H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES CHEMISTRY AND TECHNOLOGY
ISSN 2224-5286
Volume 2, Number 428 (2018), 44 — 51

UDC 631.893

A.S.Tleuov, S.D.Arystanova, B.A.Lavrov, Sh. K. Shapalov,
O.P.Baiysbay, A.M. Dosbayeva, G.A, Zh.Zh.Madyarova

M. Auezov South Kazakhstan State University, Shymkent, Kazakhstan
jasiko2008(@mail.ru shermahan 1984(@mail.ru

THE PHYSICO-CHEMICAL COMPOSITION OF THE NATURAL
ALUMINOSILICATE SORBENTS USED FOR THE PHOSPHORUS
EXTRACTION FROM PHOSPHORIC SLIME

Abstract. The research results of the physico-chemical features of initial raw materials of bentonite clay,
vermiculite and Lenger clay of the South Kazakhstan fields with definition of chemical and material structures are
given in the article.

The mechanism of phosphoric slime formation, technogenic withdrawal of production of the yellow phosphorus
which is formed at a phosphorus condensation stage is studied. According to modern representations, phosphoric
slime represents the phosphorus emulsion in water, stabilized with fine firm particles.

Considering phosphoric slime as stabilized with highly active pollution of an emulsion in the water, the way of
phosphorus extraction is chosen from slimes, with usage firm porous sorbents on the basis of natural
aluminosilicates.

The researches on definition of physico-chemical features of initial materials for obtaining from them sorbents
were conducted with usage of modern methods of the physico-chemical analysis. The analysis of the scientific
results has shown that intensive ranges of absorption are characteristic to fluctuations of valent link of the
alumosilicate and hydroaluminate compounds. The microstructure of the studied tests is characterized by prevalence
of montmorillonite crystals in bentonite clay and sodium-potassium-calcium minerals of feldspar in the vermiculite.
As a result of acid activation of sulfuric acid and heat treatment was reached the high mechanical durability, bloating
and bulk density of the received granules.
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Introduction. The production of yellow phosphorus with electrothermal method is large tonnage,
material-andpower-intensive production|1-3], necessary for electrothermic treatment production and
preparation of phosphorites more than 50%, the sizes 0+10 mm appear thin details and off-balance
phosphatic and siliceous slate stone[4-7]. Besides, during preparation of technological processing, and
crushing of metallurgical coke to 20% and more [8-10], the size 0+5 mm appear thin details. Therefore
reusage of production wastes of the phosphoric industry will allow along with the solution of economic
problems on improvement of the ecological state [11-13].

The phosphorus-containing slimesappear at the production of yellow phosphorus under the influence
of many factors (quality, preparation of raw materials, furnace conditions, etc.) [14-16]. There is a
question of utilization of these slimes, processings, considerably, and today topical issue, and not just
"new" slimes, and development of the slimes [17-19]., which are saved up for many years, is a problem.
Now in devices of cyclonic thermal phosphoric acid by combustion of phosphorus there are remains in the
infusion composition not less than 40-50% . However, in the course of combustion of slag,the mineral part
of slime is secondary waste[20].
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Experimental part. By means of the sorbents obtained from natural aluminosilicates with absorption
method and phosphorus-containing slimes are also refinedfrom organic and mineral impurity, allocating
from composition pure phosphorus in this article. For preparation of the specified sorbents, are used the
aluminosilicatesobtained from the local field, emergence and stabilization of phosphoric slime happens at
phosphorus concentration at a stage of free energy at phosphorus-water the interphase borders which are
developed for the moment. The adsorptive layers formed phosphorus reduce growth of the emulsion
consolidated stabilizers, the drop on the surface of phosphoric drops is adsorbed and creating their
liofilization the organic substancesobtained from the phosphoric phase and mineral additives from firm
oven are considered as the emulsions stabilizer.

Silicon and fine details of carbon make basis of the phosphoric slime, their small portion is simple
phosphorus and create gel like colloidal structure, this disperse environment is yellow phosphorus.

Table 1- Analysis of some samples of slimes of the enterprises on the yellow phosphorus production

Slime composition, %
Wet In conversion to dry
Py H.O. H,O Py H.O.
35,50 18,70 45,30 25,60 34,40
36,65 21,73 31,62 23,42 31,78
30,50 18,67 40,33 38,45 31,55
14,99 22,53 62,48 29,95 60,05
21,10 35,04 43,36 37,68 62,38
17,95 38,04 44,01 32,06 67,94

Table 2 -The chemical composition of raw materials obtained from different fields

The name of the field Componenents, %
Si0, AlO4 TiO, Fe,0O; | MgO CaO K,0 Na,0O | P,Os | mmm
1 2 3 4 5 6 7 8 9 10 11
Kulantau vermiculite 37,65 13,2 3,42 14,72 | 1531 1,81 5,16 0,41 - 8,22
Syrdarya bentonite 60,51 16,06 1,95 6,43 3,03 1,27 1,2 241 0,12 6,92
Lenger clay 58,29 20,76 2,17 4,16 1,59 0,52 1,16 1,40 1,29 8,56

Raw materials vermiculite is a mineral class of the silicates of layer type relating to hydro mica group
when heating they are bent as worms and bulk up to 1,5-2,5 times [7-8]. The biotite belongs to
pseudomorphoses. Its colour is brown, yellow, bronze colors, gloss as a glass, hardness -1-1,5MPa very
mature, specific weight -2, 4-2, 7 g/cm® when burning becomes very easy, both bulk up and does not sink
in water. Vermiculite is formed generally at a low temperature the phlogopite and biotite breeds at
hydrothermal changes, and sometimes it is formed at slaking biotite. Vermiculite in the burned look is
applied in production of wallpaper as warmly-and soundproofing material.

Consumer importance of vermiculite arises when calcinating it is increased and turns into light
material with a volume density from 0,06 to 0,15 kg/m’ a polyfoam. The uniqueness of the increased
vermiculite in the adsorption is connected with the increased humidity processes. The vermiculite can
absorb and carry out 4-5 times more water more than its body weight.

The vermiculite microstructure obtained from Kulantau field, element structure is given in Pic.1.
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o 46.73
Na 0.15
Mg 8.62
Al 7.69
Si 17.27
cl 0.24
K 2.83
Ca 2.45
Ti 1.23
Mn 0.08
Fe 12.71
onH=aA wkana 51583 wen. Kypcop: 0.000

Picture 1- Ultimate composition and microstructure of the vermiculite obtained from Kulantau field

Unique propertiecs of vermiculite can be used as a sorbent for absorption of mineral and organic
compounds at extraction of phosphorus from phosphorus-containing slimes.

Now raw materials of vermiculite have loose weight and are friable adjournment which consist from
the closed cover of feldspar, mica and amfibold. IR spectrum of the vermiculite received from the
Kulantau field is given in the picture 2.
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The picture 2 - IR Spectrum of the vermiculite obtained from the Kulantau field v * cm®

For Kulantau vermiculites are characteristic 700-1500sm-1 length of waves of a range of the
absorption territory. Poorly intensive 600-650sm™ and 70-850" ranges of absorption a and B characterizes
modifications AI-O compounds, and on average intensive waves 830-850 cm’' characterizes
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alumocalcium compounds Ca-AI-O. on 980-1010 cm™ of the territory intensive absorption range Si-O
valent linked compounds and on 1380 cm™, territories show-OH valent groups, on 3180-3250 cm™ and
3500-3730 cm™ territories characterizes ranges of absorption of O-group magnesium (Mg ™) and (Fe,
Fe"*)compounds of iron hydrate.

Bentonites are formed as a result of chemical decomposition of volcanic ashes, tuff and lavas in sea
water or at land aeration (generally from granules it is lower than 0,001 mm). He doesn't conduct heat and
sound as light filler of concrete, etc.It is applied to production of construction materials and products.
Bentonites are fire resistant 1350-1430 °C, fusion point is 900 - 950 °C. Chemical formula (Mg, Fe+2,
Fe+3) 3 [(S1, Al) 4010] » (OH)2+4H20.

The microstructure of the bentonite obtained from Syrdarya field the clement and chemical
composition and IR spectrum are provided in the picture 3,4.

Elements Weight%o
O 52.08
Na 1.31
Mg 1.48
Al 8.87
Si 23.00
p i : st e e i
5 1.78
Cl 0.34
K 248
Ca 0.93
Ti 0.54
Fe 6.87
Doresan wrkana 7015 wwan. Kypeop: 0.000 538

The picture 3 - The microstructure of the bentonite obtained from Syrdarya field the element and chemical composition
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The picture 4 - IR spectrum of the bentonite obtained from Syrdarya field, v * cm
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Absorption spectra of Syrdarya bentonites is characterized by length of waves in the territories of
1400 cm™ and 1570sm™. weak intensive lines of absorption in the territory of 430-500 cm™ Si-O - Fe
characterizes strain stress state. In the territory of 930-1010 cm™ is characteristic to wavelength of
oscillations Si-O valent link. In the territory of 1320-1400 cm™ ranges of intensive absorption is
characteristic on OH-groups to diffraction oscillations.In the territory 3050-3230 cm™ oscillations in
wavelength characterizes absorption spectra H-OAI, H-OFe™ group.

The microstructure of high-melting clays of Lenger, element composition and roentgenogram are
given in pictures 3,6.

Elements | Weight %
0] 57.24
Na 0.09
Mg 1.37

Al 6.84

Si 25.02

K 1.41

Ca 5.53

Ti 0.18
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Picture 6 - IR spectrum of high-melting clays of Lengerv * cm?
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The choice of activization method of their porosity of sorbents mechanically determines acid surface
arcas, the absorption volume and development. Chemical activation of sorbents is their processing
average acids at a different temperature. The increase in absorption properties of acid activation of natural
clays is considered in the article. For obtaining sorbents is used burned porous vermiculite, bentonite and
refractory clays of Lenger.

Mechanical cleaning and fractional sifting on the vibrosieve (0,13 mm) was carried out for this
purpose. The method applied when crushing directly influences chemical activity of the received product.
At Vibro and spherical crushing granulation happens on the surface of clay particles and granulation
process significantly influences properties of absorption sorbents. The sorbents on the sphericalmill are
stirred for production of the granulated clays then it is necessary to mix with a speed about 40-60 v/m in
the optimum volume of water is at 5-10 minutes. The granulations of sorbents occurs on the plate
granulator in the diameter of d=3-1,5 mm.

The granulated sorbents are dried constantly on air and undergo to heat treatment. Heat treatment of
the granule is carried out in the mode: T = 473-773K within 1-4 hours in the muffle furnaces on the
certain temperature and at the scheduled time. The samples of sorbents were determined with usage of real
kerosene density, by means of Le-Chatelie's device.

The processing of clay minerals with hot acids, their catalytic and adsorptive properties of sorbents
was known that their activity sharply increases at a research.

Result and its discussion. Theprocessings and influence on the structure of sorbents and the
adsorptive properties with hot sulfuric acid is considered in this article. The last in temperature volume
700 - 1100°C for 4 hours, firm and liquid phase in T:I in the correlation = 1:5 in the ratio 25% H,SQO.are
activated.: G.C=1:10 in the ratio, in others similar conditions, have been investigated also influence of the
adsorptive properties 5,10, 15, 20, 25 of % of H,SO, [19].

Table 3 - Test volumes after activation

Temperature, | The diameter of granules The diameter of granules after thermo
Probe numbers, No o°c before thermo treatment, mm

treatment,mm 1 hour. 2 hour. 3 hour. 4 hour.

1.High-melting clays of 700 9-11 9-12 11-12 12-13
Lenger 900 &-11 10-12 11-13 12-15 14-17
1100 10-13 12-14 13-16 15-18

2 Kulantau vermuculite 700 8-12 11-12 11-13 12-13
900 &-11 011 10-12 11-12 12-13

1100 9-12 11-14 15-17 16-19

3.Syrdarya bentonite 700 10-11 10-13 11-13 10-13
900 &-10 10-12 11-13 12-13 12-14

1100 10-12 12-13 12-15 14-16

In this scientific research were studied initial raw materials 1.e. Kulantau vermiculite, the obtained
bentonites of the Syrdarya field and physical and chemical characteristics of refractory clays from Lenger
and Syrdarya areas have been investigated.

During the research on the absorption method for phosphorus extraction from slime, the granulated
raw materials in the technological plan sorbents in the composition of aluminosilicates of natural
minerals, high-quality technologies have been developed.

Such process of sorbents absorption of organic and mineral impurity with effective and during
lifetime therefore stability on phosphorus water is broken.

In the structure of phosphorus extraction from phosphoric slimes, porosity directly influences
porosity of minerals as a part of which there are aluminosilicates. Such bentonites can belong to refractory
clays from Lenger and bentonite raw materials and vermiculite. The method of absorption is provided by
cleaning of technogenic waste in the nature from impurity. Therefore the production technology of
sorbents of mineral raw materials is “a new theme”.
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A.C. Taeyos, C.[A, ApricTranoBa, B.A. Jlagpos,
1. K. Ilananos, O.11. Baiibicoaii A.M. locoaesa.’K.7K. Maansiposa

M. Oyezos arsmiaarsr OHTYCTIK Kazakcran MemuekeTTik yHuBepcuTeTi, [IIbmvkeHT, Kaszakcras,

OOCPOP HNINTAMBIHAH ®OC®OP/JbI BOJIIII AJTY YIHNIH KOJJAHBIJIATBHBIH TABUTHU
ATIOMUHOCHUJIHKATTBI COPBEHTTEPAIH ®U3UKA- XUMHAJIBIK KYPAMBI

Annoramusa. Makamaga OnHrycrik KasakcTaH ayMarbIHOAFBI SKCPTLTIKTI KCH OPBIHIAPHIHBIHAH ATBIHFAH
MIHMKI3aTTap OCHTOHWUT, BEPMHUKYJIHT >KOHE JICHTIPAIH KWBIH OAQJKHTBIH Ca3-OANIIBIFBIHBIH XHMIDLIBIK SKOHC
MATEPHANABIK KOMIOBHIWSIIAPHIH AHBIKTAY APKBUIBI (DU3HKAIBIK JKOHE XHMISUIBIK CEPEKHICTKTEPIH 3EpTTEY
HOTIDKEJIEP1 KENTiPiireH.

@oc(opasH KOHICHCAIMACHI Ke3eHiHAC maWaa OonateiH (ocdop mumamsbl, caper (ocdop eHmipiciHIH
AHTPONOTEHIIK KAIABIKTAPBIH TY3y MEXAHW3MI apKbLUIBI 3epTTeneai. Kazipri 3aMaHFbl TYKbIPBIMIAMAaIapFa COHKeC,
(dochop mIIaMbpl Maiaa MAMIBIPAHKBI KATTHI OOJIIIEKTEPMEH TYPAKTAHIBIPHUEAH CYJArbl (OCHOP IMYIBCHACHI
60.1bIT TAOBLTAIBL
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®ocop mUTAMBIH Cyma SMYJIbCHAHBIH >KOFAPHl OCIACCHAI JTACTAHYBIMCH TYPAKTAHABIPHUFAHBI PCTIHIC
KAapacThIpa OTHIPHI, TaOWFH AMFOMOCHIHKATTAP HETI3IHAC KATTHI KCYCKTI COPOCHTTEPaI KOMAAHY apKeLIbl (hochop
maMbiHaH (ocdopast Oeny axici Targanael. CopOeHTTEPAl OHAIPY YIIIH TAaOWFH IMHKI3ATTHIH (DPU3HKO-XHMUSIIBIK
CHIIATTAMANIAPBIH AHBIKTAy OOMBIHINA 3epTTEyiCp, (PM3MKA-XUMEAIBIK TANAAYIABIH 3aMAHAYH SHICTEpPiH KOIJaHA
OTBIPHII KYPTi3iIaL

AJBIHFAH HOTIZKENEPl Tanady KOPCETKEHICH, KAPKbIHIBI CIHIPY CIIEKTPI aTFOMOCHIMKAT TICH THIPOJIFO-MHUHAT
KOCBLIBICTAPBIHBIH, BAJCHTTIK OANIAHBICBIHBIH AIPLTIHE TOH. 3€PTTEITCH YITLIEPAIH MUKPOKYPBIIBIMbI BEPMHUKY JIH-
TTeTi, OCHTOHWT OANMIBIKTAPBIHAAFBI MOHTMOPHJIOHHT KPHCTAIIAPHIHBIH JKOHE HATPHH KaTMH-KAJbIUAN Jama
[IIATTAPBIHBIH MHHEPAIAAPBIHEIH OackiM OOIyBIMCH cHmarrananbl. KyKipT KBIIKBLDIBI MEH TEPMUSIBIK OHICY
ApKbLIBI KBIIIKBUIABI OCJICCHAIPLUTY HOTIDKECIHIC AJbIHFAH TYHIPUIKTEPAIH MHTCHCHBTI YKOHE THIFBI3IBIFBI KOFAPhI
MEXaHHUKAIBIK OCPIKTIKKE HE OOTIIBI.

Tyiiin ce3zgep: Bepmuxynur, OCHTOHHT, MOHTMOPHWJUIOHHUT, KAOIHHHUT, AaMFOMOCHJIMKATTAp, COPOCHT,
THAPOCIOAATIAP.

A.C. Taeyos, C.[, Apricranora, B.A. Jlagpos,
1. K. llTanamos, Q.11 Baiinicoaii A.M. Jocoaepa, K.7K. Maansiposa

10:xH0-Ka3axcranckuii rocy sapcTBeHHbIN yHHBEpCUTET HM. M. Ayesosa, IlIsmvkent, Kazaxcran

®U3UKO- XUMHAYECKHAA COCTAB IPUPOJTHBIX ATIOMUHOCUINKATHBIX COPBEHTOB
HCHOJB3YEMbBIX JAJIA U3BJIEYEHUA ®OCPOPA U3 POCPOPHOI'O HLITAMA

AnnHotanusa, B cTaThe mMpHBEACHH PE3YIbTATH HCCICAOBAHUN (PH3HKO-XHMHYCCKHAX 0COOCHHOCTCH HCXOTHBIX
CBIPBEBBIX MATCPHAIOB OCHTOHHUTOBOHM TJIMHBI, BEPMHUKYIMTa M JICHTEpCKOW TIMHBI MeCTOpOokAcHUH HOxHOTO
Kazaxcrana ¢ onpeaeacHHEM XUMHICCKOTO H BEIIECTBEHHOTO COCTABOB.

Wsyuen mexanusm ¢opmuposanus (pocGopHOTOo IITamMa, TEXHOTCHHOTO OTXO0AAa IPOWM3BOACTBA JKEJITOTO
(docopa, obpasyromerocs Ha ctaguu KoHacHcamuu (pocopa. B COOTBETCTBHHM ¢ COBPCMCHHBIMH MPEIACTABIIC-
HAAMH, (POCQOPHBIH IIIAM MPSACTABIACT C000# 3MyabcHio (ochopa B BOAC, CTAOMIH3HPOBAHHYIO TOHKOIHC-
TICPCHBIMHA TBEPABIMH YACTHLIAMHA.

Paccmarpusas gocopHbIi NItaM Kak CTa0HIM3HPOBAHHYIO BBICOKOAKTUBHBIMH 3arpsI3HCHUSIMH SMYJIbCHH B
BOJE, BBIOpaH cmoco0 BblaeneHma (ochopa w3 mIamMos, C HCHOIB30BAHHEM TBEPABIX IOPUCTHIX COPOCHTOB HA
OCHOBE IIPHPOJHBIX ATIOMOCHIUKATOB.

Hccnenopanus 1o onpeneieHut0 (PH3HKO-XHMHUUECKHX 0COOCHHOCTEH HCXOAHBIX MAaTCPHAIOB A MOy YCHH
W3 HUX COpPOEHTOB, NMPOBOJMIINCH C HCIIOIB30BAHHEM COBPEMEHHBIX METOJO0B (PH3HKO-XHMHUYECKOTO AHAIIN3A.
Anam3 TOJYYCHBIX PC3YyJIbTATOB MOKA3aJ, YUTO HHTCHCHBHBIC CIICKTPBI IMOTJIOLICHUA XAPAKTCPHBI KOJICOAHHIM
BAJICHTHBIX CBA3CH AFOMOCHIMKATHBIX W THAPOATIOMHHATHBIX COCOMHCHHH. MHKPOCTPYKTYpa HCCICAYSMBIX TPo0
XAPAKTCPHU3YCTCA NPCOOTATAHHEM KPHCTAUIOB MOHTMOPHJIOHHTA B OCHTOHHTOBOM TIHHC W HATpPHH-KATHii-
KaJIbMUCBBIMHA MHUHCPAJIAMHA MOJICBOTO IINATA B BEPMHUKYJIHTC. B pe3yapTaTrc KHCJIOTHOH AKTHBAITHH cepH0171 KHC-
JOTOW W TCPMHUUCCKOH 00PAaOOTKH TOCTUTHYTA BBICOKAS MCXAHMUYCCKAS MPOYHOCTH, BCIYYHBACMOCTh M HACHITHOH
TJIOTHOCTH MOJIYUCHHBIX I'PDAHY JL.

Kmrouernie cioBa. BepMukyiuT, OCHTOHHT, MOHTMOPHJUIOHHT, KAOJMHHT, AMFOMOCHIMKATHI, COPOCHT,
THAPOCTIOBL.




