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STUDY OF THE COMPOSITION AND PROPERTIES
OF VERMICULITE TREATED UNDER MECHANOCHEMICAL
ACTIVATION IN THE PRESENCE OF ACID PHOSPHATE (NA;H:P207)

Abstract. The conditions of MX-treatment of vermiculites without additives and in
the presence of salt (NaoH2P.O7) were established. The methods of BET Sorbtometer M
and laser analyzer SALD 7071 show that specific surfaces and particle sizes, indicating
spontaneous aggregation of particles depending on the time and multiplicity of MX-treat-
ment, lead to a decrease in the degree of sorption.

The results of the research conducted on MX-treatment of vermiculites both in the
presence of acidic phosphate of the taken salts and without them contributes to an increase
in sorption properties. First of all, the type of activator is centrifugal or planetary, of the two
mills, the planetary mill is more efficient, because the measurement of particle size showed
the smallest particle size, the specific surface area of the largest (11.921 m?/g). In the case
of a planetary mill, the dependence of the increase in sorption properties associated with the
participation of grinding bodies (Fe) in the transformation of vermiculite was revealed.

The results of wheat germination with samples of vermiculite processed in a centri-
fugal mill showed a low growth of the shoot and root system, in comparison with the pla-
netary mill, which is associated with the degree of particle grinding due to the difference in
the mechanism of action during MX-processing.

Studies of the effect on the germination of wheat seeds showed the greatest efficiency
of modified vermiculites without salt during mechanochemical activation in a planetary mill
(root 110.52%,growth104.41%).

Key words: vermiculite, mechanochemical treatment, planetary mill, sorption, spe-
cific surface area.

Introduction. Vermiculite is a large lamellar crystals of golden yellow or
brown color. Worm-shaped columns or threads of golden or silver color are formed
from the plates with transverse division into the thinnest scales (expanded
vermiculite) when heated [1,2]. Calcined masses of vermiculite float freely on the
surface of the water. Upon transition to the vaporous state, the volume of vermi-
culite increases greatly, so that the resulting expanded vermiculite becomes up to
ten times larger than its original state. It is this property that has given the mineral
such widespread use [3-5].

The sorption efficiency of natural vermiculites is low [6-8]. Therefore, it is
very relevant to study the physicochemical properties of Kampirsai vermiculites
under the conditions of mechanochemical treatment in the presence of acid phos-
phate (NazH2P-07) [9].
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EXPERIMENTAL PART

Characteristics of starting materials and methods of chemical and physico-
chemical studiesa) the chemical composition of vermiculite (Kempirsai deposit)
with the approximate formula (Mg Fe*? Fe*®);[(AlSi)sO010]-(OH)2-4H20.b)
Sodium dihydrogendiphosphate anhydrous (NazH2P207).

The distribution of vermiculite particles was determined using the laser ana-
lyzer SALD 7071 (BSU, UFA), which allows real-time studies.X-ray fluorescence
analysis was performed at Focus-M (KazNU named after al-Farabi, Almaty). The
specific surface and pore volume of the modified vermiculites were determined on
a SorbtometerM instrument; IR-spectra were recorded using a Spectrum 65 spec-
trometer in the frequency range from 400 to 4000 cm -1, in tablets with KBr. X-ray
phase analysis was carried out on a DRON-3M and DRON-7 diffractometer
(KazNU named after al-Farabi, Almaty).

The initial solutions of heavy metal salts with a concentration of 1 g / | were
prepared by dissolving weighed portions in distilled water, from which solutions of
the required concentration of 10, 15, 30, and 100 ur / ml were prepared by
successive dilution. 100 ml of the resulting solution is mixed with 1 g of modified
vermiculite and shaken for 1 hour. The solid phase is separated from the liquid
phase to determine the content of Mn?*, Cu?*, Cré*,

The degree of sorption (o) is calculated by the formula (1):

o= (Cinitial solution‘Csqution) *100 / Cinitial solution .

RESULTS AND DISCUSSION

Since the purpose of the work is to obtain sorbents from natural silicates
modified with an acidic salt of sodium phosphate (Na;H2P-0-), a mechanochemical
treatment of the original vermiculites and a mixture with the indicated salt was
carried out.

Vermiculite - NaH,P,0;. To establish the optimal conditions for obtaining
modified vermiculites in the presence of salt, the dependences on:

1) from the multiplicity of processing in a centrifugal mill of vermiculite and
vermiculite with salt;

2) comparison of planetary and centrifugal mills.

One ratio of vermiculite mass to salt mass was taken to be 1: 1, and the
processing time at the planetary mill was 30 minutes. The results of studying the
change in the degree of sorption of Mn2 + ions depending on the rate of processing
of vermiculite with salt and without salt are presented in figure 1.

The dependence of the degree of sorption on the multiplicity of processing in
a centrifugal mill as well as in a planetary one is inconsistent (it decreases, then
increases). Since changes are observed not only in the mixture, but also vermiculite,
it can be argued that changes in the degree of sorption is not associated with the use
of salts, which confirms the possibility of aggregation during MX-processing.
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Figure 1 — Dependence of the degree of sorption of Mn2+ cations
on the multiplicity of processing in a centrifugal mill of vermiculite with and withoutNazH2P207

Next, it was necessary to compare the centrifugal and planetary mill. For this
purpose, a diagram (figure 2) was constructed on the degree of sorption by modified
vermiculite of Mn?*, Cu?*, Cr®* ions at a concentration of the initial solution of 100
mcg/ ml.

100

98

96

g ® Planetary mill
» Centrifugal mill

90 +

88 4

86 -
Cr(VI) Cu(Im) Mn(IT)

Figure 2 — Dependence of the degree of sorption of modified vermiculite
in centrifugal and planetary mills

As can be seen from the data obtained, the sorption capacity of modified ver-
miculite on a planetary mill is higher in comparison with a centrifugal mill. This is
because the layered structure of vermiculite, when exposed to a free impact in a
centrifugal mill, absorbs destructive forces due to the free space between the layers
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of particles, in contrast to a planetary mill, where the destructive effect is a con-
strained blow.

The effect of modified vermiculites on wheat germination is investigated.
Wheat is soaked for 2 days in a thermostat at a temperature of 25°C. 15 grains of
wheat are placed in a Petri dish on a bed of filter paper, three cups for each
concentration of the mixture (33 g/ 1, 166 g /1), then 6 ml of the mixture are added.
The control is 6 ml of distilled water. According to the growth of the seedling and
root system in relation to the control, the effect of modified vermiculites is judged.

Figures 3, 4 show the results of studies on the effect of vermiculite with and
without salt on the germination of wheat seeds.

100,00
80,00

& 60,00 ® Root

a Growth
40,00

20,00

0,00
Initial

pml10m pm30m cm2d cmSd
vermiculite

Figure 3 — The effect of salt-free vermiculites processed on a planetary mill
for 10 and 30 minutes (pm 10m, pm 30m) and a centrifugal mill 2- and 5-fold (cm 2d, cm 5d)
on the germination of wheat seeds
45,00
40,00
35,00
30,00

25,00
® Root

20,00
n Growth

15,00
10,00
5,00
0,00

pm 10m pm 30m em 2d em 5d

Figure 4 — Effect of modified vermiculites with NazH2P20 on a planetary mill (om 10m, pm 30m)
and centrifugal mill (cm 2d, cm 5d) on the germination of wheat seeds
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As can be seen from figures 3, 4, vermiculites processed in a planetary mill
with Na;H»P,0- showed a low result in comparison with vermiculite without addi-
tives, which is possibly associated with an increase in the acidity of the medium,
which affects the germination of wheat, limiting the access of trace elements to the
plant. At the same time, the changes in the centrifugal mill are insignificant, which
is possibly associated with the destruction of salt into monophosphate and the
separation of water, because the salt has a crystalline structure, and the mechanism
of action of free impact has a more pronounced form.

The results of wheat germination with vermiculite samples processed in a
centrifugal mill showed a low increase in shoot and root system, compared with a
planetary mill, which is possibly related to the degree of particle grinding due to
the difference in the mechanism of action during MX-processing [10].

Further, the influence of modified vermiculite with precipitated Cu?* ions on
the germination of wheat grains was studied, the concentration of 16 g/l was taken,
the results results are shown in table 1.

Table 1 — Effect on the growth of wheat modified vermiculite with copper ions deposited on it

Mixture ProcessingConditions Growth Root
Vermiculite Withouttreatment 60,30 91,38
Vermiculite Planetarymill 30 minutes 69,92 97,43
Vermiculite Centrifugalmill 5 timesprocessing 39,65 71,35
VermiculitewithNazH2P207 Centrifugalmill 5 timesprocessing 63,34 84,99

As can be seen from the table, the best result was shown by a sample with
deposited copper of modified vermiculite without salt treated in a planetary mill for
30 minutes.

The most effective results were shown by MX-processing in a planetary mill
with a concentration of 33 g / | with a processing time of 30 minutes, the effect on
the root, 10 minutes on the growth.

The results of the IR analysis of the processing of vermiculites with Na;H2P.0-
processed in a centrifugal mill are shown in figure 5.

The IR spectrum during the modification of vermiculites with the NaHP-0y
salt in a centrifugal mill, the absorption band disappears in the frequency range
670 cm, which corresponds to the stretching vibrations of the Si — O bond, which
appears after 5-fold treatment (663 cm™). Also, after 2-fold and further processing,
the absorption band at 2926 cm, associated with stretching vibrations ofH,O and
PO-H bonds, disappears. Also, after a single treatment, the absorption band of 492
cm! disappeared, caused by vibrations of theHPO.? anions, then it appears already
after a double treatment. Despite the layered structure of vermiculite, along with
changes in the absorption bands corresponding to the salt, changes in the absorption
bands of the mineral are observed, which is consistent with theX-ray phase analysis
results.
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3

Figure 5 — IR spectrum of vermiculite
with NazH2P207 treated 1(1);2(2);5(3)-multiple on centrifugal mill
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The specific surface was measured by the single-point BET method, the spe-
cific pore volume from the maximum filling. The measurement results are summa-
rized in table 2.

Table 2 — Specific surface and pore volume of modified vermiculites

P . Specific Specific pore | Average-
- rocessing 5
Sample composition e surface area, volume, poresize,
conditions ) 3
m?/g cm’/g nm
Vermiculite Withouttreatment 10,565 0,005 1,717
Vermiculite Planetarymill 11,921 0,005 1,721
30 minutes
Vermiculite Centrifugalmill 11,577 0,005 1,721
1timesprocessing
Vermiculite antnfugalml!l 7,304 0,003 -
3timesprocessing
Vermiculite Centrifugalmill 10,784 0,005 1,720
5 timesprocessing
Vermiculite: NagHzP,0, | CNtrifugalmill 5,369 0,002 -
1 timesprocessing
Vermiculite: Na2H2P207 Ce_ntrlfugalmlll_ 3,972 0,002 -
3 timesprocessing
Vermiculite: NagH,P,0; | Sentrifugalmill 5,825 0,003 -
5 timesprocessing

When using a centrifugal mill, the specific surface, depending on the process-
sing ratio, increased or decreased, which can be explained by the process of aggre-
gation of individual particles of material with the formation of flakes, intergrowths
and other neoplasms, which significantly reduce the contact surface area of the
material. This fact explains the results of sorption in terms of multiplicity, because
when studying the degree of sorption by multiplicity, the degree of sorption first
decreased, and then increased again. Because according to the results of sorption,
modified vermiculites with Na>H2P,O- have better sorption ability, it was assumed
that the specific surface area will be larger in comparison with the initial one.
Comparing the type of activator, the planetary mill 11.921 m?%g showed the best
result on the specific surface.

The results of particle size measurements of modified vermiculites are shown
in figures 6-8.

Particle size measurements showed that the average particle size of the
powder, depending on the processing conditions on a planetary mill for vermiculite
with Na;H.P,O7, was from 4.3 to 6.6 micrometers (figure 6), after a centrifugal mill
for vermiculite from 14.3 to 25.7 micrometers (figure 7) and for vermiculite with
NazH2P,O7 from 27.4 to 45.5 micrometers (figure 8). It follows that the results of
the BET analysis correlate with the results of the study of sorption properties and
confirm the presence of aggregation processes during mechanochemical processing.
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Figure 6 — Integral and differential distribution of particles of vermiculite processed
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Figure 7 — Integral and differential distribution of vermiculite particles processed
in a centrifugal mill 1-,2-,3-, 4- and 5-fold processing (1d, 2d, 3d, 4d and 5d respectively)

in size in microns

The results of x-ray fluorescence analysis are shown in figures 9, 10.

The spectrum of x-ray fluorescence analysis showed an increased iron content
of up to 70% relative to the initial composition. The reason could be the metal
casing of a centrifugal mill, grinding jars and steel balls used when working on a
planetary mill. The increase in iron content according to XRD results in the
formation of biotite, which contributes to an increase in a-sorption. So, when using
a planetary mill, the iron content is higher in comparison with centrifugal,
corresponding to a high degree of sorption when using a planetary mill.
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Figure 8 — Integral and differential distribution of vermiculite particles processed
in a centrifugal mill with NazH2P207 1-,2-,3-,4- and 5-fold processing
(1d, 2d, 3d, 4d and 5b respectively) in size in microns

Figure 9 — The spectrum of processed 5-fold vermiculite in a centrifugal mill
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Figure 10 — The spectrum of treated 5-fold vermiculite with NazH2P207 in a centrifugal mill

Modified vermiculites can be used with respect to all the studied ions Mn?*,
Cu?*, Cr®*, so the lowest result was the degree of sorption with respect to chromium
90.2%, and the best with manganese 98.43%.

Conclusions.

1. The results of studies of MX processing of vermiculites, both in the presence
and without acid phosphate of salts taken, contribute to an increase in sorption
properties. First of all, the type of activator is centrifugal or planetary, of two mills,
the planetary mill is more effective, because particle size measurement showed the
smallest particle size (average particle size from 4.3 to 6.6 um depending on the
processing time), the specific surface area was the largest (11.921 m2 / g). In the
case of a planetary mill, the dependence of an increase in sorption properties asso-
ciated with the participation of grinding media (Fe) in the vermiculite transfor-
mation was revealed.

2. Studies have shown the effect on the germination of wheat seeds showed
the greatest effectiveness of modified vermiculites without salt during mechano-
chemical activation in a planetary mill.
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Pe3rome
b. J1. baneviwesa, U. A. Macanumos, ®@. X. ¥Ypaxaes, /. . baimabaesa

KBIIIKBII ®OCDAT (NAszPZUO7) KATBICYBIMEH MEXAHOXVWMUAJIBIK
AKTUBTEH/IIPY XXAFJAWBIHIA ©HJIEJI'EH BEPMUKYJIUTTIH
K¥YPAMbBI MEH KACUETTEPIH 3EPTTEY

Bepmukynurrepni kocnachki3 sxkoHe Ty3ablH (NagH:P207)karsicybiven MX-enney
maprrapsl 6enrinenred. b3T Sorbtometer M xone SALD 7071 nazepiik aHanu3aTopsl
omictepiMeH MX-eHIEYy yaKbITHI MEH ecelliriHe OalaHbICThl OeIIeKTepIiH ©3diriHeH
arperamisIChl Typaibl KyoJaHIBIPATHIH OMIIEKTepAiH YIECTIK OeTi MeH ermmemaepi copo-
IIUS TOPEKECIHIH a3ar0bIHa aJIbII KeJIeIi.

AJTBIHFaH TY3IapAblH KBIIIKBUT (ochaThHBIH KaTBICYBIMEH JIe, OHCBHI3 1a BEPMHKY-
mutTepai MX-eHACYAiH KYPTi3UIreH 3epTTeyNIepiHiH HOTIKEIepi COpOUUSIIBIK KacHeT-
TepIiH apTyblHa BIKHAJ eTexdi. bipiHim Ke3ekTe eki AWipMEeHHEeH OpTalaH TeNKill Hemece
IUIAaHETapJIBIK aKTHBATOP TYPi acep eTell, IIaHeTapIIbIK JUIpMEH TUiMIIpeK, cebedi 0el-
LIEKTEP/AIH OJIIEeMiH eJey OeJIIeKTepIiH eH a3 MeJIIIEPiH KOpCeTTi, ajl eH YJKeHiH
(11,921 M%) menuikTi 6eTin enuey kopcerti. [aneTapibIK quipMeH xarnaiibinaa 6op-
nb1 nenenepain (Fe) BepMukynutiHe TpanchopMalysiIaHybliHa OailIaHBICTBI COPOLMSUIBIK
KacHeTTep/IiH YJIFalobl apachIHAAFbl TOYEIIIIIK aHBIKTaIIIbL.

LentpaeH Tenkim AWipMEHIE OHICITEH BEPMUKYIHT YITiIepiMeH Oumaianl ecipy
HOTIDKEJIEpl IUTAaHETAPIBIK AWIPMEHMEH CaNbICTBIPFaHAa ©pKeH MEH TaMbIp JKYHeciHiH
TOMEH 6CyiH KepceTTi, 0yi1 MX-eHIey Ke3iHaeri ocep eTy MeXaHU3MIiHIH aifbIpMaIIbUIb-
FBIHAH OONIIEKTePAiH YcaKTay JopekeciHe OaillaHbICTHI.

Bunaii TYKpIMAApBIHBIH OHIMAUIITIHE 9cep €Ty 3epTTeyJiepiMeH IUIaHeTapiIbIK IHip-
MEH/IC MEXaHOXMMUSJIBIK aKTHBTCHIIPY Ke3iHAE TY3ChI3 MOIMGHKALMAIAHFAH BEPMHUKY-
IUTTEPAiH GapblHIa THIMALTIT KepceTiareH (Tambip 110,52%, epken 104,41%).

Tyiiin ce3mep: BEpMHUKYJIUT, MEXaHOXUMHUSUIBIK OHJIEY, TNIAHETAJIBIK AUipMEH, copO-
LIMsI, MEHIIIKTI O€ET.
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Pesome
b. JI. Baneviwesa, U. A.Macanumos, @. X. ¥Ypaxaes, []. I. Barmabaesa

VCCJIEJIOBAHUE COCTABA 1 CBOICTB BEPMUKYJIUTA,
OBPABOTAHHBIX B YCJIOBUSIX MEXAHOXUMUWYECKOI AKTUBALIN
B ITPUCYTCTBUU KUCJIOTO ®OCDATA (NAzH,P,07)

YcranoBneHs! ycnoBuss MX-00paboTKH BEpMHUKYJIUTOB 0e3 HO0OABKM W B HPHUCYT-
cteuu cosr (NazH2P207). Metomamu BOT Sorbtometer M u tazepHoro anamusaropa SALD
7071 moxa3aHO, YTO yAEIbHBIE TOBEPXHOCTH W pa3Mepbl YaCTHIl, CBUIETEIBCTBYIOIINE O
CaMOITPOU3BOJILHON arperaiuy 4acTHUIl B 3aBHCUMOCTH OT BPEMEHH U KpaTHOCcTH MX-
00pabOTKH, BEIyT K YMEHBIICHUIO CTCIICHA COPOIIUH.

Pe3ynbraThl mpoBeAeHHBIX HUccienoBaHuii MX-00pabOTKH BEPMHUKYIHUTOB KakK B
MPUCYTCTBUH KUCIOTO (pocdara B3ATHIX COJICH, TaK U 0€3 HUX CIIOCOOCTBYIOT YBEITHUCHHIO
COpOIIMOHHBIX CBOWCTB. B mepBy0 ovepenb BIMSHUE OKa3bIBACT TUI aKTUBATOPA IICHTPO-
OCKHBIH WU TUIAHSTAPHBIH, U3 IBYX MEIBHHUII, TUTAHETApHAsI MEJbHUIIA OoJiee dPPEKTHB-
Ha, TaK KaK U3MEPEeHNE Pa3MepPOB YaCTHUI] IOKA3aJI0 HANMEHBIITHE pa3Mep YaCTHII, yaeTbHas
nosepxHocTh Haubonbmeit (11,921 M%/r). B ciyyae ¢ niaHeTapHOi MeJlbHULEH BbIsBICHA
3aBHCHUMOCTH YBEIHUCHHS COPOIIMOHHBIX CBONCTB, CBA3aHHOE C yUaCTHEM B TPaHC(HOPMH-
pOBaHMH BEPMHKYITHTa Meronux Ten (Fe).

Pe3ynpTaTsl mpopammBasys MIICHUITE 00pa3aMy BEpPMUKYIHTa, 00paboTaHHOTO Ha
IIEHTPOOCIKHON MENbHUIlE, MOKa3ald HU3KUHA MPHUPOCT Mobera W KOPHEBOH CHCTEMEI, B
CpPaBHCHUHM C TUIAHCTAPHOUN MEJBHUIICH, YTO CBS3aHO CO CTCICHBIO M3MEIBUYCHHS YaCTHUI]
U3-3a Pa3HUIBI MEXaHU3Ma Bo3aercTBIs mpu MX-00paboTke.

HccrenoBanre BIMSHUS HAa BCXOXECTh CEMSH MINCHUIIBI MOKA3ali0 HAMOOJBIIYIO
3¢ GEeKTHBHOCTh MOAUDUIIPOBAHHBIX BEPMHUKYJIUTOB 0€3 COJIM MPU MEXAHOXHUMHUYECKOM
aKTHBAllMM Ha TUIaHeTapHOH MenbHulle (kopeHb 110,52%, mober 104,41%).

KiroueBble ci10Ba: BEPMHKYIHT, MEXaHOXHMHYecKas 00paboTka, TutaHeTapHas
MeJbHUIIA, COPOINS, yAeTbHAS TIOBEPXHOCTb.
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