ISSN 2518-718X

( |
: I
| LBt EC | 1 |
il . i ;
8 1. = 4
| & W ey O | B | R - T
- e - A )
KAPATAHOIMHCKWA rOCYNAPCTBEH: . o - i S
VHUBEPCUTET " EH

Ne 2(86)/2017

XUMUA cepuscel
Cepua XUMUA

CHEMISTRY Series

KAPAFAHLDbI
YHUBEPCUTETIHIH

XABAPLbICDHI
BECTHUK

KAPATAHOWHCKOIO
YHUBEPCUTETA

BULLETIN

OF THE KARAGANDA
UNIVERSITY




ISSN 2518-718X
Nunexci 74617
WNunexc 74617

KAPAFTAHObI
YHUBEPCUTETIHIH

KABAPLIbIGDI

BECTHHK BULLETIN

KAPATAHOWHCKOIO OF THE KARAGANDA
YHUBEPCUTETA UNIVERSITY

XUMMUA cepusicol
Cepusa XUMUA

CHEMISTRY Series

Ne 2(86)/2017

Cayip—MaMbIp—MayChIM
30 mayceim 2017 x.
Arnpenps—Mait—1roHb

30 mrons 2017 r.
April-May—June
June, 30, 2017

1996 xpu1man 6acTar MIBIFaIbl
Usmaercs ¢ 1996 rona
Founded in 1996

JKbuibiHa 4 peT mbIFaIbl
Brixonut 4 paza B roa
Published 4 times a year

Kaparaugsr, 2017
Kaparanmga, 2017
Karaganda, 2017



bac pedaxmoprut

KM Xt A akangemuri, 3aH FbUI. I-pbl, Ipodeccop
E.K. KoOeeB

bac peoakmopoviy opvinbacaper  X.B. Omapos, KP ¥FA xopp.-mymeci,
TEXH. FBUL A-pbI, Tpodeccop

Kayanmol xamuuvt I'.}O. Amano6aeBa, GuiI0j. FbUL A-PbI, Ipodeccop

Peoaxyus ankacot

M.M. BaiikeHos, FBUIBIMHU PEIAaKTOp XUM. FbUL. J1-pbl (Kazakcran);
3.M. MysnaxmeroB, KP ¥FA akan., xum. rbul. 1-pel (Kazakcran);
AM. Fa3zanues, KP ¥FA akan., xum. vbul. 1-pbl (Kazakcran);
C.M. 91exeHoB, KP ¥FA akan., xum. roul. 1-psl (KazakcTan);
A.IL Ipoko¢nes, XHUM. FBUL JI-pbI (Peceit);

Ma ®3H-IOHb, npocgeccop (KXP);

P.P. Paxumos, XUM. FbUL A-pbl (AKILL);

M.B. barkub6exoBa, xuM. reul. O-pbl (KpIpFbI3cTan);

C.A. Be3Hocwok, ¢u3.-mart. Feul. 1-pel (Peceit);

b.®. Munaes, XHUM. FbUL J-pbl (YKpanHa);

H.Y. Anues, XUM. FbUL A-pbl (KazakcTan);

P.111. Epkacos, XHUM. FbUL J1-pbl (KazakcTan);

B.I1. MaJjbliies, TeXH. FbUL J-pbl (KazakcTan);

JL.LK. CaabkeeBa, XUM. FbUL A-pbl (KazakcTan);

E.M. Taxo6aes, XHUM. FbUL J-pbl (KazakcTan);

A.K. Tamenos, XHUM. FbUL J1-pbl (KazakcTan);

A.C.Youn, JKayanTbl XaTIIbl XUM. FbUL Kaua. (Kazakcran)

Peoaxyusnviy mexenocavivr: 100028, Kazakcran, Kaparanapl K., Y HUBEpCUTET K-ci, 28
Temn.: (7212) 77-03-69 (imki 1026); daxc: (7212) 77-03-84.
E-mail: vestnick kargu@ksu.kz. Caiitsl: vestnik.ksu.kz

Peoaxmoput
K.T. HypmyxaHoBa

Komnvromepoe bemmeazen
B.B. byTsiikun

Kaparanabl yHuBepcHTeTiHIH Xa0apmbIchl. «XHUMHSD> CePHSICHI.
ISSN 2518-718X.
Menmik ueci: «Axanemuk E.A. bexeroB aTeiaarsl Kaparanasl MemilekeTTik yHuBepeuTeTi» PMM.

Kazakcran PecnyOnukachlHbIH MOJCHHET »oHE akKmapaT MHUHHCTpiiriMeH Tipkenred. 23.10.2012 x.
Ne 13110-2K Tipkey Kyoutiri.

Bacyra 29.06.2017 x. xon koitpuiael Ilinrimi 60x84 1/8. Karassl odeerrik. Kesmemi 14,12 6.1. Tapansimsl
300 mana. barace! kemicim OoiibramIa. Tanceipsic Ne 57.

E.A. BekeroB atsiHnarel KapMYVY GacmiachiHBIH OacmiaxaHachIHa OACHUTBIIT IIBIKTHI.
100012, Kazakcran, Kaparauasl K., I'orons k-ci, 38. Ten. 51-38-20. E-mail: izd_kargu@mail.ru

© KaparaHabl MeMJIeKeTTiK YHHBepcuTeTi, 2017



T nasnvui peoakmop
akagemuk MAH BII, n-p ropun. Hayk, mpodeccop
E.K. Ky0OeesB
3am. enasnoeo peoakmopa X.Bb. Omapos, un.-kopp. HAH PK,
II-p TeXH. HayK, mpodeccop

Omeemcmeennviii cekpemaps — I'.JO. Aman6aeBa, 1-p ¢huinon. Hayk, mpodeccop

Peoaxyuonnasn xonnezus

M.U. BaiikeHos, Hay4HbII peaakTop A-p xuM. Hayk (KaszaxcTan);
3.M. MyagaxmeroB, akaa. HAH PK, n-p xum. Hayk (Kazaxcran);
A.M. T'azanues, akan. HAH PK, n-p xum. Hayk (Kazaxcran);

C.M. AnekeHoB, akag. HAH PK, n-p xum. nayk (Kazaxcran);
A.IL IIpokognes, I-p xuM. HayK (Poccust);

Ma ®3H-IOHb, npodeccop (KHP);

P.P. PaxumoB, I-p xuM. Hayk (CHIA);

M.B. batku6exoBa, 1-p xuM. Hayk (Keipreiscran);
C.A. be3nocok, I-p ¢u3.-mat. Hayk (Poccust);
b.®. Munaes, I-p XuM. HayK (YKpauHa);
H.Y. Anues, n-p xuM. Hayk (Kazaxcran);
P.111. Epkacos, n-p xuM. Hayk (Kazaxcran);
B.I1. MaJjbiiues, I-p TexH. Hayk (Ka3zaxcTaH);
JI.LK. CaibkeeBa, I-p xuM. Hayk (Kazaxcran);
E.M. Tax6aes, n-p xuM. Hayk (Kazaxcran);
A.K. TameHoB, n-p xuM. Hayk (Kazaxcran);
A.C. Yaan, OTB. CeKpeTapb KaHJ. xuM. Hayk (Kazaxcran)

Aopec peoaxyuu: 100028, Kazaxcran, r. Kaparanna, yn. YauBepcuterckas, 28

Ten.: (7212) 77-03-69 (BuyTp. 1026); daxc: (7212) 77-03-84.
E-mail: vestnick kargu@ksu.kz. Caiit: vestnik.ksu.kz

Peoaxmop
K.T. HypmyxaHoBa

Komnviomeprnas eepcmka
B.B. byTsiikun

Bectnuk Kaparanaunckoro yuusepeutera. Cepust «Xumus».
ISSN 2518-718X.
Coo6ctBennuk: PI'TI «KaparanauHCKuil rocyiapCcTBEHHBIN YHHBEpCUTET HMeHH akanemuka E.A. ByketoBay.

3aperucTpupoBaH MUHHCTEPCTBOM KYyJIbTYphl U MHpopMaruu PecnyOmmku KazaxcraHn. Perumcrparmontoe
cBuzperenbeTBO Ne 13110—XK ot 23.10.2012 1.

[Moamucano B nevyats 29.06.2017 r. ®opmar 60x84 1/8. Bymara odcernas. O6vem 14,12 m.i1. Tupax 300 sk3.
Ilena noroBopuas. 3aka3 Ne 57.

Ornevarano B tTunorpaduu usgarensctsa Kapl'V um. E.A. Bykerosa.
100012, Kazaxcramn, r. Kaparanaa, yi. I'oromns, 38, Ten.: (7212) 51-38-20. E-mail: izd_kargu@mail.ru

© KaparanauHCKHii rocyiapcTBeHHbI yHUBepcurer, 2017



Main Editor

Academician of IHEAS, Doctor of Law, Professor
Ye.K. Kubeyev

Deputy main Editor ~ Kh.B. Omarov, Corresponding member of NAS RK,
Doctor of techn. sci., Professor
Responsible secretary G.Yu. Amanbayeva, Doctor of phylol. sci., Professor

Editorial board
MLI. Baikenov, Science editor Doctor of chem. sci. (Kazakhstan);
Z.M. Muldakhmetov, Academician of NAS RK, Doctor of chem. sci. (Kazakhstan);
A.M. Gazaliev, Academician of NAS RK, Doctor of chem. sci. (Kazakhstan);
S.M. Adekenov, Academician of NAS RK, Doctor of chem. sci. (Kazakhstan);
A.P. Prokofiev, Doctor of chem. sci. (Russia);
Ma Feng Yung, Professor (China);

R.R. Rakhimov, Doctor of chem. sci. (USA);
M.B. Batkibekova, Doctor of chem. sci. (Kyrgyzstan);
S.A. Beznosyuk, Doctor of phys.-math. sci. (Russia);

B.F. Minaev, Doctor of chem. sci. (Ukraine);

N.U. Aliev, Doctor of chem. sci. (Kazakhstan);

R.Sh. Erkasov, Doctor of chem. sci. (Kazakhstan);

V.P. Malyshev, Doctor of techn. sci. (Kazakhstan);

L.K. Salkeeva, Doctor of chem. sci. (Kazakhstan);

E.M. Tazhbaeyv, Doctor of chem. sci. (Kazakhstan);

A.K. Tashenov, Doctor of chem. sci. (Kazakhstan);

A.S. Uali, Secretary Candidate of chem. sci. (Kazakhstan)

Postal address: 28, University Str., Karaganda, 100028, Kazakhstan

Tel.: (7212) 77-03-69 (add. 1026); fax: (7212) 77-03-84.
E-mail: vestnick kargu@ksu.kz. Web-site: vestnik.ksu.kz

Editor
Zh.T. Nurmukhanova

Computer layout
V.V. Butyaikin

Bulletin of the Karaganda University. «Chemistry» series.
ISSN 2518-718X.
Proprietary: RSE «Academician Ye.A. Buketov Karaganda State University».

Registered by the Ministry of Culture and Information of the Republic of Kazakhstan. Registration certificate
No. 13110-Zh from 23.10.2012.

Signed in print 29.06.2017. Format 60x84 1/8. Offset paper. Volume 14,12 p.sh. Circulation 300 copies.
Price upon request. Order Ne 57.

Printed in the Ye.A. Buketov Karaganda State University Publishing house.

38, Gogol Str., Karaganda, 100012, Kazakhstan. Tel.: (7212) 51-38-20. E-mail: izd_kargu@mail.ru

© Karaganda State University, 2017



MA3MY¥YHbI

OPI'AHUKAJIBIK XUMUA

bypreesa I' K. TIonM3TUICHTIMKOIEMATICHHATTHIH aKPHIIAMUJIICH KOHE MOHOATAaHOJIAMUHHIH MO-
HOBUHUIII YPUPIMEH TEPTIOTUMEPHBAITHICE .....veeeuveeerereeereeerreensseesseeessseesseesssssesssessssssesssessssesesssessssessnnns

bypxeesa I' K. Kanbiknarad nonudup maiblp HET131HAE COMOTUMEPIIEPII 3EPTTEY ..vevveeuververeeeneenn

byprees M.JK., Toocbaes E.M., Jaspenbexos CIK., boxubaes A.A., Kaxcmypamosa A.T., Xamu-
mosa T.6., Hopaesa JI.T., Kooicabexosa I'.E., Torenoi XK. A., Umanbexosa K. K. Ilomumepii ruaporensb
MaTpPUIIACKIH/IAFbI KOOAIET HAHOOOIIIEKTEPiH ATYABIH OHTAMITBI HAFTAMIIAPEL .....vvevrerereeereereereeeeenenennnes

Cyepanuna JI.M., Pooickosoti U.E., Conxeesa JI.K., Munaesa E.B., Tatiuuberxosa E.K., Omaue-
6a A.B., Canxeesa A.K. Tlonmnyperanasl dmactomepiiepai GeHOIIBIK MOAU(PUKAIIASIAY TACKOMIPIII KO
OUTYMIaph! YIIiH MOMH(YHKITUOHATIEI KOCBIHIBLIAPIBI ATY QIIICI PETIHEC «.eevveerveenreeeeerererererreeseesseessnens

Kanuesa C.C., Mamaesa E.A., Hypnetiuc E.E., baxubaes A.A., Tawenos A.K., 3amanosa M.K.,
Key T.C. Kelibip neHTaUKIII TPUTSPIICHOUITAPIBI TA3ATAYABIH QIIICTEP e e vveererereenreereerseerseessnennesnsennns

OU3UNKAJIBIK )KOHE AHAJIMTUKAJIBIK XUMMUSA

Amepxanoea LK., Yonu A.C., Aburkanosa @.2K. TypneHaipiirer OeIceH i KOMIpTEK HETi3iH/ETi
COPOCHTTEPIIH TEPMOTYPAKTBITBIFBIH OAFATIAY ...c.vvveeeereeesreeeereeeseeessreesseeesseeessseesssesessseesssessssssesssessssseessses

Kacvimosa M.C., Ooynaiiicosa JLK., Auimbexosa A.A. KapOoH KpIIKBUIIAPBIH TEPMOTPaBUMETPHUSI-
JIBIK JKOHE KHHETHUKAIBIK IICTEP APKBITBI BEPTTEY ....veuvenrenrenrenteurereeuensersensensesententesteseesessessessensenseseeeneenens

Abocanos b.C., Abousanues P.T. BUCMYTTBIH epyiH TY3 KBIIKBUIBIHBIH CYJIBI €pITIHAUIEpIHIEC OH-
JUPiCTiK aHBIMAJIBI TOKIICH TOJISPHU3AMUSIAY APKBITBI 3EPTTEY vevvvervreererereereesseesseesseessesssesssesssesssessssessees

Amepxanosa LK., Yonu A.C. Msic (II) noHIapBIHBIH OKCTUAPUIIBIL KOHE CYIb(OrUAPHIBIL (IIo-
TOpEareHTTep KOCMACHIMEH CYIIBI €PITIHAIEPAE KOMITIIEKC TY3UTYI .euveteruietinieeienieeieeenieeieseeeneensesieeneenne

BEMOPT AHUKAJIBIK XUMU S

bexmypeanoea A.JK., Pycmembexos K.T., Kacenos b.K., Cmoes M., Toiibex A.A. 298,15-673 K
apaJIbIFbIHAA JAHTAH YIITIK TEJUTYPUTIHIH JKbUTY ChIMBIMABUIBIFBIH KATIOPUMETPIIK 3EPTTEY vovvveerreerreanrens

Mamaes M.M., A6opaiimosa M.P., Caxcena C.M., Ke3ouxbaesa A.T. BiMe;"FesOy, (Mll = Mg, Ca,
Ba) xypaeni heppuTTepiH CHHTE3/ICY KOHE PEHTTCHOIPADHUSIBIK 3EPTTEY vuvveerreereerrresereerreesreeveesseesesenenas

Aboypaszosa I1.A., Camaes M.C., Kowxapbaesa LI T., Paiivimberxos E.b., Hazapbex ¥.b. Metamn
eMec OyibpIMIapablH OeTTepiHe KOHIBIPBUIFaH alThiH, KYMIC KOHE MBIC HAHOOONIIEKTEPiHiH OaKkTepu-
IIAITIK KACHETTEPIH BEPTTEY ..vvveeereeerreesereessseeessseesseesssssessseeassesessssesssesssssessssessssssesssessssssesssessssesssssessssessses

Ab6oypaszosa I1.A., Camaese M.C., Kowxkapbaesa ILI.T., Pativimbexos E.b., Hazapoex ¥.b. [lu-
ANIEKTPJI MaTepuanaapabiH OeTki KabaThlHA KalTalfaH METaUl KaOBIKIIamapAblH KATbIHABIFBIH aHBIK-
TAY OITICT et vteevreesereeestreeateeaseeeseseeasseassseasssesasssesassssassseassseeassssesssessssesassessssssessssssssesasssesssesessssesssesansseesssennns

XUMHUAJIBIK TEXHOJIOT'UA

Axumberosa b., Kapunxan A., bamanosa HIK. KoMITIeKCKypalThIH peareHTTep-MOAUPUKATOP-
Jap JKOHE ONMAPIBIH (PIIOTALMIFA QCEPT -veuveeuririeuteiirtieierteetenteeitesteeteetesteeseetesbeeste bt satentesbeenseseeensensesaeensenne

Omapos X.b., 0ocam 3.b., Anoabepeenosa C.K., Paxumocanosa HIK., Myszannapos A.A. Xpom To-
THIFBIH (V) MBICTBI KBIIIKBULABI €PITIHAUICPIHEH KYIINAAAH Ta3aPTYFa KOIAAHY -.c..veveeeenreneeeneereneeeneenne

XUMUAHBI OKbITY 9AICTEMECI

Kenoicemaesa C.0O. «OpraHuKaIIbIK XUMES TToHI OobiHIIa COXK TanceipManapsld gaspiiayna Tak-
COHOMUSITBIK TOCUTIEMEHI TTAMITAITAHY ... .eevveeereeevreessseeasseeesseesseeassseesssesassesessseesssssssssessssessssssesssesssssessssens

ABTOPJIAP TYPAJIBI MOJIIMETTEP ......cociiiiiiiiiiniiiiiieeecet ettt

Cepust «Xumusi». Ne 2(86)/2017

15

23

30

35

42

47

52

59

68

73

78

85

93

99



COJIEP)KAHUE

OPI'AHNYECKASA XUMUA

bypkeesa I' K. Tepnionumepusanus MOIUITUICHTIIUKOIbMATICHHATA ¢ aKpUIAMUAOM U MOHOBHUHHU-
JIOBBIM 3(DUPOM MOHOITAHOIAMEHA. ... c.veeueeeeenreseesstesesseansenseensensesstensesseensesesseensesseensensesssensessesnsensesseensenns

bypxeesa I' K. iccnenoBanue coOmoiMMepoB Ha OCHOBE HEHACBHILICHHBIX MOTUI(UPHBIX CMOI.........

byprees M.JK., Taxcoaes E.M., J/laspenbexos C.JK., Baxubaes A.A., Kascmypamosa A.T., Xamu-
mosa T.0., Hopaesa JL.T., Koocabekosa I'.E., Torenou JK.A., Umanberxosa K. K. Tlombop onTumais-
HBIX YCJIOBUU IS TOAy4YeHHs HaHOYacTHIl CO B MATPUIIE TTOTUMEPHOTO THAPOTEIIS ....vvevereenreenveeneeeenenenss

Cyepanuna JIM., Poockosou U.E., Canvkeesa JI.K., Munaesa E.B., Tatiwmubexosa E.K., Omauie-
6a A.B., Canvreesa A.K. ®enomutrdeckas MOIAGHUKAITUS TTOIHYPETAHOBBIX 2IACTOMEPOB KakK CIocod
MOJTy4eHUS MONMU(PYHKIIMOHATBLHBIX TOOABOK JIJISI KAMCHHOYTOJIBHBIX JIOPOXKHBIX OUTYMOB........cervvenerenne.

Kanuesa C.C., Mamaesa E.A., Hypneiiuc E.E., baxubaes A.A., Tawenos A.K., 3amanoea M.K.,
Key T.C. CrtocoObl OYMCTKH HEKOTOPBIX MEHTAITMKIMYCCKUX TPUTCPIICHOUIOB. ...c.vveevveerreerreererensrenssensennns

OU3NYECKASA U AHAJIMTHYECKASA XUMUSA

Amepxanoea LK., YVam A.C., Aburxanosa @.JK. OneHka TEpMOYCTOMYUBOCTA COPOSHTOB Ha
OCHOBE MOIU(DHUIIMPOBAHHBIX AKTHBHBIX YTTICH ...veeiviiiuiiieieieiiarieteeiteesteestaeesteesseesseeseesseesssesssessseesesssesssenns

Kacvimosa M.C., Abynaucosa JLK., Aumbexoea A.A. WVccnenoBanne KapOOHOBBIX KHCIOT
TEPMOIPABUMETPHUYCCKUM M KHHETHUCCKIM METOIAMH .......eeuveereerrreesreesseeseeseesssesssessseessesssesssessssesssesssesnns

Abocanoe B.C., Abousanues P.T. VccnenoBaHne pacTBOpeHHS BHUCMYTa B BOJHBIX PacTBOpax
COJISIHOHM KHCJIOTBI IIPH HOJISIPU3ALIMY IPOMBIIUICHHBIM NEPEMEHHBIM TOKOM......cuveuruirierirereieneennennenenes

Amepxanoea IIILK., Vam A.C. KowmmiekcoobpazoBanne wuonoB wMemu (II) co cmecwio
OKCTUAPUIBHBIX U CYIbPTUAPUIBHBIX (DIOTOPEATCHTOB B BOAHBIX PACTBOPAX. .. .veerveereeersrersrersreenseensessseens

HEOPT'TAHUYECKAS XUMHUSA

bexmypeanosa A.JK., Pycmemberxos K.T., Kacenos b.K., Cmoes M., Toiibex A.A. Kanopumerpu-
YEeCKOe MCCIICIOBAaHNE TETUIOEMKOCTH TPOMHOTO TeJUTypHTa JlaHTaHa B mHTepBaie 298,15-673 K ............

Mamaes M.M., A6dpaiimosa M.P., Caxcena M.C., Ke3ouxbaesa A.T. Cunte3 U peHTreHorpadu-
4ecKoe HCCIIeOBaHIe CIIOKHBIX (heppuToB coctaBa BiMe; FesOp, (M = Mg, Ca, Ba) ....covveeeeeanee.

Aboypaszoea I1.A., Camaese M.C., Kowxapbdaesa III.T., Paiivinbexos E.b., Hazapbex V.b. Vccne-
JIOBaHME OAKTEPHUIMIHBIX CBOMCTB HAHOYACTHII MEIH, 30JI0Ta U cepedpa, HAHECCHHBIX Ha MOBEPXHOCTh
HEMETATUTHUCCKIX HBIICITHI ...cuvevvevierieteeteetestestestestesteseeseeseesessessensesseseeseesesseesessensensensesseseeseeseasessessensensensessns

Ab6oypaszoea I1.A., Camaee M.C., Kowxkapbaesa ILI.T., Pativimberxos E.b., Hazapbex Y.5. Meton
OTpeeNICHHs TONIHHBI METAJUTHYCCKUX TMOKPBITHH, HAHECEHHBIX HAa MOBEPXHOCTH JMINCKTPHUCCKHUX
MATEPHATIOB .....vveveveresesensensesseneeseeseesesseasessessensessesseseasessessensensensessessessessssensessensensensessessesessessessensensensenseseens

XUMHUYECKAS TEXHOJIOI'UA

Axumbexosa b., Kapunxan A., Bamanosa H.JK. KommiekcooOpasyionme peareHThI-Moaudpuka-
TOPBI M UX BITUSHUE HA (DITOTALIHED .....vevveeereenreenseessresssessseesseessesssessssesssesssesssesssessssesssesssesssesssesssessssesssessennns

Omapos X.b., Aocam 3.b., Anoabepeenosa C.K., Paxumocanosa H.IK., Myzannapos A.A. Victionb-
3oBaHue okcuja xpoma (VI) B kauecTBe cOpOCHTA MBIIITBSIKA U3 KUCIBIX MEIAbCOACPKAIIUX PACTBOPOB ...

METOAUKA OBYYEHUA XUMHUHU

Kenoicemaesa C.O. TlpuMeHeHHe TaKCOHOMHUYECKOTO TOAX01a MpH moarotoBke 3amanuit CPC mo
TACTUTITAHE «OPTAHHUCCKAST XAMUSD) ....eeuvereenteseeseesesstasessesneessesseenseseassensesseensessesnsensesseensessesssensesseensesses

CBEZIEHMS OB ABTOPAX ..ottt ettt ettt ettt sttt sttt nae s aenie e ne s

15

23

30

35

42

47

52

59

68

73

78

85

93

99

6 BecTHuk KaparaHguHckoro yHuBepcuteTa



CONTENTS

ORGANIC CHEMISTRY

Burkeyeva G.K. Terpolymerization of polyethylene glycol maleate with acrylamide and monovinyl
ether of MONOEthANOLAIMNINE .......cc.iiuiiiiiiiiiiriiter ettt st ettt e saeene

Burkeyeva G.K. Investigation of copolymers based on unsaturated polyester resins..............ccceeveenee..

Burkeyev M.Zh., Tazhbayev EM., Davrenbekov S.Zh., Bakibayev A.A., Kazhmuratova A.T,,
Khamitova T.O., Ibrayeva L.T., Kozhabekova G.E., Tolendi Zh.A., Imanbekova Zh.K. Selection of
optimal conditions for obtaining of Co nanoparticles in the matrix of polymeric hydrogels.......................

Sugralina L.M., Rozhkovoy L. Ye., Salkeyeva L.K., Minayeva Ye.V., Taishibekova Ye.K., Omashe-
va A.V., Salkeyeva A.K. Phenolytical modification of polyurethane elastomers as a method of obtaining
multifunctional additives for road coal tar DITUME ........oovveueiiiiiiiiieeeeeeeee e e saaaees

Kaliyeva S.S., Mamayeva E.A., Ye.E.Nurpeiis, Bakibayev A.A., Tashenov A.K., Zamanova M.K.,
Kets T.S. Methods for treating some pentacyclic triterpenoids ...........cvecveeriereerieiieeieereeree e e sve e enns
PHYSICAL AND ANALYTICAL CHEMISTRY

Amerkhanova Sh.K., Uali A.S., Abilkanova F.Zh. Evaluation of the thermal stability of sorbents
based 0N MOAITIEA ACTIVE CATDOIS.....cceiiiieeeeeeeee ettt et e e e e e e e ee e et eeeeeseeeessaareeeessesaaereneeeeesssanann

Kasymova M.S., Abulyaissova L.K., Aitbekova A.A. Research on carboxylic acids by thermogravi-
metric and Kinetic METhOAS. .....c..co.iiiiiiiiiii ettt

Abzhalov B.S., Abdivaliev R.T. Research of dissolution of bismuth in water solutions of
hydrochloric acid at polarization by an industrial alternating Current............cccceccevereerereenenenseneseeeee

Amerkhanova Sh.K., Uali A.S. The complexation of copper (II) ions with a mixture of oxyhydryl
and sulthydryl flotation agents in aqUEOUS SOIULIONS..........ecvireueriieeriieriieree e et eteesiee e seeereereeseeneeens

INORGANIC CHEMISTRY

Bekturganova A.Zh., Rustembekov K.T., Kasenov B.K., Stoyev M., Toibek A.A. Calorimetric
research of a heat capacity of a triple lanthanum tellurite in the range of 298.15—673 K ......ccoeeovvevvennennen.

Matayev M.M., Abdraimova M.R., Saksena S.M., Kezdikbayeva A.T. Synthesis and X-ray analysis
of complex ferrites BiMe;"Fes0,, (MII =ME, Ca,Ba) oeiiiiicec e e

Abdurazova P.A., Satayev M.S., Koshkarbayeva Sh.T., Raiymbekov Ye.B., Nazarbek U.B. Research
of bactericidal properties of nanoparticles of copper, gold and silver deposited on the surface of non-
INELAITIC PIOAUCES ..ocuviiiiiiiie ettt ettt ettt e et e et e ebe e teeetbeeebeesbeesbe e baesssessseessesaveesbeenseensaessenseas

Abdurazova P.A., Sataev M.S., Koshkarbayeva Sh.T., Raiymbekov Ye.B., Nazarbek U.B. Method
for determining the thickness of metal coating deposited on the surface of dielectric material...................

CHEMICAL TECHNOLOGY

Akimbekova B., Karilkhan A., Balpanova N.Zh. Influence of complexing agents on the flotation of
SUITIAC TIINETALS ...ttt ettt et et b et et e e et s bt e st e b e ebe et e ebe e st e beebeenaesaeentenbens

Omarov Kh.B., Absat Z.B., Aldabergenova S.K., Rakhimzhanova N.Z., Muzapparov A.A. Use of the
chrome (VI) oxide as a sorbent of arsenic from sour copper-containing solutions.............cccceeeveevveevveennnnns

METHODS OF TEACHING CHEMISTRY 105

Kenzhetayeva S.O. Application of the taxonomic approach in the preparation of the assignments for
SSS on the subject «Organic CREIMISIIY ) .......ccieiieiieerieeiieiieitecreerreesteesreeeeeebeesbeesteesasessseeseesseesseesessseans

INFORMATION ABOUT AUTHORS ......cutitiiteentetete sttt sttt sttt e

Cepusa «Xumuns». Ne 2(86)/2017

15

23

30

35

42

47

52

59

68

73

78

85

93

99



OPI'AHUKAIbIK XUMUA
OPIT'AHUYECKAA XUMUA
ORGANIC CHEMISTRY

UDC 541.64+678

G.K. Burkeyeva

Ye.A. Buketov Karaganda State University, Kazakhstan
(E-mail: guls_b@mail.ru)

Terpolymerization of polyethylene glycol maleate
with acrylamide and monovinyl ether of monoethanolamine

Radical copolymerization of polyethylene glycol maleate with acrylamide and monovinyl ether of
monoethanol amine has been performed for the first time. Radical co- and terpolymerization of the systems
polyethylene glycol maleate with acrylamide and monovinyl ether of monoethanol amine has been studied.
Molecular weight of polyethylene glycol maleate has been determined using light scattering and gel permea-
tion chromatography. The compositions of the polymers and copolymerization constants of the studied sys-
tems have been determined. The composition of the copolymers has been found using gas chromatography.
Kinetic curves show that with increasing molar fraction of acrylamide in the solution the reaction rate and
swelling capacity of the copolymers increase. It has been shown that the composition of terpolymers deter-
mined experimentally differs considerably from the one calculated taking into account obtained constants of
copolymerization. Deviations found are due to various intermolecular interactions in these systems. The pos-
sibility of controlling the properties of network copolymers of polyethylene glycol maleate by changing ex-
ternal factors has been studied. Swelling capacity of the copolymers investigated was studied using gravimet-
ric method.

Keywords: unsaturated polyesters, copolymerization, terpolymerization, polyethylene glycol maleate, acryla-
mide, copolymer, terpolymer.

Introduction

At present the use and preparation of polymeric materials makes a big contribution to every-day life of
humanity. Wide application of polymers can be seen in many branches of household, architecture, medicine,
science and technique.

The most commonly used method of obtaining such synthetic polymers is the reaction of radical
terpolymerization. Such processes are necessary and they are very suitable from practical point of view [1].
The usefulness of this reaction is that by addition of the third monomer into the reaction mixture it is possible
to obtain the polymer which is modified at a specific «place» and the change of physicochemical properties
of copolymer may be achieved. Using different ways of modification of macrochain it is possible to improve
the properties and to obtain novel polymeric materials.

One of the perspective reagents used as a structure forming agent for obtaining polymers is polyeth-
ylene glycol maleate. As it is known unsaturated polyester resins are thermosetting polymers which have
—CH=CH- active group [2]. One of the important properties of them is their ability to polymerize with vinyl
monomers at room temperature or at relatively low temperature without elimination of side products. Hard-
ened products have good physico-mechanical and chemical properties which can be varied by choosing cor-
responding monomers. The ability of polyether resins to copolymerize with vinyl monomers, for instance,
with styrene has been found a little more than quarter century ago. In connection with this radical copoly-
merization of polyethylene glycol maleate with some vinyl monomers has been thoroughly investigated and
the possibility of formation of the polymers of linear and cross-linked structure has been shown. Polymers
can posses given complex of properties by using vinyl ethers (VE) as reagents. Introduction of the chains of
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VE into the composition of polymers improves their processability, adherence and allows to exclude the use
of plasticizers and stabilizers. Among the compounds of this class monovinyl ether of monoethanolamine
(MVEMEA) which has hydrophobic fragments and active NH,-group is of special interest. It is important to
note that MVEMEA polymerizes badly by radical mechanism which can be used to control the kinetic chain
length.

On the basis of the aforesaid triple system consisting of polyethylene glycol maleate (p-EGM) —
acrylamide (AA) — monovinyl ether of monoethanolamine (MVEMEA) has been chosen.

Experimental part

Polyethylene glycol maleate has been obtained by polycondensation reaction of maleic acid and
ethyleneglycol at a temperature 393—403 K [3, 4]:

0
H,C—OH i
aff o+ Hzé_ o HO—C—CH=CH—C—O0—CH, CH,OH —~
0

i i
— Mw—P —CH=CH—C—0—CH2—CH2—04~MM + H,0
n

The process was controlled by determining acidic number and by the volume of water eliminated.
Yield= 98.6 %, T = 375 K. Product was identified due to IR-specters, where present lines of absorption
(—C=C-) in regions 16751765 cm’', fluctuation with ethereal bond C—-O—C— at 1162 c¢m', fluctuation (C—O)
group is 1170 cm™.

Molar mass of p-EGM determined using light scattering method on nephelometer 2100 AN (NACH)
and using gel permeation chromatography on Agilent 1260 Infinity which was equal to 2350 a.m.u. As a sol-
vent tetrahydrophuran was used.

Co- and terpolymers of p-EGM have been obtained by radical polymerization in organic phase (the ra-
tio monomer mixture: solvent was 1:3 on mass) in the presence of initiator dinitril of azo-bis-isobutyric acid
[AIBN] = 8 mol/m’ at temperature 333 K at various ratios of monomer.

Synthesized polymers were washed with dioxane for purifying from unreacted monomer residues. The
composition of the copolymers obtained was determined potentiometrically and according to the residual
amount of the monomers gas chromatography was used [3, 5]. Equilibrium swelling degree of the polymers
was measured gravimetrically.

Results and discussion

Since Alfei and Goldfinger’s equation is known for triple systems the scientists are using it for theoreti-
cal calculations of the compositions of terpolymers. With this aim our task was to calculate theoretical com-
positions of terpolymers investigated. For that it is necessary to know six constants of binary polymerization:
I'ip, Iy, I'13, I31, 123, 32 for the systems M1 — Mz, M1 — M3, M2 — M3.

In connection with this the copolymerization of three binary systems p-EGM-AA, p-EGM-MVEMEA
and AA-MVEMEA has been carried out (Table 1).

Experimental results on establishment of dependence of copolymers’ composition on composition of
the monomer mixture for the systems p-EGM-MVEMEA and AA-MVEMEA are shown in Figure. From
Figure it is seen that in both systems the copolymers have less chains of MVEMEA which shows less activi-
ty of MVEMEA towards p-EGM and AA in radical copolymerization reaction and that it enables the for-
mation of homopolymers in the condition of radical polymerization. It is necessary to note that the introduc-
tion of the chains of vinyl ether to the copolymer’s composition is limited.

As it is seen from Table 1 obtained copolymers are enriched with the chains p-EGM and AA. Increase
of the content of MVEMEA in initial mixture from 50 to 90 mol. % leads to the increase of its fraction in the
copolymers to certain relatively constant amount (from 15 to 31 mol. %).
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Figure. Diagram of copolymer composition from the composition of the initial monomer mixture

Based on literature and obtained data when studying radical co- and terpolymerization of p-EGM-AA,
p-EGM-MVEMEA and AA-MVEMEA it can be concluded that with increasing the fraction of MVEMEA
in initial mixture soluble copolymers of linear structure are formed and the yield of the copolymers decreases

(Table 1).

Table 1

Compositions and properties of the copolymers p-EGM (M;) — AA (M,), p-EGM (M;) - MVEMEA (M,),
AA (M;) - MVEMEA (M,). [I] = 8 mol/m’, T = 333 K, the solvent is dioxane

Initial ratio of the monomers, mol. % Composition of the copolymer, mol. % The yield
M, | M, m ms of copolymer, %
p-EGM-AA
15.11 84.89 11.38 88.62 83.2
24.91 75.09 19.74 80.26 86.4
39.81 60.19 34.69 65.31 90.9
49.94 50,06 58.12 41.88 92.5
p-EGM-MVEMEA
10.10 89.90 69.4 30.6 21.55
14.92 85.08 72.6 27.4 24.32
25.00 75.00 75.0 25.0 25.19
40.11 59.89 76.6 19.3 31.26
49.93 50.07 78.8 14.4 32.77
AA-MVEMEA
15.19 84.81 77.3 22.7 29.0
25.10 74.90 81.8 18.2 31.1
39.96 60.04 86.9 13.1 34.0
49.86 50.14 91.0 9.0 36.0

Much lower meanings of the yields of the copolymers with increasing the content of VE in the mixture
shows antagonistic effect of the latter on polymerization process. It is likely that the macroradical which ends
with the chain of MVEMEA is rather stable and it inhibits polymerization process. Therefore MVEMEA in
such systems can play the role of the controller of the process rate and molecular mass of copolymer.

The processing of the obtained data allowed to calculate the constants of copolymerization for the pairs
of monomers. The meanings of the constants of binary polymerization have been found using integral equa-
tion of Mayo-Luis which is used for calculation of polymerization constants at a high polymerization degree

[6, 7] (Table 2).

10
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Table 2
Constants and parameters of copolymerization of binary systems
M, M, 8 ) "' Ury Ur, O €l O €
p-EGM AA 0.93 1.45 1.34 1.07 0.68 0.05 0.55 0.14 1.15
p-EGM MVEMEA 3.80 0.12 0.45 0.26 8.33 2.30 0.40 0.51 1.21
AA MVEMEA 5.90 0.08 0.47 0.17 12.5 1.37 0.59 0.22 0.77

Comparison of copolymerization constants has shown that p-EGM and AA show higher activity in the
radical copolymerization reaction in comparison with MVEMEA. The meanings of r; for these monomers
are considerably higher than 1 and equal to 3.8 and 5.9 correspondingly which justifies high activity of the
monomers and macroradicals, which end to the chains p-EGM and AA towards its monomer or radical,
whereas the radical which ends to MVEMEA is able to bind mainly to the other monomer. The meanings of
r, which approximate to 0 in both systems confirm it.

It is necessary to take into account that in spite of no possibility of homopolymerization of MVEMEA,
it can bind with considerably low activity to its monomer or radical in copolymerization reaction with
p-EGM and AA. It is confirmed by the copolymerization constant 7, which differs from zero. Relative activi-
ty of VE in binary polymerization with both monomers is equally low. In the system p-EGM—-AA the mean-
ing of relative activity 7, is less than 1 (#; = 0.93), which shows that the macroradical ending to the chain
p-EGM shows high activity to the other monomer or radical, whereas macroradical which ends to the chain
of second monomer (AA) reacts considerably easier with its monomer AA (,>1). 1/r is higher than 1 and
equal to 1.07, at the same time 1/r, is considerably lower than 1 and equal to 0.68. This shows and confirms
the fact that macroradical which ends with p-EGM shows higher activity to the other monomer (AA), where-
as the macroradical which ends to the chain with second monomer (AA) also reacts easier with its monomer.

The product of two constants of copolymerization in two studied systems p-EGM—-MVEMEA,
AA-MVEMEA is lower than 1 which gives opportunity to assume that the interchange of monomer chains
in the copolymers does not take place. So the meanings r;=0.93; ry =1.45; ri3=23.80; r;;=0.12;
723 = 5,90; r3,=0.08 have been found.

Different internal factors influences on reactivity of monomers. Among the key factors there are cou-
pling, spatial hindrances, polarity of the monomer or radical. Alfrei and Price [6] have established the quanti-
tative dependence between structure and reactivity. In spite of the incompleteness of the parameters Q and e
introduced by them which describe resonance and polar effect correspondingly, in many cases they describe
the process rather sufficiently. On the basis of the copolymerization constants we have calculated the param-
eters O and e according to the equation of Alfei and Price. As it is seen from data given in Table 2 both
monomers p-EGM and AA have similar meanings of polarity of double bond. The meanings of Q for these
monomers differs a little bit but have the same degree, therefore the coupling degree with the substitutes also
has close meaning. MVEMEA differs from the first two monomers on the meanings of its activity and po-
larity. Probably it determines high tendency of the monomers and radicals with the end VE in the polymeri-
zation condition to bind other monomers.

Equation made by Walt and Medvedev [8] independently allows to define the probability of formation
of the structures (f) on copolymerization constants: M;—M;, M;—M, and M,—M;, M,—M, (Table 3).

As it is seen from table 4 the probability of formation of the structures M;—M; is higher at any ratio of
the monomers in the systems p-EGM-MVEMEA and AA-MVEMEA. In this case for these systems the
probability of formation of the structures M;—M; is almost one-degree higher than M;—M, and the probability
of formation of the structures M,—M, is extremely low. Probability of the formation of the structures
MVEMEA-MVEMEA is rather low.

Data found on the copolymerization of each pair of monomers M;/M,, M,/M;, Mi/Mj; separately gives
opportunity to predict their behavior at terpolymerization of M;/M,/M3. The synthesis where mass ratio of
p-EGM was constant (~15 mol. %), and the mass ratios of AA and MVEMEA were changing within the
range from ~15 to 75 mol. % has been carried out to check the correspondence of calculated and experimen-
tally found compositions of terpolymers.

In Table 4 the experimental and calculated data showing the dependence of the terpolymer composition
on the composition of the initial monomer mixture is shown.

From data shown in Table 4 it is seen that the composition of the copolymer found experimentally dif-
fers from calculated ones. The amount of the chains of p-EGM and MVEMEA in the synthesized terpolymer
was found to be considerably higher than calculated meaning. At the same time according to the calculations
the amount of the chains of AA was supposed to be much higher.
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Table 3

Probability of formation of different structures of the copolymers p-EGM (M) — AA (M),
p-EGM (M) - MVEMEA (M,), p-EGM (M) - AA (M,)

Composition of initial mixture, mol.% fvi-m2
M | M fMl'Ml f _ fM2'M2 LM] LM2
1 2 M2™M1
p-EGM (M) AA (M5)
15.11 84.89 0.1129 0.2657 0.6558 1.4249 2.3391
2491 75.09 0,2137 0.2849 0.7165 1.7501 4.2699
39.81 60.19 0.2899 0.2884 0.8235 2.0052 1.5669
49.94 50.06 0.5431 2.5531 0.8324 1.2127 1.2164
p-EGM (M) - MVEMEA (M)
10.10 89.90 0.3158 0.0989 0,0067
14.92 85.08 03693 | 00894 | 00052 | %% | 133
25.00 75.00 0,5493 0.0875 0,0045 4.6178 1'1713
40.11 59.89 0,6248 0.0847 0,0040 18’ 1788 1'0519
49.93 50.07 0,8933 0.0820 ) )
AA M,) - MVEMEA (M,)
15.19 84.81 0.7945 0.0940 0.0062 9.0252 1.0676
25.10 74.90 0.8159 0.0800 0.0050 10.1674 1.0584
36.96 60.04 0.8287 0.0760 0.0040 10.6360 1.0523
49.86 50.14 0.8371 0.0730 0.0035 11.0855 1.0481
Table 4
Compositions of terpolymers PEGM (M), AA (M,), MVEMEA (M5),
which were obtained in the dioxane (1:3), [1]=8 mol/m® and T=333 K
Composition of the initial mixture, Compositions of terpolymers, mol. %
mol. % Calculated Experimentally found Yield, %
M] M2 M3 nm nmy ms n nmy ms
14.89 69.91 15.20 9.3 84.9 5.8 20.5 71.2 8.3 68.6
15.12 49.93 34.95 12.7 77.9 9.4 23.3 64.2 12.5 43.1
15.10 35.03 49.87 16.4 57.3 26.3 25.5 44.1 30.4 27.0
14.92 14.99 70.09 20.0 49.6 30.4 27.2 37.6 35.2 21.1

One of the main factors influencing on properties of the copolymers is its chemical structure which is
closely related to the character of interchange and distribution of the sections in polymeric chain. Parameters
of microstructures of terpolymers were calculated according to the equation suggested in [9] (Table 5).

Table 5
Parameters of microstructures of terpolymers p-EGM (M,), AA (M), MVEMEA (M;)
Compo.smon of the reagent The probability of the structure formation
mixture, mol. %

M, M, M; Pmimz Pymo-ms Pymz-mi Pmi-ms Pymz-m2 Pyo-mi
14.89 69.91 15.20 0.10276 0.05801 0.17190 0.01393 0.80229 0.94593
15.12 49.93 34.95 0.12269 0.16161 0.21352 0.04347 0.71174 0.87899
15.10 35.03 49.87 0.14337 0.27017 0.26087 0.08224 0.60869 0.84395
14.92 14.99 70.09 0.18521 0.48927 0.37037 0.20588 0.37037 0.73530

Composition of the reagent .

mixture, mol. % The length of the blocks from one-type chains

M, M, M, Ly, Lun Lus Hardwood pararrﬁeter of blockiness
14.89 69.91 15.20 1.05279 6.22049 1.02645 47.76
15.12 49.93 34.95 1.07152 1.13983 1.27149 87.18
15.10 35.03 49.87 1.09747 1.16762 1.35294 84.10
14.92 14.99 70.09 1.18881 1.22804 1.58824 76.98
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According to the calculations of the probability of formation of the structures M;—M,, M3—M, in
terpolymers is relatively high. The reason of that can be high reactivity of macroradicals M,, which joins eas-
ily to M;" as well as M;* and their monomers.

It is necessary to note that at terpolymerization of p-EGM—-AA-MVEMEA at one of the ratios of the
monomers (20.5:71.2:8.3 mol. %) the polymer of network structure with high sorption capacity is
formed. Comparing to its binary analogue p-EGM-AA [10], terpolymer p-EGM-AA-MVEMEA
(20.5:71.2:8.3 mol. %) of lightly crosslinked structure and it is able to absorb much more quantity of water
within shorter period of time. It is likely related to less activity of MVEMEA in radical polymerization reac-
tion and as a result of this lightly crosslinked polymers are formed. Consequently, monovinyl ether of
monoethanolamine in this case plays the role of the agent which shortens the frequency of polymer network.
With this terpolymers p-EGM-AA-MVEMEA with higher content of vinyl ether possess water-soluble, film-
forming and complex-forming properties and therefore they acquire critically different physicochemical and
mechanical characteristics which can be used in practice.

Conclusion

So obtained data indicates that in triple systems consisting of the monomers which tend to the formation
of different types of associates, reactivity of the monomers differs from their reactivity in corresponding bi-
nary systems. It is obvious that the nature of the associates formed in the solution by two compounds can
change when there is the third compound in the system. Consequently, controlling the amounts of the mon-
omers in the mixture during the synthesis it is possible to control the properties of the polymer.
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I''K. Bypkeesa

oAU THIEHTIMKOJIBMAJIEMHATTBIH AKPUJIAMUIATICH
’KOHE MOHOTAHOJIAMUHHIH MOHOBHHMJII 3(pUPiMeH TeprnoJuMepu3anusichbl

AnFam peT paauKaibl co- )KOHE TepIIOIMMEPIICHY 9/JiCIMEH MONINAITHICHTTIMKOIbMAICHHATTHIH aKPHIAMHI-
TIeH ’KOHE MOHOSTaHOJIAMUHHIH MOHOBHHIIIAI A(pUpIMEH TIiriareH CTUMYJICE3IMTall IToJMMepIiep alblHabL [1o-
JIMATHJICHTIINKOJIBMAICHHATTHIH aKpUJIAMHUJIICH JKOHE MOHOATaHOJAMHUHHIH MOHOBHHWIIL (HpIMEH paiu-
KaJIZIbl CO- )KOHE TePMOMOINMEpH3aMIChl 3epTTeni. JKapblK MabIpaTy jKoHe refb-CiHIpYII XpoMaTorpa-
¢us anicivern n-OI' M-ThIH MOJIEKYJIabIK Maccachkl aHbIKTANABL. [ToMMepiepiH Kypambl )KoHE 3epTTENreH
XKyHenep YLIIH CONOJIMMEPH3alis KOHCTAHTAChl, KAIJbIK MOHOMEPJIED CaHbl apKblLIbl Ia3ibIK XpOMATOrpa-
¢ust oxiciMeH co- XKaHE TepIIoIMMepIIepAiH Kypambl oenrinenai. KuneTukasbik KUCBIKTapaa KOpCeTireH/ eH,
epITIHAINeT] aKPHIAMHUATIH MOJIBJIIK YJIeCi apTKaH CaibIH PeakIus >KbUIJaMABIFB MEH CONOIMMEpPIIePAiH ici-
Hy KaOleTTiri xxorapsutafgsl. TepronuMepiepaiH SKCIepUMEHTAIb aHBIKTaIFaH KypaMbl TaObUIFaH OMHAp-
JIBI COTIOJIMMEPH3aIIHsl KOHCTAHTaJIapbIHAH e1Qyip epeKIIeneHeTiHi kopceTinreH. ChIPTKE (haKkTOpIapIbIH 63-
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repyl apKbUIbl MOJMATHICHIIIMKOIBMAICHHAT COMOIMMEPIHIH TOpJIaHy KacueTiH Oakbliay MYMKIHZIITT jKoHE
rpaBUMETPUS SHICIMEH 3ePTTEINIM XKAaTKaH COMOIUMEPIIPAiH iCiHy KabijeTi 3epTTeni.

Kinm ce3oep: xaHbIKnaraH noau3(up, KaHBIKIAFaH MOJIU3(GUp IIAHbIphl, CONOIMMEPIIEHY, TEPHIOIUMEPIIEHY,
MOV TUIICHT TUKOJIbMAJICHHAT, aKPHUJIAMUJ, COTIOTIMMED.

I'.K. Bypkeea

Tepno.lmMepmaulm MOJMITUWICHIVINKOJIbMAJIEHNHATA ¢ aAKPpHJIAMHUI0M
M MOHOBHHHJIOBBIM 3(l)Hp0M MOHO3TAaHOJIAaMHHA

BriepBble ocylecTBieHa paguKaibHas CONOIUMEPH3alUs OIN3THICHITIUKOIbMAJICHHATA C aKPUIAMUIIOM U
MOHOBHHUWJIOBBIM 3()MPOM MOHO3TaHOJNAMHHa. MccienoBana paaukainbHas CO- U TEPIOJIUMEPH3ALUS MOJH-
STUJICHIJIMKOJIbMAJIEHHATa ¢ aKPWIAMHOM ¥ MOHOBHHWIIOBBIM 3()MPOM MOHO3TaHOJIaMHHA. MeTonoM CBe-
TOpaccessHUS W Tellb-TIPOHUKaIoNeil Xpomarorpaguu ompeneseHa MOJEKYJIsApHas Macca HOJMITHIICH-
riKonsManennaTa. OnpeeneHsl COCTaBhl MOINMEPOB, a TAakKe KOHCTAHTHI CONOJIMMEPH3AINH JUIsl HCClle-
JoBaHHBIX cucTeM. C IIpUMEHEHNEeM ra30BOM XpoMaTorpaduu M3ydeH cOCTaB comnoianmepoB. Kunernueckne
KPHBBIE TTOKa3bIBAIOT, YTO C MOBBIIICHHEM MOJIBHOM JOJIM aKpHIIaMHIA B PaCTBOPE YBEIMIUBAIOTCS CKOPOCTH
peakuu 1 Habyxaromasi CHOCOOHOCTE cononmMepoB. [Toka3aHo, 9TO IKCHEPUMEHTAIBHO ONPEASIICHHBIH cO-
CTaB TEPIIOJMMEPOB 3HAYMTEIPHO OTIMYAETCSA OT BBIYMCICHHOIO C y4E€TOM Hal/ICHHbIX KOHCTAaHT OMHApHOM
conoaumepusanuu. McecinenoBana BO3MOKHOCTb yHPABJICHUS CBOMCTBAMU CETYATBIX CONOJINMEPOB MOIMITH-
JICHITIMKOJIBMAJICMHATA TIOCPEJICTBOM M3MEHEHHsI BHELUIHUX (hakTOpOB. MeToJOM rpaBUMETpPUH M3y4yeHa Ha-
OyxaroImasi criocoOHOCTb UCCIEIYEMBIX CONOJIUMEPOB.

Kniouesvie cnosa: HEHACHIIICHHBIN HOJII/IB(i)I/Ip, HCHaCBIIICHHAasA HOJII/IB(i)I/IpHaSI CMOJia, conoJimmMepusanus, 1no-
JIMDTUJICHIVIMKOJIbMAJICUHAT, aKpUJIaMUull, COIIOJIMMEDP, TEPIOJIUMED.
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Investigation of copolymers based on unsaturated polyester resins

The possibility of controlling the properties of network copolymers of polyethylene glycol maleate by chang-
ing external factors (pH of medium, temperature, the presence of organic solvents and low molecular weight
inorganic salts) has been studied. Swelling capacity of the copolymers investigated was studied using gravi-
metric method. It has been established that the hydrogels are sensitive to the change of pH of medium and the
copolymers’ samples undergo reversible swelling-collapse-swelling transfer. Basic factors which determine
the swelling of the gels studied are electrostatic repulsion of similarly charged carboxylic groups and appear-
ance of opposite charges on macrochains as a result of the hydrolysis of acrylamide segments. It has been
shown that the hydrogels of polyethylene glycol maleate with acrylamide are sensitive to the influence of
temperature and the dependence of the swelling degree has extreme character. The sensitivity of the copoly-
mers to the presence of low molecular salts has been established. Combined regimen of their behavior in the
presence of salts is due to the hydrolysis of amide bond in the segments of the copolymer of polyethylene
glycol maleate. When adding organic solvent to the medium which is the polymer swollen in water continu-
ous contraction of the samples studied is observed and it leads to the shrinkage of the hydrogels’ size. Sup-
pressive action of organic solvents on swelling of the copolymers of polyethylene glycol maleate with
acrylamide is explained by the polarity of the solvents.

Keywords: unsaturated polyesters, unsaturated polyester resins, copolymerization, polyethylene glycol male-
ate, acrylamide, copolymer, hydrogel, swelling.

Introduction

In today’s world of technology it is difficult to remain a competitive manufacturer of quality products in
the global market. The main criterion for competitive production is the use of affordable, accessible, and
preferably renewable raw materials with minimal operating cost. The products based on unsaturated polyes-
ter resins are promising in this area. Currently, being leaders among composite materials, unsaturated polyes-
ter resins are used increasingly due to the ease of obtaining, and availability of raw materials. In particular,
polyglycolmaleates and polyglycolfumarates in combination with other di- and monocarboxylic acids are
easily cured by vinyl monomers. Products based on unsaturated polyester resins cured with vinyl monomers
have specific physico-chemical and mechanical properties, combined with low toxicity and relative accessi-
bility. Due to the characteristics described production of decorative materials and products for constructional
purposes made on the basis of unsaturated polyester resins develops rapidly.

The researchers pay particular attention to the so-called super moisture sorbents or hydrogels. The
unique properties of polymeric hydrogels offer great opportunities for the practical application of these mate-
rials in medicine, biotechnology, ecology, plant, solar energy and other fields of industry and science.
Providing highly efficient functioning of hydrogels in different practical tasks determines the need for under-
standing the behavior of this class of polymers in different environments and relevance of carrying out the
basic research in this direction. Understanding and quantification of the laws of the swelling and the elastic
behavior of polymeric hydrogels are of fundamental importance.

Unsaturated polyester resins with acrylamide are basic for the preparation of such polymers. We pro-
pose a new method for producing hydrogels based on polyethyleneglycolmaleate in the thesis presented.

Weakly linked hydrogel networks which are able to react immediately to little changes of external fac-
tors (ionic strength of the solution, pH of medium, temperature and others) is a big class of the compounds
called «intelligent materials» among the scientists of this field. These properties of crosslinked polymers de-
fine their use as functional materials in different fields (agriculture, hydrometallurgy, medicine, oil-refining
and many others).

There is data on copolymerization of unsaturated polyester resins with acrylates in literature [1-3],
however there is no information on similar reactions of unsaturated carboxylic acids with acrylamides.

In this regard the reactions of radical copolymerization of polyethylene glycol maleate with acrylamide
in the solution have been investigated in this work.
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Experimental part

Polyethylene glycol maleate (p-EGM) was obtained by the reaction of polycondensation of maleic an-
hydride with ethylene glycol at 393—403 K [4]. The process was controlled by determining acidic number
and by the volume of water eliminated.

Molecular mass of p-EGM has been determined using light scattering method on nephelometer
2100 AN (NACH) and using gel permeation chromatography on Agilent 1260 Infinity which was equal to
2350 a.m.u.

Radical copolymerization of p-EGM with acrylamide (AA) was carried out in solution at the ratio of
monomers with the solvent 1:1.5 (on mass) at various initial molar ratios of the comonomers in the presence
of dinitrile of azo-bis-isobutyric acid (AIBN) as an initiator at a temperature of 333 K.

Synthesized polymers were washed with dioxane for purifying from unreacted monomer residues. The
composition of the copolymers obtained has been determined potentiometrically and according to the residu-
al amount of the monomers using gas chromatography [5].

Equilibrium swelling degree of the polymers was measured gravimetrically. The amount of liquid ab-
sorbed was determined on mass of swollen sample. Swelling degree of the gel o was calculated as a relation
of the mass of swollen hydrogel at a equilibrium swelling point to its mass at dry state:

m—nio

100 % .

o

Results and discussion

The presence of unsaturated double bonds in the molecules of p-EGM allows to use the latter as a ma-
trix for obtaining network copolymers when polymerizing with highly reactive acrylamide. In this regard the
attempt to obtain such polymers by the reaction of p-EGM with AA has been made by our group. Data on
copolymerization of p-EGM with AA are given in Table.

Table
Dependence of composition of the copolymers on the composition of initial mixture
when copolymerizing p-EGM (M;) with AA (M,), AIBN [I] =8 mol/m’, T =333 K
Initial monomer ratios, mol. % Composition of the copolymers, mol. % o % Yield, %
M] M2 ny ny
9.99 90.01 8.21 91.79 166.2 48.7
24.99 75.01 22.13 77.87 154.0 42.4
50.04 49.96 48.82 51.18 133.1 37.9
75.06 24.94 73.64 26.36 129.5 31.5
90.16 9.84 88.33 11.67 104.3 28.7

With the aim of estimating the swelling capacity of the synthesized copolymers the influence of tem-
perature, pH of medium, ionic strength of solution and the mixtures «organic solvent — water» on properties
of the studied samples has been investigated.

Temperature is one of the external factors which allows to fulfill potential abilities of polymeric gels to
various extents. Depending on their chemical composition hydrogels can be stable to the changes of tempera-
ture or they may swell or collapse at increasing the temperature or combine both types of behaviour. There
are the results of the study of the influence of temperature on swelling of the copolymers of p-EGM—AA be-
low (Fig. 1).

When submerged into the water of room temperature 20 °C the copolymer of p-EGM-AA swells and at
increasing the temperature till some critical meaning the ability of hydrogel to absorb water decreases; fur-
ther heating of the system leads to inverse temperature dependence: reversible transition «swelling-collapse-
swelling» is observed. Complex character of the dependence of swelling degree on temperature justifies that
several types of interactions are responsible for the behaviour of hydrogel. The forces which cause collapse
of the gel can be interaction of hydrophobic fragments of macrochains accompanied by the displacement of
the molecules of water structured near the surface of these groups. It has been shown in a number of
works [6] that phase transitions are enhanced when incorporating small parts of charged segments. The sys-
tem investigated is weakly charged, but there can appear additional charges as a result of the hydrolysis of
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active functional groups. The hydrolysis degree depends on temperature, therefore it can affect on the studied
dependence. In this case NH, group of AA can be hydrolyzed and similarly charged functional groups are
formed as it was found out by Tanaka [7, 8]. Then the hydrolysis of acrylamide segments helps to swelling
of the copolymers.

o % 180 -
160 -
140 1
120 1
100 -

80 4

60 1
20 25 30 35 40 45

7,°C

1 —8.21:91.79 mol. %; 2 —22.13:77.87 mol. %; 3 — 48.82:51.18 mol. %;
4—73.64:26.36 mol. %; 5 — 88.33:11.67 mol. %

Figure 1. Influence of temperature on swelling of the gels based on p-EGM-AA

One of the important external factors which is able to influence considerably on physicochemical be-
haviour of polymeric gels is pH of medium. lonogenic polymers either swells in the solution with increasing
the pH of medium or collapse, but in case of polyampholytic gels they combine both types of behaviour. The
results of the investigations of the influence of pH of medium on behaviour of hydrogels of the copolymers
of p-EGM-AA are shown below.

Experimental data on the influence of pH of medium on swelling ability of the studied samples of
p-EGM-AA are given in Figure 2. It is seen from graphical data that the dependence has extreme character
with the minimum of swelling at pH close to acidic.

The character of dependence curve shows that the gel is polyampholytic i.e. it contains acidic and basic
groups in macrochains. In our opinion the minimum on the curve of dependence of swelling degree on pH of
p-EGM—-AA can be explained by decreasing osmotic pressure of counter ions as well as Coulombic attrac-
tion of oppositely charged segments. With increasing the content of AA segments in the copolymers the pH
area corresponding to the sorption capacity of the hydrogel shifts to more basic part. The reason for that
could be partial hydrolysis of acrylamide segments. As the concentration of the AA segments in macrochain
is more relating to the segments of p-EGM even small part of hydrolyzed acrylamide groups can make con-
siderable influence on the process. As a result of the formation of excessive negative charge by hydrolyzed
acrylamide chains the compensation which leads to the collapse of the gel of polymeric network of p-EGM—
AA of composition 8.21:91.79 mol. % occurs at higher pH meanings.

When designing polymeric materials with given properties it is necessary to take into account the influ-
ence of low molecular compounds, in particular, the influence of salts. Mainly it relates to the gels with high
content of ionized groups. Investigations which have been done before [9] on the copolymers of polyeth-
ylene glycol maleate with some vinyl monomers and the results presented above have shown that the latter
show polyelectrolytic and polyampholytic properties. This presupposes the susceptibility of the gels studied
to the ions of low molecular salts.

The influence of mono- and bivalent salts NaCl and CaCl, correspondingly on swelling of the copoly-
mers of p-EGM—AA has been studied in this work.

Cepusa «Xumuns». Ne 2(86)/2017 17



G.K. Burkeyeva

a, % 200 -

1
w
T
160 4 ey .o 2
3 Troe - T
s
4 a = LA B X
4 TeA N -
o = e
120 | = =T
. "J_-_,_/—)'
] __,-"Hr
_’f
I
80 -
4 6 8 10
pH

1 —8.21:91.79 mol. %; 2 —22.13:77.87 mol. %; 3 — 48.82:51.18 mol. %;
4 —73.64:26.36 mol. %; 5 — 88.33:11.67 mol. %

Figure 2. Influence of pH of medium on behaviour of hydrogels
on the basis of the copolymers of p-EGM—AA

Experimental data on swelling the gels on the basis of p-EGM-AA in dependence of concentration of
NaCl are presented on Figure 3. When adding low molecular salt (NaCl) to the external solution the size of
the sample of polymeric network decreases to some minimal meaning/point. In our point of view this kind of
behaviour is explained by the fact that the dependence of swelling degree of the copolymer of p-EGM-AA
on concentration of the salt goes in accordance with polyampholytic regimen. As a result of the hydrolysis of
acrylamide segments equally charged groups are formed and electrostatic repulsion occurs. Incorporation of
the electrolyte (in this case NaCl) to the solution leads to the screening of electrostatic repulsion of similarly
charged groups. At certain concentration of the salt when amine groups are screened and there are excessive
content of carboxylic groups under the thrusting pressure of counter ions sudden swelling of the gel occurs.
This kind of behaviour is characteristic for polyampholytic gels [6].

According to the results obtained the ratio of monomer segments in the copolymers influences on the
behaviour of the hydrogels to the presence of low molecular salts. So with increase of the portion of AA in
the copolymers the susceptibility of the gels to the addition of the salts increases and volume-phase transition
is observed at higher meanings of concentrations of the salts. This can be due to increase of the number of
similarly charged groups formed as a result of the hydrolysis of acrylamide and suppression of electrostatic
repulsion takes place at much higher concentrations.

Continuing the study the influence of bivalent salt CaCl, on the behaviour of the hydrogels of p-EGM-
AA has been considered. On Figure 4 experimental data on swelling of the copolymers of p-EGM—AA in the
presence of bivalent salt are shown. The character of the dependence curve of swelling the copolymers in the
presence of CaCl, and NaCl is similar. It is necessary to note that decrease of sorption capacity of hydrogels
is observed at much lower concentrations of bivalent salts. This can be caused by different reasons [7]. First-
ly, bivalent ions are attracted stronger to the oppositely charged groups of the network than monovalent salts.
Secondly, bivalent salts are able to neutralize the charge of a big numbers of counter ions inside of the net-
work.

The ability of the hydrogels to swell depends on nature of the solvent with which it is surrounded. In
previous chapters it has been shown that the copolymers of p-EGM—AA swell considerably in water in con-
ditions of neutral meanings of pH, at room temperature and in absence of low molecular electrolytes. How-
ever it is interesting from theoretical and practical point of view to know the behaviour of crosslinked poly-
mers in mixed water-organic solvents.
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Figure 3. Influence of concentration of NaCl on swelling of the gels based on p-EGM-AA
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Figure 4. Influence of concentration of CaCl, on swelling of the gels based on p-EGM-AA
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In this regard the influence of the composition of binary mixtures water-organic solvents on volume
characteristics of the gels on the basis of the copolymers of p-EGM—-AA has been investigated. As it is seen
in Figure 5 the solvents with different thermodynamic parameters such as ethanol, dimethyl formamide
(DMF), dimethyl sulfoxide (DMSO) have been chosen for the analysis of the behaviour of hydrogels of
p-EGM-AA and its charged form. Their unlimited capacity to mix with water allows to vary the content of
organic solvent from 0 to 1 volume portion.

a, %
170

No

1 — water — ethanol; 2 — water — DMF; 3 — water - DMSO

Figure 5. Influence of volume fraction of organic solvent () on swelling of the hydrogels
based on the copolymer of p-EGM-AA 8.21:91.79 mol. %

When observing the swelling of the copolymers in separate solvents it has been found out that from the
range of studied low molecular mediums water is the most suitable for swelling of the copolymers of
p-EGM.

When adding organic solvent to the medium which was polymer swollen in water the shrinkage of the
volumes of hydrogel samples was observed. Depending on the nature of comonomers and the composition of
the copolymers of p-EGM—AA the contraction has the type of continuous transition. It might be the result of
the attraction of macromolecules’ chains to each other which depends on the presence of charged segments.
It should be noted that the function a (ng) changes not spasmodically and this process should not be consid-
ered as phase transition.

It is also necessary to note that the nature of organic solvent influences on the character of the depend-
ence curves. So the hydrogels are more globular in ethanol in comparison with such systems as DMF-water
and DMSO-water. This phenomenon can be explained by the polarity meanings and dielectric penetrability
of organic components considered.

Conclusion

So a brief review of the material given in this article shows that as a result of copolymerization of poly-
ethylene glycol maleate with acrylamide novel polymers of network structure has been obtained. The results
demonstrate the opportunities of directed control over physicochemical properties of the copolymers on the
basis of polyethylene glycol maleate and acrylamide induced by the composition of the polymer and by the
changes of external factors (pH, temperature, nature of the solvent, ionic strength of the solution) which al-
lows to develop novel materials with preliminarily programmed behaviour.
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I''K. Bypkeesa

Kanbiknaran noaud¢pup maiisip Herizinae conmosumepJiepai 3eprrey

CoipTKbl dakTopmapabiy (pH, TeMnepaTrypa, OpraHUKaibIK epiTKIIITep XOHE TOMEH MOJICKYJIAIBIK CAIMaFrbl
OeifopraHuKabIK TY3) ©3repyi apKbUIbl TOJHITHICHITHKOIbMAJICHHAT COMOIMMEPIHIH TOpJIaHy KacHeTiH Oa-
KblJIay MYMKIHIIri 3eprrenmi. ['paBumerpust oficiMeH 3epTTENiN JKaTKaH CONOJMMEpIepiH iciHy Kabinmeri
3eprrenni. ['unporensnepnin opransly pH esrepicine Toyennmi eKeHIIri, COHBIMEH KaTap COIIOJIMMEpIep
iCIHy — KOJITaTC — iCiHy THIIIHAE KaWTBIMIIBI YPIiCTep JKYPETIiHAIr aHbIKTALAEL. 3epTTEIIi OThIPFaH Telbaep-
IiH iCiHyiHIH HeTi3ri (akToprapsiHa OipJel 3apsaTaaFaH KapOOKCHII TONTAPEIHBIH MICKTPOCTATHKAIBIK Te0i-
Jic acepi JKoHEe aKpHJIaMUJ TOOBIHBIH THIPOJIM3i HOTIKECIHIE KapaMa-Kapchl 3apsaTalFaH OeleKTepIiH
naitna 6oirysl xkatajsl. [10MU3TUIICHTIIMKOIBMANICNHAT TICH aKpHJIaMUJL THAPOTeNbepi TeMIepaTypa acepine
TOyel/li, COHBIMEH KaTap TAyelALTiK dKcTpeManabl KacueT kepcereni. Cononumepiepain TOMEH MoJIeKya-
JBIK TY3Jap/bIH KaThIChIHA TOYEJIUIIK KOpceTeTiHi aHbIKTanabl. OnapblH Ty3/1ap KaThIChIHIA apajiac yiie
KOPCETETIHIr MONUATHICHIIMKOIbMAJIEHNHAT CONOJIMMEpIIEpIiH OybIHAAPbIHAAFbI aMU OailyIaHbICTAPBIHBIH
rugponusine Herizpenred. Cyna iciHreH monmMmep TYPIHAET! OpTara OpraHUKAaJbIK €PITKIMITI KOCKaH Ke3nie
3epTTENII OTHIPFaH ChIHAMAJIAP/ABIH Y3MiKCi3 KOHTPAKIUICH OalKaiasl, coiikeciHmie, Oy THApPOTeNbAepIiH
MeJIIepiHiH KbICKapyblHa oKenexi. [1ommiTHiIeHTIMKoIbMalleHHAT TIeH aKpHIaMU] CONONMMEpIIepiHiy ici-
HyiHe OpraHUKaJbIK ePITKIIITEPiH acepi epiTKIIITep i MOSIPIIBIFEl TYPFBICBIHAH TYCIHIpLIS/L.

Kinm co30ep: KaHbIKIaraH monud(uUp, KaHBIKIAFaH MOIUI(GUP MWAWBIPEI, COMOTUMEPIICHY, HOIMITHICHIIIH-
KOJIbMAJICHHAT, aKpUJIaMHUJI, COMOIUMED, TUAPOTeb, iICiHY.

I'.K. Bypkeea

HccnenoBanue COITOJTMMEPOB HA OCHOBE HCHACBIIICHHBIX HOJIHZ)(])I/I[)HLIX CMOJI

HccnenoBana BO3MOXKHOCTh YNPaBIEHHS CBOMCTBAMHU CETYATHIX COIMOJIMMEPOB MONUATHICHIIMKOIbMAIIEH-
HaTa ITOCPEACTBOM M3MEHEHUs BHENIHUX (akTopoB: pH cpensl, TeMuepaTypsl, IPUCYTCTBHS OPraHUYECKUX
pacTBOpHUTENICH M HU3KOMOJICKYJSIPHBIX HEOPTaHMYECKHX COJIeH. MeTonoM IpaBUMETpHH H3ydeHa Haly-
XaloIasi CIoCOOHOCTh MCCIEAYSMBIX COMOINMEPOB. Y CTAaHOBIICHO, YTO THAPOTENIN BOCHPHUUMYUBEI K H3Me-
Henuto pH cpenpl, py 3ToM 00pa3ibl COMOIMMEPOB IPETEPIIEBAIOT BO3BPATHBIA IIEPEX0 TUIIA HaOyXaHHe—
Kosutanc—Habyxanue. OcHoBonosIararoluMu (haKTopaMu, ONpEASNISIONMME HaOyXaHHe HCCIEeNyEMbIX Ire-
Jel, SBISIOTCS INEKTPOCTATUIECKOE OTTAIKMBAHHE OJHOMMEHHO 3apsKEHHBIX KapOOKCHIBHBIX IPYII U
BO3HMKHOBEHHE MPOTUBOIOJIOXKHBIX 3apsJ0B Ha MAaKpOLEMAX B pe3ylabTaTe T'MAPONIH3a aKPHIAMHIHBIX
3BeHbeB. 1loka3aHo, YTO IMAPOreNd MONUATHICHTINKOIbMAIEHHATA C aKPUIAMHIOM BOCTIPHUMYHBEI K BO3-
JEUCTBUIO TEMIIEPaTypHhl, 3aBHCUMOCTb CTEIIEHH HAaOyXaHHsS HOCUT 3KCTPEMANIbHBIA XapakTep. Y CTaHOBIICHA
BOCIIPUUMUYUBOCTb CONOJIMMEPOB K IPUCYTCTBHIO HU3KOMOJCKYIAPHBIX cosed. CMEIIaHHbIH PexXUM UX I0-
BEJICHUSI B TIPUCYTCTBUH COJNH OOYCIIOBJIEH THIPOJIM30M aMHIHOW CBSI3M B 3BEHBSIX COIIOJIMEpa ITOJIMITH-
neHrmKoiabpManenHara. [Ipu npubasieHnu K cpene, IpeacTapisiomeii coboif Habyxmmii B BoAe MOIUMeED,
OPraHMYeCcKOro PacTBOPHUTENS HAOMIOAAETCS HEMPEPhIBHASI KOHTPAKIIMSA HCCIETyeMbIX 00pa3IoB, YTO MPHUBO-
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JIUT K COKpalleHUI0 pa3mepoB runaporeneil. [logapnsiomniee neiictBue OpraHMYECKUX pacTBOPUTENIEH Ha Ha-
OyxaHHE COMOIMMEPOB MOIHITUIEHITTHUKOIbMATIEHHATA C AKPUIAMHUIOM OOBSICHIETCA C MO3HLUM MOJISIPHO-
CTH paCTBOPUTEIEH.

Kniouesvie cnosa: HEHACHIIICHHBIN HOJII/IB(i)I/Ip, HCHaCBIIICHHAasA HOJII/IB(i)I/IpHaSI CMOJia, conoJimmMepusanus, 1no-
JIMDTUJICHIVIMKOJIbMAJICUHAT, aKpuJiaMu/J, COIIOJIMMED, T'UAPOTreiib, Ha6yXaHI/Ie.
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Selection of optimal conditions for obtaining of Co nanoparticles
in the matrix of polymeric hydrogels

Results of the influence of external factors on process of immobilization of metal nanoparticles on copoly-
mers based on unsaturated polyester resins with unsaturated carboxylic acids were considered in the article.
The effects of concentration of cobalt chloride solutions and distribution of metal particles by sizes in the ma-
trix were studied. Results showed that increasing of cobalt concentration in solution shifts the equilibrium
towards the formation of larger particles, i.e. there is a tendency to flocculation and formation of bi- and
polymodal dispersions. The dependence of the dispersion formed at reduction of metal containing particles on
the reducing agent and its concentration were researched. Potassium hypophosphite and sodium
tetrahydroborate were used as reducing agents. It was found that upon reduction by sodium tetrahydroborate
of cobalt nanoparticles have larger sizes than by using potassium hypophosphite.

Keywords: polyethylene glycol maleate, polypropylene glycol maleate, unsaturated polyester resins, catal-
ysis, nanoparticles, reducing agent, catalyst, metal-polymeric complex, polymer matrix, electrocatalytic hy-
drogenation.

Catalytic hydrogenation is one of the most important processes of chemical industry, used for the reduc-
tion of organic compounds. Heterogeneous catalysts such as of palladium, platinum, etc. are traditionally
used in industries. In order to economize nickel, cobalt, iron, copper, etc. may be used, but they have low
activity and selectivity. Therefore the reactions, in their presence of these metals are mainly under rigid con-
ditions. It is difficult to separate the homogeneous catalysts from the reaction products and use again. Thus it
is important to produce catalysts possessing of both homogeneous and heterogeneous properties, namely
high activity, selectivity and stability.

Incorporation of nanostructured metals in polymer matrix is one of the main directions of such a cata-
lytically active, high-quality and low-cost catalysts creation and they are called metal-polymer or hybrid cat-
alysts. Polymer nanocomposites contain the polymer matrix with distributed therein nanoparticles or
nanofillers, which may be in spherical, flat or fiber structure. In recent years polymeric nanocomposites are
especially in demand therefore a lot of different types of nanofillers enhancing and changing the properties
of the initial polymers were developed. Total compatibility of base material with nanoparticles (NPs) added
to it is general procedure for obtaining polymeric nanocomposites. However, it is important to properly dis-
tribute nanoparticles in the polymer for the final result.

Recovery of macrosize metals metals in swollen copolymers is not effective and subsequently NPs of
Co were used. The largest part of atoms is beyond boundary of planar surface and has higher catalytic activi-
ty due to the small size of particles. This technology is relevant in electrocatalytic hydrogenation and also in
many other fields such as the creation of non-linear optical element, laser systems, communication devices,
structures with nanometer geometry for recording information, the transformation of radiations of different
energy.

Nano-, micro- and nonionic, anionic, cationic and amphoteric characters macroporouse hydrogels are
perspective and scantily explored polymeric matrixes for immobilization of metals NPs. It allows economiz-
ing the expensive and rare materials. The special properties of metal nanoparticles enhance catalytic activity
that gives the possibility to catalyzing of reactions which impossible to carry out with those metals in the
original amount.

Before to discussing the results for polydispersity of the metal nanoparticles, we describe what steps
preceded it. Firstly, unsaturated polyester resins (UPR) were synthesized which molar mass was controlled
by the synthesis conditions and reaction time. UPR were obtained with a molar mass of 1500—4000. Further,
copolymerization reactions with acrylic acid(AA) and metacrylic acid(MAA) at different initial ratios of
those comonomers were carried out. Scheme of copolymerization of UPR with acrylic acids is follows.
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where R =-H, —CH;.

Then the copolymer is placed in a metal salt solution from which restored using various reducing
agents. In that way the metal particles were immobilized in a polymer grid i.e. metal-polymer composite was
produced.

Let us consider each stage from the viewpoint of metal particles dispersion. The production conditions
were varied in order to select the optimal conditions for producing cobalt nanoparticles in the polymer ma-
trix. Table 1 shows the experimental results on the influence of CoCl, concentration on size and
polydispersity of the metal nanoparticles. The data were obtained by photon correlation spectroscopy instru-
ment Malvern Zetasizer Nano S90. In the final product content of Co nanoparticles rises with the increasing
CoCl, concentration in solution to a certain value, but the actual yield is reduced a bit [1-3].

Table 1
Effect of concentration CoCl, on size and polydispersity of metal nanoparticles
. Concentration Concentration Yield . 0
Composi- . . . . | Size of Co . .
Copolymer tion of CoCl, in solu- | of ammonia solution |of nanoparti- article. nm Polydispersity
tion, N of AgCl, N cles, % p ’

Polyethylene 1 0.05 0.1-10° 82+1,1 310+15 0.125
glycol maleinate
(p-EGM:MAA) 2 0.10 0.2:10° 80+1 315+17 0.184
(18.22:81.78 3
mass. %) 3 0.20 0.4-10 54+0,5 445422 0.750

Cobalt chloride solution with of 0.1N concentrations is optimal for the case when a satisfactory combi-
nation of the yield of metal particles, particle size and polydispersity is achieved. The catalyst concentration
doesn’t have essential influence on the properties of the final product. Perhaps the changes will affect the
kinetics of the process that are studied and regulated at the following stages.

Similar results were obtained for the systems: copolymer of UPR with AA and MAA with cobalt. Thus
we obtained the cobalt nanoparticles with an average particle diameter of 180 + 2.3 nm for p-EGM:AA and
300%1.5 nm for polypropylene glycol maleinate (p-PGM):MAA (Fig. 1, 2) by using samples of more cross-
linked polymers as matrixes.
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Size (r.nm): % Intensity Width (r.nm):
Z-Average (r.nm): 90,85 Paak 1: a0,00 100,0 23,00
Pdl: 0,154 Peak 2: 0,000 0,0 0,000
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Result quality : Good
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Figure 1. Distribution of cobalt nanoparticles on the basis of EGM:AA copolymer
Size (d.nm): % Intensity Width (d.nm):
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Pdl: 0,385 Peak 2: 0,000 0,0 0,000
Intercept: 0,360 Peak 3: 0,000 0,0 0,000

Result quality : Good
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Figure 2. Distribution of cobalt nanoparticles on the basis of PGM:MAA copolymer

Electron Microscopy results confirm the data obtained by photon correlation spectroscopy. Histograms
of numerical distribution by sizes of Co nanoparticles, after their matrix synthesis in the volume of polymer
gel based on of UPR and AA (MAA) were plotted, using the results of microscopic studies by the procedure
(Fig. 3) [4, 5].

The results indicate that relatively uniform particle size distribution is observed in the gel volume. Thus,
increasing Co concentration shifts the equilibrium towards the formation of larger particles, i.e. there is a
tendency to flocculation and the formation of bi- and multimodal dispersed systems. Nature and concentra-
tion of the reducing agent deeply influence on the dispersion of formed metal particles at recovery. There-
fore, for comparison, we use reducing agent such as sodium hypophosphite and potassium tetrahydroborate,
which are of great practical importance and used for a wide range of metals recovery. Synthesis of cobalt
NSP was carried by chemical reduction of metal ions from the salt solution [6, 7].
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Figure 3. The content of Co particles in the MPC

Microphotographs of metal-polymer composites obtained at recovering by various reducing agents are
shown in Figure 4.
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Figure 4. Electron microscopic images of the MPC with immobilized nanoparticles of Co
at recovering by NaBH, (/) and KH,PO,-H,0 (2)
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It is seen from the electronic images, the metal nanoparticles have a larger size when used as a reducing
agent of NaBH, than KH,PO,. Thus, the reduction of cobalt ions by potassium hypophosphite and sodium
tetrahydroborate metal cobalt particle sizes are 50-100 and 500-600 nm, respectively. Alkaline medium,
which was maintained by addition of ammonia solution (to pH 8.5) also contributed to swelling polymer grid
and immobilizing metals in pores [8, 9]. Table 2 shows content and the particle size of Co in polymer hydro-
gels on the basis of UPR.

Table 2

Sizes and content of Co nanoparticles

Reducing agent, M | Sizes of Co’ particle, nm | Content of Co”, kg/m2
Reducing agent NaBH,, redox potential —1.24 to 0.48 V
620
%103 614
5*%10 623 2
Average 61944
500
%113 520
1*10 510 2
Average 51010
Reducing agent KH,PO,-H,0, redox potential -0.5 to —1.57 V
100
~ 105
* 3
5*%10 125 1
Average 110£15
50
%103 48
1*10 55 11
Average 51+4

Since NaBHj, is a stronger reducing agent the reaction of formation of cobalt particles occurs at high-
rate with formation of larger particles. Recovery of smaller cobalt NPs by KH,PO,-H,0 proceeds rather easi-
ly but in the presence of an ammonia solution of silver chloride. At the same time large difference between
the redox potential of the reducing agent and the recovered metal is important for obtaining highly dispersive
metal particles [10].

The quantitative composition of the resulting cobalt metal in the polymer matrix volume was deter-
mined on the atomic absorption spectrometer AA 140 Varian (USA). These data are also confirmed by the
results of atomic — emission spectroscopy (Fig. 5).
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Figure 5. A composition analysis the UPR on the laser atomic-emission spectrometer Matrix Continuum
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According to the FTIR-spectra of copolymers p-EGM:AA, MAA and p-PGM:AA, MAA there is no in-
tense absorption band at 1670 cm™, corresponding to vibrations of unreacted double bonds. There are intense
absorption band at 1157 cm™, corresponding ether bond vibrations. Vibrations of the methyl groups of
methacrylic acid 2926 cm™, carboxyl groups, providing swelling appear in the 1723 cm™. Absorption bands
of MPC carboxyl groups are shift towards higher wavelengths (2-4 cm™) perhaps bathochromic shift is de-
termined by the formation of non-chemical bonds between the polymer molecules and metal (cobalt).

Thus, on the basis of the above, we can draw the following conclusions:

1. The increasing of cobalt concentration in solution displaces the equilibrium towards the formation of
larger particles, i.e. there is a tendency to flocculation and the formation of bi- and polymodal dispersions.

2. NPs of cobalt have larger sizes upon reduction by sodium tetrahydroborate than by using potassium
hypophosphite.
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IHoauMmepJti ruapores b MATPUUACHIHAAFBI KOOAJbLT HAHO0OJIIIIEKTEPIH AJYAbIH
OHTAMJIBI JKAF1alJIapbl

Makanana KaHBIKIAraH MOMMA(UPIL MAHbIpIap MeH KaHBIKIaraH KapOOH KbINIKBUIAAPBl HETi3iHzeri
CONOJINMEpJIepre OPHBIKTHIPBUIFAH HAHOOJIIEMAI METaT OeJIIeKTepiHe KOopIIaraH opTa (aKTOpIapbIHBIH
acepi KapactbIpbuFal. KoGanbsT X10pHai KOHIEHTPALMACHIHBIH BIKIIANIBI, COHBIMEH KaTap MaTpHIa/ia MeTall
OeuekTepiHe KOpLIaraH Kejemuepi OoiiplHIIa Tapamybl 3epTTenreH. KoOambT TY3bIHBIH KOHIGHTPa-
LUSICBHIHBIH KOFapbUIaybl YJIKEH KoJeM/i OOIIeKTepIiH Ty3inyiHe Kapail Tere-TeHIiKTi bIFbICTBIPAThIHIBIFBI,
AFHH  (UIOKYJISALMS KOHE OH-, MOJUMOJANIBIBI JUCIEPCTi JKYHenepaiH Ty3ily TeHAEHLMACHI, OaiKaibl.
Merankypamasl OeIIIEKTepAiH TOTBIFYbl Ke3iHAE TY3UICTiH OUCHEePCTUTIKTIH TOTHIKTHIPFBIIIKA )KOHE OHBIH
KOHICHTPAIMsChIHA TAYeNIUNri 3epTTenii. TOTBHIKTBIPFBIN peTiHAe Kaauid THnopocUTi KoHEe HATpHit
TETparuapoOopaTel KOJMAHBULAEL. KoOambTTHIH HaHOOINIIEMI OeIICKTEpiHIH CUHTE31 Ke3iHIe aralFaH
TOTHIKTBHIPFBIITAPAAH HATPHAMIH TeTporuapoboparel, Kaiuuii runodocduTiHe KaparaHma, MeETaI
OeJIIeKTepi YIKCH KoJIeMI'e Ue eKeHi OaifKalibl.

Kinm ce30ep: NONM3TUICHIIINKOJILMAICUHAT, MOJIMIIPONMICHIIINKOIBMAJICHHAT, KaHBIKIAaraH moauddupii
maibIpnap, KaTauu3, HaHOOJIIEKTep, TOTHIKTBIPFBIII, KaTalu3aTop, METaI-MOoNUMeEpTl KelleHaep,
MONUMEPITi MaTPHULIA, YIEKTPOKATAUTHKANBIK THAPIIEY.
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HOI{ﬁOp ONITUMAJIBHBIX yCHOBHﬁ AJIA TIOJTYYCHUSI HAHOYACTHI Co
B MaTpuie nNnoJIMMEpPHOro rujiporeJis

PaccMoTpeHs! pe3yabTaTsl BIMSHHS BHEITHUX (DAaKTOPOB Ha MpolEcC MIMMOOMIN3ALNY HAHOPa3MEPHBIX Yac-
THIl METAJUIOB B COIIOJINMEPHI Ha OCHOBE HEHACHIMEHHBIX ITOJMI(GHPHBIX CMOJI C HEHACHIIEHHBIMU KapOOHO-
BEIMH KHCJIOTaMH. M3y4eHo BiIMsSHME KOHIEHTPAIK PacTBOPOB COJIel Xjopuaa kobanbTa, a TakXkKe pacipe-
JieJIeHHe JacTHI] MeTajlla 110 pa3MepaM B 00beMe MaTpHUIBL. Y CTAaHOBIICHO, YTO MOBBIICHUE KOHIIEHTPAIUN
KoOasibTa CMEIaeT paBHOBECHE B CTOPOHY 00pa3zoBaHMs O0Jiee KPYITHBIX YaCTHII, T.€. MOSBISICTCS TCHICHIINS
K (aokymnaiuu n o6pa3oBaHUIO OU- M MOJMMOJANBHBIX JUCHEPCHBIX chcTeM. M3ydeHa 3aBUCHMOCTB JwcC-
MEePCHOCTU 00Pa3yIOMUXCs MPH BOCCTAHOBIEHHH METAJUICOAEPKAIMX JAaCTUI] OT BOCCTAHOBHUTEIIS, & TAKKeE
€ro KOHLEHTpaluu. B kayecTBe BOCCTAHOBUTENCH ObUIM HCIOIb30BaHbI TUNOGOCHUT Kalust U TETparuapo-
6opart Hatpus. IIpu cuHTe3e HAHOPAa3MEPHBIX YAaCTUIl KOOAIbTAa MOXKHO OTMETHTH, UTO NPH HCIOJIB30BAaHUH
TeTparuapodopaTa HaTpys HAHOYACTHLBI METAJUIa UMEIOT OOJIBLIMI pa3Mep, 4eM IpH runodochure Kanus.

Kniouesvie cnosa: TNOJIMOTUIICHIVIMKOJIbMAJICUHAT, MOJUNPONWICHTJIMKOJIbMAJICHHAT, HCHACBIIICHHAA MOJIU-
Bq)HpHaSI CMOJIa, KaTajin3, HaHOYaCTULbl, BOCCTAHOBUTCJIb, KaTajln3aTop, MeTa.]UIHOJIHMepHLIﬁ KOMIIJIEKC, 110~
JIMMEpHas MaTpula, SJICKTPOKATATIUTUICCKOC T'HIPpUPOBAHUC.
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Phenolytical modification of polyurethane elastomers as a method
of obtaining multifunctional additives for road coal tar bitumen

Modification of road bitumen by introducing multifunctional additives was studied in the article. Local do-
mestic and industrial wastes of polyurethane polymers were used as a raw material for obtaining such addi-
tives. In order to determine the optimal conditions for modification and selection of effective reagent for the
process the method of probabilistically deterministic of planning of experiment was applied. Optimal parame-
ters of phenolytical modification of mixture of polyurethane elastomers for the purpose of synthesis of addi-
tives for road asphalt bitumen blends were found on the basis of the experimental data processing. Compari-
son between two methods for the preparation of bituminous mixtures allowed concluding that the introduc-
tion of the modifier directly at the beginning of the heat treatment of the parent material is more appropriate
in the production of modified coal tar bitumen. The carried on tests of physical and mechanical properties of
modified coal tar bitumen showed that the use of synthesized modifier allows significantly expanding the
range of high performance and ensuring adhesion properties of the road coal tar bitumen. Conceptual scheme
of possible production of modified coal tar bitumen by intensive technology was proposed.

Keywords: polyurethane elastomers, processing of polyurethane waste, phenolytical modification, coal tar bi-
tumen, additives for asphalt blends.

In the refining industry along with the deepening of oil refining the most urgent problem is increasing
the quality of petroleum products which include oxidized bitumen of road purpose. The need for high-quality
bitumen increases especially due to the continuous growth of the vehicle fleet in the country, increasing traf-
fic volume and capacity of vehicles, and as a consequence, a significant increase of dynamic loads on the
pavement.

The application of bitumen produced from coal tar instead of traditional oil one is gradually imple-
mented in our region.

Over the last decade in Kazakhstan, and especially in the Karaganda region, the number of household
and industrial waste of polyurethane polymers was increased. This is due to both growing consumption of
products made from this material and the organization of the polyurethanes production in Karaganda. It is
obvious that the problem of waste disposal will escalate over time.

One of the possible ways of solving these problems is the recycling of polyurethane waste and the use
of products of their modification as universal multifunctional additives in road coal tar bitumen to improve
their performance [1, 2].

The aim of our work was to study the possibility of modifying bitumen of local production by introduc-
ing multifunctional polymeric additives that are elastomeric products of given molar mass, obtained from a
mixture of polyurethanes of different types.

Three compounds such as phenol, ethylene glycol and succinic acid were chosen as the objects of study.

To find the optimal reaction mode and selection of the most effective reagent we used the method of
probabilistically deterministic planning of experiment. We constructed planning matrix including five factors
on four levels for carrying out a series of experiments. The type of material being processed, the main reac-
tant, the process temperature and percentage ratio of reactant mass to material mass were chosen as influenc-
ing factors. Shore A hardness and inverse logarithm of the acidity constant pK,, respectively, were selected
as the numerical values that reflect the type of material and the main reagent.

The material mass equal to 9 g and the reaction time of 3 hours were chosen as constants. The experi-
ment was carried on in test tubes equipped with a stirrer as a downward spiral. The heating was conducted in
a tube furnace with temperature control of + 1 °C.

The products obtained were treated with water to remove reagent excess and low molar mass water-
soluble compounds, dried in a desiccator over concentrated sulphuric acid for one day. The result of the ex-
periment was number-average molar mass of the polymers obtained.
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These data allowed us to select the reaction parameters under which the product can be obtained with a
number-average molar mass in the 2500—3000 range.

Products with the lowest molar mass which the estimated value was 122 are obtained at interacting
polyurethane of hardness equal to 10 with ethylene glycol at a maximum concentration and the maximum
temperature. The ratio polyurethane : ethylene glycol was 1:1.25. Maximum calculated molar mass of the
product was equal to 20122. This result can be obtained by reaction of polyurethane of hardness equal to 107
with succinic acid at ratio polyurethane : succinic acid equal to 1:0.25 at 130 °C. However such products are
impractical for usage as a modifier, as a low molar mass modifier is a viscous liquid compound at room tem-
perature and under dissolution in the bitumen considerably reduces its viscosity and adhesion characteristics.
The high molar mass product, in contrast, has a very high melting point and extremely low solubility in bi-
tumen.

The samples obtained by reacting phenol with polyurethane elastomers based on both polyethers and
polyesters exhibited optimal molar masses and structures. The following reaction parameters were selected
for synthesis of control: treated polymer was a mixture of different types of urethane elastomers, reagent was
phenol, the reaction temperature was 190 °C, and the ratio of reactant mass to mass elastomers was 1:4. The
choice of phenol was accounted for several reasons. Firstly, the phenol has the greatest structural similarity
to the coal tar components of the bitumen, which should provide good solubility of modifier and strengthen
intermolecular interaction with bitumen modifier as well. Secondly, it was noted during the experiments that
the polyurethanes interacted intensively with phenol, and were well dissolved into it at decreasing molar
mass. Thirdly, the products obtained by reacting with phenol at room temperature are soft and easily expand-
able polymers and at cooling after melting they well adhere to all surfaces, including glass, which suggests
the possibility of increasing the adhesive properties of bituminous binders.

The resulting modifier was a soft elastomeric polymer with a molar mass of 2800 and a low melting
point. The molar mass was determined by cryoscopy method when dissolved in bromoform.

The sample showed good solubility in coal tar bitumen. To check the properties and development of the
technology for obtaining modified bitumen we tested two methods. The first one was an addition of modifier
melted to the finished bitumen melted as well at 100 °C and vigorous stirring. Dissolving in the bitumen
product showed good solubility and was easily homogenized in bitumen modifier at concentrations up to
45 %. At concentrations above 50 % separating began upon cooling. Increase of concentration up to 70 %
leads to separating even under stirring.

Samples of bitumen with different concentrations of modifier were prepared by this method. Physical
and mechanical properties of modified bitumen such as penetration number at ambient and low temperatures,
the hydrophobic properties, and adhesion to concrete were studied by standard laboratory methods [3, 4].
The test results are shown in Table 1.

Table 1
Results of laboratory tests of physical and mechanical properties
of the coal tar bitumen modified by the first method
Concentration Depth of e cdle Softening Temperature Dynamic
of modifier, % penetration temperature, °C of fragility, °C viscosity, Paxs
’ at 25 °C, 0.1 mkm ’ ’ ’
0 89 46 -39 87
5 88 47 —40 90
10 90 50 —40 92
20 95 54 —46 100
30 101 61 =53 106
40 102 60 =53 120

As it is seen from Table 1 the addition of modifier leads to improved performance of coal tar bitumen.
These data stated that the increase of the modifier concentration higher than 30 percent does not significantly
improve the properties and therefore further increase in concentration is inappropriate.

According to the analysis data we can also suggest a significant expansion of the temperature interval of
laying and operation of asphalt pavement. Rise of the softening temperature and reducing temperature of fra-
gility indicates about this.
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By the second method for producing bitumen modified polymeric additive is introduced directly into
the process of production of bitumen from coal tar. Addition of modifier was produced in the same manner
as in the subsequent mixing of components. Modifier concentration was from 5 to 40 % with the same inter-
vals as at the first case. Results of investigation are presented in Table 2.

Table 2
Results of laboratory tests of physical and mechanical properties
of the coal tar bitumen modified by the second method
Concentration D?;Ee(:fa?ie;?le Softening Temperature Dynamic
. 0 o T . .

of modifier, % at 25 °C, 0.1 mkm temperature, °C of fragility, °C viscosity, Paxs

0 89 46 -39 87

5 89 49 —40 90

10 90 53 —41 91

20 93 58 —48 95

30 97 66 =55 97

40 106 66 —55,5 110

When comparing the data in Tables 1 and 2 we can see that the second method for preparing the modi-
fied bitumen is more efficient than the conventional mixing of the components. This is because during pro-
longed thermal action more homogeneous medium was formed; this resulted in close intermolecular interac-
tions between components of bitumen and modifier. The possibility of proceeding of various chemical reac-
tions between bitumen and modifier is also not excluded.

Based on results obtained we can conclude that to produce a modified bitumen by introducing modifier
directly at the beginning of heat treatment of the feedstock is more appropriate way.

There is a method for the production of bitumen from coal tar which is a by-product of «Sary Arka
Spetskoks» plant [5]. Coal tar is a mixture of predominantly bi- and polycyclic aromatic hydrocarbons, and
polycyclic systems with hetero atoms in the rings. The amount of these compounds is about 95 % of the coal
tar components. Consideration of coal tar as a physical and chemical system opens up new possibilities for
the study of its properties and improving its processing technology. The coal tar of Shubarkol coal mine con-
tains about 10 % phenol, 2.3 % of organic bases of preferably acridine and quinoline series.

Figure 1 shows a technology diagram of a laboratory reactor for producing coal tar bitumen.

1
3 i

N

il==0-

water e

S |
I
I

I .
I

9
i SO

1 — manometer; 2 — condenser; 3 — top thermometer; 4 — electric engine; 5 — neck; 6 — reactor; 7 — stirrer;
8 — control unit; 9 — lower thermometer; /0 — tube electro heater; // — drain valve; 12 — receiver

Figure 1. Scheme of the laboratory reactor for producing road bitumen
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Phenolytical modification of polyurethane ...

This scheme is not fundamentally different from the one realized on an industrial scale at the plant for

the bitumen production of in Karaganda.

Production schedules of obtaining bitumen from coal tar consists of several stages as following:

— loading the reactor with coal tar, modifying additives and reagents;

— mixing the components using a mechanical stirrer and heating of the reactor up to 240 °C under vac-
uum for a certain time. Aqueous phenolic solutions, light, medium and heavy hydrocarbons through
the cooling system are collected in the receiver;

— sampling for analysis;

— unloading the reactor.

We elaborated a possible alternative technological scheme for production of coal tar bitumen for inten-

sive technology presented in Figure 2.
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1 — tank for phenol melting; 3, 6, 15 — flowmeters; 9, // — weighing dosers;
2, 5, 14 — centrifugal pumps; 4, 7 — reactors; /2 — bitumen packing unit; § — valve for feeding fuzz;
10 — valve for feeding sulphur; /3 — tank for bitumen prepared; /6 — packaging setup; /7-21 — valves

Figure 2. Conceptual scheme of the production of modified coal tar bitumen
for road purpose by intensive technology

The operating principle of this apparatus is as follows. Polyurethane shredded wastes are loaded into the
reactor 4. From tank / molten phenol is fed into the reactor 4 and the mixture components react with stirring
at 190 °C to complete homogenization (approximately 3—4 hours). Coal tar after low temperature cracking at
250 °C is fed into reactor 7 from the container /3. The temperature of 140 °C is maintained in the reactor and
the speed stirrer is switched on. Ready modifier from the reactor 4 is fed in small portions over an hour to the
reactor 7. Upon completion of introducing modifier the margarine production waste and elemental sulphur is
fed through valves & and /0. Bitumen is stirred under heating for 1.5-2 hours, then cooled and fed into the
packaging unit.

Thus based of the processing results of the experiment the optimal parameters of the phenolytical modi-
fication of polyurethane elastomers blend were found. Modified products can be used as an additive in as-
phalt concrete mixes. Domestic and industrial wastes of polyurethane polymers served as the starting mate-
rial for the modification. Synthesized modifier will significantly expand the range of high performance and
to ensure adhesion properties of the road coal tar bitumen.

Advanced study of polyurethane polymers in order to expand the boundaries of their applications and
the creation of new approaches to the production of practically important high molar mass compounds re-
mains one of the most important fundamental problems of the present stage of development of polymer
chemistry.
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[onauyperanasl daacTomepiaepai GeHoNIAbIK MOAU(PUKANUAIAY TACKOMIPJIi K0T
OuTyMaapsl YiliH o (pyHKIHOHAIABI KOCHIHABLIAPABI aJ1y Jici peTiHae

Maxkananga mnoauGYHKIMOHANIBI KOCHANAP/ABl CHIi3y apKbUIBI JKOJ OWTYMJIApbIHBIH MOANU(UKAIMACKI
3eprrensi. bacrankel MaTepnal peTinae OChIHAAaH KOCBIHABLIAPBI aTy YIIiH IOJHYpETaH bl ITOJHMEpIepIiH
JKEPTUTIKTI TYPMBICTBIK KOHE TEXHOTCHJII KaJIBIKTAPbl KOJIAHBUIIBL. MOIU(pUKAIUSIHEI OTKI3YIIH OHTAIIIBI
JKaFaiblH aHBIKTAy JKOHE THIMII peareHTTi TaHjalm ajdy MakcaThIMeH YPAICTI JKy3ere acelpy YIIiH
9KCHEPUMEHTTI  BIKTUMAJIIBI-aHbIKTAFaH JKochapiay omici Kongaueuigpl. JKon  achanbTThi-OMTYMAbI
KOCHaJIapFa KOCBIHIBUIAPJbl CHHTE3JIey MAKCaTbIMEH OKCIIEPUMEHT HOTWKEIEpiH eHJey Heri3iHie
HOJNIMYPETaHIBl 3JaCTOMEpIEpAiH (QEHONABIK MOAUGHUKALMACHH OTKi3yIiH OHTAHIBl KepCeTKiITepi
TalObuIABL. BUTYMIBI KOCTIANapAbl almyablH €Ki SMICIH caibICThIpyna MogudUKaUUsIaHFaH OUTYMIbl OHIIPY
Ke3iHxe MonuduKaTopasl OacTamnKbl MIMKI3ATTHl TEPMISUIBIK OHJEYIIH AalFfalliKbl Ke3eHIHAE CHTI3y >KOH
Oomampl Iienm KOPBITBIHABI JKacayFa MYMKIHHIK Oepmi. MoaunpukanusuiaHFaH TacKeMipii OUTyMIapIbiH
(u3MKa-MeXaHUKAJBIK KAaCHeTTepiHe KYPri3UIreH chlHaMajlap CHHTE3JEIreH MOAU(UKATOPIb MaijanaHy
TacKOMIpPJl >KOJ OHWTYMIAapBIHBIH KOFaphl aAre3MsIbIK KAacHeTTepiH KaMTaMachl3 €Tyre >KOHE JKYMBIC
KaOINeTTiNNiri MHTEePBaNbIH KEHEUTyre MYMKiHIIK OepeTiHiH kepceTTi. KapKbIHIBI TEXHOJOTHs OOMBIHIIA
MoanHUKaHsIIaHFaH TaCKOMIpIi GUTYMHBIH MYMKIH OHIIPIiCiHIH IPHHIMITI ChI30achl YCHIHBLIIBI.

Kinm ce30ep: monmyperanisl 3aacToMepiep, MOJIMYpPETaHAbl KaJABIKTapAsl eHAey, (EHONABIK MOAUu(U-
Kalysi, TACKOMIpIIi IaibIpApIH OUTYMi, ac(anbTThl KOCIANap YIIiH KOCHIHABLIAP.

JLM. Cyrpanuna, U.E. Poxkosoit, JI.K. CanskeeBa, E.B. Munaesa,
E.K. Taimmb6exoBa, A.B. Omamena, A K. CanskeeBa

®eHonuTHYECKASE MOAU(PUKALMS MOJTUYPETAHOBBIX 3J1aCTOMEPOB
KaK c1noco0 nmojgy4eHnsi noJnQyHKIUOHAJIbHBIX 100aBOK
JJIS1 KAMEHHOYTOJIbHBIX I0POKHBIX OUTYMOB

B crarbe n3ydena mMopudukanus IOPOXKHBIX OUTYMOB ITyT€M BBEICHHS MOJNU(YHKUHOHAIBHBIX JI00aBOK.
Jnst monmydeHus: Takux H00aBOK B KaueCTBE MCXOAHOTO MaTepHana HCIOIb30BATIHUCh MECTHBIE OBITOBBIE U
TEXHOTEHHBIE OTXObI MOJIMYPETAHOBHIX MOIUMEPOB. C ENbi0 ONpeaeTeHHs ONTHMANIBHBIX YCIOBUI MpoBe-
JeHUs MOANGHKAIMY U TToA00pa S PEKTUBHOTO peareHTa JUlsi OCYIIECTBICHNU IIponecca ObUT IPUMEHEH Me-
TOJ] BEPOSITHOCTHO-ACTEPMHHUPOBAHHOTO IIAHUPOBaHUS dKcreprMenTa. Ha ocHoBaHMM 00paboTKH pe3yib-
TaTOB SKCIIEPUMEHTA OBIIM HalJeHB ONTUMAIBHBIC NapaMeTPhl IPOBEICHUS (EHONIUTHIECKOH MouduKa-
UM CMECH IOJINYPETaHOBBIX AJIACTOMEPOB C IIEJIBI0 CHHTEe3a J00AaBOK B JOPOXKHBIE achanbTOOUTYMHBIE CMe-
cu. CpaBHeHHE IBYX CIIOCOOOB IMOJydeHHs OUTYMHBIX CMECEi MO3BOJIMIIO CENaTh BBIBOJ O TOM, YTO BBEZE-
HHME MOAN(UKATOPA HENOCPEICTBEHHO B HayajIe TEPMUUECKON 00pabOTKM UCXOAHOTO ChIPbs SABIAETCS Ooliee
11e1eco00pasHbIM TIPU IIPOU3BOJCTBE MOAM(UIMPOBAHHOrO OuTyMa. IIpoBeieHHbIE HCHBITAHUS (U3UKO-
MEXaHUYECKHX CBOMCTB MOAN(HUIMPOBAHHBIX KAMEHHOYTOJIbHBIX OUTYMOB IOKa3aJIM, YTO NIPUMEHEHHE CHH-
TE3MPOBAHHOTO MOAM(HKATOpPA MO3BOJHUT CYIIECTBEHHO PACIIMPUTH HHTEPBAI Pab0TOCHOCOOHOCTH M obec-
TIEYUTH BBICOKHUE aATe3HMOHHBIE CBOMCTBAa KAMEHHOYTOJIBHBIX JIOPOXKHBIX OMTYMOB. Bblna npennokena npun-
IUIUaTbHAsE CXeMa BO3MOXKHOTO IIPOM3BOICTBA MOU(UIINPOBAHHOTO KAMEHHOYTOJILHOTO OUTyMa I10 MHTEH-
CUBHOM TEXHOJIOTUH.

Kniouegvie cnosa: nonaypeTaHOBbIC 3J1aCTOMEPBI, epepaboTKa MOJMYPETaHOBBIX OTXOAO0B, (PEHOIUTHYECKAS
Mozau(dUKaLus, OUTYM KaMECHHOYTOJIBHOM CMOJIBL, 100aBKH JUIs ac(halbTOBBIX CMECEH.
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Cnoco0bl 0OYHCTKH HEKOTOPLIX NECHTAIIUKJIHYCCKUX TPUTCPIICHOU10B

B cratbe paccMOTpeHbI COCOOBI OYMCTKH HanOoJee BAXKHBIX MPEACTABUTEINICH JIYNAHOBOTO U OJICAHOBOTO
psnoB (OeTynuHa, auaneraTa OeTylIMHA U aJUIOOETYJIMHA) C UCTIOIB30BAHUEM METOOB MEPEKPUCTAIITU3ALNN
M KOJIOHOYHOM XpoMarorpaduu, a TakxKe IPOBEJICHO CPaBHEHNE METOJIOB H CIIETIaHO 3aKIII0UeHHE 0 Hanboiee
3¢ (EeKTHBHBIX W HPEIIOYTHTEIBHBIX CIIoc0o0axX. BpUI0 OTMeUeHO, YTO OYHMCTKAa TEXHHYECKHX CyOCTaHIMit
TICHTAIUKIIMYECKUX TPUTEPICHONIO0B METOIOM NEPEKPUCTAILIM3AINHN SBIIETCS Hed(EKTHBHOH, IIOCKOIBKY
CofiepXKaHNe OCHOBHBIX KOMIIOHEHTOB B 00pasIiax ¢ UCHOIB30BaHUEM JaHHOTO METO/ia YBEINIMBAETCS BCETO
Ha 2 %, a TaKKe HaOIF0Ial0TCsI CYIIECTBEHHBIE OTEPH MPH OYHUCTKE. Y CTAHOBJIEHO, YTO HAMITYUIIHH pE3yIib-
TaT JOCTHIAeTCs NPU OYUCTKE YKa3aHHBIX CYOCTaHIMI METOIOM KOJIOHOYHOH XpomaTorpaduu ¢ UCIOJIb30-
BaHHEM OKCHJa AIIOMHUHHA B KauecTBe COpOeHTa. B 3TOM ciyuae, COIJIACHO AaHHBIM XPOMAaTO-Macc-
CNIEKTPOMETPHYECKOTO aHaM3a, 3a()MKCHPOBAHO MOBBILICHHE COAEPKAHUS OCHOBHOT'O BEILIECTBA B IpoOe Ha
4-7 %. Iloka3zaHo, 4TO JaHHBIH CIIOCO0 SBISETCS YIXOOHBIM ISl OUNCTKH OETYNIMHA, AUaneTaTa OeTysNHa U
JUI00ETyINHA OT COMYTCTBYIONINX NPUMECEH U MO3BOJAET IOJIydaTh UX YHUCTBIC CYOCTAHIUH, IPUTOIHBIC
JUISL TaNbHEHIIero HCIIOIb30BaHUS B OPTaHUYECKOM CHHTE3€, JIEKTPOXUMHYECKHX, MUKPOOHOJIOTNIECKUX,
CIIEKTPAJIBHBIX U JIPYTHX METOJaX HMCCIeNOBaHUs. JJOCTOMHCTBAMH IPEUIOKEHHOTO XPOMATOTPadHIECKOTro
croco0a OYHCTKH TPHUTEPIIEHOMOB SIBITIOTCS IPOCTOTA MCHOJHEHUS, SKCIIPECCHOCTh M BBICOKAs YHCTOTA
HoJTy4eHHbIX 00pa3uoB. s cpaBHeHHs 3P EKTUBHOCTH MPOBEACHHBIX METOIOB OYUCTKH CyOCTaHIuiT ObUTH
UCHOJIb30BaHbl COBPEMEHHBIC (PU3MKO-XMMHYECKHE METO/bl aHaiu3a. Ha OCHOBEe MMeEIoMXCs Pe3ysbTaToB
HPEIOKEHHBI aBTOpaMu XpoMaTorpadUyecKuii MeTo/ OYUCTKH Kak Haubosee 3((GEeKTUBHBIN MOXKET OBITH
HPUMEHEH JUIS MOJTy4YeHUs] YUCTBIX CYOCTaHIMil APyruX MpeicTaBuTelNell NeHTAIUKIMYEeCKUX TPUTEPIICHOU-
JIOB JIyIIaHOBOTO U OJICAHOBOTO PSIJIOB.

Knrouegvie crosa: EHTAITUKIINICCKUC TPUTCPIICHOUBI, 6eTyIII/IH, JAuanerar 6eTyJII/IHa, aJIJIO6eTyJII/IH, nepe-
Kpuctajuin3anus, KOJIOHOIHas XpOMaTOI‘pa(i)I/ISL

Kopa 6epe3sr 6orara pasHOOOpa3HBIMHA SKCTPAKTHBHBIMH BEIIECTBaMH. B sKcTpakTax BHENTHEH KOPBHI
Oenoit 6epessl Betula pendula L. npeobnafaeT NpUpOAHBINA MEHTAUMKIMYECKHNA TPUTEPIICHOU JIyTIaHOBOTO
psana — 3B,28-aurunnpokcu-20(29)-nynen — OeTynuH, cogepkaHue KOToporo MoxeT pocturatsh 40 % u 3a-
BHUCHUT OT YCJIOBHM MPOU3PACTaHMs, BPEMEHH rojia U aApyrux (akropos [1-4]. Jlis OeTyauHa ycTaHOBJICHA
MPOTUBOBOCHIANIUTENbHAS [5], MPOTHBOBUpPYCHAs (HAONIONACTCS CUHEPTeTHUECKUi d3PEKT ¢ aluKIOBUPOM)
[6] u mpoTHBOOITYyX0JIEBasi AKTUBHOCTH [7].

Taxxe w3y4deHBl MPOU3BOAHBIE OETynMHA, TaKWe KaK AWaleTaTr OeTyJIHHa W ajuio0eTyluH, KOTOpbIe
TIPOSIBIISIIOT BBIpOKEHHOE OMoJjiormueckoe aeiicTBue. Jmamerar Oerynuua (3[,28-guanetokcu-myn-20(29)-
€H) U3BECTEH CBOCH IKCITYCTOHHONM W THUIOJUIUACMUYESCKOW aKTHUBHOCTHIO [2, 8]. AmmoGerynuH
(3B-runpoxcu-19p,28-3mokcu-18a-oean) U ero NPOU3BOAHBIE MIPOSBIAIOT Pa3HOOOPA3HYIO0 OHOIOTHYECKYIO
aKTHBHOCTB: IPOTHBOS3BEHHYIO, IPOTUBOBUPYCHYIO, aHTU(HUIAHTHYIO [9—12].

B nacrosmee Bpems npuponHbie neHTarukindeckue TputepreHonsl (I[1T) u ux cuHTeTHYECKHE MO-
TU(UKATBI, 00aaIONINe EIBIM HA0OpOM OMOJOTUYECKH TOJIE3HBIX U YHUKAIBHBIX CBONCTB, HAXOIATCA
O] MPUCTATHFHBIM BHUMAaHUEM HCCIIEJOBATENCH W MPENCTABISIOT UCKIIOYUTENILHBIA HHTEpeC Uit (papma-
IIEBTHYCCKOH, KOCMETHYECKOW M THUIIEBOM MPOMBIIIUICHHOCTH. B CBSI3M ¢ 3THM CyIIecTByeT OOJbIas Io-
TPeOHOCTH B MOTYYEHHH YHCTHIX CyOCTaHIMI ATUX BEIIECTB.

HecMoTpst Ha MHOTOYHCIICHHBIE MCCISIOBAaHUS XUMHUUYSCKUX Moaudukaiuii I1T, monydeHue ux mpous-
BOJHBIX SIBIIIETCS] JJOCTATOYHO CIIOXKHBIM IPOIIECCOM, XapaKTEPUIYIOMNUMCS HU3KON CEIEKTHUBHOCTBIO U, KaK
CIIEZICTBME, HU3KMM BBIXOJOM IIENIEBBIX NMPOAYKTOB. HemocTarouHast 4ncTOTa BBIACICHHBIX U3 3KCTPAKTOB
WM PEaKIMOHHOW Macchl cyOCTaHIUM, collepKalliX [eJeBble BEIIECTBA, SBISACTCS CEPHE3HBIM MPETATCTBH-
eM misi BombTamiepomeTrpuiecknx (BA) wmccrmemoBaHuil, ompeneneHuss aHTHOKCHIAHTHON aKTUBHOCTH
(AOA), a Takxke nanpHeWmMX xumudeckux Moaupukanuid [IT. OueBUmHO, YTO TOMOOHBIC UCCICAOBAHUS
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JTUKTYIOT TIOTPEOHOCTh B MPOCTHIX CIIOCO0AaX OYMCTKU UX OT mpumeced. [1o3TomMy oTHOM M3 aKTyalbHBIX 3a-
1y sIBIsiETCS pa3paboTka MpocThiX U 3QHEKTUBHBIX CIOCOOOB OYMCTKU cyOcTanmuit, conepxkarmmx [1T.

B macrosimee BpeMs TUTEpaTypHBIE CBeleHUS O crocobax ouuctku IIT oT mpumMecedt mpeacTaBiIeHbI,
KaK MPaBWIO, METOJAMH TMEPEKPUCTALTH3AIMY OCTYJIMHA M €TI0 MPOU3BOJHBIX M3 Pa3HBIX PACTBOPHUTEICH
(Takux Kak Hu3MIME adudaTHYECKUe CIUPTHI, XJIOpodopM, alleToH, STHIIANETAT, JUXJIOPMETaH U Jp.), OIHA-
KO OTO CONPSIKCHO ¢ 00pa30BaHHEM CONBBATHBIX KOMIUIEKCOB C TPHUTEPIICHOWIAMH, YTO 3aTPYAHSET HX
UIACHTU(OUKAINIO KaK WHAUBUAYaIbHBIX coequHenuii [13]. Kpome Toro, nmpu ncnoiab30BaHUM ATAHOJNA B Ka-
YECTBE PACTBOPUTEIISI JUIS TIEPEKPUCTAIUTM3AINY HAOII0Aat0TCs CyliecTBeHHbIe otepu (10 40 %) 1eneBbix
BemecTs [ 14].

B cBs3u ¢ 3THM 1ENBI0 TaHHOW pabOoTHI SIBIIAIOTCA TIOMCK M pa3paboTKa CPaBHUTEIHHO MPOCTOTO U A-
(heKTUBHOTO METOJ1a, 00ECIICUNBAIOIIETO MOyYCHUE CyOCTaHIIMIA NEHTAIUKINISCKUX TPUTSPIICHOUIOB BBI-
COKOM CTETIeHH YHCTOTHI, KOTOPBIE MOTYT OBITH B IaJbHEHUIIIEM HCIIOJIb30BaHBI KaK B OPraHMYECKOM CHHTE3E,
TaK ¥ B 3iekTpoxuMudeckux (BA, AOA) 1 MEKpOOHOIOTHYECKHUX MUCCIICTIOBAHHUSX.

3KcnepuMeHmaﬂbHaﬂ uacmo

Berynun — 3p,28-guruapoxcu-20(29)-nynen nnum 1yn-20(29)-en-3p,28-1101 — BBLAEISIIN U3 IIpeIBa-
pUTEIRHO M3MENbUEHHOUN OepecTsl Betula pendula o merony [15]. Heouunmiennbie CyOCTaHITHN AHMArieTaTa
OeTynuHa U alJI00eTyIMHA TOIydald 0 METOIaM, OTTIMCaHHBIM B pabotax [16, 17] cOOTBETCTBEHHO.

Perucrpamuro MK-ciektpoB npoBoaniu Ha criektpomerpe ¢pupmer Agilent Technologies, mapka Cary
600 Series FTIR Spectrometr B Tabierkax Opommuna kams. M3meperne npoBoawiy B nuama3one ot 4000 mo
400 e

Cnektps 'H SIMP 06pasioB perucrpupopanu Ha npuéope SIMP dypbe-cniekrpomerp Avance AV 300
Bruker B pactBopax CDCl;.

Temnepatypy IaBjieHHUs 00pa3LOB OIPEesUId C IOMOLIbIO IPUOOpa A1 aBTOMaTHYECKOIO OIpesie-
neHus Touku riaBieHus Melting Point System MP50 Mettler Toledo.

Xpomaro-macc-ciekrpomerpuueckoe (XMC) wuccrnepoBanne mnpo0 TPOBOAWIM Ha Tra3o-XpoMaTo-
rpaduueckoM kominiekce Agilent 7820 ¢ Macc-CeeKTHBHBIM KBaIpYIOJbHBIM JeTekTopoM Agilent 5975
Ipu TeMIeparype uctounuka noHos 230 °C, remnepatype kBaapynons 150 °C, sneprun nonuzanuu 70 3B u
Jara3oHe CKaHUpoBaHus Macc m/z 46+1050.

KonTponbs WHAMBHIYaTEHOCTH BemiecTB mpoBoamin MerogoM TCX Ha mmactukax Sorbfil ¢ mucmons3o-
BaHHWEM OJIIIOMPYIOIINX CHUCTEM: dThiareTar : rekcan = 1:1 (A), rekcad : atunanerar= 4 : 1 (b), xiopo-
¢dopm : atanon = 40 : 1 (B). lerekTupoBaHue MATEH OCYIIESCTBIISUIA MOIU(PHINPOBAHHBIM PEAKTUBOM DPIIU-
xa (n-mumermwiamuaooen3anpaeruy : H,SO, : CH;COOH) ¢ mocnemyronumM HarpeBaHWEM IDIACTHH B TeUe-
Hue 2-3 muH (I).

Ha nepBom stane Hameii paboTbl A1 OYUCTKU CyXuX cyOcTaHuuii OeTynuHa M auanerata OeTylnHa
MPUMEHSUTH METOJl IEPEKPUCTATUIN3ALNH KaK HanOoJiee paclipOCTPaHEHHBIH U OTHOCUTEIBHO MaJlOTPyI0EM-
kuit (crocoOwI 1a u 16).

Cnocob la. Ouucmka bemynuna nepekpucmaiiuzayuett u3 SmaHona

Cyxoit skcrpakT oerynmuHa (puc. 1) maccoit 0,40 T (auctoTtoit 94 %) pactBopsiin B 40 MJ1 dTaHOIa TIPH
HArpeBaHWU ¥ MEPEMEIINBAaHHUU, TOPSIHNA PACTBOP OTHHIBTPOBBIBAIIN, HEPACTBOPUMBIH OCTATOK OTOpAChI-
Baly, (QWIBTPAT OXJaXKIanH. BrImaBmmii ocamok GuiIbTpoBamW, cymmian npu Temmeparype 80-90 °C,
nosryumiin OexeBbie Kpuctaiibl ¢ Ty, 250-253 °C ([15]: Ty, 257-258 °C). [locne nepekpucTaiu3ai ObLT
MOJTy4eH 00pa3ell CyXoro dKCTpakTa OeTynnHa ¢ cojepxkaHueM 96 % OCHOBHOTO BEIIECTBA, YTO OBLIO MOJ-
TBepkeHo metogoM XMC. Macca momydenHoro obpasia 6erynuna 0,21 1, uto coctaBnser 53 % OT Macchl
MEePBOHAYAIILHOW CYOCTaHIINY.

Cnocob 16. Ouucmra ouayemama demynuna nepekpucmaiiuzayueli U3 SManHoaId ¢ aKmusUpoBaHHbIM
yenem

Bricymennyio cyOcrannuio nuanerara 6erynuaa (JAD, puc. 2) maccoit 2,5 v (uucroroir 89 %) pac-
TBOpsIM B 50 MJI 3TaHONAa TPW HArpeBaHUM WM MEPEeMEIIMBAHMH, 3aTeM N0OaBISUIM 2,5 I aKTUBUPOBAHHOTO
YIJIsI, CYCIICH3HMIO HArpeBalM J0 KUICHUS MPH MEePEeMEIINBAHUH, TOPSYHA PACTBOP OT(HUIBTPOBBIBAIH OT
YIJISL 1 HEPACTBOPUMBIX MPUMECEN, MaTOYHBIN 3TaHOJIBHBIM pacTBOp OXJIXK/alu. BbINaBiive keiaTble Kpu-
CTaJUIBI OTJENSIIN Ha BOPOHKE U CYIIMIH NpH TeMiieparype 60—70 °C. Macca momyd4eHHOro ocajika COCTaBH-
ma 1,28 v (51 %), Ty, 208214 °C ([16]: Ty, 222-223 °C), a conepxkanue JJAb B momyuenHoM o0Opa3siie co-
ctasmiio 91 % (XMC).
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Pucynox 1. CtpykrypHast ¢popmyina OeTynrHa Pucynox 2. CtpykrypHas ¢popmyiia quareraTa OeTynrHa

[Tockonbky, cormacHo manHbIM XMC, comepkaHue OCHOBHBIX BellecTB B oOpasuax Oerynmuna u JADB
YBEIUYUIIOCH Beero Ha 2 % (cnocoObl la u 16), ouncTka METOJ0M NEPEeKPUCTAIUTU3AMY He Oblia 10CTaTou-
HO 3¢ dexTuBHON. IloaTOMY Ha BTOPOM 3Talle HAIMX UCCIEA0BAHUN MbI IPOBOAMWIN OYMCTKY HEOUHMILEHHBIX
cyocranumii [1T (Gerynuna, auanerata OeTylIMHa U aJlIOOETYNIMHA) C UCTIONB30BAHUEM METOJIa KOJIOHOYHOM
XpoMaTtorpapuu Kak albTepHATUBHOTO TPaTULIMOHHON NEPEKPUCTAIUIN3ALNH (CTIOCOOBI 2a—6).

Cnocob 2a. Ouucmxa bemynuna memooom KoroHouHou xpomamozpaghuu ¢ Al,Os

Jis o4ncTKH OeTyJrHA METOZOM KOJIOHOYHOW Xpomarorpaduu B KayecTBE COPOCHTA HCIIONh30BAIH
OKHUCh aTIOMUHUS, B Ka4eCTBE TOJIBUKHON (pa3bl — areToH. Yepes 3amoIHeHHYI0 COpOSHTOM XpoMaTorpa-
(hrueckyIo KOJIOHKY IPOITyCKaId aleToH M0 IMOJTHOTO HaOyxaHus copbenTa. HaBecky HEOUHIIIEHHOTO OeTy-
muHa 3,5 r (uncroroit 94 %) pactBopsm B 500 M1 arleToHa. AIIETOHOBBIN pacTBOp OETyNIHHA ITEPEHOCHIIN B
XpoMaTorpauuecKyro KOJIOHKY, 3aTeM BHOCHJIM YUCTHIN areToH. CoOupanu ¢pakium, coaepxaiue o0ery-
quH, ¢ Ry 0,4 B cucreme A (TCX), neTekTrpoBaHHe MATEH OCYIMIECTBISLIM MOAUPHUIIMPOBAHHBIM PEaKTHBOM
Opmuxa (IN). I3 o0beauHeHARIX (hpaKIUid OTTOHSIIH PACTBOPUTENH, OCTATOK Cymmiau. [lomyanmu 6emmoe kpu-
cTayumueckoe BemiecTBo Maccoit 2,1 T (60 %), Ty, 258-260 °C ([15]: Ty, 257-258 °C), ¢ conepxanueM Oe-
tynuHa 98 %, coriacHo AaHHBIM MeTona XMC.

Cnoco6 26. Ouucmra J{AB memooom xoaonounoi xpomamoepaguu ¢ Al,O;

Mertoa aHAJIOTHYEH METOMY OYMCTKH OeTynmHa (crmocod 2a). Macca HEOUHIICHHOTO auarerara 0eTy-
nnHa coctasisina 0,5 T (uucrora 89 %), HaBecky pacTBopsuid B 30 mi aunetoHa. [lokaszarens Ry ans Gppakumid,
conepxxamux JIAb, 0,66 B cucreme b (TCX), mposiBeHNE TATEH OCYIIECTRBIBUIA MOAU(PHUITIPOBAHHBIM PEaK-
tuBoM Oprnuxa (I7). 3 o6bemnHeHHBIX (DpaKIuii OTTOHSIIN PacTBOPUTENh, OCTATOK CYIIMIN. Macca moiy-
yeHHOro ocanka 0,29 r, uro cocraBisier 58 % OT Macchl mepBoHadaidbHOW cyOctanmmu, T, 215-219 °C
([16]: Ty, 222223 °C), a conepxkanue JIAb B momyueHHOM 00pasie coctaBuio 95 %, mo nanasiM XMC.

B pesynbTare OUMCTKU CYOCTaHIMI METOIOM KOJIOHOYHOH XpomMaTtorpaduu, cornacHo gaHHeM XMC,
cojziepkanue OetynuHa B mpode ¢ 94 % yBemuuniock 10 98 % (cnocob 2a), a IAB B po6e ¢ 89 % mnoBkicH-
sock 10 95 % (cocob 26). CnenoBaTenbHO, MOKHO CIENaTh BBIBOJI O TOM, YTO XpoMaTorpaguyeckuii cro-
co0 oumctku nepeuncieHHbix [IT ¢ ucnonp3oBaHMEM OKHCH aNOMUHHUS HamOoJee MpPEeANOYTHUTENEH II0
CPaBHEHHIO C TPAAWIIMOHHBIM METOJIOM NEePEeKPUCTAIUIN3AINH, T/Ie OBIJI0 OTMEUYEHO TMOBBIIICHHE COIepIKa-
HUSl OCHOBHBIX BEIIIECTB B 0Opasnax Bcero Ha 2 % (crocoOs! la u 16).

Beneacteue toro, uto crocod ounctku cyocranimii [IT mepekpucTain3anuei mokasal MEHBIITYO
3¢ (HeKTUBHOCTH (KaK HAMU PacCMOTPEHO Ha pumepe o0pasioB OeTynuHa u JIAB), 0uucTKy TpUTEpIICHONIa
0JICAaHOBOTO PsiJia — aJuI00ETyIMHA — OCYIIECTBISUTN TOJIBKO METOJIOM KOJIOHOYHOM XpomaTorpaduu (cro-
co0 28).

Cnocob 26. Ouucmka aniobdemyauna Mmemooom KoioHouHou xpomamozpaghuu ¢ Al,Os

Jns ouricTku HeouwnIieHHOro amioberynuHa (puc. 3) maccoit 0,8 r (cogeprxanne 90 %) MeTogom Koo-
HOYHOM Xpomarorpaduu B KadyecTBE COpOEHTa HCIONb30BAIM OKUCH ATIOMUHHS, B KaUECTBE IOJBIKHON
¢da3pl — amneron. Cobupanu ¢pakiuu, cogepxaiiue amioderyaus, ¢ Ry 0,37 B cuctreme B (TCX), nerektu-
pOBaHME IATSH OCYIICCTBILIM MoauduiupoBaHHeiM peakTrBoM Jpiuxa (I'). Y3 o0bequHeHHBIX (hpaKiuit
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OTTOHSTM PAacTBOPHUTENb, OCTATOK CymIid. [lomydunu cyOCTaHIMIO B BUJAE CBETIIO-OCKEBBIX KPHCTAIUIOB
Maccoit 0,49 T (61 %), Tyy 262-265 °C ([17]: Ty 264266 °C), conepxkanue auiodeTynMHa B JaHHOM 00pas-
e coctaBmio 97 % cornmacHo maHHBEIM MeToga XMC.
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Pucynok 3. CtpykrypHas hopmyina aurodeTyinHa

PesynbTarom oumcTkH cyOCTaHIMHM JIOOETYJIMHA METOJIOM KOJIOHOYHOW Xpomarorpaduu, COriiacHO
naHabpM XMC, cTanmo yBennueHHe cofiepKaHusa OCHOBHOTO BemiecTBa B mpode ¢ 90 % 1o 97 % (cnocob 28),
YTO JOMOJHUTEIHHO MOATBEP IO 3D (DEKTHBHOCTH MPETIOKEHHOTO HAMH CITOC00a.

Cnexmpanvhvle Xapakmepucmuxy coeOuHeHull

bemynun (3f,28-0oucudpoxcu-20(29)-nynen):

UK-criextp (KBr, v, em™): 3359 (O-H), 3078, 2944, 2870 (C—H), 1695, 1644, 1457, 1374, 1029, 884,
759.

Crextp SIMP 'H (CDCl3, 8, m.a., J/Tm): 0.65-2.15 (complex, CH;, CH,, CH), 2.38 (1H, dt, H-19,
J=115,6.3),3.18 (1H,dd, H-3,J=11.2,5.4),3.32 u 3.79 (2H, 2d, H-28, ] = 10.8), 4.58 u 4.68 (2H, s, H-29).

Macc-criektp, m/z (Lo, %): 442 (M", 6), 411 (16), 363 (16), 203 (56), 189 (100), 135 (74), 121 (80),
95 (90), 69 (56), 55(67).

Juayemam 6emynuna (3p,28-ouayemorcu-nyn-20(29)-en).:

UK crextp (KBr, v, cM™): 3066 (C=C), 2945, 2869 (C-H), 1733 (C=0), 1457, 1367, 1241, 1018, 979,
889.

Coextp AMP 'H (CDCl3, 6, m.a., J/Tm): 0.74-2.15 (complex, CH;, CH,, CH), 2.43 (1H, dt, H-19,
J=10.8, 5.7), 3.84 u 4.24 (2H, 2d, H-28, ] = 11.1), 4.46 (1H, dd, H-3, J = 9.3, 3.6), 4.58 u 4.68 (2H, s,
H-29).

Macc-criektp, m/z (Lo, %): 526 (M", 1), 466 (38), 423 (45), 363 (30), 227 (21), 203 (38), 189 (100),
161 (47), 135 (69), 121 (83), 91 (74), 67 (42), 55 (42).

Annobemyaun (3f-euopoxcu-19p,28-snoxcu-18a-orean):

UK-criextp (KBr, v, em™): 3430 (O-H), 2939, 2867 (C—H), 1450, 1386, 1375, 1361, 1301, 1264, 1206,
1138, 1076, 1041, 1008, 988, 973, 946, 929, 888, 813, 769.

Crnektp SIMP 'H (CDCl3, 6, m.a., J/Tm): 0.65-1.82 (complex, CH;, CH,, CH), 3.19 (1H, m, H-3),
3.44 (1H, d, J=6.5, H-28), 3.52 (1H, s, H-19), 3.77 (1H, d, J=6.5, H-28).

Macc-cniektp, m/z (Ion,., %): 442 (M7, 28), 424 (28), 411 (14), 371 (26), 355 (7), 220 (18), 207 (74),
189 (100), 177 (37), 148 (49), 134 (58), 121 (53), 107 (58), 95 (84), 81 (88), 69 (72), 55 (58).

Buvisoowt

B nmanHOli paboTe paccMOTPEHBI CIIOCOOBI OYMCTKH HEKOTOPHIX MEHTAIMKINYECKHX TPUTEPICHOUIOB
JYTIaHOBOTO M OJICAHOBOTO PSIOB, MIPOBEJICHO CPAaBHEHHE METO/IOB M CIIENIAaHO 3aKII0YeHHe 0 Hanboee H¢-
(DEeKTUBHBIX U MPEANOYTUTEIBHBIX CIIOCO0aX.

Hns ounctku cyOcTaHuuil OeTynrHa, nuanerata OeTylnHa W auio0eTylInHa ObUTH BBIOpAaHBI METOBI
HEepeKPUCTAIUIN3AINN U KOJOHOUHOH Xpomartorpaduu. [Toka3aHo, 4TO 0YMCTKA NEHTAIMKINIECKUX TPUTEP-
MEHOUI0B METOJIOM KOJIOHOYHOW XpoMaTorpauu Mo3BOJSET MOMYYUTh CyOCTaHIIMK 00jiee BEICOKOW YHCTO-
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ThI, KOTOPBIE MOTYT OBITh HCIIOJIb30BaHbI B CHEKTPAIBHBIX, dJeKTpoxuMuieckux (AOA, BA) u mukpobuo-
JIOTMYECKUX HCCIIEIOBAHUSX, a TAKoKe JJI MOJIy4EHHUs Ha MX OCHOBE HOBBIX OMOJIOTMYECKU aKTHUBHBIX CO-
€AVHCHUM.

JocTonHcTBaMH MPEIJIOKEHHOTO XPOMAaTOrpauecKoro crnocoda OYMCTKY TPUTEPIICHOUIOB SIBISIOTCS
IIPOCTOTA UCIIOJIHEHNUS, SKCIPECCHOCTh U BHICOKAs YUCTOTA IIOIy4YEHHBIX 00pa3LIOB.

Ha ocHoBe mosryuyeHHbIX HaMM JaHHBIX HPEIJIOKEHHBIH XpomarorpauuecKuil MeToJ OYMCTKH Kak
HanOoJiee YHUBEPCATBHBIA MOXKET OBITh PEKOMEHAOBAH AJIS MPUTOTOBJICHUS YUCTHIX CyOCTaHIMH APYTHX
MIpeICTaBUTENEH JTYTTaHOBOTO U OJIEAHOBOTO PAZOB, a TAK)KE MX CHHTETUYECKUX IPOU3BOIHBIX.
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Keii0ip neHTanuk1i TPUTEPIEHOUATAPABI Ta3adayAbIH daicTepi

Makanaza KaiiTa KpUcTaniay »XoHe OaraHaibl XpoMmarorpadus oIiCTEpiH KOJJIAHBII JIyNaH XOHE OJieaH
KaTapbIHBIH HETi3ri exinaepin (0eTynuH, 6eTyIMHHIH AMALETaThl )KOHE AJUI00CTYIINH) Ta3alayIblH Taciaaepi
KapacTBIPbUIAbI, COHMAI-aK OChI 9iCTepre CalbICTBIPY KYPri3iiai jkoHE eH THIMJI XKSHE KOJAMibl aaictep
OOoMBIHIIIA TYXKBIPHIM jkacaiibl. [IeHTaMKIAl TPUTEPIICHOUATAPABIH TEXHUKAIBIK CYOCTaHUMSIIAPBIH KaiiTa
KpHUCTAIIIay ONICIMEH Ta3alaymblH THIMCI3JIri aram eTinai, ce6ebi, yariiepaeri Herisri KOMHOHEHTTEpPAiH
yJieci ochl dficIieH Ta3anaranzia 2 % FaHa apTajpl, COHBIMEH Karap Tasanay OapbIChIHZA eNeyJi LIBIFBIHAAP
Gatikanasl. CopOeHT peTiHze aTIOMHHUI OKCHAIH KOJIAHBIN, OaraHaybl Xpomarorpadust oficiMeH aTayFaH
cyOcTaHIMsIIapbl Ta3alaFaH/ia JKOFapbl HOTIDKEIe JKETETIHAIN aHBIKTAIABL. Bys skaraiina Xxpomaro-macc-
CIIEKTPJIIK TaJllay HOTHIKENEepiHe colikec, yariferi Heri3ri 3aTThiH yieci 4—7 % apTaTblHIbIFBI Oenriizi 60l
Ocbl omic OeTynmuHAi, OCTYNMHHIH [JUAleTaThlH JKOHE aUIOOCTYIMHII iNecneni KocmamapaaH Tasanay
Ke3iHIeri THIMAUTIrIH KoHe OJapIblH Ta3a CyOCTaHUMSUIAPBIH anyFa MYMKIHAIK OepeTiHIiriH, apbl Kapaii
OpraHMKaJbIK CHHTE3/e, SICKTPOXHUMHSIIBIK, MUKPOOHOJIOTHSIIBIK JKoHEe Oacka ja 3eprreyiiep OarbIThIHAA
KOJJaHyFa OOJIaTHIHABIFBIH KepceTedi. TpHUTepleHOMATapAbl Ta3ajayla YCHIHBUIFAH XpOMaTorpadusuibik
QIiCTiH KYH/BUIBIKTApbl OPBIHIATYBIHBIH KapanaibIMIbUIBIFGL, JKEACIIIri, ajJblHFAH YJTUIepAiH KOFapsl
tasanbFel. CyOcTaHIMSIIApIbl Ta3anayda >KYPri3uIreH oicTepAiH THIMALITIH CAIBICTHIPY YIIIH 3aMaHayn
(U3HUKANBIK JKOHE XHMISIIBIK OMICTEPIHIH Taigayiaapbl KOJIAHBULIBL. AJIBIHFAH HOTIKENSpAIH HeTi3iHne
aBTOpJIap YCHIHBIN OTHIPFAaH Ta3ajayIblH XpoMarorpadusuiblK OAICIH THIMAI OMIC peTiHAe NEHTAUUKIIL
TPUTEPIICHOUATAP/IBIH JIyIIaH XKoHE OJieaH KaTapbIHAaFbl OacKa OKiJIepiHiH Ta3a CyOCTaHIMSUIAPBIH ay YLIiH
KOJIIaHyFa 0omazpl.

Kinm coe30ep: NeHTaUMKIAI TPUTEPHEHOWATAp, OCTynnMH, OSTYNMHHIH [QUAleTaTsl, AJUIOOCTYJIMH, KauTa
KpHUcTaiay, baraHaibl XxpoMarorpadusi.

S.S. Kaliyeva, E.A. Mamayeva, Ye.E. Nurpeiis, A.A. Bakibayev,
A.K. Tashenov, M.K. Zamanova, T.S. Kets

Methods for treating some pentacyclic triterpenoids

This article describes the methods of purification the most important representatives of a lupane and olean se-
ries (betulin diacetate betulin and allobetulin) by using recrystallization and column chromatography meth-
ods, as well as a comparison of methods and it was concluded about the most effective and preferred meth-
ods. It was observed, that the purification of technical substances for pentacyclic triterpenoids by recrystalli-
zation method is not efficient, because, the content of the main components in the samples with using this
method increases by only 2 %, and there are significant losses during purification. It is established that the
best result is achieved by purification of these substances by column chromatography using aluminum oxide
as a sorbent. In this case, according to the chromatography-mass spectrometric analysis, the fixed increasing
in the content of the main substance in the sample by 4-7 %. It is shown, that this method is convenient for
the purification of betulin, betuline diacetate and allobetulin from concomitant impurities and makes it possi-
ble to obtain their pure substances suitable for further use in organic synthesis, electrochemical, microbiolog-
ical, spectral and other methods of investigation. The advantages of the proposed method for the chromato-
graphic purification of triterpenoids are: simplicity of execution, rapidity and high purity of the obtained
samples. To compare the effectiveness of the methods of purification of substances were used modern physi-
cal and chemical methods of analysis. On the basis of the results, the authors proposed a chromatographic pu-
rification method as the most effective can be used for the preparation of pure substances to other representa-
tives of pentacyclic triterpenoids lupane and olean series.

Keywords: pentacyclic triterpenoids, betulin, betulin diacetate, allobetulin, recrystallization, column chroma-
tography.
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TypJienaipisiren 6ejiceni kemiprek HeriziHaeri
COpPOeHTTEePIiH TEPMOTYPAKTHLIBIFBIH 0aFaJjiay

Makanana Kaparail araliblHaH TYPJICHIIpLIreH OelCeHIIpinreH KOMIpTeK HeTi3iHAe COpOEHTTEepIiH XKBLIY
TYpaKTBUIBIFbIHA Oaranay xyprizinren. Copoenrrep H;PO, sxone NaOH epirtinninepiMen TypieHAipiirexH
KBUIKaH/BI arall KAIABIKTaphIH KapOOHM3aIMsIIay KoHEe CyMEH OHAEY apKbUIBI anblHABL Yiritepai 600 °C
temneparypana H;PO, sxone NaOH kxocnanapsiMeH kKapOOHM3aIMs POLEC HOTMKECIHAE KEYeKTi MaTepHal
Ty3uteringiri kepcetiaren. [Tunosia ofici GOMbIHIIA TEPMOASCTPYKLHMSIHBIH KHHETUKAIIBIK MOH/EP] Herizinae
OeliceHIeHy JHEpPrUsIChl €CeNTeNiHl, TepMoaecTpyKuus MUMQY3UsUIBIK TOPTINTE OTETiHI KOPCETLNreH.
CoHbIMeH Kartap KarThl (asanbl peakLMsuIapiblH OKbUIAAMIBIK KOHCTaHTAJNApbIHBIH MoHzAepi SHzep,
I'ucrnunr-bpoynmreiin, Xypasnes xxone Kpurep-Liurnep mozaensaepi OoHbIHIIA €CeNTENTeH.

Kinm ce30ep: TypneHmiprim, copOeHT, TepMOOHJCY, KapOOHW3alms YpHici, OEJCEHIIEHY JHEPTHSCHI,
KBULIAMIIBIK KOHCTAHTACHI, [IEJUII0NI03a, TEMIIEpaTypa.

Kipicne

TaOufy HBICAaHZAPIBIH XUMUSUIBIK 3aTTapMEH JacTaHybl KOpLIaraH OpTaHbl KOPFayIblH OacThl
Mocenenepinig 0ipi Oombn TadbuTanbl. bapasik Oenrisi omicTep imiHeH copOmus KYOBUIBICKIHA HETi3MereH
omicTep YKOHOMMKAIIBIK JKOHE DKOJIOTHSIIBIK, 9Pl Ta3apTy TEPEHIIr JKaKTapblHAH TaOWFH JKOHE OHEPKOCIITIK
KOCIMOPBIHAAPABIH JIACTAaHFAaH JKOHE aFblHABI CyJapblH Ta3apTyAa THIMIUNT aHblK. OchlFaH OalIaHBICTHI
aFbIHJBI CYJIapAbl YBITTHI 3aTTapJaH Ta3apTaTbIH SKOJIOTHSIIBIK KOHE SKOHOMHKAJIBIK THIMII COPOSHTTEP airy
©3eKTi Mocesie OOJBI TadsUIaas! [1]. OCIMIIK TEKTEC MaTepUaIBIH EPEKIIeIiri — OJIapAbIH TEPMOOHJICY-
JeH KEWiH KYpBUIBICBIHBIH TYpJACHIIpyJleHyi. byn omapablH KypamblHAa UEIUTION03a, JUTCHUH YKOHE
MOJICAaxapuaTep CEKUIAI OpraHUKajbIK 3aTTaplIblH OONybIMEH TyciHAipimedi. OcCIMIIK MIUKi3aTHIH
KapOOHHU3aIIMANIAY JKOJBIMEH JKETKITIKTI JopeKeaeri THIMAI COpOeHTTEpai anyra 0ojanabl, aa KapOOHM3a-
[UsUIAY YPJICiHE TYPIACHAIPTIIITEP I eHTi3y apKbUIbI MaTEPUANIBIH COPOIUSITBIK CHIMBIMIBLIBIFBIH OJJaH dpi
apTTBIpyFa Oomanpl. By TyprblAaH XUMUSUIBIK TaOUFATHI Op TYPJi TYPJICHAIPTIIITEpMEH OHIeNTeH OelIceHai
KOMIPTEKTI COPOCHTTEP/IH TEPMUSIBIK BIABIPAY TIPOIEC JKOHIHAC MOJIMETTEp ©oTe Oaranasl OOJIBIIT
Tabblaanbl. OChlFaH Opail aTaJMBIII MakKaigaga OCIMIIK TeKTI OEJICeHIl KOMIPTEKTI TYPJCHAIPY >KOHE
TEPMOBLABIpAY YPAICIH KHHETHKAJIBIK TYPFBIIAH CUIIATTay XKYPriri3iimi.

Taoucipubenix 6onim

bacranker mukizaT peTiHAEe Kaparail arambelHBIH (7IaT. Pinus sylvéstris) Kyprak OypIIikTepiHeH
Heri3iHme ycakrainran macca (0,5—-3,0 MM) KOJIIaHBUIIABI, OHBIH BUIFAIIBUIBIFEI 6,2 % [2], YIIKBIIT 3aTTapabIH
Kypams! 11,5 % [3] kypansl.

bacranker Macca 1:5 xkarteiHaceiHAa (Macca OOWMBIHINA) —TYPJSHIIPTIMIIEH —apaxacThIPBUIIHL.
Typnenaiprim petinae oprogochop KbIIKbLIBI (1 MOJIB/J) jkoHE HATpul ruapokcuai (1 MOJb/a) epiTiHmi-
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nepi kommaHeuiabl. ComaH coH on macca 70 °C Temmeparypaja bUFaN KaIJbIK TYpiHE ICHIH Y3[IKCi3
KBI3JIBIPBLIIA OTBIPHII, apajacThIPbUIaabl. AJIBIHFAH KapThlaail eHiMal Mydensai nemte 10 °C/MHUH KbLITaM-
neikiieH 600 °C teMriepaTypara JEHiH KBI3IBIPHIN, COHFRI Temmeparypana 60 MuH 6oibl ycTaiapl. Tepmo-
OHJICY/ICH KEeHiH MaTepuan AUCTHIACHIeH cyMeH Kybutbil (3 pet), 105 °C TemnepaTypana kenTipinemi.
Hepusartorpadusuisik Tangay JIPOH-2 KypeUIFBICEIHAA KXY PTi31II.
Wox GoiibiHia cOpGeHTTIH cOpOLHSIBIK ChIibIMABLIBIEBI MeMCT 6217—74 onicTeme GoiibIHIIA 5Ky3ere
acTsl [4].

Homuoicenepoi manoay

Temenperi 1-2 cypertepae TypieHaipinren copoenTTepain TT'A KUCHIKTaphl KOPCETITEH.
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1-cyper. Hatpuii THIPOTOTHIFBIMEH 2-cypet. OpTodocdop KpIIKBUTBIMEH TYPISCHIIPINITeH
TypaeHaipiareH copoeHTTiH TT'A KHCHIFbI cop6enTTiH TI'A KUCHIFBI

AFamITBIH YHTaFBIHBIH HETi3ri OeJNiriH [e/UlioNo3a, THAPOLEIUNION03a JKOHE JIMTCHHH KYpaunibl,
COHJIBIKTAH 3E€PTTEYJIEp XKYPri3reHae IeINI0I03a MOAENIbIlI OOBEKT peTiHme Kapanaapl. Llemrroro3aHbiy
kapOoHm3anus ypaici 4 Herisri cateiga eteni [5]. Bipinmi catsl kesinge 25—-150 °C TemmnepaTypa apajbiFbIH-
na OeTTik KabaTTaH aacopOLMsUIaHFaH Cy TY3UTy IpolecTepi Kypeli, COHBIMEH KaTap THAPOKCHIIIL KOHE
CYTEKTI TONTApAaH Cy Ty3UIyiHe OailIaHbICThI IETHIPATAIUs IIPOLECTepPl )KYPyl MyMKiH. BipiHi copOeHTTe
MaccaHblH JKoFainysl 3,85 %, an exinmricinme 5,85 % xypaitapl. Exinmi cater 150-240 °C Temmeparypa
apanbIFbIHAA ©Teni, Oyn caTblna MojeKymaimiaik gerunparanus mnponectepi C=0, —C=C— OGaiinansicTap
Ty3lnyiMeH xypeai. bi3ain skarnaiina sxanmsl MaccaHblH skoranybl ~4,49 sxone 29,00 % Kypaiiasl.

240400 °C Temmeparypa apayiblFbl KapOOHW3almMs YPIICIHIH VIIIHIN CaTBICBIHA COHWKeC Kelesi,
JeTIoNIMMEpIIeHY, JAeKapOOKCHIIIeHY, NEKapOOHWIICHY >KoHE T.0. peakUusUIapblHBIH KYPyl HOTHKECiHIe
BIIBIPAYABIH TOMEH MOJIEKYJANbIK eHiMaepi Tys3iremi. Ockl TeMIiepaTypa HHTEpBajlbIHIA COPOCHTTEpIiH
KAl MaCCACBIHBIH JKOFAITysl ~8,16 sxoHe =3,35 % Kypaiiapl, Oy YIIKBIII MIAHBIPIIEI 3aTTAPABIH 06JiHYHIH
HOTWXKECiHE ner Ooibkayra 6omans! [6—8].

TepTiHII CcaTBIHBIH HETI3rl YpHOicTepiHe MaccaHBIH apoMmarTaHybl (CyTek Ty3iiymeH) xone C4
(dparMeHTTEpiHIH «KOMIPTEKTI MOJIMMEPre» KOHACHCAIMSIAHYbI JKaTalbl, HOTHXKECIHAE rpadur Tapizmec
kabatTap Tysiiemi. TepMoesrepicTep HOTHXKECIHAE COPOSHTTEPAIH KaJIbl MAaCCaChlH MKOFAJITYbI IIaMaMeH
~52,43 % (400-700 °C) xxone ~25,14 % (400—600 °C) xypaiisl.

Opan opi copOeHTTepHiH TepMOBIObIpay mpouectepin cumnartay yuriH . [TwtosH [9] omici apKbuIbI
TEPMOBIZIBLIPAY MPOIIECIHIH OCICEHICHY dHEPTUACH aHBIKTAIIEI (1, 2-KecTe).
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l-xecrte
CopOenTTepaiH TepMOBIALIPAY NPOIECiHIH OeJICeHIeHy IHePTHsIapbl
NaOH | H,PO, NaOH | H,PO,
T,K MaccaH.LIH SKOFaIybl, % . N
KaJFaHbI KETKCeHI KaJFaHbI KETKEeHI
373 99,12 0,88 97,05 2,95
473 94,34 5,66 75,8 242
573 91,57 8,43 64,17 35,83 534
673 83,5 16,5 62,15 37,85 6.56 ’
773 61,5 38,5 55,78 44,22 ’
873 42,58 57,42 37,01 62,99
973 31,07 68,93 — — —
1073 18,63 81,37 — — —

TepMobiapipay HPOIECIHIH OCIICEHII SHEPTHUACH TEPMUSIIBIK bIABIpay MU GY3USIIBIK TOPTINTE OTETIiHI
oenrimi. Sunep, I'uctnunr-bpoynmreiin sxone Xypasnes, Kpurep-Liurnep moaenbaepi 6oibIHIIA ©HICYIED
HOTIKETepi k-HbIH )KaKbIH MoHAepiH kepceTTi [10].

2-KecTe

HaTpuii ruipoToTHIFBI :kHE 0pTO(hochop KHIIIKBLILIMEH TYPJIEHIpiJIreH copOeHTTepaiH
KapOoHU3anuschl Ke3inaeri Tike peakuus KbLJIIAMABIFBIHBIH KOHCTAHTAJAphI, 298 K

TiKke peaKIs sKbUTIAM/IBIFBIHBIH KOHCTAHTACKL, k- 10, MuH |
Anoep a0ici Tucmaune-bpoynwmenin | XKypaesnes a0ici 6otivinuia | Kpueep-L{uenep adici 6otivinuia
T,K botbiHUa 20ici botibiHUA i 2 i 2
2
(1={i=a)) = | (1-2/3a-(1-0)") =k [[ (-0 H - Hl (-4 H -

NaOH-men mypaendipinzen copbenm
473 0,78 0,77 0,02 0,02
573 1,46 1,43 0,67 0,67
673 5,06 4,86 1,32 1,32
773 28,95 26,06 4,96 4,96
873 70,27 58,67 35,45 35,45
973 107,03 84,00 111,40 111,40
1073 171,41 122,40 211,56 211,56

H;PO ;~men mypaenoipineen copbenm
473 16,45 15,49 0,21 0,21
573 32,98 29,96 16,34 16,34
673 31,94 28,82 37,74 37,74
773 40,45 35,68 38,18 38,18
873 91,11 73,98 52,85 52,85

Bapneik 3eprrenren matepuanmap 673 K-re peiiinri temmeparypa apajibiFblHAa HpPOLECTiH OipiHm
ayMarblHOa TEPMOACCTPYKUMSHBIH IIaMaMeH Oipaedl JKbUIIaMABIK KOHCTAaHTalIapbIMEH CHUNATTaJIbI.
CopOeHTTepaiH TepMOICCTPYKIMSIIAPBIHBIH, MaKCHUMAaJIbl SKbUIIaMaelFel 873 K TemmeparypacsiHga
Oalikanaapl, HaTPUH TUAPOKCHUAIMEH TYPJCHAIPIITeH COpOEHT YIIiH TEepMOACCTPYKLHS >KbUIAAMIBIFEI
KBIIIKBUIMEH TYPJCHIIPIITeHHEH KEWiHTi COpOSHTIMEH callbICTBIpFaHia anjekaiiga xorapbl. byn NaOH
epITIHAICIMEH TYPACHIIPIITEH COPOCHT KYPAMBIHBIH TEPMISUIBIK TYPAKTHUILIFBIHBIH YJIFAIOBIH KOPCETEI.
ConbIMeH KaTap OapibIK TeHAeyep OOMBIHINIA €CeNTeNTreH PeakIUsHbBIH KbUIIAM/IBIK KOHCTAHTAJIapbIHBIH
MOHJIEpl KaKbIH eKeHAIri kepcerinreH. OmaH opi aJbIHFaH COPOSHTTEpIiH 1Woa OOWBIHINA COPOIUSIBIK
OeJICEeHITIr aHBIKTAIIIbL.

44 BecTHuk KaparaHgmHckoro yHusepcurteTa



TypriengipinreH 6encengi kemipTex ...

) o
50

NaOH

- H.PO,

10 /
o m/f/

100 200 360 408 500 GOO 700
t.°C

3-cyper. CopGentrepaiH 1o/ OolbIHIIA COPOLMSIIBIK CHIMBIMIBUIBIFBIHBIH TEMIIEpaTypaFa Toyeiiri

JKorapeigarel 3-CypeTTeH HATPHU THUAPOTOTHIFBIMEH TYPJCHIIPUITEH COpOCHTTIH oM OOWBIHIIA
CHIMBIMIIBUTBIFBI IIAMaMEH ~3 ece KOraphl OoJIaThIHBI KepiHemi. KapOoHuzamusiiay TemmepaTypachl
JKOFapblUIaraH CaWblH COPOLMSIBIK CHIABIMIBUIBIK CHI3BIKTHIK TOYCIIUIK OOMBIHIIA apTaibl. JIMTHHH-
LEJUTION03aIbl  MaTepUaliiapbl HATPHl THUAPOTOTHIFBIMEH OHJCY OJIApIbIH ICiHYiHE oKeledi, ai Oy
MaTepuaapAblH iKi OCTiHIH apTyblHa, MOJIHMEPIICHY JKOHE KPHUCTAIIBIK JOpEKeIEPiHiH TOMCHJICYIHE,
JIMTHUH MEH KeMipcyjap apachlHIarbl KYPbUIBIMIBIK OaiiaHbICTapAbIH Oy3blaybiHa okeneni [11]. Harpwuit
THAPOTOTHIFBI 3(PHUP TONTAPBIH KapOOKCHIIATTHI KOHE CIHUPTTI TONTApFa aybICTHIPATBIH JKAaKChl PEarcHT
00JIBII TaOBLIABI.
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OueHka TepMOyCTOMYMBOCTH COPOEHTOB
HA OCHOBE MOAU(PUUUPOBAHHBIX AKTUBHBIX yIJIEH

B craTthe mpoBeneHa OIEHKAa TEPMOYCTOMYMBOCTH COPOEHTOB Ha OCHOBE MOAM(HIMPOBAHHBIX AKTHBUPO-
BaHHBIX Yrjed U3 XBOHHOH npeBecuHbl. COpOCHTHI MOMyYany MyTeM KapOOHH3aLuU OTXOAOB XBOWHOH Ipe-
Becunbl, MoauduiuposanHoit H;PO, u NaOH, u BoxHoit 06pabotku. [Tokasano, uTo B mpouecce kapOoHH3a-
iu 00pasnos ¢ nobaBkamu H;PO, 1 NaOH npu Temneparype 600 °C oGpasyercst mopucThlif MaTtepuai. Pac-
CUUTaHbI 3HAYEHUS SHEPTUH aKTUBALMU MO KWHETUYECKUM JaHHBIM TEPMOJAECTPYKIHHU Mo Metoxy IlumnosHa,
TOKa3aHO, YTO TEPMOAECTPYKIMS MPOHUCXOIUT B Iuddy3noHHOM pexume. Takke paccunTaHbl 3HAYCHHS
KOHCTAaHT CKOPOCTH TBepao(da3HbIX peakuuii mo MoxensM Snnepa, ['mcrmmnra-bpoynmreiina, XKypasnesa n
Kpurepa-Iluraepa.

Knioueswvie cnosa: mogupukarop, copOeHT, TepMOOOpadOTKa, KapOOHN3AINS, SHEPTHS aKTUBAIUN, KOHCTAHTa
YCTOMYHMBOCTH, LIEJUIIOI03a, TEMIIEPATypa.

Sh.K. Amerkhanova, A.S. Uali, F.Zh. Abilkanova

Evaluation of the thermal stability of sorbents based on modified active carbons

The evaluation the thermal stability of sorbents based on modified active carbons coals from coniferous wood
has been carried out in this paper. Sorbents have been obtained by carbonization the wastes of coniferous
wood modified with H;PO, and NaOH and water treatment. It is shown that the porous material was formed
during the carbonization of samples with additions of H;PO, and NaOH at a temperature of 600 °C. The val-
ues of the activation energy were calculated from the kinetic data of thermal destruction by the Piloyan meth-
od, it was shown that the thermal destruction occurs in the diffusive regime. The values of the rate constants
of solid-phase reactions by the models of Yander, Gistling-Brownstein, Zhuravlev and Krieger-Ziegler were
also calculated.

Keywords: modifiying agent, sorbent, thermal treatment, carbonization, energy of activation, stability con-
stant, cellulose, temperature.
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Kap0oH KbIIIKbLIIAPbIH TEPMOTPABUMETPHAIBIK
AKIHE KHHETHKAJIBIK d/1icTep apKbLIbI 3epTTey

KapOoHn KpIIIKbUIZApEl TaraM, KOHAWUTEPIIK, KOCMETHKAJBIK, (hapMaleBTHKAJIBIK, OHIIpICTIK (TacTMac-
caJbIK, MMMa, IIYJIBIK, Oanaybl3, pe3eHKE )Kacay) OHEpKICINTepiHAe KEHIHEH KOJIAHBIIANbl, COHIBIKTAH
OJIApJBIH KMHETHKAJBIK ITapaMeTpiepiH 3epTTey Kas3ipri Ke3le KhI3BIFYIIBUIBIK TyAsIpasl. E.A. bexetos
aTeiHarbl KaparaHpl MEMJICKETTIK YHUBEPCUTETIHIH XUMHUS (GaKyJIbTeTi (U3UKAIBIK JKOHE aHATUTHUKAJIBIK
xumus Kadeapacsl MeH «DuU3NKa-XUMUSUTBIK 3ePTTEYJIEPAiH dicTepi» HHKEHepIiK nmpoduib 3epTxaHa-
CBIH/IAFbl MOJUMEPU3ALMSIIBIK JKOHE IOJIMKOHICHCALMSIBIK IPOLECTEPAIH TEPMOJIMHAMUKACH MEH
TepMoxumMusicel  3eptxanaza LABSYS™ EVO CcHHXpOHABI TEPMOIPaBUMETPHUSUIBIK, I hepeHIraibl-
TEePMUSUIBIK Tayayiaapel Oap, temmneparypackl 1600 °C-re nediHri ymr ejmieMzi CEHCOpPIBI JKOHE rasjiap
arblHIApBIH aBTOMATTHI OacKkapy maHernine ue ammapatsiHga (LABSYS™ EVO TG, DTA, DSC 1600 °C),
KbIMBI3JIBIK, SIHTap, CTeapHH, JUMOH KbIIKeUIIApeIHEIH 30-300 °C  TemmepaTypara HAeiiH KBI3ABIPY
OapbICBIHIAFB], TEPMOTPABUMETPHSUIBIK JKoHE MU(M(EpeHIMANABIK TEPMISUIBIK TaJlfayiap Kacaibl.
OpraHvKanblK KbIIIKBUIAAPIABIH TEPMHUSIBIK AECTPYKIMACH AWHAMHUKANBIK TEPMOTPaBUMETPUS OiCiMEH
aHbIKTaNAbl. KapOOH KbIIKBUIAAPBIHEIH TEPMOTPAaBUMETPHSUIIBIK JKoHE JU((GEepEeHIHAIABIK TEPMHSIBIK
tangayiaap KUchlkTapsl 10 K/MHH OKbUIZaMIBIKIIEH a30T HeMmece aya arMmocdepachlHIa KbI3bIPbUIBIII,
seprreninai. HoTmkecinae kapOOH KbIIIKBUIAAPBIHBIH bIABIPAY, OAIKy TeMIlepaTypalapblHAaFbl MIBIHIAPHI
KOPCEeTLIII, 9/1e0N MalTiMEeTTepiMeH CaJbICTHIPBUIBII, dp IIBIHJAFB! JKBUTY CHIMBIMABLIBIK MOHIEP] TaOBUIIBL
3epTTenreH KBIIKBUIAAPABIH KHHETHKAIBIK ITapaMeTpiepi ajbIHBI, MacCaHBIH KeMyiHe OalJIaHBICTHI
KBIIIKBUIIBIH PEaKIUs S>KBUIAAMJIBIFBIHA ©3Trepici KepceTilmi jkoHe opOip KBIIKBUIABIH TEepPMOTPaBH-
METPHSUIBIK CHI3BIKTapBIHBIH KecKiHi GoibiHmIa, Axap, lllapn-Yasureopt, @pumen-Kappor tocinnepi apKpUIb!
R-xoppemsius k03hPUIHMEHTI, G-9KCIIEPUMEHTTIK HYKTE/IeTi CalbICThIPMaIbl KaTeliri eckepinin, 6einceHmipy
SHEPTHSCHI, DHTPOIHS JKoHEe [ MOOC SHEPTUSICHI ANFALIKBI PET eCeNTei I

Kinm co30ep: TepMUSIBIK Tangay oaicTepi, KapOOH KBIIIKbLUIIAPHI, aKTUBTEHY dHEPIUschl, SHTponus, [ nb6e
SHEPTHUSACH], KHHETHKAIIBIK KOPCETKILITep.

Kipicne

KapOoH KpIITKBUTIAPBIHBIH, KHHETHKAJIBIK TTapaMeTpIIepiH aHBIKTAY YIIIH TePMUSUIBIK TalAay dMiCTepiH
KonmanraH a63an. COHOBIKTaH KapOOH KBIIKBUIAAPBIH Ka3ipri 3aMaHFa cai, »KOFaphl Ce3IMTaIbIKKa He
TG GepeHIMANIB CKaHepIiey KAJIOPUMETPiI apKbUIbI KUHETUKAIBIK TapaMeTpiepiH aHBIKTay MakcaT eTill
KoMbLIAEI [1].

KapOoH KpIIKBUTIAPBIHBIH KaTapblHa KBIMBI3ABIK, JIMMOH, SIHTap, CTeapuH JKoHE T.0. jKaTaipl.
KBIMBI3IBIK KBIIKBUTEI Ta0WFATTa KBIMBI3IBIKTBIH, payFall, kapamOolia jkoHe KehOip 0acka ecimuikTepiae
00C TYpiHIIe KOHE KallMdi MEH KaJbIMi OKCalaTTaphl TYPiHAE Ke3mecedi. KhIMBI3IBIK KBIIIKBLIIBI JKOHE
OKcajaTTap Mara >XoHe OBLIFaphl ©HEPKOCIOIHIE VIIAFBIIl PEeTiHAE KOoJTaHbIC Tabamel. Onap METAIIBIK
xKaObIHIap — QJIIOMHHUN, THUTaH oHE Kajlaiibl TYHYBl VIIIH aHOATHIK BaHHAIAPAbIH KOMITOHEHTTEpI
KBI3METiH aTkapanabl. KbIMBI3IBIK KBIIIKBUIGIHBIH TYBIHIBUIAPH! IEJUTION03aHBIH EPITKIIITEpl peTiHae
KOJJaHeiaabl.  KeIMBI3ABIK ~ KBIIIKBUIBI  OYJIIIBIKETTEp  KOHE  JKYHKE  JKYMBICBHIHBIH  JKaKCBHI
BIHTATAHIBIPYIIBICHT OOJIBIT TaOBLTA BT [2].

JIMMOH KBIIIKBUIBI KOHIWTEPIIIK ©HEPKOCINTE KBIMIKBUIIAFBINT JKOHE JOMII KYMISHTKIII peTiHge
naiganbuias [3].

CreapyH KBIIKBUIBI KOCMETHKA OHEPKOCiOiHAe, Oanmaypl3 Imamaap MEH pe3WHa eHJipiCiHIe
YKYMCAPTKBIII PETiHIC KOJIaHbUIa b [4].

SIHTap KBIIKBUIBI 6CIMIIKTEPIiH 6CyiHe JKaFaail kacalIbpl ’KoHE ©CIMAIKTEPAiH OHIMAEPIH apTThIpabl,
JKYTEpiHiH JaMybIH KbUiaamaatapl. Taram eHepkaciOinge E363 TaraM Kocmachl peTiH/Ie TaHbIMAJI.

Taoicipubenix 6onim

KapOoH KBIIKBUIIAPBIHBIH —JKOFapbIIaFbiall  KacueTTepi OOJFaHIBIKTaH, OJAPJbIH TEPMHUSIBIK
KaCHETTEepiH 3epTTEy MaKCaThIHIA KBIMBI3IBIK, SHTAp, CTEApWH, JIUMOH KbIMKeUIHapbiHbH 30-300 °C-ra
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neitin kei3aplpy OapeickiHma LABSYS™ EVO TG, DTA, DSC 1600 °C ammapaTeliHIa TEpMOTPaBH-
MeTpustiblK (TT) skone muddepeHnnanasik TepMusuiblK Tanaay (ATT) sxacanbiHab.

Mseican peTiHAE JNUMOH KBIIKBUIBl aNbIHIBL. JIMMOH KBIMIKBUIBIHBIH TEPMHUSIIBIK AECTPYKIHSACHI
JUHAMHUKAIBIK TEPMOTPaBUMETPHUS OMAiCIMEH aHBIKTaJAbl. 1-CypeTTe JHMMOH KbIIKBUIBIHBIH 30-190 °C
TeMreparypaza, 10 K/MuH sxpu1qaMabIKIIeH a30T Hemece aya atMocdepacbinaa Kbi3asipbutrad T1 sxone JJTT
KUCBIKTapbl OepinreH. bym kuceikrap Ooitpiama  97,7-104,4 °C  TeMriepaTypa apajibIFbIHIA JIAMOH
KBIIKBIIBIHBIH Maccachl TeMeHen, ITT KUChIFpIHA KINIripiM SHIOTEPMUSUIBIK IIBIH naiiaa 6onnbl. Oran
JIUMOH KBIIKBUIBIHBIH BUIBIpaybl coiikec Keneni. by teopusuiblk MomiMertepMmen nanenaeHeni [4]. Ockhr
TeMIlepaTypa apaibiFblHAa Oyl KUBUIBIC BIABIpaid Oactaiiipl. byn Temmeparypagarbl KbLTY CBIABIMIIBLUTBIK
moHi 6enrini on C, = 1,314 Ilx/mons K TeH.

Opi Kapall KUBUIBICTBIH Maccachl TOMEHJIEI, TypakTana Oactaiinel, 145—161 °C apanbireiHIa KaiiTanaH
tomenaen, ATT KucbIFpIHAA SHAOTEPMUSIIBIK IIBIH Taiima Oonampl. byj JTUMOH KBIMIKBUIBIHBIH OalIKy
TeMIeparypacelH  Oepemi. bym  Temmeparypa — apaibIFBIHIA  JKBUTY — CBIMBIMIIBUIBIKTBIH — MOHI
C, = 13,97 lx/mone-K-ka Teq 6onansl. lectpykims ypaici 300 °C-na asxranansl. TI' men JITT monimertepi
Oip-OipiMeH ColiKec Kemei.

(1

261

2)

b
FaY

EXD-,E 5
26
T 145.49 and 161,07 (C) l.g
t: 7688 and BE0.6 (s)
4Cp: 13871 (W) [-es
Ty 156867 (°0) -9
Tig: 154543 (°C) l-95
Teg: 139384 (°C) L10
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268

| T, 9774 e 10438 (°C)
51 11507 1 and 5447 (3)
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T:3212and 19061 (°C)
t:00and1019.9(5)
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44 | [-23
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Sample Temperature {°C)

1 — TT" — MaccaHbl )KOFaITy KUCHIFHI,
2 — ATT — muddepenmmanasl TepMOrpaBUMETPHSIIBIK KHCHIKTBIH TYBIH/IBICHI

1-cyper. JIumoH KbIKeLIBHEIH 30—190 °C kp3apipran kesaeri TI sxone JJTT KuchIKTaphl

Homuoicenepoi manoay

JIMMOH KBINIKBUIBIHBIH KUHETUKAIBIK TapamMeTpiiepi aibIHBIN, MAaCCaHbIH KeMyiHe OalIaHBICTHI
KBIITKBUIIBIH  PeaKIus S KbULIAMIBIFBIHBIH  e3repici kepcerinreH. Con OOWBIHIIA 3€pTTENTEeH JIHMMOH
KBILIKBUTBIHBIH TEPMOTPaBUMETPHSIIBIK CHI3BIKTAPBIHBIH KecKiHi  Oepinren (2-cyp.). Onm Axap, Lapm-
YauTtBopt, @pumMeH-Kappon Tocinaepi O0HBIHIIIA eCenTeNTeH.
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a — ®pumen—Koppoir; 2 — Ilapn—YaHTBOPT; 6 — AXap 9icTepiMeH CalbICTRIPMaIbl TYPl OepinreH.
Myngarsi R — koppesius Ko3(hGHIUEHTI; 6 — SKCIEPUMEHTTIK HYKTE/Ier CalbICTHIPMaIbl KaTelTiK

2-cypeT. JINMOH KBIIIKBUTBIHBIH TEPMOTPAaBUMETPHSUIBIK ChI3BIKTAPBIHBIH KECKiHi

TepMorpaBUMeETpUs CHI3BIKTAPBIHBIH KECKiHI apKbUIbI TaOBUTFaH aKTHBTEHY SHEPTHsI MOHJEPI apKbUIbI
KapOOH KBIIIKBUIAAPBIHBIH TEPMOAMHAMUKAJBIK KepceTKimTepi — ['MOOC sHepruschiHbIH o3repici (AG)
KOHE aKTUBTEHY SHTporHsch (AS) Toemene kepcerinreH (1)—(3) popmymnanap OolbiHIIA ecenTeI .
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kRT
+
hOE, 2.303R’

Kubuibicy HYKTEC =[log } Oenrim 0Oosca, oHma sHTpomnus esrepici (1) dopmyna

APKBUIBI €CeTTEIIHET:

AS =2,303R’ [K.H.—log kRT ], (1
hOE,
MyHnarbl k£ = 1,3806x 102 K mons™; R = 1,987 kkan K mons™; © = 0,166; AS — SHTponws e3repici; £, —
rpadUKTeri aKTUBTEHY DHEPTHACHL; K.H. — KHBUIBICY HYKTECI.
Bboc sneprusabiy e3repici (I'nb6¢ sHeprusce) keneci (2, 3)-TeHneyIepMeH eCenTeTiH I
AG = (E,— AS*2,98)/1000; 2)
AF =AG=AH-TAS, 3)
MyHOaFrel AH — sHTanenus; 7T — TeMiieparypa; AS — SHTPOIHS e3repici.
Ecenrrey HoTHIKETIEPl TOMEHAETI KECTEIE KOPCETUITCH.

Kecrte
Bip aromMabl kKap6oH KbIIIKbLIAAPBIHBIH TEPMOAUHAMHUKAJIBIK
7K9He KHHETHKAJBIK IapaMeTpJIepiHiH TepMHUSJIBIK KepceTKimTepi
®pumen-Kappon Ilapn-YsuTBOpT Axap
Kemnkeuinap | E, kJIx/ | AS, Ix/ | AG, x]Ix/ | E, xIx/ | AS,Jlx/ | AG, xIx/ | E,xJx/ | AS, Ix/ | AG, xJx/
MOJIb (Mo K) MOJIb MOJIb (mo1s K) MOJIb MOJIb (Mot K) MOJIb
KBIMBI3TBIK 20,42 198,3 0,600 57,23 315,8 0,998 30,40 407,1 1,243
Jlumon 55,83 199,8 0,604 75,57 426,2 13,45 65,61 783,2 2,399
CreapuH 9,431 192,1 0,581 12,69 267,1 0,828 10,67 273,9 0,826
SuTap 6,306 185,2 0,558 12,52 2233 0,688 11,11 246,1 0,744
Kopvimwinow

Caliplll  KenreHjue, 3€pTTENTEH KBIIKBULIAPIBIH TEPMOTPABUMETPHSUIBIK CHI3BIKTAPBIHBIH KECKiHi
Ooripiaina, Axap, Illapn-Ysuteopt, ®pumen-Kappon tociamepi apKpLibl R-KOppeasius Kod(QQHUIIUCHTI,
G-IKCIICPUMEHTTIK HYKTEICT1 CaJBICTBIPMaibl KaTeJirl eCKepiulil, aKTUBTEHY JHEPIUsCHl KOHE SHTPOIHS,
I'u606c sHEprusacH OCHl dficmieH anFamKksl peT ecenrtenmi. COHBIMEH KaTap KBIMBI3IBIK, JTUMOH, CTCapHH
KBIITKBUIIAPBIHBIH aKTHBTCHY JHEPTUACHI oHE YHTponus, 1 mo0c »ueprusickiH [llapm-YsHTBOPT TocimiHe
Kaparanna, @pumen-Kappon Hemece Axap TocinaepiMeH ecenTereH THiMIi, cebebi MoHzmepi Oip-Oipine
coiikec Kememi. A, SHTap KBILKbUIBIHAA, KepiciHme, @®pumeH-Ksppon tocimine kaparannma, Lapm-
YaHTBOPT, AXap TOCUIAEPIMEH €CENTEreH THIMII e OUIaitMBbI3.

Asemopnap E.A. bexemos amuindaset  Kapasanovr  memaexemmix — yYHUBEPCUMEMIHIY — XUMUSL
Gaxynememinoeci « Du3uUKA-XUMUATLIK 3epmmeyiepliy 20icmepiy UHIICeHepaiK Oellindesi 3epmxana
YorCoLMbIHA MadiCipubenix sepmmeynepoi omKizyee KoMeKmecKeHi Yuin aizolcmapsin 0i1dipeoi.
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KapOoH KblLLKbINAapblH TEPMOTPaBUMETPUSIBIK ...

M.C. KacesimoBa, JI.K. AGynsucosa, A.A. AliToekoBa

HccnenoBanue KapooOHOBBIX KHCJIOT TEPMOTPABUMETPHYECKHM
H KHHETHYeCKHMM MeTOJIaMHu

KapOoHOBBIE KHCIIOTHI IIMPOKO HCIIOIB3YIOTCS B KOHIUTEPCKOH, KOCMETHYECKOH, (hapMarieBTHIECKOH, Impo-
U3BOJCTBEHHON (ITacTMAacchl, 00yBb, 4yJOYHO-HOCOYHBIE W3AENUS, BOCK, PE3HHA) NMPOMBIIITIEHHOCTH, I0-
3TOMY HCCIIEIOBAaHUS UX KMHETHUECKUX ITapaMeTpoOB BbI3bIBAIOT MHTepec. B KaparanamuckoM rocymapcr-
BEeHHOM yHuBepcureTre UM. E.A. BykeroBa Ha kadenpe ¢pusndeckoil 1 aHATUTHYECKOW XUMHUH XUMHYECKOTO
(akynpTeTa ¥ B J1a0OPATOPHH HHKEHEPHOTO MPodiii «PU3UKO-XMMHUYECKUE METOBI UCCIIEI0BAHUS, B Ja-
GopaTtopun TSPMOAUHAMUKA U TEPMOXHMHH NTOJIMMEPH3AMOHHBIX W ITOJHKOHICHCAIIMOHHBIX MPOILECCOB Ha
LABSYS™ EVO mnpoBoxsiTcss CHHXPOHHBIE TepMOTpaBHMETpHYecKHe, Tud(depeHIanbHble TepMUIECKHEe
aHanu3bl. B anmapare ¢ maHeNIbI0 aBTOMATHYECKOTO YIPABJICHUS TIOTOKAaMH T'a30B, CEHCOPAaMHU TPeX H3Mepe-
HUi ¥ HarpesoM 1o temnepatypsl 1600 °C (LABSYS™ EVO TG, DTA, DSC 1600 °C) 6su1i npoBeeHbI
TEpMOTPAaBUMETPHIECKUH U AU(PepeHnnaIbHbI TepPMUIECKUH aHAIH3bI [IaBeJICBOH, SIHTAPHOM, CTEapHUHO-
BOW M TMMOHHOW KHCIOT npH HakanuBaHuu 10 30-300 °C. Tepmuueckast 1eCTPYKLUsI OPraHUYECKUX KHCIOT
OblIa omnpejeneHa METOAOM JMHAMUYECKOH TepMorpaBuMeTpun. Kpusble TepMOrpaBUMETPHUYECKOTO U JH (-
(epeHHaIbHOTO TEPMHUYECKOr0 aHaIu3a KapOOHOBBIX KHCJIOT ObUIM M3Y4YeHBI B aTMOocdepe BO3lyxa WM
asora npu ckopoctu moroka 10 K/mun, mpu HarpeBanuu. B pesynpTaTe aHanu3oB ObUIM MONYYCHBI MUKH
TeMIIepaTyp IUIABJICHUS U Pa3JIOKEHHs KapOOHOBEIX KHUCIIOT, IIPU CPABHEHHH CO CHPaBOYHBIMU MaTepHaIaMU
ObLIM HaliIeHBI 3HAUCHUSI TEIIOEMKOCTH. BhIH moka3aHbl M3MEHEHHS B CKOPOCTH PEaKINH KHCIOT B CBSI3H C
yOBIBaHMEM MAaCCHl ¢ IOMOIIbI0O KHHETHYECKUX IapaMeTPOB MCCIeyeMbIX KHCIOT. COTTacHO TepMOTpaBH-
METPUIECKOMY TpadHKy HCCIISyEeMbIX KUCIOT BIIEPBBIC STUM METOJOM OBbIIM PacCUMTaHBI SHEPTHs aKTHBa-
1uH, SHTpomus u 3Heprust ['m66ca. [lpu s3Tom Obun yuTeHsl Metonamu Axapa, llapn-YautBopra, ®pumen-
Ksppouna koadpuiment R-koppensiuu 1 CpaBHUTENIbHAS TOTPELIHOCTh G-3KCIIEPUMEHTAIBHBIX TOYEK.

Kniouegvie cnosa: MeTosipl TEPMHUECKOTO aHANIN3a, KapOOHOBBIC KUCIIOTBI, SHEPrHsl aKTHBALUM, SHTPOINS,
sHeprus ['nub6ca, KMUHETHYECKUE TapaMeTpPhIL.

M.S. Kasymova, L.K. Abulyaissova, A.A. Aitbekova

Research on carboxylic acids by thermogravimetric and kinetic methods

The carboxylic acids are widely used in confectionery, cosmetic, pharmaceutical, manufacturing (plastics,
shoes, socks, wax, tire) industry, so their kinetic parameters illustrates great interest now. In Ye.A. Buketov
Karaganda State University, Chemistry Department, at the Chair of Physical and Analytical Chemistry and
the Laboratory of Engineering Profile «Physical and chemical methods of investigation» in the Laboratory of
thermodynamics and thermochemistry polymerization and polycondensation processes the simultaneous
thermogravimetric, differential thermal analysis in LABSYS ™ EVO is carried out. In the apparatus with the
panel of gas flows automatic control, the sensors of three dimensions and heating to a temperature of 1600 °C
(LABSYS ™ EVO TG, DTA, DSC 1600 °C) thermogravimetric and differential thermal analyses of oxalic,
succinic, stearic, glowing and citric acid at 30-300 °C were carried out. Thermal decomposition of organic
acids was determined by dynamic thermogravimetry. Curves of termogravimetry and differential thermal
analysis of carboxylic acids have been studied in an atmosphere of air or nitrogen at a flow rate of 10 K/min,
with heating. As a result of analysis melting peaks and decomposition temperatures of carboxylic acids were
obtained by comparing to the heat capacity, which were found in reference materials. They showed changes
in the acid reaction rate due to the decrease of weight through using kinetic parameters of studied acids. Ac-
cording thermogravimetric graph of studied acids, activation energy, the entropy and Gibbs energy are calcu-
lated for the first time. A R-correlation coefficient and the relative error of o-experimental points were taken
into account by Ahara, Sharp-Wentworth and Freeman-Carroll methods.

Keywords: techniques of thermogravimetric analysis, carboxylic acids, activation energy, entropy, Gibbs en-
ergy, kinetic parameters.
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BucMyTTBIH epyiH TY3 KbIIIKbLIBIHBIH CYJbI epiTiHAiNepinae oHAipicTik
alfHBIMAJIbI TOKIIEH NMOJISAPU3ANMAIAY aPKbLIbI 3epTTEeY

Makanazna Ty3 KbIIIKBUIBIHEIH CYJIbI epiTiHJIICIHAe OHAIPICTIK aHHBIMANIBI TOKIICH MOJIIpH3alysIay Ke3iHeri
BHCMYTTHIH JIEKTPOXUMISIIBIK epyl 3epTTenreH. DKCIePUMEHTTIK 3epTTeyiep Ke3iHe MIEeKTPOATap peTiHae
BUCMYT JKOHE THUTAH OJIEKTPOATAphl MalmanaHbUIABL BHCMYT 3IeKTpOABIHBIH epyiHIH TOK OoOMBIHIIA
IIBIFBIMBIHA THTAH JKOHE BHCMYT DJIEKTPOJITAPBIHAAFEl TOK THIFBI3BIKTAPEI, TEMIIEpaTypa KOHE 3JIEKTPOIHUT
KOHIICHTPALIUACHIHBIH ocepl KapacThIPbUIFaH. BHCMYT 3J1€KTPOIBIHAAFBl TOK THIFBI3JBIFBIHBIH apTYbIMEH
METaJIIbIH epyiHIH THIMAI TOK MBIFBIMEL 32,1 %-nan 13,4 %-ra neiiin keMuTinairi kepceringi. TemmnepaTypa
JKOHE 3JICKTPOJMT KOHLEHTPALMACHIHBIH JKOFApbUIAYbIMEH THIMII TOK ILUBIFBIMBIHBIH —aPTaTbIHIBIFbI
aHBIKTAIIBL. Byt Ke3neri THIMII TOK THIFBI3BIFBIHBIH [IaMackl THiciHie 46,5 sxoHe 54,2 % xypanbsl. Bucmyt
anexrpoabinbie, Bi(Ill) nonpapein Ty3e eputiHairi kepceTiireH. JKypri3iireH SKCIIEpUMEHT HOTHKENepi
OolbIHIIA MaTEeMaTHUKAIBIK OHJEYJEp JKaCaJIbIHBII, 3JIEKTPOJIU3 MapameTpiiepi MeH THiMAI TOK OoifbIHIIA
LIBIFBIM apPaChIHIAFbl TOYESIIUTIKTI CHITATTANTBHIH PErpeccHs TEHACY1 €CEeHTeil albIH/IbI.

Kinm coe30ep: BUCMYT, TUTaH, SJIEKTPOATHIK YJHepicTep, THIMII TOK TBHIFBI3JBIFEI, aHHBIMANEl TOK,
TIOJISIPHU3ALHS, HIIEKTPOIIN3, KaTOATHIK JKapThUIal Ke3€H, dIIEKTPO/] AJIeYeTi.

AMIUINTYAACH] YJIKEH aliHbIMAajbl TOKIIEH IOJIApH3aLUsIIay Ke3iHAe AJIEKTPOATapAarbl BOJbTAMIIEPIIK
KOPCETKIIITEPiHIH TY3y CBI3BIKTBI OOJIMaybl JKOHE KOC OJIIEKTPIIK KabaTThiH AuQQepeHIHaIIbIK
CBHIMBIMIBUIBIFBIHBIH 3JIEKTPOJ TOTEHIMAIBIHA TOyelai OONybl 3epTTey Ke3iHAe aWTapbIKTail KHBIHIIBIK
TYFBI3aJbl. Op TYPIi (GakTopiap MOIAPH3ALMATIAY TOTH (HPOPMACHIHBIH HEMECE JIEKTPOJ MOTCHIHAIBIHBIH
e3repyiHe FaHa eMec, COHBIMEH KaTap alHbIMalbl TOKTHIH TY3€Tily 3¢¢eKTiciHiH maiiaa OomybiHa ceOen
Oomnanpl. CoHFbl KYOBIIBIC KeHOip Karmainapaa 3JIeKTPOXUMESIIBIK JKYHeaeri 3JeKTpOATapAbIH OipeyiHiH
Ke0IpeK epyiHe MYMKIHIIIUTIK TYFbI3a ajlapl.

OJeKTpoau3 yaepicTepi THIMII XKypy YIUIiH CTalMOHApPJbl TYPAaKTbl TOKTapAbl KOJJaHy oOpIaiibiM
Kousaiiniel 6oma 6epmeiiai. OcbIFaH opail COHFBI JIEKTPOXUMUSUIIBIK YAEPICTEp CallaChIHIAFbI FEUIBIMU-3EPTTEY
’KYMBICTapbIH/Ia METAJIAAP JKOHE OJIap/bIH KyHMallapbIHBIH IEKTPOXHUMUSIIBIK KACHETIH CTAI[MOHAPIIBI eMeC
TOKTap KaThICBIH/IA 3€PTTEY YJIKECH KBI3BIFYIIBUIBIK TYABIPHIT OTHIP [1-3].

CranuoHapiiel eMec 3IEKTPOIU3AIH ePEKILIEIiri 3JeKTPOXUMUSIIBIK Ti30€KTe, epiTiHaIepae, JIeKTPo-
Ta JKOHE SJIEKTPOJ-3ICKTPOINT KabaTTapbIHIArsl (pazaapalblk IIeKapaga OarbITTalFaH ICKTPOXUMHUSIBIK
peaKusIapbIH JKY3€re acyblHa KOJAUIIbI JKaF1aid sKacaiibl.

TycTi MeTangapabl SIEKTPOXUMUSIIBIK OHACY YIIIH CTAllMOHAPJIBI €eMeC TOKTHIH 9p TYpIi (popManapbi
naiinanany Oo#bIHIIA KenTereH >KyMmbIicTap Oenrinmi [3—7]. MyHpaail KbI3BIFYIIBUIBIK AiHBIMAIbl TOKTBIH
AJIEKTPOJAPAIBIK KEHICTIKTIH KyHiHe acep ere oThipbinl (pH-ThIH TeHenmyi, auddy3HOHIBIK MIEKTEIYiH
KOWBLTYBI, pa3psiATaylibl OeJIeKTep KypaMbIHBIH o3repyi T.0.), MOTeHLMal MOHIHIH CTalMOHAPIbI
€MECTIT1H JKOHE 3JEKTPOXUMHUSUIBIK TOTHIFY MEH TOTBIKCHI3AaHy *KaFAalbIHBIH ©3repyiHe oKelill, MaKCaTTh
TYpZE KaKeTTi OHIM aiyia KOJJAaHBUIybl MYMKIH. Byil >KymbIcTapapl Tajgay HOTHIKECIHEH arbIMIArbl
’KapThUIall MEPHONATAFBI JKYPIN JKaTKaH SJIEKTPOATHIK YyIepicTepre anbIHFBI Kepi XKapThUIal NMEpHOATHIH
aifTapnbIKTail acep eTeTiHAIriH Oalikayra 0oagsl. Mpicanbl, UMITyJbCTI TOKIEH MOJSIpU3aLUsIIay Ke3iHAer
MeTaJIapblH DJIEKTPIIK epyiH 3epTTey Ke3iHIe KaTOATHIK »XapTbhUlall MEepPHOATH KOCY aHOITHIK epy
MEXaHU3MIH KYpT e3repTin xibepemi. by ke3me Tek epy KbUIIAMIBIFBI ©3repill KoWMal (TYpaKThl JKOHE
alfHBIMAaJbl TOKIICH MOJISIpU3alMsiIay Ke3iHJAeri epyaiH TOK OOHBIHINIA IILIFBIMBIHBIH aibipMackl 100 %-ra
JKETEIll), COHBIMEH Karap SJIEKTPOATHIK YIACPICTEp KMHETHKACHIHBIH CalajblK e3repicTepl »kui OaiKaiabl.
OKCIIEpUMEHTTIK 3epTTeyjiep HOTMXKEIEePIH MaTeMaTHKAJIBIK €CEnTeyJiep HOTHKECIHAE Killli KBagpaTTap
OMiCIMEH BHUCMYT OJJICKTPOIBIHBIH €pYIHIH THIMAI TOK OOWBIHINIA IIBIFBIMBIHBIH THTaH >KOHE BHUCMYT
UIEKTPOATAPBIHIAFEl THIMII TOK THIFBI3ABIKTAPbI, MIEKTPOJIUT KOHLEHTPALUACHl MEH TeMIIepaTypachlHbIH
TOYEJIUTITiH OpHEKTEHUTIH perpeccust TeHIeYl ecenTeNin WhIFapbuiabl (6—9-Tenaeynep).

52 BecTHuk KaparaHguHckoro yHuBepcuTeTa



BUCMYTTbIH epyiH TY3 KbILLKbIMbIHbIH, . ..

Taoicipubenix 6onim

CranuroHapIIBIK eMeC dIEKTPOATHIK YASPICTepAiH ePEKIIUIITIH 3epTTey 0aphIChIHIA aHBIMAIBI TOKTHIH
op Typ:i popManapbiH KOJAIaHy — epIiTIHALIEPAe TPl dJICKTPOXUMUSIBIK PeaKIMsIAPIbIH KY3€re acyblHa,
KaTOATHIK JKOHE AHOJTHIK MOJSApH3alMs KE3iHIE JKYPIll JKAaTKaH PeaKIUsUIapAblH EpeKIIeNiriH TepeH
3epTTeyre, COHMal-aK THIM/II KaHa TEXHOJIOTFSUIBIK 9ICTEP Il ICKE achIpyFa JKaFaai sKacanIbl.

IIpodeccop A.B. baemor, FO.H. Muxaitnosckuit sxone JI.IT. IllyasruHHIH KYPri3reH 3epTTEyiepiHie
alfHBIMaJIBl TOKIIEH OJJIGKTPOJ| TOJSAPU3ANUSACHI Ke3iHAE, CYJbl CpITIHIUICpAC TOTBIFY-TOTHIKCHI3IaHy
YAepicTepi TYPaKThI TOKIICH CAJIBICTBIPFaH 1a ©3TellIe MEXaHU3MMEH XKYPETiHI aHbIKTanFaH [2-5, 8].

OchIFaH opaii, KapacTBIPBIT OTBIPFaH 3ePTTEY KYMBICTAPBIMBI3IA TY3 KBIIKBUIBI €PITIHAICIHAC BUCMYT
ANICKTPOJBIHBIH JJIEKTPOXUMHUSIIBIK €py CpEKIISTIKTepl OHAIPICTIK JKAUIIKTETI aWHBIMAIbl TOKIEH
MOJSIpU3aLMsIay apKbUIbl 3€pTTENAl. OHIIPICTIK KHUUTIKTETi alHBIMAbl TOKIEH MOSpU3aLsIIay apKbLIbI
BUCMYT DIEKTPOJIBIH EpiTyre apHaliFaH JIa0OpaTOPHSIBIK KOHJABIPFBIHBIH ChI30aHYCKachl 1-cyperte
KEJNTipiIreH.

« R,

— —4)
F—— 43
TK g T R, }@

T o
T

N7, 2

M, /I, — monrap; Ry, R, — pe3ucropiap (peTTeneTin Kkeaeprinep); R; — pe3uctop (TypakTsl KeAepri);
Ay, A, — ammiepmetpiep; O — anektpoausep; O — ocinorpad; 7K — aifHBIMABI TOK K31

I-cyper. CHMMETPHSITIBI )KOHE CHMMETPHSIIBI €MeC allHBIMAIIbI TOKTICH
IKCIICPUMEHT JKYPri3yre apHalFaH KOHIBIPFBIHBIH ChI30aHYCKACHI

OHIipicTiK alHBIMAIBI TOKIEH 3KCIIEPUMEHT >KYMBICTaphl IUOATAP MEH KeIeprilepleH TYpaThiH,
apHaiibl cpI30aHycKa OOWBIHINA >KacalblHFaH KOHIBIPFBIAA KYprizinai (l-cyp.). DnexTponarap peTiHme —
BUCMYT IUTACTHHKACKHI, a1 KOMEKIII JJIEKTPOJ PETIHIAE THUTAH 3JCKTPOMBI KOJNIAHBUIALL Ti30€KTeH OTim
JKaTKaH TOKTBIH (popMachl OCHHILIOrPadThIH KOMETiMeH OaKbUIaHAbl. OHIIPICTIK KHUUIIKTErl alHbIMAJIbI
TOKICH MOJIIPU3aLUsIIay Ke3iHAer1 BUCMYT AJIEKTPOJABIHBIH €pYiHiH TOK OOHBIHINIA IIBIFBIMBIHA THTaH KOHE
BUCMYT  OJIGKTPOATAPBIHIAFbI  THIMJII TOK  TBHIFBI3IBIKTAPEI,  JIIEKTPOIUT  TEMIIEpaTrypackl  MeH
KOHIICHTPAIMSCHIHBIH dcepliepi KapacThIPhLULIbL.

Homuoicenepoi manoay

Erep cyperrepre Hazap aymapaThiH 0OJICAK, BUCMYT AJICKTPOJBLI YIII BAICHTTI MOHAAP TY3€ TOTHIFAJIbI
JIETT €CENTECEK, METAIIBIH aHOATHIK JKapThIJIail MepUOATAFEl TOTHIFYBI KEJIECi peakIusara colkec kenemi [8]:
Bi’ 2 Bi'"+3e; E'=+0,215B. (D
BucmyT snektpoabiHbiH TOTHIFYH b. JlaBpuuek xone M. MeKsIBUKTIH YCHIHFAaH MEXaHHU3Mi OOWBIHIIA,
BHCMYT aMajIbI'aMaChIHBIH TOTBHIFYBl KE3IHIET1 IIEKTENy CTaausChl TOK THIFBI3NBIFBIHA OailIaHBICTHI [9].
TemeHT1 TOK THIFBI3IBIKTAPBIHIA MEKTEITY CTAAUICH — EKIHII AIEKTPOHIBI Oepy (26-peakiius). Al >KOFapbl
TOK TBHIFBI3JIBIKTAPBIHIA BHUCMYTTHIH €py MEXaHW3Mi e3repefi, Oy JKarmaija MeTauAblH IICKTEIreH
CTaAMACHI OipiHIII JIEKTPOH OEpy PEeaKITUACHIHBIH KbUITAMIBIFBIMEH CUTIATTATABI (2a-peaKitus):
Bi’-¢ = Bi' (a);
Bi'—e¢ & Bi*" (6); )
Bi’' —¢ = Bi'" ().
TemeHri TOK THIFBI3ABIKTAPBIHIA CKIHII 3JEKTPOH Oepy CTamuschl INEKTEITreH JKaFaaiia, TOK
THIFBI3/IBIFBl OCKEH CalbIH 271eKTpos OeTinge Bi' MOHAAphl KUHAKTAJBII, JUCHPOHOPLMSIAHY PeaKIUACH]
Kype anansl (3, 4-peaxiusap):
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2Bi" = Bi*" +Bi’ (3)
HEMece
3Bi" = Bi'" +2Bi’ 4)
Byn Me3erre THTaH 3MEKTPOABIHBIH OCTIHEH KATOATHIK JKapThUIAW TEPUOJITAa CYTEK Ta3bIHBIH OeIiHy
TOTBI OaiiKanambl (5-peaxius):
2H " +2¢ & H, %)
TemeHne 2-cypeTTe TUTaH SJCKTPOABIHAAFBI THIMJI TOK THIFBI3JBIFBIHBIH BUCMYTTBIH €pPYIHIH TOK
GOMBIHIIA MIBIFBIMBIHA 9Cepi KopceTinren. THTaH SMEKTPOABIHAAFB TOK THIFBIBABIFEIH 125 KA/M-Te IeiiH
JKOFaphUIaTKaHIa BHUCMYTTBIH €PYiHIH THIMII TOK OOWBIHIIA IIBIFRIMBI OAcCTamlKbIAa apThIN, KEHiH Oasy
TOMCHJICHTIHI Oailikanaasl. BUCMYTTBIH epyiHiH TOK OOWBIHINA MIBIFBIMBI OACTAIKBIIa TUTAH AIICKTPO/IBIHBIH
OeTiHAe XKapThUIai OTKI3TIMITIK KACHETKE W€ THIFBI3 OKCHATIK KaOaTTHIH TY31Iy >KbIIAMIBIFBIHBIH apTybIHA
0ailTaHBICTBI JKOFAPBUTAMIBI Ja KOFaphl THIMAI TOK TBHIFBI3ABIKTAPBIHAA JJICKTPOA OeTiHAe OOpHbLIIaK
OKCHATIK KabaTTap TY3iJiN, HOTMXKECIHAE METalAbIH TOK TY3ETKIIITIK KACHEeTiHiH Hamapiaybl ceOemnTi
THIMII TOK OOMBIHINA IIBIFEIMBI TOMEHIEHI].
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2-cypeT. TuTan 3MeKTPOIBIHIAFEI THIMIII TOK THIFBI3IBIFBIHBIH
BUCMYTTHIH €pYiHIH TOK OOMBIHINA MIBIFBIMBIHA dCEPi

2 3
—1,30495+4, 47048(@] - 432696(@] +0,993949 (@j n

TII =100 Jr I I : (6)

+0,906857[1.ﬂ] —0,64401(1,ﬂj +0,151914(mj —0,0125678[@}
Jri Jri Jri o

TutaH 3JIeKTPOABIHAAFEI THIMII TOK THIFBI3ABIFBI 44 KA/M’ IaMackHaa TYpakThl ycramranma, 1,0 H.
HCI epitiHaicinae afHBIMANbl TOKIICH IOJIIPH3AIMIay KE3iHAeri BUCMYTTBIH €pyiHE MeETajlarbl TOK
THIFBI3IBIFBIHBIE OCEPl KapacThIpbULabl (3-cyp.). THiMAi TOK THIFBIABIFEIH 500 A/M>-re HeiliH apTThIpy
BUCMYTThIH TOK OOWBIHIIA IIbIFBIMBIHBIH OIpTIHACN TOMEHICYiHE oKenemi. byn jkarmail jKorapbl TOK
TBIFBI3/IBIKTAPBIHIA AQHOJ JKAPThUIAl MEpPHOMABIHAA BUCMYT AJICKTPOABIHBIH O€TiHIEeTi OKCHUATIK KabaTThIH
KaJIBIHIAYbl HOTHXKECIHIE DIIEKTPOATHIH MTaCCUBTEIYIMEH JKOHE KOCANIKbI YAEpiCTep il XYpY MYMKIHIITiMEH
tycingipineni. Ty3 KbIIIKbUIBI epiTIHAICIHACTT Keneci 3epTTeysiep Ke3iHAE BHCMYT 3JIEKTPOABIHIAFBI TOK
THIFBI3ABIFSL 100 A/M° mIamMachinaa TYPaKThI YCTAJIEL.
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3-cypeT. BUCMYT 37IeKTpOABIHAAFBI THIM/II TOK THIFBI3/IBIFBIHBIH
METaJIBIH epyiHiH TOK OOMBIHIIA MIBIFBIMBIHA dcepi

. . 2 . 3
TIII =10040,845735-7,5776| L2 |+ 25.6194| 28| —27.1578] L5 | |,
1000 1000 1000

()

BucmyT 3neKTpoabIHaaFsl TOK THIFBI3ABIFEL 100 A/M® xomHe 1,0M Ty3 KBIIIKBUIBIHBIH KOHIECHTPALIKACHI
Ke31HJIe 3JICKTPOJHT TEeMIIEPaTypPAaChIHBIH METAIJIBIH epy KapKbIHbIHA ocepi 3eprreninai (4-cyp.). MyHna
TeMIIepaTypaHbly JKOFapbUlaybIMEH OacTankblia THIMII TOK OOWBIHINA IIBIFBIMHBIH a3/1all TOMEHJIETL,
temneparypanbiy 50 °C-taH KOFapbl MOHJIEpIHAE KalTaJaH KOFapbUIAHTHIHABIFBIH KepceTedi. Tuimai Tok
OoiibiHma wiblFeiM 80 °C-ka JIeiiiH TemIepaTypaHbl YJIFAaUTKaHIa BUCMYTTBHIH €pYiHIH TOK OOMbIHIIA
IIBIFBIMBI OHJIAFI PEAKIIUSUIAD KBUIIAMIBIFBIHBIH apTybIHA OaHIaHBICTHI KOTEPie .
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BHCMYTTBIH 3JCKTPOXUMHUSUIBIK TOTBIFYBIHBIH TY3 KBIIIKBUIBI CPITIHAICIHIH KOHIICHTPAIUSACHIHA
toyenaimiri 1,0-5,0M apansirbiaga 3eprreniai (5-cyp.). Ty3 KbIIIKbUIBIHBIH KOHIGHTpanusIchiH 5,0 H.-ra
JICHiH JKOFapiIaTKaH/1a, BUCMYTTBIH €pYyiHiH TOK OOWBIHINA NIBIFEIMbI KAPKBIH/IBI APTATHIH/IBIFBI aHBIKTAJIIBI.
MeTaabsiH KaTThl KOCBUIBICTApP TY3€ OTHIPBIN, aHOATHI €py KMHETHKACHI ePITIH/IHIH aHUOH/BIK KYpaMbIHA
toyendi [10]. CoHApIKTaH MOJSpU3aLMs KE31HIErl MEeTaJIbIH €py JKbUIAAMJbIFbI aHHOHIAP KOHICHTpa-
IUSICBIHA OAMITaHBICTHI.

TIII, %% ® s
50,0 l
- ///
b,
L] "//
A A /// .
// g
sl i
&£

125

% . w . C.u

L L] 175 5,00 )

igi = 100 AV’ ir; = 44 KA/M’; £ =25 °C; v = 50 T’y
5-cyper. DIeKTPOJIUT KOHIICHTPAITUSACHIHBIH THIM/II TOK OOMBIHIIIA IIBIFBIMBIHA dcepi

THI =135-17,7c. )

COHBIMEH, YKCIIEPUMEHTTIK 3epTTEYJICP HOTHKECIHE, T3 KbIIIKBUIIBI OPTaJa BUCMYT JICKTPOIBIHBIH

epy YAepiciHe THTaH >KOHE BHCMYT DJICKTPOATAPBIHIAFBI THUIMII TOK THIFBI3IBIKTAPHI, DJICKTPOJIUT KOH-

HEHTPAIMACHl MEH TEeMIIepaTypaHBIH BIKHAJIbl KapacTBIPBUIABL. OJKCHEPUMEHTTIK 3epTTEeysep XKYprisiireH

HET13r1 3JCKTPOJIM3 MapaMeTpIepiHiH BUCMYTTBIH €PYiHIH THIMII TOK OOWBIHIIA IIBIFBIMBbIHA TOYEJILIIr

OolbIHIIIA MaTEeMaTUKAIBIK OHACYJIEP KYPri3ilil, TOyenAlIiK GyHKIUSICHIH CUIIATTAUTBIH perpeccus TeHaeyi
€CENTeiIl MBIFAPbUIIBI.
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B.C. AGxainos, P.T. AOnuBanues

HccnenoBanue pacTBopeHUus BHCMYTa B BOJHBIX PACTBOPAX COJISTHOM KUCJIOTHI
NpH NOJSIPU3ANMH NMPOMBIILIEHHBIM NepeMeHHbIM TOKOM

ABTOpaMHU TIpH IPOBEACHUH IKCHEPUMEHTAIBHBIX MCCIIEIOBAaHUH B KayeCTBE JIEKTPOJOB HCIOIb30BAINCh
BHCMYTOBBIC 1 THTAHOBBIE 3NIEKTPOJIbI. PACCMOTPEHO BIMSHKUE IVIOTHOCTH TOKA HA THTAHOBOM U BUCMYTOBOM
EKTPOAAX, KOHLEHTPALUK ICKTPOJINTA U TeMIepaTypbl Ha 3(QQEKTUBHBIA BBIXOJ 110 TOKY PACTBOPEHUS
BHCMYTOBOTO »JekTpoja. Iloka3aHo, YTO C TOBBIIEHHEM IUIOTHOCTH TOKAa HAa BHUCMYTOBOM DJJIEKTPOJIE
3¢ }eKTUBHBINA BBIXOJ MO TOKY pacTBOpeHHs MeTamia cHwkaercs ¢ 32,1 % no 13,4 %. YcTaHOBIEHO, UTO C
TIOBBIIICHUEM TEMIIEPaTyphl M KOHIIEHTPAIMU JIEKTPONNTA d(P(PEKTUBHBINA BEIXOA 110 TOKY YMEHBIIAETCS.
ITpu 5ToM BenuunHa 3G PEKTUBHOIO BBIXOJA IO TOKY COCTaBIIsIa COOTBETCTBEHHO 46,5 u 54,2 %. IlokasaHo,
YTO BHCMYTOBBII JJIEKTPOX pacTBopsiercs c obpasoBanmeM uoHoB Bucmyra (III). Ilo pesymsratam
NIPOBEAEHHBIX KCIIEPUMEHTOB C IIOMOIIBI0 MAaTEeMaTHIECKOi 00pabOTKH BBIBEICHBI YPaBHEHUSI PETPECCHH,
OITUCHIBAIOIIHE 3aBUCHMOCTH (G (GEKTHBHOTO BBIXO/IA 10 TOKY OT MapaMeTPOB IEKTPOIIH3A.

Kniouegvie cnosa: BUCMYT, TUTaH, JJIEKTPOAHbIE MTPOLECCHI, 3P ()EKTUBHAS MIIOTHOCTH TOKA, IIEPEMEHHBIH TOK,
MONISPU3aNNS, IEKTPOIIN3, KATOAHBII MOMYNEPHO, NEKTPOAHBII MOTEHINA.

B.S. Abzhalov, R.T. Abdivaliev

Research of dissolution of bismuth in water solutions of hydrochloric acid
at polarization by an industrial alternating current

This study investigates electrochemical dissolution of bismuth in aqueous solution under polarization by
mains frequency alternating current. In the course of experiment bismuth and titan had been used as elec-
trodes. Dependences of current efficiency on bismuth and titan electrodes current densities, electrolyte con-
centration and temperature are explored. It is shown that with increase in current density on a bismuthic elec-
trode current efficiency of metal dissolution decreases from 32,1 % to 13,4 %. It is established that with in-
crease in temperature and electrolyte concentration current efficiency decreases. At the same time current ef-
ficiency equal 46,5 and 54,2 %, respectively. It is shown that the Bi electrode dissolves with formation of
Bi**-ions. The results are analyzed, and regression functions, describing parameters dependence of current ef-
ficiency, are obtained by the least square method.

Keywords: bismuth, titanium, electrode processes, effective density of current, alternating current, polariza-
tion, electrolysis, cathodic half-cycle, electrode potential.
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KommniiexkcooopazoBanue uonoB meau (II) co cmechb0 OKCruapuabHbIX
U CyabPruipuiabHbIX (JIOTOPEareHTOB B BOJHBIX PACTBOPAax

B craTthe mpuBeneHBI pe3yibTaTHl HCCISJOBAaHUHI MPOIECCOB KoMIUIeKcooOpa3oBanus noHoB Mexau (II) co
CMEChIO OKCTHIPHIBHBIX U CYIb(GTHAPHIBHBIX (JIOTOPEAreHTOB B BOJHBIX PACTBOPAX ¢ 00pa3oBaHUEM Majo-
PACTBOPUMBIX COEIMHEHUIT. MeT0/IOM KOHAYKTOMETPUYECKOr0 TUTPOBAHUS ObUIM OIpe/ie]IeHbl KOHCTAHThI
Juccoupaniy ¢iaoropeareHToB. [IpeanonokeHo, 4To B pe3ysbTaTe B3aUMOACHCTBUS (IIOTOPEareHTOB MEXIY
co00it 00pasyroTcs accoluarsl. AHaIM3 JaHHBIX pK, acconnaToB Mokasall, YTo Ul Pa3JIMYHBIX aCCOLMATOB
OJIMH M3 KOMIIOHCHTOB OyzeT 00J1agaTh IPOTOHOZOHOPHBIMH, a IPYroif — IPOTOHOAKIENTOPHBIMUA CBOUCT-
BamH. B accommare qumsooxrmiantrodocar HaTpus — oJieaT HaTpusi Ooyice CHIIBHOM KHCIOTOH SIBIISETCS
onennosas (pK, 4,86), a cnaboit — num3ookTrnanTHO(GOChHOPHAS KUCIOTA, U KOHCTAHTA AUCCOLHAIIH STOTO
accolyaTa onpesersiercs KOJIMIecTBOM oJieata Hatpus. B pesymbrare B3ammopeiictBus nonos meau (II) co
CMEChI0 OKCTHAPWIBHBIX M CYIb(QTHIPHIBHBIX (IOTOpeareHToB 00pa3yloTcsi MajJopacTBOPUMBIE COCANHE-
Hust, pIIP xotopeix konebnercs B uHTepBasie oT 23 no 34. VccnenoBaHue mokasano, 4YTO acCOIMAThI CEPo- U
kucnopoacoaepxkamux [T1AB o6pa3syror ¢ nonamu menu (1) MmanopacTBopuMble cMEIIaHHO-TUTaHIHbIE KOM-
IUICKCHBIE COEJJMHEHMs, IPH 3TOM CTENeHb CBA3bIBaHMA HOHOB Meau (II) B MazopacTBOpHUMBIC COCAMHEHUS
cocraBisieT 99,99 %.

Knrouegvie cnosa: KOMHHeKCOO6pa3OBaHHe, HOHBI MCIU (H), q)HOTOpeaI‘eHTLI, KOHCTAaHTBI Juccouualuu,
MIPOU3BEACHUEC PACTBOPUMOCTH.

Beeoenue

OnHOW W3 OTPHIATENHHBIX CTOPOH WHAYCTPHAIBHOTO PAa3BUTHS DKOHOMHUKH, B YACTHOCTH Pa3BUTHS
TOPHO-METAJUTYPTrHIECKOTO CEKTOPA, SBJISICTCS MOBBIICHHE 00beMa CTOYHBIX BOJI. CTOYHBIC BOJBI, HEAOCTA-
TOYHO OYUINEHHBIE, COJICP)KaHNEe HOHOB TSDKEIIBIX METAIOB B KOTOPHIX Hepeko npepbimaet [1JIK, snsroT-
Csl OCHOBHBIMHM MCTOYHUKAMH 3arpsi3HEHHS €CTECTBEHHBIX BOJOEMOB. B pesynbraTe BhIOpOCA CTOYHBIX H
JIPEHAXXHBIX BOJ| B €CTECTBCHHYIO OKPYXKAIOUIYIO CPEIy MPOUCXOMAST CYNICCTBCHHBIC M3MEHEHUS (hU3UKO-
XMMHYECKUX CBOWCTB U COCTaBa BOJbI. OCHOBHBIM KOMIIOHEHTOM CTOYHBIX BOJI IIPH OOOTAIICHUHU U Tiepepa-
00TKE MEAbCOJIEPXKAIIETO TOIUMETAIUINIECKOTO ChIpbs siBisitoTcsl noHbl Menu (1), comepikaHne KOTOPBIX
konebneres [ 1-5]. Kpome Toro, cTouHbIe BOJIBI TOPHO-METAILTYPIHYECKUX POU3BOICTB COJIEPKAT OONBIIOE
KOJIMYECTBO TIOBEPXHOCTHO-aKTUBHBIX BetecTB (ITAB) — cobupateneii, ucnonp3yomuxcs Bo (GroTaruoH-
HOM 00OTaIleHNH MHHEPATEHOTO CHIPbS.

O4ncTKa MPOMBIIIICHHBIX CTOYHBIX BOJI TIPEIoiaracT ux o0paboTKy ¢ MENbIo yIAaleHHus 13 HUX TOK-
CHUYHBIX BEIIEeCTB, oOecreurBas 3(h(HEeKTHBHBIN BOA00OOPOT, T.€. MAKCUMAIbHO BO3MOXHOE MCIIOJIb30BaHUE
BTOPUYHOH BOJBI B TEXHOJIOTHUYECKUX MPOIECCax MPU MUHUMAILHOM cOpoce B OTKPBIThIE BOoeMbl. OHO-
BPEMEHHO peliaeTcs 3a7ava JOU3BICUCHUS IPUCYTCTBYONIUX IICHHBIX DJIEMEHTOB.

lenpto maHHOW paOOTHI SBISIIOCH W3YYCHUE B3aWMOJCHCTBUS MEKIY CMECIMH OKCTHJIPHIBHBIX U
CynbOrUAPUIEHBIX coOupaTeneli ¢ nonamu Meau (11) B BOAHBIX pacTBOpax.

SKC‘I’lepuMeHmaﬂbHa}Z uacmo

OGBeKTaMH HCCIIe0BAHHIT CITy KHIH pacTBOph! HoHoB Meau (I1) (comb) ¢ koHenTpamueii 10~ Moms/m,
pactBOpbI aHnoHHbIX [TAB ¢ konrentpanueit 10°-10" mons/1. Temmeparypa 298318 K (urar 5 K).

I[TAB: wuzooktunautuodochar Harpus (i-CgHi70),PS;Na, aumsooktungutrodocdar aMMOHHS
(i-CgH70),PS;NH,, mubOytunmurnodochar ammonus (C,HoO),PS;NH,, muOyrunmuruodocdar nHaTpus
(C4Hy0),PS;Na, uzookrmmuzodyrunaurnodochar ammonus (i-CsH;;0)(i-C;HyO)PS,NH,, Oyrunkcanrore-
Hat kamus C,HoOCS,K, omeat natpus C,7H;3;COONa.

B cocraBe cmeceit cootHomenue (00.) cocraBnsuio 1:1, 1:1:1, pH pactBopo — 8,00.

Koncrantsr auccornmanuu (pK,) [IAB (koimekTopoB) B pacTBOpax MPOBOIMIH KOHTYKTOMETPUICCKUM
METOJIOM ITyTeM H3MEPEHUS AIIEKTPOIIPOBOAHOCTH pacTBOpPOoB. KoHAyKTOMETpHYecKre N3MEePEHHsI OCYIIECT-
BISUTHCH C TIOMOIIBIO PEOXOPAHOTO MOCTa Mapkud P-38 W MIATHHOBBIX 3JEKTPOIOB HAa KOHIYKTOMETpE
OK-112 B ycnoBusix TepmoctaTipoBanus ¢ Tounoctsio £0,5 °C (tepmocrtat mapku UTU-2/77) mo metonuke
[6]. B kauecTBe paGoUnX IMEKTPOIOB UCIOIB30BAIN ILIATHHOBBIE IEKTPO/IBI IIOMAIbo 1 cv’.
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Hns onpeneneHus KOHCTaHT YCTOMYMBOCTU KOMILIEKCOB Ucmoib3oBanu metof Jleaena [7]. [lotenuuo-
METPUIECCKUE M3MEPEHHS MPOoBOaMiIN Ha pH-MeTp-mmmmuBonsT™MeTpe pH-121. MHIUKAaTOPHBIM 3JIEKTPOIOM
CITY W 3JIEKTpoT Ha ocHOBE Cu,S [6], 37€KTpOIOM CpaBHEHHS — XJIOPCEPEOPSHBIM.

Obcyarcoenue pe3yrbmamos

B cBs3M ¢ 3TMM OCHOBHOW XapaKTEPUCTHKOMW, MMO3BOJIAIONICH OICHUTh PEAKIMOHHYIO CIOCOOHOCTH
cobuparerseli, SBIseTCS KOHCTaHTa JUCCONMAIMH KUCIOT. B JaHHOM cityyae JJisi ONpe/ieeHUs KOHCTaHT
auccouranuy cinabblXx KHCIOT (B CMECH OKCTHAPWIIBHBIX M CyNb(QruapuibHBIX coOupareneil) ObuTH
TIPOBEJCHBI H3MEPEHHUs JIEKTPOIPOBOJHOCTH CEpPHH DPACTBOPOB KOHIeHTpauueid 10°—10° Moms/n mpu
3amanHol Temmeparype 298 K. DkBuBalleHTHBIC JJICKTPONPOBOAHOCTH M BEIMYUHBI A, PACCUUTAHBI W3
JIAHHBIX TI0 YJIEIBHOM DIIEKTPONPOBOJHOCTH PACTBOPOB C YYETOM YAEIHHOH AJIEKTPONPOBOAHOCTH BOJIBI.
KoncTanThl mucconmanuu ¢1ad0il KUCIOTHI BRIYHCIICHBI 13 3aBUCUMOCTH A= f (1/A) (Tadm. 1).

Tabnuma 1

KoHcTaHThI ANcconnanuu cyabQruipujibHbIX coduparenei

CoOuparenb K, pK,
(i-CgH,,0),PS,Na 2,63-107 | 6,58
(i-CgH,;0),PS,NH, 365107 | 6,44
(C4,Hy0),PS,NH, 6,69-10° | 5,17
(C4Ho0),PS,Na 1,36-10° | 4,87
(i-CgH,70)(i-C,H,0)PS,NH, 1,510° | 4,82
C,H,0CS,K 2,96:10° | 4,53

W3 nannbIx Tabmuiel 1 BUIHO, 9TO pK, YMEHBIIAETCS MPH TEpexojie OT TUU30OKTHIIUTHOPOCHOPHOI
KHCJIOTBl K M300KTHIM300yTHIAUTHODOCHOPHON KHUCIOTE, YTO TO3BOJISIET CYJWUTh O CHIDKCHHW JIOHOPHOH
AKTUBHOCTHU, a CJEIOBATEeIbHO, 00 YBEITHUYCHUHU XKECTKOCTH aHWMOHA (OocHOBaHWsIM Jlbromca), U OoObIeM
CPOJACTBE K KaTHOHAM C MPOMEXKYTOYHOH KeCTKOCTBIO (kucioram Jlktonca) [8]. Beicokoe 3HaueHue pk,
JVCCONMAIN JTMH300KTHIITUTHO(POCPOPHON KHCIOTHI CBSI32HO C TMPOSBICHUEM IOJIOKUTEITHHOTO HHIYK-
TUBHOTO 3¢ (eKTa, CISACTBUEM YeT0 SBISIETCS BO3PACTaHNE MMPOYHOCTH BOJOPOAHOI CBS3HM C aTOMOM CEPHI.
Bospacranue pK, TMA300KTHIIOBON KHCIOTHI TaKXKe 00YCIIOBIICHO MEHBIICH JOCTYMHOCTHIO HEMOICIICHHOM
mapbl AJIEKTPOHOB HAa aToMe cepbl i mpoToHa. Ha pucynke 1 mpuBeneHa cxema rHApoin3a KHCIOPOA- U
cepocoiepKaIx cooupareieH.

CHs

CH

CHy— CH——CHp—CHp—CH,—CH,—O

\P/ g H,0

———
\ -OH
/ S—Na
CH3;—CH—CH,;—CH;—CH;—CH,—O
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CHs CH;

CH

CH3—CH—CH,—CH,—CH,—CH,—O0
_HO N/ . N
-OH P,
CH3— CH—CHp— CH,—CH,— CH,—O
CH

CHs

O O
= 1,0 C/ +
Ci7Hgs— N __éﬂ' Ci7Has— <o + Na

O—Na H
Pucynox 1. Cxema ruzmpoiisa KHCIOpPOJ- ¥ CEPOCOJEpKAIINX coOupaTenen
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KomnnekcoobpasoBaHne noHoB meaum (l1)...

Kpome Toro, u3 maHHbIX TabmuIBl | BUIHO, YTO CaMOU CHIBLHOW KHCIOTOW SIBIISIETCS KCAHTOTCHOBAS,
YTO CBSI3aHO ¢ OOJIbIIEH MOJISPHOCTBIO CBA3U yIiIepoj—cepa U Oobliel CTa0MIbHOCTHI0O aHHOHA B BOJHOM
pacTBope.

OpHaKo WCIIOJIb30BaHUE WHAWBHYATHHBIX COOMpaTeNieli He 00ecredrnBaeT JOCTATOYHO BBHICOKHX ITOKa-
3aresieit nmepepaboTKH TPYAHOOOOTaTUMBIX MMOJIMMETAIUIMYSCKUX Py, TO3TOMY Ha IPAaKTHKE BO3HUKAET HE-
00X0MMOCTh MCIIOJI30BaHUS CMECEH coOMpareseii, XapaKTepU3YIOIUXCs CPOACTBOM KaK K CYIb(HUIHBIM,
TaK U K OKCUJHBIM (OKUCIICHHBIM) MHHEpaJIaM, CIIeIOBATEeILHO, B CTOYHBIX W MPOMBIBHBIX BOJIaX 000TaTH-
TEIbHBIX (PaOpPHK BCTPEUAIOTCS CMECH COOMpaTeNell B BUJE KOMILIEKCOB-acconuaToB. [103TOMy KOHAYKTO-
METPUYECKUM METOJOM ObLIM OIpPEAC/ICHbl KOHCTAHThI AMCCOLMALIMN acCOLMaTOB, 00pa30BaHHBIX cOOMpa-
TeJSIMH B pacTBope. Pe3ysbTarhl ompeneiacHuss KOHCTAHT PaBHOBECHS PEaKIMi 00pa30BaHUS KOMILICKCOB
MEXJy KOMIIOHEHTAMH CMECH CEPOCOJEpXKAIIUX M KHUCIOPOACOACPKAINUX PEarcHTOB NPUBCICHBI B
Tabnuie 2.

Tabnuma 2
Pe3ysbTaThl OnpeaesieHHsi KOHCTAHT TUCCONMAIMN KOMILIEKCOB B CMeCH

CwMmecu codupareneit K, pK,
(i-CsH,,0),PS,Na+C,;H;;COONa 7,91-10° | 8,10
C4Hy,0CS,K+(C4Hy0),PS,NH,+C;;H;;COONa 1,23-10° | 4,91
C4H,0CS,K+C;,H;;COONa 9,72-10° | 4,01
C4HyOCS,K+(i-CgH,70),PS,Na+C;,H;;COONa 1,04-10°* | 3,98

AHanu3 JaHHBIX pK, TIOKa3bIBaET, YTO JJISl PA3JIMYHBIX ACCOIMATOB OJIMH U3 KOMIIOHEHTOB OyzeT o0Jia-
JaTh MPOTOHOAOHOPHBIMH, a APYroil — MPOTOHOAKLENITOPHBIMH cBoWicTBaMH. [10cKoNBKy B accouuare quu-
300KTUIIUTHO(OChAT HATPHUS — OJIeaT HaTpus Oosee CUILHOM KHCIOTOH siBisieTcs onenHoBast (pK, 4,86), a
C1aboi KHCIOTOM — AMHU300KTHIAUTHOGOCPOPHAs, TO KOHCTaHTa JHUCCOLMAIMM STOro accouuara Oymer
OTIPEIETISATHCS KOJIMYECTBOM OJieaTa HaTpus. DTO MOATBEP)KIACTCA pacueTaMu SHTAIBITUN BOJOPOIAHOM CBS-
3u 8,95 kJx/Monb [9]. To ecTh JOHOPOM BOJIOPOJIA SBISETCS OJICMHOBAsI KUCIIOTa, & aKIEITOPOM — JTUU30-
oktunauTnodpochopras (puc. 2). Ha ocHoBaHMM HaHHBIX TAOJHUIBI 2 M PACUCTOB SHTAJIBIUH BOIXOPOIHON
CBSI3M TIPEJIOKEH MEXaHU3M B3aMMOJICHCTBUS MEKIy KOMIIOHEHTaMHU cMecH (puc. 2—4).
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a) cxema JIUCCOTHAIAN 6) o0pa3oBaHNe KOMILUIEKCA B CHCTEME

JUH300KTHIIMTHO(OC]AT HATPHS — OJIeaT HATPHA

Pucynok 2. Cxema B3auMOJIEHCTBUS MEXTY KOMIIOHEHTAMH CMECH
JTUH300KTHIAUTHO(QOC(AT HATPHS — OJIeaT HATPUS
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6) oOpa3oBaHME KOMILJIEKCa B CUCTEME Kaiusi Oy THIIOBBIA KCAHTOTE€HAT —
IOy THIANTHOPOC(AT aMMOHUS — OJIeaT HaTPHs

Pucynok 3. Cxema B3auMOJIEHCTBUS MEXTY KOMIIOHEHTaMH CMECH
OYTHIIOBBII KCAHTOTCHAT KaUs — JUOYTHIIAUTHO(POCHAT aMMOHUS — OJIeaT HATPHS

Cpenu komMnoHeHTOB TpoitHoro accormara (C,HyOCS,K + (C;HyO),PS,NH, + C;H3;COONa) naunto-
Jiee CWIILHBIMU SIBIISIIOTCSL KCAHTOTEHOBAsI M OJICMHOBAsI KMCJIOTHI, TOTIa Kak AuOyTriauTuodochopHas Kku-
CJIOTa SIBJIIETCS aKICIITOPOM MPOTOHOB M OYAET CHI)KATh PEAKIMOHHYIO CIIOCOOHOCTh cMmecH (puc. 3). D10
MOATBEPIKIACTCS PacueTaMy SHTAIBIINH BOAOPOAHOH CcBs3U (8,82 KkJ[»K/MOIB).

Jlnst acconmara OJISMHOBOM M KCAaHTOT'CHOBOM KUCIIOT TOCHEHSS OYJeT OT/AaBaTh MPOTOH Ha 00pa3oBa-
HHE BHYTPHUMOJIEKYJSIPHOIN CBSI3M C OJICMHOBOHM KHCI0TON. C Apyrod CTOPOHBI, BO3MOXKHBIM SIBIISICTCS TTPO-
1ecc oOpazoBaHUS TUMeEpa, KOTOPBI OYJET MMETh BBICOKHA OTPHUIIATEIBHBIN 3aps u OyAeT cTaOWiIcH B
0OJIbIIIEH CTENEHH, YeM OTACIbHBIC MPEACTABUTEH. DTO MOATBEPKIACTCS pacueTaMy SHTAJBIINH BOIOPOJI-
Hoit cBsi3u (8,61 k/[k/MOJIb).

s tpotiroro accormara (C4Ho,OCS,K + (i-CgH1;,0),PS;Na + C;;H33COONa) mmu3koe 3HaueHue pkK,
OTpa)kaeT BJMSIHHE JBYX CHIIBHBIX KHCJIOT Ha JHCCONHMAIuio Oomnee crmaboit (puc. 4). 310 moATBepkKIaeTCS
pacdeTaMu SHTAJIbIIMK BOJIOPOIHOM CBs3H (8,66 k/Ik/MOIb).

Takum 00pa3oM, OCHOBHOE BIIHSIHHE Ha CHITY KHCIIOT, a CJISZOBATEeNIbHO, M Ha CIIOCOOHOCTH K 00pa3oBa-
HUIO0 MEXMOJICKYISIPHON BOJOPOTHON CBS3M OKa3hIBACT OJICMHOBAS KUCIIOTA. Y CTAHOBJICHO, YTO TIPU B3aM-
MOJICHCTBUU C MOBEPXHOCTHIO MOJIMMETAILTUICCKUX Pyl ONPEACSIONIYIO POJIb OYJeT UTpaTh pEeaKIMOHHAS
CIOCOOHOCTH CMECH, CPOJICTBO COOMpATENel K NOHAM MEPEXOTHBIX M HEMEPEXOIHBIX METAIJIOB, BXOIAIINX B
COCTaB KPUCTAJUTUYECKOW PelIeTKH MUHepalia, YTO OTpaXkaeTcsl Ha BenuuuHe copOrmu. [losTomy criemyro-
UM 3TanoM paboTHl OBUIO ONpe/elieHue COPOIMOHHBIX XapaKTEPUCTUK COOMpATENell B COCTaBe CMECei 1
MPOBE/ICHIE CPABHUTEIBHOTO aHAIIN3a MToKa3areield cCopOIHHy sl MHAUBUAYATBHBIX COOMpaTeseH.
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0) oOpa3oBaHHe KOMITIEKCa B CUCTeME OyTHIIOBBIM KCAHTOT€HAT KaJus —
JUHA300KTHIIMTHO(OC]AT HATPHS — OJIeaT HATPHA

Pucynox 4. Cxema B3aMOACHCTBHS MEXTy KOMIOHEHTaMH CMECH

ITocne mpoueccoB nucconmanuu anuoHHbie [IAB BCTymaioT BO B3aMMOACUCTBUE ¢ MOHAMU LBETHBIX
METAJIJIOB, HAXOMAIINXCS B COCTaBE€ CTOYHBIX BOJ. IIOCKONBKY OCHOBHBIMH HMPOAYKTAMHU B3aMMOICHCTBUA
MOJIEKYJ (MOHOB) cobupateneit ¢ nonaMmu TM SIBISIFOTCS. KOMITJIEKCH HOHOB METAJNIOB, TO HEOOXOAUMO pac-
CMOTPETh 0COOCHHOCTH (POPMHUPOBAHMS KOOPJAMHAIIMOHHBIX COCIUHEHUI B MPUCYTCTBUU cMeceil coOupare-
JeH.

Ha pucynkax 5—7 npeacraBiieHbl Pe3yIbTaThl HOTEHIIMOMETPUUYECKOTO OMPEEICHUSI KOHCTAHT YCTOM-
YUBOCTH HA MPUMEPE COCAUHEHUM Menu, KOTOopas XapaKTepU3yeTCsl HATMYUEM MaKCHUMaJbHON KOMILIEKCO-
o0pa3yoiiei cltoCOOHOCTH BCIICACTBHE BEICOKOH MOJISIPU3AIUY TTOJIS JIUTAHI0B M CPOJICTBA K S-TUraHgaMm.
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AHanu3 pe3ysibTaTOB pacueTa KOHCTAHT O0pa30BaHUS MaJOPACTBOPUMBIX COCIUHEHMIA (pHC. 5) MOKa-
3aJ1, 4TO JJIs CMECH OYTHJIOBOTO KCAHTOTEHATa Kajus M oJjieara HATPUsl XapaKTepHO HE3HAYHUTEIILHOE H3Me-
HEHHE KOHCTAHT O00pa30BaHMs MAaJIOPACTBOPUMBIX COCJIMHEHHH, TOTJa KaK Uil CMECH JHHU300KTHII-
mutrodocdara aMMOHMSI M oJieaTa HATPUS TOJIBKO MIPU BBICOKMX KOHIIEHTPAIUSAX COOMpATENs CUCTEMA «ITH-
raHI—MeTajll», a CJIeJ0BATEIbHO, U «aacopbar—aacopOoeHTy», mpruodperaer cradmibHoCcTh. Cxema 00pa3oBa-
HUSI MaJIOPAaCTBOPUMOTO COEIMHEHHUS 3aKJII0YaeTCsl HA TMIEPBOM CTaJIMU B CBS3bIBAHUHM MOHA MEIH B KCAHTO-
rerat meau (1), Ha BTOpo#l cTamuu, BCIEGACTBUE OKHUCICHHSI KCAHTOT€HATA JI0 TUKCAHTOTeHH 1A, B 00pa3oBa-
HuU KcaHToreHata menu (1), KOTOpBIH B3aMMOACHUCTBYET C OJI€aT-MOHOM, XapaKTePU3YIOIIUMCS HU3KOH pac-
TBOPUMOCTBIO B BOJHBIX PAcTBOpax M BBICOKOW ruipodoOHOCThI0. It cMecH AUU300KTIIIUTHO(OChaTa
aMMOHHMS | OJIeaTa HATPHUs CTaJIusl OKHCIICHUST CEPOCOICPIKAIETO COOMpATeNsi OTCYTCTBYET, TIOATOMY IOCTe
o0Opa3oBaHus KoMIuiekca coctaBa M:L=1:2 uMeeT MeCcTo OCaKICHHE MOTYYSHHOTO COCIMHCHUSI.
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24.4 -

24.2 A

24 . : : : : ) Co MMONb/ N
0 0.02 0.04 0.06 0.08 0.1 0.12

11— C4H90CSzK — C17H33COON3; 2— (i-CgH17O)2PSZNH4 — C17H33COON3

Pucynok 5. BausiHue KOHIIEHTpauu ajcopdara Ha KOHCTAHThI 00pa30BaHuUs
MaJopacTBOPUMBIX coenuHerwid Meau (11)
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1 — (i-Cng70)(i-C4H90)PSzNH4 — C]7H33COON3; 2— (i-CgH170)2PSZNa — C17H33COONa;
3 — (C4H90)2P82Na — C17H33COON3.

PucyHoKk 6. MI3MeHeHHe KOHCTaHT 00pa30BaHMs MaJopacTBOPUMBIX coequHeHui memu (11)
B PacTBOpaxX CMECEH OKCTHIPHUIBHBIX U CYNIb(OTHIPUIBHBIX COOMpaTeNci
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KomnnekcoobpasoBaHne noHoB meaum (l1)...

N3 naHHBIX, TPUBEICHHBIX HA PUCYHKE 6, CIEAYET, YTO MPOLECC CBSA3BIBAHUS MOHOB Cu’ B
MajopacTBOPUMbBIE COCIMHEHUS JTUMHTHPYETCS KOHIEHTpAUeH TUU300KTUIAUTHOPOC(AT-HOHOB,
a BO BTOPOM U TPETHhEM CIydasx — COJIEPKaHUEM H300KTHIH300yTHiauTrodocdar-noHoB, 1udy-
TUIIUTHODOCDAT-HOHOB.

AHanoruuneie Tporecchl mporekalor B cmecsax (i-CgH ;0)(i-C4HoO)PS,NH, — C4Hi,OCS,K —
C,7H3;COONa (1); C4HyOCS K — (i-CgH,0),PS;Na — C;H;33COONa (2). B mepBoM ciydae, mociie OKucie-
HUS KCAaHTOTEHATa U mepexojia noHoB Mean u3 crenenn okuciieHus (II) B (I), uMeeT MecTo KOHKYpHpPYIOIIEe
CBSI3bIBAHUC MOHA METAJIA, MPUYEM MPU HU3KUX KOHICHTPAIMIX 00pa3yeTcs KOMIUIEKC — oJieaT MU, a
IIPH BBICOKMX — HM300KTHIN300yTHIAuTHODOChAT Meau (KpuBas 1), BO BTOPOM — JUM300KTHIIUTHOHOC-
tdat menu (kpusas 2) (puc. 7). B pe3ynbTaTe B3auMoIeiCTBUS 00pa3yOTCsl MaJIOpACTBOPUMBIC COCIMHCHIS,
pIIP xoTopsix konebnercs B uaTepBaie ot 23 xo 34 (puc. 5-7).

IgL
34.2
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33.2 -
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0 0.02 0.04 0.06 0.08 0.1 0.12

1 — (i-Cng70)(i-C4H90)PSzNH4 — C4H90CSzK — C17H33COONa;
2 — C4H40CS,K — (i-CgH;;,0),PS;Na — C;;H33COONa

Pucynox 7. KoHlieHTpaninoHHast 3aBUCUMOCTD KOHCTAHT (DOPMHUPOBAHHS MAIOPACTBOPUMBIX
coenunenunit menu (I1) B pacTBopax cMmecel KHCIOPOI- B cepocoaepk aimuX (GproTopeareHToB

HK-Dypre-ceKTpOCKOIMMYECKUA aHAIN3 BOIHBIX PAacTBOPOB, coaep  amux KoMmiuiekcsl noHos Cu (1)
c annoHHbiMH [1AB, mokazai, 4To CIIEKTPHI COAEPIKAT MHTECHCHBHBIE MOJIOCH C MAaKCUMyMaMu B 00JacTh
1150, 1100 u 1063 cM™', oTHOCsAImMECS K BaneHTHbIM KoneGarusam rpymn C=S, COC. IHTeHCUBHbIE MONOCHI
B 00JIaCTH BOJTHOBBIX dricel 2873 mpuHayIe)KaT BaaeHTHBIM KosebanusaM cBs3u C—H rpymm CH; u CH,. Ilo-
J0Chl, 3aperucTpupoanHbie npu 840—600 n 565-530 cM', OTHOCATCS K BaJCHTHBIM KOJNEOAHMAM CBS3CH
P=S u P-S putnodocdaraeix rpymnm cooTBeTCTBEHHO. B HameMm ciydae MaHHBIC MHKH CMEIICHBI J0
586 cM™', 4TO, MO-BHAMMOMY, CBHCTEIBCTBYET O TOM, 4TO 0OpasOBaHMe CBsi3eil cepocomepikaunmx [TAB
¢ nonamu meau (I1) mpoumcxoaut yepes aToMmbl cepbl. CMEIIEHUE MTOJIOCH TTOTIIONMIEHUS B 00JIee TITUMHHOBOJI-
HOBYIO 00JIACTh CBHJICTEIILCTBYET O TOM, YTO UOHBI MEM B COCTaBE KOMIUICKCHOTO COCAMHCHUS HAXOAATCS B
JETTPOTOHNUPOBAHHOH (hopMe.

Takum o0pazom, Ha OCHOBE MPOBEICHHBIX HCCIENOBAHMI TOKAa3aHO, YTO aCCOLMATHI CEpO- U KHUCIO-
poxnconepxkammx [TAB o6pa3syror ¢ nonamu menu (I1) mamopacTBopuMbBIE CMEIIAHHO-TATAHTHBIC KOMITICKC-
HBIC COCIIMHEHMSI, IIPU STOM CTETCHb CBs3bIBaHUs MOHOB Menu (II) B MamopacTBOpUMBIE COSAVHEHUS U TIO
TTOBEPXHOCTHO-aKTHBHBIM BeliecTBaM cocTaBiisieT 99,99 %. Ha ocHOBaHWH 3TOTO MOXKHO ITOJIaraTh, YTO TO-
CJIe CTAJMH OTMEICHUS TBEPIOU U KUAKOU (pa3 PUIBTPAT TAaKKE MOKET HCITOJIb30BATHCS BTOPUYHO B TEXHO-
JIOTHYECKOM TIpoLiecce.

[Ipenmonaraercs, 4To B Ciiydae MPHUCYTCTBHS HOHOB JPYIHX LBETHBIX METAJUIOB, TIOMHMO HOHOB
menu (II), B pealbHBIX 00BEKTaX — CTOYHBIX BOJaX, OHH OYIYyT Tak)Ke BCTYIMATh BO B3aUMOJCHCTBHE C TIO-
BEPXHOCTHO-aKTHBHBIMH BEIIECTBAMH ¢ 00pPa30BaHUEM MAJIOPACTBOPUMBIX COCTUHEHUM.
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III.K. AmepxanoBa, A.C. Yonu

Mbic (IT) HOHAAPBIHBIH OKCTHAPWIIB/I KIHE CYJIb(Pruapuibai
(dioTopearenTTEp KOCNAChIMEH CYJIbI ePITIHAIEpAe KOMILUIEKC TY3iyi

Maxanaza mbic (II) HOHOAPBIHBIH OKCTHAPHIIBL XKoHE CYIbOTUIPHIIbIIL (IIOTOPEAreHTTep KOCHACKIMEH CYJIb
epiTiHAIepAe HAUIap EpPUTIH KOCBUIbICTAp TY3UIyiMEeH JXYPETiH KOMIUIEKC Ty3y IIPOLECTEpiH 3epTTey
HOTIKenepi kentipinren. KoHaykTOMeTpIlik THTpIey oJIici apKbUIbI (hIoTOpeareHTTepAiH ANCCONUAIMIAHY
TYPaKThUIApB! aHBIKTAIABL (DIOTOpeareHTTepAiH ©3apa OpeKEeTTeCy HOTIDKECIHJAEC acconuaTTap TY3iIeTiHi
6omkamaangpl. Accounarrapisie pK, miaManapbiH Tajiay op TYpJi accoluarTap KypamblHAa KOMIOHEHT-
TepaiH Oipi — NPOTOHZOHOPIIBI, Al EKIiHINiCI MPOTOHAKIEITOPIEl KaCHETTepre Me OOJIaTHIHBIH KOPCEeTTi.
Harpuii quusookTuiautiHodocharsl — HaTpuUii oeaThl aCCOLMATHIHA OJICUH KBIIIKBUIBI KYIITIPEK, aJl UH30-
OKTHIANTHO(GOCHOP KBIIKBUIBI AICI3peK OOJIFaHIBIKTaH, Oy aCCOLMATTBHIH JUCCOLMALMIAHY TYPaKThIChI
HATpUil OJeaThIHBIH MOJIIEPIMEH aHbIKTanaThiHbl O0enriai 6oael. Meic (II) HOHIAPBIHBIH OKCTHAPHIBIL
cynbGruapuiisai GaoTopeareHTTEp KOCHACBIMEH CYJIBI epiTIHALIEpAe KOMIUIEKC TY3y HOTW)KECIHAE Harap
epUTiH KochUIblcTap Ty3idedi, an onapasiy pEK miamacer 23-34 apanbirsinga e3repeni. JKyprisinreHn
3epTTeyaep HOTIKECIHJEe KYKIpT- koHe oTTek-Kypamasl BB3 wmbic (II) mommapsiMeH apanmac-JUraHaThl
KOMIUTEKCTI KOCBUIBICTAp Ty3ieTiHi xoHe MbIC (II) MOHIaphIHEIH Halmap epuUTiH KOCBUIBICTApra OailaHbICY
nepexeci 99,99 % KypaHThIHBI KOPCETLIAI.

Kinm ce30ep: xomiuiekc Ty3iny, mbic (II) woHzmapsl, droTopeareHTTEp, IHCCOLMALUS TYPAKThLIAPHI,
epirimrik keoeiTiHmici.

Sh.K. Amerkhanova, A.S. Uali

The complexation of copper (II) ions with a mixture of oxyhydryl
and sulfhydryl flotation agents in aqueous solutions

This article presents the results of studies of the complexation of copper (II) ions with a mixture of oxyhydryl
and sulfhydryl flotation agents in aqueous solutions with the formation of poorly soluble compounds. The
dissociation constants of flotation agents were determined by the conductometric titration method. It is as-
sumed that associates are formed among themselves as a result of the interaction of flotation agents. Analysis
of the data of pKa of associates shows that for different associates, one of the components will have proton-
donor and the other will have proton-acceptor properties. It is shown that oleic acid is strong (pK, 4.86), and
diisooctyl-dithiophosphoric acid is weak in the associate of sodium diisooctyl dithiophosphate-sodium oleate,
and the dissociation constant of this associate will be determined by the amount of sodium oleate. As a result
of the interaction of copper (II) ions with a mixture of oxyhydryl and sulthydryl flotation agents, poorly solu-
ble compounds are formed, K|, ranges from 23 to 34. Based on the studies, it has been shown that associates
of sulfur- and oxygen-containing surfactants form with copper (II) ions the poorly soluble mixed-ligand com-
plex compounds, and the degree of binding of copper (II) ions to the poorly soluble compounds is 99.99 %.

Keywords: complexation, copper (II) ions, flotation agents, dissociation constants, solubility product.
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Calorimetric research of a heat capacity
of a triple lanthanum tellurite in the range of 298.15-673 K

This paper presents detailed results of new lanthanum tellurite synthesis and its heat capacity calorimetric re-
search. For the first time, a triple lanthanum tellurite was synthesized by the solid-phase method from oxides
of lanthanum, nickel (II), tellurium (IV) and calcium carbonate. The generation of the equilibrium composi-
tion of the synthesized compound was controlled by the method of X-ray diffraction analysis (XDA) on the
diffractometer DRON-2.0. By the results of the XDA it was established that there was synthesized a triple
lanthanum tellurite La,CaNiTeO,. Heat capacity at constant pressure of the synthesized tellurite was
researched by the method of dynamic calorimetry at the range of 298.15-673 K. Based on the experimental
data, the equations, describing dependencies of heat capacity of the compound on temperature were
calculated. When studying the temperature dependences of the heat capacity of La,CaNiTeO, abnormally
sharp A-like peaks probably associated with second-order phase transitions, were observed at 423 K.
Temperature dependencies of thermodynamic functions of La,CaNiTeO; S°(T), H(T)-H°(298,15), ®*(T)
were calculated based on the experimental data C,°(T) and the calculated value S° (298.15).

Keywords: calorimetry, heat capacity, lanthanum tellurite, second-order phase transitions, thermodynamic
functions.

The discovery of high-temperature superconductivity in 1986 has served as a powerful incentive in the
development of chemistry of solids. A heightened interest in metal-oxide systems with the perovskite struc-
ture [1] is, primarily, connected to that. It is known, that lack of the symmetry center in its crystal structure is
a strictly necessary condition of generation in solids of non-linear—optical and piezoelectric properties.
Contrariwise, the increase in probability of generation of acentric structures is postulated at the introduction
into the composition of ions’ compound with an unshared electron pair, such as Bi’", Te*", Se*" and so
on [2]. One more factor, favoring the generation of an acentric crystal structure is the presence in the compo-
sition of compounds of d-metals, causing the distortion of the structure due to the Jahn-Teller effect.

The scientific interest to rare earth elements and compounds of lower oxides transition metals was
primarily driven by their applicable properties such as optical, conducting, magnetic, etc. Based on these ide-
as we conduct a systematic search of different tellurite derivatives of rare earth, alkaline earth (alkaline) and
d-metals.

This paper presents detailed results of new tellurite lanthanum synthesis and its heat capacity calorimet-
ric research. Oxide of lanthanum, oxide of nickel (II), oxide of tellurium (IV) and calcium carbonate of
«chemically pure» qualification were used for the synthesis of the triple tellurite of lanthanum. Stoichio-
metric amounts of basic substances were thoroughly grinded in an agate mortar and then were poured, in
amounts, into alundum crucibles and treated with heat for solid phase interaction in the air in the Silicon
Carbide Electric furnace. The following mode of thermal treatment were used: I stage — annealing during
70 hours at the temperature of 600-800—1000 °C, I stage — at 1100—1200—1300 °C during 66 hours with
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periodic grinding and mixing of basic substances. Annealing at 400-500 °C during 22 hours was conducted
to obtain cryotolerant equilibrium phases. The generation of the equilibrium composition of the synthesized
compound was controlled by the method of X-ray diffraction analysis (XDA) on the diffractometer
DRON-2.0. Indexing of X-ray photographs was conducted by the method of homology. A structural type of
perovskite was selected as a homologue. By the results of the XDA it was established that was synthesized a
triple lanthanum telluriteLa,CaNiTeO-.

Heat capacities at constant pressure La,CaNiTeO; were researched by the method of dynamic
calorimetry on the commercially produced instrument IT-S-400 at the temperature range of 298,15-673 K.
Errors in measurement of heat capacity in the temperature range under test are within the limits of the in-
strument accuracy (10 %) [3, 4]. Calibration of the instrument was carried out on a copper sample [3, 4]. At
each temperature, five experiments were conducted, the results of which were averaged and processed by
methods of mathematical statistics.

At each temperature the estimate of the root-mean-square deviation & was conducted for average

values of specific heat [5]:
_ C _ 5 2
5=z, =S
n—1

where n is the number of tests; C; is the measured value of specific heat; and C is the arithmetical average
from measured values of specific heat. A random error component was calculated for the average values of
molar heat capacity [6]:

d-¢,

A = =100,
A="5

°

where A is a random error component in %; ¢, — Student’s coefficient (for n =5, ¢, =2.78 at p = 0.95 con-
fidence interval).
The instrument operation was checked by determining the standard heat capacity o-Al,Os. The obtained

result for Al,Os at temperature of 298.15 K value C2 =76.0 J/(mol-K) is satisfactorily consistent with its

recommending [7] value79.0 J/ (mol-K) within the limits of the instrument error. The experimental values of
heat capacity of the triple tellurite are shown in Table 1.

Table 1
Experimental values of the specific and molar heat capacities La,CaNiTeO,

T,K C,+6,J/ (gK) CO+A,J/ (mol'K)| T.K C, 6,1/ (gK) CY+A, J/ (mol-K)
298.15 0.4768+0.0136 2941423 498 0.3618+0.0086 223+15
323 0.5031+0.0104 310+18 523 0.3395+0.0093 209+16
348 0.5345+0.0083 329+14 548 0.3749+0.0113 231+19
373 0.5681+0.0121 350421 573 0.4033+0.0083 249+14
398 0.6591+0.0086 406+15 598 0.4442+0.0098 274+17
423 0.7435+0.0187 458+32 623 0.4831+0.0131 298+22
448 0.5512+0.0186 340432 648 0.5352+0.0101 330+17
473 0.4290+0.0132 264+23 673 0.5906+0.0149 364426

When studying the temperature dependences of the heat capacity of La,CaNiTeO,, abnormally sharp
A-like peaks probably associated with second-order phase transition, were observed at 423 K. This transition
may be related to the cationic redistribution, modification of the thermal-expansion coefficient and modifica-
tion of the magnetic moment of the synthesized tellurite (see Fig.).

Based on the experimental data, the equations, describing dependencies of heat capacity of the com-
pound on temperature were calculated. Due to the fact that tellurite had the phase transition of the II" type at
423 K, the dependency Cp°~f(T) La,CaNiTeO, was described by three equations, which coefficients are
shown in Table 2. An average random error component for all considered temperature intervals was used to
determine coefficient errors in the equations of the temperature dependence of heat capacity La,CaNiTeO.
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Figure. Temperature dependence of heat capacity La,CaNiTeO;

Table 2
Coefficients of the equation of the temperature dependence of heat capacity
C,=a+bT+ cT, J/(mol-K) La,CaNiTeO,
Cocfficients
a b-107 10’ ALK

—(1115.28+74.33) 3177.27£211.76 410.48+27.35 298-423
—(4737.36+£315.53) 6284.80+418.86 4539.43+£302.54 423-523
—(1164.69+£77.62) 1956.86+130.42 958.52+63.99 523-673

Since technical characteristics of the calorimeter IT-S-400 don’t allow to calculate the value of the
standard entropy $°(298.15) of the studied phases directly from the experimental data, it was valued by the
method of ionic entropy increments of Cumok [8].

The temperature dependences of the thermodynamic functions of La,CaNiTeO, S*(T), H'(T) —
H"(298,15), @“(T) based on the experimental data C,,O(T) and the calculated value S° (298.15) were
calculated (Table 3).

Table 3
Temperature dependencies of thermodynamic functions La,CaNiTeO; at the interval of 298.15-675 K
T.K CAT)£A, ST+ A, H(T)-H"(298.15)£ A QT+ A
J/(mol-K) J/(mol-K) J/(mol-K) J/(mol-K)
298.15 260+17 266+8 - 266+8
300 294420 279427 600+40 277427
325 306+20 303+29 8050+540 278427
350 332422 327+32 16000+£1070 281+27
375 368+25 351+34 24730+1650 285428
400 412428 376+36 34470+2300 290428
425 462+31 402439 45390+3000 300+29
450 333422 424+41 55040+3670 302429
475 260+17 440443 62360+4160 309+30
500 221415 452+44 68310+4550 316431
525 209+14 463445 73630+4910 323431
550 229+15 473446 79100+5270 329432
575 250+17 484+47 850905670 336+32
600 276+18 495448 91660+6110 342433
625 304+20 507+49 98890+6590 348+34
650 334422 519+£50 106860+7120 355+34
675 367+24 532452 115620+7710 361£35

Errors of the temperature dependence of the thermodynamic functions, with account for the average
random heat capacity error and accuracy of calculation of the standard entropy (~3 %), were determined.
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Therefore, the new triple tellurite of the compound La,CaNiTeO; was synthesized for the first time by
the method of ceramic technology from oxides La, Ni (II), Te (IV) and calcium carbonate. The temperature
dependence of heat capacity La,CaNiTeO; was studied by the calorimetric method in the range of 298.15—
673 K, the standard heat capacity is equal to 260£17 J/(mol-K). The dependence equations Cp0~f(T) were
established and thermodynamic functions were determined. The phased transition of the II™ type was found
the dependence curve Cp°~f(T) at 423 K which indicates of the presence of valuable physical-chemical prop-
erties [9, 10]. Thermodynamic characteristics of the new tellurite can be the initial information arrays of
basic reference books and data banks and are of interest for the chemical informatics.
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A. K. bekrypranosa, K.T. Pycremb6exos, b.K. Kacenos, M. Ctoes, A.A. Toiibek

298,15-673 K apajbIfbIH/Aa JIAHTAH YIUTIK TeJUIyPHUTIHIH KbLTY
ChIBIMABLIBIFBIH KAJOPUMETPJIIK 3epTTey

MakaJiaa JJaHTaHHBIH JKaHa TeJUTYPHTIHIH CHHTE31 KOHE JKbUTY ChHIBIMABLIBIFBIH KaJOPUMETPIIK 3ePTTCYIiH
HoTKesepi kentipinred. Kartel ¢asansik oxmicrien anram pet jgantad, Hukens (I1), temutyp (IV) oxcnarepi
JKOHE KaJblMil KapOOHATBIHAH JIAaHTAaH YIITIK TeJUTYpHUTi cuHTe3aenai. CHHTE3IENIreH KOCBUIBICTBIH Telle-
TeHIIK KypambiHbiH Ty3inyi JIPOH-2,0 mudpaxromerpinae penTreHdpaszanblk omicneH Oakputamsl. POA
HOTIDKesIepi OoifbIHINa naHTaHThH yIITiK Temutyputi La,CaNiTeO; cunresnmenreni aitkpiagangsl. 298,15—
673 K apaibifblHIa JUHAMHKAJIBIK KaIOPUMETPUS 9MIiCIMEH CHHTE3IEIreH TeJUIYPHTTIH H300apaiblK JKbUTY
CBHIMBIMABLIBIFBL 3epTTeni. Toxipnde MomiMeTTepi HeTi3iHae KOCBUIBIC XKBUTY CHIBIMIBUIBIFBIHBIH TEMIIEpa-
TypagaH Toyennimik tenaeynepi uibrapbuiabl. La,CaNiTeO; KbUly ChHIABIMIBUIBIFBIHBIH TEMIEpaTypajiaH
ToyemIiIirin 3epTTey Oapsichia 423 K Temneparypana [I-TexTi (azaisik aysIcyFa skaTybl MyMKIH A-Topi3ai
AQHOMAJIBJI CeKipic OaifKasnsbl. CpO(T) ToxipuGenix Mouzepi xone S°(298.15) ecentenren MoHI Herizinze
La,CaNiTeO; TepMOoANHAMHKAIBIK (YHKIUSIAPHIHBIH SUT), H(T)-H’(298,15), &(T) TeMIIepaTypabIK
TOYeIIiNIKTEePi eCenTei.

Kinm cesdep.: KanopuMeTpusi, XbUTy CHIMBIMABLIBIK, JIaHTAH TEIUTYPHUTi, eKiHIIN TeKTi (a3aiblK aybIcy,
TEPMOJANHAMUKAIBIK QyHKIHMSIAP.
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Kanopumerpunueckoe uccie10BaHHe TEII0EMKOCTH
TPOMHOIO TeJUIyPHUTA JIAHTaHA B MHTepBaJie 298,15-673 K

B crathe mpuBeneHBI pe3ynabTaThl CHHTE3a M KAJIOPHMETPHYECKOTO HCCIEHOBAHMS TEIUIOEMKOCTH HOBOTO
TeJuTypuTa JaHTaHa. Brepsoie TBepaodasHbiM crocodoM u3 okcuaoB nanrana, Hukens (I1), Temnypa (IV) u
kapOoHaTa KaJdbLUsl CHHTE3MPOBAH TPOiHON TelurypuT naHTaHa. OOpa3oBaHHME PABHOBECHOTO COCTaBa
CHHTE3MPYEMOTO COEJMHEHHS! KOHTPOJIMPOBAIOCH METOJIOM PEHTIeHO(a30BOro aHanu3a Ha IU(paKkTOMeTpe
JAPOH-2.0. Ilo pesynpratam P®DA ycraHoBieHo, 4TO OBII CHHTE3UPOBAH TPOMHOM TEIYpUT JaHTaHA
La,CaNiTeO,. Meronom nuHaMudeckoi kanopumeTpun B uHTepBane 298,15-673 K uccnenoBana nzobapHas
TEIJIOEMKOCTh CHHTE3UPOBAHHOTO TeUTypuTa. Ha OCHOBE SKCIIEpMMEHTAIBHBIX JAHHBIX PacCUUTAHBI
YpaBHCHUS, OIMHCHIBAIOIINE 3aBUCHMOCTH TEIUIOEMKOCTH COEAMHEHHS OT TeMneparypsl. [Ipu ncciaenoBanun
3aBucuMoctH Tertoemkoctu La,CaNiTeO; ot temneparypsl npu 423 K oOHapyXeH pe3kuil aHOMalbHBII
A-00pa3HBIl CKAauOK, CBS3aHHBIN, BEPOSATHO, C (ha3oBbIM nepexonoM Il poma. Ha ocHOBaHMM ONBITHBIX JaH-
HBIX Cpo(T) ¥ pacuerHoro 3HaueHus S°(298,15) BHIMMCITHIN TEMIIEPATYPHBIC 3aBHCHMOCTH TEPMOIHHAMHE-

geckux $ynxumii La,CaNiTeO, SU(T), H(T)-H"(298,15), &*(T).

Kniouesvie cnoga: KamopuMeTpusi, TEIIOEMKOCTb, TEJUIYPUT JaHTaHa, (a3oBBI Mepexoj BTOPOTro poja,
TePMOANHAMUYECKHE QyHKIUH.
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CuHTe3 M peHTreHorpaguyeckoe uccjae0BaHue CJI0KHBIX (eppUTOB
cocTraBa BiMe3HFe5012 (MII = Mg, Ca, Ba)

CriocoO0oM BBICOKOTEMITEPATYPHOU TBepa0(ha3HON peaKIiii CHHTE3UPOBAHBI CJIOXKHBIC OKCHIHBIC (a3bl CO-
cTaBa BiMe;IlFe5012 (rme M = Mg, Ca, Ba). MeronoM peHTreH0()a30BOr0 aHai3a BICPBBIC UCCIICIOBAHBI
CTPYKTYpBl (EpPUTOB, PEHTITCHOTPAMMbI CHHTE3WPOBAHHBIX MOPOLIKOB MHIUIMPOBAHBI METOAOM TOMOJIO-
rud. OnpeneneHsl THITBI CHHTOHUH, TAPAMETPhI JJIeMEHTapHO sTYeHKH, pEeHTIeHOrpaduuecKue U MUKHOMET-
pudeckue TIoTHOCTH (epputos: BiBasFesOp,: a=10,8; c=8,7 A; Ppenr.= 7,315 Prwen=7,11£0,06 r/em’;
BiCa;FesO1y: @ =5.,5; ¢ = 13,5 A; ppeur= 7,315 Puwen= 7,24+0,04 r/em’; BiMgsFesOyy: a = 5,56; ¢ = 13,83 A,
Pperr.= 6,415 Pruen = 6,35+0,06 r/cM’. KOppeKTHOCTb Pe3y/IbTaTOB MHAMIMPOBAHKS (JEPPUTOB MOATBEPKIACT-
Csl XOPOIIUM COOTBETCTBHEM SKCIICPUMEHTAIBHBIX W PACUCTHBIX 3HAUCHHN OOPATHBIX BEIMYHH KBAJPAaTOB
MEXILIOCKOCTHEIX paccTosinit (10%/d%) ¥ cOrTacoBaHHOCTBIO BEJIMYHMH PEHTTCHOBCKON M MHKHOMETPHIECKOH
IDIOTHOCTEH. Y CTaHOBIJICHO, YTO CHHTE3HUPOBAaHHEIC ()ePPHUTHI KPHCTAIUTU3YIOTCS B TETPAroOHANFHONW CHHTOHUU
U UMEIOT TEePOBCKUTONOAOOHYIO CTpYKTYpy. IIpoBeneH cpaBHUTENbHBIN aHANINW3 B3aMMOCBS3HM IapaMeTpOB
KPHCTAJUINYECKON PEIIeTKH ¢ MapaMeTpaMy KPUCTAJUTMUECKHX PEIIeTOK HCXOAHBIX OKCHIOB.

Kniouesvie cnosa: TBepnoasHblii CHHTE3, PEHTITeHO-(pa30BBI aHaIM3, (EPPUTHl, CHHIOHHS, PEHTTCHO-
rpaduyecKasi 1 MMKHOMETPHUYECKast INIOTHOCTH, NapaMeTphl SJIEMEHTapHBIX SYeeK.

Bseoenue

B coBpeMeHHOH 3JIEKTPOHHKE MPUMEHSIOTCS TIOJTYIPOBOJIHUKOBBIE MaTepHaibl, UX (YHKIIMOHHPOBA-
HUE OCYILECTBIISIETCS 3a CUET 3apsiia dJeKTpoHa. Bo3pacratomiye TpeOoBaHUs K XapaKTEPUCTHKaM MPpUOOPOB
AJICKTPOHMKH CTAaBAT 33Ja4y MOWCKA U BHEIPCHHS B MPAKTUKY albTEPHATHBHBIX MAaTEPHAIIOB, Pa0OTAONIUX
Ha HEKJIACCUYCCKUX MpuHIHUINaX. OCHOBOH AIIEKTPOHUKH OYAYIIEr0 MOTYT CTAaTh MPUOOPHI CIIMHTPOHUKH, B
paboTe KOTOPHIX, TOMHUMO 3aps/ia AJIEKTPOHA, yIacTBYET ero ciuH [1]. B mocieqaue roasl mupoKoe mpumMe-
HEHUE B 00JACTH CIIMHOBOW AJICKTPOHHUKH HAXOMST CETHETOMArHETHKH — MaTepHallbl, 0013 Jal0IIie OTHO-
BPEMEHHO MarHUTHBIM U DJICKTPUUICCKHUM YIIOPsIIOYeHUuEM [2].

ITocne otkpeiTEst ddderTa KOJIOCCATHPHOTO MAarHETOCONPOTUBIICHUSA, KOTOPBIH  OOYCIIOBIICH
HEOJIMHAKOBBIM paccesiHieM Ha (DEeppOMArHUTHBIX BJIEMEHTaX ABYX TPYII 3JIEKTPOHOB, Pa3IMYArOIIUXCS
OPUCHTALUSAMU CIUHOB. JI7s TOSBJICHUS TaKOro MEXaHM3Ma HEOO0XOAMMO, YTOOBI CpPEIHHE JITUHBI
CBOOOJIHOTO MpoOera CyIIECTBEHHO Pa3IUYaUCh JIIS JIEKTPOHOB € HANPABICHUSMH CIIMHOB «BBEPX» H
«BHU3». Takoe mepecTpoeHHe peanu3yeTcs B (EPpPOMArHUTHBIX MaTepHaliaXx, B KOTOPBIX BCIEICTBHE
00MeHHOTO pacineruieHus 3d-30HbI BO3HUKAIOT Pa3JIMYMsl B TUIOTHOCTH HE3aHATHIX YPOBHEH 31eKTpoHOB. Ha
TaKOM IPHUHIIUIIE OCHOBaHA pab0Ta MarHUTOPE3UCTHBHBIX PUOOPOB, pealn3yIomuX 3(h(HEKTh THTaHTCKOTO
Y TYHHEITLHOTO MarHeTOCONpOTHBICHU [2, 3].

W3 nurtepatypsr m3BecTHO, uTo MynbTH(heppork coctaBa BiFeO; o0namaeT oTHOBpEMEHHO Kak 3JIEK-
TPUYECKOHN MOJIIPU3AINe, TaK U MarHUTHBIM YIOpsI0YeHUEeM. B mocienHee BpeMsi 3HAYUTEIHHO BO3POC
WHTEpEC B CBSI3U C MEPCICKTHBAMU UX MPUMEHEHHS B KaueCTBe paboyveil cpelbl B YCTPOHUCTBAX XpaHEHUS U
00pabotku nabopManuu. Ha ocHOBEe MymbTH(HEPPOUKOB ITPOBOIUTCS MTUPOKHH MOUCK HOBBIX MaTEPHAIIOB C
CErHETO3JICKTPUYCCKUMH CBOWCTBAMH CHEIM(DUUESCKON SICKTPOHHONH U MarHUTHOW CTpyKTypamu. Jlerupo-
BaHHBIC TICPOBCKUTHI HA OCHOBE (peppuTa BUCMyTa HEPEIKO COUCTAIOT CErHETORICKTPUUYECKUE U clabodep-
POMAarHUTHBIC CBOMCTBA MPH JOMHHUPYIOLIEM aHTU(EPPOMAarHUTHOM YIOPSA0YeHUH [4—6].

B nmannHOl paboTe W3y4yeHBI YCIOBUS CHHTE3a W PEHTICHOTPAPUUECKUC XapaKTCPUCTHKHU CIOXKHBIX
CMeIITaHHBIX (EPPUTOB BHCMYTA, B KOTOPHIX HOHBI Bi’" 4acTHUHO 3aMeEIIAIOTCsS HA MOHBI MIENOYHO3EMENh-
HBIX METAJUIOB.

3KC}’l€le/l€HmaJlea}l yacmo

HoBble NOMMKpHCTAIITUYECKHE CIIOKHBIE (heppUTHI BUCMYTa CHHTE3UPOBAJIM MO0 KEPAMHUYECKON TEXHO-
norun. Hccnemyembie GeppuThl CHHTE3UPOBaHBI TBEPAO(A3HBIM B3aMMOJICHCTBUEM COOTBETCTBYIOIIUX II0
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cTexruoMeTpuu cMeceid okcunoB Bi,0;, Fe,O; Mapku (X.4.) 1 kapOOHATOB LIENOYHO-3EMEIbHBIX METAJIOB
kBamudukanuu (oc.d.). TBepAaodasHblii CHHTE3 OCYIMIECTBISIIM Ha OCHOBAaHHU TEPMHUYCCKHX ITaHHBIX
WCXOJIHBIX KOMIIOHEHTOB WM YYUTHIBAIM ycioBus TamMMmaHa Juis Kepamudeckux peakinuid. [lpu mpen-
BapHUTEIILHOM OTXKHI'€ CMECH MCXOIHBIX KOMIOHEHTOB TIIATEIILHO MEPEMEIINBAIIN U TIEPETUPAIIN B araTOBOM
CTYIIKE, TOMENIAJIH B aJTyHIOBBIC TUTIIU W OTKUTAIH B CEMTUTOBON Nedr. OTKUT MPOBOJIMIIM B YETHIPE ATAIa.
[Tepserit atam — mpu 600 °C B Teuenune 12 4, Bropoit atanm — npu 700 °C B Teuenue 12 4, TpeTuii stam —
nipu 800 °C B Teuenue 12 u, yerBepThiii 3Tanm — npu 900 °C B Teuenue 5 u [7].

Peszynomamot u 0b6cyscoenus

O0pa3oBaHue HOBBIX (ha3 KOHTPOJUPOBAIH METOIOM PEHTI¢HO()A30BOr0 aHaIM3a, KOTOPBIH ITPOBOIMIH
Ha peHTreHoBckoM audpakromerpe Miniflex 600 (Rigaku). Ycnosus cbemkn: CuK -u3nyuenue; Ni-puiastp;
U =30 «B; /=10 MA; nocrosiHHast BpemMeHH T =5 ¢; 20 = 10°-90°. InudpakuroHHBIE MAaKCUMYMBI OLICHHBA-
JU 0 CTOOAIIBHOM ImIKajie. PEHTreHorpaMMBbl CHHTE3HMPOBAHHBIX MOJUKPUCTAUTNIECKIX TOPOIITKOB WH/IHU-
[APOBAIM METOJOM TOMOJIOTHH (TOMOJIOT — HCKaXCHHBIM CTPYKTYypHBIH Tun Tpanara) [8]. I[luxHo-
METPHYECKYIO TUIOTHOCTH (heppHUTOB onpenessiiy o Meroauke [9]. MHaudQepeHTHON KUIKOCTBIO CITYKHI
tonyoi. [lnotHocTs Kaxknoro ¢gepputa u3mepsiu 4—5 pas u gaHHbIE ycpeqHsuii. B Tabnuie npuBeneHs pe-
3yNbTaTHl MHAWIMPOBAHUS PEHTTCHOTpamMM (peppuTos.

TabOnuma
NHaunupoBaHue peHTIeHOTPaMM CJI0KHBIX (DeppUTOB
IJJH [°2Th.] d[A] Int. [%] 10Yd e, hil 10Y/d eop.
BiBasFesO,
1 18,87 4,700 20,0 453 (2,0,0) 455
2 21,45 4,140 10,0 578 (2,0,1) 580
3 27,08 3,290 12,0 972 2,1,1) 974
4 27,95 3,190 100,0 982 (2,0,2) 986
5 30,36 2,942 6,0 1155 (3,0,1) 1157
6 32,27 2,772 5,0 1301 (1,0,3) 1306
7 33,04 2,709 99,0 1362 (2,2,0) 1365
8 34,66 2,586 6,0 1495 (2,2,1) 1492
9 36,40 2,466 6,0 1644 (2,0,3) 1647
10 38,32 2,347 5,0 1801 (4,0,0) 1805
11 39,15 2,299 10,0 1892 (2,2,2) 1894
12 41,46 2,176 17,0 2111 (0,0,4) 2114
13 42,46 2,127 5,0 2210 (3,0,3) 2215
14 43,23 2,091 1,0 2287 (3,2,1) 2288
15 43,78 2,066 45,0 2341 (4,0,2) 2345
16 45,45 1,994 4,0 2515 (4,1,1) 2518
17 45,96 1,973 16,0 2568 (2,0,4) 2569
18 49,61 1,836 4,0 2966 (5,0,1) 2962
19 49,90 1,826 6,0 2999 (4,0,3) 2995
20 51,41 1,776 2,0 3170 (4,2,0) 3172
21 52,91 1,729 7,0 3345 (3,2,3) 3348
22 53,99 1,697 20,0 3472 (2,2,4) 3475
23 55,92 1,643 40,0 3704 (4,2,2) 3706
24 56,29 1,633 1,0 3749 (2,0,5) 3752
25 57,68 1,597 10,0 3920 (4,0,4) 3923
26 58,93 1,566 20,0 4077 (6,0,0) 4080
27 69,29 1,355 13,0 5446 (4,4,0) 5449
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IIpogonxeHnue Tabdaui bl

ifn [°2Th.] d[A] Int. [%] 10Yd en. hil 10Y/d eop.
BiCa3Fe5012
1 22,53 3,943 78,2 643 (0,1,2) 645
2 31,94 2,800 100,0 1275 (1,0.4) 1278
3 32,20 2,777 97,7 1296 (1,1,0) 1298
4 37,83 2,376 2,9 1771 (1,1,3) 1769
5 39,22 2,295 9.1 1898 (0,0,6) 1895
6 39,66 2,271 24,2 1938 (2,0,2) 1941
7 45,99 1,972 422 2571 0,2.,4) 2569
8 50,60 1,803 0,6 3076 (2,1,1) 3079
9 51,62 1,769 24,0 3195 (1,1,6) 3198
10 51,98 1,758 14,3 3235 (1,2,2) 3238
11 56,76 1,621 152 3805 (0,1,8) 3807
12 57,26 1,608 36,0 3867 (2,1,4) 3870
13 57,42 1,603 21,9 3891 (3,0,0) 3893
14 61,02 1,517 0,2 4345 (1,2,5) 4348
15 66,77 1,400 72 5102 (2,0,8) 5105
16 67,38 1,389 9.4 5183 (2,2,0) 5180
17 70,17 1,340 0,2 5569 (1,1,9) 5565
18 70,47 1,335 0,1 5610 (2,1,7) 5607
19 70,91 1,328 0,3 5670 (2,2,3) 5668
20 71,16 1,324 5,5 5704 (1,0,10) 5700
21 71,75 1,314 6,9 5791 (0,3.,6) 5795
22 72,04 1,310 4,7 5827 (3,1,2) 5829
23 76,08 1,250 8,8 6400 (1,2.8) 6402
24 76,52 1,244 10,0 6461 (1,3.4) 6465
25 79,81 1,201 0,1 6932 (3,1,5) 6935
26 80,27 1,195 2,9 7002 (0,2,10) 7005
27 80,83 1,188 4,7 7085 (2,2,6) 7080
28 81,12 1,185 1,9 7121 (0,4,2) 7125
29 84,33 1,148 0,6 7587 (0,0,12) 7589
30 85,45 1,135 32 7762 (4,0,4) 7767
Bng3Fe5012
1 18,28 4,850 8,5 425 (1,1,1) 428
2 30,07 2,970 31,1 1133 (2,2,0) 1135
3 35,41 2,533 100,0 1558 (3,1,1) 1156
4 37,04 2,425 3.8 1700 (2,2,2) 1702
5 43,04 2,100 244 2267 (4,0,0) 2269
6 47,12 1,927 0,2 2693 (3,3,1) 2697
7 53,39 1,715 9,6 3399 (4,2,2) 3394
8 56,92 1,617 30,6 3824 (5,1,1) 3820
9 62,50 1,485 42,7 4534 (4,4,0) 4530
10 65,71 1,420 0,8 4959 (5,3,1) 4962
11 66,76 1,400 0,1 5102 (4,4.2) 5105
12 70,90 1,328 32 5670 (6,2,0) 5674
13 73,93 1,281 7,5 6093 (5,3.3) 6094
14 74,93 1,266 2.3 6239 (6,2,2) 6235
15 78,89 1,212 2,6 6807 (4,4.4) 6803
16 81,82 1,176 0,5 7230 (5,5,1) 7235
17 86,67 1,122 3.3 7943 (6,4,2) 7948
18 89,56 1,094 10,8 8355 (7,3,1) 8358
19 94,38 1,050 4,3 9070 (8,0,0) 9075
20 97,29 1,026 0,1 9499 (7,3.3) 9493
21 98,26 1,019 0,1 9630 (6,4,4) 9635
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Ha ocHOBaHMM WHAMIUPOBAHUS PEHTTEHOIPAMM CHHTE3MPOBAHHBIX (PEPPUTOB YCTAHOBJIECHO, YTO
(beppuTHl KPUCTAIUTU3YIOTCSI B TETPArOHAIBHBIX CTPYKTYpax CO CIEAYIOIMMH MTapaMeTpaMu dJIeMEHTaPHBIX
sueek: BiBasFesOp: a=10,8; ¢=8,7 A; Pperr.= 7,31 rlem’; Pumn= 7,11£0,06 r/em’; BiCa;FesOpy: a=5,5;
c=13,5A; ppeur= 7,31 T/eM’; Prunen= 7,24+0,04 r/cm’; BiMgsFesOy,: a = 5,56; ¢ = 13,83 A; ppeun= 6,41 T/em’;
Prmar= 6,35+0,06 T/cM’. KOPPEKTHOCTD pe3y/bTaTOB HHAMIMPOBAHUS (PEPPUTOB HOATBEPAIACTCS XOPOLINM
COOTBETCTBHEM  JKCIIEPUMEHTANBHBIX M PACUYCTHBIX 3HAUCHHH OOpaTHBIX BEJIMYMH  KBaJAPAaTOB
MEKIIOCKOCTHBIX paccTosumii (10%/d”) (cm. Tabi1.), CornacoBaHHOCTHIO BETMUHH PEHTICHOBCKON M ITMKHO-
METPUUYECKOHN TIIOTHOCTEM.

Baxnouenue

Crioco0oM BBICOKOTEMIIEPAaTypHOU TBEpAO(ha3HOM peaklui CHHTE3UPOBAHBI CJIOXKHBIC OKCUIHEIC (ha3bl
cocraBa BiMe; FesOy, (rme M" = Mg, Ca, Ba), meTonom peHTreHO()a30BOTO aHAIM3a BIICPBBIC HCCIICI0BA-
HBl KPHCTAJUTMYCCKHUE XapaKTEPUCTUKU CMEMIAHHBIX (EpPPUTOB M OMPEICIICHBI THUII CHHTOHWH, ITapaMeTphl
3JIEMEHTApHOHM sUeHKU, pPEHTreHOTrpapUUeCKhe U IMKHOMETPHYSCKUE IUIOTHOCTH. YCTAaHOBJICHO, YTO
(dbeppuTBHl KPUCTAUTM3YIOTCSI B TETPArOHAIBHOW CHHTOHUM W CTPYKTypa OTHOCHTCA K aAHHUOHHO-
JNEPUITUTHOMY MEPOBCKUTY. AHAIHM3 MAPaMETPOB KPUCTAUIMISCKON CTPYKTYPBI CIOXKHBIX (PEPPUTOB TOKaA-
3p1BaeT s ¢asel BiBasFesO;, yBenudeHnue napameTpa ¢ B Ba pa3a Mo CPaBHEHUIO C MapaMeTpaMu a UC-
xogHoro okcuna Bucmyta (III), a mus apyrux a3 3Ti mapaMeTpbl OCTAIOTCS PABHBIME, HAOIIOIAOTCS yBE-
JTTYCHUS TTapaMEeTPOB TI0 HaIIpaBiIeHHIO ¢ B 1,6 u 2,6 pasa.
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M.M. MaraeB, M.P. A6apaiimoBa, C.M. Cakcena, A.T. Ke3nuk6aeBa

BiMe;"FesO;, (M" = Mg, Ca, Ba) kypaei gpepputrepin cHHTe3IeY iKIHe
peHTreHorpadusiIbIK 3epTTey

Maxkanaza BiMe;"FesO;, (M" = Mg, Ca, Ba) kypzeni (eppuTTepiH CHHTE3/ey XKOHE PEHTIeHOrpabHsIIBIK
3epTTey KapacThippurraH. KarTbl (aszaibl KOFapbl TeMIEpaTypajbl CHHTE3 OICi apKbUIbl Kypaeni
(depputTepniy ¢azacsl cuHTe3meNAl. Anram per (GeppHUTTEpAiH KYPBUIBICH PEHTTeHIK (a3ajblK Tajgay
OMICIMEH 3epTTeNAi, CHHIOHMS THII, SJIEMEHTap YSIIBIK I1apaMeTpiepi, PeHTTeHOrpadIsUIbIK HKOHE
IMKHOMETPIiK  THIFBI3ABIKTAPHIHBIH ~ MoHAepi  ampikTammsl:  BiBasFesO:  a=108; c¢=8,7A;
Pperr. = 7,31 r/eM;  Puma=T7,1120,06 r/em®;  BiCasFesO:  a=55; c¢=13,54; Pperr.= 7,31 r/em’;
Prmen, = 7,24%0,04 r/em’; BiMgyFesO1p: a =5,56; ¢=13,83 A; pres= 6,41 1/eM’; Prye = 6,35+0,06 r/enm’.
Wunumupriey HoTIDKeIepi »Ka3bIKTHIKAPAJIBIK KAIIBIKTHIKTBIH KBAJAPATTaPhIHBIH Kepi ITaMachIHBIH TE€OPHSUIBIK
JKOHE TIXKIPHOETIK MOHAEPI MEH MHKHOMETPIIK KOHE PEeHTIeHOTPAQHSIIBIK THIFBI3IBIKTAPBIHBIH MOHICPIHIH
ColiKecTiriH KepceTTi. bacTamkpl 3aTTapiblH KPUCTAIIBIK YALIBIK MapaMeTpiiepi MeH ajblHFaH Kypuremi
(eppuTTepAiH KpUCTAIIBIK YAIIBIK IapaMeTpiepi apachlHIarbl OailIaHBICHIHA CaJIBICTBIPMANIBI TaIAy
Kyprisinai.

Kinm ce30ep: KaTThl (Ga3aiblKk CHHTE3, pEHTTeH(a3albIK Talaay, HheppuTTep, CHHTOHHUS, PEHTTCHOTPAISITBIK
JKOHE ITUKHOMETPITIK THIFBI3/IBIK, JJIEMEHTAP YAIIBIK MapamMeTpiiepi.
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M.M. Matayev, M.R. Abdraimova, S.M. Saksena, A.T. Kezdikbayeva
Synthesis and X-ray analysis of complex ferrites BiMe;"FesO;, (M" = Mg, Ca, Ba)

Complex oxides BiMe;"FesO,, (M = Mg, Ca, Ba) were synthesized with method of high-temperature solid-
state reaction. Structures of ferrites were first investigated with X-ray diffraction, X-ray patterns of the
synthesized powders were indicated with method of homology. Types of syngony, parameters of the unit
cells, radiographic and density of ferrites determined by bottled method: BiBasFesO1,: a = 10.8; ¢ =8.7 A;
Proent= 7-31 g/cm3; Ppicn=7.11£0.06 g/cm3; BiCasFesOp,: a=5.5; c¢=135A; pre=7.31 g/cm3;
Ppien=7.24£0.04 g/cm3; BiMg;FesO 5 a = 5.56; ¢ = 13.83 A; proen = 6.41 g/cm3; Ppicn= 6.35£0.06 g/cm3. The
correctness of the results of indexing of ferrites is confirmed by good agreement between the experimental
and calculated values of reciprocals of interplanar spacings squares (10*4%) and the consistency of values of
X-ray and densities determined by bottled method. It was found synthesized ferrites were crystallized in the
tetragonal crystal and they had perofskite structure. A comparative analysis of the relationship between
crystal lattice parameters with parameters of the crystal lattice of initial oxides and complex ferrites was
carried out.

Keywords: solid-phase synthesis; X-ray phase analysis; ferrites; syngony; radiographic and micrometrically
density; the unit cell parameters.
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Metann emec OyiibIMaapaAbIH OeTTepiHe KOHABIPbLUIFAH AJTBIH, KyMic
’KOHE MbIC HAHO0OJIIIEKTePiHiH 0AKTePUUIMATIK KACHETTEePIiH 3epTTey

Makanana aiaTelH, MBIC JKOHE KYMIC MeTaJapblHBIH OaKTepHUIUATI KacweTi 3eprrenni. bakrepurmnri
KanTamanap/blH epeKLIeIri — OJap/IblH KaTThUIBIK JACHICHiHIH )KOHE Ta3alblK CaKTay KaCHETiHIH JKOFapbl
eKeHAIriHAe. 3epTTey KYMBICEIHAA YT peTiHge MaKra MaTachl albIHABL AJIBIHFAaH MakTa MaTa YJTiciHe
QITBIH, KYMIC KOHE MBIC HOH/APhI (HOTOXUMHUSIIBIK )KOJIMEH KOH/BIPBUIBII, OJap/blH OaKTepUIUATI KacHeTi
3epTTeni. ANTHIHHBIH, KYMICTIH )9HE MBICTBIH HOHIAphl METal eMeC MaTepuas OeTiHe €HIeH COH, O
©3iHIH KacHeTiH CakKTall TYpaThIHABIFBI Oenrim. MyHzaail KanTamangap MbIHAaFaH OaKTepHsUIap/bl JKOKOFa
KaOineTTi. Yrinep antbiH, KyMic yoHe MbIC epiTiHiciHe |—3 MHH calbIHbIIN, OfaH KeiiH KYH Ke3iHe KenTipy
JKOJIBIMEH JTalblHAANABL. OHICNreH YIriiepaiH OaKTepUUMITIK KACHETiH 3epTTey YILIIH eKi TYpJii YKOJIMEH
3epTTEY KYMBICHI KYPTi3ULIi: OipiHIIiIeH, GOTOXUMHUSIIBIK KOJIMECH OHICITSH YITiHIH KaTBIITHI JKaFJai1aFbl
OGaKTepHINITIK KaCHeTi, aJl, eKiHIIieH, OeTiHae KanTaysl 0ap YiriHi 3—5 peT IUCTHIICHTeH CyMEH XKYBUIBIIT
OoJFaHHAH KEeHIHT1 OaKTEPUIHATIK KacueTi. DOTOXUMHUSIIBIK JKOJIMEH OHJICITCH YITUIep/IiH OCTIH e abIHFaH
QITBIH, KYMIC JKOHE MBIC HaHOOOJIIIEKT] KanTamManap KYpbUIbIMbl 3aMaHayHd KOHBIPFBI PACTPJIi 3JIEKTPOH/IBI
MHKpPOCKONTa OaKblIaHbl. 3epTTey OapbiChiHIa (OTOXUMUSIIBIK JKOJIMEH aJbIHFaH aNThIH, KYMIC KOHE MbIC
Kanrayniapsl 6ap yarinepiH OaKTepUIMATIK KACHET] dKOFapbl 0OIATHIHABIFBI aHBIKTAIIBL.

Kinm ce30ep: antbiH, KyMic, MbIC, KaOBIKIIIa, OAKTEPUIUATIK KacuerTep, GoToXumus, MaKTa, MaTa, JJIeMEeHT-
TIK KYpaMbl.

Kipicne

FruiplM MeH TEeXHUKaHBIH JaMYBIHBIH CajlapblHAaH KOHCTPYKTOPJBIK MaTepHalifa CYpaHbIC TIeH
TajanTap koHe Imaprtrap keOeHinm mamm TycTi. CoHmail MaTepwamgapIblH IMIiHE op TYPJi METAI JKOHE
METaJIJI eMeC MaTepualiapra eHIi31IreH KanTaManap J1a Kipesi.

AJNTBIHHBIH, KYMICTiH KOHE MBICTBIH HMOHAApbl METaJJl eMec MaTepuai OeTiHe €HreH COH, Ol ©3iHiH
KaCHETIH caKTam TYpanbl. SIFHN OaKTepUITUATIK HAHOKOMITO3UT O0Jbim Tabputamel. Kanrama 700-re sKyBIK
OakTepusUIapAbl JKOIOFa KaOiMeTTi. ANTBIHHBIH, KYMICTIH JKOHE MBICTBIH MOHIApPHI IOPIIIK MpenapaTTapra,
TaMaK OHAIpiCiHAe, CaHWTApJBIK Ta3alblK CalachlHAa, TYpdi emi TaOblIMaraH aypynapabl eMmieyne
cypaHbpIcKa ue OobI oThIp. COHABIKTAH aITHIHHBIH, KYMICTIH ’XKOHE MBICTBIH OAKTEPHIMIATI KaCHETKE He
KanTaMachlH aTyIbIH MPAKTUKAIBIK KaKETTLIIT1 )KOFapHI.

ANTBIH MEH KYMICTi, MBICTBI MeTaJl TYpiHAE epTe Ke3leH Oacram OaKTepHUUATI Kypal peTiHie
Konjgana OacraraH. Kymic OakTepHIMITI oHE eMJiey Kypajbl pEeTiHIle MBIHJAFaH >KbUIap OOWbI Kep
NIAPBIHBIH OapIIbIK JKepiHAe KOoJMAaHFaH. MbIC TeH OHBIH KyHMallapbIHBIH OaKTEpUIMITI KACHETi aJiaM3aTKa
epre ke3zueH Oacranm Oenrinmi Oonran. 2008 k. y3ak 3epTreynep apkacbiHaa Kopmiaran opTaHbl Kopray
denepainpl areHTTITT MBIC KOHE OHBIH KyWMajapbiHa OaKTEpUIUATIK aTak Oepii. bakrepunumarik Kacueti
YKOFaphl KYMIC TIeH aJITRIHHBIH OOJIiri KeJieMiHiH KbICKapybIHa OailaHbICThI YIFasabl. KyMicTiH epiTiHIiciHe
oTe a3 MeJIIepe AITHIHHBIH EPITIHAICIH KOCY apKbUIbI OJAapIbIH KOCIIACHIH aJlbIl, OJI EpiTIHAIre MeTayul
JKOHE METaJll eMec Yiriiepai O0aTwIpbln, YT 6eTiHe (GOTOXUMUSIIBIK XKOJIMEH KalTay alfaHia, alThlH MEH
KyMicCTiH HaHoOemeri maimxa 6oanpl. Yiri OeTiHae naiaa 0ojraH HaHOOOIIEKTIH OaKTESPHUIHTIK KacHeTi
JKOFapbl, SIFHU ayaJarbl OaKTepwsulapFa KapCbUIACTBIFBI KYINTi. AJTBIH MEH MBICTBIH KOCBUTYbIHA
OalimaHpICTBl OAKTEPULMITIK CYJIBl EPITIHAICIH aly JKOJIBI epTe Ke3aeH Oenrimi. Meicanbl: HIyMepIiik
MOJICHUETTI 3epTTereH/e KyMic TeH MBICTBIH KOCIAChIHAaH jKacalfaH eMJAEyre apHaJIFaH TeMIp BIOBICTap
tabburran [1]. Kasipri 3amannma OakTepHMIMATIK KacueTi Oap aiThlH MEH KYMiC HaHOOONIKTepl Typii
MEAWIMHAIBIK JKOHE TYPMBICTHIK apHaibl TaraWbIHOANFaH. MyHAail MarepuanmapAbl MeAWIHWHAAA CYIri,
oTiepalysIFa apHaJFaH KINTep, oCKEePH JKOHE CHOPTTHIK KHIMIEP, Kapy-KapaKTapIbl KaNTalThH Kypajiaap,
0eTeH MUKpoar3ajlapAaH KOpFalThIH MaTajiap, )KHi asgK TepJICTIEeUTIH IIYIIBIK jKacaiapl. AKnapaT OOHbIHIIA
KyMmic HaHoOemmIeri 0ap OIYIBIKTap TYHUEKY3UIiK KOCMOCTBIK CTaHIMAIA FaphIIKepiep Kuemi, on Pecetine
IIBIFAPBIIA/IbIL.
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Mukpoopranu3MIepAiH aWTapibIKTall KeH OHe op Typii TOOBIH Oaktepwsiiap Kypailnel. Omap
TaOuFaTTa €H KEHIHCH TapalfaH MHUKpPOar3ajap TOObIHA JKATaThIHBIH JKOHE COJI apaja eTe YJIKEH s alyaH
TYp:i OONaThH, JYHUEIETI MUKPOCKOIMSIIBIK Tipi aF3anapra >KaTaThlH JapakTap OOJbIn Ta0buIaas! [2].

Bakrepusutapapl OeliHeciHe Kapail yin Typre Oesieni: Imap Topisii, TaskIIa Topi3ai koHe OyriareH. Ex
ycak TypiHe map Topi3ai Oaxrepustmapabl kokka (Coccus), MOHO- HeMece MHUKPOKOKKa (Micrococcus),
mumiokokka (Diplococcos) xatkpizanpl. Onapapi Memmeprepi eH keminae 0,1 mxm (sseam 0,0001 Mm)
0osampl. AJl, TasKIa TOPi3ai OakTepusiap — OYJI €H KOII KoHE 9p TYpJii TonTarbl OakTepus. Taskiia Topi3ai
OakTepHsIapIbl KIETKa KeJeMiHe, OHBIH OpHAJacyblHa, )Kacyllla COHBIHBIH OalKalybIHa, KTyTTapablH Oap,
JKOKTBIFbIHA OaiaHblcThl  axkpipataabl (l-cyp.). Taskma Topismi OakTepHsUIapAbIH KIIETKaJapbIHBIH
KaJIBIHABIFEI opTaraianral ecernmer 0,5—1 MKM, Y3bIHIBIFBI 2—3 MKM; COJ apaja KOMIMT1 «ajIblmy 00IaThiH
TYypJiepi e Ke3meceyl MYMKiH; OJIapAblH AWaMeTpiepi opramananrad ecemnmeH 5,0-10 MKM; Y3BIHIBIFBI
30-100 mxM. Byrinren Oakrepusuiap kieTtka OcliHeCciHE jkKoHE alfHaIBIM CaHbIHA OaiyIaHBICTHI BUOPUOHAAD,
CIIUpPAJIbAAP, CIIMPOXETTI AeM yike Oemueni [3].

AKPEMOHUY M

l—cypeT. 3eHz1ep KalliTaMaCbIHbIH CYAbI )KYTYbIHA KOHC ayaHbIH bUIFaJIAbUIbIFbIHA Tayenz[iniri

Kaszipri FeutbiMu gonenjep OOMBIHINA, 3aTTHIH OTE KIITKEHTal O6JIIeriH ajcak, oHAa MYJeM Oacka
kKaHa KacueTke ue Ooma amanel. Ommemumepi 1-100 mm (10~ M) apanbirbiHga GonaTeiH GoIIEKTEP
HaHOOOIIIIeKTep eI aTai s [4].

HanoOeekTi yiIKeH MaTepHalblH KillIKeHEe FaHa OeJiiieri Jen KapacTelpy KaObuiganraH. MeTat
HaHOOOJIICKTEPiHIH XUMHUSITBIK KACHETTEPIHIH €H HETI3T1 epPeKIIeNTIKTepl — OJap/IbIH JKOFAPFhI PEaKIIHSITBIK
KaOIJIeTTiNIri, MOHIBIK >KOHE aTOMIBIK aiMacyra Ja »orapbl OediMaimikTimiri. COHABIKTAH 3epTXaHajia
QJIBIHATBIH METAJIJI HAHOOONIIEKTePiH MULEIUIPIIBI HEMece CYINbI epiTiHAlIep TYpiHaAe KoigaHyFa Oomaipbl,
SIFHU 9P TYPJIi MaTepuaiaapasl MoaudUKausiiay yIiliH, METaJIAbIH HaHOOOJIIIEKTEePiH aJcopOIHs KOIBIMCH
skarambl3. COHIBIKTaH op TYpJli Oerrepae ancopOuusIaHAaTBIH 3aT OenmiekTepi (MolieKyianap, aTomaap,
WoHJap) OCTTIK KaTblHAC Ty3yli MYMKiH. Ay, OyJl TaHFaxailblll KacHeTTepre He jkaHa 3aTTap MeEH
MaTepuanmap aryra ol amamisl 5, 6].

Taoicipubenix 6enim

DOTOXMMUSIIBIK KOJIMEH OHJCITEH alThIH, KYMIC OHE MBIC TY3[apbIHBIH €piTiHAiCiHE OaThIpBUIFaH
METaJUT eMeC YITLIepaiH OaKTEPUIMATI KACHETTEPiH 3epPTTEY.

BakTepunuari kKanraMarapaplH MaHbI3AbI €PEKITICITIT — OJIAPABIH KATTHUIBIK JCHTCHiHIH JKOHE Ta3alIbIK
cakTayZAa >KOFapbUIbIFbIHIA. Ta3a KamTamanapMeH cajbICTBIpFaHia OipHelle ece, KelIe OH ece KOFapbl
Oonbin Kemneni. 3epTTey >KYMBICBIHIA YArT PeTiHAe MaKTa MaTachl ajblHABL Yarinepai 1-3 MuH epitinaire
0aThIpPhIIN, KYH KO3iHe KOMbIN KenTipaik. Kenripiiiren yariiepaeri aiTbiH, KyMicC )oHE MbIC KallTaMachIHbIH
OaKTEepUIUATIK KacHeTiHe 3epTTeyjiep XKypriziami. DOTOXMMHUSUIBIK >KOIMEH ©HAEITeH YATIEpHiH OCHI
KAaCHeTiH 3epTTey YIIiH 11 auctuiaeHreH cyra 40T arap YHTarblH caiiblll, 2 MUH KaiiHaTaMmbl3. OHBI
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MaKTaJlbl TOKEICH CY3il CY3TiIeyIeH OTKi3eMi3 JKoHe 3anaichi3aanabipaMbi3. JlalibiH GonraH opraHbl 40—
50 °C cankpramaTaMei3 jga, [letpu TabakmacbeiHa 4—6 MIJI €pITIHIICIH KYSAMBI3 JKOHE 3EPTTEINCTiH YITinep/i
epiTinire 6aThipambI3.

Homuorcenepoi mangvinay

3epTTey KYMBICBIH JKYPrizy OapbichiHIa 0i3 OipHelle YATiIepai auablK. AIBIHFaH KarTamalapblH
KYpaMbIH 3epTTey MakcaTeiHaa POM (pacTopibl 3J€KTPOHABI MHUKPOCKOIT) apKbUIBI 3epTTEYIIep KYpriziami.
OnapAblH DIEMEHTTIK KYpaMbIH, CaJMaKTBIK J>KOHE TMabI3AbIK KOPCETKITepiH Tanaaablk. Tammay
HoTmKenepi 1-4 kecrenepae kepcerinreH. CoHOail-ak aiblHFaH YITUIEpre MHKPOKYPBUIBIMABIK Taiay
XKYPri3iii, HOTHXKECI TOMEHJIETI CypeTTep/ie KOPCETUITeH. 2-CypeTTe OHJISIMETeH MaKTa Mara YJTici, ai 4-,
6- xoHe 8-cyperTepre (POTOXMMUSUIBIK JKOIMEH OHJENTeH MaKTa Mara OeTiHAE alThIH, KYMIC, MBIC
KanrtayJapbl ajblHFaH YJriiep OCHHENeHreH. 3-CypeTTe KYH COyJIeCiMEH OHJENIMEreH OaKTepPHUIIHIITIK
KaOBIFBI KOK 0acTaIkbl MakTa Mara YJTici, CypeTTe Kepil TYpFaHBIMBI3[Iail MUKpOAaF3aJiap IbIH YITiIe )KIHE
OHBIH aifHanacelHAa TY3UIreHi Oadkanbim Typ. An, 5-, 7-, 9-cyperrepje aiThlH, KYMIC JXOHE MBIC
epiTiHIUIepiHe OaTHIPBUTFaH, KYH COYJIECIMEH OHJEIIeH YITUIepAiH OaKTepHIUATIK KACHETIHE 3epTTey
JKYMBICTapel Kypriziimi. CypeTTeH Kepin TypraHbIMBI3Zaid, MyHAa MHUKpoar3ajapAblH yiri OeriHue
TY3UIMETeHiH Kopyimi3re 00 Ibl.

l-kecTe

Bacrankpl yAridin 37eMeHTTiK KYpaMbl, CAJIMAKTBIK K9HE aTOMABIK KOpCceTKilli

DneMeHT CanMakThIK, % AtomasIK, %
C 45,89 53,31
(6] 52,84 46,09
Si 1,07 0,53
Ca 0,20 0,07
Bapabirsl 100,00

i 1 2 3 4 - 3 7 8 g 0 1
onHaA weana 3877 wan, Kypcop: 0.000 £

Tmm It Epiunin pholghw e |

2—cypeT. BaCTaHK,LI MaTaHbIH 3€PTTEYIC ,Z[eﬁiHl"i 2JIEMEHTTIK KOHE CAJIMAaKTbIK MUKPOKYPBUIIBIMABIK TaJ1AaYbl

3-cypet. bakTepumuaTik KaOBIFbI )KOK MaKTa MaTa Yirici
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2-xecTe
AJTBHIHMEH KaNnTaJFaH KYH Ke3iHe KeNnTipiJireH yJariHiH 3J1eMeHTTiK Kypambl,

CAJIMAKTBIK K9He aTOM/BIK KepceTKini

DeMeHT CanMakThIK, % AtomasIK, %
C 47,83 55,64
(6] 50,07 43,73
Si 0,97 0,48
Cl 0,20 0,08
Au 0,93 0,07
Bapabirsl 100,00

Tmm BreETROHHDE KIcipandEnnee |

4-cypert. KyH Ke3iHE KENTipUITeH aNThIH KaOBIKITACEIMEH KaNTAJIFaH MAaTaHBIH 3JIEMEHTTIK
YKOHE CaIMaKTHIK MUKPOKYPBUIBIMIBIK TaJayhl

5—cypeT. AnTeiH Ka6BIKI.HaCLIMeH KalrraJlraH MaKTa MaTa YJ'IFi

3-kecTe
Kymic ka0bIKImacbIMeH KanTaJIFaH KYH Ke3iHe KeNTipiJireH yJariHiH 371eMeHTTiK Kypambl,

caJMaKTbIK JKOHe aTOM/BIK KepceTKiuri

DeMeHT Maccansik, % ATomarIk, %
C 26,59 54,06
O 21,84 32,15
P 1,78 1,35
Ag 47,79 10,43
BapJbIrsl 100,00
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05 1 15 2 25 3 a5 4 45 5 5.
[oreas wxana 2448 wan. Kypeop: 0,000

6—cypeT. KYMIC Ka6BIKI.HaCBIMeH KalTaJlFaH MaTaHbIH 3JIEMEHTTIK JKOHE CAJIMAKTBbIK MUKPOKYPBUIIBIM/BIK TaJ1AaYhI

7-cyper. KyMic KaOBIKIIaCBIMEH KalTaJlFaH MaKTa MaTa YJrici
4-xecTe

Mpic Ka0bIKIIAChIMeH KaNTAJFaH KYH Ko3iHe KeNnTipiJireH yJIriHiH 3J1eMeHTTiK
KYPaMbl, CAJIMAKTBIK K9He aTOMIBIK KopceTKimi

DeMeHT Maccansik, % ATomapIk, %

C 45,67 54,33

O 20,66 44,06

S 0,34 1,06

K 4,14 0,15

Cu 12,63 0,19

Br 16,56 0,20
BapJbIrsl 100

0 2 4 B
Nonesan wrana 2132 wan, Kypoog: 0,000

= InaETROHNOE HISED e

r Shusm

8-cypet. MbIc KaOBIKIIACEIMEH KAIlITaJIFaH MaTaHBIH 3JIEMEHTTIK JKOHE CaIMaKThIK MAKPOKYPBUIBIM/IBIK TaIIayhl
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9-cypet. MpIC KaOBIKIIIACHIMEH KallTAJIFaH MaKTa MaTa yJrici

JKoraprel cypeTTeH Kepin TYpFaHBIMBI3[Ai, OHJIENIeH YIriIepAe MHKpoar3ajlapiblH TY3UIreHi
OalikanMaiapl. SIFHH, (QOTOXMMUSUIBIK KOJIMEH METalUl eMeC MaTepuaiapiblH OeTTepiHue ajbIHFaH
AJITBIHHBIH, KYMICTIH YKOHE MBICTBIH HAHOOOJIIIICKTEPIHIH OAKTEPHUIIMITI KACHETI Oap eKEHIIr HAKThIIaH b,

Kopvimuinowbt

Ochuraiiia, MakKaixaga ajaThIH, MBIC JKOHE KYMICTIH epiTiHIUIepiHe OaThIpbUIFaH YATUIepAi (HOTOXH-
MUSIIBIK JKOJIMEH eHJCreHae, OyJ1 yIriiepaiH OeTTepiHae MeTaidapiblH HaHOOeJIIeKTepl makaa OOoIFaHbI
POM anbiaran HoTHKeNepre caid Keleldi. ANbIHFaH yATuiepre 0ejMe TeMIepaTypachblHla MHUKpOaF3anapra
TYPaKTBUIBIFBI 3epTTenni. HoTmxkecinae (QOTOXMMUSIIBIK J>KOJIMEH allbIHFaH alThIH, MBIC JXKOHE KYMIC
KarrayJapbl 0ap MakTa MaTa MaTepualIapbIHBIH OCTTepiH/e MUKPOaF3aiap/IblH TY3UIMETeHI aHbIKTATBIHIBI.
AJTBIH, MBIC X9HE KYMICTiIH HaHoOesIIekTepi Oap MakTa Mara yATiIepi MeIuNMHaAa, aBHalWana XKoHE
KOHCTPYKUMSUIBIK ~MaTepuaigap KOJJAHBUIATHIH —cajajapia MHUKpPOOTapAblH JKOHE OakTepHsuiapIblH
KOUBLITYBIHA HeMece Ko0er0 KapKBIH/IBUIBIFBIH a3aiTy/1a YJIKEH POJb aTKapajbl.
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IT.A. AGnypa3oBa, M.C. Caraes, I11.T. Komkapbaesa, E.b. Paiteim6exoB, ¥.b. Hazapoex

HccnenoBanne 0akTepUIIUIHbIX CBOMCTB HAHOYACTHUI] Me/IH,
30J10Ta U cepedpa, HAHECEHHBIX HA MOBEPXHOCTH HEMETAJIMYECKUX M31eui

B craree uccnenoBaHbl OaKTEpUIMIHBIC CBOMCTBA METAUIOB 30J0Ta, cepedpa u meau. OcoOeHHOCTH
OaKTEPUIMIHBIX MOKPBITHI B HX TBEPAOCTH U CBOWCTBE COXPAHEHHS YUCTOTHL. B McclnenoBaHny B KauecTBe
obpasna ObUTa B3siTa XJIOMUaTOOyMaxkHasi TKaHb. Ha oOpaser XJom4atoOyMa)KHOH TKaHH OBUTH HaHECCHBI
HOHBI 30JI0Ta, cepedpa W MeIM U HCCICIOBaHbl MX OakTepulMAHbIe cBoiicTBa. Ilocie BHempeHHs MOHOB
30I10Ta, cepedpa 1 MeIH Ha MOBEPXHOCTh HEMETAJUTHYECKOr0 MaTepHaa H3BECTHO, YTO OHA COXPAHSET CBOU
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cBolicTBa. Takue MOKPBITUS CHOCOOHBI YHHUTOXATh ThICSUM Oaxrepuil. OOpa3upl ObUIM MOATOTOBIEHBI UX
MOTPYKEHUEM B PacTBOP 305I0Ta, cepebpa M Meau Ha 1-3 MHH, 3aTeM ObUIM BBICYLICHBI Ha coiHue. J{is
uccie10BaHus OaKTEPUIIMIHBIX CBOMCTB 00paboTaHHBIX 00pa3loB ObUIN BBHIOpPAHBI ABa METOJA: BO-TIEPBBIX,
OakTepHIMHEIE CBOHCTBA 00pa3loB, 0OPa0OTAaHHEIX (OTOXUMUYCCKUM IIyTEM B OOBIYHBIX YCIIOBHUSX, BO-
BTOPBIX, OaKTepHUIUIHBIE CBOHCTBA 00pa3loOB mHocie 3—5-pa3oBOM NPOMBIBKH ANCTHIUIMPOBAHHOH BOIOM.
CtpyKTypa MOJYyIeHHBIX (OTOXMMHUYECKUM METOJOM ITOKPBITHH 30J10Ta, cepedpa M MeAu Ha MOBEPXHOCTH
00pa3noB OBUIM HCCIEIOBaHBI HAa PAacTPOBOM IJIEKTPOHHOM MHKpockore. B xome wmccnenoBaHust ObUTH
0oOHapyXeHbl BBICOKHME OaKTEpPULUAHBIC CBOWCTBa OOpPa3LOB C MOKPBITHAMHU 30JI0Ta, cepebpa U Menw,
HOJIy4eHHBIX ()OTOXMMUYECKUM ITYTEM.

Kniouesvie cnosa: 30m0to, cepedpo, Meab, MOKPHITHE, OAKTCPHUIMAHOE CBOWCTBO, (HOTOXMMHMS, XJIOMYATO-
OymakHasi TKaHb, 3TIEMEHTHBIN COCTaB.

P.A. Abdurazova, M.S. Satayev, Sh.T. Koshkarbayeva, Ye.B. Raiymbekov, U.B. Nazarbek

Research of bactericidal properties of nanoparticles of copper,
gold and silver deposited on the surface of non-metallic products

The article investigates the antibacterial properties of the metals gold, silver and copper. Features antibacteri-
al coatings their hardness and property, the preservation of purity. In the study, as the sample was taken in a
cotton cloth. For a sample of cotton fabric was applied to the ions of gold, silver and copper, were investigat-
ed for their bactericidal properties. After the intrusion of ions of gold, silver and copper on the surface of non-
metallic material is known that it retains its properties. Such coatings are able to destroy thousands of bacte-
ria. The samples were prepared by immersion in a solution of gold, silver and copper for 1-3 min, then was
dried with a solar beam. To study the bactericidal properties of treated samples were selected two methods of
research: first, the bactericidal properties of the samples processed by photochemical way under normal con-
ditions, and secondly, the bactericidal properties of the samples after 3—5 single rinsing with distilled water.
The structure obtained by the method of photochemical coatings of gold, silver and copper on the surface of
samples were investigated in scanning electron microscope. In the course of the study revealed high bacteri-
cidal properties of the samples with coatings of gold, silver and copper obtained by photochemical way.

Keywords: gold, silver, copper, coating, bactericide, photochemistry, cotton fabric, elemental composition.
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JAu3J1eKkTpai MaTepuajgapabiH 0eTKi KadaTbIHA
KANTAJFAH METAJLT KA0bIKIIAJIAPAbIH KAJBIHABIFbIH AaHBIKTAY J/iCi

Makanana Kanrama KaJbIHIBIFBIH ONIICYIIH Op TYPJl SMICTEPiHIH apTHIKIIBUIBIKTApHl MEH KeMIITiKTepi
kenripinreH. Kasipri ke3zmeri FBUIBIMHBIH  JaMyBIHZQ YakKbITTBl YHEMJEY HETI3iHIe 3aMaHayn
KOHJIBIPFBUTAPIBIH KOMeTIMeH KallTaMaIap/IblH KaIBIHIBIFBIH OIIey, TOJIAIKTI JKoHe KanTaMa KYpBUIBIMBIH,
OHBIH KACHeTiH HAaKTHl aHBIKTayFa MYMKIHIIK Oepemi. 3epTTey >KYMBICBIHIA OHMAISKTPIIl MaTepHaIgapIIbIH
OeTki KabaThiHa QOTOXUMHSIIBIK 9ICIICH TOCEIreH YIbTPAYCAK KalTaMalapblH KaJIbIHIBIFBIH aHBIKTaY/ IbIH
JKOJAApPhI 3epTTeNreH. YIITi peTiH/e anblHFaH qudJIeKTpii Marepuaiasl 10—15 ¢ anTbiH epitinaicine 6aThIphIi
oHe KyH ke3ine 50-60 mun kentipinred. On yiriHi repMeTHKanbIK KaMepara OpPHAIACTBIPBIM, CiHipiayi
asIKTanFaHra Jeiin ra3 Topizai Gpochunmi xidepemis, HOTHKeCiHIe COPOLMSITBIK KaOaTThIH TY3UIT€HIH Kopyre
Oomanpl. COHIBIKTAaH YITi OCTiHIETI KanTaMaHbIH KAIBIHIBIFE COPOIHSIBIK Ka0aTTarbl alThIH XJIOPUAIHIH
KOHIIEHTpAWsIChIHA TOyenai Ooylamsl. OHAENTEH IUAISKTPIl MaTepHaapAblH OeTiHe (OTOXMMUSIIBIK
QJIICTICH TecelNITeH KanTaMalap YIIiH, KarTaMalapIblH Teceyre IeiHiHri )koHe ToCereHHeH KeHiHTi xKinTopi3ai
YJITUIEpIIiH 2JIEKTPOHABI CypeTTepiH aly apKbUIbl KanTamanap KaJbIHIBIFBl eJIeH[i. bacramkel sxoHe
OHJICNTeH YJITiHI pacTpIli IEKTPOH/IbI MUKPOCKOIT apKbUIbI 3ePTTEY KYPIi3ill, SEKTPOHABIK CYpETTepiH aty
apKBUIbI KaNTaMalap/AblH KaJbIHABIFbIH ©JI1Ieyre OOJaThIHABIFbI IOJIEACHI€H.

Kinm coe30ep: xanTama KaJbIHIBIFB, copOuus, (ochuH, anTblH XJIOpHAi, HAHOJIIEM, HaHOOOIIIeK,
JHIISKTPII MaTepual.

Kipicne

FoulbiM MeH TeXHHKaHBIH JaMYBIHBIH CAlJIapbIHAH KOHCTPYKTOPJIBIK MaTepualijiapFa CYpaHbIC IeH
TajanTap JKoHe ImapTTap Kebeiin, namu TycTi. CoHIai MaTepuaIaapAblH ilIiHEe TUAJIEKTPII MaTepHraiaapra
SHTi3UIreH KanraMmanap Kipei. JusnexTpni Matepuanaapabl CHIPTKBI OPTaHBIH 9CEPiHEH CaKTay YIIiH OHBIH
OeTiH ochbl opTara Te3imMai 3arTapMeH KanTaiabl. COHABIKTAH IUAJICKTPII MaTepualgapAblH OeTiH MeTalll
KaOBIKIIIaJapbIMEH KaIlTay >OHE OJIAPIbIH KaJbIHIBIFBIH aHBIKTAYIbIH THIMIlI SIICTEpIH 3€PTTEy ©3EKTI
Macenenep iy 0ipi OObIT TaObLIAIBI.

OO0OBekTire ocep eTy Jopexeci OOUMBIHINIA KanTaMaHBIH KaJbIHABIFBIH OaKbUIay 9MicTepl €Ki TOIKa
XKikTeneni: Oy30aiThIH Oakbutay >KOHE OY3BUIATHIH (COHBIH INNHIE KBa3WOY3BUIATHIH 1A, SFHU OJIIIey
00BEKTICIHIH KaTaphIMCHI3 OYITiHYiHE OKeT COFaabl). by30aiTeIH OaKbUTay ofiCTepiH OipTHNTI OYHBIMIap b
kesemai caHbiHBIH 100 % Oakpuiaysl KaXeT OHIIpicTepAe, COHbIMEH Karap a3 Qopmanbl, Kypaemi
KYPBUIBIMJIBI, KYHBI KOFapbl OVHBIMAAPIEI OHIIpYIe KomaaHaas! [1].

ByiieiMasl Oy3ybl Oap KamramaiapablH KalbIHABIFBIH OaKblIay 9micTepl TEK KalTaMaHbIH OY3bLIybIHA
OKEIl COFAThIH XUMHUSIIBIK-(PH3UKAIBIK 9IiCTePre KIiKTEIe/Ii.

KanraMaHbIH KaabIHABIFBIH OJIIICY/ i Oy30aiThIH o/TicTep:

Onexmpomaenummi a0icmep [2]. OpeKeT €Ty TPHHIWII MarHuTTi >KOHE (PeppoMarHuTTI OYHBIM
apachIHIaFsl TYPaKThl MAarHATTIH TAPTHUTY KYIIIHIH MarHUTTI eMec CaHbplIay eJmieM OipIiriHe ToyenIiuTirine
HEMece MarHWUT TapThUIy KYIIiHIH (eppoMarHUTTi KaOaTThIH KaJbIHABIFbIHA TOYENIUIITHE HEeT13ereH.

OMICTIH KEMIITIKTEpiHe OeTKI Ka0aTThIH OIpKeNIKi €MeCTIri, Heri3iHiH ejieMIaiK (opManapsl KoHE
OJIApJBIH MarHUTTIK KACHETTEPIiH OJIIICY HOTHKEIIePiHEe TOYSIIUTITIH )KaTKbI3yFa O0IaIbl.

Maenumounoyxyuonowvl adicmep [2]. byn omictep onnmekaiina xaHa. OnapablH HETi3iHE KalTaMaHBIH
KaJIBIHJIBIFBIH OJIILIeY/IeTi MHIYKIMOHIBl TYPO3TepTKIITIH curHaiuablK opambiHbiH DKK e3srepicin Tipkey
KaTaapl. AJlalila aTaJMBIII OIICTI KOJNJAHFaHIA Ja HOTIDKE TETIKTIH KajmblHa OaimaHpIcTh. JKyka
KanTaMmajiapAbl eJIlereHAe Jie KaTemiK apTaabl. ApHaibl KYppUIBIMBI Oap a3 MilIiHAI TYPe3repTKilTi
KOJIJIaHy, KypJeii KYPbUIBIMIBI )KoHE OCTKI KaOaTThI OHJICY/TIH Ta3aIbIFbl TOMCH OYHBIMIapIbIH KalTaMaChlH
OakpUTayasl KAMTAMAacChI3 eTe]Ii.

Kyiivinmoxmor a0ici [3]. KyHUBIHTOKTBI OMICTIH HETI3iHE KOHABIPMA THIITEC TYPO3TEPTKIIT apKBLIBI
KYUBIHTOKTapAbIH EKIHIIUIIK ©piciH KO3IBIpY JKoHE Tipkey skaTaibl. JKorapbsl oMOeOanThIKTEl KaMTaMachl3
€Ty YIIIH 3JeKTPMarHUTTI aybITKyNapAblH Kuidiria 1-2 mIp MoHTe TeH nen amanasl. MaTepuanIslH JKoHE
00BEKTI KYPBUIBIMBIHBIH 9CEp €Tyl apHaWbI 9IiCTePMEH KOUBLIABI.
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Paouomempusinoix 20ic [4]. byn P-coynenenmipy yuriH OKCHATI KaOBIKIIATAPIBIH KaJIbIHIBIFBIH
AHBIKTAWTBIH KAUTAPBIMIBI IIAMIBIPATYHI Oap KeH TaparaH ojic. CoHaai-aK OYJ1 o/lic apKbUIbI METANIbI JKOHE
TUBJICKTPIII MaTepuaiap/ial jkKacalfraH Ke3 KeJNreH KanTamallap/blH KaJBIHIBIFBIH OJIIIeyre 0oaabl. OIic
KbUIIaM, HAKThI, bIHFainmbl. KaHmait ma Oip opraza >KbUDKH OTHIPFaH [3-O6MIIeKTepiH aFbiMbl ©3iHiH
KO3FaJILIC OAarbITBIH Kepi OarbITKa Kapail OceiiMIereH/e OHBIH aFbIMBbI apTaiabl Ja, Kepi IMamIbIpaTbUIFaH
B-coynmeneHmipyIiH THIFBI3ABIFEI ©CEdl. AJjaiiia OChIMEH Oipre OOJIIEK HEPrUsChl MEH 3aTKa CiHipiny
MYMKIHIIUTIT e aptansl. COHIBIKTaH KAIBIHABIK apTKaH CAalbIH aFbIMHBIH ©CYyl O0CCHIEHI KoHE KaHBIFY
KaJIBIHJIBIFBI JICTI aTaJlaThlH MIEKTIK MOHTE keTeli. KaHbIFy KalbIHIBIFBIHBIH MOHI OpPTagaFbl aTOMIApP.IbIH
perTik HeMipine OainaHbIcTBl. bynm KanTama KaJbIHABIFBIH aHBIKTayFa MYyMKiHIOIK Oepeni. Kanrtama
KaTBIHABIFEI 0—4 MKM OoJIFaHma ayeITKy MoHI 6,25 % Kypaiabl.

Xumusnolg a0icmep [5]. Omic KanTama ayMarbIHBIH COHKECIHIIIE DJICKTPOIUTTE TYPAKThI TOK dCEpIHIE
AaHOJTHI epITyre Heri3fenreH. KamramaHbel epiTyre >KyMcallFaH 3JIEKTp KyaThIHBIH CaHBI OCHl KamnTama
KaJIBIHABIFBIHA TTPOTIOPITHOHAABL. OIC apKBLIBI OTKI3YIII, )KapThUIal OTKI3YII AUAICKTPIIIK MaTepHaaapra
KanTaJFraH Oip- »KoHe KemnmKabaTThl KanTaMajaapiablH KaJdbHIBIKTAPHIH Oakbutayra Oomjampl. TeTikte
KOJIIaHBUIATHIH AJICKTPOJIUTTEP KanTama 3aTTapblHa XUMUSUTBIK HHICPEPEHTTI JKOHE TETIK KOJIEMi apKbLIbI
AJIEKTP 3apsI/IbIH TaChIMaJIayFa jKOHE OHBIH KOJIEMJIIK KeJIePriCiH aHbIKTayFa FaHa KaThICAIbI.

OnexrponuttiH annoHmaps! 100 % >xakblH HeMece TE€H MOHTE We TOK OOMBIHINA IIBIFEIMBIMEH OpPBIH
QIaThIH EPITYMIH 3JCKTPOXUMUSUIBIK pEaKIUsAChIiHA KaTbicaabl. OChl HETi3Jepie KacaKTaldFaH KallbIHJIBIK
enmmeyimTep auamerpi 1-3 MM TeH OeJiek aiMakTapabl TaHAANBIMIBI €pITY apKbUIBl KalTaMaHbIH
KQJIBIHIBIFBIH aHBIKTAyFa MYMKIHIIIK Oepei.

I'pasumempusnviy 20ic [1]. Omic OYHBIMABI KanTayFa ACHIH JKOHE KEWiH aHaTUTHKAJIBIK Tapasbiaa
eJeyre HerizfenreH. byn omic >KeTKUMIKTI nopeskeneri monairi Oap ycak OyibiMnapra apHanFaH (SKarbl
maccachl 200 T kem emec).

KanTamansiH opTaia KaabIHIBIFR Keneci popMyiia OOWBIHIIA ecenTemeai (MKM):

10000
Po :(ml _mz)x ’
S
MyHJaFrbl m, — OyHBIMHBIH KaOaTThl KalTaraHHAH KeWiHri maccacel, I; m, — OYHBIMHBIH KaOaTThI

KarTaraHra JICHiHri Maccachl, T; S — Kanrama OeTiHiH ayJaaHbl, CM’; p — KalTaMa METAIBIHBIH THIFbI3IBIFEL,
/e’

Apanac xanTaManapblH KaJbIHIBIFBIH TEK Typa eJiey ojici OOWBIHIIA FaHA aHBIKTAyFa OOIajbl.
CoHJIBIKTAaH OJIiCTIH MOHI OYHWBIMJIIBI KanTayra JIeHIHT1 JKoHe KanTaylaH KEeWiHTi eJIeMJCpiH eleye
OoJBI TaOBUTANBI. OINIIEy KYMBICTAPHIH MUKPOMETP HEMece ONTUMETP KOMETiMEH J>KY3ere achIpabl.
MHukpoMeTp KeMeTiMeH TeK ipi OOJIBIT KeNETiH KanTaManap sl emmeiiai (aysITKymbuiblK +10 mxm). CoHpaii-
aK KeIJIeHEH TiTIMTacTa KanTaMaHBIH KAJIBIHJBIFBIH OJIIICyre HETi3/IeNreH MEeTauIorpadusuiblK OJICTi Jie
Kocyra Oomanmel [1]. Ommeynepai KaXeTTi YJIFaUTBIMIBIKTEI KaMTaMachl3 €TETIH MeTayuIorpadHsIIbIK
MHKPOCKOIITap/ia JKypri3ei.

JKorapeia aTanblll ©TKEH OapiiblK omicTep OIpKeaKi MeTalll HeMece METalll eMeC KalTamalapra
apHanrad. COHBIMEH KaTap KOpPCETUITeH dICTEep KaJBIHJBIFBI OipHEIIe MHUKPOMETp FaHa OOJIaTBIH HeMece
Oenrini Oip Kamramanap TYpiHE FaHa KOJAaHBUIaAbl. Ocipece Oyl omicTep AMANEKTPIi MaTepHallapiblH
OeTiHe XUMUSIIBIK HeMece (POTOXUMUSIIBIK OJIICTICH TOCEITeH YNbTPaycak KamnraMalapiblH KaTbIHJBIFBIH
AHBIKTAya KABIHBIK TYFbI3aIbl.

CoHIBIKTaH TUAIEKTPII MaTepHaiiapasH OeTiHe (OTOXUMUSIIBIK 9IICTICH TOCENITeH KanTaMaap YIiH,
Kartamaiap/iblH Teceyre JICHIHT1 ®KoHe TOCETeHHEH KEeHIHTI XKINTapi3ai YATIepaiH MeKTPOH/IbI CypeTTepiH
aly apKbUIbI KanTaManap KalbIHJIBIFBIH OIIIey/IiH OICiH jkacaraH OonaTelHOBI3. KanTamanbl Tecey
HOTIKECIHJIET] XKIll TUaMETPiHIH 63repyiHeH TOCEITeH KaTaMaHbIH KaJlbIHABIFBIH aHBIKTayFa Oonaasl. OCh
opaiiza KinTapi3ai yari CyperTiH Oip KaJpblHa OpHAIACYBI KAXKET.

Kazipri tanma naHoemmiemzeri OeNIIEKTEPAiH AJIEKTPOHBI CYpETTEpiH anyFa OOJIATHIH 3JIEKTPOH/IBI
MHUKpPOCKOIITap MblFapeltyaa. COHIBIKTAH YCBIHBIIFAH ICIIEH ©Te JKYKa JKITepAiH OepiKTiri MeH omapra
TOCeIreH KanramaiapiblH KaJdbIHABIFBIH aHBIKTAY THIMII. IC JKy3iHZe OChl Makcarrapra guameTpi 50—
100 MKM KeM eMec KINnTep KOJIaHbLTYbl MYMKIH.

Taoicipubenix 6onim

Toxipubenepne oprama awamerpi mamamern 200 MKM OOJaTBIH TOJIMCTHPOJIAH KAaCallFaH IKiIl
Komanbubl. JKinTiH 6ipkenki ruapoduiai kKabaThlH ay YIIiH, o)1 KanTaMa ajuabiMeH KypaMbiaga 150 r/n
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XpoMIbl aHruapuAl skoHe 10 r/m KyKipT KeIIKbUIBI Oap epitiHaimer eHuenai (£ = 65 °C, 1= 10 c¢). Ocblian
KeWiH TUCTWIIJICHTeH CyMEH IIalbII, Keleci KypamJiarbl epiTiHaire, I/1: HaTpuid ruapokcuii — 50, Hatpuit
Metacunmukatel — 20, Hatpuit mupodocdarer — 20, cynbdanon HII-1 xone =90 °C, 1= 10 MuH 00iibl
BICTBIK epiTiHIiciHe OaThIphuUIAbl. KeHiHHEeH Kill YITiNepiH aFbIHABIK CAJKBIH KOHE BICTBHIK CYMEH IIalbIIL,
kenriprim cepene 40 °C xone 30 MHH yakpIThIHAa KenTipinmi [6]. JlaWelHAamFaH Kilm yirUIepiHiH
ANEeKTPOH Bl Oelinenepin anmy ymiH JSM—6490 LV (JEOL, JKanonwust) MapKaibl 3JEKTPOHIBI MUKPOCKOI
KOJITAaHBUTIBI.

AJNTBHIH KanTamajapblH any yiiH yarizep 10—15 ¢ xmopisl anteiH epitinaicine 6aTeipbuiabl. Epitinaire
OaThIpbUIFaH YArLIepAiH OeTKi KaOaThIH XJIOPJIbI alTBIH EPITIHAICI KaNTaWIbl yKOHE YJri OeTiHAe aiThiH
TY3/IapbIHBIH JKYKa KabaThl maiga OoNFaHbIH KepyiMisre Oonaabl. YITUIEpai XJIOPIbl alTHIHHBIH BUTFAIIbI
Kabatbl Ty3uirenmie 25 °C kentipeai. Kenripy yakpitel onerre 50—-60 mun Kypaiiasl. Ocbuiaiima KenTipiareH
OYHBIM/IBI TEPMETHKAIIBIK Kamepara OpHAJIACTBIPHIT, CIHIpUTyl asKTalFaHFa JeliH ra3 Topizmi dhochummi
xibepeni [7]. Xmopnel anteiH MeH (GocUH OpeKeTTecyi peakIMsChl HOTWKeciHAe OYHBIMHBIH OeTKi
KaOaThIH/Ia aNThIH KaTaMackl TY3UIe/Ii:

2AuCl; + PH; + 3H,0 — 2Au + H;PO; + 6HCI

JKoraphl kepceTiireH peakIUsSHbIH HOTHXKECIHE Kapall, Yiri OeTiHIe COpOLMSIIBIK KaOATThIH TY31IreHIH
kepyre Oomanel. COHIBIKTAH YiTi OETiHIErl KalTaMaHBIH KaJBIHIBIFBl COPOIVSUIBIK KaOaTTaFrbl alThIH
XJIOPUIiHIH KOHIIEHTPAIUSACHIHA TOYEIII.

®dochunaai  MBIpbII  GOCPUIIH KBIIIKBUIIBIK — BIIBIPATY apKbUlbl  amajgpl. Meipein  dochumi
KBIIIKBIIIAPMEH 9PEKETTECE OTBIPHII, (OCHUH ra3blH KOHE COUKECIHIIIE MBIPBIII TY3bIH TY3€/i:

7Zn;P, + 6HCl1 — 3ZnCl, +2PH;3?
®dochuHpi amy YIIiH Keneci Heri3ri OeNKTepeH KypaiFaH KOHIBIPFBI KOMIaHbUIIbI (1-cyp.):

1 — peakusIIbIK bIIBIC; 2 — MBIpHI (hochuIiHiH meri; 3 — pe3eHKe caKMHaMeH >KaOblIFaH CaHbLIay;
4 — KBIIKBUIABI )Ki0epy Oypamacsl; 5 — KBIIIKbUIFa apHaJFaH OtopeTka; 6 — (ochuHKypammac ra3 bl
JKUHAKTayFa apHaJFaH bIIbIC, 7 — CYBI 0ap apalblK bIIbIC; 8 — GochuHKYpammac ra3apl KaObIIIAYIIIE BIIBIC,
9 — TeHrepiMaix biasicTap; /() — Oypamanap

1-cypet. ®ochunai amyra apHaJIFaH 3epTXaHAIBIK KOHIBIPFBIHBIH ChI30aChI

Meipein ¢pochuminiy inmmerid (1) BIABICTEIH TOMeHr1 OeIliriHe OpHAIacThIPajbl JKOHE a3FaHa CY/bIH
MediepiMeH miasapl. KeliHHEH caHbUIaylbl THIFBIHMEH OEKITII, XKMHAKTAYIIbl BIOBICKA (6) BIIBICTHIH
MOWBIHBIH TOJIBIKTAH JKayblll TYpaThIHIAH €Till oOpHajacTeIpadbl. Opi Kapaid apaiblK biasicTaH (7)
TEHTepiMIIK BIABIC apKbUIbl (9) biAbIcKa cy Kyiibutanpl. 10 % a30T KeIIKbUIEL Oap OropeTkaman (5) Oypama
apKbLIBI (4) peakUsIIbIK bIABICKA (1) KBIIIKBUT sKi0epiiei.

Tysinren gochuH KOFaphl KBICBIMIIBI TYIBIPAIBI KOHE PE3CHKE CAKUHAHBI ChIFa OTBIPHIT, JKUHAKTAYIITBI
BIIBICKA (6) KT Ty3e/i, MYHJIaFbl Pe3eHKE CaKWHA J]a PeaKIlus aliMarbIHa CYJbIH TYCIICYiH alIbIH aJlaThIH
TBIFBIH PETIHJIE KOJIaHbUIA bl. JKHHAKTAYIIBI BIIBICTAFB! CyapasibIK bIbICKa (7) Kemin Tyceai. KuHakraymnist
BIIBICTaH (6) KEJNiM TYCKEH CYIBIH MOJIIEepi OChl yaKbIT apalIbIFbIHAA TY3UIreH (ochUHKYpaMac raszpiy
KeJeMiHe coiikec kenemi. Kaxer xarmaiina docPuHKYpammac Ta3 KOJAAHBUTYbIHA JIEHiH CaKTaJlaThIH
YKUHAKTAYIIbI BIIBICKA (8) KaiiTa KbIChIMAANaIb.
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ANTBIH KanTaManapblH aixy OOWBIHIIA TXIpHOenep >KYpri3uireH KOHIBIPFBIHBIH CHI30achl 2-CypeTTe
KEJTIpUIreH.

1 — ynri; 2 — KaKnak; 3 — MeTalJaHbIpyFa apHaJiFaH bIIbIC; 4 — docduHi 0ap bIABIC;
5, 6 — TeHrepiMIiK BIIBICTAp; 7, § — Oypamarnap; 9 — aiThIH XJOPHIIHIH epiTiHici 6ap BIIbIC;
10 — anTteiH KapOOHATHI Oap BIIBIC

2-cypeT. ANTBIH KanTamMallapblH TOCEYTe apHaJIFaH KOHIABIPFI ChI30achl

Yorini (1) metanmanasipy KamepachiHblH (3) KaknarbiHa (2) inezl skoHe KeHiHHEH KamepalaH a30TThl
YpJiey apKbUIbl apThIK ayaHbl IibiFapaabl. OcbiaH cOH aybiH ana (GocUHMEH TONTHIPBUIFAaH bIbICTaH (4)
MeTaJIaHAbIpy KaMmepachlHa Ta3 sxiOepenmi. On ymiiH kamepara CyIblH a3 FaHa MOJILIEPiH KOcaabl KOHE
#aObIK Oypamanapmen (7, 8) TeHrepiMaiK bIABICTHI (6) TYCipy apKbUIbl CYIbIH apThIK MOJIIEPiH HIBIFapabl.
AJ, MeTalIaHabIpy Kamepachiaa oypamansl (7) amkaH Ke3Je peakIFsUIbIK OpTara ra3jblH Kidepinyl opbiH
aJIaTBHIH BaKyyM TY3i1eIi.

la3apiy Kaiita xkiOepimyi Ke3iHme TEHrepiMAiK bIAbICTarbl (5) cyablH Oip Oeiri wimpicka (4) kemin
Tyceni. MerangaHaplpy peakUusIChl Ke3iHIe Ta3[blH CIHIpUTyl OpbIH aJFaHABIKTaH, BaKyyM Ji¢ YPHICTIH
COHBIHA JICHiH YCTANBIHBIN TYPABI. Peakius askTaaraHHaH COH BIIbICTapAarsl (4, 5) KbICEIM TEHECE Il JKoHe
piapicTad (5) bigpicka (4) CyAblH Terimyl TOKTaThUIaAbl. Byl peakuusHbIH COHBIH HAKThl aHBIKTayFa
MYMKiHOIK Oepeni. Peakums askranranHan coH Oypama (6) »aObUIafpl, ajl Ta3IblH KaJIbIFbl ayaMeH Koca
QJITBIH XJIOpU/I epiTiHici 6ap biabic (9) apkbuUTsl bipicTaH (10) 6Te OTBIPHIT TazaNaHyFa Kidepine.

ANTBIH KanTaMachlH YIri O€TiH/E ajlFaHHAH KeHiH YITIepIiH 3JeKTPOH bl OeliHenepin Kaiitaman JSM-
6490 LV (JEOL, JKaronwust) 37eKTpOHABI MUKPOCKOIT KOMeTiMeH 3epTTeiiMi3. OChl o1ic OOMBIHIIA aJTbIHFAH
YITIIEpIiH AJIEKTPOHIIBIK KOpiHici 3-, 4-cypeTTep/ie alnThliH KanTaMachIMEH allbIHFaH YITiHIH OelHeci )KoHe
TOMEHZIET1 KecTele OJJIEKTPOH/Abl MHKPOCKOIIECH 3epTTENTeH YITUISpiH KanTaMa KaJbIHIbIFBIHBIH
eJIeyJiepl MEH MaTeMaTUKANBIK €CENTey HOTHXKeNepi KeJITipijreH.

Kanrama KanbeIHABIFBIH Keneci hopmyiia OOHBIHIIA aHBIKTAMIBI:

0=0,5(d,—d,),
MyHIarbl dy — 0acTakhl YTl KaJbIHABIFBIHBIH TdaMeTpl (MKM); dj — alThIH €pITIHAICIMEH KalTaJFaH YJri
KaJIBIHIBIFBIHBIH JHaMeTpi (MKM); 6 — KanTaMa KaJbIHIbIFbL.

KecTte
Bacrankpl :koHe KanTaJfaH YJITiHiH KAJbIHIABIKTAPHI MeH aiibIpMAIIbLIbIFbI

Plc dy (sm) 8 (1m) MaTeMaTHKAILIK 6COM | 50 i
Ne Crom., T/ OacTarnksl yiri d, xanraymen alBIPMAITBIIBIK, OoidInua KaTeJiK

- KQJIBIHJIBIFBI, O, (HM)

1 3 179,92 190,01 10,09-0,5=5,045 10,07/2=5,035 0,01

2 2,5 179,92 188,44 8,52:0,5=4,26 8,45/2=4,25 0,01

3 1 179,92 183,16 3,24-0,5=1,62 3,36/2=1,68 —0,06

4 0,1 179,92 180,26 0,34-0,5=0,17 0,336/2=0,168 0,002
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S —_—
20KV X250 100um 1154 30Pa 20kv - X250 100ym . 3§ 1154 30Pa

a — Oacrankp! yiri; 2 — 0,1 /71 KOHIEHTpaIMsIa AJITHIH EPITIHIICIMEH KalTajFaH YJIri;
6 — 1 /11 KOHIIEHTpAaIHsAa aIThIH epPITIHAICIMEH KanTallFaH Yiri; 6 — 2,5 I/J1 KOHIEHTPaIUsaa alThIH
epiTiHIICIMEH KalTaJFaH Yiri; ¢ — 3 T/J KOHIEHTpaIMsIa aJITHIH epITIHIICIMEH KanTaJFaH YJri

3-cypet. ANTBIH KanTaMacsl 0ap yIrinepaiH 2IeKTpOHABIK OeliHenepi

L A /
PH;31
I'a3
CuSOy
epiTimici E
a 2 7] 6

a — GacTakpl Yiri (QITBIH epiTiHAICiHe OaThIpBUIMaFaH YIIT1); 2 — alThIH epiTiHIiciHe OaThIPBUTFaH YIITi;
6 — ¢ocuH ra3zsiHa OATHIPBUIFAH YIIT1; 6 — OHJIEYCH KeHiHT1 aNnThIH KaOBIKIIACkl Oap Yiri

4-cypet. ANTBIH epiTiHIiCIMEH KanTaigraH (oc(UH ra3bIMeH OHJEITeH YITiHIH ChI30achl

Homuoicenepoi manoay

100 mn epitinai, koHneHTpanuschl 3 /1 AuCl; anameiz. Oran aynansr 30 oM’ GONaThIH YIITiHI callaMbI3.
Yorini epitinaire Gateipy yaksitel 10—15 ¢, an xemripy yakpitsl 50—60 mun. 1 M° = 100 Ma epitingini
copOIHsIIan L.
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10000 cM®  — 100 mu;

30 oM’ — X MII; x=0,3 mu AuCl;;
1000 mn —3r;

0,3 M —XT; x=0,0009 r AuCl;.

AuCl; epiTiHaiciHzeri Taza Au MacCcachlH aHBIKTalMBbI3.
0,0009 r (AuCl;) —xr (Au);
303,5 r/Moib — 197 r/monb;  x =0,00058 r (Au).
Enpi adThIHHBIH KOJIeMiH Ta0aMbl3, OJ1 YIIH aIThIHHBIH ThIFbI3BIFbI
p = 19,32 r/cM’ Kepek.

m=Vp; Vzﬂ;
p
V' =0,00058 r :19,32 r/em’ =0,00003 cm’;
V=8x0; 8=K;
S

8=0,00003 cm® :30 cm* = 0,000001007 cm =0,01007 mxm = 10,07 am .

100 mn epitingi, koHunentpamusacsl 2,5 r/n AuCly; amamers. OraH aynausl 30 cM” GonaThlH YiTiHi
canmambI3. YJTiHi epiTiHjire 6aTeipy yakpiTel 10—15 ¢, an kenripy yakpIThl 50—-60 MUH.
1 > = 100 M1 epiTiHini copOUMATAIiIbL.

10000 cM®  — 100 mu;

30 oM’ — X MII; x=0,3 i AuCl;;
1000 mn —2,5T;

0,3 M —XT; x=0,00075 r AuCl;.

AuCl; epiTiHaiciHzeri Taza Au MacCcachlH aHBIKTalMBbI3.
0,00075 r (AuCl;) — x 1 (Au);
303,5 r/Moib — 197 r/monp;  x =0,00049 r (Au).
EnHpi adThIHHBIH KOJieMiH Ta0aMbl3, OJ1 YIIIH aIThIHHBIH ThIFbI3BIFbI
p = 19,32 r/cm’ kepexk.

m=Vp; Vzﬂ;
p
V' =0,00049 r :19,32 r/cm’ = 0,000025 cm’;
V=85x0; 8=K;
S

8=0,000025 cm’ :30 cm? =0,00000084 cm = 0,0084 Mkm = 8,45 HM .

100 mu1 epiTingi, kornenTpamuscs 1 /1 AuCls anambiz. Oran ayaass! 30 cM® GONATHIH YITiHi canambl3.
Yurini epitingire 6atbipy yakbITel 10—15 ¢, an kenTipy yakbIThl 50—60 MUH.
1 m> = 100 mu1 epiTinini copOLUATAIIEL.

10000 cM®  — 100 mu;

30 oM’ — X MII; x=0,3 i AuCl;;
1000 mn —1r;

0,3 M —XT; x=0,0003 r AuCl;.

AuCl; epiTiHaiciHeri Taza Au MacCcachlH aHBIKTalMBbI3.
0,0003 r (AuCl;) —xr (Au);
303,5 r/Monb — 197 r/mons;  x=0,00019 r (Au).
Enpi adThIHHBIH KOJIeMiH Ta0aMbl3, OJ1 YIIH aIThIHHBIH ThIFbI3BIFbI
p = 19,32 r/cm’ kepexk.

m=vp; V="
p

V'=0,00019 r :19,32 r/cm’ =0,00001 cm’;
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V=8x0; 8=K;
S

8=0,00001 cm’ : 30 cm® =0,000000336 cm = 0,00336 MxM = 3,36 HM.

100 mn epitingi, xonuenTpamuscel 0,1 /1 AuCly; amamers. Oran aymambl 30 cM® GoNaThIH YIriHi
canmambI3. YJTiHi epiTiHjire 6aTeipy yakpiTel 10—15 ¢, an kenripy yakpITel 50—-60 MUH.
1 > = 100 mu1 epiTingini copOLUIAiEI.

10000 cM®  — 100 mu;

30 oM’ — X MII; x=0,3 i AuCl;;
1000 mn —0,1T

0,3 M —XT; x=0,00003 r AuCl;.

AuCl; epiTiHaiciHzeri Taza Au MacCcachlH aHBIKTalMBbI3.
0,00003 r (AuCl;) — x 1 (Au);
303,5 r/Monb — 197 r/mone;  x=0,000019 r (Au).
Enpi adThIHHBIH KOJIeMiH Ta0aMbl3, OJ1 YIIIH aIThIHHBIH ThIFbI3BIFbI
p = 19,32 r/cm’ kepexk.

m=Vp; Vzﬂ;
p
¥ =0,000019 r :19,32 r/cm’ = 0,000001 cm’; ;
V =8x3§; 8=K;
S
8=0,000001 cm’ :30 cm® = 0,0000000336 cm = 0,000336 mMxm = 0,336 HM .

Kopuvimuinowi

KopbIThIHIBITAN Kelle, 3epTTeY KYMBICBIHIIA TUAJISKTPIIl MaTtepuangap OeTiHe anThIHHBIH HaHoOeIIe-
TiHIH KanTamacblH ally YpPHICiHIH Heri3ri KepceTKIIITepi 3epTTelil, XUMHSUIBIK JKOJIMEH KamnTama aiy
MYMKIHZIT KapacThIpblabl. HoTrkeciHae aliblHFaH alThIH KalTaMacChIHBIH KaJIBIHABIFBI ©JIIICHII, SFHH,
OacTarnkpl KoHE OHJIETEeHHEH KEHIHT1 YITiHIH 3JeKTPOH/IBIK CypEeTTEpiH aly apKbUIbl JUIJICKTPIl MaTepral-
JapAbIH OeTKI KaOaThIHIaFhl METAIT KAOBIKIIATAPBIHBIH KATBIH/IBIFBI aHBIKTANI B
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IT.A. A6aypazoBa, M.C. Caraes, I11.T. Komkap6aera, E.b. PaiteimbexoB, V.b. Hazap6ek

MeTtoa onpeesieHus TOJIMHBI METAIMYECKUX MOKPBITHIA,
HAHECEHHBIX HA MOBEPXHOCTh JAUIIEKTPHYECKUX MATEPHATIOB

B crarbe npuBeneHbI MPENMYIIECTBAa U HEJOCTATKH PA3INYHBIX METOMOB W3MEPEHHs TOJIIUHEI MOKPHITHH.
B coBpemeHHBIX peanusx pa3sBUTHS HayKH M TEXHUKH HOBeHIMe o000OpyAOBaHMS MO3BOJIAIOT H3MEPHUTH
TOJIIMHY, OTIPEAEIUTh CTPYKTYPY U CBOICTBA Pa3NUYHBIX MOKPBITUH, H3y4eHbI ITyTH OMpPEASICHUS TOTIIUHBI
HOKPBITUH, HAHECEHHBIX (OTOXUMHYECKHMM METOJOM Ha MOBEPXHOCTh JAMIEKTPUYECKHX MAaTepHalIOB.
[TomydeHHbli B kadecTBe 00paslia JUIIEKTPUIECKUI MaTeprall MOTrpyXaloT B pacTBop 30i10Ta Ha 10-15 c u
cymat Ha conHie 50-60 muH. BrIcymeHHBId 00pasel] MOMENaloT B TEPMETHYHYIO Kamepy H IOJA0T
(ocduH-ra3 10 MOIHOTO €r0 MOIIONIEHHS, B PE3yJIbTaTe MOXKHO YBHJIETh 00pa3oBaHHE COPOLMOHHOTO CIIOS.
TomuHa MOKPHITHS HAa TIOBEPXHOCTH 00pa3na 3aBUCUT OT KOHIICHTPALUH XJIOPHIA 30JI0Ta B COPOIIHOHHOM
cioe. Bpu M3MepeHB! TONMIMHBI HOKPHITHH, HAHECEHHBIX (OTOXMMUYECKHM METOJOM Ha ITOBEPXHOCTD
00pabOTaHHOTO AMAIEKTPUUECKOTO MaTepHala, IOCPEICTBOM IONYyHYECHHUs SIEKTPOHHBIX H300pakeHMit
HHUTENOJ00HBIX 00pa3IoB 10 U NOCe HaHeceHHs. M3Mepss ToNmuHy HCX0AHOTO U 00paboTaHHOTo 00pa3LoB
C TOMOIIBIO PACTPOBOTO 3NEKTPOHHOTO MHUKPOCKONA JOKAa3aHO M3MEPEHUE TOJNIIMHBI HAHECEHHBIX
MOKPBITHH.

Kniouegvie cnosa: tonmumHa NOKpbITUS, copbuus, (ocduH, XJIOpuI 30j10Ta, HAHOpa3Mep, HAHOYACTHIIA,
JUAIEKTPUYECKUN MaTepHall.

P.A. Abdurazova, M.S. Sataev, Sh.T. Koshkarbayeva, Ye.B. Raiymbekov, U.B. Nazarbek

Method for determining the thickness of metal coating
deposited on the surface of dielectric material

The article presents the advantages and disadvantages of different methods of measurement of thickness of
coatings. In the current situation and the development of science and technology of the latest equipment can
measure the thickness to determine the structure and properties of various coatings. The research work exam-
ines ways of determining the thickness of coatings deposited by photochemical method on a surface of the di-
electric material. Received as a sample dielectric material immersed in a solution of gold for 10-15 seconds
and dried on the sunlight to 50-60 min. The dried sample is placed in a sealed chamber and serves phosphine
gas to its full absorption, the result can be seen the formation of the sorption layer. Therefore, the thickness of
the coating on the surface of the sample will be dependent on the concentration of gold chloride in the sorp-
tion layer. For deposited coatings by photochemical method for the surface-treated dielectric material was
measured the thickness of coatings by means of receiving electronic images of the thread does similar sam-
ples before and after coating. Measuring the thickness of the original and processed the sample using the
scanning electron microscope proved the thickness measurement of the deposited coatings.

Keywords: coating thickness, sorption, phosphine, chloride of gold, nanoscale, nanoparticle, dielectric mate-
rial.
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Kommnekcoo0pa3ywomue peareHTbI-MOAH(pHUKaATOPBI
U UX BJIHsIHMe Ha (uioTanuio

B crarbe paccMOTpeHa B3aMMOCBS3b MEKIYy CTPYKTYPOH OPraHHYECKHX M HEOPTaHMYECKUX COeIMHEHHH, nX
a/IcopOUPyEeMOCTEIO Ha TTIOBEPXHOCTH MHHEPAJIOB U ()IOTAIMOHHBIME CBOWCTBAMH CYJIb(OUIHBIX MHHEPAJIOB.
JInst n3ydeHus BIUSHUS CTPYKTYPH! (JIOTAIIMOHHBIX PEareHTOB Ha (UIOTAHUIO CYIb(GHIHBIX MHHEPAJIOB I10-
J0OpaHbl HEOPTraHNYECKUE U OPraHMYECKUe COSIMHEHNS C HECKOJIBKUMH MOJISIPHBIMH TPYIIIaMU B MOJIEKYJIE.
OoTaIOHHBIE UCCIIEOBAHMS 110 U3YUCHUIO BIMSHUS PEareHTOB C HECKOJIBKUMH TeTePOIOISIPHBIMH TPYII-
HaMHU [IPOBOJMIICH HA MUHEpasax (TaJICHHUT, Xallbko3uH) XKe3ka3ranckoro MectopoxxaeHus. Mcenenosanus ¢
YHUCTBIMH MHUHEpAIaMHU MPOBOJWIN B TpyOke XanuMmoHza. bbuin MccieoBaHbl BIMSHHUS OPraHUYECKHX CO-
IMHEHHH, CONEpIKAIIIX B MOIEKyJe ogHoBpemerro OH™, COO™ u SO,” rpymmsr. OpraHudeckne CoeImHe-
HHMS, COIEPKAIIME B MOJIEKYJIe HECKOJIBKO PEaKIIMOHHOCIIOCOOHBIX IPyI, 001aat0T 00IbIIel KOBaJIEHTHON
CBSI3bIO, YIACTBYIOT B 00pa30BaHNH KOMIUIEKCA C KATHOHAMH METaJUIOB MEJIM CBHHIIA B 3aBHCHMOCTH OT 3Ha-
yenus pH cpensl. B kauecTBe uccieyeMbIX peareHTOB ObLIH HCIIOJIB30BAHEI CyIb(ocannmIoBas KUCIOTa,
IM3apuHCYIb(GOHAT HATPHS, THOCYNb(AT HATpHUs, 00pa3ylolue BHYTPUKOMIIIEKCHBIE COeAMHEHHS ¢ KaTHO-
HaMHU MeTa/ula. B pesynbrare mccienoBaHMi YCTaHOBIICHO, YTO IPH (JIOTALMM TaJ€HHTa M XaJbKO3HUHA C
aIM3apUHCYIb(HOHATOM H THOCYJIb()ATOM HATPUs B ILEIOYHON Cpeae U3BJICUCHUE XaJIbKO3WHA CHIIKACTCH, a
raJIeHUTa MOBBIMIACTCS. MeXaHH3M JISHCTBHS PeareHTOB Ha MOBEPXHOCTh MUHEPAJIOB IIOJTBEPIHIIN 3KCTPAK-
[IMOHHO-CHEKTPO(POTOMETPHIECKUM U Iu(PepeHInatbHO-TEPMUYECKUM aHAIM30M B COYETAHHU C TEPMO-
IpaBUMETPUYECKUM. Pasiinyne B cOCTaBe MOBEPXHOCTHBIX COSIMHEHUH MUHEPAJIOB CO3/aeT YCIOBHUS UL HX
CeJIeKTHBHOHU QuoTanuu. B pe3ynbrare MccienoBaHUH TOKa3aHO, YTO (UIOTAMOHHBIE PEareHTHI, COmepxkKa-
oHe B MOJIEKyJe HEeCKOJIbKO aHMOHHBIX TPYIII, YCHIHBAIOT THMAPOMIIM3ALMIO MOBEPXHOCTH MHUHEpala M
CIIOCOOCTBYIOT MOBBIIICHUIO CENIEKTUBHON (DIIOTAIIMH MUHEPAJIOB.

Kniouesvie crosa: KoMIIekcooOpa3yroNyii peareHT, rajeHUT, XaIbKO3HH, CEJICKTUBHAS (IJIOTALVs, H3BJICUe-
HHe, ruapodobu3anys, ruapoduInsanys, cepa.

Beeoenue

W3yueHue B3aMMOCBSI3M MEXIy CBOMCTBaMH IIOBEPXHOCTH MUHEPAJIOB, CTPYKTYpOl OpraHU4YeCKHUX CO-
eAMHEHHH, UX a1copOupyeMocTbio M (IIOTAMOHHON aKTUBHOCTBIO IpUOOpeTaeT Bce OOJbIIOe 3HAYCHHE.
Opranudeckue COeMHEHNs, COIep KaIlIne B MOJIEKYJIe HECKOJIBKO PEaKIIMOHHOCTIOCOOHBIX TPy, 00JIa/1atoT
OosbIIIeH KOBAJICHTHOM CBS3bIO, yUYAaCTBYIOT B 00pa30BaHUH KOMITIEKCA C KATHOHAMH METAJUIOB MEH, CBHH-
[1a ¥ IMHKA B 3aBUCHUMOCTH OT 3HadeHus pH cpenpl.

Hayiune B MoJeKyIle HECKONBKHX aHHOHHBIX rpym (OH, COO™ u SO5™) ycuimBaer fenpeccupyroliee
JeHCTBUE PeareHToB, TaK KaK B MOJIEKYJIe HaOI0qaeTcs B3aMMHOE BIIMSIHUE aTOMOB U rpynil. B pesynbrare
CMEIIEHHS 3JIEKTPOHHON IUIOTHOCTH B MOJIEKYJI€ YCHIMBACTCSI ME30MEPHBIH 3(eKT, 3a cyeT KOToporo 0o-
pa3yroTCsl XUMUYECKAsl CBA3b MEKIY PEarcHTOM M KaTHOHAMHM MHUHEPAJIbHOW MOBEPXHOCTH U BHYTPUMOJIE-
KYJISIpHbIE KOMIIJIEKCHBIE COEAUHEHHUS.

I'mapokcubHBIE HOHBI, BHITECHSS HOHBI CYJIbOTUAPHIBHOTO coOMpartelis, THAPOGMIN3HPYIOT HOBEPX-
HOCTh MHUHepaia. ['mapodunbHas NOBEPXHOCTh MUHEpala XapaKTepu3yeTcsl mpeodiiafaHueM Ha Hel HeHa-
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CBIIIIEHHBIX MOHHBIX, aTOMHBIX WJIU TOJSIPHBIX CBs3eil. HampoTtus, ruppodoOHas MOBEPXHOCTh MHUHEpala
OTJIMYaeTcs Mpeo0JialaHueM Ha Hell HeHACHIIIEHHBIX MOJIEKYJISIPHBIX CBSI3eH, C1a00 B3aUMOJICHCTBYIOIIHX C
BOJIHOM (ha30ii (IIOTAIMOHHOH ITyITBITHI.

T'unpodobHOCTs MUHEpaNIOB, OOJyerdaromias ux (hIOTAIMI0 WIA THAPO(GUIHLHOCTh, MPENSTCTBYIOMIAL
MOCIETHEN, SBIAETCS MEPOW aKTUBHOCTH MOBEPXHOCTH MHMHEpPAJIa K B3aWMOJIEUCTBUIO C BOJHOM, ra30BOU
¢dazamu mynbbl. Pe3ynbTaToM 3TOro B3aWMOJICHCTBHSI SIBIISIETCS 00pa3oBaHUE Ha MMOBEPXHOCTH MHHEpasa
TUIPATHON OOOJIOUKH, TONIUHA KOTOPOW COOTBETCTBYET IO pa3Mepy MHOTHUM THICSYaM MOJICKYJ BOABI H
nocturaer 0,1 MxMm. I'napaTHpie 000I0YKH 00pa3yIOTCS B TEX CITydasx, KOTJa SHEPTHUS CBSI3U MEXIY JTUTIO-
JIIMU BOJIBI ¥ TIOBEPXHOCTBIO MUHEpaja OOJIbIIe, YeM MEXKIY JUITOISIMHA BOJIBI.

Mexanu3m o0pa3oBaHUsi BHYTPUKOMILIEKCHOTO COEJIMHEHUsSI MOKHO TPEJICTABUTH CIIEAYIOIIUM 00pa-
30M:

AHWOHHEIE TICHTPHI HA IOBEPXHOCTH MUHEPAIOB 0OBIYHO MOJIOKHUTEIHHO THIPATUPYIOTCS ITyTeM 00pa-
30BaHUS OOBIYHBIX CBSI3€H C MOJIEKYJIaMHU BOJBI:

A" ...H-O-H

Yem xopoue JyMHa cBsi3u A~ ... H win yem cunbHee cMelleHre Boopoaa B cTopoHy aHvoHa H-O™ B
MOJIEKYJIE€ BOJBI, TEM CHJIbHEE BOJAOPOAHAS CBsI3b. KauecTBEHHO YCTAaHOBIEH CIEMYIOMINN PsIll 10 YOBIBAHHUIO
CABHTOB:

CO;” > S0, > OH >RCO;” > F > H,0 > CI'> SCN > NO; > T > ClOy,
TO €CTh WOHBI, CTOSIIAE MpaBee BOJBI B 3TOM DSy, HE 00pa3ylOT CHIIbHBIE BOJOPOJIHBIC CBS3U B BOJE, a
cTosiue eBee — oOpasytor [1].

CrnenoBaTeNbHO, Ha TIOBEPXHOCTH CYIb(QHUIHBIX MHHEPAJIOB HauOoJiee CUIbHBIE BOAOPOIHBIE CBS3H
BO3HUKHYT Ha aHUOHAX CO32' > SO42' > OH.

Wonsl pu BHECEHHH B PacTBOpP OKa3bIBAIOT HECKOJIBKO BO3ACUCTBUI: THAPATUPYIOTCS CaMU U 00pazy-
0T IPOYHYIO MOHOCIIOWHYIO MEPBUYHYIO O0OJIOUKY 32 CUET BOJOPOAHBIX CBs3el (30Ha A, puc. 1), HO mo-
CKOJIBKY WX 3apsiJl He KOMIIEHCHPYETCS, TO 3JIEKTPOCTATHUECKOE BO3AEHCTBUE PACHPOCTPaHsIETCS Aanblie U
W3MEHSET CTPYKTYpPY BOJBI BO BTOPUYHOW THIpaTHOW oOonovke (30Ha B, puc. 1). Bropuunsle rumpatHbie
000JIOYKH HAXOISTCS MEXKIY TIEpPBUYHON U 00beMHOHN Bojol (puc. 1). Ee TommuHa MOeT ObITh 3HAYHUTEIh-
HOH.

. A — obnacTh IMMOOWIN30BaHHOW BOJIBI (XUMHUYECKH CBSI3aHHAS
BOJIa, IEPBUYHAS THIPATAIH);
N— B — o0yacTh BOJBI ¢ HAPYIIICHHON CTPYKTYPOM MO CPaBHEHHIO C
v 00BeMHO BOAOH (BTOPUYHAS THApATANs, (PU3UUECKH CBSI-
3aHHAS BOJA);
-;&J C — HopManbHas 00bEMHAs BOJIA;
z r¢— Ppaanyc KpUCTasa;
s r._  COOCTBEHHEIH pamuyc (paanyc KpUcTaia, yBeITUUCHHEIN C
YYETOM IYCTOT B YIIAKOBKE OKPYKAIOIICH BOJIBI);
r,— paanyc MEPBUYHON CUIPATHON 00OIOUKY;
ra re— Ppaanyc BTOPUYHOW THIPATHON 000IOUKH

Pucynox 1. Monens rugpataniyy HOHa B BOAE

Uem Gobilie BOJOPOTHBIX CBS3EH pa3phIBacT MOH BO BTOPHUYHON OOKIIAIKE, TEM CHIIBHEE OH CaM TH/I-
paTtupyercs.

CrnemoBatelbHO, MOHBI, BHI3BIBAIOIINE JECTPYKTYPHUPOBAHUE BOJIBI, JOJDKHBI 00pa3oBaTh Ooyiee Mpod-
HbIE THJIPATHEIEC CJIOW, TEM CaMbIM YCHJIMTh THAPOGMIA3AINIO TOBEPXHOCTH MUHEPAJIA.
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YuuThiBas TAKOM MEXaHM3M B3aMMOJACHCTBHS PEarcHTOB C IMOBEPXHOCTHIO MHHEPAIOB, MUCCIIEIOBAIH
THIPOPITU3UPYIONINE CBOMCTBA CYIb(OCATUIMIOBOH KHCIOTHL. PeakIMOHHOCIIOCOOHBIMU TPYITIAMU SIB-
TSIOTCS KapOOKCHiIbHAsS rpyma u cynbdorpynmna. To ecTh BO3MOXKEH CIEMYIONMA MEXaHU3M 3aKpETIeHUS
COEAMHEHHH C TaKOH CTPYKTYpoH (puc. 2).

I'pynma ~COOH moxeT yaepKUBaTh 4e€ThIPE MOJIEKYIIbI BOJIBI, 32 CHET KOTOPHIX 00pa3yeTcss BOAOPOI-
Has cBsi3b, OH-rpymnma cBsi3bIBae€T TPU MOJIEKYJIBI BOJIBI, TOPTOMY BO3MOXHO 00pa30BaHUE BOJOPOIHON CBSI-
31 3a cyeT Hamuns OH-rpymniel B MoJIeKyJie, TO €CTh y MOJIEKYJI C TAKOH CTPYKTYpOi HanOOIbIasi BEPOSIT-
HOCTB 3aKpEIUICHUs] Ha MUHEPAJIbHON MOBEPXHOCTH, YCHIMBAas CMAauUBAEMOCTh MMOBEPXHOCTH CYIbGUIHBIX
MUHEPAJIOB.

COOH COoO COO-~
N
HO. HO. HO. N
2+ +M 2+ Y
+ Me — e” —> Me
-H, /
i/'
- /"
H - SOz~
SO;3 SO, 3

PI/ICYHOK 2. Mexanusm B3aHMOHeﬁCTBHﬂ CyﬂL(l)OC&HPIHPIJIOBOI;'I KHUCJIOTBI C KATHOHOM MHHepaHLHOﬁ IMOBEPXHOCTHU

AsicopOIHst TeTepOTOISPHBIX MOJICKYJI M OPTaHUYECKHX HOHOB Ha TMOBEPXHOCTH THAPO(OOHBIX MOJIe-
KYJI MOKET MIPOUCXOUTH IByMs MyTAMU: B BUAe QU3NIECCKOI afcopOIiu B MOpsKe YpaBHUBaHUS (a3, uTo
CBSI3aHO C TIOHM)KEHHEM CBOOOTHOM dHEPrUuM Ha Mex(a30BbIX rpaHuinax. [Ipu BBeJCHUN NOISIPHBIX coOUpa-
TeNlel WM MeHO0Opa3oBaTelisi XOPOIIO THIpAaTHpyeMash 4acTh ¢ (QYHKIIMOHAIBHOM TPYMION J0/DKHA OBbITh
HaTpaBJicHa B CTOPOHY KUIKOW (as3bl MyNbIIbl, YTO OYAET CIOCOOCTBOBATH MOHMKCHUIO BEJIMUYMHBI CBOOOI-
HOW SHEPIHH, a MOJSPHBIC KOHIIBI — B CTOPOHY MUHEpalia, HMEIOIIET0 KOBAICHTHYIO CBSI3b U XYXKE CMadH-
BaeMOro BOJOM. Takas OpHUEHTaIMsi TETEPONOISAPHOrO COCIMHEHUS MOTJIa Obl 00SCIICUUTh CEJICKTUBHYIO
(daoranuo MuHEpaos [1].

[pu B3auMoeicTBIH (DIOTAIIMOHHBIX PEAreHTOB C BOAHOM Cpeaoi (GIOTAIHOHHOM MyJIBITBI POTEKAIOT
pa3IHYHbIC MPOLIECCHI, OHUM M3 KOTOPBIX SBIISCTCS 00pa30BaHUE PACTBOPUMBIX M JOCTATOYHO YCTOMYMBBIX
KOMIUIEKCHBIX COCMHCHHUIT Ha TOBEPXHOCTH MHHEPAJIOB.

Pasnuuue B cocTaBe COCOMHCHHM, 0OpPa30BaHHBIX HAa TMOBEPXHOCTH MHUHEPAIOB, 00ECIEYMBACTCS 3a
CUCT HEOJMHAKOBBIX B3aUMOJICHCTBUM (IIOTAIIMOHHBIX PEAreHTOB C AKTUBHBIMH IICHTPaAMH HA MUHEPATLHON
noBepxHocTH. Hanbosiee ruapaTupoBaHHbIMU OyIyT MUHEPAJbl C KHCIOPOACOACPIKAIMMU COSTHHECHUAMH
Ha TOBEPXHOCTU CYIb(PHUIHBIX MUHEPAJIOB. DTy 3a7a4y MOXHO PEIIUTh MyTeM BBEACHUS B MYJIbITY CENICK-
THUBHO JICHCTBYIOIIUX PEareHTOB-ICIPECCOPOB.

Ienpto pa®oOThI SBISETCS W3YYEHHE BIMSHHS OPraHMYECKUX W HEOPTaHMYECKUX COCIUHEHHH C He-
CKOJIbKUMH TIOJIIPHBIMU TPYIIIIaMH B MOJICKYJIC Ha CEIEKTHBHYIO (JIOTAIMIO MEIHOCYIb(MUIHBIX PY/I.

QKCl’lepuMeHmaﬂbHa}Z uacmo

UccnenoBanus 1Mo M3ydeHHIO JEHCTBHS JICTIPECCOPOB CYIb(QOCATUIMIOBON KUCIOTHI, aTH3apUHCYIIb-
(doHaTa HATPUS U THOCYTb(aTa HATPHUS HA XAILKO3WH, TAJICHAT MPOBOJIMIIN B anmapare mo decrenHo ¢hio-
tauuu. Macca HaBecku coctapisia S00 mr, kpynHocts omona 0,074 mm. B kadecTBe perymnsitopa Iienod-
HOCTH TTYJIbITBI TIPUMEHSITH COJTY.

[MoBepxHOCTh KaXIOTO MHHEpana oOpadareiBanu 1 %-HBIM pacTBOPOM COOTBETCTBYIOIIETO pearcHTa
MOJIaBUTENsI B TeUeHHWe | MUH WM mpoBoauin ¢uiotanuio B TpyOke Xamumonna. CenexTuBHas (ioTamus
Cynb(GUAHBIX MUHEPAIOB 0e3 COOMpaTeliss OCHOBaHA Ha €CTECTBEHHOU (DJIOTUPYEMOCTH TaJICHUTA U PETyIIn-
POBaHUH COCTAaBa MIOBEPXHOCTHBIX COCTMHEHHM [2].

CriekTpoOTOMETPHUUECKUM ~METOJIOM ~aHAJIM3a H3MEpPSUIM  KOJNMYECTBO DIIEMEHTHOH Ccephl Ha
MMOBEPXHOCTH TaJICHUTAa M XalbKO3WHA TOCie 00paboTku THOCyIbhaToM HaTpus. CHEKTphl MOTJIONICHUS
TeKCAaHOBOT'O 3KCTPAKTa U3MEPSIIN Ha CIEKTPOPOTOMETPE MPH JTHHE BOIHBI 330 HM.

CremneHb THIpaTallid TIOBEPXHOCTH TaJleHWTA M XalbKo3WHA ompenensui auddepeHnuansHo-
TEPMHUYECKUM aHAIM30M B COYETAHUU C TEPMOTpaBUMeTpUIecKiM. CYIITHOCTh 3TOTO METOJIa 3aKII0YaeTCs B
M3MEpPEHHNH TeMIIepaTyphl Hadana 3H103¢(eKTa £, TSIIOTH JecopOruu (O, U ONpeNeIeHuH IO aJICOpOn-
POBaHHOM BJIary OT OOIIEH 7.
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Peszynomamot u 06cyscoenus

PesynbTarhl uccnenoBaHus 1Mo W3YYEHUIO JeWCTBUS pH mynbIbl U pacxojlia peareHToB CyJb(ocaTHIi-
JIOBOH KHCJIOTHI, ajM3apuHCYIb(POHATA HATPUS U THOCYNIb(]ara HATpUs Ha XalbKO3WH, TAICHUT, IPOBEJICH-
HOTO B armapare 1o 0ecrieHHO! (IoTaliu, PUBEICHBI Ha PUCYHKAX 3 U 4.

OnTuManeHBIA Pacxoll COAbl M HCCIEAYEMBIX (DIOTOpPEeareHTOB ObUI YCTAHOBJIEH 1O MaKCHMAaTbHOM
pasHUIle B M3BJICUCHUM XaJIbKO3WHA U TajieHuTa npu 3Hadennu pH 9,5 u pacxone pearentor 200 1/t (puc. 3
n 4). HauOonbimas ceiekiusl TaJeHWTa W XallbKO3WHA HaAOMOMaeTss Tpu  (IOTaruy MHUHEPAIOB C
THOCYNBb(ATOM HATPHUSL.

g, %
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. ~
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Pucynok 3. Bausiaue pH mysibnsl Ha U3BJiI€UEHUE XalbKO3WHA U FaJleHUTa
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1 — cynedocanunniIoBas KUCIOTa; 2 — aln3apuHCyIb(oHaT HATPHS;, 3 — THOCYIb(AT HATPHUS
Pucynok 4. Biusiaue pacxoja (proTtopearcHTOB Ha U3BJICUCHHE XaTbKO3MHA U FaICHUTA

MexaHu3M IeHCTBUS THOCY/b(aTa HATPHUS HA MOBEPXHOCTh XAbKO3HMHA 3aKIIOYACTCS B YBEIUYCHUU
KHUCJIOPOJICOCPIKAIINX THAPOGUIBHBIX YUACTKOB B Pe3ysibTaTe 00pa30BaHUs THOCYJIb()ATHBIX KOMILICKCOB
menu. Tuocynbdar HATpusi TPH B3aMMOJCHCTBUU C TOBEPXHOCTHIO TAJICHUTA 3aMEIIET OKHCICHHUE
AIIEMEHTHOW Cephbl U BCICICTBUEC BHYTPUMOJIEKYJSPHOTO OKHCICHUS-BOCTAHOBICHHUS YaCTHYHO 0OpasyeT
JJIEMEHTHYIO cepy. OJEeMEHTHas cepa, O0pa3oBaHHAas IO TOBEPXHOCTH CYAbQUIHBIX MHHEPAJIOB,
CIOCOOCTBYET YCHIIEHHIO THpododu3anui |3, 4].

PesynmbTarthl  ceKTpoOTOMETPUYECKOTO aHalM3a TMOKa3alld, 4YTO Tpu 00padOTKE IOBEPXHOCTH
raJICHUTa U XaJbKO3WHA THOCYJIb()ATOM HATPHUS KOJUUECTBO aJCOPOUPOBAHHON Cephl HA TAJICHUTE TOBBIIIA-
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ercs B 2,5 paza, a Ha XaJIbKO3WHE MMOHMKACTCS B 2 pa3a, YTO CHOCOOCTBYET rUIpOo(MIN3aMi MOBEPXHOCTH
XaJIbKO3WHA. DTH Pe3yIbTaThl KOPPEIUPYIOT C TOJaBlieHHEM (PIOTHPYEMOCTH XalIbKO3HHA.

C yMeHbIlIeHHEM TeMIepaTyphl dHI03¢dekTa Bo3pacTaeT THAPoGOOHOCTh MMOBEPXHOCTH, TaK KaK MPH
OoJyiee HU3KOM TeMIepaType HaunHAeT UCTIApSAThCs aacopOMpOBaHHas Bara, y KOTOPOH BOJOPOIHBIE CBSI3H
ocnabJeHsl.

Pesynerarel ITA npuBeneHs! B TabJHIIE.

Tabaumna

Pe3yJIbTaTbI un(l)(])epenunam,noro TEPMHUYIECKOI'0 aHAJIN3A U TEPMOTPAMETPHUHA Ir'aJICHUTA U XAJIbKO3HUHA

Munepan Pearemr Temneparypa Haqe;na I[OH}IUa,I[COp6I/IpOBaH- TerutoTa necopOIu,
sHpodhdeKra, ¢, °C HOM Biarw, n, % 0, yCIL. ef.
XanpKo3uH Bona 68 9,15 8,76
Tanenut Bona 50 7,02 4,56
XaabKO3WH Tuocynbdat HaTpHsI 59 10,46 10,85
lanenuT Tuocynbdat HaTpHsI 32 2,17 3,97
XaabKO3WH Anm3apuHCYIb(POHAT HATPUS 70 4,43 7,64
lanenuT Anm3apuHCYIb(QOHAT HATPUS 30 2,20 3,99
XaabKO3WH CynbhocamuimioBas KHCI0Ta 48 5,86 5,23
lanenuT CynbhocanuimioBas KHCI0Ta 37 3,42 4,78

AHanu3 Ta0NMMYHBIX TaHHBIX TOKA3bIBAET, YTO NP 00PabOTKE MOBEPXHOCTH MUHEPATIOB THOCYIIb(AaToM
HaTpus Bo3pactaeT THAPo(hoOHOCTh MOBEPXHOCTH TaJICHNUTA TI0 CPABHEHHIO C XAJIIBKO3MHOM. DTO CBUACTEIb-
CTBYET O TOM, 4TO Ha IIOBEPXHOCTHU TaJICHUTA Blara GU3HYECKH aJcopONpOBaHa U SHEPTHUS BOJOPOIHON CBSI-
3W HE3HaUMTeNbHa [5].

Buvisoowt

TakuMm 06pa3oM, U3 MOTYHIEHHBIX PE3yIbTaTOB UCCIEIOBAHUNA MOYKHO 3aKIIOUUTh, YTO IPUMEHEHHE MO-
T(QHUKATOPOB, CIIOCOOCTBYIOMIUX M3MEHEHUIO MOBEPXHOCTHBIX COCIUHEHUI MUHEPAJOB, CO3/aeT yCIOBUS
JUTSL CEJIEKTUBHOM (hJIOTAIlK TaJIeHUTa M XallbKo3uHa. M3 McceoBaHHBIX PeareHTOB-MOU(PUKATOPOB HaH-
0onee 3 (heKTUBHBIM SBIISETCS THOCYIb(AT HATPHUS, 00IAAIONIHIA JBOWHBIM JEHCTBUEM — OKHCIUTEIHHBIM
M BOCCTaHOBUTEJIBHBIM.

W3Brieuenne raneHuTa M3 METHO-CYyIbOUIHBIX pya Ke3Kka3raHCKOro MECTOPOXICHHUS CIIOCOOCTBYET
MOBBIIICHUIO KaY€CTBAa METHOTO KOHIEHTPATa, a TAK)KE CHUXKEHUIO COJECP)KaHUS CBUHIIA B OTXOISIIMX razax
MeCIIaBUIILHOIO 3aBOJIA.
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b.AxumbexoBa, A.Kapunxan, H.)K. banmanosa

KomiuiekcKypalThIH peareHTTep-MoaupuKaTopaap
JK9He 0J1apAbIH (uroTanusira dcepi

Makanazia OpraHuKaJIbIK JKoHe OeffopraHMKaJIbIK KOCBUIBICTAp/IbIH KYPBUIBIMIBIK (hopMyanapbl apachlHaarbl
OaitmaHbpICTap, KOCBUIBICTApIBIH MHUHEpAIapAbIH O€TTIK aymaHBIHA aJCOPOLUSIIAHYBl, COHBIMCH KaTap
CynbQUATI MUHEpANIapAbH (QIOTAMSIIBIK KacueTTepi KapacTolppuraH. CymbGHUATI MUHEpangapbH
(motanmsichiHa  (QIOTAMSIIBIK, pEareHTTepAIH KYPBUIBIMBIHBIH QCEpiH 3epTTey YIIIH MOJeKyJachlHaa
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GipHele moJrocTi TonTap Gap OpraHUKAIBIK KOHE OeHopraHHKaiblK KOCHUIBICTAP TaHIAJBIHBIN albIHIBI.
Bipuemie rereponossipyisl Tontapsl 6ap peareHTTepAiH dcepiHiH (oTanusuibik 3epTreyiepi JKe3kazraH KeH
OPHBIHBIH MHUHEpajgapblHa (TaJICHUT, XalbKO3MH) Kyprisiani. Taza muHepanmapMeH 3eprrey XaauMOHJ
TyTikiecinne xyprisingi. Monekymaceinna OHT, COO™ xoHe SO;* (yHKUMOHAIIBIK TOINTAapel 6ap
OpraHMKAaJBIK KOCBUIBICTapABIH acepiiepi 3epTreini. MosieKyacklHaa peakiusra KabuieTTi GipHerre Tonraps
6ap opraHUKaJbIK KOCBUIBICTAp KOBAICHTTIK OaiiiiaHbIciieH Oailiianbica b, opTaHblH pH MoHiHE GaillaHbICTHI,
MBIC JKOHE KOPFACBIH METANJApbIHBIH KaTHOHAAPBIMEH KOMIUIEKC TY3yre KaTbhICa[pbl. 3epTTeiHETiH
peareHTTep peTiHae MeTajul KaTHOHAAPBIMEH iIlIKi KeIIeH/i KOChUIbICTap Ty3yre KabinerTi cyibdocanummn
KBIIIKBUIBI KOJIIaHBULIBL. 3epPTTeYy HOTHXKECIHJAE CUITLNIK OpTaja HATpUil ann3apUHCYIb(GOHATHI, HATPUI
THOCYJIb(ATHIMEH TaJCHUT JKOHE XaJbKO3WHII (oTalusuiayia XaabKO3WUHAI Oeuiinm amy TeMeHpaeini, ai
rajeHuTTi Oeminm amy apraibl. MunepanmapiaslH OCTTIK ayJaHbIHA pPEareHTTEpPAiH ocep €Ty MeXaHH3Mi
9KCTPAKLHSIIBIK-CIIEKTPOYOTOMETPHSUIBIK KOHE AU(dEpeHINANIBI-TEPMUSIIBIK TaNAayAbIH TEPMOTPaBHU-
METPHSUTBIK TaNIay OMICTEPiHiH YilecIMAUTIriMeH nonenaeHai. MuHepanmapabH OSTTiK KOCHUIBICTAPBIHBIH
KYPaMbIH/aFbl albIpMaIIbUIBIKTAp (IIOTALMSIHBIH TalFaMIIa3/bIFbIHA JKaF#ail kacailipl. 3epTTey HOTHXKE-
ciHze Moiekyinana OipHeIIe aHHOH TONTAPHIHBIH OOTYyBl MUHEPAIIBIH OCTTIK ayJaHBIHIAFBl THAPOQMIH-
3alMSCBIH apTTBIPAJbl, COHBIMEH KaTap MHHEpaNAapAblH (IIOTALMSACHIHBIH TaJFaMIa3IbIFbIHbIH apTybIH
KaMTaMachI3 eTefi.

Kinm ce30ep: KOMIUIGKCTY3YILII peareHT, TaleHHUT, XalbKO3WH, TamFamma3s ¢uortauus, Oeiin any,
ruapododuzaius, ruapopuIn3anus, KyKipt.

B. Akimbekova, A. Karilkhan, N.Zh. Balpanova

Influence of complexing agents on the flotation of sulfide minerals

The aim of study is influence of the surface properties of minerals, structure and degree of adsorption of flota-
tion reagents on the flotation of copper sulfide ores studies on regulation of surface compounds extent hydro-
phobic surface minerals have been performed. To study the effect of flotation reagents structure on flotation
of sulfide minerals selected inorganic and organic compounds with a few polar groups in the molecule capa-
ble of forming complexes with metal cations. Flotation studies on the influence of reagents with several
heteropolar groups were conducted on minerals (galena, chalcocite) Zhezkazgan deposit. The difference in
the composition of the surface counts of minerals creates conditions for their selective flotation. Studies with
pure minerals fulfilled in a tube Halimonda. We investigated the effect of organic compounds containing in
the molecule simultaneously OH, COO™ and SO;*- group. As reagents studied sulfosalicylic acid, sodium
alizarinsulfonate were used, sodium thiosulfate, forming chelate compounds with metal cations. The studies
found that the flotation of the galena and chalcocite with alizarinsulfonate and sodium thiosulfate in alkaline
medium chalcocite extract decreases and increases galena, and then the copper minerals is suppressed. The
mechanism of action of reagents on the surface of minerals extraction-confirmed spectrophotometrically and
differential thermal analysis in combination with thermogravimetric analysis. The variety in the composition
of the surface compounds of minerals creates conditions for their selective flotation. The studies figured out
that the flotation reagents containing in the molecule more anionic groups enhance hydrophilization mineral
surface and contribute to the selective flotation of minerals.

Keywords: complexing agent, galena, chalcocite, selective flotation, extraction, surface mineral, thermal grav-
imetric analysis, organic compounds, hydrophobization, hydrophilization, elemental sulfur modifier.
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HUcnoan3oBanne okcuaa xpoma (VI) B kauecTBe cOpOeHTA MBIIIbSKA
U3 KHCJIBIX MeIbCOJAEPKALIUX PACTBOPOB

B crarse npezncTaBieHs! pe3ynbTaThl SKCIEPIMEHTOB OUHCTKH MEIHOTO JJIEKTPOIUTA OT MBIIIbSIKA OKCHIOM
xpoma (VI) ¢ ucrmosp30BaHNEM BEpOSTHOCTHO-AETEPMUHUPOBAHHOTO IUIAHUPOBAHUS HA YETHIPEX YPOBHSX.
TTommmo sTOTO OBLNA IPOM3BEEHA MaTeMaTHIecKasi 00paboTKa pe3ysIbTaTOB M pacCUUTAHBI KO PUIMEHTH
KOppEJSIIMY U WX 3HAaYMMOCTH IS YacTHBIX 3aBUCHMOCTEH CTeTeHel OCakIeHHsl MBIMIbsSKa. [IpuBeneHs!
rpadu4ecKue 3aBUCHMOCTH CTETICHH OCaXJICHHS MBIIIbIKA OT UCCIEAYEeMbIX (PaKTOPOB, BHIBEICHO 0000IIEH-
Hoe ypaBHeHHe [IpoTompskoHoBa. OnpeneneHbl ONTUMATIbHBIE YCIOBHUS MPOBEACHHS MPOLECCa OCAXKICHUS
Mblbsika okcuaoM xpoma (VI). KpatHocTs mo3upoBku ocamutens 4; OTHOLIEHHE OCAAUTENS K MBIILBSIKY
2,5:1; Temnepatypa npoBeaeHus nporecca 25 °C; KOHLUEHTpauus cepHoil KucaoTel B anekrponute 200 r/m;
BpeMsl TIPOBeJeHNs mponecca ocaxaeHus 15 muH. [ToxaszaHo, uto okcun xpoma (VI) ynanseT MBIIIbIK U3
MEJJHOTO 3JIeKTpoinTa Ha 54,25 % npu HavaabHOH KOHIeHTpanun 9,83 1/

Kniouesvie cnosa: mpimubsk, okcun xpoma (VI), copOeHT, Menb, 3IIEKTPOIHT, BEpOSTHOCTHO-AETEPMH-
HUPOBAHHOE IIJJAHUPOBAHUE HKCIIEPUMEHTA, CTEIICHb OCAXKICHUS MBIIIbSKA.

Beeoenue

K nacrosmemy Bpemenu B Kazaxcrane HakoruieHO Oosnee 20 MIIp/ T MPOMBIIIICHHBIX OTXO/I0B, U3 HUX
TEXHOTCHHBIC OTXOJbl (3a0allaHCOBBIE PYZABI, OTBajbl, XBOCTHI OOOTAIEHUS) TMPEANPHUATHI I[IBETHOMN
MeTaTypruu coctasisioT 10,1 Mapa T, a uepHoit — 8,7 muipa T. ToabpKo 3a epruo 0TpabOTKU PYIHBIX Me-
cTopoxaeHnit Ha PyaHom Antae B Hacrosimiee Bpems ckomwioch 360 MIH T TBEpABIX OTXOJOB
TOPHOMETAILTYPTHYECKOTO MPOU3BOACTBA, B KOTOPHIX COJEPKUTCS OKOJO 2 MIH T MEIW, CBUHIIA, IMHKA U
okoo 120-130 T 30mora [1].

Haubomnpryro 4acTh TEXHOTEHHBIX OTXOJIOB IIBETHOW METAJUTYPTHU COCTABJISIFOT OTXOJbI EpepaboTKH
1 00O0TaIlICHUS METU, KOTOPhIC MPEACTABISIOT CO00M HEPAaCTBOPUMEIE (POPMBI COSTUHEHHIA TSXKEIIBIX METaJ-
JIOB ¥ HEMETAJUIOB, OJTHAKO MPEUMYIIECTBEHHO MPe00IaaloT COSAUHEHUS MBIIIbIKa, KOTOPhIE HETaTHBHO
BITUSIIOT HAa OKPYKAIOIIYIO cpexay [2].

MBIIBbSK B BUJC Pa3IMYHBIX COSMUHEHWH JOCTATOYHO HIMPOKO PACIPOCTPAHEH B MPHPOJIE, BXOJS B
COITYTCTBYIOIINE MUHEPAIBHEIC aCCOIUAIIMH MEIIHBIX PYI U PYJ OJIaropoHBIX METAIIOB, MPU 00OTAIICHUN
1 METaJUTyprudeckoil nepepaboTke KOHIEHTPUPYETCS B XBOCTAX, MPOMEXKYTOUYHBIX M OTBAIBHBIX MPOJIYK-
TaX. KOHIIeHTpUpYSICh B METHOM AJIEKTPOJIUTE, KOTOPBIH TIOJIBEPTraeTcs 3aXOPOHEHHIO, MBIIIBSIK MOMAIaeT B
MOYBY, TEM CAMBIM JIeJiasi TIOYBY HEIPUTOTHOW IS CEIbCKOTO XO3SUCTBA, TAKXKe Yepe3 MOYBY CYIIECTBYET
PUCK TIOTIaJlaHNs MBIIIBSKA B TPYHTOBBIE U CTOYHBIE BOAHI [3].

BpenHoe Bo3/ielicTBHE MBIIIbSIKA CKa3bIBAETCS HE TOJIBKO HA OKPYXKAOIIEH cpeJie, HO M Ha YXyIIICHUH
ToBapHOU Meu. COCTMHEHUS MBIIITbsKAa KOHIICHTPUPYIOTCS B MEITHOM SJICKTPOJIUTE, KOTOPBIA UCTIOIb3YETCS
B mporiecce padUHUPOBAHHUS MEIU, 3HAYUTEIHHO YXYAIIAET MEXaHWYeCKue, (Pr3MuecKne W XUMHUYECKUE
CBoMCTBa TOBapHOU Menu [4].

3KC}’l€le/l€HmaJleaﬂ yacmo

WzyueHne BO3MOXHOCTH M3BJICUEHHSI MBILIbSIKA M3 MEAHOTO 3JEKTPOINTA C MCIOIB30BAHHEM OKCHIA
xpoMma (VI) B kagecTBe COpOCHTA SBISAETCS MEPCICKTUBHBIM HarpaBieHrueM. OOBEKT UCCIICIOBAaHUS — M-
HBIH ANEeKTPOIUT Kopropanuu «Kazaxmbicy.

U3BecTHO, YTO C€HOCOO OYMCTKM MEIHOTO 3JIEKTPOIMTA OT MBIIBSIKA HEPACTBOPHUMBIM OKCHIIOM
xpoma (VI) 3KOHOMHYECKH BBITOICH MPH HU3KOH KHUCIOTHOCTH 3JeKTpoiuta (25—-60 1/1 cepHOW KUCIOTHI).
OnHako B 3aBOJCKHX YCJIOBHUSIX KOHIICHTPAIUS CEPHON KHUCIIOTHI B METHOM 3ieKTponute He mMenee 200 1/,
YTO NpeAoNpeAessieT ee NPeABAPUTENbHYI0 HEUTPaIU3alliio B U3BECTHBIX cII0co0ax mepepaboTKy TEXHOJO-
THYECKUX PAcTBOPOB MEIHOIO MPOM3BOJACTBA. B cBs3u ¢ 3TuM mpumeHeHue okcuaa xpoma (VI) ¢ menbio
OCaXJICHHsI MBIIIbSIKA U3 METHOTO 3JIEKTPOJINTA MPEICTABIISET COO0M OOMBIION TEOPETHUECKUI U TIPaKTHYe-
ckuit mHTEpEC [3].
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HccnenoBanus mpoBOIMIM MO0 METOAMKE BEPOSTHOCTHO-IAETEPMUHUPOBAHHOTO TUIAHUPOBAHUS JKCIIE-
PUMEHTA C MCIOJh30BaHUEM IATH(PAKTOPHONW MaTPHIIBI HAa YETHIpEX YPOBHSX. B naHHOM MeTone B KauecTBe
CTPYKTYPHOH OCHOBBI HCIIOJIB3YIOTCSI JJATHHCKHE KBaJpaThl, TJe 0003HAYAIOTCA KOOpPAWHATHI 16 sKkcmepu-
MEHTOB (17151 S-pakTopHOH MaTpullpl Ha 4 ypoBH:IX). [IpenMyiecTBoM ApOOHOTO (HaKTOPHOTO IKCIEPUMEH-
Ta SIBJISETCS] COKpAIlleHHEe HEOOXOIUMOTO YMCIIa IKCIIEpUMEHTOB. [IpuMeHeHne Takoro ITaHUPOBAHUS DKC-
MEPUMEHTa TapaHTHPYET CTATUCTHYECKYIO PABHOIICHHOCTH BBHIOOPKH PE3yNbTaTOB HAa KaXKIBIH YPOBEHb CO-
oTBeTcTBYIOIIEro (akTopa. Kaxkaas crpoka mpeacrasiser coOoii KOHKPETHBIE YCIIOBUS dKcniepuMenta. 1lo-
Cclle MPOBENEHHs PKCIIEPUMEHTOB MPOBOAMTCS BHIOOpPKAa pPE3yJNbTaTOB Ha TOYEUHBIE 3aBHCUMOCTH. [lanee
MOJKHO TIPUCTYMATh K pacyeram 1o alre0panvyeckoMy OMMCAHHIO TOUYEYHBIX 3aBHcuMocTeil. [IpoBepka aiek-
BaTHOCTH 3aBUCHMOCTEH MPOBOIMIIACH C UCTIONBL30BAHNEM KO PHUIIMEHTA KOPPEIISIIHH:

(N-D>(r,-»,)

R= [1- > 0,66,

(N=K=DD (y,~7,)

rae N — YHCIIO OTMHMCHIBAEMBIX TOUCK; K — YHCIIO JCHCTBYIONIMX (haKTOPOB; J, — IKCICPHUMEHTATBHOS 3HA-
YeHHUE PE3yIbTaTa; ), — TEOPETUUECKOE 3HAUCHHE; V., — CPEIHEE IKCIICPUMEHTAIbHOE 3HAUCHHE.

3HaYMMOCTE KOd(hDHUIMEHTA KOPPEIAINUN ONPEAeAIach HEPABEHCTBOM

Rn—k-1
tR == —2 > 2 .
1-R

CTaTHCTHYECKOE OIMCAHNE YaCTHBIX 3aBUCHMOCTEH IpeICTaBIeHO 0000IEHHBIM ypaBHeHneM IIpoTo-

IBbIKOHOBA

k
1'1=71 Yi
y 7 = k=1 °
p
rae y, — MHoropaktopHas gyHkuus IIporoassikoHOBa; y; — 4acTHble QYHKIHH; kK — YUCIO (aKTOpPOB,;

Vep— CpEIIHEE 3HAUEHHE BCEX YUUTHIBAEMBIX PE3y/IbTaTOB IKCIIEPHUMEHTA [5].
Pesynomamot u obcysicoenus

s uccaenoBaHus MPOLECCOB OCAXKACHUSI MBIIIbsIKa OKCUIOM Xpoma (V) Obutr IpoBeeHbI OMBITHI 110
BEPOSITHOCTHO-ICTEPMUHUPOBAHHOMY IUIAHMPOBAaHUIO SKCIIEPUMEHTa Ha 4YeThIpeX YpOBHAX. B kadecTe
(daxTopoB B3saTH: Cr:As (x) (1:1; 1,5:1; 2:1; 2,5:1); Temneparypa, °C (x;) (25, 40, 50, 60); koHIIEHTpaITHsI
CEPHOI KHUCIOTHI CH2SO4 , T/1 (x3) (120, 150, 175, 200); nIpoaoKUTEIBHOCTD ONBITA, ¢, MUH (X4) (15, 30, 45,

60) u xparHocTh no3upoBku ocaautens (KJO) (xs) (1, 2, 3, 4). Beibop manHBIX (aKTOPOB M MX IUANa30H
0OBACHSIETCS TEM, YTO JaHHBIE (PAKTOPHI CO3AI0T HAHOOJIee ONTHMAIIBHbIE YCIOBHS Ul OCaKACHHS MBIIIb-
SIKa M3 METHOTO IEKTPOJINTA U BEICOKYIO BOCTIPOM3BOANMOCTh 3KCIIEPHMEHTOB.

VYcnoBus U pe3yabTaThl OMBITOB OCAXKICHHUS MBIIbAKA okcuaoM xpoma (VI) npuBenens! B Tabnue 1.

Taonuma 1

Ilnan-MaTpuLa M pe3yJIbTAThl NATH(PAKTOPHOI0 IKCIIEPHMEHTA
HA YeThIpPeX YPOBHSAX OCAKICHHs MbINIbSAKA OKcHI0M Xpoma (VI)

o OTHOIICHUE t,°C CHZSO4 , T/1 T,MHH K10 o, As, %
/o Cr:As (x;) (x2) (x3) (x4) (xs)
1 2 3 4 5 6 7
1 1:1 25 120 15 1 54,25
2 1,5:1 40 150 30 1 38,20
3 2:1 50 175 45 1 40,05
4 2,5:1 60 200 60 1 36,50
5 1:1 40 175 60 2 32,00
6 1,5:1 25 200 45 2 39,85
7 2:1 60 120 30 2 34,75
8 2,5:1 50 150 15 2 33,40
9 1:1 50 200 30 3 35,60
10 1,5:1 60 175 15 3 38,90
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IMpomnonxenue Tabunuusr 1

1 2 3 4 5 6 7

11 2:1 25 150 60 3 25,60
12 2,5:1 40 120 45 3 33,75
13 1:1 60 150 45 4 39,80
14 1,5:1 50 120 60 4 42,00
15 2:1 40 200 15 4 35,35
16 2,5:1 25 175 30 4 51,90

Hcxons m3 momydeHHBIX JaHHBIX CTEIIEHU OCAXKIEHUS MBIIIbSIKA, IPUBEJCHHBIX B Ta0muie 1, MOXKHO
OTPENCTUTh HanboJee ONTHMAIBHBIC YCIOBHS, MPH KOTOPHIX HAOIIOAAeTCs HAUOOJNBINAs CTEIIEHb OCaX/Ie-
HUs MBIbsAKka okcugoM xpoma (V). Ilpu oTHOmIEeHnN ocaguTens K MbIbiIKy 1:1, Temmeparype 25 °C, KoH-
LIEHTPAIUU cepHON KUcIoThl 120 1/, BpeMeHH 15 MHH U KPaTHOCTH JAO3MPOBKH, PABHOH OJHOMY, CTCIICHb
OCaXKACHUS MBIIbIKa JocTuracT 54,25 %.

B pesynberaTe npoBeneHHON BHIOOPKH JAaHHBIX IMOJyYEHBI YACTHBIC 3aBUCHMOCTH CTETICHH OCAKICHHS
MBIIIBSKA OT TEPEUNCIEHHBIX (JaKTOPOB U PACCUMTAHBI TEOPETHUECKHUE 3HAYCHHS, KOTOPHIE IPUBEICHBI Ha
pUCYHKE.

et & it a
B0 ]
55 RG
50 . ] o

(]
an
(5]

Bt & i
a0
1 5
a0 £

4]
45_it__mx__b P
0

e H2504
i oo 128 150 175 200

[
331

BRCMA MIH
15 30 4 B0

a — KPaTHOCTh JI03UPOBAHUS OcaauTeist; 6 — cooTHomeHue Cr:As; ¢ — TeMIeparypa;
2 — COoJIepIKaHue CEPHOM KHUCIOTHI (T/11); 0 — BpeMs mporecca

Pucynox. YacTHbIC 3aBUCHIMOCTH CTEIICHH OCAXICHHUS MBIIIBIKA OT HCCIETyEMBIX (PaKTOpPOB
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C yBenuueHneM J00aBIsiEeMOro COpOCHTa CTENEHb M3BIICUCHUS MBIIIbSIKA MOBBILACTCA (pUC., 6), UTO
MOKHO OOBSCHUTH YBEIHUYEHHEM KOJMYECTBA, a COOTBETCTBEHHO MOBEPXHOCTHU ancopOeHTa. Takke MOXKHO
HabmroaTh MoHWXkeHue pH pacTBopa mpu HCIOIB30BaHUM B KauecTBe ajncopbeHTa okcuaa xpoma (VI) npu
cootHomennu Cr:As, paBHoM 2,0:1, 9TO cBs3aHO C OCHOBHBIMHU CBOIicTBaMH okcuia xpoma (VI) u nelitpa-
JIM3allMen 4acTh CEpHOM KUCIIOThl OKCHJIOM XpoMma.

YBennueHue TeMIepaTypbl CHUKAET CTETIeHb OCAKACHUS MBIIIBAKA MTPH UCTIOIB30BAaHIH OKCHAA XpoMa
(VI), 9TO CBSI3aHO C TEM, YTO XPOM B KHCJION CpeJie YCTOHYHB B BUJIC XPOMOBOW KUCIIOTHI (PHC., 8).

[Ipu ucnonp3oBaHuy B KayecTBE ocanuTes okcuaa xpoma (VI) creneHb ocaxaeHUs MBIIIbIKA CHIXKA-
eTcs (pHc., 2) ¢ yBeIMYCHHEM KOHIEeHTpaiuu 10 120 1/, 3aTeM 3HAYMTEIBHO BO3PACTACT C IOBBIIICHUEM
KOHIIeHTpaluu cepHoii kuciaotel 10 200 r/n. Okcun xpoma (VI) sBisieTcs CHIIBHBIM OKHCIIUTEIEM U B pac-
TBOpe obOpasyet kucnory H,CrO,. Bepostho, Mblmbsik BocctanaBimuBaercs 10 As (I1I), u ocaxxnenue cHmka-
ercs. Taxke obpaszoBaBmmecs: xpomoBsle KUCIOTH (II) 0oOpaszyroT cynmedar xpoma (III), a mocie MBIIIBIK
COOCaXIACeTCsI COBMECTHO C cyib(harom xpoma (I11).

C yBennueHHEM NPOJIOILKUTEILHOCTH nporecca (pUc., 0) HabIIoaeTcsl CHIKEHUE CTETICHH OCaXICHHS
NPY MCIIONB30BaHMH B KadecTBe copOeHTa okcuaa xpoma (VI). Ilocne 30 MuH cHmkeHue 3aMeTHO 110 5 %.
JlanHOE 0OCTOSTENHCTBO, BEPOSATHO, CBA3AHO C TEM, YTO CYIb(PaToM XpoMa MBIIIBIK H3BIEKACTCS TIPEUMY-
HIECTBEHHO COOCAKACHUEM CYIb(PATOM XpoMa.

C yBenmuenueM crocoda nogayn okcuaa xpoma (VI) moBeimaercst KUCIOTHOCTE (PUC., @), YTO TPHBO-
IUT K CHIDKEHHUIO CTENICHH M3BJICUSHHS MBIIIBIKA, OJHAKO JaJbHEMHIIee YBEeIHUeHHe crioco0a moauu ¢ 2 10
4 IPUBOIUT K 3HAYNUTEIHHOMY BO3PAaCTaHHIO CTETIEHHU OCaXKeHMs MbImbaka ¢ 30 1o 43 %.

JaHHble pe3ynbTaThl OKA3bIBAIOT, YTO MPH WCIONb30BaHUK OKkcuna xpoma (VI) Gonee BeposiTHO co-
OCaKICHNE MBIIIbIKA C CYyIh(aTOM XpoMa, TO €CTh UIET YMEHBIIICHHE CTENIEHH OCAXICHUS MBIIIbIKA M3-32
MPOTEKaHUs KOHKYPHUPYIOIIEeH peakinyi 00pa3oBaHus Cyib(ara Xpoma.

JIist KaXxJ0M M3 YaCTHBIX 3aBHCUMOCTEH CTEIICHU OCAXICHUS MBIIIbIKA OT Pa3IMYHBIX (haKTOPOB IO-
noOpaHo anrebpanyeckoe ONMMCaHKE, PACCUUTAHbI X KO(PGUIMEHTH! KOPPEISUU U 3HAYUMOCTH 110 METO-
nuke, mpemtoxkearoit M.M. [IpotoapskoHoBEIM [5] (TabuI. 2).

Taonuma 2

Koa¢unmnents! koppenasiunu (R) 1 UX 3HAYMMOCTH (7z) AJIs1 YACTHBIX 3aBUCUMOCTeM
cTeneHH OCAKAeHUN MbIIIbAKA okcuaoM xpoma (VI)

DyHKIUS R tr 3HAYUMOCTE
o (X, ) =35,12¢1130 x 0o 0,583 1,251 Hesnauuma
0 X, ) = 43,257 X6 0,989 61,6713 3maumma
o Xy)=22,67¢ 0100 x 0,828 3,727 3Haunma
(X, ) =1880000™" ™7 x ;2% 0,706 1,987 Hesnaunva
o(X,)=106,8X;"** 0,938 11,096 3HauMMa

CTaTUCTHUYECKOE ONMMCAaHUE YaCTHBIX 3aBUCUMOCTEH IMPENICTaBICHO 0000MEHHBIM ypaBHeHEM [IpoTo-
IBIKOHOBA. JJIs OCaKIeHUsT MBIIIbsIKa oKkcuaoM xpoma (VI):

e 43,25 008 03609 99 67, 00156X; 03204 1) g y-0.2458
2038,956 ’

Tun ucnoap3yeMoro cpeaHero 3HaueHus — reomerpuueckuit, R = 0,785, tr = 7,0857. UtoroBoe ypas-
HEHUE MOXXET OBITh YIPOILIEHO NMEepeMHOXEeHHEeM KO3(pQHUIMEHTOB YaCTHBIX 3aBHCHMOCTEH, OJHAKO MpPH
KOMIIBIOTEPHOM 00pa0OTKE B yNPOILICHUH HEOOXOIUMOCTH HET.

C nenplo MACHTU(UKALWK MBIIIbSIKA B TBEPABIX OCAAKAX OMBITOB OCAKIACHUS MBIIIbSIKA OKCHIOM
xpoMma (VI) mpoBeaeH wx aHaiau3 Ha Jja3epHOM aroMHO->MuccHOHHOM crekTpomerpe CIIEKC JIAEC
MATPUKC, UK-ciekrpockormeid, I TA-aHamn3oM, 3JIEKTPOHHO-MHUKPOCKOITMYECKOE HCCIICIOBAaHUE OBIIO0
MPOBENEHO Ha pacTpoBOM 3JekTpoHHOM MuKpockorne MIRA 3 ¢upmer TESCAN, koTopble MOATBEpIMIN
HaJIMYUe MBIIIbIKA B TPYJHOPACTBOPUMOI apceHaTHOM (hopme.
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Buvisoowt

W3yunB mosydeHHBIE pe3yNbTaThl aHAJIN30B, MOXXHO YBUAETH, YTO MPUCYTCTBHE MBIIIbSKA B HCIIBITYE-

MBIX MTPO0axX W TBEPBIX OCAIKAX MOIHOCTHIO MOATBepkAaeTcs. OMHAKO KOJUYECTBO MBIIIbSIKA B HCIIBITyE-
MBIX MTPO0ax 3HAYUTEIHLHO MEHBIIIE, YEM B TBEPABIX OCAJIKaX, 3TO B CBOKD OUYEPE/h IaCT IKCICPUMEHTAIILHOE
000CHOBaHUE TPOBEJCHHLIX HAMH OIBITOB HA OCAXKIACHUE MBINIbIKAa OoKchaoM xpoma (VI), To ecTh 4acThb
MBIIIbSIKA, HAXO/SAIICTOCS B HAYaIbHOM PacTBOPE AJICKTPOIIUTA, OBUIO OCAXKJICHO YKa3aHHBIM BhIIIIE COPOCH-
ToM okcugoM xpoma (VI).

[Ipennoxkennslii crocod ocakaeHHss MbIIbsKa okcuaoM xpoma (VI) ymamser MBIIBSK U3 MEAHOTO

anexTponuTa Ha 54 %, JaHHBIA CITOCO0 OTIIMYASTCS MPOCTOTOM TEXHOJOTHUECKOTO HCIIOHECHHMSI, EIIEBU3-
HOM NPOBEACHHUS MPOIIECCa, a TAKXKE BHICOKOH PEaKI[MOHHOCIIOCOOHOCTHIO YKA3aHHOTO BBIIIIE COPOCHTA, I10-
ATOMY CITOCOO MOXKET OBITh OSCIIPEIIATCTBEHHO IPUMEHEH B MTPOMBIIIICHHOM MacIiTaoe.
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XpoM TOTbIFBIH (VI) MBICTBI KbIIIKBUIABI €PiTiHALIEpiHEH
KYLIQJIAIaH TA3apTyFa KOJAaHy

Makanaza TOpPT ACHIeii BIKTUMAIIBI-KOCIApIay SIiCiH KOJJaHy OapbIChIHAA MbBIC JJIEKTPOJIUTIH XpOM
toteirbiMeH  (VI) kymenmagan Tasapry HoTmkenepi kentipinreH. COHbIMEH KaTap HOTHIKEIEPIiH
MaTeMaTHKAJIBIK €CenTeyJepi, KYLISMAaHBIH TYHY [OOPEXENepiHiH MEHIIIKTI TOyeJIUIiKTepi, OJapIblH
Koppemsius  Ko3(GHUIUEHTTepl, MaHbI3IBUIBIKTAphl, 3epPTTENETiH (aKTOpJIapblHAH KYIIQIAHBL TYHIBIPY
JIOpEKENEpPiHiH ToyenaimikTepi, [IpoToabIKOHOB KaNBUIAHFAH TCHICY] ecenTelreH. XpoM TOThIFRIHBIH (V)
KYIIoNagaH Ta3apTy YPAICIHIH KOMAiiIb! JKaFaiapbl aHBIKTAIFAaH: TYHOAQHBIH KOCBUTY PETTLNIr 4; TYHOAHBIH
KyIIoJara KaThIHACH! 2,5:1; ypaicTiH eTKi3y Temmneparypachl 25 °C; 3JIeKTPOJUTTET] KYKIPT KBIIKBUIBIHEIH
koHuenTpauuscel 200 r/11; TYHABIPY YPAICIHIH YaKpIThl 15 MUH. MBIC 21€KTPOINTIHEH OACTAIKbI KYIIQIAHBIH
KOHLeHTpanuscel 9,83 r/n Gonran sxarjaiina xpom ToTeirbiMeH (VI) kymonanan tasaprysin 54,25% neitin
JKEeTKi3yre 0onaabl.

Kinm cesoep: xymona, xpom TOTbIFEl (VI), COpOEHT, MBIC, 3IEKTPOJIUT, BIKTUMAIIBI-KOCHApIay oici,
KYIIOJIaHBIH TYHY JOpEexkeci.

Kh.B. Omarov, Z.B. Absat, S.K. Aldabergenova, N.Z. Rakhimzhanova, A.A. Muzapparov

Use of the chrome (VI) oxide as a sorbent of arsenic
from sour copper-containing solutions

In article results of clearing of copper electrolyte from arsenic with chromium (VI) oxide by using of stochas-
tic and determinated design of experiment, at four levels are presented, optimum conditions of carrying out of
process are defined. In addition, it was carried out mathematical processing of results and calculated correla-
tion coefficients and their significance for private dependency of arsenic deposition powers, as in the article
the image depending on the degree of deposition of arsenic from the studied factors derived generalized
Protodyakonov’s equation. The optimal process conditions: precipitant dosage rate 4; precipitant relation to
an arsenic 2.5:1; process temperature 25 °C; concentration of sulfuric acid in electrolyte 200 g/l; time of the
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process 15 min. It is shown that chrome (VI) oxide deletes arsenic from copper electrolyte on 54,25 % at ini-
tial concentration 9.83 g/1.

Keywords: Arsenic, chrome (VI) oxide, a sorbent, copper, the electrolit, stochastic determinated design of ex-
periment, degree of deposition of arsenic.
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XUMUAHDbI OKbITY SAICTEMECI
METOAUKA OBYYHEHUA XUMUN
METHODS OF TEACHING CHEMISTRY

O0X 378.018.46

C.O. KemxeraeBa

E.A. Boexemos amvinoagvl Kapasanowl memaexemmik ynusepcumemi, Kazaxcman
(E-mail: kenzhetaeva58@mail.ru)

«OpranukajblK XuMHsD» IOHI O6olibiHIIa COK TanceipMaapbiH Aasipiayaa
TAKCOHOMMUSUIBIK TICiJIIeMeHI maiajany

Makanaza CTyIeHTTEpAiH MaKCHMajgbl ©3iH-631 TaHBITYBl yLIiH Oimimuepai ngepbec i3men TalOyblHa,
JKUHAKTaFaH akKiapaTTapibl Tajgall JXoHEe TUIMAI KOJNJaHyblHA KaKET iCKepIKTepIi KallbIITacThIPAThIH,
CTYACHTTEPAIH THIMII 3ePTTEYIIIIIK XKYMBICTAPbIH YIBIMIACTBIPY Maceleci KapacThlpbliraH. «OpraHUKabIK
xumust» 1oHI OofibiHIa COXK TancelpManapblid Jaspiiayaa TaKCOHOMHSIIBIK TOCUIAEMEHI Maiianany aKukar
WIBIH/BIKTBIH ~ TaJanTapblHa COHKeC KociOM Ky3BIpETTepAl KaJBINTACTBIpYyFa OarbITTalFaH. biaym
TaKCOHOMUSACBIHA CYHEHE OTBIPBIIN, dKCIpecc-cypaynapra KOJAHiIbl op Typili AeHreiepaeri tanchipMaiap
Koca Oepinren. 3epTxaHaiblK cabakTapibl KYpri3yae A€ TaKCOHOMHUSUIBIK TOCUIAeMe KOJIAaHbUIFAHbI
kepceTinren. Xumus (aKyIbTETiHIH CTYICHTTepi YIIIH FhUIBIMH-3epTTEy o0ackl eHienreH. JKobasbik
anicTep YKbIM/A )KYMBIC XKacay >KOHE OHbIH HOTHIKEIIEPIH Talljiay CHAKTBI KY3bIPETTEPAl KalblITacTbIPAIbI.

Kinm ce30ep: Baym TakcoHomusicel, COXK, KaHBIKIaraH KeMipcyTeKTep, KociOM KysbIperTep, cabakThl
JKOcTapIay, xooa.

WNHHOBanMSIIBIK KYHEHI JKOHE MEMIICKETTIH ajJaM KalUTAIBIHBIH JAMBITYBIH KYPYJBIH MAaHBI3IbI
(hbaktopel O6onbn OuTiM Oepy TaObutanbl. Kazipri kesme 6i3miH memuiekerimizae 2020 xputra nedinri Oimim
Oepy MeH FbBUIBIM JaMybIHBIH MEMJICKETTIK OaFjapiiamachl OHJCIreH >KoHe KaOblUiianraH. Agam
KalUTaJIbIHBIH OJCEKEIeCTIKKE KAOUICTIH apTThIPy KOHE Kalllbl OKBITYIBIH JCHICHIH KYIICHTY COJI
OaFrapiaMaHbIH HET13T1 Maceleci OOJBIT Typ.

OJIEMHIH KONTereH MEMJICKETTepiHAe 3amaHayu OuniM Oepy KOHIEHIMsIIApbIHA COHKEC KeleTiH
0achIMIBI TOCLIJIEME PETIHIE JKEKE TYJIFara OarbITTalifaH Tociiaeme MoibiHaanran [1]. Ocel TaciaaeMeHi
KOJNJaHy HOTW)KECIHAE IIbIFapMallbUIBIK Oijlay MEH akmaparTapMeH >KYMBIC jKacay OUTIKTUTIKTepiH
KaJBINTACTHIPY KOHE JaMBITYy iCKe acaapl. bysl oiCTiH HEri3iHae OKHUTHIHIAAPABIH IepOeC TaHBIMIBLIBIK
KBI3METI JKaThIp, SAFHM 0acThl Ha3ap.ibl BIHTBIMAKTACTBIKKA, OIpJIECiN KYMBIC jKacayFa JKOHE TaHBIMIBLIBIK
KbI3METKE ayJapraH jkoH. ByJ1 TociigeMeHi OKbITY JKYHECiHIH HeMece OKBITY TYPiHiH Oip (hopMachiH €KiHIII
(opmara aybICTHIPBINI €HIi3y MYMKiH emec. EH OacTbichl, OiniM Oepy ypaiciHaeri 0apiiblK KaTbhICyLIbLIAP
00JIBII JKAaTKaH e3repicTepl eTe Tycine Oiayi kaxer. O YIIiH xbuigap OOMBI KaJbIITaCKaH SACTTEP MEH
CTEPEOTHIITIK Ko3KapacTapApl Oerii Mesiep e 0y3y Kepek.

OKBITYIBIH Ka3ipri 3aMaHFbl CAThIChIHIA 0ACThl ©3TEPiCKe YINbIparaH OKBITYIIBIHBIH poii. OKBITYIIbI
Kas3ipri TaHAa akmaparrap OepyniH Ke3iHEH OYpbIH CTYAEHTTEpIi akmapaTTapAbl e3[iriHeH i37ecTipir,
Tabyael yipereriH ¢QyHkuusra wue Oommel. CTymeHTTIH MiHIETI Kasz0ajiall TamnkKaH akmapaTTapablH
MarbIHACBIH JYPBIC TYCIHII, ©31HEH OTKIi3il, COHbIHAH KaJIbIITACKaH OLTIMIepai TakipuOeae KojigaHa Oimy
Oonbin TabbuTaAbl. OChI acmeKTinepae OKBITYIBIH OapiblK (YHKIUSJIAPBIH iCKE achIpy TaHJAN ajbIHFaH
omicrepre Toyenami Oonansl. bip ce30eH aiiTkaHma, OimiM OepyiH THIMAUIIr, €H 0acThl, OKUTHIHAAPIABIH
nepOec Oimimaepai Tady, Tanaay, )KyHhesey )KoHe aKraparrapabl THIMAI MakigalaHyMEeH KaTap, KoFraM eMipiHe
naiaabl KAThICY OUTIKTITIKTePiHIH KAHIIIAJIBIK KaJIbIITACKAHBIHA TOYEIIi O0JIa bl
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Toxipubenik xone COX cabakTapbiHIa, TUBEPIEeHTTI OMIaynbl OeNCEHIIpY TYpJepiHiH Oipi peTiHfe,
Oipkatap aBTOpJap 3ePTTEYILILIIK KbI3METIH YHBIMIACTHIPYABI YChIHAIBL [2]. ©O3eKTi TaxipuOemiK OarbITTap
OOMBIHIIIA 3ePTTEYINLIIK KbI3MET OKMThIHIAP/1a HAKTHLIBI TIPIIIIKKE COHKEC KY3bIPETTEp MEH 1CKepPIIKTepIi
KaJIBINTaCTBIPYFa MYMKIHZIK Oepeni, all oJ1, ©3 JKarblHaH, 09CeKeecTiKKe KalineTTi MaMaHaapasl Jaspiayra
MYMKIHIK Oepei.

bi3 «Opranukainslk moni» OotibiHma COX xone COOX tarnceipManapbid gaspiiayia TaAKCOHOMUSIIBIK
TOCUIIEMEH] KOJNJaHybl YChIHaMBI3. THIMII YHBIMIACTBIPBUIFAaH AepOec KyMbICTap MaKcaTTapibl IYPhIC
KoroJaH Oacrananel. bBipiHmmgeH, Aypbic MakcaT KO CTYIACHTTEPHIH alJblHA KOWBUIFAH KYTLJICTiH
HOTHIKEJICPIHE JKbUDKY ICHICHJICPIH aHBIKTAyFa, aj, CKIHII >KarblHAaH, YaKbITBIHIA KATCIIKTEPAl TY3ETyre
MYMKIHIK Oepei.

b. BaymM TakcOHOMUSICBIH y3aK Xbuigap OOibI KONAaHy TKipuOeci OHBIH KOFapbl THIMIUIIT Typabl
Kyonauasipaas! [3]. borym mupamumaceiH cabakTapabl JKocmapiay oHe cabak CTpaTeTHsSCHIHBIH, jKayall
QITyJIbIH MHCTPYMEHTI peTiHjae maijananyra Oonansl. KapamalibiMHaH Kypaeiire JereH Karujaa apKbuUIbl
KY3€ere achlpbUIabl.

«KanbIKnaran kemipcyTektep» (6 car.) TaKbIPHIObI MBICAJIBIH/IA OHbI OKY HOTHIKECIH/E CTYACHTTepACH
KaHJIall HOTHXKeJIep KYTETIHIMI3i KepceTetik:

CTyzeHT KaHBIKIIaFaH KOMIPCYTEKTEpIiH KYPBUIBICHI MEH KaCHETTEPiH, OJIApAbIH KaThIChIH/AA JKYPETiH
peaKIusIapaAbIH TYPJEPiH, PEAKIUIAPAbIH CUITATTAPBIH XKOHE KYPY KaFaainapbi Oi1yi THiC.

CTyneHT KOCBUIBICTBIH KYPBUIBICHI MEH KacHeTTepl apachlHAarbl OaiaHBICThI aHBIKTAY, XUMHSIIBIK
3KCIIEPUMEHTTI JKOCIapiiay jKoHE JKYPri3y, OHbIH HOTHXKEIIEPIH Tallfay iICKePIIKTEPIH KaJIbIITACTBIPYhI THIC.
CryneHT 1a00paTOPHSIIBIK SKCIIEPUMEHTTEPIl KYPri3y YIIIH KaKET KOHABIPFBIIAP/bI JKUHAKTAY, 3aMaHAYH
acranTapMeH )KYMBIC JKacay JaFIbUIapbIH KAIBINTACTHIPYbI KaXeT.

Ocbl TaKbIPBINITH OKBITY OapbhIChIHIA BiIyM TaKCOHOMUSICHIH KOJIZIAHY HOTHMIKECIHJIC, CTYJICHT aJIFalllKbl
carbutapia (OisliM caTbIChl) KOMIPCYTEKTEpAiH TYPJIEPiH aHBIKTAyJbl, Oip-OipiHEeH aXbIpaTyIbl, KYPBLIbIC
CPEKILEIKTEePiH, PEaKIUIIBIK OPTAIBIKTAp/Ibl aHBIKTAYAbI YHPEHE .

KapanaiibiIMHaH Kypaedire S>KbUDKY HOTIDKECIHAE CTYIACHT OuUTiMAepAl MaljaiaHy CaThIChIHIA
XUMUSIIBIK PEAKIMSIIapIbIH CaThUIAPhIH TAJIKBLIAYIbl, ©3repicTep chi30a HYCKAJIaphIH JKa3yabl )KOHE Taiaay
caTbIChIHJIAa KOMIPCYTEKTEPAIH op TYPJIi KJIacTapblHa XKaTaTbIH OKUIAEPiH aly 9MICTEePiH, OJapAbIH XUMHSUIIBIK
KACUETTEPIH CAJBICTBIPY/IbI )KOHE PeaKIUsIIaAPIbIH MEXaHU3M/ICPIH TNy abl YHpeHe/Ii.

Baym TakcoHOMMSACHI

Barara .| TaxpIpbin OolbIHIIA aKapaTTapabl TAJIKbUIAY,
y KOPBITBIHIBLIAY, SICTEPIl IyphIC Oaranay
| Matepuanzp! TYKbIppIMAAY, TOKIpHOEIEpA
Cunres | sxocmapnay, OHTaNIbI JKaFIaiIap bl YChIHY
Tanza .| AnbIHY XOIAapbl MEH XUMUSIIBIK KACUETTEPiH
ay "| cambIcThIpy, peakius MexaHU3MAEPiH TaIAay
K | XUMHAIBIK peakusIapIbH KYpPy CaTblIapblH
Oaty Tangay, cbl30a HyCKaJlapblH jka3a 01y
Tyciny .| KemipcyTekTepaiH XUMUSIIBIK KACUSTTEPIH,
KAaCHeT MEeH KYPBUIBIC TOYEIIUIITH TYCIHY
Bimim »| KemipcyTekTep TypiH, KYpbUIBIC €PEKIIETIKTEPiH,
PEaKLMSUIBIK OpTaJlapblH aHBIKTAY

1-cyper. Taxpipsin OoiibiHIIa BiyM TaKCOHOMUSCBHIH KOJIJaHy

Temenneri Kecreae TaKbIPbI OOWBIHIIA Op TYpJi AEHIeHAeri cypakrap MbIcajlapbl YCHIHBIIFAH.
MyHpaii cypakrap sKcIpecc-cypayaapabl )KYprizyre KoJaiibl.
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«OpraHukanbiK XuMusa» naHi 6oMbIHLIA ...

KecTe

binim 1) ByranuenHiH XUMUSIIBIK popMyIachl KaHaamn?

2) IMomumepneny aereH Kauaai ypuic?

3) XUMHSAIBIK KYPBUTBIC TEOPUSACHI KAIIaH alllblIIFaH?

Tyciny 1) DtuieH MeH alleTHICHHIH XUMUSUIBIK KacHeTTepiH/Ie KaHaal esremierikrep 6ap?

2) AnkeHIepiH rajiorenziey peakuusuiapbiHa KaHnai ¢akropiap acep ereni?

3) CuuprrepneH cy/pl 0ol ay peakuuschH 0ip ce30eH Kanail atayra 0osaib1?

Konnany 1) IleHTaHHBIH M30MepIIEHY] HOTIXKeNEpl Kajal 00Jysl MYMKIiH?

2) ByragueHHIH IMKIICHYI HOTIKECIHIE KaHaal eHiMIep Ty3iremi?

3) Toxipubene amkeHACPIiH THAPATANUUIAHY PEAKIUACHIH Kalall KoJganyra 0onaabr?

Tannay 1) XuMHSATIBIK KYPbUIBIC TEOPHSICHIHBIH alllbLTYbIHA He ce0ert 601abl?

2) CrepeoXuMHMSUIIBIK peakysuIapAbIH HOTH KeNepiH Kaiaima Oomkayra 0osab?

3) ®aBopCKHid peakIUsIChIHBIH MaFbIHACHI KaHaai?

Cunres 1) CuHTe3neNreH opraHuKalblK KOChUIBICTApAbIH KYPhUIBICHIH KaJlaia aanenaeyre 0osap1?

2) PeakuusiHbIH )KYPreHiH HEMece )KYPMETeHIH Kaaiiia aHbIKTayFa 00sap1?

3) CyiibIK KpUCTaNIbI 3aTTap CUHTE31 MOCEJIeCiH KaJial 1enryre 6oJiaibl?

baranay 1) Kanaii oitnaiicei3nap, KocapianFaH TUEHACPIIH KyMYyJUpJICHTeH JAWSHIEPMEH CalbICThIPFaH/Ia
PeaKIusIbIK KaOlIeTTIir Kanaan?

2) Papgukannsl opbiHOACY peakUMsIIAPBIHIAFBl OHIMIEPAIH IIBIFBIMBI TOMEH OOJIATHIHBIH Kallaii
TYciHaipyre 6onazap?

3) KaHbIKIaraH KOCBUIBICTApAbIH 3JIEKTPOQMIIl KOCBUTY peakIusiIapblHa OeHIMAINIriH Kajai
TyciHzaipyre 6omnaapl?

binim neHreiiinge cypakrap KypacTelpy OapbIChIHA KalllaH, KiM, He, TYPbIC Ia IeTeH CypaKTap KHipeK
konganbuiaabl. OChIHAAN CypakTapra kayanTap akmapaTTapibl KapamaibiM KaiTanay, sFHH, eCKe TycCipyai
Oospkaiasl. JKykreme oiay KaOiIeTiHe eMec, €CTe KalyblHa Tycei. MbIcajbl, THAPOTaIOreHICY PEaKIHsIChI
ISl KaH1ai peakuusHbl aTaiabl? OKUThIHIAP aKIapaTThl Kal eCiHIe caKTahIbl.

Tyciny neHreiinie anblHFaH aKNapaTThl TYCIHEIl, MOCEJICHI 03 co3lIepiMeH TYKbIpbIMaaiiasl. CTyaeHT
TYCIHIIpeai, KaiTa Kypaabl, SFHH aKnapaTThl eHJEY YpAici kypemi. Mplcanbl, amkeHAEp alKHHICPACH
HECIMEH aXKbIpaThLIaIbl?

Konoany neHreiiiH TYCIHIKTEpIi jXKaHa >Karjmaiiapia KoJJaHy Jen KapacTeipyra Oomnaabl. Kommany
JeHreliHAeri cypakTap aJblHFaH OlTiMaepai Moceneepal Menly YIniH nainanansuiagsl. Meicansl, nibe-
ANbIiep peakIUsICHIHBIH HOTHXKeCiH OoJpKaHbI3map Hemece 1,3-AMeHAepAiH THAPOTaJoreHIey peaKIHsChI-
HBIH HOTH)KECIH KapacThIPbIHBI3AP JETCH CYpaKTap.

Tanoay nenreitinge akmapatTbly OipHerie Oip-OipimeH OaiimanbpickaH OemnmiekTepre OemiHyi >Kypeai.
Tangay neHreinge cypakrap cebentep MEH cangapabl TYCIHY/I, JKaIbIIaH )Keke OeniMaepai O0emin amyibl
OO0JDKAM Bl MBICATIBI, MOCENICHIH MaFbIHACKH HeJle, KaHal KOPBITBIHABI IIBIFApyFa 0O0Najpl JAETeH CypaKTap
KOJITAaHBLIA/IbI.

Cunmes — aKnaparTapblH KOMIWIBIIHUACH (KypacTeipMachkl). CuHHTE3 JeHrediHueri cypaxrap
MOCEJICHI IIbIFapMAIIbUIBIK IIeMIyMEH OaiylaHbICThI. bys neHredae kapamaibIM akmapaTTapiablH OO0yl
XKeTkuTikci3. bipryma tacingeme HeriziHze aHa OipTyTac TYKBIPHIM LIbIFapy KaxeT. by nedreine xuipexk
KOJIJAHBUIATBIH €TICTIKTEP: OHACHI3NEP, TYKbIPHIMIAHbI3AAD, OlpiKTipiHi3aep, TYpIACHIIpiHi3Aep KoHE T.0.
Mpicajbl, KaHBIKIIaFaH KOMIPCYTEKTEpAIH YKcac KacHeTTepiH OipikTipiHi3aep, MapKOBHHUKOB €pEXKECiH
Ma3MYHJIaHbI3/Iap.

bazanay neHreitine OKUTHIHIAP TAHIAWIBI, TIKIpCAWBIC JKacaibl oHe Oenrini enmemaep OoibIHIIA
Oaramnaiiniel. Bys neHreiine ®uipex TaHIaHbI31ap, CaTbICTRIPBIHBI3IAP, TANIENJICHI3IED, KOPBHITHIHIBLIAHBI3AAD
CHSIKTBI €TICTIKTEP KOJIAaHbUIaAbl. MbIcaibl, 1-NEHTHHACTI YII €CEJCHIeH OalIaHbIC IIETIHAC TYpFaHbIH
JONENCHI3ACD, KBIIIKBUIIAPABl KOMIPCYTEKTEPi TOTBIKTHIPY APKBUIBI aNaThlH OiCTEpP/i CaTbICTHIPHI-
HBI3IAP.

COX anroput™min naspiay OapbiChIHIA OWNAYABIH >KOFApFbl JICHTeHJIepiHE TOH Cypakrap MeH
TanchIpMaapasl KYpacThIpFaH eH Oojaasl. MaHBI3[bI JKaFJaliFfa CTYACHTTEPIiH ©31H Keke O0acThl
TanchIpMalIapIsl OPbIHIAY OapbICBIHIA dp TYPJIi JACHreHIeri cypakTap/pl KypacThIpyIbl YHPETY Ien aiTKaH
nypeic 6onanel. Conpa «biym TyliMenarsiH» KOJJAHBIN, OKUTHIHAAD TEK CYpaKTapra jkayarn Oepim KaHa
KoiiMal, coHbIMeH Oipre Biym mnupaMumachiHblH opOip OEHreliH alryra MYMKIHIIK OepeTiH Oeurii
CypakTap Typiepin enueiini. binim 6epy xylieciniH ASCTYpii TypiHe OyJl IpUHIIMI ColiKec KeaMelai, ce0edi
0J1 Ke3/1€ CYpaK KOIOIIIbI )KOHE CYpaK OHICYII TeK OKBITYIIbI 00aThiH. OKBITYIIBUIAPFa OYJI STICTI KOJIIaHY
OKHUTBIHAAPABIH ajiFaH OUTIMCPIHIH camachlH JUarHOCTUKaIayFa MyMKIHIIK Oepei.

Cepusa «Xumuns». Ne 2(86)/2017 107



C.O. KeHxeTaeBa

«Teopusra Kapail OarbITTaJIFaH» OKBITY CTYJEHTTEpre canaibl 0is1iM Oepyre MyMKiHIIK Oepe aaManabl.
ToxipubemeH OailaHbICHI KOK OLTIMJIEp OKBITATBIH MIHIETTEPIi 6T Tap *OHE OipXKaKThl TYCIHAipeI.
Kypneni cypakrapra Oencenpi kayanrap Oepyre OarbITTalfaH CTYIEHTTEPIl KOCBHIMIIA MOTHBAIUSIIAY
cypakTapra OepinreH sxkayanrtapapl auddepeHuImManymsian Oaranay apkbpUibl icke acaabl [4]. bimimaepnai
Oaranay yIIiH OenTiji KpuTepuiiiepli eHley Oaranay YpIHiCiH allblK KbUIAJIbl )KOHE OapIIbIFbIHA TYCIHIKTI
oomanpl. Erep kpurepumiinep CTyAeHTTEpMEH Oipre emjesce, OHJIA CTYJICHTTEpJiH Oaranayra MO3HTHUBTI
KaThIHACBHl KaiblnTacaabl. Jlypeic eHJIeNAreH Oaraiay KpPHTEpHIIepi OKy MaTepHalblH TYCIHY TEpEHIITiH
enmieyre MyMKiHIiK Oepexi. Kputepuiinep >xoHe onapnabl rpajanusiay CTYIACHTTepre onapislH Oimimuaepi
Kamaii OaraaHaThIHBIH JKOHE OJlap/iaH KaH/Ial HOTYDKENep KYTIJICTIHIH alllbIK KOpPCETeIi.

brym TakCOHOMHSCBHIH TOXIpUOEITIK JKYMBICTApbl OPhIHIAYIa KOJIaHy 2-CypeTTe OepiireH.

JlabopaTopusJIbIK Ca0aKThIH KOCHAPbI

JIabopaTOpHUSIIBIK )KYMBICTBI KOPFay

[MapameTpiiepin canbICTBIPY,
KOPBITBIH/IBLIAY

Cunres

q)I/ISI/IKa-XI/IMI/ISIJ'H:IK TYPaKTbLIIapAbl

Tannay aHBIKTAY

KymbicTel opiHAay (3aTTapas! 66y

Konnmany g .
JKOHE Ta3apTy 9IicTepi)

JlabopaTopusibIK KYMBICKA pPYyKcaT
aiy

Tyciny

Toxipube Kyprizy omicTeMeciH Oiny

2-cypert. biymM TakCOHOMHSICBHIH 1a00paTOPHSUIIBIK cabakTa KOJIAaHy yirici

COX yuriH eH KeHIHeH TapaJiFaH TarchlpMalap peTiHJe KonTereH Karaainapaa acce ®oHe pedeparrap
Oepinetini Oenrini. MyHzail TancelpManapasl OpbIHAAY CTYISHTTEpAE KUBIHABIKTAp TYFbI30aiinel, cedebdi
FalaMTOpia Ke3 KeNreH IoHJAep JKOHE TaKbIphINTap OOWBIHIIA THNTIK 3cce MeH pedeparrap Tabyra
6omazpl [3]. ConaplkTan OaceKeNnecTiKKke KabijaeTTi MaMaHaap Jaspiiay YIIiH OKUTBIHIApa JOCTYpIii OuTimM
Oepy KyleciHe colikec ToH OOMBIHINA KAKETTI OLTIMIEep/Ii KaubIITaCThIPY KBI3METIH XKYPri3il KaHa KoiMaid,
COHBIMEH KaTap TOXipuOere colkec Aarapliap MEH 3epTTEYLIUTK KY3bIpETTepi KaIbINTacThlpy KaxeT. On
eHOEK HapbIFBIHBIH KAKETTUTIrHE OAFBITTAIFAH JKOHE allyaH KHUBIHTBIK 1IIIHEH THIMUIEpiH TaOyFa KaoineTi
Oap MamaHmapAbpl naspiayra MyMKiHAIK Oepeni. Ochl YCHIHBUIFAH CbhI30a OOWBIHINA JaspiaHFaH
MaMaHAapAbIH OKBITY OapbhIChIH/IA ©3/ICPIHIH MaMaH/IBIKTAPhl TypaJibl aliKbIH TYCIHIKTEpI Ooaapl, Oipak KeH
CHEKTpAErl MIHISTTEepl IIeNly YIIiH KOJAapblHAa THIMII Kypan-caitMangapel Oonamel. OcbiHmai
MoceleNep/Ii ey YIIiH %00a oicTepi KeHiHEeH KOJJIaHbUIaIbI [S].

Oxy ypaiciH x00a oiCiH KOJAAHBIN, YHBIMIACTHIPYIBIH €pEKIlEe CUIaTTapblHa OapiblK KaKeTTi
Olmimaepni, HOaFapuIapAbl JKOHE ICKEpNIKTEpAl CTYISHTTEp MOHIEpAl OKBITY OapbICBIHAA alybl FaHa
xarnaiinel. OHBIH OapibiFbl JKOOAHBI OpBIHAAY OapbIChIHAA Kanbinracanusl. JKobamap omiciH HAKTBLIBI
MOCEJICHI IIeNTy apKbUIbI OKBITY SJIiCi Jen aHbIKTayFa Oonaapl. Ke3 kenreH »oba eMipiiK MOHMOTIHTE He
KOPIHEPIK HAaKThUIBI THKIPHUOETIK HOTHXKEMEH asKTanybl Tuic. JKoraprbl OKy OpBIHAApBIHBIH OiliM Oepy
ypaiciHae KoOaHbl, OKBITYIIBI —apHalibl  YHBIMJACTBIPATBIH, CTYACGHTTEp JiepOec  OpBIHAANTHIH,
MIBIFAPMAIIBUTBIK OHIMHIH KYPBUIYBIMEH asKTAATBIH dpPEeKeTTep KellleHi Jen KapacThipaisl. Toxipubemik
FBUTBIMIAP YIIiH k00aap 9JIiCiH KOJJIaHy 6Te 63€KTi OOJBIIT TaObLIaIbI.
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«OpraHukanbiK XuMusa» naHi 6oMbIHLIA ...

Xumust GaKyabTeTiHIH cTyeHTTepl YiiH «OpraHuKalIbIK XUMUSD MoHI OOMBIHIIA K00AJBIK TalChlpMa
perinne «CyHBIK KPUCTAIIBI KACHETTEpPre Me KOCBUIBICTApIbl CUHTE3JICY O/iCTEMECIH OHJICY» TaKbIPHIObI
OOlbIHIIIA FBHUIBIMU-3€pTTEY >k00achl eHuenreH. JKoOaHblH 6HiIMI ecen Oepy 0omybl THic. CTymeHTTEp
OKBITYIIIBIHBIH KETEKIIIITNIMEH MOCEIICHI TaybII, CMapT-MaKcaTKa COMKeC HOTHKEICPIH YChIHYBI THIC:

S — denonmapapIH HeHUIIPONIApriil 3PUPIICPIH CUHTE3ACY/IiH OHTAMIIbI JKaFJaiIapblH OHICY.

M — Oudenunaepre KaTbICTHI.

A — To3WNaTTapIBIH TYP-03rePICTEPiH KOJIaHY.

R — FpuTBIMU MaKana naibiHaay.

T— 15 anra itmisje.

MyHnaii sxo0anap, opuHE, KOl YaKbIT ajJaThIHbl TYCIHIKTI, OipaK FhLIBIMU-3EPTTEY KoOanap, MiHICTTI
TYpAE, TONTHIK yKo0aapra aTabl.

JKobanwlk omicTepai  KoigaHy TEK KociOM  OLmiMaepai, ICKEpIIKTEepal JKOHE JaFabLIap.ibl
KaJBINTACTHIPYMEH KaTap, akKnaparrtapibl i3JIeCTipy, JKHHAKTAy JKOHE Taljlay CHSKTBl KY3bIpETTepi
KaJIBINITACTRIPYFa KeMeK kepceTeni. Ocbl omiCTiH TaFbl Oip aTam KeTeTiH OachIMIBUIBIKTAPBIHA Y)KBIMJIA
XKYMBIC ’Kacay, TaHJayFa jKayalnKepIIiliK KaObuigay, KbI3MET HOTHXKeNepiH Tanjay, ©3iH TONTHIH MYIIeci
pETiHE Ce3iHYy CUSAKTHI JKeKe OACTBIH camalapblH KaJIbIITACTRIPY /bl XKATKbI3yFa 00Ia Ibl.

KopbiTbiaapitai kene, Oi1iM camacklH apTTHIPY YIIIH OKBITYIBIH 9P TYPJi MHHOBALMSUIBIK ONICTEpiH
KOJIaHy KaxkeT jgen adTyra Oonaznpl. Canambel OimiM — OOCEKENECTIKKE KaOuIeTTi, OUTIKTUIr KOFaphl
MaMaHAapAbl 1aspJiayIblH KeIii.
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C.O. KemxeraeBa

HpI/IMEHeHl/Ie TAKCOHOMHUYECKOIO Imoaxoaa 1nmpu moaroroBke 3anaﬂm”1 CPC
mo AMCIMIIJINHE «OpraaneCKaﬂ XUMU»

B crartbe paccmorpena opraHuzauus 3QQGeKTHBHON HCCIIeNOBATENbCKOW paboThl CTYIEHTOB, YTO MO3BOJIAET
(hopMHpPOBaTh y CTYAEHTOB YMECHHE CaMOCTOSATEIBHO A0ObIBATh 3HAHUS, aHAIU3MPOBATh U 3P(EKTUBHO HC-
HOJIb30BaTh MH(OPMALHMIO U MAKCUMAIBHON caMmopeanu3anuu. [IpuMeHeHne TaKCOHOMUYECKOTO OIX0a
npu noaroroBke 3amanuit CPC no mucnummmue «OpraHudeckas XUMHS) HaIpaBiIeHO Ha (OPMHpPOBAHUE
npoeCCHOHATBHBIX KOMIIETCHIINH B COOTBETCTBHM C HOTPEOHOCTSIMH pEabHONH AEHCTBUTEIBHOCTH.
Ommpasick Ha TakcoHOMHIO biyma, pa3paboTaHbl pa3HOYPOBHEBEIE 3aJJaHUsI, KOTOPBIE MOXKHO HCIIOIB30BaTh
UL dKcrpecc-onpoca. [loka3aHo, 4YTO ISl HPOBEACHUS J1Aa0OPAaTOPHBIX 3aHATUH TaKkkKe HCHONB3yeTcs
TAaKCOHOMHUECKUH moxaxonx. Jas  CTyOeHTOB  Xxumudeckoro ¢axynpTeTa paspaboTaH  HaydHO-
UccleioBaTeNnbCKUH MpoeKT. IIpoekTHble MeTonbl (OPMHUPYIOT TaKHUE JMYHOCTHBIE KOMIIETEHLHUH, Kak
yMeHHe paboTaTh B KOJUIEKTHBE U aHATM3UPOBATh MOIyIEHHbIE PE3YIIBTAThI.

Kniouesvie cnosa: taxcoHomus bayma, CPC, HeHachbllleHHBIC YIJIEBOLOPOIBI, NPOQecCHOHATIbHbIE
KOMITETCHINH, INTAHUPOBAHNE 3aHATHS, IPOCKT.
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S.O. Kenzhetayeva

Application of the taxonomic approach in the preparation
of the assignments for SSS on the subject «Organic chemistry»

The article deals with the organization of an effective research work of students that allows students to create
the ability to acquire knowledge independently, analyze and use effectively information for the maximum
self-realization. Application of the taxonomic approach in the preparation of the SSS assignments on the dis-
cipline «Organic chemistry» is aimed at the formation of professional competencies in accordance with the
needs of reality. Based on the Bloom taxonomy, different levels of tasks have been developed that can be
used for express polling. Also, the article shows that a taxonomic approach is also used to conduct laboratory
exercises. A scientific research project has been developed for the students of the chemical faculty. Project
methods form such personal competencies as the ability to work in a team and the analysis of the results.

Keywords: Bloom taxonomy, SSS, unsaturated hydrocarbons, professional competences, lesson planning,
project.
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