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BIVAHWE PACLLUMPAIOLLEIOCH LLEMEHTA
HA CYJIbOATOCTONKOCTb BETOHA

Abstract

The influence of expanding cement on the sulphate
resistance of concrete is considered. Concrete made with tra-
ditional shrinkage-reducing binders is subject to volume
changes, which inevitably leads to the appearance of mi-
cro- and macro-defects and, as a result, reduces the per-
formance characteristics of reinforced concrete structures.
Cracks, both in the structure of the concrete cement stone
itself and in the contact zone at the boundary between
the cement matrix and the aggregate, are the main area
of penetration for aggressive agents. In order to eliminate
the negative effect of microcracking, the effectiveness of us-
ing an expanding binder was studied. The strength charac-
teristics of concrete samples after storage in sodium sulphate
solution and water were compared. The composition based
on expanding cement showed the highest results in terms
of the durability coeflicient. Sophisticated analysis methods
were used to study the microstructure and chemical com-
position of the developed concrete compositions.

Key words: shrinkage cement, expanding cement,
sulfate resistance of concrete, resistance factor

Introduction

Concrete volume change begins at the earliest stage
of hardening and continues throughout the entire life cycle
of the structure. Therefore, concrete and reinforced con-
crete structures are subject to self-stressing or shrinkage
cracking, which can cause significant defects in concrete
and reinforced concrete structures, reducing their per-
formance and aesthetics [1, 2]. Traditional methods of re-
ducing shrinkage deformations and increasing the crack
resistance of concrete include: the use of expanding / stress-
ing cements or expanding additives; reducing the sand
content; using chemical additives; reducing the water-
cement ratio; and internal and external concrete curing
[3, 4]. Another equally important factor leading to damage
to concrete and reinforced concrete structures is the cor-
rosion of concrete and reinforcement, including sulphate

AHHOTauusa

PaccmoTpeHO BIMAHME pacIIMpAIOIIETOCH Iie-
MEHTa Ha Cynb(aTOCTONKOCTb OeToHa. BeToH Ha Tpanu-
IIIOHHOM YCaJJ0YHOM BSDKYIIeM MOfiBep>KeH 00'beMHbIM
M3MEHEHU M, YTO HeU30e>KHO IIPUBOANT K IOSIBICHNIO
B HEM MMKPO- 1 MaKpoaedeKTOB I, B pe3y/IbTaTe, CHU-
XAITCA 9KCITyaTallIOHHbIE XapaKTePUCTUKIY JKeNe30-
0eTOHHBIX KOHCTPYKINIL. TpemnHel, Kak B CTPYKType
CaMOro L[eMEHTHOTO KaMHs 6eTOHA, TaK U B KOHTAKT-
HOJI 30He Ha IPaHMNIe «IleMEHTHAsl MaTpuIa — 3aIo-
HUTENb», ABIAITCA OCHOBHOI 30HOI IIPOHUKHOBEHUA
/I arpecCUBHBIX areHTOB. C IIe/bl0 YCTpaHEeHUs OT-
puLaTenbHOro 3¢ pekTa MUKPOTPEMHOOOpasoBaHus
usydeHa 3(ppeKTUBHOCTD NIPUMEHEHUA pacUIUpAIO-
merocs BsOKymero. ConocTaBIeHbl IPOYHOCTHDIE Xa-
paKkTepuCTUKM 00pasIoB 6eTOHA MOC/Ie X XpaHEeHUs
B pacTBOpe cynbdara HaTpus u B Bofie. Haubornee BoI-
COKJe pe3y/IbTaThl 0 KO3 PUUUEHTY CTOMKOCTH IHO-
KasaJl cOCTaB Ha pacuIMpsmoomeMcs IeMeHTe. Ina us-
y4eHUs] MUKPOCTPYKTYPBl M XMMUYECKOTO COCTaBa
paspaboTaHHBIX COCTABOB 6eTOHA MPUMEHEHbI TOHKIE
METOJBI aHa/IN3a.

Kniouesvie cnosa: ycadounviii uemenm, pacuups-
HOUWUILCA UeMeHm, CYyTbPamocmoiiKocmo bemona, Koagp-
puyuenm cmoiixocmu.

BeeageHue

VsMmeHenne o6bemMa OeTOHAa HauMHAETCA C Ca-
MOTO paHHETO BO3pacTa e€ro TBEPHEHUS U MPaKTU-
YeCKM He MpeKpallaeTcs B TeYeHMe BCero mepuopa
KM3HEHHOTO IMKIa o6bekTa. [ToaToMy 6eTOHHBIE
U Kene300eTOHHbIe KOHCTPYKIMM HOABEPIKEHBI Ca-
MOHAIPSDKEHNIO WM YCaJOYHOMY TPEIMHO06paso-
BaHMIO, YTO MOXXET BBI3BAaTh 3HAYMTebHbIE fedek-
TBI B O@TOHHBIX U XKe/e300eTOHHBIX KOHCTPYKIUAX,
CHIVDKAsl MX 9KCIIyaTal[IOHHbIE XapaKTePUCTUKY
" 3CTeTUYHOCTH [1, 2]. TpaguumoHHbIMK ciocobamu
CHIDKEHMS YCaZo4YHbIX fedopManyil ¥ MOBBILICHNS

“ALITinform” International Analytical Review No.1(1/81)2026 3
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Table2.  Active micro-silica content in aggregate

Tabnuua 2. CoaepxaHue akTMBHOTO MUKPOKPEMHe3eMa B 3amnonHmTene

Component // KoMnoHeHT

CementII/A-Sh 42 5N,
Sterlitamak // LlemeHT I1/A-LL
42,5Hr. CtepnutamMak

Binder // Baxyuiee

Crushed stone (Sangalyk
quarry) // Otces apobneHuns
(kapbep «CaHranblik»)

Filler // 3anonHutens

Active microsilica in filler, mmol/l //
AKTUBHbIN MUKPOKPEMHE3EM 11,10
B 3amnonHuTene, MMosb/n

Alkaline oxides (Na,O, K,O) in terms
of Na,O (water-soluble), mass
fraction, % // LLlenoyHble okcuabl 04
(Na:O, K;0O) B nepepacyete Ha Na,O ’
(BOmOpPacTBOPMMbIE), MaccoBas
nona, %

and Satka (M = 2.88) quarries. Concrete samples measuring

25 x 25 x 100 mm [8] were kept in a 3 % sodium sulphate so-
lution and in distilled water. The corrosion resistance of con-
crete was assessed by the resistance coefficient RC of samples

under bending (RCb) and compression (RCc), which was cal-
culated as the ratio of the strength limit of samples stored

in sodium sulfate solution to the strength of samples stored

for the same period in distilled water. The tests were carried

out after 1, 3, 6 and 12 months. At each time interval, three

beams were tested for bending (using the PM-1MG4 device)

and four halves of samples previously tested for bending were

tested for compression (using the PGM-500MG4 device). Ta-
ble 3 shows the results of the sample tests.

The test results show that all compositions have high
initial strength values at 3 months of age, with the lowest value
for composition 1 on shrinkage binder, which has the lowest
WIC ratio. It should be noted that the W/C ratio for composition
2is quite high, since a dust-like fraction of crushed screenings
was used here. After 12 months, the strength of all water-stored
samples increased, with composition 3 having the highest value.
Composition 2 has the highest water-cement ratio (and, there-
fore, this concrete is the most porous) and the lowest strength
value, but this composition is characterised by the highest
sulphate resistance, since after 12 months of storage in a so-
dium sulphate environment, it has the highest strength
resistance coefficient for both compression and bending.

Figures 1 and 2 show photographs of the micro-
structure of the surface of concrete sample chips taken
with a JEOL JSM-6610 LV scanning electron microscope.

Fig. 1 shows that in concrete composition 1, there
is a clear boundary at the interphase boundary between

Composition // CocTas

Masteremaco A640 Masteremaco A640

Crushed stone (Sangalyk Crushed stone (Satka

quarry) // OtceB apobnerHuna quarry) // OtceB apobneHua

(kapbep «CaHranblk») (kapbep «CaTka»)

11,10 18,14

0,5 0,5

C Lie/I09aMy LieMeHTa ¢ 06pa3oBaHMeM BTOPUYHBIX T~
nparoB. Opnaxo, cormacHo ['OCT 8267-93 «Illebenn
M TPABMIT U3 IUIOTHBIX TOPHBIX IIOPOJ, IJIsL CTPONUTEND-
HBIX pabot. TexHMYeCKMe YCIOBUSI» NIPU COAEPKAHNUM
B 1e6He aMOpQHBIX Pa3HOBUIHOCTEN AMOKCHUAA KPEM-
HVS, PACTBOPUMBIX B Il[eIo4yax, He Gonee 50 MMOJb/,
3aIIO/THUTEh MOXET IIPUMEHSITHCS 6e3 OTpaHIIeHNIL.
ITpu 5TOM IaHHAs PeAKUMS MTO3BOISET PACCIUTHIBATD
Ha 3¢ GeKT YIUIOTHEHMsI KOHTAKTHOI 30HBI BTOPUYHBI-
MU TMApPATaMIU.

MenKko3epHUCTBII OeTOH M3TOTaBIMBAJCA
IpY COOTHOIIeHNN KoMnoHeHTOoB 1] : IT =1 : 2, fosupos-
Ka XMMMYeCKoll fo6aBKY Ha OCHOBe NMOMMKapOOKCHIaTa
MasterGlenium 591 cocrasnana 0,8 % OT Macchl IjeMeH-
Ta. B xauecTBe 3aI0/IHNTeIIA UCIIONIBb30BATIVICh IIPUPOT-
Hble MaTepuabl — OTXOABI JOOBIYM HEPYHOTO CHIPD:
oTceBBl ApobneHusa ppakuyuu 0-5 MM KapbepoB «CaH-
ranbik» (Mgp = 1,91) u «Carka» (Mgp = 2,88). O6pasubl
6etoHa pasmepoMm 25 x 25 x 100 mm [8] Ob11u Beigepxa-
HBL B 3 %-0M pacTBOpe cynbdara HATpUA U B AUCTUI-
nupoBaHHOI Bofie. KopposuoHHas CTOMKOCTb 6eTOHa
Ol[eHMBaIach 1o koadpduuenty croiikoctu KC obpas-
1oB npu usrunbde (KCu) u npu cxxarun (KCc), koTopsiit
paccUMTHIBAICA KaK OTHOLIEHNe IIpefena IIPOYHOCTI
06pas1ioB, XpaHMBIINXCS B pacTBOpE Cynbdara HaTpus,
K IPOYHOCTM 06paslioB, XPAaHUBIINXCSA TOT K€ CPOK
B JUCTW/IIMPOBAaHHON Bofe. VcubiTaHus ObIn Ipo-
BefleHbl uepes 1, 3, 6 n 12 Mecsanes. B kaxablit cpok
ObLIM MCIIBITAHbI Ha M3rub mo Tpu 6anouky (Ha mpubo-
pe IIM-1MTI4), u Ha c)xaTue — II0 YeTblpe IOTOBUHKMI
006pasIoB, paHee UCIBITAHHBIX Ha u3rnb (Ha mpubope
III'M-500MT4). B Tabn. 3 mpuBeneHbI pe3yabTaThl JIC-
HBITaHNIT 06pasIoB.

6 Ne1(1/81) 2026 «AJTNTUHGOPM» MexayHapoaHOoe aHannTMyeckoe obo3peHmne



cement | ueMeHT

at the interphase boundary between the cement matrix
and the aggregate.

Concretes based on expanding cement are more
expensive due to the cost of cement, so their use is ad-
visable in the construction of critical structures, as well
as for repair concrete.
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OLEHKA YCNOBUWN U MOTEHUMAA
HAPALLUMBAHNA OBbEMOB
NMPON3BOACTBA TIOPTITIAHOULEMEHTA

C MUHEPAJIbHbIM OOBABKAMU

HA OCHOBE NMPOMBbIWJIEHHBIX OTXO40B
COOOBOIO rMPON3IBOOCTBA

Abstract

This article presents an analysis of the cur-
rent status and development prospects for the use
of mineral additives derived from industrial waste
in the cement industry and environmental services
sector in Russia. It explores trends in waste recy-
cling and the implementation of innovative materials
aimed at enhancing industry sustainability and prof-
itability. The article investigates the activities of en-
gineering companies, the dynamics of their financial
indicators, and the potential for the commercializa-
tion of innovative solutions. Special attention is given

AHHoOTauua

I[IpencraB/ieH aHa/IN3 COBPEMEHHOTO COCTOSHMA
U IIEPCIIEKTUB PA3BUTIS [IPUMEHEHN s MITHEPAIbHBIX J10-
6aBOK, IOy Y€HHBIX U3 IPOMBIIIEHHBIX OTXOHOB, B Ile-
MEHTHO [IPOMBILITIEHHOCTI U c(epe SKOTOrMIeCKIX
ycrnyr B Poccyn. ViccnenoBaHsl TeHAeHIMN B 001acTH
nepepabGoOTKY OTXOOB ¥ BHEPEHVS MHHOBAIVIOHHBIX
MaTepuanoB AJIs MOBBILIEHNs YCTOMYMBOCTI U PeH-
TabeIPHOCTI OTpaciell U 0COOEHHOCTH HesATeNbHOCTI
MHXXMHUPVHTOBBIX KOMIIAHUIL, [UHAMMKA NX QUHAH-
COBBIX ITOKa3aTesell U MOTEeHIMal KOMMePIaan3aliun
MHHOBAL[MOHHBIX pereHnit. Oco6oe BHUMaHIE yAeTIeHO
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production costs, a market capacity model was developed
and a regression analysis of influencing factors was per-
formed.

Despite the predicted short-term decline in ce-
ment production (pessimistic scenario — 25 % in 2025),
the long-term trend towards an increase in the share of ce-
ment with mineral additives remains positive. The regres-
sion model shows that the volume of Portland cement
production with additives is most strongly dependent
on per capita cement consumption. Provided that the cost
of such compositions decreases, the capacity of the Rus-
sian market for mineral additives has significant growth
potential by 2037.

As part of the state program "Environmental Well-
being", a federal project called "Closed-Loop Economy"
is being implemented with planned funding of 600 bil-
lion rubles (start of implementation — 2025). The project
aims to create infrastructure and a regulatory framework
that will promote the use of secondary resources, includ-
ing in the cement industry and related environmental
services. The rapid growth in current operating expenses
for environmental protection is a direct long-term driver
for the introduction of waste processing technologies, in-
cluding their use as mineral additives to achieve the tar-
get secondary resource utilization index (32 % by 2030).

Cement production remains sensitive to the over-
all economic situation, construction investment, GDP dy-
namics, and household income. The projected decline
in cement consumption may temporarily reduce demand
for all types of additives. Significant equipment wear
and tear requires constant large investments in mod-
ernization and greening, which does not always provide
a quick financial return and increases production costs.

The increase in transportation costs (up to 12 %
of production costs) and the cost of environmental meas-
ures are also putting pressure on the final price of cement.
The market for mineral additives is saturated with both tra-
ditional (calcium carbonate, dolomite) and alternative
products (fly ash, slag). Production costs can be reduced
through the development of new technologies in the field
of eco-innovation, reducing current environmental protec-
tion costs and extending the life cycle of deposits.

The development of technologies for the reuse
of industrial waste in the production of mineral additives
for cement is not only a necessity dictated by environ-
mental safety requirements, but also a strategic econom-
ic opportunity. Success will be determined by the ability
of market participants to mitigate risks through cost-
reducing innovations, the effective use of government
support measures within the environmental agenda,
and the formation of sustainable industrial symbiosis
chains. The geographical potential for the formation
of the three largest centers of industrial symbiosis be-
tween soda plants and cement producers is concentrat-
ed in three regions: the Perm Territory, the Republic
of Crimea, and the Leningrad Region. The long-term
market outlook is linked to the irreversible trend toward
resource efficiency and the circular economy.
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ce6ecTOMMOCTY TaKMX COCTaBOB, €MKOCTb POCCHUIICKOTO
pbIHKa MUHEPaIbHbIX HOOABOK MMeeT 3HAUMTENbHBII
IoTeHIMan pocra K 2037 .

B paMkax rocyfapcTBeHHOJ IPOrpPaMMBbl «IJKO-
JoruyecKoe Oaromnony4dmne» peanusyercs demepanpHblil
MPOEKT «IKOHOMMKA 3aMKHYTOTO I[MKJIa» C 3al/IaHNPO-
BaHHBIM (uHaHCHpoBaHUeM oT 600 MIpA p. (Hayamo pe-
anmusanuu — 2025 1.). Llenpo mpoekTa sIBIsIETCs CO3/1a-
Hue MHQPACTPYKTYpPhl M HOPMATUBHO-IIPaBOBOII 6a3bl,
CIIOCOGCTBYIOIINX MCIIOIb30BAHII0 BTOPMYHBIX PECyp-
COB B TOM UHCJI€ B [IeMEHTHO IPOMBIIIIEHHOCTHU U CBSI-
3aHHBIX C Hell 9KOo/Iornyeckux ycnyrax. Onepexaromuii
POCT TEKYIIMX SKCIUTYaTal[IOHHBIX PACXO/IOB Ha OXPaHy
OKPY>KaIoLeli Cpefibl ABIAETCA IPAMBIM JJOITOCPOYHBIM
IpaliBepOM [/ BHELPEHMA TEXHOMIOTUI nepepa60TK1/1
OTXOJI0B, BKJIFOYasl X MCIOb30BaHME B KadeCTBe MU-
Hepa/bHBIX J0OABOK [JIs1 TOCTMIKEHNs 11e/IeBOr0 MOKa-
3aTesd 110 MHMEKCY UCIIOIb30BaHNUA BTOPUYHBIX Pecyp-
coB (32 % x 2030 1.).

ITpon3BOACTBO LieMEHTa OCTAeTCA YYBCTBUTEND-
HBIM K 0011eT 9KOHOMUYECKOI CUTYALIN, MHBECTULSM
B CTPOUTENbCTBO, fuHaMuKe BBII u foxomam HaceneHus.
ITporuosupyemoe CHIDKeHME IOTPeOIeHN A LieMeHTa MO-
XKeT BpeMeHHO CKaTh CIIPOC Ha BCe BUABI f06aBOK. JHa-
YUTENbHBIN M3HOC 060pyOBaHMS TPebyeT MOCTOAHHBIX
KPYIHBIX MHBECTUIIVI B MOJIEPHU3ALINIO M 9KONIOTU3a-
IMII0, YTO He BCETfa AaeT OBICTPYIO PMHAHCOBYIO OTHAYY
i TIOBBIIIAET CeOECTOMMOCTbD.

Tak>ke pocT TPaHCIIOPTHBIX M3xepxek (o 12 %
B ce0eCcTOMMOCTH)) M CTOMMOCTHU 3KOJIOTMYECKUX Me-
pONpMATHUII OKa3bIBAIOT /IaB/IEHME Ha KOHEYHYIO LIeHY
I[eMeHTa. PBIHOK MMHepanbHBIX J0OAaBOK HACBIILIEH
KaK TpafgMUMOHHbIMM (KapOOHAT KajIbIys, LOTOMMUT),
TaK ¥ aJbTepHAaTUBHBIMU IIPOAYKTaMM (30J1a-yHOCa,
maakn). Ce6ecTOMMOCTD ITPOU3BOACTBA MOXHO CHMU-
3UTh 3a CYET Pa3pabOTOK HOBBIX TEXHONMOTHMII B chepe
SKOMHHOBALIMI, CHV)KAs TEKYILMe 3aTPAThl Ha OXPaHY
OKPY>KaoLel Cpefibl U MPOJIAA )XU3SHEHHBIN LUKII Me-
CTOPOXX/I€HUIA.

PasBuTie TeXHOMOTHIT BTOPMYHOTO MICIIONbB30-
BaHMA MIPOMBILIEHHBIX OTXOZOB [/1s1 IPOM3BOACTBA
MUHepanbHBIX 06aBOK K [IEeMEHTY ABIIAETCA HE TOJNb-
KO He0OXOAMMOCTHIO, 00YCIOBIEHHOI TPe6OBaHUAMMU
9KOIOTMYECKOIT 6€30IIaCHOCTH, HO U CTPATErNYEeCKOil
9KOHOMMYECKOJ BO3MOXXHOCTBIO. YcIlex 6yzeT ompe-
ReNATbCS CIOCOOHOCTHIO YYACTHUKOB PBIHKA HUBe-
AMpOBaTh PUCKM Yepe3 MHHOBAL MM, CHUKAIOLINE
cebecToNMOCTD, 3 PeKTUBHOE NCIOTb30BaHNE TOCY-
HapCTBEHHBIX Mep MOAMEPKKIM B PaMKaX 3KO/IOrude-
CKOJI IIOBECTKM, a TaKXe GOPMUpOBaHNUE YCTONIMBBIX
LleloYeK IPOMBIIIIEeHHOro cuMbuosa. Ieorpaduye-
CKUJI TOTeHUMan o6pasoBaHMsA TPeX KPYIMHeNIInX
[IEHTPOB IIPOMBIIIIEHHOTO CMMOM03a MEXAY COLOBBI-
MM 3aBOJIaMI U IPOU3BOJAUTENAMY IleMEHTa COCPefio-
TOYeH B Tpex pernonax: Ilepmckom kpae, Pecry6mn-
ke Kpsim u Jlennurpagckoit obmactu. lonrocpouHas
IepCIeKTNBa PBIHKA CBA3aHa C HEOOPATUMBIM TPeH-
oM Ha pecypco3pPeKTUBHOCTD U LUPKYIAPHYIO
3KOHOMIMUKY.
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BIVAHWNE TEMIMEPATYPbl LEMEHTA
HA EFO CBONCTBATIPU TTATIJIETUPOBAHWA

Abstract

The problem of elevated cement temperature
at the outlet of a cement mill is considered, and the ef-
fect on reducing the productivity of palletizing lines
is studied. It was found that when the cement tempera-
ture is above 65°C, the carousel machine requires an ad-
ditional revolution to fill the cement bag.

The results of chemical analysis and physico-me-
chanical tests of batches, the bags of which were not filled
during one revolution of the carousel machine, were studied.
It has been established that the chemical and physico-me-
chanical properties of the tested cement are within the regu-
lated values, with the exception of the specific surface area.

It is concluded that a decrease in the productiv-
ity of the calibration line occurs at cement temperatures
above 65°C, and the specific surface area of cement ex-
ceeding 4,400 cm?/g is also affected.

Key words: cement; palletizing line; carousel ma-
chine; temperature; specific surface area.

Introduction

Optimization of the final stages of cement produc-
tion, such as milling, bagging and palletizing, is an im-
portant task to ensure profitability and quality of finished
products [1]. One of the key but little-studied factors in-
fluencing this process is the temperature of cement dur-
ing bagging and palletizing.

The high temperature of the cement [2] negative-
ly affects the process of filling the bag with the carou-
sel machine: the bag is not filled to the set weight in one
revolution of the carousel machine, reducing its produc-
tivity. Also, the increased temperature of the material

AHHOTauusa

PaccMoTpeHa mpo6/ieMa IIOBBIIEHHON TeMIIepaTy-
PbI LieMEHTA Ha BBIXOfI€ 13 IIEMEHTHON MEe/TbHUIIBL, M3y YeHO
BJIVsAHME Ha CHVDKEHME TIPOU3BOIUTENIBHOCTH MayIeTodop-
MUPYIOIMX IMHUIA. YCTAaHOB/IEHO, YTO IIPU TEMIIEpAType
IeMeHTa BbIlIe 65°C KapycelbHOI MalliHe TpebyeTcs o-
HOJTHUTEIBHBIN 000POT /ISl HALIOJTHEHN A MellIKa [JeMeHTa.

VsydeHbl pesynbTaThl XMMMYECKOTO aHAIM3a
1 GU3NKO-MEeXaHNYECKNX MCIBITAHWUI MTApPTUil, MEIITIKA
13 KOTOPBIX He 3aITOTHATICH 3a BpeMs OffHOTo 06opoTa
Kapyce/lbHO MallMHbI. YCTaHOBJIEHO, YTO XMMUYECKIE
U pU3UKO-MeXaHIYeCKle CBOJICTBA MCIIBITAHHOTO LieMeH-
Ta, HAXO[ATCA B IIpefieNaX perlaMeHTPYEMbIX 3HAUYEHMIA,
32 MICK/TI0OYEHMEM YAENbHON MOBEPXHOCTM.

CrienaH BbIBOJI, UYTO CHUYKEHME TPOU3BOAUTENbHO-
CTV TMHUY TAPUPOBAHM A MIPOMCXOINT IIPY TEMIIepaType
IeMeHTa Bbille 65°C, TaKKe B/IVSHNE OKa3bIBaeT y/ie/b-
Has IOBEPXHOCTD LIeMeHT4, IIpeBbluanmas 4400 cm?/r.

Kntouesvie cnosa: yemenm; nannemogdopmupy-
WAL TUHUS, KAPYCenvHAS MAWUNHA; memnepamypa;
YOeNbHAS NOBEPXHOCHID.

BeepeHue

OnTumusanus 3aK/II0YNTENbHBIX 9TAMIOB IPOU3-
BOJICTBA LIeMEHTA, TAKUX KaK IIOMOJI, YIIaKOBKA B MEILIKM
U IAJUIETMPOBAHIE, SIB/IETCS BaXKHOI 3afadeit yist obecrre-
YeHN peHTaOeIbHOCTH M Ka4eCTBa FOTOBO IMpomyKuun [1].
OpnHMM 13 KJTI0YEBBIX, HO MaJION3yYeHHBIX (aKTOPOB, B/IU-
SIIOLIMX Ha 9TOT IIPOLIECC, ABJIAETCS TeMIIepaTypa LieMeH-
Ta B IIpOliecce YIAKOBKY B MEIIKM I NTa/TIeTUPOBAHUIL.

Bpicokas TemnepaTypa LieMeHTa [2] HeraTMBHO BIVS-
€T Ha IIPOLIeCC HAIIOJIHEHN A MELIKa KapyCe/IbHO MalIHOI:
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Fig.3. Physicaland mechanical analysis of the samples
Puc. 3. ®usmko-MexaHU4eckunit aHanms oTobpaHHbIX Npob

on sieves R0O08 and R0045 and the specific surface
area according to Blaine (Fig. 3). The results showed
that the samples included samples with both increased
fineness of grinding (samples 7-10) and working
parameters (samples 6-10). Also, an increased specific
surface area relative to the regulatory indicators was noted
in all samples. This observation allows us to conclude
that the increased specific surface area in combination
with the high temperature of cement negatively affects
the process of filling the bag with cement.

Conclusion

The conducted research proves the significant
influence of cement temperature on the technological
process of its palletization. It has been established
that, given the invariance of chemical and physico-
mechanical parameters, the temperature range
of 65-80°C, and not only extremely high values, is critical
for filling a bag of cement with a carousel machine in one
revolution. At this temperature, a complex of negative
effects is also observed: the flowability of the material
worsens, adhesion increases and the tendency to form
lumps, voids form in bags and the integrity of pallets
is disrupted. A specific surface area of 440 cm?*g also
has a negative effect on the process of filling bags
with a carousel machine.
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BbiBoabl

ITpoBeseHHOE MCCNIENOBAaHME JOKA3bIBAET CyIlle-
CTBEHHOE BIIMAHNE TEMIIEPATYPhI LIeMEHTa Ha TEXHO/IO-
TMYECKUI IPOLIECC €0 Ma/IIeTUPOBaHNUA. YCTaHOBJIEHO,
4TO IMpPU HEM3MEHHOCTU XMMUYECKNX U PU3NKO-MeXa-
HIYECKMX TTapaMeTPOB KPUTUYECKUM JI/Is 3aII0O/THEHN A
MeIlKa LleMeHTa KapyCe/lbHOI MAallMHOI 3a OfVH obopoT
ABIIAETCA TEMIIEPATYPHBII Auana3oH 65-80°C, a He TO/b-
KO 5KCTpeMajIbHO BBICOKME 3HadeHMs. [Ipu aToit TeM-
HepaType Tak)Xe HaOMIOaeTCsl KOMIIIEKC HeTaTUBHBIX
3 PeKTOB: YXy/IIaeTCs ChIIIy4ecTb MaTepyaa, MOBBI-
maeTcA afire3ys ¥ CKIOHHOCTh K 06pa3oBaHMIO KOM-
KOB, 06pa3yIoTCs IMTCTOTHI B MEIIKaX VM HapyLIaeTCs Iie-
JIOCTHOCTB Ha/UIeT. YAeNbHas [OBEPXHOCTD 0T 440 cM?/T
TaK >Ke OKa3bIBaeT HeraTMBHOE BINAHME Ha NIPOIlecC Ha-
ITO/THEHV I MENIKOB KapyCelTbHOI MalIHOI.
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KITACCMOUNKALNN LEMEHTA B CUCTEME
SAMKHYTOIO UWMKJTA TIOMOIJTA
C NMPUMEHEHWEM CEINAPATOPA

Abstract

The article presents an analysis of the effectiveness
of the classification process in a closed cycle of cement produc-
tion using separators. The study is based on data from six Rus-
sian cement plants working with different brands of general
construction cements (CEM 142.5N, CEM I 52.5N, CEM II/V-
S 42.5N, CEM II/A-142.5N). It is shown that, despite the sta-
ble classification of the material using a separator, there is in-
stability in the granulometric composition of the product,
which is sent for re-grinding. Analysis of the granulometric
composition showed that from 17 to 36 % of the material sup-
plied to the separator with a size of less than 80 microns, which
already meets the requirements for the finished product (ce-
ment), enters the grit flow (accounting for 56-75 % of its vol-
ume) and is subjected to excessive grinding. This indicates
that the classification process is inefficient, resulting in higher
energy costs and lower overall production efficiency. The re-
sults obtained highlight the need to optimize a closed cycle
in cement production, where the separator acts as a classifier.

Key words: thermostable composite materials; sol-
id phosphate binders; dry building mixtures; microwave
treatment.

Introduction

Currently, Russia has a comprehensive state pro-
gramme in place called "Energy Saving and Energy

AHHOTauuA

B crarbe npepncraBieH aHanu3 3¢ HeKTUBHOCTU
mpotecca Kaaccupukanuy B 3aMKHYTOM LJMKIIe NIPO-
U3BOJCTBA IIEMEHTA C MCIIONTb30BaHUEM CEIapaTOpPOB.
VlccnenoBaHye OCHOBAaHO Ha JAHHBIX LIECTU POCCUIL-
CKUX IJeMEHTHBIX 3aBOJI0B, pab0OTAIOIVX C PA3TMYHBIMU
MapKaM obuecTpouTenbHblx eMenTos (IJEM I 42,5H,
LIEM I52,5H, TEM II/B-III 42,5H, ITEM II/A- 42,5H).
IToxasaHo, 4TO, HECMOTPS HA CTAOMIBHYI0 KIaccuguka-
VIO MaTepuasa ¢ IpMMeHeHVeM cerapaTopa, Haboxa-
eTCs HeCTabMIbHOCTb TPaHYTOMETPUYECKOTO COCTaBa
HIPOAYKTa, KOTOPBI/l OTIPAB/IAETCS Ha IIOBTOPHBIN 110-
MOJI. AHa/IM3 IpaHY/IOMeTPUYIECKOTO0 COCTaBa IIOKa3all,
4uTo oT 17 1o 36 % nogaBaeMoro B celapaTop MaTepuasna
pasmMepoM MeHee 80 MKM, yXe COOTBETCTBYIOILETO Tpe-
60BaHMIM K TOTOBOMY IIPOAYKTY (LleMeHTY), Iomazga-
eT B IIOTOK KPYIIKM (cocTasss 56-75 % oT ee oO6beMa)
U IIOfIBEpraeTcs U3OBITOYHOMY IIOMOTTY. DTO CBUJETE/b-
CTBYeT 0 HeapPeKTUBHOCTY Ipollecca Kaaccudukannn,
YTO IIPMBOANT K ITOBBILIEHIIO 9HEPro3aTpaT ¥ CHUKEHNIO
obuieit apdexTuBHOCTU IpOoU3BOACTBa. [lomTyueHHbIE
Pe3y/IbTaThl IOfYePKMBAIOT HEOOXOAUMOCTb ONTUMU-
3allMy 3aMKHYTOTO IIVIKJIa IIPU IIPOM3BOACTBE LIeMEHTa,
IZie B KaueCcTBe KlaccugpuKaTopa BHICTYIIAET CEIapaTop.

Knroueevie cnosa: yemenm; samxHymulil yuxs no-
MOZIG; cenapamop; 2panynomempuecKutl cocmas; Kaac-
cugukayus mamepuana.
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