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Abstract: The process of silicon-carbon produced out of the rice husk treatment with HCI solution has been investigated and
elaborated to purify from aluminum and phosphorous to their contents were less than 0.1 % each. Silicon-carbon with such
contents of these impurities meets the requirements to as the multifunctional material for its application in various branches of
industry and agriculture. It was demonstrated that the required content of aluminum and phosphorus in silicon-carbon can be
achieved by two ways. Namely, by silicon-carbon production out of the pre-treated rice husk or by purification of silica-
carbon obtained out of untreated rice husk. Considering the output of silicon-carbon out of rice husk equals to 33 %, it is more
reasonable to submit the minor material mass to the acid treatment that is the silicon-carbon. The silicon-carbon treatment
produced out of untreated rice husk (52.3 % C, 35.9 % SiO, 0.2 % Al and 0.12 % P) was carried out with 0.5 — 3 %
hydrochloric acid solutions at the temperature of 70-80 °C. As a result of laboratory studies and pilot testing, the processing
method hydrochemical treatment of silicon-carbon was elaborated. The following optimal processing parameters were
recommended: hydrochloric acid concentration in aqueous solution — 1 %, 75-80 °C, and treatment time is 60 minutes. The
aluminum content was at the level of 0.085 %, and phosphorus was 0.04 % in the processed silicon-carbon. The obtained
silicon-carbon with low level of inorganic elements can be applied as the charging material for smelting low-aluminum
ferrosilicon and pure silicon, as the filler of carbon construction materials and elastomers.
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OYUCTKA KPEMHEYTJIEPOJA, TOJIYYEHHOT'O U3 PHACOBOI IEJTYXH, OT HEOPT AHHYECKHX
INPUMECEH

Pe3tome: C 1en1b10 OYUCTKH KPEMHEYTJIEPO/ia, MOJMYYEHHOTO U3 PUCOBOW MISNYXH, OT alloMHHMSA M (ochopa 10 UX COmepiH aHUL
menee 0,1 % wuccnenoBan u orpaboraH npouecc ero obpaborku pacrBopom HCI. KpemHeyriepon ¢ TakuM copepikaHueM 3THX
npyMecel OTBeyaeT TPeOOBaHMAM KaK K HOIM(YHKIMOHAIBHOMY MaTepHaily JUlsi MPUMEHCHHUS B PA3IMYHBIX O0JIACTSX TEXHUKH U
cenbekoro xo3sicraa. [lokazano, 4to TpeGyemoe coneprkanus amoMuHUS U Gocdopa B KpeMHEYrIIeposie MOXKET OBITh JJOCTUTHYTO
IByMs myTsmu. Ilyrem momydeHus KpeMHEYriaepoja M3 IIPelBapUTENbHO OYMIIEHHONW PHCOBOM ILNETYXH WU IIyTEM OYMCTKU
KpPEMHEYTIEpOAia, MONTYyIeHHOTO M3 HEOUHIIEHHOW PUCOBON ILIEMyXU. YUHUTHIBAs], YTO BBIXOJ KPEMHEYIJIEPOAa M3 PUCOBOM IIETyXU
cocrasiseT 33 %, Oonee LenecooOpa3HO MOABEPraTh KUCIOTHOW OYMCTKE MEHBIIYI0 Maccy MaTepuaia, TO €CTh KPEeMHEYTJIEPO..
OuKcTKa KpeMHEyriiepojia, MOIy4eHHOro M3 HeouwineHHOW pucosoit menyxu (52,3 % C, 35,9 % SiO2, 0,2 % Al, 0,12 % P),
mpoBeaeHa 0,5 — 3 %-HbIMH pacTBOpaMH CONSHOW Kuciotel mpu Temmnepatype 70-80 °C. B pesymbrate 11a00OpaTOpHBIX
HCCIIEIOBAHUHA U ONBITHBIX HCHBITAHHHA OTpabOTaH TEXHOJIOTHUECKUH PEXHM THAPOXMMHUYECKONM OYMCTKHA KpEeMHEYyriIeposa.
PexomeHI0BaHBI ONTHMAJBHBIE MTApPAMETPhI Tpoliecca: KOHIEHTPAIHsS COISTHOM KHCIOTH B BOAHOM pacTtBope 1 %, Temmeparypa 75-
80 °C, Bpems obpaborku 60 muH. CozmepkaHie B OUHMILIEHHOM KpeMHeyriieposie amoMuHus Obuto Ha ypoae 0,085 %, a docdopa
0,04 %. ITomy4eHHbIH KpEeMHEYTJIEpO C HU3KHM YPOBHEM HEOPraHMYECKHUX 3JIEMEHTOB MOXKET ObITh MCHOJb30BAaH KaK LIMXTOBBI
Matepuay Uil BBIIUIABKM HHU3KOAIIOMHUHHEBOTO (EeppOCHIMLKS M YHCTOrO KPEMHHMS, KaK HAalOJHUTENb YIJIEPOJHBIX
KOHCTPYKIIMOHHBIX MAaT€PHAJIOB U 3JIACTOMEPOB.

KiroueBble ci10Ba: pucoBast 1enyxa, KpEMHEYTJIEPOJl, OYUCTKA OT HEOPTaHUYECKHX NPHMeceH.
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Tyitingeme: Kypimn KpINBIFBIHAH albIHFaH KPEMHHHKOMIpPTETiH amOMHHUH MeH ¢ocopaaH, omapasiH KypameiH 0,1 % - nmeitin
asaiiTa OTHIPHII Ta3apTy MakcaThiHa, oHbl HCI epiTiHIiCiMEH eHJIey MpoIieci 3epTTeN/Ii sKoHe TBICHIKTam bl O ChIHIal KocnanapaH
TypaThlH KPEeMHUHKOMIpTETi TEXHHKAa MEH aybul [IapyallbUIBIFBIHBIH OPTYpPJIi  cajlajlapblHAAa KOJJAHyFa apHAIFaH
o yHKIMOHANBI MaTepual CHSKTHI TajanTapra jkayan Oepe amaasl. KpemHuiikeMipreriHmeri amoMuHHH MeH (ocdOpabiH
Ka)XeTTi MeJIIIepiHe XKeTy YIIH €Ki Ko 0ap eKkeHi KepceTinreH. ANIBIH aia Ta3apThUIFaH KYpilll KbIIBIFBIHAH KPEMHHHKOMIpTEriH
ay apKbUIbl, JKOHE Ta3apThUIMaraH KYpIll KBIIBIFBIHAH aJbIHFaH KPEMHHHKOMIpPTEriH Ta3apTy >KoibIMeH. Kypiml KpIBIFBIHAH
KPEeMHHUHKOMIpTETiHiH IBFYsl 33 %-Ipl KypalTBIHBIH €cKepe OTBIPHIN, MaTepUaABIH a3 MacCachlH, SFHH KPEeMHHHKOMIpTETiH
KBIIIKBUIMEH Ta3ajiaraH JXeH. Ta3apThuIMaraH Kypilnl KeinbibiHaH anbiarad (52,3 % C, 35,9 % SiO2, 0,2 % Al, 0,12 % P)
KpeMHHiiKeMipTeriH Tasapry 70-80 °C Temmeparypama Ty3 KbIUKbUIBIHBIH 0,5 - 3 % epitiHmiciMeH >Kypri3inmi. 3epTXaHaJbIK
3epTTeyiep MeH TXKIpHOeNiK ChIHAKTap HOTIDKECIHIEe KPEeMHHHKOMIPTETiH THAPOXUMISUIBIK Ta3apTyIblH TEXHOIOTHSIIBIK PEXUMI
MBICBIKTANABI. [IpOIecTiH OHTaMIbl MapaMeTpiepi YCHIHBUIAABI: CYNIBI €pITIHHiAeri Ty3 KBIIIKBIIBIHBIH KOHIEHTpamuscel 1 %,
temreparypa 75-80 °C, enney yaxbITel 60 MuHyT. Ta3apTeurFaH KpeMHUKKeMipTerinae amroMuanit memmepi 0,085 %, ax dpochop
0,04 % nenreitinge Oonapl. beifoprannkanbIK 2IeMeHTTepl a3 IeHreiiie OoNaThlH OCBIHAAH KPEeMHUHKOMIpTET] - TOMEHATIOMUHIMII
(eppocrHIMiiz KoHe Taza KpeMHHH OAJIKBITY YIIIH IIMXTa MaTepuall peTiHze, COHBIMEH KaTap KOHCTPYKIMSUIBI MaTeprangap MeH

9JIaCTOMEPJIEP/IiH TONTHIPFBIIIEI PETiHIE KOIAaHybl MYMKIH.

Tyiiin ce3mep: Kypill KbIITBIFBI, KpeMHUHKOMIpTETi, OefopraHuKabIK KocrajaapiaH Ta3apTy.

Introduction.  The  direct  reduction
technology of high-quality silica-containing raw
materials with a carbonaceous reducing agent in the
ore-thermal furnaces to produce ferrosilicon of a
certain degree of purity, after refining of the latter is
possible to obtain ferrosilicon with an aluminum
and phosphorus content less than 0.1% is one of the
accepted technologies for producing low-aluminum
ferrosilicon.

That is why a great attention should be paid to
improve the quality of original raw materials when
reviewing the alternative technologies for producing
low-aluminum ferrosilicon.

The quartzites deposits are in Kazakhstan of a
low content of inorganic elements impurities
suitable for the production of silicon alloys of just
enough high quality.

However, the lack of low-price reducing
agents with low levels of inorganic elements is a
difficulty. Currently used charcoal and other carbon-
containing materials are quite expensive, so their
use leads to a significant increase in the cost of the
resulting silicon alloys.

Table 1 - Components are in the rice husk

Resuming the above, a need to make researches
of unconventional sources of carbon and silicon raw
materials to be applied is explained. Rice husk (RH)
becomes one of these sources containing up to 15%
SiO, and 40% of carbon in the polymeric organic
compounds [1-3]. Whereby, the content of impurities
in it is significantly lower than in natural quartzites and
coals [4-7].

A wide range of engineering and agriculture
branches make use of the rice husk [8-10] and its
thermal processed products [11-14]. However, to
smelt pure silicon and low-aluminum ferrosilicon,
the charge materials with a lower level of aluminum
are required [15, 16].

In this regard, this study is aimed to research
silica carbon treatment ou of inorganic elements
produced from the rice husks [17].

Testing and the results. Treating the rice
husk by washing it with the tap water does not
provide the required content of impurities in it
(Table 1). The required aluminum and phosphorus
content in silica carbon (<0.1%) can be achieved in
two ways.

Materials Chemical compound,% mass *

SiOz A|203 CaO FeO MgO Na,O K;0
Original rice husk 15,60 0,18 0,28 0,12 0,08 0,52 0,80
Washed out RH 15,9 0,12 0,22 0,09 0,044 0,15 0,16

Hydrochloric acid solution to purify RH
0,5% 22,26 0,08 0,005 0,016 0,010 0,02 0,012
1,0% 22,25 0,06 0,003 0,013 0,009 0,010 0,010
1,5% 22,29 0,06 0,003 0,009 0,009 0,010 0,010
2,0% 22,30 0,06 0,003 0,009 0,009 0,010 0,010

*Cr, Ni —<0,0001; Ti — 0,001; Mn —0,002-0,003; Cu — 0,0003-0,0004; Zn — 0,002; B — N/A
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Silica carbon produced out of the rice husk that is
previously treated by HCI solution, or by an HCI
solution of silica carbon produced from untreated
rice husk. Each of these methods has its benefits and
drawbacks.

The rice husk (RH) is profoundly purified out
of impurities by its being treated with HCI solutions.
RH treatment with hydrochloric acid solutions with a
0.5% to 2% concentration was carried out for 60
minutes at 70-80 °C.

Washed out treated RH until neutral reaction
of the rinse water was squeezed, dried and analyzed
to have inorganic impurities content. An increase in
the acid concentration of more than 1% (Table 1) has
been established not actually to improve the
treatment rates, therefore, an HCI concentration of
1% is assumed.
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When the rice husk acid treated by silica its
organic component undergo structural changes. By
the infrared spectroscopy method [18], amorphous
silica, which is present in the rice husk in an opal
modification, was established to transform into a
modification of silicic acid.

An experimental batch of purified rice husk
has been accumulated and its further thermal
treatment with the production of silica carbon is
provided.

Figure 1 provides the silica carbon output
during the thermal processing of the rice husk at
various temperatures.

Based on the results analysis, the maximum
silica carbon output from the rice husk can be
demonstrated to be provided by its treatment at 600-
650 °C for 30 minutes.

20 .
400 600

800 1000

Temperature, °C

1—-10 min; 2—-20 min; 3—30 min; 4 — 60 min

Figure 1 — Impact of treatment temperature of the rice husk at the silica carbon terminal stage

Table 2 - The silica carbon chemical compound made of refined rice husk

Temperature Content, % mass.

°C C SiOz CaO Fe203 PzOs A|203
30 min

500 52,0 31,74 0,22 0,39 <0,05 <0,1

600 51,7 32,06 0,14 0,40 <0,05 <0,1

700 51,8 35,02 0,27 0,42 <0,05 <0,1

800 52,0 35,66 0,25 0,43 <0,05 <0,1
60 min

500 50,9 33,86 0,22 0,42 <0,05 <0,1

600 51,4 34,54 0,16 0,35 <0,05 <0,1

700 52,6 35,96 0,32 0,44 <0,05 <0,1

800 51,9 35,76 0,20 0,40 <0,05 <0,1
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Table 3 - The chemical compound of the rice husk (RH) and silicon-carbon before (original SC) and after (treated SC)

acid treatment

Sample Content, % mass

C SiOz CaO A|203 FeO
Original RH 15,60 0,28 | 0,18 0,23
Original SC 52,30 35,90 0,60 | 0,32 0,70
Treated SC by HCI (0,5%) 51,88 35,40 0,20 | 0,19 0,26
Treated SC by HCI (1%) 52,10 35,38 0,18 | 0,15 0,25
Treated SC by HCI (1,5 %) 52,34 35,35 0,16 | 0,15 0,23
Treated SC by HCI (2%) 52,38 35,35 0,16 | 0,15 0,22
Treated SC by HCI (3%) 52,42 35,34 0,16 | 0,15 0,22

The silica carbon produced from non-
demineralized (not treated) rice husk contained
52.3% C; 35.9% SiO;, 0.2% of aluminum and
0.12% of phosphorus. The direct use of such silica
carbon for smelting low-aluminum ferrosilicon will
not provide the required aluminum content.
Therefore, the studies to purify this silica carbon
have been conducted by treating it with
hydrochloric acid solutions. The results are provided
in Table 3.

A sample weight of silicon carbon was treated
for 60 min by hydrochloric acid solutions at 80 °C.
The acid concentration was varied within 0.5-3%.
As a result, an acid treatment of silica carbon
reduces the content of calcium and iron by 3-4, and
aluminum by 2-2,5 times. An increase in the
hydrochloric acid concentration in the studied limits
has actually no effect on the residual content of
impurities; therefore, the concentration of HCI - 1%
is recommended for treating silica carbon.

The benefit of acid treatment of the rice husks
is that the rice husks are strong enough and have
dimensions (6x3x0,2) mm. This makes it more
convenient for hydrotreatment, filtration and drying.

The silicon carbon has a smaller fractional
composition (3x1,5x0,15), contains up to 10% of
the fraction 0.1 mm less and is weaker. This
complicates its filtration and drying. However, the
mass of silica carbon is three times less than the rice
husk (SC output from RH is 33%). Treatment of the
silicon carbon reduce labor costs and consumption
of water and hydrochloric acid. Therefore, the silica
carbon treatment is recommended rather than the
rice husk.

A pilot batch at the pilot plant, with a capacity
of 100kg per day, of silicon carbon was produced
for its subsequent hydrochemical treatment. The
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silica carbon obtained in the amount of 220kg had
an average composition, wt%: carbon - 51.7; silicon
dioxide - 34.9; hydrocarbons - 10.4; aluminum —
0.17; phosphorus - 0.11.

Silica carbon (SC) treatment from impurities
was performed with a 1% HCI solution for 60
minutes at 70-80 °C in the hydrometallurgical
section of the testing block of RSE "NC CPMC RK"
in the following sequence of operations: SC acid
treatment — SC squeezing — SC washing — SC
squeezing — SC drying.

The silicon carbon in batches of 3.5 kg was
loaded into plastic reactors with a volume of 60
liters, and 40 liters of hot water and 1 liter of
concentrated hydrochloric acid were added in here.
The contents were mixed for 30-40 minutes.

At the end of the leaching, the pulp was
settled, and the upper clarified layer was passed
through the porcelain nutsche filters. Filtration was
carried out through the flax linen. The clean filtered
solution was drained.

After the upper clarified acidic solution was
separated, a hot water was poured into the reactor to
wash the precipitate from the residual acid. Stirring
was carried out for 10-15 minutes. After settling, the
clarified solution was filtered through the nutsche
filters and poured into the sewage system, and the
sedimented precipitate was again poured with hot
water, and this operation was repeated many times
until neutral rinse water (pH = 5-6). The precipitate
washed from the acid was squeezed using nutsche
filter and discharged into a plastic container.

Drying the precipitate was carried out in a
drying chamber at 105-110 °C. After drying, the
purified silica carbon was poured into plastic bags.
In total, 150kg of silica carbon were subjected
to acid treatment.



Table 4 - Treated silica carbon
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Test portion No. Content, %

C SiO, Al P CaO FeO H.0
1 51,6 34,7 0,083 0,04 0,19 0,26 2,7
2 51,7 34,8 0,087 0,04 0,23 0,27 2.7
3 51,6 35,1 0,085 0,04 0,22 0,28 2,7
4 51,8 34,9 0,090 0,03 0,25 0,26 2.8
5 51,6 35,5 0,086 0,04 0,20 0,26 2,7
6 51,8 35,6 0,084 0,04 0,22 0,28 2,9
7 51,6 34,1 0,087 0,04 0,23 0,29 2,9
8 51,9 34,5 0,086 0,05 0,20 0,29 2,9
9 51,7 34,9 0,085 0,04 0,22 0,28 2,8

Analysis of individual batches of treated silica
carbon is provided in Table 4.

Thus, the technological mode of the process
of hydrochemical treatment of silica carbon from
impurities was developed and a pilot batch of it was
prepared for further testing.

The produced silicon carbon is a
polyfunctional material that can be used as a charge
material for smelting low-aluminum ferrosilicon
[19], as well as a filler for elastomers and carbon
construction materials [20, 21].

Findings. The silica carbon was set to be
treated from aluminum and phosphorus to the
required level (less than 0.1%) by HCI solution. The
appropriate treatment conditions were determined:
1% of HCI concentration, temperature is 75-80 °C,
60 min time.

At the pilot plant, with a capacity of 100kg of
silica carbon per day, a batch of 220kg of silica
carbon containing 51,7 % C, 34,9 % SiO,, 0,17 %
Al and 0,11 % P was accumulated.

At the hydrometallurgical site of the testing
block of RSE "NC CPMC RK" the acid treatment of
silica carbon was carried out in the best performance
mode.

The produced silica carbon containing
0.085% of Al and 0.04% of P meets the
requirements as a polyfunctional material used in
various fields of technology.

The article contains the results of the AR
05130465 / GF5 of the MES RK project studies.
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