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POSSIBILITIES TO USE VERMICULITES
FOR SORPTION CLEANING
OF PHOSPHORUS-CONTAINING SLUDGE

Abstract. The sludge reuse problem, despite significant move in this question at Novodzhambul phosphorous
plant, remains actual. This enterprise carries out phosphorus-containing sludge reuse as follows: the sludge from
burning department is steamed, pumped into capacity, where it is settled for phosphorus separation, which further is
used as finished product. The sludge, remained after the separation, with sufficiently high content of phosphorus, is
vapored under vacuum and in a free-flowing form is delivered to the burning department for return into the furnace.
It is found that the principal mineral for vermiculites of studied fields is montmorillonite. Except the principal mine-
ral, there are kaolinite, hydrargillite, hydromica with insufficient impurities of minerals of pyrophyllite, amphibole,
etc.

Key words: phosphoric sludge, sorption cleaning, vermiculites, sorbents.

Introduction. The main reason for formation of phosphoric sludge is high difference of polarities,
composing a two-phase system: water (€=81) — phosphorus (¢=3,8). At that, matters with intermediate
value € are adsorbed on the phase boundary, adjusting by their presence difference of the phases’ polarities
[1-2]. The more difference of the polarities, the higher value of the adsorption forces on the phase
boundary. Phosphoric sludge formation and stabilization occurs on the phosphorus condensation stage, at
the moment of occurrence of the phosphorus — water phase boundary, having with free energy [3]. The
phosphorus condensable drop growth is broken by adsorption layers, formed by emulsion stabilizers. The
furnace gas solid mineral impurities, untrapped in electrofilters and organic substances from the phos-
phorus phase are considered as the emulsion stabilizers, able to be adsorbed on the phosphorus drop
surface and cause its lyophilizing [4].

Experimental part. The sludge reuse problem, despite significant move in this question at Novo-
dzhambul phosphorous plant, remains actual. This enterprise carries out phosphorus-containing sludge
reuse as follows: the sludge from the burning department is steamed, pumped into capacity, where it is
settled for the phosphorus separation, which further is used as finished product. The sludge, remained after
the separation, with sufficiently high content of the phosphorus, is vapored under vacuum and in a free-
flowing form is delivered to the burning department for return into the furnace [5-7].

Despite significant volume of studies on the phosphorus-containing sludge reuse, there is currently no
definite study of the sludge-formation mechanism and process solution of its reuse [8].

To modern scientists, the sludge-formation mechanism appears as a process of high-temperature
adsorption and capillary condensation of the phosphorus vapors by flour particles in a gas circuit, which
begins on the phosphorus distillation stage [9-11].

Further, the untrapped dust in the electrofilter, passing through the gas conduit continues to interact
with the condensable phosphorus and dispersed water and forms the phosphoric sludge. In a result,
technogenic conglomerate — the phosphorus-containing sludge, being hardly destroyable phosphorus
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emulsion in water, stabilized by finely dispersed mechanical particles, appears. The phosphoric sludge
consists of:

- Phosphorus (up to 30% by the volume)

- Mineral particles of gas carbon, quartzite, phosphorite (up to 30% by the volume)

- Water (up to 80% by the volume) [12].

Result and its discussion. The phosphorus-containing sludge, containing elemental phosphorus,
cannot be disposed to dumps by both economic and ecological reasons. To this end, it is necessary to se-
lect such technology of processing, which will meet all requirements of the operating procedure. One of
such ways to our opinion is sorption method of cleaning of the phosphorus-containing sludge from
mechanical and organic impurities with separation of clear finished phosphorus [13]. Objective of the
work is to study physical-chemical properties and prepare sorbents from local aluminosilicate minerals,
appropriate for cleaning of the phosphorus-containing sludge from the impurities. Vermiculites of Karatas-
Altyntas field of West Kazakhstan and Kulantau field of South Kazakhstan were used for the study.
Vermiculite, related to the group of hydromica, has valuable property — capability to increase its volume in
15 times during the furnacing.

Chemical composition of Kulantau field vermiculites

Content of components, %
CaO FeO MgO SIOZ A1203 T102 NaZO + Kzo F6203 MnO Hzo
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Results of the vermiculates DTA and DTG:
a — Karatas vermiculite; b — Altyntas pholidolite; ¢ — Kulantau vermiculite
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The swollen vermiculite after cooling maintains its gained volume with very fine air interlayers
between the mica flakes. Table 1 presents chemical composition of South Kazakhstan oblast Kulantau
field vermiculite. The vermiculite raw material is a loose mixture, consisting of feldspars, amphiboles and
mica, which is covered by recent sediments. Figure presents curves of the vermiculites’ DTA and DTG.
Karatas field vermiculite DTA curve (Figure, a) is characterized by endothermic effect at 180-230°C, that
characterizes fractional dehydration and formation of hydrargillite-bellite of polymorphic form, and soft
exothermic effect at 800°C, that characterizes burnout of trace impurities of sulfur-containing and volatile
compounds. Altyntas and Kulantau fields DTA curves (Figure, b, ¢) by analogy with the first sample are
characterized by endothermic effects at 170-240°C, specifying processes of dehydrations, separation of
constitution water with destruction of the crystal lattice. Further increase of temperature does not result in
essential appearances characteristic for the burnout of volatile and carbonaceous compounds.

Results of radiography analysis of different fields’ vermiculites showed that diffraction maximums of
radiograms of three vermiculite samples are characterized by total kaolinite, hydrargillite and montmo-
rillonite content. This is evidenced by the presence of diffraction values of maximums of montmorillo-
nite — 6,30; 4,47; 2,60; kaolinite — 7,14; 2,62; 2,33; 2,55; hydrargillite — 2,37; 2,02; 1,79.

Results of elementwise composition and electronic image of the microstructure [4] of the vermi-
culites showed that Kulantau field vermiculite studied sample contains minerals of groups of mont-
morillonite, hydromica, kaolinite. These minerals are characterized by high ductility, ability to cation
exchange and sorption properties. Analysis of the vermiculites’ elementwise and weight composition is
characterized by high concentration in %: oxygen — 56,88, silicon — 24,79, aluminum — 6,56, calcium —
6,15, etc.

Conclusion. Modern analysis methods defined physical-chemical characteristics of Karatas —
Altyntas and Kulantau fields’ vermiculites. Basic compounds and minerals, consisting raw feed stocks,
were identified by XRF, DTA, REM methods and chemical analyses.

It is found that the principal mineral for the studied fields’ vermiculites is montmorillonite. Except
the principal mineral, there are kaolinite, hydrargillite, hydromica with insufficient impurities of minerals
of pyrophyllite, amphibole, etc. Further studies plan to use the above mentioned materials for preparation
of sorbents at the cleaning of the phosphorus-containing sludge.

Finance. Source of funding research — M. Auezov South Kazakhstan State University.
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®OC®OPKYPAMJIAC IILJIAMAP/ABIH COPBLMSIBIK TA3AJIAY YIUIH
BEPMUMKYJIUTEPIBI MATITATTAHY MYMKIHIITT

AnHoTanusi. XuMusIblK Gocdop eHIipici KeH KeneMae TeXHOT'eH Il KalbIKTapAblH Iaiiia O0JTybIMEH THIFBI3
GainmanbicTEl. Pocdop HUTaMIapbiH 3epTTEy KEeH KeJeMJe JKYPTi3iiil, 3epTTeIreHMEH, OHbI JKaH-)KaKThl TEXHOJIO-
THSUTBIK TYPFBINA KalTa eHJIey MPOIeci KETKUTIKTI KapacThIpbUIMaraH. OTe KayinTi >koHe KUBIH OHAEJCTiH KalIbIK-
Tap - gocdop nurammaps! Oosi TaOsIIaNEL. TEXHOTEHAI KaABIKTap KOPIIAaFaH OpPTaFa SKOJIOTHSIIBIK JKOHE TEXHO-
TeHIIIK Kepi acepiH Turizeni. Con cebenTi, KANIBIKTapIbl KalTa OHIeYy Ka3ipri yaKbITTa €H 03eKTi Mocene OOJBI TYp.

Conpa, dhochop nuIamaapbiH KaiiTa eHeyre OarbITTalIFaH 3ePTTeY KYMBICTAPhI Ka3ipri TaH/aa 03eKTi TaKbIPhII
Ooubin TabbuIabl. OChl FEUIBIMH 3€PTTEY JKYMBICBIMbBI3/Ia YCBIHBUIBIN OTBIPFaH 9JIICIMI3 - CIHIpY apKbuibl Bocdop-
Kypamzac MuiaMaapAbl MEXaHUKAJbIK JKOHE OPraHWKaJblK KOCHAJapaH Ta3apThll, KypaMblHaH Ta3a (hochopabl
Oeuim any.

Con cebenti, aJrOMOCHJIMKATThl MIMKi3aTTapJaH TYHIPIIIKTI copOeHTTep NaibIHIaI, cOJ apKbuibl (ocdop
HIIaMbIHaH Ta3a Gocdopapl Oenin any oxici 3eprreneni. Atanran copoenTrepai naisiHaay yuiH, OHrycrik Kazak-
cTaH OOJIBICBIHBIH kepriikTi Kynanray keH opHbiHaH skoHe batpic Kazakcran oGnbiceinbiH Kaparac — AnrtsiHTac
KEH OpBIHAapbIHAH BEPMHUKYJIUTTED aJIbIHIbI.

3eprTeysiep HOTHKECI OOMBIHINA, BEPMHUKYJIUTTEP KYPaMbIHA2 MOHTMOPWUIOHHT, KAaOJIWHHT, T'MAPApTUIINT,
poroBosi oOMaHKa >koHe T.0. MUHepanaap 0ap exeHi Oenriii OOIbI.

Tyiiin ce3aep: pocdop muramel, copOIHS dmiciMeH Tazaay, BEpMHUKYIHTTED, COPOCHTTED.
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BO3MOKHOCTH UCIIOJb3OBAHUS BEPMUKYJINTOB
JIJIsI COPBIIMOHHOM OYUCTKHA ®OCP®OPCOJAEPKAIIMUX IIIJIAMOB

AnHotanus. [IpoGiiema yTunm3aimy MjIaMoB, HECMOTpS Ha CYIIECTBEHHBIN CABUT B 3TOM BOIIPOCE, Ha JIEHCT-
BYIOIIMX NPEANPUATHAX BCE €IIe OCTAETCs OueHb akTyaibHOW. OTX0/bI (hocHOPHOro MPOU3BOJCTBA OYCHb TOKCHY-
HBI U SBJSIFOTCS NMPUYMHON MHOTHX SKOJIOTHUECKUX MPOOJIeM OKpyXkaromieil cpenbl. B manHoii pabore yTunusaius
(hochopconepkaMX NIIAMOB OCYILIECTBIISIETCS CIEAYIOUIMM 00pa3oM: MOJyYEeHHBIH W3 MEYHOro Iexa LulaM, Moj-
BepraeTcs 00pabOTKe mapoM, MepeKaYnBacTCs B EMKOCTh, II¢ OTCTAUBACTCs s BbiAeacHUs Gocdopa, KOTOPHIH B
JATBHEHIITNM UCTIONB3YEeTCS KaK TOTOBBIN MPOayKT. OCTaBIIMICS MOCIE pa3esIeHUs IIaM, ¢ JJOCTATOYHO BEICOKUM
conepxanueM (ochopa, BEIIAPUBACTCS O] BAKYYMOM H B XHIKOTEKYYeM BHUC HANPABISICTCS B TICYHOW IIEX JIJIS
BO3BpaTa B [eYb. Y CTAHOBIICHO, YTO OCHOBHBIM MUHEPAJIOM Ul BEpMHUKYJIUTOB PACCMATPHUBAEMBIX MECTOPOKICHUI
SIBIISIETCSI MOHTMOPWIUIOHHUT. KpoMe OCHOBHOTO MUHEpasa MPUCYTCTBYIOT KAOJUHUT, THAPAPTHUIINAT, THAPOCIIOBI C
HE3HAYUTEIbHBIMU BKJIIOYCHUSIMA MUHEPAIIOB TUPODIILINTA, POTOBON OOMaHKH U JIp.

KuaroueBbie ciioBa: pocdopHbie 1171aMbl, COPOLIMOHHASI OUHUCTKA, BEPMUKYIIUThI, COPOCHTBHI.
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