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Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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COMPARATIVE EVALUATION OF DIETHANOLAMINE
SOLUTION PURIFICATION TECHNOLOGIES
FROM HEAT-STABLE SALTS AND BONDED AMINE

Abstract. The article presents the comparative tests results of the purification of diethanolamine (DEA) aqueous
solution by distillation method under reduced pressure and ion exchange from heat-stable salts (HSS) and a bound
amine. It was shown that regardless of the cleaning method, there is a significant improvement in organoleptic
characteristics (color, smell), but also in the foamy characteristics of solution. For industrial implementation, the
vacuum distillation method can be described as mid-complexity, it requires the cost of solution's heating, but its
actualization does not require additional reagents. The addition of alkali could lead to extra increasing of amine
concentration due to the return of the bound amine; however, distillation in the alkali presence is difficult due to its
crystallization upon distillation of a significant part of the water. The distillation was carried out in two ways at a
temperature of 130-150°C: with the addition of alkali and without it, with the return of the first fractions to an
additional extraction of ethanolamine. Distillation by the first method allowed you to extract about 2.5% of the amine
and was not of practical interest. The distillation by the second method allowed to recover up to 88.2% of
diethanolamine, at the same time, there was a complete purification from heat-stable salts and bound amine, foam
characteristics also returned to normal. Various types of anion exchangers were tested: gel and several macroporous,
of different alkalinity. A comprehensive assessment of anion exchangers of various manufacturers by several
parameters was performed. Purification by ion exchange method allows you to increase the amine concentration in
the purified solution due to its regeneration from the protonated form. The presented research work was carried out
with a solution of regenerated diethanolamine from one of the oil refineries in Kazakhstan.

Key words: dicthanolamine, heat-stable salt, bound amine, distillation, ion exchange, foaming.

Introduction. Gas and condensates conversion process necessarily includes their purification from
acidic components that cause corrosion of manufacturing facilities and are undesirable impurities in
commercial products. According to the technological regulations, operating at sulfur removal units, two
indicators of desulfurized gas are normalized: the content of hydrogen sulfide and carbon dioxide. The
choice of purification technology depends on the acidic components contained in them, however, leading
place in world practice in desulfurization field is occupied by absorption purification using alkanolamines,
among which monoethanolamine, diethanolamine, methyldiethanolamine and others are used [1-4].

The logic of the alkanolamine desulfurization units provides for main processes reversibility, and the
relative simplicity of their implementation and high efficiency explains wide-spread occurrence. Apart
from advantages, the process has several disadvantages. Experience has proven that the main cause of
problems encountered during operation is the thermochemical decomposition of alkanolamines when
interacting with carbon dioxide contained in purifield gas, during which various disrupture products are
formed [5-9].

Amount of formed compounds is large, but additively this leads to bound amine formation or
protonated amine, which is ballast and is not involved in the main process. In parallel, HSS are formed -
residues of various acids that are not removed by thermal desorption of the compound. In general, aqueous
solutions of alkanolamines do not exhibit corrosive activity, but in the presence of impurities, corrosion
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becomes noticeable and mechanical impurities appear in the solution [10, 11]. Along with this, the foamy
characteristics of solutions noticeably deteriorate.

Obviously, it is necessary to take measures to combat the negative consequences. Some researchers
propose to reduce corrosion using coatings [12], use anti-foaming agents to fight foam [13-15]. Finding
ways to purify amine solutions seems more rational than dealing with the consequences.

To date, several technologies have found application to purify amine solutions [16]. Distillation
purification at atmospheric or reduced pressure, based on distillation, as a result of which two fractions are
formed: amine and still bottoms [17]. This technology is widely used; however, its disadvantage is the
large loss of the amine with a still residue, which also needs to be disposed of. Sorption technology using
activated carbon has not been widely used due to low efficiency.

The ion exchange method of amine solutions purification has been successfully using by a number of
western companies over the past 20-25 years. Currently the most well-known companies distributing this
technology are MPR Services, Inc (USA) with HSSX® technology (Ion Exchange Heat Stable Salt
Removal Process) and Eco-Tec, Inc (Canada) with AmiPur™ technology. Works in this direction are
being carried out at the present time [18-20], although the industries for metals mining remain traditional
for resins application [21].

Experimental procedure. To determine the concentration of free amine, bound amine, and heat-
stable salts, the conductometric titration method was used, which gives more accurate results compared to
potentiometric titration [22, 23].

Excess alkali in the absorbing solution, free amine content, amine content, bound to anions of weak
acid (HSS) were determined by titration of aliquot with hydrochloric acid.

Titration of solution's sample with sodium hydroxide gives results regarding amine bound content in
both thermostable and thermolabile salts. By the sum of free and bound amine content, the total amine
content in the solution is calculated, the content of heat-stable salts is determined by the difference in
bound amine content and the amine bound to anions of weak acids.

The calculation of amine concentration in % was calculated according to the formula 1:

__ VxN=*105
mx*10

: @)

where V — the amount of acid or alkali used for titration, N — concentration, m — weight of sample taken
for titration, 105 — molar mass of diethanolamine.

Determination of the foamy characteristics of the amine solution was carried out according to the
methodology «Absorbents for natural gases purification from H»S and CO,. Determination of foamy
characteristics» P51-00158623-11-95.

To select the resin, a laboratory setup was used, the basis of which is a B3-V PER peristaltic pump
with a capacity of up to 1 I/h and an ion-exchange column with a volume of 240 ml.

Result and discussion. Testings were carried out with diethanolamine solution with the following
indicators: the concentration of free amine is 14.99%, the content of heat-stable salts is 1.78%, the bound
amine is 1.10%.

In this work, distillation at a residual pressure of 2 kPa was carried out in two ways:

1) With the addition of sodium hydroxide to a concentration of 2.3% with four times working solution
resupply, residual distillation was carried out by adding more diluted primary fractions.

2) Without sodium hydroxide addition, with distilling off the first fraction with a volume of 50-70%
of parent solution, with its subsequent recycling to distill off the residue.

In view of distillation results of according to method 1, a total 2.64% of the initial amine content was
recovered, which is extremely small. This low yield is explained by the impossibility of continuing
distillation due to salt incrustation formation on solution's surface as a result of the addition of alkali,
which leads to difficulty in boiling, which is accompanied by sharp emissions, polluting the clean solution.
Also, boiling point exceeds 150°C, as a result of which the distillation had to be stopped.

For distilling over in the second method, 100 ml of solution was used. Initially, 50, 60 and 70 ml were
distilled off as the primary fraction, which were then returned to the distillation flask. Temperature of
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distillation was maintained in the range of 130-150°C so that when reaching 150°C a new portion of the

primary fraction was added to the flask. Table 1 shows the data obtained by the specified method.

Table 1 — Volumes and compositions of solutions after distillation according to method 2

Ratio of the The volume of solution Outlet volume of Amine concentration, Degree of
primary fractionto | taken for rectification, solution, ml % extraction,%
the total volume,% ml

50.0 100.0 92.0 12.6 70.6

60.0 100.0 93.0 13.7 77.6

70.0 100.0 94.0 154 88.2

Data verification of the obtained samples for foaming are shown in table 2.
Table 2 — Foaming test results after distillation
Indicator 50/50 60/40 70/30

Height of foam, mm 5 5 5
Foam formation low low low
Destruction time of foam, s 4 4 3
Foam stability low low low

Figure 1 shows primary amine samples and samples after distilling over.

Figure 1 — Diethanolamine samples

Selection of anion exchange resin was carried out from the following range of resins: macroporous
weakly base anion exchanger Lewatit A365, macroporous strongly base anion exchanger Lewatit TP107,
gel strongly base anion exchange resin Tokem-840 and macroporous strongly base Purolite A5S00Plus
anion exchange resin. The best results were achieved with Tokem-840 resin, table 3 shows the test results.
According to the table, specified resin copes with heat-stable salts and neutralizes the bound amine by
exchanging the anions present in the solution for hydroxide ion, which in turn neutralizes the acidic form
of the amine to free amine and water, as a result, there is an increase in free amine concentration relative
to the state before purification.

Table 3 — The composition of DEA solution after purification

Volume of | C amine, C C Cycle Volume of C C
solution, % HSS calculated bound number solution, ml HSS calculated bound

ml as amine, % amine,% as amine, % amine,%
240 13.23 0 0 1440 17.20 0 0
480 17.40 0 0 1680 17.50 0 0
720 17.60 0 0 1920 17.46 0 0.
960 17.20 0 0 2160 17.10 0 0.30
1200 17.20 0 0 2400 17.00 0 0.97

According to the results shown in table 4, purification of DEA by ion exchange on Tokem-840 resin
has the most positive effect on the foaming of amine solution. Foamy characteristics are in accordance
with the standards.

— 7Yy ——
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Table 4 — Foaming test results after Tokem-840

Indicator Cycle number
1 2 3 4 5 6 7 8 9 10
Height of foam, mm 2 3 3 6 8 12 13 13 13 14
Foam formation L L L L L L L L L L
Destruction time of foam, s 3 3 3 4 4 5 5 6 6 7
Foam stability L L L L L L L L L L
L —low

Table 5 includes the integral estimation of work of the tested resins on a five-point scale.
Considering the different significance of the criteria for HSS, bound amine and foamability, a
factor of 1 is adopted, and for a color index of 0.5.

Table 5 — Comparative performances of resins exposure

Resin HSS Bound amine Foaming Color Sum
Lewatit A365 5 2 1 1*0.5 8.5
Lewatit TP107 5 1 1 2*0.5 8.0
Purolite A500Plus 2 2 5 5*%0.5 11.5
Tokem-840 5 5 5 5*0.5 17.5

Conclusion. The vacuum distillation method allows the amine to be completely purified from
mechanical impurities, heat-stable salts and foaming agents. Under these circumstances, the loss of
amine is 11.8-29.4%. Distillation flashing should be carried out at the boiling point of the solution
no more than 150°C. Colority of the solution depends on the ratio of the first fraction to the total
amount of the distilled solution. Altogether the method is characterized by medium complexities
of the implementation, but requires significant energy costs for solution heating, as well as the
consumption of back water for cooling the condensate.

Usage of anion-exchange resins allows, with correct selection, to purify the regenerated
solution from heat-stable salts and a bound amine, while the foamy characteristics return to normal
and the color index improves. Various types of anion exchangers were tested: gel and several
macroporous, of different alkalinity. By indicators sum, the best results were obtained using gel
strongly base anion exchange resin. In general, the ion exchange method seems to be more
efficient and less costly than vacuum distillation.

H.C. UBanoB, A.3. Abnibmar:kanos, LE. Anenn6aeB, A.E. Hyprazuna

AK "JI.B. CokoibCcKHii aTBIHAAFHI JKaHAPMaii, KaTalu3
JKOHE JJIEKTPOXUMUS MHCTUTYThI", AnmMatel, Kazakcran PecryOnukacst

BICTBIKKA TO3IM/II TY3JIAPJIAH )KOHE BANJIAHBICTHI AMUHIEPJIEH
JUITAHTOJAMUH EPITIHAICIH TABAPTYFA APHAJIFAH
TEXHOJIOTI'UAJIAPABI CAJIBICTBIPMAJIBI TYPJIE BAFAJIAY

AHHOTanusi. AMUHJIIK TpOIECTiH maiga OomybslHaH Oactanm ra3fbl KBIIIKBUI KOMIIOHEHTTEPAEH Ta3apTy
NPOLIECIHEe AJIKAHOJAMUH €pITIHALIEepl KOPPO3USUIBIK OesceHainiri 6ap KOochuIbICTap Ty3eTiHi Oenrim. Op Typii
aBTOPJIAp XKYPTi3reH 3epTXaHABIK 3epTTeysiep aOCOPOCHTTIH KYMBIC epITIHICIHACTI KaFbIMCBI3 KOMIIOHEHTTED TEK
9p TYpJIi MIBIKKAH MEXaHUKAIBIK Kocnanap (KyM, MeTaiul cyib(uarepi skoHe T.0.) FaHa eMec, COHBIMEH KaTap aMHHL
TePMISUIBIK JECTPYKIUS OHIMI (IudTaHONMHIIEpa3wH, N(THAPOKCHATHI) WMHUAA30JNUIOH, TPHUC(THIPOKCHITIII)
sraneHauamMuH, N,N' OHC(THAPOKCHATIUI) WMHUAA30NMHAAOH, N(THOPOKCHITHI) THIepa3uH, N(THIPOKCHUITII)
OKCa30JIUIOH) OOJIBIN TaOBUIATHIHIBIFBIH KepceTTi. Ka3ipri yakpiTTa 3TaHOJAMHUHAEPIIH JKbULy JKOHE XWUMHSUIIBIK
BIIBIpaybl HOTWKECIHAE TY3UIT€H KOCBUIBICTAp Typajbl aKmapaT endyip YJIKeH KeJieMIe J>XHMHaKTaluFaH. by
nporecTep KOMIPKBIIKBII I'a3bl MEH KYKipTOPIaHHKAIBIK KOCBUIBICTAPBIHBIH, OTTETi, KBIIKBUIIAp JKoHE T.0.
acepiHeH Ky3ere achlpbliajbl. JlerpajauusHblH €H Kol TapainraH Typiepi: 1. KeMipKbIIKbUT ra3biHbIH 0acTanKsl
XKoHe KalTanama amuHAepaiy aerpaaanuscel. CO,-HBI ra3iaH LIbIFapy Ke3iHae OHbIMEH KapOamar Ty3UlyiMeH Kepi
peakiusira Tyceni. Kapoamatrap €3 keserinme cojil Hemece 0acka KaWThIMCBI3 peakimsra Tycemi; 2. Ta3apTbuiaThiH
ra3ja OTTeriHiH OojyblHa OailIaHBICTBI OTTEKTIK JAerpagaunuschl; 3. AMHHAEPIIH TEPMUSUIBIK S>KOMBLIYBL. by
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HEeTIi31HEeH )KYMBbIC epITIHIUIEPIHIH KaJIlbl )KoHe (HeMece) MKEPriliKkTi KbI3bll KeTyiHeH Oonansl; 4. ['a3MeH eHri3iirexn
KBIIIKBII CHIIATTAFbl YINNA KOCHAJap: KYMBIPCKA KBIIKBUIBI MEH CipKe KBIMIKBUIBL, (opManbaerun, KerepreTiH
kbInkbUT; 5. COS sxone CS; nmerpamamnusickl - 0actankel amuHAepre ToH; 6. Mertanmapmen karamusnaenren CO
THIPOJIU3IMEH OaiyaHbICThI Aerpafanus; 7. KymTi KbIIKbUIAAp aHHOHAAPBIHBIH dCEPiHEH Aerpaanus (XJIopuaTep,
cynbdarrap, pocdarrap); 8. berrik O6encenni 3arrapasl enrizy (bb3). byrinri Tanna aMuH epiTiHIUIEpiH Ta3apTyra
apHaJiFaH OipHeIle TEXHOJIOTHsUIAp KOCHIMIIAHBI TalThl. AWBIpY HerisiHIe arMocdepalblk HeMece TOMEHIETUINeH
KBICBIM Ke3iHJe AUCTHUISINS, HOTIKECIHIe eKi (ppakius maiaa Oonauel: aMUH XoHE i Ae Ty0. By TexHOMmorus
KEHIHCH KOJIIaHBUIAIbI, OipaK OHBIH KEMIILIIri - TyOIHAET] KaJablK Oap aMUHHIH YJIKCH JKOFAIYBI, OHBI )OI KEepEK.
Bencennipinren kemipai KOJIAaHY apKbUIBI COPOMMSUIBIK TEXHOJOTHS TOMEH THIMIUTIKKE OaiaHBICTHl KEeH
KOJIIaHBUIMAbl. BakyyMIBIK AMCTHILUIALMS BaKyyM acThIHIA XYMCalFaH aMUH EpITIHAICIH aiiay apKbUIbl XKy3ere
aceipeutagsl. byn MIDA eTe xorapsl KaifHay TeMIlepaTypachblHa OaiJIaHBICTHI, KOHE OJaH Ja JKOFaphl xkoHe JIDA
YIIiH of1aH Ja >koFapbl. HoTmxkecinae, Oyi1 aMuHIep epiTiHAineH cy OybpIMeH «ymsin kertneini». KepcerinreakMDA-
MEH CaNbICThIPFaHAa JUCTHLLIIMS apKbuibl MJIDA sxoHe [IDA KajmblHA KeNTipy MPOLECIHIH e[dylp KUbIHAAYbIH
TyIbIpaabl. AJIBIMEH, ©T€ TEPEeH eMec BaKyyMMeH cy OeuiHeli, COJaH KeiliH BaKyyM TepeHJereH caiblH Oac
(pakuusicbl anblHA/bBI, COJAH KEHIH TOTBHIKCBHI3JAHFAaH aMUH OeuiHelni. AWbIpy OHiMzepi apHaibl BakKyyMIbIK
KOHJIeHCaTopFra KoHAeHcauusuianaabl. JKorapbl KaiiHaraH kocnanap, ymmaidTeiH bITT jxoHe maiibipray eHimuepi
CYMBIK 3aTThl KalHATATBIH BIIBICTA Kalaabl. bysl SHEprusHbl KO KaXeT eTeTiH oaic. by ozic OapibIK yHImaiTeiH
kocranapas! (bITT »oHe >koFapbl MOJIEKyJIabl KOCBUIBICTap/iaH) aJlblll TacTayFa KeNmuImik Oepesi, COHBIMEH Kartap
yllina Kocranapbl eTe XaKchl KeTipeai, olapiblH KaliHay TeMIeparypachl aMHHHIH KaliHay TemIiepaTypachlHaH
e3renie Oonapl. Aslaiia, KOCIIAHBIH KaifHay TeMIlepaTypachl MaKCaTThI )KYMBIC aMUHHBIH KaifHay TeMIlepaTypachkiHa
KAHIIAJBIKTEL JKaKbIH OO0JIca, COFYPJIBIM KOCHAHBIH OeJiHyi Hamap Oomangsl. AJKaHOJAMHH epiTiHALIEpiH
Ta3apTyAblH €H MEepCHeKTHBTI 9fici - WOH anMacy. by Tepmoctabenpai Ty3mapaaH, all )KaKCapTBUIFaH CY3Tiiey
Ke3iHJe TePMUSIIBIK )KOHE XUMHUSUIBIK AECTPYKIUSIHBIH JKOFaphl MOJIEKYJIANBIK CallMaK OHIMIEpiHeH, KapaMainayaa
KYTbUTyFa MyMKiHIiK Oepemi. MIDA sxone DA Tikenel Cynbl epiTiHIiAe a3asjbl, a3[al IIOFbIpJIaHFaH OOJybI
MYMKiH. COHIBIKTAaH apTBHIKUIBUIBIFBI - KaJIIbIHA KeNTIpy Ke3iHae cyabl OenymiH Kaxeri oK. Tarbl Oip
apTBHIKIIBUIBIFBI - (MOH aJMacTBIPFBIII JJIEMEHTTEpJl AYpBIC TaHJay apKbUIbl) OWIMHHEH (€H KOPPO3HSIIBIK
KocmanapbIH 0ipi) TOJBIKTal apbliyFa MYMKIHIIK Oepeni. Makanana austanonamunHiH (JIDA) cynsl epiTiHIICIH
Ta3apTyFa apHaJIFaH CaJbICTBIPMANBl 3€PTTCYJICPAIH HOTIDKENIEpI KENTIPUIreH: TOMEHICTUINeH KbhIChIM/IA
JMUCTHJUIAIMS OMici JKOHE BICTHIKKA Te3imai Ty3napaaH (bITT), GalnaHeICTBI aMHHACPACH HOH alMacybl. TazapTy
9/liciHe KapaMacTaH, OpraHOJIENTHKANBIK CHIIaTTaManapabIH (TYC, Hic) alTapiIbIKTal >kakcapy Oaiikanabl, COHBIMEH
Katap epiTiHIiHIH Ke0IK CHITaTTaMaiaphl *akcapaabl. OHEPKOCINTIK CHIi3y YIIH BaKYyMIBIK TUCTHLISIMS OJIICIH
opTala KYpAeri Jen cunarrayra 0oJasl, o epiTiHIiHI KBUIBITY KYHBIH TaNal eTefi, Oipak OHBI XKY3€Tre achlpy YIIiH
KOCBIMIIIA peareHTTep KakeT eMec. balllaHBICTHI aMUHHIH KaWTapbuIybl eceOiHeH, CINTiHIH KOCBUTYBl aMUH
KOHIICHTPALMSCHIHBIH KOCBIMIIIA apTybIHA OKeIyl MYMKiH, anmaiiia CLNTiHIH KaThICYBIMEH Ta3apTy CYABIH endyip
Goutirin alifay Ke3iHIe OHBIH KPHCTATJAHYBIHA OAlNaHBICTEI KMBIH Gonmamsl. JucTmmismums eki sxommen 130-150°C
TEeMIIepaTypaaa XKYpPri3uifi: CUITIHIH KOCBUIYBIMEH JKOHE OHCBI3, STAaHOJAMUHHIH KOCBIMIINA JKCTPAKIHMACHI YIIIH
anramkpl (QpakuusiapAblH  KaWTapeUlybIMeH. bipiHin omic OoifpiHIna aigay mamameH 2,5% aMuHl anyra
MYMKiH/AIK Oepeal KoHE NPaKTHUKANBIK KbI3BIFYIIBUIBIK TyAblpMaiabl. EkiHmi omicnien auctwuisiuus 88,2%
JIMSTaHOJIAMUH/II KaJIIIbIHA KeNTIpyre MYMKIHIIK Oepii, al BICTBIKKA TO3IMAI Ty3JapllaH joHe OaiiaHbICKaH
aMHUHAEPJCH TOJBIK Ta3apTy O KYpri3iami, KeOiK cumarramManapbl Ja KaJoblHa — KeNTipiami. AHHOH
AJIMaCTBIPFBIIITAPABIH 9p TYPJI TYpJepi ChIHAJIBL: TeNb JKoHE OipHelle ipi KeyeKTi aHHOHUTTEp, SPTYpPJIi CUITIIIrI.
Op Typii OHAIpYIIUIEpAiH aHWOH aJMacTBIPFBIIITAPbIH KelleHl Oaranay OipHemie mnapamerpiiep OoMbIHINIA
Kyprizingi. MoH ammacy omiciMeH Ta3apTy MpOTOHAaJFaH (opMaaaH KAIMbIHA KelyiHe OalIaHBICTHI Ta3apThUIFaH
epiTiHAieri aMuH KOHIICHTPALMSACHIH apTTBIpyFa MYMKIHAIK Oeperi. ¥CHIHBUTFAH >kyMbIc Kasakcranmarsl MyHait
OHJICY 3ayBITTAPBIHBIH OipiHEH KAJTBIHA KENTIPUITeH TUATAHOJIAMIH epPITiHAICIMEH KYPTi3UIAi.

Tyiiin ce3oep: AWSTaHONAMHUH, BICTBIKKA TO3IMII Ty3, OAMJIaHBICTBI aMHH, BCIEHMBACIMCTWILIALMSA, HOH
anMacy, KemipIIiKTeHy.
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HCTUTYT TOILIUBA, KaTanu3a u anekrpoxumuu um. [1.B. Coxonbckoro", Anmatsl, Kazaxcran
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CPABHUTEJIBHASI OIIEHKA TEXHOJIOT U1 OUMCTKH PACTBOPA JIMDTAHOJIAMMHA
OT TEPMOCTOMKHNX COJIEHA U CBSI3AHHOI'O AMHMHA

AnHoTanusa. O TOM, 4TO PacTBOPH! AIKAHOJIAMHHOB B IIPOLECCE OUUCTKU Ta30B OT KHCIBIX KOMIOHEHTOB
00pasyroT coequHeHHs, 00namaomye KOPPO3MOHHOW aKTHBHOCTHIO, M3BECTHO C Hayaja MOSBICHHS aMHUHOBOTO
npouecca. JlabopaTtopHble HCCIENOBaHMS, NMPOBEACHHBIE PAa3HBIMH aBTOPAMH, IOKA3ald, YTO HEXEIAaTeIbHBIMU
KOMITOHEHTaMH B pabodeM pacTBope aOCOpOeHTa SBISIOTCS HE TOJBKO MEXAaHHYECKHE INPHMECH Pa3IMdHOTO
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MPOUCXOXKACHUS (TEeCOK, Cyab(GHUIBl METAUIOB M T.JA.), HO M TPOAYKTHl TEPMHUUYECKOW IECTPYKIUH aMHHA
(mmoTaHonmumniepa3sud,  N(THAPOKCHATWI)  UMHUAA30JIUAOH,  TPUC(TUAPOKCHUATHI)  OSTwieHauamuH,  N,N'
OMC(THIPOKCUITIII) HMMUAA30IUI0H, N(TUAPOKCHATHI) mnunepasuH, N(THAPOKCHATHI) OKCa30iuIoH H T.a. K
HacCToAIIEMY BPEMCHU CBe[leHI/Iﬁ O COCIHUHCHMHIAX, 06pa3y}0u114xc;1 B pE3yJibTaTe¢ TEPMUUYCCKOT0O U XHUMHUYECKOI'O
pa3lIoKEeHUs] ITAHOJAMUHOB IO JEHWCTBHEM YIJIEKHCIIOTO Ta3a M CEePOOPraHUYECKHX COEIUHEHHH, KHCIOopoJa,
KHCJIOT W JIp., HAKOIIIOCH B JIOCTaTOYHO OoybIioM oObeme. K Hamboee pacmpoCTpaHEHHBIM THUIIAM JIETPaJallui
MOJKHO OTHECTH: 1. YTIIEeKHUCIIOTHAS Jerpajalys MePBUYHBIX U BTOPUYHBIX aMHHOB, KOTOPBIC B IPOIIECCE Y IAICHUS
CO; u3 raza o0paTuMo pearupyrTr ¢ HUM ¢ 00pa3oBaHHEM KapOamarToB, KOTOpPbIE, B CBOIO OYepellb, BCTYMAIOT B TE
WIH WHBIE HeoOpatmMmble peakuuu. 2. Kucnopommas nerpamanus, OOyCIOBIEHHas TPHCYTCTBHEM KHCIOpOJa B
ounmaeMoM rase. 3. TepmMudeckas IeCTPYKIHS aMHHOB. BEI3BIBaeTCs, B OCHOBHOM, OOIIUMH U (WJIH) JIOKATBHBIMHU
nmeperpeBamMu  pabounx pactBopoB. 4. [IpuBHECEeHHBIE C Ta30M JIeTydyle NPUMECH KHCIOTHOTO XapakTepa:
MypaBBUHAA W YKCYCHasl KUCJIOTHI, popmaibaerns, cuamwibHas kuciora. 5. COS u CS, merpamamms - xapakTepHa
JUIS TepBUYHBIX aMWHOB. 6. Jlerpamaums, cBs3aHHas ¢ ruapoim3oM CO, KaTamTu3MpOBAaHHOTO MeETaJUIaMH. 7.
Jerpananus noj; BO3JCUCTBUEM aHHOHOB CHJIBHBIX KHCJIOT (XJIOPUAOB, Cyibdartos, Gocdaros). 8. [IpuBHeceHHbIE
MIOBEPXHOCTHO akTUBHBIE BemecTsa (IIAB).

Ha CeFO}IHHHJHl/Iﬁ JACHb JII OYUCTKHM AMHHOBBIX PAaCTBOPOB HallIIM IPUMEHCHUC HCECKOJbLKO TEXHOJIOTHH.
III/ICTI/IJ'IJ'DIIJ,I/IOHHaSI OYHMCTKa IpHU aTMOC(l)epHOM Wi TIOHMKCHHOM JaBJICHWMU, OCHOBAaHHAasA Ha MNEPETOHKE, B
pe3ynpTate 4Yero ooOpasyercs 1Be (pakium: amMuHOBasS ©W KyOOBBIM ocTaTok. JlaHHAas TEXHOJOTHS IIHPOKO
MPUMEHSCTCS, OJJHAKO ¢ HEeIOCTATKOM SIBIISIOTCS OOJBIIME MOTEPU aMHHA C KyOOBBIM OCTATKOM, KOTOPBIM TaKkKe
HeoOxoanMo yTwim3npoBaTh. CopOLMOHHAS TEXHOJOTHS WCIONB3YIOMIas aKTHBHPOBAHHBIA YTONF HE Hallla
IIMPOKOTO TpPHUMEHEHHS B BHUAY HHU3KOW 3¢ddekruBHOCTH. BakyymMHas AHCTIIUIALNNS OCYIICCTBIICTCS IYyTEM
MEPEroHKH 0TPabOTaHHOTO PacTBOpa aMHHA IO/ BAKYYMOM, YTO OOYCIIOBIIEHO TOCTATOYHO BHICOKOW TEMIepaTypoit
kureHust y MJIOA, u emie Gonpmieit y IDA. B pesynprare yka3zaHHbIE aMUHBI MPAKTHYECKA HE «yNIETAOT» W3
pacTBOpa ¢ mapaMd BOJBL YKa3zaHHOE OOYCIaBIMBAET CYIIECTBEHHOE YCIOKHEHHE MpOoIlecca BOCCTAHOBJICHHUS
MDA n ADA muctwmsanued mo cpapaeHuio ¢ MDA. BHadase npu He o4eHb ITyOOKOM BaKyyMe OTAETSeTCs BOja,
Jlanee, 1O Mepe yriyOJeHHs BakyymMa — CHHMAaeTcsl TOJIOBHash (pakiys, a 3aTeM — BOCCTAHOBJIEHHBIH aMUH.
IIpoyKThl IEPETOHKU KOHACHCUPYIOTCS B CIIELUAIbHOM BaKyyMHOM KOHJEHcAaTrope. BhICOKOKUIISIKE IIPUMECH, a
taroke Heneryune TCC M mpoayKThl OCMOJIEHHsI OCTAalOTCSl B IIEPErOHHOM KyOe. MeToJ SBISIETCSl AOCTATOYHO
SHeprosaTpaTHBIM. JlaHHBIA  METOJ TapaHTUPOBAaHHO yaanser Bce Heneryune mnpumecu (TCC  wu
BBICOKOMOJICKYJIIPHBIE), @ TaKXKe IIOCTATOYHO XOPOIIO YHAIISIET JICTYYHe IPUMECH, Y KOTOPBIX TeMIleparypa
KHITCHWSI CUIIBHO OTJIIMYACTCS OT TEMIEpaTyphl KUIeHus: aMmuHa. Ho, yem Onmke Temreparypa KUIICHUS MPUMECH K
TeMIepaType KHUIIEHHS LEeNeBOr0 padodero aMWHa, TeM XyK€ OTHeNsIeTcs IpuMech. Hambonee mepcreKTHUBHBIM
crocoOOM OYHCTKH PacTBOPOB aJTKAHOJAMHUHOB TIPEICTABISETCS MOHHBIH 0OMeH. OH MO3BOJISIET M30aBUTHCSA OT
TEPMOCTAOMIBHBIX COJIEH, a P YCHICHHOW (DMIBTPAMU M OT BBICOKOMOJIEKYJISIPHBIX MPOIYKTOB TEPMIUECKONU U
XUMHYECKONH AecTpyKiumu u ocmoneHms. MJIDA m JIDA moaBeprarorcs BOCCTAHOBJICHHIO MPSIMO B BOIJHOM
pacTBope, MOXKET OBITh Cllerka CKOHIIEHTpHUpOBaHHOM. OTCIOa MPEMMYIIECTBO — HE HY)KHO OTHENATH BOLY IPH
BOCCTAaHOBJICHHH. Taxke MPenMyIIecTBO — BO3ZMOKHOCTG (TIPH IPaBHIBHOM IOAOOpPE MOHOOOMEHHBIX 3JEMEHTOB)
MPAKTUYCCKH MOJHOCTHIO M30aBUTCS OT OMIIMHA - HAN0O0JIee KOPPO3UOHHO-aKTUBHOU IIPUMECH.

B cratbe MPpUBCIACHBI PE3YJIbTATbl CPABHUTCIBHBIX l/ICHblTaHl/Iﬁ OYHMCTKHU BOJHOT'O pacTBOpa AUITAHOJIaMHUHA
(I2A) meTogaMu AUCTWUISIINY TIPU MOHMKEHHOM JIaBJICHUM W MOHHOTO oOMeHa oT TepMmocToiikux coneit (TCC) n
CBs3aHHOTO aMuHa. [loka3aHO, YTO HE3aBHCHMO OT CHOCo0a OYUCTKH TPOWCXOJUT 3HAYHTENBHOC YIIYYIICHUE
OPraHOJIENTHYCCKHUX IOKa3aTenel (IBET, 3amax), HO M NCHHBIX XapaKTEePHUCTHK pacTBopa. s MpOMBIIUICHHOMN
peanu3anii MeTO BAKYyMHOW IUCTHIULIMA MOXKHO OXapaKTepHU30BaTh KaK CpeqHE-CIOXKHBIA, OH Tpedyer 3aTpar
Ha TIOJOTPEB PacTBOpa, HO IUISI €0 peali3aluy He TpeOyeTcs NOMOTHHUTENBHBIX peareHToB. Jlo0aBieHne mIenoun
MOTJIO OBI MIPUBECTH K IOTIOJHUTEIFHOMY TIOBBIIICHAIO KOHIICHTPAIIMKA aMUHA 32 CYET BO3BpaTa CBSI3aHHOTO aMHHA,
OJTHAKO MEPEeroHKa B MPUCYTCTBHUH IIETIOYH 3aTPYAHUTENBHA B BUAY €€ KPUCTAJUIN3ALUH IPH OTTOHKE 3HAYNTEIBHOMN
qacTn BOABL PasroHKy mpoM3BoawiIM OByMs criocoOamu mpu Temmeparype 130-150°C: ¢ moGapieHMeM IMENOYU U
6e3 Hee ¢ BO3BPATOM MEPBHIX (paKkUWii HAa JOMOIHUTENFHOE M3BJICUCHNE 3TaHONAMUHA. JUCTHIUISIINS TI0 TIEPBOMY
croco0y IO3BOJISIET M3BIEYb OKOJIo 2,5% amMMHa M HE NPENCTaBIAeT NPAaKTUYECKOro HHTepeca. PasroHka o
BTOPOMY CIIOCOOY TO3BONMJIA HM3BIICYb 10 88,2% au3TaHONAMHHA, MPH STOM MPOM3OILIA TIOJHAS OYUCTKA OT
TEPMOCTOMKHUX COJIEH M CBSI3aHHOTO aMHHA, IIEHHBIE XapaKTepUCTHKM TaKKe MPUIUIM B HOPMY. BbUIM HCHBITaHBI
pa3M4HbIC BHIBl AHWOHHUTOB: TEJIEBBIA M HECKOIBKO MAaKPOIOPHCTBHIX, pa3HOHN memouHoctd. [Ipom3seneHa
KOMILICKCHAs OICHKA aHWOHHUTOB PA3IMYHBIX MPOU3BOAUTENICH MO HECKOJNBKUM TmapamerpaM. OUYHCTKa METOJOM
HOHHOTO OOMEHA MMO3BOJISCT TIOBBICUTH KOHIICHTPAITMIO aMHHA B OYUIINICHHOM PAacTBOPE 3a CUCT PEreHepaIuu ero u3
MPOTOHUPOBAHHOW (opMbl. PaboTa mpoBOIMIACE C PACTBOPOM PETCHEPHPOBAHHOTO AWATAHOIAMHIHA C OJHOTO W3
HedTenepepabaTrIBalOmMuX npennpusatiii Kazaxcrana.

KiroueBble c0Ba: IUATaHOJIAMHH, TEPMOCTOWKAS COJIb, CBS3aHHBIH aMUH, MTUCTHIULALUSA, MOHHBIH OOMEH,
BCIICHHUBAEMOCTb.
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