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GRINDING CAPACITY OF SULFATED CLINKERS
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ABSTRACT

Introduction. The dispersion characteristics of cements largely determine their physical and mechanical prop-
erties, and for expansive cements, their deformation characteristics. Regulation of the dispersion characteristics of
cements is achieved in various ways, including by changing the grain size distribution. The grain composition of
cements depends on the grinding methods, the microstructure of the clinkers, as well as the microhardness of the
minerals included in its composition, and their grindability. The purpose of the study is to determine the degree of
resistance, grindability and energy consumption during grinding of an expanding additive in the form of sulfoferrite
clinker.

Materials and methods of research. This paper examines the grindability of sulfoferrite clinker as an expanding
additive in comparison with Portland cement. Microhardness was determined as the degree of resistance of a ma-
terial to destruction. The degree of clinker grindability was determined based on specific energy consumption, and
studies were conducted on the distribution of particles of ground additive by fractions. The research methods are
sieve analysis of ground powder, electron microscopy, and X-ray phase analysis. The Rosin-Rammler-Bennett equa-
tion was used to analyze the particle distribution based on particle size analysis data. The article concludes that
the expansion additive in the form of sulfoferrite clinker is acceptable from the point of view of energy resource use.

Results. For ferrous sulfated clinkers, difficult-to-grind sulfated ferrite minerals with a small specific surface
area (Ss,=200 m’/kg) are concentrated in large and medium fractions. With an increase in the specific surface area
to 300 m’/kg, the content of these minerals in the middle fractions increases. With a further increase in the specific
surface area to 400 m*/kg, calcium sulfoferrites are main-ly located in large (>80 um) and small (<45 um) fractions.
When ground, silicates in this clinker are located at Sy,=200 m’/kg in the medium fractions, and with an increase
in the specific surface area in the fine fractions. The characteristic particle size for sulfoferrite clinker (Ssp=400
m’/kg) was 35-37 um.

Conclusions. The article concludes that in order to obtain ferrous sulfated minerals of fractions 80-63 um, it is
necessary to grind sulfated clinkers to Sy,=300 m’/kg, and to obtain these minerals with a size of less than 45 um,
their finer grinding to 400 m*/kg is necessary.
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Rosin-Rammler-Bennett equation, sulfoferrite clinker, expanding additive
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BBEJEHUE

ToHKOCTE NOMOJIA, yAETIbHAs MOBEPXHOCTh, 36PHOBOM CO-
CTaB — JUCHEPCHBIE XapaKTePUCTUKU LEMEHTOB, KOTOPHIE B
3HAUYNTEIBHOW CTETEHH ONPEACISIOT WX (PU3MKO-MeXaHHWde-
CKHE CBOICTBA, a ISl PACIIUPSIOIINXCS LIEMEHTOB 1 ieopMa-
IIMOHHBIE XapaKTepuCTHKH [ 1-7]. B kauecTBe pacmpsronx cs
J00aBOK MOKET MCIOJIB30BaThCSI MHOXKECTBO MaTepHaIOB [ 7-
10]. B nanHO#1 paboTe B Ka4eCTBE pacIINpSIONIe 1o0aBKH pac-
cMmarpuBaercs cyiabdodepputHsiii kmuakep [11-14].

PerynupoBanue nehopMaioHHBIX XapaKTEPUCTUK PACILIU-
PSIOIIUXCSI IEMEHTOB, MOKET OBITh JOCTUTHYTO Pa3HbIMH CIIO-
cobaMu, B TOM YHCIIe ©3MEHEHHUEM 3€PHOBOT'O COCTaBa Harpsi-
TaroIUX U PacIIUPSIOUINXCS IeMEHTOoB [15, 16].

3epHOBOI cOCTaB IIEMEHTOB 3aBHCHT, B IIEPBYIO OYEpE.b,
OT cIoCcO00B M3MENBUCHHMS, TAK U OT MUKPOCTPYKTYPBI KJINH-
KEPOB, MHKPOTBEPIOCTH BXOJSIINX B €0 COCTAB MUHEPAJIOB,
U OT UX pa3moiocrocobHoctH [17-19].

OnHOHM M3 XapaKTEePUCTHK CTEIIEHW CONPOTHUBIICHUS MaTe-
pHana MEXaHWYEeCKUM YCHIIMSAM SIBIISICTCS MHKPOTBEPAOCTH —
TBEPAOCTH OTACJIBHBIX YIaCTKOB MUKPOCTPYKTYpPHI. Bennunna
MHUKPOTBEPAOCTH 3aBUCHUT OT CTPYKTYPHI KPUCTAIUIA, & UMEHHO
OT CUJIBI M THUIIA XUMHUYECKON CBSI3M MEXIY HOHAMM, KOODPIU-
HaLlMOHHBIX YHCElN, BUAA M KOJHYECTBA Ae(EKTOB PELICTKU U
T.IL.

Pa3zManbiBaeMOCTh MaTepHajIoB, B CBOIO OYepe/ib, XapaKTe-
pHU3yeTcsl 3aBUCHMOCTBIO TOHKOCTH H3MENBYEHHUS OT YAEb-
HOT'0 pacxoja 3JIEKTPOIHEPTUH, 3aTpaurBaeMoi Ha momodn [11,
20, 21].

Heabio uccaenoBaHMs: SBISICTCS ONpENENICHUE CTETICHH
COIPOTHUBJICHHSI Pa3MaJIbIBAEMOCTH W 3HEpProsarpar IpH Io-
MoJIe pacHmpsiomei 100aBKM B BHAe CyJb(podeppuTHOTO
KJIMHKepa.

MaTepna.m,I U METOAbI UCCJICJOBAHUA

B pabote uCIob30BaCs MOPTIAHANEMEHTHBIH KIMHKED U
cynbhodheppuTHBIA KIUMHKEP. XUMUYECKHNA COCTaB MX MPHUBE-
IeH B Tabmunel.

OnpezencHre MUKPOTBEPAOCTH MHHEPAJIOB KEJIC3UCTOTO
KIIMHKEpa W OINpPEeIIOCh Ha MHKPOTBEPAOMEPE KOHCTPYK-
uuu [IMT-3 ¢ anmazHoi nupaMUIKOH.

MuKpOTBEpAOCTh XapaKTEPU30BAIH YHCIOM TBEPIOCTH,
MPECTaBIISFOIINM cO00M OTHOIICHUE HArPY3KH K OOKOBOI IM0-
BEPXHOCTH TIOJIYYEHHOTO OTIEYaTKa, PaCCYMTAaHHON 1o dop-
MyJe:

INTRODUCTION

Fineness of grinding, specific surface area, grain size
composition are the dispersed characteristics of cements,
which largely determine their physical and mechanical
properties, and for expanding cements, their deformation
characteristics [1-7]. A variety of materials can be used as
expanding additives [7-10]. In this work, sulfoferrite
clinker is considered as an expanding additive [11-14].

Regulation of the deformation characteristics of ex-
pansive cements can be achieved in various ways, includ-
ing changing the grain size composition of stress-straining
and expansive cements [15, 16].

The grain composition of cements depends, first of all,
on the grinding methods, as well as on the microstructure
of the clinkers, the microhardness of the minerals included
in its composition, and on their grindability [17-19].

One of the characteristics of the degree of resistance of
a material to mechanical stress is microhardness — the
hardness of individual sections of the microstructure. The
value of microhardness depends on the structure of the
crystal, namely on the strength and type of chemical bonds
between ions, coordination numbers, the type and number
of lattice defects, etc.

The grindability of materials, in turn, is characterized
by the dependence of the fineness of grinding on the spe-
cific energy consumption spent on grinding [11,20,21].

The purpose of the study is to determine the degree
of resistance, grindability and energy consumption during
grinding of an expanding additive in the form of sulfofer-
rite clinker.

Materials and methods of research

Portland cement clinker and sulfoferrite clinker were
used in the study. Their chemical composition is given in
Table 1.

The microhardness of iron clinker minerals was deter-
mined using a PMT-3 microhardness tester with a dia-
mond pyramid.

Microhardness was characterized by the hardness
number, which is the ratio of the load to the lateral surface
of the resulting indentation, calculated using the formula:

P
H = 18545

rae H — uucio TeepocTy, Kr/Mm>;

P — Harpy3ka Ha oCTpue alMa3HOW MUPAMHUJIBL, KT
d - nMHA TUArOHATH OTIIEYaTKa, MKM.

Omnpenenenne MUKPOTBEPIOCTH KPUCTAIIIOB MPOBOINIIOCH
Ha nummgax rpaHyn KimHKepa pasmepa 50-80 mm. B numndax
oTOMpanuck kpuctausl pazmepom 30-50, 50-70 u 80-120 MkM.
M3mepenns mpou3BOAMIINCH TIPpH 25 TapauIeIbHBIX OTpeIene-
HUH.

Pa3marpiBaeMOCTh MaTepHaIoB XapaKTEpU3yeTCsl 3aBHCH-
MOCTBIO TOHKOCTH M3MEJIBUEHHS OT yIENEHOTO Pacxo/a dJIeK-
TPOdHEPTHH, 3aTpadrBaeMoii Ha oMot [20, 21].

Pa3zmanbiBaeMOCTh MaTepHalia onpeiessuiach COraacHo Me-
Toauke ['unponemenra.

VY neNbHbIA pacxo] SHEPTuH Haxouics 1o Gopmysie:

36

where H is the hardness number, kg/mm?;

P is the load on the tip of the diamond pyramid, kg;

d is the diagonal length of the indentation, pm.

The microhardness of crystals was determined on sec-
tions of clinker granules measuring 50-80 mm. Crystals
measuring 30-50, 50-70 and 80-120 um were selected
from thin sections. Measurements were made in 25 paral-
lel determinations.

The grindability of materials is characterized by the
dependence of the fineness of grinding on the specific en-
ergy consumption spent on grinding [15, 16].

The grindability of the material was determined ac-
cording to the Giprocement method.

The specific energy consumption was found using the
formula:
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_0,28-1000-n

e

rae On — yJenbHbI pacxoj SHepruu (MOJEe3HbIi), 3aTpa-
YCHHOW TIPU pa3Mojic B TEUYCHHE N OOOPOTOB MEJIBHUIIBL,
KkBT4/T;

n — YUCcI0 00OPOTOB MEJBHHUIIBI, CUYUTAs OT Hayalla pas-
MoJ1a;

P — Bec 3arpy>kaemoro marepuana, Kr;

48 — cKOpOCTh BpaIICHUS METHHULBI 00/MUH;

0,28 — more3Hass MOITHOCTH MEITOIINX TeJl, pa3BUBacMast B
OJIHOM OTZEJIEHUU MEJIbHULBI NIpH 3arpy3ke 55,0 Kr MeTommx
TeJ U IpoOoi MaTeprana, KBT.

Y aensHas TPOU3BOAUTENFHOCTh PACCUUTHIBANIACh IO (hop-
MyJie:

P-60-48

where Om is the specific energy consumption (useful)
expended during grinding during n mill revolutions,
kW-h/t;

n — the number of revolutions of the mill, counting
from the start of grinding;

P — weight of loaded material, kg;

48 — mill rotation speed rpm;

0,28 — useful power of grinding media developed in
one section of the mill when loaded with 55.0 kg of grind-
ing media and material breakdown, kW.

Specific productivity was calculated using the for-
mula:

1000
b=

3
rae b — ynenbHast MpOU3BOAUTENILHOCTD, KI/4ac/KBT.

Jlnist ycTaHOBIIEHHUS] TPaHyJIOMETPUYECKOTO COCTaBa CyIlb-
dbodepputHoro xnuukepa (COK) ObuM IPOBEICHBI HCCICIO-
BaHUS II0 PACIPEACIICHAI0 YaCcTHUI] pPa3MOJIOTOW JOOABKH IO
(hpaxmmsaM.

Pacnpenenerne gactur no ¢QpakmusM (majmee BBIXOA IO
KJlaccaM) BBIPaYKAJIOCHh B TPOICHTAaX K OOIIEMY Becy MPOOHI.
BreIxoapl mo KiaccaM ITOKa3bIBAaIOT, CKOJBKO MaTephana OT
Bceil MpoObI KpyTIHee TaHHOTO pa3Mepa.

Kpome BBIXOJJOB OTIEIBHBIX KJIACCOB HOACUYUTHIBAIN CyM-
MapHBIi BBIXOJ] BCEX KIJIACCOB KPYITHEE JAHHOTO pa3Mepa (CyM-
MapHBbIi BBIXO/I 10 TUTIOCY) ¥ CYMMAapPHBIN BBIXOJ] BCEX KIACCOB
MeJbue JAaHHOTO pa3Mepa (BBIXOJ IO MUHYCY).

[TocTpoeHHe KpHBBIX paclpe/eeHus] YacTHll 10 JTaHHBIM
IPaHyJIOMETPUYECKOTO aHAIN3a MPOBOJIMIOCH 110 YPaBHEHHIO
Po3una-Pammnepa-bennera:

R =100 -
rae R — ocrarok Ha cute, %,

d — pa3smep JacTHil, MKM;

do — nmeiicTBUTENbHAS KPYNMHOCTh MaTepuaia (XapakTepH-
CTHYECKHUH pa3Mep YacTHIY);

n — MoKa3aTesb CTENCHH, XapaKTepU3YIOLINHA paccesHue Ja-
CTHI] 110 KPYHMHOCTH (KO3 PHUIMEHT PABHOMEPHOCTH).

Omnpenenenne paclpeaeneHust YacTHil 100aBOK pasMepoM
MeHee 28 MKM IIPOBOAMIIOCH Ha JIa3€pPHOM TI'paHyJIOMETpe
Mastersizer.

[Ipu uccnenoBaHuM pacupesiesieHHss MHHEPAJIOB TO (pak-
UM, JUTsL KIIMHKEpa OMpPEICIICHHON YIebHOW MOBEPXHOCTH
CHHMAJICS. PEHTI€HOBCKHI CIIEKTP, U OMPECIIaCh HHTCHCHB-
HOCTb JIMHUH /1711 MUHEPAJIOB.

Janmee s KakIoro Kiacca CHHUMAJCS Y3KMH HHTEpBaj
CIIEKTpa B yriax 20 pacrlojoKeHUsl aHaTU3UPYEeMOTo MHKa, U
OTIHCHIBAJIMCH €TI0 XapaKTePUCTHKH: TOJIOKEHUE TTHKA, HHTCH-
CUBHOCTP ITHKA, ITUPUHA [THKA HA €T0 MOJTyBBICOTE.

TABJIMIIA 1. XUMUYECKH COCTAB IEMEHTOB
Table 1. Chemical composition of cements

e_

where b is the specific productivity, kg/hour/kW.

To establish the granulometric composition of sul-
foferrite clinker (SFC), studies were conducted on the dis-
tribution of particles of ground additive by fractions.

The particle size distribution (hereinafter referred to as
yield by class) was expressed as a percentage of the total
sample weight. Yields by class indicate how much of the
sample's material is larger than a given size.

In addition to the outputs of individual classes, the total
output of all classes larger than a given size (total plus out-
put) and the total output of all classes smaller than a given
size (minus output) were calculated.

The construction of particle distribution curves based
on granulometric analysis data was carried out using the
Rosin-Rammler-Bennett equation:

o

where R is the residue on the sieve, %);

d — particle size, um;

do — actual size of the material (characteristic particle
size);

n is an exponent characterizing the dispersion of parti-
cles by size (uniformity coefficient).

The distribution of additive particles smaller than 28
um was determined using a Mastersizer laser granulome-
ter.

When studying the distribution of minerals by frac-
tions, an X-ray spectrum was taken for clinker with a cer-
tain specific surface area, and the intensity of the lines for
minerals was determined.

Next, for each class, a narrow range of the spectrum
was removed at the 20 angles of the analyzed peak, and its
characteristics were described: peak position, peak inten-
sity, peak width at its half-height.

Conep:xanue oKCHI0B, %o
Bun kiauHKepa Oxide content, %
Ly U G2 TT.n.n. Si0; ALOs Fe:03 Ca0 MgO SO; cl R:0
Losses
gg 0,74 20,13 4,85 3,83 62,29 1,13 6,18 0,01 0,72
(S:(l?g 0,11 12,23 3,09 23,79 51,83 1,92 5,19 0,01 1,18
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JKcrepuMeHThI H 00Cy:K1eHHe pe3yJIbTaToB

B pesynbraTe onpeneneHust MUKPOTBEPAOCTH OBLIH O-
Jy4eHBI pe3yNbTaThl, MPUBEICHHbIC B Tabiuie 2 U Ha pu-
cyHke 1.

AHanmu3upysi pe3yNbTaThl M0 MHUKPOTBEPIOCTH, MOXKHO
OTMETUTH BBICOKHE ITOKA3aTeNM Y MHUHEPAIOB Cylbhodep-
PUTHOTO KJIMHKEpa, IPH CPABHEHUHU C JAHHBIMH 110 MHKPO-
TBEPAOCTH IPYyrux MuHepasos [15, 18].

[ockonbKy cyib(aTHpOBaHHBIE MUHEPAIIBI COCTABIISIOT
nopsaka 55-75% MuHepaIorn4eckoro cocraBa Cyib(paru-
POBaHHBIX KIIMHKEPOB, TO UIMEHHO OT HHUX OyIeT 3aBHCETh
pa3MalbIBaeéMOCTh KIMHKEPOB.

Experiments and discussion of results

As a result of determining the microhardness, the results
presented in Table 2 and Figure 1 were obtained.

Analyzing the results of microhardness, one can note
high indicators for sulfoferrite clinker minerals, when com-
pared with the data on microhardness of other minerals [15,
18].

Since sulfated minerals make up approximately 55-75%
of the mineralogical composition of sulfated clinkers, the
grindability of clinkers will depend on them.

TABJHNUA 2 MUKPOTBEPJJOCTb KPUCTAJIJIOB MUHEPAJIOB CYJIb@ATUPOBAHHBIX KIIMHKEPOB
Table 2 Microhardness of crystals of minerals of sulfated clinkers

Yucao teepaocru H, kr/mm?; B kpn- ILi1oTHOCTD, ITo mkane
Munepa CTANIaxX pa3MepoM, MKM r/em® Mooca
. Hardness number H, kg/mm?; in crys- | Density, g/em® | On the Mohs
Mineral q
tals of size, pm scale
30-50 50-70 80-120
Cyabgpodpeppur kanbuusa C2F-CaSO4 460 520 585 453 65
Calcium sulfoferrite ’ ’
Beaur B cyiabdodeppuTHOM KIHHKEpe
Belite in sulfoferrite clinker 241 28 330 331 >

PUCYHOK 1

IloBepxHocTH cy1bG0deppUTHOrO KIMHKEpPa

Figure 1

Surfaces of sulfoferrite clinker

[Toce 06pabOTKH pe3ysIbTaTOB Pa3MaJIbIBAEMOCTH OBLIHN T10-
Jy4eHBbI CIeIyIOlIne JIaHHBbIE, KOTOPbIe MpPEACTaBICHBI B Ta0-
e 3.

W3 npencTaBneHHBIX Pe3yIbTaTOB BUIHO, YTO JUIS JOCTIKE-
HUSL YIETBHON TOBEPXHOCTH paBHOM 400 M%/KT yBEIHYMBAETCS
YACTBHBIM Pacxojx 3JEKTPOIHEPTHH y MOPTIAHIAIEMEHTHOTO
KIuHKepa Ha 46,7 kBT-4/1, y cynbhodeppuTHOTO KIMHKEpa — Ha
51,3 kBr-u/T.

CynbdodeppuTHBIN KINHKEp SBISIETCS Oosiee TpyAHOpa3Ma-
JBIBAEMBIM, II0 CPABHEHUIO C MOPTIAHALEMEHTOM. bombiie
BCET0 BPEMEHHM Ha JiocTkenue Syn=400 M?/Kr 3aTpaumBaeTcs
P IOMOJIE CyIb(poGeppUTHOTO KIMHKEPA, OHO cocTasisieT 140
MUH.

W3 mpuBeneHHoro rpaduka Ha pHUCYHKE 2 BHIHO, YTO TOH-
KOCTb HM3MENBYCHUS MaTepHaliOB pa3iuYHa IPH OAMHAKOBBIX
YCIIOBHAX M3MEbUCHUS. DTO OOBACHICTCS pa3INIHON KPHCTaI-
JIMYECKON CTPYKTYPOH MUHEPAIOB U UX TBEPIOCTHIO.

OrneHuBasl pa3MalibIBAEMOCTh CYIb(podeppuTHOTO U TOPT-
JAHIIIEMEHTHOTO KIMHKEPOB MO OCTaTKy Ha cuTe Roos BUIOHO,
YTO NpHU U3MEIbUEHHUH J0 ocTaTka 15% 3Ty KnuHKepa pa3Mabl-
BalOTCA Jierde, 4Yem Mpu uU3MenbueHun 10 octarka 5-10% (puc.
3).
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After processing the grindability results, the follow-
ing data were obtained, which are presented in Table 3.

From the presented results it is evident that in order
to achieve a specific surface area equal to 400 m?/kg the
specific energy consumption of Portland cement clinker
increases by 46.7 kWh/t, and of sulfoferrite clinker by
51.3 kWh/t.

Sulfoferrite clinker is more difficult to grind than
portland cement. The longest time to achieve Ssp=400
m?/kg is spent on grinding sulfoferrite clinker, it is 140
min.

From the graph in Figure 2 it can be seen that the
fineness of grinding of materials varies under the same
grinding conditions. This is explained by the different
crystal structure of minerals and their hardness.

When evaluating the grindability of sulfoferrite and
Portland cement clinkers based on the residue on the Roog
sieve, it is clear that when ground to a residue of 15%,
these clinkers are ground more easily than when ground
to a residue of 5-10% (Fig. 3).



Engineering and Technology of Silicates. Volume 33, Nol, 2026

TABJIMLA 2 PASMAJIBIBAEMOCTD 111 KIMHKEPA U C® KJIMHKEPA B MEJIBHUIIE
Table 2 Grinding capacity of Portland cement clinker and SF clinker in a mill

Yneian-
Yucso odopo- N
CymmapHast . HBIH pac-
TOB MeJIb- CymMMmapHbIit Yaeabnas Yaeabnas
MPOAOIKH- - | Mpomssomm- | XOA2MeP- NPOU3BOIN- TOBepXx-
HMUIBI IPH TeJBLHOCTh PACXO/L 31K P Truu, KBT- P OcraTok Ha P
pa3moJie TpPOdHeprum, TEJBHOCTb, TeJb-HOCTb, HOCTb,
Marepuan pa3moua, 4/T cute 0,08, % 2
MuH KBT/4 Kr/4 Kr/4ac/kBt M°/KT
. The number . q
Rltenial of revolutions T Total power Productivity, SEEFIIE Specific Bes1due 0:‘ Specific sur-
R otal . energy .. sieve 0.08,%
of the mill rindin consumption, kg/h consumn- productivity, face area,
during grind- g 8 KW/h SUMP- | yo/hour/kW m%kg
. time, min tion,
ng KWh/t
1 2 3 4 5 6 7 8 9
1440 30 0,140 20,0 14,0 71,4 25,7 210
1920 40 0,187 15,0 18,7 53,5 19,3 234
2400 50 0,233 12,0 233 429 15,2 264
2880 60 0,28 10,0 28,0 35,7 13,9 288
k. 3360 70 0,327 8,6 32,7 30,6 12,8 307
12,6 313
Portland 3840 80 0,373 7,5 37,3 26,8
cement 4320 90 0,420 6,7 42,0 23,8 12,3 340
clinker 4800 100 0,467 6,0 46,7 21,4 11,9 364
5280 110 0,513 5,5 51,3 19,5 11,7 380
5760 120 0,560 5,0 56,0 17,9 11,3 391
6240 130 0,607 4,6 60,7 16,5 10,6 400
1440 30 0,140 20,0 14,0 71,4 443 167
1920 40 0,187 15,0 18,7 53,5 38,5 196
2400 50 0,233 12,0 233 42,9 223 214
2880 60 0,28 10,0 28,0 35,7 18,5 240
COK 3360 70 0,327 8,6 32,7 30,6 15,8 286
3840 80 0,373 7,5 37,3 26,8 13,2 304
S,‘:'f"lf,erl; 4320 90 0,420 6,7 42,0 23.8 12,3 326
rite clinker 4800 100 0,467 6.0 46,7 214 9.5 363
5280 110 0,513 5,5 51,3 19,5 8,9 373
5760 120 0,560 5,0 56,0 17,9 7,6 380
6240 130 0,607 4,6 60,7 16,5 5,3 400
6720 140 0,653 4,3 65,3 153 5,1 404
PUCYHOK 2 450 ‘
XAPAKTEPUCTUKA PAZMAJIBIBAE- 5400 J‘__”l[} o 100
MOCTHU CPK u MK %350 ’,f}‘ s s
5 B i " 80 (me—ni
0300 M= o
g P g o
. 250 i 60 | oK
Figure 2 3200 a8 E ALK
o X"X L 40 © 008
Grindability characteristics of sulfofer- =150 N\ T | e COK
rite clinker (SFK) and Portland cement %1 00 A N\ < 008
clinker (PCK) 5 *Qé - 20 ©
[5)
%50 i , S

1234567 8 91011121314

YaenbHbIld pacxoq aHepruu, KBT-u/T

In sulfoferrite clinker, when the residue on the R0O08
sieve reaches 15%, the specific surface area increases
less intensively than in Portland cement clinker and
reaches a value of 280 m?/kg. In sulfoferrite clinker, with
an increase in the specific surface area to 400 m?/kg, the
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VY cynb(odeppuTHOro KIMHKEpa MPH AOCTH)KEHHH OCTATKa
Ha cute RO08 15% ynenpHas MOBEPXHOCTb YBEIMYHBAETCS HE
TaK MHTEHCHBHO, YeM Y TMOPTIAHALIEMEHTHOTO KIMHKEpa U J0-
cruraet 3HadeHus 280 M2/kr. Y cynbhodeppruTHOrO KIMHKEpa
HpH pocTe yaeabHOM noBepxHocTH 10 400 M?/KT yMeHbIIaeTCA U
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0cTaToK Ha cute Roos 10 5%, B OTIIMUHE OT MOPTIAHAIMEHTHOTO
KIIMHKEpa, Yy KOTOPOTO OCTaTOK Ha CHTE CHIDKACTCA HE Tak
CHJIBHO.

MoXHO cenaTh BBIBOJ, YTO JUIS CyJIb(aTHPOBAHHOTO KITHH-
Kepa M MEXIy BEMYNHOHN yIeIbHON ITOBEPXHOCTH U MIPOLICHTOM
ocTaTKa Ha KOHTPOJIBHOM cUTe Roog HET OJHO3HAUHON 3aBUCUMO-
CTH.

residue on the Roog sieve also decreases to 5%, in con-
trast to Portland cement clinker, for which the residue on
the sieve does not decrease as much.

It can be concluded that for sulfated clinker there is
no unambiguous relationship between the specific sur-
face area and the percentage of residue on the Roos con-
trol sieve.

PUCYHOK 3 0
< |
3ABUCUMOCTH MEXIY VIEJbHOM g 5
MOBEPXHOCTBIO H  IIPOHEHTOM © |
OCTATKA HA CUTE Ros ™ 10
s CO u I k1uHKepoB £
[&] S
¥ 20 CoK
. o
Figure 3 5
525 T
Ratio between specific surface area and per- O
centage of residue on sieve Roos for sulfoferrite 30
and Portland cement clinkers 200 250 300 350 400

Jliis aHanu3a rpaHyJIOMETPUYECKOTO cOCTaBa Cyibhodep-
PHUTHOTO KJIMHKepa OBbUIM MPOBEIEHBI MCCIIEA0BaHUs MO pac-
Mpe/IeNICHHUIO YaCTUI] Pa3MOJIOTON T0OABKH MO (paKIHsIM.

PesysnbraThl IpaHyJIOMETPHYECKOTO aHaiu3a IPEACTaB-
JICHEI B Tabnwie 4 1 Ha pUCYHKE 4.

YnenbHas NoBepXHOCTb MZ/Kr

To analyze the granulometric composition of sulfofer-
rite clinker, studies were conducted on the distribution of
particles of ground additive by fractions.

The results of granulometric analysis are presented in
Table 4 and Figure 4.

TABJIMLA 4 PE3YJBTATBI TPAHYJIOMETPHYECKOI'O AHAJIN3A

Table 4 Results of granulometric analysis

Syx 200 M%/Kr Syx 300 M%/Kkr Syx 400 M%/KT
KpynHocts,
MKM Bobixox CymmapHsblii Bbixoa, % CymmapHsblii Bbixoa, % CymMapHsbliii BbIXoa, %
nacea, Total yield, % f";’c“c’: Total yield, % f‘:’c“c’: Total yield, %
Size, pm % 10 ILTIOCY 10 MUHYCY Hﬂ/ ? 110 ILTIOCY 10 MHHYCY Ho/ i 0 IIICY 10 MUHYCY
Yield, % on the plus | on the mi- Yi ? - on the plus on the mi- LY o on the plus on the mi-
. . ield, % . . Yield, % . .
side nus side side nus side side nus side
+0,25 4,88 4,88 - 0,68 0,68 - 1,4 1,4 -
-0,25 +0,2 0,50 5,38 95,12 0,26 0,94 99,32 0,32 1,72 98,60
-0,2 +0,125 4,64 10,02 94,62 1,16 2,1 99,06 2,47 4,19 98,28
-0,125 +0,08 15,68 25,70 89,98 10,75 12,85 97,90 6,44 10,63 95,81
-0,08 +0,063 5,29 30,99 74,30 5,13 17,98 87,15 4,94 15,57 89,37
-0,063 +0,045 2,92 33,91 69,01 3,2 21,18 82,02 6,86 22,43 84,43
-0,045 +0,028 53,10 87,01 66,09 68,65 89,83 78,82 66,95 89,38 77,57
-0,028 +0 12,99 100,00 12,99 10,17 100,00 10,17 10,62 100,00 10,62

W3 momy4eHHBIX pe3yIbTaToOB CIEAYET, YTO MPH YACTHHOM
noBepxHocTH 200 M%/KT XapakTepHO HAIMYHE BCEX (hpaKIiHil:
KpynHbIX — 6osee 200 MkM, cpeaHux — 60-80 MKM M METKUX —
MeHee 45 MKM, U MUHUMaJbHas pPa3HUIA MO ILIIOCY U IO MH-
Hycy y dpakimii 45-80 MxM.

C pocToM yzenbHOI TOBEPXHOCTH 3Ta PA3HULA YBEIUUUBA-
eTcsl, a KpHBasi BBIXOJIa MO KJIAcCy B 00JIAaCTH CPEIHUX U KPYII-
HBIX KJIACCOB CIJIAKMBAETCSA, YTO CBHUACTEIBCTBYET O POCTE
CPeIHHUX M MEIKHUX (ppaKmuii.

Kpusbie pacripefeneHus 9acTHIl 10 JaHHBIM TPaHyJIOMET-
pUYECKOTO aHann3a Mo ypaBHeHHIO Posuna-Pammnepa-ben-
Heta B koopanHaTax RRB npejicrasiens! Ha pucyHke 5.
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From the obtained results it follows that with a specific
surface area of 200 m%kg the presence of all fractions is
characteristic: large — more than 200 um, medium — 60-80
pum and small — less than 45 pm, and the minimum differ-
ence in plus and minus is in fractions of 45-80 um.

With the growth of the specific surface area, this dif-
ference increases, and the yield curve by class in the region
of medium and large classes is smoothed out, which indi-
cates an increase in medium and small fractions.

The particle distribution curves based on the particle
size distribution analysis data using the Rosin-Rammler-
Bennett equation in RRB coordinates are shown in Figure
5.
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o TaHreHcy yriia HaKJIOHA KPUBBIX HAXOIMJIN 3HAUYCHHE
n, a Mo MepeceueHunto npsaMoi uann At R=36,8% onpene-
JIATT IEUCTBUTENBHYIO KPYITHOCTh Matepuaia. Pe3ynbrarsl
OTIpeJIeNIeHUH TIPUBEICHBI B TAOIHUIIE 5.

Kak BHIHO U3 MTOTyYeHHBIX JAHHBIX, YeM BBIIIE yICTb-
Hasl IOBEPXHOCTH YaCTHII, TEM PaBHOMEpHEE UX pacipere-
JICHUE B MEJIKHUX (DPAaKLMsIX, O YeM CBHIETEILCTBYIOT OoJiee
BBICOKHE 3HAYEHUSI N, ¥ TEM MEHBILIE XapaKTePUCTUYECKHUH
pasMep 4acTHIl B COBOKYITHOCTH MEJIKUX (DPaKIHi.

XapakTepucTHYeCKUil pa3Mep 4acTull Ajist cyibdodep-
putHoro kimHKepa (Syn=400 m2/kr) cocraBui 35-37 MKM.

0,045 0,063 0,08 0,125 0,2 0,25
Paamep oTBepcTuin CcUT, MM

B ()

The value of n was found from the tangent of the slope of
the curves, and the actual size of the material was determined
from the intersection of the straight line for R=36.8%. The
results of the determinations are given in Table 5.

As can be seen from the obtained data, the higher the spe-
cific surface area of the particles, the more uniform their dis-
tribution in the fine fractions, as evidenced by the higher val-
ues of n, and the smaller the characteristic size of the parti-
cles in the aggregate of fine fractions.

The characteristic particle size for sulfoferrite clinker
(Ssp=400 m?%kg) was 35-37 pm.

41
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TABJIUIA 5 TEMCTBUTEJILHASI KPYITHOCTh MATEPHAJIA

Table 5 Actual size of material

Pasmep 4actmu, MKkm

et Sy.=210 M2/kr

et Sy11.=400 M2/kr

=== Syn.=307 m2/kr
— R=36,8%

Marepuan Syn, M/Kr tg o miIm n do, MKM
Material Ssp, m*/kg tg aorn do, pm
210 1,25 48
Cyab¢podeppuTHbIil KIMHKEP 340 138 20
Sulfoferrite clinker ’
400 1,54 37

Omnpejenenne pacrpe/eseH!s] YaCTUIl 9THX J100aBOK pas-
MepoM MeHee 28 MKM MpPOBOJAMIIOCH Ha Ja3€pPHOM TpaHyJIo-
MeTpe Mastersizer. ViccrnenoBanus nmoka3aiu, 4TO IpeuMyIie-
CTBEHHBIN pa3mep uyacTull coctasnseT 10-20 mxm. Pacnpene-
JICHHWE YacTHIl 0 (paKIUsAM MPEACTaBICHBI B TabnuIe 6.

The distribution of particles of these additives with a
size of less than 28 pm was determined using a Master-
sizer laser granulometer. Studies have shown that the pre-
dominant particle size is 10-20 um. The distribution of
particles by fractions is presented in Table 6.

TABJIAIA 6 ®PAKIIMOHHBIIA COCTAB PACHIUPAIOIHUXCS KOMIIOHEHTOB

Table 6 Fractional composition of expanding components

Sya Coaep:xanne ppaxknmii (Mkm), %
Buj pacuupsiionneiicst 100aBKU m2/Kr Content of fractions (um), %
Type of expanding additive Ssp ~60 40-60 20-40 10-20 2-10 -
m2/kg
CynbdodeppuTHBIi KIHHKEP
Sulfoferrite clinker 400 6 12 22 18 27 15

[Ipu uccnenoBanNy MUHEPAIIOB IO (YPAKIMSAM A KIIMHKE-
POB C ONpEeNeNICHHONW YAEIbHOW IOBEPXHOCTHIO CHHMAJICS
PEHTI€HOBCKHUH CIIEKTP.

Hns cynepodeppurHoro kiamukepa — CF-CaSO4 ¢ d =
0,265 uM, s Oenurta B Cynb(aTHPOBAaHHBIX KIMHKEpax aHa-
msupoBacs 1o muky B-CaS ¢ d = 0,278 uwm.

JI1s1 5Kene3ucThIX CyIb()aTHPOBAHHBIX KINHKEPOB TPYIHO-
pa3ManbiBaeMble CyJIb(haTHPOBaHHbIC MUHEPATBI (EPPUTHI IPH
HeOOBIION yIeabHON OBepXHOCTH (Sy,=200 M%/KT) cocpemo-
TOYEHBI B KPYIHBIX U cpeaHuX ppaknusax. C pocToM yAenbHOH
nosepxHocty 110 300 M%/KT comepkaHue STHX MHMHEPAIIOB B
cpennux Qpakuusax ysennunaercs. [Ipu nanpHelimem pocre
ynenbHOM moBepxHocTH g0 400 M%/kr  cynbdodepputs
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When studying minerals by fractions for clinkers with
a certain specific surface area, an X-ray spectrum was rec-
orded.

For sulfoferrite clinker — C,F-CaSO4 with d = 0.265
nm, for Belite in sulfated clinkers it was analyzed by the
B-C,S peak with d = 0.278 nm.

For ferrous sulfated clinkers, difficult-to-grind sulfated
ferrite minerals with a small specific surface area (Ss;=200
m?/kg) are concentrated in large and medium fractions.
With an increase in the specific surface area to 300 m?/kg,
the content of these minerals in the middle fractions in-
creases. With a further increase in the specific surface area
to 400 m?/kg, calcium sulfoferrites are mainly located in
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KaJbIXs B OCHOBHOM pacrioyararorcs B KpynHeix (>80 mxm) ' large (>80 pm) and small (<45 pm) fractions. When
Menkux (<45 mxMm) ¢pakomsax. Cunukatel B 3ToM KimHKepe ground, silicates in this clinker are located at Sy=200
IPH TIOMOJIE pacroyararotcs npu Sy,=200 M%/kr B cpennux m2/kg in the medium fractions, and with an increase in the
(hpakmusx, a ¢ pOCTOM yIeNbHON MOBEPXHOCTH B MeNKHX ppak-  specific surface area in the fine fractions. Figure 6 shows
misax. Ha prcyHke 6 mpecTaBieHs! pe3yabTaThl aHanmu3a peHT-  the results of the analysis of X-ray spectra in the form of a
TCHOBCKHUX CIIEKTPOB B BHJIC 3aBUCUMOCTH HHTeHCUBHOCTH -  dependence of peak intensity on particle size.

KOB OT pa3Mepa 4acTHLI.
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3akJoueHue

Pacnpenenerne MuHEpaaoB MO GPAKIHSIM XOPOIIO OOBSICHS-
eTcsl IX MHKPOTBEPAOCTHIO. UeM 00bIIe MUKPOTBEPAOCTh, TEM
TpyZIHEE pa3MajbIBACTCS MAaTepHall, U TeM OOJbIIE €ro B KPYyI-
HBIX (ppaKmusx.

Taxum 00pa3zoM, 4TOOBI MOy YHUTD XKEJIE3UCTHIE CYIb(PATUPO-
BaHHbIE MUHEpaJbl (ppakiuii 80-63 MKM HEOOXOJUMO H3MeNbYe-
HUE CyJIb()aTHPOBAHHBIX KJIMHKEPOB JI0 Sy, =300 M?/KT, a 114 110~
Jy4eHHs 3TUX MUHEPAJIOB pa3MepoM MeHee 45 MKM, HeoO0X0auM
ux 6osiee ToHKHit oMo 10 400 M%/kr.
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Conclusions

This distribution of minerals by fractions is well ex-
plained by their microhardness. The higher the micro-
hardness, the more difficult it is to grind the material,
and the more of it is in large fractions.

Thus, in order to obtain iron sulfated minerals of
fractions 80-63 pm, it is necessary to grind sulfated
clinkers to Sg,=300 m?/kg, and to obtain these minerals
with a size of less than 45 pm, it is necessary to grind
them finer to 400 m?%/kg.
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