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: The raw material base of enterprises extracting uranium, at present, consists mainly of poor
deposits of hydrogenous genesis occurring in permeable sandy-argillaceous deposits of depression
zones of the earth's crust. Until recently, these deposits have not been involved in industrial
f!evelopmem by traditional methods of extraction for technical and economic reasons. This
Important task, which is of great importance, has been largely solved by now. Especially in the
last decade, a lot of work has been carried out to develop and implement on an industrial scale
geotechnological mining of uranium, called the in-situ leaching method.

When using this technology, the technological scheme of processing of productive
solutions in the shop of processing of productive solutions includes sorption of uranium on a
strongly basic anion exchanger in sorption pressure columns, countercurrent nitrate desorption of
uranium, denitration, and washing of the sorbent,

At present, after denitration, even with an increased concentration of sulfuric acid of 25
40%, the residual content of the nitrate ion in the sorbent is in the range of 6-11%, i.e. the degree
of denitration is clearly insufficient. This leads to a deterioration in the sorption properties of the
resin for uranium, the loss of nitrate ions,s and, as a result, increased consumption of ammonium
nitrate and sulfuric acid.

There are various ways to increase the efficiency of denitration, however, it should be noted
that the insufficient completeness of the anionite denitration operation is associated primarily with
the low chemical activity of the process itself, due to the higher affinity of the sorbent for nitrate
ions. Therefore, in the dissertation work, a technology for mechanical activation of the washing
solution is proposed, which will allow increasing the degree of sorbent denitration.

To achieve the goal of the work, the dissertator carried out laboratory work to identify the
effect of the activation technology of the washing solution on the efficiency of sorbent denitration.
Studies of the chemistry of the process of cavitation denitration have also been carried out. He
obtained the dependences of: - the content of residual nitrate in the resin on the activation time of
the washing solution at different concentrations of sulfuric acid:

- the content of residual nitrate in the resin from the time of washing at different degrees of
activation of the solution. The optimal degree of activation of the solution for the object under
study was established.

To test this technology and the results obtained in the laboratory, pilot tests were carried
out in the processing shop of the object under study. The results of pilot work and_ processing of
90 samples showed that when the solution was activated, the nitrate content in the sorbent
decreased by 7% compared to the basic technology. i

The practical value of the work lies in the development of a technology for activating the
denitrating agent before it is fed into the denitrating column, which makes it possible to increase
the denitration efficiency. The proposed mechanical activation of solutions does not require
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significant capital costs, is easily integrated into an existing system, operates automatically, and is
environmentally friendly.

The dissertation is completed scientific research, meets all the requirements of the Rules
for awarding academic degrees of the Ministry of Education and Science of the Republic of

Kazakhstan, and its author Omirgali Armanbek Kasymuly deserves to be awarded the degree of
Doctor of Philosophy (PhD) in the specialty "6D070700-Mining".

Professor Tudor Spataru, PhD
Department of Chemistry, Columbia University, New York
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KOJYMBUICKHIA YHUBEPCUTET
r. Heto-Mopk
Kadenpa xumun

OT3bIB
Ha IOKTOPCKYI0 auccepraumio Omipraan Apmanbexa Kachivyini Ha
Temy: «Pa3paGorTka Texnonoruu NPOMBIBKH COpPGEHTA NP CKBAKHHHOM
BBIIEIAYHBAHHH YPaHA ¢ HCMO/L30BaHHEM YPPEKTa KABUTALHHY,
NMPEACTABICHHYIO HA COMCKAHME Y4eHoii cTenenn 10KTopa pusocodun (PhD)

CoippeByio Gazy NPEANPUATHH, N00BIBAIOIMX YpaH, B HACTOALIEE BpEMA
COCTABIISIIOT IMIaBHBIM 00pa3oM GejiHble MECTOPOK/IEHHS THAPOTEHHOrO reHe3Hca,
SAICTAIOMME B BONONPOHUIAEMBIX  IMECYAHO-TIHHUCTBIX  OTJOKEHHAX
ACTIDECCHOHHBIX 30H 3€MHOM KOpPBI. YKa3aHHbIE MECTOPOXACHHMS O TOCIEIHErO
BPEMEHH HE ObUIM BOBNICUEHBI B NPOMBIILIEHHYIO pa3paboTKy TpaAHIHOHHBIMHA
crocoGamMu MOOBIYH IO TEXHUKO-3KOHOMHUECKHM COOOpaKEHHAM. JTa BakKHAS
3ajiaya, UMeomas GOJIBIIOE 3HAYEHHE, K HACTOAIIEMY BPEMEHH B 3HAUMTE/LHOM
creneHd pemieHa. OcoOeHHO B MocHeqHee NECATUIETHE OBUIM MPOBEIEHBI
Oonbimmne paGOTHI MO pa3paboTKe W BHEAPEHMIO B TPOMBIIIIEHHBIX MacuiTabax
TE€OTEXHOJIOIMYECKOH NOOBIUM ypaHa, MONy4UBIIel HA3BAHHE METO/A MOA3EMHOIO
BBIILIENIAYMBAHUSL.

Ilpy npvMeHEHMH NAHHOW TEXHOJOTMM  TEXHOJIOTHYECKas cxema
nepepaboTKH TPOAYKTHBHBIX PAacTBOPOB B LieXe MNepepabOTKH MpPOAYKTHBHBIX
pacTBOPOB BKJIIOYAET B cebs COpOLMIO ypaHa Ha CHJIbHOOCHOBHBIH QHHOHHT B
COPOLIMOHHBIX HAMOPHBIX KOJIOHHAX, MPOTHBOTOYHYIO HUTPATHYIO JeCOpOLIHIO
ypaHa, ICHUTPALUIO ¥ TIPOMBIBKY COpOEHTa.

Ha paHHBI MOMEHT MOCHE JCHUTPALMH JaXe C  MOBBILICHHOM

f KOHIIEHTpaluel cepHoi KUCnoTsl 25 — 40% ocTaTouHOE COEPIKAHHE HUTPAT-HOHA
B copOeHTe HaxomuTcs B mpejenax 6 — 11%, T.e. cTeneHb NAEHUTPALMM SBHO
HENOCTATOYHA. DTO MPUBOJUT K YXYAIUEHHIO COPOLIMOHHBIX CBOKMCTB CMOJIBI 110
ypaHy, TOTepe HHTPAT-HOHOB H, KaK CIEJCTBHE, IMOBBIIEHHOMY DAcXoy
aMMMAYHOM CENTUTPHI U CEPHOM KHUCIIOTHL.

CylecTBYIOT ~ pa3iuyHble  CHOCOOBI  MOBBILEHHUS  DEKTHBHOCTH
JICHUTPALIMH, OJIHAKO HYXXHO OTMETHTh, YTO HEJOCTATOYHAS MOJHOTA ONEepaliy
JIEHUTPALlM aHHOHMTA CBs3aHA B TEPBYIO OYEPEAb C HHU3KOH XHMUYECKOH
AKTUBHOCTBIO CaMoOro rpoiecca, 0OyclOBJIEHHas 00jee BBICOKMM CPOACTBOM
copbenta K HUTpaT-WoHaM. [ToaToMy, B JMCCEPTALMOHHON padoTe npeioxkeHa
TEXHOJIOTUSI MEXaHWYECKOM aKTHBALMH TPOMBIBOYHOIO PacTBOPA, YTO MO3BOJIUTH
TIOBBICUTH CTEMNEHD ACHUTPALIMH COPOEHTA.

Jns nmocTukeHus e paboThl AMCCEPTAHTOM MPOBEJAEHBI J1a00paTopHbie
paGoThl 110 BBIABJNCHHIO BIMAHMS TEXHOJOTMH AKTHBALUMHM [POMBIBOYHOIO
pactBopa Ha 3(deKTHBHOCTL JeHMTpauuu copOenta. Takke MPOBEACHDI
MCCIIEIOBAHHUS XMMH3Ma TPOLECCa KAaBHUTALMOHHOM JIeHUTpaLi. MM nojyueHbl
3aBUCHMOCTH: -COJEpP)KAHHSI OCTATOUHOTO HMTpaTa B CMOJIE OT BPCMCHH
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ChipbeByio 0.
aszy 1npe i
COCTaBJIAIOT I'IaBH y06p pUATHIA, 100bIBaIOLAX ypaH, B Hacrosee BPEMi
bIM 00pa3oM GeHbIe MECTOPOKICHHA T
3ajieraloiuiye B JPOTEHHOr0 IeHe3HCd,
JIeTIPECCHOHHB BOJIONIPOHHLIAEMBIX recyaHO-TITHHUCTBIX OTIIOKEHHSX
e g 61x 30H 3eMHOH KOpbl. YKa3aHHBIC MeCTOpOXKIEHHA 110 [10CJIEIHETO
crioco6aMH gum BOBJICYCHDI B "POMb’wﬂeHHY’QAPwPaﬁoTKy TpaIMLIHOHHBIMA
sanada, HM JOGBIYM 1O TEXHHKO-IKOHOMHUECKAM coobpakernaM. DT BAKHA
crene , HMeloLLIass GONBIIOE SHATCHIC, Kk HacTosIIeMy BPEMCHH B 3HAYMTENBHON
6 P eé"eﬂa' Oco6eHHO B TOCJIEHEC JIeCATHIETHE GpUTA  TPOBEACHBI
onplHe paboThl MO paspaboTke M BHEJIPEHHIO B [IpOMBILLTEHHBIX maciTadax
reoTexHOIOrHYeCKOH 00bIH YpaHa, [oTyyHBILIei Ha3BAHAC MeToJIa TOJI3EMHOT0

BhIlIIEIaYHBAHHA.
[Ipy  NpHMCHCHHH JIaHHOM ~ TEXHOJIOTHH

iepepabOTKH npOXYKTHBHBIX pacTBOpOB B LEXC
aCTBOpOB BKJIIOHACT B cebs copbumio ypaHa Ha
ypOLHOHHBIX HArOpHBIX KOJOHHAX, npOTHBOTOYHY
\aHa, ACHHTPAUHIO H [POMBIBKY copOeHTa.

[a jaHHbli  MOMEHT mocne  ACHATpALHH naxe C [1OBBIILIEHHOT
pHO# KHCIIOTEI 75 — 40% 0oCTaTO4HOC cojepKaHHE HUTpaT-HOHA
B npeaesax 6 — 11%, T.. cTeneHb jeHuTpaunH ABHO
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AKTHBALHH TIPOMBIBOYHOTO PAacTBOpa MpH PasiMuHON KOHLEHTPALUHM CEPHOM
KHCNOTBI,

- COACPXKAHUA OCTATOYHOIO HUTpATa B CMOJIE OT BPEMEHH MPOMBIBKH MPH
PAsNHYHON CTENEHH aKTHBALWM pacTBOpa. YCTAHOBJEHA ONTHUMATBHAS CTENEHb
AKTHBALMK PACTBOPA ISl MCCIIEyeMOro 00beKTa.

Jnst anpoGauun ykasamHo# TeXHONOrMH | pesyJibTaToB, MOJYYEHHBIX B
11a00PATOPHBIX YCIIOBHSX, OBUIA [IPOBEEHB! OMBITHO-TIPOMBIIIIEHHbIE UCTIBITAHHS
B leXe mnepepabOTkM  uccie;yeMoro  o0beKTa.  PesyjnbTarhl  OMbITHO-
TIPOMBIILIEHHBIX PaboT u obpaGotka 90 mpo6 mokasana, 4TO MPH AKTHBALMM
pacTBOpa COZEPIKAHUE HHUTpaTa B copOeHTe CHM3MIOCH Ha 7% M0 CPaBHEHHIO C
0a30BOM TEXHOJIOTHE.

IlpakTuueckass LEHHOCTh WCCNEOBAaHMA 3aKioyaercs B paszpaboTke
TEXHOJIOTMM AKTUBALMM NCHUTPUPYIOIIEr0 CpeacTBa JO I0fa4kd e¢ B
JICHUTPALMOHHYI0  KOJIOHHY, MO3BOJSIOMIEH  TOBBICUTH  O(HEKTHBHOCTH
neHuTpaiuu. Ilpennaraemeiii MexaHW4eckuit cmoco0 akTHBALMM PAacTBOPOB HE
TpeOyeT 3HAUMTENBHBIX KANUTANBHBIX 3aTpaT, JErKO HHTErpUpyeTcs B
CYIIECTBYIOILYIO CHCTEMY, pabOTaeT B aBTOMATHYECKOM PEKHUME M IKOJIOTHHECKH
Oe3omaceH.

}IPICCCpTaLlI/IOHHaﬂ pa60Ta SIBJIISIETCS 3aKOHYEHHBIM HAyYHBIM HCCJIEIOBAHHEM,
COOTBETCTBYeT BceM TpeGoBaHMsM IIpaBWI MPHCYXKIEHHS YYEHBIX CTEreHeH
MunnctepeTBa obpasosanus ¥ Hayki PK, a ee asrop Owmipranmn ApmaHOek

KachIMyJIBI 3aCiTy)KMBaeT NPUCYXKJEHHs CTeneHH Jokropa ¢uiocodun (PhD) no
cnenpansHocTi «6D070700 —T'opHoe emon.

Ipodeccop Tynop Crarapy, PhD
Kadenpa xumun Komymbuiickoro yrusepcutera, Heio- -Hopx
<IToxmucsk, 17 mapra 2022 r.>

(3]




Ayoapma assauwin mininen opwic mizine AKonowaxcst Atican Bazuiosnamen opt:;m)af’?:l.’(l fﬂ(’)zz gé 80 97’62";)111’2
Kasaxeman Pecny6auxacer Tuki icmep Munucmpaizimen Gepinzen, Ne ()44490()1_ .7/cc6 i/:{}en Mw&uéuzw
arcounbr JKB-B No 1126089 xcozapet Ginim mypansl QUnIoM Acmana Ynusepcumemimen oep o =
SB011900 - Illem mini: exi wem mini Goiiinwa. Ocel ayoapma Kyorcammbtt My PAFOHACRTINE TP

ayoapmacel 60a6in mabulaadbl i Y
L . Nocmosepenue
ITepe6od ¢ anenutick ¢ ccxuii s3viK Gonoanen JKonowaxcst Audicart Bazunosnoit. Vo
pe: 2) 020 A36IKA HA PYCCKUU S3bl man 18.06.2018 z00a.

auunocmu Ne 044490014 gwioano Munucmepcmeom 6Hympennux den Pecnybnuru Kasaxc o
Junaom o evicuem obpasosanuu XB-B Ne 1126089 om 05.07.2016 200a, euroan Viusepcumemom Acmana.

Cneyuansnocme: 5B011900 - Hnocmpannbiii 83bik: 06a uHOCMpanHblx azeica. Janietit nepesoo ABIAEMCs
MOYHBIM NEPEBOOOM OPURUHANLHO20 QOKYMEHMA.

Konwi/IToonuce

OHEt

diwoy

WL LHoL

[Mpunoxenne 58

K nipukasy MHHHCTPQ I0CTHLIHH
PecyGankn Kazaxcran
0129.02.2016 rona Ne104

Homapuyc dcacazan ay0apMaHbiy
OypbICMbIZbIH Ky2naHObIpy mypansl Kyananosipy sicasoacot
Yoocmosepumensnaa naonuco
0 3aC6UOeMenbCnBO8AH UL 6EPHOCTIL NEPeo0d, COLNAHN020 HOMAPUYCOM
Exi MulH Jcublpma mepminuii H#coli0bly aimolHulbl KaHMap.

Kasaxcman Pecnybnuxacel, Acmana Kanacoi.
Men, Xonxcaxcer Atioican Basunosna, Acmana xanacet nomapuycet 2018 cetnzel 21 mayceinoa
Kazaxeman Pecny6nuxacer 9oinem Munucmpniziniy Nel8012314 memaexemmix nuyensun Gepincen,

HOMApuyc OCbl KYHCaAmmoll A2blAULbLH miniHeH opelc MiniHe MeH JCacazan ayoapmaHelyy MamiHMeH

OypbiCmbi2blH KYINAHObIPAMbIH.
ILlecmoe aneaps 08e MelcAYU 06AOYAMb HEMEEPMO20 200a.

T'opoo Acmana, Pecnybauxa Kazaxcman.
A JKonwcaxcer  Atidican  basunosna,  momapuyc  2opoda  Acmana,
20Cy0apcmeeHHas TUYeH3us. Nel8012314, evioana Munucmepcemea FOcmuyuu
Pecnybnuxku Kasaxcman 21 wona 2018 200a, ceudemenscmeyio eepHocmb
COBEPUIEHHO20 MHOIO Nepeooa OaHHO20 MEKCMA OOKYMEHIMG € AHANUIICKO20 Ha
PYCCKUT A3bIK.
Tisinimoe No SO mipkendi / 3apezucmpuposano 6 peecmpe 3a No 5 O
Tenem «Homapuam mypanel» KP 3aroinbeiy 30-1-6abvina scone KP CK 611-
6abuina caiikec dHcypeisineoi.
Omnama coenacro cm. 30-1 3axona PK «O nomapuame» ucm. 611 HK PK
Homapuyc

o &

I\ o

ET6403096240106133213V80821F

HorapuaTrei ic-apexettin 6i

perei HOMIpi / YHHKaABHbIA HOMED HOTAPHANBHOIO ACRCTBUA



