNSI KaueCTBa IIOBEPXHOCTH Kejle-
300eTOHHBIX U3JIe/INIT ¥ KOHCTPYKIUI MOXKET pellIaThCs
pasHbIMU cnocobamu. [To MHeHMIO aBTOpa, II0 CTENIeHN
TOCTYIIHOCTU U CTOMMOCTM 9TU CHOCOOBI MOXKHO pac-
MIOJIOKUTD B CNIElYIOIIEM ITOPAJKE:

1. Hanecenne cMa3ky Ha GOPMBI ¥ OITATYOKY TOMb-
KO MeXaHM3MPOBAHHBIM CIIOCOO0OM.

2. Ilpy mpurotosneHny GETOHHBIX CMecell MCIIOIb30-
BaTb 3aII0/IHUTE/Ib MAKCUMAJIbHOM KpynHocTy 10 MM.

3. Vcnonb3oBaTh LEMEHTHI, cOfiep>Kalljieé B CBOEM
cocraBe 6onee 50% MuHepanbHBIX f06aBOK. Co-
Iep>KaHMe [[eMeHTa B 06 TOHHOI CMeCH TP 3TOM
TOMKHO OBITh MOBHINIEHO Ha 30-40%. Hanbomnee
3¢ PeKTUBHBIM B 3TOM II/TaHE MOXET OBITH MC-
[10/Ib30BaHMe IJIAKOIOPTIaH/leMeHTa (cofep-
KUT 10 80% MOJIOTOrO 11JIaKa).

4. TIpou3BOZMUTH BOCCTAHOB/IEHME KOHCUCTEHINM be-
TOHHBIX CMeceli Iepef UX YKIaJKOi B KOHCTPYK-
LMY TOJIBKO IIpY IIOMOIIY JOTIO/IHUTE/IbHOIO BBE-
[eHUs HeOOIBIIOro KOMuecTBa IIacTuduKaTopa.

5. Ilpu msrotoBreHuy GETOHHBIX cMecelt B 00s13a-
TEIPHOM IOPsI/fKE BBOANTH TOHKOMOJIOTBI KOM-
IOHEeHT (MUHepanbHYIO [0ob6aBKY). CripaBKa: BO
MHOTMX CTpaHax BBOJ, B G€TOHHBIE CMeCH TOH-
KOMOJIOTBIX KOMIIOHEHTOB 3aKpeIlIeH Ha 3aKO-
HOJaTeIbHOM YPOBHE.

6. IlprMeHATh MHHOBALMOHHYIO (IBYXCTafUIHYIO)
TEXHOJIOTUIO IPUTOTOB/IEHsI OETOHHBIX cMecei [6].

ITepBas cTapnua — cMellMBaHUe IJeMEHTa, MMHe-
PpanbHOI Z06aBKM U IIaCTU(UKATOPA, @ BTOPasi — IPUTO-
TOB/IeHIe OETOHHOI CMeCH II0 TPASUIIMOHHOI TEXHOTIOTUN
C MCIIO/Ib30BaHIEM CYllecTByomIero o6opynosanus BCY.
B 66TOHHI)IX cMecAax, HpI/II‘OTOB)'[eHHbIX I10 npennaraeMoﬁ[
TEXHOJIOTUY, IPAaKTUYeCKV OTCYTCTBYeT BOJOOTHAENIEHUE 1
paccnoe}me, XOTA OHN HpI/I 9TOM MMEKT OYE€HD IIJIaCTUY-
HYI0 KOHCUCTeHIVIO (pacIIbiB KoHyca 6oee 500 Mm). Ka-
YeCTBO HOBerHOCTI/I Hp]/[ HMCIIO/ZIb30OBaHUUN Hpe,unaraeMoﬁl
TEXHOJIOT MM MO/TyYaeTcsl O4eHb BHICOKMM. B mpeptaraemort
TEXHOJ/IOTUN HA HepBOI?[ CTagun MOXET 6bITb JICITIO/Ib30BaH
KaK CMeCHUTe/b /1 M3TOTOBJICHU A CYXI/IX CMeCCﬁI, TaK N
IIapoBas MeJIbHNIA. B ciry4yae ncronb3oBaHms MapoBoit
MeTIbHUIIbI TPOUCXOANUT MEXaHOXMMIYeCKast aKTUBALUA
IOEMEHTA I COOTBETCTBEHHO IIOABIACTCA BO3MOXXHOCTD
COKpaIlleHN A €ro pacxofa. JIByXcTafuitHasA TeXHONMOTUA
OCO6€HHO BbITOJIHA HpI/I MN3TOTOBJICHUUN COBpeMeHHI)IX
OeTOHHBIX CMeceil, CofepXKalux 6OMbIIoe KOMNIECTBO
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a two-stage technology. When this happens,
separate production of microfillers will become
unnecessary.

KOMIIOHEHTOB (L{eMEHT, MUKPOHAIIOHNTEND, IIacTUN-
KaTop, 3aMeJJINTeNb VTN YCKOPUTEIb TBEPHEHMsI, IPO-
TUBOMOPO3Hasi f00aBKa, CTabMIN3aTOP P IOLBOSHOM
0eTOHMPOBAaHNU U T.IL.).
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BoiBOADI

1. CrepmyeT mpusHaTh, 4TO IpMMeHAEMbIe B Ha-
cTosAlllee BpeMsA TeXHONOTUM U3TOTOBIEHNA U
YKJIagKu 6€TOHHBIX CMecell He TApaHTUPYIOT
IIOJTy4eH)e BBICOKOTO KauyecTBa MOBEPXHO-
CTeil Xenme300eTOHHBIX U3MIeNIT ¥ KOHCTPYK-
uuit. [TorydyeHne BHICOKOTO KauecTBa IIOBEpX-
HOCTeJ1 Xe/e300e TOHHBIX M3/IeNIT BO3MOXKHO
TOJIBKO IIPU TOPM3OHTAIBHOM (GOPMOBaHUY
usgenuil (muuoM BHU3). 14 MOHOMUTHBIX
KOHCTPYKIIMII BO3MOXHO IONydeHMe KaTe-
ropuy MOBEPXHOCTH He BbIle A3.

2. CyecTBeHHOe MOBbIIIEH)E Ka4eCTBa I0-
BEPXHOCTH Xe/le300e TOHHBIX U3/ 1 MO-
HOJIMTHBIX KOHCTPYKIIMUIT BOSMOXKHO TOIBKO
npy 06s513aTeIbHOM BBeleHUM B GeTOHHbIE
CMeC) TOHKOMOJIOTOTO KOMIIOHEHTA.

3. PapuxanpHOe ynydllleHMe Ka4eCcTBa IOBEpX-
HOCTY M3JIE/INIA I KOHCTPYKIMIT MOXKET 6BITD
TOCTUTHYTO ITpYU Mlepexofie Ha ABYXCTaUIHYIO
TexHonoruio. I1pu aToM oTAenbHOE TPON3BOJ-
CTBO MUKPOHAIIOJTHUTENEl CTAHET HEHY>KHBIM.
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GIORNATE ITALIANE

DEL CALCESTRUZZO — ITALIAN
CONCRETE DAYS, NOVEMBER 10-12, 2016

HHWV BETOHA B UTAJTNN.
[TbAYEHLIA, 1012 HOABPH 2016 T.

Great success for the first edition
of GIC-Italian Concrete Days

The first edition of GIC-Italian Concrete Days
closed on Saturday November 12th. GIC, on its debut
in the Italian trade-fair market, achieved results
that far surpassed the best expectations, arousing
interest, appreciation and great satisfaction among
the over 120 exhibitors and around 3,000 visitors. The
official and certified figures will be available soon
on www.gic-expo.it website with an indication of the
geographical region of origin. Certification was purposely
required by the show organizer as a matter of transparency
and respect towards the exhibitors, who supported this
first edition of GIC that proved to be a worthy initiative
responding to a real market need.

The industry operators were positively impressed
by the novelty of a vertical exhibition only dedicated to
the concrete industry and by the high specialization of
the qualified visitors. The wide series of topics covered
by the conferences organized during the entire duration
of the show aroused great interest, too. In fact, GIC
participants, in addition to having a full overview of the
product offer on the various stands, had the opportunity

Bonbwow ycnex nepson Toproso-npombiil-
NeHHoN BbICTaBKM-ApMapkKu «Hun 6eToHa B UTannn»

B Hos6pe 2016 1. B I. IIbsYeHI]a cOCTOAIACD
mepBas BbIcTaBKa «[IHu 6erona B VMranum». [JebioT
MepONpUATHA B CETMEHTE BbICTABOK-ApMapoK Vranun
HaMHOTO IIPEB3OILIEeN CaMble CMe/ble OXXVUTAHWUA U BbI-
3bIBaJI ITyOOKUIT MHTEpeC M Y0B/IeTBOpeHMe cpenu 120
y4acTHMKOB 1 6osee yeM 3000 moceTuTeseil BBICTaBKIUL.
OdunnanpHas nubopMaLus IO COCTOSIBIIEMYCS Me-
pONPUATUIO JOCTYIIHA Ha CaiiTe BBICTABKM IIO afipecy
www.gic-expo.it. Opranusarop «JIHeit 6etona B Jra-
UM» 0060 OTMETHIT BaXXHOCTb OTKPBITOTO popmara
BBICTaBKM ¥ B3aIMHOT'O YBa>KeHM:A BCEX YYACTHUKOB,
[O9TOMY [{O Hadaja MeponpusTus 6b10 HeoOXOoxM-
MO HNPOWTHU MPOLEAYpPY perucrpauun. BricTaBka mo-
JTy4M/Ia BBICOKYIO OL[€HKY IIOCETHUTENEN U IOTHOCTHIO
COOTBETCTBOBA/IA AKTYa/IbHBIM IOTPEOHOCTSM PbIHKA.

bonpmoe BnevaTneHue Ha ILieIeBYI0 ayfUTO-
pUI0 — KOMIaHuM, paboTamiiyue B CTPOUTETbHOI
chepe — mpoU3BeNn HOBBIN, ClleLMaNN3MPOBAHHBIN
Ioaxon K oprammaumm BBICTAaBKW, IIOJIHOCTHIO ITIOCBA-
I[eHHOII 6ETOHHOII OTPAC/IN. BBICOKO OLeHM/IN y4acT-
HUKU ¥ Ipo¢ecCHOHaNTbHBI YPOBEHbD CIIEINANTICTOB,
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to attend workshops and conferences focusing on
specialized and innovative themes: the latest news in
the additives industry, concrete pavements and flooring
for logistics, ports and airports, controlled demolition
and consolidation technology of reinforced concrete
structures in seismic areas.

Last but not least, some exhibitors said they
closed important deals during the exhibition, even on
the first day of GIC! On www.gic-expo.it there are some
downloadable interviews with a few exhibitors, with their
direct impressions and comments about the event.

More than 30 industry associations and
institutions have contributed to the success of GIC 2016
with their support to the event, including the one of the
Italian Ministry of Infrastructure and Transport: a strong
and important signal, which proves the interest from
the political and institutional world to an event that can
really give a new push to innovation and growth of the
construction industry.

NPUHABIINX ydacTue B Meponpustuu. Kpome rtoro,
aKTyaJbHBIM OKa3aJICs U WIMPOKMIL CIIEKTD TeM, Ipel-
CTaBJIEHHBIX B XOfle KOHepeHIMiT BO BpeMs paboThl
BBICTABKIM. YYaCTHUKM Meponpusarus «JJuu 6eroHa
B VMranum» QakTUIeCKM IOTYININ BO3MOKHOCTD
He TOJIbKO HeIOCPeCTBEHHO 03HaKOMUTHCS C IIPO-
BYKLMell, IpefCTaBlIeHHOI Ha MHOTOYNC/IEHHBIX CTEH-
[axX, HO ¥ HPUHATH yd4acTHe B 3acefaHMUAX pabodmx
TPYNII 1 KOH(EePEHIMIX, IOCBSIeHHBIX OT/e/IbHBIM
creruanbHeIM TeMaM. O6CYXXEeHNs IPOXORN/IN B MH-
HOBAIL[MOHHOM KJII0Ye: ObI/IM 3aTPOHYTHI IOCIEeTHIE
HOBOCTU B 0671acTy [06aBOK K 6ETOHY M BONIPOCHI
yCTpoiicTBa 6ETOHHBIX JOPOXXHBIX IOKPBITUI IS
peLIeHn st TOTUCTUIeCKIX 3a/ad, IIPY CTPOUTENHCTBE
HOPTOB 1 a9ponopTOB. TakKe 06CYKZaNuCh TEXHOIO-
TUM PEryIupyeMolt pa3bopKM U YCUIEHUS KOHCTPYK-
OMI B CEICMMYECKM) OIACHBIX pajiOHaX.

HexoTopbIM y4YacTHMKAM YHanoch 3aKIOYUTh
KPYIHBIE CHENKM Y IIPOBECTY YCIEUIHbIe IIeperoBOph
y>ke B IIepBbIIi ieHb paborsl BeicTaBku! Ha caiite Mepo-
IpUATUA WWW.gic-exXpo.it MOXHO HalITU BUJIEOMHTEPBHIO
C HECKOJIbKMMH y4YaCTHMKAaMM BBICTABKM, B KOTOPOM OHM
[eNATCA CBOMMMU BIIeYAaT/IEHUAMY ¥ KOMMEHTUPYIOT IIPO-
mepuiee cOObITHE.

YcremHoMy IpOBeeHII0 BBICTaBKy «[JHM GeTo-
Ha B Mranuu 2016» cnoco6cTBOBaA ITOAgEpKKa boree
30 MpOMBIIJIEHHBIX ACCOLMALUI ¥ TOCYJapCTBEHHBIX
OpraHOB B/IacTU. TakK, MOAMIEP>KKY BBICTABKE OKa3aslo
MunuctepcTBO MHGPACTPYKTYpHI U TpaHcnopTa Vra-
7uu. ITO SIBUNOCH CEPbE3HBIM CUTHAIOM 006 MHTepece
FOCYAapCTBa K COCTOSIBLIEMYCS COOBITHIO. MBI IIO/Tara-
€M, 4TO TaKOJl MHTepeC MOXKeT JIJaTh TOMYOK Pa3BUTUIO
U IpUMEeHEeHUI0 MHHOBALNIT B CTPOUTENIbHON OTPACN.
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Gala Dinner and ICTA-Italian Concrete
Technology Awards Ceremony
in the Alberoni Museum

Great success was the Gala Dinner as well, being
organized in the beautiful Hall of Tapestries of the
Alberoni College in Piacenza. Over 120 people enjoyed the
enchanting event, during which the ICTA-Italian Concrete
Technology Awards were delivered to the companies and
entrepreneurs that put themselves in the spotlight of
attention for their activities in the previous year. Apart
from the several companies awarded in the different
categories, a number of special Lifetime Achievement
Awards were given to: Dr Giorgio Squinzi (MAPEI) in the
category “Materials and Additives Producer”, Mr Benedetto
Di Maria (D. B. SYSTEM) in the category “Machinery
& Equipment Manufacturer”, Prof. Mario Collepardi

(ENCO) in the category “Consulting/Engineering Firms”

and Eng. Giuseppe Parenti (PAVER) in the category
“Precast Concrete Producer”.
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Fana-y»XuH n uepemoHuns epyuyenns ICTA —
HauvoHanbHoli npemun Utannu B o6nactm
TexHonoruun 6eroHa — B My3ee Anb6epoHn

C 60/IbLUIMM YCIIEXOM IIPOLLIET ¥ Faja-y>KIH, KO-
TOPBII COCTOSIICA B IpeKpacHOM 3ae robenenos Koi-
nepmxa Anbbeponu B IIbsuenne. Ha y)xune npucyrcrso-
Banu 6omee 120 rocreit. KynbMuHanueit MeponpusaTus
CTaJI0 Bpy4eHIe HAllOHAIbHOI TpeMuy Vtanuu B 06-
NacTU TeXHOMOTUM 6eTOHAa KOMIIaHWUSAM U IpeJIpUHI-
MarTensM, JOCTUTLIVM 0C000 BBIAIOINXCS YCIIEXOB B
npoutesmeM rogy. Harpagsl B pasnmn4HbIX HOMMHAIMAX
KOHKYpCa ITONy4M/IM HECKONbKO KoMIaHuii. Kpome Toro,
pu3aMu 3a JOCTVOKeHUs B TpodeccroHanbHoil chepe
OBbI/IM OTMeYEeHBbl MHOTIE CIIeLMaNUCTRL: A-p J>KOpIKIo
Cxynniu (kommanusa MAPEI) momy4nn maMaTHBI 3HAK
B KaTeropuu «IIpon3BOZCTBO MaTepUAIOB U JOOABOK»,
r-H benemerro nu Mapus (kommnanus D. B. SYSTEM)
ObL1 HarpaxkieH B KaTeropuu «I[Ipou3BofcTBO Mammuu
u obopyrmoBanusi», npodeccop Mapno Konnemapan
(xomnannsa ENCO) ynocTonics HarpaXKieH!s B KaTero-
pun «VIH>)XeHepHO-TeXHIYeCKMe VI KOHCY/IbTal[IOHHbIE
KOMITaHUW», a CHelManucT-uxenep [lxysemnme Ilapen-
i (komnanust PAVER) — B kareropun «[IponsBopcTBo
COOpHBIX XKee300e TOHHBIX M3/eTII».

Tocty rama-yXmHa MMeny HpeKpacHy BO3MOX-
HOCTb YCTAaHOBUTD HOBBIE JIe/IOBble KOHTAKTBI U YKpe-
HUTb CYLIeCTBYIOL[ME CBA3Y, 0OMEHATHCSI MHEHUSMI C
HpefiCTaBUTENAMY OPTAaHOB IOCY/IapCTBEHHON BIACTU
u npodeccuoHaIbHBIX acconmanuii. B yucne rocreit
LlepeMOHNY MOXXHO Ha3BaTb Mapa IIbsdenusr ITaonmo
Hocu, gupexkTopa Briciiero cosera 1o rpaxaHcKo-
My cTpouTenbcTBy AHTOHMO JIykdese, 3amecTuTens
MMUHJCTpa 9KOHOMUKU U ¢uHaHCOB r-xy ITaony [e
Mukenu, a Takke r-Ha Xoce bimanko n3 Accoumannm



The gala dinner also offered great networking
opportunities, where people could share information
with some prominent figures from the political world
and the concrete industry. Among the guests attending
the award ceremony, there were the Mayor of Piacenza
Paolo Dosi, Eng. Antonio Lucchese (Director of the
Higher Council of Public Works), Ms Paola De Micheli

concrete | 6eToH

II0 peMOHTY >Ke/1e300e TOHHBIX KOHCTPYKLMit Mcnauuu,
BO3IJIaB/ISIOLIETO TPOEKT IO yupexaennio ObieeBpo-
IEJICKOM LIeHTPaNN30BaHHOM aCCOLMALlM 110 PEMOHTY
n 3amure JKBI.

«41 onennBalo npoutenine «[Juu 6eTona B Vra-
mun», — mogBogut uroru Paémo Iortecta, fupexTop
MeguaxoMnanuyu Mediapoint & Communications u op-
TaHM3aTOP BBICTABKM, — KaK VICK/TIOUMTE/TbHO YCIIEIIHOe
MepOoTpusTIe KaK C TOUKY 3PEeHMsI YCIOBUIL Aisi pabo-
Thl YYaCTHMKOB U IIOCETUTEJIEN, TAK U C TOUKY 3peHNA
noructuku. C y4eToM MecTa IpoBefeHus 1 Maciiraba
MeponpuATuA IIbsAdeHnla ABIAETCA CTPAaTerMYeCKUM
IYHKTOM [/I TaKOTO HUIIEBOTO COOBITHMS, KaK «[HM
6etona B Mranun», unu GIC. S Hageroch, 4TO, Ole-
HIB Pe3y/IbTaThl MPOILIEUIEr0 MEPONPUATHA, Te oCe-
TUTeNN, KOTOPble TepBOHAaYa/IbHO COMHEBAINCD B yCIIexe
IepBOIl TOPrOBO-MPOMBIIIIEHHON BbICTAaBKU-pMapKn
HOBOro popmara, B 6yylieM CTAHYT ee YIaCTHUKAMIU.
V3Ke CerofHsi Mbl MOXKEM COOOIIUTD AAThI IIPOBENEHS
CIeRYIOIIeTr0o MEPOIIPUATIA: BTOpast BBICTaBKa «J[Hu be-
ToHa B MTanum» cocroutca Takxe B IIbsauenne, 8-10
HOs6pst 2018 r.».

(Under-Secretary of State for Economy and Finance)
and Mr José Blanco from Spanish Concrete Repair
Association, whose project is to institute a European
Centralized Concrete Repair and Protection Association.

“The final impression,” concludes Fabio Potesta,
Director of Mediapoint & Communications and Organizer
of GIC, “is extremely positive, both in terms of exhibitors,
visitors and logistics choice. Given its location and size,
the Piacenza exhibition center is of strategic quality for a
niche event like GIC. I hope that some initially skeptical
visitors of the very first edition of a new trade show format,
given the results, can turn into exhibitors in the future.
We can already communicate the new dates: next GIC
Italian Concrete Days will be held, again in Piacenza,
from 8th to 10th November 2018”.
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' Lecomte, J.-P., Dow Corning, Belgium, 2Milenkovié¢, N., Université Libre de Bruxelles, Bruxelles, Belgium,

3Giesecke, A., Dow Corning, Germany

&1 SILANE AND SILICONE RESIN AS INTEGRAL WATER
REPELLENT FOR CEMENT BASED MATERIALS —
IMPACT ON CEMENT HYDRATION PROCESSES

'Nekomt XK.-M., Dow Corning, benbrus, 2MunernkoBud H., bpioccensckuin cBO6OAHbIN yHMBEpCUTET, Bptoccens, benbrus,

*Tusekke A., Dow Corning, lepmaHns

CMTTARH-CTTMKOHOBbBIE CMOJTbl B KAYECTBE
[TMAPON3OJTNPYIOWETO KOMITOHEHTA

B COCTABE LLEMERTHbBIX MATEPUATIOB.
BJIIMAHVE HA TUOPATALWIO LIEMEHTA

Abstract

Use of an emulsion of silane as integral water
repellent for cement based materials is illustrated. Results
show that the main hydration processes are only slightly
affected. However, hydration of cement is slightly delayed
at high addition levels, leading to some limited drop of
mechanical properties.

Key words: mortar, cement, silicone, silane,
admixtures, water repellent

Introduction

The porous structure of construction materials
based on Ordinary Portland Cement leads to high
sensitivity to capillary water absorption. Control of water
absorption is therefore key to reduce various kinds of
water-induced damages such as eftlorescence, staining,
scaling due to freeze-thaw cycles, chemical attack and
corrosion to reinforcing steel. Post treatment of silane/
siloxane water repellent has demonstrated to be a reliable,
long lasting solution to minimize water penetration within
inorganic construction material [1, 2]. In the last 5-10 years,
silane, siloxane or silicone resin-based started to be used
as “integral water repellent” in mortar and concrete 3, 4].
This is now an established technology, of which benefits
are well accepted [5, 6]. As the technology is nowadays
gaining increased interest, it is important to pursue more
fundamental studies to better understand the impact of
these hydrophobers on the cement hydration processes.

Silanes are molecules based on one silicon atom
which bears four substituents. Alkyl trialkoxysilanes (see
Fig. 1) are used to formulate water repellents, either for
post-treatment or admixture as they have good reactivity
towards inorganic, silanol-rich surfaces. Upon hydrolysis
and condensation, silanes create a resinous network which
can bind covalently to the surface of inorganic materials.

78 Ne 1 (46) 2017 «ALITinform» MexayHapoaHoe aHanuTuyeckoe 0603peHune

AHHOTauyunA

B HacTosmIelt cTaTbe paccMaTpUBaeTCs IpUMeHe-
HIie SMY/IbCUM CUJIAHOB B KadecTBe T1Apodo6HOIT f06aB-
KJ /ISl MaTe€PUaJIOB Ha LIEMEHTHOI OCHOBE. PesynbraTel
MCCIIEeNOBAHMII TTOKa3a/I, YTO TaKye JOOaBKM He3HAUM-
Te/IbHO BAMAIOT Ha OCHOBHBbIE IIPOIECCHI TUApaTal[U.
OpHako Ipy MOBBIIIEHNY COlep>KaHUA CUIAHOB TUpa-
TaIus lleMeHTa HECKO/IbKO 3aMeJISAEeTCS M HaOToaeTcs
He3HAYNTeNIbHOE CHYDKEeHVE MeXaHMYeCKIX TOKa3aTere.

Kniouegvie cnosa: pacmeopas cmeco, yemerm,
CUNUKOH, CUNAH, 006a6KU, eudpodobusamop

BBegeHue

ITopucras cTPyKTypa CTPOUTENbHBIX MaTepua-
JIOB Ha OCHOBE OOBIYHOTO IOPTIAaHALIEMEHTa 00yCIaB-
NMBaeT BBICOKMIT YPOBEHD IIOTIOIEH S KallMJUIIPHOI
Bogbl. COOTBETCTBEHHO, PEryIMpoBaHue BOJGOIOITIO-
IIeHNA ABNsAeTCA Hambornee 3¢ PeKTUBHBIM pellleHN-
eM JIIA CHYDKEeHUS 00pa3oBaHMA TaKUX IMIPOTEHHBIX
IedeKTOB, KaK BBICONDI, I3MEHEHNe [[BeTa, OTCIIOeHMe
U LIeylleHre IpY UUKINIHOM 3aMOPaXXMBAHUM 1
OTTaMBaHUMU, XMMIYECKOM BO3IEVICTBUYU M KOPPO3UL
CTaJIbHOI apMaTypsl. JJomonHuTenpHas o6paborka ru-
IpopOOHBIMI COCTABAaMU Ha OCHOBE CUJIAHOB/CHUIOK-
CAaHOB I0Ka3ajIa HaZEeXXHOCTb U HOATOCPOIHBIN 3 deKT
NaHHOTO PelIeHN J/I1 MUHMMU3AalUU IPOHUKHOBe-
HUs BOJIbI B HeOpraHMYecKJe CTPOUTE/IbHbIe MaTepu-
ansl [1, 2]. B mocneguume 5-10 et cumaHbl U CMOJIBI Ha
OCHOBE CUJIOKCAaHOB MM CHIMKOHOB CTa/IU IPUMEHATD
B KauecTBe TUAPOGOOHBIX TOOABOK [I/II PACTBOPOB I
6eToHOB [3, 4]. Ceilyac 9TO y>ke YCTOABILIAACS, XOPOLIO
3apeKoMeHjoBaBIIas cebs TexHomorus [5, 6]. Yuurer-
Bas BCe BO3PACTAOLINI NUHTEPEC K JAHHOW T€XHONIOIUN,
Ba)KHO IIPOBECTY UCCIeIOBAHNA I NONTy4eHN s 6onee
IIOJIHOTO ITOHMMAaHMA BIUAHUA TUAPOPOOHBIX 106aBOK
Ha IpOLeCChl TUAPATallNU IleMEHTA.



The aliphatic chain (i.e. isobutyl or octyl chain) confers
the hydrophobic character to the treated substrate and
resistance against alkaline environment.

Silicone resins are obtained by a sequence of
controlled hydrolysis and condensation reactions of
individual or mixtures of silanes.

Silicone resin with alkoxy groups and hydrophobic
alkyl groups can be designed such as to diffuse within
the cement matrix and react with the pore’s surface. The
reaction leads to a chemical anchorage to the treated
materials, while the alkyl group provides the hydrophobic
character to the treated surface.
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Fig. 1. Structure of an alkyl trialkoxysilane and schematic
representation of a silicone resin (R can be ethoxy, methoxy,
methyl, phenyl or octyl group)

Puc. 1. CTpyKTypa ankuntpuankokcmnaHa n cxemaTnyeckoe
1N306paxKeHne CUITMKOHOBOWM CMOJIbI (CMOMA MOXET 6bITb
3TOKCUNBbHOWN, METOKCUITbHOW, METUNIbHON, GeHUNbHOMN 1Unn
OKTWNbHOW FPynmnbl)

It is often the case that the neat silanes, siloxanes
or silicon resins used as water repellent active materials
need to be further formulated to enable their effective
use. Preparation of oil-in-water emulsion of silanes
enables their easy incorporation and dispersion in
cement, mortar or concrete slurries.

This paper is concentrating on a silane-based
hydrophobic additives formulated as an emulsion and
used as “integral water repellent” in cement paste and
mortar. Its aim is to examine the influence of bulk
waterproofing treatment on the cement hydration
process. Micro and macro structural analysis of cement
hydrates were carried out.

Experimental

A non-ionic emulsion (IE 6692 from Dow Corning,
referred in this document as “IE”) was used as integral
water repellent. The active ingredients are mainly a silane
(n-octyltriethoxysilane) and a silicone resin. Its influence
on the hydration processes of CEM I 52.5 R LA ordinary
Portland cement and CEM III/A 42.5 N LA Blast Furnace
Slag (BFS) cement (45.7% slag content) was studied.

Specimen preparation and characterization

Both cement pastes and mortars were prepared.
For cement pastes, the amount of IE silane emulsion
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CuaHpl — 9TO MOJIEKY/Ibl Ha OCHOBE aToMa
KPEMHHsI C YeTBIpbMs 3aMeLlalomyMy aToMaMu. AJ-
KMJITPUAIOKCUIAHBI (CM. PHUC. 1) JIerko BCTYNAIOT B pe-
AKIMIO C HEOPTaHMYEeCKMMIU MaTepuanaMy C BBICOKIM
COfiep>KaHMeM CMJIAHOJIOB, U II0OSTOMY IIPUMEHSIOTCA
ISl UBTOTOBNEHUA rUApodoOU3aTopoB Kak B Kade-
CTBe LOMOTHUTENbHON 00paboTKM, Tak u J06aBOK. Bo
BpeMs TUAPOIM3a ¥ KOH/IEHCALMIU CUJIAHbI CO3/{al0T
CMOJI000Pa3HyI0 CTPYKTYPY € IIOMOIIbIO KOBAJICHTHOI!
CBSI3M C TOBEPXHOCTHI0 HEOPTraHMYECKNUX MaTepUanos.
Anudarndeckas uemnodka (r.e. n300yTUNIOBASA NN OK-
TUIOBAs [[EII0YKA) IIPpULaeT 06paboTAHHONM IIOBEPXHO-
cTU TUAPo¢dOoOHBIE CBOMICTBA, @ TAaKXKe YCTONYMBOCTD K
BO3JIEMICTBUIO LI€JIOYHOM CpeJibl.

CuNIMKOHOBbBIE CMOJIBI IONYYAIOT IIyTeM IOC/Ie-
JOBATeTbHOCTY KOHTPOMMPYEMBIX peaKInil I/ poan3a
U KOHZIeHCAIIVY OT/e/IbHBIX CUTAHOB MM UX CMeceit.

CHU/INKOHOBbIE CMOJIBI C AIKOKCU/IBHBIMY TPYII-
maMu ¥ TuApo¢OoOHBIMY a/IKVIBHBIMY TPYIIIAMU MOTYT
OBbITb COCTaB/IEHBI TAKMM 00pa3oM, 4TOOBI 06ecnednTh
ux g1 dysuio B leMEHTHON MaTpHuLe U PeaKInIo C Ho-
BEPXHOCTBIO IOp. B pesynbrare aToit peakuuu popmu-
PYeTcst XUMUYecKas CBA3b C IOJI0XKKOIL, B TO BpeMs
KaK aJKMIbHas TPYIIA IpupaeT rufpodobHble CBOI-
cTBa 06pabOTaHHOI TOBEPXHOCTIL.

YacTo asst noBblieHns 3QPeKTUBHOCTY UCTIONb-
30BaHUS B YMCTOM BUJ€ CUJIAHOB, CMJIOKCAHOB VJIU CH-
JTMKOHOBBIX CMOJI, KOTOpbIe IPUMEHAITCA B KayecTBe
aKTMBHBIX 06aBOK r1APO(OOHBIX COCTABOB, TpebyeTcst
UX fanbHelas gopaborka. Vcnonb3oBaHme BOJHBIX
SMYIbCUIl CUTAHOB IO3BOJIAET YIPOCTUTH BBefeHNe
mo6aBKM U 06eCIeYuTh OJHOPOSHOCTD pacIpefere-
HUS B [eMEHTHBIX, PACTBOPHBIX MM 6€TOHHDBIX CMECSX.

B HacToOs1Iel CTaTbe paccMaTpUBAIOTCA TUAPOdO-
6M3aTOpBI Ha OCHOBE CHUJIAHA B BIJIEe M Y/IbCUH, KOTOpPBIE
IPUMEHSIIOTCA B KadecTBe IUApodoOHbIX [OOABOK A
L[eMEHTHBIX COCTaBOB. Lleb JaHHOI PabOTHI 3aKII0Ya-
J1ach B MCCTIE[OBAHMY BIMAHNA 0611elt ruapodobusanum
Ha IIpolLecc rYipaTalyy LieMeHTa. bbll IpoBesieH aHanms
MUKPO- I MAKPOCTPYKTYPbI KPUCTa/ITIOTUIPATOB 1IeMEHTa.

OnucaHune IKCNepuMmeHTa

B kauectBe ruapodo6HON [OOGABKM MCIIOINb-
30Bajlach HeMOHHasA sMmynbcusa IE 6692 mpoussop-
crBa xomnanuu Dow Corning (manee IE). Ee akTus-
Hble MHTPEUEHTHI IpefiCTaB/IeHbl B OCHOBHOM CMJIAHOM
(H-OKTUITPUITOKCUCUIAH) ¥ CUTMKOHOBOI CMOJION.
boino nsydeHo ux BAMAHME Ha MPOLECCH TUpaTal UK
o6bryHoro noptrinanauemMenta CEM I 52.5 R LA u mimako-
noprnananementa (IITII]) CEM III/A 42.5 N LA ¢ co-
HepkaHueM 1Iaka — 45,7%.

MoaroToBKa n napameTpbl 06pasLoB

HepBbIM 9TAIlOM CTajIo IIPUTOTOBJIEHNE LIEMEHT-
HOTO TeCTa " paCTBOpHOI?I CMECH. Conepxaﬂme ,[[O6aBKI/I
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added was 2% w/w of the cement, while for mortars two
formulations were prepared, with either 0.5% w/w or
2% w/w. The IE silane emulsion was added to the water
(the listed amount of “water” includes the contribution
of the emulsion), stirred for 2 minutes with a magnetic
stirrer and added to the dry mix (cement + sand). The
proportions used to prepare cement pastes and mortars
are provided in Table 1. For mortars, normalized sand
was used (DIN Normsand EN 196-1).

Mechanical strength and water uptake
characteristics were measured on the cured mortars.
Mortars with and without silane emulsion were prepared
according to EN 480-1 standard. The mortars were
moulded in 4 x 4 x 16 cm prisms.

The capillary water absorption in 4 x 4 x 16 cm
mortars blocks were measured according to the standard
EN 480-5. Mortar prisms were cured for 90 days and
immersed vertically in tap water at 20 °C for increased
period of time. Mortar blocks were weighed before and
after 1, 7 and 28 days contact time with water after a
cure of 90 days in a 65% relative humidity atmosphere.

SEM and XRD measurements were carried out
on cement pastes to have insight on the crystalline phase
development. The samples for SEM analysis were coated
with a thin carbon layer to provide electrical conductivity.

cunaHoBoli amynbcun IE B leMeHTHOM TecTe COCTaBUIIO
2% oT Macchl LIeMeHTa, a J/Is1 paCTBOPHOIT CMeCH UCCTIefo-
Ba/IMCh IBA COCTaBa C coffep>kanneM fobasku 0,5% mnn
2% mo macce. HemoHusnpoBaHHAA CHIAaHOBAA 3MY/Ib-
cus BBOAMIACh B BOAY 3aTBOPEHUs, IlepeMellnBanach
B MarHUTHON MelllajIke B Te4eHMe [IBYX MUHYT, IOCTIe
9ero BBOAM/IACH B CYXyI0 cMech (1jeMeHT + mecok). Co-
cTaB 06Pa3IOB LIEMEHTHOTO TECTA M PACTBOPHBIX CMe-
ceit npuBefex B Ta6m. 1. [l mpuroToBieHus pacTBop-
HBIX CMecell MCIIOMb30BaJICA HOPMaTN30BaHHBIN IIEeCOK
(crampapT Hemenxoro nHctuTyTa cTanpaprusanymy DIN
Normsand EN 196-1).

VccnenoBanuch clepyiolye oKasarean — Mexa-
HU4YecKasi IPOYHOCTH U BojonoroieHne. O6pasibi-6a-
704YKM 4 X 4 X 16 cM usrotaBnuBanuch 1mo EN 480-1 us
PacTBOPHBIX CMecell ¢ f06aBKOIT CHTaHOBOI SMY/IbCUN
u 6e3 Hee.

ITo sTomy >ke cTaHZApTy NPOBOAVIN UCCIIENO-
BaHMe BOJOIOr/IoeHust 00pasnos 4 x 4 x 16 cM, KOTO-
pble Bbliep>kuBanu B TedeHue 90 CyTOK, IOC/Ie Yero Ha
IPOJO/KUTENbHOE BpeMs MOTPY>Ka/u B BePTUKAIbHOM
IIOJIOKEHNM B BOJOIIPOBOHYIO BOAY C TEMIIEPATy POl
20 °C. B3BemmuBaHue 06pa3iioB IPOBOJAMIN [0 U TIOCTIE
1, 7 u 28 pHeil BbIAEPXXUBAHUA B BOJE, IIOC/IE UX TBEP-
IeHus B TedeHue 90 CYTOK B aTMOC(EPHBIX YCIOBUAX C
OTHOCUTETBHON BIaXXKHOCTHIO 65%.

Table 1. Cement paste and mortar samples abbreviation and composition (w/c: water to cement ratio; c/s: cement to sand ratio. CEM stands

for CEM 1 52.5 R LA. CEM Il stands for CEM IlI/A 42.5 N LA)

Tabnuua 1. O603HauYeHNA 1 COCTaB 06PA3LOB LLEMEHTHOIO TeCTa U PAacTBOPHbIX cMecel (B:Lj — BogouemeHTHoe cooTHoweHue; Li:M —
COOTHOLEHMe uemeHTa 1 necka. CEM o3HavaeTt noptnaHauemeHT CEM | 52/5 R LA, a CEM Il o3HavaeT uemeHT CEM I1I/A 42.5 N LA)

Emulsion IE 6692
(% w/c of cement) //

Samples // Obpasupl Composition // CocTas

CEM 1 CEM |

CEM 1 IE CEM I +IE

CEM 3 CEM Il

CEM 3 IE CEMIII+IE

MOR 1 CEM | + sand // CEM | + necok

MOR1TIEQ.5/ MORTIEOS5

MOR 1 IE 2

MOR 3

MOR3IEOQ.5/ MOR3IEOS5

MOR 3 IE 2
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CEM I+ sand + IE // CEM | + necok + IE

CEM | + sand + IE // CEM | + necok + |E

CEM Il + sand // CEM IIl + necok

CEM Il + sand + IE // CEM Il + necok + |E

CEM Il + sand + IE // CEM Il + necok + |E
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wy/c ratio // c/s ratio //

gilOTHomeHme Efﬂomou.reHme SwynbenAllE 6692
’ ' (% oT Macchl LemeHTa)

0.5 Na

0.5 Na 2

0.5 Na

0.5 Na 2

0.5 1/3

0.5 1/3 0.5

0.5 1/3 2

0.5 1/3

0.5 1/3 0.5

0.5 1/3 2



Open porosity and pore size distribution of the
cement paste were determined by mercury intrusion
porosimetry (MIP), performed using a Micromeritic
Autopore I'V apparatus.

The heat release during the bulk hydrophobic
treatment of cement paste was followed by isothermal
calorimetry using a Tam Air Microcalorimeter. All
samples were prepared by mixing 5 g of cement with de-
ionized water (or water + IE) in a flask which, after mixing,
is immediately placed in the isothermal calorimeter in
a climatic chamber with a fixed temperature of 20 °C.
The thermal evolution was followed for 3 days.

Results and discussion

Water uptake reduction as a function of silane
content

Absorption of water by the 90 days cured mortar
prisms is measured according to EN 480-5 by weighing
the dry and then wet prisms masses at different contact
time with water (1, 7 and 28 days). Figure 2 gives the
coefficient of capillary water absorption (in g/mm?) of the
different mortars at the different contact time with water.

It is noticed that sample MOR-3 absorbs more
water than MOR-1 at all times. Addition of IE in mortar
formulation leads to significant reduction of water
ingress. This reduction of water uptake is larger for

A

Fig. 2. Coefficient of capillary water absorption of mortars
samples (average of three measurements) as a function of
contact time with water. Yellow-orange-red series gives results
for CEM-1 based mortar while light blue-blue-navy blue series
gives results for CEM-3 cement

Puc. 2. KoadpduumeHT KanmnnspHOro BOAOMNOMIOLWEeH A
06pa3L 0B PacTBOPOB (CPeAHNI N3 TPEX N3MEPEHMIA) B
3aBMCMMOCTU OT BPEMEHM HaCbILEeHNA BOJON. Pe3ynbTaTtbl
obpasyos CEM-1 Ha rpaduke npeacTaBneHbl XXenToun,
OpaH>XeBOW 1 KpacHOW NpAMbIMK, a pe3ynbTaThl no CEM-3 —
rony6om, CHe N TEMHO-CYHEeN NPAMbIMU.

MOR-3 (at equal IE content). At 28 days, water uptake is
about 6 times lower for MOR-3-IE-2 than for MOR-3, and
4 times lower for MOR-1-1E-2, as compared to MOR-1.
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IIns usydenus $a3oBoro cocTaBa MPYMeEHINCh
METObI PACTPOBOII 3/IEKTPOHHOI MUKpockonuu (POM)
U PeHTTeHOCTpyKTypHoro aHanmu3a (PCA) nemeHTHOrO
kaMHs. [lepen mpoBenenreM POM Ha IOBepXHOCTDb 00-
PasLiOB HAHOCU/IM TOHKMI 3/IEKTPOIIPOBOJHBIN CIOI
yriepoza.

MeTomoM pTyTHOJ NMOPOMETPUM, C UCIONb30Ba-
HueM anmapara Autopore IV kommanum Micromeritic,
oIIpefienM/IN OTKPBITYI0 IIOPUCTOCTD ¥ pacIpefieNieHne
IIOp 10 pa3sMepaM I[eMEHTHOTO KaMH:.

OmnpefieneHne TEIIOBBIENEHNUs IPU TBEPAEHUN
L[eMEHTHOJ CYCIIeH3UM MPOBOAUIN METOLOM M30Me-
TPUUYECKOI KATOPUMETPUMN C UCIIONb30BaHMEM MUKPO-
kasopumerpa komnanum TAM Air. Bce o6pasijpr 6611n
M3TOTOBJICHBI IIyTeM CMEIIMBAHNUA 5 T LleMeHTa C eyo-
HU3MPOBaHHOI Bopoit (nnu Bogoit + IE) B konbe, KoTO-
pasi, HEMOCPEACTBEHHO MOC/Ie TepeMeNInBaHmsi, Opla
YCTaHOBJIEHA B M30METPUUYECKUI KaJOPUMETpP TepMO-
6apokaMepsl ¢ IOCTOAHHOI TeMIeparypoit pu 20 °C.
Hab6nomenne 3a n3MeHeHNeM TeMIIEpPaTypbl IPOBOLU-
JI0Ch B T€UEHUE TPEX CYTOK.

P63y11 bTaTbl SKCNepMMeHTa

CHIKeHne BOJOIIOT/IOICHNA B 3aBUCUMOCTI OT
COEp>KaHMA CUJIaHa.

OmnpeperneHne BOZONIOITIONIEHN I 06pas1ioB B BO3-
pacte 90 cyrok nposogunochk mo EN 480-5 myrem me-
PMOAMYECKOTO M3MEPEHMA MACChl CYXMX U BIa>KHBIX
06pasIioB B Ipoliecce UX HACBIIEHNA BOMON (B Bo3pac-
te 1, 7 u 28 cyTok). Ha puc. 2 mpencraBieHbl faHHBIE
110 K03¢GPUUMEeHTY KallMJUIAPHOIO BOJOIOIIOMeHN A
(B 1/MM?) pasnmMYHbBIX PaCTBOPOB B 3aBUCUMOCTH OT Bpe-
MEHM HachlIeHNA BOJOIA.

ITpu 9TOM 6BITIO OTMEUEHO, YTO BOLOIOIIOLIEHE
06pasoB MOR-3 Ha pOTsI)KeHNM BCETO BPeMEHN IPO-
BefleHM MCIBbITaHus 6b110 Bhille, 4eM y MOR-1. Bge-
menue IE B cocTaB pacTBOPHOI cMecy IPUBEJIO K Cylle-
CTBEHHOMY CHI)KEHMIO 3TOTO IToKasartesns. HanMenbliee
3HaYeHMe 0Ka3anoch y 06pasnoB MOR-3 (mpu oguHako-
BoM cofiepxxauuu 1E). Yepes 28 cyTok BojonoroleHme
o6pasoB MOR-3-1E-2 6p110 pu6113UTeIbHO B 1IECTD
pas HIDKe, IO cpaBHeHMIO ¢ obpasiamu MOR-3, a aHa-
nornvHe nokasarenb MOR-1-IE-2 — B deTbIpe pa3a
HIDKe, yeM y MOR-1.

®usnKo-mexaHnyeckme napameTpbl

Ha puc. 3 npencraBieHbl pesyabTaThl onpeese-
HIIS Tpefiesia IPOYHOCTHU HIPU CKATUM 006pasiioB, IPU-
TOTOBJIEHHBIX M3 [IBYX YKa3aHHBIX BIJOB IJeMeHTa C [0-
6aBKOJI HEMOHM3MPOBAHHOJ CYJIAHOBOJ SMY/IbCUU NN
6e3 Hee, U C pa3HbIM BpEeMeHEM CXBaTbIBaHUA.

BI/IH JICIIOJIb3yEMOTO LIEMEHTA BANAET HAa MEXaHU-

JecKue oKas3aTeny pacTBopa. Tak, IpoYHOCTb 06pasIioB
MOR-3 Ha HaYaIbHOM 3Talle TBepAeHUA B BO3pAcTe IBYX
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Physico-mechanical characterization

Figure 3 gives the compression strengths of
mortars prepared with the two reference cements, with
our without IE silane emulsion and at different setting
times.

MoRr3iE2 [
MOR3IEC.s
mors T
MOR1IE?
MoriEs.s T
mor1 e

] 20 40 &0

Curing days /f Borpact, oyt m 2 7 28

Compressive strength [MPa] //
MNpegen npoyHocTy NpA cxatine [MMa]

Fig. 3. Compressive strengths values (average of three
measurements) for the mortar samples

Puc. 3. Mpepen npoyHoCTN Npun CKaTum obpasLoB pacTsopa (no
Tpem n3mepeHnAm)

Type of cement has an impact on the reference
mortar mechanical properties as MOR-3 has a lower
mechanical strength at short term (2 days of curing)
to that of MOR-1. This difference decreases at longer
curing time (28 days). This can be explained by the slower
hydration rate of blast furnace slag in CEM-3 cement
as its activation requires the formation of portlandite
(Ca(OH),), product of the clinker hydration.

Some decrease of the compression strength of
mortar is observed at the highest integral water repellent
addition level. The drop of compression strength is
however limited and lower when CEM-3 cement is used.

Table 2. Mercury intrusion porosimetry results for cement paste samples

cyTok 6bima HyKe, 4eM y MOR-1. Ilpu 6onee gnurens-
HOM TBepAeHMM (28 CYTOK) IPOYHOCTHBIE TTOKA3aTeNnn
PacTBOPOB Ha OCHOBE Pa3JIMYHBLIX TUIOB IIeMEHTa BbI-
PaBHUBAINCDH. DTO MOXXHO OO'BACHUTD O0/Iee MeIJIeHHO
ckopocThlo ruapatauuy nementa CEM-3 ¢ moMeHHBIM
IITAKOM, TaK KakK JJIA ero aKTuBauum Tpebyercs ¢op-
mupoBaHue nopriantuga (Ca(OH),), mpogyxra rugpa-
Taluy KJINHKepa.

ITpu BBemennu 60sblIero Konu4ectsa rufgpodoob-
HOJT ;06aBKM HAOII0LAIOCh ONpeNeneHHOe CHIDKeHNe
Ipefienia MPOYHOCTHU IIPU CXKATUM PACTBOpa. TeM He Me-
Hee TajleHue TpeieNia MPOYHOCTY IPU CKATUY OTPaHU-
4YeHO, U B cly4ae ucrnonb3oBaHus eMeHta CEM-3 sTot
ITOKa3aTe/nb M3MEHAETCS MEHBIIIE,

B Ta6m. 2 mpefcTaBIeHbl CpefHIIe 3HAYEHM S 110-
puctoctu (%) o pesyabraTaM Tpex M3MepeHUit obpas-
II0B IIeMEHTHOTO KaMH; B BO3PACTe OFHUX U CEMMU CYTOK.
Huxakoro cymecrsennoro snusaauA IE Ha mopucrocts
oTMe4eHO He 6bi0. Pacmpesienenue mop mo pasmepam
He MI3MeHsJIOCh.

P3M- n PCA-aHanus metogom PutBenbga

ONeKTpOHHBIE CHUMKM MUKPOCTPYKTYPHI Iie-
MEHTHOTO KaMH, IIO/Ty4YeHHble MeTogoM POM-aHanusa
B BO3pacTe OJHUX CYTOK, IpeACcTaBlIeHbl Ha puc. 4. Pas-
JITYHBIE KPUCTAINYeCKIe CTPYKTYPBI ObIIM OIlpexerne-
HBI Kak nponykTsl rupipatauyyu B CEM 1 u CEM-1-IE.
[Ipn cpaBHEHMM LIEMEHTHOTO KaMHs C 1 6e3 [ob6aBKM
IE Habmiofanuch pa3nndus B OpUEHTALMU M CTPYIIIN-
poBanHOCTK KprcTanoB Ca(OH), mopTianauTa B Buje
IIECTUYTONbHBIX IIacTuH. [Ipu BBemeHun f06aBKU CH-
na"a (CEM-1-IE) B ieMeHTHOM KaMHe dopMupyeTcs
HOPT/IAaHTUA B BUJie 60/lee KPYIIHBIX KPUCTA/IOB. Takoke
ObL1 OTMeYeH STTPUHIUT M YaCTHULIbI HEIIPOTUPaTUPO-
BaHHOTO I[€MEHTa.

B 1a6n. 3 npuBeneH Gpa3oBbIil COCTaB LIEMEHTHO-
ro KaMHsI B BO3pacTe OLHMX CYTOK, KOTOPBIiT ObUI pac-
CYMTaH METOLOM PuTBenbJa 10 HaHHBIM PEHTTEHOB-
ckoit gudpakuyu. Habmoganmucy b He3HaYUTETbHbIE
pasnuuMs B cOCTaBe HEKOTOPHIX ¢as. [Ipu BBemeHUN

Tabnuua 2. MopucTocTb 06pa3LOB LLEMEHTHOIO KaMHs, ornpefesieHHas METOAOM PTYTHOW MOPOMEeTpIK

After 1 day // Yepes 1 cyTkn

CEM-1 30
CEM-1-IE 31
CEM-3 36
CEM-3-IE 37
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Total porosity (%) // Obuwan nopncTocTb (%)

After 7 days // Yepes 7 cyTok
29
30
34

36
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4.1 CEM1 6500% 1 micron ff 1 mukpon 4.2 CEM1IE 1000x 10 microns /f 10 MuKpoH 4.3 CEM3 10000x 5 microns // 5 mukpon

Fig. 4. SEM images of cement paste after one day of curing: larger crystals of portlandite were found in CEM-1-IE (Fig. 4.2) as compared to
the reference (Fig. 4.1). Ettringite formation on CEM-3 cement with BFS particle was also observed (Fig. 4.3)

Puc. 4. PAM-CHUMKM LIeMEHTHOTO KaMHA B BO3pacTe OAHMX CYyTOK: 6bonee KpymnHble KpycTanbl nopTnaHauTta 6binvm obHapyxeHbl 8 CEM-1-1E
(Puc. 4.2), no cpaBHeHMto € 3TanoHHbIM (Puc. 4.1). B o6pasyax wnakonopTtnaHauemeHta CEM-3 Habnoganocb dopmupoBaHmne
3TTpUHruTa (Puc. 4.3)

Table 2 presents the average total porosity HeMOHM3MPOBAHHOI CHIAHOBOIT SMY/IbCHUI COflep)KaHUe
percentage (%) from 3 measurements for each cement TpexkanbLueBoro cuankara (CsS) B BospacTe OfHUX Cy-
paste samples, after 1 and 7 days of curing. No significant TOK He3HAa4MTeTbHO MTOBBICUTIOCH. JlaHHBII 9 PeKT Mor
influence of IE on the porosity of the cement paste was BO3HVIKHYTb 13-3a 3aMefJIeHUs IIpoliecca TUApaTaluu
noticed. The pore size distribution does not change. C;S Ha HauapHOM 9Tane TBepreHus. ComepkaHie HOpT-

nmanpuTa pinie B CEM-1 u CEM-3 o cpaBHenuto c CEM-
1-IE u CEM-3-IE. 910 03HauaeT, 9TO B PeaKINIO C BOLOM

SEM and XRD Rietveld analysis BcTymnuio 6onbinee komudectso C;S. ITpu BBeieHNy He-
MOHM3UPOBAHHOI CHUIAHOBOI SMY/IbCUM HAOTIOLAeTCs

The images of cement paste microstructure samepenne rugparanyu CsS. ITo cpasuenuto ¢ CsS npu-
obtained by scanning electron microscopy (SEM) CYTCTBYVIE HEMOHU3NPOBAHHOI CUIAHOBOI AMY/IbCUY HE
after one day curing are presented in Fig. 4. Different 0Ka3aJI0 KaKOT0-1100 3HAYMTEe/IbHOTO BIMAHNA Ha Peak-
crystalline formations were identified as hydration Ly Tupparanuy $asbl TPeXKaabLMeBOro alloMIHATA
products in both CEM 1 and CEM-1-IE. Hexagonal (CsA). Takum 06pasoM, BIUAHME BBEJeHN A 9TON IMY/Ib-
platelets of CH (Ca(OH), - portlandite) appear with cuu Ha GOPMUPOBAHNE STTPUHINUTA OCTAETCSI HESICHBIM.

different orientations and groupings when comparing
a paste with or without IE. The size of these crystals

is larger when silane was incorporated (CEM-1-1E). AnddepeHuynanbHas ckaHnpylowas
Ettringite was also identified as needles surrounding 1 n3omeTpuyeckas KanopumeTpusa
unhydrated cement particle. 1 TepmMorpaBumeTpuYecKnin aHanms

06pasL 0B LLeMEHTHOro KaMHA
Table 3 lists the main phases present in the
cement paste after curing for 1 day. The proportions B Bo3pacTe OfHUX CYTOK ObLI IIPOBENEH TePMU-
were obtained by applying a Rietveld analysis to the geckuit ananmms obpasuos CEM-3 u CEM-3-IE. Kpome

Table 3. Phase composition (by weight %) of cement pastes calculated with Rietveld analysis of the XRD diffractograms

Tabnuua 3. ®asHblli cocTaB (Mo Macce B %) LLEMEHTHOMO KaMHA, pacCUnTaHHbI MeToAoM PrTBenbaa ANA PeHTreHOCTPYKTYPHOrO aHanmsa
AndpakTorpamm

CEM-1 CEM-1-IE CEM-3 CEM-3-IE

GsS 21.75 23.76 24.79 29.93

C,S beta 15.66 15.84 5.36 5.11
Portlandite // MoptnaHgnt 18.27 16.72 12.06 9.49

C:A 435 44 3.35 438
CAF 1392 14.96 134 13.14
Ettringite // STTpuHINT 13.05 12.32 8.04 10.95
Amorphous phase // AMopdHas ¢da3a 13 12 33 27
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X-ray diffraction data. Only small differences between
the content of the difference phases are observed. The
content of tricalcium silicate (CsS) after 1 day cure
appears to be slightly higher in the presence of the IE
silane emulsion. This could come from some delay of
the C;S hydration at early cure time. The amount of
portlandite is higher in both CEM-1 and CEM-3 as
compared with CEM-1-1E and CEM-3-IE indicating that
more C;S has reacted with water. Reduced hydration rate
of C;S is observed upon addition of IE silane emulsion.
In comparison to Cs;S, the hydration reaction of the
tricalcium aluminate (C;A) phase is not significantly
affected by the presence of the IE silane emulsion. The
influence of IE emulsion addition on ettringite formation
is unclear.

DSC-TG analysis and isothermal
calorimetry on cement pastes

Thermal analysis was carried out on CEM-3 and
CEM-3-IE, after one day of curing (not shown). Besides
a peak at 300 °C which corresponds presumably to
the decomposition of the alkyl chain attached to the
silane, no significant difference is seen between the two
curves. Absorbed and interstitial water evaporation,
decomposition of Ca(OH), present in cement paste,
decomposition of CaCO; (around 700 °C) and
crystallization of the amorphous phase of BES can be
identified on the curves.

The isothermal calorimetry studies provide
information on the exothermal reactions during cement
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Fig. 5. Heat evolution rate of cement paste in presence of silane
emulsion

Puc. 5. lameHeHune TennoTbl rmgpatauny LEMEHTHOIO TecTa Npu
BBeleHUN JO6aBKY CUNAaHOBOW 3MYNbCUN

hydration. The calorimetric curves (see Fig. 5) show that
the dormant period is shorter in CEM-1 compositions
than in CEM-3 ones. The delayed hydration in CEM-
3 is due to the required slag activation by the alkaline
(portlandite) generated by the hydration of the C;S
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HamnuuA nuka rnpu 300 °C, koTopoe NpeIoNnoKUTENbHO
COOTBETCTBYET YC/IOBMAM Pas3/IOKEeHN s a/IKMIBHOM LeTy,
IPUKPEIIEHHOII K CUIAHY, MKy ABYMsI rpaduKaMi He
HaO/TI0laeTCsl HUKAKIX 3HAYUTebHBIX oTIn4nil. Ha rpa-
(uKax IpuBeleHbl KPUBBIE VICIIaPeHN s IIOITIOIEHHO 1
BHYTPUIIOPOBOJ BOfIbI, PA3/I0XKEHNA IPUCYTCTBYIOLIETO B
nemeHTHOM KaMHe Ca(OH), n CaCO; (Temmeparypa oKo-
0 700 °C) n xpucrammsanuyu amopdgroit ¢aspr IIIIIT.

MeTonoM M30MeTPIYECKOI KaTOPUMETPUH ObIIN
HOJTyYeHBbl JaHHbIE 110 9K30TEPMUYECKIIM PeaKIVAM, Ipu
rugpatanny neMeHTa. Kamopumerpudeckue Kpusble (CM.
puc. 5) mokasany, 4to B coctabe CEM-1 MHAYKI[MOHHBII
neprof 6omee KOpoTKuii, yeM B coctaBe CEM-3. 3amen-
nenne ruppatanunu CEM-3 aBnsgerca clencTBMeM aKTU-
BaL[MY [IJTaKa TUIPOKCU/IOM KanbLius (MOPTIaHANT), BO3-
HYIKaIolIell B pe3y/brare rupparayy gassl C;S. Bropoit
nuk B ruppatauny CEM-3 cBsA3aH ¢ peakuueit IIaKa.

Bpepmenne HeMOHM3MPOBAHHOV CHIAHOBOI SMYIIb-
cru B ieMeHTHOe TecTo CEM-1 1 CEM-3 cHm>XaeT Terio-
BBIZle/IeHMe B Ipoljecce ruppaTauuy (IpubnusuTeIbHO
Ha 10%). B cmyyae ¢ CEM-3 sMy/Ibcus yBeIn4mBaeT Bpe-
M TUApaTanuy NopTIaHaneMenTa u aktusanuuy HITIL,

Hauaso u KoHel| cXBaTbIBaHMUA ONIPeeNAIN C UC-
nob3oBaHMeM npubopa Buka mo EN 196-3. B pesynbprare,
OBITIO YCTAHOBJIEHO, YTO, [0 CPAaBHEHNIO ¢ 6e306aBod-
HBIM IIEMEHTHBIM TE€CTOM, IIpY BBEJEHUN HEVOHM3MU-
poBaHHoOI1 cuna”osoit amynbcun B CEM-1 unu CEM-3
HayaJIo CXBAaTbIBAHM A MIPOMUCXOAUT IO3Ke Ha 30 MuH, a
KOHeIl CXBaThIBaHUA — Ha 50 MUH.

3aknouyeHne

CTaTbH IIOCBALICHA NCCIE€NOBAaHNIO BIMAHUA CU-
JTAHOBOJ SMY/IbCU HA OCHOBE HEMOHM3MPOBAHHOI BOTbI
Ha [IPOLieCC IUAPaTALMM OOBIYHOTO HOPTIaHALEMEHTA 1
ITAKOTIOPT/IAH/IIEMEHTa B CIy4ae ee IPMMeHeHIsI B Ka-
yecTBe TUAPOPOOHOIT OOABKY [T CMECH.

OO611nit BBIBOJ] 3aK/TI0YAETCSI B TOM, YTO OCHOBHbIE
IIPOLIECCHI TMApaTallMM LJeMEHTA IIPOUCXONAT B IIPUCYT-
CTBIM HEMOHM3MPOBAHHONM CUIAHOBOW 3MY/IbCUM C TON
K€ CKOPOCTBIO, YTO U B KOHTPOJIbHOM PacTBOPHOMN CMe-
CM WIM LIEMEHTHOM TecTe. BBefleH1e HeMOHM3MPOBaHHOM
CUJIAHOBOJI SMY/IbCUM B PACTBOPHYIO CMECh IPUBOJUT K
3HAaYMTEIbHOMY COKPAIIEHNIO KalM/I/IAPHOTO BOLOIIOIIO-
LIEHNA, YTO ABJIAETCA MOJTBEPKIEHMEM PEAKLIMM CUIa-
HOB C TUJIPOCUIMKATAMM KaJIbIVA.

Tem He MeHee HEKOTOpOe BIMSAHIVE Ha CKOPOCTb
TUIpaTalyy IieMeHTa BCe JKe Hab/MojaeTcs, 4To B KOHEY-
HOM JTOTe CHIDKAET MEXaHIYEeCKYI0 IPOYHOCTD Npubn-
3UTENbHO Ha 7%. [JaHHOE [leJiCTBMe MeHee BbIpakeHO I
HIIAKOTIOPT/IaHJLIEMEHTA.

CHIDKeHMEe MeXaHMYeCKO IIPOYHOCTN HE MOXKET
6BITh CBS3aHO C U3MEHEHIEM IIOpUCTOCTMN.

Ka}IOpI/IMeTpI/I‘{eCKI/Ie MN3MEpEHNA IIOKa3any, 94To
TapaTangyAa aanTa B IpUCYTCTBUU HEVIOHI/ISI/IPOBaHHOﬁ



phase. The second peak in CEM-3 hydration is related
to the slag reaction.

Addition of IE silane emulsion in both CEM-1 and
CEM-3 pastes decreases the hydration heat production
(about 10% lower in both cements). In case of CEM-3, it
has a retarding effect on both Portland cement hydration
and BFS activation.

Initial setting time (IST) and final setting time
(FST) measured according to Vicat needle test EN 196-
3 shows that addition of IE silane emulsion in CEM-1
or CEM-3 retards IST by 30 minutes and FST by 50
minutes (data not shown) as compared to cement paste
free of IE silane emulsion.

Conclusions

The study focused on the effect of a non-ionic
water based silane emulsion when used as an integral
water repellent, on the hydration processes in ordinary
Portland cement and blast furnace slag cement.

Overall, it can be said that the main cement
hydration processes are taking place in the presence
of the IE silane emulsion, as compared to the reference
mortar or cement paste. Addition of IE silane emulsion
in mortars leads to a strong reduction of capillary water
absorption, indicating reaction of the silanes with CSH.

Some impact on rate of cement hydration is
however seen, which leads to some drop of about 7%
in mechanical strength. This effect is less significant
for BFS cement.

The mechanical strength decrease could not be
correlated to a porosity modification.

The calorimetric measurements show that the
hydration of CsS appears to be retarded in the presence
of IE silane emulsion and heat production in CEM-1
and CEM-3 is lowered by around 10% when IE silane
emulsion is present.

It can be hypothesized that upon mixing in
the cement past or mortar, the droplets in the IE
silane emulsion release the active material (the silane
and a silicone resin). In this high pH liquid phase,
the hydrolysis of the silane must take place rapidly,
producing R3-Si-O-H labile species which can self-
polymerize or chemically bound to the initial cement
phase or CSH-gel. If such reaction takes place at the
surface of C;S particles, this must slow down access
of water molecules to the cement particles. This could
explain the delay in heat evolution and the subsequent
limited drop of mechanical properties.
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CUJIAHOBOJI SMY/IbCUM 3aMENJIAETCA, a TEIJIOBbITEIEHNe
B coctaBax CEM-1 nu CEM-3 cHmxaeTcs: mpubIn3nTenn-
HO Ha 10%.

MO>XHO IpeAIONOXNTD, YTO P BBEIEHUN B
[leMeHTHOe TeCTO M/IM PacTBOPHYIO CMeCh HeOO/bIIO-
IO KO/IMYECTBA HEMOHU3MPOBAHHONM CUIAHOBOI SMY/Ib-
CUM BBITE/NACTCA JIeJICTBYIOIIee BelleCTBO (CUIAH VN
CUJIMKOHOBas cMoa). B xupaKoit gase ¢ XxapaKTepHBbI-
MM BBICOKMMM IOKasaTensmu pH rugponns cunaHa
IOJDKEH IPOUCXOAUTD OYeHb OBICTPO € 06pa3oBaHMEM
noABVDKHBIX coefuHeHn T R3-Si-O-H, koTopbie moryT
CaMONPOU3BOIBHO MOTMMEPU30BATHCS MO0 0OPa30BbI-
BaTh XMIMMIYECKYI0 CBs3b C MCXOHOI (as3oit lieMeHTa
VUIM TeJleM TUIpOoCUIyKaTa Kanblus. Eciu aTa peakums
IpoTekaeT Ha IMOBepXHOCTU 3epeH CsS, oHa 3aMeqia-
eT IOCTYIIJIEHVe MOJIEKY/ BOABI K YaCTUI[aM IIeMeHTa,
4TO 006YCIaBIMBaeT CHI>KEHE TeI/IOBbIIe/ICHN S U T10-
crefyollee YMeHbIIEHe MeXaHNYeCKO IPOYHOCTH.

BbnarogapHocTb

ABTOpBI BBIpaXKaIOT 0/1arOfapHOCTD Bamionckomy
peruony benbrun 3a nopgepxky npoekta NISHYCEM.
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NMPECC-PEJIN3 MO NTOT'AM BblICTABKUA
CAHKT-TIETEPBYPT, 28 ATIPESIA 2017

C 19 mo 21 ampensa 2017 rogma B CaHKT-
Ilerep6ypre, B KBII «9KCIIO®OPYM» cocros-
nach 23-a1 MexxayHapogHas BbICTaBKa CTPOMTENb-
HBIX U OTJIeNTOYHBIX MaTepuanoB VInTepCrpoitdkcno
/ WorldBuild St. Petersburg.

B nepBrlit ieHb BBICTaBKY — 19 anpesnis — mpoliia
TOP>KeCTBEHHAs LiepeMOHMsI OUIMaTbHOTO OTKPBITUS
BBICTABKM, B KOTOPOJ IPUH AN Y4aCTHE:

Urops MBanosuy Illukanos, 3aMecTUTeNb IpeX-
cearerns Komurera no crpoutenscty Cankr-Iletepbypra

Ban Anexcanpposud CepeOpUIIKIii, 3aMeCcTH-
Tesb npefcenaTenst KoMurera 1o npyuponononb30BaHuio,
OXpaHe OKpY>Kalollell cpefibl U 06ecreveH 0 9KOIornYe-
ckoit 6esomacHocTy CankT-Iletepbypra

Anexceli Iiropesnu benoycos, unren Cosera
HOCTPOV, Bulle-Ipe3ufieHT, TeHepanbHbIil JUpeK-
top O6bennuenns crpoureneit CankT-Iletepbypra u
O6benuHeHsI IPOEKTUPOBILINKOB

JleB Mouceesny KannaHn, BuIle-TIpe3UJEHT,
nupextop CaHKT-IleTepOyprckoro corwsa CTpOUTENbHBIX
kommanuit « COIO3IIETPOCTPON»

Anexkcangp Muxaiinosuy I'puMuTins, koopanHa-
top HanoHanbHOTro 06befuHeHNs IPOEKTUPOBIIMKOB 1
uspickareseit mo C300, npesupent ABOK Cesepo-3amag

lpuna ViropeBHa benmHckas, reHepanbHBblil
nupektop «IleTepOyprcKoro CTpOUTENBHOTO LIEHTPa»

Cepreii ITeopruesny BopoHKoB, reHepaibHbIN
pupeKTop KoMnanuu «Jxkcno®opym-VHTepHEIIH»

HMpuna AnaronbeBHa JIro61Ha, [MPEKTOpP KOMIIA-
Hunt «[TIPMUM3KCIIO» / ITE Caukr-Ilerep6ypr

IloueTHbIEe TOCTU LEPEMOHMM OTKPBITUA OTMETNIIN
BBICOKU YPOBE€HDb OpraHM3aly BbICTABKI M BbIPa3MJIN
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WorldBuild st Petersburg

nterStroyExpo

YBEPEHHOCTb, UTO ee IPOBefieHIe CTAHET IMITY/IbCOM JiL
[a/TbHENIIero pasBUTUA CTPONTEBHOI OTPAC/IN PETMOHA.

BrictaBka Hawyazma paboTy C TOpPXKECTBEHHOI
LlePeMOHNH HAaTPAX/eH st TOOef1TeNell MeXK Ly HAPOLHO-
ro KOHKypca «/[HHOBallM B CTPOUTENbCTBE», KOTOPBII
IIPOBOANTCA IO MHNIMaTNBe KoMuTeTa 1o CTpOonTenbCcTBY
Canxr-Iletepbypra. B sToMm rogy mobegyurensimu KOHKYp-
ca ctamu 11 KoMIaHui.

Hunnomamu III cTeneny 6p11M Harpas>kAeHbI KOM-
manuu «HOVBIIPY®» (3BYKOM3OTIALMOHHBI KOMITAyH]
GREEN GLUE) u «3m-Cnu Bayxemn» (go6aBka «[JINTO-
HUT Sctpux»).

Ob6mnapmarenyu qunaoMos II cTeneHy cTajaym KOMIla-
Hun «I90XVM HEBA» (cepust no6aBok B 6eTon JJIA-
CTOBETOH), «Akyctuk Py» (akycTmdeckuii TpUIIeKc
CAYHJIJIAVIH), <HUTUXA» (¢pubporieMeHTHbIE TTAHETN
NICHIHA cepun COOL), «9m-Cu bayxemn» (CynepKa-
muH TepmolllTykaTypka).

Kommauny, HarpaxxyieHHble guIvioMamu I crenenu —
«Ac¢anbrobeToHHBIN 3aBOZ Nel» (MHOTOIe6eHIICTDIIT pe-
suHoacansroberon Gap Grade), «KOTHE3A» (mpotuso-
HO>KapHBIIT TepMopacupsromuiica repMeTnk «OTHE3A-
I'T» pna neopMaLlMOHHBIX KOHCTPYKLIMOHHBIX IIIBOB),
«Ilenerpon» (nenerpon-6eron), «CMY - OKHA BEKA»
(mporpaMMHBIN KoMIITIeKC «VIHTe/neKTyanbHblil 3aMep-
MK»), «CommKa» (OrHe61MO3aNTHbIE COCTABDI M KPACKM
Soppka), «I'm3om» (cucTeMa OrHe3aIUTHI BO3LYXOBOJIOB
ET BEHT EI 240).

B sTOM ropmy B BhICTaBKE NPUHAIM ydacTue 176
komnanuit n3 Poccun, Apmennn, benapycn, l'epmanun n
JIntebl. BoicTaBKy noceTunu 6 496 yenosek u3 16 cTpan
u 44 pernonos Poccun. B yucne moceTuTenei BbICTaBKA —
PYKOBOAWTENM ¥ CIIELMA/TUCTBL IO CHAOXKEHUIO CTPON-
Te/IbHBIX KOMIaHUI, PyKOBOAUTENN Y CIELMATUCThI IO
3aKyIIKaM TOPTOBBIX KOMIIAHMIA, a TAK)Ke apXUTEKTOPBI,

IPOEKTUPOBILIVIKY, MHXEHEPDI, IPENCTAaBUTENN JI€BETIO-
MEPCKUX KOMITAHUIL




IToceTurenu cMoOrnm 03HaKOMUTBCSA C IIUPOKUM
CIIEKTPOM CTPOMTEIbHBIX U OTHAE/IOYHBIX MAaTe€pUAJIOB,
OKOH, (hacafios, [iBepell, MHCTPYMEHTA, CBETO- 1 HIEKTPO-
TEXHUYECKON IIPOJYKLIVY, HAIIOJIbHBIX IIOKPBITUIL, A TaK-
>K€ CTPOMTE/IBHOM U IO bEMHOM TEXHUKIL.

B umcre HOBMHOK, KOTOpbIe IPEeACTABIIN YIacT-
HUKM BBICTaBKY — CMIMKOHOBBII rupipodobusarop Elcon
Aqwell, cBepxMoOUIBHBII 6eTOHHBI 3aBOK Mo6ui-20,
Heroproune rufipodobusnuposannbie mmnutsl Y/IBTPA-
JIAVIT, Texumyeckuii KepaMOTPaHUT KOMIEKIUM «YCH-
JIEHHBIIT», CYICTEMBI be3paMHOro ocrexteHus — Vision-Line
u Vision-Slider, ruppousonanyonssit Matepuan Dorflex
M, pemreryaTslit HacTi Mapku Reshnastil, maToBas kpa-
cka npemuyM-kinacca Caparol PremiumClean, u MHoras
Apyras IpORyKIUA.

JlenoBas mporpaMma BbICTaBKM OTKPbIIACh II/Te-
HapHBIM 3aceflaHMeM 17-ro KOHIpecca IO CTPOUTENb-
ctBy IBC - «J¢dexTnBHee 1 6bIcTpee — KIIOYEBOII 110-
BOPOT B CMCTeMe MOTyYeHNs COITTacoBanmit». B pabore
HIpUHANN y4acTye Bule-ry6epHarop CankT-Iletepbypra
Anexcanjp Huxonaesnu ['oBopyHOB, ylonHOMOYeH-
HBIII IO 3alMTe NpaB INpennpuHNMareneil B CaHKT-
ITerepOypre Anexcannp BacunbeBuy A6pocumos, 3aMe-
CTUTENDb pyKoBOAUTeNA AfMuHMcTpanyn I'ybepHaTopa
Canxt-Iletep6ypra — HadanbHUK [IpoeKTHOTO yIpaBrie-
HuA - npoekTHoro opuca l0nua BavecnaBosna Jlynu-
HOBA, PYKOBOANTENY IPOQIILHBIX KOMUTETOB I CTPO-
UTENbHBIX KOMIAHUI.

Bume-rybepuarop ormerni, 4To B Iletepbypre
TeMIIbI CTPOUTEIbCTBA JKM/IbSI OHM U3 CAMbBIX BBICOKMX
B cTpaHe. bonee 3 MIH KB. METPOB >KM/IbA ObITIO BBefie-
HO B 3KCIUIyaTalliIo B IIPOILJIOM T'Ofly — 3TO Io4TH Ha 8%
6o7bllle, YeM IIAHUPOBATIOCH.

Takoke B IepBBIil IeHb BBICTaBKY cocTos/cs 10-11
MexyHapogHbIT GOPYM IO IPalOCTPOUTENBCTBY U ap-
xuTekType A.city. KimodeBasa Tema dpopyma: «ApXUTeK-
TypHbIe KOHKYPCBI — Ba)KHBIJ 3Tall IpOIlecca IPUHATUA
pelennit B cdepe MIaHMPOBAHUA FOPOJIA U MOBBILICHNA
Ka4yecTBa apXUTEKTYPbl». YUacTHUKY PopyMa obcyanmm
UTOTY IpoBefeHHbIX KoM1UTeTOM 10 apXUTEeKType 1 rpa-
pocrpontenscTBy CaHkT-Iletep6ypra B 2016 rory KOHKYp-
coB «Cepulit mosic. [Ipeo6pasoBanne» u «Iletepbyprcxmit
ctunb XXI Beka» 1 epCIeKTUBbI pa3sBUTI A KOHKYPCHO
npaktuku B Cankr-Ilerep6ypre.

OpuospemenHo ¢ MuTepCrpoitdxcno / WorldBuild
St. Petersburg cocrosinacy 4-1 MexxyHapogHas BbICTaBKa
060pynoBaHNUS /IS OTOIUIEH ], BOLOCHAOKEH NS, BEHTH-
SN, KOHAUIIMOHMPOBaHUs U 6acceiiHoB Aquatherm
St. Petersburg.

24-a1 MexxyHapogHasA BbICTaBKa
CTPOUTENbHBIX U OTAETOYHBIX MAaTepUaTOB
WorldBuild St. Petersburg /
NuTtepCrpoitdkcno
cocrtourcsa 17-19 anpens 2018 roma
B Cankrt-Ilerep6ypre, KBII «9KCIIO®OPYM»

gupmall
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