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OYNCTKA CTOYHbIX BOA OT AHUWOHHbIX CUHTETUHECKUX
[TOBEPXHOCTHO-AKTUBHbIX BELLECTB C UCIMOJIb30OBAHUEM
OTXOAA SHEPIETUKW B KAYECTBE BTOPUYHOT'O
MATEPUAJIBHOIO PECYPCA

Paccmompena npobnema 3azps3HeHUs CMOUHBLIX 600 AHUOHHBLIMU CUHMEMUYECKUMU NOoBepX-
HOCMHO-AKMUBHLIMU 8eU4eCTNB8AMU HA NPOMBIUTIEHHBLX NPEONPUATNUAX, KOMOPAT HAHOCUM 3HAYU-
menbHbLiL 8ped OKpyxaloweli npupooHoii cpede. IIpednoxen HOBbL MemMo0 a0cOPOUUOHHOT OHUCKU
CMOYHBIX 600 NPOMBIUTEHHDIX NPEONPUAULL C UCNONb308AHUEM KAPOOHAMHO20 WIAMA MeNTI0BbIX
ANeKMPUHECKUX CMAHUUTL 8 Kauectnee 8MOPU1H020 MAMePUAnbHOZ0 pecypca. YemanoeneHo, 4mo 2pa-
HYZIbL KAPOOHAMHO20 WIAMA CO CBA3YIOULUM MO2Y M PACCMAMPUBAMbCSA KAK A0COPOUUOHHDLI Marmepu-
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a7l U UX UCNOIb308aHUE NO3BOTIAEM NPOBOOUMb IPPEKMUBHYI0 OUUCIKY CHOUHBIX 800 OM AHUOHHDIX
CUHMEeMUYEeCKUX N0BEPXHOCMHO-AKMUBHBLX 6EU4ECINE.

Kntouesble cnoa: OUMCTKA CTOYHBIX BOJI, COPBIIMIOHHBINT MATEPMAJI, U3BJIE-
YEHVME AHMOHHO-CMHTETMYECKNX ITOBEPXHOCTHO-AKTMBHBIX BEHIECTB, BTO-
PVYHBIN MATEPUAJIbHBIV PECYPC, KAPBOHATHBIV IJIAM T3C, YTUIN3ALIVA.

CuHTeTHYecKye IIOBEPXHOCTHO-aKTVBHBIE
BEI[eCTBAa IPENCTAB/IAIT COOOI Tpymmy Be-
I[eCTB, KOTOpBIE CHVDKAIOT IIOBEPXHOCTHOE Ha-
TsDKeHue Bopipl. Hambonee mmpoko u3 gaHHO
TPYIIIBI COAMHEHNIT PACIPOCTPAHEHbI aHNOH-
Hble CUHTETUYeCKUe MTOBEPXHOCTHO-aKTVBHBIE
BemectBa (CIIAB), koTopble momagawT B IO-
BEPXHOCTHBIE BOJOEMBI C X03AJICTBEHHO-OBITO-
BBIMI U IIPOMBIIICHHBIMY CTOYHBIMI BOJJaMIA.
Annonnble CITAB ABIAIOTCA OCHOBHBIM KOM-
IIOHEHTOM MOIOIIMX CPENCTB OBITOBON XVIMMIL.
B npombinienssle ctounble Boibl CITAB mo-
CTYHAIOT IPY BBIE/ICHNY KOHEYHOIO IIPOAYK-
Ta B XVMMUIYECKUX TEXHOJIOIMAX, B IIpoOIleccax
OypeHMs ra30BbIX ¥ He(TAHBIX CKBaXVH, IPU
¢noraunonHom oboramennn pyn u np. CITIAB
VICTIONIb3YIOTCA C IIe/IbI0 YBJIQXXHEHMsS TpaH-
CIIOPTUPYEMBIX HBUIAIMX MaTepuanoB U IIO-
JIVIMEPOB, @ TaK)XXe MECT MaCCOBOI'O XpaHEHMM
TOPHOJI MacChl ¥ XBOCTOXPAHVJINIL C IIe/IbIO IIbI-
JIETIOIaBJIeHNA; I M3MeHeHUsA (PU3NYeCKNX U
XMMMUYECKUX CBOVICTB PacTBOPOB Ipu 06pabor-
Ke KY/IbTYp C Lie/nblo obecriedeHnst sp¢deKTus-
HOTO JeVICTBYA MeCTULINIOB U T. [.

Taxum o6paszom, CITAB npumeHsioTcs npa-
KTVYECK) BO BCeX 00/IACTAX HAPOLHOTO XO3sil-
CTBa, YTO M OOYCIIOBIMBAET MX 3HAYUTEIbHOE
TIIOIIaJlaHNe B IIPYPOJHbIE BOJOEMbI CO CTOYHBI-
M BOJAMIL.

HecmoTps Ha TO, 4TO OCHOBHBIE IIPECTaBU-
term aHNoHHbIX CITA B (Hanpumep, maypus cyinb-
dat Hatpus) oTHOCATCA K [V Kmaccy omacHoCTH,
T. €. SAB/IAIOTCA MAaJIOOIIACHBIMM BeIleCTBAMI,
[aHHble COeIVHEHMS HAHOCAT 3HAYMTETbHBIN
Bpefl COCTOSHMIO IOBEPXHOCTHBIX BOJOEMOB.
OxucieHre NOBEPXHOCTHO-aKTUBHBIX BeI[eCTB
COIIPOBOXKIAETCA MOBBIIIEHHBIM HOTpebIeHNeM
PacTBOPEHHOTO KIC/IOPOJIA, YTO IIPUBOANT K He-
JOCTATOYHOMY PA3JIO>KEHMIO IIPOYNX IIPUMECe.
Annonnblie CITAB BbI3bIBaIOT 3HaUNTE/IbHOE I1€-
HOOOpa3oBaHIe, YTO HapyIIaeT BO3LyX000MeH B
BOZOEMe, a TAK)Xe OpTaHOJIeNITIYeCKIe CBOJICTBA

Boppl. IIpucyrcreue CIIAB B Bomoeme BamsAeT
Ha XMMUYECKNII COCTaB BOZbI U MPOTEKAHME ec-
TECTBEHHBIX OMOXVMMYECKUX IIPOLIECCOB, IPU-
BOIMT K M3MEHEHNIO 01OIleHO3a BOJHON Cpenbl,
a IMEHHO: K MHTEHCUBHOMY POCTY BOJOPOCTIEIt 1
[a/IbHeIIeMYy UX THUEHMIO, TYOe/V TUAPOOIOH-
TOB, )KaOePHOMY KpPOBOTEUYEHUIO Y pbIO, Hapyllle-
HUIO XMMIUYECKMX NIPOLIECCOB B KJIETOYHBIX MEM-
OpaHax y TeIVIOKPOBHBIX KMBOTHBIX.

ITomumo storo, npucyrcreue CIIAB mpe-
IITCTBYET JICIO/NIb30BAaHMIO BOJHBIX OOBEKTOB
I/ peKpealliOHHbIX HYXX], B CBA3Y C CHIDKEHMU-
€M 3CTeTUYECKOI LIeHHOCT) BOJJ0eMa.

Hannune ACITAB co3paeT gomoaHuTeTbHbIE
TPYAHOCTU IIPU pasfefleHnN ¥ OYUCTKe pas3iny-
HBIX IMCIEPCHBIX 3arpsA3HEHMII, HAXOMAIMXCA
B KIJIKOM U TBEPIOM arperaTHbIX COCTOSHUAX,
T. K. TIpU ¥X B3aMOJEIICTBUA C IIOBEPXHOCTHO-
aKTUBHBIMU BeIIECTBAMIU IPOMCXOAUT 3MYJIb-
TMpOBaHMe VM CTaOWIM3anys yKa3aHHBIX 3arpss-
HeHUIl. YCTaHOBJIEHO HETaTMBHOE BO3JeVICTBIIE
CIIAB nHa cocTosiHMe aKTMBHOTO 1JIa, KOTOPbIIl
ABJIAIETCSI OCHOBHBIM KOMIIOHEHTOM Ha O1O0JI0-
IMYEeCKMX OYMCTHBIX cTaHuMAX. Hanmmume anm-
onHbIx CITAB MoxeT IpuBOAUTD K HapyIIEHNIO
HOPMAa/IbHOM J>KM3HEJEATETbHOCTY AKTUBHOTO
WIa ¥ M3MEHEHMIO IpOoljecca arJioMepalyuy ero
9acTull.

Taxnum o6pasom, Hanmnune CITAB B pupop-
HBIX BOJIaX MOXXET IIPUBECTU K CEpbe3HbIM Hapy-
IIEHNAM €CTECTBEHHOTO CaMOOYMIEHNSA BOJO-
eMa, I03ToMy 3¢ (eKTUBHOE UX M3BIeYECHNE U3
CTOYHBIX BOJ ABJIAETCA 00SA3aTEIbHBIM 3TAIIOM
OYMCTKI.

B Hacrosmiee BpeMs BONPOCAMM OYUCTKU
crounbix Boxg oT CITAB akTMBHO 3aHMMAaOTCS
KaK OTeYeCTBEHHBIE, TaK U 3apyOe)XKHbIe HayYHbIE
IIKO/BL. JI711 9TUX 1jefieil IPUMEHATCA pas3ind-
Hble PU3VMKO-XVMIUYECcKyie MeToabl ouncTKy. Ha-
npuMmep, B pabote [1] mpenymaraeTcss MCIOIbB30-
BaTb KOMOVHMPOBAHHBII MPOLECC XUMIYECKOI
KOArynAmvm-GaoKynanuy / ynbTpaduoneToBo-
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ro ¢poTonmsa i pasieNieHus U OKVICIUTENbHO-
TO Pas/IOKEeHUs JVMHEHOTO aIKMIOEeH30/ICYIb-
¢donara (ACITAB) B CTOYHBIX BOaX MpPAadeIHbBIX
C IIe/IbI0 UX M3BJIEYEeHV O HOPMAaTUBHBIX 3Ha-
yeHUT. B kadecTBe KkoarynsHTa — copOeHTa,
KOMIIEKCOOOpa3oBare/si ¥ KaTMOHHOTO BBICO-
KOMOJIEKY/IIPHOTO (DIOKY/IAHTa BBIOPAHBI MM-
HepanbHad 3oma, ZnCl, u Ilpaecrton-650 co-
OTBETCTBEHHO. Pe3ynpraThl IOKasamy, YTO
MaKcuMajbHasA 9QQPEeKTUBHOCTD YHATCHNs aHM-
ouHbIx CIIAB cocraBuna 75 %. Ilna msBmede-
HVS1 QaHMOHHBIX ITOBEPXHOCTHO-aKTVMBHBIX TaK-
K€ VICIIONIb3YeTCs MPOLIeCC NEKTPOXMMIYECKOIT
OYMCTKY C IpefBapUTeNIbHOI 006paboTKOI IIpo-
MBIIIEHHBIX CTOYHBIX BOJ, KOCMETIYECKOIT IIPO-
MBIIIEHHOCTY (IOKY/ITHTaMU C M3BECTBIO U
cynbdaroM amoMuHuA (KkBacusl) [2].

Ancopbunsa Taxke ABIAETCSA IEPCHEKTUB-
HBIM METOJOM, VCIIONb3YeMbIM /IS YHaIeHV
pasnu4HBIX npepcraBuTenell annoHHbix CITAB
13 CTOYHBIX BOZ [3]. OuncTKa BOJBI, 3arpsA3HEH-
Hoit CITAB, ¢ momonpio afcopbunm obecredn-
BaeT JIy4Iylo 3(QeKTUBHOCTh IO CPaBHEHUIO
¢ gpyrumu Meropamy. OTe4eCTBEHHBIMU U 3a-
PYOEXHBIMY Y4eHBIMM pa3pabOTaHO MHOXECT-
BO MaTepMajoB /I aficopOLVM IIOBEPXHOCTHO-
aKTVBHBIX BeLeCTB. AKTVBVMPOBAHHBIN YTOJb
SABNISIETCST Hambormee MOAXOMALIMM afcopOeH-
TOM Ji/Is1 Ya/IeHN A TIOBEPXHOCTHO-aKTVBHBIX Be-
I[eCTB, HO €TO0 IIOJIy4eHMe SAB/ISAETCS JOPOroCTO-
AIVM HPOLIECCOM, NPUCYTCTBYIOT CIOXHOCTH
ero pereHepaunu. I1osToMy B KauecTBe ayibTep-
HaTVBHBIX MaTepuaoB OblIM pa3paboTaHbl pas-
JINYHbIe HOBBIE a[ICOPOEHTHI, TaKye KaK LIeO/N-
TBI, HAHOMAaTepyaJjbl, CMOJIBI, OMOMaTepyabl U
[IMHBI [3-5].

B pabore [6] 6bUIO yCTaHOB/IEHO, YTO OK-
CUJ aMIOMUHMSA ABIAeTCs 9((PeKTUBHBIM afi-
COpOEHTOM M1 M3BJIeYeHVs HOfeLICyabdara
HATpUs ¥ MOXKeT OBITh VICIIO/Ib30BaH IS yase-
HuaA aHnoHHbIX CIIAB m3 cTounbIx BOJ B Cy-
Jae, eCIM OHY IPUCYTCTBYIOT B BBICOKOV KOH-
LEHTpALMy IIPY ONTVMMA/IBHON Jo3e aficopOeHTa
120 r/n. IIpy 3TOM BpeMs YCTaHOBJIEHNA PaBHO-
BeCs cOCTaBIACT 1 4., a 9pPeKTUBHOCTD 0UNCT-
k1 — 94 %. IToMumo aroro, B KauecTBe afcopo-
IIVIOHHBIX MaTe€PUaJIOB MOTYT UCIIOTIb30BATbCS U
OTXO[bI IPOU3BOACTBA. B pabore [7] B kayecTBe
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cop6umonnoro marepuana ACITAB 6b11 ncronn-
30BaH jedekat, 00pasyrommiics Ipy IPOU3BOL-
CTBe caxapa Ha CTaJyJ OYMCTKY CBEKJIOBUYHOTO
coka. B cocras redexara Bxogut 10 75 % CaCoO,,
okomo 20 % opraHmM4ecKux NpuMecey, OCTalb-
HOe — VHepTHbIe BemecTBa. B crarbe [8] mpo-
BEJICHO JCC/IefloBaHMe IIepepaboTKM KOCTOYEK
MaC/lIMH U CKOPIYIbI TPELKNX OPEeXOB B YIJIe-
ponHble copbenTsl. Ha ocHOBaHUM pe3ynbraToB
TepMOTPaBUMETPUYECKIX UCCIeOBAHNIT U J7Ie-
MEHTHOTO COCTaBa ChIpbsl BbIOpaHa ONTVMAJIb-
Has TEXHOJIOTWs IepepabOTKM M TEXHOJIOTMYe-
CKIIe TTapaMeTpbl IIpoliecca KapOoOHM3 AL UL,

Taxum 06pasom, mpuMeHeHMe afcopOINOH-
HOJI TeXHOJIOTMY OYMCTKY CTOYHBIX BOJ| OT aHM-
ounbix CITAB u paspaboTka ancopOLMOHHBIX
MaTepyrajoB Ha OCHOBE OTXOJOB IIPOM3BOJCT-
Ba U NOTpPeO/IeHNs ABIATCA aKTyalIbHON 06ma-
CTbIO uccnefoBanus. [Ipu aToMm Taxoke peraercs
3ajjavya yTWIN3aLuy OTXO/[OB VI CHIDKEHME UX He-
TaTVMBHOTO BO3JE/ICTBYS Ha OKPY>KAIOLIYIO IIPH-
pomuyio cpeny. I[Ipn ucrnonp3oBannm 0TXOA0B B
KauecTBe CBIPbs JIA pa3paboTKy aficoOpOIMOH-
HBIX MaTePHAJIOB MX CIeflyeT pacCMaTpPMUBATD KaK
BTOPMYHBIE MaTepHaIbHbIE PeCYPChIL.

OTxopbl NTPOM3BOACTBA, XapaKTepHbIE I
SHEPreTIYeCKOI OTPAC/IN, IPECTABIAIT COO0I
IPOAYKTBl CTOPaHMs OPraHMYECKOrO TOIUINBA,
HampuMep: IIIAK, 3071a, 30I0CaKeBble OTIOXKe-
HUA U T. [i. [IoM1IMO 9TOTO Ha TeT/IOBBIX 37IEKTPH-
yecknx craHusAx (TOC) B mporecce mogroToBKM
1I06aBOYHOIT BOAbI 00pa3yeTcss KPYITHOTOHHAX-
HBIM OTXOJI — IIJIaM BOJOMNOATOTOBKM. JlaHHBI
OTXOJ 00pasyeTcs B allllapaTaX — OCBET/INTENb-
HBIX (PUIbTpaX, KOTOpble NpefHasHaYeHBI I
M3BJI€YEHVIsI B3BEIICHHBIX IIPYIMecelt U3 IIPUPOJ-
HbIX BOJI. [locre mpoBemeHNA KOArymAnNn 1 13-
BECTKOBAHNA OTXOJ, OTBOANTCS 13 OCBET/INTE/Ib-
HOro (GuIbTpa B BUJie IYIbIIBI ¥ HAIIPABJIACTCS
Ha IIJTAMOHAKOIINTEIN.

1 9KCIepUMeHTa/NbHBIX MCCIeOBAHMII
VICIIONIb30BA/IM LIJIAM BOJOIIOATOTOBKM, 06Opa-
sytomuiica Ha Kasanckoit TOII-1. Ilepen mc-
MIO/Tb30BAHMEM OIpefie/leH XMMIYeCKUII COCTaB
orxopia. Ha aBToMarnyeckoM nopoumkoBom aud-
pakTomerpe D 8 ADVANCE Bruker nposenen
peHTreHorpaduIecKuit KaueCTBeHHbIIT (a3oBbIi
aHaJIM3, 110 pe3yabTaTaM KOTOPOTO YCTaHOBJIEH
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CIeMYIOLINIT XVMUYECKUIT COCTaB MCCIefyeMo-
ro marepuana: Kanpuur CaCO, —72 %, opycut
Mg(OH), — 9 %; noptnangur Ca(OH), < 1 %;
kBapy SiO, — 0,5 %, ocranpHble IpoYME Belle-
ctBa — 17,5 % [9]. XuMn4yeckmii cocraB CBU-
[eTeNbCTBYeT O BO3MOXKHOCTM MCIIOJIb30BAHNA
II/TaMa BOZIOTIOTOTOBKM B Ka4eCTBE BTOPUYHO-
ro MaTepuanbHOro pecypca. IIpu atom byzer pe-
IIIeHa 9KOJIOTMYECKas 3afiavya, CBsA3aHHAs C BO-
IIPOCOM YTVIM3ALVIJi MHOTOTOHHa)KHOTO OTXOfa
9HEPTeTUKI.

llenpio paboOTHl ABSAETCA WUCCIENOBAHIE
BO3MOYKHOCTM OYMCTKM CTOYHBIX BOJ OT AaHMOH-
HBIX CUHTETUYECKUX ITOBEPXHOCTHO-aKTUBHBIX
BeIIeCTB C NpPJMMeHeH)eM 00paboTaHHOro M-
Ma BOJJOIIOATOTOBKY B Ka4yeCTBE HOBOTO COPOIN-
OHHOTO MaTepuaa.

Tl MCTIOTb30BAHMSA II/TaMa BOJOIIOITOTOB-
K/ B KadeCcTBe COPOLMOHHOTO Marepuana He-
00XOAMMO TPOBOAUTH IpeBapUTEeIbHOE Ipa-
HY/IVPOBaHMe, HAIPaBJIeHHOE Ha YIIOTHEHNE
HOPOLIKOOOPA3HOTO MaTepuana ¢ HpUMeHEHU-
€M CBSA3YIOIEro BelllecTBA. B aToM ciydae mo-
BBIILIIAIOTCS IPOYHOCTHBIE CBOJCTBA OTXOZa BO-
IOTIOITOTOBKM, OOJIEr4aTcsi IPOLECChl  ero
TPAaHCHOPTUPOBKM U XPaHEHUs, a TaKKe CHU-
JKaeTCsl TUAPABINYECKOE COMPOTUBJIEHNUE, BO3-
HUKalollee B afiCOPOLMOHHON KONOHHE, U IIO-
BBIIIAETCS 9P PEKTUBHOCTD NpOLecca OYMCTKI
OT 3arpA3HAIIMX NpUMeceil. B kauecTBe cBa3y-
IOLIVX BEIIeCTB B pabOTe MCIIOIb30BAHbI: Hapa-
¢un (CM1), xupgkoe HarprueBoe crekino (CM2),
kpaxman (CM3) u cMHTeTMYeCKU onmuMep —

s g paradeet
h5r *r'"‘.*”"f
& pus. By

nonMBUHUIOBBI ciiupt (CM4).

Cpssyolye NPpUMEHAINCDh B Pa3INYHbIX CO-
OTHOILIEHNAX, YCTAHOBJIEHHBIX 9KCII€PYMEHTaIb-
Ho. IlInam cMemmBazcsa ¢ mapaduHOM, XKULKAM
HaTPUEBbIM CTEK/IOM U KpaXMa/loM B MacCOBOM
cooTHoOweHUN 2:1, B TO BpeMsA KaK IIOVMBUHMN-
JIOBBII CIIUPT OBbII BBEIEH B II/IaM B COOTHOIIIE-
Hyu 1:1.

B pesynbraTte METOOM OKaTbIBAHMA IIONY-
YW1 OFHOPOJHBIE TPAHY/IbI, NpeCTaBlIe€HHbIE
Ha puc. 1, fuamerpom 3-5 Mm. [lanee copOImoH-
Hple MaTepuanbl CM1, CM2 u CM4 B TedeHne
60 MUH TOABEprajuchb KOHBEKTMBHOM CYILIKe
npu remneparype 150-250 °C. [Ina rpanyn CM-4
CYILIKA He Ileflecoo0pasHa, TaK KaK Ipy HarpeBa-
HUY napadyH pacTeKasIcs ¥ TPaHybl fedopMum-
pOBanuCh.

B craTmyeckux yclmoBUAX ONpeRess copo-
LMIOHHYIO €MKOCTb IO/Iy4€HHBIX I'PAaHY/ IO OT-
HoleHNMio k aHMoHHbIM CIIAB mertopmom mepe-
MEHHBIX HAaBECOK. OKCIEPUMEHT IIPOBOAUIN C
UCTIO/Ib30BaHNEM MOJENbHBIX PacTBOPOB, IpMU-
TOTOBJICHHBIX W3 Jlaypuiaa cynbdara HaTpusd,
PasBeIEHHOrO0 B VCTW/UIMPOBAHHOV BOfiEe [0
U3BECTHOI KOHIIEHTPalMM, HNpY UX IOCTOSAH-
HOM nepeMemyBanuy. Jlaypun cynbgar HaTpyus
ABJAETCS TUIVYHBIM IIpeACTaBUTEIEM aMpu-
(UIBHBIX BEIeCTB, COEPKAIUX B CBOEM CTPO-
eHMU KaK IMAPO(UIbHBIA, TaK U TUAPOdOOHBIN
KOMITOHEHTHI. KOHIleHTpanuio aypuiaa Cyiib-
¢daTa HaTpus ONpemeNANM SKCTPAKLMOHHO-(O-
TOMETPUYECKUM METO[OM C METUIEHOBBIM CH-
HuM [10] Ha poTokonopumerpe KOK-3.

3L el

A o

Puc. 1. PaSpa6OTaHHI)Ie COp6IlI/IOHHbIe MaTepyaabl Ha OCHOBE II/TaMa BOJOIIOATOTOBKM
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[na onpepmeneHus COpOLVMOHHOM €MKOCTHU
TpaHy/ I/IJaMa BOJOIOATOTOBKM IIO OTHOLIE-
HYI0 K aHnoHHbIM CITAB ncnionbpsoBam popmy-

my (1):

CcC -C
A:( ucx P).V’ (1)
m
rie A — copOIVOHHAs eMKOCTb TPaHY/I, MI/T;

V — 06beM mpo6bl MOfIEIbHOTO pacTBopa, 1; C
— JMCXORHAs U paBHOBECHas KOHI[EHT-
KOHeu
pauuy aunonHoro CITAB B MofienbHOM pacTBO-
pe, MI/11; m — Macca rpaHy/l MaTepuara, I.
Jlanee ompepensny HACBIIHYIO IUIOTHOCTD
pa3pabOTaHHBIX TPAaHYIMPOBAHHBIX COPOLM-
OHHBIX MaTepuajoB 1o Metoauke [11], koTtopas

paccunThiBanack 1o gopmyre (2):

m
B=—, (2)
V
roe B — HacpimHasg MAOTHOCTH COp6LU/IOHHO-

ro MaTepuana, I/cM’ m — Macca COpOLVOHHO-
ro Marepuaa, r; V — 00beM cOpOLMOHHOTO Ma-
Tepuana, CM.

HacpInHast IJI0OTHOCTD YYUTBHIBAET He TONBKO
00beM YacTul] MaTepuana, HO ¥ IPOCTPAHCTBO
MeX/Ty HYMM ¥ JMICIIO/Ib3yeTCsl KaK OCHOBHAsI Xa-
PaKTepUCTUKA TIPY TPAHCIIOPTUPOBKE U IKCILTY-
aranuyy copoIMoHHOTO GUIBTpA.

Pe3ynbraThl 3KCIIEpUMEHTATbHBIX UCCIENO-
BaHUIA 10 OIIPefie/IeHNI0 COPOIIVIOHHOI eMKOCTH
Y HACBITHOJM IUIOTHOCTY pa3pabOTaHHBIX Ipa-
HY/IMPOBAHHBIX MaTepyajoB IPeNCTaBICHbl B
Taom. 1.

PesynpraThl sKcrIepMMeHTa/IbHBIX MICCTIENOBAHNIA

[Moka3saTtenb
CopbuMOHHaA eMKoCTb, Mr/T

HacbinHasa naoTHOCTb, r/cm®

V3 Tabn. 1 BupHO, 4TO Hambojee BBICOKON
afiIcCOpOLVOHHOI eMKOCTbIO 00TafaloT I'PaHY/IbI
IITaMa C )XVUJIKVIM HaTPUBBIM CTEKJIOM B Ka4yecT-
Be casyroumero CM2 — 11,2 Mr/r u ¢ ucnonbp3o-
BaHueM napapuna CM1 — 10,79 mr/r. [lanHbIe
COPOIIVIOHHbIE MaTepyaIbl CO CBA3YIOLUIVIMU BbI-
Opanbl kak Haubonee apdexrusHble. Onpene-
JIeH TPaHY/IOMETPUYECKMII COCTaB MaTepyuasioB
CM1 n CM2 c npuMeHeHNeM CUTOBOTO aHalIn-
3a, KOTOPbIJI OCHOBaH Ha MEXaHIYECKOM pacceBe
VICCTIe[yeMbIX I'PaHy/I 10 KPYIMHOCTY YacTUI] Ha
CTaH/apTHOM Habope cut (Tabim. 2).

Kak BuaHO M3 Tabn. 2, guaMeTp OCHOBHOI
qacTy paHyI pa3paboTaHHbIX MaTepuanos CM1
n CM2 (>90 %) maxomurcs B amuamasoHe 1,0—
1,5 mm.

[l1TaM BOXONOATOTOBKM IIPENCTAaBIIACT CO-
6oit ruppodunbHbl Matepuan. OpHako obpa-
0oTKa cBA3yOUMMM MaTepuanamu (mapadu-
HOM, >KMUAKVMM HaTPUEBBIM CTEK/IOM) IO3BOJIAET
HOBBICUTL ero ruapodobHocTh. IIpumenenme
napaduHa B KadecTBe CBA3YIOLIEIO MaTrepuaa
IIO3BOJISIET MONTy4YaTh COPOIVIOHHBIE MaTepua-

124

Tabnmuna 1
CcM1 CM2 CM3 CM4
10,82 11,2 10,3 10,35
0,64 0,73 0,51 0,46

b1 6e3 HeOOXOMMOCTY UX CYLIKM, YTO CYIeCT-
BEHHO CHIDKaeT 9HepreTHYecKye 3aTparhl, CBA-
3aHHBIE C VX IPOM3BOACTBOM. Takxe Hammdme
TBEPHOI IIOJ/IOXKKM CIIOCOOCTBYET CHIDKEHUIO
ypoBH: neHooOpasoBaHusa aHnoHHbIXx CIIAB B
CTOYHBIX BOJJAX.

Tabnuna 2
[paHyOMeTpUYIeCKITT COCTaB MaTepuaaoB
CMI1 u CM2
[nameTp yactuy, Bbixoa, %

B8 cM1 CM2
1,0-1,5 93,55 98,05
0,5-1,0 3,57 1,56

0,09-0,5 2,31 0,24
<0,09 0,57 0,15

Ha ocHoBaHMM MOTYy4YEHHBIX JJAHHBIX Jja/lb-
Hejlllle JCCIefoBaHNsA IIpoliecca amcopoumm
annonHbix CITAB nposopnnnce Ha rpaHynupo-
BaHHOM MaTepuaie CM2 kak Hambornee apdex-
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TUBHOM. [lonydeHbl JaHHBIE IO CTAaTMYECKON U
mvHamMu4deckon copbuumu annonubix CIIAB Ha
BBIOpaHHOM MaTepuase.

B cratmyecknux yc/moBMAX ONpefensany af-

copbumonHyo emkoctb CM2 mo ¢opmyne (1)
npu 20 °C. ITo pesynbraram 1a60paTOpPHOTO JC-
CIe[OBaHNsA IIONYy4eHBl M30TepMBl copOuyM B
CTaTH4eCKOM pexxnme (puc. 2).

A MrT

10

20

Cp, mr/mm?

Puc. 2. sorepma copbuyn annonusix CITAB Ha CM2 B cTaTndecKux ycaoBusx (A — aficopOIMOHHAsT €MKOCTb, MI/T;
Cp — paBHOBecHas KoHIleHTpauys annoHHbIX CITAB B pacTBOpe, Mr/aM?)

HavanpHbI1 y4yacTOK KpMBOV HaXOAWUTCA B
obmacTu JieficTBUsA 3aKoHa [eHpy u mpencTasis-
eT co00Jl TMHEHYIO 3aBUICUMOCTD, T. K. IIOBEPX-
HOCTHO€ HATs)KEHMe JIMHEHO YMEHbUIAETCA C
yBemmnuenneM KoHueHtpauuu ITAB. IlpuHnmas
BO BHMMAaHME 3HAYUTEbHYIO IIOBEPXHOCTHYIO
akTMBHOCTH IIAB, manmee mpouecc amcopOumm
COOTBETCTBYET Teopun JleHrMIopa. ATo IOATBEP-
JKJJaeT TO, 4YTO KpMBas BHIXOAUT HAa paBHOBECHE I
COOTBETCTBYET Teopuy 06 0Opa3oBaHMM MOHO-
MOJIEKY/IAPHOIO C/I0S1 Ha ITOBEPXHOCTU TI'PAHYNI
COpOLIMIOHHOTO MaTepuana. 3aTeM B COOTBETCT-
BUU C Teopuell NONMMMOJIEKY/IAPHON afcopOIm
obpasyeTcss BTOPOI ¥ IOC/IEAYIOLIVe CIOM, T. K.
MIPOJOJ/DKAETCA CBA3bIBAHME V3BIEKAEMOTO KOM-
IIOHEHTA aCOPOILMOHHBIM MaTePUATIOM.

IlomyyeHHass  mM3oTepMa  COOTBETCTBYET
IV tuny no xmaccupukauymu bIOT Ha mopu-
CTOM aficopOeHTe U XapaKTepU3yeTcsl BBICOKOI
9Heprueyl B3aMMOJEVCTBMS MeXIY amcopOeH-
ToM U apcopbarom. IIpoucxopgur dpopmupona-
HI€e TOMMOJIEKYIAPHOIO CI0A € acColManen
Mosnekyn annoHHbIx CIIAB, mpu aTom Monexy-
nel ITAB agcopbupyloTcss Ha rpaHuie paspe-
na ¢das. Ina nmogobHOro THHA ajcopOumm xa-
PaKTepHO 3HAYMTETbHOE CHI>KEeHME CBOOOHOI
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9HeprMM Ha TrpaHule pasfgena ¢as u IOBepX-
HOCTHOT'O HaTsDKEHMA.

B pabore ompepensinim grHaAMIYIECKYI0 COpO-
LJMOHHYI0 €MKOCTb, KOTOpasg COOTBETCTBYET
IIO/IHOJ eMKOCTM COpPOLMOHHOTO MaTepuaa,
OIIPEJe/IEHHON B JUHAMUYECKUX YCIOBUAX. [In-
HaMu4yecKas COpOLJMOHHAs €MKOCTb OTpakaeT
COpPOILIVIOHHBIIT IIPOLIECC B PeaNbHBIX YCIOBUAX U
IIOKa3bIBAE€T KOINYECTBO ITOITIOLIEHHBIX MIOHOB
[0 MOMEHTA MX IPOCKOKa B PacTBOP, BbIXOJA-
muit 13 Xxpomatorpaduveckoi KomoHku. [JuHa-
MUYecKasi COpOIIOHHAsA eMKOCTb OIpefie/AIach
Ipy IPONYCKAaHMM CTAH[JAPTHOTO MOJENIbHOTO
pacTBopa 4epe3 copbimoHHbI MaTepuan CM2
(Macca HaBecKM 7 T), 3arpY’>KEHHBII B XpoMa-
TorpaduyuecKyio KOJMIOHKY BBICOTON 25-30 MM ¢
BHYTPEHHUM AriameTpoM 15 mm. CKOpOCTb Ipo-
IIyCKaHMA MOJENBbHOIO pacTBOpa 4epe3 XpoMa-
Torpapu4ecKyio KONOHKY, 3allOJTHEHHYI0 COpO-
IIIOHHBIM MaTepuanoM, ObUIa IIOCTOSHHON U
cocrapiana 100 mu/4. I[lponyienHsplii pacTBOp
cobupany B MepHble UMIMHAPHI Mo 10 M1 oT-
AeNbHBIMM IOpUMAMU. B Kaxgoil mopuum o4n-
LIEHHOTO PacTBOpa OIpee/AIN KOHIIEHTPALNIO
annoHHbIx CIIAB skcTpakuymoHHO-$OTOKOMO-
puMeHTpudecKuM MeTofoM Ha KOK-3.
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Ha puc. 3 mpencraBneHa KpuBas copOnum
annonHbIx CIIAB B [MHaMM4ecKkoM pexuMe Ha
rpanynax CM2. B mponecce nccnegoBanmit npo-
IIyCKaay pacTBOP C Haya/IbHOV KOHILIEHTpal/eil
50 mr/pm’. 3a Bce BpeMs IPOBENEHUs MCCIIENO-
BaHVS B JVMHAMUYECKOM peXuMe ObUI IPOIy-
meH 91 ¢’ pactBopa ammonHbix CIIAB, mpnu
3TOM J1aO0OPATOPHBIN IKCIIEPVIMEHT IIPOBOMVIIN

50

1o npockoka aHnoHHbIX CITAB ¢ KoHLIeHTpanu-
eit 0,5 mr/mm’. «IIpockokoBoe 3HaYeHMe» OBIIO
BBIOPAHO MCXOJA Y3 3HAUCHM S IIPEJIeIbHO-OITY-
cTuMoVt KoHLeHTpanun aHnoHHbIX CIIAB B Bo-
JloeMax pbI00-X03sIIICTBEHHOTO 3HaYeHus1. [{nHa-
MUYecKasi COpOLMOHHAs eMKOCTb [I0 MPOCKOKA
CIIAB cocraBuma 1,029 mr/T.

45 r

C, Mr/mm?

40
35 ¢

25 r

<
L
L 4

1 L~

50 100

O0nem usTpara V, M1

Puc. 3. Kpusas agcop6buun annonHsix CIIAB na CM2 B IMHaMMYeCKMX YC/IOBUAX

Takum o6pasom, pazpaboTaHHbII COPOIOH-
Hb1 Matepuan CM2, Ha OCHOBe 1I/IaMa BOZIOIO]I-
rotoBkyt TOC 1 XUAKOTO HAaTPMUEBOTO CTEK/IAa B
KauecTBe CBS3YIOLIEr0 MOXKeT OBITh MCIIOTIb30BAaH
B IIPOILIecce OYMCTKM CTOYHBIX BOJL IPOMBIIIIIEH-
HBIX TPEIIPUATII OT AHUOHHBIX CUHTETUYECKIX
MIOBEPXHOCTHO-aKTVBHBIX BelllecTB. VI3BnedyeHne
aHnoHHbIX CITAB Ha cop61oHHOM QuIbTpE, 3a-
TPY>)KeHHOM IIpeylaraeMbIM MaTepyuajioM, Iepef
3TAaiOM OMOIOTMYECKON OYUCTKYM CTOYHBIX BOJI
[IPOMBIIIUTEHHBIX MPEANPUATUI 00eCTIEINT CHU-
JKeHUe HarpysKyu Ha OMOLIeHO3 aKTMBHOTO WA,
MUHVMUSUPYET €ro AeTrPafialiiiio ¥ IO3BOJIUT II0-
BBICUTb 3P PEKTMBHOCTb OMOXVMUYECKUX IIPO-
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WASTE WATER TREATMENT FROM ANIONIC SYNTHETIC SURFACTANTS USING
ENERGY WASTE AS A SECONDARY MATERIAL RESOURCE

The problem of pollution of wastewater with anionic synthetic surfactants at industrial enterprises,
which causes significant damage to the environment, is considered. A new method of adsorption treatment
of industrial wastewater using carbonate sludge of thermal power plants as a secondary material resource
is proposed. It has been found that granules of carbonate sludge with a binder can be considered as
an adsorption material and their use allows efficient treatment of waste water from anionic synthetic
surfactants.

Keywords: WASTE WATER TREATMENT, SORPTION MATERIAL, EXTRACTION OF
ANIONIC SYNTHETIC SURFACTANTS, SECONDARY MATERIAL RESOURCE, CARBONATE
SLUDGE TPP, DISPOSAL.

REFERENCES

1. Terechova E.L., Guoquan Zhang, Jie Chen, Sosnina N.A. Fenglin Yang Combined chemical
coagulation-flocculation/ultraviolet photolysis treatment for anionic surfactants in laundry
wastewater // Journal of Environmental Chemical Engineering. 2014. Vol. 2. Is. 4. P. 2111-21109.

2. Fathi Aloui, Sonia Kchaou, Sami Sayadi Physicochemical treatments of anionic surfactants
wastewater: Effect on aerobic biodegradability // Journal of Hazardous Materials. 2009. Vol. 164. Is. 1.
P. 353-359.

3. Ahmer Ali Siyal, Muhammad Rashid Shamsuddin, Aaron Low, Nurul Ekmi Rabat A review on
recent developments in the adsorption of surfactants from wastewater // Journal of Environmental
Management. 2020. Vol. 254. P. 109797.

4. Lurie Yu.Yu. Analytical chemistry of industrial wastewater. M., 2017. 171 p. [In Russ.].

5. Yagodovsky V.D. Adsorption. M.: Laboratory of Knowledge. 2015. 216 p. [In Russ.].

6. Asok Adak, Manas Bandyopadhyay, Anjali Pal Removal of anionic surfactant from wastewater
by alumina: a case study // Colloids and Surfaces A: Physicochemical and Engineering Aspects. 2005.
Vol. 254. Is. 1-3. P. 165-171.

7. Sapronova Zh.A., Fetisov R.O., Shaikhiev I.G., Sverguzova S.V. Sorption extraction of sodium
lauryl sulfate from aqueous media using sugar industry waste // Bulletin of KSTU [Vestnik KGTU].
2014. Vol. 17. No. 3. P. 163-165. [In Russ.].

8. Perederii M., Noskova Yu. Obtaining carbon sorbents from some types of biomass // Solid Fuel
Chemistry [Himiya tverdogo topliva]. 2008. No. 4. P. 30-36. [In Russ.].

9. Nikolaeva L.A., Khamzina D.A. Smeared sludge of chemical water purification — a secondary
energy resource at small power facilities // News of universities. Energy problems [News of universities.
Energy issues]. 2016. No. 5-6. P. 50-54. [In Russ.].

10. Federal environmental regulations 14.1:2.258-10. Methodology for measuring the mass
concentration of anionic surfactants in natural and wastewater by photometric method with methylene
blue (microextraction). M.: Analytical Center of ROSA CJSC, 2010 .18 p. [In Russ.].

11. GOST 8269.0-97. Crushed stone and gravel from dense rocks and industrial waste for
construction work. Methods of physical and mechanical tests. M.: Standartinform, 2018. 51 p.
[In Russ.].

128 | o www.nc—vostnii.ru o 1-2023 ¢« Becmnux HI] BocmHWV



