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AunHoTanus. {151 penieHust BOIPOCOB MOBBIIICHHUsI 6€30MaCHOCTH MULIECBON MPOIYKINH UCHONB3YIOT 3 ()eKTHBHBIE COPOCHTHI. DKOHOMUYECKAs
LEeNecO00Pa3HOCTh OYMCTKHM IIOBBILIACTCS NPHM MCIONB30BAaHWM B KAueCTBE COPOEGHTOB OTXOABbI IHUIIEBBIX NPOM3BOACTB. C IOMOIIBIO
COBPEMEHHBIX METO/IOB OBUIM W3YYeHBl COCTaB M CBoiictBa copOeHtra AJIK momydyeHHoro w3 pucoBoil memyxu. CopOeHT sBisercs
Pa3HOBUIHOCTBIO MUPOr€HHOT0 KpeMHe3éMa. C HOMOILbIO COBPEMEHHbBIX METO/IOB OLICHKH KaueCTBA BELIECTB ObUIM H3y4eHbl XUMHYECKHUI COCTaB
U MOp(OIOrHYECKHe OCOOEHHOCTH ITOBEpXHOCTH copOeHTa. Kpome Toro, mcciemoBaHa cratudeckas OOMEHHash €MKOCTh JUI Pa3iIMYHBIX
3arpsizHuTeneil. Ycranosneno, uto AJIK xopoiio 3aaep)xuBaeT HEOPraHUUECKHe COSMHEHUs, B COCTaB KOTOPBIX BXOMIIH JKeJIe30, MapraHer u
amoMuHui. JlecopOLusi XUMUYECKHX COEIMHEHMII M3 MCIIONB30BAHHOTO COPOEHTAa HE OKA3bIBAET CYIECTBEHHOIO BIIMSHUS HA CONEpIKaHUE
TSDKEITBIX METAJUIOB B BOJIE. DTO CBHUICTEIILCTBYET O MPOYHOCTH COPOLIMOHHBIX CBsI3ei. J{ysl yCTaHOBIICHNUS XapaKTepa CBSI3H BIIark B cCOpOCHTE ¢
ONpECNICHUEM TEeMIIEPaTypHbIX HHTEPBAJIOB, IPU KOTOPBIX HPOMCXOIUT AETHIPATALMS HPOBEACH CHHXPOHHBIM TEPMHYECKUH aHaiu3,
TI03BOJIMBILHI OIPEIENTH TEMIIEPATYPHBIE 30HbI, KOTOPBIE COOTBETCTBYIOT YIaJICHHIO BIIATH, BIIArOyIaJICHUIO C Pa3HOI SHEpTUeH CBSI3H, a TAKKE
MPOrHO3UPOBATh PEXKHUMHBIC MAPAMETPhI MPOIlECca BIaroyaajieHus W BbIOpaTh Hambonee 3¢ ¢eKTHBHBIN crocod ux Aeruapataiuu. Pabora
MCIIOJIb30BAaHHOIO IPUOOpa OCHOBaHa Ha HEIPEPBIBHOM PErHCTPALIMU 3aBUCHMOCTH U3MEHEHHS MacChl MaTepHalia OT BpEMECHH WITH TEMITEPaTyphbl
IOpU €ro HAarpeBaHWH B COOTBETCTBHM C BBHIOPAaHHOW TEMIEPATYpHOH MHpPOrpaMMoll B 3afaHHOW ra3oBoit armocdepe. OmHOBpEMEHHO
PETHCTPHUPOBANIOCH BBIICIICHUE WIIH IIOIJIOIICHUE TEIla 00pas3oM, oOycIIOBIEHHOE ()a30BBIMHU IEPEXOAaMH WM XMMHYECKUMHU PEaKIUSIMHU.
HccnenoBanust MpOBOIMIM TIPH CICAYIOLIMX PEXUMaX: MaBieHue — atMocepHoe, MakcuManbHas temrepatypa 600 K, ckopocts n3meHeHus
temreparypbl 5 °C/MuH. ONbIThI MPOBOAWINCH B AIFOMHHHMEBBIX THIVIAX C 00mIed Maccoii HaBecku 10 mr. ITpoBeneHHBIN aHAIU3 MO3BOJIKIT
BBIJICTIUTh MEPUOABI JETUIpaTallMi BOJABI NPH TepMuueckoM BoszeiicTBuM Ha AJIK, a Taioke BBISBUTH TEMIIEPATYpHBIE 30HbI, KOTOpHIC
COOTBETCTBYIOT BHICBOOOYKICHHUIO BJIATH C pa3IM4HON HOpMOii U SHEprHeii CBS3H.
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Abstract. Effective sorbents are used to address the issues of improving food safety. The economic feasibility of cleaning increases when
using food production wastes as sorbents. With the help of modern methods were studied the composition and properties of the sorbent ADC
obtained from rice husk. Sorbent is a type of pyrogenic silica. With the help of modern methods for assessing the quality of substances, the
chemical composition and morphological features of the surface of the sorbent were studied. In addition, the static exchange capacity for
various pollutants was investigated. It is established that the ADC well detains inorganic compounds, which included iron, manganese and
aluminum. Desorption of chemical compounds from the used sorbent does not have a significant effect on the content of heavy metals in water.
This indicates the strength of sorption bonds. To establish the nature of the moisture in the sorbent with the determination of temperature
intervals at which dehydration occurs, a simultaneous thermal analysis was carried out, which allowed determining the temperature zones that
correspond to moisture removal, moisture removal with different binding energy, and predict the mode parameters of the moisture removal
process and select the most effective way to remove them. dehydration. The operation of the device used is based on the continuous recording
of the dependence of the change in mass of the material on time or temperature when it is heated in accordance with the selected temperature
program in a given gas atmosphere. At the same time, the release or absorption of heat by the sample due to phase transitions or chemical
reactions was recorded. Investigations were carried out under the following conditions: pressure — atmospheric, maximum temperature 600
K, rate of change of temperature 5 °C/min. The experiments were carried out in aluminum crucibles with a total weight of 10 mg. The analysis
made it possible to identify periods of dehydration of water during thermal effects on the ADC, as well as to identify temperature zones that
correspond to the release of moisture with different shapes and binding energy.
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BBenenune

OmHMM W3 MEPCHEKTHUBHBIX  CIOCOOOB
OUYUCTKHU, HUCIOJb3yEMBIX B IHIIEBOW MPOMBIIII-
JEHHOCTH, sBIseTCS copOums.  JIns pemreHus
BOIPOCOB IOBBIIICHUS 0€30IMaCHOCTH MPOTYKITUH
B HACTOSAIICE BPEeMsi Ha PhIHKE MPEJIararoTcs
3 pexTHBHBIE COPOEHTHI. DKOHOMHYECKAS IIeie-
CO000pa3HOCTh COPOIMOHHOW OYHMCTKH ITOBBIIIA-
€TCsI TIPU UCIOJB30BaHUH B 3TOM KaveCTBE JICIIe-
BBIX MaTEPUAJIOB, B TOM YHCIIE OTXOJI0B MUIIEBOTO
MPOU3BO/ICTBA.

WX MOXHO MCIIONIB30BaTh MPU TEXHOJIOTHYC-
CKOM 00paboTKe, a TarkKe IS BRIBEACHUS BPEIHBIX
BEIIIECTB U3 OpraHn3Ma JesioBeKa. TakuM MpoIyKToM
apnsieTcss aMmopHbIA auokcua kpemuus (AJIK),
coaepxarmmii xenatsl kKpeMuus. AJIK — pa3HoBua-
HOCTH TUPOTEHHOT'0 KpeMHE3EMa, TIOTYIeHHOTO U3
pucoBoli menyxu. HekoTopble mokazarenn Kaue-
ctBa copoenra AJIK mpencrariensl B Tabmuie 1.
Bnaxxaocte B mpomykTe He mpeBbimaer 1,5%.
MaccoBas mgons apyokucH kpemuus (Si0O) B mepe-
cyeTe Ha MPOKAJICHHOE BEUIECTBO COCTABIISIET
He meHee 99,5%.

Tabnuma 1.
INoka3aTenu xayectBa copoenta AJIK
Table 1.
The quality indicators of the sorbent ADC
IMoka3zarens | XapaKTepUCTUKY |
Indicator Characteristics
Bremmuii s | Appearance qacmug 6emoro WITH KPEMOBOTO IBETa
Particles of white or cream color
Haceinuas wiotHocts, 1/ 11 | Bulk density, g/ 1:
120-150

HeyriotHeHHOTo AJIK | not compacted ADC 180-230

ymnotaernnoro AJIK | compacted ADC
Maccogast nost Biaru, He 6onee, % | 15
Mass fraction of moisture, not more than, % ’
pH BoaHoii BeITsDKKH | pH of water extract 5,8-8,5
MaccoBast noist asyokucu kpemHuust (SiO) B epecueTe Ha MpOKaJIeHHOe
BEIIIECTBO, HE MeHee, % | 995
Mass fraction of silicon dioxide (SiO») in terms of calcined substance, ’
not less than, %
MaccoBas nois xenesa, He 6oree, %o | 0.05
Mass fraction of iron, not more than, % ’
Maccoas goinst okucu amomunns (Al,Os), He Oonee, % | 0.05
Mass fraction of aluminum oxide (AL,O3), not more than, % ?
Maccoas nosnst okucu kanbuus (Ca0O), He 6oinee, % | 0.03
Mass fraction of calcium oxide (Cao), not more than, % ’
Maccoas goist kanus (K), ve 6omee, % | 030
Mass fraction of potassium (K), not more than, % ?
Maccosast noxs Hatpus (Na), He Oosnee, % | 0.005
Mass fraction of sodium (Na), max, % ’
Maccogas noxs xsopa (Cl), He 6o:ee, % | 030
Mass fraction of chlorine (Cl), not more than, % ’

B xone mpenBapuTeNbHBIX HCCIEIOBAHUMA
C TMIOMOIIBIO0 COBPEMEHHBIX METOI0B OLICHKU Kaye-
CTBa BEIIECTB ObLIM M3yYeHbl XUMHUUECKUH cOCTaB
u Mop(ostoruueckue OCOOCHHOCTH MOBEPXHOCTU
copOenra. Kpome Toro, ucciieoBana cTaTuaecKkas
0OMEeHHast eMKOCTb JUIsl Pa3JIMUHbIX 3arps3HUTEICH.

Bruta uzydena s pexTHBHOCTE aMOp(HOTO
Juokcuaa kpemuust AJIK npu ounctke BoJpl OT coseit
MeTaiioB. Yepes KOJOHKH ¢ COPOEHTOM TPOIyC-
KaJii pacTBOp couiei MmeTauioB oobéMom 1 1. Kon-
LEHTpaIus COJeN Kele3a, MapraHiia, aJFOMUHHI
B UCXOAHOM pactBope coctaBmsia 5 IIJAK mpu
pacuére 10 JKene3y, MapraHiy, aJOMUHHUIO.
[locrme mpoxokaeHWsT pacTBOpa dYepe3 KOIOHKY
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C COPOEHTOM OLIEHMBAJIM OCTATOYHOE KOJINYECTBO
HEOpPraHMYEeCKUX COSANHEHNH B pacTBOpE. AHAIIN3
00pasia BOJHOM BBITSKKY U3 COPOSHTA OCYIIIECTB-
JISUTK C TIOMOIIIBIO METO/Ia MHAYKTHBHO CBSI3aHHOM
IUIa3MBI C MacC-CIEKTPOMETPHYECKIM OKOHYAHHUEM.
C nenpl0 akTUBAMM NPOOBI BOABI MOJKUCISIIN
a3oTHOM kuciaotol 10 pH= 1 u BeIEp)uBanIu
nepen anamu3zoMm 10 9.

YcranosneHo, uto copbent AJIK xoporio
3aep)KUBAET  HEOPraHWYECKHE  COEIWHEHWS,
B COCTaB KOTOPBIX BXOAWIM 3KeJIe30, MapraHell
n amomuaui. Cofiep>kaHue METaJUIOB B PacTBOPE
B XOJIC ONbITA YMEHBIIWIOCh COOTBETCTBEHHO
BS54, 50m32 pa3za BCpaBHEHHH C HUCXOJHBIM
coaepxaHueM (Tadnuia 2).
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Tabonuna 2.

CopneprkaHre cojeil HeKOTOPBIX METAIJIOB B BOJIE A0 U ITOCIIE TPOITYCKa Yepe3 KOJIOHKY
¢ aMOp(HBIM THOKCHUIOM KPEMHUS

Table 2.

The content of salts of some metals in water before and after passing through a column with amorphous silica

Copepxanue, mr/in | Content, mg/1
Conu MeTaiia — — I1JIK B BOsE, MI/TT
Ucxonnsrit pacTBOp OnBITHBINA PacTBOP .
Salts S . . . The max perm. conc. in water, mg/l
Initial solution Experiment solution
Al 1,900 0,060 0,500
Mn 0,700 0,014 0,100
Fe 1,800 0,033 0,300

Amnanmu3 mporeccoB mecopormn B AJIK He-
00XOIMM TIPH €ro WCIIOJIb30BAaHUU B YCIOBHSIX
JUINTENBHOMN BBIIEPKKH, YTO XapaKTEpHO NI CO-
BPEMEHHBIX MHUILEBBIX TEXHOJIOTUH. 711 mpoBepKHu
BO3MOYKHOH JeCOpPOITNHN XUMHYCCKUX COCTUHEHUH
W3 HCIOJIb30BAHHOTO COpOEHTa NMPOBEJEH OIIbIT,
MIpU KOTOPOM H3y4YaloCh U3MEHEHHUE COJEepHKaHUs
TSDKEJBIX METAJJIOB B BOJIE TTOCIIE BBIACPIKKH B HEl
paHee ucHoib30BaHHOro 1t ounctkun  AJIK

C OIPEIETICHHBIM COAEPKaHWEM IAaHHBIX 3arps3-
HuTened. Pe3ynpTarel aHanm3a oOpasmoB BOIBI
UCXOIHOU (KOHTPOJIb) M MOCNE BBIACPKKU B HEH
WCTIOJNIb30BaHHOTO B XOJI€ OYHMCTKH COpOeHTa
CBUJIETENILCTBOBAIN O IPOTEKAaHUU ABYX IPOTHUBO-
MOJIOXKHBIX TPOLECCOB: COPOLUM OTpeIeIEHHBIX
HOHOB M3 BOABI U BBIMBIBAHWU B BOAY HCKOTOPBLIX
MeTajuroB (Tabmura 3).

Tabnuna 3.

ConeprkaHre TSDKEIBIX METAIIOB B BOJHOM BRITSDKKE M3 copOenTa AJIK depe3 1 CyTKU BBIIEPKKH

Table 3.

The content of heavy metals in the aqueous extract of the adsorbent ADC after 1 day of exposure

Merann KonTtpons, (mr/m) Boanas BeITsDKKA 13 copOeHTa (MI/71) ITAK B Boze (Mmr/m) mo [14]
Metal Control, (mg /1) Water extraction from the sorbent (mg/l) The max perm. conc. in water, mg/I
Cd 0,0006 0,0008 0,0010
Hg 0,0003 0,0004 0,0005
Pb 0,0220 0,0250 0,0300

PesynbTatel, nmpeacTaBieHHble B TA0IUIE 3,
CBUJETEILCTBYIOT O TOM, YTO IIPEBBIIICHHE
HOPM TSl TUTHEBOM BOJIBI TIO COJIEPIKAHUIO TsDKe-
JIBIX METAJIJIOB IOCJIE BBIACP)KKH HE YCTaHOBJICHO.
Konnentpamus Tspkeiablx METalIoB COOTBETCTBO-
Bana TpeboBanusMm CanlluH 2.1.4.1074-01
nT'OCT P 51232-98 «Boga mnmurheBag. OOmme
TpeOOBaHMS K OPraHU3allul U METOJaM KOHTPOJIS
KadecTBa». TakuM o0pa3oM, lecopOnus He OKa3bl-
Bajla CYIIECTBEHHOTO BIMSHHUS Ha COJIEpIKaHHUE
TSKEJBIX METAJIOB B BOJIE.

Bonpockl ytunuzanmym copOeHTa BaKHBI
B YCIIOBHSIX MEPEPa0OTKUA OTXOJIOB B TEXHOIIOTHSIX
ourictku. ns bonee 3ddexkTuBHOrO BeACHUS
TaKoro Tmpoliecca HEOOXOAMMO 3HATh XapakTep
CBSI3U BJIarM B COPOCHTE C ONpe/eleHUEM TeMIIe-
paTypHBIX UHTEPBAJIOB, IIPU KOTOPHIX IPOUCXOAUT
neruapartanus. s 5TOro MPUMEHWIH  METOH
CHHXPOHHOTO TEPMUYECKOIO aHajin3a, KOTOPBIH
MTO3BOJISIET BBISIBUTH JAHHBIE O MEXAHMU3ME BIIaro-
YAQJIeHHs, YCTAaHOBUTH TEMIEPAaTypHBIE WHTEp-
BaJIbl, @ TaK)Xe KOJIMYECTBO BIIATH, yJIaIseMOH U3
marepuana [1-3]. HccnemoBaHusi HOpOBOAMIKCH

Jlnst cBsi3u ¢ penakuueit: post@vestnik-vsuet.ru

Ha IpUOOpEe CHHXPOHHOTO TEPMHUYECKOTO aHAIIN3a
monenn STA 449 F3 Jupiter (NETZSCH, I'epma-
HUsA) (puCyHOK 1) c mepskarenem oOpasma Tuma S
B QJIIOMUHUEBOM THUIJIE C IPOKOJIOTOM KPBIIIKOM.
W3mepeHnst  OCyIIECTBISUTUCH B CpeAe  a3oTa
knacca 5,0 (pacxox akruBHOro raza 40 m/muH, 3a-
IMTHOTO — 20 MII/MUH).

[NpuHIM paboThl TEPMUYECKOrO aHAIH3a-
TOpa OCHOBaH Ha HETIPEPHIBHOW PErMCTPAIN 3aBH-
CHMOCTH U3MEHEHHsI MacChl MaTepralia OT BpeMEHH
WM TEMIIEPATyPhl IPU €ro HarpeBaHUM B COOTBET-
CTBHH C BBIOpAaHHOI TeMIepaTypHOU MporpaMMoin
B 3aJlaHHOM Ta30B0oi armMochepe [4-11].

OnHOBPEMEHHO PErUCTPHUPOBATIOCH BHIJIETICHHE
WJIM TIOTJIOIICHHUE TeroThl 00pasiioM AJIK, o0ycios-
JieHHoe (a3OBBIMU TIEPEXOJIAMH HITA XUMHUYCCKIMHU
peakmusivu [3]. MccrmenoBanuss TIPOBOIIIHA TIPH
CIEeIYIOIMNX PeXUMAaxX: NaBJIeHHE — aTMOC(hEPHOE,
MakcuManbHas Temreparypa — 588 K, ckopocTb
u3MeHeHus: Temrepatypbel — 5 K/muH. OnbIThl
MPOBOJMIINCH B aJIOMHUHUEBBIX THIJISX C oOLIeH
Maccoi HaBecku 12 mr.
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Pucynox 1. [Ipubop cuaxponHoro TepMuueckoro aHanuza moaean STA 449 F3 Jupiter

Figure 1. Simultaneous thermal analysis device STA 449 F3 model Jupiter

Ha pucynke 2 moka3aHsl pe3yjbTaThl,
TIOJTyYCHHBIC B XOJI€ BBIMOJTHEHUS CHHXPOHHOTO
TEPMUYECKOT0 aHaJIu3a: KpUBask H3MEHEHUSI MaCChl
Mateprana TI', KpuBas CKOPOCTH HW3MEHECHHS
maccel  JTI, kpuBas U3MEHEHHsS TEIUIOBOTO
notoka JICK, kpuBast u3MEHEHUSI CKOPOCTH TEILIO-
Boro moroka dJICK. Kak Bumno Ha kpusoit TT,
B IIPOIIECCE HAarpeBa Marepuaja Ha0JIIoIaeTCs

T /%
TG /%

MOHOTOHHOE YMEHBIICHHE Macchl 00pasla, 4YTo
cBA3aHo c norepeid Biard. C Henpi0 MOTYy4YEHHS
rpa@uueckodl  3aBHCHUMOCTH,  OTpakKarouiei
3aBHCHUMOCTh H3MEHEHHsS MAacchl Marepuana
OT TeMIepaTypsl, OblJla HMCIOJIb30BaHA YacTh
KpuBOM H3MeHeHus macchl TI', cOOTBETCTBYIO-
el npoueccy AeruapaTalnui.
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PucyHnok 2. DxcniepuMeHTaIbHBIE 3aBUCHMOCTH HU3MEHEHHS MacChl 00pasma: KpuBasi H3MEHeHHUS Macchl MaTepuana 11
KpuBas ckopoctu m3meHeHust Macchl JITT; kpuBas uamenenus temiooro noroka JICK; kpuBas U3MEHEHHs CKOPOCTH

termaoBoro noroka dJJCK

Figure 2. Experimental dependences of the sample mass change: the mass curve of the TG; material, the mass change rate
curve of the DTG; the DSC heat flux change curve; the heat flow rate change curve dDSC

272



Becmuux BTYHIIT/Proceedings of VSUET, III. 81, Ne 1, 2019

CrenieHp M3MEHEHHUS MAacChl G PaCCUUTHI-
BQJIM KaK OTHOIICHHE M3MEHEHHS MAacChl MaTepH-
ama Am K oOmeMy KOJNHYEeCTBY BIIard, KOTOpas
HaXOIUTCA B Marepuane Amiosu:

Am

a=——-.:
Am g,

[lony4eHnHast 3aBUCUMOCTD (PHCYHOK 3) OT-
pakaeT CIOXHBIM XapakTep B3aUMOJEHCTBUS

1,0
0.8
0,6

0.4

a /(mr/mr)
a /(mg/mg)

BJIard U CyXHX BELIECTB B MaTepHalie U IpeAarnoa-
raeT Ha pa3HbIX Yy4YacTKax IOJYYEHHON KpUBOU
pasin4ue B CKOPOCTHU JerHApaTaLuy.

s onpenenenust 6ojee YSTKUX HHTEpBa-
JIOB TEMIEpaTyp Y NMOIydeHus 6osee moapoOHOTO
MEXaHU3Ma YAaJeHUs BJard, a TakkKe KOJIMYecTBa
BJIary, yJalsieMOH U3 MaTepHaa, HCIoIb30Bajlach
KpHBast 3aBucuMocTH (-lga) ot Bemmuunbsl 1000/
(pucynok 4), tne T=273 +1.

o
b
-4

75 100 125

Temneparypa t/ (°C)
Temperature t / (°C)

PucyHok 3. 3aBUCUMOCTB CTEIIEHU M3MEHEHHSI MacChl o OT TEMIIEPATYphl ¢ MaTepuaja MpH HAarPEBaHUU CO CKOPOCTHIO

5 °C/muH
Figure 3. The dependence of mass a change degree on the temperature ¢ of the material being heated with at 5 °C/min speed
2,0
18
W 11| 1 I
1,3
g
&
— 1,0
0,8
0,5
0,3
0,0
2,5 2,6 2,7 2,8 3,0 3,1 32 3,3 34

1000/T

Pucynox 4. 3aBucumocts (-lga) ot Benmmuunst 1000 / 7' ipu HarpeBaHUH CO CKOPOCTHIO TOIbEMa TeMieparypsl 5 °K/mun
Figure 4. The dependence of (-lg o) on the value of 1000 / T being heated with a rate of temperature rise of 5 °K/min

3akiIouenue

B xone uccnenoBaHuil ¢ MOMOIIBIO COBpeE-
MEHHBIX METOJIOB ObLT U3Y4eH XUMHUYECKHIA COCTAB
U cBOiicTBa copOeHTa. JleTalbHO HCCIICI0BaHbI

Jlnst cBsi3u ¢ penakuueit: post@vestnik-vsuet.ru

COpOIMOHHBIE CBOMCTBA TSHKEIBIX MeTaoB. [Ipo-
BEJICHHBIN TEPMUUYECKUN aHAIU3 MO3BOJUJ OIpe-
JIETIUTh TEMIIEPATypPHBIE 30Hbl yIAJICHUS BIIArd U3
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