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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 dicthanolamine (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.
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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, dicthanolamine, 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 (lon 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:

V+N*105
m#10

W:

(1

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-e¢xchange 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 vield 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 fraction to 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 A500Plus
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.
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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. HBanos, A.3. AdnnsMmar:kanos, I.E. Anesmm0aes, A.E. Hypraznna

AK "J1.B. CokobCKHI aTHIHAAFHI JKAHAPMAI, KATATH3
JKOHE 3TCKTPOXUMHEA HHCTHTYTHI", Amvartsl, Kazakctan PecryOmukacsr

BICTBIKKA TO3IMI TY3IAPIAH KOHE BAMTAHLICTEI AMAH/IEPJAEH
JTAITAHTOJIAMIH EPITIHIICTH TA3ZAPTYFA APHAJIFAH
TEXHOJIOT WSLUIAPABI CAJTBICTEIPMAJIEL TYPJE BAFAJIAY

AnHoTanmusl. AMUHIIK TPOLECTIH makga OonyblHaH OacTam ra3asl KbIIIKBLT KOMIIOHGHTTEPIACH Ta3apTy
MIPOIIECIHAC AJTKAHOJAMHH CPITIHAIIEPI KOPPO3MUIBIK OelICeHAimiri 6ap KOCBUIBICTAp TY3CTiHI Oenrim. Op Typm
aBTOPJIAP JKYPri3TCH 3ePTXAHANBIK 3CPTTCYAC) aOCOPOCHTTIH MKYMBIC CPITIHIICIHACTI KAFBIMCHI3 KOMIIOHCHTTEP TCK
Op TYPJIi MIBIKKAH MCXAHUKABIK KOCHAMAP (KyM, MCTAJLI CYyab(puaTepi skoHE T.0.) FaHA EMCC, COHBIMCH KaTap aMHHIL
TEPMILUIBIK ACCTPYKOWS OHIMI (IM3TAaHOIMHNCPA3HH, N(THAPOKCHATHI) HMHIA30IHUIOH, TPUC(TUAPOKCHITIII)
sruncHauaMuH, N,N' OHC(THAPOKCHATHI) HMHAA30MHAOH, N(THIPOKCHITHI) NHICPA3HH, N(THIPOKCHITHI)
OKCA30JMI0H) OOJBIN TAOBLIATHIHABIFBIH KepceTTi. Kasipri yakpITTa 3TaHOJAMHHACPIIH SKBIIY YXKOHEC XHMESIIBIK
BIOBIPAYBI HOTIDKECIHAC TY3UITGH KOCBUIBICTAD TYPANbl AKMapaT €Idyip YAKCH KeJNeMJIe >XKMHAKTAIFaH. by
MPOIIECTEP KOMIPKBINIKBLT Ta3bl MEH KYKIPTOPTAHHWKAJNBIK KOCBUIBICTAPBIHBIH, OTTETi, KBIIKBLIIZAP KOHE T.O.
OCEpiHEH JKY3ere achIpblIafbl. JlerpamannsHeIH ¢H Kol TapamraH Typiacpi: 1. KeMipKeIIIKbUT Ta3bIHBIH OacTaIIKbI
JKOHE KaWTtamaMa amMuHAepaiH aerpamanmsichl. CO»-HBI Ta3AaH MbFapy KE3iHAE OHBIMEH KapOaMmar Ty3ilyiMeH Kepi
peaxmmsra Tyceai. Kapbamarrap o3 ke3erinae ol HeMece 0acka KaWTHIMCBI3 peakimisFa Tyceni; 2. Ta3apTeLiaTeiH
ra3ga OTTETiHIH OO0JNybIHA OAMIAHBICTBI OTTEKTIK JACTPajamisichl, 3. AMHMHACPAIH TEPMISUIBIK SKOWBIIYBL by
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HCTI31HCH KYMBIC CPITIHALICPIHIH JKAITHI JKOHE (HEMECC) JKCPTLTIKTI KbI3BII KCTYiHCH 00mansl;, 4. [a3MeH CHTI3IITeH
KbIIIKBLT CHITATTAFBI YIIMA KOCMAJAp: KYMBIPCKA KBINIKBUIBI MEH CIPKE KBIIKBUIBI, (popMambIerui, KerepTeTiH
KermkeLT, 5. COS sxome CS, merpamamusacel - 0acTamkel aMuHACPTS TOH, 6. Meragmapmer karammsaeiareH CO
THIPOTH3IMEH OalmaHbICTHL AcTpaganms, 7. KymiTi KbIIKbLIIAP aHHOHAAPBIHBIH SCCPIHCH ACTpadanus (XJIOPHITED,
cyme(arrap, pocharrap); 8. berrik Oenacenai 3arrapasl eHrizy (BB3). byriHri TaRaa aMuH CPITIHIIICPIH TazapTyFa
apHAIFaH OipHENIE TEXHOJOTHSUIAP KOCHIMINAHBI TANTHL. AHBIPY HETi3iHAC aTMOC(epaablk HEMECE TOMECHACTUITCH
KbICHIM KE3IHJEC TUCTHLLILI, HOTIKECIHAC eKi (pakums maiima 60naapl: aMuH >koHE ol 1 TYyO. by Texnomormsa
KEHIHEH KOJIAHBLIAABL, OipaK OHBIH KEMIUIIITi - TYOIHACTI KaaablK Oap aMUHHIH YIKCH >KOFAIyBI, OHBI KOO KEPEK.
BencenmipinreH KeMipai KOMAAHY APKBUTBI COPOUMAIBIK TCXHOJNOTHSA TOMCH THIMAUNKKE OAaMIAHBICTHI KCH
KOJIAAHBIIMABL. BakyyMIbIK AMCTHIULIIMS BAKYYM aCTBIHAA XKYMCAJFAH aMHH CPITIHAICIH alaay apKbLIbI XKY3ere
aceipsriagsl. bym MJIDA ete skoFapel KAHHAY TCMIICPATYPACHIHA OAMIAHBICTHI, KOHC OJAH 1A SKOFaphl skoHE DA
YIIiH O7aH Aa skorapsl. HoTmwkecinae, Oy aMHHACD EPITIHALACH CY OYBIMEH «yIIbIT KeTnerai». KepcerinmreHMOA-
MCH CaNBICTBIPFAHAA AUCTHLULIIES apKbLisl MJIDA sxone JIDA KanmbiHA KEATipy MPOIECIHIH €AdYip KUBIHIAYBIH
TYZbIpanbl. AIIBIMEH, 6T¢ TCPCH €MEC BAKYYMMEH Cy OemiHendi, COJaH KeHWiH BAaKyyM TEpEHICTCH CaHbIH Oac
(ppakmMACHl amBIHAIBL, COJAH KCHIH TOTHIKCHI3NAHFAH aMHH OeiHedl. AMbIpY OHIMIEepi apHalbl BAKyYMIBIK
KOHJCHCATOpFa KOHACHcamsuianansl. JKorapsl KaliHaraH Kocmanap, ymmainTeiH bITT »xone maifeipnay eHimzepi
CYWBIK 3aTThl KAWHATATHIH BIABICTA KANAABL. Byl 3HEPIHAHBI KOIl KAKET E€TETiH oic. by axic OapibIK yImmanTeiH
rocmanapzas! (bITT >koHe ;KOFapbl MOJIEKYJIAIbl KOCBLTBICTAPAAH) ANBIN TACTAyFa KEMUTAIK Oepeni, COHBIMEH Karap
YIIIa KOCTANapAbl ©Te KAKCHl KETIpeadi, OJIapAblH KAaWHAY TEMIICpPaTypachl aMHHHIH KalHAY TEMIIEPATypPachIHAH
e3reme 0omaabl. Anaiaa, KOCIAHBIH KalfHAy TEMIIEPATyPAachl MAKCATThI >KYMBIC AMHHHBIH KaHAY TEMIICPATyPAachlHA
KAHIDAJBIKTHL JKAKbIH 00JCa, COFYPIBIM KOCIAHBIH OeiiHyi Hamap Oomaxsl. AJKAHONAMHH CPITIHILICPIH
Ta3apTyABIH CH MCPCICKTHBTI 9TiCi - mOoH amMacy. byn tepMmocTradenpai Ty3AapAaH, al KAKCAPTBUFAH CY3TLICY
KE31HAC TEPMIBLIBIK JKOHEC XHMUSUIBIK JCCTPYKIFSHBIH SKOFAPBI MOJICKYJIAMBIK CAIMAK OHIMICPIHCH, KapaMaiiay 1aH
KYTBUIyFa MYMKiHIIK Oepeni. MJIDA sxoHe JIDA Tikenel Cyjabl epiTiHIiAC a3asabl, a34aml IMOFBIPJIAHFAH OONYBI
MYMKiH. COHIBIKTAH apTHIKIIBUIBIFBI - KANIBIHA KENTIPY Ke3iHAE Cyapl OenyiH KakeTi »KOK. Tarel Oip
ApTHIKMBUIBIFEL - (MOH AaNIMACTBIPFBII 3JICMEHTTEPAl AYPBIC TAHAAY AapKbUIbl) OWIMHHCH (CH KOPPO3HIBIK
KOoCTanmapAbIH Oipi) TOIBIKTAHM apblLTyFa MYMKIHOIK Ocpeni. Makamaga austanonaMuuHiH (JJDA) cymsel epiTiHaiciH
Ta3apTyfa ApHAIFAH CANBICTHIPMATIBI 3CPTTCYJCPAIH HOTIDKCICPI KCNTIPUITCH: TOMCHICTLIICH  KBICBIMAA
JUCTHIULALMS 9MICI *OHE BICTBHIKKA Te3imal Ty3mapAas (bITT), OalnaHbIcTsI aMHHIACPAEH HOH aiMacysl. Tazapry
QiCiHe KApaMaCcTaH, OPTaHOJICITHKAIIBIK CHIIATTAMATIAPIBIH (TYC, HiC) aHTapIbIKTal Kakcapy OalKaiagpl, COHBIMCH
KaTtap epiTiHAiHIH Ke0iK CHIIATTaMAaNaphl KaKkcapaabl. OHEPKACINTIK CHTI3Y YINIH BAKYYMABIK JUCTHIULILNUS SHICIH
opTania KypZeni eI CUmaTTayFa 001aabl, 01 SPITIHAIHI KbUIBITY KYHBIH TAJTAI €Te/l, O1paK OHbI KY3eTe achlpy YIUiH
KOCBHIMIIIA PEArcHTTEP KAKET cMec. DBallaHbICTBI aMHHHIH KAaWTapblaysl eceOiHEH, CINTIHIH KOCBUIYBI aMHH
KOHICHTPALMSCHIHBIH, KOCBIMIIA apTYbIHA OKEIyl MYMKIH, ajaia CINTiHIH KaTBICYBIMCH Ta3apTy CYABIH CIdYyip
Oeirin aiaay Ke3iHae OHBIH KPHCTAIIAHYLIHA OAMIAHBICTEI KMBIH G0Mamsl. JUCTHLINEA €Ki skomMeH 130-150°C
TEMIICPaTyPaga >KYPTi3iimi: CIITiHIH KOCBIIYBIMCH JKOHC OHCBHI3, JTAHOIAMHHHIH KOCBHIMINA SKCTPAKIKACH VINIiH
aFamKel  (ppaKmusAIApABIH KAaWTapeUTybIMCH. bBipinmi omic OoibeiHma afimay mamamen 2,5% aMuHOI anyra
MYMKIHAIK Oepeai JKOHE MPAKTHKANBIK KbI3BIFYMIBUIBIK TyablpMaiapl. Exinmi omicnen mumcrmwnimust 88,2%
JU3TAHOIAMHUH/I KAJOIbIHA KENTIpyre MYMKIHIIK O€pii, am BICTBIKKA TO3IMAl TY3AapJaH oHE OalIaHBICKAH
AMUHICPACH TOJBIK Ta3apry OKypridimmi, ke0iKk CHmaTtTaMamapbl Ja KAIOBIHA — KOATIpunm. AHWOH
ATIMAaCTHIPFBINITAPABIH 9P TYPJL TYPICPi CHIHANABL T€Nb JKOHE OipHENIe ipi KEyEeKTi aHHOHHUTTEP, SPTYPL CLITLIITI.
Op Typai OHIIPYWIJICPAIH AHWOH AaJIMACTHIPFBINTAPBIH KCIICHAI Oaramay OipHeme mapaMerpicp OoHbIHIIA
xkyprizingi. Mon ammacy oaiciMeH Ta3apTy mpoTOHAATFaH (HOPMATaH KAJIMBIHA KCNyiHC OAHIAHBICTHI TAa3apPTHUFAH
epITIHIIAETI aMHH KOHIICHTPAIMACHIH apTTHIPYFa MYMKIHIIK Oepeni. ¥CHIHBUFAH >KyMbIC Ka3akcTaHgarsl MyHan
OHJICY 3aybITTAPBIHBIH OIpIHEH KAITBIHA KEJATIPLITCH JU3TAHOIAMHIH CPITIHAICIMEH »KYPTi3iLii.

TyiiiH ce3aep: AWITAHOIAMHH, BICTHIKKA TO3IMII TY3, OAHIAHBICTHI AMHH, BCICHHBACAHCTHIULANNA, HOH
anMacy, KemipIriKTeHy.

H.C. HBanos, A.3. AdnasMmar:kanos, I.E. Anesm0aes, A.E. Hypraznna
AO "HuCcTHTYT TOIDHBA, KaTamm3a u nekrpoxumun uM. JI.B. Cokoxbckoro”, Amvarsl, Kazaxcran

CPABHUTEJIBHASA OIEHKA TE‘)‘(HOJIOI‘I/II‘/‘I OYUCTKH PACTBOPA TN TAHOJAMUHA
OT TEPMOCTOMKHUX COJIEU U CBA3AHHOI'O AMHWHA

AHHOTaHI/Iﬂ. O TOM, YTO PACTBOPHI AJTKAHOJIAMHHOB B IPOLECCCEC OYUCTKU ra30B OT KHCJIBIX KOMIIOHCHTOB
00pa3yloT COCAMHCHWA, 00NANAMOINC KOPPO3HOHHON AKTHBHOCTHIO, M3BCCTHO C HAYANA TOSBJICHHA AMHHOBOTO
nporuecca. JIabopaTopHBIC HCCICAOBAHMSA, MPOBCACHHBIC PA3HBIME ABTOPAMH, TOKA3AJH, YTO HEKCIATCILHBIMHU
KOMIIOHCHTAMH B padodYeM pacTBope a0COpPOCHTAa SBILIIOTCSA HE TOJHKO MEXAHHYCCKHWE IPHMECH PA3IUIHOTO
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TIPOMCXOKACHUA (TECOK, CYJb(HIBI METAUIOB W T.A.), HO M TPOAYKTH TEPMHYCCKOH ACCTPYKIHMH aMHHA
(amyTaHOMMUENCPA3HH,  N(THAPOKCHATHI)  HMHIA30JHAOH,  TPHUC(THAPOKCHAITHI)  STHiacHauamumH, N, N'
ONC(THAPOKCHATHI) HMHAA30AMIAOH, N(THAPOKCHITHI) MHICPAsHH, N(THAPOKCHITHI) OKCA30MHIOH H T.a. K
HACTOANIEMY BPEMEHH CBCIACHHH O COCAMHCHHAX, OOPA3yIOIMXCS B PE3YJbTATE TCPMHUCCKOTO M XHMHYECKOTO
PA3MOKCHUS 3TAHOJAMHUHOB IOA ACHCTBHEM YTJICKHCIOTO Ta3a M CEPOOPTaHUYECKUX COCIMHCHHH, KHCIOPO.a,
KHCJIOT W Jp., HAKOIHIOCh B TOCTATOMHO OombImoM oObeMme. K Hambonee pacmpoCTpaHEHHBIM THIIAM ACTPAJAIiA
MOJKHO OTHECTH: 1. YTJICKHCIOTHAS Aerpajanus MEPBUYHBIX W BTOPHIHBIX AMHHOB, KOTOPBIC B MPOLIECCE Y IANCHUS
CO:; u3 raza o0paTHMO PEATHPYIOT C HUM C 00PA30BAHHCM KapOaMaToB, KOTOPBIC, B CBOIO OUCPCAb, BCTYMAKOT B TC
WIN WHBIC HeoOparmMmble peakumu. 2. KucnopomHas merpazanms, 0OyCIOBJICHHAS NMPHCYTCTBHEM KHCIOPOAA B
ounmmaeMoM rasze. 3. Tepmmueckas ASCTPYKIMSI aMHHOB. BBI3BIBacTCS, B OCHOBHOM, OOIMMH M (WJIH) JOKAJbHBIMHA
meperpeBaMu  padoumx pacteopoB. 4. [IpuBHECCHHBIE C Ta30M ICTY4YHEC MNPUMECH KHCIOTHOTO Xapakrepa:
MypaBbHHAA W YKCYCHAs KHCIOTHL, (popmanpaerun, cuHuabHast kucnota. 5. COS u CS; nerpamaumsa - XxapakTepHa
JUI1 TICPBUYHBIX aMuHOB. 6. Jlerpamamms, ces3amHas ¢ ruapoimzoM CO, KaTamM3MpOBAHHOTO METAIAMH. 7.
Jerpamanus mox BO3NCHCTBHEM aHHOHOB CHIIBHBIX KHCIOT (XJIOpHIOB, cynb(aros, (ocdaros). 8. [IpuBHECEHHDBIC
TMOBCPXHOCTHO aKTUBHBIC BemecTa (ITAB).

Ha cerommsimHmWi neHb AMS OYHMCTKM AMHHOBBIX PACTBOPOB HANLIH HPUMCHEHHEC HECKOJNBKO TEXHOJOTHIA.
JIMCTHNIIIMORHAS OYMCTKA TPH aTMOC()epHOM WM IOHW)KCHHOM [ABJICHWH, OCHOBAHHAS HA ICPETOHKE, B
pesyibTare 4Uero odpasyercs aBe (Ppakmuu: aMHHOBASA H KyOOBBIH OCTAaTOK. JIaHHAS TCXHOJIOTHS IMHPOKO
MIPUMCHSACTCS, OTHAKO €€ HETOCTATKOM SIBIIFOTCS OOJIbIINE MOTEPH aMHHA C KyOOBBIM OCTATKOM, KOTOPBIH TaKKe
HEOOX0auMO yTHAM3HPOBaTh. COpPONMOHHAS TEXHOJOTHMSA HCIIOJB3YIOMAS AKTHBHPOBAHHBIH YTOIb HE HAILIA
MUPOKOTO NPHUMCHEHWSI B BHAY HH3KOH 3(¢dexTuBHOCTH. BakyyMmHAs IUCTHIUIANWS OCYIIECTBIICTCS ITyTEM
TIEPETOHKH OTPAOOTAHHOTO PACTBOPA AMHHA O] BAKYYMOM, ITO OOYCIOBICHO JOCTATOYHO BBICOKOH TEMIIEPaTypoH
kuneHnst v MJI2A, u eme Oomsmedt y JI9A. B pesyaprare yka3aHHBIC aMHHBI NMPAKTHUCCKH HE «YJICTAIOT» W3
pacTeopa ¢ mapaMH BOABL. YKA3aHHOE OOYCIABIMBACT CYIICCTBEHHOC YCIOXHEHHE IPOLECCA BOCCTAHOBICHHA
M/J3A u DA auctrwmranuei mo cpaBHCHHIO ¢ MOA. BHavyane npu HE 0UCHB TIyOOKOM BAKYYME OTACTIACTCS BOAA,
jJanee, MO Mepe VIIyONCHMS BaKyyMa — CHHMACTCS TOJOBHAA (DpaKmusl, a 3aTeM — BOCCTAHOBICHHBIH AMUH.
[TpoayKThl IEPEeTOHKN KOHACHCHPYIOTCSI B CIICHHAIFHOM BAKyYMHOM KOHZICHCATOpE. BBICOKOKHMILANINE ITPUMECH, A
take Hegaeryune TCC M MPOAYKTHI OCMOICHHSA OCTAFOTCA B ICPETOHHOM KyOce. Metoa ABMACTCA TOCTATOUHO
3HEpro3arpatHbiM. JIaHHBIM METOA  TapaHTHPOBAaHHO yaamier Bee Heneryume mpmmecn (TCC m
BBICOKOMOJICKYJSIPHBIE), a TAKKE JAOCTATOYHO XOPOIIO YAACT JETYYHE INPHMECH, Y KOTOPBIX TEMIEpaTypa
KHIICHHS CHIIBHO OTJIMYACTCS OT TEMIIEPATyPhl KUIICHUS amMuHA. Ho, yeM Ommpke TeMmepaTypa KUNCHHS IPHMECH K
TEMIIEPaTyPe KHIICHHWS LEICBOTO Pabovero aMmHa, TEM Xy)KE OTACIsIeTCS mMpuMech. Hambolee mepcreKTHBHBIM
Crmoco0OM OYHCTKH PACTBOPOB AJKAHOJIAMHHOB MPCACTABICTCA HOHHBIH 0OMCH. OH MO3BOJCT M30ABHTHCA OT
TEPMOCTAOMIBHBIX COJICH, a P YCIJICHHOW (DMIUIbTPALUH W OT BBICOKOMOJIICKYJLIPHBIX ITPOJYKTOB TEPMHUUYCCKOH H
XAMHYCCKOH OeCTpykKimu W ocMoycHua. MJIDA u JIDA mOABCPrardoTCd BOCCTAHOBICHHIO MPAMO B BOTHOM
pacTBope, MOKET OBbITh CIETKA CKOHLICHTPHUPOBAHHOM. OTCIOAA MPEHMYIICCTBO — HE HY’KHO OTACIATH BOAY IIPH
BOCCTAHOBICHHH. Taroke MPCHMYIICCTBO — BO3MOYKHOCTD (IPH MPABHIBHOM MOAOOPE HOHOOOMCHHBIX 3JICMCHTOB)
MPAKTHYCCKHY IOJTHOCTHIO H30AaBUTCS OT OMIIMHA - HAHO0JIee KOPPOZHOHHO-aKTHBHON IIPHMECH.

B crarse mpuBeacHBI pE3yIbTATHl CPABHUTEIBHBIX MCIBITAHHH OYHMCTKH BOJHOTO PACTBOPA AMITAHOIAMHHA
(A2A) MeTogaMu THCTHWUBIIUH TMPH MOHIKCHHOM JABICHHH W HOHHOTO 00MEHA oT TepMmocToiikux coneii (TCC) u
CBA3aHHOTO ammHA. [IOKA3aHO, YTO HE3aBHCHMO OT CIOCO0A OUNMCTKH IIPOMCXOAWT 3HAYMTEIBHOC VIIYUIICHHUC
OPraHONENTHYCCKUX MOKA3aTencH (LBET, 3amax), HO W MEHHBIX XAPAKTEPHCTHUK PacTBopa. JId MPOMBIIICHHON
peamM3anii METO/] BAKYYMHOH JUCTHIULIIMA MOKHO OXapaKTePH30BaTh KaK CPETHE-CIIOKHBIA, OH TpeOyeT 3arpar
HA TOJOTPEB PAcTBOPA, HO JJBI €TO PEATM3aLMU HE TpeOyeTcs JOTONHUTEIbHBIX pearcHToB. Jl00aBieHHE menodn
MOTJI0 OBbI MPUBECTH K JOTIOTHATCIHHOMY IMOBBIMICHHUIO KOHICHTPALMH AMIHA 32 CUCT BO3BPATa CBA3AHHOTO AMHUHA,
OJTHAKO IIEPETOHKA B TIPUCY TCTBUH IIEIOYH 3aTPY JHUTEJILHA B BHIY €€ KPUCTAILUTM3AMMH IIPH OTTOHKE 3HAYHTCILHOH
YACTH BOIBL PAjsrOHKY IPOM3BOAMIM ABYMs crocobamm mpu Temmeparype 130-150°C: ¢ no6GaBncHMEM MIEIOYH H
6e3 Hee ¢ BO3BPATOM IEPBBIX (PPaKIMH HA JONMOJHHTCIHHOC M3BJICUYCHHE 3TAHOIAMHHA. JUCTIILTANMS O TIEPBOMY
croco0y IO3BOSIET HM3BICYb OKOJO 2,5% aMHHA M HE MPEACTABILICT IPAKTHYECKOTO HHTEpeca. PasroHka mo
BTOPOMY cmocoOy MO3BONMIA H3BICUb 10 88,2% IW3TAHOIAMHHA, MPH 3TOM IPOM3OINIA IMONHAS OYHUCTKA OT
TEPMOCTOHKHX COJEH M CBA3aHHOTO AMHHA, NICHHBIC XapPAaKTEPUCTUKU TAKKE NMPHUILIA B HOPMY. DBUIM HCHBITAHBI
pa3MMyHBIC BHABI AHWOHWTOB. TEICBBII M HECKOJNBKO MAKPOIOPHCTHIX, pa3HON menodHocTtd. [IpomseencHa
KOMIDICKCHASI OIICHKA AHHOHHWTOB PA3IMYHBIX NMPOM3BOJUTEICH 10 HECKOIBKHM mHapamerpaMm. OYHCTKA METOIOM
HOHHOTO OOMEHA IO3BOJIIET MOBBICUTH KOHICHTPALMIO AMHHA B OUHIICHHOM PACTBOPE 34 CUET PETCHEPALHH C€T0 U3
MPOTOHUPOBAHHOHM (hopMbl. PaboTa mMpoBOIMIACE C PAaCTBOPOM PETCHEPHUPOBAHHOTO AWITAHOIAMHHA C OJHOTO W3
He(TenepepabdarsiBarommx npeampuaruii Kazaxcrana.

Kmodernie ¢10BA: TU3TAHOMAMHH, TCPMOCTOMKAS COJb, CBA3AHHBIA AMWH, MUCTHJULANNSA, HOHHBIH OOMCH,
BCIICHHBACMOCTb.
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