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OBTAINING HIGH-QUALITY MICROSILICA
Abstract. The methods of obtaining microsilica, widely used in various industries, are
considered. Shortcomings of the methods and ways of their improving are revealed. For the
synthesis of high-quality microsilica the authors suggest using concentrated nitric acid as a
precipitator of silicic acid from an alkaline solution.
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JlMokcua KpeMHHsT — BEIIECTBO IIMPOKOIO HPHUMEHEHMs, KOTOpOoe HEOOXOIMMO s
IPUTOTOBJICHUS] OHOLMIHBIX, OrHECTOMKHMX TKaHEH, 0Co00 «YHCTOTr0» YBHMOJIEBOTO CTEKJIa,
BBICOKOITPOYHBIX 66TOHOB, TCINIONU3O0JAIUOHHBIX MAaTCpPUaIOB, KEPAMUKH, OTHCYIIOPOB, PE3HHBEI,
BOJIOKOHHO-ONTHYECKOTO Kabens, a Takke B numeBod (mobaska E 551), ¢apmaneBtuueckoin u
TEeKCTUJIBHONH oOTpacinu. B Hactosmiee BpeMs HaOnrofaeTcss 3HAYMTENbHBIM POCT MOTpeOsiIeHus
aMOp(HBIX KPEMHE3eMOB B MHUPOBOW TMPOMBINUIEHHOCTH. [loMMMO TpajgMIMOHHOTO HX
HCIIOJIb30BaHUsl B KauyecTBe J0OAaBOK B pe3WHY, IIacTMaccy, OyMaru, JUisi U3TOTOBJICHUS KIIEEB,
KHUJKOTO CTEKJIa, KepaMUKH, aJICOPOEHTOB M T. /. 3HAUUTEIbHO YBEIUYMBAETCA IMOTpeOIeHHE
HAHOJMCIIEPCHOTO XHWMHYECKH YHCTOTO aMOp(pHOro KpeMHE3eMa B BBICOKOTEXHOJIOTUYHBIX
OTpaciiIX IPOMBIIUIEHHOCTH. B KadecTBe MCXOIHOrO Marepuaia Juisl €ro MOJIy4YeHHs B Halllel
CTpaHe CIIy>)KUT KpPEMHE3eMCOJIEep)Kalllee ChIpbe, K KOTOPOMY OTHOCATCS AMATOMHUTHI, Tpemen u
omoka. Otu mopoasl Ha 60—-80 % mo Macce COCTOST W3 Pa3TUYHBIX MOAU(PUKAIMKA JHOKCH]IA
kpemHHA. CplppeBOoi 0a30i1 KpEeMHE3eMCOAEPIKAIIEro ChIpbA IS IOJyYEeHUs KpeMHe3ema B
PecniyOniuke MopaoBuss MOTYT CIY)KUTh JIBa MECTOPOXKJIEHHS IHaTOMHTa — ATeMapckoe u

AHy4HHCKOE ¢ cyMMapHbIMH 3amacamu 21106 Teic. Mo [1].



Ha ocHoBe mnepepaboTku (TOPUAHBIX OTXOJOB, KOTOpPHIE 0Opa3ylTCs B pe3yJbTare
BCKPBITHSI TUTAHOKPEMHHUEBOIO KOHIEHTpaTa IUIABUKOBOM KHCIOTOH C IIOJYyYEHHUEM pacTBOpa,
COZIepIKAIero KpeMHHH B BUEC (PTOPHIHBIX COCIMHEHHUN, MOXHO TOIyYUTh TUOKCUI KpeMHuUs [2].
[Ipu ucnonb3oBaHuK (QTOPUTHBIX COCAMHEHUM, KOTOPBIE SBJISIOTCS arpecCUBHBIMU MPOAYKTAMU,
BO3HHUKAET HEOOXOAMMOCTh MPHUMEHSTHh JOPOrOCTOSILIME MaTepHuaibl, a TaKXke CO3/1aBaTh
MOBBIIIEHHBIE MEepBI 0€30MaCHOCTH JUIsI 0OCTYKHBAIOIIETO TEXHUYECKHI MPOIecC MepcoHaa, uyTo
BEZICT K CYIIECTBEHHOMY MOBBIIICHUIO CE0ECTOMMOCTH TUOKCHIA KPEMHHSL.

H3BecTeH criocob mojyuyeHus: TUOKCHAa KPEMHUs, MOy4aeMoro KapOoHu3aluen xKuaKkoro
CTeKJa YIJIeKHcIbM Ta3oM. [lpomecc kapOoHmsanmu BeayT A0 noctwxkenus pH 9-10,5.
[losnydeHHYI0 CYCHEH3UIO IOJIBEPralOT THUAPOAMHAMMYECKON aKTUBAllMU, 3aTEM CYCIIEH3HIO
HEUTpanu3yloT cepHoil kucimotoi 10 pH 5,0—8,5 ¢ BBIAEPKKON B peakTope, MPOMBIBAIOT TOPsiUE
BOJIOW U MOJIBEPralOT pachblLIMTeNbHOMN cyike [3]. Ho MHOroomepaimoHHOCTh, HCIOIb30BaAHHE ISt
HEUTpamu3aluu CepHON KUCIIOTHI, a 3aTeM 00pa30BaHUE CEPHOKHUCIBIX CTOKOB, KOTOPBIE SIBISIOTCS
LIEJIEBBIM TEXHOJIOTMYECKUM IPOJYKTOM, IPUBOAUT K YJOPOKAHUIO, YCIOXKHSET amnmnapaTypHOe
oopmMieHHE 1 HE pelIaeT SKOJIOrHYECKHE 3aauu.

[Ipu mony4yeHun JUOKCUAA KPEMHUS MyTEM CKUTaHUS YETBIPEXXJIOPUCTOr0 KPEMHUS B
MOTOKE KHCIIOPOJia U BOJAOPOJAa TpeOyIoTcs OOsbIIMe 3HEpPro3aTrpaThl U CEpbe3Hble MEpHI 1O
00ecreyeHuIo B3pbhIBOOE30IIaCHOCTH. [Tpu o0paboTke MEJIKOIMCIIEpCHOU
KpeMHUIcoiepKaliell MblJIM Ta3004YUCTKH 3JEKTPOTEPMUUYECKOI0 MPOU3BOACTBA KPEMHHS U
KPEMHHCTBHIX (peppOCIIaBOB MOJy4aeTcss HEJOCTATOYHO YHUCTBHIH MUKPOKPEMHE3EM, MO3TOMY
HEOOXOJUMBI JOTIOJIHUTENIbHBIE 3aTPaThl MO OYMCTKE MPoayKTa. CriocoObl MOTy4YeHUs: JUOKCUAA
KPEMHUSI BBICOKOW YHCTOTBHI W3 PUCOBOW HIENyXW HEJOCTATOYHO PAI[MOHAIBHBI U IKOJIOTMYECKU
He0e30IacHbl, JIN00 TPEOYIOT CIOXKHBIX U JJOPOTOCTOSIIINX CUCTEM OYHCTKHU.

[Ipu pacTBOpeHMHM CHIIMKaTa HaTpUS B aBTOKJIABE B BOJE IMOJ M30BITOUHBIM JIaBICHUEM
0,57-0,59 Mlla, ¢ 06paboTKOI pacTBOpa ra3oBOW CMECHIO, COJEpKAIIECH YIIEKUCIBIA a3, MOKHO
MOJIYYUTh BBICOKOJUCIIEPCHOTO THOKCHIA KPEMHHS, HO HEIOCTATOYHO BBICOKOTO KauecTsa [4].

ABTOPCKHM KOJUJIEKTUBOM OBLI pPacCMOTPEH METOJ MOJYYEHHs] MUKPOKpEMHe3eMa MyTeM
CHHTe3a aMOp(HOTO KpeMHe3eMa M3 MPOKAJICHHOTO TUaToMuTa jaedcTBueM menouu [5]. OmHako
HEJOCTaTOK JaHHOTO METOJa 3aKJIIYaeTcss B TOM, 4YTO IPEUIOKEHHBIH CIOCO0 MOTy4YeHUs
KpeMHe3eMa SIBJISIeTCS] TPYIOEMKUM, JJIMTEIbHBIM U MO3BOJISET MOIy4YaTh HEOOJbIINE KOJUYECTBA
KOHEYHOro mnponaykra. [Ipu Huskux 3HaueHusx pH mpoucxonsT morepu KpemHe3emMa 3a CYET
Iepexosila KPEMHHMEBOW KHCJIOThI B HCTHMHHO-PAacTBOpUMOE cocTosiHue. [loatomy KomtonaHo-
PacTBOPEHHYIO KPEMHHUEBYIO KHCIOTY HEOOXOAMMO AETHAPATUPOBATh U KOArYJIMPOBATH, HUCTHHHO-
PacTBOPEHHYIO — MOJIMMEPU3UPOBATh U JETUAPATUPOBATh. JIJil yMEHbIIEHUS TOTEPh KPEMHHUEBOM

KHCIIOTHI MIPOBOJIAT MOBTOPHBIE OMepanuu ¢ GuiabTpatom (BbIIapUBaHKE) WM BBEJIEHUE PacTBOPA
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xkenatuHa. [locnme ocakaeHHWsT KPEeMHHUEBOW KHCIOTHI KoHueHTpupoBanHoi HCI B dumbsTpate
YCTAHOBJICHBI BBICOKOE COJIEPYKAHHUE XJIOPUA-MOHOB. B 3THX yCIIOBHIX BO3MOXKHA COPOLIMS XJIOPUA-
MOHOB KPEMHHEBOW KUCIOTOH. [[s1 ynaneHus XJIOpHI-UOHOB M3 Ocajka TpeOyeTcs IIMTEIhHOE
IIPOMBIBaHHUE €ro Topsyei Boaoii, moakuciennoir HNOs [6].

[ToaTromy HeoOxomuMo pa3paboTaThb METOJ, KOTOpBI MO3BOJUT IKOHOMHUTH BpeMs Ha
MIPOMBIBAHUE 0CAJIKA BOJIOM JJI YAAICHHS XJIOPUJI-MOHOB, YBEJIMYUTH BBIXOJ] IPOYKTA U MOIYYUTh
0oJiee YNCTBIIE MUKPOKPEMHE3EM ¢ MUHIUMAJIBHBIM CO/ICpPIKaHHEM TPUMECEH.

N3BectHO [1], yTO MPUPOIHBIN TUATOMUT HEOOXOAUMO MPEABAPUTEIIPHO POKAIMBATh, TaK
KaK MpY IPOKATUBAHUH, IPEXK]IE BCETO, MPOUCXOIUT yIajeHHe afcopOLMOHHON BOABI (B UHTEpBAJIE
temmneparyp 100 + 300 °C ), 3arem noposoit Bozs! (300 + 400 °C ) ¢ mocienyomuM BeITOpaHuEM
opraHuueckux BeecTs rnpu Temnepatype Boiie 400 °C. Yxe npu temmneparype 500 °C u 6onee B
JIMaTOMUTE BO3MOKEH (ha30BbIii ITepexo/1 f-KBapiia B o-KBapil.

Bpemsi mnpoxanuBaHus, Kak ImpaBwio, cocraBiseT oT 30 go 120 MuHyT, Tak Kak
MPOJIOJKUTEIIBHOCTh  TEIIOBOM 00paboTKu auaTomMuTa OO0Jiee 2 YacoB MOXKET NPHUBECTH K
Pa3JOKEHUI0 MHUHEpAIbHBIX COCTABIAIOIMIMX. B mpencraBieHHod pabote TepMooOpaboTKa
numatoMuTa ocymectsiasuiack mpu: 100, 200, 300, 400, 500, 600 °C B mydenbHONW mne4yd B
AIyHJOBBIX U KOPYHAOBBIX THTJSX. B mpoliecce mpokanuBaHusi HAOMIOAAIOCh W3MEHEHHUE IIBETa
MOPO/IBI OT CEepoM 10 KpacHO-Oypoi. XMMHUECKUH COCTaB MPUPOJHOTO AUATOMHUTA B 3aBUCUMOCTHU
OT BpEeMEeHHU NpokanuBaHus 1pu ctabunsHoi Temnepatype (T = 500 °C) npexacrasnen B Tadmure 1.

Tab6numa 1

DJIeMEHTHBIii COCTaB MPHPOAHOI0 THATOMHUTA B 3aBUCMMOCTH OT BpeMeHH NMPOKAJIMBAHUA
10 TaHHBIM peHTreHodryopecuenTHoro anammu3a (T = 500 °C)

Ne OnemenTtHbiii cocraB W, %

n/n | t,MuH | SiO Fe203 Al2O3 CaO TiO MgO P20s SOs3
1 30 88,51 3,45 4,17 1,25 0,387 0,358 0,159 | 0,0267
2 60 88,11 3,81 4,08 1,31 0,418 0,335 0,150 | 0,0513
3 90 89,18 2,93 4,13 0,913 0,426 0,380 0,196 | 0,0313
4 120 | 87,13 4,07 4,18 1,48 0,466 0,430 0,224 | 0,0540

W3 Tabnumpel 1 BUAHO, YTO XUMUYECKUH COCTaB TUATOMHUTA MPHU CTAOWIIBHOW TeMIieparype
(500 °C) mpakTHyecku He 3aBUCHT OT BpeMeHM npokanuBaHus. Coxepxanue kpemueszéma SiO2
cocTaBisieT okoio 88%.

[Tocne TepMuyecKoit 00pabOTKU U3METBYCHHBIN U MPOKAICHHBIN JUATOMUT OTBEIIMBAIN HA
TEXHUYECKHUX BECax, MOMEIaau B KoHnUecKyro Kooy Ha S00—750 mut, nobGaBisu 350 M pacTBopa

NaOH paznuunoit konuentparuu: 10, 20, 30%, HaKphIBAIM YaCOBBIM CTEKJIOM M BBIICPKHBAIH B
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TepmocTtate mpu Temmeparype 90 °C B TedeHme 2 YacOB, NEPHOTUYECKUA IEPEMEIINBASI.
Cootnomrenne X-T a3 cocrabmso 6:1 — 14:1.

Jnis mojiepikaHUsl TeMIepaTypbl B padOTe MCIOJIB30BAIN KPHOTEPMOCTAT KUAKOCTHOM
TX-TC-01/16K-40. Ilo ucTeyeHnr BpEeMEHHU TOPSIYUA PACTBOP (PUIBTPOBAIM Yepe3 HETUIOTHBIN
¢buneTp. M3 momyuenHoro ¢puiabTpata ocaxaaiu kpemaueByto kucinory HNO3. Kucnoty nobasmsum
MEIJICHHO, TPU NEepeMeIIMBaHUK 10 KUcio peakiuu pactBopa (pH 1-2). PactBop ynapuBanu
J0CyXa B TEPMOCTOMKOM CTaKaHe Ha BOJSHOW MM necyaHoi 6ane. Cyxoit ocratok oOpabaThiBan
2-3 pasza HeOonapmuMHu noprusMua  KoHIeHTpupoBaHHOH HNO3  mis  00e3BoxuBaHUS
ruapatupoBanHoro auokcuaa kpemuus (V). 3arem goGaBmsuim  200-250 wmn  ropsigeit
TVCTUJUTUPOBAHHON BOJIBI M MPOJOJDKAIM HArpeBaTh Ha BOJASHOW OaHE IO MOJHOTO PAaCTBOPEHUS
coneil. HepacTBopuMbIM oOcTaBajicsi TOJBKO TI'MIpaTHUpoBaHHbIM okcupa Kpemuus (IV) B Buze
XJIONbeBUAHONW Macchl. [locie BblAepKUBaHUS OCaZOK OT(HUIBTPOBBIBAIM 4Yepe3 HETUIOTHBIN
0€330JIbHBIN (PHIIBTP M IPOMBIBATIM HAa (GUIBTPE O OTPUIIATEILHON peakiuu Ha noH xenesa (1) ¢
ponaaugoM. Ocagok MoACymMBald Ha (PUIbTpE, 3aTeM MePEeHOCHIIN B YamKy [leTpu u cymmmm npu
100-160 °C B cymmibHOM ImKady 10 MOCTOSHHOW Macchl. Beixon amopgHOro kpemHeséMa B

3aBUCUMOCTH OT KOHICHTPAIHNU ICTIOYN U TEMIICPATYPhI IIPOKAJIUBAHUA IPCACTABJIICH B Ta6JII/III€ 2.

Tabmumna 2
Bbixoa amop¢HoOro kpeMHe3emMa M3 NPOKAJEHHOI0 IMATOMHUTA B 3aBUCMMOCTH
OT KOHIIEHTPAINHY IeJI04H (TeMnepaTypa TepMoctatupoBanus 90 °C, T =2 u)

15911 T,°C N;%II:L,L% Huaromut | SiO2 - nH20, r Brixon, % COOT;;S I,}JeHHe
Ocamurens — koHNIeHTpUpoBaHHas HNO3
1 10 25,0 12,10 48,4 14:1
2 | 500 20 25,0 17,30 69,2 14:1
3 30 25,0 21,81 87,2 14:1

Brixon amopdHOro kpeMHe3éMa 3aBUCUT OT TeMIepaTyphl MpOKaIUBaHUs, KOHIEHTPALUU
menour, cootHomeHus JK:T W npuponabl KHCIOTHI, KOTOPOM IPOBOAMIOCH OCAKICHHE.
HauOonpmmii BbIXOA KpeMHe3éMa moidydeH npu ucnonb3oBanuu 30% NaOH, temmnepatypsl
npokamuBanus 500 °C, cootHomenus X:T 14:1, ocamurens — konneHTpupoanHas HNO3z Bbxon
cocraBui 87,2% (tabi. 2).

Pe3ynbprar XMMHYECKOrO aHaiu3a IOPOLIKOB CUHTE3UMPOBAHHOIO KpEMHE3eMa IOKas3all
(rabn. 3), uro oHm coctoaT Ha 95,36 + 99,13% wu3 amokcuma SiO2. OCHOBHBIMH MPHUMECIMHU
apisitoTest Na2O. Okcunpl xenesa, alfOMUHUSA, KaJbIMsl, Kalus, TUTAaHA COJEPKATCSA B HEOONBIINX

KOJIMYCCTBAX, KOTOPBLIC MOKHO OTHECTH K MUKPOKOMIIOHCHTaM.



Tabnuma 3
DJIeMEeHTHBI| COCTAB MOPOIIKA aMOP(HOT0 KpeMHe3eMa, CHHTEe3HPOBAHHOI0
M3 MPOKAJEHHOr0 AMATOMHUTA (T =2 4), B 3aBUCMMOCTH 0T KoHeHTpauun NaOH
10 IAaHHBIM PEHTreHO()IyOpeCIeHTHOT0 aHAJIN3A

Komnir.
o NaOH, | SiO2 | Na2O | CI" | P20s Fe20s | Al2O3 CaOo TiO2
Ne | T,°C %
n/n DnemenTtHslil coctas W,%
Ocanutens — koHneHTpupoBanHas HNOs
1 10 99,13 | 0,48 - 0,134 0,0373 - 0,0113 0,0067
2 500 20 97,13 | 1,14 - 0,175 0,181 0,567 | 0,0244 0,0152
3 30 95,36 | 2,05 - 0,176 0,426 1,84 0,0251 0,0373

[Tpumech Xxjopuaa HaATpusi B MPOLECCE CHHTE3a €r0 U3 pacTBOpa I'MAPOKCHAA HATPUS U
BBIIETICHUS] KPEMHHEBOW KUCIOTHI XJIOPHUCTOBOJOPOAHON KUCIOTOM COpOMpPyEeTCs Ha MOBEPXHOCTU
amop¢uoro kpemuesema. NaCl MOXKHO yAanuTh OOWJIBHBIM MPOMBIBAHHUEM BOJOW. XUMHUYECKUI
COCTaB CUHTE3UPOBAHHOIO0 KpeMHE3EéMa NMPAKTUYECKU HE 3aBUCUT OT TEMIIEPATypbl IPOKAIMBAHUSA,
HO 3aBHCHUT OT KOHLEHTpauuu Ieioyd. C yBeIMYeHHEM KOHIEHTpAIMM IIEJ0YM YMEHbLIAeTCs
MpoLeHTHoe conepkanue Si02 B CBSA3H C yBEIIMYCHUEM COIECPKAHUS OKCUIA aTIOMUHUS.

@uibTpar, NOJIYYEHHBIN MOCIE OTACICHHUS] CHHTE3UPOBAHHOIO KPEMHE3EMA U ITPOMBIBAHUS
ero ropsiueil BoAOH, aHaIM3UPOBAIN Ha coepxaHue okcuaa kpemuus (IV), X1opua-noHoB, HOHOB
xene3a (III) m pH. PesynpTaThl aHanmmsa CBUIETEIBCTBYIOT, YTO IOCIJIE BBIJICICHHUS KPEMHUEBOU
KHUCIO0THI KOHLeHTpupoBaHHOM HNO3, pH ¢unbTtpara paBen ~1, uto siBIsieTcs BaXKHBIM yCIIOBHEM
MOJTyYeHHs TOHKOAMUCIIEPCHOTO KpeMHe3éMa. DuibTpat 1o/mKeH ObITh HenpeMeHHO KucibiM (pH 1-
2); IPH 3TOM BO3MOYKHO MOBBIIICHUE PACTBOPHUMOCTH KPEMHUEBON KHCIOTHI.

[Tocne ocaxaeHuss KpeMHHMEBOW KHCIOThl KoHIeHTpupoBaHHoM HCl B ¢dunbTpare
YCTAQHOBJICHO BBICOKOE COZEP)KaHUE XJIOPHI-UOHOB. B 3THX yCcI0BUAX BO3MOXKHA COpOLIUS XJIOpU-
HMOHOB KPEMHHUEBOW KHUCIOTOW. J{Is yAaneHus XJIOpUA-HOHOB U3 Ocajka Tpedyercs ITUTEeNbHOe
IIPOMBIBAHHE €T0 ropsiuert Bo1oM, noakucieHHon HNOs.

C nenbio SKOHOMHH BPEMEHH Ha MPOMBIBAHKE 0CAJKa BOJIOM Ul ylajIeHUs XJIOPHUI-HOHOB
yAoOHee B KauecTBE OCaaUTeNIi KPEMHHUEBOM KHCIOTHI M3 IIEJIOYHOTO pacTBOpa HCIOJIb30BaTh
koHleHTpupoBanHyto HNOs. Cogep:xaHue XJIOpPHI-MOHOB B (QHIbTpaTe B 3TOM Ciydae
MUHHUMAaJIBHO

[IpennoxeHHbI METOJT OTJIIMYAETCS TEM, UTO:

1) B KadecTBE OCaaUTENsI BMECTO KOHIEHTpupoBaHHOro pacrsopa HCl Obu1 Hcmonib30BaH
pactBop KoHIEeHTpupoBaHHOro HNOs;

2) mis yAaJeHWs XJIOPHI-HOHOB U3 OCaJka He TpeOyeTcs UIUTEIbHOE MPOMBIBAHUE €r0
ropstuedt Boso#, moakucieHHor HNOs, Tak kak copepkaHue XJOPU-UOHOB B (PUIBTPATE B ITOM

Clly4ya€ MMUHUMAJIBHO,




3) yBeauuuBacTCs BBIX0 aMOp(pHOro MUKpokpeMHe3ema (oH coctasisieT 87,2 %).

4) momy4aeTcs 0oJiee YUCTBI MUKPOKPEMHE3eM, C MHHUMAJIbHBIM COJICPIKAHUEM TpUMeEceit
(pe3ysbTaT XMMHYECKOTO aHaju3a MOPOIIKAa CUHTE3UPOBAHHOTO KpeMHEe3eMa cocTaBisieT 95,36 +
99,13 % SiOy);

Ha oOcHOBaHMHM TEXHHYECKOTO pe3ysibTaTa ObUI BBIAH IAaTEHT Ha pa3padoTKy
BBICOKOKQUECTBEHHOTO MHUKPOKPEMHE3eMa M3 MPUPOIJHOIO JUATOMHTA OCAXKICHHEM pPacTBOpa

a30THOM KHCIIOTHI [7].
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