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Influence of pH and the quality of the solvents of sensitive hydrogels
based on polypropyleneglycol of maleate with acrylic and methacrylic acids

In this regard, in this work it was firstly performed the radical copolymerization of polypropyleneglycol-
maleate with acrylic and methacrylic acids in various weight ratios at the initial mixture to produce polymers
with high sorption properties. It was studied the influence of medium pH, the quality of the solvents on
behaveior of hydrogels based on the copolymers of polypropyleneglycolmaleate with acrylic and methacrylic
acids. Sensibility of hydrogels to the changes of above mentioned external factors was experimentally estab-
lished.

Key words: unsaturated polyester resins, copolymers, gels, hydrogels, polypropyleneglycol of acrylic acid,
polypropyleneglycol of maleic acid, collapse, copolymerization.

Introduction

At the searching for materials with targeted properties the scientists interested in unsaturated polyester
resins which are capable, in comparison with other thermosetting polymers, to solidify at room temperature
or at relatively low temperature without disengagement of by-products. At present time the production of
decorative materials and products of constructional purposes intensively increases, these materials and prod-
ucts have the above mentioned properties and they are produced on the basis of polyester copolymers with
styrene [1].

Unsaturated polyester resins are well combined with various pigments, dyes, plasticizers and dry granu-
lar fillers (chalk, talc, sand, kaolin, etc.). Unsaturated resins are cheaper and more functional than ethoxyline
resin in practice. They are less viscous and sensitive to the accuracy of dosage of curative agent, easily used
and they are fast-curing under normal conditions than others [2]. The study of literature and patents revealed
that there is almost no data on synthesis and investigation of unsaturated polyester resins with nonionic
comonomers. Selection of optimal formulations of synthesis of polyesters copolymers with unsaturated car-
boxylic acids make it possible to produce products which are highly absorbent and have three-dimensional
cross-linked structure.

Previously we obtained and investigated copolymers based on polyethyleneglycolmaleate with several
ionic monomers [3]. This work is devoted to the synthesis of new copolymers based on
polypropyleneglycolmaleate with acrylic and methacrylic acids, and to the study the influence of external
factors on their behavior.

Experimental

Polypropyleneglycolmaleate was derived from the polycondensation of maleic acid and propylene-
glycol using two techniques [4, 5]. Course of a reaction was monitored due on determining of acid index,
however, the first of them differs with a lower temperature reaction.

4 BecTHuk KaparaHguHckoro yHusepcureTa
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The obtained polymer was reprecipitated in hexane and dried under reduced pressure; the yield of the
product was 82 %.

Data on molecular mass of polypropyleneglycolmaleate determined by the acid index and light-
scattering method [6] on nephelometer HACH 2100AN have advanced level of reproducible results and was
equal to 5630.

Copolymers of polypropyleneglycolmaleate (p-PGM) with acrylic acid (AA) and methacrylic acid
(MA) were obtained by the reaction of free radical copolymerization in mass in the presence of initiator —
benzoyl peroxide at the temperature 333K at various ratios of initial monomers.

Samples of gels were washed with water and chloroform for 10 days, and then they were transferred in-
to Petri dish and were hold in vacuum oven under reduced pressure up to constant mass at the temperature
313K.

The composition of the obtained copolymers was determined by potentiometry [7]. The equilibrium
swelling degree (a) of the copolymers was found by gravimetric method as the mass of water per unit weight
of dry gel, according to the formula:

where m and m, — masses of equilibrium swollen and dry gels, correspondingly, g.

The amount of unconverted double bonds of maleate groups of synthesized copolymers was determined
by method of using bromate-bromide mixture [§].

pH values were set by binding buffer and it was measured on ionomer 1-160MI using as a measure-
ment electrode combination ESK-10601/7.

Surface morphology of the obtained hydrogels was investigated by scanning electron microscopy on
IVS Supra 55VP-3249.

Registration of the IR spectrum of the copolymers was performed on IR Fourier spectrometer FSM
1201.

Results and discussion

The presence of unsaturated double bonds in the molecule of polypropylene glycol maleate, as well as
its sufficiently high molecular mass allows suggesting that they will be used as a matrix for producing three-
dimensional cross-linked polymers.

As a result it was interesting to study copolymerization of polypropyleneglycolmaleate with acrylic and
methacrylic acids with the aim of for synthesizing of copolymers with sufficient hydrophilic balance. Com-
position and properties of copolymers of polypropyleneglycolmaleate with unsaturated carboxylic acids ob-
tained by free radical copolymerization in mass are presented in the Table 1.

The content of p-PGM in the initial stock increased up to critical concentration of solution.

Table 1

Composition and properties of the copolymers of p-PGM (M,) with AA (M,) and MAA (M,)
[7] = 8 mol/m’, T = 333K

Composition of the initial mixture, | Composition of the copolymer, Contents of the
mass. % mass. % Yield, % o, % maleate groups,
Ml | M2 m | my %
AA
12,8 87,2 10,6 89,4 86,6 12674 55,8
15,2 84,8 12,3 87,7 84,2 1187,5 62,9
32,7 67,3 28,7 71,3 82,1 764,1 63,2
41,4 58,6 41,6 58,4 79,4 570,5 63,5
56,1 43,9 50,2 49,8 75,2 400,6 68,9
MAA
17,6 82,4 10,1 89,9 87,7 1569,3 56,3
25,3 74,7 15,1 84,9 84,3 1243,6 59,8
36,1 63,9 25,2 74,8 82,1 861,7 61,0
51,3 48,7 40,5 59,5 79,3 795,6 62,4
60,6 39,4 49,9 50,1 75,2 698,3 73,1
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Comparison of the data of Table 1 shows that the copolymer composition is enriched by AA and MAA
units in comparison with the composition of the initial monomer mixture; which is most probably connected
with a high reaction rate of linking and cross-linking involving above mentioned substances. When the
concentration of p-PGM increases, the viscosity of medium in the initial stock increases too, it leads to the
reduction of branching and cross-linking reactions, and it is proved by the values of the free maleate groups.

Intensive absorption bands in the range 1670 cm™, which correspond to the fluctuations of the unreacted
double bonds are presented in the IR spectra of copolymers of p-PGM:AA and p-PGM:MAA. There are in-
tense absorption bands in the 1157 cm™, corresponding to the fluctuations of the ether bonds. The fluctua-
tions of the methyl groups of methyl acid 2926 cm™, the carboxyl groups providing swelling, are represented
in the field of 1723 cm’.

It should be noted that the degree of swelling of the copolymers with the MAA is slightly higher than
with AA.

The swelling capacity of the synthesized copolymers at the change of pH of medium ionic force of solu-
tion, and mixtures of organic solvent — water was evaluated to investigate the effect of external factors.

Susceptibility of ionic polymers to changes of pH of medium is one of their most important properties
used in practice [9]. It is known from the literature that hydrogels containing residues of weak acid in their
composition, usually swell in alkaline medium [10].

Figures 1 and 2 shows the dependence of swelling capacity at the changes of pH of medium for the in-
vestigated copolymers, and these features are peculiar to ionic polymers.

1400 - 1 1800—_
1600
1200 2 1
1400
3 ]
1000 1200 -
X 1 = ]
S 8004 S 1000
() 800
600 - 4 ]
- fﬂ 5 600+
400 W 400
200 . T . T . T . T . T . T . T \ 200 . T T T T T T T T T T T T T
3 4 5 6 7 8 9 3 4 5 6 7 8 9
pH pH
1—10,6:89,4; 2 —12,3:87,7; 3 — 28,7:71,3; 1—10,1:89,9; 2 —15,1:84,9; 3 — 25,2:74,8;
4—41,6:58,4; 5 —50,2:49,8 4 —40,5:59,5; 5 —49,9:50,1
Figure 1. The dependence of the swelling capacity Figure 2. The dependence of the swelling capacity
on the copolymers of p-PGM:AA up pH of the medium, of the copolymers of p-PGM:MAA on pH of the medium,
mass. % mass. %

Copolymers of p-PGM with AA and MAA at low pH values are at the maximally collapsed condition.
We see that in all investigated gels in the pH range from 5 to 7, there is the spike of swelling degree in the
form of three-dimensional transition which is typical for such systems. It is evident that in this pH range gels
are collapsed, and the subsequent shifting of the pH solution to alkalization doesn't significantly influence on
the conformation of the polymer macromolecules.

Therefore, according to the submitted data it becomes apparent that hydrogels based on copolymers of
p-PGM with AA and MAA behave as typical polyelectrolytes containing ionized acidic groups covalent-
bonded to the backbone chain.

In continuation of the research works it was studied the influence of the mixed aqueous organic solvent
on the swelling of the polymer network based on copolymers of polypropyleneglycolmaleate with acrylic
and methacrylic acids. As model systems were chosen following mixtures of solvents: water — ethanol, wa-
ter — DMF, water — DMSO content of solvent in the mixture was varied from 0 to 1 volume percent (%).

Figures 3 and 4 reveal the curves of swellings of copolymers p-PGM with AA and MAA, which were
placed into the water-organic solvent mixture of different compositions.

6 BecTHuk KaparaHguHckoro yHuBepcuteTa
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16007 1800—-
1400 4 1600—-
1200 1400
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Figure 3. The influence of DMSO — water solvent (1), Figure 4. The influence of DMSO — water solvent (1),
a water — DMF (2), water — ethanol (3) on swelling a water — DMF (2), water — ethanol (3) on swelling
of the copolymer based on p-PGM with AA, of the copolymer based on p-PGM with MAA,
10,6:89,4 mass. % 10,1:89,9 mass. %

Data presented in Figures 3, 4 reveal that the more the parameter values determining the polarity of the
solvents, the better polymers swell in them. As it is seen from Figure 4, the gel in the range from 0,3 to 0,7
volume percent in water- DMSO gradually shrinks due to the fact that the degree of dissociation of carboxyl
groups providing electrostatic repulsion of sub chains from each other reduces, after that the collapse occurs.
When we add DMF and ethanol into the system, the volumetrically-phase transition occurs at lower values of
added solvent due to the lower dielectric permittivity of the medium of DMF and ethanol.

Conclusions

Thus, the experimental data have shown the perspectiveness of the use of polypropyleneglycolmaleate
for three dimensional cross-linked polymers which are susceptible to changes of external conditions.
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A.K.CopcenbekoBa, M.JK.bypkees, E.M.Tax06aeB,
A.T.Kaxwmyparosa, .B.@urypunene, A.O.MykabbuioBa

MoannponujieHrIMKoIbMAJIEHHAT IIeH AKPHUJI KIHE METAKPHJI KbIIIKbLIAAPbI
Heridingeri ce3rim ruaporeibaepain Kacuerrepine pH opTraHbIH KoHe epiTKilI
CanachbIHbIH dcepi

Makasana paJuKaiibl COIOJMMEpU3aLHs MOJHIPONMICHITINKOIBMAICHHAT TIEH aKpHJI JKOHE METaKpuIl
KBIIIKBUTBI HETi3iHe OacTanKbl 3aTTapAbIH op TYPJIi KaTbIHAcTapAarsl epiTiHfine ansiaFad. [lomumnponmien-
[JIMKOJIbMAJICHHAT TeH aKpUJI JKOHE METaKpWJ KbIIIKBUIIAPBIHBIH COMOJUMEpIepi Heri3iHjeri ruaporesb-
nepaid kacuerrepine pH opTachlHBIH ocepi, epiTKILITIH camackl 3epTTeiai. ['maporenbaepiH Korapbiaa
KOPCETIIreH ChIPTKbI (hakTOpIIapAblH ©3repicine TOKIpUOesi Typae ce3iMTalAbUIbIFbI aHBIKTAJ/IbI.

A.XK.CapcenbekoBa, M.2JK.Bypkees, E.M.Tax0aes,
A.T.Kaxmypartosa, 1.B.®urypunene, A.O.Mykabsbl0Ba

Bausinue pH cpeabl 1 kKauecTBa pacCTBOPUTEJISI HA MIOBEACHHE
YYBCTBUTEJbHBIX THAPOresieil HA OCHOBE NMOJIMIIPONWICHIJIMKOJIbMAJIeHHATA
¢ AKPUJIOBOM U METAKPUJIOBOI KUCJI0TAMM

B cratee BIICPBLIC OCYIICCTBJICHA pa/IUKaJibHAasA COIOJIUMEPU3ALUS IMOJIUIIPONUIICHITIMKOJIbMAaJICUHAaTa C aK-
pI/IHOBOﬁ n MeTaKpHJ’IOBOﬁ KHUCJIOTaMU B paCTBOPE NPU Pa3JINMIHBIX COOTHOLICHUAX HWCXOJIHOW CMECH. I/I3y‘ie—
HBI BJIMSTHHUE pH Cp€abl, KaU€CTBa paCTBOPUTEIIA Ha IMOBEACHUC rnnporeneﬁ Ha OCHOBE COIIOJIMMEPOB MOJIU-
HNPONUJICHTITINKOJIbMAJIENHATa € aKpHJ’IOBOﬁ n MeTaKpI/IHOBOﬁ KucCJ0TaMHu. 3KCHepI/IMeHTaJILHO YCTaHOBJICHA
YYBCTBUTCJIBLHOCTDH rHuporeneﬁ K UBMCHCHUIO YKa3aHHbIX BbIIIC BHCHTHUX q)aKTOpOB.
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HHIMOUTOPJBIK KaOljleTiH 3epTTey

Moandunuprienred HaTpuil nukiIorekcadochar TY3BIHBIH HHTHOUTOPIIBIK KaOUIeTIH 3epTTey TEeXHUKAJBIK
KYOBIp cybIHAa yprizinai. Makamana CT-3 mapkans! GonaT KeciHAICIHIH Koppo3us yaepicine Moxudump-
JIEHTeH XYHeHIH MHIHOMTOPIBIK KaOlIeTiH 3epTTell, KOPpOo3us YASpICiHIH JKbUINAMIIBIFEI, HHIHOUTOPIBIH
KOPFaHBIITHIK Jopexkeci ecentenai. MoH TaOWFaThl (Cr3 . P0,5%), KOMIOHEHT KaThiHACHI XoHe BA3
KOJIIaHbI 16 Kyiie maibiHaanabl. DKCIIEPUMEHTTIK XKy3iHae 60oaT KeciHAiciHe KOPPOo3usl yAepiCiH TexeiTiH
JKOHE eH THIMJII KOPFaHBIIITHIK KabiJeTKe 1e Kylie aHbIKTAIAbL. AJIBIHFaH MOJIIMETTEP aJlIbIH ajla eCeNTeNreH
TEOPUSITBIK €CENTEYIEPMEH CATBICTHIPBIIIbL.

Kinm ce30ep: docdarray, mukinorekcadocdar, nomaupocdar, HHrHOUTOP, KOPFAHBIUTHIK Kabimer, BA3,

MOIII/I(i)I/IKaTop, JA0AC1nI, SOHTAJIBIIUA, SOHTPOIINA, T'ub6c OHCPTHUSCHI, TeHe-TeHZ[iK KOHCTaHTacChIl.

1. Teopusnvix 6o1im

®docdarray — MeTanmapasl KeMipilyJeH KoprayAblH Oip omici. Opmic meranapiH OeTiHAE OJapAbIH
(hochop KBIMNKBUIBIHBIH JKOHE OHBIH KBIMIKBUI TY3BIHBIH €PIMEHTIH KOCHUIBICTApBIHBIH KabaT Ty3yiHe
HeriznenareH. @ocdartel uaTHONTOPIAP, AUdocdarTan O6acram MBIHE Topi3Ai mommudocdarrapra Aciin cy
KyObIpiapbraaa 50 )KbUIIaH acTaM YaKbIT KONTereH elepe KOPFaHbIII PETiHAe KOJIaHbuTa bt [1].
docharTel Ka0ATThIH TY3UIyiH TE3[ACTYy YIIIH OHBI KONTEreH OpPraHMKalbIK JKOHE OcHOpraHuKajbIK
3arrap, BA3 kocein Moauduiupiciai. ABTop [2] ©3 KiTaOblHAa OpraHUKANbIK 3aTTapaH a30TThl KOCHI-
neictap (mamamen 0,25 1/71) aHUIMH, 0- HEMece n-TOJIYUAWH, TUPUANH HEMece XUHAJIbANH XKoHe Oacka Oip
onebuer ke3mepinme rumpokcunamud 0,3 %, mukpuH KeikeUibl 0,1%, pesoprwH, MoueBHMHA XoHE T.O.
KoJnaHybl yebiaran. Ochl MakcaTTa o3 seprreyimisae BA3 peritne nomermai (107) KOTIaHbII KOPAIK.
Kanmer muknodocdarrapaeie 11, I Banentti d-anementrepimer (Mn, Fe, Co, Ni, Cu, Zn, Cr, Al)
KOPFaHBIII TY3y 3aHIBUIBIKTApbIHA €CeNTeyJep KYpri3uimi. bysn makamama >KOFapbl KOPFaHBIIITHIKKA HE
Oomat keciHmiciaae dpocdaTr KadaTHIHBIH TYCI )KaCchlI TYCTI HEMICHETIH [3] XpoM HOTHXKEEepi KEJITIpiIreH.
3epTTenTeH KYHCHI CHITAaTTalThIH XUMUSITBIK TETIS-TCHIIK peaKIMsIIaphl;

Hukmodocdar : meramt = 2:1
Me'"+ 2Ps015" — [Me(POis)o]"

Huxmodocdar : metamt = 1:2
21\/1634r + P60186_ — M62P6018

Hukmodocdar : meramt = 1:1
1\/IC3Jr + Pﬁolgé- — MeP60183-

Huxmodocdar : meramt = 1:3
31\/[63+ + P60186_ — MC3P60183+

OpOip xyiiere cTaHAapTTHl TEPMOAMHAMHKAIBIK MapaMeTpi ecenTeniHai: sHTaibnus (3), SHTpomus,

['u60c sHEPTUACH J)KOHE TENe-TeHIIK KOHCTaHTAacH (2). Hotmkenepi 1-kecTene KopCceTire .

l-xecrte
7KylieHiH cTaHIAPTTHI TEPMOAUHAMHUKAJIBIK apaMeTpJepi
JKyiienin ecentik Temne-TeHIIiK AHPEP, ASPEB, AGPEB, K
KYHiHIH XUMUSJIBIK TEHIEYi K>/ MOJTb Jlx/Mons- K kJI>k/MOJTb pant
Cr' +2P¢0ys” + Hy,0 — [Cr(HyP019)(PeOys)]”
1:1 —10790,16 —423,19 —10663,99 7,38:10"
1:2 —21493,83 —478,35 —21351,21 5,5-10°

1:3 —23288,09 —761,03 —23061,19 1,09-10°

2:1 —10225,53 —774,74 —9994,54 5,64:10"
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Kytienin Teme-TeHAIK KYHiH Oaranay jkoHe OasHoay YIIiH Ta3a ¢ocdaTTapasiH MOAU(PUKATOPMEH
KEIIIeH TY3Y KOHE THAPOJINTTIK BIAbIpay SHEPTEeTUKACHIH €CENTEI, aHBIKTAIFaH HOTHKEJIEPi CaIbICThIPBUIIBL.

®docharTel Ka0aTThIH KaabIHABIFE 2—8-1eH 40—50-re metiin MkM ((ocdarray pexxumine, pocharrayra
KaXXeT epiTiHIi KypaMbIHa Toyenai 6omasr). KabaTTeIH KaabIHABIFEl OHBIH KYPJIBIMBIHA OaiIaHBICTHI.

®docdaTTel Ka0aTTBIH KypaMmbiHa Taygay xyprizreaae Fe, Cr, Cu aeMeHTTepiHiH TepOemic KuimKTepi
Oaiikanael. MyHIa MbIC MOHBI MOAM(HUKATOP PETIHAEC KOCBUIMAaraHIBIKTaH, KYOBIP CYBIMEH KeJai Iem
Oomxayra 60saabl.

HuknorekcadochaTTblH TUAPOIM3ACHYIHEH TI30EKTIH COHBIHAA JUrHIpoMoHOodocdaT aHMOHBIHA
AUBIPBUTBIT, TEMip KaTHOHBIHBIH KaKChI €PUTIH TY3HI TY31ICi.

HPO,” +Fe’* + OH = FePO,-H,0
2. Taocipubenix 6enim

2.1. Hampuii yuxnogocgamuinvly cunmesi sHcoHe OHbIH UOCHMUDUKAYUSCHL
Harpuii muknorekcagocdatsl, [4] oneduerTe KOPCETUITSHICH, 3epTXaHABIK JKaFIai a CHHTE3ICIII.

2-xecTe
NagPsO3 UK cnexkTpaeri caapicThIpMaibl Tepoetic xkuiikTepi
NagPsO15
JRYTBLLY JKONAFbIHA KATBIHACE! O1e0U KOpCeTKIlTep CuHTE37eITeH
v¥(P=0) 1265 xymi 1140
v (P=0) 1145 oprt.; 1090 onci3 1130; 1088
v*(P-O-P) 970 kymri 950
vi(P-O-P) 820 amci3; 790 anci3 784; 738
JIubpannonzap! Tepoeic
vy (O-P-0) + 796 oprama 692
+ & (P-O-P)

2.2. Moouguyupneneen noaugpocghammapowiy uneubumopnvlK Kabiiemin 3epmmey

3epTTey KaNBINTH JKarfgaiina Oenme TemmeparypackiHna kypriziimi. CT-3 Mapkanbl IacTHHKa
KeCiHIepiH Ta3anan abii, 400 MJI XUMHUSIIBIK CTaKaHFa OaThIPBLUIIBL.

Cr" nonsi, BA3-6en Momndunupienrer docdarran typarse 1:1; 1:2; 1:3; 2: 1 kaTsiHACKIHIAFE 16
JKy#e JaibIHaaIbl.

Anwiaran Momimertepre MeMCT 9.506—87 GolibIHIIIa TPABUMETPHSUTBIK 9JIICTICH €CENTeY JKYPTi3iiui.

3. 3epmmey nomuoicecin manoay

Toxipube 24 Toymikke KOWBUIBIIN, Op YII KYH CaWbIH TeMip koHe ¢ocdop Memmepi (hOTOKOIOPH-
METPUSIIBIK OJIICIICH aHBIKTAIABL. [ paBUMETPUSIIBIK O/iC apKBUIBI JKEMIpUTy TPOIECIHIH JKbUIIAMIIBIFBI,
XKEeMIipily TpoLeciHae eHIMACPAIH TY3UTy JKbULAaMABIFH JKoHE MOoAM(UIEpIeHTeH TUKIorekcadocdarrap-
IIBTH KOPFaHBIITHIK KA01J1eTi KapacTHIPBUIIEL.

Temip xonueHtpauusicsl (16-cyp.) 1:2 xxone 1:3 xaTeiHacTapbIHIa anTta 00kl )koFapiaca, 1:1 sxone 2:1
KaThIHACTApBIHIA TOYNIK OOWbl TeMeHAeni, Oyi epTiHaire TeMmip HOHIApPBIHBIH ©Tyi TOKTAall, MeTail
IJIAaCTUHKACHIHAA KOPFAHBIITHIK Ka0aT TY3iIyiH KepceTemi, COHABIKTaH OV eki KarbiHacTa 1:1 »kome 2:1
JKOFaphl KOPFAHBIMTHIK KaOimeTrTi kepceTTi. Temip koHmeHTtparmscel (la-cyp.) 6acranker 16—18 Toymik
apanbiFbiHAa 1:2 >xkoHe 1:3 KaTbiHAcTapblHAa TeMeEHZeN, (Qochop KOHIEHTPALMSICHIHBIH (2a-Cyp.) cal
JKOFapimaybl OalKamambl, OYJI OCHl apajblKTa METAUT IDIACTHHKACHIHAA KOPFAHBINT KaOaTTBIH TY3UIYiH
Oaitkatanl. CambICTRIPMAITBI TYPJE alFaH/Ia ga KOPFAHBIITHIK KaOiIeTi )orapsl (3-cyp.).

®docdop xonueHTpauusicsl 16-toymikre (20-cyp.) 1:1 xone 1:2; 1:3 xaTbIHacTapbIHAA KOFapIan, Keiin
TeMeHe . A, 2:1 KaThIHACKIHAA OaCTanKbl TOYIIKTE TOMEH/ICH, KeHiH 18-ToymmikTe ®orapiaybl OalKasIbl.
®dochop KOHIECHTPALMICHIHBIH TOMEHACYIH OHBIH KOPPO3Ms YPIICIH TOKTATHIN, KEIICHII KadaT Ty3yiMeH
Tyciamipyre Oomamel. @ocdop KoHIeHTpamwschl (2a-cyp.) OacTamkbl 9-TOyiikke ACWiH TOKTAll, KediH
OapIbIK KaTbIHAcTapAa OipKaibIITHI Kype Oactansl. MoaudukaTop sxoHe BA3 (26-cyp.) KocbuIMaraHABIK-
TaH, (hochop KOHLEHTPAIUACH TAYJIIK OOMBI OipKaIbIITHI, TeK 10-ToyiiKTe )Korapiaybl OalKaIbl )KOHE OChI
TOYNIKTeH OacTam TeMip KOHIEHTpamuschl TeMmeHnaeni (ls-cyp.). CaipiCThIpManbl TypHAe oOpTalia
KOPFaHBIITHIK Ka0inet 85,5 % kepcerri (3-cyp.).
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1:1 1:2 1:3 2:1
B Na6P6018 84,4 84,5 87,8 85,7

Cr3+-Na6P6018 92,4 90,8 87

B Cr3+-Na6P6018+B5A3 94,5 87,1 92,8 53,3

3-cyper. Luknorekcadocdart sxyiecinaeri caapICTHIpMaltbl KOPFaHBIITHIK Kabinerrepi, Z%

CuHTEe3/IeNTreH 3aT — HATpUi IuKIIorekcagocdarsl HHPPAKBI3BUICTIEKTPOCKOMHUSIIBIK KOHE XUMHSLTBIK
OMICTEPMEH JONICTICHI JKOHE o/ieOMeTTeperi OeplireH MOJTIMETTEPMEH, TEOPHSUIBIK KYPaMBIMEH COHKec
keneni. Kopposus xbuigamaeirsid ecentey yimiH MeMCT 9.506—87 rpaBUMETPHSIIBIK 9AICTIH MaJiMeTTepi
KOJIJAHIbl JKOHE CY KYpaMbIHBIH Talgaybl >Xyprizinai. KopraHbIITBIK KaOIJIETiH e€cenTey HOTHKeIepi
OolibIHIIA KOPFAHBIITHIK KaOijgeTTepi MbIHA Karapia apTagsl: MOIU(HUKATOPHI KOK koHE bBA3
KOJNJaHbUIMaraH >KyHede KeiiH Momudukarop xoHe Mmomuduxarop BA3 konnmaHbuiran xydeae. byn
nereHiMia — moaudukarop koHe BA3 kocy mnukiorekcadocdar skyieciHae KOPFaHBIIITHIK KaOUICTiH
apTTHIPAJIbI.
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K.b.Kenmyxanos, I'.I'.Be6ep, T.A.Illakupos, H.B.AkarbeB, A.b.Husz0exoBa

HccnenoBanne HHruOMpywoueil cnocooHOCTH MOAU(PUIIUPOBAHHOTO
nurjorexcagocdara (NagPqOq5)

Ilpn wccrenoBaHuM MPOLECCOB HHrHOMpoBaHHs Kopposduu cramun Mapku CT-3 momuduumpoBaHHBIM
nukiorekcadocharoM MOACYUTaHBl CKOPOCTh KOPPO3HOHHOTO MpOILiecca, CTEMeHb 3allUThl UHIHOMTOpa B
3aBHCHMOCTH OT IIPUPOJIBI HOHA (Cr3+; P(,Olg(*), COOTHOIIEHHSI KOMIIOHEHTOB CUCTeMBI, puMeHenus [1AB u
TIPOM3BE/ICHEl pacyeThl IPH WX OTCYTCTBHH. J[0Ka3aHO SKCHEPHMEHTAJIBbHO, 4TO Hamboisiee 3¢ QeKTHBHOE
BO3JICHCTBHE OKA3bIBAIOT BJIMSHHE COOTHOIICHHSA KOMIIOHEHTOB 1:1, mpuposa aHHOHA, a TaKKe MPUCYTCTBUE
ITAB. BHOBb nosry4eHHBIH HHTHOUTOP 00J1a1aeT BEICOKUMH 3alIUTHEIMU CBOHCTBAMHU.

Kelmukanov K.B., Veber G.G., Shakirov T.A., Akat’ev N.V., Niyazbekova A.B.
To investigate ability inhibition of modified cyclohexaphosphate (NagPO15)

In the study of the processes of inhibiting corrosion of steel grade ST-3 modified cyclohexylacetate calculated
rate of corrosion process, the degree of protection inhibitor depending on the nature of the ion (Cr’*; PcO,5%),
the ratio of components of the system, the application of surfactants and in their absence. It is experimentally
proven that the most effective impact impact ratio of 1:1, the nature of the anion, as well as the presence of
surfactants. Newly inhibitor has a high protective properties.
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IoauumMuabl APUWI-ATNITUKIAYECCKOro CTpOoCHus

B craTtbe momoOpaHsl oNTUMaNbHBIE YCJIOBUS CHHTE3a HOBBIX apHI-aJIMIUKINYECKUX ITOJHAMHIOB IIPU I10-
JMUAITAPOBAHUH apOMAaTHICCKUX THaMUHOB-1,3-0mc(4-aMrHODEeHOKCH) OeH3011a, TUaMUHOAH()CHIIIOKCHIA,
CoZlepKallne «IIapHUPHBIE» OKCHIHEIE TPYIIEI B IETH, H B KA4eCTBE aI[UIMPYIONIEro KOMIIOHEHTA HCHOIb-
30BaHBl JUAHTHAPHABI OyTaH TeTpakapOOHOBOM KHCIOTHL, Omrmkio-(2,2,2)-okr-7-eH-2,3,5,6-TeTpa-
KapOOHOBOI KHCIIOTHL, Tpnummo-(4,2,11‘602‘5)-H0Haﬂ-3,4-/:[14M6THJ1-3,4,7,8-TeTpa1<ap60H01301“4 KHCITIOTBL. Mc-
cle10BaHbl (PU3NKO-XUMUUECKHUE, NEKTPUUECKHE U TEPMUYECKUE CBOMCTBA CHHTE3UPOBAHHBIX IIOJHMHUMHJIOB,
KOTOpbIE OTIMYAIOTCS TEPMOIUIACTUYHOCTBIO B MHTepBajie oT 180 mo 250 °C u Temmeparypoil pasioKeHus
335-390 °C. [TonuuMuIBl OTHOCSTCS K Pa3psAAy CPEAHEUACTOTHBIX OUAJIEKTPUKOB, YTO MO3BOJIIET PEKOMEH-
JIOBaTh MX B KAYECTBE DJIEKTPOU30IISIIIHOHHBIX MaTepPUaJIOB.

Kniouesvie cnosa: HOJIMUMUIbI, CHHTE3, (1)I/I3I/IKO-XI/IMI/I‘{CCKI/IC, QJICKTPUICCKHUE U TECPMHUUCCKUC CBOﬁCTBa,
TCPMOIUIACTUYHOCTD.

M3BectHo, uro momuuMuasl (I1M) o6magaroT BEICOKOW TEPMUYECKON M TEPMOOKUCTUTEILHON CTOMKO-
CThI0, XUMUYECKOW YCTOMYMBOCTHIO, CTAOMILHOCTHIO K TIPOHUKAIONICH paaualiuy, MEXaHHIECKOW MPOYHO-
CTBI0, AMIJICKTPUICCKUMHU U IPYTUMH [ICHHBIMH CBOHCTBaMU, OJaroapsi KOTOPHIM HHTEpEC K 3TOMY KJIaccy
MMOJINMEPOB HE OcllabeBaeT M B HacTosImee BpeMs |1, 2]. AHaim3 JIUTepaTypHBIX JaHHBIX ITOKA3BIBACT, UTO
HauboJIee PEeaKIMOHHOCTIOCOOHBIMU TUEHO(MUIAMH SBIISIFOTCSI COSMHEHUS C ABOWHOW CBS3bIO, THUIIA MaJICH-
HOBOTO aHTHApH/A. M3 mupoKoro Kkpyra ajieH0B, UCIIOIb3yEeMbIX B JUEHOBOW KOHICHCAIUY, HANOOIBIIINE
BO3MOXKHOCTH JIJISl CHHTE3a aHTHAPHUIOB PA3IMYHBIX MOJTUKapOOHOBBIX KHCIOT JAaeT MCIIONIb30BaHNE MaJeH-
HOBOT'O aHTHJIPH/IA, €T0 3aMEIIEHHBIX ¥ HEKOTOPHIX AUECHOB IIUKIMYECKOTO HIIU IETTHOTO CTpoeHusa. OcoObIi
WHTEPEC MPEACTABISIOT PEaKIUU [UKIONPUCOSTUHEHUS TUCHOPUIOB ¢ 00pa30BaHUEM IUAHTHJIPHUIIOB ajui-
LHUKJIUYECKHUX M aTr(aTHIeCKUX TeTpakapOOHOBBIX KUCIOT [3].

B HacTosimmelt paboTe aBTOpaMy NPEAJIONKEH CHHTE3 ATHIUKIHYECKHX ¥ MUKIOAUTM(ATHISCKUX TTOJIU-
MMUIOB, Ha OCHOBE KOTOPBIX BO3MOXHO TIIOJIYYCHHE BBICOKOMOJIEKYIIIPHBIX PACTBOPUMBIX ITOJIMMEPOB
C KOMIUIEKCOM IEHHBIX (PU3NKO-MEXaHHMUECKUX CBOMCTB. Hamuune B MOMMUMUIHON CTPYKTYpE alHIUKINIC-
CKUX ¥ anmu(aTHIeckux GparMeHTOB MPUIAET MOIUMEPaM TePMOILIACTUIHOCTh, PACTBOPUMOCTD, TEKYUeCTbh,
YTO SIBJIICTCS BXXHBIM IPEUMYIICCTBOM IPH TEXHOJIOTUYECKON MepepadoTKe, MO0 CPABHEHHUIO C TPOMBIIII-
JICHHBIM 00pa3IaMy MOJUTETEPOIIHKIIOB.

ABTOpaMH CTaThU TMONYYEHBI MONUAMHUIBI MPH MOJHAIMIUPOBAHUH apOMATHYECKUX JUaMHUHOB-1,3-
ouc(4-amuHodenokcn )oenzona (JIADE), muamunoaudennnokcuaa (JAADO), comepKalime «IIapHUPHBIC
OKCHJIHBIC TPYIITIBI B IIETIH, U B KAYECTBE allMJIMPYIONIETO KOMIIOHEHTA MCIIOJIb30BaHbl IUAHTHIIPHU/IBI OyTaH-
terpakapoonoBoit kucinotel (IABTKK), Owumukino-(2,2,2)-0kT-7-eH-2,3,5,6-TeTpakapOOHOBOM  KHCIIOTHI
(IBOTKK), Tpuuukio-(4,2,1"°0*°)-nonan-3,4-mumernn-3,4,7,8-rerpaxap6onosoit kucaots (JITHIMTKK).

JBTKK mosydaercs mpu OKHCICHUM TUAHTHAPUAOB TPUITUKIONCIICHTETPAKapOOHOBBIX KHUCIOT KOH-
LEHTPUPOBAHHON a30THOM KUCIIOTOH ¢ BhIxoAoM 70—-80 % mo cnenyromeit cxeme:

(0] Icl) e} (0]
I I I
CH,00C
,C S chon 76 OOCH, wvo,  C C\
T po 2 s o T e

c c CH,00C OOCH, c c

I R [l R I [l
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OmHUM U3 TIPECTaBUTEICH ATMIIUKIMIECKUX COCTMHEHNUN SBIIIeTCs Onnmkino-(2,2,2)-okt-7-e1-2,3,5,6-
TeTpakapOOHOBAs KUCIIOTA, MoJydyacMasi IOJMKOHICHCAINEeH O-TMPOHa C MAJICMHOBBIM aHTUAPUIOM B TUOY-
Tuidranate Mo cxeme:
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Haunbonee nocTynHbIM ChIpbeM ISl IPOU3BOJICTBA CO-IIMPOHA SBJIIETCS M30AETHIPOALETOHOBAs KHUCIIO-
Ta, KOTOPYIO B MPOMBIIIJICHHOCTH TOJIyYaloT U3 alleTOyKCYCHOTo 3¢dupa.

ATHAMTKK nonydanu myteM (GOTOMHHLMUPOBAHHOTO LUKIONPHCOCTUHEHUS! TUMETUIMAICHHOBOTO
aHTHAPHUIA K aHTHIpUAY Ounmkino-(2,2,1)-rent-5-eH-2,3-1nkapO0HOBON KHCIIOTHI IO CXEME:
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Brixon aumanruapuaa coctasun 50-56 % mocne 30 9 o0irydeHust Ha CONHIIE B KBapIIEBOM MHPEKCOBOM
peakTope. Bo3aM0oXHOCTh MCIONB30BaHus dHeprun coyHIa (Y D-criekTp) s peakiuu GOTOIMKIONPUCOCTH-
HEHUS OTKPHLIBAcT OOJBIINE MEPCICKTHUBBI ISl MPOW3BOJICTBA AMIMKINYCCKUX AWAHTHAPUIOB B Kazax-
crane. CTpoeHue u cTepeoXuMusl (OTOAIYKTa TOKA3aHbl PU3NUECKIMU U XUMUYECKUMHE HCCIICIOBAHUSIMU.
OunieHHBIN TepeKpUCTaUIM3AUEH U3 alleTOHA aaAyKT IUIaBUTCA Ipu Temneparype 316318 °C.

Ha ocHOBe CHHTE3MPOBAHHBIX UAHTUAPUAOB M Pa3IUYHBIX aTU(PATHUSCKUX U apOMATHYECKUX JTUAMU-
HOB TIOJTy4eHBI MoauaMuAoKuCIOTH (ITAK), KoTOphle CHHTE3UPOBAN OJHOCTAANHHBIM M JIBYXCTaIHHHBIM

cIrocodoamu.
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Jlis mosImaMuI0KUCIIOT HalieHbl ONTUMAaJIbHbIE YCIOBUS UX CHHTE3a: HAauOOJIbIINE BEJIUYMHBI [IpUBeE-
neraHoi Bsa3kocTH ITAK momydarorcst mpu temmepatypax 30-35 °C, onTUMaNbHBIMUA KOHIICHTPAITUSMHA MO-
HOMEpPOB B pPEaKIMOHHOM cocyzae ABisAtoTca 25-30 macc.% mnpu NpoaoDKUTENbHOCTH peakiuu 100—
120 muH.
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OnHOCTaINHHYIO TIOIHKOHJICHCAIIUIO OCYIICCTBISUIH B alIPOTOHHBIX PACTBOPUTENSX aMUTHOTO THIIA —
mumetuipopmamugie (IM®DA), numetmnaneramune (JIMAA) n qumetuncyishokeune (JAMCO) ¢ kaTanmm-
3aTopamMu TPUMETHII-, TpHATUIaMUHOM. Hanbonpire 3HaueHus npuBeaeHHON Bs3kocTH [TAK momrywaroTcst
B JIMCO.

BrusiHue nmpupoas! pacTBOPUTENS, TIEPEAAONIETOCS Yepe3 ero B3aMMOICUCTBUE C peareHTaMM, MOXKET
OBITh OOYCIIOBIICHO KaK HecIel(pHuIecKoll colbBaTalueil 3a cUeT IMEeKTPOCTATUIECKOTO B3aUMOJICHCTBUS,
OTPEACISEMOT0 BEIMIUHON JUAICKTPUICCKON MTPOHUIIAEMOCTH PACTBOPUTEIIS, TaK U CIIENU(UISCKON COJIb-
BaTaluel, CBA3aHHOMN ¢ ero oCHOBHOCTHIO [4]. B N-metun-2-upponugone (MII), uMmeromeM UKIHISCKOe
ctpoenne, >C=0-rpynmna MeHee SKpaHUPOBaHa M0 CPABHEHHIO C APYTUMH aMUJIHBIMH PAaCTBOPUTEISIMH, TIO-
atoMy anst MII xapakTepHO aKTHBHOE BCTYIUICHHE B CHIIbHOE CcTien(hUIecKoe B3aNMOICHCTBHE C MAaKPOMO-
nexynamu [TAK ¢ oOpa3oBaHreM BOJOPOIHBIX CBSI3€iH. DTO OOBSICHAET MEHBIINE 3HAYCHUS NMPUBEIACHHOM
BSI3KOCTH TOJIMaMHUJOKHCIIOT B JAHHOM pacTBopuTene. Jlanee, HCXoasd U3 OCHOBHOCTH M YMEHBIIIEHUS CHITBI
crenu(pUIEeCKOro B3auMOJICHCTBHS C YKa3aHHBIMU KOMITOHEHTamMu, uayT JIM®A, IMAA, IMCO.

[TomydeHHble HaMU pe3yabTaTHl HAXOAATCS B COOTBETCTBUHM C APYTUMHU HUCCIEAOBaHUSAMU [5], moj-
TBEPKTAIOIIUMH JIYYIITYH0 PACTBOPSIOIIYIO CIIOCOOHOCTh MCXOTHBIX MOHOMEPOB M 00Pa3yrIIUXCsl BEICOKO-
MOJICKYJIApHBIX coenuaeHnid B JIMCO.

Baxusm ¢akTopom, onpeaensiomuM cBolicTBa oopasyromuxcs [TAK, seusercs Temmepatypa. [Ipose-
JICHHBIC UCCIICJIOBAHUS ITO3BOJISIFOT YCTAHOBHUTH, YTO ¢ HAMOOJBIIEH MOJICKYIIIPHONH MacCoi MpPEAOInMephI
o0Opa3yroTcs B uHTepBaie temmeparyp 25—40 °C. [ToHmwKeHHe TeMIepaTyphl BBI3BIBACT YMCHBIIIEHHE pac-
TBOPHMOCTH HCXOIHBIX MOHOMEPOB, YTO MPHBOJUT K (POPMHUPOBAHMIO MAKPOMOIIEKYN C BBICOKOH BSI3KO-
cthi0. [loBEIIIIEHUE TeMITEpaTyphl BEIIIE ONITUMAIBHOTO 3HAYEHUS BBHI3BIBACT CMEIICHUE PABHOBECHUS B CTO-
poHYy 00pa30BaHMsI HU3KOMOJICKYIISIPHBIX TPOAYKTOB [6].

Jns nonyueHus ¢GoproimMepoB ¢ 0ojiee BBICOKMMH BSI3KOCTHBIMU XapaKTEPHCTUKAMH HEOOXOUM
MOI00P ONTHUMANILHBIX KOHIICHTPAIM pearupyroniiux BeIlecTB. M3ydueHne BAWSHUAS KOHIICHTPAIIMH PearcH-
TOB Ha BEJIMYHUHY My, I0KA3aJ10, 4TO ¢ 00JIEe BHICOKUMHU BA3KOCTHBIMU XapakTepuctukamu ITAK obpasyrores
mpu 20-30 macc. %, 4To ompezensercss Kak pacCTBOPHMOCTBIO MCXOJHBIX MOHOMEPOB, TaK U CTEPUYECKUM
BIIUSTHUEM 3aMECTHUTENCH. Y MEHBIICHUE MOJICKYJISIPHOW MacChl TPEMOIUMEPOB C M3MEHEHUEM KOHIICHTpa-
MY MOHOMEPOB B PEAKIIMOHHOM pacTBOpe 00ycioBIeHO MU y3nOHHBIM (haKTOPOM, OCOOEHHO B CiTydae
KOHIIEHTPUPOBAaHHBIX PACTBOPOB, KOTJa PE3KOE BO3pacTaHHE BSA3KOCTH PEAKIIMOHHOW CpEeAbl 3aTpyHHSET
T Py3UI0 YIaCTBYIONIMX B PEAKIIMU POCTA MAKPOMOJIEKYJT (YHKIIMOHANBHBIX TPYIIIL.

B tabnune 1 npuBeneHsl BETMYUHBI IpUBEAeHHON BsskocTh [TAK.

Tabnuma 1

Beanunnsbl npuBeeHHoi Ba3kocTH [TAK B 3aBMCHMOCTH OT NPUPOABI TMAMHUHHOM
U AMAHTUAPUIHON COCTABIAIONIUX U crOco0a MOTyYeHUs

] m/r JADB [n] /v AAJJDO
Ananrnapun JByxcTaguitHbIi OnHocTaguHHEIN JByxcTaguitHbIi OnuocTaguiHBIH
JBTKK 0,86 1,70 0,56 1,40
JIBOTKK 0,92 1,90 0,76 1,58
JTOTKK 0,88 1,96 0,70 1,50

HccnenoBanue BIUAHUS Ha NpUBEAEHHYIO BsI3KOCTh ITAK mpupojsl [uaMUHHON COCTaBIISIONIEH MO-
3BOJIMJIO YCTAHOBHUTD, YTO C OOJBIIECH MOJIEKYIISIPHOM Maccoii 00pa3yroTcst (oproiMMepsl HA OCHOBE apoMa-
TUYECKUX JWAMHUHOB. 3HaueHHs NpuBeneHHOH BsizkocTH [TAK, momy4yeHHBIX B ONTHMANbHBIX yCIOBUSIX B
JAMCO, B 3aBUCHMOCTH OT CTPOEHHSI UCXOTHBIX MOHOMEPOB, (POPIIOTUMEPHI ¢ MAKCUMAIBLHBIMH BBIXOAAMHU
Y ONTUMAJIBbHBIMU 3HAYEHHAMH 1),00pa3yroTcsa npu temneparypax 25-40 °C, npu 5KBUMOJISPHOM COOTHO-
[IIEeHWH MOHOMEPOB U WX OO0IIei KOHIIEHTPALMK B PEaKIMOHHOM pacTBope, paBHOH 20-30 macc.%. [Ipudem
oOpazoBanue [TAK B cinywyae quaHruIpuaoB U apoMaTHUeCKUX TUaMHHOB 3aBepiuaeTcs 3a 1,5-3,0 4. Brico-
KU€ 3HAUCHUS 1), JOCTHIAIOTCS TIIATETBHON OUYMCTKOIN MCXOJHBIX MOHOMEPOB M CTPOTOrO COONIOAEHNUS K-
BHMOJIbHOCTH PEareHTOB.

[IpeBpamenne MOIMAMHIOKUCIOT B TOJMMUMHJIBI OCYLIECTBISUTH MyTEM TEPMUYECKOW TBepAOQa3HOM
nuknoaeruapaTauud. [lonHora 3aBepieHHs peakuud TBepAO(pa3HOW WMHUIM3ALMK ONPEACIIeT CBOWCTBA
KOHEYHBIX TOJMMEPOB, B CBS3H C Ye€M H3YUYEHHE 3TOr0 MpOoIecca ¢ HEeNbi0 M0A00pa ONTUMAIBHBIX yCIOBHN
MpeacTaBisieT BayKHYIO 3aaady. Peakuus uukinogeruapatanun cuatesuposanubix [TAK uccnenoBanace me-
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tonoM UMK-cnekrpockonuu B uHTepBase temnepatryp 180-200 °C, mo M3MEeHEHNI0 MHTEHCUBHOCTH IMOJIOCHI
norsowmenns 1380 cM ', oTBeTCTBeHHOI 3a KosteOanust cBsi3n C—N UMHIHOTO LIHKIA.

Kunernky peaknuy MOTUIUKIN3ANNHA U3YYald TI0 N3MEHEHUIO KOHIIEHTPAIIH IMHIHBIX ITUKIOB. [1om-
HOTY 00pa30BaHMs UMHUIHOTO KA onpeaessu metogoM MK-cnekrpockonuu. M3yueHne peakinu IMUAAN-
3alyy TI0KA3aJ0, YTO KHHETUYECKHE KPUBBIE NMEIOT TIPEeNbHBINA XapaKkTep U KOHCTaHTa CKOPOCTH PEAKIIHH,
paccurTaHHas M0 KMHETHYECKOMY YPaBHEHUIO HEOOpATUMOW PEakIny TIEPBOTO TOPSIIIKa, SBIseTCS QyHKIIH-
eil cTemeHu 3aBepUICHHOCTH mpouecca. [lo Mepe MOBBIIEHUST TeMIepaTyphl TEPMOOOPaOOTKH KOHCTAHTHI
CKopocTH yBennuuBatoTcs. [lo3aHue craguu mpolecca XapakTepu3yrTCs MOHOTOHHBIM YMEHBIIEHHEM KOH-
CTaHTHI, YTO CBUAETEIHCTBYET O MPAKTUIECKOM MPEKPAIICHNN PEeaKIInH.

Ha ocnoBanum ananmmza tepMorpaduveckux KPUBBIX ObUTAa JaHa OLEHKAa TEPMHUYECKOW YCTOHYHBOCTH
CHUHTE3UPOBAHHBIX MOJIMUMUIOB. [Ipy 5TOM MOKa3aHo, 4TO, B 3aBUCHMOCTH OT MPUPOJIBI JUAMUHHOM COCTaB-
JISTFOIIIEH, TIOJTMUMUIBI YCTOMYMBEI Ha BO3MyXEe B HHTEpBaje TeMiepaTryp oT 335 mo 390 °C u Temmneparypoit
pasmsrgenus 180-250 °C. HccienoBaHne TEpMOMEXaHHUECKHX CBOWCTB ITOKA3aJI0, YTO CHHTE3UPOBAHHBIC
MTOJIMUMUJIBI SIBJITFOTCS TEPMOTUTACTHYHBIMH, UX TEMIIEPATYPhl pa3MATYCHHUS TIPEJICTABICHBI B Ta0IHIIC 2.

Taonuma 2
TepMoMexXaHHYECKHE CBOICTBA MOJUHMHUIOB B 3aBHCHMOCTH OT MPUPOALI THAMUHA U THAHTHAPHAAQ

JTADBb JAIDO
Aluarripia Tpus °C Typn C Toum °C Tups°C
JBTKK 180 350 180 340
JIBOTKK 210 370 210 350
JTOTKK 220 390 230 380

ITonyyeHHBIE MOMMUMUABI OTIUYAIOTCS XOPOIIEH pacTBOPUMOCTBHIO B allPOTOHHBIX MOJISIPHBIX PacTBO-
putensax. Xopomas pacTBOpUMOCTh [/, mOTy4eHHBIX U3 YKa3aHHBIX MOHOMEPOB, OOBSICHIETCS THOKOCTHIO
Y CHIDKEHUEM JKECTKOCTH MaKpPOMOJIEKYJI.

Brun n3yuyeHsl HEKOTOpbIE (PU3NKO-MEXaHUUECKUE U AIEKTPUUYECKHE CBOWCTBA IJICHOK Ha OCHOBE CHH-
TE3UPOBAHHBIX TIOJMMEPOB.

YcraHOBIEHO, YTO HOBBIE anuuukindeckue 111 xapakTepu3yroTcsl HOBBILIEHHOW AIACTUYHOCTBIO, BbI-
COKOW IPOYHOCTHIO Ha pa3phIB. Tak, yATMHEHHE IPU pa3pbiBe MOJUUMHUAHBIX IUIEHOK nocturaet 3045 %,
MPOYHOCTH Ha pa3peiB cocTaBisieT 130-180 MIla. ITo snekTpuyeckuM CBOMCTBaM CHHTE3UPOBAHHBIC MOJIH-
WMUZBI OTHOCATCS K Pa3psAAy CPEeIHEUACTOTHBIX IUAJIEKTPUKOB, YTO TO3BOJISET PEKOMEHIOBATh MX B Kade-
CTBE 3JIEKTPOM30JIALMOHHBIX MaTepuanoB. Hoeele anumuknnueckue 111 xapakrepusyroTcs pacTBOPUMOCTBIO
B JIOCTYIIHBIX PaCTBOPUTENSX, THAPOIUTHIECKON CTAOMIBLHOCTHIO, XOPOLIMMH TNICHKOOOPa3yIOIUMH CBOM-
CTBaMH, 3JaCTUYHOCTHIO, BEICOKOM TEPMHUYECKOH yCTOMYHUBOCTHIO, TEPMOILUIACTUIHOCTHIO, YTO OMpPEIEIIsieT
MEePCTIIEKTUBHOCTH ITHX TOJIMMEPOB.

Buvisoowt

CuHTE3UpOBaHbl HOBBIE apWII-aJIMIMKINYECKUE MOJMMMHUIBI IIPU IOJIMALMIMPOBAHUM apOMAaTHYECKUX
muaMuHOB 1,3-0nc(4-aMuHO(DEHOKCH )0eH301a, TUAaMUHOIU(DEHIIOKCHIA, COACPIKAITIX «IIapHUPHBIC)» OK-
CHIIHBIE TPYIIIHI B 1IETH, AlMJINPYIOIINMI KOMIOHEHTaMH — JUAHTHAPUAAMHU KUCIIOT: OyTaHTeTpakapOoOHO-
BoH, Ownwmkio-(2,2,2)-okr-7-eH-2,3,5,6-TeTpakapOoOHOBOIA, TpI/ILII/IKJ'IO—(4,2,11’602’5)—H0H3H—3,4—,I[I/IMCTI/IJ'I—
3,4,7,8-rerpakapOOHOBOA.

Haiinensl onTuManbHbIe YCIOBHS MOMYYCHUS MOJIMUMHIOB CO 3HAUCHUSMH XapaKTEPUCTHUECKON BsI3-
koctu 0,90-1,96 nn/r. UccnenoBansl (prU3NKO-XUMHUYECKUE, 3JEKTPHUECKIE U TEPMUYECKHIE CBOWCTBA CUHTE-
3MPOBaHHBIX NOIMUMUIOB. [l0Ka3aHO, YTO 3TH NOJMUMUBI OTINYAIOTCS TEPMOILUIACTHYHOCTHIO B HHTEpBAJIE
ot 180 mo 220 °C, o6namaroT TepMOCTOMKOCTRIO U HE pa3jlararoTCs MPU HarpeBaHWU Ha BO3AYXE IO TEMITC-
paryp 345-390 °C, a HaiiMune OKCUAHBIX TPYHI B CTPYKTYpE MOJIUMEPOB CIIOCOOCTBYET MOBBIILICHHUIO pac-
TBOPUMOCTH B IIUPOKOJOCTYIHBIX PACTBOPUTEIISX.
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ApI/lJI-aJ'lI/IIII/IKJ'IIli KYPbUIBICTBI NOJTUUMUATED

Makanaza KypambIHAa Ti30€KTi «UIapHUPIIBDY OKCHUATIK TONTapsl 0ap apoMaTukaiblK auaMusaiepai — 1,3-
6uc(4-amuHodeHoKcH) OSH30IIABIH, TUaMIHOIU(DSHUIIOKCUITHIH aliIACyIi KOMIIOHEHTTEpi peTiHae OyTaH-
TeTpakapOOH KBIIKbUIBIHBIH, OUIMKI0-(2,2,2)-0KT-7-€H-2,3,5,6-TeTpakapOOH KbIIIKBIIBIHBIH, YIIIHKIO-
(4,2,11‘602‘5)-H0HaH-3,4-,[[I/IM6TI/IJ'I-3,4,7,8-TeTpaKap60HI(I>IH_IKI>IJ'ILIHI>IH NUAHTHIPUATEPIH KOJIAHBII, >KaHa
aApWIT-ATUIUKII TIOJIMUMUAITEPIH allyblHA KaJBINTHI JKaFaaiinapel 3eprrenreH. [lommmmunrepnid Qusnka-
XUMUSUTBIK, JJICKTPIIK KOHE TEPMHUSUIBIK Kacuertepi aHbIKTanibl. [lommmmunrep 180 °C-mam 250 °C-ra
TeMIeparypara JeWiH TepMOIUIACTUKAJBIK KAacHeTTepiH cakraiigsl xkoHe 335-390 °C Ttemmeparypanap
apJBIFBIHAA TEPMOTYPAKTHl Oonajpl. [loMMuMHATEp AMDICKTPIIK KaTapblHA JKaTajbl, COHIBIKTAH OJapibl
INEKTpOKIIanay OyibIMaap peTinae KongaHyra 00aibl.

0.A.Almabekov, A.A.Almabekova, A . K.Kusainova, E.M.Imashev

Polyimides of aryl-alicyclic structure

Working optimal conditions of synthesis of new aryl-alicyclic polyimides of aromatic diamines with
poliatsilirovanii -1,3-bis(4-aminophenoxy)benzene diaminodifeniloksida containing «hinge» oxide groups in
the chain, and as the acylating component used butane tetracarboxylic acid dianhydrides bicyclo (2,2,2) oct-7-
ene, 2,3,5,6-tetracarboxylic acid tricyclo(4,2,11’(’02’5 ) nonane, 3,4-dimethyl-3,4,7 8-tetracarboxylic acid. Stud-
ied physico-chemical, electrical and thermal properties of the synthesized polyimides, which differ in the
range of thermal plasticity 180 °C to 250 °C and decomposition temperature 335-390 °C. Polyimides are clas-
sified as mid-dielectrics that can recommend them as electrical insulating materials.
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Heterocyclic flame retardants for rubber based on glycoluril and its derivatives

This article was first proposed to glycoluril and its derivatives as flame retardants for rubbers. The effect of
flame retardants on mechanical properties of rubbers was studied. The degree of fire protection was deter-
mined. It was shown that the addition of rubber to tetra-N-methylolglycoluril with a synergistic blend of
flame retardants had an excellent degree of fire protection in comparison with a series of fire resistant rub-
bers.

Key words: flame retardants, glycoluril, tetra-N-chloroglycoluril, tetra-N-methylolglycoluril, vulcanization
and scorching.

Modern technological progress is impossible without extensive use of polymeric materials in various
industries. Significant deterrent to the introduction of a variety of polymeric materials is their fire danger
caused by flammability. At present time, the basic method of effective deceleration of combustion processes
is the use of special additives such as flame retardants. Search for new additives that are highly effective at
flame retardant action with absence of toxicity and adverse effect on the properties of the material, is a very
urgent task [1].

Currently, urea derivatives are the most widespread among the nitrogen-containing heterocyclic flame
retardants [2]. These compounds slow down combustion forming a voluminous polymer protective layer,
thereby insulating the material from the heat source or heat. Such property can be further improved by add-
ing substances with a synergistic action [3].

Bicyclic bisureas which include glycoluril and its derivatives attract the attention of chemists due to
their use in pharmacology and various industries.

0 2,4,6,8-Tetraazabicyclo[3.3.0.]octane-3,7-dione (glycoluril) and its derivatives were

)k chosen as the objects of the study to be tested as heterocyclic flame retardants. Rubbers

HQ _H based on synthetic isoprene rubber and synthetic vinyl rubber used as samples for re-
\ / search on fire resistance.

—_ Because of the large variety of grades of rubber and rubber formulations direct
/ \ transfer of data to a determined rubber compounding is not possible and the final decision
0 TN\H on the effectiveness of certain flame retardants in each case is possible after the experi-

ment [4].

0 The studied rubber composition consisted of the following components: rubber, zinc

white, carbon black grade P-324, sulfur, sulfenamide C, magnesium oxide, zinc stearate,

naphthame-2, diaphene, N-nitrosodiphenylamine, chloroparaffin-70, antimony trioxide, zinc borate, alumi-
num hydroxide.

As a reference, in this work, we used an extinguishant formulation which consists of 41 parts by weight
of chloroparaffin-70 (CP-70), 10 parts by weight of antimony trioxide and 20 parts by weight of zinc borate
and 20 parts by weight of aluminum hydroxide.

The total burning time of 6 samples of reference fire resistant rubber (rings) is 1.0 s (0.6 s-max) (Ta-
ble 1). According to the curve of vulcanization the induction period of vulcanization is 9 minutes and the
optimum of curing is 38 minutes. Refering to the scorch curve the scorch process time is more than 40
minutes, and a viscosity is in the range of 57 Mooney units (Fig. 1, Table 2).

Manufacture of the studied rubber compounds was carried out on rollers. Vulcanization of the samples
was carried out in press.

In the rubber formulation # 1 it was used the synergistic mixture of flame retardants which includes 5
parts by weight of glycoluril together with 41 parts by weight of CP-70, 10 parts by weight of antimony tri-
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oxide and 20 parts by weight of zinc borate and 20 parts by weight of aluminum hydroxide. These weight
ratios of the studied flame retardant and inhibitors-synergists will be used in further formulations.
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Figure 1. Kinetic curves of vulcanization and scorching,
a viscosity curve of standard rubber of TG grade
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Figure 2. Kinetic curves of vulcanization (1), scorching

of the rubber composition (2) and the viscosity (3)
established according to the formulation #1

As a result, the total burning time for the 6 samples was 1.0; 1,0; 0.8; 0.8; 1.0 — 5.6 s (1.0 s-max.)
overall (Table 1). It should be noted the positive impact of the additive on the stress-strain tensile properties,
but there is a slight increase in the volume loss by abrasion (Fig. 2, Table 3).

Table 1
The results of the fire tests of the studied rubber samples
Formulation Combustion (ring), s
Rate 18—5 max
FR Series 1,0-0,6 max
Ne 1 5,6—1,0 max
No 2 4,4—1,0 max
No 3 1,0-0,4 max
Table 2
Characteristics of the vulcanization process of the studied rubbers
Formulation Inductlor'l period, Optlmum, Time of sgorchmg, Vlscos1ty,.
min min min Mooney units
FR Series 9 38 >40 57
Ne 1 8 31 >40 29
Ne 2 7 42 30 27
Ne 3 9 35 >40 29
Table 3
Physical and mechanical properties of the test for fire resistance of rubbers
Formulation Tensile strength, Elongation Volume loss Hardness
ormuiatio MPa at break, % by abrasion, mm on Shore units A
Rate >14,7 >350 <200 55-70
Series 13,5 490 199 71
Ne 1 13,7 540 243 62
Ne 2 13.5 570 263 61
Ne 3 11,5 450 230 65
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cl Cl Halogenated triazine and geptazine derivatives are promising flame re-

\N N/ tardants to reduce the flammability of heat-resistant rubbers based on eth-

ylene-propylene rubber. In this work tetrachloroglycoluril was proposed as

U:‘< 24 potential nitrogen-, halogen-containing flame retardant and was inducted as
N N 5 parts by weight into the formulation #2.

L‘l/ \C] Fixed fire extinguishing time is 1.0's, 0.6 s, 0.8 s, 1.0s, 0.6 s, 0.4 s,-

4.4 s (1.0 s-max.) overall (Table 1). There is a slight deviation from the
norm for conventional tensile strength (Table 3).
According to the graph (Fig. 3), which shows the kinetic curves of vulcanization, the vulcanization op-
timum value is 42 minutes, the scorch time is 30 minutes, the induction period of vulcanization is 7 minutes.
Based on the optimum value the reducing of the vulcanization rate is proposed.
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Figure 3. Vulcanization kinetics curves (1), the scorching of the rubber composition (2)
and the viscosity (3) established according to the formulation #2

Being a glycoluril derivative, tetra-N-methylolglycoluril was proposed as a potential flame retardant
Currently, this compound is preferably used as an effective stabilizer for natural or synthetic polymer prod-
ucts.

Possibility of using 2,4,6,8,-tetrametilol-2,4,6,8,-tetraazabicyclo[3.3.0.]Joctane-3,7-dione (tetramethylol-
glycoluril) as a flame retardant additive is due to several reasons. From the literature it is known the use of
glycoluril-formaldehyde resins as flame retardants in the manufacture of polyurethanes. It should be noted
that the structure of tetramethylolglycoluril contains hydroxyl groups which makes it similar to the polyols
which are used as flame retardant additives capable of forming a protective intumescent coating on the sur-
face of polymeric materials.

During the test tetra-N-methylolglycoluril was added to the rubber com-
0 position in 5 parts by weight together with 41 parts by weight of CP-70, 10
)k parts by weight of antimony trioxide and 20 parts by weight of zinc borate and
HO” N N7 SoH 20 parts by weight of aluminum hydroxide. Fixed fire extinguishing time is:
\ / 0.05;0.25;0.0s;0.45;04s;0.0s -1s (0.4 s-max.) overall (Table 1). Rubber
/ _\ with the addition of tetramethylolglycoluril has an excellent degree of fire pro-
HO\/N N\/()li tection and it is virtually non-combustible. However, this additive is not well
diverges in the rubber composition mixture which is a significant disad-
0 vantage, as there is a slight deviation from the norm for conventional tensile

strength (Table 3).

According to the graph (Fig. 4), which shows the kinetic curves of vulcanization, vulcanization opti-
mum value is 35 minutes, the scorch time exceeds 40 minutes, the induction period of vulcanization is 9
minutes. Based on the vulcanization parameters it can be found the sufficient duration of the induction period
during which a plastic condition persists without scorching.
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Figure 4. Kinetic curves vulcanization (1) scorching of the rubber composition (2)
and the viscosity (3) established according to the formulation #3

Synergistic mixture of flame retardants which included antimony trioxide, chloroparaffin-70, aluminum
hydroxide and zinc borate, attached to synthetic rubber isoprene and synthetic vinyl rubber, makes the rubber
samples inflammable. Rubbers containing glycoluril and tetrachlorglycoluril showed relatively lower degree
of fire resistance. However, it is known that some glycoluril derivatives are capable to retard the burning of
chemical fibers, i.e. a negative result in the application of these synergistic mixtures for rubber can not be
indicative of the absence of flame-retardant properties. It should be noted a positive impact of glycoluril on
the stress-strain properties of rubbers. Introduction of tetra-N-methylolglycoluril resulted in higher degree of
fire resistance even in comparison with the reference rubber which is virtually nonflammable. However, this
additive disperses in the rubber mixture not well enough.

According to the conclusive data, the bicyclic bisureas derivatives in general have demonstrated satis-
factory results regarding physical and mechanical properties of rubber as a whole. Noteworthy is the absence
of negative effects on curing parameters. Rubber with the addition of tetra-N-methylolglycoluril has the best
fire resistance among the tested rubber samples based on SIR-3 and SVR.

Physical and mechanical methods of testing of rubber samples

State Standard 270-75 «Rubber. The method of determining the elastic and strength properties at ten-
sile» 23509-79 «Rubber. The method for the determination of abrasion resistance when sliding on renewable
surface». The standard is widely used in assessing the quality of rubbers.

State Standard 263—75 «Rubber. Determination of hardness on Shore A. «The kinetics of vulcanization
by rheometer «Monsanto» at temperatures 151.120 and 100 °C according to State Standard 10722-76.

Research on fire protection of rubber samples of different formulations was carried out according to
State Standard 12.1.044—89. Rubber belts are considered to have passed the test if the decay time of the sam-
ples does not exceed the standard values and their re-ignition does not occur when blowing.
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[ IuKOJIypHII sKOHE OHBIH TYBIHbLIAPBIHBIH HeTi3iHe pe3eHKere apHAJIFaH
reTepouMKJIIi AHTHITHPEH/1ep

Makanaza eH ajJfaliKbl pPeT DIIMKOJIYPHJEp MEH OHBIH pEe3eHKere apHaFaH aHTUIHPEHICp peTiHzae
KOJITAHBUIATHIH TYBIHABUIAPHI YCHIHBUIFAH. Pe3eHKenepaiH MEXaHUKAIBIK KACHETIHE 3ePTTEIII OThIPFaH, OTKa
Kapchl KocnallapbIH dcepi 3epPTTEINTeH, COHIAi-aK OJIapIBIH OTKA KapChl TYPY ASPEKeci aHBIKTaIbl. ABTOp-
JIApPMEH KOPCETUITeH ICH, CePUSITBIK KHBIH KAHFBIII PE3CHKETe KaparaHaa, TeTPaMETHIONTITHKOIYPHIT KOCBLI-
FaH PE3CHKE CHHEPTUH/IIK KOCIIa aHTHITUPEHICPEHMEH OipIiecill, )KOFapbl OTKa KapChl TYPY KaCHUCTiHE He.

JL.LK.Canbkeesa, I'.T.Xacenona, I'epa-®onskep Pomenrtamnep, E.K. Taiimmbexona,
E.B.MunaeBa, A.A.XKopraposa, JI.M.Cyrpanuna, E.T.Cararo, A.K.CaibkeeBa

IeTepounkianyecKkue AaHTUMHPEHBI 1JIs1 pe3UH
HA OCHOBE IVIMKOJIYPHJIA U €ro MPOU3BOAHBIX

B craTbe BriepBhIe OBUIN NMPEAIOKEHBI TIIMKOIYPUII M €r0 IPOU3BOJHEIC B KAYECTBE aHTHIIMPEHOB JUIS PE3UH.
HN3ydeHo BIUSIHUE HCCIEIYEMBIX OTHE3AMIUTHBIX 0OAaBOK HA MEXaHHYECKHE CBOMCTBA PE3HH, a TaKkxke OblIa
OIIpefieNieHa CTENeHb WX OTHE3alllUThl. ABTOpaMM IOKa3aHO, YTO PE3UHA C J00aBIEHHEM TETPaMETHIION-
TJIUKOJTypHIIa COBMECTHO C CHHEPTHUYECKOH CMEChIO aHTUIIMPEHOB 00/1a1aeT MPEBOCXOAHOM CTEMEHbIO OTHE-
3aIUTHl B CPABHEHUHU C CEPUITHON TPYIHOTOPIOYEH PE3UHOM.
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Physicochemical research of macro- and microelements composition
of tomato juice with various additives

The role of micronutrients for human organism is considered in the article. An inadequate diet and deficiency
of macro- and microelements are the reasons of various kinds of illnesses. Obtained research results show that
tomato juice enriched by greenery additives and with pectin has useful minerals. By physicochemical re-
search methods, particularly Mass-spectrometry and Scanning Electron Microscope (were discovered) has
been found new information about the macro- and microelements compositions of raw components grown in
the South Kazakhstan region: tomatoes, dill, parsley and celery.

Key words: macro- and microelements, tomato juice, greenery, functional foodstuff, pectin, physical-
chemical research.

Introduction

Nowadays at the demographic growth of the world population, a demand in ensuring of a balanced diet
increases and at the deterioration of environment appears one of the relevant issues — a protection of human
health and development the new functional foods. Such functional products should include natural juices,
nectars and other fruit-vegetable canned products. Due to the development of new recipes of foodstuff for
functional purpose by using the natural plants is one of the promising directions in the prevention and treat-
ment of various diseases. Among such treatment-and-prophylactic plants can be distinguished: tomatoes,
different types of greenery and pectin [1, 2].

Deficiency in the diet of essential proteins, vitamins, macro- and microelements, dietary fibers will
form the risk factors of a large number of common chronic diseases. It reduces the functional activity of im-
mune system, greatly increases the probability of development of hard curable diseases, also reduced im-
munity and protective potential of the body in relation to adverse environmental factors. In this regard, the
solution of the urgent problem — the formation of the healthy population, connected with a necessity of cre-
ation the functional, medical-preventive food products, systematic method that not only improves the course
of physiological processes in the organism and strengthens the human health [1].

The natural canned juices contain all the necessary chemical elements and available during a full year.
So, for maintaining a healthy organism is recommended daily intake about 200 ml of natural juices. Unfortu-
nately, the level of consumption of juice-containing beverages per capita in the Kazakhstan is below the av-
erage of developed countries. However, the assortment of offered local fruit-and-vegetable canned produc-
tion not sufficiently corresponds to the consumer’s demand and requires the creation of new recipes of
treatment-prophylactic food products.

Tomato juice is very rich in potassium, magnesium, zinc, iron contains some other elements. The pres-
ence of vitamin C in tomato juice improves the immune system and strengthens the human organism. All
types of greenery are rich in macro — and microelements that are very important for balanced diet. Dill, cel-
ery and parsley easily digested by human and are widely used in herbal medicine and in many culinary reci-

24 BecTHuk KaparaHgmHckoro yHusepcurteTa



Physicochemical research of macro- ...

pes. Fiber of pectin has a unique sorption properties and ion selective activity to the allocation of heavy met-
als and toxins from the organism of the patient [3].

Thus, in the presented work a special value has the development of functional food products based on
the local vegetative raw material with treatment-prophylactic properties. Minerals are essential micronutri-
ents for the human body. They take place in the cytoplasm and biological processes, and provide constancy
of osmotic pressure that is important for the normal vital activity of cells and tissues. Micro elements are
considered essential, in their lack or absence the normal body activity is broken.

At small intake of minerals, the human body functions are on the verge of survival. This is due to the
lower activity of enzymes and cofactors that includes this element, and vice versa in the case of the element
dose increasing occurs the toxic effect, then in the result probably will be a fatal outcome [4].

Long-term shortage or surplus in the diet of some mineral substances leads to metabolic violation of
proteins, carbohydrates, fats, vitamins, water and development of appropriate disease. Table 1 shows the de-
ficiency of several chemical elements in the human body [1].

Table 1
Consequences of the deficiency of basic macro- and micro-elements in the human organism
Ca Violation of the growth and strengthening of skeleton: in children develop rickets and osteoporosis in
adults; restlessness, muscle spasms
% Na deﬁcienf:y or excess appear violations of the cardiovascular system, disorders of kidney and water-salt
g metabolism, diabetes mellitus
é Mg Insqmnia, muscle spasms, kidney stones, migraine, physical and mental fatigue, nervousness, pain in
51 the joints
§ K | Deficiency or excess appear violations of the cardiac muscles, drowsiness, decreased blood pressure
P Thyroid disease, inadequate work of the brain, depression, loss of appetite, reduced immunity, osteopo-
rosis
Fe | Anemia, impaired immune system, heart attack, hair loss
Zn | Slowdown, disorders of the nervous system, the skin damage
é Cu | Secondary anemia, violation of the activity of liver, the weakness of the arteries
g Mn | Anemia, infertility, growth impairment skeleton
< Cr | Symptoms of diabetes
% Co | Pernicious anemia
s Ni | Depression, dermatitis
Mo | Slowed cell growth, the tendency to tooth decay
Se | Weakness of the heart muscle stress and disease, cardiomyopathy

Materials and methods

Research objects: As the objects of the research were selected: ripe red tomatoes, various kinds of
greenery: dill, parsley, celery, also beet and citrus pectins. In the preparation of tomato juice were used do-
mestic tomatoes and greenery that have grown in the South Kazakhstan region. Comparative analyses were
considered in relation to the tomato juice «Pesnya Leta (Summer Story)» product of the JSC
«Ecoproductgroup» of South Kazakhstan region.

The content of mineral substances in tomato juice was determined by the method of Mass-spectrometry
with inductively coupled plasma (ICP-MS) and using a Scanning Electron Microscope (SEM). The method
of mass-spectrometry with inductively coupled plasma (ICP-MS) allows defining a number of metals and
several non-metals at concentrations up to 10'°%, i.e. one particle of 10'*, with the atomic mass from 7 to
250, i.e. from Li to U elements. It is able to determine the content of nanograms per liter to 10 to 100 milli-
grams per liter. The method is based on using of the inductive-connected plasma, as a source of ions and
mass spectrometer for their separation and detection in an argon atmosphere.

Unlike atomic absorption spectroscopy, defining only one element, ICP-MS can identify all elements
simultaneously, which allows to considerably speed up the process of measurement [5].

Scanning electron microscope (SEM) allows observing the subtle features of using micro analyzing of
chemical composition, and the details of the structure of micro-objects on the atomic and molecular level. It
can also to receive the image of object surface with a high (up to 0.4 nm) spatial resolution, also information
about the composition, structure and some other properties of the surface layers. SEM has a great depth of
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focus that allows observing the three-dimensional image of the structure with the possibility of its qualitative
evaluation [6, 7].

Preparation of ash samples for the analysis of the chemical composition were performed according to
the SS 26929-94 (State standard) [8]. The method of dry mineralization is based on full decomposition of
organic substances by combustion of the sample in an electric stove at a controlled temperature of 450—

500 °C.

Results and discussion

In the Table 2 is shown the data of chemical composition of ash of tomato juice that obtained by SEM
(Scanning Electron Microscope).

Table 2
Microelement composition of the ash of tomato juice by SEM
Ne 1 Ne 2 Ne 3 Ne 4 Ne 5 Ne 6
Tomato | Tomato juice | Tomato juice | Tomato juice | Tomato juice with | Tomato juice «Pesnya
Elements | juice, % | with juice of | with fresh with dry  |dry chopped greenery Leto» of JCS
greenery, % chopped chopped and with sugar beet | «Ecoproductgroup», %
greenery % | greenery, % pectin, %
Na 1.52 0.90 1.62 1.61 1.38 22.05
Mg 242 1.92 2.69 241 2.16 1.59
Si 0 0.07 0.09 0 0 0.45
P 3.74 4.13 2.64 3.55 3.85 1.12
S 2.25 1.57 2.54 2.53 2.32 0.38
Cl 6.30 8.18 7.69 6.02 6.52 38.29
K 52.52 55.76 52.35 50.60 53.18 15.62
Ca 2.77 1.52 2.12 3.33 2.64 1.46
Zn 1.58 — — 2.99 1.32
Fe 0.32 0.48 2.18 - - 0,10

The obtained analyses are presented in the figures 1-6:

CnekTp 1

Crerrp 1

onHaa wkana 11291 waan. Kypocop: 0.000

Figure 1. Sample Ne 1, Tomato juice

1 2 3 4 5 5] 7 =1 9 10 11
onHaA Wrkana 8347 vnan. Kypoop: 0.000 [Zel=]

Figure 2. Sample Ne 2, Tomato juice with juice of greenery
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Cnerrp 1

1 2 3 4 5 [ 7 5] 9 10 11
MonHaa weana 11170 waan. Kypoop: 0.000 k3B

BnekTROHHOE MenBparkeHue 1

Figure 3. Sample Ne 3, Tomato juice with fresh chopped greenery

[[Cretrp 1

p 1 2 3 4 5 =] 7 =] 9 10 1
NMonHaa weana 63537 wan. Kypcop: 0,000 [x=l=]

BNeKTPOHHDE MzaBpEKeHHE 1

Figure 4. Sample Ne 4, Tomato juice with dry chopped greenery

Crierrp 1

1 2 3 4 ] =] 7 g =] 10 11
MonHaa weana 11170 waan. Kypcop: 0.000 k3B

BnekTponHoe wsobpaxkenue 1

Figure 5. Sample Ne 5, Tomato juice with dry chopped greenery and with sugar beet pectin

CnekTp 1

1 2 3 4 =1 [ 7 5] 9 10 11
NonHaa wkana 7354 wan. Kypcop: 0.000 k3B

SnerTpoHHOE MEOBpENKEHE 1

Figure 6. Sample Ne 6, Tomato juice «Pesnya Leto» from JSC «Ecoproductgroup»

In the following Table 3 is shown the data of chemical composition of ash of tomato juice with various
quantities of greens additives, obtained by SEM (Scanning Electron Microscope).
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Table 3

Chemical composition of the ash of tomato juice with various quantities of greenery additives obtained by SEM

Nel Ne 2 Ne 3 Ne 4 Ne 5 Ne 6
Elements Tomato juice | Tomato juice Tomato juice | Tomato juice | Tomato juice Tomato juice

with salt with 0,5 % with 1 % with 3 % with 5 %

greenery greenery greenery greenery
Na, % 2,57 25,96 2,46 3,19 3,84 4,17
Mg, % 1,69 1,21 2,27 2,52 3,10 3,34
Si, % 0,42 0,20 0,24 0,37 0,61 0,68
P, % 4,15 1,63 4,16 4,30 4,53 4,53
S, % 1,28 0,77 1,81 1,64 1,32 2,06
ClL, % 10,96 38,90 9,85 10,06 10,40 9,56
K, % 54,42 13,27 51,31 47,36 41,17 37,38
Ca, % 1,85 0,94 4,06 6,04 9,65 11,36
Al, % 0 0,03 0 0,03 0 0,08

The obtained data are shown in the following figures 7—12.

[NonHaa weana 5633 muan. Kypcop: 0.000 k3B

Figure 7. Sample Ne 1, Tomato juice

CnekTp 1

onHaa weana 12774 wnan. Kypcop: 0.000 [z=l=]

Figure 8. Sample Ne 2, Tomato juice with salt

MNonHaa wkana 5256 Wn. Kypcop: 0.000 k36|

Figure 9. Sample Ne 3, Tomato juice with 0.5 % greenery
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Crierp 1

Figure 10. Sample Ne 4, Tomato juice with 1 % greenery

Figure 11. Sample Ne 5, Tomato juice with 3 % greenery

Figure 12. Sample Ne 6, Tomato juice with 5 % greenery

MNonHaa weana 5115 \ean. Kypcoop: 0.000

[E=1=)

NonHaa wkana S633 Wmn. Kypcop: 0.000

k3B

[MNonHaa weana 7861 wn. Kypoop: 0.000

The chemical composition of the ash of dill, parsley and celery additives by SEM is shown in the Table 4.

Table 4
The chemical composition of the ash of greenery additives
Ne 4
Ne 1 No 2 Ne 3 .
Elements Dried dill Dried parsley Dried celery Mixture of three types
of greenery
Na, % 5,04 4,78 4,62 4,81
Mg, % 3,48 3,67 3,35 3,50
Al % 0.33 0,27 0,27 0,29
Si, % 1,14 1,40 0,71 1,08
P, % 3,33 4,06 3,15 3,51
S, % 4,16 1,77 4,59 3,51
ClL, % 10,67 6,63 14,32 10,54
K, % 29,71 38,87 26,52 31,7
Ca, % 14,00 10,69 14,46 13,05
Fe, % 0,15 0,46 0 0
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The obtained data are shown in the following figures 13—15.

Crietrp 1

MNonHaa wkana 5196 wmn. Kypcop: 0.000

[itel=)

Figure 13. Sample Ne 1, Dried dill

4 ] B

NonHaa wkana 3597 |Mwn. Kypcop: 0.000

=] 10 11

Figure 14. Sample Ne 2, Dried parsley

"

u]

1 2

3 4

onHaa wkana 2155 wan. Kypcop: 0.000

Figure 15. Sample Ne 3, Dried celery

For the mass-spectrometric analysis it has taken a sample in liquid form, and then 3 ml HNO; was
filled. The sample was poured in a graduated flask for 100 ml. Further aliquots apply in the ICP-MS by
THOMSON. The obtained results by using ICP-MS are shown in the Table 5.

Table 5
The chemical composition of tomato juice by ICP-MS, mkg/liter
Samples
Ne 1 Ne 2 Ne 3 Tomato Ne 4 Ne 5 Ne 6 Ne 7

Tomato juice | Tomato juice |juice with 1 %| Tomato juice | Tomato juice | Tomato juice | Tomato juice

Element with 1 % beet | citrus pectin | with 1 % beet| with 1 % with 1 % with 1 %
pectin and citrus | greenery and | greenery and | greenery and
pectin with 1 % beet | with 1 % cit- | 1 % beet and
pectin rus pectin | citrus pectin

1 2 3 4 5 6 7 8
B 1l 0 1138,794 7560,898 1318,433 3375,244 1221,665 2530,410
Na 23 12219,100 5256,937 32098,500 15141,960 | 12097,410J | 26259,860 20090,060
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1 2 3 4 5 6 7 8
Mg 24 14586,200 8000,729 18868,850 13256,190 13648,990 16395,820 17094,610
Al 27 141,034 4268,777 550,975 3282,692 4999,743 1122,030 3617,928
P31 9807,620 12590,410 29204,110 22216,140 22686,030 24619,880 25359,680
K39 157493,900 | 165391,000 | 426581,400 | 309203,000 | 239706,600 | 319828,300 | 304976,100
Ca 40 40936,790 7122,913 14130,700 10791,460 25188,300 23679,020 30473,940
Ti 47 39,581 123,771 63,440 123,114 178,652 76,182 148,608
Cr 52 23,684 163,105 111,6061 173,030 157,998 138,239 155,679
Mn 55 42,101 46,688 84,873 71,422 140,987 149,973 167,062
Fe 56 1110,246 1105,013 1201,779 1337,591 2404,279 2132,779 2343,363
Co 59 0,706 1,014 1,829 1,510 1,382 1,927 1,672
Ni 60 11,827 63,162 57,703 66,403 52,727 66,931 63,941
Cu 63 25,204 83,021 80,562 101,268 216,487 115,432 151,960
Zn 65 55,820 93,294 181,274 130,118 231,674 176,790 206,381
Ge 72 0,921 0,708 0,868 1,015 1,150 1,294 1,445
As 75 0 6,425 12,584 4,792 3,522 8,066 4,410
Rb 85 90,687 141,870 348,152 249,070 194,812 274,558 254,250
Sr 88 23,988 56,013 86,734 71,413 245,226 273,975 304,701
Zr 91 0,391 5,959 0,994 2,728 0,918 6,504 1,572
Nb 93 0,346 1,385 1,051 0,858 0,746 0,728 0,666
Mo 95 2,869 3,865 7,604 5,715 6,821 8,947 8,615
Ag 107 2,330 0,078 0 0,495 0,771 1,484 0
Cd 112 1,501 2,075 3,633 3,133 2,881 3,041 3,712
Sn 118 0,449 0,716 0,491 0,465 4,929 2,463 2,503
Sb 121 0,133 0,136 0,131 0,146 0,300 0,518 0,211
Te 127 1,991 0,537 0,692 0,802 0,964 1,030 1,153
Cs 133 0,011 0,314 0,682 0,470 0,403 0,558 0,485
Ba 137 7,001 39,913 22,528 30,122 58,051 47,473 57,481
La 139 0 0,141 0,118 0,124 0,328 0,249 0,259
Ce 140 0,070 0,376 0,202 0,297 0,782 0,465 0,581
Nd 146 0 0,225 0,091 0,188 0,409 0,213 0,310
Tm 169 0 0,006 0,004 0,007 0,009 0,007 0,009
Ta 81 0,014 0,070 0,120 0,072 0,056 0,059 0,043
W 183 0 0,503 0,711 0,533 0,418 0,691 0,517
T1204 0 0,042 0,064 0,046 0,054 0,069 0,057
Pb 207 3,400 7,823 5,518 6,743 11,989 16,450 15,736
U 238 0 0,056 0,088 0,091 0,059 0,146 0,106

In the following Table 6 is presented a comparative analysis of essential macro- and microelement
composition of tomato juice obtained by ICP-MS before and after adding the powder of greenery and pectin.

Table 6
Comparative analysis of tomato juice
Elements Tomato juice Tomgto juice with 1 %. greenery Increased
and with 1 % beet and citrus pectin volume, %
Na 12219,100 20090,060 164
Mg 14568,200 17049,610 117
Macroelements P 9807,620 25359,680 258
K 157493,900 304976,100 193
Ca 40936,790 30473,940 -74
Fe 1110,246 2343,363 211
Zn 55,820 206,381 374
Cu 25,204 151,960 604
Microelements Mn 42,101 167,062 397
Cr 23,684 155,679 673
Co 0,706 1,672 236
Ni 11,827 63,941 573
Mo 2,869 8,015 300
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As well as there were investigated organoleptic properties according to the SS 521832003 (Tables 7, 8) [9].

Table 7
Organoleptic properties of new tomato juice
Name of the indicator Accor;i;négst(; Ztllleg;e_qzlélégments Obtained data, description
Homogeneous liquid with evenly distributed ajHomogeneous liquid with evenly distributed
Appearance fine-grained pulp a fine-grained greenery and pulp.
and consistency Allowed: During a storage the lamination of the liquid
— during a storage the lamination of liquid was not observed
For tomato juice direct extraction — character-|Specific, characteristic for fresh tomatoes,
istic juice from fresh tomatoes dill, parsley and celery, without foreign taste
Taste and smell For juice with additives characteristic of used|and odor
ingredients
Foreign taste and smell are not allowed
Red or orange-red Dark red with small greenery particles of]
Color .
dill, parsley and celery.

Table 8
Physical-chemical characteristics of new tomato juice
Name of parameters According to the SS 52183-2003 Obtained data
requirements
Mass fraction of soluble dry substances,% not less:
— for tomato juice direct extraction 4.5 5,0
Mass fraction of titration acids per citric acid, %, not more 0,6 0,56
Content of the pulp, % 12-20 21,5

Conclusion

Thus, it has been developed a new recipe of functional food product — tomato juice with additives of
mixture of dried greenery (1 %), and a mixture of pectin (1 %). A synergistic effect of beet and citrus pectins
positively influence to the process of stabilization of the finished product. Obtained research results show
that the developed tomato juices in general correspond to the tomato juice and juice contain drinks character-
istics.

By using Scanning Electron Microscope and Mass-spectroscopy have been investigated macro — and
micro element compositions of the samples. In the result of using the greenery and pectin in tomato juice
receipt, it has been found a significant increasing in the mass fraction of the basic macro-elements: Mg, Na,
K, P; and micro-elements Fe, Zn, Cu, Mn, Cr, Co, Ni, Mo. There has been obtained new information about
the ultra- and trace-elements composition of raw components that grown in the South Kazakhstan region:
tomatoes, greenery, dill, parsley and celery. The results show that tomato juice with additives of greenery
and pectin can well correspond to the functional foodstuff with treatment-prophylactic properties.
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P.C.OnibekoB, A.A.OTebaeBa

Op TYPJli Kocnajaap KOChbUIFAaH KbI3aHAK MIbIPbIHBIHBIH MAKPO-
’KOHe MUKPOJJIeMEHTTIK KYpaMbIH (pU3HKA-XUMUSIBIK J/1iCTEPMEH 3epTTey

Maxkanaza MHKPOHYTPHEHTTEpJiH aJiaM ar3achblHa THIi3€TiH Heri3ri oacepi KapacTelpbuinbl. Jlypbic
TaMmakTaHOAy, MaKpoO- >KOHE MHKPOIIEMEHTTEePIiH JKeTiclieyl Typi aypynapAblH TyyblHa cebemiri OoJbimn
TabblIazbl. 3epTTeysep HOTHKECI ACKOK KOCHACBIMEH JKOHE MEKTUHMEH OalbIThIIFaH KbI3aHAK LIBIPHIHBIHBIH
KypaMbl Taiigansl MuHepanpapra 0ail exeHmiriH kepcerTi. (DH3HMKa-XMMISIIBIK 3€pTTEYy SmicTepi Macc-
CIIEKTPOCKOMHS KOHE PACTPIIBIK 3JIEKTPOHABIK MHKpockon kemerimMeH OHrycTik Kaszakcran oOibICBIHIA
OCeTIH INUKI3aTTapJbIH: KbI3aHAK, acKeK, AaioKeJIKeH JKoHe OajIbIpKeK KypaMblHAaH MaKpo- JKOHE
MHKPOAJIEMEHTTIK KypaMbl OOMBIHIIIA jKaHA epeKTep TaObLIIbL.

P.C.AnubexoB, A.A.YTebaeBa

Pu3nko-xuMH4YECKOe UCCJIeJ0OBaAHNE MaKpO- U MUKPO3JEMEHTHOI'0 COCTaBa
TOMATHOI'0 COKa ¢ pa3/InYHbIMU I[OﬁaBKaMI/l

B cratbe paccMoTpeHa poib MUKPOHYTPUEHTOB AJs OpraHu3Ma denoseka. HecOamaHcHpoBaHHBIM panuoH U
JeUIUT Makpo- U MHUKPOSJIEMEHTOB SIBJISIIOTCS IPUYMHAMU BO3HMKHOBEHUS Pa3IMYHBIX 3a0oieBanuii. ITo-
JIy4eHHBIE Pe3yJIbTaThl HCCIIEOBAHUM OKa3bIBAIOT, YTO TOMATHBIH COK, 00OTaleHHbIH 100aBKaMH 3eIeHH U
NIeKTUHA, UMEET MoJIe3HbIe MUHEPAIEl. PH3MKO-XUMUYECKHMH METOJaMHU HCCIIEIOBAHUM, B YACTHOCTH, Macc-
CIIEKTPOCKOMHEH M PacTpoBOil AIEKTPOHHOI MHKpOCKomuel Obu 0OHapyKeHBI HOBBIC JaHHBIE O Makpo- U
MHKPOBJIEMEHTHOM COCTaBE KOMIIOHEHTOB CBIPbsI, pouspacraromero B FOxuno-Kasaxcranckoit obmactu: To-
MaThl, YKPOII, TIETPYIIKA U CeNbAepei.
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TepMoTponThI CYiibIK KPUCTAJIAPABIH ilIKi aliHATYbIHA
KOMIIBIOTEPJIIK TAJIAY Kacay

Maxkanana CyHbIK KpUCTaIIbl 3aTTapABIH (H3UKA-XUMHSUIIBIK KACHETTEPIHIH epeKIIeNKTepiH MOJICKYJIaIbIK
JeHreiine TyciHy MaxcaTbiHAa 1-(eHmn-3-peHOKCHIPONIH MOJEKYJIaChIHBIH TYPJl KOHQHIYpanusuIbl
JVMepIIepiHiH KBAaHTTHI-XUMMSUIBIK ecenTeysiep HoTIKelepl KenTipinai. KommbioTepiik Mozenbaey YHIiH
GAUSSIAN 09 mporpamMmaceIHAAFsl THIFBI3ABIK  (yHKIMOHANE! B3LYP omici mMern 6-31G  6asmuci
KOJIIaHbLIAbl. HoTikecinne aumeprepzeri TexenreH ilKi aifHamynap 3epTTelil, MOTEHUMAIIbIK SHEPrHs
Oertepi KyppUabl. JluMepneri Mosekynamap YIIiH iIKi aifHaTyIblH THIMAI JKOHE THIMCI3 JKaFaaiyiapsl
AHBIKTAJIIBI.

Kinm ce30ep: HeMaTHKaJbIK CYHBIK KPHCTaJImap, THIFBI3ABIK (YHKIMOHANBI ofici, ImKi aiHay,
TIOTEHITHAIBIK SHEPTHs OeTi.

Kazipri fbUIBIM MEH TEXHHMKAaHBIH KapbIIITAll [AMbI JKaTKAH YaKbITBIHAA CYHBIK KPUCTAJIIBI
KOCBUIBICTApIbIH OpHBI epekie. by 3aTrTap GapiblK HHAWKATOPIBIK KYPBUIFBLIAPAA aKMapaTThl canaibl opi
oTe a3 YHEPrUsHbI IIBIFBIHAAY apPKbUIbI JKETKi3yre keMekreceni. COHbIMEH KaTtap MOJIEKYJajablK OMOIOrus,
MeIUIrHa, KHOepHETHKA, MUKPO3JIEKTPOHUKA, ONITHKA JKOHE Tarbl 0acka caianapia KeH KOJIaHbIC TalKaH.

CyifbIK KpucTangap — Oip Me3riie KpUCTAJAbIH >KOHE CYHBIKTHIKTBIH KACHETIH KOPCETETIH epeKIle
Kyiire ue 3arrap. Oyap OpraHuKanblK KOCBUIBICTAPABIH 9P TYPJl KJIacTapbl apachlHAa TaObUIFaH, MbICAJIbL:
aMUHJIEP, KYPAEeTi KbIIIKbUIIAPIBIH TY3Aaphl, OndeHmiaep, CTeponATapAbIH TYBIHIBUIAPEI )KOHE T.0.

Operreriield, CYHBIK KpUCTANIbl 3aTTapAblH KOIIIUTr CMEKTHKAJIBIK JKOHE HEMAaTHKAIBIK el
aTajaTblH OAJIKyAbIH 9p TYpPJi caTbiChiHaH eTeni. Exi ¢a3aHbIH apachlHIAFbl albIpMAIIbUIBIK €H alJbIMEH
KPHUCTaIbIK KYPBIIBIMAAFbI MOJIEKYJIajlap bl OpHAJIaCyblHA TOYE .

Ou3MKaNblK KAaCHETTiH aHU30TPONTHUIBIFEIMEH THIFBI3 OaimaHbIcThl (a3aHbIH KYPBUIBIMBI  iIIKi
MOJIEKYJIaJbIK KYPBUIBIM MEH MOJIEKYJIa-MOJIEKYyJIa dcepiiecy SHEPIUsChl apachlHIAFbl HO3IK dpeKeTTecyneH
naiiga Gonazpl. Mosekysa KYpbUIBIMBIHBIH €PEKIIETIKTePiHe OCBIHIIAIBIKTHI CE31IMTANABIIBIK YHEPTHSIBIK
(MoneKynanplK ~ OAFBITTANYBIHAA: DJICKTPCTATUKAIBIK, AWCIHEPCHOHABIK KYIITEp) TEH SHTPONHUSUIBIK
(TTO3ULMATIBIK JKOHE OPHEHTALMSUIIBIK Tapaiyliap) acepiecyiaepAeH TybIHAaiabl. by sHeprust MeH sHTponus
apacheIHIaFbl OPEKETTECY KONTEreH CYHBIK KpUCTAINap CHSAKTHl KEIICHIIK MaTepHaiapibl PeTTeHI.
MosekynaHblH KYpbUIBICHI Typajbl KYHABI CalajblK >KOHE CaHJIBIK akmapaT (a3ayblK aybICysap Ke3iHIEri
TEPMOIMHAMUKAIBIK MoJliMETTepleH anbiHaapl. OchbUlaiina, MOJIEKYJIaHBIH peTTeNyiHiH OacTel ceOei
Oonbinm  TaOBUIATBIH KApacTBIPBUIBINT OTHIPFAaH KPHUCTAIIBIK KYPBUIBIMHBIH MHHHMAJIIbBl SHEPTUSCHIH
aHBIKTayFa alpBIKIIA Ha3ap ayIapbulbin OoThIp [1].

CyibIK KpUCTalAbl 3aTTapaarbl (aszanblK aybIiCylap MOJEKyJalapAblH e3apa OpHaJacybIMEH,
KOH(POPMAaIMSICHIMEH KOHE MOJIEKyJaapalblK OpPEKETTECYJIEPMEH aHBIKTANaThlH KOCBUIBICTBIH  1LIKi
KacueTTepiMeH cunarrananel. Kazipri TaHma HEMaTUKajblK 3aTTaplarbl OpPEKETTECyJep JJIEKTPOHJIBIK
JEHTeiIe CUTIaTTaTy YIIiH 3epTTEIIN KATHIP.

CyifblKk  KpucTangapablH  ekinmi  —  1-peHun-3-QpeHOKCUNpOnuH  MOJIeKyJachl,  (QopMyiackl
C¢HsOCH,C=CC¢Hs (la cypeTTte KEHICTIKTIK KYPBUIBIMBI KENTIpiAreH) TEPMOTPONTHI HEMAaTHKTEpre
’KaTagbl. TepMoaMHaMUKAIBIK napamerpiep OoiibiHina Oy 3at 317 K TemnepaTypaga KpucTanablK KyYHaeH
Me30TeH/Ii Kyire aybichin, 388 K Temmnieparypana u30TpONThl CYHBIKTHIK (hazacbiHa Ketremi [2].

1-®eHnn-3-heHOKCUIIPOTIMH ~ 3aTBIHBIH, ME30TC€HII KACHETiH TYCIHY VIOIIH OHBIH JUMEpIepi
KOH(pOpMaIsIIapbIHBIH MYMKiH OOJIaThIH KYHJIepiH, iIKi aifHamy OereTTepiH, MOJIEKYJIaHbIH 3IEKTPOHIBIK
KYPBUIBICBIH aHBIKTAy ©T€ MaHbI3/1bI OOJIBIN TaOBLIAIbI.

Ocpl MakcarTa >KYHEHIH Me30MOP(THIK KAaCHETIH TYCIHAIPETIH MOJIEKyjajap apachlHIAArbl HA3IK
OpEKeTTeCy/li ecenTeyre MYMKIHAIK OepeTiH KOoJainbpl Moaenb xacaiabl. |-DeHui-3-(peHOKCHITPOITUH
MOJIEKyJIa KYObIHBIH ©3apa TePMHUHANIBI, [UIaHAPIIBI XKOHE CTIKUHT dcepiecyliepi colKeciHIe AEKapTThIK
KOOpAWHATAaHBIH X, Y koHe Z ocbTepi OOWBIHAAFBI IUMEpJepi apKbUIBl KapacThIphUIABL. MyHma X oci
OolibIMEH MOJIeKyJIanap e3apa «6achl-COHbIHA» 8 A apakalIbIKTBIKTa, a1 Y skoHe Z ochTepi G0oHbIMEH ©3apa
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aHTUMapajieNb, 6 A apakalbIKTBIKTa OpHaTackaH. MojleKynanap apachlHbIH GemiHyi 6ip-6ipiHiH KachiHaa
afiHaJTy MEH JKbUDKYyFa KeJepri 00JIMalThIHIAN €Till TaH1aJIFaH.

3eprrey amici peringe GAUSSIAN nporpammansik nakertinaeri [3] 6-31G 0a3uciHae dMIMPUKATIBIK
eMec ThIFBBABIK (¢yHKHoHaNEI B3LYP omici xommanpuiael. KBaHTTBHI-XUMUSUIBIK — €CENTEYJEPIiH
HOTIJKEJIepl TOMEH/IE KEeATIPIAreH OipHelle Ke3eHIepAe KOPCETIITeH.

Mornekynagarbl 3apgaThIH TapalyblH KepCeTy VINIH ayblp aTOMIApIblH Mapuyaiabl 3apsaTapsl
KeNTipinreH, Oipak 071 MOJIEKyJIaapalblK SpeKeTTeCyIepaeri TYPl MilliHAEPAl 3epTTeyre KETKITIKCI3.

Monexynaoaswr 3apsomely mapanyvl. MoJeKynaJblK 3apa] TapalyblH Talfay TOXIpUOETIK Typrblaa
KOJDKETIMCI3 JIOKQJIbIII DJIEKTPCTATUKAIBIK OpPEKEeTTeCylep Typalbl JKaKChl akmapaT Oepe amajpl
MonekynaapaiblK JKOHE MOJIEKYJIAINIUIK OpeKeTTeCyaepai KOMITBIOTEPIiK MOJEIbACYTe aTOMIAPIBIH
Mapuuanibl 3apsaarapbl kKeMekTeceAl. KBaHTTHI-XMMHSIIBIK €CEITEYyIep MOJICKYJIanapAblH 3IECKTPOHIBIK
KYPBUIBIMBIH aHBIK KOpyre MyMKIHIIK Oeperi. Byn ecenreynep KBaHTThI-MEXaHUKAJBIK OalKaIMaWThIH
aTOMJBIK TTapIMaJAbl 3apsaaTapasl Aa Oepe amaisl, SFHU, MapIUaibl 3apsATeIH MOHI IIEeKTenreH Oonca aa,
aTOMHAaH aTOMFa ©TKEeH/IE ©3Tepill TYPAaThIHEI 19 CypeTTe KopCeTireH.

a 2

a — 1-eHnn-3-heHOKCHIIPOIINH MOJIEKYJIACHIHAFbI aYbIP aTOMJIapAbIH HOMIpJICHYI;
2 — 1-dpennn-3-(heHOKCHITPOIIIH MOJICKYIaChIHBIH aybIp aTOMAAPBIHAAFEI TapIHaasl 3apsarap (q);
N — arom HeMipi

1-cyper. lllexTenren mapuaiabl 3apsSATHH MOHIHIH ©3repici

By 3apsarap MOJEKYIalbIK 3JEKTPCTATUKAIBIK OPEKETTECYNIEPAl JKaKChl TYyCiHAiIpedi, Oipak oJap
MOJICKYJIaJIaFbl 3apsAATHIH TapadyblH HAKTBI KepceTmeimi. Mbicanbl, cakuHamapmarsl 1-3, 5, 6, 12-16
aTOMJIAPBIHBIH 3apsAATaphl KBAaHTTHI-XUMUSIIBIK €cerTey OOHbIHINA Henre KybIK. Tek 4, 7, 8, 10 xone 11
aToMJap 3apSAATAPHIHBIH JUHAMUKACHI J)KaKChl Oalkananbl. JKanmel, mapIuainapl 3apsiaTap IblH TOJBIK KUBIHBI
Me3odasagapaarbl MOJICKYJIAJbIK OpHAJIacyAbl TOJIBIK TYCIHYre MYMKIHAIK Oepemi kKoHE ojiap
AIEKTPCTATUKAIBIK MOTEHIUANIBI )KaKChl cunaTTaiasl [1].

Mornekynanap >KyObIHBIH ©3apa OpeKeTTecyi 3 OarbITTa — TEPMHHAIIBI, TUTAHAPIIBI )KOHE CTIKUHT
opeKeTTecyep peTiHe KapacThIPBUIIBL.

Tepmunanovl apexemmecy kesinoeei iwki atinary. MolleKynanap y3bIH ockTepi OoibIMeH X oOciHIe
eKiHIIICiHiH «6achl» GipiHIIICIHIH «COHBIHAA» 8 A apaKallBLIKTBIKTa OPHANACTBIPBLIFAH (2-CYp.).

o ’} ,\‘W_&:r .  af - ) VV‘ '
¢ - 4 3 Jy *}.—o)v b&"‘ff}w‘

>X
K ‘v&f“»

2-cypet. Monekynanapbl X oci 60iBIMEH «0achI-COHBIHAY» OPHAIACTHIPHUIFAH
1-pernn-3-peHoKCUIPOnHH TuMepi (TEpPMHUHAIIBI OpHAJIACY)
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0.E.AntbekoBa, J1.K.©0ynaiiicoBa

1-dennn-3-peHokcunponuH MoseKyaazapbiHaars! imki anany C, —0,0-C,,, C._. —C,, O0aiina-

HBICTApbl OOMBIHIIA MYMKiH. Bipak HeMaTHk MoJjeKylanapblHbIH ChI3BIKTHI mimiHi O —C,, O6aiinaHbICkI
MaHBIHIA aWHamynbl mektemi [4]. AtanraH OaiaHBICTApABIH IMIIHAETI TEK OIpIHIIICIHIH aWHATYBI
aHU30MeTpIiK uinreH miminre okeneni, an C._.—C,, OailnaHbICblHA KATBICTHI aiHaIy MOJEKYJIaHBIH
SHEPrUACHIHA alTapIBIKTall ocep STIEeUTIHAIrT OChIFaH JCUIHT1 KYMBICTap/ia KapacThIpbUIFaH [S5, 6]. OChIHBI
€cKepe OTBIPBIN, AuMep MoieKynanapeiaarbl C, —O OaiinmaHbeicel OOWMBIHAAFEI aifHaITy OYpBIIITAPBIHBIH
opKaichIChIH (¢ 1 — OipiHIII MOJIEKynanarbl; ¢2 — ekiHmi Monekynanarel C, —O OaiiaHbIChl OOMBIHAAFEI

aitHay Oypeimrapsl) 30°-Ka aifHanAbIpa OTHIPHIN, MOTeHIHaNAbIK SHeprus Oeti ([196) canbnas (3-cyp.).

AE,
KkJLK/MomB

7\/

¥ (pz’ rpall

180
120
60
0 1 , rpan

3-cyper. MonekynaigapabH TepMUHAIABI dpekeTTecyi Ke3ingeri C,—O OaitnaHpicTapbl
OONBIMEH alfHATY IOTESHITHAIBIK SHEPTHsI OeTi

Yuri peTiHAE anbIHFaH CYMBIK KpHCTaul auMepinzeri Oipinmi monekynaanslH C, —O OGaiinaHbIChI
OoiibiHmarsl @l OypbIIBI MEH eKiHIII MoJieKynanarbl @2 OypbiutapsiH opOip 30°-ka OypraHma aumep

SHEPTUACH! €Ki OyphIm OoibIHIIA OipAeH e3repmi: eH TypakThl KoHpopmarusa ¢1=0° xone ¢2=0° GonranHma,
OypeImTEl ofad opi @1=120° xoHe ¢2=120° mefiiH aifHaNIBIpFaHAa SHEPTHUS OipPKAIBINTH OCITT OTHIPAIEI,
@1=150° xone (2=150° koH}UrypauusCHIHIA €H TYpakchl3 Kyire kemexi, 150°-180°-tap apamnbirbiHga
MOJIEKYJIaapaliblK OpPEeKeTTeCy PHEPTHACH ToMeHAel OacTalibl.

Inanapner apexemmecy xesinoeei iwi aunany. 1-OeHnN-3-PEHOKCUTIPOIIMH MOJIEKyJIadapbiH Oip
KA3BIKTBIKTA Gip-OipiHe aHTHMapamtens, 6 A apaKamBIKTBHIKTA (BaH-JIep-BaadbCc KYIITEPiH QJICIpeTy YIIiH)
JKOHE THIFBI3JIAITY» IPUHIUIIHE [7] colikec OpHAIACTBIPY apKbUIBI MUHUMAJJIBI SHEPTHSUTBI TUMED KYPhUIIbI
KoHe auMep MostekynanapbiHaarbl C,—0O OaitaHbICEI OOWBIHAAFHI aifHAITY OYpPBIITAPBIHBIH OPKAWCHICHIH
30°-ka aitHamBIpa OTHIPHI, 1196 cambramb! (4-cyp.).

Kepin oTeipraHbIMBI3al, MoOJIeKyJajgap IUTaHapibl opHanackanna Cua—O OaiimaHbicTapbl OOWBIMEH
alfHaITy Ke3iHje MOTCHIUAI/IBIK SHSPTUsACHl TEPMUHANIBI OpHATACKaHaFbIIal e3repei. Exi Typii xaraiina
ma MoJiekynamap Oip JKa3BIKTBIKTa JKOHE aWHamy OapbIchiHma Oip-OipiHe KEHICTIKTIK Keaepri
KenTipMenTiHnel opHanacTeipsurad OonaTeiH. CoHApIKTaH, eki Typai aumepaid [19b Tek imki altHamyasg
oCepiHeH PHEPTHUsHBIH 03repyl HeTi31He KYpbUIFaH, SFHA KeHICTIKTIK KeAEPTiHiH yJieci KopiHOeui.

Cmokune oapexemmecy Keszinoeei iwki aunary. 1-OeHMT-3-QEHOKCUIPONNH  MOJEKYIaIaphl
apaKamIBIKTBIFEl 6 A (BaH-Zep-BaagbC KYIITEPiH ANcipeTy VIIiH) GOJNATBIH eKi Ka3bIKTHIKTA Oip-Gipine
AQHTHUITAPAILJICIh JKOHE «THIFBI3JANY» TMPHUHIMIIIHE COWKEC OPHAIACTBHIPHUIFAH JUMEpP MEH OChl JAMMEpJAETi
MOJICKYJIaJIapIbIH 63apa OpPeKETTECYiHIH MMOTESHITHAIBIK YHEPTHS OCTi Sa, 2 cypeTTepae KopCceTireH.

Baiikam oTBHIpFaHBIMBI3AM, TUMEP MOJEKYJIaapbIHIAFbl alfHAIy OYPBIIIBI ©3repreHae 0acTamkhel eKi
[ID3b-Ten (TepMUHANABI >KOHE IUIAHAPIBI SPEKETTeCYy) eAdyip ablpMalubUIbFel Oap. IloTeHumanmmbik
SHEPTusHbBIH MUHUMan MoHI @1=30° ©2=0°, makcuman moni @1=180° @2=180° Gonranma Oalikamaibl.
OHEprusHeIH KeHeTTeH ocyi ¢ 1=120°, ¢2=150°-Ttan 6acramaasl, SFHU KEHICTIKTIK KeIEpTi ocepl VIFasibl.
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a 2

a — MoJIeKynanapsl Y oci 00MBIMEH aHTHITApaIIeIb OPHATACTRIPhUTFaH 1-()eHnI-3-QeHOKCHITPOITHH
nuMepi (TUTaHapITBl OpHAJIACY); 2 — MOJIEKYJIaJIap IbIH MIaHapisl opeketrtecyi ke3inaeri C—0
OaittaHpICcTaphl OOWBIMEH alfHaTy MOTCHIUAIBIK YHEPT s OeTi

4-cyper. Aitnany Oypbimst 30° [19b-1

AE,
kJI>x/MoITb
100 -

a — MoJIeKynanapsl Z oci 00MBIMEH aHTHITApaJIIe)b OpPHATACTBIPhUTFaH 1-()eHnI-3-QeHOKCHITPOITHH
nuMepi (CTIKUHT OpHAJACy); 2 — MOJICKYJIaNapAblH CTIKUHT apekeTTecyi ke3inmeri C,,—0
OaittaHbICTaphl OOWBIMEH alfHaTy MOTCHIUAJIBIK YHEPT s OeTi

S-cypert. ©3apa opekerrecyinin [19b-i

Ym okaFjaiina Ja JOKalmbAi MUHHUMYM KepIHIC TamnmaraH, SFHA 100l MUHUMYMJIAFbI
KOH(DUTYypalusHBIH YJIeCl YIIKESH.

Jlumepiepaeri aibIpMalbLIBIKTapAbl TEPEHIPEK 3€PTTEY YIIIH ONapAbIH MOTCHIUAIIBIK SHEPTUsIaphI
MEH JIMIIOJIb MOMEHTTEPIH 63apa CalbICThIPY KaxeT. MyH/1all akmapaT TOMEHT1 KeCTele KOPCETUIreH.

KecTe

1-®enunii-3-peHokcunponuH numepiepinia 6—31G 0asucinae IMIUPUKAIBIK eMeC ThIFbI3AbIK
¢pynxumonaast B3LYP agici kemeriMeH ecenrtenred sHeprusijiapbl MeH JUNOJIb MOMEHTTepi

Jumep i%;iiiﬁiﬁflé Jurmons MoMeHTi, []
TepmuHanbl -1307,620 0,918
IInanapisl -1307,620 2,609
CTOKHHT -1307,598 0,002
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TepMuHANIBI KOHE TUIAHAPIJBI OpHATACKAH JAMMEPJICPIiH SHEPTHsUIAphl JKYBIKTAIFaHAa TEH, OyJI eKi
TUMEpJAETi MOJICKYJIaIapAslH MUHUMAIB KOH(pOpManusiapsl Oipfedl eKeHAIriMeH TyciHmipiremi. A
CTAKUHT OpHAIACKaH JUMEPJIH MHHUMAIJIBI SHEPTHSACHI CAIBICTRIPMAIIBI TYPJIE XKOFaphl OoFanbIMeH, [19b-
T€ TYpPaKThl Xa3bIKTHIK Oap, Oy imIKi aifHamy Ke3iHAeTi AMMEp TYPAaKTbUIBIFBIHBIH JoNeni. SIFHU, CYHBIK
KpucTainas! Kyiae 1-hennn-3-heHOKCUIIPONMHHIH aKKBIIITHIFbI Ka0aTTapAarbl TEPMHHAJIBI )KOHE TUIaHAPIIBI
OpHAJIaCKaH IUMEpPJICPAET] PETTUTiK OY3BUIBIN, CTOKHHT OaillaHbIc OOWBIHIAFBI JUMEpPIIEPAE PETTUTIKTIH
CaKTaTybl apKbLIBI )KYPE/Ii IS aifTa ajnaMbI3.

Bepinren ecentey Hotmxkenepi 1-¢peHnn-3-(heHOKCUIPONMHHIH HEMATHKAJIBIK OPEKETIH MOJIEKYJIANIBIK
JEHTeine MoJieKynaapainblK OaiaHplc apKbpUIBl Oaranayra MYMKIHIOIK Oepmi. By CyHBIK KpHCTabl
3aTTapasl OJAaH Opi MOJICKYJIAIBIK aHCcaMONbAep pETiHIE CHIaTTam, KBAaHTTHI-XUMHSUIBIK €CeITeyJIepiH
KYprizyre anFbllIapT PeTiHAe KOJAaHyFa KOJ allabl.
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J.E.AitoexoBa, JI. K. AGynsrcoBa

KomnbroTepHblii aHAIN3 BHYTPEHHEr0 BpallleHus
B TEPMOTPOIHBIX KMIKUX KPUCTALIAX

B cratee ¢ menmbro OOBSCHEHHST OCOOCHHOCTEH (H3MKO-XHUMHYECKHX CBOMCTB JKHUAKOKPHCTAJUTHYECKIX
BEIIECTB HAa MOJIEKYJSIPHOM YPOBHE IIPHBEICHBI PE3yIbTaThl KBAaHTOBO-XMMHUYECKHX PacdeTOB IUMEPOB
pa3IMIHON KOH(UTIYypanuu MoJIeKyis! 1-¢ermn-3-dpeHokcunponuHa. 11 KOMIBIOTEPHOTO MOZIEIHPOBAHUS
MOJICKYJT HpHMEHEH MeToj Teopuu (yHKuuoHana mioTHoctd B3LYP B BamentHo-pacuieruieHHOM Gasuce
6-31G B pamkax nporpamMbel GAUSSIAN 09. B pesynbraTe u3y4deHHS 3aTOPMOXKEHHOI'O BHYTPEHHETO
BpaIlleHUs] B JAMMEpax IOCTPOEHbI IMOBEPXHOCTH MOTEHIMANbHON sHepruu. M1 IUMEpHBIX MOJEKYI
BBISIBJICHBI BBITOTHBIE M HEBBITOJIHbIE CTy4al BHYTPEHHETO BPAILECHNUSI.

D.E.Aitbekova, L.K.Abulyaissova

Computer analysis of internal rotation in thermotropic liquid crystals

In order to explain the features of the physico-chemical properties of liquid crystal materials at the molecular
level the results of quantum-chemical calculations of different configuration dimers of the 1-phenyl-3-
phenoxypropin molecule are shown. The method B3LYP of density functional theory in a split-valence basis
6-31G of GAUSSIAN 09 programme is used for computer modeling of molecules. As a result of the study of
hindered internal rotation in the dimer the potential energy surfaces are constructed. For dimeric molecules
favorable and unfavorable cases of internal rotation are identified.
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XUMUANDBIK TEXHOJIOMNA XXOHE 3KOJIOIMMA
XUMUYECKAA TEXHOJIOTNA U 3KONOIuns

VK 667-12

ﬂ.T.Ka,I[I/IPOBl, M.}K.AXMGIDKaHOBI, A.I/I.MaHTeJ'II)2,
A.A.AJII[OHFapOBZ, I/I.C.I/IerGaeBaz, H.H.BapamKOB3

IEepaauﬁCKmZ HayuoHanvHulil yHusepcumem um. JI.H.I'ymunesa;
’TOO «L{enmp uccnedosanus nOMUHeCYEeHMHBIX Mamepuanoy, Acmaua;
SMicrotracers Inc., San Francisco, CA, USA
(E-mail: maksat_09@mail.ru)

TexHosorust noryuyeHusi (pryopecieHTHbIX MUTMEHTOB HA OCHOBE
MeJIAMHHO-TOJIY0JIcy1b(poHaMua0-GpopMaibaeruIHbIX CMOJI

B craTbe mpexacTaBieHa TEXHOJOTHS IONY4EHUS (IIYOPECLEHTHBIX IHUIMEHTOB Ha OCHOBE MeEIaMHHO-
TOJyOJICYIIE(OHAMHI0-(POPMANTBAEI UAHBIX CMOJ, @ TAKXKE METOANKA MOTJIOIIEHHUS BBIIETSIONIET0Cs BO BPEMs
peakiuu TOKCHYHOTro (opmanpaeruna. MecnenoBano comepxanne cBOOOAHOTO (hOpMaNIbIETH/IA B ITOIYICH-
HBIX MIUTMEHTAX ¥ BO3MOXXHOCTH €r0 YMEHBIICHUS C MCIOIB30BaHIEM TEPMHUYECKOTO U XUMHYECKOTO METO-
noB. HailineHo, 4to conepkanne cBOOOJHOTO (opMaibleruaa Iocie XUMUIECKOH 00pabOTKH COCTaBISET
0,030-0,034 %, uTO Ha MOPSAOK MEHBIIE JOMYCTUMOTO KOJHMYECTBA YCTAHOBIEHHOTO MEXKIOCY1apCTBEHHBIM
crangaprom 'OCT 14231-88. OtmeueHo, uTo XuMuieckasi 00paboTKa He OKa3bIBAaeT CYIIECTBEHHOTO YXyI-
IeHUs (IIyOpPECIIEHTHBIX CBOWCTB MUI'MEHTOB.

Kniouesvie cnosa: pC€aKroOHHass €MKOCTb, IOJUKOHACHCALUA, MOTJIOTUTEIbHAA CUCTEMA, CBOOOTHBIN (bOp-
MaJlbaACTHU I, Q)HyopecueHTHble CBOﬁCTBa, OYHUCTKaA.

Bseoenue

ITonumepHbIE CMOJIBI ABIAIOTCS BaXKHOU COCTABIAIONICH HE TOJBKO B CIIUCKE KOMIIO3UIIMOHHBIX MaTe-
pHUAIOB, HO U OCHOBOW J1JIsl M3TOTOBJIEHUS 3HAYUTEIBHON YaCTH MPOJYKTOB JIAKOKpACOYHOU uHycTpud. [1o-
JMy4yeHHe MUTMEHTOB Ha OCHOBE MEJaMHHO-TONIYOJCYIb(pOHAMUAO-POPMATBICTUAHBIX CMOJI — OJHO W3
MEPCIEKTUBHBIX NMPUMEHEHUN CMOJI B KAYECTBE KOJOPAHTOB B MPOU3BOJCTBE KPacoK W MOKpeIThid [1, 2].
[TurMeHTH Ha OCHOBE MEJIAMHHO-TONYOJCYIb(POHAMUI0-QOPMATBICTHIHBIX CMOJI, OJIaroiaps BBICOKOH
XPYIKOCTH, TIOJAAIOTCS CBEPXTOHKOMY M3MEIbUEHHIO, YTO MOJIOKUTEIHHO CKa3bIBAETCS Ha UX CIIOCOOHOCTH
JUCTIEPTHPOBATh B AMYJIbCHUSIX Ha BOJHOW M MaciisiHOW ocHOBax [3—5]. OxHa U3 IIaBHBIX Mpo0IeM XUMUYe-
CKOT'0 IIPOU3BOJICTBA HAa CErOJIHS — 3TO YMEHBIICHHE TOKCUYHOCTU MOTYy4YaeMbIX IPOAYKTOB, CHHTE3a U UX
COOTBETCTBHE MEXKIyHAPOTHBIM O3KOJOTHYECKHM CTaHAapTaM. TOKCHYHOCTh aMHUHO-(hOpMajbAeTHIHBIX
CMOJI 00YCIIOBJIeHa (POPMATTBIACTUAOM, KOTOPBIN IMMOCTOSHHO BBIJCISCTCS U3 MX MAacChl B aTMOC(epy BO Bpe-
Ms UX XpaHEHUs W 3KCIUTyaranuu. BenmnumHa smuccun hopManbaernia U3 CMOJ HampsMyH CBs3aHa C €ro
colepkKaHNEM B CMOJIaX B HECBSI3aHHOM COCTOSTHUU — KOHIICHTpanus cBoOoaHoro hopMmansaeruna [6]. Jo-
MyCTUMBIEC 3HAYCHUS COJICPIKaHMs cCBOOOIHOTO (hopMalbJIernjia B CMoJiaX periiaMeHTHPYIoTCs: Mexrocynap-
crBeHHBIM cTangapToM ['OCT 14231-88. PaboTa Hax ymeHbIIeHHEM CBOOOJHOTO GOpMaibIeruaa B CMOJIax
¥ TOTOBOHM TPOAYKITUH BEACTCS TMOCTOSHHO. MHOTHE €BpOICHCKHE MPOM3BOAUTEIN MEOEIHn celdac maxke
OTKa3bIBAIOTCSI OT MCTIOJIB30BaHUS aMUHO-(OPMAJIbJICTUIHBIX CMOJI B TIPOM3BOJICTBE U 3aMEHSIOT UX Ha 0O-
Jiee JOPOTHE IKOJOTUIECKH YUCTHIC KOMITO3UIIMH, OJHAKO 3TO CIIOCOOCTBYET CHILHOMY yJIOPOKaHUIO TOTO-
Boll mpoxaykuuu. [lomydeHne aMUHO-QOPMAITBICTUIHBIX CMOJ C MAaKCHUMAIBHO CHIDKEHHBIM COJCpKaHHEM
cBOOOTHOTO (popMalTBIETHIa CMOTIIO OBl PEIIUTh BKHYIO MPOOJIEMY — CHIDKCHUE BPEIHOTO BO3JICHCTBUS
Ha OKPYXKAIOIIYI0 CPey U 3JI0pOBbe MOTpeOuTens 0e3 CYIIECTBEHHOTO BO3pPACTaHUsS IICHBI Ha KOHCYHBIN
MPOIYKT.

40 BecTHuk KaparaHauHckoro yHusepcuTeTa
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Henpto maHHON pabOTHI ABISETCS pa3pabOTKa IKOJIOTHYSCKH YUCTON TEXHOJIOTHU TONTYYCHHUS TTUTMEH-
TOB Ha OCHOBE MEJAaMHUHO-TOIYOJICYIHL(OHAMUI0-DOPMAIIBACTHIIHBIX CMOJI, & TAK)KEe KOHTPOIIb U YMEHBIIIC-
HUE COJIEPKaHUS CBOOOTHOTO (POpMATIbJIETHAa B KOHEYHOM TIPOTYKTE.

3KcnepumeHmaﬂbHaﬂ uacmo

Peaxmuswi. n-Tomyoncynsdamun (TY 6-09-3995-76), T, = 137 °C, comeprkanne OCHOBHOTO BEIIECT-
Ba He MeHee 98,2 %. Menamun (GB/T9567—-1997), conepkanue 0OCHOBHOTO BelecTBa He MeHee 99,9 %. [a-
padopm (TY 6-09-141-03-89), cogepxanue BemectBa He MeHee 93-98 %. Pomammu 6K (Homep CAS:
989-38-8), conepkanue BeniecTBa He MeHee 95 %. Pomamun b (Homep CAS: 81-88-9), conepkanue Bele-
ctBa — He MeHee 95 %. Kymapun 7 (Homep CAS: 27425-55-4), conepxanue BemiecTsa He MmeHee 95 %.

Obopyoosanue. Peaktop Kiloclave type 3E/2 1t., 0.5 bar mpoussoacta pupmer BiichiGlasUster. Peak-
TuBHas MenbHULa Jet Pulverizer, pabortatomas npu MakcuMansHOM padodem nasieHnn 900 klla, nzroros-
JICHA 110 MHIUBUAyalbHOMY 3aka3y. CrekrpodoToMeTp — Analytikjena Specord 250.

Texnonozus NoJIy4erusl nuemeHmoes

[Iponecc momyyenus: murmMeHToB npoBoauics B peakrope Kiloclave, cxema KoToporo nmokaszaHa Ha pu-
cyHke 1.

1 — peaxkIMoHHast EMKOCTb;
2 — TpUEeMHUK I KOHJCHCATa;
3 — 0oOpaTHBIN BOASIHON XOJIOAMILHUK;
4 — oTBOJ U3 OOpaTHBIN BOJSIHOTO
XOJOIMIBHUKA JJIs1 BBIX0/A T'a30B;
5 — xpaH a5 BBOJIa ra3a
B PEaKIMOHHYIO EMKOCTh

Pucynok 1. Obmas cxema peakropa

B peakmuonnyro emkocth (1) (puc. 1) moMemniany peakMOHHYIO CMECh, COCTaB KOTOPOW TOKa3aH B
Tabnuie 1, 1 HaYMHAIK ee TepeMelirBanue Ha ckopoctd 300 06/mMuH. Britouann HarpeBaHHE peaKIIMOHHOM
CMecH, ycTaHaBmBas Temreparypy ot 150 mo 175 °C. Temneparypa peakIIMOHHON CMECH TOCTHTaja 3a/1aH-
HOT'O 3HaY€HUs B TeueHue 15-25 mMuH.

Tabnuma 1
CocTaB peaKIIMOHHBIX cMeceii 1Jisi moJyYeHust QuIyopecieHTHBIX TUTMEHTOB

Ny P Macca uCXOHOTO peareHTa, T
TCA MeJIaMUuH napadopMm | pogamus 6)X | pomamuua b | kymapun 7
Manunossiii b1 374,0 96,1 129,9 5,6 5,9 —
Kenterit A2 406,6 104,2 141,2 — — 14,5
Kenterit A4 406,6 104,2 141,2 - - 13,7
MaunuHoBEIIH M2 (p030BEIii) 387,4 88 125,8 0,6 5,8 0,6
Kpachsrit K3 406,6 104,2 141,2 10,3 - -

Yepes 5-10 MUH ¢ MOMEHTa yCTaHOBJICHU 3afaHHON TemnepaTypsl (+2 °C) yepe3 kpaH (5) HaunHaIH
IIPOIyCKaTh MHEPTHBIM ra3 (aproH) ¢ TakoW CKOPOCTbIO, YTOOBI AABIEHHWE B PEAKTOpE HE IPEBBIIIATO
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1,5 6ap. Bo3aMOXHO HCIIOJIE30BaHUE B 3TUX ILEISAX TAKXKE CKATOTO a30Ta WIHM BO3yXa, KOTOPBIC TAKXKE SIB-
JISTFOTCSL MHEPTHBIMU B YCIIOBUSIX JAHHON PEaKIny.

TokxoM WHEPTHOTO raza M3 PeakIHOHHOTO CoCyAa B OOpaTHEIN BOMSHOW XOJNOAWIBHUK (3) ymalsiInuch
MOOOYHEIEC MTPOAYKTHI — TApPHI BOJBI BMECTE C BHIICISIOIIMMCS T'a3000pa3HbIM (hOPMaTbIECTUIOM.

OxJTaxIeHHBIC B 00paTHOM BOJISTHOM XOJIOAMIBHUKE (3) Mapsl BOIBI KOHJACHCHPOBAIHCH B XKHUIKYIO BO-
Iy ¥ CTEKaJId B MIPHUEMHUK (2), TIOMMyTHO pacTBOpsis B cebe gacTh razoobpasHoro Gopmanpaerua. Takum
o0pazom, B ipueMHuKe (2) codupaeTcsi BOAHBINA pacTBOp (opMaibaeruia — GopManiyH.

Yacte ra3o00pa3HOro gopmaiibaeruia, He yCIleBIas pacTBOPUTHCS B KOHJACHCUPOBAHHOW BOJE, YHO-
CHJIach ¢ TOKOM MHEPTHOTO T'a3a U3 00paTHOTO BOMISHOTO XOJIOMUIFHUKA Yepe3 0TBO (4).

Bs3kocTh peakMoHHOW CMECH €O BpeMEHEeM BO3pacTaia, 4TO 3aTPyJHSIIO €€ IepeMellnBaHne Ha
0OJIBIIION CKOPOCTH, BBHUY YE€TO CKOPOCTh MEPEeMEIINBaHUsI IMOCTEIIEHHO yMeHbmanu 10 10 06/mun. O He-
00XOJMMOCTH TIOHM)KEHHUSI CKOPOCTH U O TOM, HACKOJIBKO CHIIFHO €€ HY)KHO CHH)KATb, CYIWIIH IO TPOKPYYIH-
BaHUIO Bajla MEUIAIKH MIPHU HAPACTAHUH BSI3KOCTH CMOJIBL.

O0 OKOHYAaHWU TIpoIlecca MONYYCHHUS CYIWIA MO MPEKPAIICHUIO BBIACICHUS BOABI B NMpUEMHUK (2),
a Tak»e Mo CaMOIIPOU3BOJIEHOM OCTaHOBKE Melaiku. Beck mpouecc 3anuman 45-55 MuH.

ITocne oTkMIOUEHUS TIEpPEMENIMBAHUA CMECh OCTAaBILIN Ha 5—10 MUH IpW HarpeBaHWH, IPU MPOJOI-
YKAIOMICWCs [o1aue aproHa JUIs YAaJeHUS OCTaTKOB (hOpMalbJIern/ia U3 peakmonHoi emkocTu. [locne dero
Mo/iavyy Ta3a OCTaHABIUBAIIM, OTKPHIBATH PEAKIIMOHHYIO EMKOCTh M CIIMBAJIU MOJyYCHHBIA TUTMEHT B BHJIC
BSI3KOTO pacIuiaBa.

OcTpIBasg 10 KOMHAaTHON TEMIIEpPaTyphl, pacIuiaB CTaHOBUJICS XpynkuM. llocie sToro ero momsepraiu
JpOOJICHUIO Ha pexylel ApoOuiKe, 3aTeM Ha peakTuBHOW MenbHHmIe Jet Pulverizer, no wactui pazmepom
He Ooree 4—4,5 MUKpOH.

Memoouxa noznowenust hopmanvoe2uoa, 8blOeIAIOUWE20CsL 80 BPEMSL PEAKYUU

MeTo OCHOBaH Ha BBICOKOW PacTBOPUMOCTH (opMalibJeruia B BoJe. BhIIENsBIIUIHCS B Tpolecce
MPOU3BOCTBA Ta3000pa3HbBIN (OPMANBICTH]] YACTUYHO PACTBOPSIICS B KOHICHCHUPOBAHHOW BOJE BHYTpPH
00paTHOTO BOJASHOTO XOJOAMIbLHUKA, KOTOpast cTekaia B npueMHHK (2) (puc. 1). Onpenenennas gacts Gop-
MaJbJICTH/Ia He yCIieBaja PaCTBOPUTHCS B KOHACHCUPOBAHHOW BOJIC M YHOCHIIACH C TOKOM aproHa u3 o0par-
HOTO BOJITHOT'O XOJIOAMIILHUKA Yepe3 oTBox (4) (puc. 1).

U3 otBona (4) TOK aprona ¢ GopMaibIeTHI0OM HANPABIISIICS B MOTIIOTHTENBEHYIO CHCTEMY, COCTOSIIIYEO
M3 TpexX MOOYepeHO COeNMHEHHBIX MOTIOTUTeNeH ¢ Bogo. [lormorurenpHas cucreMa rmoka3aHa Ha PUCYH-
Ke 2.

| E— e s e
| | [
4 | 4 | y” |
N » . > . »
1 2 3

PI/ICYHOK 2. IlornorurenbHast cucTEMa JUIA BBIACIIAOIICTOCA (bopMam)zLeer[a

O0BeM KaXI0T0 U3 MOTJIOTHTENEH cocTaBisut 5 1. TOK MHEPTHOTO ra3a, coaepikaluero GopmaibIeru,
BBIXO/IST M3 OTBOJIAa OOPATHOTO BOMISHOTO XOJNOAMIbHKKA (4) (puc. 1), momaman Ha THO TIEPBOTO MOTIOTUTEIIS
(puc. 2). IlomanMasich co aHa Yepe3 00beM BOIbI, (HOPMAITbICTHI, COASPIKAIITUICS B TOKE ra3a, OCTEIICHHO
pacTBopsuics. Brixoas 3 mepBOro MOrjaoTUTENs, TOK Ta3a Momaaan MocieoBaTeIbHO BO BTOPOH U TpeTHi
MOTJIOTUTEIH, T 1€ IPOUCXOIUIT aHAJOTUYHBIA MPOIIECC, YTO U B IIEPBOM.

AHanmu3 xoimdecTsa popMaibaeriiaa, pacCTBOPEHHOTO B B, B mpueMHuke (2) (puc. 1), a Takxke B 1M0-
TIIOTUTENBHBIX cocyaax (pHc. 2) MpoBOAWIH B cooTBeTcTBUHU ¢ TpeboBaHmsiMu ['OCTa 1625-89. Texunue-
ckuil hopMasvH. Pe3ynbTaThl HCIIBITAHWH IO yIaBIMBaHUIO (hOpMasbIeru/ia oKa3aHbl B Ta0uIe 2.
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Tabnuma 2
KoaunyecTBo popMasibieruaa, BbieJsieMoro B0 BpeMsi peakiuu

Temmeparypa npose- Macca ¢popmansaeruna, r
No o Konba-npueMHuk Cuctema cbopa popmanbaeruia (puc. 1) Ob6mree
neHus cuaTe3a, °C
KOHJICHCaTa MpUEMHUK 1 MPUEMHUK 2 MPUEMHUK 3 KOJINYECTBO
1 150 5,0300 0,0691 0,0031 — 5,1022
2 150 5,1020 0,0812 0,0025 - 5,1857
3 155 4,8850 0,0693 0,0019 — 4,9512
4 160 4,1300 0,0608 0,0042 - 4,1950
5 160 4,3680 0,0652 0,0024 — 4,4356
6 165 3,9080 0,0624 0,0046 - 3,9750
7 165 4,1270 0,0591 0,0032 - 4,1893
8 170 4,0770 0,0622 0,0026 — 4,1418
9 170 4,2760 0,0620 0,0033 — 4,3413
10 170 4,1030 0,0663 0,0019 — 4,1712

U3 nonyueHHBIX pe3yIbTaTOB MOXHO CZEIaTh BBIBOJ], YTO KOJHMYECTBO BBIICISAIONICTOCS BO BpeMs pe-
akuu (opMaibaeruia MUHIMANBHO NIpY TeMiepaType peakiuu ot 160 mo 170 °C.

OOmiee KOJIMYECTBO HEBCTYMHBILETO B PEakUHUIO (hopManbpAernia B 3TOM AMANa30HE TEMIIEpaTyp co-
craBisieT 3,9750-4,4350 T, cpennee 3HadeHne paBHO 4,2084 1.

KonmgecTBo dopmManmpaernia, MOCTYIAIONMIETO0 B CUCTeMY cOopa (puc. 2) 3a OWH CHHTE3, COCTABIISAET
MmeHee 0,07 r. AHaJIN3bI TOKA3bIBAIOT, YTO B TPETHEM IOTIIOTUTENE (POPMAIIBACTHI OTCYTCTBYET, YTO TOBOPUT
0 TIOJTHOM TIOTJIOIIEHUH BBIJIENSIEMOT0 (POpMaNbCTHIAa B CUCTEME 3 JIBYX MOTJIOTUTEINEH.

KonmdectBo GopmManbaeruia, MOCTYIUBIIETO B KOJIOY-NPHEMHUK B paCTBOPEHHOM BHJIE B BOJIE, 00Opa-
30BaHHOW TIPY MOJMKOHJCHCAIIUH, HA J[BA MOPSIKa OOJbIIE, YeM B MOTJIOTUTENAX. Ero MakcuManbHas mMac-
coBasi goss coctaBuia 7,3 %. MakcuManbHas HachIIIaeMOCTh BOJBI B PUEMHHUKE (HOpMalibAEruIoM Oblia
OIIEHEHA T0 Pe3yNbTaTaM CEepUU SKCIIEPUMEHTOB U coctaBuia 14,1 % mo macce. PacTBopbl JaHHOH KOHIIEH-
TpaIWH MTOCJIC HACBIIIEHUS (POPMAIILIICTUIOM B BUJIC MapadopMa HCIIONb30BATUCh B IOTYYSCHHH aMUHO(OP-
MaJIbICTHIHBIX JKUAIKUX KICEBBIX KOMITO3UIUI U OYTHIIMPOBAHHBIX aMHHO(OPMAITIETUIHBIX CMOIL.

Memoowl ymenvutenuss cooepaicanisi cé0O00H020 hopmanboezuoa
6 NOJIYUEHHBIX NUSMEHMAX

Copnepxanue cBoOOAHOrO (hopManbAeruia B MUTMEHTax omnpenaensuiock Ha ocHoBe ['OCTa 14231-88.
Kap6amunodopmanpaernaasie cMmonsl. MaccoBasi o cBOOOAHOTO (opmanbaeriuia B HEKOTOPHIX
IIUTMEHTax [I0Ka3aHa B Tabiuue 3.

Taonuma 3
MaccoBasi 10J1s1 CBOGOIHOr0 (hopMAaTbIerHAa B MUTMEHTax

MaccoBas gois
Ne ITurment CBOOOIHOTO
¢dopmampaernna, %

1 |2Kentsiit A2 0,32

2 |’Kenteiii A4 0,24

3 |Manunossiii b1 0,26

4 |Kpacusrit K3 0,21

5 |ManunoBbIi M2 0,29

Jomyctumast mMaccoBast a0y CBOOOJHOTO (popManbAeTuia, YCTaHOBJICHHAs MEXrocyaapCTBEHHBIM
cragnaprom ['OCT 14231-88, cocraBmsier 0,25-0,90 %. Kak BunHO u3 Tabmuie 4, MaccoBast A0 CBOOOI-
Horo opmainpaernjia B NUrMeHTax Haxomutcs B mpenenax 0,21-0,44 %. HalinenHoe komu4ecTBO HE mpe-
BBIIIACT MPEJCIBHO JOIMYCTUMOTO.

C uenpio ymaydineHus NOTPeOUTEbCKUX CBOWCTB MUTMEHTOB B OTHOIICHUM CHUXCHHS BPEIHOTO BO3-
JEHCTBUS Ha 3I0POBhE YEIIOBEKA MPEIIIPUHSATA IMOMBITKA JATBHEHIIIET0 CHIDKCHISI COIEpKaHUs CBOOOTHOTO
(dhopmasbieruaa B OMyYCHHBIX TUTMEHTaX. Hibke pUBEACHBI ONMUCAHUS ABYX OCHOBHBIX METOJIOB — TEp-
MHYECKOI'0 M XMMHYECKOTO.
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Tepmuueckuii Memoo CHUNCEHUSL COOePAHCAHUSL CB0OOOHO20 hopmabOecuda

[IpoaykT moMeIiarT B CYIIMIbHBINA MIKad) ¥ NPOKAIUBAIOT B T€UCHUE 45—75 MUH MPH TeMIIEpaType
170-175 °C, 3aTteM NOpPOAYKT OCTYXAIOT A0 KOMHATHOW TemmepaTryphl. OCTBIBIIMKA TPOIYKT MEIAT Ha
PEeXYIIIEH MENbHUIIE, a 3aTeM Ha peakTHBHON MenbHuIle (JetMill), mocne 4ero mpoBOIAT U3MEPEHHUE MacCo-
BOH 70711 CBOOOAHOTO (hopMabaeruaa.

Xumuyeckuti Memoo CHUNCEHUSL COOEPACANUSL C8ODOOH020 (hopmanboeauoa
B ocHOBe MeTO/1a IEKUT peakius B3auMOACUCTBUS (hopMalIbJIeTHIa C IEPEKUCHI0 BOAOPOIA:

CH,0 + H,0, - HCOOH + H,O
HCOOH + HzOz — C02 + Hzo

100 T murMeHTa IMOMEIIAIOT B KPYIVIOAOHHYIO KOOy o0heMoM 500 mil, cHaOKEHHYI0O MarHUTHON Me-
LIAJIKOW, U 3aJIMBAIOT AWCTHIUIMPOBAHHYIO BOLy Ha 2/3 o0beMa KoiObl. B momydeHHyIo cMech MpHUOaBIisIOT
2-10 M 35 %-ro pactBopa mepekucu Bomopoxa u 0,1-1 1 xmopuna xenesa (III) (FeCls). Ilomygennyro
CMECh BBIICPKUBAIOT C OOPATHBIM XOJIOAMIBHHKOM TIpH 60 °C 1 MHTEHCHBHOM ITEPEMEIINBAaHUN B TCUCHUE
2 4, 3aTeM cMech QUIBTPYIOT U CyIIaT MOJYYEeHHBIN mopomok npu Temmnepatype 110 °C.

[Tonmy4yeHHBIH CyXOi HMOPOIIOK MOBTOPHO M3MENBYAIOT CHAdana Ha PEXyIIeHd MENbHUIIE, a 3aTeM Ha
BO3IYITHO-PEAKTHBHOM MENLHUIIE, B PE3yJbTaTe Yero IMOyYaroT MOPOIIOK TEPMOPEAKTHBHOTO (IIyopecIiv-
PYIOLIETO MEeTaMHHO-CYIb()OHAMHIO0-POPMaTbIETHAHOTO TUTMEHTA C Pa3MEPOM YacTHll OT 2 10 18 MKM.

B Tabnune 4 moka3aHbl pe3yNbTaThl ONpeaeeHUH MACCOBOW TOJIM CBOOOAHOTO (popMaibIeruaa mocie
00pabOTKH pacTBOPOM MEPEKUCHIO BOJIOPOA.

Tabnuuma 4

MaccoBasi 1011 CBOOOAHOT0 (pOpMaJIberuaa 10, Mocjie NpoKaJuBaHUs
U nocJie 00padoTKU MepeKUchio BOI0POaa

MaccoBas o1 cBobogHOTO hopmManbaernaa, %o

Ne [Iurment IToce 06paboTkH
Jlo mpokanuBaHus ITocne npokanuBanus
MIEPEKHCHI0 BOJOPOA

1 |XKenteiit A2 0,32 0,26 0,030

2 |XKenterii A4 0,24 0,19 0,031

3 |Manunosslii b1 0,26 0,21 0,032

4 |Kpacusrii K3 0,21 0,18 0,033

5 |ManuuoBbiii M2 0,29 0,24 0,034

PesynpTarhl npoBeAeHHBIX UCTBITAHUI MMOKA3BIBAIOT, YTO COJAEPKaHWE CBOOOAHOTO (hopMalbaeruia B
MPOAYKTE MOHMXKaeTcsi npuMepHo B 10 pa3 mocie 06paboTKH pacTBOPOM mepekucu Bogopoza. [lomydennsie
saauerust (0,030-0,034 %, Tabn. 4) Ha MOpPANOK MEHbIIE 3HAYEHWH yKa3aHHBIX B MEXrocyaapCcTBEHHOM
craggapre ['OCT 14231-88. JlanHbli TIOKa3aTeIh JENAacT MPOAYKT BeChbMa MPHUBJICKATEIBHBIM, Kak Oojee
0e30macHbIN A7 310POBBAL.

O6paboTka (QIryopecIeHTHRIX MUTMEHTOB PACTBOPOM IIEPEKUCH BOAOPOIa MOKET IPUBECTH K UX TIOTY-
CKHEHUIO BCJIEJICTBIE BOZMOXKHOTO BBIMBIBAaHHS (DITyOPECIIEHTHBIX KpAaCHUTENeH N3 MacChl TUTMEHTA.

YToObI OLIEHUTH KOJIMYECTBO BHIMBIBAEMOT'O KPACUTEN U3 MAacChl IMTMEHTA, ObIJIO IPOBEICHO CPAaBHEHHUE
CIIEKTPOB TIOTJIOLIEHUsI pacTBOPOB skentoro murmenra A2 B IM®A 1o u nocne obpabotku. Oba pactBopa
TOTOBWJIMCH B OTHOW KOHIIEHTpauuu. [loydeHHbIe CIeKTPhI MOTIIOIIEHHS TOKa3aHbl Ha PHCYHKE 3.
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Pucynox 3. CnekTp MOTIONICHHUS JKEITOT0 MATMeHTa A2 10 00pabOTKH paCTBOPOM MEPEKUCH Boiopoa (@)
¥ TI0CJ)Ie 00pabOTKH pacCTBOPOM MEPEKKCH Boiopoa (6)

Kak BumHO U3 pucyHKa 3, N3MEHEHUE WHTCHCUBHOCTH TOTJIONMIEHUS KPACUTEINS B TUTMEHTE HEBEIUKO
(ue mpeBsIaeT 7 %), 9TO Mo CKa3bIBaeTCsA Ha ero (hIyOpeceHTHBIX KauyecTBax.

Raxnouenue

B pesynbprare nmpoBeaeHHBIX McCIeOBaHUHI OblIa pa3paboTaHa TEXHOJOTHS MOIyUeHHS (IIyOpecIeHT-
HBIX MEJIaMHHO-TOIYOJICYIb(HOHAMUA0-POPMaTBACTHIHBIX CMOJI, XapaKTEePU3YIOIIAsCsl MHUHUMAIBLHO BO3-
MOXHBIMH BbIOpocamu (hopManbierua B aTMochepy U MO3BOIISAIONAS TTOIYIUTh MUTMEHTHI C COepIKaHHEM
cBoOomHOTrO (popManpaeruia B ACCATKM pa3 HIKE HOPM, PETJIAMEHTUPOBAHHBIX MEXIrocyaapCTBEHHBIM
cragnaprom 'OCT 14231-88.

Crnucoxk 1uTepaTypsl

1 Widmer G. Encyclopedia of Polymer Science and Technology. — New York: Interscience, 1965. — Vol. 2.

2 Williams L.L., Uptegraff LH., Petropoulos J.C. Amino Resins // Applied Polymer Science. — 2nd ed. / Eds. R.-W.Tess,
G.W.Poehlein. — Washington: D.C., ACS Symposium Series, 1985. — Vol. 285. — P. 1101-1115.

3 HUopucos A.H., Manmenv A.U., Upeubaesa U.C. Pa3paboTka METOIVKH IMOJIYYCHUS] CMOJ Ha OCHOBE MEJAMHHA, TOJYOJ-
cynspoHamuna u napapopmansaeruna / Hayka u obpasosanue B Lientpansnom Kazaxcrane: Marepuanst MexayHap. Hayd.-TIPaKT.
koH(}. — Kaparanna, 2013. — C. 116-119.

4 Tlarent 2013/0564.1 PK. [TonyyeHue MenKOM3MeNbYCHHBIX OKPAIICHHBIX aMHHO-()OpMabAeruAHBIX CMOJI C Pa3MepPOM Yac-
tui MeHee 1 Mukpomerpa // Anponrapos A.A., Bapamkos H.H., Uprubaesa U.C., Manrtens A.J.

5 Tlarenr 2014/0560.1 PK. Ilomy4yeHne MeEIKOM3MENIEYECHHBIX (UIyOPECICHTHBIX IIMTMCHTOB HA OCHOBE MEJAMHUHO-
cynbpoHamun-popmansaeruasbix cmon // Uprudaesa U.C., bapamkos H.H., Annonrapos A.A., Mantens A.W., Axmemkanos M.K.

6 Fischer M.H. The Toxic Effect of Formaldehyde and Formalin // The Journal of Experimental Medicine. — 1995. — Vol. 6,
No. 4. —P. 487-518.

J.T.Kagupos, M.2K.Axmemxanos, A.M1.Manreinb,
A.A.Annonrapos, .C.Uprubaesa, H.H.bapamxkos

MesaMuH-TOIY0JICYIbGoHAMIA-POPMAJIBAETHATI AWBIPJAPAA Heri3aeJreH
(ryopecueHTTIK NMTMEHTTEPAI a1y TEXHOJIOTUSIChI

Makanaga MeIaMHH-TOIYOJICYIb(GoHAMUA-GopManbaernaTi Imaifblpiapaa HeTi3feNreH  (QIyopecleHTTIK
NUTCMEHTTEePAi ajly TEeXHOJIOTHSCH, COHBIMEH Oipre oceprecTik OapbichiHIa OONiHEeTIH YIaFbIUITHIK
(dbopmanbIeriaTi CiHipy omicTemeci OepinreH. ANBIHFAH HUTMEHTTEpHe epKiH (HOpMallbISTHATIH Yieci MeH
OHBI TEPMHKAJIBIK JKOHE XUMUSIBIK 9liCTEMENepiH KOJIIaHBbIIl a3aiiTy MYMKIHIIUII 3epTTenreH. XUMHSIIBIK
eHsieyeH Keiin epkiH ¢dopmanpaerunriy yneci 0,030-0,034 % ten exenuiri amsikranrad, on MEMCT
14231-88 xanbIKapalblK KAJIBINICH TaFalblHAAIFaH [ICKTEYJCH OH ece KeM. XHMUSUIBIK OHICYIIH
MIUTMEHTTEePAIH (IIyOpEeCIEeHTTIK calachklHa aca Kepi acepi >KOK eKEeH/IT JoJIeIeHI ¢H.
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D.T.Kadirov, M.Zh.Akhmedzhanov, A.I.Manel,
A.A.Aldongarov, I.S.Irgibayeva, N.N.Barashkov

Preparation technology of fluorescent pigments
based on melamine-toluenesulfonamide-formaldehyde resins

In article represented preparation technology of fluorescent pigments based on melamine-
toluenesulfonamide-formaldehyde resins, as well as absorption procedure of toxic formaldehyde emission
during the reaction. Investigated free formaldehyde content in obtained pigments, and possibility of its reduc-
tion using thermic and chemical methods. It found that, free formaldehyde content after chemical treatment is
equal to 0,030-0,034 %, which is ten times less than permissible amount established by interstate standard
GOST 14231-88. It found that, chemical treatment does not significantly adversely affect fluorescent proper-
ties of pigments.
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CejleKTHBHOE U3BJIeYeHHE MAarHusl U3 XpoOMaTHOI0 nIamMa
PacTBOpPOM XJ1OpUaa aMMOHUS

B cratbe paccMOTpeH Mpolece BBIIENAaYMBaHHUs MarHUs U3 XpOMATHOTO IIJIaMa PacTBOPOM XJIOpUAA aMMO-
Hus. [Toka3aHo, 4TO A7 MOBBIIIEHUS CTETIEHH W3BJIEUEHUST MAarHUsI TPOIIECC CIIEAYET MPOBOAUTD IIPU OTTOH-
K€ aMMHaKa C BOJSHBIM mHapoM. V3 marHumiicojeprkamiero pacTBopa MOXHO TONyduTb (ochar marxus-
AMMOHWS, IPUTOTHBIN JUISl IPUMEHEHUSI B Ka4eCTBE YA0OpeHNSL.

Kniouesvie cnosa: XpOMaTHBIﬁ jiam, (bOC(baT MarHusi-aMMOHHS, XJIOpUJ aMMOHUS, BbIIICIaYUBAaHUE, XJTIOPUI
MarHusi-aMMOHUS, OKCHUJ] MarHus, XpOMIINITHUHEIIU/IbI.

OTX0/TbI PA3MTUYHBIX TEXHOJIOTHUECKUX MPOIIECCOB XUMUYECKOW MPOMBIIIIIIEHHOCTH U METAJUTYpPTHUHU BCE
yale pacCMaTPUBAIOTCS KaK TEXHOTEHHOE CHIPbE JJIS MONydYeHUs IEeHHBIX MpoaykToB. IlepepaboTka BTO-
PUYHOTO CBHIPHS MO3BOJIIET PAllMOHAIBLHEE HCIIOIB30BaTh MPUPOAHBIE PECYPChl U pellaTh SKOJIOTHYCCKHUC
poOIeMBbl, CBsI3aHHBIE ¢ oTXoMaMu. OJHUM W3 OTXOJIOB METAIUTYPIHH XpOMa SIBIISIETCS XPOMATHBIN IIIIaM,
00pa3yoIuics B IpoIecce OKUCIUTEILHOIO 00KUTa XPOMUTHBIX KOHIIGHTPATOB C JIOJIOMUTOM U KapOOHa-
TaMU HATPUs U TTOCIEAYIONIETO BBICIAYMBAHNS XPOMATOB BOI0H. He pacTBOPUBIINICS OCTaTOK HANpaBIs-
eTcs B oTBa [ 1]. XpoMaTHBIH JIaM BBIIIETAYHBAHUS COICPKUT 3HAYUTEILHOE KOJIMYECTBO MarHHs, XpoMa,
KPEMHUS | JKeJie3a, allFOMUHUS, KaJbIUI 1 MUKPOIIPUMECH JIPYTUX METaJIOB, B TOM YHCIIE METAJUIOB Ija-
TUHOBOH Tpymiibl. [lyTeM CEeNeKTUBHOIO HM3BJICYCHHS KOMITOHCHTOB IIJIaMa IUIATHHOBBIC METAJLIbl MOTYT
OBITH CKOHIICHTPHUPOBAHBI JUTSI TIOCTIEAyIOMmEero u3BieueHus [2]. Ilo maHHBIM aHAN30B, B COCTaB MIJJaMa BXO-
mat 10 35 % okcuna Maraus. CelneKTHBHOE M3BJICUCHUE MArHUsl, TAKUM 00pa3oM, OyzeT B OoJbIlel cTereHn
CIOCOOCTBOBATh KOHIICHTPHUPOBAHUIO IEHHBIX AJIEMEHTOB, YEM HW3BIEYCHHUE JHOOOr0 JPYroro KOMIIOHEHTA
nuiama.

B Hacrosimee BpeMsi pa3paOOTaHbl TEXHOJIOTUW M3BIICUCHHUS MarHUs U3 XpPOMATHOIO IUIaMa, OCHOBaH-
HBIC Ha KUCIIOTHOM BhIenaunBanvu [3]. Hemocratok moqoOHBIX METOIOB — WCIIONB30BAaHHE CHIILHBIX MH-
HEPAIBHBIX KUCIIOT (CEPHOH WM COJITHOW) B JJOBOJIBHO KECTKHUX YCIOBHUAX. KUCIIOTHI IpU 3TOM PacxXoyroT-
Cs1 HE TOJILKO Ha M3BJICUCHHWE MAarHus, HO M Ha pacTBOpeHHE xpoma u xkene3a. Crocod [4], B KOTOpoM Hc-
MOJIB3YETCsI TIEPEBO] MarHHs B PACTBOP IyTeM 00pa3oBaHMs THIPOKapOOHATA H MOCIEAYIOIIEe ero ocax ie-
HUE B BUJC KapOoHaTa, He y00€H BCIEACTBAE OOJBIION UTUTEILHOCTH CTaIUU BHICIIAYMBAHNUS MarHusl U
CJIOHBIX YCIIOBUH CEIIEKTUBHOTO PA3JIOKEHUS THApOoKapOoHaTa MarHus. Takum o0pa3oM, MOUCK PearcHTOB
W YCIIOBHH JIJISI CEJIEKTUBHOTO BBIIIECIaYMBAHNS MATHHS SIBJISIETCSI, HECOMHEHHO, aKTyaJ bHOU 3aj1aueii.

OO01en3BeCTHO, YTO PACTBOPHI XJIOPUIa aMMOHHS 00Ja/1al0T CIIOCOOHOCTHIO PACTBOPITH OKCHU]T M TH/I-
POKCHJI MarHusi ¢ 00pa30BaHUEM PacTBOPa XJIOPHJIA AMMOHHUSA-MAarHusl. ITOT MPOIYKT PAaCCMaTPUBACTCS KaK
komiuiekcHoe coeannenne NHy[MgCls] nim, Heckolibko pexe, kak asoitaas coas NH,Cl-MgCl,:

MgO + 3NH,CI = NH,[MgCls] + 2NH; (1)
Mg(OH), + 3NH,CI = NH,[MgCl;] + 2NH; + H,0 )

CormacHo ypaBHeHUsM (1, 2) B pacTBOpe IpH ITOM HaKarIMBaeTcs amMMmuak. OO0pa3oBaHHE aMMHAKa
MOBBIIIAET OCHOBHOCTh CPEJIbI, YTO MOCTEIIEHHO JIOJDKHO TIPUBECTH K HAYay BBHITIAJICHUS THIPOKCHA Mar-
HUS B 0CAJI0K 10 PEaKIUH:

NH,[MgCLi] + 2NH; + H,0 = Mg(OH), + 3NH,CI 3)

Kaxk cnemyet u3 ypaBHeHHH (2, 3), mpoliecc B3aMMOJICHCTBUS THAPOKCHIA MarHus ¢ XJIOPHIOM aMMO-
HUS SBJSCTCS PAaBHOBECHBIM. )il yBENWYCHHS CTENCHU MEPEBOJIa MArHUs B PacTBOP MOXHO yBEIUYHBATH
KOHIIEHTPAIUIO XJIOPHUIa aMMOHUS JIN0O yIAISTh U3 PEaKIIMOHHOW CMecH 00pa3yroIIUiCs aMMHaK.

[Tockoybky B COCTaBe XpOMATHOTO IIIaMa MarHuii MOXeT MPUCYTCTBOBATh B BUJE Pa3IMYHBIX COE/IU-
HEHHI, B TOM YHCJIe W OOJaJarolMX HHU3KOH PEaKIIMOHHOW CHOCOOHOCTBHIO XPOMIIIHMHEIUIOB COCTaBa
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MgO(Cr,Fe,Al),0;, BO3MOKHOCTb €r0 IEPEBOAa B paCTBOP B3aMMOJEHCTBUEM C XJIOPHIOM aMMOHHUS B BOJ-
HOM cpeJie ClIeZI0BaJi0 U3yUUTh SKCIIEPUMEHTAIBHO.

Hapsiny ¢ maranem, XpoMaTHBIN [IUTaM COIEPYKUT COCTUHEHHS KANbIKs, KOTOPBIN TOXKE MOTEHIIHAIBEHO
MOJKET OBITH MEPEBE/ICH B BOJAOPACTBOPUMYIO ()OPMY MPH B3aUMOJACHCTBUH C XJIOPUAOM aMMOHUSI:

CaO + 2NH,CI = CaCl, + 2NH; “4)

Jli1st mpefoTBpallleHHs [IEPEBOa KAJIbILIKA B PACTBOP OBLJIO PEILECHO MPOBOAMTD MPOIECC B MPUCYTCTBUH
CEPHOU KHUCIIOTHI, B3ATOW B KOJUYECTBE, JIOCTATOYHOM JJIsl OCAXKIICHHUS BCETO COJEPKAIIETOCs B IPOOE Kallb-
s B Bume CaSQOy:

Ca*" + H,SO, = CaSO,+ 2H" (5)

C 1eTbIo MOBBIICHHS OTIEPATUBHOCTH XUMHUYECKOTO aHANM3a PACTBOPUMBIX MPOJYKTOB PEaKIMU Ha
coJiepKaHNe MarHus OBbLJIO PEIICHO KCIOJIB30BaTh €r0 OCaX/eHNE B Buae (ocdara Maraus-amMmmonus. [Ipu
3TOM OBUIN YYTEHBI ClIEAyIoNe cooopaxkenus: 1) Marauit-aMmmonuii pocdar (MAD) BeiamaeT B 0Caj0K B
cpenaax, cojiepxkanmx aMmuak; 2) MA® spnsiercst ieHHbIM (oc(hOpHO-a30THO-MArHUEBBIM yI00pEHUEM, T.C.
MOTCHIIUAIBHO MOXKET CTaTh MPOJYKTOM MPOMBIILIICHHON MepepaboTKH XPOMATHOTO IUIaMa U3ydaeMbIM
crocobom.

NH4[MgC13] + ([\IH4)2HPO4 + NH3 + 6H20 = NH4MgPO46H20 + 3NH4C1 (6)

B KOHTPONBHOM OMBITE TIEPEBOJT KOMIIOHEHTOB IIJIaMa B PACTBOP OCYIIECTBIISUIA CMECHIO KOHIICHTPH-
POBaHHOI COJITHON KHCIIOTHI ¢ HEOOJIBIINM KOJIMYECTBOM CEPHOW KHCIOTHI MO0 METOJUKE, MPUHATON IS
MarHuicoepKamero MUHEpaTbHOTO ChIpbs [5]. Ilocne paz0aBiaeHUs peaKIMOHHOW CMECH BOJOW M OCaXJIe-
Hus ruapokcunoB xene3a (I11) u xpoma (III) pactBopoM amMMmmaka W3 MPaKTHYECKH OSCIIBETHOTO PacTBOpa
ocaxaamu MA®. Ocanok BRIIEPKUBAIH B TEYCHUE CYTOK, OTACTUIN (PUIBTPOBAHUEM, PACTBOPSUIH B XJIOPH-
CTOBOJIOPOIHOM KHUCIIOTE W BHOBH ocakaanr MA® B MPUCYTCTBHH HEOOIBIIOTO KOJHISCTBA OTHO3AMEIIICH-
HOTO LUTpaTa aMMOHUS IS yJAJIEHUs CIeoB Kajublms U kene3a. Ocagok MA®D BeIcymMBaIn Ha BO3IyXe
JI0 TTIOCTOSTHHOW MacChl ¥ BRIYUCIISIIHN coaepkanne MgO B nutame. [lonydueHHOE copepkaHue OKCUIa MarHUs
WCIIONIb30BAJIM JIJISL OLICHKU CTETICHU TEePEBOJIa MarHus B pacTBop xyopugaoM ammonus. Conepxanue MgO,
MOTEHIIHANBHO TIepeBoaAnMOoro B MA®D BrIllenadyMBaHieM U MOCIEAYIONINM OCaXJISHHEM ITHaMMOHHN(pOC-
¢daToM B aMMHa4HOH cpene, coctaBmiio 27,23 %. Takum o0pa3oM, U3 HABECKH pacCMaTpUBAEMOro IuIaMa
Maccoii 5 T MOKHO TOTy4uTh He 6onee 8,475 r MAD.

OmnpeneneHrne ONTUMAIBHBIX YCIOBHUA MPOBEICHUS BHIIIETAYNBAHUS MAarHus pacTBOPOM XJIOPHIA aM-
MOHHUS 3aKJIIOYANIOCh B YCTAaHOBJICHUH BivsiHUS KoHIeHTpauu NH,Cl 1 BpeMeHu npoBeneHHs peakiiuy Ha
BBIXOJI ITPOAYKTA.

JlnanazoH BapbUpPOBaHUS KOHIICHTPAIMA PAcTBOPa XJIOpHIa aMMOHUs ObLT BBIOpaH ¢ y4eToM HeoOXo-
JUMOCTH €ro M30bITKa IS MPEAOTBPAICHHS BBIMTCHISI MarHus B 0CaJ0K Ha CTaIuH BhImenadnBanus. [lo
peakiuu (1) Ha 5T nuiama, comepkamiero 1,36 T moreHIMaIBHO TiepeBoauMOro B MA® okcuma marHws,
Tpedyercs 5,46 T xjopuna aMmMoHus. [t IepBOTO OMBITa XJIOPUI aMMOHHS OBUT B3AT B HEIOCTATKE, IUIS
OCTANIbHBIX — B U30BITKE. OOBEM BOABI B KaxaoM JKcrepuMmenTe coctasisut 0,1 1, oobeM mobaBiseMoit
cepHor kucinoTel — 0,25 mur. B3ammopeiictBue mpoBomuau mpu Temmeparype 90-97 °C B Teuenue 2 4.
B tabmunie 1 mpencraBieHbl pe3yiabTaThl SKCIIEPUMEHTOB 10 M3YUYCHHWIO BIUSHUS KOHIICHTPAIMH XJIOPHUJIA
aMMOHMS Ha Bbeixog MA®.

Tabnuma 1
3aBucHMOCTD BbIx01a MA® 0T KOHIIEHTPALUH XJI0PHIa AMMOHHUS

Ne ombiTa Macca NH,Cl, Kommernpaus Macca keka, T Macca MAD, r | Beixog MA®, %
NH,Cl, momb/n
1 4 0,75 4,39 2,43 28,67
2 6 1,12 4,29 3,46 40,82
3 8 1,5 4,13 4,09 48,26
4 10 1,87 3,98 4,30 50,73

[Tonmy4yeHHble AaHHBIE TOABEPraJIUCh MAaTEMATUUECKOH 00pabOTKE JUIsl BBIABIICHUS XapakKTepa 3aBUCHU-
MocTd Bbixoga MA® oT pacxoma XJopuia aMMOHHS M €ro KOHLEHTpauuu. Beibop ammpoxcuMupyromeit
(YHKLIMHU OCYILECTBISUICS CPEeIy BOCBMH BapHaHTOB, BKIIOYAIOUINX MPSIMYIO U 0OpaTHYIO MpOMOpLIUOHAIb-
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HOCTh, JIOTapU(PMHUECKYIO, 3KCHOHEHIMAIBHYI0, CTCIEHHYI, TOKa3aTeIbHYl0 H 3KCHOHEHIMAILHO-
creneHHyto. [Ipy MCoNb30BaHUN SKCIOHEHIMAILHO-CTENICHHOW (DYHKIIMU KOA(PPUIUEHT KOPPEISIUN OKa-
3aJICsl MaKCUMaJIbHBIM. 3aBUCUMOCTD Bhixoga MA® oT pacxoma ¥ KOHIIEHTPAIMU XJIOPHIa aMMOHHS OKa3a-
JIaCh BeChMa CXOXEH, 0JHaKo KO3(D(PHUIIMESHT KOPPENIAIUU IS KOHIICHTPAIIMOHHON 3aBUCUMOCTH HECKOJIBKO
BBIIIIE. DTO HETPYAHO OOBSICHUTH, YUUTHIBAS, YTO CKOPOCTH PEAKIMH 3aBHCUT OT KOHIIEHTPAIUH, TOT/Ia KaK
cama KOHIIEHTpaIus MPpsSMO TPOTOPIHUOHATIFHA pacXxoay. TakuM 0O6pa3oM, 3aBUCUMOCTh BBIX0/a OT KOHIICH-
Tpaluu NMpU OTPaHUYCHUU BPEMEHU Mpoliecca HEMOCPEACTBEHHA, a OT pacxoja — OMOCpPEIOBaHHA, YTO U
BBI3BIBACT Pa3HUIy B TOYHOCTH COOTBETCTBYIOIIMX ammpoKCUMUpyrommx ¢yHkmmit, Ha pucynkax 1 u 2
MIpUBeIEHBI 3aBHCUMOCTH Bbixona MA®D ot pacxo/ia 1 KOHIIEHTPAINH XJIOPHUIa aMMOHHS COOTBETCTBEHHO.

55.ILBb|xo.|1 kA 2% EEILBmeﬂ PP, X
] 50
45 45
40 40
1 =
a0 0
Pacxog MHACI, r i Konu, MH4CI, MDJ’Ib.-:{I
! 2 a 1w "7z 024 09 108 12 132 144 156 168 18
Pucynoxk 1. 3aBucumocTts Beixona MA® Pucynoxk 2. 3aBucumocTs Beixona MA®
OT pacxoja XJIOpHa aMMOHHUS OT KOHUEHTPALIUU XJIOpUAa aMMOHUS

3aBucuMocCTh Beixoa MA® oT pacxona XJIOpHUIa aMMOHHMS XOPOIIO OMHUCHIBAETCS YKCIIOHEHIIUATBHO-
cTeneHHOM (QyHkuued Buga (7), rae ¥ — BBIXOJ B MPOIEHTaX OT TEOPETHYECKOT0; X — pacxoj XJIopHuaa
amMMoHUs B rpamMMax. CpenHekBaapatnyHoe oTkiIoHeHne coctaisiet 0,1047 %. OyHKIHS UMeeT BhIpakeH-
HYI0 TEH/JCHIMIO K HACBHIIIEHUIO, YTO TOBOPHUT O HEPAI[MOHATHHOCTH TMOMBITOK YBETHUUTH BhIXxog MAD my-
TEM YBEIHUYCHUS Pacxojia XJIOpUIa aMMOHHSL.
Y — 5’43 1 % e—0,1572*X % X1,654 . (7)
3aBucuMocTh Bhixojga MA®D OT KOHIIEHTpALMU XJIOpUAa aMMOHUSI XOPOIIO OMUCKIBACTCS SKCIIOHEHIIU-
aNbHO-CTeNeHHON (pyHKIMel Bua (8), riae ¥ — BBIXOJ B MPOIEHTAX OT TEOPETHYECKOT0; X — KOHIICHTpa-
IUsT XJIOpHUJIa aMMOHUS, Mob/l. CpenHekBanpaTiuaHoe oTkinoHeHue cocraBisier 0,0601 %. O6e ¢yHKIMU
MMEIOT BBIPAXXEHHYIO TEHIEHIMIO K HACBHIIIEHUIO, YTO TOBOPHUT O HEPAIMOHAIHHOCTH TIOMBITOK YBEITUYHUTH
BbIX0J MA® myTeM yBeNWYEeHHs pacxoja XJIopujaa aMMOHUsS. Heckonbko OoJbIas TOYHOCTh KOHIIGHTPA-
IIMOHHOM 3aBHCUMOCTH TI0 CPAaBHEHUIO C 3aBUCHMOCTBIO OT Pacxoja TOBOPUT O TOM, UYTO PacXoj, BEpOsITHEE
BCErO, BIMSET Ha BBIXOJ OTIOCPEIOBAHHO, Yepe3 KOHIIEHTPAIIHIO.
Y — 88,1 % 6—0‘8547*1\’ * X1,673 . (8)
Jns m3yuenust 3aBucumoctd Beixoga MA® oT BpeMeHH MpoBeneHUs] peakiiy ObUla BRIOpaHa Macca
HaBECKH XJIOpUAa aMMOHHUS 5 T, YTO HECKOJIbKO MEHBIIIE TEOPETHIECKUH HEOOXOANMOM [IJIs TIepeBo/ia B pac-
TBOp Bcero MarHus. CorjacHo ypaBHeHHsM peakuuit (1, 2, 7) MakCUMalbHO AOCTHXXKHAMAs (C y4eToM Hexoc-
TaTKa xJopuja aMMoHus) macca MA® nomkHa coctaButh 7,758 r. JlaHHBIE MU3YUYEHUS! 3aBUCUMOCTH BBIXO/1a
MA® oT BpeMeHH ITPOBEACHUS TIPOIIecca MPEACTABICHBI B TabIUIIe 2.

Taonuma 2
3aBucumocthb Bbixoga MA® oT BpeMeHU NPOBeAeHHs Mpolecca

Ne onbrTa Bpewms, Mun Macca keka, r Macca MA®, r | Beixon MA®, % gZIXNOI—II[:(\j/III:X‘gZ
1 60 4,87 2,08 24,54 26,81
2 120 4,35 2,94 34,68 37,90
3 180 4,26 3,23 38,10 41,63
4 300 3,83 3,86 45,50 49,75
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Ha pucynkax 3 u 4 n3o0pakeHbl 3aBUCIMOCTH OT BpeMEHH TPOBEJCHHUs mpolecca Beixon1oB MAD mo
COJIEp)KaHUI0 MarHus B [IUIaM€ U 110 XJIOPUAY aMMOHUS COOTBETCTBEHHO.

ABeimon Mad, X &Brimon MAF, %
48 48
45 45
42 42 ()
33 = K] -
36 36
o
33 13
30 30
27 27
24 24
| Bpema, tun el Bpema. mun.
72 96 120 144 168 192 216 240 254 28 72009 120 144 168 132 216 240 B4 288
Pucynoxk 3. 3aBucumocts Beixoga MA® B mporneHTax Pucynox 4. 3aBucumocts Beixoga MAD
no copepxanuio MgO B mIaMe OT BpeMeHH 0 XJIOPUAY aMMOHUS OT BPEMEHU

MIpOBeJIEHUs Ipoliecca

3aBucuMocTh Bhixona MA® mo coaepxkanuio MgO B muiamMe OT BpeMEHH HarpeBaHUs C PacTBOPOM
pacxoja XJIOpyUa aMMOHHS OIKCBIBaeTCs Jiorapudmudeckoii ¢yHnkiuen Buaa (9), roe Y — BBIXOJ B Ipo-
[IEHTaX OT TEOPETHYECKOro; X — BpeMs MPOBEAEHUs Mpolecca B MuHyTax. CpenHeKBaIpaTHIHOE OTKIIOHE-
Hue cocTasisieT 0,6282 %.

Y =12,76In(X)—-27,4. )

3aBucuMocTh Beixoga MA® mo xyopuay aMMOHHS OT BpEMEHH HarpeBaHUS C PACTBOPOM XJIOPHJIA aM-

MOHHUS alNpOKcUMHUpyeTcs orapupmuueckort pynkuueii (10), rae Y — BBIXOI B MPOIEHTaX OT TeOpeTHde-

ckoro; X — BpeMs TpoBeJCHUs mpouecca B MHHyTaxX. CpenHEKBaIpaTHUYHOE OTKIOHEHHE COCTaBIISET
0,711 %.

Y =13,97In(X)—-30,03. (10)

W3 npuBeNeHHBIX NaHHBIX BUAHO, YTO WCIOJIH30BAHHME JBYKPATHOTO M30BITKA XJIOPHUIA aMMOHUS TIO-
3BoJisieT oBecTH Bhixog MA® 1o 50 % B teuenne 2 4. [Ipu HEGOIBIIOM HETOCTATKE XJIOPHIA aMMOHUS TI0-
BBIIIICHUE JUTUTEIBHOCTH IKCIIEPUMEHTA JIO 5 4 HE MO3BOJIACT JOCTUYh ITOH CTEIICHH M3BJICUCHUS MarHus B
pacTBop.

MOXHO TIPenIoNoKNUTh, YTO PACTBOPUMOCTh COEAMHEHWH MarHusl CHM)KAaeTcs BCieACTBHE pocta pH
Cpenbl B pe3ysbTaTe BBIACICHUS aMMHaKa. Y MEeHbIINTh pH MOKHO ITyTeM HeTpephbIBHONW OTTOHKM aMMHaKa
U3 PEaKIMOHHOM cMecH. DKCIIepUMEHTaIbHAS IPOBEPKA 3TOTO MPEANOI0KEHHUS TI0Ka3aja, YTO Py B3auMo-
JefcTBUM 5 T nuiama ¢ 6 T XJIOpuaa aMMOHHS B BOJTHOM PacTBOPE MPH HEMPEPHIBHOW OTTOHKE aMMHUaKa CTe-
MIeHb M3BJICUCHHS MarHus B pactBop gocturaet 70 %, a mpu ucrnonb3oBanuu 10 T XJopuaa aMMOHUS JTOXO-
it 110 91 % npu AnuTensHOCTH nporecca 3 d.

XUMUYECKUI aHaIu3 MOJMYYSHHBIX O0pasloB rekcaryapaTta ¢ocdara MarHus-aMMOHHS TIOKa3bIBaeT,
YTO COAEp)KaHWE MAarHus B HUX OJM3KO K TEOPETHUYECKH paccCUyUTaHHOMY. lIpu 3TOM 00pa3mpl MpakTHIECKH
HE coleprkaT KaJbIlHs, JKelne3a u XxpoMma. PacTBopsl, octaBimecs mnocie ocaxaeans MA®, cogepxar He3HA-
YUTEITHbHOE KOJMYECTBO MAarHUs, MPAKTUYECKH HE COACPIKAT XKeye3a, xpoMma U Kanbims. Coaepxariuiics B
pacTBOpax aMMHaK MOKET OBITH BBIZIENIEH OTTOHKOW C BOASHBIM MapoM M MCIIONB30BaH MOBTOpHO. Kek, oc-
TAIOIIUIICS TTOCIIE BhIIIEIauYNBaHus, conepkuT 3—16 % maraus B mepecuere Ha MgO. Coxaeprkanue xemnes3a u
XpoMa B KeKe YBEJIHUUEHO 110 CPABHEHHUIO C UCXOJHBIM LIIaMOM.

Hcrnonk30BaHue TalOTESHUIOB aMMOHHUS TPHU TiepepaboTKe HEKOTOPHIX BUIOB MUHEPAIHLHOTO CHIPHS
CUMTACTCS TICPCIIEKTUBHBIM JIJISI UCITOJIB30BAHUS B MPOMBIIUICHHOCTH. ABTOPHI [6] OTMEYAIOT, 94TO Tajiore-
HUJIBI aMMOHHS MOT'YT HCIIOJIb30BaThCs MHOTOKPATHO, 2 CTOMMOCTh WX PEreHEpallui CPaBHUTEIHLHO HU3KA.

CrnenyeT OTMETUTBh, UTO IIPHU HArPEBAHWU MaTEpHaJIOB, COAEPIKALINX Kee30 [7] u marHuit [8], ¢ TBep-
IBIM XJIOpua0oM aMMOHHMS 10 350 °C nporcxoauT 00pa3oBaHue XJIOPUAOB STUX METaIOB. [10CKOIIBKY yCi0-
BHA 00pa30BaHMUs XJIOPHIOB XKelle3a M MarHus JOBOJBHO OJMU3KH, pa3[eNuTh KeJIe30 U MarHuii B OJIHy CTa-
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JIUIO TIPEJICTABISICTCS 3aTPyIHUTEILHBIM. BMecTe ¢ TeM, BIOJHE MOMKET OKa3aThCs MEPCIEKTUBHON 00pa-
00TKa KEeKa BBIIIETAaYMBAaHUS MAarHUS CYXHM XJIOPHIOM aMMOHHUS TIPU BBICOKON TeMIepaType Ui yIOaleHus
Kene3a. JTO MO3BOHUT YBEIWYUTh KOHIIEHTPAIMIO IIEHHBIX KOMIIOHEHTOB XPOMAaTHOTO IIJIaMa M YIPOCTHT
€ro JaJbHEHIYI0 epepaboTKy.

Bo3moxHBII MeToT TepepabOTKH XpPOMATHOTO MIIaMa ¢ MCIIOIb30BaHNEM XJIOPHUIa aMMOHHS WILTIOCT-
pUpYET CXeMa Ha PUCYHKE 5.

XpomatHelil Wwnam
L
Opabotka pacteopom MH,C

P e

FPacteop NHMgCl; Kek S
Pacteop HarpeeaHue ¢ cyxum AMMIEK W BOAAHDRA
ammmnaka | Decmnei M MH ,CI nap
H:PO, CyBnumaunoHHoe Pacteop ammunaka
l pasneneHie Il
(NH.).HPO. XpomoBklil FeCl
T KOHLEHTpaT S
\ II T -
DochatHo-aMMIaYHBI ||
pacTeop
L Fe(OH); - Perenepayua MH,CI
!
Pacreop ammuara |l
L MAD Pacteop MNH,CI
PereHepauna Pl T
pacTeopa MNH ,Cl Fihna NH.CI

Pucynox 5. Cxema rnepepaOOTKH XpOMaTHOTO [lamMa

U3 pucyHka BUIHO, YTO B OJMH W3 MPOJYKTOB, MarHui-aMMoHUi(ocdar, monagaet HeKOTOpas 4acTh
ammuaka. OCTaIBHOM aMMHUaK IUPKYJIUPYET B CXEME B BUJIC BOIHBIX PACTBOPOB M XJIOPHa aMMOHUS M HE
TepsETCS.

Pesromupysi M3M0KEHHOE BBINIE, MOYKHO 3aK/IIOYNTH, YTO BHIIIETAYMBAHUE MAarHUs W3 XPOMAaTHOTO
[IU1aMa pacTBOPOM XJIOPHIa aMMOHHS TTPUBOJHUT K 0Opa30BaHUIO pacCTBOpa MarHus, CBOOOJHOTO OT MpUMe-
ceil Xpoma U jKene3a W MPUTOJHOTO TSl TIOyYeHUsI TOBapHOTO (hocdara MarHus-aMMOHUsI, KOTOPBIN SIBJIS-
eTcsl IIeHHBIM MHUHEpalbHbIM yhoOpeHneMm. Kek mporiecca BhIIENadyMBaHUS MOXET OBITH mepepaboTaH B
XPOMOBBIH KOHIIEHTPAT MMyTEM HarpeBaHUs C CyXHUM XJIOPUIOM aMMOHHUSI.

QKCl’lepuMeHmaﬂbHa}Z uacmo

Bvuyenauusanue maenuss mpoBoIAT myTeM 00paboTku HaBecku 5,00 T XpOMaTHOTO IIaMa PacCTBOPOM
XJIOpUJa aMMOHHUS, TTorydeHHoro u3 100 My mUCTHIITHpPOBaHHON BOIBI ¢ qobaBneHueM 0,25 MII KOHIIEH-
TPUPOBAHHOMN CEPHOM KHUCIOTHI TIPHU HATPEBAHUHU C OTTOHKOW JUCTHILIATA MK Oe3 TAKOBO# MpU CKOPOCTH
nepeMeriuBanus 800 06/muH. [To OKOHYaHHWM BBIIICTAYNBAHUS KEK OTIACNIAIOT (QUIBTPOBAHHEM U BBICY-
muBaT. U3 pactBopa ocaxnanT (ocdar MarHus-aMMOHHMS JIeHCTBUEM pacTBopa AuamMMmoHuiidocdara
mpu pH=10,5-11.
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B nepBom BapuaHTe Macchl HABECKHM XJOpUIA aMMOHHS COCTAaBISIIOT 4, 6, 8 win 10 r, ITUTENbHOCTh
nporecca — 2 4. Beixonm keka cocrasiset 4,39; 4,29; 4,13; 3,98 r, Beixom MA® — 28,67; 40,82; 48,26;
50,73 % CcOOTBETCTBEHHO.

Bo BTOpOM BapuaHTe Macca HaBECKH XJIOpHAa aMMOHHUs cocTaBisieT 5,00 r. InurensHOCTH mpolecca
coctarisieT 1, 2, 3 wiu 5 4. Beixox keka 4,87; 4,35; 4,26; 3,83 rpamm, Beixom MAD® — 24,54; 34,68; 38,10;
45,50 % cOOTBETCTBEHHO.

B TperbeM BapuaHTE MpoIECC BEAYT C HEMPEPHIBHONW OTTOHKON 00pa3yroIIerocs aMMHaKa, UCTIONb3ys
6,00 umu 10,00 r xnopuna ammonus, B Teuenue 3 4. Berxom MA® coctasnser npu stom 70 u 91 %, macca
Keka — 3,56 u 3,34 r COOTBETCTBEHHO.
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XpoMaTThl INIAMHAH AMMOHMIA XJIOpUAIMeH MATHUHIIH ceJleKTUBTI 00.1inyi

Makasaza XpoMmarThl LUIAMHAH MArHUHII aMMOHHUH XJIOPUIIHIH KeMeTriMeH CiNTineHaipy mporeci
3eprTenred. Maruuiiai Gesin mwbFapy A9peKeciH )KOFapbUIaTy YIIiH aMMHAKTHI CyJibl OyMeH aiifayna eTkizy
KaxerT. MarHuiikypamuac epiTiHAIACH THIHANTKBI pETiHAE KOJaHyFa OOJaThlH MarHHH-aMMOHUIH
(dhocdaTeia Geim amyra 00aIbL.

V.N.Fomin, S.V.Belyaev, N.A Kargina, E.A.Vlasova, [.E.Rozhkovoy, I.I.Ishmiyev

Selective extraction of magnesium from chromium slime
with ammonium chloride solution

In article is considered process of leaching of magnesium from chromium slime by ammonium chloride solu-
tion. Is shown that for increase of magnesium extraction extent process should be carried out at an ammonia
evaporation with water vapour. From magnesium-containing solution it is possible to receive the magnesium-
ammonium phosphate suitable for application as fertilizer.
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The analysis of properties of arsenates and antimonates
of barium based on diagrams of the partial pressures

By results of thermodynamic calculations diagrams the partial pressure of systems Ba—0,-SO,—As,,
Ba—0,-S0O,—Sb, are constructed. The analysis of interactions of compounds of antimony and arsenic in sys-
tems Ba—0,—SO,—As,, Ba—0,—S0,—Sb; is carried out at 25 °C and 1 atm. general pressure. Areas of stability
of arsenate and arsenite of barium, and also antimonite and an antimonat of barium are defined.

Key words: thermodynamic analysis, arsenite, arsenate, antimonite, stability, antimonat, diagrams of the par-
tial pressures.

One of the priority directions in the program of economic development of our state is the solution of the
questions connected with recycling of the enterprises of nonferrous metallurgy in the form of finished
products or forms, safe for environment. In particular, in production of copper there is a problem of a
eduction of arsenic and antimony from a production cycle in the form of low-toxic and steady connections.
At the existing schemes of processing, in the conditions demanding high complexity of use of raw materials,
the products containing arsenic and antimony circulate as between the enterprises of various productions
(lead, zinc, copper, etc.), and in separate factories between the main repartitions. It leads to accumulation of
harmful impurity in turns and as a result — to disturbance of technology and losses of valuable metals,
environmental pollution. The materials containing arsenic and antimony don't find wide application and go
either to tailings dams, or to dumps, therefore a necessary condition of storage or burial is their resistance to
influences of environment (oxygen, various oxidizers and reducers, water). Application in the this work of
thermodynamic methods for consideration of stability of components and products of interactions in the
systems containing arsenic and antimony, and also for the analysis, the forecast and optimization of carrying
out chemical and technological processes, showed their theoretical importance in the solution of some
practical tasks.

The thermodynamic analysis of interactions allows to comprehensively assess the nature of interactions
in system and to predict behavior of connections, elements of system. Moreover, thermodynamic indicators
give the chance to define safety of connections of system in relation to environment. This fact is especially
important at utilization, burial of any waste, by-products of the enterprises.

Studying of physical and chemical, thermodynamic and kinetic parameters piro-and gidro-metallurgical
processes allows to optimize and increase their efficiency.

Transfer to a solid phase of such undesirable impurity in copper electrolyte, as arsenic and antimony is
the one of the main ways of their utilization in copper hydrometallurgy for the purpose of their further stor-
age or burial. However in the conditions of caused by natural factors (water, air, influence of a sunlight, etc.),
behavior of arsenic and antimony will be defined by a form of their existence.

If in the field of water existence stability of antimonat and arsenates of barium can be characterized by
solubility, in oxidizing and recovery areas about behavior of arsenic and antimony information is practically
absent.

In this work the analysis of systems Ba—0,-SO,—As,;, Ba—0,—SO,—Sb, with use of a method of con-
struction of diagrams the partial pressures is submitted.

On the basis of diagrams the partial pressures possibly the solution of the questions connected with
course of chemical reactions in systems, the direction of reactions and stability of the phases making them.

In the table 1 given the reactions of interaction of barium and its some connections, oxygen, oxide of
sulfur (IV) and gaseous arsenic, Gibbs's energy of these reactions and value the partial pressures of O,, SO,,
and As2 in system Ba—0,—SO,—As, [1].
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Table 1
Partial pressures of O,, SO, and As; of an equilibrium state of system
of Ba-0,-S0,-As; at 25 °C and 1 atm. general pressure
. . AG .,
Ne Equation of reactions reaction g P, 0, lg Fy, lgP,,
kcal/mol
1 |Bat0,50,=BaO —132,00 —193,53 - -
2 (Ba0+0,50,=Ba0O, -3,80 -5,57 - -
3 [Bat+SO,=BaS+0, -32,71 23,98 —23,98 —
4 |BaO+S0O,=BaS+1,50, 99,29 —48,52 72,79 —
5 |[BaO+S0,+0,50,=BaSO, -119,36 —173,54 -86,77 —
6 |BaO,+S0O,=BaSO, —114,56 - —83,98 —
7 |BaS+20,=BaS0, -217,65 —79,78 — —
8 |BatAs,+20,=Ba(As0O,), —435,36 —159,59 — -319,18
9 |BaO+As,+1,50,=Ba(AsO,;), -303,36 —148,27 — —222,40
10 |Ba3(AsO,),+2As,=3Ba(As0,), -20, -550,40 -201,68 — 201,68
11 |3Ba0,+As,+0,=Baz(AsO,), —-348,5 -255,5 — -255,5
12 |BaS+As,+30,=Ba(As0,),*+S0, —402,65 — 2943 —73,57

According to the calculated values (Table 1) the diagram the partial pressures of system Ba—0,—SO,—
As; is constructed (Fig. 1). Lines a, i — the top and lower limits of stability of water. Numbers of lines on
the diagram correspond to numbers of the chemical equations presented in Table 1 [2].

Ig

Figure 1. Diagram of the partial pressures of the system Ba—0,—SO,-As, at 25 °C and 1 atm. total pressure

Apparently from the diagram, metal barium can exist only at very low values of partial pressure of
oxygen that is confirmed by its absence in nature in a free state.

According to the diagram in recovery area metal barium and its such connections as oxide (BaO) and
arsenite of barium Ba(AsO,), is steady. At increase of partial pressure of oxygen barium oxide BaO in water
area is oxidized to BaO, which is steadier in the oxidizing atmosphere. Barium arsenite on 10 reactions
passes into barium arsenate. In recovery area there are also a sulfide of barium (BaO), barium arsenite
(Ba(As0,),) and oxide of barium (BaO), however these connections can be and in the presence of water.
According to reactions (1, 3, 8) interacting with oxygen, barium forms oxide of barium (BaO), with
sulfur (IV) oxide — sulfide of barium (BaS), with gaseous arsenic — barium arsenite. Barium sulfide at
higher values of partial pressure of oxygen passes on reaction 7 into sulfate of barium (BaSO,) which is
stable both in a water existence zone, and in oxidizing area.
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Areas of stability of sulfide of barium and arsenite of barium are differentiated by reaction (12). The ar-
ca of existence of sulfate of barium is limited to reactions (5,6,7). Barium oxide in the presence of oxygen
passes into peroxide of barium (BaO,) (2). At interaction with oxide of BaO sulfur (IV) forms sulfate of bar-
ium (4), with gaseous arsenic on reaction the 9th arsenite of barium Ba(AsO,), which in compliance (10)
passes with reaction into barium orto-arsenate (Bas(AsQy),).

Arsenate and arsenite of barium, as well as arsenical compounds of lead the stable connections having
extensive zones of stability. Thus, the received results are according to literary data on thermal and chemical
stability of arsenical compounds of barium [3].

In table 2 are given reactions of interaction of barium, its some connections, oxygen, oxide of sulfur
(IV) and gaseous antimony, value of energy of Gibbs of reactions and the partial pressures of O,, SO,, and
Sb, in Ba—0,—S0O,—Sb, system.

Table 2
Partial pressures of O,, SO,, and Sb, of an equilibrium state of Ba—0,—SO,—Sb, system
at 25 °C and 1 atm. general pressure
. . AG°
No Equation of reactions reaction IgF, lg Py, Ig Py,
kcal/mol i

1 |Bat0,50,=BaO —132,00 —193,53 — —

2 |Ba0O+0,50,=Ba0, -3,80 -5,57 — —

3 |BatSO,=BaS+0, -32,71 23,98 —23,98 —

4 |BaO+S0,=BaS+1,50, 99,29 —48,52 72,79 —

5 |BaO+S0,+0,50,=BaS0O, —119,36 —173,54 —86,77 —

6 |BaO,+S0O,=BaS0O, —114,56 - —83,98 —

7 |BaS+0,=BaSO, —217,65 —79,78 — —

8 |3Ba+Sb,+40,= Ba3(Sb0,), —861,55 -157,91 — —631,63
9 |3Ba0+2,50,+Sb,=Ba3(SbO,), —465,55 —136,52 — -341,31
10 [3Ba(Sb0,),= Ba;(Sb0O,),+2Sb,+20, 273,15 -100,13 — —-100,13
11 |BaO+Sb,+1,50,=Ba(Sb0,), —261,15 —127,64 — —191,46
12 |BaO,+Sb,+0,=Ba(Sb0,), -257,35 —188,67 — —188,67
13 |3BaS+Sb,+70, = Ba;(SbO,4),+3S0, -763,42 - 187,27 —70,22

On the calculated values (Table 2) the diagram the partial pressures of system Ba—O,—SO,—Sb, is con-
structed. This diagram describes areas of existence of such compounds of barium as oxide, sulfide, sulfate,
orto-antimonat and piro-antimonat (Fig. 2).

Figure 2. Diagram of the partial pressures of the system Ba—0,—SO,—Sb, at 25 °C and 1 atm. total pressure
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According to drawing of 2 lines a and b — the top and lower limits of stability of water. Numbers of
lines are showed on the diagram according to numbers of the chemical equations presented in Table 2.

In recovery area there is a dependence of an arrangement of metal barium, sulfide of barium and an
antimonat and antimonite of barium on the partial pressure of oxygen. With increase of partial pressure of
oxygen metal barium passes into BaO barium oxide (line 1), barium sulfide (reaction 3), antimonat of barium
Baz(SbOy), (reaction 8) and antimonite of barium Ba(AsO,), which are steady also in the presence of water.
At further increase in partial pressure of oxygen oxide of barium interacting with oxygen, forms barium per-
oxide BaO, (line 2), barium sulfide — barium sulfate (line 7). On 10 reactions antimonite of barium passes
in antimonat of barium. It should be noted that in the field of existence of water are located: oxide, antimo-
nite, antimonat, sulfate and sulfide of barium.

On the basis of this diagram it is possible to do a conclusion that antimonite and antimonat of barium
Ba(Sb0,), u Ba3(SbO,), — stable connections in the oxidizing, recovery atmosphere, and also in the field of
stability of water.

Comparison of diagrams of Ba—0,—SO,—Sb, u Ba—0,—SO,—As, systems showed that the volume occu-
pied on the diagram by the barium arsenite, much more volume occupied by barium antimonite whereas ar-
senate of barium occupies smaller area of existence in comparison with barium antimonite.

Thus, the received results about stability of arsenite, arsenate and antimonite, an antimonat of barium
confirm data of authors [4].
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[Mapumnanabl KbICKIM AUArpaMMaJsiapbl Heri3iHae apceHaTTap
MEeH AaHTHMOHATTAP/AbIH KacHeTTepiH Tanaay

Makanaza TepMOJUHAMHUKAIBIK ecenteyiep HoTmkecinge Ba—0,-SO,—As, xone Ba—0,-SO,—Sb, xyiie-
JepiHiH MapIuangbl KBICKIM JHarpamManapsl Kypsurad. Ba—0,-SO,-As,, Ba-0,-SO,-Sb, xyiienepinne
25°C temmeparypaga »oHe | aTM. JKammbl KbICBIMAQFBl CypbMa MEH KYIIIA KOCBUIBICTapBIHBIH
OpeKeTTeCyiHiH Tajjaybl OKyprizinreH. bapmiimiy apceHHTI MeH apceHaThl JKOHE AaHTUMOHHT IIeH
AQHTUMOHATTHIH TYPAKTHUIBIK aiMaKTapbl aHBIKTAJIFaH.

X.b.Omapos, 3.b.A6car, C.K.Angabeprenona, H.)K.Paxumkanosa, A.b.Kapumosa
AHaJ13 CBOMCTB apCeHATOB 1 AHTUMOHATOB

HA OCHOBe JUarpaMM NapuuaJbHbIX J1aBJeHH

B craree mo pesynpTaraM TEPMOAWHAMHUYECKUX PACUETOB IMOCTPOEHBI IUAarpaMMbl MapLUUaNIbHBIX TaBICHUI
cucreM Ba—-0,-SO,—As,, Ba—0,—SO,—Sb,. [IpoBenen aHamu3 B3aWMOJCUCTBHI COCOHMHCHHU CYpPbMBI H
MbIIIbsKa B cucreMax Ba—0,—SO,—As,, Ba—0,—SO,—Sb, mpu 25 °C u 1 at™. obmiero nasnenus. Onpeaerne-
HBI 00JIACTH YCTOHYMBOCTH apCeHATA U apCCHUTA OapHs, a TAK)KE aHTHMOHUTA U aHTUMOHATa Oapus.
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HpOﬁJ’leMbl MBIIIBAKCOACPKAIIINX 0TBAJOB

B crarbe mpencraBieH KpaTKui 0030p COCTOSHMS OTBAJIOB MBIIIBSIKCOAEPIKALIMX OTBAJIOB LIBETHOW MeTall-
aypruu. ITokazaHo, 4TO MX CKJIQJMPOBAHUE, CO3JAaHUE JIIOOBIX (POPM 3aXOPOHCHUS 3THX OTBAJIOB HPEICTAB-
JSTIOT CepBhE3HYI0 OIACHOCTH NI OKpy»Karommeil cpensl. IIpn XpaHeHHH B MacCHBE OTBAJIOB ITPOUCXOJUT TH-
TepreHes, MPOTEKAI0T XUMUYECKHE PEakiK ¢ 00pa30BaHHEM BOJJOPACTBOPHMBIX MBIIIBSIKOBBIX COCIHHEHHH,
KOTOpBIE KOHIICHTPUPYIOTCS B IIOPOBBIX PACTBOPAX M C IPEHAKHBIMH BOJAMH MUTPUPYIOT U3 OTBAJIA B OKPY-
xKaromryio cpexy. ObocHOBaHa HEOOXOUMOCTh MIMPOKOTO HCIIOIb30BAHUS COCIMHEHUH MBIIIbSIKA B IIPAKTH-
YeCKOH JeATENILHOCTH COO0IIECTBa, a TAKXKE BO3MOXKHOCTh MHOTOTOHHA)KHOTO HMCIIOJIBb30BaHUs COCAMHCHUN
MBILIBSKA B 1epeBO0OPaOATHIBAIOLICH MPOMBIIIIIEHHOCTH U B TPOTHBOOOPACTAIOINX MOKPBITHAX IS KOPITY-
COB CYZIOB MOPCKOTO (hJI0Ta.

Kniouesvie cnosa: MBIIIBSIKCOAEPKALINE OTXOABI, OTBANIBI, OKPYXKAIOIas Cpejia, MOpOBbIE PacTBOPEI, Jpe-
Ha)KHBIE BOJBI, THIICPTeHE3, aHTUCENTHKH, IIPOTHBOOOPACTAIONIHE TOKPHITHUS, JOHHBIE OTJIOXKEHHSI.

AHTpOIIOTEHHBIE HCTOYHUKH, 110 UMEIOLIMMCS B JInTeparype cBeleHusM [ 1], BeiOpackiBatoT B nutocge-
py (TII04BEHHBIE U BOJHBIE cHcTeMbI) 10 9,410 T/ MbIIbsKa. BIM3K0OE TOMY KOITMUYECTBO MBIIILIKA TOCTY-
naeT ¥ B arMocdepy. OCHOBHYIO JIOJIO 3TOM MacChl COCTABISIOT BEIOPOCHI M OTBAJIbHBIE OTXOIbI METAJLTYP-
TMYECKHX 3aBOOB, TOPHOPYIHBIX MPOM3BOJACTB, O0OTaTUTEIBHBIX M 30JI0TOM3BIIEKATEIbHBIX (adpuk, Ha-
MPaBISIEMbIX B XBOCTOXPAHWIIMIIA, OTBAJIbl MJIM MOTWIBHUKU. B HacTosiee BpeMs B MUPOBOW MPAKTUKE CO-
XpaHsAeTCs TeHAEHIUS BbIBOJA MBIIIBSIKA MPU NEpepadOTKe MBIIIBSIKCOASPKAIINX PYA IIBETHBIX METAJUIOB U
30J10Ta B OTXOJBI C MOCTEAYIOMHNM HX 3aXOPOHEHHEM WIIH CKIAQAHPOBAHMEM B OTBAJIaX WJIM XBOCTOXpaHU-
mumax. TakuM 00pa3oM, K HAKOIJICHHBIM paHee MUJUTMOHAM TOHH TOKCHYHBIX OTBAJIOB HEMPEPHIBHO 100aB-
JISTFOTCS. HOBBIE MACChI MBIIIBSIKCOAEP)KAIIINX OTXO00B JEHCTBYIOIINX IPON3BO/ICTB.

JnurenpHOE BpeMsl MBIIIBSIK 3aXOpPaHUBAJICS B OCHOBHOM B BHJE apceHaTa Kaiplus. B mocnemgnee Bpe-
Ms1 Haubosiee ONTUMAaNbHONW (OpMOI 3aXOPOHEHHUS STHX OTXOAOB CUHUTAIOTCA COCIUHEHHUS MBIIIbSKA THIA
CKOpPOJHTA WIIM MBIIIbsIKOBBIX TuapokcunoB Fe(Ill) — deppurnapura [2].

[Ipu ObicTpoii HeliTpanu3anuu As—Fe-comepkaiiux pacTBOpOB oOpasyercs U ocakaaercs (pasa OKCH-
rugputa Fe(III) — deppurnapur, kotopsiii copoupyet nonst AsO;” i AsO,”

Fe*" + (3+x)H,O = FeO(OH)(H,0)" ™ + 3H"
FeO(OH)(H,0)'™ + AsO,” = AsO4> = AsO,” Fe(OH)(H,0)"™

Hecmotps Ha cymecTBeHHBIE HepocTaTku (orpanmdenne pH = 4—7, Gombmne 00BEMBI PHIXIIBIX OCA-
KOB, OOJIBIIION PacXoJI KeJie3a U HeHTpaIu3aTopa), TOT MPOIECcC MUPOKO UCTONb3yeTcsl MeTaurypramMu Ka-
HaJIbL.

BbIBOJ MBIIIbsiKa B (JOPME CKOPOJIUTA TAKKE HAXOJWUT NMPUMEHEHHWE B METAJUTYPTUYECKOW MpPaKTHKE
Mpu OWOBHINIETAYNBAHUN W aBTOKJIABHOW MepepadOTKe YIOPHOTO 30JI0TOMBIINIBIKOBUCTOTO CBHIPhS [3, 4].
[Ipu 3TOM, KaK PaBHUIIO, TTOTyYAEMbIC OCAIKH CMEIIMBAIOT C OTXOJaMHU, B OOJBINIUHCTBE OOOTAIICHUs, U Ha-
MIPaBJISAIOT B XBOCTOXPAaHWJIHINE WM B oTBalI. OgHAKO B psae padot, Hanpumep [5—7], ObUTO mMOKa3aHo, YTO
OOJIBIIIMHCTBO apCEHATOB U THIPOKCUIIAPCEHATOB METACTAOMIBHBI B aTMOC(EPHBIX YCIOBHSIX H CO BpEMEHEM
pasznararoTcs ¢ BEIICJICHHEM MBIIIbIKA B pacTBOpP. CKOPOIUT PACTBOPSETCS B BOJIHBIX PACTBOPAX MHKOHTPY-
SHTHO ¢ 00pa30BaHUEM T'€TUTA U BOJHOTO PACTBOpA apceHara B 3aBHCUMOCTH OT pH 1o peaknusM:

FeAsO,-2H,0 + H,0 — HAsO,” + Fe(OH);s, + 2H"
FCASO4'2H20 + HzO — HzASO4_ + FC(OH)3(S) + I‘IJr
FeAsO4-2H,0 — H,AsO; + Fe(OH)*" + OH™

[ToneBrple uccaeI0BaHUS TUTIEPTEHE3a OTBAIOB CYJIb(QUIHBIX U MBIIIBIKCOMEPKAIIX MAaTEPHAIOB psilia
TOPHO-00OTAaTUTEIBHBIX MPOU3BOACTB (OTBAJIOB, XBOCTOXPAHHUIIUII), POBEICHHBIC COTpyAHUKamMu OO0beu-
HEHHOT'O MHCTUTYTA TE€OJIOTUH, reoPu3uKu u MuHepanorun Cudupckoro otaenenuss PAH, moarBep iy Bbi-
BOJIBI O METACTaOMIFHOM COCTOSTHUHM OTBAJIOB M HAIMYUH PEATbHON yTPpo3bl OKpykaroreit cpene [8]. Kpome
TOro OBUTH YCTAHOBJICHBI 3aKOHOMEPHOCTH IPOIIecca «PacTBOPEHHE — NMEPEOTIIOKEHIE» COSAUMHEHHI B CHC-
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TeMe «TBEPIOE BEIIECTBO — MOPOBHIE PACTBOPBD» MPUMEHHUTEIFHO K OTBAJIaM, COACP)KAIIUM COEIMHEHUS
MbIbska. [lokazaHa HEYCTOWYMBOCTH TOCTYTAIONINX B OTBAJI apPCEHATOB B YCIOBHUAX JUITMTEIHHOTO €T0 OT-
BaJIbHOTO XpaHeHHs. [I0BbIIEHHBIE KOHIICHTPAIUN MBIIIbSIKA (APCEHATOB) B BOIHBIX BBITSIKKAX U HAJTMYNE
€r0 B MOPOBBIX PACTBOPAX YKa3bIBAIOT HA MPOTEKAIOLIKNE B OTBAILHON Macce MPOLEecChl MepepacnpeaeIeHusl.
PacTtBopMOCTh MUHEpAIOB, 00Pa3yIOUINXCS B JaHHBIX CHCTEMaX, OMPENesieT YCTOMIMNBO BBICOKOE COIEP-
YKaHWe MBIIIbAKA B pacTBopax. Co BpeMEHEeM OHO BO3pacTaeT. 3a BpeMs XpaHEHHs OTBAJIOB COJIepIKaInecs B
HUX KOMITOHEHTBI TIepepacipeessioTcs U aKTUBHO MUTPUPYIOT 10 00BEMY, MEHSISI (POPMBI CYIIECTBOBAHHSL.

Takum 06pa3oM, MpoOLECC TUIIEPIeHHOT0 U3MEHEHHUS! B OTBAaX MPUBOJHUT K Pa3pyIICHUIO M3HAYAIb-
HBIX TEOXMMHUYECKUX cBsa3eil. OOpasyromnmecs HOBbIE MUHEPAIbHBIE KOHTIIOMEPATHI OTPAXArOT ITOCIIEI0BA-
TENBHOCTh OTJIIOXKEHUH yXKe BTOPUYHBIX coefuHeHMH u (a3. [Ipoucxomut nepeotinoxenne a3z ¢ M3MEHEHH-
eM (PU3MKO-XMMHUYECKHX YCIIOBHH B MOPOBBIX BOAAX — arpecCUBHBIX PACTBOPUTEISIX MaTepuaia OTBAJIOB,
OTIPEEISAIONINX BEIMBIBAHHE TOKCHYHBIX KOMIIOHEHTOB B OKpY>Karomlyto cpexy. OnmacHOCTh 3apaKeHHs TOK-
CHUYHBIMH COETMHEHHSIMH MBIIITBSKA C TEYCHHEM BPpEeMEeHH OYZeT MPOrPEeCCHBHO HApaCTaTh.

Takass nUMHAMUKa THIIEPreHe3a THIWYHA JUIS JF00O0T0 XBOCTOXPAHWIIMINA WM OTBajia. XapaKTePHBIM
MPUMEPOM STOMY SIBIISIETCSI CIIOKHBINASICS KPUTUYECKAsl CUTyalus, Bo3HUKIIAs B mrare Monrana (CIIIA),
B CBSI3U C YTPO30H MBIMIBIKOBOTO 3arps3HEHUS paiioHa BOJU3M CTAPBIX MBIMIBSIKCOACPIKAMNUX OTBAJIOB [9].
[TogoGHOE MMeeT MecTo U B POCCHICKOM mpakTuke. Tak, Ha TeppUTOpUN OBIBIIETO0 AHIapCKOro METaJLTyp-
THYECKOTo 3aBoJa ObIT0 HAKOMIeHO > 130 THIC. T OTBAJIOB apCEHONMPHUTHBIX OrapKoB. 3a BpeMs 6€CX03HOTro
XpaHEeHHs 0JIA BOJAOPACTBOPMMOTO MBIIIbAKA B HUX K HacTosImeMy BpeMeHu fnocturia 25 %. Ilo nanHpM
9KOJIOTHYECKOW CITY>KOBI, COEMHEHNS MBIIIbSIKA MPOHUKIIN B TIyOHHY TpyHTa yke 10 20 M U OTMeJaroTcs
B BOJIOHOCHOM TOPU30HTE U B CKBaXKMHAX BOAOcHaOxeHwmst ropoa [10, 11].

[TokazaTenpbHBIM MPUMEPOM MUTPAIIUHN MBIIIBSIKA U3 OTBAIOB MOXET CIIYKHUTh Tak)Ke OajaHC COCTOSHHS
MBITIIBIKCOACPKAIINX OTBAIOB Y CTh-KaMEHOTOPCKOTO CBHHITOBO-IIMHKOBOTO KoMOmWHaTa [2]. 3a mepuon
1954-1996 rr. B oTBanax Obu1o HakomieHO 270 ThiC. T 0TX0A0B. OHOBPEMEHHO C HAaKOIUICHHEM O0IIeH
Macchl MaTepHaia OTMEUYaJIoCh YCTOHUMBOE BO BPEMEHHU CHIDKEHHE COIEPKaHMs B HUX MbIbsika: ¢ 19,3 %
B 1954 1. 10 7,6 % B 1980 1. 11 2,9 % B 1996 1. 32 naHHbI neproa BpeMeHH U3 OTBaJIa MUTPAIUS MBIIIbAKA
B OKpYyKarollyto cpeay coctasuia 44280 T.

AHanmu3 COCTOSHHMS M TEXHHYECKHX PEIICHHH OXPAaHHBIX MEPONPHATHI IMOKa3bIBaeT, YTO JOObBIC
OXpaHHbIE MEpHl B BHJE CKJIATUPOBAHUS B OTBalaX, XBOCTOXPAHWIWIIAX, MOTHIBHUKAX SBIISIOTCS JIUIIH
BPEMEHHBIMH MEPOIPUSATHIMH, CIIOCOOHBIMHU TOJBKO 3aMEJITUTh MPOIIECCHl MUTPAIIUH MBIIILIKA U3 OTBAJIOB
U IpYTUX BUIOB CKJIAAUPOBAHUS OTXOZOB, HO HE PEIIAOT JaHHYIO MTPOOJIeMy.

B o701 CBSA3M TEXHOIOTHS BHIBOAA MBIIIBSIKA U3 KOHIIGHTpATa B Hayalle MpoIecca MOCPEICTBOM CYJIIb-
dbumnsupyromero ooxura B meuyu maxTtHoro tuma [12, 13] B HanOonbpiei CTENeHN O0TBEYaeT TPESOOBAHUSIM
9KOJIOTHH, O00ECHEUCHHI0 KOMIUIEKCHOCTH HCIOJIb30BaHHUSA HCTOLIAIOIIMXCS 3amacoB ChIpbA. lIpu sToM
MBIIIBSK BBIBOJUTCS B BHje cyiabhuna (IV rpymma TOKCHYHOCTH), YIOOHOTO JJIsi CKIIAAMPOBAHUS, TPAHC-
MTOPTUPOBKH W JATHHEHIIEr0 MCIONB30BAHNS B TEXHOJIIOTHYECKOM MPOM3BOACTBE. [l03TOMYy naHHas TexHO-
Jorus OblIa UCTONIb30BaHa B paborax MuctuTyTa «l maponsermer» (T. HoBocHOMPCK) MO0 KOMITIEKCHOM T1e-
pepaboTKe 30JI0TOMBIIIBIKOBBIX KOHLIEHTPATOB U IPOMIIPOAYKTOB psiAa MecTopoxaeHuii CubupH, BKIIO-
YaoIIel NpeBapUTENbHBIN CyTbOUIN3UPYIOIUN 00KHUT MaTepHraia M MOCIEAYIONIyIo TUTaBKy orapka Ha
KoJutekTop. MccnemoBanns mokasaiu, 9To, B 3aBUCHMOCTH OT COCTaBa MCXOAHOTO 30JI0TOCOEPIKAIIETO ChI-
Pbsl, TPOAYKT CYyNbOUANZHPYIOMIEro 00XHra MOXKET OBITh C BBHICOKOH 3()(heKTUBHOCTHIO TepepaboTaH co-
BMECTHO C IOJIMMETATIMYECKUMHU KOHIIEHTpaTaMHl WM BTOPCHIpbEM Ha CBUHIOBBIM [14, 15], cypbms-
HEIH [16] nam mTeiiHoBEIH [17] KOIJIEKTOPH! ¢ IPUMEHEHUEM COBPEMEHHBIX aBTOTCHHBIX IIPOIIECCOB, DJICK-
TPOTEPMHH, a TAK)KEe HU3KOTEMIIEpaTypHO! LIeNOYHOH MaBKu [18]. DTH TeXHONIOrnu MOTyT OBITH peann3o-
BaHBI [ epepaboTKU HENOCPEICTBEHHO HAa MECTE JTOOBIYM CHIPBS, KaK U3 KPYIHBIX, TaK U U3 HEOOIBLINX
0 3amacaM MecTopoxaeHnit CHOMpH M IPYTrUX PETHOHOB, OTAAIEHHBIX OT MHIYCTPHAIBHBIX M METAJUTypIrH-
yecKkuX HeHTpoB. C mepexosoM Ha JaHHBIE TEXHOJOTHH MOYKHO TOJHOCTBIO OTKa3aThCs OT TaKUX BBICOKO-
TOKCHYHBIX TIEpENIesIOB, KaK amaibramManusi, [UaHUPOBaHUE, & TAKXKE OT JIOPOTOCTOsAIIeH TPAaHCIOPTUPOBKU
CBIPBS ¥ TIOJIYTIPOIYKTOB 3a MPEIEbl PErHOHOB JOOBIYH ISl UX TTEPEPaOOTKH.

B crnoxxuBmImxcs ycrioBusSX JaBUHHOTO TEXHOTEHHOTO HACTYIUIEHHUS HA OKPYXKAIOIIYI0 Cpey C HaHece-
HUEM IPHUPOJIEC HEMOIPaBUMOro yuiepba HanboJiee akTyalbHOW 3aJadei SIBISIOTCS MOMCKH MHOTOTOHHAX-
HOT'O TIPUMEHEHHUSI MBILIbSIKA M €r0 COJICH Hapsay C APYTMMH HE MEHee TOKCHYHBIMHU [3], HO AOCTaTOYHO
ITUPOKO HUCIIONB3YEeMBIMH B HAPOJAOXO03sHCTBEHHON 1 IIPON3BOICTBEHHON MUPOBOU MPAKTHKE. ITO TIO3BOJIH-
70 OBl COKpaTHTh OOBEMBI MBIIIBSIKOBBIX OTBAJOB, YHNOPSAOYUTH BBIBOJ MBIMIbSKA U3 TEXHOJIOTHUECKHX
nporeccoB. B ¢Bs3u ¢ 3TUM 0co0oe BHUMaHUE HAapaBHE C CEIBCKUM XO3SHCTBOM M CTEKOJBHOM MPOMBIII-
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JICHHOCTBIO 3aCTYKUBACT BO3MOXKHAS MMEPCIICKTHBA MUPOKOTO MPUMEHEHHS COSTMHEHUM MBITIBSIKA B TIPOU3-
BOJICTBE aHTHCENTHKOB I KOHCEPBAIIUN JPEBECHHBI U TOIYYEHHUS MPOTUBOOOPACTAIONINX TOKPBITHH KOP-
ITyCOB MOPCKHX CYyZIOB, THAPOTEXHUYECKUX KOHCTPYKIMHA, COOPYKEHHHA M TPYOOIPOBOAOB, IKCILTyaTHPYe-
MBIX B OMOAarpecCUBHBIX Cpefax.

3apyOeKHBIN OIMBIT MOKA3BIBAET, YTO MBIIILIKOBBIC AHTHUCENTHKH CITOCOOHBI OOCCIICUHNTHh HAIEKHYIO
3aIUTY APEBECUHBI OT OMOPa3pyIIEHUS B CAMBIX SKCTPEMAJbHBIX YCIOBHUSAX dKCIUTyaTalwu. B 3ToM 1urane
Benymiee nosokeHue 3annMaroT CIIIA, MaccoBO HMCHONB3YIOIIUE MBIIIBSIKOBBIE aHTUCENITUKA B CEIHCKOM
XO3sICTBE U B JiepeBooOpadartkiBatomieli mpomeiiuieHHOCTH. Jlo 80 % Bceit nemoBoii npeecunsl B CLIA
roABepraeTcss o0paboTke MBIIBIKOBBIME aHTHCenTHKaMH. CIIIA moTpeOsioT MOJ0BHHY MHUPOBOTO TIPOU3-
BOJICTBA MBIIIBIKOBOW MPOAYKIMH: IO ~25 THIC. T/T, U3 KOTOPHIX 10 ~31 % pacxomyercss Ha TepOUIHIH,
~15 % — Ha 00paboTKy xyomyaTtHuKa U ~45 % — Ha nepeBooOpadotky [19]. [Ipu 3TOM pacxon MbIIbsIKa
Ha JepeBo0OpabOTKy ¢ KaXXIBIM TOJIOM BO3pPAcTaj B CBSI3H C POCTOM IOTPEOHOCTH B 00paOOTaHHOW ApeBe-
CHHE B IPaXTaHCKOM H UIIUIITHOM CTPOUTEIHCTRE.

3a pyOexxom HauOoJjbllee pa3BUTHE MOIYYWUIO Mpou3BoACcTBO aHTHcenTUKOB rpynnsl CCA (Cu—Cr-
As). B HUX OCHOBHBIM KOMITOHEHTOM SIBIISIETCS coeAnHeHne Mbibsika (V) (As,Os umun H3AsQ,), a penen-
TYpHbIMH J100aBOYHBIMM KOMIIOHeHTaMu — coemuHeHuss wmemu (CuSO, pexe CuO) um  xpoma
(Na,Cr,0,-H,0, a taxxke CrOs). B CCCP, HecmoTpst Ha nipuHsAThIe emE B kKoHIE 1940 IT. )KeCTKHe caHuTap-
HBIC OIPAaHUYCHUS TI0 MCITOJF30BAHUIO MBIIILIKOBBIX MIPETapaToB MPH KOHCEPBAIUU JPEBECUHBI, pabOTHI TIO
pa3paboTKaM HOBBIX MBIIIBSIKOBBIX aHTUCENITHKAM He Ipekpainannck. Tak, B 1950-1960 rr. Obu1 pa3paboTan
psAn HOBBIX 3 ()EKTUBHBIX KOHCEPBAHTOB JPEBECHUHBI, B YaCTHOCTH, aHTHUCENTHK MXM-235, He ycrymaro-
U 10 CBOMCTBAaM MMIIOPTHOMY aHAJIOTy W HamOojee 3(PPEeKTUBHBIN Ui OTEYECTBEHHBIX YCIOBHM, CITO-
COOHBIN TIpenoxpaHaTh apeBecuHy B TeueHue 40 mer [20]. OCHOBHBIM CBHIPEEM IS JAHHOTO aHTHCETITHKA
SIBIIIIOTCSA OTXOJbI CBHHIIOBOTO TIPOHM3BOJICTBA (apCEHATHO-KANBIMEBbIe KeKH). OCHOBHON KOMIIOHEHT TIpe-
rnapara — OPTOMBIIIBSIKOBAsE KHCIIOTa, ITOJTydaeMasi MPH Pa3ioKCHUH apceHaTa KaJbIis CEPHON KUCIIOTOM.
JTa TEXHOJIOTHUS TMOJy4YeHHUs] HEBHIMBIBAEMOTO OECCOJIEBOTO Tperapara Oblia 3al0’KeHa MPU MPOSKTUPOBa-
HUU 11exa Ha Y cTh-KaMeHOoropckoM CBHHIIOBO-ITMHKOBOM KoMmOmHaTte [21]. OmxHako, HECMOTpPS Ha OXHaac-
My10 3QPEeKTUBHOCTE 3TOTr0O Mpou3BoAcTBa (2442 Thic. py0./T o meHam 1963 r.), pabodyee NpOECKTUPOBaHUE
OBLIIO OCTAHOBJICHO IO HEU3BECTHBIM TIPUIHHAM.

B psaay ycrenideix pa3paboTok aHTHCENTUKOB cepur XM (PTOp-XpOM-MBIILIBAK) CIEAYEeT OTMETHTh
npenapar «bopomut» [22]. OH ycHemHO 3aMEHWT UMIIOPTHBIN aHTHUCENTHK «JloHOIMT» mpu 00paboTke
orop JIDII u cBsa3u. OCHOBHBEIE €T0 MPEUMYIIECTBA: JTYYIIUE PACTBOPUMOCTD U AU(Qy3HOHHBIC CBOICTBA,
Oosiee mpoyHas U HaAékKHAs (UKcAlMs KOMIIOHEHTOB B JIDEBECHHE, HH3Kash CTOMMOCTh. B IpomuTaHHOM
npeBecuHe 3akperisieTcs 10 83 % — Cr, 95 % — As, 52 % — F; oHa X0poImo okpanmBaeTcs, CKICUBACTCA,
COXpaHSET MEXaHUYECKYIO IIPOYHOCTh, HE KOPPO3UPYET KOHTAKTUPYIOIIHNE C HEW METaJLTHI.

VYpanbCKuM TOCYAapCTBEHHBIM JICCOTEXHUYSCKUM HHCTHUTYTOM U OAQO «YHUIPOMEIb», UCTIOIb3YS
MIPOMCTOKH CEpHOKHCIIOTHOTO MMPOMU3BOJICTBA MENEIUIABHIIFHOTO 3aB0O/Ia, MOIy4eH anTucentuk tumna CCA —
«Ypain P-111». ITocne onpITHO-MPOMBIIIEHHBIX UCTIBITAHUM M MPOMBIIIIIEHHON MPOBEPKU TEXHOJIOTHUU T10-
Jy4eHus IpernapaTta eMy ObUT IPUCBOCH TOBApHBIN 3HaK «Ynrtam» [23]. [IpomblienHas napTus npenapara
B 5 T ObUIa MMOJTyYeHA KaK B BHJIC KOHIICHTpaTa (BOMHBIN PacTBOp), TaK U B BUJE MACTHI M OPUKETOB C COIEP-
JKaHMEeM MBIIIbsKka Ha cyxyio maccy 60-70, 80-90 u >95 % coorBeTcTBeHHO. Pe3ymbTaTel MCHIBITAHUHA U
MPOMBINUICHHOW TIPOBEPKU B PA3IUYHBIX TEXHOJOTHYECKUX, KIUMATHYECKUX W aTMOC(HEPHO-TIOYBCHHBIX
YCIIOBUSIX TIOKA3aJId BBICOKYHO 3(()EeKTUBHOCTh aHTHCENTHKA. Jl[peBecuHa HAJIEKHO COXpaHICTCS JaKe B ca-
MBIX IKCTPEMANBHBIX YCIOBUAX, CPOKH €€ IKCIUTyaTalliil U COXPAHHOCTH BO3PACTalOT BO MHOTHE Pa3bl.

Ilo mannbiM UncTHTyTa « BHUUIpeB» [20], morpedHOCTs CCCP B BBICOKOKa4EeCTBEHHOH IpEBECHHE,
HY)XJalolleucs B 3amure, B KoHIe XX croneTus coctaBisuia ~40 MiH M. s e€ 00paboTKK HEOOXOIUMO
~400 TeIC. T aHTHCENTHYECKOTO Ipemnapara. Bc€ 3To ykas3piBaeT Ha MIMPOKHE BOZMOKHOCTH HCTIOIH30BAHUS
OTE4YECTBEHHOU MBILIbSIKOBON MPOAYKITUH.

CrneyronyM MOTeHIIUANBHBIM 00BEKTOM JUISI MHOTOTOHHA)KHOTO WCTOJIh30BAHMS COCTUHCHHUI MBIITh-
sIKa MOTYT OBITh MPOTHBOOOPACTAIONINE TIOKPBITHS (KPACKH) JUIS 3alIUThl KOPITYCOB MOPCKHX Cya0B. Ecin
MIPH WCTOJBF30BAaHMH MBIIIBAKCOACPKAIINX OTXO/IOB B Ka4eCTBE CHIPHS ISl MPOU3BOJICTBA aHTHUCETNTHKOB
JUTSE KOHCEPBAIUH JPEBECHUHBI YKE HAKOIUICH OIMPE/ICIEHHBIA OIBIT U OCTaETCS MPEOJI0NETh Y30CTh CYOheK-
TUBHO-3KOHOMUYECKOTO MBIIIICHHS, TO UCIIOIB30BaHNE WX B MPOTHBOOOPACTAIONINX MMOKPBITUSIX SBIISETCS
HOBBIM HalpaBJIeHHEM, TPEOYIOMINM JOMOIHUTENBFHBIX HCCISIOBAHUA W OINBITHBIX HapaboTok. OgHaKo mo-
JyYeHHBIE TIPH MPOBEJCHUH MEPBUYHBIX MCCIICIOBAHUN U CTCHJIOBBIX HCIILITAHUN JaHHEBIC TOBOPSAT O TOM,
YTO 3TO HAIPABJICHUE Pa0OT MMEET TaKke HAAEGKHYIO MepcrnekTuBy. [locTaHOBKa UCCIIeOBaHUHN B TAHHOM
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cllydyae Mpenonpeelisiiack He TOJIBKO BHICOKUMHU OMOLMAHBIMUA CBOMCTBAMH, HO U aKTYaJIbHOCTBIO PELICHUS
BaKHOW TSI IBETHOW METAJLTypPTHU MPOOIEMBbl — YTHIIN3ALUN IKOJIOTHIECKH OMACHBIX MBIIIBIKOBBIX OTXO-
TIOB.

JlaGopartopHble OnbITH U cTeHnoBas npoBepka (MuctutyT «'mapousermery, B nocienyomem UXTTM
CO PAH, Hoocubupck; Uuctutyt xumuu JIBO PAH, BraguBocTok) moka3anu, 94To JTydITUMHU ITOKa3aTe-
JIMU OMOLIMTHOCTH 00NaAaoT Cyab(UAB MBIIbAKa. J(ampHeHne nccineoBaHuS U MOPCKHE HCIIBITAaHUS
(OyxTa Priapa, SImoHCKOE MOpE) OIBITHBIX 00pa3LOB MOKPHITHS HA OCHOBE YIPOLIEHHON TEPMOIUIACTUYHOM
MaTpHUIbl U OHonMaa — CYJIb(UAHBIX BO3TOHOB CYIb(QHINIUPYIOLIETO O0XKUTa 30JI0TOMBIIIBIKOBBIX KOH-
1eHTpaToB B KomuyecTtBe 10 40 % OT Macchl MOKPHITHS MOKA3aJIH, YTO TAKOW THI MOKPBITHS CIIOCOOEH -
(heKTUBHO BBIMTOHSTH CBOM (DYHKIIMH B TEUCHUE TOAMIHOTO HABUTAITMOHHOTO TIeprosa [24, 25].

Y4uuThIBas HU3KYIO CTOUMOCTD 3THX MOKPHITHI (BCIEICTBHE 3aMEHBI JOPOTOCTOSIIIUX OKCHIOB MEIU U
IpyTUX ACQUIUTHBIX MaTEepUAOB Ha OTBAJIbHBIC MBIIIBIKOBBIE OTXOJbI) U yIOBIETBOPUTEIbHBIE TTEPBUY-
Hble pe3yibTarhl, B MHcTuTyTe XuMun JIBO PAH 6bln pa3pa®oTaH psiji HOBBIX OIBITHBIX 00pa3loB TEPMO-
TUTACTHYHBIX TMTOKPHITUH 7SI 3aIIUTHI KOPITYCOB BHYTPH PEHI0OBOTO M MaOro ¢gorta, TpyOOIpOBOAOB U APY-
T'HX KOHCTPYKLUH, SKCIUTyaTUPyEMBIX B OHOarpeccuBHBIX cpeaax [26].

Crnexyer 0co00 OTMETHTHh BaKHBIM OJKOJOTHMYECKHI (DaKTOp HCHOIB30BAHHUS JAHHOTO ITOKPBITHSL.
MBIIBSK SBISETCS OAHUM U3 HEMHOTHX 3JIEMEHTOB, 00JIaAaloINX CBOHCTBOM MeTabonu3Ma. Mopckas cpe-
Jla — DKOJIOTUYECKas CylepcucTeMa, OOMEHUBAIOIIASCS KOMIIOHEHTaMH C JIUTOC(EpOil MaTEpUKOBBIX IJIaT-
($opM M TIOACTUIIAIONIETO JTHA, a Takxke ¢ atMochepoii. [Tocie BRIMOTHEHUST CBOMX 3aIUTHBIX QYHKIMA Ha
MTOBEPXHOCTH TOJBOIHON YacTH KOPITyca CyAHA MPH MOCTYIUIEHUH MBIIIBIKOBBIX COCIUHEHUH B MOPCKYIO
Cpedy CHUHTE3UPYIOTCS CIOXHBIE COJEBbIC KOMIUIEKCHI, B3aMMOJICHCTBYIONINE C KOJUIOMIAMH TJIIMH U THIPO-
OKCHJIOB METAJUIOB. B pe3yibTaTe MBIIIBSIK MEPEXOIUT B YCTOWYMBYIO IPUPOIHYI0 GOpMY U TIEpEXOIUT B
JIOHHBIE OKEaHW4YEeCKHe OTIOKeHUs. OCyIIeCTBISIETCS YHUKAIbHBINA SKOJOTMYECKUI IPOILECC BBHIBEACHUS
MBILIbSIKA U3 MPUPOAHOTO KPYrooOopoTa Ha OCHOBE €CTECTBEHHOI'O MEXaHM3Ma B JIOJTOBPEMEHHOE HKOJIO-
THYECKH 0€30I1aCHOE 3aXOPOHEHHE €Tr0 B BHUAE PABHOBECHOTO MPOAYKTA B JOHHBIX OKEAHWYECKUX OTIIOXKE-
HusX [3].
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H.N.Komnsuios

Kyumana Kypamabl KaaabIKTap MaceJiesaepi

Makasnazna TycTi MeTauTyprisHbIH KYIIIa Kypam/bl KalablKTaphl KYHiHIH Xaraaiibl KbICKaIla KapacThIPbUI-
raH. Onapzpl xuHay, OyHAAH KalJbIKTapbl cakray KOpJIapbIHbIH Ke3 KEJIIeH HbICAHIAPbIH KYpY KOpIIaraH
opTa yuIiH aca Kayinti 0osbin Tabbutaael. Cakray KesiHae KajaablKTap ilIiHe cyaa epiriin Kymaiaa KypamIb
KOCBUIBICTAp TY3UIyiMeH peakiusiiap xypeni. Onap Taba1gpIpbIKThl epiTiHAIep/e MOFBIPIAHBII, JPEHAXIbI
cynapMmeH Oipre KOpIIaraH opTara aybICaThIHBI KepceTinreH. KoFaMHBIH ToXopuOeIiK ickepIirinae Kymaa
KOCBUIBICTapPBIHBIH KeHIHEH KOJIJaHBUTYHI )KOHE KYIIIoTa KOCBUIBICTAPEIHBIH aralll OHJIeY OHepKaciOiHae, TeHi3
(ITOTHIHBIH KeMellepi KOpIyCTapblH KalTayAa KeIl TOHHaKABI KOJIJaHy MYMKIH/IT] HeTi3/eNreH.

N.LKopylov

The arsenic dumps’ problems

The status of arsenic dumps dumps non-ferrous metallurgy was considered. It is shown that their storage, the
creation of any form of disposal of these dumps is a serious threat to the environment. When stored in the ar-
ray dumps occurs hypergenesis, chemical reactions to form water soluble arsenic compounds which are con-
centrated in the pore water and drainage water from migrating from the blade to the environment. The need
for extensive use of arsenic compounds in the practice of the community was considered. The possibility of
large-tonnage use of arsenic compounds in the wood industry and anti-fouling coatings for ship hulls Navy
was justified.
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