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Abstract. The paper is devoted to the problem of purification of gaseous fuels used in thermal power
plants. It is not uncommon for stations to use gaseous waste from petrochemical enterprises as an ad-
ditive to the main fuel as part of a resource-saving policy. However, natural gas and gaseous waste
need to be pre-cleaned of sulfur compounds to reduce the operating load on equipment and reduce the
negative impact on the environment. The purpose of this article is to develop and justify the choice of
a sorption material with a high sulfur content and physical characteristics that meet the requirements
of GOST. This goal is achieved through the implementation of the following tasks: analysis and selec-
tion of components of sorption materials based on TPP water treatment sludge, activation of waste
from the plant's water treatment plant, preparation of complex compounds with different percentages
of the main active substances, determination of the synergistic effect between the components of the
composition. The most important results are the determination of the balance between an effective
combination of components in a composition that provides a high sulfur content; the definition of a list
of metal oxides that can increase the absorption capacity of sulfur compounds; the development of an
adsorbent with a high sulfur content and acceptable physical characteristics. The significance of the
results obtained lies in the fact that the proposed desulfurization method is not only economically fea-
sible, but also environmentally beneficial due to the reuse of station waste. The conducted research has
made it possible to expand knowledge in the field of purification of gaseous fuels from sulfur com-
pounds and identify effective adsorbent components that increase sulfur capacity.
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Razumat. Lucrarea este dedicata problemei purificarii combustibililor gazosi utilizati in centralele termice. In
cadrul unei politici de economisire a resurselor, nu este neobisnuit ca centralele sa utilizeze deseurile gazoase
provenite de la intreprinderile petrochimice ca aditiv la combustibilul principal. Cu toate acestea, gazele naturale
si deseurile gazoase trebuie sa fie curatate in prealabil de compusii de sulf pentru a reduce sarcina de functionare
a echipamentelor si a reduce impactul negativ asupra mediului. Scopul acestui articol este de a dezvolta si justi-
fica alegerea unui material de sorbtie cu un continut ridicat de sulf si caracteristici fizice care Indeplinesc cer-
intele GOST. Acest obiectiv este atins prin punerea in aplicare a urmatoarelor sarcini: analiza si selectarea com-
ponentelor materialelor de sorbtie pe baza namolului de tratare a apei TPP, activarea deseurilor din statia de
tratare a apei a instalatiei, prepararea compusilor complecsi cu diferite procente din principalele substante active,
determinarea efectului sinergic intre componentele compozitiei. Cele mai importante rezultate sunt determinarea
echilibrului dintre o combinatie eficientd de componente intr-o compozitie care ofera un continut ridicat de sulf;
definirea unei liste de oxizi metalici care pot creste capacitatea de absorbtie a compusilor sulfurosi; dezvoltarea
unui adsorbant cu un continut ridicat de sulf si caracteristici fizice acceptabile. Semnificatia rezultatelor obtinute
constd in faptul ca metoda de desulfurare propusa nu este doar fezabila din punct de vedere eco-nomic, ci si
benefica pentru mediu datorita reutilizarii deseurilor statiei.

Cuvinte-cheie: combustibil gazos al centralelor termice, deseuri petrochimice, purificare de compusi ai sulfului,
adsorbant, ndmol de tratare a apei.
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JKcnepuMeHTAIBHbIE HCCIET0BAHUS 2/ICOPOEHTOB CEPOBOA0OPO/A HA OCHOBE HIJIaMa
BOJONOATOTOBUTEIbHOH ycTaHOBKHM TIC
®dunumonoBa A.A., Biacora A.JO., Kamanuesa P.®.
Kaszanckuii rocy1apcTBEeHHbIN 3HEPreTUYECKUN YHUBEPCUTET
Kasans, Poccuiickas @enepanus

Annomayua. Pabota mocssmeHa npodieMe OYUCTKH Ta3000pa3sHOTO TOIUIMBA, MCIIONB3YEMOTO Ha TETIOBBIX
3NIEKTPUYECKHUX CTaHIMAX. He peaKo B paMKax HONUTHKH PECYpcOCOEPEKEHNS HAa CTAHIMAX TAaKXKe UCIIOIB3YIOT
ra3000pa3Hble OTXOAbl HEPTEXMMHYECKHX NPEINPHUITHII B KadecTBE M00aBKM K OCHOBHOMY TommBy. Ho
NPUPOJHBIN ra3 U ra3o00pa3Hble OTXOJbl HYXKIAIOTCS B IPEIBAPUTEILHON OUYUCTKE OT CEPHUCTBIX COEINHEHUH
JUI CHIDKEHUS HKCIUTyaTal[MOHHON Harpy3ku Ha oOOpylOBaHME M YMEHBIIEHHE HEraTUBHOTO BO3AEHCTBUS Ha
oKpyXxatouryto cpeny. Llenpro naHHOW cTaThu sBIsieTCsl pa3paboTka W 00OCHOBaHME BBIOOpA COPOLIMOHHOTO
Mmarepuaia C BBICOKOH CEpOEMKOCTBbIO M  yaoBierBopsiomux TtpeboBanusivm ['OCT  dusnueckum
xapakrepuctukam. [loctaBiieHHas 1esb JOCTUTAETCs 3a CUET pealu3aliy CIEAYIONNX 3aad: aHAInu3 U oa00p
KOMIIOHCHTOB COp6HI/IOHHLIX MaTepuaJioB Ha OCHOBE IIaMa BOIOIIOATOTOBKHU TBC, aKTHUBallUsg OTXO0Ja
BOJIONIOATOTOBUTEIBHOW YCTAaHOBKH CTAHIIMH, TPUTOTOBJICHHE CIO)KHOKOMITOHEHTHBIX COCTaBOB C PAa3IMYHBIM
MPOLIEHTHBIM CO/IEP’KaHUEM OCHOBHBIX AKTHBHBIX BEIECTB, ONpPEIEICHUE CHHEPIeTHYECKOro d(QeKTa Mex1y
KOMIIOHEHTaMH cocTaBa. HanOosiee BaXKHBIMH pe3yJbTaTaMH SBISIOTCS OIpEJEIeHHEe OalaHca Mexay
3¢ deKTHBHOI KOMOMHANMEH KOMIIOHEHTOB B COCTaBE, 00ECTICUNBAIOIINI BHICOKYIO CEPOEMKOCTD; OTpE/IeNICHNE
MepeyHss OKCHAOB METAJIOB, IO3BOJIIOIIMX YBEJIMYMBATH IOTJIOMAIONIYIO CIIOCOOHOCTH IO CEPHHUCTHIM
COCMHEHUsIM; pa3paboTka aacopOeHTa ¢ BBICOKOM CEPOEMKOCTBIO W NPUEMIIEMBIMH  (H3MYECKUMH
xapakrepucTukamu.  JloCTIKEHHE ~ JaHHBIX ~ PE3YJIbTaTOB  IIO3BOJMJIIO  pa3paboTaTh  pelenTypy
BbICOKOA((pekTHBHOTO ajcopOeHTa ¢ coJep)KaHWEM MUIaMa BOJOMOJATOTOBHTENHHOM YCTAaHOBKU CTaHIIUH,
npocruratomuM 50%, 4TO 3HAYMTENBHO CHHXKAET €ro ce0eCTOMMOCTh M YACIICBISET IMPOIECC MOATOTOBKU
TOILIMBA. 3HAYMMOCTD TOJIyYEHHBIX PE3YJIbTATOB COCTOUT B TOM, YTO MPEJIOKEHHbII criocob aecyibdypusannu
ABJISICTCA HE TOJBKO 3KOHOMHUYCCKH uenecooGpa3HHM, HO M JKOJIOTUYECKH BBITOJAHBIM 3a CYET MOBTOPHOI'O
UCIIONIb30BaHMS OTXOJa cTaHUMH. I[IpoBeneHHbIE HCCIeOBaHHS IO3BOJIMIIM PACUIMPUTh 3HAHUS B 00JACTH
OYMCTKH Ta3000pa3sHOT0 TOIUIMBA OT CEPHUCTBIX COEAMHEHWH W ompenenuTh 3()(EKTHBHBIE KOMIIOHEHTHI
ajzicopOeHTa, KOTOPBIC MOBBIIIAI0T CEPOSMKOCTb.

Kniouegvie cnoga: ra3000pa3HOE TOIIMBO TEMJIOBBIX AIEKTPHUECKUX CTAHIMH, HE(PTEXUMHUIECKHUE OTXOJBI,
OYHCTKA OT CEPHHUCTHIX COSIUHEHHH, aACOPOEHT, IUIaM BOJIOTIOTOTOBKH.

BBEJIEHUE olecrieunBass  SHEPrETHUECKYI0  aBTOHOMHUIO,
CHIDKas HEraTUBHOE BO3/IEIICTBHE Ha
TemnoBeie amekTpudeckue cranuu (TOC),
OKPY>KaloILyI0 cpeny. [Tockonbky

paboTaromue Ha Tas3e, HYKIAIOTCI B €ro
MpeIBAPUTEIHHON OYMCTKE OT 3arpsA3HEHUN s
oOecrieyeHnsT  DKOJOTMYECKH  YHUCTOr0 |
3 peKTUBHOTO TMpoIecca TeHepaIluyd YHEPTHUH.

TpaZWLMOHHBIE MCTOYHWKH DHEPTHMH BCE 4Yallle
CTaHOBSATCS MpUYUHON 3arpsi3sHEHUS u
HCTOILEHHs] IIPUPOAHBIX PECYPCOB, MEPEXO] Ha

allbTEPHATUBHBIE  BApPUAHTHI TakKhe  Kak
Cormacio T'OCT  5542-2014  maccosas P P >
ra3o00pa3HbIe OTXOABl  HE(PTEXUMHUCCKHUX
KOHIICHTpAIMs ~ CepOBOJOpPOJAa HE  JOJDKHA
3 MIPOM3BO/ICTB, CTAHOBUTCS 0CO00EHHO
npeBbiath 3HadeHus 20 mr/m’. CopepikaHue
AKTyaTbHBIM peIICHHEM. Ot OTXOJBI

Cepbl M WHBIX IpUMeceil B TOIUIMBHOM Ta3e . .
XapaKTepU3YyIOTCS  BBICOKOW  TEIUIOTBOPHOMU

HETaTUBHO CKa3bIBaThCS Ha pabote

CHOCOOHOCTBIO M MOTYT OBITh HCIIOJIb30BaHEI
obopymoBaHUs, CHIDKAs ero

JUISE TEHEPAIuK SJCKTPOSHEPTUU HA TETUTOBBIX
MPOU3BOAUTEIHHOCTh W YBEIIMYMBAS 3aTPaThl HA .

CTaHIUSIX. Pa3BUTHE TEXHOJIOTUI BTOPHYHOTO
PEMOHT. [Toatomy UCTIOJIb30BaHUE

WCIIOJIb30BaHUsI PECYPCOB MO3BOJISIET HE TOJIBKO
NOBBIIATh  3(PPEKTHBHOCTE  IHEPTETHYCCKUX
[IUKJIOB, HO W TIOJJEPKHWBAaTh CTPEMIICHHE K
co3maHnio Ooilee YNCTOM W  yCTOMYMBOI
9HEPTreTUUECKON CHCTEMBI OYAyILero.
Hcmonp30Banue Kak TOIUTUBHOTO Tra3a, TaK U
ra3000pa3HbBIX OTXOJIOB HaKIIaJbIBaCT
TpeGoBaHUs Ha OCYIIIECTBJICHHUE
NpeABapUTEIbHON OYHCTKH C [PUMEHEHHUE
CcOpOIMOHHBIX MeToA0B. Hambomee ¢ hekTHBHBI
U TPOCTBl C TEXHOJOTMYECKOH TOYKU 3PEHUS
a7cOpOLIMOHHBIE METO/ABl OYMCTKH. B kauecTse

ra3o000pa3HOTO TOIDIMBA TPeOYyeT OpraHU3aIH
NpEIBAPUTEIBHON OYHCTKU OT HEXKeIaTeIbHBIX
KOMITOHEHTOB.

B nacrosiee BpeMs B Ka4eCTBE TOIUIMBA IS
TOC w™Moryr OBITh TaKXe HCIONIH30BAHBI
ra3oo0pa3Hble HE(PTEXUMHIECKHE OTXOABI, YTO
OTKpBIBaE€T HOBBIC TOPU3OHTHL B 00IacTH
YCTOWYMBOTO  pa3BuTHA U 3(P(HEKTUBHOTO
yrpasieHus pecypcamiu. ['a3000pa3Hble OTXOIBI,
oOpasyromuecst B mpolecce KaTaTUTHYECKOH U
TEPMHUYECKOW TMepepadoTKu He()TH, MOTYT CTATh
[EHHBIM SHEPTreTHYECKUM pecypcom,
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a7cOpOEHTOB UCTIOJB3YIOT MaTepUaTbl
Pa3IMYIHOTO JCUCTBHS: (U3MUESCKAs ajcopOIus,
xeMmocopOIms, KomMOuHUpoBaHHBle. Ho Ha
CETOMHSIIHUI JCHb BHEJIPCHHUE OC30MMAacHBIX W
pecypcocOeperaronux METOJIOB Tpedyer
pa3paboTKM  HOBBIX  MaTepUalioB, KOTOPHIE
MO3BOJIAT ~ BHINTHM HAa  HOBBIM  YPOBEHBb

MIPOMBIIIUIEHHOW HENTPAIBHOCTH.

1. OB30P JIUTEPATYPBI

B HACTOAIICC BpEMs HC BCC MPOMBIIIJICHHBIC

TpEANPHUSITHS, 3aWHTEPECOBAHHBIC B
3 pexTUBHOMH OYHCTKE oT CEPHHUCTHIX
COCTMHCHUH, o0iamaroT COBPEMEHHBIMU
YCTaHOBKaMH CEPOOYMCTKH, KOTOpPBIE
COOTBETCTBYIOT TpeOOBaHMSAM CTaHAApTOB. Jlist
JTAHHBIX MIPEITPUATHI AIBTEPHATUBHBIM
pelieHneM SIBIISICTCS UCTIOJIb30BaHUE
a7ICOPOITMOHHBIX 0J10KOB c 3aCBITTKOU

oA yHKIIMOHATBHBIX MAaTepUaloB, KOTOPEIE
COYETAIOT B c€0€ HECKOJIBKO CBOICTB.

[Tpu pa3paboTKe HOBBIX TEXHOIOTUH OYHCTKH
C TpUMEHEHHEM COBPEMEHHBIX MaTepHaJIOB
HEOOXOOUMO  OpPHUEHTHPOBATBCS  HA  TaK
Ha3bIBaeMbIi 3Konornueckuii xkospduuueHt E,
kotopsid BBen Pomxep Lllennon [1]. Cormacuo
JaHHOMY KO3((UIMEHTY, YUUTHIBACTCSA OLIEHKA
BO3/ICHCTBHS MPOU3BOICTBEHHBIX MPOLIECCOB Ha
OKpY’KaloIllyl0 Cpely, a pacuyeTHOe 3HAayeHUue
JAHHOTO KO3 (UIMEHTa HAXOAUTCS C MTOMOIIBIO
OTHOIIECHHUS KOJIMYECTBA OTXOJ0B Ha KHJIOTPAMM
MOJIE3HOT0 MPOAYKTa. [ CHMXKEHHs JaHHOTO

koopduimenta B pamMKax — TpEANIPHUATHIA
TOIUIMBHOTO  CEKTOpa AaKTyaJdbHBl PpELICHHA
pecypcocOepekeHHs u ITOBTOPHOTO

HCIIOJIb30BAHUSI OTXOJIOB B IMPOMBIIIJICHHOM
LUKJIE, OTXOJbl OJHOTO TMpolecca SABIAIOTCS
CBIDBEM ISl TIONYYEHHs TOJE3HOTO IPOIYKTA.
Hennbim otxomom Ha TOC 1 MOBTOPHOTO

HCIIOJIb30BaHUA ABJISICTCA anIamMm
MpeABaPUTEIBLHOMN OYHCTKH, KOTOPBIA
MpENCTaBIsieT  COOOW  CIIOKHBIM  COCTaB,

NPEUMYIISCTBEHHO COCTOSIIMA K3 KapOoHaTa
KaJIBINs], COeTMHEHM Kele3a, alfOMUHUSI.

Jns  pemieHWsT BOMPOCOB CEPOOYHCTKH C
NPUMEHEHUEM  aJCOPOIMOHHBIX  TEXHOJIOTHI
paccMaTpUBaIOTCS MaTepHabl c
WCTIOJb30BaHIEM KOMITJIEKCHBIX COSIMHEHUN Ha
OCHOBE TIEPEXOJHBIX METAIJIOB, Takux Kak: Cu,
Ni, Co, Fe, Zn [2-3]. DddexTuBHOCTD
anCOpOITMOHHON AeCyIb(ypHU3aIlii 3aBUCHT OT
CEPOEMKOCTH, aJCOPOIMOHHON CEIeKTHBHOCTH,
CIOCOOHOCTH K  pereHepaluy, TOPUCTOCTH,
YIEIbHONH  TOBEpXHOCTHM  marepuana. Jlua
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MPOMBIIIUIEHHOCTH JAaHHBIA CHOCOO OYMCTKH
NPEANOYTUTENICH 32 CYET IPOCTOTHI TEXHOJIOTHH,
HU3KUX KalmUTAIbHBIX M OKCIUTyaTallOHHBIX
3aTpaT, JIETKOW ajanTalu oA JI0OYyIo
MOIIHOCTb MPEANPHUATHS. YUYHUTHIBAas BBICOKUI
NOTEHIUAN aJCOPOLMOHHBIX TEXHOJIOTUH Ay
OYMCTKH  YTJIEBOJOPOJHOTO  Tra3000pa3HOTo
TOIUTMBA OT CEPHHCTHIX COEAMHEHHH, 0coboe
BHUMaHHE  YAEISIETCS  CO3AaHUI0  HOBBIX
BBICOKO3()()EKTUBHBIX a7cOpOUPYIOLINX
MarepyasioB. B coBpeMeHHOW  Hay4yHOU
JUTEpaType MOCTIETHUX JeT AKTUBHO
00CYXIAI0TCSI ME30MOPHUCTBIE CTPYKTYPBI U HX
KOMITO3UTBI, KOTOPBIE  HCIIOJB3YIOTCS ISt
CEepPOOUHCTKH [4-6].

B nporecce IPUTOTOBJICHUS
aZIcOpOIIMOHHOTO COCTaBa 3a CYEeT BapbUPOBAHUS
KOJINYECTBEHHOTO  COOTHOIICHHUSI  aKTHBHBIX
AJIIEMEHTOM MOXXHO TIOIyYUTh MAaTepUaNbl C
Pa3IMYHBIMA (hM3UKO-XUMUYECKIMH
cBolicTBaMH. B suTeparype  BcTpedaercs
uHpOpMAIMA, YTO TPU HAIUYMA B COCTaBe
OKCHUJIOB TIEPEXOJIHBIX METAJIOB, CEPOEMKOCTh
YBEJINYUBAETCS 3a cyer MTOPUCTOCTH
MOJTy4YEHHOT'0 MaTepuaa.

B pabGorax aBTOpoB [7] OBITH paccMOTPEHBI
COpOEHTBI €  pa3IMYHBIM  COOTHOIICHUEM
aKTHUBHBIX DJIEMCHTOB Zn/Mg, HaHECeHHbIE Ha
MaTpUIly METOJIOM TMPONMUTKH. B KadecTBe
aKTUBHBIX COCJUHEHUH WCIIOIH30BATN HUTPATHI
OUHKa | MarHusi ¢ MOCIIEAYIOLTIM
npokanuBaHueM mpu temmneparype 350 °C. Ilpu
MPOKaTUBAaHUH HUTPATHI MTOJIBEPTAIHCH ITOTHOMY
PazIoKEHUIO Ha OKCH/JIBI METaJIJIOB.
Hccnenosanue a/IcCOpOLIMOHHBIX U30TEepPM
MOKa3aj10, YTO OKCHABI METAIJIOB, HAHECEHHBIE
Ha  TIOBEPXHOCTh,  CHWKAIOT  TIOPHCTYIO
CTPYKTYpYy alucopOcHTa. YBeIHueHHE MOJIbHOU
momu  MgO  cmocoOCTBOBaJIO  YMEHBIIIEHHUIO
YAETBbHOW  TOBEPXHOCTH W TOPHUCTOCTH
Marepuaja, 4TO OOBACHSETCS 3aKy[MOpHUBaHUEM
MHUKPOTIOp  OKCHIOM MarHus H  POCTOM
MOKa3aTeNs ME30TIOPUCTOCTH.
PentreHorpaduueckuii  aHauM3 IMOBEPXHOCTU
aZcopOEHTOB IOCNie  Mpolecca  aAcopOouuu
nonTeepann B3anmopeiicteue ZnO ¢ HsS, torma
kak MgO He BeTymal B peakmuio ¢
CEpOBOAOPOIOM NIPH KOMHATHOW TeMIepaType.
C 1OMOIIBI0 CIEKTPAIbHBIX METOAOB OBIIO
YCTaHOBJICHO 00Opa3zoBaHHMe ZnS, AIIEMEHTapHOMN
cepel W cynb(daToB B TpoLEcce yAATCHUS
cepoBogopona. Ilpu BapbUpOBaHMK MOJIIPHOTO
COOTHOIIICHHUS OKCHJIOB MarHusi W IUHKa ObLia
JOCTUTHYTa  BBICOKash  CTENEHb  yAaJeHHs
cepoBoyopoaa (113.4 mr/t) copbeHTOM.



PROBLEMELE ENERGETICII REGIONALE 1 (65) 2025

B nuTepaTypHBIX ~ HMCTOYHHKAX  4acTo
BcTpeuaeTess uHGOpManus 00 3(pGhEeKTUBHOCTH
VIABIMBAHUS  CEPOCOJICPIKAININX  COCAMHEHHUN
aZcopOCHTOM Ha OCHOBE OKCHIA IIMHKA.
ABTOpOM [8] OBLIO MIPEIIOKEHO
MaTeMaTHYecKoe MOJICJIMPOBaHKe  Ipoliecca
B3aMMO/ICHCTBUS OKCcHJIa IIUHKA c
cepoBogoponoM. JlaHHBIN mporecc BKIOYAET
HECKOJIBKO ITaIOB:

— muddys3us monekyn HoS kK moBepxHOCTH
OKCH/Ia ITUHKA,;

— XHMHYECKOE B3aUMOJICHCTBHE Ha TpaHUIIC
MEXTY popearupoBaBIIUM cioeM
XEeMOCOpOeHTa H €ro HelmpopearupoBaBIICH
YacThIO;
muddy3us
ra30BBIN TIOTOK;
BHEJIPECHUE Cynb(hUI-UOHOB B
TeKCaroHAIbHYI0 KPUCTAUTMYECKYIO PEIEeTKY
OKCHJIa IIMHKA C MOCIEAYIONM IEPEX0J0OM B

oOpa3oBaBIieiicss BOIBI B

KyOHn4ecKyro CTPYKTYpPY ZnS, 4TO
COTPOBOX/AETCS YMEHBIIEHHEM TOPUCTOCTH
XEMOCOpOCHTA.

ABTOpHI [9] H3y4dyalld  BO3MOYKHOCTH
MOIU(PHUKALUT YTIEPOAHOTO azcopOeHTa

OPOIUTKOW PAacTBOPOM HUTpaTa MarHusi C
MOCIEAYIONIeH TMPOKAKOH TpH TeMIepaType
400 °C. HccnemoBaHusl TmOKa3zaidd, 4YTO IIOCHE
NPOMUTKU CYIIECTBEHHO CHUXKAETCSI IOPUCTOCTD
NPOMUTAHHBIX 00pa3loB, 3a CYET 3aIlOJHEHUS
mop Oonee TsKeNBIMH OKcumamu. Ho ¢
MOMOIIBIO aJCOPOIMK a30TOM TaKXe JO0Ka3aHo,
yro  o0Opasell  COXpaHSeT  ME30MOPHUCTYIO
CTPYKTYPY C BBICOKHM 00BeMOM mop. bomsrioe
KOJIMYECTBO TMOp B  COpOEHTax  MOXET
3¢ dEKTHBHO MOTJIONIATh MPOIYKTHI
JieCCyIb(pypHu3aIum, 4TO CIOCOOCTBYET
MOBBIIIICHHIO WX  aJICOPOIMOHHON  €MKOCTH.
UccnenoBanne  crmocoOHOCTH — acOpOEHTOB,
MOJU(QHUIMPOBAHHBIX HEOPTaHHYECKUMHU COJISIMH
W [IeroYaMH,  TPOJEMOHCTPHPOBAIIO WX
BBICOKYI0 3(dexTuBHOCT, B ynaneHun HsS.
AncopOnroHHast CIOCOOHOCTh ITHX MaTePHUAIOB
B 4-6 pa3 TMpeBOCXOAUT  TakOBYH ¥y
TPaJULUOHHBIX TPOMBIIUIICHHBIX COPOEHTOB,
OCHOBaHHBIX Ha aKTUBUPOBAHHOM YTJIE.

B pabore [10] moka3aHO, YTO CEPHHUCTHIC
COCIMHEHHs]  CBS3BIBAIOTCS C  MOMOUIBIO
KOMITIIeKcooOpasoBarene, Takux kak muHk (I1)
i xene3o (III). AnamorndyHbIe WCCIEIOBAHMS
ObUIM TPOBEAEHBI IO BKIIOYECHUIO OKCHIIOB
xkemneza (III) B cocraB  amcopOIMOHHOM
Komro3unmy. ViccnenoBanus mokas3aiy, 4To MpH
YBEJIMYEHUH TeMIlepaTypbl B aAuanazoHe ot 100
no 300 °C cepoeMKOCTh MOBBIIAaeTcs. Takxke
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BAKHBIM KpUTEPHUEM IS CBSI3BIBAHUS
CCPHUCTBIX COCAMHECHUH SBISICTCS TO, 4YTO
UCIOJb3yEMbIH METa/UT JIOJIKEH HaXOIUThCS B
BBICIIIEH CTEIEHN OKHUCIICHHUS.

BBeneHne OKCHIOB METAIIIOB MM UX CMecei
B TOPHUCTBIE CTPYKTYPbl COPOCHTOB YCHJIMBAET
CIocoOHOCTh K ancopOmmu cepoBomopoaa (HaS)
JaKe TpU HHU3KUX TeMIlepaTypax Omarojaps

0o0pa3oBaHHMI0  TPOYHBIX  CBsI3EH  MEXIy
MeTauioM W cepoil. OmHako W3OBITOYHOE
KOJIMYECTBO OKCH/Ia METAlIa MOXKET MPUBECTH K
3aKylOpKe IOp HJIM arperalyy YacTHIl, YTO
CHIDKAET 3¢ (HEeKTUBHOCTD mporecca
necynbypauuu. Ilostomy cozganue Oonee
COBEPIICHHBIX  TMOPHCTBIX  MATEPUAIOB  C

YBEJIIMYCHHBIMHU IyCTOTAMH WJIM KaHajJaMH JJIs
pa3MenieHrsl aKTHBHBIX IIEHTPOB, 0€3 yTpaThl
MOPUCTOCTH, SIBIISETCS KIIFOUEBHIM (PaKTOpPOM
JUTSL yIYYIIEHHsT Ta30-TBep0(a3HbIX peakiuid 1
MUHUMH3AIMKA CONPOTUBIcHUS quddy3un H,S.
Crnenyer OTMETUTb, YTO TOHCK IOPUCTOTO
copOeHTa, 00JIaTaroIero BCEMU HEOOXOIUMBIMH
CBOICTBaMH, TaKAUMH KaK BBICOKAs
a7cOpOLIMOHHAs CTIOCOOHOCTh, CEJIEKTUBHOCTh U
BO3MOXXHOCTh TOJHOHN pereHepanuu, OCTaeTcs
ClIOXkHOM  3anmayedl. Kpome Toro, BaxHO
VYUTBIBATh, YTO MOIU(UKANMUA TOPUCTHIX
COpOEHTOB OKCHIAMU METAIOB 4YacTo TpeOyeT
MPUMEHEHUS] BBICOKUX TEMIIEPATyp, YTO MOMKET

OTpaHUYNBATh ux MIPAKTHYECKOe
UCIIOJIb30BaHUE.
ABtopbl [11] mnpeanmoxunu ISl OYUCTKH

ra3oBbIX cpel Ha HedTenepepadaThIBAIOIINX
NpEANPHUITUSIX U XUMHAYECKOI
NPOMBIIIIIEHHOCTH aACOPOCHT HAa OCHOBE OKCHJIA
MHKA, AMIOMUHHS W Harpus. MccnenoBaHus
OPOBOJAMIM  TPH  Pa3IMyHOM  MOJBHOM
COOTHOLLICHUH KOMIIOHEHTOB M  ONpEACIISIIN
cepoeMkocTb. [lo pesynbpraTtam wucciaeqoBaHUS
Obuln TIpeAcTaBieHbl Haubonee 3(dexkTuBHBIE
coctaBsl. HemoctaTkoM naHHOrO ajcopOeHTa
ABJSIETCS  CJIOKHAsl ~ pereHepanus  IyTeM
NPOITYCKaHUsI BOAOPOAa OOpATHBIM TOKOM TIPH
temrepatype 320 °C B TeueHue 8 4acos.
Hcnonp3oBaHne OTX0A0B, 00pa3yroIIUXcs B
00BIIOM o0beme, MEPCHEKTUBHOE
HampaBJieHHEe KaK C 3KOHOMHYECKOW, TaKk U C
SKOJIOTHYEeCKOW Touku 3peHms [12-24]. Ha
YrONBHBIX DJIEKTPOCTAHILMAX TOCIE COKUTAHUS
TOIUIMBA  OCTaeTCs  HeMajoe  KOJIUYECTBO
HETOPIOYMX MHUHEPAJIbHBIX IIPUMECEH, KOTOpbIE
CKJIaJUPYIOT Ha 30JI0IIAKOOTBAJIAX.
[IpoBogunucek UCCIIeIOBaHUS o
UCIIOJIB30BaHUIO OTXOAOB CTaHUMHU (IIJIama,
30JI0IJTaka) B KadecTBe  COPOIMMOHHOTO
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Marepuaiga A OYMCTKH TOIUIMBHBIX T'a30BBIX
MMOTOKOB [25].

Ilo pesyapTaTaM aHanw3a JHUTEPATYPHBIX
MCTOYHUKOB M MMEIOIIUXCS Pa3paboTOK MOXKHO
cAenaTh BBIBOJ, 4YTO HaJW4YHe€ B COCTaBe
azcopOeHTa OKCHIOB METAJIOB CYIIECTBEHHO
YBEITMUMBAECT CEPOEMKOCTh Marepuaia. BaxHo
TaKxe MPEIyCMOTPETh ONITUMAJIbHOE
MIPOIIEHTHOE COOTHOIIICHHE MEXKTY
KOMITOHEHTaMH JUIsl TONYYCHUS HauOOJBILIETO
cunepretuyeckoro 3¢dexra. Ho copbentsr Ha
OCHOBE OKCHJIOB METaJlJIOB JIOBOJIBHO
JIOPOTOCTOSIIIIME, TOITOMY TIpH  pa3paboTke
COCTaBa B@KHO YACUIEBUTh Marepuai, HO
COXpAaHHUTh BBICOKYIO CEPOEMKOCTb. IloaTomy
aBTOpPaMH JIaHHOHM paboThl OBUIM pa3pabOTaHEI
CJI0’KHOKOMIIOHEHTHBIE a7copOIIMOHHEIC
COCTaBbI, HAIPaBJICHHBIC Ha JECYIbPYPHU3AIIIO
ra3o00pa3HoOro TOILINBA. YHUKaIBHOCTD
pa3paboTaHHBIX MaTepHANIOB 3aKJII0Yajach B
ToM, 9T0 oTX04 TOC mMcHoip30Balcd Kak OJHMH

W3 AaKTUBHBIX KOMIIOHEHTOB, COJEpXallui
MPEUMYLIECTBEHHO OKCHJIBI MECTAJLIOB,
AKTUBHBIX B  OTHOLIEHHH  CEPOBOJOPOJA.

CocTtaBpl ObUTH anmpOOHUPOBAHBI B TA0OOPATOPHBIX
YCIIOBHSX, ONpEJeNIeHa CEPOeMKOCTb, a TaKkKe
HEOOXOUMBIE (HM3UYECKHE XapaKTEPUCTHKH:
HIOPUCTOCTb, UCTUPAEMOCTD, HaChITHAS
TUIOTHOCTH, MPOHUIIHAEMOCTb.

II. METO/IBI UCCJIEJOBAHHUS

OcHoBHas 33/1a4a aBTOPOB COCTOsIIIA B paspa-
0otke 3¢ GhEeKTUBHOrO aacopOeHTa CEePHHCTHIX
COCJIMHEHUIA W3 JOCTYITHOTO M OECIUIaTHOTO OT-
X0/J1a - TaMa BOJIOTIOATOTOBUTEIILHOW YCTaHOB-
ku TOC. CocTaB nUTaMOBBIX BOJ 3aBHCHUT OT Ka-
YyecTBa M KOJMYECTBA TIPUMECEd HUCXOIHOMU
(mpupoaHOI) BOJBI, a TAaKXKE OT KOHIIEHTPAIUU
XUMHUECKUX PEAareHTOB, TO3MPYEMbIX B OCBET-
JUTeNb (KOaryysiHT, (JIOKYJISHT, H3BECTKOBOE
Moioko0). Illmam BOJOMOATOTOBKM IpEHMYIIe-
CTBEHHO COCTOMT M3 KapOOHAaTa KajbIUA U THII-
pokcunoB Ca, Mg, Fe u Al, a Taxke comep ur
nonsl Cu®’, Zn**, Ni**, Mn?**, Cr*", COs*, SO.*,
OH-, SiOs*, PO4 u o6nagaer ILIEIOYHBIMHU
CBOMCTBaMH, MO3TOMY MOXXET BCTYyIaTh B peak-
IIUIO C CEPOBOJIOPOIOM M OKCHIAMH CEPHI C 00-
pa3oBaHUEM TPYIHOPACTBOPUMBIX CYIb(UIOB H
Cynb]aroB.

Jns mpuUroTOBNIEHNSI COCTABOB HMCIIONH30BAI-
csl Kak 00E3BOYKEHHBIN IIIaM, TaK WU MPOKaJeH-
Held. [IpokaneHHBI OUIaM MOJyYalnW IyTEM
HarpeBa B My(elIbHOH IMEYH TpPU TeMIepaType
1000 °C u BeImepxKe HEe MeHee 2 yacoB. Harpes

139

¥ OCTBIBAaHHE OCYIICCTBIISUIA MPHU PAaBHOMEPHOM
U3MEHeHUM Temreparypel. I[Ipu Temmeparype
cBeimie 840 °C mpoucXoauT pasiiokeHue Kapoo-
HAaTOB M THUAPOKCHUAOB METAJUIOB IO OKCHIHOU
¢dopwmpbl. Tlocre mpokamTuBaHus IIIaM HUCHOIB30-
BaJICA KaK aKTUBHBIA KOMIIOHEHT COp6HI/IOHHOFO
cocCTaBa.

AnpoOarsi B 71a00paTOpHBIX YCIOBHSX Ha
CEPOEMKOCTh pa3padOTaHHBIX COCTABOB 3aKIIIO-
yajiach B MPOIYCKE CEPOBOIOPOAA Yepe3 aicop-
Oep. B kadecTBe MCTOYHMKA CepoBOIOpOJA HC-
MOJIb30BATM XMMUYECKYIO PEAKLHUI0 B3aUMOJACH-
cTBUs Cynbduaa HaTpust U KUCHAOTH. [lomydeH-
HBI ra3 ¢ obmwumM moTokoMm Bo3zayxa (1:3) u3
KOMIIpeccopa MocTynaji B afcopoep ¢ UCIbITye-
MBIM cocTaBoM. Ha BbIXoze u3 amcopbepa raso-
Basi CMech IpOITycKajach 4epe3 MOTJIOTHUTEINb-
HBI pacTBOp amerata IuHKA. JlaHHBIA crioco0
MO3BOJISIET YJOBUTH HEAACOPOMPOBAHHBIE Cep-
HHUCThIe coeanHeHus. KonmuecTBeHHOE ompeje-
JICHUE CEPHHUCTHIX COCTUHEHHUH B MOTIOIIAIOIIEM
pactBope ocymectBisioch o I'OCT 22387.2-
2021 «I'a3 mpupoaHbId. MeToasl OIpeeneHus
CEpOBOJIOPOIa U MEPKANTAHOBOU Cephl». 3aBep-
HIEHUEM Ipolecca COpOLuM SBISIOCH CIEKTPO-
(hoToMeTpudeckoe ompeAeneHue Ccynb(pHIOB B
HOTJIOTUTENEHOM pacTtBope Oosiee 100 mxr. st
pacuera CEpOEMKOCTH MCIOJIb30BAIH OTHOLIE-
HHE MacChl CEPHUCTBIX COCAMHEHHUH J0 M IOCie
angcopoepa. CepoemkocTs (1) BbIpaXanu B
Mmr/t (1):

M, -B-100%
n=———
m

(1)

rae M, — KOJIWYeCTBO MPOMICAIIETO Yepe3 aji-
copbep H»S, mr; B — mons mormomaemoro HoS
yIIaBIUBAIONINM pacTBopoM, 86.1%; m — macca
3aCHIMNKH, T.

s BO3MOXXHOCTH MPOBEACHUSI CPAaBHUTENb-
HOTO aHaJIM3a HWCIBITYeMBIX COpPOCHTOB ObLIa
paccunTaHa:

— HACBITHAs IWIOTHOCTS (p, r/cM?) (2):

ma;(c

7 2

p:

T/Ie Manc — Macca afcopOenTa, T; V' — o0beM an-
copbeHTa, cM>;

yaenbHash COpOLMOHHAs eMKOCTh  (ds,
Mkr HoS/em?) (3):

M

— a

s (maz[c 'Sy;[) (3)

a

V Ie1bHYI0 TOBEPXHOCTH 06pasLoB (Sy; cM>/T)
PACCUUTHIBAI KMCXOMAsl M3 Pe3yIbTaTOB IKCIIC-
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PUMEHTAILHBIX UCCIIEAOBaHUN Ha TAOOPATOPHOI
YCTaHOBKE MO MeToNy (PHIbTpaluu Taza depes
oOpaszer o ypaBHennto Kozenu-Kapmana.

HctupaemMocth 00pasiioB OMpPENENsuTd  CO-
rnacHo ['OCT 6555-88 «llormoTturens xumuue-
ckuit u3BectkoBbiil XII-M». Ilepen usmepenuem
00pa3Ipl IpeABapUTEIbHO MOATOTABIMBAIINCH U
B3BEILMBAINCH ¢ TOYHOCTHIO 10 0.1 r. Dkcnepu-
MEHT OCYHIECTBIISUICS TIpu 75 00/MUH, Bpems
NepeMelIMBaHusl COCTaBsuI0 3 MuUHYTHL [lo
OKOHYaHHIO MUCTHPaHHs 00pa3el] MpoCeHBalCs U
B3BemmBaics. Mcrupaemocts obpasua (U, %)
OTIPEJICIISUTH KaK cpeiHee apruMeTHIECKOe JIBYX
napajuIebHBIX UCIBITAHUA M PACCUYMTHIBAIN I10
dhopmyiie 4:

U= %-100%, (4)

rine M — macca HaBeCKH COpOEHTa JI0 OIbITa,
B3sITas C CUTA MOCJE MPOCEUBaHUs, T; m— Macca
HABECKU COpOCHTA TIOCIIE OIbITA, OCTABIIASACS HA
CHUTE IOCJIC IPOCCHBAHUS, T.

[TomHast MOPUCTOCTH OIPEEISUIACH IO METO-
ny Menbuepa ¢ nomMonisio rnoposumerpa. o uz-
MEpPeHUsT 00pa3iibl HACHIIAIOTCS KEPOCHHOM MO/
BakyyMoM. M3Mepsitorcsi 00beMBbl B KEpOCHHE
nenoro obOpasila W HM3MEIbUCHHOTO TOPOIIKA.
Paznnma mexay oObeMaMH COOTBETCTBYET IIO-
puctocTH odpasia [26].

BaxxHbIM TOKa3aTeleM SBISIETCS MPOHHIIAC-
MOCTh (k, M%), KOTOpasi 3aBHCUT OT CTPYKTYPbI
MOPOBOT'O MPOCTPAHCTBA, pa3Mepa M COOTHOIIIC-
HUSl 3aKPBITBIX U OTKPBITHIX mOp. M3mepenue
OCYIIIECTBISUIOCH Ha JIA0OPaTOPHOM yCTaHOBKE,
KOTOpasi MMeeT JIeTKOChEMHbIE M ObICTpOpas-
OOpHBIEC COSNUHEHUS, TPUHITUN JIEHCTBHUS KOTO-
pOﬁ OCHOBBIBAC€TCA HAa U3MCPCHUU JAaBJICHUA Ha
BXOJIC M Ha BBIXOJIC C KOHTPOJUPOBAHHEM pac-
X0JIa BO3[[yXa W BPEMEHH J3KCIepuMeHTa. B co-
CTaB YCTAHOBKU BXOIWUT PEAYKTOpP, MaHOMETD,
CTEKIISIHHBIN ajgcopOep. st pacuera MCHONb30-
BaJIM CJICAYIONIYIO hopMyy 5:

i (})Bi _})BiIX) : QOi
— 2])0”’1"L L=l i

» [P —P;,mj
i=1

e

2 b
]

rae Py — atmocepHoe nmasnenue, [la; pr — au-
HaMH4ecKas BS3KOCTh BO3/ayxa, [la-c; L — BbIicO-
Ta CJIOS COPOITMOHHOTO Marepuana, M; F — cede-
HHE TIOPMCTOM Cpenbl, M’ Py — JaBleHHE Ha
Bxonae, Ila; Psu,x — daBneHwe Ha BeIxone, Ila;
Qo — pacxon, m/c.

II1. PE3YJBTATHI DKCIEPUMEHTA

CocraBel pa3pabOTaHHBIX COPOCHTOB TIPEI-
CTaBJICHBI B Tabmuile 1, Takxke ykazaHa macca
UCCIIeyeMbIX 00pa3IoB, KOTOpas 3achllaliach B
ajicopOep W MX ONpeJeNICHHAs: B OKCIICPUMEHTE
CEPOEMKOCTb.

Tabnuma 1.

Hccnenyemble cocTaBbl M UX CEPOEMKOCTb.

Cepoem-
KOCTb, MI/T
(%)

No CocraB m, T

[Inam mpokaneHHbII
31.5%

1 Kpacnas rnuna 10%

NaOH 17%

Fe,05 41.5%

16.93 0

[Inam mpokaneHHbIH
50%

2 Zn0 17.35% 17 0

NaOH 15.3%

Fe;0; 17.35%

[Inam nmpokaneHHbII
50%
3 [Inam HETPOKaICH-
He1i 34.7%
NaOH 15.3%

14.94 0

[Inam mpokaneHHbI
50%

4 NaOH 15.3% 17

AlCl3 24.7%

Fe 03 10%

25.3 (2.53)

[Inam nmpokaneHHbII
50%
5 NaOH 8.5% 16
Fezo3 31.5%
Mertacumxkar 20%

26.9 (2.69)

[Inam HEmpoKaneH-
HbIi 50%

6 NaOH 8.5% 19.21

Zn0 41.5%

84.3 (8.43)

[Inam nmpokaneHHbII
10%
! NaOH 15.3% 42.00

Zn0 74.7%

96.36 (9.6)

[[lnam HEmpoKaneH-
Hb1it 10%

8 NaOH 15.3% 22.00

Fe203 74.7%

97.84 (9.78)

IInam HenpoxkaeH-
HbIi 20%
9 NaOH 15.3% 27.00

Zn0 64.7%

182.9 (18.3)

Ca0 10%
Zn0 17.35%
10 FeOs 17.35% 25.00

MnO 10%

206 (20.6)
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NaOH 15.3%
[Inam mpokaneHHbII
30%
(IpoKaJIeHHBIN cocTaB
ipu 350°C)

11

[Inam nmpokaneHHbII
50%
NaOH 8.5%
Kpacnas rimna 41.5%

20.00

312.1 31.2)

12

[Inam mpokaneHHbII
70%
NaOH 8.5%
Zn0 21.5%

20.00

387.6 (38.7)

13

IInam HenpoxkaeH-
He1id 10%
NaOH 8.5%
Zn0 50%
MnO 10%

Fe 05 21.5%

29.33

388.96
(38.89)

14

[Inam mpokaneHHbIH
50%

IInam HenpoxkaeH-
Hb1i 10%
NaOH 8.5%
Fe,03 31.5%

13.54

413.3 (41.3)

15

[Inam nmpokaneHHbII
31.5%

[IInam HEnpoxasieH-
He1id 10%
NaOH 17%

Fe 03 41.5%

20

452 (45.2)

16

IInam HenpoxkaeH-
Helid 10%
NaOH 15.3%
Zn0O 74.7%

25.60

529.6 (52.96)

17

[Tnam mpokaneHHbIH
40%

[[nam HEmpoKaneH-
Hb1it 10%
NaOH 10%

Fe 03 10%
MnO 10%
Zn0 20%

17.11

600 (60)

18

[[Inam nmpokaneHHbII
50%
NaOH 8.5%
Zn0 41.5%

22.00

686 (68)

19

[Tnam mpokaneHHbII
50%
NaOH 8.5%
Zn0 31.5%
CuO 10%

23.00

967.3 (96.7)

20

[Tnam mpokaneHHbII
50%
NaOH 8.5%
Fe;03; 41.5%

14.56

980 (98)
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IIpu mondope KOMIIOHEHTHOTO COCTaBa aj-
copOeHTa OCHOBHas 3aJa4ya 3aKIovyalach B
OTIpeIeTICHUH, KaKUe COCTUHEHUS YBEIMIMBAIOT
CEPOEMKOCTh W TPOSIBISIFOT CHUHEPTETHUSCKUN
addext. B pesynpTaTe MOTYyYEHHBIX pE3yJbTa-
TOB MOYKHO CJI€JIaTh BBIBOJI, YTO OKCHJIBI METal-
noB (Fe, Zn, Cu, Mn) nipu ontuMaibHOM IpO-
IEHTHOM COOTHOIIEHWH CHOCOOHBI YBEIHUYUTh
MOTJIONICHUE CEPHHUCTBIX coenuHeHui. CTout
TaK)K€ OTMETHTh, YTO BCE COCTaBbl, UMECIOIIIHE
MakCHUMaJbHyI0 cepoeMkocTh (NN 17-20 wu3
tabi. 1) Ha 50% cocToAT U3 I1IIaMa, TO €CTh Ha
MOJIOBMHY COCTOSIT M3 OTXOJa BOJOIOITOTOBH-
TenbHOM ycTaHOBKM TOC. Takme cocTaBbl 9KO-
HOMHYECKH BBITOJHBI M 3aTpaThl Ha MX MPOU3-
BOJICTBO OyIyT 3HAYUTEIHLHO HUXKE.

Ha ocHOBaHMU TMOJNyYEHHBIX pPE3YJIBTATOB
OBUTM TIOCTPOEHBI TpadUIecKUe 3aBUCHMOCTH
CEPOEMKOCTH OT TPOIEHTHOTO COJACPIKaHUS
nrama B coctase (puc. 1).

CorylacHO TMOJyYCHHBIM 3aBUCHUMOCTSM BUJI-
HO, YTO ONITUMAITBHBIM KOJMYECTBOM, BBOJAMMBIM
B COCTaB JUIsl HEMIPOKAJIEHHOTO IIIaMa SBJISIETCS
10%, a ana npokanenHoro — 50%. YBenudeHue
[JIaMa B COCTAaBE BBIIIE ONTUMAJIBHOTO CHUXKAET
MOTJIOMIAFONIYI0  CIIOCOOHOCTh TIO0 CEPHHUCTHIM
COCIIMHEHUSM, MPEIOJIaraeM, 4To 3TO CBSI3aHO C
W3MEHEHUEM (DU3NYECKUX XapPaKTEPUCTHK, a
UMEHHO TTOPUCTOCTH U MTPOYHOCTH.

Hwmxe mpuBeneH psa cpoacTBa UCCIIETYEMBIX
BEIIECTB K CEPOBOJIOPONY TIO pe3yiabTaTaM IIpo-
BEJICHHBIX JKCIICPUMEHTAIBHBIX HCCIICOBAHUN
(puc. 2). IMeHHO B TakoW MOCIENOBATELHOCTH
pacipenenuimch KOMIOHEHTHl TIO0 aKTUBHOCTH
B3aUMOJICHCTBUS.

CornacHo Tabnuue 1, HawydlIne 3HaYCHUS
Mo YJIaBJIMBAKOIIEH CHOCOOHOCTH CEPHHUCTHIX
COEIMHEHWI TOKAa3aJdl COCTaBBI MOJI MOPSAKO-
BEIMU HOMepamu 16, 17, 18, 19, 20. ¥V manHBIX
COCTaBOB OBUTM ONpE/CIICHBI TAKUE XapaKTepH-
CTHUKH Kak KO3 (UIMEHT MPOHUIAEMOCTH, Be-
JUYMHA TOPUCTOCTH, YAETbHas TOBEPXHOCTb,
HACBINTHAS TUIOTHOCTh. Pe3yibTaThl mpencraBiie-
HbI B Ta0nUIE 2.

AHanm3 uccieayeMbix (U3NYECKUX XapaKTe-
PUCTHK TIOKa3aJI, YTO COCTaB C BBICOKOI CepoeM-
KOCTBIO 00J1a/IaeT BBICOKOW MOPHUCTOCTBIO U ca-
MO¥ HU3KOW HACKIITHOM IJIOTHOCTRIO. AJICOPOSHT
Ha OCHOBE HEMPOKAIEHHOTO MIIaMa, OKCH/Ia JKe-
Jie3a U TUAPOKCUIA HATPUS JICTKUIA ¥ TIOPUCTHIH.
CoueTanue BBICOKOW MOPUCTOCTU CO CBOMCTBa-
MU XUMHYECKOH aacopOlWy TO3BOJISIET TOMY-
YUTh MAaKCHUMaJbHBIH pPE3ylbTaT MO CEPOEMKO-
CTH.
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VY ayumux 10 cocTaBOB MO MOKA3aTeN0 Ce-  Pe3yNbTaThl MPEACTABICHBI B TpaQUUeCKOM BHIE
POEMKOCTH ObLTa OIpeneieHa HMCTUPaeMoCcThb,  (puc. 3).
800
700
600
[=11)
|
2 =500
gz
g g 400
g5
%g 300
&

200 /
100
0 10 20 30 40 50 60 70 80
Copepsxanne muama, %
Sludge content, %
—&—IIlnam mpokaneHHLIH / Calcined shidge Ill1am HempokaleHHBIH / Non-calcined shudge

Puc. 1. 3aBucumocthb CEPOEMKOCTH copﬁeHTa OT NMPOLEHTHOI'0 COACPKaHMA IIIJIaMa B COCTaBe.

Fig. 1. The dependence of the sorbent's sulfur capacity on the percentage of sludge in the composition.

Kpacuas Hnan
rITHMHAa nQo MNP OKaJICHHBIHA CuO
I nan ZnO Fex0s NaOH

HEeTNpOKAJISeHHBIH

Puc. 2. Psax YBCINYCHUA AKTUBHOCTH B3aHMO/IeiicTBUSI KOMIIOHEHTOB pa3pa60TaHHux aI[COpﬁl.ll/lOHHLlX
COCTaBOB C C€epoBOAOPOAOM.

Fig. 2. A number of increases in the activity of the interaction of the components of the developed
adsorption compositions with hydrogen sulfide.

Tabmma 2.
®dusnveckre XapaKTePUCTUKN ¥ BHEITHUM B COPOIIMOHHBIX MaTEPUAIIOB C BRICOKOH CepOeM-
KOCTBIO.
Imam
TPOKaJICHHBIN
o,
mam 40% HImam [Hnam o Imam
HEMPOKAICHHBIN [Hnam MPOKAJICHHBIN TPOKATICHHBIH MPOKAJIEHHBIH
Cocras 10% HEMPOKaJICHHbIH 50% 50% 50%
0 0 0 0 (1]
NaOH 15.3% 10% NaOH 8.5% | NAOH8.5% |\ oH 8.5%
o NaOH 10% o Zn0O 31.5% o
Zn0O 74.7% Fe203 10% Zn0 41.5% CuO 10% Fe 03 41.5%
MnO 10%
Zn0O 20%
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Buenrnwuii Bug

Koaddpunment
TIPOHUIIAEMOCTH,
M2

1,50949-101°

8,32319-10°!

2,13579-101° | 1,96678-101° | 2,9376-10°!"

Bennuunna

nopucroctu, % 17 32

48 50 57

Bepxnss onenka
YACIBHOMN
MIOBEPXHOCTH,
m2/m>

4849.28 6530,51

20563,36 21428,74 10992,49

HrwmxHss onenka
YACIBHOMI
MTOBEPXHOCTH,
M2/m3

5647.98 7606,13

23950,27 24958,18 12803,02

Hacpimmas

IUIOTHOCTb, KI/M> 983.03

541,27

636,49 738,41 487,98

80.00%

67.75%

24,17%
9.01%
2,29%
|

Nel4  Nel5  Nelé  Nel7

70.00%
60.00%
50.00%
40.00%
30.00%

20.00%

HcTtapaemocts, %
Abradability, %

10.00%

0,00%

Nell  Nel2  Nel3

48.93%

0,
I 10.86% 5 1294 7.18% 7.89%
Emm2E

Nel8  Nel9  Na20

Hymepamusa copOeHTOB H3 TaGIHIer Nol
Numbering of sorbents from table No. 1

Puc. 3. PesyabsTaTsl nctupaemoctu coctasoB NN11-20.

Fig. 3. Abrasion resistance results of NN11-20 formulations.

Bce o0pasiisl, HMeromume cepoeMKOCTh Ooee
50% (NN16-20), obmagaroT HOBOJBHO BBICOKOM

IPOYHOCTHIO, UX MCTUPAEMOCTb HE INPEBBIIIACT
11%.

IV. 3AKJTIOYEHHUE

[IpoBeneHHbIE  AKCIEPUMEHTHI  ITO3BOJIHIIN
OTIPEACITUTh, YTO JUIS TIOMYYCHHUS aJcOpOeHTa C
BBICOKOH CEPOEMKOCTBI0, COCTaB JIOJDKEH OBITh
MHOT'OKOMITOHEHTHBIM. J[00aBka IiamMa - 0TXo-
na BogonoaroroBku TOC B kayecTBe aKTHBHOT'O
BEIIECTBA MMO3BOJIAET yIEHIEBUTh CE0ECTOMMOCTh
TFOTOBOTO MPOJYKTa. DKCHEPUMEHTAJIBHBIM ITy-
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TEM Y/AJIOCh ONPEICIUTh ONTHMAIIBHOE KOJIHYe-
CTBO IIIaMa, Jo0aBisieMoro B cocraB. Konuue-
CTBO MPOKAJCHHOTO M[UIaMa He JOJDKHO ObITh
6onee 50%, a HenmpokasieHHOTO - He 6osee 10%.
JlobaBKka OOJIBIIEro KOJMYECTBA MPUBOIUT K H3-
MEHEHUIO (U3UYECKUX XapaKTePUCTUK aJIcop-
OeHTa, M, KaK CJEJCTBHE, CHI)KACTCS CEepOCM-
KOCTb.

Cpenu pa3paboTaHHBIX afcOpOEHTOB IIATh
COCTaBOB 00JIAIalOT cepoeMKOCThI0 Oornee 50%
3a CUET ONTHUMAaJBHOro OanaHca KOMIIOHEHTOB.
IToMHUMO BBICOKOW CEPOEMKOCTH JaHHBIE COCTa-
Bbl UMEIOT NpHEMJIEMble (DU3MUECKUE XapaKTe-
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PHUCTUKHU: TIOPUCTOCTD, MPOHUIIAEMOCTh, UCTHPA-
€MOCTbh, YACNbHAs MOBEPXHOCTh. ONTHMabHAS
KOMOWHaINuUsl JT00aBIsIeMbIX KOMIIOHEHTOB I103-
BOJISICT JTOCTHYbL BBICOKHX MOKasaTenel 3¢dek-
TUBHOCTH Oyarogapss (U3MYECKHMM W XHMHYE-
CKHM XapaKTEPUCTUKAM.

B pesynbrare sKCeprMEHTa TakkKe YyAajloch
OTMPENIENIUTh, YTO OKCHJBI METAJJIOB: JKeNe3a,
[[UHKA, MEIH, MapraHiia Mo3BOJSIOT YBEIHUUTh
CEepPOEeMKOCTh. Tarke 3a c4eT JO0aBKHM JaHHBIX
OKCHJOB COPOEHTHI MPUOOPETAIOT ECTECTBEHHYIO
WHIUKAIMIO MPH KOHTAKTE C CEPHUCTHIMH CO-
enuHeHussMu. Cynb(Quabl keleza W Maprasia
OPUAAI0T YEPHBIM LBET BBHIPAOOTAHHOMY COp-
OcHTY, a cynb(GUABl MEIH U I[UHKA Pa3BUBAIOT
3eJIEHBIH OKpac.

Jannast paboTa WMeeT NPaKTHYECKYIO 3Ha-
YUMOCTH JJIA HpeZIHpI/ISITI/Iﬁ TOIINIMBHO-
JHEPreTHYECKOrO CcekTopa. I[IpeaBapHTENbHYIO
OYHUCTKY Ta3000pa3HOro TOIUIHBA (TMPUPOIHBIH
ra3, HeQTeXHMUYECKHE Ta3000pa3HbIe OTXOJIbI)
BO3MOXHO YJICIIEBUTh 332 CYET MOBTOPHOTO HC-
MOJIb30BAHUSI OTXOJIOB BOJONOTOTOBUTEIHHOI
YCTaHOBKHM CaMOW cCTaHIMHU. J[aHHOE pelieHue
SABIACTCA TICPCIEKTHBHBIM, TaK KaK II0JIOXHU-
TENBHBINA 3((GEKT JOCTHTAETCS HE TOJIBKO B CHH-
JKCHHUU CTOUMOCTHU I'OTOBOTO IIPpOAYKTA, HO U B
00JIaCTH CHW)KEHHS SKOJIOTUUECKOI HAarpy3Ku Ha
OKPYXKAIOIIYI0 Cpe/y 3a CUeT YMECHBIICHUS 00b-
€MOB 3arps3HsIEMbIX TEPPUTOPHMA, HCIOJb3Ye-
MBIX ITOJT CKJIAJIMPOBAHHUS IIJIaMa.

BJIATOJAPHOCTD

HccnenoBanus BBIONHEHBI 332 cYeT rpanta Poc-
CHICKOrO  HAy4HOTO donma  Ne25-29-00026
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