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Abstract - The given research is devoted to the studies of
morphology, particle size and pozzolanic activity of different
supplementary cementing materials (SCM) — thermally treated
clays as well as waste products — coal ash, waste glass powder,
timber and barley ashes. Different properties of SCM have been
analysed: specific surface area, surface morphology, particle size
distribution, chemical composition and lime-combining capacity
in the reaction with Ca(OH)2. The obtained results have indicated
that micro additives with larger specific surface are more reactive.
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pozzolanic activity, surface area.

|. INTRODUCTION

Traditional concrete has four components: cement, water,
fine aggregates, and coarse aggregates. For modern or advanced
concrete technology, various mineral admixtures have been
widely used in concrete constructions. The purposes of using
these mineral admixtures in concrete are to gain economic
benefits, protect the environment, improve the workability of
fresh concrete, enhance strength, and especially the durability
of hardened concrete, and decrease hydration heat [1]. Mineral
admixtures are usually divided in siliceous and/or aluminous
materials that are added to concrete during mixing. Many
researchers also call them supplementary cementing materials
(SCM). Four commonly used mineral admixtures are the
following: silica fume, slag, fly ash, and metakaoline [1].

Metakaoline is produced by calcining Kaoline clay. The
material is an aluminosilicate that reacts with free lime in a
similar manner as silica fume [2]. When clay or shale is calcined
at the temperature of 700 °C to 800 °C, the clay is dehydrated
and its crystalline structure is totally disorganized. Silicon
28etrahedral becomes active so that it can react at ambient
temperature with the lime liberated by the hydration of cement
mineral alite or tricalcium silicate (C3S) and tetracalcium
aluminate ferrite (CsAF) [3]. Metakaoline improves concrete
performance by the packing effect and by reacting with calcium
hydroxide, to form secondary calcium silicate hydrates (CSH)
[1].

It is evident that particle surface texture has some influence
on the strength of the aggregate-cement paste bond, but
difficulty of measurement means that the property is rarely
considered and almost never the subject of a specification
requirement. The effects of particle shape and surface texture
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on workability are seemingly more pronounced for fine
aggregates, in which particle geometry is more difficult to
characterize [4].

1. EXPERIMENTAL PROCEDURE

A. Materials

The following supplementary cementing materials were
studied: metakaoline — kaolinite clay, calcined at 700 °C (MK);
Devonian clay, Liepa deposit, Latvia, calcined at the
temperature of 700 °C (DC); borosilicate glass powder (BSG);
lead silicate glass powder (LSG); coal ash (CA); wood ash
(WA) and barley ash (BA).

In the current study, metakaoline (MK) was obtained in the
laboratory furnace by the calcination of commercially available
kaolinite clay at the temperature of 700 °C. The sintering
process of MK used in this study lasted approximately 3 hours
with temperature increase of 15 °C/min and holding of MK in
the maximum temperature (700 °C) for 1 hour. After calcination
MK was ground in the laboratory planetary ball mill Retsch
PM 400 for 15 min, 20 min and 30 min at a speed of 300 rpm.

Devonian clay (DC) was also calcinated at the temperature
of 700 °C, by using a slow calcination regime (heating rate of
10 °C/min, kept at the maximum temperature for 3 h). Already
calcinated clay was ground in planetary ball mill Retsch PM400
for 15 min, 20 min and 30 min at a speed of 300 rpm.

The coal ash (CA), i.e., coal combustion bottom ash used in
the research comes from a boiler house operating on coal. CA
was ground for different grinding periods — 4 min, 15 min,
30 min and 45 min respectively.

Both applied glass types are the by-products and were
selected for studies, due to the high content of amorphous SiO..
Borosilicate glass powder (BSG) and lead silicate glass powder
(LSG) were obtained from the local lamp recycling [5]. The
chemical composition of both glass powders is given in Table 1.

Wood and barley ashes used in given experiments were taken
from the local heating plant furnaces in Latvia. In order to
obtain material with homogenous composition, ashes were
ground in the already mentioned laboratory ball mill for the
period of 4 min, at the grinding speed of 300 rpm.

The chemical compositions of each SCM are summarized in
Table 1. In Table 2, the treatment (burning or grinding) along
with designation is given.
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TABLE 1
CHEMICAL COMPOSITION OF SCM USED FOR STUDIES
SCM
Chemical —
composition, | Metakaoline Devonian Coal ash Blorosilicz:jte H‘;i‘sj Si)l\llsgte?’ Wood ashes | Barley straw ashes | ¢ 4o o,
Wt% (MK), wt% | clay (DC), wt% | (CA), wt% g(é’gzg""v\vlt;: %LSG‘;’ wioe | (WA), wt% (BA), wi%h Y
SiO, 51.52 70.78 15.96 74.20 69.07 59.92 66.07 +0.5
Al,O; 40.18 13.89 26.56 1.65 1.03 430 5.38 +0.3-05
Fe,03 1.23 4.00 0.86 0.16 0.19 1.60 1.78 +0.03-
0.5
Ca0 2.00 1.32 10.30 2.09 1.39 19.89 6.06 +£0.2-05
MgO 0.12 0.67 2.17 - - 2.32 1.68 +£0.2-05
K.0 0.53 3.36 - 0.93 1.17 3.59 7.14 +0.1-05
Na;O 0.08 0.06 - 3.82 8.02 0.37 0.24 +0.1-05
Tio, 2.27 - - - - - - +0.3-05
S0; 0.00 - 0.50 - - - - +0.1-05
C - - 29.40 - - - - +£0.5
PbO - - - - 20.02 - - +£0.5
B,0; - - - 16.63 - - - +0.5
Lol 2.01 2.62 14.32 - - 6.65 11.05 0.3
Total 99.94 96.70 100.00 99.48 100.00 98.64 99.39
Regarding the chemical analysis, the attention was first of all B. Methods

paid to the content of SiO; and Al,Os3, as those compounds are
expected to play a main role in a pozzolanic reaction. DC, BSG
and LSG exhibit the largest content of SiO, — around
70 wt%, also in wood and barley ashes it is rather high —
60 wWt% — 66 wt%, the lowest is observed in CA — only around
16 wt%. MK has the highest content of Al,Os — around
40 wt%, then CA follows with 27 wt% and DC with 14 wt%.
For the rest of additives, content of Al;Os is insignificantly low.

TABLE 2
DESIGNATION AND PREPARATION CONDITIONS OF SCM

Description of SCM Designation
Kaolinite clay, burned at 700 °C, grinding time: 15 min | MK 15
grinding time: 20 min | MK 20
grinding time: 30 min | MK 30
Devonian clay, burned at 700 °C, grinding time: 15 min | DC 15
grinding time: 20 min | DC 20
grinding time: 30 min | DC 30
Borosilicate glass waste, grinding time: 30 min | BSG
Lead silicate glass waste, grinding time: 30 min | LSG
Coal ash, grinding time: 4 min | CA 4
grinding time: 15 min | CA 15
grinding time: 30 min | CA 30
grinding time: 45 min | CA 45
Wood ash | WA
Barley ash | BA

In order to characterize the relationship between particle
morphology and their pozzolanic activity of selected SMC, data
obtained by different methods were compared:

- particle shape and morphology — by scanning electron
microscopy (SEM - TESCAN Mira\LMU Field-
Emission-Gun);

- specific surface area of particles — by Porosimeter NOVA
1200E (0.35 nm — 200 nm) “Quantachrome Instruments”;

- content of reactive SiO,, Al;03; and Fe;O3 of particles —
according to the Florentine method [6], [7];

- ability to react with Ca(OH), (described below [8], [9]);

- measurements of particle size — by “90 Plus”,
“Brookhaven Instr”.

The measurements of pozzolanic activity are based on the
reaction between free lime and pozzolanic additive or SCM.
During pozzolanic reaction, the free lime reacts with pozzolanic
additive; thus, the simplest way how to follow the dynamics of
pozzolanic reaction is either to measure the amount of calcium
hydroxide or the amount of unreacted pozzolana. For the
experiment, 1 g of SCM is mixed with 75 ml of saturated
Ca(OH),. Then after different periods of time (in given case —
after 3 and 24 hours), the amount of absorbed Ca(OH), was
measured by titration with 0.1 n HCI solution. The results are
expressed as the amount of reactive CaO (wt%). Results,
obtained by different methods are summarized in Tables 3-7.

I1l. RESULTS

A. Particle Shape and Morphology (SEM)

Images, characterizing the particle shape and morphology
obtained by SEM, are depicted in Table 3.
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TABLE 3
SEM MICROGRAPHS OF SCM

SEMMAG: 5000 ke Vac. Hivac
SEM HY: 7.00 kY

WD 11.2010 mm
Date(mcty) 031312 Det SE Detector + BSE Detactor

Vac HiVac

SEM HY. 700 k¥ WD 111480 mm

Date(miafy); 031312

MK 30

MIRA) TESCAN
Riga Teshnical University

Zpm

Det SE Detector + BSE Detector

20um MIRAN TESCAN g
Riga Technical Unwersity

MK 15

EEM MAG: 10,00 ki

SEMHV: T.00 kY WD: 11,1250 mm

Crtwimiciy) OF1312 Dot SE Datector + BSE Detectar

SEM MAG. 5000 kx  vac: Hivac
SEM HY. 700 kv

MIRA TESCAN o
Riga Techrical Universty T

10 pm

DC 30

‘WD: 111880 mm
Date{midfy): 0/13/12 Det: SE Detector + BSE Detector

MIRAL TESCAN o
Riga Technical Unmersty I

2 pm

DC 15

Date(melyy: 03/13/12 _Det: SE Detector + BSE Detector

SEM HV- 7.00 kV
MIRAL TESGAN Date(midly} D311
Riga Technical University

WD 11.0110 mm 100 ym

LSG

BEMMAG 500 ke Vac Hivac
WD 11.0270 mm 20 pm
Det SE Detector + BSE Detecter Riga Technical University

MIRAL TESCAN

BSG

SEM MAG. 5.00 kx

Wac. Hivac
WD 11.2330 mm 20 pm MIRA TESCAN
Riga Technical Uniersity

[
SEM MAG: 3.00 kx Wac Hivac SEM HV: 7.00 kv
SEMHV. 1500KkV  WD: 9.9584 mm 20um MIRA\ TESCAN i Date(midly) 031312 Det BSE Defector
Date(midiy): 03/0/12 Det BSE Detector Riga Technical Unwersity
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SEM

SEM MAG: 5,00 ke  Vac. Hivat
SEMHV 700k WD 112110mm  20pm
Date(midty}: 031312 Det: SE Detector + BSE Detectar

MIRA\ TESCAN o
Riga Technical University T

4 - & »
SEM MAG™ 500 kx Vac: Hivac
SEM HV: 7.00 kv WD 110180 mm 20 pm
Date(mid/y): 0311312 Dat. BSE Datector + SE Detector

MIRA\ TESCAN o
Riga Technical Universty [

CA 45

CA 30

3

SEM MAG: 10.00 ks Vac: HiVac
SEM HV: 1500kV  WD: 100310 mm 10 um
Date(mic/y). 04/1112 Det BSE Detector

MIRA\ TESCAN gri®
Riga Technical Unwersity n

s

SEM MAG: 1000 kx  Vac: HiVac
SEM HV: 15.00 kV/ 'WD: 10.0440 mm 10 pm
Date(midly): 04/11/12 Dot BSE Detector

MIRA\ TESCAN g
Riga Technical unversty B

WA

BA

The shape of both clay particles — metakaoline (MK) and
Devonian clay (DC) — is rather similar. Both have a lamellar
shape characteristic of clay materials. For Devonian clay, the
margins of plates are little bit more rounded than for kaolinite
particles. For the particles obtained from waste glass, the shape
is irregular, sharp-edged with smooth surface (glass powder
BSG and LSG). Shape of CA particles is rather similar
independently of the treatment parameters — irregular, angular,
with porous surface. Regarding wood and barley ashes (bio
ashes), the shape of particles could be compared with glass
powder particles, as it is irregular and angular.

B. Pozzolanic Activity and Content of Reactive SiO and R,0s3

Content of reactive SiO; and R;0; (common amount of
Al;03, Fe;03 and TiOy), detected by chemical analysis as well
the pozzolanic activity, measured after 3 and 24 hours in
reaction with Ca(OH),, expressed as the amount of reactive
CaO (wt%) is summarized in Table 4.

C. Particle Size and Specific Surface Area

The specific surface area of studied SCM, measured by BET,
and the particle size, measured by DSL (as min/max and
average) are summarized in Table 5.

TABLE 4
CONTENT OF REACTIVE SIO; AND R;03, AS WELL THE POZZOLANIC ACTIVITY, MEASURED IN REACTION WITH CA(OH),
SCM Content of reactive SiO,/R,0;, wt% | Pozzolanic activity after 3 h Pozzolanic activity after 24 h
(amount of CaO, wt%) (amount of CaO, wt%)
MK 15 1.10/32.76 0.0392 0.0483
MK 30 1.91/32.47 0.0336 0.0483
DC 15 1.02/6.73 0.0319 0.0332
DC 30 1.05/7.79 0.0430 0.0357
BSG 0.50/0.36 0.0269 0.0095
LSG - 0.0157 0.0157
CA4 151/6.35 0.0402 0.0220
CA 45 2.13/7.37 0.0340 0.0203
WA 4.88/4.04 0.0084 0.0500
BA 0.56/2.56 0.0179 0.0078
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TABLE 5
PARTICLE SIZE AND SPECIFIC SURFACE AREA, M?/G
SCM Surface area, m?/g Min / max particle size, nm Dominating particle size (50 %),
nm
MK 15 16.52 739/923 840
MK 30 15.86 476/ 600 541
DC 15 21.95 177 1 697 542
DC 30 21.42 702 / 886 799
BSG 1.126
LSG 0.252 538/678 612
CA4 11.64 1832 /2312 2084
CA 45 9.849 776 /979 883
WA 0.293 1364 /3190 2464
BA 0.480 914 /1153 1039
V. DISCUSSION and 9.849 m?/g, respectively for particles ground for 4 min and

The shape of both clay particles — metakaoline (MK) and
Devonian clay (DC) — is rather similar. Both have a lamellar
shape characteristic of clay materials. The values of specific
surface are also rather close — around 16 for MK and
21 m?/g — 22 m?/g for DC. However, the longer grinding time
in both cases does not provide the larger specific surface (see
Table 5).

As the specific surface area for DC is slightly larger than for
MK, it could be expected that the Devonian clay would be more
effective as pozzolanic additive than metakaoline, however the
chemical analysis indicates higher values of reactive SiO, and
R203 in metakaoline, if to compare with calcinated Devonian
clay. Respectively, if the amount of reactive SiO, in
metakaoline is 1.10 %...1.85 % and R203 is 32.19 % ... 32.76 %,
then in Devonian clay the numbers are lower — SiO, —
1.05 % ... 1.11 %, but R203 6.75 % ... 7.79 %. It should be
mentioned that in both clays the amounts of reactive SiO; are
very close —around 1 %; however, the amount of reactive Al,Os
differs significantly.

According to Table 4, after 3 hours of reaction with Ca(OH).,
MK 15 is more active than MK 30, the pozzolanic activity for
both is 0.0392 (MK 15) and 0.0336 (MK 30), respectively.
Although the values are rather close, it could indicate that
longer time of grinding does not improve the activity. At the
same time, after 24 h of reaction with Ca(OH),, activities are
still close and both MK 15 and MK 30 have similar values —
0.0483 that is more than after 3 h, and it indicates that after 24 h
the reaction has occurred more completely.

Activity after 3 h for DC 15 is lower than for DC 30 (0.0319
and 0.0430), which probably means that longer time of grinding
has improved the activity of DC. Activity of DC 15 after 24 hours
of reaction is 0.0332, i.e., slightly higher than after 3 h, but for
DC 30, on the contrary, it has decreased to 0.0357. Although in
this case the values are close, it could indicate that for DC the
reactions with lime more intensively occur during the first
hours. At the same time, it could be mentioned that despite the
fact that all obtained values are rather close, MK 15 seems to
be more active from both clays after 24 hours of reaction.

The shape of CA particles is rather similar independently of
the treatment parameters — irregular, angular, with porous
surface, but the specific surface area of particles is 11.64 m?/g
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45 min, i.e., after longer grinding time, the specific surface area
decreases, in contrast to what was expected. Obviously, the
optimal grinding time has been exceeded and particles have
started to form agglomerates. This also explains why the
pozzolanic activity for CA 45 is lower than that for CA 4,
despite the fact that the amount of reactive SiO2/R203 is higher
for CA 45 particles. Respectively, for the values of specific
surface area of 11.64 m?/g and 9.849 m?/g, the corresponding
values of reactive SiOx/R,0s are 1.51%/6.35% and
2.13 %/7.37 %, while for the particles ground for 4 min or
45 min, the pozzolanic activity — 0.0402 9%/0.0220 % and
0.0340 %/0.0203 % (see Tables 4 and 5).

For the particles obtained from glass powder, the shape is
irregular, sharp-edged with smooth surface (glass powder BSG
and LSG), but in this case, particles with a larger specific
surface area are more active, e.g., if for BSG glass particles, the
specific surface area is 1.126 m?/g, but pozzolanic activity after
1hand 3his0.02688 and 0.00952, then for LSG glass particles
with surface area of 0.0252 m?/g, pozzolanic activity is 0.01568
both after 3 h and 24 h. Consequently, although both types of
glass have a particular pozzolanic activity, it is possible that in
concrete mix they would act first of all as a micro additive for
filler.

It could be expected that comparing different particles with a
similar shape — irregular, angular and with close values of a
specific surface area, e.g., CA 4 and BSG (with a surface area
of 11.64 g m?g and 11.20 g m?g), also the pozzolanic
properties will be close; however, the content of reactive
Si02/R,03 differs significantly — for CA 4 it is 1.51 %/6.35 %
that is much more than in BSG powder — 0.50 % and 0.36 %.
This could be related to the surface morphology of coal ash
particles, which is more porous, as well as to a different
chemical composition.

Regarding wood and barley ashes (bio ashes), the shape is
irregular and angular; however, the values of specific surface
area are significantly lower, i.e., the particles of bio ashes are
larger. If to compare both ashes, a specific surface area is larger
for barley, although the content of reactive SiO2/R203; % is
significantly lower, at the same time the pozzolanic activity for
barley ashes is higher than for wood ashes. Thus, it could be
concluded that also for this group of SCM particles with a larger
specific surface will be more pozzolanically active. In other
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words, for particles of similar origin and chemical composition,
the pozzolanic activity will be determined by a specific surface
area as well as the surface morphology.

If to compare the values of specific surface area and
pozzolanic properties for particles with similar size, e.g., for CA
45 with dominant particle size of 800 nm — 900 nm and
DC 30 with average particle size of 800 nm (see Table 6), it
could be concluded that the specific surface area depends both
on the shape and the surface morphology of particles.

TABLE 6

COMPARISON OF SPECIFIC SURFACE AREA AND CONTENT OF REACTIVE
SI10,/R,03 FOR PARTICLES WITH A SIMILAR SIZE

quina_nt Specific Content of
SMC ﬁ;n('g:i;ﬁsa sugface area, SiO2/R;05,
by DSL) m?/g (BET) wit%
DC 30 798.6 21.42 1.05/7.79
MK 15 840.3 16.52 1.10/32.76
CA 45 882.5 9.849 2.13/7.37

Placing SCM consecutively from particles with smaller size
to larger (see Table 7), no interconnection with corresponding
surface area values could be observed that once again confirms
that for particles with similar size, the specific surface could be
significantly different and, thus, also the pozzolanic activity.

TABLE 7
COMPARISON OF PARTICLE SIZE AND SPECIFIC SURFACE AREA OF DIFFERENT
SCM
SCM Dominan; particle size, Specific surface area,
nm (obtained by DSL) m?/g (BET)
MK 20 522.8 19.54
MK 30 541.1 15.86
DC 15 541.8 21.96
DC 20 723.8 22.17
DC 30 798.6 21.42
MK 15 840.3 16.52
CA 45 882 9.849
CA4 2083.9 11.64

V. CONCLUSIONS

If to compare the particles with similar chemical
composition, i.e., with similar content of reactive SiO, and
R203, the particles with a larger specific surface area will be
more pozzolanically active, but if to compare the particles with
equal or similar shape, the particles containing larger amount of
reactive SiO, and R2Oz will be more active. The higher the
values of specific surface are, the better the pozzolanic
properties of material are.

The surface area for particles with similar size could be
different that indicates the different morphology. At the same
time, the pozzolanic activity for particles with similar size could
be different, if the morphology is different, independently of the
similarities in shape.

Metakaoline and Devonian clay, coal ashes, both waste glass
powders, wood and barley ashes, could be used as an additive
or micro filler for concrete aggregate as well as the

supplementary cementing material, improving the properties of
high performance concrete.
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Linda Krage, Diana Bajare, Aleksandrs Korjakins, Janina Sétina, Inna Juhnevi¢a, Inta Kirilovi¢a. Pétijumi par sakaribu starp dazadu
HPC mikropildvielu morfologiju un pucolanu aktivitati

Saistoties portlandcementa mineraliem — trikalcija silikatam (CsS) un tetrakalcija alumoferitam (C4AF) — hidrolizes reakcijas, papildus hidrauliskajiem
savienojumiem kalcija hidrosilikatiem vai aluminatiem (CHS vai CHA), veidojas arT portlandits Ca(OH)2, kam nav hidraulisku pasibu. Tapéc, biezi tick
izmantotas aktivas mineralas piedevas, kas reag€ ar So Ca(OH)z, veidojot sekundaros kalcija hidrosilikatus vai aluminatus.

Darba pétitas dazadu smalki dispersu materialu pasibas. Sie materiali ir potencialas aktivas mineralas piedevas — termiski apstradati mali
(importéts kaolins un Latvijas devona mali (Liepas atradne), apdedzinati 700 °C), tadi atkritumprodukti ka akmenoglu pelni, atkritumu stikla
pulveri, koksnes pelni un miezu pelni. Analizétas sekojosas piedevu pasibas: patngjas virsmas laukums (noteikts, izmantojot BET metodi),
virsmas morfologija (SEM), dalinu izméru sadalijums, kimiskais sastavs (aktiva SiO2 un R203 (kopgjais Al20s, Fe20s un TiO2) saturs, ka ari
pucolanu aktivitate jeb kalka saistiSanas sp&ja, reaggjot ar Ca(OH)2. Iegitie rezultati rada, ka dalinu smalkumam ir bitiska nozime kalka-pucolana
reakcija, aktivakas ir mikropiedevas ar lielaku Tpatn&jo virsmu. Tomér Sis pienémums ir spéka lidz optimalajam dalinu smalkumam, un talaka
dalinu malSana nesniedz apmierino$us rezultatus, jo malSanas laika dalinas veido aglomeratus, kurus nepiecieSams dispergét skiduma labakai
reakcijai ar kalki. Vienada vai lidziga izméra dalinam at8kirigas morfologijas d&] var but atSkirigas Tpatn&ja virsmas laukuma vertibas, kas butiski
ietekmé arT pucolana ipaSibas. Noteikts, ka p&titas piedevas izmantojamas gan ka papildus cementgjoss materials — aktiva minerala piedeva, gan
ka mikropildviela jeb piedeva betona pildvielai.

JInnpa Kpare, /Iluana basipe, Anexcanapc Kopsikunc, Slunna Cerunsi, Unna IOxneBuua, Muta Kupusosuua. U3yyenne B3auMocBsi3u
MeKIy MopdoJiorueii H MyNIOVIAHOBOH AKTHBHOCTBHIO Pa3JNYHbIX MUKpoOHanoaHuTeeii 11 HPC

CBs3bIBasICh MEXIY CO00M, MUHEPAJIbI MOPTIIaHIeMenTa — Tpukainbiuii ciuukat (C3S) u rerpakansiuii amomodeppurt (CsAF), B pesynbrare
THAPOJIN3A B IOTIOJHEHHE K THAPABINYECKUM COCAHHEHHUSIM — THIPOCUITHKATY WITH AIFOMUHATY KalbIHs, 00pa3yrot Taroke nopriaanaut Ca(OH)z,
KOTOpBIH He 00JyiaiaeT THAPABINYECKUMU CBOMCTBaMH. [103TOMY YacTo MCHONB3YIOT aKTHBHBIE MHHEPAIIbHBIE T00aBKU, KOTOPBIE PEarupyIoT ¢
Ca(OH)z2, 06pa3syst BTOpUUYHBIE THAPOCUIMKATHI HITH ATIOMHAHATBHI KaJIbLIHS.

B pabote mccrenoBaHbl CBOHCTBA PAa3IMYHBIX MEIKOJUCIIEPCHBIX MATEPHAIOB WM NOTEHIHANBHBIX AKTUBHBIX MHHEPAIBHBIX J00aBOK —
TEePMHUIECKH 00PaOOTaHHON INIMHBI (MMIOPTHPOBAHHBIM KAOIUHUT U I€BOHCKAs ITIMHA JIATBUICKOTO IIPOUCXOXKACHUS (MecTopoxkaeHue Jlnemna),
obosxokernsle pu 700 °C), a Tak ke MPOAYKTOB OTXOA0B — YTOJIBHOH 30111, IOPOILKA CTEKIIa, IPEBECHOTO U STYMEHHOTO TTeIUIa. AHAIN3UPOBAHbL
crenylomue cBoifcTBa: ynenbHas Iwiomans nosepxHocTH (BET), mopgomorus mosepxuoctn (COM), pacnpeneneHne pa3MepoB YacTHII,
XHMHUYCCKHI cocTaB (comepkanue peakimoHHocnocoOHbIX SiO2 u R203 (o6mee kommyectBo Al203, Fe203 u Ti02)), a Tak ke mynoiaHoBast
aKTUBHOCTb WIIH peakiuoHHas crocoOHocth u3BectH U Ca(OH)2. TloydeHHbIe pe3ysbTaThl MOKA3ald, YTO Pa3Mep YacTHIl UMEET OPOMHOC
BJIMSIHAE Ha W3BECTKOBO-ITYIIIOJUTAHOBYIO PEAKIMIO, 0oJiee PEaKTHBHBIMH SIBILSIFOTCS MHKPOROOAaBKH ¢ OoJblLICH yIeIbHOH MOBEpXHOCTHIO.
OnHAKO 3TO MPETOI0KEHNE ASHCTBUTETBHO JO KAKOT0-TO ONTUMAIFHOTO pa3Mepa JacTHll, TaK Kak JalbHelIee yMEeHbIICHHE pa3Mepa JacTHI
HE JJaeT yAOBIECTBAPUTEIBHBIX PE3YIbTATOB H YKa3bIBaeT HAa ()OPMHUPOBAHHUE arJIOMEPATOB B IIPOIIECCE OMOJIA, KOTOPBIE HY)KHO JUCIEPTHPOBATh
B PacTBOpE JUIS JIy4IIeH PeaKIuy ¢ U3BECTHIO.

YacTunbsl MAGHTUYHOTO WM AHAJIOTUYHOTO pa3sMepa H3-3a pasiTmdHOM MOP(OIOTMH MOTYT pPa3iInMyYaThCsl 3HAYECHHWSAM IUIOMAAN YAENbHOI
MOBEPXHOCTH, YTO 3HAYUTEIHHO BIUSET Ha MYII0JUTaHOBBIE CBOiicTBA. OmpesieNieHo, YTO CClIeJOBaHHbIE J00OAaBKH MOTYT OBITh UCIIOIb30BAHBI
KaK JOMOJHUTENBHBIA [EMEHTHPYIOIMH MaTepHal — aKkTHBHas MHUHepaibHas J00aBKa, a TakkKe KaKk MHKPOHAIOJIHHWTENb WM Jo0aBKa K
HAIOJHUTENIO GeTOHa.
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