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HccienoBanue cOPOIMOHHBIX CBOHCTB TMOKCHIA KPeMHHS HA OCHOBE

BCKPBIIIHBIX MOPOA AJIs1 U3BJICUCHUHA Rpacheneﬁ U3 CTOYHBIX BOJ

1 .
Typanckuit B.A.,
1 Y .
Cegacmononsckuii 20cy0apcmeeHHblil yHUgepcumen,

* Omeemcmeennwviii aemop E-mail: morsavinv@bk.ru

Annomayusa: cmamvs npedcmasisem pesyibmamyl UCCIe008AHUS COPOYUOHHBIX CBOUCME OUOKCUOA KPEMHUS,
NOJYYEHHO20 U3 BCKPLIUHBIX NOPOO, 01 NPUMEHEHUS NPU YOaNeHUU MemuieH08020 CUHE20 — OP2aHUYEeCKO20 Ka-
MUOHOB020 MU3UAHOB020 KpACUmMens — U3 800HbIX pacmeopos. Llenvio uccrnedosanus Ovin0 oyenums copoyuonHsie
ceolicmea OUOKCUOa KpemMHus u €20 3hexmusHocms npu u3e1e4eHuyd MemuieH08020 CUHe20 U3 B0OHbIX pacmeo-
pos. DxcnepumenmanvHvle 0aHHble NOKA3AU, YMo IPPexmusHocms copoyuu 3asucum om memnepamypsvi, pH u
CKOpoCmU nepemewusanus. Ycemanosieno, umo nosvluienue pH u ckopocmu nepemewiusanus cnocobocmesyem yge-
JUYEHUIO cOpOYUU, 8 MO 8peMsl KaK NOGblUUeHIe meMnepamypbl cHudcaem sggexmusnocms copoyuu. Kpome mo-
20, UCCIE008AHA BO3MOINCHOCIb peceHepayuu OUOKCUOA KPEMHUsL NOcle COpOyUU U NOKA3AHO, YO €20 COPOYUOH-
Hble CBOUICMBA NPAKMUYECKU He USMEHAIOMCS NOCIe HECKOMbKUX YUKI08 UCNONb308aHus. Maxkcumanvhas copoyu-
OHHasL emMKkocmyb cocmasuna 515,9 mxmonv/e. B parnee onyoiuKo8anHol cmamove npu CMaHOapmubix YCA08UIX MAK-
cuMym copoyuonnoll emxocmu cocmagun 438,22 mxmonw/2. llonyuennsie pe3yiomamosl nOOUEPKUBAIONM NOMEHYUAT
OUOKCUOA KpeMHUsL KAK 3PPexmusnozo u ycmouuugozo copoenma 0/ yOaleHUus opeaHuyecKux Kpacumeneu u3
cmounbix 800. Takum oopaszom, OUOKCUO KpeMHUS MOdtcem Obimb PeKOMEHO08AH O/l MHO2OKPAMHO20 UCHONIb3064-
HUS 8 NPOYECCax OYUCMKU CIMOYHBIX 600 01G200aps €20 BbICOKOU MEPMUYECKOU CMadUIbHOCHU U 00I206E€YHOCTIU.
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Study of sorption properties of silicon dioxide based on overburden
rocks for the extraction of dyes from wastewaters
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Abstract: the article presents the results of a study of the sorption properties of silicon dioxide obtained from
overburden rocks for use in the removal of methylene blue, an organic cationic thizian dye, from aqueous solutions.
The aim of the study was to evaluate the sorption properties of silica and its efficiency in the removal of methylene
blue from aqueous solutions. Experimental data showed that the sorption efficiency depends on temperature, pH
and stirring speed. It was found that increasing pH and stirring speed promotes sorption enhancement, while in-
creasing temperature decreases sorption efficiency. In addition, the possibility of regeneration of silica after sorp-
tion was investigated and it was shown that its sorption properties are practically unchanged after several cycles of
use. The maximum sorption capacity was 515.9 umol/g. In a previously published paper, under standard condi-
tions, the maximum sorption capacity was 438.22 umol/g. The results emphasize the potential of silica as an effec-
tive and sustainable sorbent for the removal of organic dyes from wastewater. Thus, silica can be recommended for
multiple use in wastewater treatment processes due to its high thermal stability and durability.
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BBenenue crocobaMu TpUMeHeHus. Hampumep, KHCIOTHBIE
CerojiHsi KpacUTENIU HCHOIB3YIOTCS MPAaKTHYECKU KpacuTeNu MPUMEHSIOTCS ISl OKPAIlIMBaHHS IIEPCTH
Bessie. OHU MPEACTABIAIOT COOOH XUMHUYECKHUE BEIlle- M HE TOJIXOIST ISl XJIOM4aTOOyMaXKHBIX TKaHEH, TO-
CTBa, KOTOPBIM NMPUMEHSIOTCS I NpPUIaHMs IBETa rja Kak JUCIEPCHBIC MOIXOMAS ISl MCKYCCTBEHHBIX U
pa3jIMyYHBIM MaTepHajiaM, TAKUM KaK TEKCTUIIb, Oyma- CUHTETUYECKUX BOJIOKOH. HEKOTOphIE M3 HHUX MOI'YT
ra, IJIACTHK, KOXka M MHorue apyrue. Kpacurenu HCIIOJIb30BaThCSl B KAQ4e€CTBE MHTUOMTOPOB KOPPO3HUU
MOKHO YCJIOBHO Pa3J/IeIuTh Ha HECKOJIHKO OCHOBHBIX [1, c. 163; 18, 20].
THUIIOB: KHUCJIOTHBIE, OCHOBHBIE, JUCIICPCHBIC, TIPSMBIE, Kpacutenu HaxoaAT MIMPOKOE MPUMEHEHHE B TEK-
peakTuBHbIe ¥ T.4. [7, C. 181; 11, 16]. Kaxkmaprid Tum CTHJILHOM, KOXKEBEHHOHN, OyMa)KHOM W MHINEBOM TPO-
o0j1a1aeT pa3jIMYHbIMA XUMHUYECKUMU CBOWCTBAMH U MBIIIJICHHOCTSIX, 8 TAK)KE B IIPOU3BOJICTBE KOCMETHKH
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u QapmaneBTHueckux mpemaparos [8, €. 122]. Ilpo-
LECChl OKpAIlIMBAaHUSI U OTICIKH MaTCPHaJOB 3aua-
CTYI0O COTPOBOXIAIOTCS OOpa3OBaHWEM 3HAYMTEINb-
HBIX O0BEMOB CTOYHBIX BOJ, COIEPKAIINX MPUMECH
kpacureneil. Takue cTouHbie BOIBI 00pa3yroTCsa B pe-
3yJlbTaTe MPOMBIBKH, OKpAIIMBaHUA, (HDUKCHPOBAHUS
[[BETa W OT/AEIKH MAaTepHajoB TEKCTHJIFHOW M KOXe-
BEHHOH IPOMBINIICHHOCTH [3, ¢. 75].

Konuentpanuu kpacuteseil B CTOYHBIX BOJAX MO-
TYT 3HAYUTEIHFHO BApbUPOBATHCS B 3aBHUCHMOCTH OT
TUTIA TIPOU3BOJICTBA W KCIOJNB3YEMBIX TEXHOJOTHI.
KoHnenTpamus kpacuTenei B CTOYHBIX BOJaX MOXKET
JIOCTUTaTh O HECKOJIbKUX COTEH MILIUTPAMMOB Ha
JIUTP, & CYTOYHBIE OOBEMBI CTOYHBIX BOJ KPYITHBIX
MPEINPUATAH MOTYT HUCYHMCIATHCS ThICAYaMH Ky0o-
MeTpoB. Takue CTOKM 00JIafaloT BBICOKOH Temmepa-
TYpOH, IBETHOCTHIO, PH, comepkaT 3HaYUTENBHOE
KoJnmuecTBO B3BemeHHBIX BemecTB, XIIK u BIIK [4,
c. 248].

[lonananue xpacurteneid B BOAHBIE CpEAbl Mpea-
CTaBJIET CEPhE3HYI0 OMACHOCTh. MHOTHE KpacUTEIu
007a/1al0T BBICOKOH CTOMKOCTBIO K OHOJIOTHYECKOMY
Pa3I0KEHHUIO, YTO 3aTPYJHSIET UX ECTECTBEHHYIO Jie-
rpajalyio B OKpyxarowmeil cpene [6, c. 86; 12, 13].
Kpome Toro, MHOTHE KpacUTENn SBISIOTCS TOKCHY-
HBIMH IS BOJHBIX OPTraHU3MOB M MOTYT BBI3BIBATh
MyTareHHble W KaHIeporeHHble 3(dexTrl. 3arpssHe-
HUE BOJIOEMOB KPACUTEISIMU TPUBOANT K HAPYIICHUIO

JKOCHCTEM, HX CIOCOOHOCTH K CaMOOYHILIEHHIO,
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YXYALUICHUIO KA4eCTBA BOJIBI U HETATUBHOMY BITUSTHHIO
Ha 3JI0pOBbe uenoBeka [5, c. 21; 17].

B cBsi3u ¢ 3TUM, BaXXHOM 3ajiaueid sSBIAETCS pas3pa-
00TKa PPEKTUBHBIX METOAOB OYMCTKH CTOYHBIX BOJ
OT Kpacurteneil. lJis OYMCTKH CTOYHBIX BOJ Kak OT
KpacuTelnel, Tak ¥ OT TUTMEHTOB, MOTYT IIPUMEHSTh-
Cs pasIUYHBIC XUMUYECKUE, (PH3UIecKie U OMOJIOTH-
gecKre MeTonsl [2, ¢. 56; 15]. OgHuM U3 mepcrek-
TUBHBIX METOJIOB SIBJSIETCS WCIIOJIB30BaHUE COPOITH-
OHHBIX MaTEPHaJIOB CIIOCOOHBIX IPPEKTUBHO YAAISATH
KpacuTenu W3 BOJHBIX pactBopoB [10, c. 38; 19].
Hampumep, nuokcuaa KpeMHUs, IOJyYEHHOTO U3
BCKPBIIIHBIX 1TOpoJ. B 1aHHOM paboTe mpeacTaBieHb
pe3yJIbTaThl HCCIICIOBaHHUS COPOIMOHHBIX CBOMCTB
JTMOKCHJIa KPEMHHS Ha OCHOBE BCKPBILIHBIX TOPOJ U
ero 3(GEeKTUBHOCTH TIPH M3BJICUCHUH METHICHOBOTO
cuHero. B mpexppiaymieli pabote Oblia UCCleAOBaHA
KMHETUKA COPOLIMU TOJYYCHHOTO JHOKCHIA KPEMHUS
B HOpMAaJIbHEIX ycioBusx [9, c. 108; 14, 18].

MartepuaJibl 1 MeTOABI HCCJIETOBAHMIA

Hcnons3oBaHHBIN B AaHHOW paboTe cOpOEHT ObLT
MOJTy4e€H Ha OCHOBE CHIPhS M3 KaphepHBIX OTBAJIOB
[Icunepaxckoro MeCTOPOXIACHUS. DJIEMEHTHBIM co-
cTaB mpoObl TMPOBOAMJICS Ha AHAIUTHYECKOM KOM-
IieKkce Ha 0a3e BaKyyMHOTO PEHTTeHO(]IyopecueHT-
HOTO  KpHUCTAILI-TU(PPAKIIMOHHOTO

cnektpomerpa OO0 «HIIO «CIIEKTPOH» Poccus.

CKaHUPYIOLIETO

CocraB npo0 npencrasieH B Tadu. 1.
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CocraB HCXOHOH MPOOHI.

Composition of the original sample.

AHamut Eauia 3HaueHue Anamut EAMHITIQ 13- 3HaueHue
HU3MEPEHUs MEpEHUs

MgO % 1,953 MnO MI/KT 1344,814

Al,O; % 3,775 \Y MI/KT 140,637

SiO, % 52,286 Co MI/KT 18,891

P05 % 0,081 Ni MI/KT 73,858

K20 % 2,852 Cu MI/KT 58,984

Ca0o % 6,972 Zn MI/KT 134,052

TiO, % 0,800 As MI/KT 2,347

Fe,04 % 3,069 Sr MI/KT 231,693

Tabnuna 1

Table 1

TexHomorus IMOJYUYCHHU MOpOoUIKa NUOKCHUJAa KPEMHUA M3 KapbCPHBIX OTBAJIOB BKJIHOYACT HECKOJBKUX OCHOB-

HBIX 3TamnoB (puc. 1).

Puc. 1. OcHOBHBIE ATambl MPOXU3BOJCTBA JUOKCH 1A KPEMHUS U3 KaPhEPHBIX OTBAJIOB.
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Fig. 1. The main stages of the production of silicon dioxide from quarry dumps.
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B npeapiayIux uecae0BaHusaX ObLT HCIOIb30BaH
9TOT K€ JMOKCH KPEMHHUS IS OLIEHKH COPOIIMOHHBIX
CBOMCTB JMOKCHIAa KPEMHHS B CTaHIAPTHBIX YCIIOBH-
ax [9].

Pasmep 4acTHIl MOJYYEHHOTO JHOKCHIA KPEMHUS

ONPEACIIAIICA Ha CKaHUPYIOIIEM 3JICKTPOHHOM MMUK-

pockorie PHENOM proX ¢upmer: Phenom-World
B.V. (Humepmanmsl) ¢ WHTETPHPOBAHHOW CHCTEMOM
SHEPTOJUCIICPCHOHHOTO  aHajm3a. MaKcUMaIbHOE
yBemmmuenue 150000, paspemenne 10 HM, ycKoOpsio-

mee Hanpspkenne 5, 10, 15 kB.
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Puc. 2. Pacnipenenenue yactun nopomka SiO, o pazmepam.

Fig. 2. Size distribution of SiO, powder particles.

ONEeMEeHTHBIM aHaJdN3 WCCIEAYEeMBIX IOPOIIKOB

NOJy4YeH C TpuMeHeHueM mnporpammbl  Element
Identification kommannu Phenom, mo3Boisromiei mc-
MOJIb30BaTh AJIEKTPOHHBIM MHUKpockon Phenom ProX
JUTST aHanmu3a o0pas3IoB METOJOM 3HEPTOAMCIIEPCHOH-

HOTO CIleKTpockonuu (puc. 3).
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Ha mnpencraBieHHOM pPUCYHKE BUIHBI XapaKTep-
HBIE JUISL KPEMHUS U KHciopoaa nuku. IIukos, xapak-
TEPHBIX APYTUM D3JeMEHTaM He HaOII0JaeTcsi, YTO

CBHJICTEIBCTBYET 00 OTCYTCTBHH IPUMECEH.
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166,829 counts in 30 seconds

Puc. 3. DnemeHTHBIN aHAIN3 TUOKCHIA KPEMHUS.

Fig. 3. Elemental analysis of silicon dioxide.

Hns ananuza pasMepa, popmbl 1 Mop¢oJIOTHU Ya- Particle Metric, mo3Bosisitoliee aHaNU3UPOBaTh M300-

CTHI] WCIOJB30BAIM TMPOTPaMMHOE  oOecreueHue paxenust gyactuil (puc. 4).

Puc. 4. N300paxxeHne yacTUIl HCIIONIb3YEMOT0 TMOKCHIa KPEMHHUSL.

Fig. 4. Image of the silica particles used.

HaceimHas mioTHOCTh muokcuna Kpemuaus onpexaensuiack cornacHo 'OCT 8735-88 (taodm. 2).
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OHpeI[eJ'ICHI/IC HACHIITHOM INIOTHOCTH JAUOKCHa KPECMHHA.

Determination of bulk density of silicon dioxide.

Macca O6BemM Hacpimmaas
Macca o6pasna Macca Cpenusis,
€MKOCTH, €MKOCTH, | TUIOTHOCTb, 2
C €MKOCTBIO, T oOpa3sna, r 3 2 KI/M
r cM r/cMm

44, 85 7,612 0,1903

44,96 25,44 7,655 40 0,1914 191,1

45,01 7,662 0,1916

Jdudpaknronnas KapTHHA paccesHUS PEHTTCHOB-

CKOT'O U3JTYUYCHUA B HIMPOKHUX YIJIaX HAa KPpUCTAJJINYEC-

CKHUX ITOJJUMEPHBIX 00BEKTax OINpeaACIACTCA HaJIUIU-

€M B HHX B NEPBOM NPUONMKEHHWH IBYX (a3, KpH-

CTAITMYECKON W aMop(]HO#, YTO MposABIsSETCS Ha

PEHTIeHOrpaMMe B BUJAE CYINEPIO3ULUHU AUCKPETHBIX

peduiekcoB u aMmopdHOTO rao.

Tabmuna 2

Table 2

Jnst onpeneneHus CTENeHH aMOpGHOCTU UCIIONb-

30BaJICSl PEHTTeHOAU(DPAKIIMOHHBIA aHAIN3 MOJTUKPHU-

cTaiumueckux BemecTB (puc. 5). Judpaxrorpamma

Mpe/icTaBIeHa OHUM NKoM. Habmromgaercs: Spko BbI-

paxkennHoe amopguoe rano 4,013 A mpu yrie Bparra

21-22 °.

600-

@

VHTEHCMBHOCTS ( MMN / cex )

8

100:

4.013

LRy

4 s

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 S0 51 52 53 54 S5 56

Hau.yron = 4; Kon.yron = 56;

LWar = 0,05; 3xcnos. = 0,38; Cropocts = &; Makc.yucno umn. = 300;

Puc. 5. IudpakrorpaMma HCHoOIb3yeMOTro COpOSHTA.

Fig. 5. Diffraction pattern of the sorbent used.

Nmeromasics B kKapToTeke TUppakTorpaMma MoJMKPUCTAIUINIECKOTO TUOKCHIa KPEMHUSI IMEeT HHOW BUJI (pHC.

6).
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Puc. 6. /ludpakTorpaMmma nmoJMKpUCTAIIMYECKOTO TUOKCHIA KPEMHUS U3 KaPTOTEKU.

Fig. 6. Diffraction pattern of polycrystalline silicon dioxide from a card file.

B pabore ucnoap30Bainch CIeIyoe PeakTHBBIL:

o MetunenoBbiii cunnii (C16H18CIN3S), una

e Bona muctuwmmposannas, [OCT 6709-72

e Cepnas kucnora (H2S04) 95%, 'OCT 4204-77

e Hatp enxuit (NaOH) TP 98,5%, I'OCT P 55064-
2012

o Jlnokcun kpemuus (Si02), cocta B TabmI. 2.

B pabote uCIonb30BajIuch Cleayrolnee 000py/10-
BaHHE:

e MarnutHas memanka Tarmep MM 135

¢ Bech mabopaTopHbIe «

e ®orometp «IkcnepT — 003»

o [lentpudyra «CM12»

L4 SHCKTpI/I‘IeCKaH IIMTKA «

e DxcrpakTop «US-8000E»

¢ pH-metpe-nonomepe «kcnept-001-3»

e MydenbHas nmeur «MII-2700»

o CymmunbHBIH mKad

e Taiimep

st Havana paboThl ObUT CO3/1aH TPaLyupPOBOYHBIH
rpaduk 3aBHCUMOCTH KoHIeHTpauuid MC ot onrtuue-
ckort iotHOCcTH DoTomerpa «Dxcmept — 003». Hc-
MOJIb30BAHHBIE KOHIICHTPAIMH HAXOJUIIUCh B TIpejie-
Jax u3MepeHuit Gporomerpa U paBHsIUCH: 3,13; 7,81;
15,64; 28,15; 46,9 MKMOJIb/IM3, YTO COOTBETCTBYET 1;
2,5;5; 9; 15 mr/mm3. Tlo 1OJIy4YeHHBIM JaHHBIM ObLT

MOJTy4YeH IpayupoBOUHbIH rpaduk (puc. 7).
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OnTr4yeckana NAOTHOCTb
o
[e4]

0 2 4 6 8 1012 1416182022 242628 30323436384042 44464850
KoHueHTpauua meTuneHosoro rony6oro, mkmons/am3

Puc. 7. I'pamyupoBounstii rpadgux MC.

Fig. 7. MS calibration graph.

Brusnue memnepamypot na kunemuxy copoyuu MC

OpHuM U3 QaKTOpOB, CYLIECTBEHHO BIUSIOMIKMM Ha
OONBLIMHCTBO XMMUYECKHUX IPOLIECCOB SABISIETCS TEM-
nepatypa. s u3ydeHus BIMSHHS TeMIIEpaTypbl Ha
npouecc copouu MC, MBI HCTIONTB30BaIH 3JIEKTpHYe-
CKYIO IUTUTKY. B ombiTe u3yyanocs BiausiHue 25; 30;
35; 40 °C. s qaHHOTO DKCIIEPUMEHTA UCIIOIH30BaII-
cst pactBop MC KoHieHTparmeii 938 MKMOIB/IM’.
PactBop pasmerianu Ha 3IEKTPUUYECKON IUIUTKE C
YCTaHOBJICHHOM TEMIIEpaTypOll U BBIAEPKHUBAICS 0
JIOCTM’KEHHSI COOTBETCTBYIOLIEH TeMIepaTyphl. Tewm-
nepaTypa pacTBOpa OIpelelisiach I'PalyCHUKOM CO
mkanoi go 150°C ¢ uenoit penenus B 2°C. Macca
HaBecku coctaBisuia 0,2 r. Ilocne HarpeBa pactBopa
0 HEOOXOJMMOHM TeMIlepaTyphl, B KOJIOBI BCHINAIACH
HaBecka COpOEHTa, yCTaHaBIMBAJICA SKCTPAKTOP IS
nepeMenInBanys pactsopa. CKOpOCTh BpaleHUs KC-
TpakTopa coctaBuna 700 rpm. Bpems koHTakTa ¢
copbeHTOoM I Bcex mpoO coctaBisuio 30 MHH, Tak
Kak MakcuUManbHas 3()(EeKTUBHOCTH copOuuu B
MPEIBIIYIINX 3KCIIEpUMEHTax AocTuraitachk k 30 Mu-

HYTaM.

34

Brusanue pH na a¢pgpexmuernocme copoyuu MC

pH sBnsercs BaxkHBIM (PAKTOPOM MPH OYHCTKE
cTouHbIX BoA. IlocTymaromue CTOYHBIE BOJBI MOLYT
OBITH KaK MIETTOYHON CPEJIBI, TAK U KHCIIOW.

IIpu nposenenuu ananmsa BiausHUA pH cpensl Ha
3G PEKTUBHOCTH COPOLIMHM OBbLIT MPUTOTOBIIEH PAaCTBOP
MC xonuentpanueii 938 mxmons/mM3. B akcrepu-
MEHTE paccMaTpuBainch pH pacTtBopoB, paBHbIe: 3,5;
4,5; 5,5; 6,5; 7,5; 8,5; 9,5; 10,5; 11. [Ins nagana mpo-
BOAWIICS 3aMep pH mpHUroToBIEHHOTO paHee pacTBopa
MC. TonydeHHBIC 3HAYCHUST HAXOAWINCH B TIpeeIax
7,5. Jnsa cumwkenns pH wucnonp3oBamace H2SO4
0,1%. [Jns momemmenus pH wucmoms3oBaics 0,01 w
NaOH. B ycTaHOBIEHHbIE Ha MarHUTHBIE MEILAIKU
KOJIOBI C PacTBOpaMH MOMEIIAINUCH CTEKIISTHHBIE AJIEK-
Tpojsl. Jlanee mo KaruisiM JOOaBISIICS PacTBOp Kay-
CTUYECKOM COMBbI WU CEPHOU KUCIOTHL. 3HAYEHUS MO-
CTOSSHHO ()MKCHUPOBAIKMCH M TIPU JTOCTHKEHUH HE00-
xonumoro pH, pactBop ussimaiica. B pactBop BHOCH-
Jach HaBecKa AMOKcHaa KpeMHus maccoi 0,2 r, mocie
4yero koyida ¢ pacTBOPOM yCTaHABIMBAJIACH HA Mar-
HUTHYIO MeIajiKy. Bpemst B3anMoneicTBus copOeHTa

1 MC B KaXXIOM OTIBITE COCTABIISLIO 30 MUHYT.
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Ananusz 3asucumocmu copoOYUOHHOU
CnOCOOHOCMU OM CKOPOCIU NepeMeuusans

Taxxe B Xofe 3KCIIEpUMEHTa OBII MPOBEICH aHa-
JU3 BIMSHUS CKOPOCTH TepeMeIMBaHUs Ha 3¢ dek-
THBHOCTH copOmmw. I MaHHOH CepuH OMBITOB OBLI
npurotoBieH pactBop MC konmeHtparmedr 938
mkmounb/av®. HaBecka copGenrta pasesmach 0,2 T.
Bpemsi copbumu cocraBmsiio 30 muayT. Cropoctd
MepeMeIMBaHus ISl ONBITOB cocTaBisumm 550, 700,
850, 1000, 1150, 1300 rpm. BeiOpanHble mapaMeTpsl
000CHOBaHBl TEXHHYECKUMH XaPAKTEPUCTHKAMH FHC-
MOJIb3yEMBIX MarHUTHBIX Memanok. Taxke ObUT Tpo-
BEJICH OIBIT COPOLIMU Oe3 MepeMelTBaHMSI.

Oyenka 603ModCHOCIIU pecenepayul copoeHma

OmHO W3 OTpPOMHBIX MPEUMYLIECTB JTHOKCHAA
KPEMHHUSI Tepeli MHOTHMH JPYTUMH COpPOCHTaMH —
MPOCTOTa €ro pereHepauuu. VCrnoab30BaHHBIN IO
HaszHadyeHUo Si0, HE0OXOAMMO TEPMUYECKH 00pabo-
tath npu Temnepatype 600°C. IIpu 3Tom Bce Kpacu-
TEJIN BBITOPAIOT ¢ 00pa30BaHUEM YTIIEKUCIIOTO Ta3a u
BO/bI. OZIHAKO BCTA€T BOIPOC BO3MOXKHOCTH CHIKE-
HUSl 3QPEKTUBHOCTH COPOIUU TP HEOTHOKPATHOM
ero ucnonbp3oBaHud. [y sToro ObuIa mMpoBeeHa ce-
pHS OIBITOB, HANIPABJICHHAS HA OIEHKY 3((EKTHBHO-
ctd 1-ro, 2-10 ¥ 3-rO UUKJIa UCHOJb30BAHUS TUOKCU-
Jla KPEeMHUSL.

Jns Havana Obu1 npurotosiieH pactBop MC KoH-
ueHTpanueit 938 MKMOJ‘H:/,[[MS. Macca HaBecku cocra-
Buna 0,2 r. Copbuus amunacek 30 munyT. Iloce Bech
pactBop ObLT OTHEHTPU(PYTUPOBAH, & 0CAJOK OTIPAB-
neH Ha cymKky npu 110°C B teyennn 3 uacos. Cre-
JOYIOUIMM 3TaroM COpPOEHT B3BEHIMBAJICS W OTIPAB-
nsca B My(eIpHYIO TIeub /IS TeMIlepaTypHoi oOpa-
6orku mpu 600°C B Tedyenun 1 gaca. [{ng Broporo u
TPEThETO MUKJIA JICHCTBUS TIOBTOPSUINCH JUIS yKe pe-

TeHEepUPOBaBIIEro COpOCHTA.

35

Kpome Toro, 6b6u10 IpoaHaTU3UPOBAHO U3MEHEHHE
MacCChl TUOKCHJIA KPEMHHS IO COPOIUH, MOCie copo-
UM U II0CJIe pereHepalyy A KaXIoro mukia. Js
3TOTO OBLI MPUTOTOBJICH pacTBOp MC KOHIICHTpaIei
938 MxMonb/nM°. B K0JI0y ¢ pacTBOpoM Jo06aBisuics 1
r SiO,. PacTBOp momeranicsi Ha MarHUTHYIO MEIIAIKY
Ha 30 muH. LlenTpudyrupoBanue mpoucXoauso B Te-
yeHnH noixyvyaca. OcaxIeHHBI cOpOEHT coOupaics B
(hapdopoBEIil TUTETH U CYMIMIICS B CYIIMIBHON KaMe-
pe npu temneparype 110°C B teuenun 3 uacos. [lo-
clle 4ero B3BemmMBaics. Jlanee mpoucxomun ero oo-
XKHUT B My(QeTbHON Me4YH U B3BEIIUBAHUE, ITOCIIE YETO
LUK TOBTOPSUICS.

Pe3yabTathl n 00cy:KI1eHUs1
Brusnue memnepamypuet na kunemuxy copoyuu MC

[Tomryuennsie nannbie (Prc.8) cBUIETENBECTBYIOT O
CHIDKEHWH MaKCHMaJIbHOWH COpPOIIMOHHOW E€MKOCTH C
MOBBIILIEHUEM TEMIIEPaTypbl BO BPEMEHHOM IpoOMe-
xyTke 30 munyT. [Ipm Temmnepartype 20 °C copOmu-
oHHasi eMkocTh 1 r SiO; Ha 30 MHHyTE COCTaBIseT
437 wmxmonsw/r. ITloBbilieHne TemmepaTypbl Ha 5°C
MIPU OCTAJBHBIX PABHBIX YCIOBMSX, CHUKAET cOpOLH-
OHHYIO €MKOCTbH J10 419 MKMONB/T TO ecTh Ha 4,2%.
[oseimenne temneparypsl 10 30°C cHmkaeT copO-
IUOHHYIO eMKOCTh 7,1% B CpaBHEHHWH C KOMHATHOH
temriepatypoil. IloBeimenne eme Ha 5°C cHmXKaeT
COpOIMOHHYI0 eMKOCTh Ha 12,1%, a MOBBIIICHUE 10
40°C cumxkaer COpOIMOHHYIO0 eMKOCTh Ha 22,8%. Tak
Kak Tpoliecc (pu3myeckoil copOIMu — 3K30TepMUYe-
CKHUi, OBBIILICHUE TEMIIEPATYPbl COBUIAeT PaBHOBE-
cHe B CTOPOHY AecopOuuu, corsiacHo npuHuoumy Jle
[laTtense. 9T0 NPUBOAUT K YMEHBIICHUIO KOJUYECTBA
cOpOMPOBAaHHOTO BEIIECTBA Ha COpOEHTE NMPH MOBBI-
LICHHBIX TemIiepaTypax. Kpome Toro, cHmwkenue 3¢-
(heKTUBHOCTH COPOLIMU MOXKET OBITH CBsI3aHA C MOBBI-
LICHWE KUHETHYECKOH 3HEPruM MOJIEKYJl METHJICHO-
BOTO CHHETO, B pe3yjbTaTe YEr0o YBEIWYMBACTCA HX

IIOABUXKHOCTD.
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Puc. 8. 3aBucumMocTs COPOIIMOHHON CITOCOOHOCTH TUOKCHIA KPEMHHS OT TEMIIEPATYPhl CPEIbL.

Fig. 8. Dependence of the sorption capacity of silicon dioxide on the temperature of the environment.

Brusnue pH na s¢pgpexmusrnocms copoyuu MC

3naueHusi copbuuu npu pasubix PH (puc. 9) mos-
BOJISIIOT HAOJIOAATh TEHACHIMIO K CHUKEHHUIO COpO-
UOHHOH cITocOOHOCTH TpH cHIKeHuu pH Himke 7,5.
Ipu pH ot 7,5 1o 9,5 Habmogaercs miaTo ¢ easa 3a-
METHBIM TOBBIIIEHUEM COpPOIIMOHHOW €MKOCTH IpH
pocte pH. pH oT 9 u BbIIIE BBI3BIBAET PE3KUI CKAYOK
COpOLIMOHHON €MKOCTH JHOKCHAa KpeMHus. Makcu-
MyM copOuuun HabmogaetTcs npu pH 11 u cocrapnsier
515,9 MKMOIIB/T, TIOBEIIIASA TO 3HaYeHME Ha 18,7% B
CpPaBHEHMH C HOPMAJIbHBIMH ycioBusiMu. lloBepx-
HOCTh JMOKCHJIAa KPEMHHUSI COICPKHUT CHIIAHOJbHBIE
rpymisl (Si-OH). B kucnoii cpene (auskuii pH) stu
TPyMIIBl MOTYT IPOTOHUPOBATHCS, MpeBpaIasich B Si-
OH,". Tak kak npu HU3KHMX 3HaueHusx pH mosepx-
HOCTh JIMOKCHIA KPEMHHS MOXKET OBITh HMPOTOHUPO-

BaHa, 3TO MNPUBOJUT K IOJOKHUTCIBHOMY 3apsaay Ha

36

MOBEPXHOCTU. METUJICHOBBIA CUHUI, SBISAACH KAaTH-
OHHBIM KpacuTelieM, Oy/IeT HCIBITHIBATh DJICKTPOCTA-
TUYECKOE OTTAJIKMBAHUE OT IOJOKUTEIBHO 3apsLKCH-
HOW TIOBEPXHOCTH, YTO CHMXKaeT 3()(HEKTUBHOCTD
copbuun. Ilpu HeliTpanbHBIX 3HaUeHHAX pH, moBepx-
HOCTb JUOKCHUJA KPEMHHUS CTAHOBHUTCS MEHEE IPOTO-
HUPOBAaHHOW U MOXET UMETh CIIa0bIil OTpUIATEIbHBIN
3apsii WM OBITh HEUTPaNbHOW, YTO yNydIlaeT copO-
IIMI0 KAaTHOHHOTO METHJICHOBOTO CHHETO 3a cueT Oia-
TONPUATHBIX IEKTPOCTATUYECKUX B3aUMOJICHCTBUM.
IIpu pH 9,5 u BbIlIe NOBEPXHOCTh JUOKCUIA KPEMHUS
CTaHOBHTCSI Oojiee ACMPOTOHUPOBAHHOM, YTO MPUBO-
JUT K YBEIMUYEHHUIO OTPULATEIBHOrO 3apsAja Ha Io-
BEPXHOCTH. OTO CIOCOOCTBYeT 0o0jiee CUIBHOMY
3IEKTPOCTATUYECKOMY MPUTSHKEHUIO KATUOHHOIO Me-
THJIEHOBOTO CHHETro, 4TO yBelanuuBaeT 3(deKTus-

HOCTH COpOIIHH.
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Fig. 9. Dependence of the sorption capacity of silicon dioxide on the pH of the environment.

Ananusz 3asucumocmu COpoOYUOHHOU
CNOCOOHOCMU OM CKOPOCMU NepeMeutt8anus

[Mony4eHHbId TpaduK BIUSHUS CKOPOCTH TepeMe-
mmBaHus Ha cop6umio (Puc. 10) moarBepkaaer mo-
BbIIIICHHE S(PPEKTHUBHOCTU COPOLMH C YBETUYECHHEM
CKOpOCTH mepeMmemnBaHus. lcmonb3oBaHuE CKOPO-
cti B 550 rpm moBbImIaeT 3pPeKTHBHOCTH COpOIIMH B
CPaBHEHHMHU CO CTATUYHBIM PEXUMOM (0e3 mepemMenu-
BaHus1) Ha 36,3%. Ckopocts nepemernBanust B 700
rpm noBbimaet 3¢gdexruBHOCTs HA 38,7%. IIpu sTOM
UCIIOJIb30BaHUE cKopocTH Bbilie 700 rpm MOBBIILIAET
3 PEeKTUBHOCTE HE3HAYUTENBHO, YTO JAENaeT UX HC-
NOJIb30BaHUE HeleliecooOpa3HeiM. Ha HauyambHBIX
CTaIusIX YBEJIMYEHHS CKOPOCTH IE€pEeMEIInBaHUSA
MIPOMCXOANT YIYHIIIEHHE MacCOBOTO MEpPEeHOCca METH-
JIEHOBOTO CHHET0 K MOBEPXHOCTH JUOKCHIA KPEMHUSL.

3TO CBSI3aHO C YMEHBIICHUEM TONIIMHBI AU Dy3HOH-

37

HOTO CJIOSl BOKPYT 4YacTHI[ COPOEHTa M YBEITHUCHHEM
KOJIMYECTBA CTOJIKHOBEHHH MEXKTy MOJCKYJIaMH Kpa-
CUTENII M aKTUBHBIMU IIEHTpamMu copOeHTa. Kpome
TOrO0, 0O0JICe BBICOKAsE CKOPOCTh MEPEMEIIMBAHHS CITI0-
coOCTByeT JIy4lieMy U 0oJjiee paBHOMEPHOMY pacIipe-
JICTICHUIO YacTUI] COPOCHTAa B PacTBOPE, YTO YBEIHUH-
BaeT JIOCTYIMHOCTh AKTUBHBIX COPOIMOHHBIX IIEHTPOB
JUTS. MOJICKYJT KpacUTelsl.

IIpu BBICOKMX CKOPOCTSAX NMEPEeMEIINBAHHUS KHHE-
THKA COPOIMHM MOXET CTaTh JIUMUTHUPYIOIIUM (HaKTO-
poM. To ecTh mpolecc MepeHoca KpacuTens ¢ To-
BEPXHOCTH COPOEHTA B €ro Mophl M JalibHelIee B3a-
UMOJICHCTBUE ¢ aKTUBHBIMH IIEHTpaMH COpOCHTa MO-
TYT TPOUCXOANUTh C MAaKCUMAJIbHON BO3MOXXHOU CKO-
POCTBIO, U JalbHENIIIee YBEINUEHHE TIEPEMEITMBAHIS

yKe He ToBbImaeT 3G HeKTHBHOCTH cOpOLINU.
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Puc. 10. 3aBucumocTs 3(h(peKTHBHOCTH COPOIMH OT CKOPOCTH MTEPEMEIITIBAHHS.

Fig. 10. Dependence of sorption efficiency on mixing speed.

Oyenxa 603modcHocmu pecenepayuu copbenma

Ha rpaduke (puc. 11) Mbl MOXeM HaONIOAATH TPU
KPHBBIX, KOTOPBIE MPaKTUYECKU COBMaAaT. Makcu-
MyM OTKJIOHEHHMsI IIPU 3TOM cocTaBisteT 5,6%. Takum
0o0pa3oM, MOXHO CJieNaTh BBIBOJ YTO OOXHT MpH
600°C He BBI3BIBACT 3HAYUTEIHHBIX HM3MEHEHHH B
CTPYKTYpE M CBOMCTBaX TUOKCHAA KPEMHHS. DTO TO-
BOPHUT O BBICOKOW TEPMUYECKOW CTaOWIHHOCTH Marte-
puaina, 4To MO3BOJSET €My COXpaHSTh CBOM COPOIIH-
OHHBIE CBOMCTBA IOCJIE MHOT'OKPAaTHOT'O MCIIOJIb30Ba-

160
140

HUs U pereHepauuu. Kpome Toro, manHoil temmepa-
TYpBl JOCTATOYHO JUIS TOJHOTO OCBOOOXKICHHS aK-
TUBHBIX HEHTPOB OT copOupoBanHoro MC. IMockons-
Ky JaHHBIC KMHETUKHN OCTAKOTCA CTa6I/IHI>HI)IMI/I, MOX-
HO 3aKIIOYHUTh, YTO COPOIMOHHBIE XapaKTEPUCTHKU
Marepruaiga OCTAIOTCS TOCTOSIHHBIMH, W S(QEKTHB-
HOCTh COpOIIMM HE CHIKACTCS C KaXKIbIM IUKJIOM.
3TO NenaeT TUOKCHI KPEMHHUS MEPCIEeKTHBHBIM MaTe-
pHasoM JIsi MHOTOKPaTHOTO HCIIONb30BaHUSI B IIPO-

reccax coponuu.
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Puc. 11. [ToBTOpHOE MCTIONB30BaHNE AUOKCHAA KPEMHHUS ITOCIIE PETeHEePAIIH.

Fig. 11. Reuse of silicon dioxide after regeneration.



Chemical Bulletin
ISSN 2619-0575

2024, Tom 7, Ne2 / 2024, Vol. 7, Iss. 2
https://cb-journal.ru/

Ananuz maccol OUoKCUOa KpeMHusi 00 copoyuu, nocie
copbyuu, nocie obdcuza 8 medwenuu 3-x Yurkios
AHanmu3 3Ha4YeHUil Macchl AUOKCUAA KPEMHUS 10

mmocJie copOnuy 1 Tociie 00XKUTa MpeaCcTaBiIcH B Ta0-

mute (tabn. 3). lanabple TaOMUIBI YKA3bIBAIOT HA TI0-

BBIIIIEHUE MAaCChI TIOCJIE COPOINH, YTO CBSI3AHO C COp-

oupoBanneM MC Ha TOBEPXHOCTH IHOKCHIA KpEM-

Hust. [ocie pereHepanuu Macca cOpOCHTa CTaHOBU-

Jach MPaKTUYECKW paBHA Macce 10 Hayaja copOuuwu,
YTO TOBOPHUT O IIOJIHOM pPAa3jOXEHHH KPACHTEIsI BO
BpeMsI pereHepanuil M BOCCTAHOBIEHHEM IHOKCHA
KpeMHHUSI 0 TpexHero coctosHus. Hebompmme oT-
KIIOHEHHA TI0 MaccaM JI0 COpOIMH U TOCIie perenepa-
MU CBSI3aHBI C TIOTEPSIMH B XOJe HEeHTpupyruposa-

HHW U B3BCIIMBAaHUAA.

Tab6muma 3

N3menenune macchl copOeHTa B X07e 3-X [UKIIOB.

Table 3

Change in sorbent mass during 3 cycles.

Macca HaBecKu 110 Macca copbenra nociie | Macca copOeHTa mocie
No [Mukina
copOuumu, r copOuuu, perenepanuy, T
1 1 1,138 0,997
2 0,997 1,136 0,993
3 0,993 1,130 0,987
BriBoabl cuHero. [lo Mepe yBennuenust pH 10 HEHTpambHBIX

Juokcun KpemHusi, MONyYEHHBIH W3 BCKPBIIHBIX
nopoA, o0JiaaeT 3HAYUTENIbHOW COPOLIMOHHOW CIIO-
COOHOCTBIO IT0 OTHOIIEHHIO K METHJICHOBOMY CHHEMY,
C MaKCHUMaJIbHOH COpPOIMOHHON eMKOCThIO 165 Mr/T.
OTO IEMOHCTPUPYET €ro MOTeHIMal Kak 3((eKTHuB-
HOT'O COpOEHTa IS yJaJIeHHs OPTaHMYECKHX Kpacu-
TeJiel U3 BOJHBIX PACTBOPOB.

[NoBbIIeHNEe TeMIIEpaTypbl HETATHBHO BIHSIET Ha
3(PEeKTUBHOCTL COPOITMH METHJICHOBOTO CHHETO JIH-
OKCHJIOM KpPEMHHSI, YTO CBS32HO C DK30TEPMHUYECKHM
XapakTepoM COpPOIMOHHOTO MPOoIecca U YBEINICHUEM
KUHETUYECKOH SHEPruu MOJIeKyJd copbata, IpUBOIS-
el K uX 1eCOpOLHH.

O¢ddexTuBHOCTH COPOLUUM MUHMMAJbHA MPH HU3-
KHX 3HaYeHusAX pH u3-3a mpoTOHUPOBaHUS TOBEPXHO-
CTH JUOKCHJA KPEMHHS, YTO BBI3BIBAET BJIEKTPOCTa-

THYCCKOC OTTAJIKMBAHHUEC KAaTHOHHOI'O MCTHJICHOBOI'O

39

3HAa4YeHUIl cOpOLMOHHAs CIOCOOHOCTH BO3PACTaET U
crabumsupyercs, a npu pH 9,5 u BbIllle BHOBH yBe-
JVYUBAETCS, YTO OOBSCHSETCS YBEIUYCHHUEM OTPHIIA-
TEIILHOTO 3apsijia Ha MOBEPXHOCTU COpPOEHTa U yCHIIe-
HUEM 3JIEKTPOCTATUYECKOTO MPUTSHKEHUS KPaCHUTEs.

YBennueHne CKOpOCTH MepEMEIINBAaHuUS YIydIIaeT
COPOILIMIO 0 OIPENIENICHHOTO Mpejielia, ocae KOTOpo-
ro JaJbHEWIIee yBeInUeHHEe CKOPOCTH HE OKAa3bIBAET
3HAYUTEIHFHOTO BIUSHUS HAa COPOIMOHHYIO €MKOCTD.
OTO CBsI3aHO C YJIYUIIEHHEM MacCOBOIO IIEpPEeHOca U
paBHOMEpHBIM paclipe/ie]IeHneM COpOeHTa MpH OITH-
MaJbHBIX CKOpPOCTSAX IEPEMEIINBAHUSA, IOCIE YEro
MIPOLIECC IOCTUraeT PaBHOBECHSI.

Perenepanust quokcuna KpeMHHS IyTeM OOXKHIa
npu 600°C mokaszana, 4TO COpOLMOHHBIE CBOWMCTBA
MaTepuasa MpakTUYeCKH HE U3MEHSIOTCS Mocie TPEX

ITUKJIOB cop6u1/11/1-per CHCpalHu. 9T0 YKa3bIBa€T Ha
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BBICOKYIO TEPMHYCCKYIO CTa0WILHOCTH M JOJTOBEY- pon, sBisiercs 3PpPEKTUBHBIM, CTAOMILHBIM U MHOTO-

HOCTh COpOEHTa, a Takke Ha 3()(HEKTUBHOCTH METOAA Pa30BBIM COPOCHTOM JUIsl YAAJICHHSI METHUJICHOBOIO

pereHepanyy IS BOCCTaHOBJICHHS COPOIIMOHHBIX CHUHEro W3 BOJHBIX PACTBOPOB, YTO JENAET €ro Iep-

LEHTPOB. CIICKTHBHBIM 711 IPUMEHEHUSI B CHUCTEMAX OYMCTKHU
IIpoBeneHHbIE SKCOEPUMEHTHI IOATBEPAKAALOT, UTO CTOYHBIX BOJ.

JUOKCHUJ KpEMHHA, HOHy‘IeHHLII;'I 13 BCKPBIIIHBIX II0-
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