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Abstract. Considering the physical chemistry of grinding it is worth quoting the
grinding of mineral building material as “the change of physical-chemical properties of
finely ground materials can not only be due to the reducing the particle sizes, at
mechanical grinding significant changes of the crystalline structure of their surface
layers (thickness 15-20 microns) take place, in many cases the technological properties of
fine powders are not so much due to dispersability but are namely due to the structure
rupture”, at that the energy costs for this are “significantly greater than for the exposal
of surfaces with a clean cleavage”. The speed of heterogeneous chemical processes
involving fine powders is determined primarily not by the magnitude of their specific
surface area, as commonly is believed, but by the decrease of energy of activation as the
result of crystalline structure rupture and amorphization.

However, both specific surface area and energy demands to achieve are actual
evaluation of the effectiveness of any material grinding at a particular unit.

The main factor of the production process of cements of low water demand is the
grinding, characterized by grindability.

Key words: small-clinker floured cements, grindability, activation, phosphoric and blast
furnace slags, energy resource-saving.
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Introduction

One of the urgent problems of cement production in the Republic of Kazakhstan is the absence of
raw materials, because the considerable part of natural sources of raw materials in the immediate
proximity is exhausted and has no real replacement. In the future, it will lead to the inevitable partial or
complete replacement of natural resources by technogenic ones, the importance of which should
increase steadily, including environmental reasons [1,2-6,13].

Nowadays, Kazakhstan has accumulated 10 million tons of electro-phosphoric slags (LLP
“Kazphosphat”, Taraz) and 85 million tons of metallurgical slags (LLP “IspatKarmet” Temirtau) and
ash of the heat electric generation plant (HEGP) of Akmolinskaya oblast and North- Eastern regions of
Kazakhstan. The richest deposits of carbonate, dolomite and dolomitic rocks are found in South
Kazakhstan and Zhambyl oblasts [7-9].

The project aims to establish an industrial production of a new generation of high-tech small-
clinker floured binders, the technology of which is based on joint grinding of the initial clinker or
Portland cement without additions with carbonate rocks and wollastonite- containing rocks, as well as
with blast furnace and electro -thermo- phosphoric slags and other technogenic wastes in the presence
of superplasticizer (1 - 2%) in the Republic of Kazakhstan. Cement ratio: filler in the small-clinker
floured cements (SCFC) varies from 20:80 (SCFC -20) to 80:20 (SCFC-80) [10-12]. The new type of cement
has a low water demand, high brand strength from 300 to 1000, processibility, rapid rate of hardening in
normal conditions. Its production is wasteless, environmentally full, allows the utilization of many
technogenic materials. Construction from concretes on SCFC meets the principles of “green building”.
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Materials and methods

Portland cements manufactured atm Portland cement of LLP “Standartcement” PC500A0
according to GOST 10178 — Portland cement 500 free of additions, of normal hardening; Portland
cements of LLP “Shymkentcement” were used as a binder.

Fields of carbonate -containing rocks (limestones), located in South Kazakhstan oblast,
Tulkibasskyi area, LLP “Umit SD” and Zhambyl oblast, Sary- suskyi area, LLP “Kazphosphate” in the
Republic of Kazakhstan have been used for study.

Blast-furnace and electro-thermo-phosphoric slags were the fillers in the study. Also, there was
used a chemical additive in the form of a chemical (superplasticizer) - C-3 (specs TS 6-36- 0204229-625-
90 *) of JSC “Polyplast” production.

The grinding equipment for research has been chosen on the basis of obtained results of
grindability of SCFC - 100. The grindability has been studied in four types of laboratory mills, carrying
out the grinding in different ways such as a ball one with abrasive and shock- gravitational grinding,
vibratory -ball one (of “Consit” company) with abrasive and shock-vibratory grinding, a spring one
with abrasive and splitting -compressing grinding, in centrifugal- planetary mill “Activator - 4m” with
impact- abrasive grinding. Grindability of mineral components (PC and mineral additives) was
evaluated by the specific surface area (S, cm ?/ g), achieved in certain time intervals of grinding in one or
another mill. The specific surface area of binders was determined at the PSH-12 (LLC “"Hodakov” SPC).
Operation of the device is based on the measurement of the specific surface area of powder materials by
Kozeini- Karman method for air permeability and porosity of compacted powder layer and average
sizes of particles corresponding to it [13].

The particle size distribution (PSD) of SCFC - powders was performed at the laser analyzer
“Analisette 22 Nanotech” (Germany) with a measuring range 0,1-2000 microns and “Horiba LA-950”
(Japan) with a measuring range 0,01-3000 microns[14-17] .

Results and discussion

Specific surface area (Ssa) of Portland cement and the time required to achieve it were adopted as
the grindability criterion. Specifically, of the experiment there were obtained kinetic curves of Ssa
dependence from the time and grinding conditions. Specifications of the mills are presented in Table 1.

Table 1
Specifications of mills
Name of the indicator Types of mills
Spring one  |Vibratory- ball one of| Ballone |Centrifugal planetary
LLC "Consit" mill
1 2 3 4 5
Engine power, kKW 1,5 0,55 0,25 15
The volume of the 4,1 5 94 1300(x4)
grinding chamber, 1
Mass of grinding - 10-14 15-20 06-20
bodies( balls), kg T
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Diameter of - 10-20% 10-20% o o
bodies being ground 12-60% 12-60% 51'5?3 O/fj/o 10-60%
(mm) share in % 14-20% 14-20%

Weight of the
material being crushed
, kg:

- max 0,5 1,8 4,0 0,4

- min 0,1 0,7 1,0 0,05

Content, %

0 1-2 2-5 5-10 10-20 20-30 30-40 40-50 50-60 60-100  100-150  150-200 200-250

Size of particles in microns
" Unground PC (Ssa=320m?/kg)
""" Ground PC (Ssa=685m?/kg)
— Ground PC with superplasticizer C-3 (Ssa=692m?/kg)

Figure 1. Distribution of the particles of the initial and ground Portland cement according to the
sizes

In Figure 1 the granulometric composition of the particles of the initial cement (320 m?/kg) has a
bimodal character of distribution with maxima in the sizes range of 10-20 microns and 63-100 microns.
At this the right-hand branch of the curve “stretches” to 200- 250 microns. Grinding PC with 1% C-3 and
without it increases the ‘height” of the main maximum (range 10-20 microns) with 29% to 34 and 32%,
respectively, due to the re- grinding of larger fractions, at this the role of C-3 in the grinding is low (over
the entire range.) Grinding in both cases increases the share of all fractions smaller than 10-20 microns
by 10-15%, which should lead to a high speed and depth of the cement binder hydration. Average
geometric size of particles of the initial, ground “dry” and with C-3 composes respectively 17.3 microns;
7.8 microns and 8.5 microns [10-12,18-21].

As seen in Figure 2 the character of the curves of PSD of ground sand refers to a bimodal one with
maxima in the range of 10 ... 20 microns (25%) and 2 ... 5 microns (17.5%). The total share of average
particles 2 ... 20 microns reaches 58%, thin ones (<2 microns ) - 25% , large ones (> 20 microns ) - 17%.
Introduction of SP C-3 at sand grinding leads to the shift of the curve toward thin (28%) and medium-
sized particles (70%), fractions over 20-30 microns disappear. At this the content of these particles has
considerably reduced (up to 2%).
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Content, %
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Size of particles in microns
®~ Ground sand (Ssa=700m¥/kg)
=~ Ground sand with superplasticizer C-3 (Ssa=688m?/kg)

Figure 2. The particle size distribution of ground quartz sand

Comparing the curves of PSD of ground PCs and quartz sand, then at equal Ssa, they differ not
only in smaller average geometric sizes of ground sand (4.13 microns and 6.20 microns, without and
with C-3 respectively), but also in the lack of particles 30-40 and 40-50 microns of the latter and, in
general, by greater influence of superplasticizer C-3 on grinding the material. Character of PSD of
limestone (Figure 8) is also described by a bimodal curve, but its peculiarity is in the small maximum
(rather a “shoulder”) in the range - 10-20 microns. A strongly pronounced maximum of interval of 2-5
microns - 22% dominates, but the share of finer particles 0-2 microns is also high - 33%. On average,
their interrelationship with the particles in the range of 2-20 microns is exactly 1:1. Grinding with the
addition of C-3 increases the share of fine particles (up to 5 microns) 65%, the share of large and
medium particles reduces.

Comparative curves of PSD of Portland cement and of the “second” components of SCFC - fillers
are presented in figure 9. They imply that PSD of Portland cement differs significantly from PSD of
fillers (with almost equal Ssp = 700m?/kg) at dominance of the fraction 10-20 microns (about 35%) with
nearly symmetrical change to the right and to the left. PSD curves of carbonates (limestone and marble)
are shifted toward smaller factions and differ

To quantify the efficiency of grinding we introduced the following criteria:

1) grindability factor: GF = (S2 — S1) / At (m?/kg emin),

Where S1 and Sz - specific surface area of the material (m?/ kg) before and after grinding during
the time At (min);

2) specific energy costs on the increase of the specific surface area of the material A S =100 m?/kg

E=N*At/(AS*10?) (kWh * kg/m?);

3) efficiency coefficient of SAM at grinding Fsawm is equal to the ratio of the GF of grinding with
SAM to GF when grinding without SAM: Fsau - GFsav/GFo

Results of calculations of the obtained experimental data are presented in Table 2.
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Table 2
Design criteria of Portland cement grindability
No. Indicators Type of mills
Ball one Consit Activator Spring one
w/a C-3 w/a C-3 w/a C-3 w/a C-3
2% 2% 2% 2%
1 2 3 4 5 6 7 8 9 10
Specific ~surface area, (320 320 320 320 280 300 320 320
m?/kg 380 425 460 600 600 600 500 600
1 | initial S1
- calculated S2
2 |Grinding time At 480 480 480 360 6 4 2 5
minutes to S2 (calculated)
3 |Coefficient of 0,125 0,218 (0,29 0,78 533 75 90 56
grindability GC (m?%kg*
min)

4  |Specific energy costs E 6,66 3,8 3,14 1,17 0,467 10,33 0,028 10,043
(S = 100 m? kg) * kWh
kg/m?

5 [Efficiency coefficient of [1,74 2,69 1,4 0,62
SAM at grinding of Ksaw

In Table 2 specific energy costs, grindability coefficient and grinding time increase in the series:
spring, activator, vibration - ball, ball one. Whereas the efficiency coefficient of SAM at grinding
increases in the series: spring, activator, ball and vibratory- ball one. In the spring mill SAM is not the
grinding intensificator, on the contrary, it slows it down, the reason is probably in a different
mechanism of grinding in the spring mill (cracking) when the surface energy effects less on strength
than in the vibration one (shock - abrasive mechanism of grinding).

In general superplasticizer C-3 accelerates the grinding from 1.5 to 2 times and reduces energy
costs by 40-90%.

Thus, for further studies mills that have industrial analogs have been selected - vibratory- ball and
planetary - centrifugal ones. Refusal from a spring mill is connected with the absence of such ones in an
industrial version.

Specific surface area of powders - Ssa is an integral one, more precisely, an averaged characteristic
of their dispersability, though being widely used. The quantitative granulometric composition or
disperse composition which affects the technological characteristics of the powder, as such, and on the
properties of the cured binder, in particular cement stone, seems much more informative and
meaningful for binders. Therefore, grinding efficiency of PC and its modifying components (quartz
sand - as control composition, limestone, etc.) should be assessed precisely by
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disperse composition - the particle size distribution (PSD), which was done on the laser analyzer
“Analisette 22 Nanotech” in the laboratory “CSRIgeolnerud” (Kazan). Grinding of materials was
performed in the vibratory- ball mill “Consit”.

There are presented the PSD curves of the initial unground Portland cement and ground “dry”
and with C-3 to Ssp about 700 m?/kg in figures 6-8.

Conclusion

There was found out dependence of Portland cement grindability, depending on the type of
grinding equipment.

PC grindability in the presence of C-3 increases in the series: ball, vibratory- ball, spring and
activator, whereas the specific energy costs, grindability coefficient and grinding time increase in the
series: spring, activator, vibration - ball, ball. At this coefficient of efficiency of SAM in grinding
increases in the series: spring, activator, ball and vibratory- ball. In spring mill SAM is not the grinding
intensificator , but on contrary, it slows it down, the reason is probably in a different grinding
mechanism in the spring mill (cracking) when the surface energy less effects on strength than in the
vibration one (shock - abrasive mechanism of grinding).

The opportunity to intensify the process of grinding the fillers -quartz sand, carbonate rock
(limestone) and slags have been found out.

So, superplasticizer C-3 has practically no influence on the grinding of sand. Another pattern is
observed when grinding it with limestone. Grinding the limestone with additive of C-3 increases the
share of fine particles (up to 5 microns) 65% and reduces share of large and medium particles. Such a
difference in PSD has a positive topological aspect when combining PC powders and fillers. Particles of
the latter ones will fill the volume “gaps” between the PC particles, increasing the density of their total
packaging.
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EH THiMAi TOATBIpFBIITAPABI KOA4aHA OTHIPLIIL, YCAaK KAMHKePAi IleMeHTTepAl aAyAbIH KypaMbl
MeH TeXHOAOIMSChIH OHTalAaHABIPY

AnpaTtna. YHTakTayAblH (PU3MKaABIK XMMMUACBIH eCKepe OTBIPHII, MUHEepaAAbl KypPBLABIC
MaTepraljapbIHBIH YHTaKTaAybIH KeATipTeH JKOH: «ycaK YHTaKTaAfaH MaTepuaaiapAblH (PU3MKaABIK-
XMMMSIABIK KaceTTepiHiH e3repyi Tek OealleKTepain KimmipeioiHne 6aiiaaHbICTBI eMec, MeXaHMKaAbIK,
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YHTaKTayJa KpHUCTaAAbl KYPBIABIMHBIH aillTapABIKTall e3repyi oaapAblH OeTki KaOaTTapblHAa
(kaapiHABIFB 15-20 MUKpOH) OpbIH alaabl. Kenteren >karaaiidapaa ycak YHTaKTapAblH TeXHOAOTUAABIK,
KacueTTepi AucIIepcTidikke OailAaHBICTBI eMeC, AdAipeK alTKaHAa, KYPBLABIMHBIH >KapblAybIMeH
OalidaHBICTBI, OyA VIINiH SHEPIMsl IIBIFBIHAAPBI «alTapAbIKTail Ta3a OellleKTeAreH OeTTepAiH
SKCHO3MLMACBIHAH Tepi yAKeH». ¥cak YHTaKTap KaTbICaTblH IeTepOTeHAl XMMUAABIK IIpoliecTepain
JKbIAAAMABIFBI, €H aAAbIMeH, oAapAblH Oeariai Oip OeTki KaOaTBIHBIH IITaMachIMeH emec, KeDiHece,
KPUCTaAABIK KYPBLABIMHBIH KapbLAYBl MeH aMOp(U3aIusChl HOTVDKeCiHAe aKTUBTeHY DHepPIUSICHIHBIH
TeMeH/eyiMeH aHBIKTaaAbl.

JlereHMeH, HaKThl OeTKi KabaT IleH OFfaH KO KeTKi3yAiH DHepIUSABIK Ka’KeTTiairi - Oya Oeariai
Oip KOHABIPFBIAAFBI Ke3-KeAreH MaTepuaaAbl YHTaKTay TUiMAiAiriHiH HaKThI Oarachl.

Cyra TeMeH cypaHBICKa Je IleMeHTTepAi ©HAIpy HpollecCiHiH Heri3ri ¢akTOphl ycaKTalyMeH
CHUITaTTaJaThIH YHTaKTay O0ABII TaOblAaAbI.

Tyitin ce3aep: ycaK yHTaKTaAFaH IIeMeHT, YHTaKTaady, akTuBarus, ¢pocopabl KeHe JOMHa
MeIITePiHiy IAaKTaphl, SHePIUAHBI YHEMAEY.

H.b. Capcen0aes, b.K. Capcentaes, XK.T. AiimeHoB,
A.K. Aiimenos, H.b. AitHaGekoB
HOxno-Kasaxcmarcxuii ynusepcumem umeru M. Ayasosa, Ilvimkenm, Kasaxcman

OHTI/IMI/ISaLH/ISI COCTaBa 1 TEXHOAOIMN ITPOM3BOACTBA ME€AKOKANMHKEPHBIX IIEMEHTOB C
HMCIIOAB30BaHMEM Handoaee Bq)(l)eKTI/IBHI)IX HaloaHuUTeaAem

AnnoTamms. PaccmarpuBas Guandeckyio XMMMIO M3MeAbYeHNs, CTOUT OTMeTUTDh M3MeAbdeHne
MMHepaAbHBIX ~ CTPOMTEALHBIX  MaTepuadoB:  «U3MeHeHMe  (PU3MKO-XMMMYECKMX  CBOJCTB
TOHKOM3MEeAbYeHHBIX MaTepualoB MOXKeT IIPOMCXOAUTL He TOABKO 3a C4eT yMEHbBIIeHHUs pa3MepoB
9JacTull, IpY MeXaHN4ecKOM M3MeAb4eHNN 3HauuTeAbHble M3MeHeHMsI KPUCTAaAAMIeCcKOl CTPYKTYPBI UX
IOBEPXHOCTHBIX CA0€B (ToAmmHOM 15-20 MKM) BO MHOIMX CAyYasX TeXHOAOTMYeCKue CBOVCTBa
TOHKOAVICIIEPCHBIX IIOPOIIKOB O0YCAOBAEHbI He CTOALKO AUCIIEPIMPYEMOCTBIO, CKOABKO paspyllieHreM
CTPYKTYpbl», IIpM DTOM 3aTpaThl SHEPIUM Ha 9DTO «3HAYUTEABHO OOAbIle, yeM AAsl OOHaKeHUs
ITOBEPXHOCTEM C YMCTBIM CKOAOM».

CKOpOCTh TeTepOTeHHBIX XMMMYEeCKMX IIPOIecCOB C ydacTueM TOHKOAMCIIEPCHBIX ITOPOIIKOB
orpe/easeTcs B IepByIO odyepeab He BeAUYNHON UX YAeABHON IIOBEPXHOCTH, KaK IIPUHATO CYUTATh, a
yMEeHbBIIIeHeM 9SHepIMM akTuBallMM B pe3yabTaTe pas3pblBa KPUCTAaAAUMYECKOV CTPYKTYpBl U
aMmopdusarumn.

Ognako ygeabHasl MAOIIaAb IOBEPXHOCTM U TOTPeOHOCTh B DHEPIUN AAsd ee AOCTVKeHUs
SIBASIIOTCSI peaAbHOI OlleHKOM 9(QPeKTUBHOCTM M3MeAbdeHMsI AI00Oro Marepuasda Ha KOHKPETHOM
arperare.

OcHOBHBIM ~ (paKTOPOM  IPOM3BOACTBEHHOIO ITpOIjecca MaJOBOAHBIX II€MEHTOB SBASETCS
u3MeAbueHne, XapakTepusyIolieecs: 13MeAb4aeMOCThIO.

Karouesbie caoBa: 1jeMeHThl MeAKOKAMHKEpPHBbIE, M3MeAb4aeMOCTh, akTuBanus, PpocopHble u
AOMEHHBIE I111aK!, YHepropecypcocoepeskeHme.
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