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PedepaTt

3opunro. 3JHaXyy cydanraaHbl axmaap HYYPCHMIA KOKCXyynanTblH 605ioH xarac
KOKCXYynanTblH faBupxain, GanranuiH OUTYMbIH NUPONWU3bIH LaBupXaur AuU3esb
TYNWHWA TYYXUA 3433p awmrnax O0noMXMIAr TOrTOOX YHACSH 30pWro TaBbCaH.
CypanraaHsl XYpPasH4  ynamxnant oyc raspbiH TOCHbI KaTtanuTuk
YCTOPOIrYwKYYNaNTUAH TEXHOMOMMAH YHOSC cyypb 6un 6onox Gereen yp AYHr Hb
Aapaax canbapyygag wyya 6onoH wyyn 6ycaap XypTaax 30punroton oM. YyHA:

. Ma3pbiH TOC BOMOBCPYYNax OpYMH YEUH TEXHOSOMM Xenknxeg Tynxay 605ox

. OX OPHbl TYYXUW 3OUMH HaWprara, WWMHX YaHapbIr NYH3rMm TaHUH M3LCOHIP
TaAraapunr 6onoBCpyynaH awmrnax 60n1oMXUAT HIMIrAYYNaX

. MaspbiH TOC, ynamxnant 6yc raspblH TOCHbl KaTanUTUK YCTOPOrYKyynanTumH
TYPLWNNTBIH LUMHO TOXOOPOMXK 30XMOH BYTa3X, cydanraar WWWMHA TYBLUMHA raprax

. 3anyy cygnaadgblH @ gagnara  Typwnarbir - HAIMIrgyynax, WWHS — apra
933MLUYYNAX, eHAep AapanT awwurnagar cyganraaHbl TOHOM TOXeepeMX alumrnax
cyprax

CypanraaHnbl apra. CyganraaHbl Xypa3aHO basH-OpX3TUWH OUTYMbIH MUPOSIU3bIH
AaBupxarvH OyHa dopaky, ONO3BUAH HYYPCHWUA Xarac KOKCXKYynanTblH OaBupXaniH
AYHO Ppakuumnr yCTeperyKyynaH rapraH aBcaH OyTaargaxyyHyyaunr xatyy dasbiH
XaHanant, XMiH xpomaTtorpad-Macc CNekTpoMeTp, HWUM yraaH TysaHbl CNeKTpoOMeTp,
ANEMEHTUNH LUMHXWUITA3HUIM apryygaap cygnaH ypBanblH MAO3BX, XUMUKH OyTal,
Hanprara Hb X3pXxaH eepunergex 6anraar TorroocoH. MeH epannH aBToknas 60M0H
TacpanTryn axunnaraaT peakTop allurfaH T3AradpT sBargax yCTeperyxyynanTumH
npoueccyyabir Xxapbuyynax TypLwunTyya ryiuaTracaH.

Yp AYH, WUHINAr 3ynn. basH-OpxaTUinH BUTYMbIH NUPONU3bIH AaBUpXanH AyHA
dpaky, ONAsBUMAH HYYPCHUIA Xarac KOKCXKYYNnanTbiH AaBupXanH AyHO dpakuuiH
XUMUAH Hawupnara, yCTeperdxux ypBanblH WO3BXUWH XOOPOHAbIH fAriraar cygnad
TOITOOCOH. [aspblH TOCHbI TYyXv 3OUWH  YCTOPOrvXxyynantumMH cyganraar
YUNAB3PNANIUAH X3PArNasHa A6XYYNaX, MaHaun yrncag eMHe Hb awurnax banraarym
eHaep fapanTaT TYPLWUATbIH LWUMHA TEXHUK, TEXHOSOMM HABTPYYIIaX, XONKYYaX YHA3C
Cyypb BypAYyyncaH

OyrHanTt. bagH-OpxaTuiiH BUTYMbIH NMMPONU3bIH AaBUPXanH AyHA dpaku, Ina3BuiH
HYYPCHMI XaraCc KOKCXKyynanTblH AaBupxavH AyHO dpaky 60MoH Taarasapaac
XYHUNNA3r HAraayyaunr LWyNTaap Xauanax, as3oTbliH cyypunar Hargnyyaunr 39CUnH

XrnopuabiH - TancT ruapaTTad  KOMMMEKC YyCcrax apryygaap snracaH caapmar
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dpakuyyabir aBTOKNaBblH YCTOPOrYXyynanTaHa opyynaH ypbauuncaH
GonoBcpyynanTtblH  yp  Heneer xapblUyyrnaH y39xd4  caapmar  ppakublH
OyTaargaxyyHyyaoa anudatvk HIranyyaumH aryynra ux3dp HIMIrACOH, TywnT
HArgnyyaumiH aryynra apc OyypcaH 6Gawraa Hb TOrroorgnoo. Xyuunnar 60noH
cyypunar Hargnyyauur He sinracaH AngsBuiiH OyHA, ppakublH YCTOPerdxyynanTumH
OyTaargaxyyHA TYWNT HArAnyyaAunH aryynra onporilooroop 5 gaxumH 6araccaH 6onHo.
YCTepertxyynantumr KatanmsaTopblH Xe4esnreeHryrn gasxapraT peaktop Oyxun
TacpanTryn axwunnaraar Texeepemxeep rynudTraxag TYYXUW 3OUAH 33MN3XYYHUN
Xyp4 Hb OYT33rasxyyHun xyBupang Heneenerd uvyxan xydumH 3ymn 6avican Gereepn
ypBanblH TeMnepaTyp xapbLaHryii eHgep 6yioy 360°C 6aixaa 1.0 6a 1.5 uar”
93M3XYYHUIN XypAYyYAbIH anraa unyy nx 6arnHa.

CypanraaHbl yp AYHA WWHISH TYIWHUA LUMHX YaHapT cepereep Herneenery retepo-
aToOMT HIrgnyyaunH aryynreir basiH-OpXaTUMH OUTYMbIH MUPONU3bIH  AaBUpPXanH
AyHA dpakuag 85.89%, Ona3BuiiH HYYPCHUI Xarac KOKCXYYnanTblH AaBUpXanH AyHA
dpakuag 98.47% xyptan 6yypyyncaHaap Hb 34radp TYYXUA 3OUNT Au3ernb TYMLWHUA
ynnaBapnang awurnax 6ypaH 6onomxkron 6anHa

MeH cypanraaHbl yp AyHO 30XMOH OYT33COH TacpanTrym axunnaraaT peakTop Hb
epAvNH aBTOKMNaBTaW xapbLyynban ypsanbiH napamMmeTpyyaunr xsnbap eepunex,
TYPWUATbIH OfIOH XyBWUNGap COHrox, OyTaargaxyyHuU XyBUPHbIr HapWH XsiHaX,
KaTtanusaTopblH WO3IBXWAM yAaaH Xxagranax 33par ONoH fasyy Tantam Tyn
YUnAB3apuirH npouecc 6onoscpyynaxag uyy TOXMpoMXKTon Banraar Torroosioo.
Tynxyyp yr: HyypCcHUM OaBupxan, bavranunH Outym, AyHA ppaku, retero-atom,

rmgpobonoscpyynant
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Ne 3pAMUWH 33p3r, Lon, anb6aH oynar, pa3a OrHoo
Tywaan oynar year
AnekcaHgpbiH ApuyHaa LLUYA-uitH
XUMU, XUMUWNH TEXHOSOTMNH 14.4,
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yXaaHbl MarncTp
OyHYNMarnnH HacaHTorrox
LUYA-nrH Xuumn, XuMninH 4.1,
3 | TEXHOMOIMMNH XYPI3N3HIUIAH 4.2, 2024/02/27
OLWOaA, TEXHUKNINH yXaaHbl 111.3.2.2
MarucTp
OpaaHabunarnnH MNMyHuargaw
LUYA-nrH Xuuimun, XuMuimnH 114.3,
4 | TEXHONOMMNH XYP33S3HMMNH 1.3.1.2 2024/02/27
BaraXuT WWHXMArasHnn 1.3.2

na6bopatopwu, SOaA




XYCH3rTUMMH XxarcaanTt

1-p XYCHarT.
2-p XYCHaIT.
3-p XYCHarT.
4-p XYCHAIIT.
5-p XYCHarT.
6-p XYCHarT.
7-p XYCHaIT.
8-p XYCHarT.
9-p XYCHarT.
10-p XyCHaIT.

11-p XYCHaIT.

12-p XYCHaIT.

YinaeapuinH rugpobonoBcpyynanTbiH HOXLN

B3O-HMIN HUIAT XXMHA TOOLCOH BYT3araaxyyHUn rapLy
B3-HUIM BUTYMbIH XXMHA TOOLICOH BYTa3argaxyyHuin rapuy
CynanraaHbl TYYXuUi 34UAH (PU3NK, XUMUWH LUMHX YaHap
Tyyxun agninH BakyyM HIpRarninH ppakuyyabiH rapy, %

LyHn dopakuyyablH 9NeMeHTUNH Harpara

AyHa dopakuyyablH XMMUIAH Hanpara, »uH, %

O dbpakUMNH XUMNINH HAranNyya

AP 'mpgpobornoBcpyynanTbiH TypLUUATLIH HEXLeN
HP-I'mapobonoscpyynanTblH TYypPLUUATLIH HOXLEN
HP-'mapobonoscpyynantblH  OYyTI3argaxyyHun  3fIEMEHTUNH
Haunpnara,

M'mppobonoBcpyynanTblH — BYTI3rAdXYYHUA  XUMUWH  ©ynar

HargnyyauMnH Hampnara

3yprumH xarcaanTt

1-p 3ypar.
2-p 3ypar.

3-p 3ypar.
4-p 3ypar.

5-p 3ypar.
6-p 3ypar.

7-p 3ypar.

8-p 3ypar.

9-p 3ypar.

10-p 3ypar.

11-p 3ypar.
12-p 3ypar.

Ynamxnant Toc 6onoBcpyynax ynnaBapuiH epeHxuin 6yayysy
Har watTtan rugpobonoscpyynanTtbiH npouecchiH Byayysy
XeHreHuaraaHbl OKCMAOA CyypurcaH HuKenb MonubaeHun
KaTtanusartop

OpraHuK XyxapT HArgnyyaurH ypBanbiH XapbLaHryn xypa

HDS mexaHn3MblH BakaHCbIH 3arsap

(@) CoMoS «katanmsatopbiH Mo 6a S Ttanyya, (b) CoMoS
HaHOKMNacTepblH CKaHHWH MUKPOCKONWWH 3ypar, (c¢) BakaHC Hb
eHuertT 6yc Mo TanbIH gyHA YYCH3

BanranuiH 6utym (1), watgar 3aHap (2), HyypcHun (3)
MaKpOMOSeKynbIH ByTUMIH 3areapyya

A30TbIH cyypunar Haraan 6a 33CuMiH XnopwuabiH TancTt rugpat
KoMnnekc

Ynamxknant raspblH TOCHbl YHWWH eepunent 6a X3TUKnH
Taamarnan

[anxunH HYypCcHUN HeeL

LWaTtgar 3aHapblH unapuyya

CynanraaHbl epeHxuit apradnan.



13-p 3ypar.
14-p 3ypar.
15-p 3ypar.
16-p 3ypar.

17-p 3ypar.
18-p 3ypar.
19-p 3ypar.
20-p 3ypar.

21-p 3ypar.
22-p 3ypar.

23-p 3ypar.

24-p 3ypar.

25-p 3ypar

26-p 3ypar.
27-p 3ypar.
28-p 3ypar.

29-p 3ypar.

30-p 3ypar.
31-p 3ypar.

32-p 3ypar

33-p 3ypar.
34-p 3ypar.
35-p 3ypar.
36-p 3ypar.
37-p 3ypar.
38-p 3ypar.

39-p 3ypar.
40-p 3ypar.
41-p 3ypar.

XXTX-minH BLUJT-nH NnnponnsbiH Texeepemx

TyyxXun TOC BaKyyM OpUYMH HOPIX TOXOOPOMXK

Tyyxuii ToC Bara Xam»kaarasp HapPaxX aBToMaT TOXEOPOMXK

A. WyntunH xaHgnant. b. 33cuinH xnopuablH TancT rmgpaTtbiH
XaHanant

MpapobonoBcpyynanTbiH aBToOKNae 6a carcpary 3yyx

LUMHroH BYTa3arasxyyHUnr LWyyx canrax
M'mapobonoBcpyynanTblH TacpanTryn axunnaraat TOXeepemMx
M'mapobonoBcpyynanTblH TacpanTryn axunnaraaT TexXeepemx
CXem

XaTyy gpasblH XaHananTblH TOXOOPEMXK.

Hwun ynaaH TysaHsbl cnektpomeTp, Alpha Il Bruker

XuinH xpomaTtorpac GC/MS Thermo Scientific TSQ 8000/Trace
1310 GC.

XuinH xpomaTtorpad GC/FID, Agilent 7890A.

OneMeHTUnH
Elemental analyzer CHNS/O

aHanmnsatop Thermo Scientific FlashSmart,

basH-OpxaT GuTymbiH NnponuauniiH aasmnpxarnH (bK) HYTC.
Onas3BurH opAabliH HyypcHui aasunpxarH (OK) HYTC.
TaBaHTOMIOMH YynyyH HYYPCHUI KOKCXYYnanTbiH aasupxan (YK)
HYTC
TamcarGynarmmH raspblH TOCHbl aTMOCK(EPUNH HIPNArMIH
YNA3MANNAH KPEKNHIMIH ByTaargaxyyHun (TK) HYTC.

B dopakuymiH HYTC.

3L cdpakumnH HYTC.

Bl-biH caapmar pakumiiH anudaTtuk Hargnyyamid HYTC.
Bl-biH caapmar pakumiiH apomatuk HargnyyamnH HYTC.
B-bIH caapmar dopakumiH TyrunT HargnyyaunH HYTC.

O[l-biH caapmar pakumiiH anudaTtuk Hargnyyamid HYTC.
O[ll-biH caapmar pakumiiH apomatuk HargnyyamiH HYTC.
O[0-bIH caapmar opakumiH TyrunT HargnyyaunH HYTC.

AyHa dpakuyya 6a rmapobonoBepyynanTbiH OyTaargaxyyHyya
BIr3-4 6ytaargaxyyHun HYTC

BAI3-4 6yTtaargaxyyHun HYTC

BAI3-4 6yTaargaxyyHun anudaTtuk HaranyyaunH HYTC.



42-p 3ypar.
43-p 3ypar.
44-p 3ypar.
45-p 3ypar.
46-p 3ypar.
47-p 3ypar.
48-p 3ypar.

49-p 3ypar.

50-p 3ypar.

51-p 3ypar.

52-p 3ypar.

53-p 3ypar.

54-p 3ypar.

55-p 3ypar.

56-p 3ypar.

57-p 3ypar.

58-p 3ypar.
59-p 3ypar.

BAI3-4 6yTaargaxyyHum apomatuk HargnyyaunH HYTC.

BAI3-4 6yTaargaxyyHum Tynnt HargnyyaunH HYTC.

Ol4-4 6ytaargaxyyHun HYTC

OAl4-4 6yTaargaxyyHun HYTC

OAl4-4 ByTaargaxyyHun anudpatmk HargnyyamiH HYTC.

OAl4-4 GyTa3araaxyyHuin apoMmatuk HaranyyamiH HYTC.

OAl4-4 GyTa3araaxyyHun TyunT HargnyyaunH HYTC.

Bl 60noH TyyHun rnapobonoBCpyynanTbiH OyTa3argaxyyHuUn
blr3-4, bAl'3-4 anudatuk Haranyya.

B 6onoH TyyHWn rmnapobonoBCcpyynanTblH OyT33rasaxyyHUn
blr3-4, BAl'3-4 apomaTtuk Haranyya.

B 6onoH TyyHWn rmngpobonoBcpyynanTbiH OyTaargaxyyHUN
BbI3-4, BAI3-4 TynnT HAranyya.

3 O6onoH TyyHU rMapobonoBCpyynanTbiH OyTa3argaxyyHumn
Olr4-4, DAl-4-4 anuatnk HaranyyaumH xpoMatorpamm.

O OonoH TyyHWA rMApoBonoBCPYYyNanTbiH OyTa3argaxyyHUn
OlM4-4, DAl-4-4 apomaTuK HArayyaMnH XxpomMaTorpamm

O O60noH TyyHW rMapobonoBCpyynanTbiH OyTa3argaxyyHumn
Olr4-4, DAI-4-4 TynnT HaranyyaumH XxpomaTorpaMmm
MpapobonoscpyynanTblH 6yTaaraaxyyH A-baaH-OpxaT, b-Onaas
b1 6yTaargaxyyHmun HYTC.

QL1 6yTaaraaxyyHum HYTC.

b 6a b1 B[12 6yTaargaxyyHyyaMmnH xpomaTtorpam

o[ 6a 311, 302, 343, 3[04 ByTa3argsaxyyHYyaMAH XpoMaTorpam



ToBYMNCOH YrMiH Tannbap xarcaanT
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30
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ABTOKNaB peakTop

Xyumnnar 60M0H a3oTbIH Cyypunar Haranyygaac uaBapnaracoH basH-
OpPX3TUH BUTYMT SMNCHUIN NNPONU3bIH AaBUpXariH AyHA dpakL
Xyuamnnar, cyypunar — Haranyygsac  UdB3priargcaH  NUPOn3bIH
3agpanbiH - gaBupxamH AyHa dpakumiH - ruapobonoBcpyynanTbiH
OyTo3argaxyyH

BaaH-OpxaTuiH BUTYMT SNCHUIN NNPONN3bIH AaBUpPXarH AyHA dpakL
BaaH-OpxaTuiH BUTYMT SNCHUI NNPONU3bIH AaBMpXxan

BasH-OpxaTniH GUTYMT anc

M'mppobonoscpyynant

"erto Mackanb

Mera NMackanb

XefenreeHryn [gaBxapraT peakTopTanm Tacpantryhn axunnaraat
TOXOOPOMXK

Han ynaaH TysaHbl cnekTpoMeTp

TamcarfynarmnH raspbiH TOCHbI aTMOCHEPUIAH HIPNArMAH YNa3raaninH
KPEKMHIMNH BYTI3raaxyyH

XnnH xpomaTtorpady

[enuiiH NoHXyynanTbiH eTEKTOPTON XUNH XpomaTorpadd

XUNH xpomaTorpad Macc CrnekTpomeTp

TaBaHTOMIOMH YynyyH HYYPCHUI KOKCXYYNanTbiH AaBupxan

Xyumnnar ©GOnoH as3oTblH Ccyypwnar Haranyyasac  LU3BIpraracaH
ONA3BUNH HYYPCHUI Xarac KOKCXYynanTbiH JaBupxan gyHa dopakyy
Xyumnnar, cyypvnar Harasyyasaac LUaBapnaracaH Xarac KOKCXyynanTbIH
AaBupXxaviH ayH4 dpakunind rmapobonosecpyynantbiH 6yTa3argaxyyH
ONA3BUIAH HYYPCHUI Xarac KOKCXKyynanTbiH AaBupxarH ayHa dpakL
ONA3BUNH XYP3AH HYYPCHUI Xarac KOKCXKYYnanTblH AaBupxan
M'mapoapomaTrymKyynant

M'mppomeTanrymxyynant

M'mppoasoTrymxyynant

['maopoxy4nnreperdrymxyynant

[MMOpoXyXaprymxyynant

"a3pblH TOCHbI HUNT HYYpC-yCTepery
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I BYN3r  YP OYH BA XONaJuYYnar
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YOUPTI AN

OpyMH yeunH ynamxnanT raspblH TOCHbl YWUNAB3PMAan A3MNXMWAH LeeH yrncag
TOBMOPY, TYYXMA 3OUNH YHUNH ©epuyrnenT Hb ypbayuraH Taamarrnaxag Xauyy OJSioH
XYYMH 3YWM33C Xxamaapgar Tyn O3NXMWAH OfIOH OPOH LUMHI3H TYMLWHWUIA XaHraMXumiH
atoynryn 6angnaa ynamknant 6yC TOCHbl YWANABIPIIANA3P LUNNOBIPNAIXMIT 30PbXK
GarHa. LUMHMBH TYMAWHMA X3parydsd ecexunH Xmpaap Ganranb OpuYMHL XOp Henee
Garatan, nnyy U3B3IP TYMW X3P3arnax Lwaapgnara orfioH yncag Tynrapax 60mnnoo.
EBponbiH xon6ooHbl opHyyaan 2010 OHOOC 9XxM3H aBTO T33BPUMH X3PIrcrang
awwurnax oyn gusene TyNwuMHA aryynargax XyXpunH xamxkaar 10 ppm-33c XaTpaxrym
Garx cTaHgapTbiH LWaapanarbir Mepaex 93XancaH. Tyyxuin TOCOHA aryynargax
a30TbIH HAranyya Hbe Xyxpunr Oyypyynax sopunro 6yxui 6onoscpyynantbiH sBUag
KatanuaaTtopbir xopayynax, OyTaargsxyyHWUr xagranax, TI9B3pnax yen TyHagac
yycrax, TynwHuin wataantelH yeq NOx sanrapax ron wantraaH 6ongor Tyn
ynNaBapnard GOMOH X3P3rnaryasg MX33X3H acyydan yycragar. YnamxknanT Tocbir
OpriOX MPI3AYNTIN HYYpC, WwaTax 3aHap, OUTYMT 9fICHI3C rapraH aBcaH ynamxnant
OyC TOCHYYd Hb HUWMAM TYMLWHUA XaMIMMUH TYraaman xanbapyya oM. 3A4rasp ToC Hb
HeOLUMNH XyBb, ynamxnanTt TYyXurh TOCTOW XxapbLyynban OnoH AaxuH ux 6onos4
WMHX YaHapblH XyBb[ WX33X3H Taapyy 6anaar Hb TI9BPUNH LIBIP TYNW rapraH
aBaxag ron caag 6omk GanHa. Ynamxknant Oyc ToOChIr  ynamxknanT TOCTOM
xapbuUyynban asoT, Xyxap, Xyuyunreperd, xaHaarynm Haranyya 6onoH acdanbTeHbl
aryynra eHgep, 3yypamMmTran, HArT NXTINraaC ragHa eHaep MOMEKYNT HAranyyqg uxaap
aryyngar. fAnaHrysa asoT Hb YCTOPerYXyynanTuiH apraap qanraxag XamrmmH
XyHApanTanm retepo-atom (S>O>>N) oM. YcCTeperukyynantumH yen asoTblH
HArgnyy4 Hb KatanusaTtopblH ragapryya LWWHM3araAcaHaap as3ot 6bonoH bycan retepo-
aToOMbIr Anraxag UxaaxaH caag 6ongor. A30TbiH cyypunar Haranyy4a TOCOHA X3OX9H
ppm aryynratam 6ancaH 4 rugapo-Xyxaprymxkyynax npoueccn Mall ceper HerneeTan
Hb ONOH cydanraaraap TOrTooracoH Gampar. NxaHxm 3aHapbliH Toc 0.5-2.5% asoT
aryyngar 6on ynamxnant Toc 0.1% opuum aryyngar. Mlium yypaac ynamxnant 0yc
TOCbII TYH3rMrM OONOBCPYYNaH Xyxap, as3oTblH aryynrbir Oyypyynax TexXHonornyq Hb
XapbLaHryn eHgep gapant 60MnoH Temnepatyp awwurnax, YyYHTOW yangaH wnyy mx
3apgarn raprax waapgnara Tynrapgar.

MoHron opHbl yrniamxnanT ©yc raspblH TOCHbI TYYXU 3433C 6EH3UH, AN3ENUNH
TYMW rapraH aBax cyganraar MaHan cyanaadun eMHex Xunyyaag xuik 6ancat [3]

GonoB4Y  HyypCcHWA  gaBupxa  GoOnNOH  OGUTYMbIH  NUPONU3bIH  JaBUpXanr
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rmapobonoBCpyynanTbiH apraap yCTeperyta eHgep AapantaH gop ypBang opyynax
rYH3rMm OOMNOBCPYynanTbiH TYpWUNTYyn Xunrgax 6Ganraarynm 6onHo. bua aHaxyy
cyfjanraaraap [L39pX TYYXUM SOYYAUUT YCTeperdnnH eHaep pfapantaHg ryH3rmn
GonoBcpyynaH, OyTa3argaxXyyHUn LUMHX YaHapbir 3pPC  HIMIrAyynax OGonoMXKunr

cyaancaH 60onHo.
CYOAITAAHBbI AXKNbIH YHO3CNAnN

MoHron opHbl 3OWMWH 3aCrMMH  ecenTuur aarangaH raspblH  TOCHbI
OyT3argdxXyyHUM xaparuad GarnHra Hamargax 6anHa. ©HeerminH Gananaap MoHron
YNc raspblH TOCHbl OyTa3raaxyyHum xaparudarad 100 XxyBb MMMNOPTOOP XaHrax
Garraa Gereeq aHaxyy OyTa3argaxyyHuMi MMNopTbIr 6yTU33p Hb aBd y3Ban 90-33c
A33LU OKTaHTan aBTo6eH3MH 27 %, 90-33C 40O OKTaHTan aBTOOBEH3MH 4 OpYMM XyBb,
anzenb Tynw 50%, oHrouHbl Tynw 2%, 6ycaa (TOC TOCONrOOHbLI MaTepuan, mMasyr,
xun) 17%-wnr 33amk GanHa. Hut nmnopteiH 93 rapyn xyesunr OXY, 4.6 opyum
xyBunr BHCY, 2 xysuiir BHXAY, ynacanunr 6ycag yncaac nmnoptork 6arnHa. 2018
oHa HuAT 1,870,000 TOHH GyTaaraaxyyH umnoptnocHbel 954,000 TOHH Hb Au3ernb
Tynw 6anHa.

Har yncaac xamaapcaH MMNOPTbIH WWHIAH TYNWHUA YHUAH TOITBOPTON ByC
Garpan, ragaag XygangaaHbl TOHUB3pryn ©Gampan, YyH33C VYYAOC3H 6preH
X3parnasHun GapaaHbl YHUIH caBarnraa Hb HUArAM, 34UKH 3acar, 3apum TOXMonaonag
ync TepUnH TortBopryrn 6angnelir 4 yycrax danHa.

Xagumnraap MoHron yncag raspblH Toc 6onoBcpyynax ynnasap 6anryynax
QXU XIPIADKMK ONPbIH UPISAYNL LWWHIAH TYNW YUNABIPSIK IXN3X Hb TOLOPXOWN
BOMCOH Y 36BX6H HAr 3X YYCBAp Oyxun xs3raapnargman TYYXUn 34, HAr YUnaBap, Har
TexHonorng 6ypaH Tynryypnax Hb yump gytargantan. Ynamxnant 6yc ra3pbiH TOCHbI
A0TOOAbIH Tepen GYPUNH 3X YYCBIPUIAT cyanax, Taaraapunr 60noBcpyynaH awmrnax
TEXHOMOMMNI 333MLUMX Hb SOUNH 3acrMinH awynryi 6angan 60M0OH LWNMHIAH TYMALWHUA
TOrTBOPTOM  XaHramMXug WX33XdH Yyxan ©6onHo. MoHron oOpoHA  WNPYYC3H
ynamxnant 6yc ra3pblH TOCHbl HE6L, Hb epAUAH TOCHbI HEBLTaN XapbLyynban xagaH
apaB gaxvH ux 6amx maragnantah Hb 9H3 TOPUWH TYYXUA SOUWH cydanraar
FYH3TMAPYYN3H  TEXHOMNOMMWH  BONOBCPYYNanTbiH  TYBLUWMHAO  XYPrax  3annwrym
Wwaapgnarbir 6un 6onrox 6arnHa.

“MOHION  YNCbIH 3ACTWMWH TA3PblH 2020-2024 OHbl YW
AXUITNATAAHDBI XOTOJNBOP”-niH 3.2.8.1-4: “Ta3pbiH TOC, ynamxnanT 6yc raspbiH

TOCHbI 3pan, Xauryyn, awurnanTblH axnbIl 3SPYUMXKYYITK, HEOUUAr eCreHe” rax
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3aacaH 6anpgar. [a3pblH TOCHbI BYTI3rg3XYYHUA HUWAT UMMOPTLIH 50 opunm XyBUIT
933N49r  AM3ENUNH  TYNWWAr  OOTOoOoAbIH  ynamkranT Oyc  raspblH  TOCHbI
OyTa3araaxXyyHaap opnyynax axnbir uar anganryi axnyynax Hb HWUWAMAM, 3OUNH

3aCrMH NX33X3H eHaep a4y xonboraonTon.
CYOAITTAAHBbI AXINbIH LUAH3NAI TA

MoHron ync raspblH TOCHbl BYT33rgaxyyHun xapaat 6angnaacaa aHrumxpax
9OMWH 3acraa J3puYUMTIN XOnKYyyrax rofi rapy Hb [A0TOOAbIH TYYXUW  34UNT
GonoBCpyynaH LWWHIAH TYNLW raprad aB4y awurnax sisgan om. Hyypc, waraar 3anHap,
GaparwmHT anc, XyH4 TOCHbl ©onoBcpyynantaap rapraH aBax ynawmknant 6yc
TYYXUIA TOC Hb €PAUAH TOCTOW XapbLyyndan HeeuunH XyBba XaBbryh UX XaMXKI3TIN
Bonox Y uYaHapblH XyBb[ WX33X3H Taapyy 6anraa Hb TOArISPUNAr XAPIArNax
BonomMxunr xasraapnax barHa. AnaHrysia asoT, Xyxap, XY4UnTeperduT HargnyyaunH
eHOep aryynra Hb LWyya HOPNArMMH OyTO3argaxXyyHUM YaHapT WXI33X3H ceper
HeNeeTan. JArasp TYYXUA SAUNr reTepo-aTOMT HIranyyaaac UdBIpriax, eHaep
NMO9BXMT KaTanusaTtop, peakTop awwurfaH ycteperduiH ©onoBcpyynantag opyyrix
CTaHOapTblH LWaapafara XxaHracaH Au3enb Tynw raprax cyganraar rymuaTrax
Waapgnaratan GarHa. QH3 TeOPNWWH cypanraa MaHanm yncag eMHe XUArgaarym
Gereen yr cyganraar rynuaTrax TEXHUKMAH BoNoMX 4 eHeer xypTtan banxry 6anHa.
img SHaXyy cyganraaHbl axnbil TYWMUSTIOCOHIdP Adapaax LWWMHANar  605oH
A3BLUMNTTAN Yp AYH, Hexuen 6onomx 6ypaax 6onHo. YyHa:

e lUlatax awwurt mMantmanbiH ryH 60noBCpyynanTbiH cyganraaHbl canbapt
YCTOPOrwKYYIANTUNH TEXHUK, TEXHOMNOM alumrnax, TYYHUIAT XenkKyynax YHO3C
Cyypb OYpOaHa.

e Ynamxnant Oyc raspblH TOCHbl XMMWWH Hampnara, YCTeperyxux ypBasblH
NO3BXUNH XOOPOHAbIH XamaapnbIr cyasiaH TOrTOOHO.

e Ynamxknant 6yc raspblH TOCbIr KaTanUTUK YCTOPOrdYxyynax apraap
B6onoBcpyynax NpoLeCcChbiH 30XUMXKXTON HOXLIIMIT TOrTOOX 60NTOMXK OYpaSHS.

e Ynamxknant Oyc raspblH TOCHbl TYYXWUW 3OUNH HIPNArMNH AyHO dpakuunr
YCTOPOrwKyynaH 6GonoBCpyyrmK cTaHgapTbliH Au3enb Tynw EBpo-K5 Gytoy
10ppm-33ac Gara xyxap aryyncaH Au3enuinH ppakuy, rapraH aBax GOMOMXUAT
TOITOOHO.

e OH3 TOPNUWH cydanraar 4OTOOA400 ryMUdTraxaf Waapanaratam TypLuvnT,

cydanraaHbl TOHOT TEXeepPeMXK BypasaHa.
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e OHO TepnuiH cydanraar uaawug rynuatrax 3anyy cyanaaynan gannara
Typlunara 33sMLyynax, cyaanraaHbl TYBLUMHI XODKUHIYA OpPHYYAbIH XULLUIT

ONpTyynax WMHIN3r 6OSIOH A3BLUMATTAN Tanyyartan.
CYOAINTIAAHbBbI AXIbIH 30OPUIIO

OHAXYy cydanraaHbl axraap HYYPCHUA KOKCXyynanTbiH OONnoH Xxarac
KOKCXKyynanTblH AaBupxan, GanranunH OUTYMbIH NUPONM3bIH AaBuMpXawur An3enb
TYNWHWA TYYXUA 3433p awwurnax O0NoMXMIAr TOITOOX YHACSH 30pUro TaBbCaH.
YYHUA XypasaHL ynamxnant 6yc raspblH TOCHbl KaTanuUTUK YCTOPerdxyynanTuimH
TEXHONOIMMMH YHA3C cyypb 6uin 6onox 6ereepn yp AyHr Hb Aapaax candapyyaag wyya
OOnoH Wyya 6ycaap XypTaax 30punrotTon oM. YyHA:

e [aspblH TOC 6GOnoBCpyynax YWNOBIPUAH OPYUH YEWWH TEXHOMNOIM XenKuxen
Tynxay 6onox

e OX OpHbl TYYXMA SAWWH HawWpnara, LWWHX YaHapbIr MYH3rMA TaHUH M3AC3HI3P
TaAra3apunr 6onoBCpyynaH awmrinax 60n1oMXUAT HIMIrAYYNaX

e LUatax awmrt mantMan, HyypcC, ra3pblH TOCHbl KaTanuMTuUK 60MoBCpyynanTbiH XMMU
TEXHOMNOrMH canbapblH cydanraar eprexyynax, WWH3 TYBLUMHA raprax

e 3anyy cyanaadgplH gagnara TypLunarbir HOMIargyynax, WKMHS apra 333MLYYaX,

eHAep AapanT alumrnagar cyganraaHbl TOHOr TEXeOPeMX aluurnax cyprax.
CYOAITAAHbBI AXIbIH 30PUNT

Ynamxnant 6yc raspblH TOCHbl TYYXWUW 3OMWAM YCTOPOrvyXyynaH xyxap 6a
a30TbIH aryynrbir Hb Oyypyynax 6onomx, Tyyxunm aauviH Hampnara 6a yparbiH
WOSBXUAH XOOPOHAObIH XaMaaprnbir TyC TyC cyanaHa. O3HS XypasHg [Japaax
30pUNTYyabIr TaBbCaH:

e Ynamxnant OyC raspblH TOCHbl [A3KYYOUWAT HIPXK XOHreH, AyHO, XYHA
dopakubIr rapraH aB4y rapubir TO4OPXOWNIIOX,

o [33xuiiH oyHA dpakuaac xyumnnar 60M0oH cyypunar Haranyyavmnr canrax,

o [yHa dpakuyyn 60MOH Xyy4unnar, cyypwunar HIranyyaunur canracaH AyHa
dpakuyyabir rmgpobonoscpyynantaHa opyynax,

e Ox O93x 60NOH raprax aBcaH OyTa3argaXyyHYYAUWH Havpnarbir xaTyy dasbiH

XaHananT, XMnH xpomartorpad, XMMH xpomaTtorpad Macc CrekTpoMeTp, HUN

ynaaH TysiaHbl CMEKTPOMETPUNH apryygaap LUMHXISH Harprara Hb X3pXaH

eepunergex Gairaar TOrroox
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Cypanraar ryiuaTraH gapaax yp OYHryyAUMNr XynaanraH erHe. YyHAa:

TecnuiiH axrnblH AyycraBap Tannas,

©HOep papanTbiH, TacpanTryl axwnnaraaT, HArT ragapryyt peakTopbiH
TOXOOPOMXKUIH NX Bypaan

OPA3M LMHXUITTI3HWIA eryynan oTooAdblH caTryyng 1, ragaablH catryyng 2,
OPOSM LLMHXUMT3dHUI XYpIibiH UNTran gotoodon 3, ragaagas 1,
YcTeperwxyynax Texeepemx axunnyynax CraHgapT axnbliH 3aaBap 1,

BakKyymMm H3pﬂ3FI/II7IH TOX0OPOMX aXurryynax CTaH,EI,apT aXJ1blH 3aaBap 1.
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HArQYrasP BYNAr. X3aBN3JIMNH TONM
1.1 Ynamxnant 6yc raspbiH TOCHbI LUMHX YaHap 6a 6onoBcpyynant
1.1.1 Ynamxnant 6yc ra3pbiH TOCHbl TYYXUW 34

Ynamxnant Oyc raspblH TOC, XWA r3aar Hb ynamknant Oyc apra awwrnad
onbopnofor 3cBan ymnaBapnagar toc 6a xunr xanH3. OnOH YNACbIH 3pYMM XYYHWUIA
areHTnar Hb wargar 3aHap 6a GUTYMT 3MCHI3C rapracaH HWUWIAr TOC, TOAr33pUKNH
OYTI3raaxyyH, XyHO TOC, MOH TYYHYM3H Hyypc, Guomacc, GanranviH XuMMHI3C
rapracaH LWWHMAH ByTa3aradxyyHunr ynamknanTt Oyc raspblH TOCOHA Xampyynaar.
XapuH 3OUMH 3aCrMMH XaMTblH aXunnaraa xenknuinH 6anryynnara ynamxnanTt Toc
r343r OMAronTOHA TYYXM TOC, BanranninH xmn 60MOH TYYHUI KOHA4eHcaTbIr 6arTaagar
Gereen Gycag 9x yyCB3p33C rapracaH TOCbIr yrnamknanTt Oyc Toc ragar 6annHa [1].
EpeHxuing Hb 3HMMWH Gereen xaAMA apraap yWngBapragar TOCbIM yramknianT rax
Yy3H3. Ynamxnant 6a ynamknanTt Oyc TOC rarasx OWAronTyydbir XaTyy 3aarnax
Gonomxryn Gereen eHee yen ynamxknant Oyca ToouorgoX Oy TOC Hb TOAOPXOM
XyrauaaHbl fapaa TEexXHONMOMMWH [3BLWWUM, 3OUWH 3aCrMUH  Hexusneec Xamaapd

ynamKranT TOCHbl Tepeng WNImMKMX 60NOMXKTON.
YnamxnanTt Toc

Ynamxnant TOC Hb HyypcycTeper4yeec ronfnioH OypAC3aH Xap XYpP3H ©HreTaun
TOCOPXOr LUMHI3H Bereeq HArT Hb AyHopkaap 0.8-0.9 r/CM3, MOMEKYN XWH OyHKaap
200-300 amu xoopoHa opwgor. Hampnaragaa HyypcTeperd, ycteperdyeec ragHa
XYX3p, as30T, XydunteperyunH tepen OypunH Hargnyyq aryyngar 6onHo. Ynamxknant
TOC Hb Ganranba xapbLUaHryi eHgep gapant 60noH TemnepartypT xagranargaar Tyn
XapbLaHryn TOrTBOpToOM ankaH, HadTeH, apomaTtuk HY-eec Oypaaar. YpBanbiH ngaBx
XapbLaHryh eHaep ankuH, ankagveH, anbgerng, cnupT Gapar aryynarggarryn.
YnamxnanTt TOCHbl Hanpnarag HyypcteperdunH aryynra 82-87 xuH.%, ycTeperdniH
aryynra 12-13 xuH.% ©Ganpar 6on xyxap 1-8 »uH.%, a3otr 6a xyuuntepery 1.5-2
XWH.% Gamxk Gongor [2] . TOCHbI X6HreH X3CarT retepoatoMT HIrANMKH aryynra
xapbuaHryn 6ara (10% xyptan) 6angar 6on TOCHbI XyHA Oyly eHOgep MonekynTamn,
Aasupxamn-accansteHbl 60gMCbIH  Hawpnarag T1oaradpuinH  aryynra ux  (40-90%

xypTan) 6ongor.
WaTaar 3aHap

KeporeH ragar opraHuk 6oguc aryyncaH 3aHap Oyiloy TyHaman u4ynyynruir

wataar 3aHap ragar. Watgar 3aHapblH KeporeH Hb HyypcTeperd, ycrepery,
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xyuymntepery 60MnoH Gara XaMKI3HUIM XyX3p, a30T aryyrncaH Makpomorekynyyaaac
Tortgor Gereeq HapWH LUMPXJITOW CUMMKaT, KapboHaTblH 9pAacyyas HOBYCSH
6annantai opwgor. LWartaar saHapbir 480-520°C XOOPOHA H3PX KEPOTreHWr Hb
3agnaxag TOC, XU anrapy 3apuM X3Car Hb HYYPCXKC3AH ynaaraan 6ok apaac XacarT
ynaaar. 3aHapblH TOC Hb HYYPCYCTeOPerYammH XonbLooC ronfioH TOrTA4Oor, HampnarbiH
XYBbZ, yriamxnant TOCTON TeCTIN Ty LUMHIOH TYILW rapraxag TOXMPOMXKTOMW. YYH33C
ragHa yr TOCOHA aryynargax nupuauH, XWMHOMWH, nuppon, deHon 60noH kapboH
XYYNUAH ynamknanyya Hb yycrard 6ogmc, am, yunaBap, xeaee ax axym 6a axyuH
XUMUNH TYYXU 34, NONUMEP, LUMHO MaTepuan M. OfNIOH TOepPNUH ByTaaraaxyyH
raprax ax cypsamx 6ongor. YAnaBapunH ad xonboraonTton 3aHapbiH OpraHuk macc 6a

apaac OypangaxyyHUM XMHMMNH Xxapbuaa Hb 0.15-aac nx 6anx waapgnaratan [3].
ButymT anc 6a xyHA Toc

BuTymMT 3anc Hb 3nNC3H 4Yynyynart HOBYC3H 3yypangamxan XyHg HedTb 6a
Tyyxumn 6utymaac 6ypanar. Hanpnarang He 1-15%-uinH 6utym, 80-85% apaac, 4-6%
yC YWir aryynarggar. QHaxXyy Hyypcycteperung Hb Mawl xyHA 6ornoH 3yypangamxaw
TYYXUA TOCHbI Tepen 6ereen epaviH Hexuenpg ron Tenes xaTyy Tenes Gangantawn
Ganx Tyn OrfCH33C Anrax WX39XoH XyHApanTan. MeH 3yypangamxan WUXTINraac
lWanTraanaH TYYHUAr epauriH apraap onboprnox 60MOMXIyNraac ragHa T39B3PaxXninH

TYNA Xanaax 3CB3aJ1 X6HIeH HYYypCyCcTeperyeep LUMHIaNaX Wwaapanaratan 6ongor [4].

Hyypc

OnoH yncelH cTaHgapTblH OGauryynnarblH TOogoOpxounontoop [5] apaac
xonbumrH aryynra 50%-unac 6ara, ypramnblH yNgargnasac rapantanl HyypcTeperdvH
TyHaman 4ynyynruir Hyypc rofar. OH3 Hb Hyypc 6a Hyypcrar YynyynrnH Xun
3aarmnir TortToox Xamxyyp 6onHo. HyypcHun xumumnH OyTou Ga Havpnara matu
HapuH Gereen HawpnarbiH O X3CrMWAr araapryi OpyYMHA uynyyXcaH ypramibiH
opraHvk 604MCbIH XyBUPIbIH OYTA3rgaxyyH, ynaax X3CTUWM 3HIXYY OpraHuk maccp
ANCNEpPCnaracaH apasac 6oguc a3angar. OpraHuMk Macc Hb siH3 OypuiiH GyTauTan,
nonun-apoMaTuk MakpomorsekynyyablH amopd xonbl, oM [6]. Hyypcuir ynamknanT
Oyc raspblH TOCOHA XyBMprax YHACAH rypBaH aprag wWyyq WWHrapyynanT, wyyn oyc
LWMHIAPYYNaNT, nuponua GartaHa. OArasp apryygaap rapraH aBcaH TOC Hb XMMUWH
Havpnara 60MoH 3apum (PM3MK LUMHX YaHapaapaa XOOPOHAO0O snraaTan. XUMUH
HavpnarbiH XyBbZ, HYYPCUWT LYY LUMHIAPYYN3H rapracaH ToC Hb apoMaTuK Hargnyya
NX33p aryyrncaH raspbiH TOCTON ovpornuooayy 6on wyyn 6yc apraap rapracaH TOC Hb

napaduH-HapTeHbl TOPINUNH ra3pblH TOCTOM TOCTAW. XapwH MUPONM3bIH apraap
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rapracaH Toc Oyly aaBuMpxa’h Hb ynamknanTt raspblH TOCHOOC XapbUaHrym KX
XOMXXI3HUM reTepo-aToMT HIranyy4 aryyngaraapaa sanrarggar. HyypcHum Toc Hb
Tepen 6ypuinH yHKUMoHanb 6ynar Oyxmi Xaa4sH 3yyH TOPNUIH OpraHuK HAaranyyasac
TorTgor 6a 6eH3on, Tonyon, KCUnon, HadTanuH, aHTpaueH r.M. apoMaTuK Haranyya,
doeHon, Kpes3orsi, KCUNEeHOs, KaTexosl, pe3opumHon r.M. peHonT Hargnyya, NMpuauvH,
XWUHOMWH, U30XUHOMNWH, MHAOMN .M. retepouarmparT as3oTblH Haranyya, anbensodypaH
M. reTepouarvpart Xy4dunTeperyMmH Hargnyya Hb XUMWAH  ax  yWAnaBsapT
AHTUOKCMAAHT, aHTMUCENTUK, HWWNAr martepuan, Oygar, YHIPT3H, 3M  LM.-UWr
YMNABapnaxag awuvrnargax 6anHa. YyH33C ragHa HyypCHUIA gaBupxang aryynargaar
napaduH, oneduHbl HIrANYYOUWr LWWMHIAH TYAWHUMA TYyXuMrA 34 OOnroH awumrnax
6ongor. HyypcHun gaBnpxan Hb MOSEKYI XXNH, apOMaTXXUNTbIH 33P3ar eHOePTIN, asor,
XYX3p, XYy4unTtepery r.M. retepoatoMblH aryyrira UXTIUrasapad ynamknanT TOCHOOC

anrapgar.
1.1.2 Na3pbIH TOCHbI rMApob6onoBcpyynanT

Ynamxnant Toc 6onoBcpyynax ynnaBapuinH NpoLECChbIH epeHxXnin dyayyBunnr

1-p 3yparT xapyynnaa.

[[@3pblH TOCHbI YWNAB3P O9X YCTOPerdyMmH oponuoo Oyxur npoueccyynblH epeHXui
HApLWMA Hb rugponpouecc Gereeg AOTOP Hb MAPOKPEKWUHT, rmapobonoBcpyynant
rargax Xoép uYyxan npouecc ©OartaHa [7]. Ograsp npoueccyyd Hb gapaax

3opunTyygaapaa sinraatan 6onHo. YyHa:

Mppobonoscpyynant:
e [eTepoaTtomyyapir 3annyynax
e AnkeH GOMOH apoOMaTUK HArAYYANNAT TMOPOrEHXYYaX

e C-C xonbooHbI 3agpanbIr TOOOPXOWN XaMX33HI, Bapunx

["MOPOKPEKUHT:

e (C-C xonboor 3agnax
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1-p 3ypar. Ynamxnanm moc 6onoecpyynax yundeapuliH epeHxuti bydyysy

Mppobonoscpyynant npoueccbir 250-430 °C Ttemnepatypt, 30-320 aTtm.
gapant, a3anxyyHun 0.5-10 mar™! xypa, ycteperd aryyncaH aprantuiiH xuii 6a
TYYXUin aguniiH xapbuaa 360-600 m3 /M3, kaTanusaTopbiH HeneeH aop asyynaar. Ninv
HeXUen4 OpraHvK Haranyya, TYYHUR 4OTOP XyX3p, a30TbIr aryyncaH Haranyya xXyxapT
ycTeperdy, amMuakumr yycraH 3agapHa. XyxapT ycteperd OOfoH 3apuM 3HTMUIAH
HArgnyy4a O9pronTUAH XUWH A3X YCTeperdTan ypBang OpPCHbl AyHO Yycd OornHo.
TemnepatypblH 400-455°C xa3raapT ruApOKPEKVNHT siByynaar.

MppobonoscpyynanT Hb HepTb BonoBcpyynax ymnnasapuinH NPOLECChIH ron
BypangaxyyH xacar Gereepn 6onoBcpyynantbiH SH3 OypuiH gamknaraac rapcad
dopakuyygaac xyxop aryyricaH Hargnyyauur 3sannyynax YHOC3H 3o0puynantTamn.
9xa99 npoueccbiH ABUAL as30T, XYYWNTeperyuT Hargnyya, Metan  aryyncad
HArgnyy4a MeH 3annyynargaxaac ragHa apomaTuK Haranyyg ruaporeHxux ypsang
OpOX, TYYXUA SONUNH MONEKyn XuH Oyypax, YyCTeperdyMiH aryynra HamMargax

bonowxton. Katanms3aTop Hb antOMOHMKeNbMoOnnbaeH, antomokobanbTmonnbaeH
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6onHo. Yungeapnang awwurnax 6ynm rmgpobonoBcpyynantbiH Hexunyygunr 1-p

XYCH3ITaHA Xapyynnaa.

1-p XycHarT
YtndeapuliH cudpobosioscpyynanmeiH Hexues [8]
Tyyxunin g HapanTt JanaxyyHu xypa | Temnepatyp
mMa uar’ °C
Hacra 1.4-5.2 2-6 290-370
(6eH3nH)
KepocutiayHA cpaku 3.5-10.3 0.5-3.0 315-400
(OHrouHbI TyNW/guaens Tynw)

Har wattan Nb-biH npoueccbiH 6yayyBumnr 2-p 3ypart xapyynnaa. Tyyxui
9OUNr Wwaappnaratan gapantang opyynaag ycTeperd 3CBan ycteperdeep Gasanar
XUATAN xonbaor. TemnepaTypbir 3xnNa3g AynaaH Conunuordoop ecrecHun papaa
3yyX awurnaH Lwaapanaratan XxamKkasHA4 XypraHa. Tyyxun 34 peaktop [OTop
ycTeperdynnH ypcran 60noH katanuaatopbiH ynnunan gop N'b-Hg opgor. PeakTtopbiH
TOO NpPOLECChIH Hexuen 6a Xy4YnH Yaanaac xamaapaH Har Byly TyYH33C OnoH 6anx
BonHo.

B-blIH NPOUECCbIH yp alrvAr HIMIAraYyaxXunH  Tyng HOMONT  XepeHre
opyynanT XWANTYWrasp YHOCOH MapameTpyyauvir eepuneH 30xuuyymk ©6onox
xyBunbapyyn 6angar. YyHa 93naxyyHun xypa, Temnepartyp 6a gapant opx 6onox 6a
Aapaax YHACOH xyBunbapyypn awwuvrnargaar. YyHa:

e KaTtanusatopblH gaBxaprblH 33M3XYYHUAT HOMIr4yynax, 3CBan TYYXUA 3OUNH
oponTbliH Xypabir 6aracrax ©Oamgnaap 93NaXyYHUR Xypabir Oyypyynax Hb
KatanuaaTtop 6a Tyyxun 3aunH XapurnuaH YANYIanunur HamMarayyngar. YpsarnbiH
nOaBxaap Gara Hargnyyaunr Gonoscpyynaxag 33naxyyHun xypabir 6yypyynax
Wwaapanaratan. Tyyxun ag xeHreH Ganx Tycam npouecCbiH TYYXUIN 3AWMWT erex
333NXYYHUIA XypObIr HOMArayymx 6onHo. 3J3anxyyHuii xypabir 0.5-7 par™?
opunmz ron TeneB Gamnragar. O33nXyYHUA XypAblH ©CenT ypBanbliH Xypabir
Oyypyynax Tyn ycteperdviH 3apuyynant 6a kokoxunTt baracHa. bonoscpyyrix
Ganraa Tyyxunh S4uMMH Tepen eepunergBesi NPOLECCbiH 333NXYYHUA  XypAabIr
TYYHA TOXMpPYYIiaH eepunex waapanaraTtamn

e TemnepaTtypbir HAMIrAYYN3X Hb ypBasnblH XypAbIr HOMArgyynaar. NossxknnumH
9Hepru eHaep ypBanyyabir eHgep TemnepatypT AByynHa. [lpoueccbir  3uCuiH
OYTI3r4aXyyHUA LUMHX YaHapT Myyraap Herieenexrynrasp Ham TtemnepartypT

SIBYYnax Hb TOXMPOMXXTOM.
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YcTteperdninH gapant eHgep 6anx 6onomkron. Tyyxuin 3433c 1 mac.% xyxpunr
3annyynaxag ycTeperdunH 3apuyynant Hb onposiuooroop 18-20 m3/m3 Tyyxuit ag
Gangar 6onHo. YcTeperuyvMiH napuvanb Aapant eHaep, SPranTUNH XWUAH O3X
YyCTeperdymmnH aryynamx a3anxyyHun 75-90% 6anix (amap 4 toxvongong 60%-nac
Gararyn) Hb TOXMPOMXTOW. YCTepery aryyrncaH 3pranTuiH XWAH 3apuyynant
TYYXuit 3034 TooucoHoop 100-600 m3/m3 GaiiHa.

[axuH awmrnax XunHg, aryynargax xyxapT ycTeperdymiH aryynrbir 6yypyynax Hb
HDS ypBarnbir ecreHs.

'B-HO epeHxMIaee xedenreeHryn gasxaprat peaktop awwurnax 6a tepen
OypuiiH 3opuynanTtTan KatanusaTopbliH AaBxapryyablr 4OTOp Hb AapaanyynaH
GanpnyyncaH 6Gaungar. Tyyxunm 34 60NOH YyCTOPervyMmH XUWr peakTopbiH 0337
Xacraac rongyy opyynaar. 'b-biH ypBan Hb 3K30TEPM yyYpaac peakTopblH XaHaHbl
aaryy Xxag XagsH 6Ganpnang yCTeperdninH XYWUT3H XUW OpYYyIdK erd [OoToof
Temnepatypbir TOXUpyyrnHa. Peaktopaac rapax ypcran gynaaH conunuordng
OpX [AynaaHaa pamxyyrficaHaap HWWAT nNpoueccbiH AynaaHbl yp alurmmr
camxpyyngar. [ynaaH conunuor4ooc rapcaH ypcran eHgep pAapant 60noH
Temnepatyp Oyxunm cenapaTtop 60NOH eHAep AdapanTt, HaMm TemnepaTtypTau
cenapatopaap AdaMXuH OpX xuin 6a wuHroH dasyygan candHa. LuHraH
OyTI3rgaxyyH HIpRarMnH uamxart opx ©Oyunax TemnepaTtypbiH snraatam
dpakuyygan xysaargoar. XviiH OyTaaraaxyyH Hb LWWWHIAArY 6araHag opx XyxapT
ycTeperyeec L3Bapnaraax ba ycteperdeep Oaanar xunr AaxuH gapantang

opyynaag npouecc 3pryynaH awurnagar.
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2-p 3ypar. Hae wammadu audpobonoscpyynanmsbiH rpoyecchiH 6ydyysy

Tyyxui aguiiH 60XMpA0N Hb TYYHUA MOSEKYI XUHTAM XamaapanTtan. beHsuH,
AN3enninH GoNoH MasyTbiH (pakuyyd Hb XYX3p, as30T, Xy4YunTeperyumT Haranyya,
nonvapomMaTuK Hargnyyg aryyngar 6on eHAep MONEKyNnT Haranyy4a aryyncad
aTMocdep 60510H BakyyM ynaaranyya Hb A33pX HAranyy4aac ragHa metan aryyncaH
HOranyyn wmxasp aryyngar. BaHagun 6a Hukenb Hb HedTUMH ron Goxupayynard
mMeTannyyg 6ereeq NnopUpUHbLI KOMNSEKC xanbapaap opwaor. YyHaac ragHa NaCl,
MgCl,, CaCl,, CaSO,4 aryynargaxaac ragHa Ca, Mg, Fe 3apar 3apum meTtannyyabiH
HadpTeHaTyyn Tyyxuh HedpTaHA OGanmpgar. HedTUAH HIPNIrMNH eMHe MeTansbliH
AaBCbIr yraax 3avnyyngar 6onoe4y Fe 6onoH FeS 6Gara xamxkaarasp ynasx uaawibiH
YWN axunnaraang XyHApan yycragar.

HedTaHa aryynargax XyuYmnTeperdyunH Hargnyyg xagumraap bGanranb opunHg,
Henee GaraTtam 4 cbeHonyyn 60MoH HadPTEHbI XYUnyy4 peakTop, TOCryypblH MeTan a4
aHrMygaz Koppo3unH acyygan yycragar. HadTeHbl Xydnyyauvir xaHanaH snrax
TOCOMroOHbl MaTepuan 6onroH xygangaangar. HadpteHnn xyumng yyccaH Temep Hb
cynbua XanbapT LWMMKCIHIIP KaTanm3aTopblH AaBxpara OOMOH LWyyNTyypunr
Gernex, KOKCXKMX ypBanbir MA3IBXKYYAX ceper HeneeTan. HedTaHa aryynargax
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Xy4unTeperymmH Hargnyyg 6ycag Hargnyyatan xapbuyynban ypBanbiH UOdBX eHOep
Tyn T9Ar33pT TycramnaH b asyyngarryn. 9xg93 HyypcHun HedpTaHA dheHon Ga
B6eH30dypaHyyn UX XaMXKI3raap aryynarggar Ty 9H3 TepnunH Tyyxun agunH Mb-Ha
XyHApan yycragar [9].

Xyxap, as0T, XyuyunTeperdy, MeTan aryyncaH Haranyya  Gyunax
TemnepaTtypaacaa xaMmaapaH ypBariblH WO3BX33p Anrargax Tyn T3AraapT Tycramnax
3opuyncaH npoueccyyn 6w 6oncoH ©Gereen rmgpoxyxaprywkyynant (HDS),
rmaopoasoTrymxyynant (HDN), rMOPOXYHUNTOPEryrymxyynanT (HDO),
rmgpomeTanrymxkyynant (HDM) rax anrmngar. XyxopT Hargnyyauir 3annyynax Hb
XaMrMnH dyxan 3opunt 6a 3H3 Hb (ppakuyyabiH uaawabiH 6onoBcpyynanTbiH
KatanusaTtopbIr  xopAayynax, wartaantblH 6yTaargaxyyH Hb 6anrant  OpuYHbIr
boxupayynax acyygnaac  yycaonton.  Wimag  HIpRarMnH - ByTI3argaxXyyHUUr
bonoscpyynax npoueccyygaac HDS xamrumH wux cygnargcaH 6onHo. HDS
npouecchliH yed as3oTblH Hargnyyn 6ac savnyynarggar. XopaB GonoBcpyynantaHi
XYUNIMAH  KaTanmsatop awwurnax 605 asoTblH  HAranyyaunr ryH3rmi  3annyynax
Wwaapanara Tynrapgar. Y4nMp Hb asoTblH HIranyy4 XyYinnH kKatanusaTtopbiH Xop
Bbonoxooc ragHa ragapryya Hb KOKC yycax ax yyceap bongor. ['b-biH yeq apomaTtuk
HOrgnyyauviH  aryynreir - 6yypyynax npouecc MeH saBargax 6a  yyHwir
rmgpoapomatrymkyynant (HDA) repgar. HDS 6a HDN npoueccyyablH yen apomaTtumk
HOrANUWH aryynra XaHranTranm XaMxasHg xypd Oyypaarryn Tyn uxaHx ymnasapt HDA
npouecchir HaManTaap asyynaar [10].

MeTtann Haranyya ronnoH atmocdep 6a Bakyym HIpNarMmMH yngaraang
xypumTtnarggar Tyn npouecCbiH TYYXWW 34 3yypamTranM 4YaHap WXTon. HAnracad
MeTann Hb yr npoueccq awurnax oyn katanu3aTopbliH ragapryya XypuMmtnargax Tyn
KaTanu3aTopblH YANYNaX Xyrauaa Mxa3axaH acyypantam 6omx wvpgar. Wumg HDM
npoueccoir 6ycag npouecca awwurnargax 6Oyn kaTanusaTopyyAablH  UO3BXUNT

OGyypaxaac Coprumnax, TYyXui 3aunir ypbaunnaH UdBapriaxX NPOLECC raXx Y33 60mHo.
1.1.3 'mapo6onoBcpyynanTbIH KaTanusaTtop

OpunH yeurH HepTb 6onoBCcpyynax ynnasapuniH rngpobonoscpyynanTtaHi
Xaparnagar katanuaaTtopyya Hb 1920-40 oHyyaan MepmaH yncag awwuvrnax 6ancaH
HYYPC WYyYA LUMHMOPYYN3X YANABIPUAH MPOLIECCTON XamT aHx 6uin GoncoH GanHa
[11].
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3aBcapblH MeTannblH cynbduayya Hb HedTUH rmgpobonoscpyynant Byoy
TMOPOXYXAPIYMXKYYNANT,  rMOpoasoTryMXYYNanTaHL, WUX33p  Xoparnaragar  Tyn
YANAB3PNANIMAH UX33X3H ad xonborgonton xaBaap OarvHa. XyaangaaHbl 3HAXYY
katanusatopyya VIB 6ynmmiaH (Mo or W) 6onoH VIII 6ynrmid (Co or Ni)
aneMeHTYyaunH cynbuaaac 6ypaaar. Hukenb 6a kobanbT Hb YHACAOH KaTanusaTop
6on monubaeH 6a BonbdpamM Hb MAOIBXXKYYNArY Oyly NPOMOTOPLIH YYP3rTan
meTtannyyg 6angar. Co/Mo Hb xyxpuunr anraxag unyy coHromon 6angar 6on Ni/Mo
Hb a3oTbIr 3annyynaxag unyy coHromon 6angar. Ni/Mo kaTtanusatopyya Hb Co/Mo
KaTtanms3aTtopooC WYYy YCTOPerdxyynax MA3BXTOMW y4ypaac uim GamnHa. Xaaunmrasp

Ni/W Hb Ni/Mo-33c nnyy asoTrymxyynax ngaxran 6onos4d unyy yHatan tyn Ni/Mo Hb

raspbiH TOC OONOBCPYynax yMnaBapyy4aas unyy epreH awuvrnaragar.
3-p 3ypaa. XeHzaeHuacaaHbl OKCUOOO cyypuricaH HUKeslb MOIubAeHul Kamanu3amop

MmapobonoBcpyynanTbiH KaTanu3aTopblH 3eerd 6G0NroX XeHreH uaraaHbl
ncan, aniMocunukaTyya, MarHucunukaTyyq awvrnagar 6eree 9H3 Hb MeTansbliH
NO3BXTaN (pasblH TAPXaNThIr XaHrax, MEXaHWUK LUMHX YaHapbIr 433LWNyynax, 60amcbiH
3agpanbir sisyynaxag udyxan yypartan. CyBIpXar y-XOHreH uaraaH Hb ragapryyH
Tan6an (200-300 M2/r), HYX CYBWUWH TOXUpYynanTt, cynbuasg Tepencex, ryH3runm
Ancnepcrnax, MexaHuk 6at 6ex 60M0H YHUIH XyBb XaMIMMH TOXMPOMXKTOM BOMOX Hb
TOITOOrACOH. XeHreH uaraaHbl ragapryya axnasg monubgensl Haranunr (15-20
Mac.% wucan xanbapT) HABYYY/MK erex 6a papaa Hb KobanbT 3CB3NT HUKENWUAH
Haranuunr (1-5 mac.% ucan xanbapT) monmbaeHbl pasag HaBYyyNngar. HaB4yyncaH
KaTtanusatopbir eHOep TeMnepaTypT XyX3pXyynHa. KatanusatopbiH WA3BXTIM
6ypaan xacruir Co(Ni)MoS a3 rax y3gar. Haxyy a3 Hb xyxpuinH 60noH Co(Ni)Mo
—Hbl AaBXapracaH XWKUr Tacrncryyaaac Torrox 6a xamrund goop 6ariraa 6ytoy Al,Os
ragapryytam xonborgox AaBXaprbir XYX3PXKYYIDK MOSBXTIN X3N03PT LUNIDKYYIISX34

XYHAPANTaN rax y3gar [12]. Mo 6a Co(Ni)-nir xurg Tapxaax MA3BXTIN TancT nUxaap
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YYCrax apra TEeXHUK MOH XYX3pPXYYNnaX OpYMH OONOH HOeXUIUWH Tanaap maw Wx
cypanraa xwargcaH Ganpar. MeTannblH - Cynbuayya Hb  XYX3PT TOCBIPTIN
Katanu3atop 6Gongor. YWNABIPUWMH  HexXUueng peakTopbir  KaTanusatopaap
LOHIMMACHUA Japaa XyXdpT ycTepery, TYYHUM YCTeperyTan Xofbl, 3CB3N XyXapT
HArAna3p YUNYNSH KaTtanm3aTopbIr ypbadnnaH xyxapxyynagar. Katanusatop xanyyHg
TACBIPTAN Ganx Hb TYYHUIM axunnax Xyrawuaar ypracrax erger.

XYX3pT HAranyyaumH XyBuprblH Xyp4 Hb T3AM33pUNH OyTaL, XaMKa3, xanary
O6ynrmiH Garipnan 39praac wantraanaH X0OpOHAOO Mall ux sinraatan. EpeHxuiigee
TvMon, gucynbdua r.m. yarmpart 6yc Haranyya Hb ypBanbiH eHaep MaaBxTanm 6a maw
306M16H Hexuesna XxyphaH 3awnyynargaHa. XaHacaH uarvpart XYXpUrMH Haranyyn
GOnoH 3ypraaH rMWYYHT3NW apomaTuk uarupart Oy Xyxap MeH ypBanblH WO3BX
eHaep. XYXpUWH 3Araap Haranyyn TUOoeHTan xapbuyynban ypsasibiH WO3BX33pP
X349H apaB gaxuH eHaep 6avpaar Hb C-S xonbooHbl GaTkun 6aratanm xondooTon.
XYXpUNH aTOM O33p 3NEKTPOHbI HArTpan NxTan yumnp xonboo xsnbap 3agapaar.

TaBaH rMwyyHTaM apomaTuK uarmpart oponuoXx Oyn xyxap (TMOMEH r.M.) Hb
ypBanbiH MA3BX33p cyn 6a uarMparbiH TOO HAMIr4ax Tycam MA3BX yram MmyyaHa.
OOra3p XYXpPUMH HIaranyyosn XyxpuvH atomg Oynm 3mekTpoH XOC Hb apomaTuk
LarmparmiH 1T 9NeKTPOHTON KOHbtoray, 6yTay yycragar Tyn C-S xonbooHbl 6amkun
canH 6ok npgar [13].

XapuH 4 6a TyyH33C A33W uarmpartal Haranyyg Hb 3prasg ypsanbiH
nOaBxTan 6ok upaar 6ereeq WantraaH Hb OMOH LarMpart HArganunH XyBb4 Lyyn
HDS ypBan Garacy rugporeHXxyynanTunH ypBarn H3MIr4ax 3xXangartaon  xonbooTton
GarHa. 4-p 3ypart OpraHuK XyX3pT HIranyyauiH ypBarnblH XapbUaHryn Xxypad Hb
TOOM3PUMH XOMXK33 OOMOH BYyTUI3C XOpX3H Xamaapd Oavraar xapyymk 6aunHa.
EpeHxuingee XyxpunH aTOMbIr TOMPCOH ankui Xanard UXCaX, TOArA3PUNH XIMXKII
ToMpox Hb HDS ypBanbiH mnassxuir apc byypyynax wantraaH 6ongor. XyxapT
H3rA3N Katanu3aTopblH ragapryyn aacopbuma opox Hb XyX3pT OMp arnkun xanarduiH

OpOH 3alH Galipnanaac ux xamaapgar Tyn ypBanbiH UA3BXA Mall HeNeeTaMl.
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4-p 3ypar. OpaaHukK xyxapm H32051yyOulH ypearibiH xapbyaHayt xypo [14]

HDS ypBan X0ép YHAC3SH MexaHu3maap sBargax OanHa rax y3gar. OXHUN
MEXaHM3M Hb Lyya [MOPOXYX3PrymxKyynax rax Hapnargdax 6a XyxpuiH artom
OyTU93Ca3 Wyyn canax yen yCTeperdunH atoMm TyyHUM Banpnanbir 9319H3. OHI yeq
AMap Har gaexap XOn6GOOHbI MMMOPOreHXyynanT ssargaxryi. Ygaax MexaHU3mbir
rMOPOreHXyynanTuiH rax 6a XyxpumH aTtom 3annyynargaxaac eMHe Xyxap aryyrcaH
uarmparbiH [3progsx apoMaTtuK uarvpar rMaporeHxyynantag opaor. JH3  yen
apomMaTUK CUCTEMBIH XYXPUH Xaxyyn 6anpnax Har 60mnoH 6ycag XO0€pnocoH xonboo
3XN1934 r’MAPOreHXyYynanTaa opaor. YYHUIN Heneereep Xyxap HyypcTeperdninH xonboo
cynap4 XyxXpuimH aToM KaTanuaaTopTan XxapunuaH ynnynang opoxog xsandap 6onHo.

KatanusaTopblH MaaBxTon TeBn Oanpnax MeTansfblH aTOM Hb YCTeperymimH
OpYMHA XaHaaryn Tenesn Oyly XyXpuMH aTOMbIH BakaHcTanm Oawnpar. BakaHC Hb
KaTanumsaTopblH TanCTbiH OHUOIT YyCAdr raX emMHex cygnaadug ysaar GancaH 6on
CYYIIMIAH YeWH cyganraaHbl Yp AYHIYYA XYXPUWH BakaHC Hb MONMOAEHblI ©HLUIMMIH
AyHA yycd 6anraar 6atamxk 6anHa (5-p 3ypar).

XYX3pPXKYYNC3H KaTanu3aTtopbiH TancTblH 3axag 6Gampnax Ni 6a Mo-Hbl

aTomyygag xyxap xonéorgooryn 6anaar. YpBanblH OpYMHA XYX3PT HyypcycTepering,
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KaTtanusatopbir Meprex yea Xyxap Hb 3axblH ©Gavipnang opwwux Ni, Mo-blH
atomyyaTtam cyn xonboo yycragar. 3H3 yen C-S xonboo cynapcaH 6anx Tyn
ypBarblH OPYMHA OPLUMX YCTeperdy Hb 3HIXYY XYXPUWH aTOMbIr TyXaWH HIrgnasc

canrax Hargaar. VIHrax xyxapT ycTepery yycHa.

osoSE e e

100% S, Mo-edge
"%
s N N N

50% S, S-edge

i
-‘ !
m CoMoS+atomic H

6-p 3ypar. (a) CoMoS kamanusamopbiH Mo 6a S manyyd, (b) CoMoS

HaHoKnacmepbIH CKaHHUH MUKPOCKOMUUH 3ypag, (c) BakaHc Hb eHueem 6yc Mo

marbiH OyHO yycH3 [15].
'B-bIH KaTanusaTop gapaax 6angnaap nasBxad angaar. YyHA:

e AxTuB ha3 Hb TOM TancT BOSMK HArAaX

e AxTMB hbasblH cynbdug xandap 3agpax
27



e AKTMB ha3 ypBarmk 60noH ByTa3argaxyyH3aC YYCCIH KOKCoop Bypxaraax
e MpaBxryn metannbiH Cynbdua akTmB ¢asbir Oypxax
e [laBc, uaxuyp r.m. 6ycag 6oxmpanoop 6oxmpaox

YNOB3pUNH npoueccyyn TYYXUA 3OUNH XYBUPIbIH XaMXKI3r Torrmon 6annrax
ropumg axunnax 6ampar Gereen YyHUM Tynga KaTanusaTopblH MA3BX Oyypax
HeneennuMnUr  peakTopbliH TemnepaTypbir  ecrex Oananaap TOHUBIPXYYNOAr.
KatanusatopblH MasBx OGyypax yunn gy 3 wattam 6arHa. MosBx axnasg oruom
Oyypax Hb XaMrMnH naaBxTan Ganpnanyyabir KOKC BGypXxcaHTanm xonbooTton Gampar
6on ygaax aaxum 6yypanTt Hb UA3BxTan Ganpnanyyabir metann 6ypxax, Tom Tanct
6un 6oncoHooc wantraangar. MNpouecchiH Tercren 43X eHaep TemnepaTyp Hb UO3BX
CYYNUIAH waTtaHg oruomMm Byypax Hexuen toM. KaTtanusatopblH ragapryyq LWMHIAC3H
XYHA MaTepuvanbir Xanaax XxaHgfiax, KOKCbIr Hb Lataax apryyg XaparnsH
KaTtanuaaTopbiH UO3IBXUIAT 3PryynaH caprasgar. OpymH yeninH 'b-biH KaTanu3aTopbiH
awmrnanTbliH Xyragaa 6-60 capblH XxoopoHa 6anHa.

CyynuuH xunyygag HDS npoueccblH katanuaaTtopbliH 3eerdeep TiO, GOMoH
NOSBXXKYYICIH HYYPCTOperdy Xaparnax Hb TYYHUA WAIBXUAT UXI3P HIMIrayyngar
BonoxbIr xapyyncaH cyganraa HUIa9g xmnrgax 6oncoH. MeTtannbiH UCAWMAT TYH3MR
XYX3PXKYYN3X Hb TYYHUA MAOSBXUAT HIMIrAyynax Har apra tom. Mcan 6a 3eerymiiH
XapunuaH yUnynan HAMargdx Hb MeTansibliH TapxanTbir HAMIrAyynax cavH Tantaun
BONOBY XYX3PXKYYNANTUNI XA3raapnax ceper Henee 6ac 6anaar.

HyypcTeperinH maTepuan Hb ragapryyH Tanbam WXTOW, HyX CyBIpXar
OyToutanm Gamgar Hb TYyHUM ron oHufor oM. MeH ragapryy Hb caapmar LUMHX
YaHapTayn ydypaac KOKC yyCcax Hb 6ara. MasBxKyyncaH HyypcTeperung cyypunyyrcaH
KaTanuaaTopbIr wartaax apraap TyyH4 Oanraa metannbir ypBasnbiH 3UICT 3pPryysiaH

anrax aesax 6onomxron 6anaar.
1.1.4 YnamxnanTt 6yc ra3pbiH TOCHbI rugpobonoscpyynanT

XypangaaHbl 6eH3uHbIr HedbTb G0MnoBCpyynax YWNABIPUWH X34 X3A43H Lwwat
Aamxknaraac rapy 6amnraa dpakuyygbir xonux 6Gawgnaap ywnasapnagar Gereen
YYHO: Wyya HOpNarmmH ©OeH3uH, pedOopMUHIMIH dpakl, ankunaT, KaTanuTuk
KPEKUHTUMNH BEH3UH, rMOPOKPEKMHIMINH BeH3WH r.M. ppakuyyn opaor. PeopMuHrnimH
dpaky 6a ankmnat Hb Xyxap aryyngarryn 6on 6ycag dpakuyya XyxXpunr sH3 6ypunH
XOMX33raap  aryyrnHa. BeH3nHbl  3apum  ppakuumnH HDS  npouecchbir
rMOPOreHXYYNanTrynrasp sisyynax 6onomxryn. '3Tan okTaHbl TOOr ecreger onedguH

GONOH apomaTtuk HIranyyauniH aryynra rMaporeHXyynantunH asuag byypax Tyn
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coHromon HDS npouecc nxaaxaH yyxan 6ok npaar. EpeHxungee CoMo Hb HDS
npoueccn  COHrOMOM  YWANYUNra3aTan Oavpar 6on NiMo  kaTtanusartop
rMOPOreHXyynanTag unyy ynnuunraatan. TyyHunaH HDS npoueccq xapbuaHryn Ham
papant, eHgep temnepatypt CoMo Hb wnyy vasBxTam 6on eHaep papant, Ham
TemnepatypT NiMo Hb unyy Toxmpomxron 6onHo. HpS-uiH aryynreir 6yypyynad HDS
ypBanbIr Tynxyy ssyynax 6onomx 6ac 6un. XeHreH uaraaHbl UCIIUAH XYYUITNAT LUNHX
YaHap Hb rMOPOreHXyynanTunr ecreger 6onox Hb 6atnaracaH 6anaar.

Anzenb TYNWHWA XYXpUWH aryynreir Byypyynax Hb araapblH 60XnpaonTton
XONBOOTONIOOp MX33X3H aHxaapan TaTtgar. YpBanbiH uasBxasp maw 6ara Oyoy
xanxnargcaH xyxap oyxum 4-MOBT, 4.6-OMOBT, 4.6.X-TMABT Hargnyyawnnr 6ypaH
3annyynax Hb Mawl XyHOPaNTan. 9Araap Haranuunr 3annyynaxag H»>S, NHj, a3oTbiH
HOranyyn, apomMatuk Hargnyya caag 6ormk Oampar. AMaac WKMHS  TepnwiH
KaTtanu3aTopblH MA3BX, YpBanblH MEXaHU3MbIr Lwanraxag onoH cygnaayvg 4-MOBT,
4.6-AMOBT nargnyyauvr awmrnacaap 6anHa.

T33BPUNH LUMHIAH TYILWHWA Harpnara, YaHapT TaBuraax oyn cyynunH yeumH
xaTyy waapgnaryyabir [16, 17] Horg ynnaBapuWH NpoOLECChbiH axwunnaraar ynam
camxpyynax, XO0€pT TYYXUA 3OUMH YaHapbIr O33WYYNaxX YHOCAH XOEp apraap
XaHrax Oonomx ©OamHa. Tyyxuh TOCOHL aryynargax asoTblH HArgnyyg Hb
BGonoBcpyynanTbliH SABUAL KaTanuM3aTopbir XopAayynax, OyTaarasxyyHunr xagranax,
TI9BIPSIAX Yyeqd TyHagac yycrax, TynwHui wataantbliH yeq NOx sanrapax ron
wanTtraaH 6Gongor Tyn ynnaBapnard OGOMOH X3PIArNaryasg WXI3IXdH  acyydan
yycragar.

HyypcHui wyya wuHrapyynant 60M0H wataar 3aHap, GUTymMT 9nCH33C rapraH
aBax 60floMXTOM yrnamxnanTt Oyc TOCHyyAd Hb ynamxkrnant TOCTOM XapbLyynban
HOOLMNH XyBbA OJIOH AaxMH X BONOBY Havpnara, WWHX YaHapblH yBbA UX Taapyy
Gangar. OH3 Hb TIAMI3PUNH ALLNINANTBIN OPreXyynaxag Tynrapgar ron XyHapanuiiH
HOr M. OAOrasp TOChbIr  ynamxknant TOCTOM xapbuyynban asor, xyxap 6a
XyuunTtepery retepo-aTOMbIH aryynra, xaHaarym Haranyya ©6onoH acdanbTeHbl
aryynra eHgep, 3yypamTraw, HAIT UXTINI3aC ragHa eHaep MOMEKyNT HAranyyn nxaap
aryyngar Hb T3Ar33PUNH 3X YycBap OONoH Hawmpnara 6yTautarm xonbooTown. 7-p
3ypart GauvranunH GuTym, wartgar 3aHap, HYYPCHUA MakpOMOMEKymnblH OyTuMiH

3arsapyyaplir xapyynnaa.
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7-p 3ypar. batezanutH 6umym (1), wamodaa 3aHap (2), HyypCcHuUUl

(3) makpomornekyrnsiH 6ymuyutiH 3az2eapyyd

AnaHrysa asoT Hb rMapo-6onoBCpyynanTblH apraap dAnraxag XamrumH
XyHApanTan retepo-atom (S>O>>N) [18-20] tom. 'b-biH yeq HDS, HDN ypsanyya
39pAruaH saBargax Tyn XyXpuUur ryHsrmn sannyynax ©onomx 6ara ©ormk uvpaar.
A30TbIH HOranyy4 Hb KaTanusaTopblH ragapryyq LWWHIAdraAaX, HYYpCTepervxceH
GeerHepen yycrax kartanusaTtopblH HyX cyBuur 6ernex, katanuablH WO3IBXTIN
Ganpnanbir 333ncaH33p a3oT 60noH Oycan retepo-aToMbIr 3annyyrnaxaj WUX39X3H
caag 6ongor [21, 22].

ApomaTtuk as3oTblH HaranyyamiH HDN Hb uarmpar OGyp3H rMapOreHXxmx
ypBanaap pgamxgar. Yump Hb apomatmk C-N xonboo maw 6Gamkunitam Ttyn
anndatnk C-N xonbooton wxnasp xanbap 3agpang opaorryi. Miim yupaac HDN
ypang rongyy NiMoS 6a NiWS katanusaTtopyyq awuvrnagar. YpsanbliH siBuag yycu
b6anpar H,S, NH; xunHyyn HDS ypeanbir caapyyngar Tyn YWnaB3puniH 3apum
npouecca 34r3dp XUNUr waT gamxnarbiH QyHAYYp Snrad aBd 3annyynx 6anaar.

HedtnnH 6yTtasrgaxyyHun b-ng HDO ay xonGormon 6Gara 6on xapwH
HYYPCHUIA HUANAr HeMTUMH XyBbA 3aWnwryni Lwaapgnaratanm npouecc ©Gongor.
Anbensodpyparel HDO maw ygaaH ypsan 6a kaTanu3aTopblH 366er4 Hb XyYunnar
YaHapTan 605 3H3 ypBanbIr TYPracrax Henee y3yyngar. HyypcHaac rapracaH HUANar
HEPTUNH  XYXPUMH  aryynamx epaviH  HeTUAH  XYXpUWAH  aryynamxram
Xapbuyynaxag maw ©Oara Gangar OHUNOrToM Tyn XyX3pTanh XonbooTowm acyyaan
YYCAarrymn.

A30TbIH cyypwunar Hargnyyg TOCOHA X3OX3H ppm aryynratah 6amcaH u
TMAPOXYX3PrymKyynax npoueccn Malwl ceper HeneeTan Hb OfIOH cydanraaraap

TorrooracoH [23] 6angar. HyypcH3acC wWyya WMHMAPYYIANTUIAH apraap rapraH aBcaH
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ynamxnant 6yc raspblH TOC OpraHuK as3oTblH aryynamx gyHaaxaap 0.5-1.0%,
3aHapblH ToCc 0.5-2.5% asot aryyngar 6on epaunH HedpTb 0.1% opuum aryynpar.
Mim yupaac ynamxknanTt 6yc raspbiH TOCbIr ryH3rum 6onoscpyynax toxuwongona b-
bIH MYy XaTyy Hexuen 6ywy unyy eHgep gapant 60n0oH Temnepartyp, 3CBan eHaep
NMO3BXTOM KaTanuaaTop awurnax waapgnara tynrapgar [19, 24, 25].

A30T Hb YCTEOPerYXxyynanTunuH apraap snraxag XxaMrumH XyHApPanTan retepo-
atom (S>O>>N) wwom [20]. YcTeperwkyynantunH yen as3oTblH HIranyyg Hb
KaTanu3aTopbiH ragjapryyad LUWMHr3rgcaHaap as3otr 6onoH Oycag retepo-aTtoMbir
Anraxag Mxa39xaH caag 6ongor. A3OTbiH Cyypunar Haranyyg TOCOHA X34X3H ppm
aryynratam 6ancaH 4 rugpoxyxaprymxyynax npouecc Mall ceper HerieeTan Hb OJIOH
cypganraaraap TtortoorgcoH 6awmpar. HyyypcHuin gaBupxah ©60NMOH 3aHapblH TOC
nxaHxaaa 0.5-2.5% asot aryyngar 6on ynamxnant Toc 0.1% opuum aryynaar. Mumpg
ynamxnant 6yc TocbIr ryH3rnin 605oBCpyynaH Xyxap, a3oTblH aryynrbir 6yypyynax
TEXHOMNornya Hb xapbLaHryn eHgep Aapant ©0noH TemnepaTyp awumrnax, YYHTIn
yangaH wunyy ux 3apgan raprax lwaapgnara Tynrapgar. Ynamknant  TOCHbI
OyTaargaxyyHun rugpobonoscpyynantag HDO ay xonborgon ©Gara 6on xapuH
HYYPCHUI TOCHbI XyBb[, 3alSWryn waapgnaratan npouecc 6ongor. HyypCHUN TOCHBbI
XYXPUMH aryynamx yrnamknant TOCHbl XYXPUWH aryynamkran xapbuyyrnaxaj matl
Gara OGampar oHUNOrTOM Tyn XyX3pTan XxonbooTon acyygan xapbuaHryh 6ara.
HyypcHuUn gaBuvpxanH H3pRarMnH ayHa dopakumnr rmgpobonoBcpyynanTbiH Tepen
B6ypunH npoueccoop BONOBCPYYMK reTepoaToOMbIH aryynrbir ryH3rui 6yypyyncaHaap

AN3ernb TYNWHUA TYYXUIA 34 rapraH awmrnax 6onomx 6uin.
1.1.5 'mapo6onoBcpyynanTbiH ©MHOX L3B3parad

EpaviH 'B-bIH ©MHe TOCHbI a30TbIH HArAYYAUAT YPbAYUIDK, 9CBAN Aapaa Hb
Aanrax onoH apra TypwwuracaH Gampar. Llaxuyp, uaxumyp-xeHreH uaraad, Leonutg
cyypurncaH matepuanyyn 60noH ragapryy UXTOM MAIBXKYYIICAH HYYPC Hb epAauinH
HePTUNH PpaKUMAH a30TblH HArANYYAUUT LWUWHIE3X YaHap canTan Hb TOrTOOrACOH
BGonoByY uX33X3H as3oTTanM ynamknanT Oyc ras3pblH TOCOHO 9Aradp apra Hb
ToXMpZorryn [26]. Ynamxknant Oyc ra3pblH TOCHbl a30TbIH HArgAyyaunr yycrard [27],
apaac xyuun, 6onoscpyyncaH apasac [28], Xy4nasp YWNYUIIC3H 3aHapbiH YHC [29],
3aBcapblH MeTannblH gascaap [30-33] xaHanax cyganraaHyya XxvmiracaH 6anna. 'b-
HO OpyyncaH 3aHapblH TOCHbl a30TblH HArAAYyAMAr MOH MOH CONWLIONY pesunH [34],
ueonuTbir [35] awmrnad xaHanax apryyabir 6onoscpyyrncan 6angar. 3aHapblH TOCbIT

3aBcapblH MeTannblH Tepen 6ypuiiH gaBcaap xaHgancaH TYpPLUMATLIH AYHA a30TbiH
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HoronyyounH 85%-bir  CuCl,.2H,O paBctam KOMMMEKC YYCraH snrax canrax
B6onomxtonr TorroocoH Garaar [30]. Komnnekc Hb UX3HX OpraHuK yycrardymg yycax
YaHapryn Tyn TyHagac 6angnaap anrax 6ongor. QHAxXyy apra Hb JIbloUC Xy4nuinH
wuHx Yanaptan CuCl,.2H,O 6a cyypunar asoTblH H3ranyys XOOPOHA KOMIMEKC
YYCaX npouecca Tynryypnagar. A30TblH Cyypwunar Haranyyg Hb 3MEeKTPOH OOHOpP
WMHX YaHapTan Tyn O9feKTPOH akuenTtop mMeTann uoHton 6atr 6ex o-xonboo

yycragar. 8-p 3ypart KOMMNIeKC yycax MexaHu3MbIr xapyyrnnaa.

D T-X011600

N M G@ N

Cl d-op6utan 7 -opGHuTan

8-p 3ypar. A3ombiH cyypunaa H3203/1 6a 33CUlH X/10pudbiH masicm audpam

KOMIriJIeKc

A30TbIH cyypunar Haranyya Ho 'b-blH ypBang maw uMx ceper HeneeTan Tyn
TOOM33PUIAT COHrOX Anrax Hb Ynamknant 6yc raspblH TOCHbI MMAPOA30TIYMKYYNAX
npoueccn 3eparasp Heneenex Maragnan eHgep tom. XXuwass Hb SK-HDS rapgar
npoLeccoop TYyxun 3annH a3oTbiH 90%-nir ypbaumnaH sanracHaap 6yTaargaxyyHumn
XYXpUnH aryynrbir <10ppm xypTan 6yypyynax 6onomxron 6oncoH 6arnHa [36].

Huinar HeTMAH XxeHreH dpakuyyabir epeHxung Hb  Bonoscpyynax
6onomxton 6Gampgar 6on XyHO dpakuyyd Hb UAYY WX  X3MXI3HUM a30TbliH
HArgnyyaumir — aryyngar Tyn rmgpobonoBcpyynantaHa  MX33X3H  TICBIPTIN.
BonoecpyynantaHa opyynax TOCHblI Byunax Ttemnepatypbir 6yypyynax Hb [B-bIH
HOXLMIAI 306MPpYYNaX HAr apra 60MnoBY OYTIArA9XYYHUN rapunnH Xamxas Oyypaar
ceper tantanm. Nimaac xyHa dpakumnr ynamxknant 6yc raspblH TOCHOOC SNrax,
a30TbIH HArANYYAUAr Hb canracHbl Aapaa 3pryynaH TOCoHA xonbX b aByynax Hb
TOCHbl OYT33rgaxXyyHUN YaHapbIr CamXpyyrbpK, rapubll Hb X3B33p Xagranax
TOXMPOMXKTOM apra Oamx écton. XyHa (pakuaac snracaH asoTbiH HIranyyauvnH
dopakubIr HYYPC LUMHIAPYYaX YANOBIPUNH 3yypmarT awurnagar yycrarymg Xosbl
GonroH HamXK awwurnax 6GonoMXTOW. [aspblH TOCHbI AH3 OypuinH bpakuyyabIr
XYXPUMH  XYYSIMAH  yycMarn 9acBan ypdyponoop xaHanax Hb yunaesaprang
H3BTIPCAH, OPreH X3aparnaragar npouecc ydypaac uaawmg awmrnaxag xsnbap

OornHo.
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1.2 Ynamxnant 6yc TOCHbI Heel 6a awmrnanTt
1.2.1 NT'apaaabIH opHYyA

[3nXviH 3pUnM XYYHUA KUAUAH X3paruda 8 TopOyM TOHH XXMLLM3M TOCTOM
T3HUYY 6ereef HUAT XyH aMblH OOMOH 3AUWMH 3aCrMWUH 6CeNTUMH yrMaac uaawuvg
yrnam HaMaraaxaap GanHa. SpUMM Xy4HUi canbapT Capraargax apyYMM Xydy ecceHeep
raspblH TOCHbl 333X XyBb Oyypax xaHanaratam 6aviraa 4 60amt x3parnaa He 2050
OHZA 0O0O0rMMHXO0C OFIOH XyBMap HAM3rA3H3 racaH Toouoo 6uin. Matan onpbiH 10-15
XUng, A3NXUAH ra3pbliH TOCHbI ONBOPIONT OPrMn XaMXKI3HAID XYPHI, Laalng raspbiH
TOCHbI ONGOPMONT YPrarmknax 60N0BY XaMXk33 Hb HGanHra Byypd, YH3 Hb ecex 6ornHo
racoH Taamarnan 6ac 6un. Yump Hb LWMHI3P UMPYYIDK By ynamknanTt TOCHbl Heey,
Hb epeHxungee bGara, eepeep xan6an TYYHUA KXUAUAH ONOOPMONTBIH X3MXI3HUN
25%-0 4 xypaxryn Ganraa Hb 9H3XYY TaamarnanbliH yHA3CNaN Gongor. Ynamxnant
raspblH TOCHbl YWIAB3PMAN A3NXWUAH LUEeH yncag TeBnepd, YHUAH eepynenT Hb
ypbOuMnaH Taamarnaxag xauyy OfloOH XYYMH 3YWN33C xamaapaar Tyn O3MXWMIAH OfoH
OPOH 9pPYUM XYYHUMA XaHraMXunH arynryn ©Gangnaa ynamxknant OyCc TOCHbI
YMNAB3PNanNasp WUNABIPNIXUAT 30pbXK BarHa. XKnwas He cyynuiiH 10 xung AHY-bIH
ynamxknant 6yc Ttoc 6a XvMWH YyWMNABIpran 9H3 YMACbIH 3pPYUM XYYHUA WMMNOPThIH
Xamaaprbir UX33X3H XAMXK33raap Oyypyynaag GanHa [37]. YnamxnanT OyC TOCHBbI
HeeL, ynamxmnanT TOCHbIXTOM XapbLyynban xamrunH 6araap toouoxon 10 gaxuH mx
TYNn 9H3 9X YYCBIPUNT awumrnax gasgan onpbiH MPISAYNa UXIIXIH IPUUMXKNX BOSHO.
Ynamxnant 6yc Toc awwurnaxag Heneenex 6ac Har yyxan XyYvH 3yWn Hb raspbiH
TOCHbl YH3 OM. YnawmknanT TOCHbl YHUAH eepunent 6a X3TUWH Taamarnanbeir 9-p

3ypart xapyynnaa [38].
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9-p 3ypar. Yrnamxnanm aa3pblH MOCHbI YHUUH eep4ynenm 6a xamulH maamaanar
3aHapbIH TOC

OonxunH apunm xydyHun 3esnesiiiH 2016 OHbl M3433rasp 3aHapblH TOCHBbI
HUAT Heel 6.05 TpunnunoH Gappenb 6anraaraac 80% Hb AHY-O MNApCaH rax y3gar
[39]. WaTpar 3aHapbir ABcTpanua WuHroH Tynw, OXY, U3pannba uaxunraaH spyvmm
XYY rapraH aBax 30pUIroOp ©MHe X3parnax GancaH 6on Xsartag, bpasun, OcToHu
yrncyya Aaxb Wartgar 3aHapblH awwumrnanT OfioH XU yp awurtan xaaap 6arHa.
OHeerMnH Gangnaap watgar 3aHapbir ACTOHMA UaxunraaH 3pyuM Xy, XUMWRAH
OyTaargaxyyH, Xatag, bpasvng WWMHMOH, XUAH Tynw, XUMUAH OyTaargaxyyH raprad
aBaxag, lepmaHa UeMEeHTUIH ynnaeapT awwurnagar. Kuwaa Hb OCTOHM YrC 3pynm
XYYHUA HUWT X3ParudasHmmxaa 60%, uaxunraaH apumm xyyHuin 90%-wir watgar
3aHapaac ynnaeapnax danHa. 2006 oHAO ONXUAH XaMKaaHA 9.9 cas TOHH wwartaar
3aHapbIr 3pYMM XY4HUI 3opuynantaap, 6.4 cas TOHH LaTAar 3aHapbIr LWAHMAH TyLw

6a XMMUIH BYTI3rgdXYYHUIN YUNABIPNANUAH 30puynantaap awurnacad 6angar.
ButymT anc, 6a xyHa Toc

HdonxunH 6utymt anc (2.4 TpunnuvoH Gappernb) 6a XyHO TOCHbI Heel (2.2
TpunnmoH 6appens) orMponuooroop 4.6 TpUNNNMoH Bappenb raXx TortooracoH Ganraa
Hb YynamknanTt TOCHbl HeeuTan xapbuyynban gapyn 4 pgaxuH mx tom [40]. OHa
HOOUMNH UX3HX XyBb Hb KaHagblH Anbepta MyXunH OuTymMT ancHuin opg (70%)
6onoH BeHecyanbiH xyHA TocHbl OpunHoko opaofg (90%) Tesnepy 6arHa. BeHecyarnbiH
XYHA ToCc Hb KaHagblH OUTYMT 3ncTon xapbuyynban wnyy eHgep Temnepatypt
opLwaor Tyn TYYHWAr ynamxknanTt apraap ontopnox 6onomxkron. KaHagbiH 6utymT
ancHun onbopnontbiH 80%-unr gang apraap, 20%-uir un apraap rynuatrax banraa

6a epepT 3.7 cada bappenb Tyyxun HedbTb AHY-A akcnopTtnox 6anHa [41].

Hyypc

XBHIY-bIH [€0NOrMnH INMHXIAX yxaaH, 6anranviH HeeuUnH XyP33MaHIUIH
cydanraaHaac y3Ban A9nXunH HyypcHun 6atnaracaH Heeu 2018 OHbl TercrenumnH
G6angnaap 1055 Topbym TH Garraaraac 735 TapOym TOHH Hb 4ynyyH Hyypc, 320
TAPOYM TOHH Hb NUIHUT BariHa. QH3 Hb OAOOMMNH ONBOPMONTBIH XAMX33ra3p TOOLIOXK
y3Ban 4ynyyH Hyypc 100 opumm Xung XypanuaHa. [onxXvinH HYYPCHUKA reonornmH
HeeL Hb BatnargcaH Heeueec onponuooroop 18.5 gaxvH nx 6ytoy 19.8 ux Hasg TH
B6onHo. [anxuiH HYYPCHUI Heew, Hb TapXanTblH XyBbA XapbLUaHrym xurg, HWaT 70 ync

OPOH HyypcHUI HeeuTanraac AHY, OXY, Asctpanu, BHXAY, 3HaTxar yncyya xamrmnH
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MX X3SMXKI3HUM HYYPCHUMA HeeuTan OpHyya 6GonHo [6]. HyypcHuA KX3HX Heew
BembepuerniH xonT xaract Gampnagar 6ereen TapxantblH Gawaneir 10-p 3yparT

Xapyynnaa.

Tapbym TH L e

10-p 3ypar. [JanxulH HyypcHUU Heey

Hyypcunr wyya wuHrapyynax ynngeap bBHXAY-biH ©MO30-Hbl Opgoct 2008
oHA GauryynargcaH 6ereeg xung 3.4 cas TH HyypcHaac 1.06 cas TH LWWMHMBH Tynw
(ronnoH gusenb Tynw) ynnaeapnax 6avHa. Lyyn Oyc WWHApYYNanTUAH XyBbA
O©ABHY-biH SASOL-2 6a SASOL-3 ynngeapyya 50-60 XunuinH Typwima yp awumrran
axunnax 6anraa 6a »xung 35 caa TOHH Hyypc x3parnaH 100,000 Gappens/egep
TI3BPUMH Tynuw ynnaeapnax OamHa. Hyypc 605oH GanranuimH XMMHI3C rapracad
HUNIAM XWUMHI3C LWMHIAH HyypcycTeperymg (0eH3vH, An3enunH dpakuyyd), 3p4mm
Xy4, METaHon, aMmuak, ycTeperdy M. Tepen OypurhH XuMUAH OyTI3rgdXyyH
ynnageapnax TexHonoryyn AHY, BHXAY, Kartap M. ONoH oOpoHO amxuntram
awumargax 6anHa. Xuwaa Hb BHXAY-g Hyypcounr wyyn Oyc  LWMHIAPYYRax
YUNAB3pYYL aMxkunttanm Xenkux Oanraaraac xaMrmiH TOM Hb ©onox Shenhua
Ningxia ynnaeap xung 24.5 cag TH HYYpPCHI3C 4 casa TH ynamxnanTt 6yc raspbiH
TOCHbI OYT33raaxyyH: 2.7 cas TH gusenb Tynw, 1 caa TH 6eH3uH, 340 maHraH TH

LUMHMAPYYCAH XU YUNAB3Ipnax 6anHa [42].
1.2.2 MoHron opoH
YnamxnanTt Toc

MoHron yncag ynamxnanTt ra3pblH TOCHbl HEeL TOrTOOCOH 3 TanGan 6avHa.
YyHg TocoH-Yyn XIX Tan6anH raspblH TOCHbI “awmrnanTbliH 6atanraat” Heey, 20.17

caa TOHH, Tamcar XXI Ttan®anH raspblH TOCHbl “awmrnanTtbiH Oatanraat” Heeu,
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21.018 casa ToHH, BXI-97 TtanGawnH raspblH TOCHbI “‘awmMrnanTbiH 6atanraat” Heew
2.07 cast TOHH XX TyC TyC OYpPTrarmpkad. OArd3puUnH HUNNGap Oyly HUNT raspbiH
TOCHbI “awmrnanTbliH 6atanraat” Heeu 43.258 cas TOHH rax IB3XA-Hbl 43pragax
OBbMS3-eep GatanraaxyynaH MoHron YncbliH AWWIT ManTManblH HEOUMNH HIrAC3H
caHg 6ypTracaH Ganpgar [43]. [a3pblH TOCHbI XUNUnH onbopnonT, 6onoBCpyynanTbIH
XOMX33r OMPONLUOOroop 2 casi TOHH I3 Y3BAN 3HAaXYy Heeu Hb 20 rapaH Xun
awwurmnargaag 6apargax  6onHO.  Xaguinrasp  onboprionTbiH  TEXHUK  camKpaH
“‘awmrnanTbliH GaTanraart’ HeeUUNH X3MXK33 HAMIraax Maragnan eHgep 6Gonosd
ra3pblH TOCHbI OYT33rg9XYYHUN X3P3ruas npasayng eceH HaMaraax Hb 6ac rapuaarym

oM.
Ynamxnant 6yc raspbiH TOC

MoHron OpOH HyypcC, wWwaTtaar 3aHapblH MX33X3H X3MXKI3HUN HeeLTINrasc
ragHa GavranuinH OuUTyM, XYHO TOCHbI OpZ WNPauyyd Hanasg TortTooracoH Gampar.
Mnma aHaxyy Tommpg watgar 3aHap, GUTymT anc, HYYPCUAM COHIOH aB4v TOAr33pPUNH
Heel, XUMWUWAH Haupnara, 6yTUMAH OHUOrN, awurnant 6onoscpyynanTtag xamaapax

Maglannunr 6arraacaH 60nHo.
WaTaar 3aHapbIH TOC 6a xuun

MoHronbiH OopHbl HyTar asscrapt HuT 300,000 km2 TanGanr xamapcaH 13
lartgar 3aHapblH caB rasap 6avraa. 9araap caB rasap Hb HYTrMAH 6MHe GOMOH 3yyH
X3CTUMNH garyy Gampnagar 6ereepn wartgar 3aHapbiH 787.5 Tapbym TOHH Heeu caB

raspblH geHrex 20 xypaxryn Tanbaunr xamapd 6anraar 11-p saypart xapyynnaa [44].

I'TT. IllaTaar 3aHapeiH WpL. HeelHitH yHAr33T21 X0A000TOMH XIMKID
IMentina. (1994). lllaTaar 3aHapbIH HI3pPI
JKapran. SpassauorT, IIataar 3aHapbIH caB rasap

11-p 3ypar. LLlamdaz 3aHapbIH Unapyyyo
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AHY—bIH 3puMM Xy4HU MILannuiH anbanbl 2013 oHbl TanmnaHg [45],
[OpHOroBUNH caB ras3apT TOOLOOSICOH 3aHapblH XMiH HeeL 820 Tapbym M3, 3aHapbIH
TOCHbl Heel 43 Topbym OGappenb 6ywy 6.14 Topbym TOHH, YYH33C 0nbopnox
BGONOMXTON 3aHapbliH XWNH Heel, Hb 65.09 Tapbym m® 6a 3aHapbiH TOCHbI Heel, 1.7
Tapbym Bappenb (242.9 cas TOHH) rax y3caH GavHa. XapwuH TamcarviH caB rasapT
TOOLICOH XWIH Heel, 735.8 Topbym M°, 3aHapblH TOCHbI Heel, 43 Tapbym Gappenb
(6.14 TapByM TOHH), YYHI3C onBopriox GONOMKTON 3aHapbIH Xuid 2.1 59.4 Tapbym Mm>,
3aHapblH Toc 1.7 Tapbym Gappenb (242.9 cas TOHH) raX yr TamnaHg TOMAIMMACIH

OalHa.

Hyypc

MoHron ync HyypcHuin 6atnargcaH HeeLeepee Aanxmng 3XHUM 10 opHbI TOOHA,
barTax 6anHa. 2019 oHbl Gavagnaap 15 cas rasap, 300 opuum opg, unpan GanHa.
MOHron opHbl HyYYpCHUI reonorMnH Taamar Heeu, 150 Tapbym TH, 6atnargcaH Heel
32.6 Topbym TH rax AWWrT manTman raspblH TOCHbl raspaac [43] y3ax OGavraa.
BatnaracaH HeeuuiiH 68.4% 6yoy 22.3 Tapbym TOHH Hb XYpaH Hyypc, 31.2% 6ytoy
10.2 T3p6byMm TOHH Hb 4ynyyH Hyypc, 0.3% Bytoy 0.1 TapOyM TOHH Hb aHTpaunT BanHa.
Hyypc Hb HUAT HyTar gascrapunH 80%-4 xapbLaHryn xurg Tapxcan 6angar. HyTruiH
3YYH, XaHravH Oycaa XypaH Hyypc, TeB OyCaa XypaH33C YyIyyH HYYPC PYY LUMITDKMX
3aBCpblH Hyypc, 6apyyH OOMOH roBumiH Oycag 4YynyyH HYYPC 30HXUITK TapX»Kaa.
leonorn xanryynblH axun XunirgcaH 83 opgod TynryypraH TOOLIOOSICOH HYYPCHWUI
reoniorMnH Taamar Heeuunr rasap 3ymH 5 Bycag xyBaax ys3aar. HyypCHWA XXUNUIH
onbopnont, 6onoBCPYyynanTbiH X3MX33r orponuooroop 33 cas TOHH I3 Y3Ba

Gatanraat Heel, Hb 100 opunM Xun awmnrnaxag Xypanuaxasap Heel 605nHo.
BauranunH 6UTyMm XyHA TOC

MaHan opoHA OUTYMXKC3IH ancHuin opg unapy 6yxun razap 20 rapyn Gauraa
6onos4 yyHaac 3yyHbGasH, basH-Opxat, Xapranant, bora, JanratelH yaraaH Hyyp,
CymuiiH Hyyp, Xap HyypblH opayyAad reonorMiH cyganraa XunracaH 6GanHa.
Cypanraaraap 3yyHb6asHrMiH opa 533 MsH. TH, XerwuH ronbiH opg 1,467 MSH.TH,
Baan-Opxat 1200 maH.TH XapranaHtblH opg 600-800 MAH.TH HeeuTan 60NOXbIr
TOrTOOCOH 6@ MeH ONnoH TOOHbI UNapuyyan 6angar 6anHa. OArs3puUNH HUAT HEBL Hb
C1+C2 (Taamarnargax 6ym Heeu) 33prasp 3,859 MAH.TH YYHWA [O0TOP LIB3P
BUTYMbIH Heel, 379 MsH.TH Bairaa Hb xapbuaHryn 6ara HeeuTang ToouoraoX GanHa
[46].
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MoHron OpPOHA ynamxnant 6yC ra3pbiH TOC aluurnax waapagnara

MoHron oOpHbl 3OMAH  3aCrMMH  ©CenTuAr parangaH raspblH  TOCHbI
OYTIaradXyyHUn xaparuad b6anHra Hamargax 6anHa. ©OHeermnH Ganagnaap MoHron
Ync raspblH TOCHbI ByTa3rgaxyyHun xaparyaarad 100 xyBb MMNOPTOOP XaHrax Gawnraa
Gereen sHaxyy OyT3araaxXyyHUn MMMOPTLIr OyTU33p Hb aBd y3Ban 90-35C A35LW
OKTaHTan aBTOOEeH3nH 27%, 90-33C Joow OKTaHTanm aBTOBeH3MH 4 op4YMM XyBb,
anzenb Tynw 50%, oHrouHbl Tynw 2%, 6ycag (Toc TOCOMrOOHbI Martepuari, Masyr,
xun) 17%-mir a3amx 6avHa. HuAt mmnoptbliH 93 rapyn xyeBunr OXY, 4.6 opyum
xysumnr BHCY, 2 xysuir BHXAY, ynacanuir 6ycag yncaac umnoptonx 6anHa. 2018
oHA H1UT 1,870,000 TOHH BYTa3argaxyyH nmnopTnocHbl 954,000 TOHH Hb AM3enb Ty
GanHa [43].

MoHron yncag raspblH TOoCc 6onoBcpyynax yunasap Oanryynax —axun
aMXUNTTal X3PIANKMH OWPbIH MPI3AYNA LUMHIOH TYNW YANABIPMK 3XM3X Hb
TOAOPXOWN BONCOH X34MN Y XsA3raapnaramarn HeeuTan HAr TYYXU 34, HAr YUNABap, Har
TexHonorng 6ypaH Tynryypnax Hb 3pCA3NTan oM. Ynamxknant ©yc raspblH TOCHbI
Tepen BYpUNH OOTOOAbLIH 39X YYCBIPUWT cyanax, Taaraapuir 60noBcpyynaH awmrnax
TEXHOMNOMMNUI 333MLUNX Hb 3OUWNH 3aCrUnH arynryn Gangan O0MOH WWHIOH TYILWHWA
TOrTBOPTON XaHraMxug nxaaxaH yyxan. MoHron opoHa vnpyyncaH ynamxknant 6yc
raspblH TOCHbl HE6L, Hb epAUNH TOCHbI HEeUTaN xapbLyynban X3a4sH apaB AaxXuH UX
Ganx Maragnantam Hb 3H3 TOPAWWH TYYXUA 3OUWH cydanraar ryH3rmmpyynaH
TEXHONOMMNH BONOBCPYYNanTbiH TYBLUMHA XYPraxX 3annwrymn waapanarsir 6um 6onrox
GarHa. MaHan OpHbl Tynw 3pyMm Xyd, ynamknant Oyc raspbiH TOCHblI canbapT
36BMnenree erceH ragjaag OpHbl cygnaadng MeH 9H3 canbapbir XenKyynax 60romx
Ganraar gyrHacaH Ganpar [47, 48]. “MOHION YNICbIH 3ACIMH FA3PbLIH 2020-
2024 OHbl YWUN AXWUNNATAAHBI XOTONBEOP’-uiH 3.2.8.1-a; “laspbiH  TOC,
ynamknant 6yc raspblH TOCHbI 9pan, Xauryyn, awurnanTtbir 3PYUMXKYYIDK HeeLuumnr
eCreHe.” rax ynamxnanTt 6yc TOCHbl Tanaap 3aanTt opcoH Ganaar. QHaXyy 3aanTbir
BOAMTOOP X3PANKYYMNAX Hb LUMHXMAX yXaaH, TEXHOMOrM, HUAMAM 3OUMWH 3aCruuH

yyxarn ay Xxono6oraonToun.
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XOEPOYIAAP BYNAr. TYPLUUNT CYOAITAAHbI X3Car
21. CypanraaHbl OO beKT

CypanraaHg ynamxknant 6yc raspblH TOCHbl TYYXUW 3494 Toouoraox basiH-
OpxaTuH 6utymT anc (b3), OnAsBUNH XYP3H HYYPCHUM Xarac KOKCXKYYSanTbliH
nasupxan (OK) 6onoH TaBaHTOMMOMH YyrnyyH HYYPCHUW KOKCXYynanTbiH JaBupxau
(TK) coHroH aBy awwurnacaH. MeH TamcarbynarMiH raspblH TOCHbl O33XUAH
aTMOCKEPUNH HIPSAMMNH YNAIMANNNAH KPEKMHIMAH OYTI3rgaXyYHUIAT 34ra3p TYYXUK
9OMNH X3 X3439H LUMHX YaHapTamn XapbLyySbK Y3CaH BOMHO.

BasH-OpxaTunH BuTYMT ancHuin opa Hb TeB anmruiH basHxapranaH CymMbIH
HyTarT, XapfaH ronooc 5kMm, cymblH TeBeec 40 KM, TeMep 3aMblH 3epriereec 55 km
3ang opwpgor. butymt ancHui opgblH Heeu 1,260 MSAH.TH, cydanraaHg ascaH
A3DKUMH XaMx33 50 Kr opumm GarcaH.

ONA3BUNH HYypcHUN opg HdopHoa anmMrnH [anaHxapranaH CyMblH HyTarT,
YnaaH6aatap xoTooc 3yyH yparw 330 km, HYonp epteeHeec 3yyH yparw 40 km, OnoH
OBooOT epTeeHeec 3yyH Tunw 21 km 3ang 6anpnagar. Tyc opAablH HYYPCUIWK xarac
KOKCxXyyrnax 3opuynantrtan yungsapuir MAK XXK  axunnyymk ©6ancaH. Tyc
YWNAB3pUMH AaBnpxanHaac 8 nUTp opuMbIr aBY aluumriacaH.

TaBaHTONMMOMH YynyyH HYYPCHUA KOKCXyynantblH 12 nuTp gasupxaur
©mHeroBb anmrmiH basaH—OBoo cymbiH HyTarT “OHK” XXK-unH 2008 oHg GanryyncaH
KOKCbIH YWIAB3p33C aB4y awuvrnacaH 6onHo. TyxanH yuWngsap Hb TaBaHTOMMOWMH
YynyyH HYYPCUNI KOKCXKYYMaH MeTannypruimH KOKC YANOBIPNAXUNH 39P3rL3d KOKCbIH

AaBupxan gansapaap yMnaBapnaH xygangaangar 60sHo.

2.2. CypanraaHbl epeHxun apraunan
CypanraaHbl epeHxui apradnanbir 3ypar xapyynnaa. AXNblIH YHACSH
30punro Hb ynamknant O6yc raspblH TOCHbl TYYXUA S433C rapraH aBcaH AyH4
pakunnr rmgpobonoBcpyynantaHg opyynaH Au3enb TYMWHUA L2B3P TYYXUR 34
rapraH aBax 6onomxuir cyanax asgan 6ancaH Tyn 3axnasg 34rasp TYyXvuh 9434
aryynargax oyn oyHa dpakuuiH aryynrbir TOrtooX aXun XMRracaH. basH-OpxaTuiiH
BUTYMT anc Hb apaac 6oanc nxaap aryyncax, xaTyy Tenes bangantan Tyyxun a4 Tyn
TYYH33c gasupxan (BK) rapraH aBaxblH Tyng ypbadunaH gynaadbl 3agpan opyynax
axun xunrgcaH. BK, 3K, TK paBupxanr BakyymM OpPYMHA HIPX XOHreH, AyH4
dpakuyyn 60noH xyHA4 ynaargan 6onroH xyeBaacad. [OyHa dpakuyyabir uaalfbiH
cyganraaHbl Tyyxumn 34 6onroH awwurnacaH. iyHa dpakubir asToknas peaktop (AP)
Ga xepenreeHrynm pfaBxaprat TacpanTryh axunnaraat peaktop (HP) awwrnaH
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rmapobonoBcpyynantag opyyncaH 60n Xyd4unnar, asoTbiH Cyypwnar Hargnyyavir
canracHbl papaax AayHa dpakumnr (BA 6a OA) 3eBxeH AP awwurnad
rmgpobonoBcpyynanTtag opyyncaH. Tyyxuin 34 60M0H 6yTaargdaxyyHUM LUNHX YaHap,
XUMUNH Harpnara, 6yTumMiH eepynenTuinr Xummn, U3NKnMinH 60n0H CNEKTPOCKOMUIAH

apryygaap xXxapbuyynaH cyaliaH TOrtoosioo.
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2.3 TypwwunT, cyaanraaHbl apra 3yu

2.3.1 BuTymT 3NnCH33C AaBupXxamn raprax TypLununT

ButymT ancHaac gaBupxaw rapraH aBax 2 apra 6angar 6ereeq axHuM apra Hb
OUTYMT 3NCUMIAT OpraHuMK yycrard, 3CBAN XasnyyH ycaH yycmanaap XaHgnaH uaBap
OUTyM rapraH aBaapg yr OUTyMbIr gapaarMnH WaTHbl AynaaHbl 3agapraaHg opyynaH
AaBupxan rapraH aBax, ygaax apra Hb OUTYMT ancuir wyyg gynaadbl 3agapraa
Oyloy nvponusa opyynaH pasupxau raprax apra 6onHo. CypanraaHg L33pX
apryyabir alimrnacaH.

XangnanT: LlaBap 6utym raprad aBaxag HuUMT 3.3 kr bO-unir awwurnaH 3 ygaa
XaHOnanT XMnUcaH. XaHananteir gapaax 6amgnaap rynuyatracaH. YyHa: B3-3ac 1 kr
OPYMbIr XXUFH3H aBy rap apraap O6ytnaH 10MMm-93C JOOLW WMPX3rnanTan 6onroopn
3000 mn-unH 6arTaamxtanm nabopaTopunH raH aaraHg XunHa. NaH aaraHg 1500 mn
ANXIOPMETaH XUMK Tarnaag XaT aBuaHbl Texeepewmxua 6anpnyynaag tacanraaHbl
TemnepaTypT 30 MWH. XxaHananT sByynHa. XaHananTbliH gapaa OUTYMbIH LUMHIAH
yycmanblr AeKaHTauunH apraap xaTyy 35fCH33C Hb canraHa. LyyrgcaH anc gaap
anxnopmeTtaH WwuHadp 500 mn HAM33g X3T aBuaHbl Texeepewmxua Gawnpnyynaag
TacanraaHbl Temnepatypt 30 MWH. gaxvH XaHananTt saByynHa. BUTYMbIH LUMHIGH
yycmanbir AekaHTauuriH apraap xaTyy 9JfICH33C Hb canraaj ©MHex XaHaaTan
HUANYYNH3. Yngargan ancuir 200 mn guxnopmeTtaHaap 3aunaaj yycmanbir Hb
XaHgag HuUMNyynHa. Bakyym yypliyynard awmrnaH HUAT XaHgaac OuxXnopMeTaHbIr
canraag uaB3p OUTYM 4qnraH aBHa. XaHanargcaH oOrncunAr xaTaax >KUHTUKH
angargnaap uaBap OUTyMbIH aryynrbir TO4OPXOWIHO.

Muponua: XXTX-unH bBaraxut wWnHxunrasimn  nabopatopunH  (BLUIT)
MUPONU3bIH TOXOBPOMXK A33P TYPLUUNTHIN N'YMLITIAC3H. a30TbiH XMiH ypcrang, 480°C
TemnepaTtypt 7 ygaa TypwunT Xumk 7.0 Kr opuMM O93XMAr xanyyHbl 3agpang
opyyncaH. XanaantblH xypa 480°C Ttemnepatyp xypton 2.5°C/muH, 480°C
TemnepaTypT 3agnax Xxyrauyaa 2 uar, as3otblH XunH ypcran 20mn/muH. 6GauncaH.
MnponusbiH TypwnnTbIr apaax 6ananaap rynyatracaH. YyHa: Onponuooroop 1000
rp opunm B3-unr xurHaH aBy 1.6 nuTp GarTaamkTan aBTOKNABA XMNHI. ABTOKNaBbIT
TarnaH 600NTyyabIr YaHranaH GuTyymxxnasg rapanTblH XOOOWr Hb 2 WaTTan yrcpaa
TOCTyypT XON0OOoHO. Tocryypyyabir ypbaunniaH XUrHacaH 6arnHa. AHxgard TocryypbiH
AOp ycaH XepryypumH caB Gaunpnyymk XYWTOH ycaap AYYPraHa. ABTOKNaBblH

OPONTbIH XOOMONA XMWH LWyram XONnboX a3oTblH XWMWT HABTPYYNHI. ABTOKMAaBbIH
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A99p33C  TemnepaTyp XaMxurd cyypunyynHa. 3yyxHbl yauvpanarbir  480°C
TemnepaTypT Toxvpyynaazg Xanaantbir axnyynHd. Temnepatyp 480°C xypcaHui
Aapaa 3H3 TemnepatypT 2 uar nMponusbir aByynHa. YyHUA gapaa 3yyxHbl xanaanTbir
30rcooX 3yyxblr 6yynraH aBTOKNaBbIr 3yyxHaac rapraHa. ABTOKMaBblH [0OTOO.
TemnepaTtypbIr TacanraaHbl TemnepaTypT Xypax34 asoT XWWH ypcranbir 30rCOOX,
X00rnowr canraHa. apanTbiH XOOMOWr aBTOKMaBaac canraaf LWWHrEH OyTa3araaxyyH
Byxun ToCcryypyyapbir XXurHaHa. [laBupxan 60M0H yC Hb XOOPOHO0O Ye YYCraH carcaH
Ganx Tyn TIOrd3pMUr TyCc TYCA WYX aBaaj XWUrHaag rapuyyabir TOTOOHO.
ABTOKNaBbIr 3agnaH NUPONW3bIH XaTyy YNOSrANAVMAr raprax XWrHaHa. Xartyy 6a

LUMHIAH BYTI3raaxXyyHYYAMNH rapuyyaaap XUnH 6yTaarasxyyHUin rapubir TOOLOOSTHO.

13-p 3ypar. XXTX-uH BLWJT-nnH nnponuabiH Texeepemx

2.3.2 Tyyxuu 3gM1H BaKyyM HIpnar

Tyyxun 3O0UAH BakyyM HI3pPMar rymuaTraxadsc eMHe TYYHUWT YCrymXyynax
Wwaapanaratan 6ereeq yyHA X34 x3439H apra 6amxk 6ongor. QHaxXyy cyaanraaHg ycbir
HOpPaX apraap canracaH 605Ho. Tyyxun aguinH Bakyym Hapnart XXTX-unH BLUJT-unH
2 TOPNUNH TEXEBPOMXUNH WX Bypaan awmrnacaH. YyHa:

1. Tyyxuin ToCc BONOH AaBMpxam X3P HIPIX 30puynanTTan HIPMAAMMNH epanunH

TeXeepeMXunH mwxk oypaan. TexeepemxuiiH xyunH 4Yagan 300-1000 r XaMKaSHWUN
43



AaBupxan. JHI TOXeepeMXWUWr cydanraaHbl Tyyxun 34 O0Mn0X HIPNArMnmH AyHA
dopaky, rapraH aBaxap, ronnoH awurnacaH. Tyyxum TOC MX33P HIPIX 3o0puynantran
HOPNArMNH TexXeepemMXninH BypanaaxyyH 6a Tycnax xaparcnan: HapnarminH konbo 2
nnTpuiH GartaamxTtan, 0.3 N Garraamxtan WWN3H TOCTyyp KONG 2 Wmnpxar, Konbo
Xanaary, Tyy3aH xanaaryyp, ycaH xepryyp, Temnepartyp Toxupyynard, Tepmonap 2
LUMPXAr, a30TblH XUAH BGannoH 6a xurh gamxyynax wyram, H3pnAarMmH TOC pyy Xumn
opyynax LWWUII3H XOOSION, H3PMArMMH TOC pyy Tepmonap opyynax LWII3H XOOSon,
XWWH ypcran Toxupyynard, Bakyym Hacoc, 2 nuTpuinH 6arraamxran ByHaeHui konb,
AapanTbliH  yaupanara. Texeepemxyyaunr 3ypart y3yyncaH 6awgnaap yrcapu
AaBUPXanr HApPaH XeHreH, ayHa dpakuyyn (b, 34 6a T[) 60noH HIPN3ArMMH XyHA
yngargnunr anrad aescaH. HapnarunH konbong 450 rfa gapanTt Oyxun Bakyym
opuMHA yycrasg TemnepaTypbir 6ara 6araap Hamk 190°C  xyprasg  190°C
TemnepaTtypT 30 MUHYT OapbX XeHreH ppakubir snraH aBcaH. XeHreH qpakuuunr
HOP3Arg4aX AyyccaHbl gapaa gapantbir ecreH 1024 rlla xyprasg xeHreH dpaky dyxum
ToCryypbir 6araxkaac canraH gyHO dpakuunr uyrnyynax Ttocryyp Xon6oHo. YyHui
Aapaa gapantbir 20 rf1a 60onrox HIpnarMmr gaxvH axnyynaH Temnepartypbir 6ara
baraap ecrex 210°C 6onrox 210°C temnepatypT 30 MuHyT 6apuag oyHa dopakubir
anraH aBcaH. YNAcoH gasupxan Oywoy xyHg yngaranunr 100°C temnepaTyp XypTan
XOprecHU gapaa HapnarnnH konboHooc rooxyynax 6angnaap canraH aBHa. Hapnar
XUNX SBUAA KONBOHbI 033P33C HAPUNH XOONONIoop XMWH a3oT ypCcraH TYYXuh 3gunH
[00POOC YIMI3NMAH 6rHe. OH3 XUNH BGembener Hb HApPargaX Oyn TOCHbI AyrnaaH

AaMkyynantbeir  camkpyynax, XxanyyH 3agpanaac  Copruinax — Hexunyyauur

OypayyncaH.

44



14-p 3ypar. Tyyxuli moc 8aKkyym OpHYUHO H3P3IX MOXeepeM*K
2. Tyyxui Toc 6araap HIpax aBTOMAT TOXOEPOMXKUH WX Bypasan. OHS Hb LUMM3H
XOOJSIONT 3yyX, BaKyyM Hacoc, gapanT XsiHax yaupanaraac 6ypasHa. TexeepemxuiiH
XYYUH Yagan 8-15 r XaMXasaHUN JaBupxan. QHI TOXOOPOMXKUUT cydanraaHbl TYYXum
9aunH 6onoBcpyynanTbiH OyTaaradXyyYHUIT L3BIPNAX, TYYHUI Havpnarbir TOrrooxon,
rOSINOH awmrnacaH. Tyyxuin Toc 6araap Hapax aBToMaT TOXOOPOMXKXUIH YHACIH X3Car
Hb AnoH yncelH SIBATA 6paHannH GTO-350RG 3arBapblH LUMA3H XOOMOWT 3yyX
6onHo. TexeepeMXuir awnrnad TyyXun aaninH 60noBCpyynanTbiH OyTaaraaxyyHUnr
Gara xamkaaraap HIpPXK XOHreH, OAyHA, XyHA pakuyyn anraH aBcaH. HapnarunH
papant 6a TemnepaTtyp Hb AaBMpXan UX33P HIPIX TOXOOPOMXKUIH Y3YYNanTyyATIn
KN 6oMHO. TexeepemMxunr axunnyynax CtaHgapt axnbiH 3aaBpbir (CA3) TannaHa

xchapraca+|6onHo.

15-p 3ypar. Tyyxulti moc baza XaMxX33233p HIPIX asmomam mexeepemM;
2.3.3 [NaBupxamH AyHA pakuaac Xy4yumnnar GONfIOH cyypunar Hargnyyauir

canrax

BO 6a 30 p[9akxunH xyuunnar 60N0OH cyypwunar HIargnyyauvir  goopx
apraunarnaap canracaH:
o Tyyxun aguH 039xa3ac 40.0 rp opumbir aB4 100 mn rekcaHa Xumx yycraag
XyBaard oynyypaHg xumnHa. YyH aasp 10% NaOH-unH yycman 100 mn-unr xuiix
XONbUMWTM CArcpaH xangnant ssyynHa. FOynyyp O9Xb WWHMAH hasyyabir XOEp X3car
Oormk canacHbl gapaa OOOp Hb sinrapcaH WyYNTUAH yycMmanaa snraH aBHa. OHJ

Aapaannaap HaTpUH WYNTUAH XaHgnanTeir 3-5 yaaa xuncHun gapaa tyc 6yp Hb 100
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MIT X3MXK33TaN HIPMIN ycaap rekcaHbl yycmanbir 3 yaaa yraax WynTUAH ynaaranasac
UaBaPNaHa. HatpuiH wyntuiH yyemansir 10% HSO4 yycmanaap yinunaH Xyuymnnar
HAranyyaunur anracaH 6ereef WMHXYY sinrapcaH Haranyyauir OuaTUiMAH 3doupasp
XaHganmk aBHa. HatpunH wyntunH xangnanteir O 03axug 5 yaaa xapuH b1 aaaxua
3 yoaa xuMCcaH 6Ga 9H3 Hb Tyxal A33KYYASd4A aryynargax XyuYwnnar HargnyyaunH
aryynratan xonbooton 6arcaH. XaHgnargcaH yycmang YNacoH ycbir OypaH canraxbiH
Tyna yycman nasp ycrymkyyncaH Na, SO, HOMXK ereH ycbir TancT rugpart xanbapt
opyynaH anrax aBcaH.

o YCryMmxKyYncaH A33X33 XaBTranm €poonton GeepeHXun KONGOHA XMACIHWIA
aapaa g93p Hb CuCly:2H,0O HOMC3H. XonbUMWr xanaaH XyTrard TexeepemX [O33p
TaBbX 60°C-biH TemnepaTtypT 100 apr/MuH 3pranTunH xypgaap 120 MUHYTbIH TypLl
xaTyy pasblH xaHanantbir sByyncaH. [0aax 6a 39CUNH XnopuablH Tanct rmgpaTbiH
XWHMMNH xapbuaaraap 10:1 6arB. A30TbiH cyypunar Haranyy4a He TyHagac 6angnaap
WWNHIMAH basblH époong xypumTnargcaH 6a TyyHUUr epavinH OeKaHTauunH apraap
LUMHIAH dpadaac canracaH. Xy4yvmnnar Hargnyya 60mnoH a3oTblH Cyypunar Haranyyaaac
L2BapnaracaH ayHa dpakuyyabir (A, BA) Bakyyma gaxuH HIpX TyyHO YIACSH
KOMMNMEKC Haranyygoac canracaH. JHAXYyYy apra Hb asoTblH cyypunar Harganyyn
33CUNH XJTOPUABIH TancT rmgpaTran KOMMNAEKC HAraan yycragart yHA9CNaaar. A3oTblH
cyypunar Haraanyyd Hb 3NeKTPOH AOHOP Tyn 3eKTPOH akuenTop 60nox metansbiH

NoHTOM BaTt 6ex cmrma xonboo yycragar.
W '3

16-p 3ypar. A. LLlynmutH xaHOnanm. b. 33culiH xropudbiH mancm

audpameIH xaHonanm
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2.3.4 [asupxawnH ayHAa cbpakumH rugpobonoBcpyynanTt

Tyyxun agnnH ayHa ppakunH rmapobonoBCcpyynanTbiH TYPLUMATLIN aBTOKNaB
peaktop (AP) ©onoH xepenreeHryn paexapraT peaktoptan (HP) Tacpantrym
axunnaraat TexeepemX awwurfaH rynmydtracaH. AP Hb Tyyxvh 30OUAH  ypBarsiblH
NMO3BXMIT cyanax aXHUI LwaTaHg ronfioH xaparnaraaar texeepemsk 6on HP Tacpantrym
axunnaraat TexeepemX Hb TYPWUATbIH HOXUIYYOUWT YANOBIPUMAH  MPOLIECCHIH
HeXUNyyaATan oupTyynax 6Gonowmk Oypayyngar gasyy Tantam Tyl XMMUWAH
GonoBCPYYNanTbIH LMHY TEXHOMOMMWAT YANABIPNANA HIBTPYYIAX AamKnara rax ys3ax
6onHo. AP Texeepemxeep ronnoH 0.5-6.0 uar xypTanx XxyrauaaTam TypLUMNTbIr
rynuatragar 6on HP Texeepewmxeep TypLMATbIH Xyrauaar TacpanTrynrasp X349H
00100 XOHOroop YPrasukyynax 60nomMxX«Ton. TecnumH XypaaHg TOCHbI TYYXUI 34UNAT
ycTeperuxyynax sopuynant Oyxun HP-bir XXTX-uiH BLWJI-4 30xnoH 6yT33X, yrcapu
cyypunyynaH awwvrnacaH 6onHo. CyganraaHbl yp oyH4 6uii 60NCOH 3HaXYy TeOxXeepemx
Hb MaHan yncag Tepen OYpUMHT TOCHbI TYYXUIN 34, TAArA3PUNH hpakuyyn, anadrysa
ynamxnant 60noH ynamxknant Oyc raspblH TOCbIIr YCTOperdunH pJapantaH gop
BGonoBcpyynax TacpanTryn axunnaraart TYPLUMATbIH aHXHbl TEXOOPOMXK tOM.

2.3.4.1 ABTOKNaB awurnaH rynyaTracaH ruapoo6onoBcpyynanTbiH TypLUKNT

M'mapobonoscpyynantag XXTX-unH BLWJT-unH 50 mn 6arraamxTtan aBToknas
peaktop (AP) 2 wwupxar, xygangaaHbl katanudaTtop NiMo/Al,05; (Ni3%, Mo 15%)
awmrnacaH. KatanusatopblH ragapryyrviti Tan6aii 150-220 m2. AP TexeepeMx 60MoH

carcpary 3yyxbir 17-p 3ypart xapyynnaa.

17-p 3ypar. udpobonoscpyynanmbiH asmokias ba cazcpacy 3yyx
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TypwwunTang awmrnacaH asToknaebiH ypT- 34.5 cm, ragaag gnameTp- 28 mMwm,

aotooq anameTp-13MM, TEXHUKUNH Y3YYIANT Hb:

e [a3p papant 30 MMNa
e [losg Temnepatyp 500°C
e O3M3XyyH 50 mn
e [aHrbiH Mmapk SUS316

HaBupxavH AyHO dpaky GONoH a30TOT HArgAWMWr snracaHbl gapaax OyHA
dpakuyyabir - rmapobonoBcpyynanTbliH — TypwunTang — opyyncaH.  TypLuvnTbIr
MYMUSTrOXUWH Tyng aBTOKNABbIM XWUH O33p OanpnyynaH 5 r 493X XMMCcaHun gapaa
Tycram cyypbT 063xn3H3. [lapaa Hb aBTOKMaB4 YpbAuMnaH XyX3pPXKYYHCOH
katanusatop 0.2 r, anemeHT xyxap 0.02 r MeH xonbubIr XyTrax 3opuynantrTan raH
BGembener 5 WKnpxar XxMnH3. ABTOKNAaBLIr Tarnaag, TYyHuh TaraHg 6anpnyyncaH xum
Aamxyynax raH xoosiomroop 5 Mlla gapantaap H,-bir 3 ygaa wWwaxax aBTOKMaB
AOTOPX araapbIr TYPAH raprax ycreperyeep LyYyproH3. ABTOKMaB Hb YCTeOpPerymiH
Aapantaa angaxryn 6utyymxnantan anraar Hb ycTeperymnH getektop 6araxkaap
wanrana. YyHun gapaa 350°C-biH TemnepaTyp XypTan ypbadnnaH xanaacaH XaBTa3
Carcpary 3yyxaHnf aBTOKMNaByyAbIl LWypryynaH 6anpnyyrx, cyrapyd yHaxaaprynraap
raH ytacaap 6axnasag 2 6a 4 uar rmapobonoBcpyynanTbiH TYPLUWAT MNYALITIIHS.

M'mapobonoscpyynanTbiH TypLWWNTbIH Xyrauaa Adyycmary, 3yyXHbl Carcpary
Xe4enreeHnnr 30rcooroo, aBToknaBaa 3yyxHaac raprax TacanraaHbl Temnepartyp
XypTan xepreHe. [lapaa Hb aBTOKNaBaa COPOX LUYYr3aH AOp Cyypunyynaag TyYHUK
Tar As3p Garpnax xaBxnarbir aakxmaap Ha3x 6angnaap ycrteperd 60noH 3agpanbiH
XUAH OyT33argaxXyyHUIr rapraHa. XunH OyTo3arasxyyHuUAr 30puynanTbiH  yyTaHg
copyynaH aBy TYYHUA 33M3XYYHUUAT XIMXKWXK Haupnarbir LIWMHXA3X OONOMXKTON.
3agpanbiH XMMH BYTI3rg9XYYHUUr rapracaHbl apaa aBTOKMaBbIlr YHACOH CYypbT
6axnaag Tarmnr OypaH HI3HA. YpBanblH HUUT OYyTI3rgaXyYHWAr aBTOKNaBaac
rapraxgaa Bakyym HacocT Xon6ocoH 0.45 MKM X3MXK33TIaM LIYYNTYYPT LWYy4 Hynax
Ga 9HO apraap WMWHMAH OYTI3rasxyyHaac kaTanmsatop 60fOH ypBanblH - XaTyy
OyToargaxXyyHunr  ganrax canraHa. LWuHreH  OyToargaxyyHUUr — Wyyx anrax

Texeepemxuur 18-p saypart xapyyrnnaa.

48



18-p 3ypar. LLuHa3H 6ym3a3sadaxyyHulie wyyx carnaax

MppobonoBcpyynanTbiH WWHIOH BYT3argaXyyHUM rapy Hb OWPOSLLOOroop
70% 6ancaH. ABTOKMaBbII 3XN334 TOSYONoOp Aapaa Hb aueTOHOOP X34 X3A43H yaAaa
3aMncaHbl gapaa Hb yraanrblH HyHTar awuriaH ycaap yraax gortooq 6oxmpanooc Hb
OYpaH U3BIPN3HI. ABTOKMABbLIH LOTOP XaHbIH LBB3PNAr4coH 6amanbir rap YnMnasH
awmrnaH ropanTyyik wanraHa. ABTOKIMABbIH XXWKUTM X3CTryyaunur MeH TOoslyonoop
LUOB3PIIAC3HUN Japaa aueToHd XWWH X3T aBuaHbl TOXOEPOMXKeep LIBIPMIHA.
ABTOKNaB GOMOH TYYHUIA HUIT >KMKAM 34 aHrMydbir xataax wyyrasHg 100°C
TMenepaTypT 2 uar xataaHa. 'mgpobonoBcpyynantbliH OyX TypLWATYYAbIr WKW

Hexuena, WXnn Texeepemx OONMOH ypBanX, katannsaTop awurnaH XMncaH.

2.3.4.2 XepenreeHrymn Aasxaprar peakTopaap rynyaTracaH

ruapo6onoBcpyynanTbiH TypWUnT

Typwuntang awwvrnacadH HP Ttexeepemxuir 19 gyraap syparT xapyynnaa.
TexeepemMx Hb Japaax YHAC3H 34 aHrnygaac 6ypaax 6anHa. YyHa:

- XepenreeHryi naexapraT peakTop, 0334 TemnepaTyp 450°C, nssa gapant
10MIMa

- PeakTopblH ragapryyH Tyy3aH xanaaryyp

- PeakTopblH 4OoTOOA4 TEMMNEPATYPLIT XAMXNUIY TepmMonap

- PeakTopblH xaHbIH TeMnepaTypbIr XaMXuUrd Tepmonap

- PeakTopblH AOTOOA TEMMNEpPATYPbLIr TOXMpYynary

- PeaKTOprH XaHbIH TEeMnNepaTypbIr XSM>XUr4
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- byTtasrgaxyyHuin anxgary Tocryyp 1.5n

- byTrasrgaxyyHuin xoé€ppory Tocryyp 0.2n

- PeakTopblH OpONTbLIH JapanT 3aary MaHoOMeTp
- PeakTopblH rapantbiH gapanT 3aardy MaHomeTp
- PeakTopblH fapanTbIr TAHLBIPXKYYIIAX XaanT

- byuax gapanTblH xaBxnar

- YcTepery xun opyynax xasxnar

- YcTeperynnH ypcran Toxupyynary

- YcTeperdnmnH ypcras XaMxury

- [apanTblH XMH ypcran Xamxurd

- YcTeperyninH oponTblH JapanT 3aard MaHOMeTp
- AwynrynH gapant 6yypyynary

- UaxunraaHbl yHTpaanra

- ©OHOep gapanTbliH TAMXIANNNH Hacoc, XydnH Yagan 0.1-10 mn/mMuH.

19-p 3ypar. [udpobosioscpyynanmsiH macpanmayl axuriazaam mexeepemx



Taxaan T3K33nunH

erery

e

Ycrepery 6a XuiH
OyTasrgaxyyH

waxyypra

WnHran
(—  BvrsarasxyyH LLIMHrIH
Byraaraaxyys

YX: Ypcran xanekury

TX: Temneparyp XanmKury

12 | Yereperu DOX: NapanT Xanokury

20-p 3ypar. 'udpobonoscpyynanmbsiH macpanamayl axusnazaam mexeepemMx CXem

TypwnnTblH epeHXUn apradnan:

PeakTopbIr katanusaTtopaap Ayyprax

PeakTopbIr Toxeepemxumg xonbox

TexeepeMXUnH BUTYYMXKNSNUIT wanrax

Texeepemxua ycTeperd HIBTPYYN3H pJapant ©6a ypcranbiH Xypabir Hb
TOrTBOPXKYyYynax

KaTanusaTopbIr XyXapXyynax 3opuyrnanttan ypbauuncaH TIXK33ST peakTopT
Hacocaap Laxax

PeakTopblH xanaanTbIlr KaTanmMsaTop XYX3pXYynax nporpamMmmbiH garyy
rymuaTrax

YCTeperdxyynax ropuMmbiH Jaryy peakTopT VYHAOC3H TOXK33n  waxaH
rmapobonoBCpyynanTbIr AByynax

ByToargaxyyH XOOpOHAbIH 433X aBax /TypwunTbiH 33K OONOH Hexunyyn

conurgox oypa/
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- byTaaraaxyyHun 093X aBax /TypwunTbiH 033X OOMNOH Hexunyyg conurgox
Eypa/

- byToargaxyyHUM  O33XKMAT  a30T  XUWAMd3P  YNQ3MrdH  XUWH - XOJSbLyyabIr
3aunnyynax

- TypwwunTbIr AyycraH peakTopblH TeMnepaTypbir 6yypyynax

- YcTeperynmH oponTbIr Xxaax

- TexeepemxunH JoTOOA AapanTbir Oyypyynax

- UaxunraaH ygupanarbiH TeXeepemMKyyauMnr yHTpaax

2.4 lLlnHxXunrasHum apra 3ymn

2.4.1 Xatyy da3bIH xaHgnant

OyHa dpaku, Xyuunnar 60MoH cyypunar Haranyyavir canracaH ayHa dpaku,
aBToknaBaap 60MnoH TacpanTryi axwunnaraaTt Texeepemxeep rmgpobonoscpyynant
XWUNC3H ayHA paky Oytoy 4 TepnuinH gaaxunnr XXTX-niH bLUJT-unH GILSON ASPEC
XL 3arBapblH xaTyy dasblH XaH4nanTblH TeXeepeMX alumMrnaH anvgaTtuk, apomaTuk,

Tyl7|J'IT /FeTepoaTOMT HArAnyyanaap TyC Tycaad Hb AllraH aBCaH.

: ”

21-p 3ypaz. Xamyy ¢ba3biH xaHOnanmbiH MOX66POMX.
ABTOMaT TEXeepemM)X Hb KOMMbIOTEPT CyypunyyncaH nporpamMmbiH

yaupanaraap A33)KH33C TOAOPXOM X3MX33Tal COpPOH aBy 3 LwaTTanraap xaHananTbir
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aByynHa. LUnHreary matepunanaap awmrnacaH XeHreHuaraaHbl OKCUObIM XP3rnaxXumnH
eMHe 400°C TemnepaTypT 2 uar wartaax UasaBxXKyyrncaH. XaHanantblH HeXUen:

o [93xuMiH 33n13axyyH 0.2 mn

o LUMHroar4mmH >xkuH 4.0 .

o OkcTpakT 1: lekcaH 8 mn (Anudatuk Haranyya)

o OKcTpakT 2: AnxnopmeTtaH 8 mn (ApomaTtuk Haranyya)

o OkctpakT 3: AnxnopmetaH:MetaHon 1:1 xonby 8 mn (TynnTt /reTepoatomT

HIrAsYYA)

ABTOMAT XaHAnanTblH Japaa anracaH xaHgaac Tyc 6yp 1 mn-unr HapuiH
XOMXYYPT Tapuypaap copyynaH aBd XunMH Xxpomatorpad 6GonoH HYTC-uiH
WMHXWUNrI9HA awwurnacaH 6a ynacsH XxaHgaac yycrardyumnr yypuyynad canrax
axunnaraa Hb TaTax LWYYrasH [[op, TacanraaHbl TemnepatypT 4 XypTan XoHor
YPrormkuncaH. YyHUA Japaa  XWHMUMWH - apraap anudatuk, apoMaTtuk, TyunT
HOraNyyaumH aryynroir ToqOpXouncoH. MeH aarasp xaHablH XX-UAH LUMHXUAT33raap
rapraH aBcaH XpomaTorpamblH Tanbanr XOOpoHA Xapbuyynax apraap T3AradpuiniH
aryynrelH ecent 6a OyypanTbir TOOLOOMCOH. YYHWA Tyng TOLOPXOW A33KMMH
anugartnk, apoMaTtuk, TYWNT HIrANyyaunH XpomaTtorpamblH TandaH HuMnbapuir
100% rox Y3394, TyxarlH HIranyyaumH XxapbuaHryn aryynryyabir ornox apra
almrnacaH.

2.4.2 Hwn ynaaH TysiaHbl CNEKTPUUH LUMHXWUITI3

XXTX-unH  BWI-nnH  Alpha || Bruker 3arBapbiH Hun ynaaH TysaHbl
cnekpomeTp (HYTC) GaraxHbl Tycnamxrairaap 4000-400 cM™! 4ONMMOHBI MyXUa 9X
[93X 60noH rugpobonoscpyynanTtaac rapcaH 6yTaargaxyyHyYAd4 WMHXUTIAr XUINK

YP OyHr GonoBcpyyncaH.

53



22-p 3ypar. Hun ynaaH mysiaHbl criekmpomemp, Alpha Il Bruker

Barax Hb KBr awwurnanrynrasap WKWHroH 6a xaTyy Tenes 6angantam O33XUnr
Wyyn LWKUHXIX OONOMXKTON Texeepemx toM. boguceir HuUn ynaaH Tysaraap
ynnunaxag yr 6oauc Hb eepunH GyTud4 OHLMAOr AONMMOHBI ypTTan uauparyyabir
WKHrX Oycan uauparvir HaBTPyynaar. JHAXYY LWWMHIA3C3H OGOMOH HI3BTIPC3H
uauparyya Hb cnektp Gamgnaap gypcnargax 6a 3eBxeH TyxanH GoauvcbiH Tepen
GonoH TyyHA aryynargax yHkumoHane 6ynruir Togopxoungor. LlauparniH
LUMHII3NTUIH 3pYMM Hb TyxarH 6oguca aryynargax atom 6a gyHKumoHanb 6ynruiH

aryynratan Lwyya xamaapanTtan.
2.4.3 XwunH xpomaTtorpacmnH WNHXUITII

Tyyxun 30 OGONOH OYTIArAdXYYHUAN XUMUAH  OYpanasxyyH XacryyaunH
LWMHXWUAr33r rynuyatraxgas axnasg XX/MC (XumnH xpomaTorpad-macc cnektpomeTp)
Garakaap XUMUWH HIrAnNyy43d TOAOPXOWMOX, Aapaa Hb 34rddp HaranyyaunmH
aryynreir XX/AWA  (DenuinH  MOHXYyynanTbiH  OEeTEeKTOPTOM XUWH Xpomartorpad)
Garaxkaap rapraH aBcaH xpomaTorpamblH Tanbarraap TOOLOONOX aprbir alumriacaH.
3apum WMHXMNreaHa ragaag 6onoH gotooa craHgapT 6oaucyyn  awwvrnaca.
BaraxuiH axunnaraar TPH 6ytoy raspblH TOCHbl HUWAT HYYPC-YCTOpPOrdyumH ctaHaapT

X0sbL, 60ANC alumrnaH wanracaH.

54


https://www.sciencedirect.com/topics/chemistry/gas-chromatography-with-flame-ionization-detection

23-p 3ypar. XutiH xpomamoezpag GC/MS Thermo Scientific TSQ 8000/Trace 1310

GC.

XXTX-mnn  BWI-unH  XunH  xpomatorpad-macc  cnektpoMmeTp:  XUWH

xpomartorpacpmnH 3areap Thermo Scientific-Trace 1310 GC USA, wmacc

cnektpomeTpbliH 3areap TSQ8000-triple Quandrupole, USA. bBarax Hb XuiH

XpomaTorpag-macc crnekTpomeTp, Bakyym Hacoc, 6annoHTon renu xumn, 99.999%

L3BIPLWINMTIN, TOr Gapurd, KOMMbOTEPbIH WX Bypanasc 6ypasHa. LUMHXMNrasHun

HexXLen:

XanracaH 6araHa TR5-MS 60 m, gotooa gmvameTp 0.25MM, XanbCHbI 3y3aaH
0.25MKmMm,

3eery xun renu 1.5 Mn/MuH ypcranbsiH Xyparaun,

[Na3x opyynaruuniii TemnepaTtyp 250 °C

[33XKMNH XaMXK33 1 MKN

XyBaax ropum 1:30

LLunnkyynax xoonoiiH Temnepatyp 250°C

MoH BypTrax xasraap 40-550 amu,

3yyxHbl TeMnepaTypblH nporpamm: AHxHbI Temnepatyp 50°C, 1 MUHYTbIH TypL
6apbx Oapaa Hb 8°C/muH-g 300°C xypTan ecrex Temnepatypbir 15 MUHYT
6apuHa. Huit xyrauaa 47.25 MuHyT.

XXTX-mnH BLUN-unH GC/FID 7890A 3arBapblH XUWH XpoMOTOrpadunH Barax

Agilent Technologies, USA awwurmaH 9x [A93x 60noH rapraH aBcaH

OyTa3rgaxyyHyyasa 6ypangaxyyH XacryyaviH HavpnarbiH LWAHXUTS3 XMNCAH. barax
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Hb XWX Xpomartorpad, araapblH KOMMPECCop, a30TblH reHepaTop, YCTepPeryuiiH

reHepaTop, Tor 6apury, KOMNbITEPbIH VX Bypanaac 6ypasHa.
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24-p 3ypar. XulH xpomamoepagh GC/FID, Agilent 7890A.

BypanaaxyyH XacryyOunH XaMXK33r HapumH Togopxonnox sopusiroop XX/MC

6onoH XX/OWMO-g awwurnacaH apryyg Hb WKW nporpammp TynryypnacaH 6a

LWMHXWUITI9HMI HEXUNYYA Hb Aapaax y3yynantyyaran 6ancaH. YyHAa:

XanracaH 6araHa DB-5 Agilent: ypT 60Mm, gotoon amvameTp 0.25MM, XanbCHbI
3y3aaH 0.25MKm.

[a3ax opyynaruuiii Temnepatyp 250°C

[33XKUNH XaMXK33 1 MKN

XyBaax ropum 1:30

3eery xun a3oT 1.5 MnA/MuH.

3yyxHbl TemnepaTypbiH nporpaMm: AHxHbl Temnepatyp 50°C, 1 MUHYTbIH TypLu
6apbx gapaa Hb 8°C/muH-g 300°C xypTan ecrex TemnepaTypbir 15 MUHYT

6apuHa. Hnint xyrauaa 47.25 MuHyT.

2.4.4 JOneMeHTUWH WVHXWUNrad

OneMeHTUnH WwnHXxunraar AMITT-biH  Yyn yypxaW, raspblH TOCHbl TeB

nabopatopunH EA3000 3areapbiH 6arax 6onoH XXTX-unH BLUJ-unH FlashSmart

Thermoscientific 3arBapblH 6araxaap Tyc TyC rymuaTracaH. barax Hb OnemMeHTuIrH

aHanusaTop, 99.999% uaBapwmnTan renm xmn, 99.999% UdBIPLINNTIN Xy4nnTepery
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XU, CasiHbl HaApUMBYNanTam MUKPO XWH, TOr BGapurd, KOMNbOTEPbLIH WX Oypanaac

OypaaHa. XaTtyy 6a LWMHIAH TeneBTar A33XKYYL LWMHXNIX BONMOMXKXTON.

 ® ~—
A‘_’.-

thermoscientific

FLASHSMART

25-p 3ypar. AnemeHmutH aHanusamop Thermo Scientific FlashSmart, Elemental
analyzer CHNS/O
BaraxuiiH axunnaraaHbl 3apyuMm: ©HOep TemnepaTypT A3KMWT LaTaaxag
YYCC3H XVMWH TOneBTaN Haranyya xpomatorpaduiH GaraHaap canrargaHa. 9arasp
xun TCD peTtekTopT gapaanaH magparasax 6a aHa maasanan 6araxrtanm xonbooTow
KOMMbIOTEPbLIH MNporpaMmmaap OGonoBcpyynargaH  anemMeHT Tyc OypuiH aryynrbir

NNIPXUNAOAT.
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FYPABLOYTIAAP BYJNOAr. YP iYH BA X9na5uUYyYnar
3.1 BasiH-OpPX3TUNH OUTYMT 3NICHUM XaHananT 6a NMPonu3biH Yp AYH

BuUTymMT ancHaac ynampknant Oyc raspblH TOC rapraH aBax YHACSH 2 apra
Garpar. OxHWUiA apra Hb OUTYMT SNCUIAr XaHAnaH udB3ap OWTYM rapraH aBaag yr
OUTYMbIr gapaarMiiH  WaTHbl  AynaaHbl  3ajapraaHg  opyyrnaH raspblH - TOCHbI
OyTaargaxyyH rapraH aBax, ygaax apra Hb OWTYMT ancuir wyyn aynaab
3ajapraaHg opyyrnaH raspblH TOCHbl OyT33rgaxyyH rapraH aBax 6GonHo. Butymt
3NCcaHA, aryynargax usBap OWTYMbIH  rapuuiAr TOLOPXOMWNOXOA SXHWUA  aprbir

X3parnacaH 605 yaaax aproir ynamxnant 6yc Toc rapraH aBaxag awumrnacaH 60nHo.
3.1.1 BUTYMT 3n1CHMX XaHgnanTt

BE3-miH HunT 3.33 Kr A33axunr guxnopmetaHaap 3 yaaa xaHgnaH 0.525 kr
opunm BUTYM LBBIP33p rapracaH. LIaBap GUTYMbIH aryynrbir XXWHMMNH angaranaap
Toouox rapraxag 15.78% 6awnraa Hb yr opAblH XyBbZ XapbLaHryn eHgep y3yynant
tom [49, 50]. XangnaracaH 6uTyMm Hb epauiH Hexueng xaTyy TeneB bGamganTan
Gereenq 3am OapunrblH xonbord matepuwan 6onoH OGycag 4Mrnanasp awwumrnax

TYpLIMATaHA TOXUPOMXKTOWN.
3.1.2 BUTYMT ancHUM NUponu3

XXTX-uH BLUJT-MAH nnponnsblH Texeepewmxeep 7 yaaarMnH TypLumnTaap
HUAT 7,054.85 rp B3-uitH aaaxuiir 480°C TemnepaTtypT 3aanaH gaBupxai raprad

aBcaH. TypLMATbIH YP AYHr XYCH3rTa3p xapyyrnaa.

2-p XYCHarT
E3-Huti HUlim »xuHO@ mooucoH 6ymaacdaxyyHul 2apy,
Typwwunt Hwan- | OyHgad
Oap rapu, %
1 2 3 4 5 6 7
[139% P 1005.26 | 1000.25 | 1011.02 | 1012 | 1024.24 | 1000.45 | 1001.63 | 7054.85 | 100.00
g”"'””’” 106.32 | 101.54 | 101.25 | 101.41 | 103.22 | 103.56 | 102.47 | 719.77 | 10.20
Y TOOrA3XYYH
Xatyy 872.23 | 87424 | 882.65 | 883.27 | 892.71 | 87258 | 875.05 | 6152.73 | 87.21
yngaraan
Xuit + 26.71 2447 | 2712 | 27.32 | 2831 24.31 24.11 182.35 | 2.58
angargarn
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3-p XYCHarT

BE3-Hut 6umymbiH XUHO MoouycoH bymasa20axyyHul 2apy

BUTYM [asupxai nMpO;eHeTMK Hyypcmcai-l Xui + .

c yngargan angargan
p 1113.26 697.04 22.73 211.14 182.35
% 100.00 62.61 2.04 18.97 16.38

*-HyypcxcaH ynaargan, xuid GonoH angaranbir GUTYMbIH aryynrag Tynryypnad

TOOLIOOJICOH.

TypwunTblH OYTI3arA3XYYHYYAMMH rapuyyabir GutymblH aryynrag Tynryypnas
TOOLIOOSICOH AYHI33C Y3BaNn AaBupxanH rapl, 62.6%, HYYpCOXKCIH xaTyy ynaarasivnH
rapy, 18.97% 6onHo. 3agpanaap YYCC3H Yyp XUMH XONbUbIr a30oToop TYP3H
NMPONM3bIH XanyyH peakropaac raprax Hb aHxgard JaBupxanr Laawmng 3agpax, XMinH
GonoH xaTyy OyTaaraaxyyH4 XyBupax OGONMOMXUNIM Hb Xs3raapriacaH gaByy TanTaw

BancaH.
3.2 Tyyxvun 3gunH p13nK, XUMUUH LUNHX YaHap GONoH Hanpnara
3.2.1 Tyyxuun 3sguinH pm3nK, XUMUMH LLUHX YaHap

CypanraaHbl  Tyyxum 934 60nox O3OnNO3BUAH  XYP3H  HYYPCHUA  xarac

KOkCxXyynantbliH aasupxan (OK), TaBaHTOMrOMH YynyyH HYYPCHWUI KOKCXYynanTblH
(HK),
YIA3MANUAH KPEKUHIMNH ByTaaraaxyyHun (TK) pusmnk, XMMUAH LUMHX YaHapyyabIr
HyIyyH (MNS 6069:2010)

Y3YYNIONTYYATIN XapbuyynaH gop xapyynaB. basH-OpxaTunH 6utymTt ancHumn (B3)

Aasupxamn TamcarGynarmmH raspblH TOCHbl aTMOCK(EPUNH  HIPNArMiH

HYYPCHUI  OaBupxalg TaBurggar CcraHOapTbiH

XyBbA, TYYHUMMA NUPONU3bIH 3agpanbiH gasuvpxanH  (BK) y3yynantyyaumir 3SHaxyy

XYCHIrTaHg opyyncaH 6awraa.

4-p XYCHarT
CyO0arneaaHbl myyxuli 30UlH PU3IUK, XUMUUH WUHX YaHap
BaaH-OpxaTunitH o o
6 g Ona’BUNH XYPaH TaBaHTONronH
UTYMT 3IICHUN _ _
MNS HYYpPCHUI xarac YyrnyyH HYYypCHUI
Yayynant ) NMPONMN3bIH . N
6069:2010 C KOKCbIH JaBupxau hasupxan
JaBupxaw
BK 9K YK
o Xap XypaH eHreTan, | Xap eHreTan, eTreH | Xap eHreTan, eTreH
Mapaapn 6anpan - . .
LUMHI3H 3yypangamTran 3yypangamTran
o)
YeHbl aryynra, % 4.0 2.16 2.36 13.79
NXTYI
Harr, 20C -a, 1.22 0.86 1.01 1.08
r/cm”, nxryw
Tonyona
yycaarmyn 13 0.57 1.21 3.64
6oaMCbIH
XaMX393, %, NXryn
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| Yucnar, % uxryit | 02 |

0.22

0.07

0.16

*: XXTX-HA rapracaH gasupxam

Tyyxuin 3annH Or3nK, XUMUIAH LUMHXK YaHapblr xapbuyynaH y3ean BK 6a 3K Hb

XapbLUaHryh XeHreH 4aHapTaun, HIpNnarviH OyHO pakuunH rapy eHaep 6anx

mMaragnantanm 6amraa 6on YK Hb XyHO Tyyxunm 23434 Xampyyrmk 6o5oxoop

y3yynantyyaran 6anHa. BK, 3K, YK, TK gaaxyygunH HYTC cnektpunr gyraap 3ypart

Xapyynas.
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26-p 3ypar. basH-3pxam bumymbiH nuponu3ulH dasupxauH (bK) HYTC.

T T
2500 2000
Wavenumber cm-1

a |
=]
=]

BK-H HYTC-sac xapaxag 2853, 2922, 2953 cm™! wWMHreantuitH Myxyyaaa

ankaHbl 9rHasHun -CH,, -CH; 6ynryyamnH BaneHTbliH xanb6ansan, 1456, 1376 cm”’

myxug -CH,, -CH; cummeTp gedopmauuiiH xan6ansan, 743, 885 cm™! myxyynan

apomatuk C—H pgecdopmaumiH xanban3an Tyc Tyc wnapy OGainHa.

CnekTtpT

rmapokcunn 60NoH aMvH GYNMMAH LWMHIAANT Mal cyn 6anHa. 27-p 3ypart Ona’3BuinH

OpAblH HyypcHUI aaBunpxanH HYTC-bir y3yynas.
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27-p 3ypar. 3ndaguliH opObIH HyypcHUU dasupxatH (OK) HYTC.

OnasBUNH OpAblH HYYPCHUW OaBUpXaWH CHeKTpaac xapaxan 2853, 2922,
2956 cM™!  WMHMANTUMIH MyXyyaan ankaHbl 9rHasHun CH,, CH; GynryyauiH
BaneHTbIH xan6anaan, 1456, 1376 cm™ myxug -CHp, -CHz cummeTp gedopmauminH
xan6an3an, 1243 cm~! myxua C — O gedopmauninH xan6ansan, 750, 690, 812 cm~?
Myxyynag apomatuk C—H pedopmauuiii  xan6ansan, 3045 cm™! myxyynan
apomaTtuk C — H BaneHTuinH xan6an3an, 3400-3200 (3335) cm~! myxua -NH 6a -OH
oynrmiH - gecpopmauunH  xanb6ansan Tyc Tyc wnapy GanHa. OK Hb BK-tam

Xapbuyynban wunyy X3MmK33HMI as3oT, XydunTeperdyug Haranyyn aryymk 6aimk
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T T T T
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oonoxbir HYTC-UnH WnHXmnnraa bartan darnHa.

28-p 3ypar. TagaHMOoOM20UH 4YyryyH HYYPCHUU KOKCXYynanmbiH
Odasupxau (YK) HYTC.
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29-p 3ypar. TamcazbynaauliH 2a3pblH MOCHbI @aMMOCGEPULIH HIPId2UUH

y103201UliH KpekuHautH 6ymasz20axyyHul (TK) HYTC.

UK gaaxunH HYTC-T apomMaTuK HIranyygunH WWHI3ANTYY4 XaMrumH 1o000p
nnapcaH bGavraa 6on TK pgsaxunH HYTC-T 3eBXeH anudaTtuk HIranyyaumH

LWMHMI3NTYYA MNApCaH BanHa rax y3ax 6onoxoop 6anHa.

3.2.2 Tyyxmn 3guinH HIPN3arumH cppakuyyabiH rapy 60noH ayHa dpakummH

(PU3NK-XUMUNH Y3YYNINT

Tyyxumn 3aguiH HapNarMmMH opakuyyablH rapubIr 5-p XyCHArTa4 y3yynas.

5-p xycHarT
Tyyxut 30uliH 8aKyym H3pa2ulH ghpakyyyobiH eapu, %
XeHreH HapnarnnH
chpaKiy Ayna copaky, | XyHa dopaky ynAsraen
byunax <220°C | 220-350°C | 350-500°C >500 °C
TemnepaTtyp, C
BK 37.46 50.99 11.55
9K 3.93 36.09 43.02 16.96
YK 0.01 19.46 39.93 40.61
TK 7.86 12.96 34.40 44.78

HapnarmnH yp ayHraac y3san bK Hb AyHO dpaKkublH rapl XamrumH eHaepTan
Barraa Hb 9HAaXYY TYYXUW 3OUNT OU3ENUAH TYNLWHUA 9X YYCBIPI3p alumrnaxag gasyy
Tan 6onHo. 3K Hb xeHreH dpakuuiH rapu Maw 6aratan 6anraa 6on 6a YK xeHreH
dpaky aryynaarym ©OanmHa rax Y33k ©Oonoxoop ©OanHa. EpeHxungee xarac
KOKCXKYYynanTblH HYYPCHUW [aBUpXan Hb ©HAep TemnepaTypblH KOKCXKyynanTblH
AaBupxantan xapblyynban XxeHreH ppaky XxapbLaHryl wuxadp aryyngar Hb
TortooracoH Ganaar [6]. 3K Hb yMNABIpUWH aryynaxag ygaaH xagranargcaH yydpaac
XOHIreH HAaranyyavniH TOOOPXON X3Car YypLUMXK angaracaH 6amk 60n0x yHO3CNaNTan.
MeH gaBupxarH HIPMArMnH SBUag TOrTBOPryM, XaHaarym, Xy4unnar 60noH cyypunar
HAranyy4 XOOPOHAOO XapwiuaH YMNYMmK O9rgaMxun YaHapaa angax 6omnomkrou
6angar. CyganraaHbl YHACA3H 30pUAr0 Hb AM3enb TYIWHUA TYYXUIA 3433p alumrnax
bonox AyHa ppakuyynan TeBnepdy 6GamcaH yypaac gapaarviiH ryH3rMnpyysicaH
WaTHbl cyganraaHg 3araap dpakuunH rapy xapbuaHryn eHgeptam BK 6onoH 3K

TYYXWUA 34 COHroracoH 6onHo.

3.2.3 AyHa dbpakumMmH XMMMUH 6a aneMeHTUWH Haupnara
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60, 34 ayHa dppakuyyabiH HYTC cnektpunr 30, 31-p 3ypart xapyynas.
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30-p 3ypar. B/] gppakyutiH HYTC

31-p sypar. 34 eppakyuiH HYTC
Bl dpakunnH cnekTpaac xapaxag 2853, 2922, 2953 cM™ LUMHM3MNTWIH
MYXyyaag ankaHbl arHaaHun -CH,, -CHjz OynryyamnH BaneHTbliH xan6ans3an, 1456,
1376 cm™ Myxug -CH,, -CH3 cummeTp aedopmaumiiH xan6ansan, 743, 766, 811, 885
cm™ myxyynan apomatvk C-H nedopmaumiti xan6an3an Tyc Tyc unapy 6aiHa.
Ol dpakumiiH cnekTpaac xapaxag 3363 cm™ myxug -NH 6a -OH 6ynrunH

AedopMaunnH xanban3anuinH 3pUMMTIN LWIMHMAANT, 2967, 2923, 2854 cm”’ MY>Xng
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arnkaHbl arHasHuit -CHy, -CH3 GynryyauitH BaneHTbIH xan6an3an, 1682 cm™ MY>Xng
C=0 BaneHTUIH xan6an3an, 1595, 1513 cm” Myxug apomatuk C=C BaneHTUIH
xan6anaan, 1456, 1376 cm™ myxung -CHy, -CH; cummeTp gedopmauninH xan6anaan,
767, 885 cm™ myxyyaan apomatuk C-H gecbopmaumiti xan6ansan, 1280, 1242, 1194
oM™ Myxug deHon 6a cnmpTeiH C-O BaneHTUIH xan6an3an Tyc Tyc unapy 6aiHa.

AOyHn  dpakuyyablH - 9NIEMEHTUNH  LWWMHXWUITTA9HUW  OYHIT  6-p  XYCHOrTaHA

Xapyynas.
6-p XYCHarT
LyHO ¢bpakuyyObiH anemeHmMulH Halpraza
OnemMmeHTUIH aryynra, %
c H N+S+O HIC
B4 86.03 9.02 4.95 1.26
o 80.38 8.86 10.76 1.25

*-anrasapaap,

Bl ©6a 3 ddpakuyyg Hb YycTepery,
ovponuooayy, 9L dpaky Hb XapbUaHrym WX X3MXI3HWA reTepo-afieMeHTYYA,

Ga HyypcTeperyvminH aryynraap

AnaHrysa xyydunteperd uxa3p aryymk 6anHa. Bl Hb anudaTtuk 6a HadTeHun
HOranaap wnyy Gasnar 6onoxeir xapyyncaH HYTC-WiAH WWHXWUAMSHUA OYHIYY4
ANEMEHTUNH LWNHXUITI3HUIA Y AYHTIN ToXmpY 6anHa.

AOyHo  dopakuyyabir OonoH caapmar OypangaxyyH
XACryyaa xyBaax Hb TYYHUWr Laawng cygnax, OypanasxyyH XacryyaumH XMMWAH
[aBupxanH ayHA
dpakuyygaac (b, 3) xyumnnar 60N0OH asoTbiH Cyypwunar HIaranyyauir anrad

XY4unnar, cyypunar

HAranyyaumr

TOOOPXOMMNOX04 WX33X3H a4y XxondorgonTom.

XYYUNNar, cyypunar, caapMar cppakuyyaas xyBaacaH yp AYHTYYAUNAr 7-p XYCH3rTaa

Xapyynas.
7-p XYCHarT
LyHO bpakuyydbiH XUuMUlH Halpnazaa, XuH, %
Sample | Xyuunnar | Cyypunar | Caapmar | TyHapac Huiat
HIaranyya | Haranyya | Haranyya anracaH
BO 8.05 1.45 79.95 0.52 89.97
oA 32.45 2.60 57.75 0.50 93.30

O Hb B[l-Tan xapbuyynban Xy4yunnar Haranyyan 4 gaxvH nx aryynx 6anraa

Ga aareap Hargnyya Hb (PpakuunH HUAT XKUHTMAH TypaBHbl HAIT3M OMPOSLLIOOroop
O-nnH

LWUMHXWUITTIArasp TOAOPXOWSICOH XYYUNTeperyumH eHaep aryynratan epeHxunaee

TOHU3X OGanHa. Xyqunnnar H3F,D,J'IVV,D,I/1I?1H aryymnra Hb aNeMeHTUNH
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Toxmpy 6anHa. Joon 60NM0H AyHA aHMMAMbIH HYYPCHUIA Xarac KOKCbIH AaBupxang 3H3
Haranyya ux aryynratam 6onoxbir cygnaadmg TorroocoH 6angar [51]. EpauiiH TOCHbI
AyHA dbpakuag aryynarggar cyypunar HargnyyaumH XamkaaTan xapbuyynaxag 9L
6a B[l Hb xapbuaHrym uX X3MX33HMMA a30TblH HArgnyya aryymk 6Ganraa Hb
TAr93PUNH LaalabiH rmapobonoBcpyynanTaHa cepereep Heneenex maragnantan.
O-H Xyyunnar, cyypwunar, caapmar H3ranyyauiH XuriH XxpomartorpaduinH

LUMHXUNTI3HNIA YPp OYHT 8-p XYCHArTa Xapyynas.

8-p XyCHarT
3L hpakyuliH XumutiH H3201yy0
Xyuumnnar XuH | Cyypunar Haranyyg XvH % | Caapwmar Hargnyyg XUH %
Hargonyya %
deHon 7.55 OumeTtunnupnanHyya 1.82 HadTanuH 1.72
Kpesonyya 22.13 | TpumeTMnNMpuanHyyq 3.11 MeTtunHadTanuHyyn 3.54
KcuneHonyyn 1.01 OunatnnnupuanHyyn 2.95 AdvmeTtunHadTannHyyn 5.15
OtundpeHonyyn 14.07 | QumeTunaTtun- 2.01 TpumetunHadtanuuyys | 3.61
NMpUauHYya
OTundeHonyyn 4.34 TpumMeTUNaHUNnHyya 1.56 TeTpameTun- 2.98
HadbTanuHyya
TumeTtun- 0.20 N30-XxnHOMWUH 2.22 C12-C30 H-ankaHyyA 35.12
tbeHonyyn,
Mponun- 1.82 XVHONWH 0.72 C15-C27 ankeHyyn 7.20
tbeHonyyn,
HadbtanuHonyyg 3.51 MeTunxmHonunHyya 6.10
MeTtun 6.32 OumeTunxvHonuHyyn 5.94
HadpranvHonyyn
OvmeTun 4.50 TpyuMeTUnxXmHonNuHyyA 5.31
HadpranvHonyyn
Topopxonryn 23.55 | Togopxowirym 68.26 Topopxonryn 40.68
Huit 100.0 | Huwr 100.0 Hunt 100.0

Xy4unnar HargnyyanmH YHOC3H X3CTMMr HAr BONoH X0Ep uarnparTt deHonyya
OOMNOH T3AMdPUMH ankun xanardytam Haranyya (76.45%) 6ypayyrmk Gavraa 6on
cyypunar cpaky, Hb FOffoH NUpuanMH 6a XMHOMNWHbBI ankun xanardytanm Hargnyyaaac
(31.74%) Tortox 6anHa. XapuH caapmar opakublH YHACIH X3CrMnr HagpTanuH 60mnoH
ankvn HadpTanuHyya, C2-Csp H-ankaHyya (35.12%) 6ypayynx 6anHa.

B 6onoH 3L dpakuyyablH caapMar Haraayyaunr xatyy gasblH XaHananTbiH
apraap uaawung XMMUNH Bynar opraHuK Haranaap Hb anracaH. AnndaTtuk, apoMaTuk,
TYWNT HAranyygaap snracaH 6a agraap HaranyyamnH HYTC-uir gapaax 3ypryynan

xapyyrnnaa.
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37-p 3ypar. 3/-bIH caapmaz ppakyuliH mydnm Ha201yyouuH HYTC

Bynar opravuk HaranyyounH HYTC-bir xapbuyynaH y33x3g anudatuk
Haranyyaaa 2853, 2922, 2956 cm™! WMHIRaNTUIH MyXXyyaan ankaHbl arHaaHuini CHo,
CHs 6ynryyawiiH BaneHTblH xan6an3an, 1370 cm'-a CHs 6ynruitH aedopmaumit
Xxan6an3an Maw ToOAOPXOn UNIPCaH BGanHa. XapuH apomMaTtuk Hargnyyaaa 750, 690,
812 cm~! myxyynan apomatuk C — H gedopmaumind xan6an3an xapbLaHryin eHaep
apunmTan Gaiiraa 6on, TywnT Horanyyasg 1000-1300 cm™! dpeHonbiH Ga cNUPTLIH
C — O BaneHTUiH xan6ansan 3400 cm~! myxug -NH 6a -OH 6ynruitH gedopmauuiiH
xan63an3an Tyc TyC XxapbLaHryn eHaep apymMmTan 6anHa.

B-biH caapmar HaranyyauiH HYTC-unr 3[-bIH caapmar HaranyyannH HYTC-
TN XapbLyyrnaH y3Basl 94ra3p HAaranyyn eep XoopoHA00 XapbUaHrymn WxXus TepriuiH
HOranyyn aryymk 6anraa Hb TOMTOOrACOH x3auh 4 B[-biH caapmar HargnyyaunH
anudatuk OONOH apoMaTUK HIrANyYAWAH LWKMHM3NAT WUIYY WUX33P WNIPC3H Hb
xapargax 6anHa.

B 6a 3O ayHa dpakuyyabiH HYTC, aneMeHTUMH LWMHXWUNS3, XUMWAH
dopakuyyablH aryynra, caapmar HargnyyaviH 3agnaH WUHXUITTA3HUI yp OYHIYY4AWMIAT
HArTroH OyrHax y3san B[ Hb anudaTtuk Haranyygoaap wnyy 6asnar, retepo-aToMmT,
AnaHrysa xyyumnrepery HaranyyaumiH aryynraap 6ara 6avraa Hb TYYHUWAT OU3ENUNH

TYALWHUA TYYXUIW 3033p alumrnaxag unyy ToxmpomkTon 6onrox 6anHa.
3.3MvapobonoBcpyynanTbiH Yp AYH
3.3.1 ABTOoKNnaBaap rynyaTracaH rugpobonoBcpyynanTtbiH TYpLWUnT

ABTOKNaB peakTtop awwurnaH rugpobonoscpyynantbiH (AP-I'B) 12 Typwwmnt
rYAUSTracaH Gereeq TypWWUNTLIH ypbaduncaH yp ayHraap 350°C temnepatyp, 5MlMa
YyCTOPOrdyunH gapanTt Hb COHFOCOH TYYXUA 3OUNH XyBbL XaMIMAH TOXMPOMIXKTOM
6onox Hb OGartnaracaH. [dapaax XyCHIrToHA 93HAXYY Hexuen [op ryrMudTracaH
TYpwunTyyabliH 6ycaa y3yynantunr xapyynnaa. Typwvntadg ayHa dppakuyys (B4,
Ofl) 6onoH aarasp dpakuyygaac Xyyqwnnar, cyypunar H3gnyyauvir Hb canracad

caapmar gpakuyyablir (A, 3A) awmrnacaH.

9-p XyCHarT
AP ['udpobornoscpyynanmbiH mypuunmsiH HOXUeI
TypumnTt Tyyxun ag Katanusartop Xyrauaa, EVTOMLaXVVH
Ne Tamaarnaraa | Xamxkaa mn NiMo/Al,O3 mr Xyxap mMr uar A ASXYY
1 B 5.0 500 500 2 br1-2
B 5.0 500 500 4 blr1-4
2 ol 5.0 500 500 2 ara-2
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a4 5.0 500 500 4 arz-4
3 BA 4.0 160* 160 4 br3-4

BA 4.0 160* 160 4 BAI'3-4
4 a4 5.0 200" 200 4 or4-4

OA 5.0 200" 200 4 OAl-4-4

*-ypbOuMIaH XyX3p>KyYrCaH KaTanmsaTop

b, 30 ayHa dpakuyyd awmrnacaH 3XHUM 2 TypWUNATbIH Yp AYHIyy43ac
y39x34 ppakuyyablH XyBupan xapbuaHryh 6Gara, 2 6a 4 uarT rynuadTracoH
TYpwunTyyabiH 6yTaaraaxyyHyya XoopoHOoo snraa 6GaratanW 6onox Hb aHxgard
LWMHXWUNI39HYYA33p TortooracoH. nma Typwmnt 1 6a 2-blH OyT39raaxyyHyyaumr
Laalma ryH3rMApPYYaH LUMHXIA3ryh 6onHO. 34rasp TypwuntaHg KatanmsaTopbir
ypbOuMAaH WO3BXKYYNAMAryW Wyya awurnacaH Hb Yp AyHO cepereep HeneericeH
Garnx maragnantan. YANABIPUNH NPOLLECCA KaTanu3aTopbIr ypbOuYUIaH XYX3PXKYYImK
Xaparnagar Tyn TypwunT 3 6a 4-4 ypbOuMnaH Xyx3pXKyySICaH KaTtanusaTtop awumrinaH
YP OYHT Hb XapblyynaH cygannaa.

Typwunt 3 6a 4-unH Tyyxmn ag 6onox ayHa dpakuyyan (BA, 3) 6onoH
TYyHURn  rmgpobonoscpyynantelH  OytaaraaxyyH  (Br3-4, 3r4-4), caapmar
dpakuyyablH ruapobonoscpyynantbliH 6yTaargaxyyHunr (BAIM3-4, 3Al4-4) 38-p

3yparT xapyynnaa.

38-p 3ypar. yHa dpakuyya 6a ruapobonoscpyynantbiH 6yTaargaxyyHyya

Caapmar pakuyyablH rmapobonoBCpyynanTblH  OyTaargaxyyHyyg 6ytoy
BAI3-4, OAT4-4 Hb B[l 6a 3[0 dpakuyyabliH 6yTaaraaxyyHyyq 6ytoy blr3-4, 9M4-4-

TN xapbuyynban nnyy TyHranar, ryH3rum xyBmpang opcoH 6angantam 6ancaH.

3.3.1.1 AP-'B-unH 6yT33araaxyyHumn Hun ynaaH TysiaHbl CNEeKTPOMETPUINH Y
AYH

BbIr3-4, BAI3-4 6yTaargaxyyHyyannH HYTC-bir 39, 40 ayraap 3ypart y3yynnaa.
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42, 43 nyraap 3ypart y3yynnas.
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p 3ypar. BAI'3-4 6yTaaraaxyyHui anudaTtuk HargnyyannH HYTC.
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46, 47, 48-p 3yparT y3yynnaa.
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46-p 3ypar. JAI4-4 6yTaaraaxyyHun anudpatuk Hargnyyamid HYTC.
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48-p 3ypar. AI4-4 ByTa3araaxyyHun TyunT HargnyyaunH HYTC.

CnekTpyyauir xapbuyynaH y3san, OAlM4-4 -biH 1450 cm™1, 1370 cm™! myxug -
CH3, 800-700 cm~1 myxma apomatuk C-H xyutain anudaTtnk gecdopMany Hb MX3CCaH,
1300-1000 cm~! myxma dpeHonbiH 6onoH cnvptuitd C-O xan63an3an Capou-O-Capowm,
Canp~O-Canngs,  Capom-O-Canugp, 3400-3200 -NH 6a -OH OynruiH pedopmauuiiH
xan6an3an maw 6aracy reTepo-aToMT HArANyy433C HUMA3H L3BIPNAracaH 6anraa Hb
xapargax 6GanHa. OH3 Hb 3M4-4, 6onoH OAlM4-4  cnekTpyyounur xapbuyynaxag
Togoop unapy banraa 6a anaHrysia gaBmpxamvHaac Xyuunnar 60noH a3oTbliH cyypunar
HIrQnNyyaunr canraxblH a4 xondoranbir UNTrax 6anraa 60Ho.

BO, br3-4 6a BAIr3-4-oin HYTC-uir (30, 39, 40-p 3ypryya) xapbuyynad
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y339X34 X00poHAoOo snraa 6aratam 6arnraa mat 60noB4Y canH axurnan xapsan 1500-
1600 cm~! myxma apomatuk C=C BaneHTUiH xon6oo, 700-900 cm~! myxua
apomaTuk C-H oynruiH gedopmaum BAI3-4 asap 6araccaH xapargax 6anHa. OHa
Hb apoMaTuUK HIrgnyyauiH YCTePerwXyynanT XapbUaHryn canH sBaracaHTam
X0n000TON rax y33xK OOHO.

45, 40-p 3yprurH cnektpaac SAlM4-4 6a BAI3-4-bir xapbuyynaH y3axag bAIM3-
4 Hb [Aum3enb  TYNWHUAA  TYYXUW 3 rapraH asaxag Wiyy TOXMPOMIXKTOMN,
HyypcycTeperygeep 6Gasanar, retepoaneMeHTUnH aryynra 6aratan OyTaargaxyyH

©0Nn0X Hb TOITOOIrACOH.

3.3.1.2 AP-T'B-uiH 6yT33arnaxyyHmnm XMnH xpomartorpadmH WUHXUNTI3HUN VP

AYH

B dpakuninH 6onoH TyyHM rmgpobonoscpyynanTtbiH 6yTaargaxyyHun bIr3-

4, BAl'3-4 anudaTuk HaranyyaumH xpomatorpammelr 49 gyraap 3yparT xapyynnaa.

Ba
3200
2200 ‘ ‘

\\J-L h “L

BAI 3-4 anudaruk HIrAIYYA

ud‘-l ’J‘\

‘\-LMJ_ S W

bI' 3-4 anudaTuk HITAIAYYA

| L. Ml!_,_l\ A)|Ji_kj,,l_‘w,““

PURTTY W | PN B R

| ! l ] 1 ’ ' l [ b/l anudaruk HIrAIYYA

‘:: LL'J [/ Lrw,_-‘..:-u halialh

_..__._l\u-wl"‘-“i' A

Moo y
_______ i

20

49-p 3ypae. 6/] 6ornoH myyHut 2udpobonoscpyynanmsiH 6ymas2daxyyHul bl3-4,
GAT3-4 anughamuk H32011yyo0.
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BO 6onoH TyyHun rugpobonoscpyynantbiH OyTaaraaxyyHun bBI3-4, BAI3-4
anudaTuk HaranyyaunH xpomaTorpammblr XapbuyyrnaH y39xa4 OyTaarasxyyHyya
XaHacaH HyypcycTeperygunH aryynra xapbLaHryn UXa3p HOMIrAcaH Gavraar xapx
6onoxoop ©OanHa. BAI3-4 xpomaTorpammz XapbUaHrym XeHreH napaduHyyabliH
aryynra MeH Wx33p HAMaraceH 6Gamnraa Hb Harg, B-g aryynargax 6avicaH H-
ankeHyyd Hb H-ankaHyydag XyBuMpCaH, XOEpT, 3apyvM HIranyyd Hb 3agpang OpoH
X6HreH napaduHyyaa XyBMpYa3 racaH OYrHANTIHA XYPranaa.

BO 6onoH TyyHun rugpobonoscpyynantblH OyTaaraaxyyHun bIr3-4, BAI3-4

apoMaTuK HaranyyauMnH xpoMmaTorpammblr 50-p 3yparT y3yynas.

”
|
..-L#L_L-Lh;,,%.rJJ,|JM J"'uu"’lh‘*‘**‘%mw_. o

5 L]

BAI 3-4 apomaTHK H3TLIAYYA
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50-p 3ypae. B[] 60510H myyHut 2udpoborioscpyynanmeiH 6ymascdaxyyHuu bl 3-4,
GAT 3-4 apomamuk H320nyy0.

BO 6onoH TyyHun rugpobonoBcpyynantblH OyTaaraaxyyHun bBIrr3-4, BAI3-4
apoMaTuK HargnyyaunH XxpoMatorpaMmblr XxapbuyynaH y3axag blr3-4 6ytaargaxyyHg
apomaTuK HYYpCyCTeperyanmnH aryynra OHuUbIH eepunergeeryi 6arraa 6on BAI'3-4-4
XpoMaTorpamMmmbiH MUKUAH 3PYMM UXICCIH Xaparaax 6anHa. BAI 3-4 xpomaTorpamma
XapbLaHryh XeHreH apoMaTtukyydblH aryynra wunyy HamargcoH 6Gaviraa He BI-a

aryynargax 6GaiicaH MOHO-, AW-, TPU-ankun apoMaTuK HAaranyyn xanard Oynryyass
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anacaH, xoép 60MnoH rypeaH uarnpart apoMaTtuK Hargnyy4 Hb Har 6a xoép uarmpart

apoMaTUK Haranyy4ass XyBMpcaHTan ronnoH XornbooTom rax yanas.

BAT 3-4 Tyiinr BE3raayya
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LY . R
FIM A, Feont Signad (20229224 NASAA BE 2022.12-24 11-14-31BEHTPO.0Y
: bI' 3-4 Tyiar HIrayya
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] L] = 28 a -] 3

B/1 Tyiar maraayya
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0 28 3 38 43

51-p 3ypae. B[] 60510H myyHut eudpoborioscpyynanmsiH 6ymasedaxyyHul bl 3-4,
GAT 3-4 mydnm H32011yy0.

30 6onoH TyyHUN rmapobonoscpyynanTbiH 6yTaargaxyyHun 3l4-4, JAl-4-4

anudaTuk HarQyyAMnH XpoMaTorpaMmmblr 52 -p 3ypryyaag xapyynnaa.
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52-p sypar. 3/ 60504 myyHut audpobonoscpyynanmsiH 6ymas20axyyHul 3l 4-4,

OAl-4-4 anughamuk H32011yyOuliH Xpomamozpamm.

52-p 3yparT y3yyncaH XxpomaTorpaduiiH LMHXUAr33HMI Yp OYHr33C Xapaxaj
O[-4 xapbuaHryn 6ara 6ancaH anudaTtuk Haranyyg Ho JAl-4-4 ByTaargaxyyH4 3pc
MX3CCOH xapargax 6anHa. byTaargaxyyHyya xaHacaH HyypcycTteperyguiniH aryynra
XapbUaHrylm wuxadp HaMaracoH 6Oawraar xapx 6onoxoop OGanmHa. JOAl4-4
XpomaTorpammza XapbLaHryi XeHreH napaduHyyabiH aryynra MeH nxasp HOMIrLcaH
Gavraa Hb Harg, O[-4 aryynargax 6ancaH H-ankeHyyn Hb H-ankaHyygag XyBUpCaH,
XOEpT, 3apuMM HIranyy4 Hb 3agpang OpoH XeHreH napaduHyyaan XyBUPYdd MACAH
AYTHANTIHA XYPranas.

O[] 6050H TyyHUI B-bIH BYTa3argaxyyH 9lM4-4, DAl-4-4 aryynargax apomMaTtumk

HAranyyauH XxpomaTtorpammsbir 53-p 3ypart xapyynas.
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53-p 3ypae. 3L 6oroH myyHul audpobonoscpyynanmsiH 6ymas20axyyHul 3l 4-4,

OAl-4-4 apomamuk H32011yyOuliH XpoMamozpamm

53-p 3ypraac xapaxag OL-4 xapbuaHryn 6ara 6ancaH apomaTuK HAranyyn Ho
OM4-4, DAl-4-4 OyTOarasxXyyHyyasg WX3CCOH 6GamHa. OH3 Hb O3KMHLO UXIIP
aryynargax 6ancaH goeHon, HadTannHos, TOAr3PUNH ynamknanyyn xysupang opx
apomaTuK HyypcycTeperyaen xyeBupcaH Gamxk 6onoxbir xapyymk 6arnHa. Anadrysa
OAl-4-4 ©OyTa3argaxXyyHUW apomaTuK  HIranyyourmH XapbuaHrym aryynra apc
HAMaracaH banHa.

3L 60n0oH TyyHu AP-I'B-bIH ByTaargaxyyH 9OlM4-4, SAl-4-4 aryynargax Tynnt

HAranyyoumH xpomatorpaMmmblr 54-p 3ypart y3yyras.

AT 4-4 Tyilar HICAIYYA
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54-p sypar. 3/ 60504 myyHut audpobonoscpyynanmsiH 6ymas20axyyHul 3l 4-4,

- 8B 48 & 8:

OAl-4-4 mydnm H32011yyOulH xpomamozpamm

79



54-p 3ypruiH yp AyHraac xapaxag 9[-g maw ux 6ancaH TynnT HaranyyaumH
aryynra Hb OAl-4-4 6yTaaraaxyyHa onponuooroop 5 gaxuH 6araccaH Gavraa 6on
apomaTUK HAranyyaumH aryymnra omposilooroop 3 AaxvH HAIMIraXkaa. OHO Hb OyHA
PpakUMnH Xy4nnnar 60M0H cyypunar Hargnyy4 ronnoH apomatuk 6yTauTan 60noxbir
TOrTOOCOH XX-UWH LWNHXUNT3HUIA Yp OYHTaN OypaH Taapy 6anHa. Q0 Tyyxui agnnH
xyBbad [B-blH npoueccblH yp AOYHA Xyywnnar OOnoH cyypunar Hargnyya Hb
YyCTOperwKyynant/ycteperynT 3agpanbiH ypBanyyaad OpX apoMaTuK Hargnyyasg
XyBUpCaH GanHa rax ayrHanas.

Xyuvnnar 6a cyypunar HIranyyauir ypbadunaH canrax Hb LaalwabiH
rmapobonoBCpyynanTaHn, X3pX3aH 3eparasp HeneeriCeHUnr 3HaXyy Yp AyHryya

OaTaTtraxk banHa.

3.3.2 XepenreeHryu paBxaprat peakTop awwurnaH rymud3TracaH rmapo

GonoBcpyynanTbiH TYpPLWUAT

KaTtanunsaTopblH XeOenreeHryn pgasxaprat peaktop Oyxunm Tacpantrym
axunnaraat TOXeePeMXWAr awurnadH AyHa  dpakuyyabir  yCTeperdxyyncaH
TYPWUNTYYAbIH epeHXuit Hexuen: katanusaTtop 4.0rp, TemnepaTyp 340°C GonoH
360°C, ycTeperumniti gapanTt 6MMa, ypcranbiH xypa 0.54 mn Ho/MuH. TypluvnTbiH

Oycan y3yynanTUIr XyCHIrTaHA xapyynnaa.

55-p 3ypar. 'udpobonoscpyynanmsiH 6ymasaedaxyyH A-basH-Opxam, b-0ndae
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10-p xycHarT

HP-I'udpobornoscpyynanmbiH mypuuimsiH HOXUes

o ByTaargaxyyHun
Typuwwnt Tyyxui o Ho/Tyyxuin rapy %.
Ne Temnepatyp, | Xyrauaa, YpcranbiH O3N3axyyHUn ag
o -1 Yc Toc
c uar Xypa, rp/uar | xypa, uar

B 1 340 15.00 3.86 0.96 8.29 0.09 99.91
bl 2 340 2.50 5.13 1.28 6.24 0.08 99.92
o1 360 14.00 4.14 1.03 7.73 12.78 87.22
42 360 4.00 6.21 1.55 5.15 11.68 88.32
43 340 14.50 4.22 1.06 7.58 12.75 87.25
o404 340 2.50 6.01 1.50 5.32 8.66 91.34

TypwunTbiH yp AyHraac y3Ban, b OyTaargaxyyHA YCHbI aryynra xapbuaHrym
bara Ganraa 6on 3 OGyTIargdXYYHYYO Hb YC UX33p aryyrpk 6amHa. Tyyxun aguur
YCTOPOrwKyynax ssuag TyyHO aryynargax 6amcaH xyuyunteperuuTt Hargnyyg yc
anrapax ax yycap 6ongor. 93naxyyHui Xypa xapbuaHryn 6ara 6anxag Tyyxuin ag
KaTanusaTopblH ragapryya ygaan 6anx 6a yp AyHAO Hb YCTOPerdxyynax ypan unyy

NX33p ABargaH yCHbl rapL, HAOM3IracaH H6anHa.
3.3.2.1 HP-'B-MiH 6yT33rgaxyyHUm afieMEeHTUUH LWMHXUITI3HUN YP AYH

11-p xXycHarT

HP-I'udpobornoscpyynanmeiH 6ymasedaxyyHul anemeHmulH Halpnaza, %

[o3x/byTaargaxyyH C H N+S+0O
B 86.03 9.02 4.95
B4 1 87.47 11.04 1.49
BO 2 87.08 10.24 2.68
c)il 80.38 8.86 10.76
o1 88.19 11.29 0.52
o[ 2 85.52 10.12 4.36
o[ 3 87.07 10.33 2.60
o4 84.37 9.47 6.16

Tyyxuin ag 6a OyTaaradxXyyHUN SNEMEHTUNH LUMHXWUITI9HUA OYHIA3C Y33X3a4
B dpakunnH 6yTasrasxyyHg HyypcteperymiH aryynra 1.44%-uwap, ycTeperdmiH
aryynra 2.02%-vap HIM3IrgaK XapuH reTepoaneMeHTYYAUnH Hunnbap aryynra
3.46%-nap 6yypcaH 6anHa. XapuH 3 pakuminH BGyTaargaxyyH4 HyyYpPCTOPerdumnH
aryynra 7.81%-vap, ycteperuniH aryynra 2.43%-nap H3MIr4ax XapwH reTepo-
aneMeHTyyaurH HMnb6ap aryynra 10.24%-mnap 6yypcaHn Ganraar Tyc TyC TOrTOOsI0O.

OHI yp AYHraac y3Ban 3 dpaky, unyy ryH3rmm xysmpang opcoH 6anHa.

81




3.3.2.2 HP-I'b-unH 6yT33ra3axyyHnm HYTC-MAH WMHXWUNT33HWKA YP AYH

YcTeperdxyynanT XxapbUaHry carH sisaracaH TypwmntyyabiH 6ytoy b1, 31

ByTaargaxyyHyyamiH HYTC-bir xuwmr 6onroH 56, 57-p 3yparT y3yynnaa.
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57 3ypar. 341 6ymasz0axyyHut HYTC

BO1, 301 6ytaaraaxyyHyyounH HYTC-bir tyyxmni 3g 6onox BA, 3L
dpakuyyaelH HYTC-Tait (30, 31-p 3ypar) xapblyynban 2853, 2922, 2953 cm™
WMHMAANTUMH  MYXYyyaad arnkaHbl 3rHa3Hunm -CHp, -CH; OynryyamiH BaneHTbiH
xan6ansan, 1456, 1376 cm' wmyxug -CH, , -CHs; cummetp aedopmaumitH

xan6an3ang xamaapax LWMHr33NTYYaAUMH 3pUYnuM nxasp HamarasH, -NH, -OH, C=0, C-
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O o6ynryyounH xanb6an3ang xamaapax wuHraantyyg, C=C, C-H apomatuk
OynryyaunH xanbans3ang xamaapax LWWUHMANTYYAUNH 3punM nxaap byypcaH 6anHa.

OH3XYY Yp AYHTYYA Hb rMapobonoBCpyynanT apuuMTai siBargcaHbIr 4aBxap HOTMOX

BanHa.
3.3.2.3 HP-I'B-uH 6yT33araaxyyHnm XX-MnuH WNMHXUIT33HUNA YP AYH

B4 6a b1, B2 6yTaaraaxyyHyyaunH xpomatorpammbir 58-p sypart

Y3Yynnaa.
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58-p 3ypar. 6] 6a 6/]1 5[]2 6ym33203xyyHyyOuliH XxpomMamozpam

BO1, B2 6ytaargaxyyHun xpomartorpambir Tyyxunm 34 B dpakuybiH
XpomaTtorpamTanm xapbLyyraH y33xa4 OyTaarasxyyH4 H-ankaHyyablH aryynra uxasp
HBMIrAC3H, H-ankeHyyablH aryynra 6yypcaH b6avraar xapx 6onoxoop 6arHa.

91 6a HP-I'B-bIH 6yTa3argaxyyHyyauMMH XpomaTorpammblr 59-p sypart

Y3Yynnaa.
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59-p aypar. 34 6a 341, 32, 33, 3[4 6ymas2daxyyHyyOuliH xpomamozpam

O01-3[04 OyTaarasxyyHyyaumH xXpomatorpambir Tyyxum 3a 6onox 3[4
dpakublH XpomMaTtorpamTan XapbuyynaH y33x3g OyTaargsxyyHa H-ankadyyabiH
aryynra nxasp HOM3racaH, H-ankeHyyablH aryynra Oyypcan 6aunraar xap»x 6onoxoop
GarvHa. O[1 OyTaargoxyyHunm xpomaTtorpambir  Tyyxun 94 3L  dpakubiH
XpomMaTtorpamTanm xapbuyynaH y33x3g OyTaarasxyyHun anudaTtuvk  HIrgnyyaunH
aryynra UXa3p H3M3rAC3HI3C ragHa ankun  dgeHon, ankun  HadTonyyn

YCTOPOrYKyynanTsg OpoH HadTanuHbl ynamknanyyaan vxasp XyBupcaH GainHa.
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[133px yp AYHIyy4A Hb rmapobonoBCcpyynanT apunMMTan sBargcaHbir HOTNOcoH HYTC-

WNIAH LWWHXUATA3HUIA Y AYHIYYATIN TOXMpY H6anHa.

3.3.2.4 HP-I'mppoGonoBcpyynanTtblH OyT33rg3xyyHuM Haupnara, XyBUPJibiH

33par

MmapobonoBcpyynanTtbliH  OYyT33radXyyHUM  XUMWUWAH  Oynar  HAargnyyaviH

Hanpnara OOMOH reTepoaToMT HIrAnyyaunH XyBUPHbIH 33prMir 12-p XYCHIrTaHg

xapyynnaa.
12-p xycHarT
'udpobonoscpyynanmsiH 6ymas20axyyHul XumutiH 6yrae
H320nyyOuliH Halpraza
oo HaranyyouiH ecent 6a
0,
ByTaarmax- ByTaaraaxyyHun Havpnara, % 6yypanT, % reTepoaTOIi/IT
H eTepo- Apo- eTepo HOrAnNyyAMMH
Yy Anudpatuk | Apomatuk Anudgatuk xyBsupan, %
aToMT MaTuK | atomt
B4 83.86 12.60 3.54 - - - -
B 1 92.03 7.47 0.50 8.17 -5.13 -3.04 85.89
Bl 2 88.06 11.07 0.87 4.20 -1.53 -2.67 75.43
e 40.48 24.32 35.20 - - - -
a1 91.22 8.24 0.54 50.74 -16.08 | -34.66 98.47
202 81.82 16.77 1.41 41.34 -7.55 -33.79 95.99
343 85.48 13.42 1.10 45.00 -10.90 | -34.10 96.87
304 81.66 16.84 1.50 41.18 -7.48 -33.70 95.74

*-SPE canrant 6onoH GC/FID WWHXWAr3aaHWN yp AYHA TOOLOOSIOH rapras.

B dpaky 6a TyyHUN rmapobonoBcpyynanTbiH OYT33arg9XYYHUIA XMUMUIRH Bynar
HOrOnNyyoumMH Hanpnarbir XapbuyynaH y33xa4 anudpaTtuvk HIranyyauuH aryynra
8.17%-nap HamargaH 92.03% XxypTan ecceH 60N xapuH apomaTuK HargnyyauniH
aryynra 5.13%-nap 6yypaH 7.47%, retepo-atoMT HargnyyaunH aryynra 3.04%-uap
6yypaH 0.50% xypcaH y3yynanttan 6GanHa. XapuvH O3l pakubiH XyBbA
OyTaargaxyyHa He anudaTtuk HaranyyaunH aryynra 50.74% wvap HamargaH 91.22%
XYpPTan ecceH 605 xapuH apomaTtuk HargnyyaunH aryynra 16.08%-uap OyypaH
8.24%, retepo-aToMT HargnyyaunH aryynra 34.66%-nap 6yypaH 0.54% XxypcaH
y3yynantran GarHa. [eTepo-aTOMT HIaranyyaunmH XyBuprbiH XyBba B dpakubiH
OyTaargaxyyHa 85.89%-4 xypcaH Gawvraa 6on 3 pakublH GYyTI3rgaxyyHg wunyy
eHoep 6ywy 98.47%-0 XypcaH OGonHo. MmagpobonoBcpyynanTbiH OyT33argaxyyHUN
xysupan 3L dpakuma wunyy apuummTam siBargcaH 6anraa Hb TYYHUMWA Hawupnarag
NX33X3H X3MXKI3HUIM reTepoaToMT HAaranyy4 aryynargax 6ancaHtanm xonbooTomn rax
Y339 6anHa.

M'maopobonoBcpyynanTbiH  MPOLECCbIH  NapaMeTpyygaac  TyyXunh  S4UNH

33M3AXYYHUM Xypa Hb ron Hemneenerd XyduH 3ywn Oaviraa ©Oereen ypsarsbiH
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Temnepatyp 360°C 6Gaiixag 1.03 6a 1.55 uar’ 23MaxyyHU XypablH Hemee Wmyy
nxaap snrapy xapargax (341 6a 3[02) 6anHa.

MpoueccbliH  33MaXyyHWUM  xypa  wkun  Hexueng 360°C 6a  340°C
TemnepatypyyablH snraar 341 6a 33 6yTaargaxyyHUn XyBupraap xapx 60sHo.
YpBanbiH TemnepaTypbir 20°C-33p ecrexeq anuaTtik HranyyauiH aryynrelH ecent
5.74%, apomaTuk HaranyyaunmH aryynrblH Oyypant 5.18% 6anraa 6on xapwH
retepoatoMaTt HaranyyaumH xyesupan xapbuaHryn 6ara 6ywy 1.6% 6anHa. OH3 Hb
retepoatoMart  HIrANyYyOUWMH  XyBupang —Temnepatyp  XapbuaHrynm  6Garaap
HeneenceHunr 6atnax 6anHa.

HP-Ib-unH TypwmntyygbiH yp AyHr AP-IB-unH TypwunTblH yp LOYHTIN
xapbuyynéan HP-IB-uiH Typwwvntyyn wnyy yp AYHTOM gaBargax OyTaarasaxyyHumn

YaHap apc camkmpcaH banraa Hb LUMHXUAT33raap HOTMOraoX 6anHa.
OYTHINT

1. BasH-OpXxaTUNH BUTYMT ancHui nuponusbiH gasupxan (BK), OngsBuiiH XypaH
HYYPCHUI Xarac KokcxyynantbliH gasupxan (OK) 6onoH TaBaHTOMrOWH 4ynyyH
HYYPCHUI KOKCXYynanTbliH aasupxarH (YK) HapnarmnH dpakuyyabiH rapubir
xapbuyynaH y3axaa bK Hb HapnarunH ayHa dpakubiH rapy nxtan (50.99%), 9K
6a YK Hb HapnarminH xyHa dopakuyya nxtam (43.02% 6a 39.93% ) 6aiHa.

2. b1, 31 6a Y[ oyHa dppakuyyabliH Hanpnarbir ryH3rMApyynaH cygnax y3axag b
dpaKky Hb reTepoaneMeHTYYAUWH aryynra xapbuaHryn ©Oara, ycTeperdmitH
aryynra eHgepTan anudatuk 6a HadpTeHun Haranasp Gasnar, I3 dpaky Hb
Xyxap 6a as3oTblH aryynra xapbuaHryl ©Oara 6GOnoBY XyuumnTeperd, TYYHUN
HOrOnyyoumH aryynra maw mxtan, xapuH Y[ dpaky Hb YHOCOHO9D apomMaTtuk
HAranyynaac 6ypaax G6avHa. 3 dpakublH Xy4nnnar HargnyyaunH aryymra Ho
TYYHUA HURAT XUHMMAH 1/3-Tan TaHUyy, B dpakuybiHxTan xapbuyyndan 4 gaxuvH
nx Ganraa Gereeg Xy4WNNar HaranyyaumH YHOC3H XACIMWAr HAr GOMOH XOEp
uarmpart geHonyyn 605oH TOAradpunH ankun xanardtam Haranyyn (76.45%)
Oypayymk 6anHa. XapuH TyyYHWA Cyypunar Haranyyd Hb roffioH nupuaunH 6a
XWUHOMNWHbI ankun xanardytanm Hargnyyaaac (31.74%) Tortox 6anHa.

3. B 6a 3O dpakuyyn OOMNOH TA3Ara3P33C XYYWUNNAr HIrAAYYAUWT  LUYATI3P
XaHanax, asoTblH Cyypunar Hargnayyaunur 33CUMH XINOpUAbIH Tanct rugpattan
KOMMNMEeKC YyCrax apryygaap sanracaH caapmar dpakuyyabir (BA, O3A)
aBTOKNaBblH rmapobonoscpyynanTaHa opyynaH ypbauuncaH 6onoscpyynanTbiH

Yp Heneer xapblyynaH y3axa4 caapMar dpakublH OyTaargaxyyHyyasa anudartmk
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HArgnNyyauviH aryynra Wxa3p HOMIrAcOH, TYWNT HIranyyaumH aryynra 3pc
OyypcaH 6Gaunraa Hb TOrToorgnoo. OA dpakubiH rMapobonoBCpyynanTbiH
OyToargaxyyHa TYWNT HArQnyyaunH aryynra ompornuooroop 5 gaxuH 6araccaH
6onHo.

. M'mppobonoscpyynanTblH ABUaA AYHA (PpakublH H-ankeHbl HAranyy4 H-ankaHbl
HArQnyyasn XyBupax, ankun apoMaTuK HIranyya xanardryl  apomaTuk
HArgnyyasn Xysupax, apoMaTtuk TYWNT HIranyyg Hb apoMmaTuK Haranyyass
XyBMpax, MeH yCTeperdymTt 3agpanbiH ypBanyyaaap xapbUaHryn 6ara mMonekynt
HArgnyyAa yycd 6anraa Hb LUMHXUII3HYYOUNH yp AYHIYYA33p 6atnargax 6anHa.
. A30TblH cyypunar GOfOH XYYUNTePerdYnH XyYUInar HIranyyaunur ypbayunad
Aanrax Hb AyH4 dpakubiH ruapobonoBcpyynanTbiH yp AYHM 3PC HAOMArayynaxaac
ragHa deHonT OONOH as3oTblH HAranyyg snraH asvy nNonuMepuinH, O6yaruiH
YUNAB3PUMH TYYXUA 9433p alumnrriax 6onoMXunr onrox 6anHa.

. HP-I'b-blH yp AOyHA reTepoaTtoMT HargnyyaunH xyesupan b  dpakuybiH
ByTaargaxyyHa 85.89%-4 xypcaH 6aviraa 6on 3 dpakublH BYTI3rgaxyyHag nnyy
eHaep bytoy 98.47%-a xypcaH 6onHo. M'mapobonoBcpyynanTbiH BYyTaargaxyyHUN
xyBupan 3L dpakumg unyy apunMMTan asargcaH 6anraa Hb TYYHUW Havpnarag
NX33X3H XIMXKIIHUIN reTepoaTtoMT HIranyyq aryynargax bamncaHtam xonbooTtoun
rax y3ax b6anHa.

. MmppobonoBcpyynanTtblH  MPOLECCLIH  NapameTpyygaac  TYYXUA  3AWWH
33M9XYYHUM Xypa Hb O Heneernerdy xyduH 3yun OGavraa Gereepn ypBarsblH
Temnepatyp 360°C 6aiixan 1.03 6a 1.55 uar 33maxyyHWiA XypablH HOMee umyy
nxaap snrapy xapargax (341 6a 3[12) 6anHa.

. MpoueccbiH 33naxyyHUn xypa wkun baiixag 360°C 6a 340°C TemnepatypyyabiH
36epee Hb reTepoaTtomMaTt HargnyyaviH XyBupang xapbLuaHryn 6araap HeneemnceH
BanHa.

. HP-I'B-uiH  TtypwmntyyaobiH yp AyHr AP-I'B-uiH  TypwunTbiH  yp AOYHTIM
xapbuyynban HP-I'B-niH TypwumnTyyg unyy yp AyHTaM aBargax 6yTaargaxyyHun
YaHap 3pc camkmpcaH banraa Hb gapaax X0€p XYYuMH 3yMNTan xondooTton Gamx
6onHo. YyHA: 1) kaTanuaaTopbir peakTop 4OTOP Hb MOIBXXKYYIK LIYYd X3parnax
Ganraatan xonbooToOMroop TYYHUN MA3BX Wnyy eHaep bGanx, 2) Tyyxuin aa 6Ga

KaTanusaTopblH ragapryyrmiiH XxapunuaH YInunan unyy apunMMmTan sasargax.

10.YCcTeperykyynanTuUinr kKatanua3aTopblH Xe4enreeHryin aaexapraT peaktop Oyxui

TacpanTryn axunraraat TOXeepeMXxeep rynuatraxag TYYXUn SQUNH 33N3XYYHUN

XYPA Hb OYT33ra3XyyHUN XyBupang Heneenery yyxan Xyy4umH 3yin 6avicaH 6ereep
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ypBarnsiH TeMnepaTyp xapbLaHryin eHaep 6Gytoy 360°C Gaiixag 1.0 6a 1.5 uar”
XypayyaoblH anraa nnyy nx 6anHa.

11.YcTeperyxyynantumH ypsanaap LWWHMOH TYNWHUA WKWHX  YaHapT cepereep
Heneemnerdy reTepo-aToOMT HIranyyauniH aryynra basgH-OpxaTniH OuUTyMbIH
NMPonu3blH aasupxavH AyHa dpakuan 85.89%, 3OngoBuiiH HYYPCHUM Xarac
KOKCXXyYynanTblH gaBupxanH ayHa dppakuag 98.47% O6yypcaH Hb 34raap TYyXun
3OUNr An3enb TYNLWHUA YANGBIPNang awurnax 60noMXTonr xapyymk 6anHa.

12.TacpanTryn axwnnaraat peaktop Hb €epAuiH aBTOKNaBTan Xapbuyynban
ypBarnblH NapameTpyyannr xandap eepunex, TYpLUUTbIH ONOH XyBunbap COHrox,
OYTI3rgaXyyHUn XyBUPISbIF HapuUWH XsHaX, KaTtanus3aTtopblH WO3BXWMWT yaaaH
Xagranax 33par ofioH AaByy TanTam Tyn yWnaBapuinH npouecc 6onoscpyynaxag

NIyy TOXMPOMXKTON BarHa.
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TecnunH yp oyHA 30XMOH BYTI3CaH YCTOPOrKYYNANTUNH TYPLUMATLIH 30puynantran

TacpanTryit axunnaraaT peakTop

PeakTopbIH y3yynant:

YcTeperynnH gapant 100 aT™m
PeakTopblH TeMneparyp 450°C
Taxaan ypcran 0.1-10 mn/mMuH
Har TypwmnTbiH xyrayaa 1 cap xypTan
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B XaBcpanT TecnuiH axnblH XYP33HA X3BAYYNC3H Oryynan, X3nasnuyyncaH

XYpPnblH UNTran
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“XUMH-2022" YROICHI 3p0IN UHNCUAZIINUTT ARXOVEQUp VP,
s Y e TONM WITTJ

Yaamzaant Gye raspoin 1o

HKarwurwiin Hapascapan

HIVA, X, XumniiH TexHonorits Xypyumi, YasanGaarap, 13330
narangerelj@mas.ac.mn

JAXHHE DPUHM XYMHHI KIIHHH Xoporyd 8 mpOyM TOHH KHIIMIJL TOCTOH TIHUYY
Oaifraa Goreej XyH amei Oonod 3auifH 34CruilH OCONTHHH yIMaaC wLaaMi yjiaMm
HIMITIIX23p Oaifina, Dpuum XyuHuii candapT COProdridX 3pUHM XYY OCCOHOp LIATax aluurT
MAITMANBIE 237X XyBb Oyypax Xaswjnararail Oaifraa 4 Ooaur Xoparmd up 2050 oHbl
TYBIIMEJ] OZ00UHIHX00C OOH XYBHAp HAM3I3X Tooloo Owi. I'31an okipei 10-15 wunn
JOJIXHIH TA3pLiH TOCHBI OJNOOPIOAT OPrHA XIMMOIHA) XYPHI, HAAINKA Ta3pelH TOCHLI
onbopaoaT ypraoknsx G0NoBd XIMKID Hb OadfHra Oyypd, yHd? Hb ocox OonHo racoH
Taamarian 6ac Ouil. Yuup Hb WHHIP HApYYmK Gy yIavkIanT TOCHB HOOIL Hb CPOHXHITI0
Oara, eepeep X3103/1 TYYHHH XKHIHITH 0nGOPIONTEH XIMKIHMIE 25%-1 u Xypaxry# Gaiiraa
Hb 3HIXYY TaaMarJalbii yHCH 6omtor. VIaMmKknanT raspeid TOCHS! YHIIBIPI AIXHHH
UOOH YJICA] TORNODY, YHWIIH OOPUIONT HbL YPhIYHIAH TAaMAariaxal Xdyy OJOH XY4HH
3yHI00C XamMaapaar Ty ADAXHIEH ONOH OPOH 9PUHM XYUHMH XaHramuilH aoyaryit Gaiinaa
yam#Aaaar OyC TOCHB! YHIABIPANIIP WHILAXHIT 30pbak Galna. Yiasknanr Gyc TOCHE
HOOLMIIT YIAMAIATT TOCHBIXTOH Xapbiyyia6an xamruiin Garasaa 10 gaxdm ux Tya 963 9X
YYCBIPHIIr amurnax ssfal oApsH HPIAYHL HXIXIH IPUHMKHX TonosTdil, Mouron yiacaxa
raspuii To¢ GOJIOBCPYYax YIIABIPHITH TOCOT AMKHITTAaH XOPITKHIK OHPBIH Xyrauaasj
AOTOON00 WKHIYH TYAN YiUIRIPIIX Goomik Gyprax Gonosy eepuiin opus yiamxnar: 6yc
raspoltl TOCHBI HOOLUMHT TOTTOOX, 3aHapLiH Toc, Daliramuiin Gurym 60101 HYYPCHIIC raprax
Gonox TOCHS! XUMHIH Halpnara, ypsansld WAIBXHIH CyIairaar IyH3rHAPYYIX, TArIpHiHr
ryH OONOBCpYY/Iax TEXHONOrMIr COHroX Hb XuHH ©0a IUMHMIH TYMOHAR  YHIICHHH
XIPOTIHIr? TOrTROPTOIH Xaurax, XUMHAH YHIABIPHAT XOrsKYY/IdX, [HHD, JOBIHITIT TEXHHK
TeXHOJIOTH H3IBTPYYIDX, YiaMaap diuliH 3acrufiv awyaryil Oaiijieir Oarairaaxyynaxan
HX2X2H a4 xonBorio:11oi 00140,

Tyaxyyp ye: uyype, Gumym, wamoaz 3anap, 0asupxai.



“XHMH-2022" Yucocnuii 9poon winxentcasmni auxdyeaap xypat

AMAH HATIA

B niin HyypeHuii JaBHPXAiTH IIHHK HaHap,
ruapo 6os10BCpyyAaaT

Quoynumsorniin Hacamrorrox', Kasrawruiin Hapasrpas
Astexcanapuin Apitynagn', Iprxntwnrniia [lynuarams

'LHIVA, Xusst, xumuitn Texnosoruiin xypoyoi, YasanGaatap, 13330
nasantogtokh_o@mas.ac.mn

Hyypcunii napupxait wp ynasknant Oyc raspeii TOCHBI HI3T TOPOII TOOLOTAAO!
Oereen wWMHIOH Tymu rapraH asd Oomox Tyyxud 54 oM. Hyypenuit jpasupxail Hu
APOMATAHITBIH  33P3T OHJIOp, a30T, XYYWiTeperd, XyX3p HX33p aryyjar OHIUIOrToi.
JlapapXaiir WHHrIH TYAWHKME TYYXH# 3093 aWMraax TOXHOMIONA TYYHHH YaHapeir
caibKpyysax, £7aHrysa rerepoaToMT HILUIYYAUNE aryyarsr riipobonoscpyynanraap Jpe
Oyypyynax maapjuiarataif. DHIXYY CyJAanraaraap Masail yncaa yinaspinsciH HyypeHuil
Xarac XOKCHKYYNanThlH AaBHPX@H HAApIarel’ HapuilH TOITOOK TYYHIIC AM3CHb Ty
YHAIBIPASX TYYXHi 921 rapran anax GONOMKHIHT TOTTOOX 30PHIIO TABLCAH.

Cynanraann Baxym HIpior, aneMeHTHiH GOMOH OyaruiiH  WHHKWIID, Xuiis
xpomarorpaduitn XX//AHUM, XX/MC 6a HYTC-nit apryya Mo raapo GonoBcpyynantsi
npouece amuraaracad, JNIIBHIAH OPIbIH HYYPCHHH Xarac KOKCHKYYNANTHIH JAaBHpPXAili
HIPIArHIH AyHA (pakisii rapi xapsuanryit ux 36.09% Gaiican Oa Tyyxuii gasupxail Goaou
XeHreH (paxuraii Xapbuyynban Hyypcreperd ©a ycTepersuiiH  aryyara  eHuaep.
XYUHATOpOryMiin aryyara dararaii dalis. Jlasupxait Gomon TyyHHIl AyH Hpakisr Xyquuor.
CYYPHIAr, caapMar TOCHB OYATYYAdA CairaH aryyirsr He TOAOPXOHIOXOA XYHHILTI
HICAAYyauiAl aryynra mam ux Oyioy 34.10% oonon 32.45% tye Tye Gaiiraa He wIIPCIH.
XuiiH xpomarorpaduils WHIDKIIOIMOP AaBHPXaiid Xyduunr dpaky Hb deHomL, Kpesod.
uadrranenonooc ronnoH 6ypadk Gaitraa Gon cyypuar (pakn He THPHIWH, XHHOTHH 0010H
TIArIIPHAH ANKHI Xanardral HOCUIYYA MX93p aryymk Oaiima. Mes ankun Xanarytail
Hadranuu, w-ankas GonOH alIKeHyy/A XaMmrHifH MX aryyararait caapmar mraayya Gaiina.
HYTC-niin memkwary He Gycajl MMKHATOHET Yp AYHCYYAT i Oypon uitnok Gaitna.
Myna paxusi ruapodoI0BCpYYAaNThH Gy TIBIIXYYHY YA TETEPOIEMEHTYY AN aryyira
ape Gyypu anudaruk mruyyauiie aryyara uxop eccen Gadiraa GOMOBY IHIXYY (paKiiki
AH3CIEL TYIWHMI TYYXHil /120D alMriax TOXHOLI0I HIMAT GOI0BCPYYAIT Waapiararaii
Oaiiraar TorT005100.

Tyaxyyp ye: snevewmuity naiipaaza, oyno gpaxy, 2emepoamom
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"XHMH-20. IPAIMN WHHICUIZIIH UL baza xpan XAHAH BATTS

Basm-3pxyTuiis GHTYMT /1CHMI TAPOIHILIN AABHPXAIH TyHT dpaKibi
YCTOPOr Ky YIATT

HKawmrwite Hapanrspan', Oroviumvomiiin Hacsrrorrox!, Anexcauapss Apuynaa’
Opavmbumriiin Mynuargaw’, Duxrepniia MonxGar’

"HIVA, X, xnmidis rexsonoruiin xypoanan, ViaauGaatap, 13330
nasantogtokh_of@mas.ac.mn

Maualft ync matax Xaryy AmHIT MAATMANEIH XAphUAHTYH MX HEeLee 368
30XHCTOHIOOp AmMIIaH ynamknant Gyc raspii Toc YHIABIPAIX, YT TOCHI TYH3rmi
Gonoscpyynan MMIOPTBIH Oy T30rAXYYHYYARNHT opsyynax GomoMimitr Ccyanax Hb IHHH
3acruiit HONOH TEXHHK TEXHONOTRITH OHAep a4 XonborgonTol. Oneeruitn Gaiinnaap raspbis
TOCHBI HHHT GYTormxyynuiir 100 xyss uMnoproop xyaanuas asy Gaiiraa He >amiie 3acarr
MX33X3H aapamT ok Oaiiua,

Cynanraaust xypaona Basn-Opxoruiin Gurymr aacmitr (B3) MHPOJH3Y OpYyYJaH
naswpxaii rapracad 6a yr naBupxalir BaKyMA H3pX XeHreH, AyHN ¢paku Gomon Xyma
YZOTOIA Xysaacad. JIyHA (pakusir HATT Tazapryyr, TACPANTTyH aXHIIATAAT PEaKTop
ammrnad yereporaniin 6MIla napanran nop 340°C Gonon 360°C remneparypr 2-15 narwiin
Xyrauaatai  ycTeperwAyymarssa - opyyiacad. Jymn  ¢paky  Gonom  Tyymmif
YCTOperuKYYIUITHHH  OYT3orpXyyHyyauite Halipnara, GyTom, Immmx YaHap, YpBaIbiH
wpexuiir GC/MS, GC/FID, FTIR, SPE Gonon aneMeHTHHH mmMmkuarsmmi Oaraxyynaap
XaphllyyJIK cymaniaa.

Cynanraass nyarsc ysean BO-mite nupomasuiin nasmupxaiin rapu Hb HMAT Xyypaii
maccuinl 10.44%, opramnk maccein 63.99% Gon nasupxaiin aymn dpakmeie rapn 50.99%
Oaiina. Jlynn ¢paku me myypcHuil Xarac KOKCKyylanTsu jgasApxaiin Ayna  dpaxnraif
xapsuyynban ycrepers GONOH HYYPCTODOrdWiH aryynraap emIep XapHH reTepo-
NEMEHTYYIHItH aryyaraap Gara, romton amuaTHk HITATYYAC Torrox Galiraa He TYyHHIr
UAAMIHA  YCTOPOrTKYYmIX31 TOXHPOMATOH OGonoxmir xapyyncan. [Jlymn dpaxusiy
YCTOPOraAYYNUITHAH OYTOOrAdXYYHYYAHiAH Halipnarur Tyyxuil sauiiuxmii ne XapeUyyJIas
xatyy ¢asem  xangmarr, GC/FID mMEXANrs»HEA apryyiaap  Cymwiaxanm anadaTik
H3TLTYY it aryynra 4.20-8.17%-uap EaMoricon, Tylrr H3rATyyamite XyBHPISE 39par Hb
75.43-85.89%-n xypean Gaiiraar TorrooB. B3-wifH mupomusuiin naBupXatin ayun dpaxusr
Ausens TYmUHHHE TYYXui 319p amnraax 6ypon Gonomicrolt Gaiina.

Tyaxyyp ye: Gumymm anc, nuponus, dasupxail, dyno gpary, YCMBPOYICYYAINM
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Low temperature pyrolysis behavior of four low-rank coals from the biggest deposits of
Mongolia Aduunchuluun (AD), Shivee-Ovoo [ShO), Ulaan-Ovoo (UO) end Baganuur (BN
were studied using a fixed-bed reactor. Pyrolysis experiments were carried out at temperature
region from 450 to 600 °C in a fixed-bed reactor to examine the differences in pyrolysis
products distribution and characteristics between AD, ShO, BN lignites and UO subbituminous
coal. The char yield decreases with the final pyrolysis temperature, which is consistent with
literatures [1], i.e., as the temperature increases, more volatile matter is driven off from the coal
into the gaseous phase, resulfing in a lowering of the char mass. At 450 °C the char yield (daf)
for coals AD, ShO, BN and UO were 51.7%, 59.8%, 57.3 % and 65.7% respectively. The coal
samples and resultant chars were analyzed using Fourier iransform infrared spectroscopy, ''C
nuclear magnetic resonance to explore the structure changes and thermogravimetric analyzer
coupled with mass specirometry was used to investigate the pyrolysis reactivity of coal during
thermal decomposition process. The results showed that the aliphatic structure in coal was
significantly reduced and the carboxyl groups almost completely decomposed during pyrolysis
process at 600 °C. The gaseous evolution measured by TG-MS during pyrolysis showed that
the maximum peaks of evolufion of CHe, Hz, C2Ha, CoHs, CO and CO, gases were well
corresponded fo the maximum rate of weight loss in the range 428-445 °C. The temperature
progrommed method which is utilized as the standard procedure to evaluate the char reacfivity
by GB/T220-2001 supplies the reactivity of coal chars within a wide temperaliure range in one
experiment [2]. The CO; gasification of AD, ShO, UO and BN chars, was performed in bench
scale fixed bed reactor with the heating rate of 25 °C/min from 750°C through 1300°C at the
50°C intervals. The reactivifies of AD, BN and ShO chars were relatively higher than that of UO
coal, The results confirm the dependence of reactivity on coal rank. Because AD, BN and ShO
chars had higher amounts of CaO, Fe203 and SO; compared with that of UO char, we suggest
that these oxides acted as catalyst on gasification [3].
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Coal tars can be used as a source of synthetic liquid fuels [1]. It contains several hundred
organic compounds of different groups, some of which are very valuable. Coal tars are known also
for their high molecular weight and high aromaticity and high concentrations of heteroatoms such
as nitrogen, sulfur and oxygen, When using coal liquid as a transportation fuel, the contents of
heteroatoms should be reduced below the acceptable level. Hydrotreatment is one of the key
operations in modern oil refining industry, and used for heteroatom removal and hydrogenation of
aromatic compounds. Middle distillates of coal tar can be used as an altemative feed for production
of diesel fuel after reduction of heteroatoms by various hydrotreatment processes (2],

Coal tar was obtained by low temperature carbonization of Eldev coal, Mongolia. Dewatered
tar (DT) was separated into three fractions; light, middle distillates and heavy residue (LD, MD and
HR). The tar contained relatively low amount of light fraction and high amount of heavy residue.
The elemental composition of coal tar and its fractions are shown (table 1).

Table 1 - Elemental composition of coal tar and distillation products (wt%)

Distillation | Boiling Elemental composition

| fraction range °C | Y'eld c H N s | O | ¥
DT - . 8211 | 815 | 1,09 | 042 | 823 | 1,19
LD <220 393 7924 | 842 | 044 | 021 | 11,69 | 1,28
MD 220-350 3609 | 8375 | 875 | 078 | 035 | 637 | 1.25
HR >350 5998 | 8127 | 755 | 1,15 | 045 | 958 | LIl

The MD contained relatively high amount of carbon, hydrogen and low amount of oxygen
compared with other fractions. The atomic ratio of hydrogen to carbon (H/C) of MDs was 1.25 or
relative higher. It shows, the MD is rich in aliphatic and naphthenic compounds than original tar and
heavy residue. It is known that in the heavy fractions such as HR are accumulated more
heteroatomic compounds than in the lighter fractions [3].

Coal tar and its MD fraction were separated into acidic, basic and neutral fraction by using
acid-base scparation method. The results are shown (table 2).

Table 2 - Elemental composition of coal tar and muddle distillates (wt%)

Acidic Basic Neutral Taciabie Total

o compounds | compounds | compounds recovery
DT 34,10 4,60 46,60 1,20 86,50
MD 3245 2,60 57.75 0.50 93.30

The samples contained large amount of acidic fraction. It is typical for low temperature tar
derived from low to middle range coals. The acidic compounds may account for about one-quarter
of the weight of the coal tar [4].

In order to obtain information on chemical components, it was used a method that determines
the quantity of chemical components, identified with GC/MS, with the peak area of GC/FID. Since
fractionating a raw tar into the acidic, basic compounds and neutral components leads to reducing
overlapped peaks of the components, the accuracy of identifying components can be enhanced. The
methods applied in GC-MS, and GC/FID had the same separation conditions to perform a sensitive
determination of the quantity of components,

Since coal tar contains a vanety of compound groups and a large number of components,
peaks in a GC chromatogram cannot be well separated especially in heavier distillates. Major peaks
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Fixed bed pyrolysis is a useful way to study the transition of physicochemical structures and
thermodynamic processes of coal [1-2]. The temperature programmed method which is utilized as
the standard procedure to evaluate the char reactivity in GB/T220-2001 supplies the reactivity of
coal chars within a wide temperature range in one experiment [3].

Four samples, Aduunchuluun (AD), Shivee-Ovoo (ShO), Ulaan-Ovoo (UO) and Baganuur
(BN) coals were used in this investigation. The proximate analysis was performed by GB/T212, the
ultimate analyses was performed by GB/T476 and GB/T19227, and total sulfur in coal was tested
by GB/T214, The results of proximate and ultimate analyses are shown (table 1),

Table 1 - Basic characteristics of coal samples

Proximate analysis (wt%) AD ShO Uo BN
Moo 22,15 133 9.6 18,7
(A 109 124 105 57
V an 50,6 47,75 4.8 46,5
FC (&, 44,0 458 494 504
Siiany 2.04 2.10 044 031
kcalkg 8310 7637 8133 8372
Que iy keal'kg 6132 6314 7040 6465
Ultimate analysis (wt%, daf)
C 70.0 712 75,2 71.8
H 3,30 4,30 5.00 4,20
0 23,7 213 17,3 22,6
N 0,78 0.84 203 1,15
H/'C 0.57 0,73 0.80 0,70
0cC 25 0,22 0.17 0.24

The results of proximate analysis of samples showed that UO coal has lower contents of
moisture and volatile matter and higher calorific value compared with AD, ShO and BN lignites.
The results of ultimate analysis showed that UO subbituminous coal has higher content of carbon,
hydrogen, nitrogen and lower content of oxygen compared with AD, ShO and BN lignites. These
results confirm the relative higher coalification rank of UO coal compared with other 3 lignites.

To examine the reactivities of coals in pyrolysis process. experiments were carried out at the
main pyrolysis temperature region from 450 to 600 °C i a fixed bed reactor. As shown in Figure 1,
the char yield decreases with the final pyrolysis temperature, which is consistent with literature [4],
1., as the temperature increases, more volatile matter is driven off from the coal into the gaseous
phase, resulting in a lower char mass. Maximum tar yields for coals AD, ShO, BN and UO are
estimated to be 2.4 %, 3.9 %, 3,9 % and 54 % (w1%), daf respectively, at temperature of 500 °C.
The tar yicld is however dependent on coal rank.
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Xypaanzyn

Moneor yncao easpoin moc 6on OBCPYVIAX  VILIOGOD OAUSVVAUX  adCUT AMICHUTII Al XOPI2HCUNC  OUDbLIH
Xyedyadand 0omoodooo wune i my e Y1062p19x o1oMIC Oy pOIc Baing. THxom 515 YVUI062D HI2 71 MYyXUl 5090
MYARYYPAAX Ho Xm0 spcdimdii oM. Manaii) yaavxciann OVC 2a3pwil INOCHBL HOOI ePOUH MOCHBL HOOUINII
XApoyYViI1oan X031 apag oaxun ux 6aix Mazaoiamail 6aizad e Y2 MOCl2 UtUHD YIIOSIPUIH MY XU 2039 dututax
ooroMICULe DYy POYYINC balin, Janapein moc, baneanuiin 6umym 6o10m 1 FYYPCHIIC 2apax mocHel Xumuiin Hanpiaza,
YPBUTBIH UOIEXUTIH CYOAN2AA2 CYHICUTPY TN, IMI0IIPUtic OOTOBCPYVIAX MEXHOI02UTS COHROX Hb XUTIH §a NI
YU OOMOO0OBLH XIPI2YIDEDD MOLIMEOPINOTE XAN2AX, XUMULIH VII08IPULLe XOLUCYYADX, WD, 096t UTHIDHT INEXHUK
IMEXHOTOU HISMPYYIIIX, YIAMAAP 20ULH 3dcuiin aioyaeyil 6andiele bam ATAANCYVAAXAOD UXIIXIH a4 XO016020071M011
DoiHO.

Construction of oil refinery plant in Mongolia is continuing successfully and the country will produce its own
liquid fuels soon. But it is risky in the future to Jully rely on one feedstock with limited reserves. Because total resources
of unconventional oils could be several fold larger than that of conventional oil discovered in Mon golia, the research
on possible utilization of these unconventional oils Jor the oil refinery in the future is important. The research on
chemical composition and reactivity of shale oil, natural bitumen and coal liquids and transfer of processing
technologies are important for stable supply of gaseous and liquid fuels, development of chemical industry and for the
economic security in the future.

Tyaxyyp ye: yaavocianm oye moc, sanapein moc, HYYPCHUU Odeupxail, Gatieanuiin Gumym

1. Yaamokaanr 6yc raspbin TOCHBI TOpeu, TIArPUAH WHHAK YaHap

Ynamnant 6yc razpbiH TOC, Xuil M3 Hb YAaMKIAAT Oyc apra alumiaH on160pIIoAor 3CBIJL YHIABIPISAAT TOC
0a XUir X3/1H3. ONOH Y/ICBIH 3PYUM XYUHHIH areHTIar Hb LaTnar 3aHap 0a OMTYMT 3JICHY3C rapracaH HMIJISr Toc.
TOAMIIPHAH OYTINAIXYYH. XYHA TOC, MOH TYYHWIIH HYYpC. Ouomacc, Galiranuiin XuiiH33c¢ rapracaH LIKWHIIH
OYT3rmaXyyHuiir ynamanant Gyc FA3PbIH TOCOHA XaMpyynaar. XapuH D1uitH 3aCruiiH XaMThIH Q3K HJ11araa Xe mk i
Oalryynnara ynamKnant Toc 33T OHJIrONTOH TYYXuH To¢, Oaliramiin xuit 6OAGH TYVHHIT KOHIEHCATBIT Oarraapar
Oereen Oycaj 3X YyCBIPI3¢ rapraca ToChIr ynamzKnant oyc toc ranar Gaiiva [1]. EpeHxuiiz Hb SHruiiH 6eree XM
apraap YHJIAB3PJSAST TOCHIT YIaMKIANT I3k Y3HY. Viamknant 6a YJIAMKNaNT 0yc TOC rarasx OMIronTyyabir XaTyy
3aamiax OOoNIOMIKTYii Gereea eHee yea ynaMsKIauT Oyca Toouornok Oyil ToC Hb TOJOPXOH XyrauaaHsl aapaa
TEXHOJOTMHH Q3BLINI, 9UITH 3aCTHITH HOXLUTOOC XaMaapy yIaMuKIaNT TOCHLI TOPOJI WHIIKUX 00JIOMXKTOIA,

MOHron OpoH HYypcC, LIATAar 3aHapblH HXI9X3H X3MKIIHHUIT HOOUTYHrIC ragHa OaiiranuiiH GuTyM, XyHn
TOCHBL OPA UAP3UYY HAJ1931 TOTTOOTACOH Oaitnar. Miima aH»xyy ToiiMa wataar 3aHap, OUTYMT 3JIC, HYYPCHIAT COHIOH
aBY TOAMIPHHH HOOLU, XUMHITH Haiipiara, OYTUHIH OHLJIOL ALIHMIANT OOJIOBCPYYNanTaa Xamaapax Mia33UTHiir
Oartraacan GolHo.

HIaTaar 3anap

KeporeH rmsr oprawuk 6oauc aryyncas 3aHap OyKOy TyHamausl uyjayviaruiir maraar 3aHap madr Hlataar
- 3aHAapbIH KEPOT€H Hb HYYPCTOPOrdY, YCTOPOrd, XYUHJITOPOrd OOMOH 6ara XaMsk33HIN XYX3p, a30T aryyicad
MaKPOMOJICKyITyynaac TOITAOT 0Oreea HapHiiH WIHMPX3ITIH CHIUKAT, KAPOOHATBIH IPA3CYYAIA HIBUCHH OaliganTaii
opugor. Hlaraar 3anapeir 480-520°C xoopoHa HIpK KEPOrEHHAT Hb 3a/UTaxail TOC. XHil ANrapy 3apuM X3C3T Hb
HYYPCHKCOH YIArA31 OOK 3PpA3C XICITT YAALIL. 3aHAPbIH TOC Hb HYYPCYCTOPOruauiiH X0NbUOOC rOIOH TOTTHAOT,
HAHPJIarblH XYBb] YNaMIKIAIT TOCTONH TOCTIH Ty WIHHIH TYJUII rapraxajx TOXHPOM:KTOH. YYH33C ragHa yr TOCOH/I
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aryynarjaax NUpHIWH, XWHOJHH. MHPPOI. dheHo 1 00TOH KapOOH XYWIHIH ynavkialnyyl He yycrard ooam
VIABIP, X000 K axyii 0a axyH XUMHHH TY) \Hii 31 MOJHMEp., WHHY MaTepuall M. OJIOH TOPJHITH Oy T332

raprax 7x cypBayk 6ongor. Y HIAB>PHIH at X0100r1071TO  3aHAPbIH OPraHHK Macc 0a HPAIC OYpHIARXYYHUT &N

xapbliaa Hp 0.15-aac ux 6alix waapararatail.

ButymT 371 6a XYHA TOC

BUTYMT »1nC Hb JICHH 4YJNYYJartT H3BUC3H syypangamxail xyHa He(Th 0a TYYXHH ouTyMaac Oypa:
Haiipnaraaa He 1-15%-uiin 6utym, 80-85% 3pac. 4-6%0 vc yuiir aryynaragar. JH3XYY HYYPCYCTOPOriua Hb M
XYH OOJIOH 3yypanaamxail TYYXHH TOCHBI TOPO. 0eree 1 epaliiH HOXLOJI roJl TOJIOB XaTyy TOJIOB OafimanTaii 0z
TYT JICH3IC sIraXx HXI3XOH XyHApANTIH. MeH 3yypaigaMxal MXTIHr?3C WANTraajlaH TYYHUHT €pIMHH apraw
on0opsioX OOJIOMXKIYHI3IC TalHa TYBIPIOXHIAH TV XagaaX 9SCBIT XOHIOH HYYPCyCToOpoerioep HIHHI
[waapanararaii 0oaIor.

Hyypc
OJNOH YJICBIH CTaHAAPTLIH OaMryyJsinarsiH topopxoiinontoop [2] spa3c XONbULIH aryyira 50%-nac Oar:

ypramibiH YIISMAI33C TapajiTaii HyypcToperdiH TyHamai qyIYYAruiir Hyype raasr. JHd Hb HYYPC 0a Hyypc:
yynyynraiH Xujl 3aaraiir Torroox XaMxKyyp 6onHo. HyypcHuii xuMuiiH OyTa1l 0a Haipiara Marl HapuliH Oeres
HAparbIH rofl X3CTUiir araapryi opauH 4yiyykcaH ypramibiH Opraluk GOMUCHIH XYBHPJIBIH OYT33TADXYYH, Y1
X3CTUIT 3HAXYY OPraHUK MacCa AHCTIEPCIIATACIH 3PA3C Gouic »3313r. OpraHk Macc Hb sH3 OYpHIH Oy TALTIMH, MO
apOMaTHK MaKpOMOJIEKYNYYIbIH aMop( XonbLl KoM [3]. Hyypewniir ynamknant Oyc raspsiH TOCOHI XyBHprax YHACH
rypBaH apraj Wyya WHHMPY YT, WYYA OyC IHHIIPY YT, THPOJIH3 GartaHa. DAri3p apryygaap rapraH aBCaH Tox
Hb XUMUIH Haiipnara 000H 3apuM (PU3KK IIHHXK YaHapaapaa X0OpOHI00 snraaTag.

XuMuitH HaifipnarslH XyBbI HYYPCHHr IIYyl LIMHIIPYYJI3H rapracaH ToC Hb apoMaThK HAMIJIYYQ HX33
aryyJicaH Ta3peiH TOCTOli ofiponuoonyy 0o myys Oyc apraap rapracad To¢ Hb napauH-HaQTEHBI TOPJUHH rasps
TOCTO TecT3ii. XapuH MUPONU3bIH apraap rapracad Toc Oyy faBiupXad Hb YJIaMKIalNT ra3pblt TOCHOOC XapbLaHIy
UX XAMKIIHUI reTepo-aroMT HAIUIYYA aryyjjaraapaa sjraraaar. HyypcHuii Toc Hb Tepen OypuiiH (pyHKLHOHAT:
Oynar Gyxuil X33H 3YyH TOPJIMHH OpraHuk H3rUyYA33C TOrTAOT 6a OEH30J1, TOJNYOJ, KCUIIO/, HA)TaliH, aHTpaLeE:
I.M. ApOMATHK HITINYYA, (eHoI, Kpe30o, KCHICHO, KaTeXol, pe30PLUUHON M. (peHONT HATMIYYA, MUPUAUH, XUHOTHE
M3OXMHOJMH. MHIOM LM, F€TEepOLArupartT a3oThiH HATANYYA, AnOeH30(ypaH IM. r€TepOLArupart XyHuiToportt=
HACAUTYYA Hb XUMMIH @K YANABIPT AQHTHOKCHIAHT, aHTUCEITHK, HUITAT MaTepuall, Oyaar, YHIPTIH, M LM.-H
viinapspadxsn awmumargax OaiHa. YYH?3C raaHa HyYpCHMil JAaBupXaili aryynarajar napagu, oJie (prins
HOCAYYAMIr IUMHCH TYNIHUA TYYXUA 374 OONroH aluuriax 6onpor [3]. HyypcHuil naBupxail Hb MOJICKYJ i
apOMAaTKMIITBIH 33P3T OHIOPTIi, a30T, XYX3p, Xyunireperi M. reTepoatoMblH aryyjiara UXT3ir’nspa» yinamxnas

TOCHOOC sAJIrap/ar.

2.  Yaamxkaaar 6yc TOCHbI HOOll 0a alurIaaT

TI>AXUIH 9PUUM XYYHUIT KUIHAH Xop3russ 8 T9pOYM TOHH JKHIUMSII TOCTOM THHLYY O6reej HUUT XYH aMb
GOJIOH HAMIH 3aCTUITH ©COJITHIH Y/IMaac Haallua yiaamM HOMI33X33pP GaiiHa. DpUnM XYUHHIA caidapT CIPra3rAdX 3pUs
XY4 6CCOHOOpP ra3pblH TOCHbBI 33J19X XyBb Gyypax XaHjnararaii 6aiiraa 4 00AMT X3P3[133 Hb 2050 oHA 0A0OTrUITHXOC:
OJIOH XyBHAp HAM3IIYHI ICOH TOOUO0O OHi. 13T ONPbIH 10-15 sxuna AdXuiiH ra3pblH TOCHbBI OJIOOPNIONT OpPri
XAOMZKIFHIDD XYPH?, L@au] ra3pbliH TOCHbI ONOOPIONT YPIIJIKIIX 0OJIOBY XAMyK3D Hb OaiiHra Oyypd. yH> Hb 6C&
SOIIHO [CHH Taamarian 6ac 6uil. Yuup Hb IWHH3P UAPYYJK Oyil ynaMKJIauT TOCHbI HOOL, Hb epeHXHUiigee Oar:
eepeep X301 TYYHHI KUIMITH 0nOOPNONTHIH XIMIKIIHMIA 25%-1 4 XYpaXryid Oailiraa Hb JHIXYY TaaMaria.ie
yHAICN Sonjor. YiaMiIanT ra3pblH TOCHBI yIlIBIpasn AMIXUAH LUeeH yical TeBJepH, YHUIH eepumnenTt
ypbAUMJIAH TaaMarjaaxaa X3uyy oJIOH Xy'nH 3yii199¢ XaMaapaar TyJ1 JI3JIXHHH ONI0H OPOH 3pUnM XYUHHI XaHTaMK#!
atoynryii Gaitanaa ynamsKnant 0yc TOCHbI YHIIABIPIIISP LMITIBIPIIXUIAT 30pbiK GaitHa, JKnwss Hb cyynuiH 10 i
AHY-blH ynamzkaant Oyc Toc 0a XMHH YHMIBIPI31 SH3 WICHIH 3PHHM XY4HUIT UMIIOPTBIH XaMaapnbll HXIINT
X3MKIr3p Oyypyynaaza Oaitna [4]. Ynamknant Oyc TOCHbI HOOLL ylaMKIalT TOCHBIXTOM Xapbllyynday Xamrii
Garaap TOoLOXOA 10 JZaXuH MUX TyJ 3HI 3X YYCBIPHHT alIHIIax sABIal OHMPBIH UP3AYILL HXIIXIH SPUUMKHX 0K
ViamsKIaiT Oyc Toc allimiaxaj Hejleesex 0ac HIr uyXal XyHHH 3Vl Hb ra3pbiH TOCHBI YH) IOM. YIaMAKIaJT TOCH:
VHUITH eepwienT 0a XITHITH TaaMamiabIr 1-p 3ypart xapyy-11aa [3].
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[-p 3ypar. Viiamknant raspeiH TOCHBI YHHUITH OOpUIeNT 0a X3THIH Taamarnan [S]

SaHapPBIH ToC

Jnxuitd spunm xyunuii 3enenuiin 2016 oHbI MSA33T33p 3aHapbIH TOCHBI HHAT Hoeowl 6.05 TpuiinoH 6appes
Jaiiraaraac 80% Hb AHY-1 umpesH rax y3asr [6]. Llarnar 3aHapeir ABcTpania WHHMH Ty, OXY, Uspaitea
<dXHIITaaH 3pUHUM XYY rapraH aBax 30pHITOOP ©MHO X3p3II3K OalicaH 6o XAatag, bpasun, DcToHn yacyva naxe
HaTlar 3aHapelH AWHMIANT OJIOH JKWIT YP aluurTaiil X»B33p 6GaitHa. OHeeruiin Oaifanaap wataar 3aHapeir DCTOHM
HAXHIITaaH 5pYUM XY, XUMHIH OyTIraXYYH, XaTan, Bpasunn wunry, xuiis TYNL, XAMHHH OYT33IA3XYYH rapras
asaxan. I'epmann uemenTHitH yitnaspt amwurnagar, XKumms Hb DeToum YJIC 3pYHM XYYHHH HUIT X3P3TLIHHIIX3 60%.
HaxXuiraan spaum XyuHHH 90%-Hiir waraar 3aHapaac yinaespinak 6aiina. 2006 OHI JJIXHUHH X3MXK39H1 9.9 cag ToHH
~dTlar 3aHapeir 3puuM XYYHUH 30puynantaap, 6.4 cas TOHH IuaTaar 3aHAPLIT | IUMHMH TYJW ©0a XUMHIIH
IYTIIMASXYYHUI YiIABIpIAIHiiH 30puynanTaap almuriacas oalaar.

butymT 3sic 6a XyHa Toc

Hpnxuiin outyMT 3nc (2.4 Tpusnmon 6appens) 6a XYHA TOCHbI HOOL (2.2 Tpunnuon Gappens) oiiponuooroop
.6 TpULIMOH Gappeb 'YK TOITOOIICOH Bailiraa Hb YIAMIKIIIT TOCHBI HOOUTIH XapbLyyadan gapyii 4 1axuH HX 1OM
7]. D17 HeeuwiiH UX3HX XYBb Hb KaHaablH AnoepTa MyKUHH OUTYMT 3ncHUiT opa (70%) 6osoH Benecyanbin xyHa
TocHel OpHHOKO oproa (90%) Tesnepu Gaitna. Benecyanbin XYHI TOC Hb KaHaablH OUTYMT 31¢Taii Xapblyyndan unyy
SHABP TEMNEPATYpT OPIIAOT Tyl TYYHMHUr ynaMianT apraap oabopnox GojoMiKTOIl. KaHagblH OUTYMT 3ncHRMi
2:100paonTsiH 80%-uiir nana apraap, 20%-uiir u apraap ryuupTrk Oaiiraa 6a eaepr 3.7 cas Gappens Tyyxuii He(PTb
AHY -1 skcnoptnox Gaiina [8].

Hyype

XBHI'Y-pin I'eonoruiin wuHxknsX yxaaH, Gaiiranuiin HeoUUiiH XYP3UI3HIMHH CyJaliraaHaac y3BaJ1 J3XHITH
HYYpcHuUii 0atnaracad Heew 2018 oHbl TOrcreuiin Oaiianaap 1055 Top6ym TH Gaiiraaraac 735 THPOYM TOHH Hb YYJIVVH
4YYPC, 320 T9pOyM TOHH Hb MUrHUT OaitHa. DHY Hb 00O UiiH ONOOPIIONTBIH XIMKIIIIP TOOLIOK V3BT YYJIYVH HYYPC
100 opunm sxxuna XypanusHa. JIpnXuitH HyypeHUil reonoruiiy Heow Hi OartnarjcaH HeOLEOC oHponuooroop 18.5 naxun
ax oyroy 19.8 ux Hasa TH 6onHo. X uiin HYYPCHHH HOOLL Hb TAPXaNThlH XyBbJl XapbLAHIYii JKHI, HUIT 70 VJIC OPOH
AYYpcHul Heeursiirasc AHY, OXY, Ascrpanu, BHXAY, Du5Tx3r YACYYA XaMTUHH WX XIMIKIIHUI HYYPCHUM HeoUT?ii
OpHyya 00siHO [3]. HyypcHuii ux»HX Heew 6eMGepLeriil XoiiT Xaract Oalipnagar 6ereej TapXanTbiH Gaiaibir 2 —p
IVparTt xapyyJsiaa.
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2-p 3ypar. I»>nxuiiH HyypcHUii Heeol

Hyypeuiir wyya wiHrpyynsx yinaesp BHXAVY-sin ©MO30-up1 Oproct 2008 onp Galiryynaracan Gere
KUNA 3.4 cas TH HyypcH?sc 1.06 cas TH WHHMH TYIW (FOAMOH AW3ENb TYJIL) YilABIPARK GaiiHa. Lvva
WHHPYYIATHHH XyBbA OABHY-biH SASOL-2 6a SASOL-3 yitnaespyya 50-60 kxunuita Typmum yp ame

QKUK Oafiraa 0a )KUIX 35 cas TOHH Hyype x3p3nH 100,000 dappens/enep T33BpHiiH Ty YHJIABIPI3A Ga e
Hyypc OomoH OaifrajuiiH XuHH33C rapracaH HHIUIST XMIHIC WIMHIIH HyypcycTeperdua (BeH3MH, e i
(pakiyyn), SpudM Xy4, METAHOJ, aMMMaK, YCTOperd I.M. TOpen OYpuiiH XUMMHH OYTIIIAdXYYH Yiinisw o
TexHonoryyn AHY, bBHXAY, Karap r.m. onox opona amkuntraii aiuurarnax 6aiina. XKumms up BHXAY -1 HY posl

wyya Oyc WMHMPYYIdX YHNABIPYYH aMsKWATTall Xeruxk Oaiiraaraac Xamruii ToM Hb 6onox Shenhua Nis xm 3
YHIABP KHA 24.5 cast TH HYYPCH33C 4 cast TH YnaMknanT 6yc ra3pblH TOCHbI OYTI3rAdXYYH: 2.7 cast TH AU3ens ™ "
| casn TH O0eH31H, 340 MAHraH TH IWWMHIAPYYICOH Xuil yinABIpa»K OaiiHa [9].

3.  Yaamkaaat 6a y1amxaanaT 6yc TOCHbI YPBAJIbLIH HADBX, 00JIOBCPYYJIAITHIH OHUJIOr

YnaMiKaaJaT Toc

YIIaMKNaNT TOC Hb HYYPCYCTOPOrueec rojion OYypAcH Xap XYPIH OHreTil TOCOPXOT IUMHIMH 0ereea He ™ o
nyHmxaap 0.8-0.9 r/em’, Monekyn xuH ayHmkaap 200-300 amu X00poHa opuiaor. Haiipnaranaa Hyypcrems
ycToperieec raiHa Xyxip, a3oT, XYUMITOPOryuiH Tepes OYpHilH HArAIYyyA aryyinjgar 6onHo. ViaamsknanT 1oc o
Oaiiranb/ XapbUaHryli eH1ep JapaiT GoJI0H TeMOepaTypT XaAraaariiar TYJl XapbUaHT'yll TOTTBOPTOM aJIKaH. Hat "
apomMatuk HY-eec Oypansr. VpBamblH MI3BX XapbUAHTYll ©HAOD JIKUH, ajlKaaMeH, asbJerHi, CIUpPT Capm
aryyjaraaarryy. YnamknaiT TOCHbI Halipiaran HyypcTeperuuiin aryynra 82-87 sxuH.%, YCTOpOruuiH aryviara - -
AKHH.% Oaiipar 6om Xyxap 1-8 xuH.%, azor 6a xyuunrepery 1.5-2 xun.% Oaitxk Gonmor [10] . ToCHBbI X6HreH wa
reTePOATOMT HIIUINHH aryynra XapbuaHryi 6ara (10% xypTan) Gaiizar Gon TocHbl XYHA GYI0y ©HIOP MOJER: =
AaBupXati-achanbTeHbl 60ANCHIH Halipyaraa TaAr’pUitH aryyira ux (40-90% XYpTai1) Oonaor.

YNaMzKNaNnT TOCHbI GONOBCPYYNanTbIH YITABIPUIH YHACIH MPOLIECCHIH HAT Hb rHAPO-00NOBCPYYNaNT (i
LIPBAPI3r33) 06ree reTepoaToMyyasir 3aiijyysax, apoMaTHK HATITYYAUIT THAPOTreHXKYYNIXA I allUuriargak oo v
YeTeperunit oposiuoo Oyxuit yHnABIpUIH MpoueccyyablH epoHXHi HIPLINI Hb ruaponpouecc Gereey 3H3 3
FMAPOKPEKNHT, THAPONUPONIN3, THAPOOOIOBCPYYIANT I.M. X311 X/19H npouecc dartana. [HAPo6ONOBCpYyYIanT #e
00MNOBCPYYJIaX YiABIPHITH NPOLECCHIH roJl GYPIMAIXYYH XICIT Goreo OOJIOBCPYYJIANTbIH SiH3 OYPUIH gaM#Te v
rapcaH (paxiyyaaac XyXsp aryyJscaH H3UTY YA 3aiiyynax YHACIH 30puynantraii. x93 [MPOLECCHIH SIBLIAT *
XYUHITOPOTYHUT HIMANYYA, METaln aryyjicaH HIIANYYA MOH 3aiinyynaraaxaac rajHa apoMaTHK HAIra
FTHAPOTCHKNX YpBaid OpOX, TYYXHH 3AMHH MOJIEKYJ KHH Oyypax, YCTOPOruMiiH aryyira H3M3ICI3X OOJoME" -
Auzenb TYNUHMA XYXpMHH aryyiarajg TaBMrax —Iaapisiara yilaM 4aHrapuy Oaiiraatail xoyi0ootol
FHAPOOONOBCPYYMANTEIH TMPOLUECCHIH a4 XONOOrA0N CYYJAMITH SKWIYYISA YJIaM HX3CCOH.  YiaMmats
O0JIOBCPYYJIaxX YHIABIPHIAH MPOLECCHIH epOHXHIT Oy ayYyBUHiir 3ypar 3-1 XapyyJuiaa.
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3-p 3ypar. YaamMKaair Toc 6010BCpyyaax YHIABIPUIH epeHxuil 6y ayyBy

XYX3p, a30T, METaN aryyiacaH HIrAIyyA Oyuwiax TeMnepaTypaacaa XaMaapaH YpBalblH WI3BXI3D sAnrargax
Tyl T3Ar33PT TyCrawnaH 3opuyjcaH npoueccyya ©Ouii Goncon 6Gereen rUAPOXYXapryixyymnr (HDS),
ruapoasotryikyymar (HDN), ruapomertannryibkyymnsar (HDM) rax anruinar, XYX3PT HIMUYY AU 3aiinyynax Hb
XaMIUHH 4yXaj 30puit 0a H3 Hb (PaKLyyIblH LaaliblH 00JI0BCPYYNaNTbIH KATAM3ATOPbIT XOpAyynax, laTaajThiH
OYT9rI9XYYH Hb Gaiiranb OpYHbIT OOXMpAyynax acyymnaac yycymii. Miima HIPJIATHAH  OYTIIrI3XYYHUIIr
Oosi0BCcpyynax npoueccyynaac HDS xamruiin ux cyanaracad 6aigar. HDS npoueccein yen a3orbin HAr1yya Oac
3alnyyJaraiar. 4-p 3ypart opraHuk XyxX3pT HOTANYYAMIH YPBAJIbIH XapbUAHTYii Xypa Hb T3AMIPUHH XIMIK?? O0/NO0H
OyTLIIC XIpX3H Xamaapy Gaiiraar xapyynx OaliHa.

Toc 6onorepyynax yiinas3puiix FUAPOOOJIOBCPYYAANTA] XIPAIIIAT KaranusaTopyya Hb 1920-1940 onyynan
I'epman yncaa awmraax Gaiican Hyypce yyA WWHHIIPYYI3X YHIABIPUIAH NPOUECCTOi XaMT aHX OMii 60JICOH Gaiiba
[12].  Karanuzatop Hb TroiioH XOHIOH LAraaHb] UC3IA CYYpUNyyIiCaH  allOMOHHUKENBMOJIUGIEH,
AIOMOKOOANILTMONUGAEHBI HATILUTYY A GONHO. 3aBCPBbIH MeTamblH CYNb(ULYY Hb HEGTUIH rUAPOGONOBCPYYIANT
HX33p XOpOridraasr Tyld YHIABIPJAMNIMIH HX?3X9H a4 XOoJaO0OraoToii X3B33p OaliHa. DHIXYY XyZdangaaHsl
karanusatopyya VIB Oyaruiin (Mo scean W) Gonon VIII 6yaruiin (Co 3¢ Ni) snementyyauiin cynbhunrac
Oypansr. Momubaen 6a Bonb(hpam Hb YHAC3H Katanu3atop 001 koOanbT 0a HHUKEIb Hb HIPBXKYYJIrY Ovioy
POMOTOPBIH YYP3rT3H MeTajutyya Oakiaar. I'uapoGonoBepyynanteiu KaTaJIN3aTOPbIH 300rY 0OJIr0K XOHI'eH LaraaHsl
HESJL, QTIOMOCHNIMKATYY A, MarHUCUAUKATYY[ aluriajar 6ereej 3H> Hb METAJUIbIH WASBXTSIi (asbiH TapxanTeir
RAATAX,  MEXAHUK  IIMHAK HaHAPBIC I93UTYYJ3X, OOAMCHIH 3aapanbir sIBYYJAaxaj uyXal Yypsrmil. MeTasuibil
CYyNb(pUAYYL Hb XYXIPT TICBIPTH KaTanusaTop OGOJIOT. YHNABIPUIH HOXUeN] peakTopbir KaTanuszaropaap
L3H3TI3CHUH lapaa XYX3pT ycTeperd, TYYHHI yCTeperyTsii Xo/bll, 3¢B)l XYX3PT HAMI23p YHIUIIDH KaTaau3aTopsr
YPbAUNIAH XYX3PKYYAA3r. KaTanuzatop XanyyHa T3CB3PTai 6aiix Hb TyyHHIT axHL1ax Xyrauaar ypracra:x erjer.
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4-p 3ypar. OpraHuk XyX3pT HArAAYYAUMH ypBasblH XapbuaHryid xypa [11]

Yanamaxkaanart 0yc Toc

HyypcHuii wyya WHHCPYYA3IT O0JOH LaTAar 3aHap, OMTYMT 3JICH?IC rapraH aBax OOJOMXKTOM ynamiKianT
OyC TOCHYYA Hb YIaM:KIIAJIT TOCTON XapbLyyndan HeeLMHH XyBbJ] ONIOH JaXUH UX 0010BY Halipiara, LUMHX YaHAPbIH
XYBbJl HX Taapyy 0aiinar. JH3 Hb THArIPUiiH alIUIIANTHIT OPreXYYA3X3/4 TyArapaar rojl XYHAPJIUiH HAr oM. DArsp
TOCBII' YJIAMIKJIaNT TOCTOH Xapblyyn0an a3oT, Xyx3p 0a Xyuuntepery rerepo-aToMblH aryysira, XaHaaryii Harauyy:
00J10H acanbTeHbl aryyira eHaep, 3yypamTrail, HArT UXTr»c raaHa oHaep MOJEKYAT HAMTYYA X3P aryyiljar He

THArIIPULH X YYCBIP O0JIOH Halipyiara OyT3UTIH X0a000TOM. 5-p 3yparT Oakranuiid OMTyM, LIATAAr 3aHap, HYYpCHHi
MaKpOMOJNEKYJbIH OYTUMIHH 3arBapyyablr XapyyJaa.
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>-p 3ypar. bairanuiin o0utym (1), mwaraar 3anap (2). HyypoHmii (3) MaKpOMOJIEKY/bIH OYTHHITH 3arBapyy

A30T Hb YCTOPOIUKYYJITHIH apraap aaraxal xawmriuiie xXyHIpaarii rerepo-atom (S>0>>N) rom [13]
YCTOperaKyymdITHiH YeA a30ThbIH HIMUIYYA Hb KaTaATM3aTOPbIH Talapryyd WHHIIATIACYHIP a30T OonoH Oycan
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FETEPO-aTOMBIT s/Iraxajl HX33XJH caal 000N, A30TbIH CYYPHIAT HIMUTYYA TOCOH/ XIXH ppm aryvirartaii oalican u
FHAPOXYX3Pry Y YIIX NPOLECCI Malll COper HOJIOOTIIl Hb OJIOH Cylairaaraap TOTOOIICOH Gaiijar,

HyypcHuii naBupxaii 50100 3aHapbIH TOC HXIHXAY) 0.5-2.5% a30T aryynaar 6o ynamsknant toc 0.1% OpUHM
aryynaar. UiiMa ynmamzknant 0yc ToChIT TYH3rHiT 60JOBCPYYIaH XYX3P. a30ThIH aryyireir Oyypyyjax TEXHONOTUY Hb
XapbUAHTYH OHAOP AapanT OONOH TeMINEPATyp aluMIIaX, YYHTHH YAaaH uiayy ux 3apaan raprax maapanara tyiarap/jar.
YInaMKIanT TOCHbI OYTIIIXYYHHI ruapobdonoscpyyinantag HDO (hydrodeoxygenation) au xondoraon 6ara 6o
XapHH HYYPCHHMH TOCHBI XyBb[ 3ailIIUTYil Iwaapaarataii npouecc 6omngor. HyypcHHIT TOCHBI XYXPHUHH aryviamik
YJIaMZKIaNT TOCHBI XYXPHIH aryynaMm:kTail Xapblyysiaxaj maw 0ara Oaiiaar oHWIOrToil Ty XYXIpT3H X0J000TOI
acyynani xapbuanryH 0ara. HyypcHuit iasupxaitt H>pasruiin ayHa Gppakuiiir ruapo6osoBepyynanThii Tepes OYpHiiH
pOLECCOOp OONOBCPYYJIK TETEPOATOMBIH aryyJrbil TYH3THIT OyypyyJicaHaap AH3eb TYJIWHWH TYYXHH 34 rapran
aluuriax 00JOMK OHIA.

4. MoOHro/1 opHbI yIaMKIANT OYC ra3pbiH TOCHBLI HOOL, TYYHHIIT AlIMIIAX GOIOMK

YIaMmKIAJIT TOC

MoHron yncan ynamsKJIanT ra3pbiH TOCHBI HOOLl TOFTOOCOH 3 Tanbaii 6aitna. Yyua Tocon-Vyn XIX Tan6aiin
ra3pbiH TOCHBI “alMMianTeiH 0atanraatr” Heeu 20.17 cas Tonn, Tamcar XXI TanGaiin razpblH TOCHBI “aliiry

S S e & = a SN RILFEAE LW WAL CLLLIRIL JICAJE D DI

Oartanraar” Heew 21.018 cas Tonn, BXI-97 tan6aiin ra3pbIH TOCHBI “"alIUINIANTLIH OaTanraar” Heew 2.07 cas TOHH
K TYC TYC OYPTrIrpK3?. DAr33pHiiH HUAGP OyI0y HUHT ra3spbiH TOCHBI “aWU AN ThIH GaTanraar” Hoo1 43.258 cas
TOHH 'K b3 XS-Hel 13progsx DBM3-eep Gatanraakyynan Mouron VAChIH ALHFT MaTTMATbIH HOOLIMIH HATICHH
caHz OypTracaH Gakiar [14]. T'a3pblH TOCHBI JKHUIHITH 0NGOPAOINT, OOJIOBCPYYNaNTBIH X3MKIIT oiiposooroop 2 cas
TOHH T3 Y3B3J1 3H3XYY Heel Hb 20 rapad XKuji aliurjargaaj O0aparaax OOJHO. X3IHIATIIP ONOOPIONTEIH TEXHHK
CaiKpaH “alUUrfanTelH OaTairaaT” HOeLMIH XdOMKI) HIMIIIDX  Maramian OHIOp OO0JIOBY Ta3pblH TOCHBI
OYT3MIXYYHUH X3P3rid? HPIAYIlL ©COH HIMATIX Hb Hac rapraaryi om.

HlaTaar 3aHapbin Toc 6a xuii

Momnron opHbl HyTar a3serapT Huift 300,000 kM2 Tandaiir XamapcaH |3 waraar 3aHapbiH caB rasap Oaiiraa.
DArdp caB razap Hb HyTrHiiH OMHO GONOH 3yYH X3CTHIiH aryy Oalipnazar Gereej waraar 3aHapbiH 787.5 TIpGym
TOHH HO6L. CaB raspbi AeHre:x 20 Xypaxryi tandaiir Xamapy Gaiiraar 6-p 3ypart xapyyJuiaa [14, 15].

AHY—bIH Dpunm xyuHuii M3a33niiH andausl 2013 oubl TalinaHa [16] [TopHOroBHiiH CaB razapT TOOLOONCOH
3aHapbiH XUiiH HeeL 820 TdpOyMm M’, 3aHapblH TOCHBI Heeol 43 TpOYM Oappens Oyroy 6.14 TopOYM TOHH, YYHIIC
0J100pPII0X OOJOMIKTOI 3aHAPBIH XUiiH HeoILl Hb 65.09 T3pOyM M> 0a 3aHapPbIH TOCHBI HOOLL 1.7 T3pOym Oappens (242.9
cas TOHH) 'K y3C3H Gaiina. XapuH Tamcaruiid ca ra3apTt TOOLCOH XuiiH Heewu 735.8 TIpOYM M°, 3aHAPbIH TOCHBI

Heol 43 TopOyM Gappens (6.14 TIpOymM TOHH), YYHIIC 0NGOPIAOX GONOMIKTOI] 3aHapblH Xui 2.1 59.4 mpbdym M,
3aHapbId TOC 1.7 TOpOYM Oappens (242.9 cas TOHH) MK VI TallaHa TIMIIT3CHH Gaiida.
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Hyype
MoHroa yIi¢c HYYypcHHIT OaTiarjacaH Heeleepee 11Xuii1 AXxHHHA 10 opHBI TOOHI OarTtax OaiiHa.

Gaiimaap 15 ca razap, 300 opuum op. uap3.1 Gaiisa. MOHroa oOpHbl HYYPCHHI reoJIOrHiiH TaaMar Heell 150 7=
TH, GaryaracaH Heel, 32.6 T™pOVM TH I3k ALINIT MaiTMasl ra3pblH TOCHbI raspaac [14] y32:xx Oaiiraa. bata:
HoOLHITH 68.4% oytoy 22.3 T™pOyM TOHH Hb XYyp3H Hyypc. 31.2% Oytoy 10.2 TpOyM TOHH HB UYIIyYH HYYPC
oyroy 0.1 ™pOyM TOHH Hb aHTpauMT OaliHa. Hyypc Hb HUIT HyTar m1BCrpuitd 80%-1 xapbLaHryil XKura ta
Oaiinar. HyTrilin 3y yH, XaHraliH Oycaa-Xyp3H HYy pe. TeB D) C3I XYPIHIIC YVJIYVYH HYYPC pYY LIIDKHX 33BCPBIH F:
0apyVvH OO0JIOH TOBHIHH OYCIA HYAYVH HYYPC 30HXHTA TAPXKII. [ €ONOrH Xaurvyasld axuil XHaraciH 83 op:
TYATYYpJIaH TOOLIOOJICOH HYYPCHHMI Te€oJIoTHiiH TaaMmar HeelMHr raszap 3yiiH 5 0ycya XyBaaxk y3a3r. Hyypce
KUIUNH ON0OPNONT, OONOBCPYYIANTHIH XIMAKIIT ONPOILOOTOOP 33 cas TOHH T'MK y3B31 Datanraar Heell Hb
OPYHM KW alllUrjiaxal XypauilpXidp HeelL 00JTHO.

20

Baiiranuiin 6UTYM XYHI TOC

MaHait opoHa OUTYMIKCIH ICHUIH opA uildpl 0yxuii razap 20 rapyii 0aiiraa 001084 YYH33¢ 3yyHOasH, bas
2pxsT, Kapranant, bora, JlanratelH uaraad Hyyp, CyMUiH Hyyp, Xap HYYpBIH opayydald TeoJIOTHHH cyaanri
XUArACHH OaifHa. Cynanraaraap 3yyHOasHruiiH opa 533 MdaH. TH, XerwuH roJibiH opa 1467 MaH.TH, bagH-DpxoT 12
mMaH.TH JKapranantelH opa 600-800 MAH.TH HeeUT3H OOJOXBIT TOITOOCOH 0a MOH OJIOH TOOHBI WIBPUYYA Oaiii:
OaliHa. Dar»’puitH HUT Heell Hb C1+C2 (Taamarnargax Oyl Heeu) 33pr33p 3859 MAH.TH YYHHIl H0TOp L3E™:
OUTYMBIH Heell 379 MsAH.TH Galiraa Hp XapbUAHTYH 0ara HeeuT>iH 1 TooLoOrA0XK OaifHa [17].

MoHros1 opoHA YIAMAIANT 0YC ra3pbiH TOC ALLUIVIAX IIaapAjiara

MoOHTIoJ1 OpHBI AUIHH 3aCTHIH ©CONTUIT JaraijaH ra3pblH TOCHB! OYT33MI3XYYHHHA X3PArud? OalHra HIMIra=»
OaiiHa. ©OHeeruiiH Oaiignaap MoHron Yiic ra3pbiH TOCHBI OYTIIMA3XYYHHI X3parudasrid 100 XyBs HUMMOPTOOP XaHT2»
Oaifraa Gereej PHAXYY OYTICAIXYYHUH UMIOPTHIT OYTLAP Hb arY Y31 90-33¢ A3311 OKTaHTail aBTOOEH3UH 27°
90-33¢ goow oxkTaHTal aBTOOEH3HUH 4 OpUUM XYBb, AU3€b TYAW 50%, oHrouHsl Ty 2%, 0ycan (TOC TOCOITr00xH:
maTepuan, Ma3yT, Xuil) 17%-uiir 333K 0ailna. Huiit umnoptsid 93 rapyit xysuiir OXY, 4.6 opuum xysuiir BHCY. =
xyBUHr BHXAY, yaac>uuiir Oycan yncaac umnoproyik OabiHa. 2018 ona Huiit 1,870,000 TOHH OYyTI3rm3XY)
UMIOPTAOCHbI 954,000 ToHH Hb Au3eb Ty OakiHa [ 14].

MoHroJ1 yjicaz raspbiH TOC O0MOBCpPYYIax YABIp Oalryynax akua aMKWITTail X3pIrKUH OUPbIH UPIIIY T
LIKHIIH TYJW YRIABIPANK IXIIIX Hb TOAOPXOH OOACOH XHAUH U XA3raapaaraMall HOeUT | HAr TYYXUil 31, HAT YB3
HAI TEXHOJIOTUA OYP3H TYJAryypJiax Hb IpCAdTIH oM. YnamxknanT Oyc raspblH TOCHbI TOpes OypuiiH AO0TOOAbIH =
YYCBIPUAI Cymiax, TIArIIPUAr OONIOBCPYYIIaH allumiaX TEXHOJMOIUNUr 333MILIMX Hb 3AMIAH 3acruiid aroyaryi Oaiiza
OOJIOH WHMHIH TYJILIHUA TOTTBOPTOH XaHIaM»KUA UXIIX3H uyXxalil. MOHIoJ1 OpOHA WIPYYJICIH YIaMKJIAIT OyC ra3ps
TOCHbl HOOL, Hb €PAHIIH TOCHBI HEOLTIH XapblLyyjadasl X34A%H apaB JaXuH uUX Oalix Maraajajtraid Hb PHD TOp.Jiil
TYYXUH 31UAH cyJairaar r'yH3ruipyyJsdH TEXHOJIOrHHH OONOBCPYYAANTBIH TYBLUMHA XYPraX 3aiIIUTYH Liaapaiars:
Ouil 6onroxk OaiiHa. MaHail OpHbI TYJIIU IPUUM XYY, YIaMKJIANT Oy raspblH TOCHbBI CandapT 36B/16JIree 6rcoH rajaa;

OpHBbI CyAJiaayu MOH 3HJ candapbir XerkyyndXx Oomom:k Oaiiraar myrHacaH Oakipar [18, 19]. “MOHI'OJI VJIChIF
3ACTUUH TA3PBLIH 2020-2024 OHBI YWJI AXHIIJIATAAHBI XOTOJIBOP -uitn 3.2.8.1-1: “Ta3pbiH Tox
ylnaMmzKnanT 0yc raspbiH TOCHbI 3P3J1, XaWryys, allKCNAITBIT IPUUMIKYYIK HOOUUIT ©CreHe.” Ik ylamMuKiaanT 0y
TOCHbBI TaJlaap 3aajiT OpCOH Oaiaar. JH3XYY 3aanThir QOAUTOOP XIPITKYYIIIX Hb LIMHKIIAX YXaaH, TEXHOJIOTH, HUIIr
SAUIH 3aCTHHH YyXaJl a4 XonOOoroNTOM MK AYrHK OakiHa.
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XyvpaaHIyH
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Hyypcrutl uiyy0 WuH2pyynonm, xazdc KOKCIHCYYNANIMBIH npoyeccyy0 00n0H wamoaz 3aHap, bumymm 31CHUY
nUPOIU300P 2aP2an A6axX 6ONOMICTNOTL YIaMACanm 0yc MOCHYYO Hb YIAMUCIANM mocmoii xapoyyynoan HeeYUuH
¥y660 010H 0aXuH ux 60no6Y Halipnazd, WMUHIIC YaHAPbIH Xy6b0 UXIIXOH maapyy 6aiioaz. Cydanzaanvl XypaoHo
BasH-2pxamuiin Oumymm SICHUIL NUPONU3LIH 0ABUPXAU Gonon Ino36uilH HYYPCHUI Xa2ac KOKCOICYYLanmbli
saeupxaiin  OyHO  (paKyyyobi2 xolen2eoH2yl odaeéxapzam peaxmop Gyxuil macparmeyu axcuinazaam
mexeepemaicoop O6Mlla ycmepezuuiin  OapanmolH dop 340°C bonoH 360°C memnepamypm 2-15 Ya2UH
xyeayaamau ycmepeaqofcyyﬂmmana opyyncaH. JyHo dpaxyyy0 00NOH myyHUu ycmepeeqofcyyﬂaﬂmuﬁu
SyIN33209XYYHYYOUUH natipnaza, WUHOIC 4anap, YpeasibiH uosexunie GC/MS, GC/FID, FTIR, SPE 6onow
S evenmuliH  WUHCUIRIdHUT  Bazaoicyyoaap  Xapeyyyaor cyoannaa. Cyoanzaanel OyH223C Y3897 BD-uiin
tupOIUIULH  OABUPXAUH oyHo ppaxy Hob HYYpPCHULL XA2AC KOKCOKCYYNanmoelH dasupxatin OyHO paxymau
xapsyyy1oan ycmepez 600N HYYPCMOpOSHUUH a2yyneadp oHO6p XApUH 2emepo-neMeHmyyoult azyyneaap
- o 2OTI0H  AIUGamMUK HISONYY03IC MOSMOK Gatizaa Hb MYyYHUli2 Yaauiuo YCMOPOSUNCYYNIXI0 UNYY
mOxXupOMICMOl 0010Xbl2 XAPYYACAH. ['emepo-amomm HI2ONYYOUUH XY8Upan BasH-OpxamuuH 6y mMa9209XYYHO
23 8024, D1036uiin 6ymasedaxyyno 96.4 7%-0 XypCoH Hb 30299P myyxuti 20utie  Ousend mynuHut yiinosspnano
NS BRTOMUCTAQUR XAPYYIAC 6aiina. Yemepezuoyynanmuun ypeanvit myyxuti S0UUH 939Xy YHUL XypO Hb

-

VIM33203XYYHUU XY8UPANO HONOONO2Y HYXAll XY UM 3yiin baucan 602000 YpEALblH memMnepamyp Xapoyanzyi GHoep

L

yioy 360°C baiixa0 0 6a 1.5 yaz xypoyyoein sanzaa unyy ux bauna.

Tyaxyyp yz: YAaMoICnant 6yc moc, HyYpCHUU dasupxail, Oumymm 3¢, NUPOLU3, OYHO paKy, YCIMepeHICY YoM

OPIIHJI

\VOHr0JI OPOH HYYPC, IIaTAAr 3aHaphIH TX3OXOH XOMKIPHUIA HOOI[TIUr33C raita GajirajauitH OUTyM, XYHJI TOCHBI
Op: WIPAIY YA MOH TOrTOOTICOH Gaiinar [1, 2]. DHd TepIMHH TYYXUH 339¢C Taprat aBax 6OJIOMIKTOMN YIIaMAKJIAIT
Gyc TocHYYA [3] Hb ymaMKIaIT TOCTOM XaphIyyit0an HeeHHH XyBbJ OJIOH naxuH 1x 00NoBY Haupara, IIMHK
yaHapBIH XYBBJ HUX20X3H Taapyy Gaiinar, Vlitmy ymavokant 0yc TOCBIT ycTeperdeep 0ONOBCPYYIaH XYXIP, a30T,
XYUHITOPOrYMiH aryyIrsr Gyypyyaax Oyroy FUAPOXYXIPIYIKYYIOX (HDS), ruapoasoTrymxyYIdX (HDN),
FHAPOXYYMITOPOrdrYIKY YIS (HDO) TeXHOJOTYA Hb XapblLIaHT'y} @B/1ep fapalT 60oJIOH TeMIIeparyp alluriax,
yYHT2# ySILIaH WIYY MX 3ap/iai raprax maapuIaryyaran Tyirapiar. [ITuHrspyyJICoH HYYPC, HYYPCHUI JaBUPXalH
ruApoOOTIOBCPYyyIANTA HDO, HDN npoueccyya a4 wonGormon uxrai 6o, OaranuiH GUTYMBIH MMHPOJIA3HIH
TaBupxaif, MATAar 3aHaphlH TOCHBL XYBbI HDS Hp 3ainuryd ammriax raapiyiaraTai mpouece oM [4-6].
VianpiotaIT oye TA3pHH TOCHEL AOTOOABIH TOROl GypwiiH 9X YYCBOPHHI CYMIAX, TOArI3pHHr OOOBCPYYIaH
AIIUriIax JIIBIIAITIT TeXHOJIOTMIT H39MIIKMX Hb HIHIHH sacruii aloyIryd Oanpan 60JIOH IIMHTAH TYIIIHMHA
TOTTBOPTOM XAHTAMMKIJ] MXIIXOH TyXall conuo [7-10].

ASKIBIH YHICOH 30PWITO Hb YIaMIKIATL Oyc ra3pblH TOCHEI Tyyxuil 9133C rapras apcaH AYHA dpaxyir
rupo6oIoBCpyyIalTan/ opyyiat u3eh TYJIIIHIH TYYXUH 97 Tapraf aBax 50IOMKHIAT CyIUIax siBal OarcaH.
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Cynanraasbl 00beKT, apra 3yH
Cynanraanbl 00bLEeKT

Cypmairaas yIaMKIaIT 0yc Ta3phlH TOCHBI TYYXUH 31 6ostox Basa-DpxoTuiin 6utymT 3:1¢ (B3), D113BUKH XYPH

HYYPCHHI Xarac KOKCXKYYJIANTEIH JIaBHpXan (DJ1) Gosnon TaBaHTOJNTOWH YylyyH HYYPCHHH KOKCKYYJIalnTbIH
nasupxait (T[]) amuriacas.

BastH-DpX3Tuiis GUTyMT 3JICHAHR Op/ Hb TeB alMIMIH BasiEKapraiad CyMBIH HYTarT, X3pJI3H I0JI00C SKM, CyMBIH

roBeec 40 KM, ToMep 3aMBIH 3epiereec 55 kM 3aij opuigor. OpipiH 6uTyMT diacHui Heel 1,260 MsH.TH,
CyHaJITaaH;| ABCAH JPIKUIH XOMXKII 50 KI' OpIMM OaiicaH.

dmeBUitH HyypeHui opa JlopHoA aiMIMitH Jlanamxaprajial CyMbIH HyTarT, VaanOaatap X0TOOC 3YYH yparui
330 kM 3aiiy Gakpiagar. OpJIbIH HYYPCUHUT Xarac KOKCKYynax sopuyanTrail yinasapuiir MAK XXK Oanryynan

HKIUIYYIDK Oalican 6eree TyC YHIABIpHIH fafiBap OYTI3IIDXYYH-Xarac KOKCHIH JHaBupxaifHaac 8 JIMTP OPUMBIT
cyJalraadj aBy allurjacaH.

TaBaHTOJIrONH HYYPCHUHA KOKCXKYYJIAITHIH YANBIPUAT OMHETOBb atimruite Basa-OBoo cymerH HyTart “OHK”
XXK 2008 omx Gaiiryynad axuinyymnk Oaiican GomHo. TyxaiiH YHIIBIPHIH naiisap OyTIArIdXYYH-KOKCHIH
naBupxaiigaac 12 TUTp OPUMBIr CyHanraanyl ap4 alluriacaH,

Basu-Jpx3THIH OGHTYMT dJICHWHA NUPOJIH3

Basu-DpxaThitH  GuTymtT sncHasc papupxail (bK) raprad aBaxeH TYIA YpeATMIAH NyTaaHbl Salpail Oyroy
MEPOIU3/L OPYYJIaX TYyPIIIT XUATACIH. [IMPOTU3EIH TYPIIITEIT 1200 PaTOPUITH TOXOOPOMK J[33p 7 yhaa XUInK

auiT 7.0 KT OpuMM J33K XaXyyHbI 33pailjl OpyylIcaH. XanaalnThH Xyp/ 480°C temmeparyp Xypraa 2.5°C/muH,
480°C TeMmepaTypT 3aj1ax Xyranaa 2 1ar, a30ThH XHHH ypcrait 20mi1/MuH. OaiicaH.

Bakyym HapJI3I

Toc, napupxaiia 300-1000 r XaMKXIHUH 32K BaKyyM OPYIMHI HIPIX 30PUYIAITTAR TOXOOPOMKMIAT AYHI Hpaxiy
raprad apaxaj( amuriacad. HopmoruiH apradianr: HapiIaruiiE Koia6ou 450 rlla mapant Oyxu# BaKyyM OpYMHIL
yyCIa9/] TeMIepaTypsir 6ara 6araap HoMxK 190°C Xypraon 190°C Temmnepatypt 30 MUHYT OapbiK XOHIOH (QPAKIIBIT
SUIraH aBCaH. XOHroH (pakIuir HIPIIAK AYyCCaHbl Japaa AapalThil’ 6CTroH 1024 rITa xyprosa XeHreH (paxil
Gyxuit TOCTYypHIr 6araxkaac canrad JAyHI GPakuuir Hyriyynax TOCryyp xonboHo. YyHuit napaa aapainreir 20
rIla 60JIroX HIPISTHHT JAXUH OXIYYJISH TEMIICPATyphIr Gara Garaap ocrex 210°C 6onrox 210°C TemmeparypT
30 MuHyT Oaiirad gyH QPaKipIr sIrad aBcaH. YJJICoH naupxaii 6ywoy xyan yumarmir 100°C remneparyp
XYPTOI X@PTOCHUH Japaa HAPISTHHH K0JIO0HOO0C IOYJ/DK CalllaH aBHA.

YeroporaKyyadJTHHH TYPIIHIT

Kartanu3aTOpEIH X6/I0JIre0HIYH JaBXaprar peakTop Gyxuil TacpanTryil a)XKHiaraaT TeXeepeMXKHIT (3ypar 1)
ammryIaH QyHA GPaKIyyasr yCTOPereKyYIcoH. TypIAITeH OMHO NiMo/Al,O3; kaTtanu3aTophir (ra3phiH TOCHBI
VHAIABIPT alluIiIarar, Xy/1aniaatsl KaTaJIN34aTop) PeaKTop AOTOP Hb YPhAUMIAH XYX3PXKYYICIH. TypruuiTeH
epoHxuil Hexuen: karanusarop 4.0rp, TeMmeparyp 340°C 6omon 360°C, ycTeperuuiin gapair 6Mlla, ypcranss
xypa 0.54 mu Hy/mun.

TypIuMITEIH €POHXUMN apTadial:

e PeakTophIl KaTajm3aropaap AYYprax

o TexeepeMxuj ycTOPOrd H3BTPYY/IOH AapaiT 0a ypCrablH XypABII Hb TOTTBOPXKYYJIaX

o  Xyxopr Harzpn OyXuil TOC aNIUITIAH KaTalM3aTOPBIT PEAKTOP I0TOP XYXIPIKYYIISX

o Jlyna pakuuir yCTOPOr<wKyYYIdX

e DByTdormdXyyH XOOPOH/IBIH 192K aBax /TYPIIMITEIH 33K 00JIOH HOXIIN]] CONUITIOX oypa/

o  ByToormpxyyHHHA J32K aBax /TYPIIMITEIH J39K 60JI0OH HOXIIOJI COIUTA0X Oypa/

o  TypHIMITEHIr AyycraH THKIIJIUAH HACOCHIT 30rCOOX, PEAKTOPBIH AapallT, TeMIIEPaTypPHIT Oyypyyiiax
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TH: TEMRBBATYD L0885

% Bapany yaasary

3ypar 1. Ycreperwxyyisx ToXeepoM:KUiH OyayyBY.
I MHKHIATIZHUTA TOX00POMIKY Y

Tyyxuit ox, ayHn Qpaku, ycTeperaKyyincsH AyHA (Opakiuid JeoKYyyIuilH INMEK YaHap, XMMMIH Haifpiara,
OYyTIMHT XUMH, QUIKKHITH OOJIOH CIIEKTPOCKOIIMIH Japaax apryyiaap cyulaH TOITOOJI0O.

Xatyy ¢asea xapmiant: Jpaxyymuiir GILSON ASPEC XL 3arsapsiH xaTyy (GasslH XaHUIAITHIH TOXOOPOMK
AlINTJIaH ATM(PaTHK, apPOMATHK, TYHIT HAIIYYAIP TYC TYCa Hb SUIMAH aBY LA CygaIcaH.

Hut ynaan tysane! ciexrpuitn muHxmrad: Alpha I Bruker 3arsapsm Hu yiaan TysaHs cuekpometp (HYTC)
OarakHsl Tycnamkraiiraap 4000-400 cm™ nonrronEb! MY>KUI A33KYYAR/ IIMHKUITAT XUHCOH.

XuiH xpomarorpapuiin mmmwkmwirss: GC/FID 7890A Agilent Technologies 3arsapsia xuiiH xpoMarorpaduiin
Oarak aruriiaH J39KYYISH MUHKIITIGT XUHCHH.

JneMeHTHHH mmiokuir?d:  FlashSmart  Thermoscientific 3arpapemn  6arakaap mPoXKYVIOX  dJEeMEHTUNRH
IITHHKUITI3T XUHACOH.

Cynanaraassl yp ayH, X3J0J0yya310
BUTYMT 31CHUHA MHPOJIH3

1lnponuseid TypmninTein eMHe BO-uiir auxmopMeraHaap XaHAnaH OWTYMBIH aryyirsiC KUHTHAH ajrarajiaap
TOOLOK rapraxaj 15.78% rapcaH Hb yr OpIbIH XyBB]] XapbIaHTIyi eHIep Y3YyaoaT Gaitcan [11, 12]. [Muponussiy
ToX66peMKeep HUUT 7,054.85 rp bI-uiin psxuiir JynaaHs! 3aapant opyyaaxa IUHraH 6yTormxyyH 10.20%,
xatyy ynmaraan 87.21%, xuit 6a annarman 2.58% tyc Tyc Gaiis. DHOXYY rapIyyIbll L3BID GUTYMBIH YKHH

TOOLOK Y33Xd1 JaBupxait 62.61%, muporenerux yc 2.04%, nyypexcesH vimrma 18.97%, xuil 6a angariai
16.38% rapurait OaiicaH.

Tyyxuii oamiia BaKyyM HIPJIAT
Tyyxuu snuine H3pasTuiiH paKifyyIsiH rapusir XyCHarT 1-1 y3yyidB.

XycHortT 1. Tyyxuit 5quiiH BakyyM HAPISTHIH (GpaKiyyIbIH rapi, *KuH.%

XOHI'oH (hpaKif Hynn dbpaxki XyHI Qpakir Hopiasruiie ynasrisn
bymax temmeparyp, °C <220°C 220-350°C 350-500°C >500°C
BK 37.46 50.99 IL.55
2K 3.93 36.09 43.02 16.96
UK 0.01 19.46 9.9 40.61
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l|

Hopisruita yp AyHrasc y3ea1 BK Hb ayH1 GpakubH rapi XaMIuiH OHIOPTo# Oaliraa Hb 3HIXYY TYYXHH JUMHUT
A3EIMITH TYIIIIHHHN 3X YYCBIPI3p alluriaxaj AaByy Tantail 6omso. OK Hb XeHreH (pakiuiid rapi Mai oararan
Gaiiraa 6o 6a UK xeHres (gpakuryi rax y3»k 0onoxoop Oaiina. EpeHXuINe6 HYYPCHHI Xarac KOKCKYYJIalIThIH
IAaBUpXail Hb OHZOP TEMIEpaTyphld KOKCXKYYTAITHIH JaBUpXaiTail Xapellyynban XeHreH (pakil XapbLaHIyH
ux39p aryyiaaar. DK Hp yAIABIpHIiH aryynaxal yaaaH XaJAralaracal yupaac XoHreH HIIUTYYAUHH TOI0PXOM X3Car
yYPILIDK aTIaracan 6aitx 6omox yrascmnrait. Cynanraa Hb AU3€0b TYIIIHAA TYYXUH 333D alluIax 000X TyH]
dpakuuir 0oJIoBCpyyIaxal YUDISIIACOH Ty Japaaruiid IAaTHE TYPIIMITAHZ SHD (PpaKkIuifH rapl XapbLUaHI'yd
eneprai BK Gonon DK Tyyxuii 31 COHIOrIcoH OOIHO.

My GpakumuiH M HKIITI

B, O ayun dpakuyyasia HYTC cnextpuiir 3ypar 2-T Xapyyiias.
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3ypar 2. BJ[ (A), O/ (b) aynn ¢ppakuyyasia HY TC cniexrp.

BJ1 dpaxuumiin criekTpasc xapaxan 2853, 2922, 2953 cM™! IUHrIIITHIRE MyKyyaaa aakansl ara33Hui -CHy, -CHj
OYIrYYAHifH BaTeHTHIH X25105513311, 1456, 1376 cm™! myxxuz -CH; , -CH;z cummetp pedopMaruiia Xamosnsai, 743,
766, 811, 885 cm’! myxyynan apomatuk C-H nedopmanmiin Xan63m3311 Tyc Tyc Widpy OaiHa.

S]] dpakumiin crmexTpdc xapaxan 3363 cm' myxmx -NH 6a -OH 6ynruiin nedopmanuiite Xa71031133MHH
SPUMMTIN IMUHIIAT, 2967, 2923, 2854 em’! myxun ankansl srussnuit -CHp, -CH3 OynryyauiH BaJeHTBIH
xam09m3311, 1682 cm! myxun C=0 BaneHTHHH X310313371, 1595, 1513 em™! myxun apomatik C=C BaneHTUHH
xon6om3sm, 1456, 1376 cm™! myxun -CH,, -CH; cummerp aedopManuiis Xam09m3311, 767, 885 cM™ Myxxyyman
apomatuk C-H medopmaumiia x3m63m3am, 1280, 1242, 1194 cm! myxun denon 6a cupteid C-O BaneHTHNH
X3J103J132J1 TYC TyC WiIdpy OanHa.

Jlyun GpakuyyaslH 3JIEMEHTUIH IUHKAITI9HAHA JYHT XYCHOIT 2-T XapyyJjas.

Xycuort 2. Jyua bpakiyyIslH 3J€MEHTHIH Hanupiara, JKuH %o

| C H N+ S+ O* H/C
' BI 86.03 9.02 4.95 1.26
gl 80.38 8.86 10.76 129

*-gnraBpaap

B/ 6a DJ1 dpaxiyyx Hb ycTeperd, 6a HYypCTOPOrduiiH aryynaraap okposnooayy, /1 ¢paki Hb XapblaHTyH KX
X3MIKIOHUI FeTepo-3IeMeHTYY/, SIaHrysia XYUHITeperd Hxa3p aryyok Oaiina. B/l ue anudarux 6a HadpTeHUH
HAMUIIP WYY Oasnar Gomoxsir Xapyyincad HY TC-uifH IMHKAIT33HUA JYHIYY/ SMEMEHTHAH IIHIKAIT9HIN
VP AYHTAH Toxupy OaiiHa.

VeroporwkyyJadJruiH TYPUIHIIT

KaTanu3aToOpsIH XeJelIIeeHIyH JaBxaprar peakTop OyXuil TacpalTryd aXuilaraar TeOXeepeMKUUT alIuIiaH
1yEa GPaKIYYABIT YCTOPOTrmKYYICIH TYPIIMATYYIBH epeHXHil Hoxieq: Katamsarop 4.0rp, temnepatyp 340°C
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6onon 360°C, ycreperumiin gapant 6MI1a, yperansm xyp 0.54 M Hy/Mun. Typmunteia Oycaz y3yyiasiaT 00JI10H
OYTIArPXYYHUH rapuuir XYCHIIT 3-T XapyyJniaa.

XYCHIIT 3. YCTOpOrwKyyIITHHH HOXIUIYYA 0a Oy radXyyHuil rapiy, >xud %

Typuwnr Tyyxuii a1 byTasra3xyyHuu rapu, xxuH %.
No TeMHepéTyp, Xyrarnaa, Ypcransa 93J13XYYHIiIII'7I Ve Toc
°C ar XypH, rp/uar XypH, Har
b1 1 340 15.00 3.86 0.96 0.09 99.91
bJ1 2 340 2.50 3.13 1.28 0.08 09.92
O 1 360 14.00 4.14 1.03 12.78 87.22
I 2 360 4.00 6.21 1.58 11.68 38.32
I 3 340 14.50 4.22 1.06 12.73 87.25
I/ 4 340 2.50 6.01 1.50 8.66 91.34

TypumitelH yp IOyHI3d¢ y3Bai, B/l OymesrmdxyyHA ycHBI aryyinra xapblanryil Oara Oaifraa Gom 3]I
OYTI3IIBXYYHYYA Hb yC UX39p aryyipk 6aitHa. Tyyxuil oauiir yeToperwKyyiIdx aBUal TYYHA aryylaraax Oaican
XYYHJITOPOIYUT HITIYYA YC sIrapax 3X YycBap O0JAor. D3JBXYYHUM Xypa XapsLUaHryi Oara Oaiixa i TYYXui 51

KaTaJau3aTOPEIH Taflapryyl yaaaH Oanx 6a yp IyHI Hb YCTOPOrwKYY/IdX ypBalI MIIYY UMX33p sSBarjaH yYCHEI rapil
HOMDITICOH OanHa.

YCTOPOrwKYYIIT XapbllaHl'yy CaH siBaricad Typmuatyyasia Oyroy BJ11, 3J11 oyrmearmxyyayyauita HYTC-
BIT XUIIMT 00JIroH 3ypar 3-T y3YYILId?.

100

£
S f} '_ L R, g '.-'ﬁ::' 1‘--- M AN AL R
o i : 3 L Ec “"5.“-: v-j by E e ‘:.,!-_& —
3 £ vy y f E 3 oy R
) = E wiy
R 4 | 3 » |
_ ] g - |
i G ¥ 5
F ] B a rl !
o 1 & & R
g2 ! % g & L ;il
! | ' SHE
| 1
= ; % ] !
| : = 2 &
§ | : £ Pid
= | 7 £
= 2 o ; - i
1 Ty ]
{ : g
| ; |
= L5 1
g 4 ; |
‘I A : ‘ % E 1} i : +
L& 3 l 1 i ; : 3 R "'L'L"*’: th
g : : EY £ i § FEEigtiidd
] ‘;.;,"S,I ] - g Far- B R ) wee . - .
| o g 58 o §orcts 5 aus G prebsseess
. Fotv 3 3 i tn o3 3 4
E RN ¥ & SEE gk ¢ R34 8 FEEEbaLtyE
1 3 ¥ ] b1 T T s AN ¥ % el Fi o S 7 T 4 bor, o 3 S i, o il i o
3500 KITE | £ o S 150D 100 543 FR00 RIEL 2500 20063 1506 (EE T R

Pawmnumbar e § Wavenurmher sm-4

3ypar 3. /11 (A) , 341 (b) 6yrearmxyyuyyauita HYTC.

bJI1, 3/11 Oyrsormoexyynyymuitn HYTC-pir tyyxuit ax 6omox BJI, DM ¢paxuyymsein HYTC-13it (3ypar 2)
Xappiyynban 2853, 2922, 2953 cm! mmmHresntuitn Myxkyygax ankasel sressHui -CH,, -CHs Gynryymmiin
BAJIGHTHIH X3103:m331, 1456, 1376 cm! myxun -CH, , -CH; cuUMMeETp JAedopMaIMiH X3I03/I33] XaMaapax
INUHTNTYYAMHH 9punaM ux33p HomoarasH, -NH, -OH, C=0, C-O Oynryyauiin Xoa03a335] Xamaapax
muHrTYYA, C=C, C-H apomaTuk Oynryyauits X3m03/1320 xaMaapax MUHTIITYY/IHRH SpUiM UX33p 0yypcaH
OaiiHa. DHOXYY YP AYHIYYA Hb TYYXUH UIH YCTOPOrtwKYYIS/IT I'YH3TUM ABarJcalbIr XapyyinK OaiiHa.

bJ1, 9/1 dpakiyyn 6a Taoaraspuita 6yrasrmaxyynyyauitn GC/FID xpomarorpaduiir 3ypar 4-7 y3yyino.
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3ypar 4. BJ1, 31 dpakiyyns 6a toaraspuiia Oymasrmxyyayyauiia GC/FID xpomarorpad.

bJI1 OymoermpxyyHuil xpomMartorpamsir Tyyxuil 54 b/l (pakusiH XpoMaTorpamTail XapbeIyyJiaH Y33X3]
OYTISIIPXYYHA H-aJIKaHYYABIH aryyira ux3dp HAIMOIJACOH, H-IKEHYYIBIH aryyinra OyypcaH Oairaar Xxapx
bonoxoop Oaitna. D1 OyTIArIdXYYHUNA XpOMATOTPAMBIT TYYXUM 31 D/ dpakisiH xpoMaTorpamMTail XapslyyiaH
Y33X3Z OyTIArmdXyyHul anudaTHK HAITMIVYAURH aryyjra AX33p HOMOIZICOHA3C TafHa aakuia (DCHOJ, aIKUII
HaQTONYYH YCTOPOTrKYYINITII OPOH Ha(QTAIMHBL YIaMAKIALYYIad UX33p XyBUpcaH OaitHa. J[33pX yp AYHTYYA
Hb YCTOPOI'DKYYIIT SPUMMTIM gBarjgcaHblr HOTIOCOH HYTC-uilH IMHXWITHUN Yp AYHCYYATIM TOXUPY
OaliHa.

bJI, DJ1 dpakuyyn 0a TOATIIPUMH OYTIATAIXYVHYYAUUH DJIEMEHTUUH OOJIOH XMMHUNH OYJIAr HATIUITYYAUIH
Haupiarer 3ypar 5-11 y3yysuso.

JNeMeHTUnH Haupnara XUMUNH Havpnara

3 4
31 2
30 3
o0 1

itidiientnie

e o :_.'. L e e amensayeo)
ety - I

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%

#C E1H | N+S+0 | BAnudatuk  EApomatuk ™[ eTepoaToMT

3ypar 5. BJ1, ]I dpakiyyn 6a TAr3puitH OyTI2TA3XYYHHM 3JIEMEHTHHH OOJIOH XUMHUKMH OYJI3T HAIUIYYAUIH
HaypJara.

Tyyxwmit 51 6a OYTIOIPXYYHUM 3IEMEHTHHH IIMHXXWIIOHAKA IyHIradc y33x94 b/l ppaxnuitn OyTasrmdxyyHA
HyypcTeperuuiin aryynra 1.44%-uap, ycreperuniid aryyiira 2.02%-uap H3M3I13K XapyuH FeTepO3JIEMEHTYY IUUH
HUIIIORp aryynra 3.46%-uap Oyypcan Oaiina. Xapun D/ (ppaxumitH OyTadrIdXyyHI HYYPCTOPOrYdiH aryyira
7.81%-uap, ycreperumiin aryynra 2.43%-map HAMOIAK XapUH TETEPO-3JIEMEHTYYIUMH . HUMNO3p aryyira
10.24%-uap Oyypcan Oairaar TyC TyC TOTTOOJ0O0.

bJ1 dpaki 6a TYYHUR OYTISTA3XYYHUM XMMUKWH OyJIoT HAUIYYAUNRH Halpaarell XapelyyJiaH y33X3J alu(aTuk
HAr Ty yAune aryyira 8.17%-uap aaMarapH 92.03% xypTan ecceH 0071 XapuH apOMaTUK HOTIUIYYAUMH aryyJira
13%-nap 6yypan 7.47%, retepo-aToMT HAICTYYAuNH aryyiara 3.04%-uap 0yypan 0.50% XypcaH y3yyaaaTTan

5
OaitHa. Xapus JDJ] ¢paxkuumiiH XyBe1 OYTISIJPXYYHA Hb ald(aTuK HIUTYYAunH aryyira 50.74% wuap HOMOIIRH
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91.22% xypton eccen Gos xapuH apoMaTHk HOTYyyaunH aryynra 16.08%-nap Gyypan 8.24%, rerepo-aromrt
HOT/UIYYAuiH aryyira 34.66%-uap 6yypan 0.54% xypcau Y3YYIRITTAH OaiHa.

JAyruaar

1.

YCTOPOrwKYYIINTHHT  KaTalH3aTOPBIH XO[IOJITOOHTYH JaBXaprar peaktop Oyxwuii TacpanIryu
KUJITIATaaT TOX66POMIKOOP I'YHIITIIXI TYYXUH SNMIAH 330Xy YHHH XY/ Hb OYTI9TaXYYHUI XyBUpa]
HOJIO®JIord vyxall XY4uH 3YHI Oaiican 6ereex ypBajsiH TeMIIEparyp XapplIaHryn exuep Oyroy 360°C
Gaiixan 1.0 6a 1.5 mar™ xypayyasia suraa miyy ux Gaiina.

YCToperwKyyIaITHiAH ypBagaap IIHHIDH TYJIIHUA MWK YaHapT COPOreep HONeONerd reTepo-aToMT
HATANYYAUNH aryyiara basu-Dpxatuiin OUTYMBIH IHPOJIM3BIH JaBUpXaWH IyHX (pakiany 85.89%,
ONPBUIAH HYYPCHHI Xarac KOKCIXKYYJIAITHIH JaBUpXakH AyHA (pakuan 98.47% Oyypcad Hb 3mrasp
TYYXUH UNAT U35 TYJIIIHIA YIIABIPISIT alUIIaX 60I0MKTOMT Xapyyx OariHa.

Tacpantryit axxunnaraar peakrop Hb epauilH aBTOKIABTAIL XapbLyya0all ypBaiblH IapaMmeTpyyAuiir
Xs10ap eepwIex, TYPUIMITHEIH OJIOH XyBUIIOAP COHIOX, OYTI3TIOXYYHHH XYBHPIBIT HApHilH XSHAX,
KaTaJIU3aTOPBIH MIPBXMHT yHaaH XaAranax 39psr OJIOH AaByy TajTail TYJI YHIABIPUMH IIPOLECC
OOOBCPyyIIaxaL UIyy TOXMPOMXKTOR GaiiHa.

Tanapxan

Cymanraar xsparxyyisx caHXyyxXwit onrocod LMk yXaaH TEXHOJIOTHMAH CaHJ{ Tajapxaiaa HIDPXUHIEE.
Cyyps cynanraans! teciauiin gyraap 11IyCC-2020/14.
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ARTICLE INFO ABSTRACT

Keywords:

Mongolian low-rank coal
Lignite

Subbituminous coal
Pyrolysis

Thermal behavior

Low temperature pyrolysis behavior of four low-rank coals from the biggest deposits of Mongolia were studied
using a fixed-bed reactor and Gray-King retort. The coal samples and resultant chars were analyzed using Fourier
transform infrared spectroscopy (FTIR), 1C nuclear magnetic resonance (\3C NMR) to explore the structure
changes and thermogravimetric analyzer coupled with mass spectrometry (TG-MS) was used to investigate the
pyrolysis reactivity of coal during thermal decomposition process. The results showed that the aliphatic structure

in coal was significantly reduced and the carboxyl groups almost completely decomposed during pyrolysis
process at 600 °C. The tar yield of Gray-king test is higher than that obtained from the fixed-bed reactor. The
gaseous evolution measured by TG-MS during pyrolysis showed that the maximum peaks of evolution of CHy, Ha,
CoHj, CoHs, CO, and CO, gases were well corresponded to the maximum rate of weight loss in the range

428-445 °C.

1. Introduction

Coal will serve as the major energy source among fossil fuels in the
coming few decades because of its easy availability and low production
cost. Mongolia is a country with rich coal resources. Total geological
resources of coal in Mongolia are 173 billion tones and proven coal
reserve is 37.4 billion tones. Most of Mongolian coals are lignite and
subbituminous coals, which are located in the central and eastern eco-
nomic region of Mongolia [1]. These include Baganuur, Ovdogkhudag,
Aduunchuluun, Tevshyngovi, Khoot, Tsaidamnuur and Shivee-Ovoo
deposits.

The conversion of low rank coals into oil, gas and upgraded solid fuel
using low temperature pyrolysis is a major issue in the country, out of
economic, environmental and national energy security concerns.
Therefore, detailed investigations on the coals from Aduunchuluun,
Shivee-Ovoo, Ulaan-Ovoo and Baganuur deposits using modern instru-
mental analysis and pyrolytic experiments are very important for the
future development of coal processing industries in Mongolia.

Fixed-bed pyrolysis is a useful way to observe the transition of
physicochemical structures and parametrize the thermodynamic pro-
cesses of coal [2-4]. During the pyrolysis processes, the physicochemical
structures of coal will be converted and decomposed, generating

* Corresponding author.
E-mail address: baizq@sxicc.ac.cn (Z. Bai).
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products, such as tar, char, and gaseous compounds [5]. In general, coal
pyrolysis can be divided into three stages, the release of moisture and a
small amount of absorbed gases, the decomposition of unstable struc-
tures such as heterocyclic and side chain, and the polycondensation of
different structures [6]. Gas analyzer connected with TG could not only
detect the weight loss and pyrolysis rate but also provide characteristic
information of the volatiles and their pyrolysis behavior simultaneously
[7]. Small molecules such as Hy, CH4, CO and CO, can be measured
using TG-MS [8,9], while the variation of functional groups can be
determined using FTIR [10]. Zhi-bing Chang et al [11] pyrolyzed the
Huadian oil shale and Balikun oil shale in a fixed-bed pyrolyzer at
360-530 °C and studied the migration and conversion of organic carbon
and their pyrolysis characteristics. Qinhui Wang et al [12] carried out
slow pyrolysis of a typical high-ash lignite in atmospheres of Ny, 20%
CO5/Ns, 40%C0O5/N5, and 60%CO5/N5 in a fixed- bed reactor and
compared the evolution of char, tar and gases in yield and characteris-
tics, and the physico-chemical characteristics of chars in different at-
mospheres. Several authors have published research work on the
devolatilization behavior or characteristics of Mongolian low-rank
coals. Avid et al [13] studied pyrolysis behaviors of Shivee-Ovoo coal
in a fixed-bed reactor to determine the influence of temperature and
heating rate on the yield of the pyrolysis products and composition of
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the gases evolved. Dong-Wook Lee et al [14] investigated the pore-
structure variation of coal char during devolatilization process of Bag-
anuur coal and Shivee-Ovoo coal from Mongolia, and reported the
relationship between the char pore structure and its combustion reac-
tivity. Purevsuren et al [15] investigated tars from Tavan Tolgoi and
Baganuur coals using different analytical techniques. At present, there
are very few studies reported on the thermal behavior of Mongolian low-
rank coals during pyrolysis and there is a lack of knowledge of the be-
haviors of low-rank coals with different metamorphism degree during
pyrolysis. The main aim of this study was to investigate possible re-
lationships between the chemical properties of four different low-rank
coal from Mongolia and their pyrolysis behaviors. The results of the
study could be used as a basis for the selection of coals for further
development of coal carbonization industry in Mongolia.

2. Experimental
2.1. Sample preparation and analyses

Four samples, Aduunchuluun (AD), Shivee-Ovoo (ShO), Ulaan-Ovoo
(UO) and Baganuur (BN) coals were used in this work. The Baganuur
lignite deposit is located 110 km east of Ulaanbaatar, in the Bayandelger
village of the Tuv Province, and has been mined since 1978. Its proven
reserves are 713.1 million tones. The Shivee-Ovoo lignite deposit is
located in the Sumber village of Dornogovi Province and has proven
reserves 564 million tones. The Ulaan-Ovoo is located 430 km north of
Ulaanbaatar, in the Tushig village of the Selenge Province and its proven
reserves are 174.5 million tones. Aduuchuluun deposit is located in
Dornod Province and has proven reserves of 241 million tones.

The samples were air dried and ground into fine powder and then
sieved using a 200-mesh screen. The proximate analysis was performed
using Chinese national standard method GB/T212, the ultimate analyses
was performed according to GB/T476 and GB/T19227, and total sulfur
in coal was tested based on GB/T214. The results of proximate and ul-
timate analyses are shown in Table 1.

The results of proximate analysis of samples showed that UO coal has
lower contents of moisture and volatile matter and higher calorific value
compared with AD, ShO and BN lignites. Ash content of BN coal was
lower than that of other samples. The results of ultimate analysis showed
that UO subbituminous coal has higher content of carbon, hydrogen,
nitrogen and lower content of oxygen compared with AD, ShO and BN
lignites. These results confirm the relative higher coalification rank of
UO coal compared with other three lignites.

Ash compositions of the samples are listed in Table 2. It can be seen
that the alkali and alkaline earth metal (AAEM) in AD, ShO and BN are
much higher than that in UO. Whereas UO coal was relatively rich in

Table 1
Results of proximate and ultimate analyses of the coal samples studied.
AD ShO Uuo BN

Proximate analysis (wt%)
Moisture, (aqd) 22.15 13.3 9.6 18.7
Ash, (b 10.9 12.4 10.5 5.7
Volatile (gap 50.6 47.75 44.8 46.5
Fixed carbon (gp) 44.0 45.8 49.4 50.4
Sulfur S; (gp) 2.04 2.10 0.44 0.31
Heating value, Qg (dan kcal/kg 8310 7637 8133 8372
Heating value, Qqet, (dan kcal/kg 6132 6314 7040 6465
Ultimate analysis (Wt%, daf)
Carbon 70.0 71.2 75.2 71.8
Hydrogen 3.30 4.30 5.00 4.20
Oxygen 23.7 21.3 17.3 22.6
Nitrogen 0.78 0.84 2.03 1.15
Hydrogen/Carbon 0.57 0.73 0.80 0.70
Oxygen/Carbon 0.25 0.22 0.17 0.24

Ad: air dried; db: dry basis; daf: dry and ash free basis; oxygen is determined
directly.
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acidic oxides such as silicium, aluminium and titanium oxides. Mean-
while, sulfur content in AD and ShO ash is much higher than the other
two coals, which is attributed to their higher sulfur content in coal and
higher content of calcium in minerals. The relative higher AAEM content
in coal influences its pyrolysis behavior and the properties of the
products.

2.2. Pyrolysis of the four coals in a fixed-bed reactor

Coal pyrolysis was carried out at atmospheric pressure in a fixed-bed
quartz reactor which was 60 cm long with 2.5 cm inner diameter. About
10 g coal sample weighed accurately was placed on a quartz sintered
plate which located in the center of the reactor. The sample was heated
from room temperature to 450-600 °C at a heating rate of 10 °C/min,
and the carrier gas was Ny with a flow rate of 200 ml/min. The pyrolysis
of coal was continued for another 30 min after the desired temperature
was reached. The solid char and tar products were collected from the
reactor after experiment and weighed. The yields of liquid and char were
calculated based on the weight of products, and the gas yield was
calculated by difference on a dry, ash free basis. Experimental error-0.1
wt.%.

2.3. Gray-King retort test

The Gray-King retort test was conducted using the standard pro-
cedure (GB/T1341). For each experiment, a sample of 20 g with a par-
ticle size smaller than 0.2 mm was placed in a quartz retort, which was
then heated in a horizontal electrical oven at 5 °C/min to final tem-
perature of 600 °C in the atmosphere of evolving gases. During pyrolysis
the liquid products were collected using an ice-cooled trap. The yields of
char, gas and liquid products (primary tar) were calculated relative to
the starting material on a dry, ash free basis.

2.4. FTIR measurement

The changes of functional groups of the coal during pyrolysis and the
char samples of 600 °C were measured by a Fourier Transform Infrared
Spectrometer (VERTEX 70, Bruker, Germany). Samples were fully mixed
with dried KBr powder at the mass fraction of 1:200 and the spectra were
recorded within wavenumbers of 400-4000 cm ™! at a resolution of 4
em L.

2.5. 13C NMR measurement

Structural parameters of various carbon atoms in coals and product
chars were obtained by 3C NMR. All CP/MAS '3C NMR spectra were
obtained on a Bruker AV-300 spectrometer with a 1>C frequency of 67.8
MHz. Chemical shift of 3C was calibrated by external standard-
adamantane. The cross-polarization contact time was 2 ms, and the
cycle time was 7 s.

2.6. Pyrolysis in TG-MS

The thermal behavior of the four Mongolian low-rank coal and the
in-situ gas evolution during pyrolysis was conducted in Setsys Evolution
TGA (Setaram, France) coupled with a mass spectrometer (MS) in a gas
flow of 100 ml/min of argon. Approximately 10 mg of samples was
heated from room temperature up to 900 °C at the heating rate of 10 °C/
min in each experiment. A quadruple mass spectrometer (MS) made by
Process Instrument Company (GAM200) was coupled to the thermog-
ravimetry to perform the scan of the m/z from 1 to 100 amu. Each
compound (ion) detected in the MS has its own response factor. The
single ion curves close to the noise level were omitted. Finally, only the
intensities of the selected ions were monitored. According to the liter-
ature on coal pyrolysis [16,17] the evolved gases studied in this paper
were methane (m/z = 16), ethane (m/z = 30), ethyne (m/z = 26), ethyl
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Table 2

Ash composition of coal samples (wt%).
Sample SiO, CaO Fe,03 Al,03 SO3 TiOy K>0 MgO Na,O P>0s MnO SrO
AD 6.82 25.59 18.23 4.83 32.96 0.32 0.05 6.81 1.34 0.02 0.34 0.25
ShO 25.34 17.31 20.85 7.83 20.16 0.40 0.33 4.78 0.54 0.02 0.00 0.13
Uuo 55.85 1.80 2.45 31.30 0.68 2.33 1.17 0.74 0.22 1.33 0.00 0.60
BN 22.88 30.22 16.42 11.80 11.31 0.54 0.46 2.48 0.49 0.10 0.43 0.30

(m/z = 29), carbon dioxide (m/z = 44), water (m/z = 18), carbon
monoxide (m/z = 28), hydrogen (m/z = 2), hydrogen sulfide (m/z =
34), sulfur dioxide SO, (m/z = 64) and carbonyl sulfide COS (m/z = 60).
Evolved gases from TGA entered into MS through a heated (200 °C)
stainless steel capillary. In order to reduce the error of the system fluc-
tuating, the signal drift was corrected first. And then the intensities of
the same compound were normalized to be compared between different
samples.

3. Results and discussion

3.1. Product distribution of four Mongolian coals pyrolyzed in a fixed-bed
reactor

Pyrolysis experiments were carried out at temperature region from
450 to 600 °C in a fixed-bed reactor to examine the differences in py-
rolysis products distribution and characteristics between AD, ShO, BN
lignites and UO subbituminous coal. As shown in Fig. 1, the char yield
decreases with the final pyrolysis temperature, which is consistent with
literatures [18,19], i.e., as the temperature increases, more volatile
matter is driven off from the coal into the gaseous phase, resulting in a
lowering of the char mass. At 450 °C the char yield (dry, ash free basis by
weight) for coals AD, ShO, BN and UO were 51.7%, 59.8%, 57.3 % and
65.7% respectively. This is followed by a further decrease in char yield
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at 600 °C for the corresponding coals to 42.5%, 52.8%, 49.5% and
56.2%. This could be attributed to the fact that most of the volatile
matter has been driven off at 600 °C [20]. It is also evident from Fig. 1
that the char yield obtained is also rank dependent. AD, which is a
lignite type coal, has the lowest char yield, whereas UO, the subbitu-
minous type coal, has the highest char yield at all operating tempera-
tures. Due to the loss in volatile matter and inherent moisture during
pyrolysis, the char yield is heavily dependent on the remaining fixed
carbon and ash in the coal, and it is therefore expected that coals with
the highest fixed carbon and ash contents will have the highest char
yields. The results obtained here are in accordance with the trends
observed in the proximate analysis, i.e., AD has lower fixed carbon and
mineral matter content value than those of UO. The char yield is
therefore dependent on the coal rank and corresponds to the decrease in
total volatiles evolved, as reported by Xu & Tomita [21].

Tar is the condensable and higher molecular weight fraction of the
total evolved volatiles. As the temperature increases, more volatile
matter in the coal is driven off, called devolatilization. The general trend
seen in Fig. 1 is that a maximum tar yield value is observed at 500 °C for
all the four coals. Maximum tar yields for coals AD, ShO, BN and UO are
estimated to be 2.4%, 3.9%, 3.9% and 5.4% wt%, daf respectively. The
temperature where maximum tar yield is observed is however depen-
dent on the stability of the tar and coal rank [22].

The pyrolysis water produced (daf. wt%) from coals AD, ShO, UO
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Fig. 1. Effect of pyrolysis temperature on pyrolysis product yields of four coals.
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and BN varies between 27.4-31.8%, 19.2-21.6%, 15.1-19.5% and
22.8-27.4% respectively. An increase in temperature results in a higher
water yield. The pyrolysis water yields have a good correlation with the
inherent moisture and oxygen content of parent coals.

Gas is the non-condensable and lower molecular weight fraction of
the total evolved volatiles. It was reported earlier that the total evolved
volatiles generally increase with an increase in temperature and
decrease with an increase in coal rank [21]. As the temperature in-
creases, more volatile matter in the coal is driven off as well as the
decomposition of some mineral species [23]. From Fig. 1, it is also
evident that the coal rank has an effect on gas yield at 450 °C. Lignites
AD, ShO and BN produced gas yields (daf, wt%) of 19.4, 17.9 and 16.8
respectively, which are higher than the gas yield determined for the
subbituminous coal UO with gas yield of 15.8 wt%, daf. The highest gas
yields at 600 °C are observed for AD coal, 23.8 wt%. It may be attributed
to the highest oxygen of AD coal, mitigating into CO and COy during
pyrolysis, which are the major compose of the total gas phase formed. It
has previously been found that at 925 °C, up to 90% of the original
oxygen atoms in coal are found in the gas phase, irrespective of coal rank
[24].

The char yield from UO would be from 3.4% to 13.7% higher than
that from other three coals. Also the yield of pyrolysis water, which
requires additional cost for cleaning before disposal, is lower than that
from other coals. From these results it can be concluded that UO coal is
more suitable in comparison with other coals for production of a char for
smokeless fuel factory from these coals.

3.2. Gray-King pyrolysis test

The product yields by Gray-King pyrolysis tests at 600 °C are shown
in Fig. 2. For all coals, the major pyrolysis product is char with yield of
42.4-51.3 wt%, on dry, ash free basis (daf). The tar yields from lignite to
subbituminous coal range from 10.6 to 13.1 wt%, daf and the gas yields
change from 20.1 to 13.9 wt%, daf, respectively. In Gray-King tests, the
shape of all chars belong to the type A, which suggests that all coals
belong to low rank and non-caking coals.

Comparison of the results from the fixed-bed reactor and Gray-king
tests show that, more tar and less gas yield could be obtained in a
Gray-king test than that in fixed-bed reactor. This could be attributed to
the differences in heat and mass transfer in these two reactors. Heat and
mass transfer rate in fixed-bed reactor is higher than that in Gray-king
reactor. The Gray-king test is mostly used for a preliminary evaluation
of caking properties and pyrolysis products of coal. Therefore, results
obtained using fixed-bed reactor is more informative and useful for
further expansion of the study.
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Fig. 2. Product distribution of four coals obtained by Gray-King pyrolysis tests.
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3.3. FTIR characterization of coal and char samples

Fig. 3a shows the FTIR spectrogram of the four coal samples. Ac-
cording to the reference data [25], a correspondence between the ab-
sorption bands and functional groups can be established. The FTIR
spectra show distinct bands of shoulder aliphatic C-H stretching bands
(methylene groups) near 2933 cm ! and 2852 em™ L, the aliphatic CHx
deformation vibration weak band at 1376 cm ! and 1437 cm™!. The
sample is displayed by the bands at 3410 cm ™! (a strong band attributed
to hydrogen bonded OH groups and phenolic hydroxyl groups) and at
1272 em™! (C-O stretching vibrations in alcohols, ethers and/or ester),
as well as at about 1707 cm ™! (carboxyl groups). The absorption band at
about 1602 cm ! is due to the aromatic C = C streching bonds. The
analysis of the spectra shows that the same functional groups are present
for all the samples studied, but the intensities of the major bands of the
spectra are different for the samples. The samples with higher H/C
atomic ratio, UO, has stronger bands at the 2933-2852 cm ™! region
(CHx stretching vibration) than that of other three samples with lower
H/C atomic ratio. As shown in Table 2, ash prepared from UO sample
has more content of Al,O3 than other samples, so the spectra of its
minerals show stronger bands at 3697 cm ™! and 3629 cm ™! which was
attributed to kaolinite [26]. For the same reason, ash from UO has more
content of SiO5 than other samples, so the spectra of them show stronger
absorption bands at 1021 cm™! and 873 ecm™!, which are assigned to
silicate minerals [27,28].

It can be seen from Fig. 3b that the chars have similar functional
structure to that of raw coals but have different band absorption in-
tensities. Absorption intensity of hydroxyl at 3432 em™! significantly
decreases in AD, ShO and BN chars. Ideally, hydrogen bonded hydroxyl
groups tend to be destroyed or broken during thermal treating processes
[29,30]. Intensive band appeared at 3400 cm ™! in UO char is related to
NH valence vibration. The absorption intensity at 1707 cm ™ totally
disappears after pyrolysis, indicating that carboxylic groups almost
completely decompose or degrade at 600 °C. This is considered to be an
important factor that is responsible for the loss of oxygen from the AD,
ShO, UO, and BN coals. It is confirmed by the composition analysis of gas
evolved from the reactor during the treatment, and will be discussed in
section 3.6. The band strength at 1053 cm™! gradually increases with
the increasing content of minerals in the chars. According to the liter-
atures [29,31], C-O bonds of alcohols, ethers and esters start to
decompose over 200 °C, thus the bands at 1273 cm™' are almost
completely disapperead after pyrolysis. The intensity of bands related to
aliphatic hydrocarbon, including the vibration of aliphatic methylene
and methyl group decrease significantly. This reduction coincides with
the fracture of aliphatic side chains to form methane or other light hy-
drocarbon gases.

3.4. 13C NMR characterization of coal and char samples

As a nondestructive analytical tool, >C NMR spectroscopy is widely
used in probing the microscopic environment surrounding nuclear spins
[32] and is employed to identify the structural parameters in coal and to
get more insight into the chemical structure changes during pyrolysis.
The 13C NMR spectra of the coal and char samples are shown in Fig. 4.
and the detailed assignments of resonance are listed in Table 3 according
to the literature [33]. The most distinct changes of the spectra are the
intensity of peak at 126 ppm, which is ascribed to aromatic carbon.
Evidently, the intensity of this peak for the chars is stronger than that of
coals. This is partly due to the removal of moisture, oxygen and aliphatic
substitutes, leading to the increasing proportion of aromatic structures
in the chars. From FTIR spectra of the chars in Fig. 3b, it is also observed
that the peak intensity of aromatic C = C (1602 cm 1) relatively in-
creases after pyrolysis at 600 °C. The alphatic C-H structures at 15 and
30 ppm crack during the heating in pyrolysis implying that cleavage of
methyl and methylene moieties occurrs at 600 °C temperature. Ac-
cording to the literatures [28,29,31], C-O bonds of alcohols, ethers and
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Table 3
Assignments of different chemical shift ranges in **C NMR spectra [33].

Range  Chemical shift/ Functional groups
ppm

1 185-220 Ketone, quinone aldehyde C=0,HC=0

2 165-185 Ester, carboxyl COO0, COOH

3 135-165 O-substituted aromatic C-0, C-OH

4 120-135 Aromatic CH, C

5 90-120 Aromatic CH

6 60-90 Saccharide, alcohol, ether CHOH, CH,0H, CH,-
0-

7 50-60 Methoxy, methyne, CH30-, CH-NH, CH,

quaternary C
8 25-50 Methylene CH,
9 0-25 Methyl CH3

esters start to decompose above 200 °C, thus the intensity of peaks at 56
ppm significantly decreases. However, intensity variations of resonance
at 60 ppm for UO char is higher than that of AD, ShO, and BN chars. It
suggests that UO subbituminous coal might have relative higher amount
of quaternaries R4-N bonds, which are stable in thermal decomposition.
The peak intensity of aromatic C-O bonds (probably aromatic ethers,
phenolic carbons) at about 143 ppm, 154 ppm and the carboxyl groups
at 180 ppm decreases but aromatic —C(=0) groups (quinones) at about
192 ppm increases after pyrolysis.

23

3.5. Thermogravimetric/differential thermogravimetric (TG/DTG) results

Fig. 5 shows the curves of weight loss (TG) and their derivatives
(DTG) for different coals, respectively, as a function of reaction tem-
perature. The weight loss curves of the four samples show similar trends
but the weight loss rate are different. It is reported that four zones
appeared during pyrolysis of coking coal: the first is the loss of moisture
and absorbed gases phase (100-350 °C); second is the forming of plastic
phase (350-450 °C) representing some bond breaking reactions and the
release of some light species; the third is the primary pyrolysis phase
(450-550 °C) leading to the evolutions of tar, gases and char by further
bond breaking; and the fourth is the secondary pyrolysis phase
(550-1000 °C) resulting mainly in CO and Hy generation [34]. The
weight loss of all samples starts around 116 °C, which is the release of
moisture, including free water and bound water. As temperature is lower
than 350 °C, it is mainly the drying process of samples and decom-
positon of some unstable oxygen-containing groups made a vital
contribution to the weight loss. TG curves depict that AD, ShO and BN
show more weight loss than UO in the temperature range from 100 to
400 °C, attributing to the higher content of moisture and oxygen in AD,
ShO and BN. However, a reverse result is observed at higher tempera-
ture. The TG and DTG curves of coals show the weight loss of coals is
from 31.8% to 37.0%, when temperature reaches 900 °C. The relative
higher weight loss of ShO is attributed to its higher volatile matter.
When temperature is higher than 350 °C, the weak bond in the original
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coal sample is gradually broken and evolves mainly as aliphatics
(methane) and water (Figs. 6 and 7). With increasing of temperature, the
organic functional groups are broken and reunit quickly, and a big peak
is shown in the DTG curve. It might be taken as the primary pyrolysis of
coal particles. As displayed in the DTG curves, the peaks of weight loss
rate occur at 350-550 °C. In this stage, the main gas products composed
of CO4, CO, H30, light hydrocarbons CHy4, C2Hs, C2Hg, etc., as evidenced
by TG-MS measurements (Figs. 7 and 6). Fig. 5 shows UO lignite has the
largest peak at this temperature range. This is related to its higher
aliphatic C-H content (FTIR Fig. 3), which is easily to form gaseous
hydrocarbons when heated. Moreover, the maximum weight loss rate of
the four coal samples, which represents the volatile release level, sug-
gests the higher thermal stability of UO at high temperature. The peak
temperature of AD, ShO and BN at the maximum weight loss rates is
about 431 °C, 435 °C and 438 °C, while it shifts to a higher zone (447 °C)
for UO. It is related to the interactions between mobile phase and fixed
phase in coal and thermal conductivity of coal [35,36], indicating cross-
linking level becomes enhanced as the rank of coal rises. After that, with
increasing temperatures further (>550 °C), the secondary pyrolysis of
condensed carbon matrix occurs with the evolution of CO. During the
secondary pyrolysis stage, there is also a large amont of H; releasing out
with CO [37].

The thermogravimetric parameters of the coal samples are given in
Table 4. It shows that the temperature of initial thermal decomposition
ranges from 306 to 378 °C. The maximum weight loss rate occurs in the
temperature range from 428 to 445 °C.

3.6. Investigation on evolved gas during the pyrolysis

In general, complex and parallel chemical reactions occur during
coal pyrolysis including breaking of bridge bonds between aromatic ring
systems, loss of heteroatom functional groups, and breaking of the
macromolecular network into smaller fragments. These reactions form
condensable vapors or tar and gases, which evolve with the change of
temperature. Some of the evolved gases can be analyzed by using MS
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Fig. 6. Evolution curves of CHy, CoHg, CoHa, and CoHs during pyrolysis of coal samples.
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Fig. 7. Evolution curves of CO4, H30, CO, and H,, during pyrolysis of coal samples.

Table 4
Characteristic parameters from temperature-programmed pyrolysis of coal
samples.

Sample T; (°C) TprGmax (°C) Total weight loss (%)
AD 306 433 35.3
ShO 319 428 36.7
[S[0) 378 445 36.3
BN 334 435 32.0

T;: temperature of initial thermal decomposition.
Tpromax: temperature of maximum weight loss rate.

technique.

Figs. 6-8 presents the evolution curves of CH4 (m/z = 16), CoHg (m/
z = 30), CoHy (m/z = 26), CoHs (m/z = 29), CO45 (m/z = 44), Hy0 (m/z
=18), CO (m/z = 28), Hy (m/z = 2), HyS (m/z = 34), SO, (m/z = 64)
and COS (m/z = 60). Fig. 6 shows the evolution curves of CH4 of four
coal samples, respectively. Methane is mainly generated in the tem-
perature range from 100 °C to 800 °C and reaches to the peak at nearly
530 °C. According to the work done by Zeng et al. [38], CH4 generation

from Huolinhe lignite began at about 100 °C, and it was considered that
CH4 produced in the low temperature range (below 345 °C) came from
its adsorption into the coal structure. The CH4 evolution of Yunnan
lignite coal starts at approximately 200 °C, which is much lower than
300 °C for Spanish coals tested by Ibarra et al. [39], 380 °C for Late
Permian coals researched by Wang et al. [10] and 400 °C for perhydrous
coals studied by Arenillas et al. [40]. The evolution of CH4 for UO is
higher than that of other three samples at temperature of 534 °C, which
indicates that methane is formed mainly from the cleavage of methyl
associated to the aliphatic side chains breakage [40]. The CH4 evolution
of AD and ShO lignites has a shoulder at lower temperatures showing the
breakage of aryl-methyl-ether type labile bonds [41]. The CH4 also
might come from the reaction of carbon with the hydrogen leaved from
the ether groups or aromatic heterocyclic structures above 650 °C [42].

Fig. 6 show CnHm (n = 2) evolution curves of aliphatic hydrocar-
bons. It can be seen that the maximal release rate of CoH¢, CoHg and
CoHZ appears at about 470 °C. The evolution of light hydrocarbons for
UO is higher than that of the other three samples in the temperature
range 470 °C which indicates more breakdown of aliphatic substitute
and decomposition of hydroaromatic units, aliphatic bridges and in UO
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Fig. 8. Evolution curves of HyS, SO2, and COS during pyrolysis of coal samples.
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during pyrolysis.

Fig. 7, the emission of CO5 appears at temperature as low as 150 °C.
This temperature is lower than 200 °C for Yunnan coals studied by Han
et al. [43] but consistent with the temperature for Spanish low rank
perhydrous coals tested by Arenillas et al. [40] and Late Permian coals
studied by Wang et al. [10]. The evolution of COj is correlated with the
decarboxylation/decarbonylation reactions of low rank coals, which
posse high content of carboxylic and carbonyl groups attached to aro-
matic and aliphatic structures [44]. The CO; profile patterns of AD, ShO
BN lignites and UO subbituminous show the prominent peaks at
approximately 400-430 °C and then decrease with temperature
increasing. The peak temperature of the CO profile depends on the type
of coal structure. AD lignite sample displays the highest peak of CO5
profile corresponding to its highest O/C atomic ratios. Ashes from AD,
ShO and BN lignites have much higher contents of CaO, MgO and Fe;O3
compared with those from UO coal. In the mineral matter of lignites, Ca
and Mg are mostly presented in form of carbonates. Carbonates are
decomposed starting from 500 °C. Therefore, decomposition of car-
bonates could also contribute in the increase of the peaks of CO; profile.

H20 releases over a wide temperature range as shown in Fig. 7.
During thermal treatment, HyO releases in two clearly differentiated
stages. The first one occurs at low temperature (<180 °C), and the
second one happens in temperature ranging from 350 °C to 600 °C. The
evolution of HyO is usually associated with moisture present in the
sample and with phenolic OH groups [45]. The moisture liberation from
AD lignite is faster than that of other samples at the temperature about
130 °C.

From Fig. 7 it can be seen that CO evolution shows a first peak at
about 470 °C, accompanying with the formation of CO,, as most of
oxygenated solid complexes converts into gases in the temperature
range 400-500 °C [46]. When the decarboxylation/decarbonylation
reactions are performed, some fragments may escape in the form of CO.
With the increasing of temperature, CO evolution reaches to the
maximum intensity at about 730 °C. It indicates the breakage of the
phenolic hydroxyl, carbonyl groups and oxygen-containing heterocy-
cles. All the lignite coals show a similar CO evolution trend, with high
intensity. This indicates that during the pyrolysis process breakage re-
actions are going to be favored, which is in agreement with the high
weight loss values between 600 and 800 °C. UO subbituminous coal has
lower CO evolution due to its lower content of oxygen.

Fig. 7 shows the Hy evolution occurs at about 300 °C corresponding
to the degradation of the hydrogen-rich matrix, and the most significant
Hpy evolution begins at 350 °C. With the temperature increasing, the
amount of Hy evolution increases first and then decreases. The Hy peaks
are detected above 600 °C, which results from the condensation of ar-
omatic and hydro aromatic structures or the decomposition of hetero-
cyclic compounds [17,40]. Hy evolution is decreased for different types
of coal in this row; UO coal > BN coal > ShO coal > AD. This tendency is
approximately consistent with their hydrogen content according to ul-
timate analysis data, showing that release of hydrogen gas also
dramatically relies on coal composition and structure.

Fig. 8 shows the sulfur-containing gases (HS, m/z 34, SOy, m/z 64
and COS, m/z 60) evolution profile during pyrolysis. It can be seen that
there is one obvious evolution peak in the sulfur-containing gas curves of
lignites at temperature between 550 and 600 °C, which is ascribed to the
decomposition or reaction of pyrite. During coal pyrolysis, pyrite de-
composes at between 550 to 600 °C accompanying the formation of
sulfur-containing gases by the following reactions [47-51]:

FeSy; — FeS + S

S + (coal — H) — H,S + coal

FeSy + 2C0O5 — FeS + 2CO + SO

CO + FeS — COS + Fe

CO + S — COS

Almost all aliphatic and partial aromatic sulfurs in coal decompose
below 600 °C and transform into tar and gas phases, but stable sulfur-
containing bridge bonds only rupture at high temperatures above
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600 °C or even retain in coal at above 900 °C [47]. From the peak
originating from the decomposition or reaction of pyrite, only HyS and
COS evolution peaks were detected at between 300 and 600 °C. The
peaks evolution of HyS and COS below 500 °C temperature indicate the
decomposition of aliphatic and unstable aromatic sulfur (such as thiols,
disulfide and aryl-aryl sulfides.) [52]. The evolution curves of SO;
distribute in the temperature range of 300-700 °C, meaning that the SO,
was formed not only from aliphatic and unstable aromatic sulfur, but
also from the decomposition of some stable cyclic and aromatic sulfur,
dibenzothiophen and thiophenes, etc. It was expected that Fe;O3 con-
tained in ash is mostly formed from pyrite. But there is no correlation
found between the release of sulfur-containing gases and contents of
S0O3, Fe;0O3 in ash.

4. Conclusions

In this work, the pyrolysis behavior of four Mongolian low-rank coals
including the thermal weight loss, product distribution, properties of
char and the gas evolution behavior was systematically investigated.
And the different behaviors on the thermal behavior between the four
coal samples were compared and discussed. The following conclusion
could be drawn based on the investigation of this work:

1 The UO coal has lower content of volatile matter and higher calorific
value, and carbon content compared with those of AD, ShO and BN
coals. These results show that UO coal belongs to subbituminous and
AD, ShO and BN coals belong to lignite by ASTM D388 standard.

2 The results of pyrolysis using fixed-bed reactor show the tar yield of
UO subbituminous is highest or 5.4 (wt%, daf) at the temperature of
500 °C compared with other three lignites. The tar yield of Gray-king
test is higher than that obtained from the fixed-bed reactor. For all
samples, the conversion is gradually increased with increasing tem-
perature. The decomposition degree of organic matter of UO coal
below 500 °C is lower compared with other three lignites. The results
confirm that the thermal stability of UO subbituminous is higher
than AD, ShO and BN lignites.

3 FTIR and '3C NMR spectroscopic studies confirm that aliphatic
structure in pyrolysis char significantly reduces and carboxyl groups
almost completely decomposes or degrades during pyrolysis process
at 600 °C. But aromatic structure and aromatic —C(=0O) groups
(quinones) increase after pyrolysis.

4 TG/DTG studies confirm that devolatilization of the studied coals
mainly occurs in temperature range of 400-550 °C and maximum
weight loss rate appears in the temperature range from 428 to
445 °C.

5 The gaseous evolution measured by TG-MS during pyrolysis show
that the maximum evolution of CH4, Ho, CoHs, CoHs, CO, and CO5
gases corresponds well with the maximum rate of weight loss in the
temperature range from 428 to 445 °C. The four coal samples show
different evolution characteristics because of their different content
of aliphatic, aromatic structure, alkyl and hetero-atomic functional
groups.
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Abstract—Middle distillates of Mongolian coal tars were hydrotreated to obtain a clean feed for diesel fuel.
Elemental and chemical compositions of the tars, distillates and hydrotreated oils were examined qualitatively
and quantitatively. The results of hydrotreating tests carried out under hydrogen pressure of 6 MPa, at temperature
350-370°C and for 2 h, showed that hydrodesulfurization proceeded deeply and the activities were over 80%. But
the hydrodenitrogenations were low around 50% and the hydrodeoxygenations were below 40% for the distillates.
HDS proceeded deeply during hydrotreating of all MDs and the activities were over 80%. Based on the elemental
analysis, the HDO activities of MDs were very low compared with HDN and HDS and the temperature increase
had a low effect. It can be concluded that reactivity of these MDs can be expressed as HDS >> HDN > HDO. The
result showed the nitrogen and oxygen contents of the KhT-MD and BG-MD are also still very high compared

with the acceptable level for diesel fuels.

Keywords: Mongolian coal tars, middle distillates, hydrotreatment, hydrodenitrogenation, hydrodesulfurization,

hydrodeoxygenation
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INTRODUCTION

The geological coal resource of Mongolia is estimated
to be about 173 billion tons. But, petroleum reserves of
the country are much less, and the natural gas occurrences
are not found [1]. Therefore, the country is looking for
alternative routes to substitute imported oil products by
production of domestic liquid fuels. Coal tar can be used
as one of the unconventional sources of synthetic liquid
fuels [2].

Coal tar contains several hundred organic compounds
of different groups, some of which are very valuable.
They are aromatic compounds (benzene, toluene, xylene,
naphthalene, anthracene, etc.), phenolic compounds
(phenol, cresol, xylenol, cathecol, resorcinol, etc.),
heterocyclic nitrogen compounds (pyridine, quinoline,
isoquinoline, indole, etc.), and oxygen heterocyclic
compound (dibenzofuran, etc.), which all have been used
as raw materials or intermediates materials in various
chemical industries (as anti-oxidant, anti-septic, resin,

softener ingredient in plastic industry, paint, perfume,
medicine, etc.). Furthermore, paraffinic and oleophinyc
compounds which can be used as liquid fuel are also
contained in coal tar [3-7].

Coal tars are known also for their high molecular
weight and high content of aromatic hydrocarbons and
heteroaromatic compounds such as nitrogen, sulfur and
oxygen. The heteroatomic compounds are a cause for
environmental concern since they form SO, and NO,
during combustion. Many countries now follow the strict
regulations on the sulfur content of transportation fuel,
but not for the nitrogen content, because conventional
crude oils contain a large amount of sulfur but much less
amount of nitrogen [8]. Oxygen has no negative influence
on the environment, but some oxygen compounds may
damage the rubber parts in an engine system. When
using coal liquid as a transportation fuel, the contents of
heteroaromatic compounds should be reduced below the
acceptable level.



2 GANTUMUR BAASANDORI et al.

100
80—
N
e 1 .
RS MD
3
= 40 mHD
A E VR
20
0,

TsU KhT BG

Fig. 1. Distillation yields of Mongolian coal tars.

Hydrotreatment is one of the key operations in
modern oil refining industry, and used for removal
of heteroaromatic compounds and hydrogenation of
aromatic compounds. The former operation is gaining
increasing attention over the last years, mainly driven
by the need to reduce the sulfur content of diesel fuels.
Middle distillates of coal tar can be used as an alternative
feed for production of diesel fuel after reduction of
heteroatoms by various hydrotreatment processes [9]. In
this research work, we have compared the composition
and hydrotreating activities of middle distillates obtained
from Mongolian coal tars.

EXPERIMENTAL

Samples. Coal tars were obtained from Tsantuul and
Khartarbagatai hard coals and Baganuur brown coal.
Tsantuul coal tar (TsU) was obtained at 700°C by using
a semi-coking pilot plant, Khartarbagatai coal tar (KhT)
was obtained at 700°C by using a laboratory retort,
Baganuur coal tar (BG) was obtained from a gasification
plant operating at 900°C.

Vacuum distillation. The coal tar samples, each about
20 g, were distilled using a vacuum distillation unit (GTR-
350, Sibata Scientific Technology Ltd., Japan). Four
fractions were obtained: light distillate (LD; < 220°C),
middle distillate (MD; 220-350°C), heavy distillate (HD;
350-500°C) and vacuum residue (VR; > 500°C). The
yield of fraction was determined based on the weight of
the residual oil.

Hydrotreatment test of middle distillates. A batch
type autoclave with an inner volume of 50 ml was used
for hydrotreatment tests. The autoclave was charged
with 4 g of the MD, 0.2 g of the pre-sulfided commercial
NiMo/Al,O; catalyst and 0.02 g of elemental sulfur. Than
the autoclave was pressurized under hydrogen pressure
of 6 Mpa and inserted into the preheated electric furnace.
The following two sets of the reaction conditions were
used: 1) 350°C, 2 h; 2) 370°C, 2 h.

Gaseous product was collected into a gas pack and
analyzed by gas chromatography-thermal conductivity
detector (GC-TCD). Hydrogen consumption was
determined by the gas volumes before and after the
hydrotreatment test and the hydrogen concentration of the
product gas. The hydrotreated MD was recovered from
the autoclave by decantation. Catalyst was recovered by
washing the autoclave with toluene and filtering [10].

Analysis. The elemental compositions were
determined using a CHNS analyzer (Thermo Scientific
FLASH2000) and the oxygen content was obtained by
difference. The chemical compositions of liquid products
were examined qualitatively and quantitatively [11],
employing an Agilent 6890A gas chromatography system
coupled with a flame ionization detector (GC-FID) and a
mass selective detector (GC-MS). The all distillates were
analyzed by GC-FID and some major components were
assigned by GC-MS.

RESULTS AND DISCUSSION

Distillation of coal tar. As shown in Fig. 1, coal tars
were separated into four fractions; light, middle and heavy
distillates (LD, MD, HD) and vacuum residue (VR). MD
and HD were the most abundant in all coal tars. The yield
of MD of KhT (KhT-MD) was lowest or 29.9% compared
with that of other tars (TsU-MD and BG-MD). The sum
of MD and HD of TsU was highest or more than 90%.

Thermal degradation of the initial coals was carried
out under different conditions. TsU and KhT were
obtained at 700°C by pyrolysis, whereas BG was
obtained by gasification at 900°C. Typically, if the coal
pyrolysis occurs in an inert or reducing atmosphere,
the coal gasification is a partial oxidation process. The
composition of tars did not, however, change significantly
with an increase in the temperature. Coal tars undergo
reactions when held at somewhat elevated temperatures at
increased residence times. Following reactions can occur:

—Reactions between liquid/gaseous tar compounds
and carbonaceous ash/char.

PETROLEUM CHEMISTRY
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—Reactions between liquid tar compounds.

—Decomposition reactions in the gas phase in an
inert atmosphere.

—Reactions between gaseous tar compounds and
gaseous reactants, which usually also result in the
decomposition of the tar compounds.

First reaction is referred as “tar polymerization™ and
last reaction is referred to as “tar cracking” [12]. The
primary tars obtained in the process of pyrolysis for high
rank coals are composed of aromatic hydrocarbons and
their oxygen-containing derivatives (phenols and cresols).
The content of aromatics and their alkyl derivatives in
tars increases with an increase in aromaticity of the parent
coal. The amount and composition of tars generated in
the process of gasification depends primarily on the type
of feedstock used. Tars generated in the process of coal
gasification with air and steam at the temperature of
850-900°C contained over 40% of heavy hydrocarbons
fraction with boiling point of 450°C and higher. The
cracking reactions taking place at higher temperature
convert hydrocarbons present in tars into gas and
secondary chars, and therefore the yield of gaseous
products also increases [13].

Elemental composition of coal tars and middle
distillates. The elemental composition of the coal tars
and distillates are given in Table 1. The hydrogen content
of all samples was low, which means, these tars are more
abundant in aromatic compounds. It was found that TsU
has the higher contents carbon and hydrogen, and the
lower contents of nitrogen and oxygen compared with
that of other two tars. The acidic components may account
for about one-quarter of the weight of the coal tar [14].

Relative high oxygen content of BG could be caused
by its original coal. Baganuur brown coal is well
known for its high content of compounds with oxygen
functional groups and humic acid contents. Oxygen
content of Baganuur coal was 23.45%, while Tsantuul and
Khartarbagatai hard coals had oxygen contents 10.97 and
16.97% respectively. The increased contents of nitrogen
are normally more characteristic of higher-rank coal tars,
while the decreased values of this element are commonly
more typical of brown coal tars. Nitrogen content of KhT
was about 2—3 times higher than that of other two tars. It
is known that in the heavy fractions such as HD and VR
are accumulated more heteroatomic compounds than in
the lighter fractions [15].

Therefore, the carbon and hydrogen contents of the
MD-s are higher compared with the values of original

PETROLEUM CHEMISTRY

Table 1. Elemental composition of coal tar and middle
distillates (wt %)

Sample C H N S Ogg | H/C
TsU 82.52 | 9.59 | 0.69 | 0.39 | 6.81 | 0.12
KhT 80.30 | 7.28 | 1.82 | 0.28 | 10.32 | 0.09
BG 64.00 | 816 | 095 | 0.43 | 2646 | 0.13
TsU-MD | 83.09 | 10.23 | 0.58 | 0.12 | 598 | 0.12
KhT-MD | 83.56 | 9.01 1.10 | 0.31 | 6.02 | 0.11
BG-MD | 7772 | 849 | 0.71 | 0.26 | 12.82 | 0.11

tars. The atomic ratio of hydrogen to carbon (H/C) of
MDs were 0.11—0.12 or very low. It shows, the distillates
are rich in aromatic compounds as the original tars. The
amounts of sulfur in the MD-s are relatively low. Among
the MDs examined, BG-MD exhibited the highest content
of oxygen and lowest contents of carbon, hydrogen. The
results are consistent with the results of original tars.

GC-FID analysis of middle distillates. Since coal
tar contains a variety of compound groups and a large
number of components, peaks in a GC chromatogram
cannot be well separated especially in heavier distillates.
Major peaks of middle distillates could be classified
to three compound-types, n-alkanes, naphthalenes and
phenols (Fig. 2). TsU-MD contained a significant amount
of n-alkanes (C,,—C,5 normal paraffins) and low amount
of aromatic and phenolic compounds.

KhT-MD was abundant in phenols and naphthalenes
and n-alkanes are very little in it. The majority of
compounds in BG-MD were phenols (phenol, cresol,
xylenol, etc.). Generally, the high contents of oxygen
and phenols in coal tars have a positive correlation to
each other.

Hydrotreating of middle distillates. As shown in
Table 2, in all experiments, the yields of C,—C; were low
(0.14-0.37%), which confirms that the cracking of C—C
bonds scarcely occurred at the temperature of 350-370°C.
The relatively high value of hydrogen consumptions
for BG-MD might be caused by the hydrogenation of
phenols which were more abundant in this distillate.
Phenols are converted mainly into cyclohexanes during
hydrotreatment and consume larger amount of hydrogen.

The elemental composition of the hydrotreated oils
is shown in Table 3. Compared to the feed MD, the
hydrogen content increased by 1.06—1.33% in TsU-MD,
0.72-1.08% in KhT-MD and 1.28-1.47% in BG-MD.
The sulfur content could be reduced to below 0.05%,
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Fig. 2. GC-FID chromatograms of middle distillates.
Table 2. Yields of hydrocarbon gases C,—C; and hydrogen consumption
Hydrocarbon gases, wt %
Run Gas vol, mL H,, wt %
(ON C, Cs Sum
TsU-MD 350 1970 0.00 0.01 0.13 0.14 1.66
TsU-MD 370 1730 0.05 0.09 0.12 0.26 2.19
KhT-MD 350 2050 0.06 0.09 0.10 0.25 1.50
KhT-MD 370 1780 0.07 0.11 0.08 0.26 2.05
BG-MD 350 1720 0.07 0.09 0.13 0.29 2.27
BG-MD 370 1520 0.09 0.12 0.16 0.37 2.72

PETROLEUM CHEMISTRY
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Table 3. Elemental composition of hydrotreated oils (wt %)

Sample C H S Ogifr H/C
TsU-MD 350 84.71 113 0.30 0.00 3.69 0.13
TsU-MD 370 84.48 11.6 0.04 0.00 3.88 0.13
KhT-MD 350 83.93 9.73 0.69 0.00 5.65 0.11
KhT-MD 370 84.22 10.1 0.52 0.00 5.16 0.12
BG-MD 350 81.56 9.77 0.39 0.05 8.23 0.12
BG-MD 370 81.80 9.96 0.31 0.04 7.89 0.12

but the nitrogen contents were still high especially in the
hydrotreated oil from KhT-MD.

Organic nitrogen compounds strongly adsorbed on
catalyst active sites and inhibited the removal of both
nitrogen and other heteroatom-containing compounds
during hydrotreatment. Basic nitrogen compounds, even
at levels of tens of ppm, are believed to severely inhibit
HDS [16]. Heterocyclic nitrogen compounds such as
indoles, quinolines, carbazoles and acridines, which
are considered more resistant to the hydrotreatment in
comparison with other nitrogen compounds, might be
more abundant in KhT-MD.

Also the oxygen contents of the hydrotreated oils
are also still high (3.68-8.22%) compared with the
acceptable level for transportation fuels. Therefore, deep
hydrotreating is necessary to reduce the nitrogen and
oxygen. During the hydrotreatment, the middle distillate
is reacted with hydrogen, and converted into hydrocarbon
gas (C,—C;), H,0, H,S, NHj;, coke and hydrotreated oil.
The coke is deposited on the catalyst and its yield can
be determined by the weight and carbon content of the
recovered catalyst. However, the coke yield could not be
determined correctly due to the low recovery of catalyst
from the autoclave in these experiments.

Generally, the coke yield is below 1% when
hydrotreating this kind of feed oil under the above
reaction conditions [10]. Therefore, the coke formation
was neglected in this work as it only has a limited
influence on the HDN, HDS and HDO processes. In this
case, the yields of NH;, H,S, H,O and hydrotreated oil
can be calculated by solving the following equations.

Yty = 17/14(0N; — (N, Y,)/100),
Yig,s = 34/32 (S¢— (S, Yo/ 100),
Yig,0= 18/16 (Og— (O, Y1)/100),
Yo =100 + Yy, — Yo, c5— Ynuy = Yips = Yiyoo

PETROLEUM CHEMISTRY

where N, S, O mean the contents of nitrogen, sulfur
and oxygen, and the scripts of f and p mean the feed
and product, for example, Ny and N, mean the nitrogen
contents of the feed and hydrotreated oils. The activity in
HDN, HDS and HDO were calculated as follows:

HDN% = 14/17 Yy1,/N; ¥100,
HDS% = 32/34 x Yyy,5/S;x100,
HDO% = 16/18 % Y33,0/0p<100.

Table 4 shows the calculated yields of NH;, H,S, H,O
and hydrotreated oil, which were used for the estimation
of HDN, HDS, and HDO.

Figure 3 illustrates the activity in HDN, HDS and
HDO. The increased reaction temperature from 350 to
370°C led to the increase activity in HDN, HDS and HDO
of all feeds. Under the reaction condition HDS proceeded
most easily and for all MDs, the activity was over 80%.
But the HDN activities were low, around 50%. Based on
the elemental analysis, the HDN activities of TsU-MD
were very high unexpectedly. The reason is not cleared.
This needs to be studied in more detail.

HDO activities were relatively low compared with
HDN and HDS and the temperature increase has relative
low effect. It shows that nitrogen and oxygen in coal tars
are the most difficult to be removed during hydrotreating.

Table 4. Yields of NH;, H,S, H,O and hydrotreated oils, wt %

Run YN, Yi,s Y10 Yoil
TsU-MD 350 0.35 0.12 2.64 98.4
TsU-MD 370 0.65 0.12 2.39 98.8
KhT-MD 350 | 0.49 0.33 0.42 100.0
KhT-MD 370| 0.70 0.33 0.97 99.8
BG-MD 350 0.40 0.23 5.56 95.8
BG-MD 370 0.50 0.25 593 95.7
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Fig. 3. Activity in HDN, HDS, HDO at temperatures of 350 and 370°C.

Typically most of nitrogen and oxygen compounds
in coal tar have basic and acidic character respectively.
Therefore, pre-separation of such compounds from
tar might be necessary for better performance of the
hydrotreatment process. It can be concluded that activity
of the MDs can be expressed as HDS >> HDN >
HDO. Longer reaction time and higher temperature are
necessary for increased hydrogen consumption and HDN,
HDO activities. The nitrogen content of the hydrotreated
oils was still too high compared with that of transportation
fuels. We’ll work to reduce the nitrogen content in the
future research.

CONCLUSIONS

(1) The properties and hydrotreating activity of
three middle distillates from Mongolian coal tars were
examined for the production of clean fuels from them.
TsU-MD had highest yield (43.79%), lowest contents of
nitrogen (0.58%), sulfur (0.12%) and oxygen (5.96%)
compared with the data of other two MDs.

(2) Characterization of compound groups of the MDs
by GC-FID and GC-MS analysis confirmed that TsU-MD
contained a significant amount of n-alkanes and lower
amount of aromatic and phenolic compounds, while the
majority of compounds in BG-MD and KhT-MD were
phenols, naphthalenes.

(3) HDS proceeded deeply during hydrotreating of all
MDs and the activities were over 80%. On the contrary,

the HDN activities were low around 50%. Based on the
elemental analysis, the HDO activities of MDs were very
low compared with HDN and HDS and the temperature
increase had a low effect on HDO activity. It can be
concluded that activity of these MDs can be expressed
as HDS >>HDN > HDO. The result showed the nitrogen
and oxygen contents of the KhT-MD and BG-MD are
also still very high compared with the acceptable level
for diesel fuels.

(4) Pre-separation of heterocyclic nitrogen and acidic
oxygen compounds from the tar will be necessary for
deeper hydrotreatment of the distillates.
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Abstract—The combination of denitrogenation pretreatment and deep hydrotreatment was examined to pro-
duce clean transportation fuel from nitrogen-rich coal liquid. Heavier fraction (recovery yield; 13.1 wt%) of
coal liquid was separated by distillation and denitrogenated by extractions with CuCl, - 2H,O0, sulfuric acid,
furfural and their combinations. Effectiveness of the treatments for nitrogen reduction was increased as fol-
lowing; H,SO, (48.0%) < CuCl, - 2H,0 (75.0%) < furfural (80.0%) < H,SO,/furfural (85.0%) <
CuCl, - 2H,0O/furfural (92.0%). The hydrotreatment tests using a batch-type autoclave showed that the
hydrodenitrogenation of the heavier oil was promoted by the denitrogenation pretreatment with an order of furfu-
ral < H,S0,4 < CuCl, - 2H,0 < H,S0,/furfural < CuCl, - 2H,0O/furfural. The combined treatment with
CuCl,2H,0 and furfural was the most effective for both its nitrogen reduction and enhancement of the fol-
lowing hydrodenitrogenation. As a result, the first-order hydrodenitrogenation rate increased by 4.4, and the
nitrogen content was reduced to 11 wtppm or 230-fold compared with those of the untreated heavier oil. Mix-
tures of refined heavier oils and heavier-cut coal liquid were also hydrotreated and similar tendencies were

obtained.

Keywords: Coal liquid, heavy oil, denitrogenation, hydrotreatment, hydrodenitrogenation

DOI: 10.3103/50361521923070078

INTRODUCTION

Increasing oil demand and current high oil prices
have a promoting effect on the utilization of indirect
coal liquefaction technologies for production of syn-
thetic fuels and chemicals. Coal can also be liquefied
directly into synthetic oil through direct coal liquefac-
tion processes [1]. Generally, coal is mixed with recy-
cled solvent and catalyst, and the mixed slurry is
hydrogenated at around 450°C under a high pressure
of H, such as 15 MPa [2]. The product oil is distilled
and separated into light and middle distillates, heavy
distillate and residual oil. Heavy distillate is often
hydrogenated and used as a recycle solvent, and resid-
ual oil is burned out for steam formation. Coal liquid,
light and middle distillates, contain large amount of
nitrogen and oxygen compounds and polyaromatics,
and they must be reduced to acceptable levels to meet
the stringent specifications of light liquid fuels [3, 4].
The sulfur content of coal liquids is relatively low as
compared with petroleum, and therefore, will not
cause any problem.

Average organic nitrogen contents of most coal lig-
uids are from 0.5 to 1.0 wt% whereas conventional oil
contains around 0.1 wt% nitrogen [5]. Nitrogen com-

pounds are easily adsorbed on catalyst surface, and
strongly inhibit the removal of both nitrogen and other
heteroatoms during hydrotreatments [6—9]. The
adsorbed species of nitrogen compounds as well as
polynuclear aromatic compounds are believed to act as
precursors for the formation of carbonaceous deposits
which result in loss of surface area and plugging of cat-
alyst pores. Therefore, for deep hydrotreatment of coal
liquid over commercial catalysts will require much
more severe conditions than those for hydrotreatment
of conventional crude oils [7, 10, 11].

Reducing final boiling temperature of feed oil is
one approach to lower the hydrotreatment severity
although the quantity of the product oil decreases.
Generally, lighter fractions of feed oil can be upgraded
more easily because heavier fractions contain larger
amount of nitrogen compounds which are more
refractory in nature for hydrotreatment [12]. A study
suggests that separation and hydrotreatment of liquid
fractions from a coal liquefaction residue is a viable
option for high oil yield [13].

Another approach is to remove nitrogen com-
pounds prior to hydrotreatment. There are many
reports about denitrogenation pretreatment of syn-

S27



S28

thetic crude oils and fuel oils, for example, extraction
with solvent [ 14], mineral acids, treated minerals [15],
acid-treated shale ash [16], various transition metal
salts [17—20] and ionic liquids [21, 22]. Also, a com-
prehensive review on the nitrogen removal from oil
made a few years ago [23].

Our previous studies [24] on the extraction of
nitrogen compounds from shale oil, coal liquid and tar
sand derived liquid, using CuCl, - 2H,0, confirmed
that the extraction is also very effective for treatment
of coal liquid. The studies also showed that the
denitrogenated oils were deeply hydrotreated under
much lower severity of reaction conditions. Therefore,
the combination of heavier cut of feed oil and the
denitrogenation pretreatment of the heavier oil should
be one approach to accomplish deep hydrotreatment
and to maintain product oil quantity. The nitrogen-
rich fraction separated from the heavier oil would be
used as a part of recycle solvent. Extractions of differ-
ent oil fractions with sulfuric acid solution or furfural
are also attractive because they are already commer-
cialized and widely used processes.

In this study, coal liquid is distilled to remove
heavier fraction of which recovery yield was 13.1 wt%.
The heavier oil is then denitrogenated by three different
methods and their combinations using CuCl, - 2H,0,
sulfuric acid solution and furfural. The raw coal liquid
and denitrogenated heavier oils as well as mixtures of
light distillate and denitrogenated heavier oils were
hydrotreated by using a batch-type autoclave.

EXPERIMENTAL
Feedstock and Experimental Equipment

Original coal liquid was produced from Chinese
subbituminous coal by using a 1 ton/d bench plant in
Beijing, China. Coal liquid is not so stable and a sludge
material is often formed during its storage. To remove
such material undesirable for further hydrotreatment
and to obtain heavier oil, the coal liquid was separated
by atmospheric and vacuum distillation. Light plus
middle distillate (LO) and heavier oil (HO) were
recovered. LO, HO and a combined mixture of LO
and HO (CL) were used as feedstocks in this work.

Following equipments were used for testing and
separation of products; Shaking furnace for two auto-
claves, Batch-type autoclave; stainless steel SUS316,
volume 50 ml, max temperature 500°C, maximum
pressure 30 MPa. Glass tube oven for vacuum distilla-
tion SIBATA GTO-350RG.

Analysis

The nitrogen contents of feeds and hydrotreated
products were analyzed by an APS-35 NS-analyzer.
The compound-type fractions of feeds, HO and its
denitrogenated HOs were determined by HPLC (Agi-
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lent HP1100). Characterization of HO, its fractions
and products were performed by using gas chromatog-
raphy instruments, Agilent 6890 with nitrogen, phos-
phorus detector (GC/NPD) and mass selective detec-
tor (GC/MS). GC-MS (detector model 5973MSD)
was equipped with a DB5-MS 30 m X 0.32 mm fused
quartz capillary column. The samples were analyzed
in the temperature programming mode, beginning
from 50 to 290°C at a rate of 3°C/min and held at the
final temperature for 1 min. Helium was used as the
carrier gas with 1.5 ml/min of flow rate. Other condi-
tions were as following; Injector temperature 250°C,
MS transfer line temperature 250°C, electron ioniza-
tion energy 70 eV, mass scan range 50—550 amu.

Denitrogenation Treatment of Heavier oil (HO)

HO was treated by three different methods and
their combinations before hydrotreatment to reduce
the nitrogen content. The procedures are described
below.

Crystalline CuCl, - 2H,0; HO sample of 30 g was
mixed with 1.5 g of CuCl, - 2H,0 in a flask and mag-
netically stirred for 2 h at 65°C. After one day, refined
HO (HO,) was separated from the precipitated com-
plexes (HO extract-CuCl, - 2H,0) by decantation and
distilled under vacuum.

H,SO, solution; HO sample of 40 g was dissolved
in 100 ml of n-hexane and extracted with 30 ml of
H,SO, solution (10 wt%) three times. n- Hexane solu-
tion was washed with water, and a refined HO (HO,)
was recovered by distillation. Sulfuric acid extracts
were combined and neutralized by NaOH solution
(20 wt%). From the solution, basic nitrogen com-
pounds were recovered by extraction with CH,Cl, and
distillation.

Furfural; HO sample of 30 g was dissolved in 45 g of
n-hexane and washed with furfural three times. 12 g,
6 g, and 6 g of furfural were used for the steps. Separa-
tion of the phases took up to 6 h in the first extraction
step but in the following steps 1-2 h were needed for
sufficient separation. A refined HO (HOy) was recov-
ered by distillation. Combined furfural solution was
distilled at 10 Torr, 150°C using glass tube oven to
obtain nitrogen-rich fraction.

H,SO, solution and furfural; 54 g of n-hexane solu-
tion containing 20 g of HO treated by sulfuric acid was
mixed with 8 g of furfural. After clear separation of two
phases, a refined HO (HO,¢) was recovered by distilla-
tion from upper n-hexane phase.

CuCl, - 2H,0 and furfural; HO sample of 30 g was
mixed with 1.5 g of CuCl, - 2H,0 in a flask and mag-
netically stirred for 2 h at 65°C. Then to the mixture
was added 12 g of furfural and further stirred for 0.5 h
at 65°C. Furfural dissolved copper complexes and

SOLID FUEL CHEMISTRY  Vol. 57 Suppl. 1 2023
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Table 1. Properties of feedstocks

Properties CL LO HO
Density - 15°C | [g/cm’] 0.9046
Carbon [wt%] 86.0
Hydrogen [wt%] 11.1
Nitrogen [wtppm] 3970 3660 6500
Sulfur [wtppm] 260
Oxygen [wt%] 2.2
Hydrocarbon types by HPLC [wt%]
Saturates 40.0 18.7
Monoaromatics 324 15.6
Diaromatics 11.4 33.7
Polyaromatics 4.2 17.2
Polars 11.9 14.8

removed some polar, polyaromatic compounds from
HO. After cooling down the mixture to room tempera-
ture, 45 g of n-hexane was added and the all mixture
was magnetically stirred for another 0.5 h. Addition of
n-hexane has enabled the separation of refined HO
from extracts dissolved in furfural. A refined HO
(HO,y) was separated from n-hexane solution by distil-
lation.

Hydrotreatment

Tests were carried out using a batch-type micro-auto-
clave. The catalyst used was commercial NiW/Al,O; cat-
alyst which was pre-sulfided for 3 h at 400°C under
atmospheric gas flow of H,S (10 vol%)/H, mixture.

In the experiment, 5 ml of feed was charged with
500 mg of catalyst into the autoclave and hydrotreated
at 350°C for 2—4 h under initial hydrogen pressure of
5 MPa. After the test, hydrotreated feed was separated
from catalyst fines by filtration. For the tests were used
following feeds; CL, LO, HO, denitrogenated HOs,
and a mixture of LO (86.5 wt%) and each denitroge-
nated HO (13.5 wt%) such as LO+HO_, (CL,)),

Table 2. Denitrogenation treatment of HO

S29

LO+HO, (CL,), LO+HO, (CL;), LO+HO,; (CL,)
and LO+HO, (CL,).

The HDN rates were obtained as intercepts from a
plotting of nitrogen reduction versus reaction times,
which were 2 and 4 h. Nitrogen reduction was calcu-
lated by formula -Ln(Np/Nf) where Np = nitrogen
content (wtppm) of product, Nf = nitrogen content
(wtppm) of feed.

RESULTS AND DISCUSSION
Properties of Feed Oils

Table 1 shows the properties of the feedstocks.
Nitrogen compounds were more concentrated in HO
compared with LO, confirming that the concentration
of nitrogen increases with decreasing volatility and
solubility of heavy components of oil [5]. Distribution
of nitrogen compounds in both distillate and HO mea-
sured by GC/NPD are illustrated in Fig. 1. It shows
that high boiling N-compounds such as acridines,
benzoquinolines and carbazoles are abundant in HO,
whereas LO contains mostly lower boiling N-com-
pounds; anilines and quinolines.

Most of nitrogen compounds in CL could be clas-
sified into two groups of compounds; basic nitrogen
compounds, and polar nitrogen compounds. Our
analysis confirmed that LO is rich in basic nitrogen
compounds whereas HO contained more polar nitro-
gen compounds.

Denitrogenation Treatment of Heavier oil (HO)

The results of HO treatments are shown in Table 2.
Assuming that the average molecular weight of nitro-
gen compounds in HO is approximately 200, the con-
tent of total nitrogen compounds would be 9.3 wt%.
The yields of the denitrogenated oils were 85.3% for
CuCl, - 2H,0, 94% for sulfuric acid and 69% for fur-
fural, and the nitrogen remained in denitrogenated
oils were 25, 52 and 20% of HO nitrogen, respectively.
The result of sulfuric acid extraction showed that 48%
of nitrogen in HO is basic and the nitrogen selectivity
of the extraction is quite high. The low recovery yields
of HO, and HO; showed that remarkable amounts of

HO, HO, HO¢ HO,¢ HO¢
Extragent CuCl, - 2H,0 H,S0, Furfural H,SO,/Furfural | CuCl, - 2H,0/Furfural
Yield [wt%] 85.3 94.0 68.7 61.6 68.5
N content [wtppm] 1890 3570 1900 1630 710
N remained?® [%] 24.8 51.6 20.1 15.4 7.5

2N remained [%] = Npn*Y/Npho: Npn and Nyo-Nitrogen contents of denitrogenated HO and feed HO, Y-Yield [wt%]

SOLID FUEL CHEMISTRY Vol. 57
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Fig. 1. GC/NPD chromatograms of LO and HO.

non-nitrogen compounds were also removed by both
extraction methods.

Our previous analysis of the nitrogen-rich extract
separated from similar HO feed by CuCl, - 2H,0
showed that the extract consists of approximately
10 wt% of basic, 50 wt% of polar and 40 wt% of pol-
yaromatic fraction with 74000, 24400 and 2200
wtppm nitrogen content respectively. So, this co-
extraction of large amount of polyaromatic fraction
with low nitrogen content reduces the selectivity for
nitrogen removal and decreases yield of treated HOs.
Heavy products of coal processing are used as the
main sources of polyaromatic hydrocarbons [25].

The recovery yield of basic fraction from sulfuric
acid solution was relatively low or 1.4 wt%. During the
acid extraction was precipitated 4.2 wt% of asphaltenic
material, which might be caused by destabilization of
acid-base interaction in HO. A real amount of basic
fraction could be somewhat higher, if consider that
aqueous acid solution is unable to extract some poly-

cyclic basic compounds of HO, which might be pre-
sented in a strongly hydrophobic state. Also, some
basic group can be protected by neighboring alkyl sub-
stituents or interacted with other components in HO.

Furfural removed almost same amount of nitrogen
as CuCl, - 2H,0, but the yield of denitrogenated oil
was much lower. This low yield was caused by several
extraction steps with removal of large amount of pol-
yaromatic and polar fraction. With three extraction
steps were decreased nitrogen content of refined HO
from 2900, to 2200 and 1900 wtppm confirming that
polynuclear nitrogen compounds might be more pref-
erentially extracted in the first steps. That means the
selectivity for nitrogen compounds was decreased in
second and third extractions. Furfural was slightly sol-
uble in n-hexane phase, but it can be easily separated
from refined HO by vacuum distillation after evapora-
tion of n-hexane. However, the complete recovery of
furfural from HO extract was not simple. Approxi-
mately 15 wt% of furfural was remained in HO extract
2023
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Fig. 2. Compound-type fractions of treated HOs (wt%).

after vacuum distillation and converted into high boil-
ing substances. Furfural irreversibly solidifies into a
hard-thermosetting resin when heated in the presence
of acids. Also, strong polar interaction could be
occurred between furfural and some heavy oil compo-
nents.

Although the yields of denitrogenated oils were as
low as furfural extraction, the combined extractions
were much more effective than former single treat-
ments. Especially the combination of CuCl, - 2H,0
and furfural has significantly reduced nitrogen content
of HO up to 710 wtppm.

Analysis of Denitrogenated Heavier Oils

Figure 2 shows the distribution of compound-type
fractions of HO and denitrogenated HOs. Compared
to feed HO, denitrogenated HOs had higher amount
of aliphatics, mono and diaromatics, and lower
amounts of polyaromatics and polar compounds. HOy
had highest content of saturates and monoaromatics,
while it contained nearly 3-fold lower content of polar
compounds compared with HO. The combined treat-
ment product, HO,-and HO, had also lower amount
of the polar compounds than the product of single
treatment HOs. Therefore, it could be concluded that
combined treatments including furfural extraction are
very effective for removal of nitrogen containing polar
compounds.

Figure 3 shows GC/NPD chromatograms of HOs.
All samples were diluted with equal amounts of n-hex-
ane. Characteristic picks of C0-C3 carbazoles were
most intensive in the chromatograms of HO_, and
HO,, whereas in the chromatogram of HO; identifica-
tion of carbazoles was difficult. Combined treatments
were more effective in reduction of nitrogen com-
pounds. Small amount of nitrogen compounds

SOLID FUEL CHEMISTRY Vol. 57
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remained in HO consist mainly of carbazoles, which
have weaker hindrance effect on hydrodenitrogena-
tion (HDN) compared with basic nitrogen com-
pounds [26, 27].

Hydrotreatment using a Batch-type Autoclave

In Tables 3 and 4 are shown the results of hydro-
treatment tests by using a batch-type autoclave.
Heavier-cut of CL by distillation has increased its
HDN reaction rate from 0.85 to 1.30 although nitro-
gen contents of LO were only by 7.8% lower than that
of CL. It confirms that compounds of heavy fraction
have much higher inhibition effect than those of light
fraction. It is known that HDN of heavier distillate of
coal liquid did not precede so much compared with
the middle distillate even at severe reaction condition.
The high boiling basic nitrogen compounds such as
acridines, benzoquinolines have much more negative
effect than the lower boiling basic nitrogen com-
pounds, such as anilines and quinolines. Also, carba-
zoles and polyaromatics concentrated in heavy frac-
tions, adversely effect on the HDN of CL. Though
inhibition effect of carbazoles is relatively low, carba-
zoles are the dominant nitrogen compounds in the
product during severe hydrotreatment due to their
high resistance toward hydrotreatment [28—30]. The
researchers have reported that the HDS of 4,6-
DMDBT could be poisoned also by polyaromatics
such as phenanthrene and fluorine even at low con-
centration. Taking into account, that in HO the per-
centage of 3—4 cycle polyaromatics are very large, the
effect of these compounds on hydrotreating processes
could be high.

Treatment of HO by CuCl, - 2H,0 (HO,) has
increased its HDN rate 0.8 times and decreased nitro-
gen content more than 10-fold compared with HO.
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Fig. 3. GC/NPD chromatograms of treated Hos.

In contrary, results of tests using HO, and HO; showed
not much effect of sulfuric acid and furfural extractions
on hydrotreatment. HO, might contain some polynu-
clear basic compounds, which could not be separated
by sulfuric acid treatment. Removal of large amounts

of polyaromatic and polar compounds was not suffi-
cient for effective promotion of HDN though the feed
(HOy) had relatively low nitrogen content. From their
HDN rates it can be concluded that the removal of
basic nitrogen has more promotion effect on HDN

Table 3. Nitrogen content of HT products from CL, LO, HO and its denitrogenated oils (wtppm)

CL LO HO HO, HO, HO; HO, HO;
Feed 3970 3660 6500 1885 3567 1900 1626 708
Product 2h 600 180 3950 1415 1800 1260 580 72
Product 4h 143 25 2560 250 1155 660 230 11
HDN rate 0.85 1.30 0.24 0.43 0.29 0.25 0.49 1.06
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Table 4. Nitrogen content of HT product from refined CLs (wtppm)

S33

CL, CL, CL; CL,¢ CL
Feed 3330 3520 3380 3400 3260
Product 2h 530 460 410 310 190
Product 4h 38 86 70 32 17
HDN rate 1.08 0.95 0.99 1.17 1.34

rate than removal of polyaromatics and polar com-
pounds. But, removals of only basic or polar nitrogen
compounds are not sufficient for deep HDN. As
expected, co-removal of basic and polar nitrogen
compounds from HO by combined treatments (HO,,
and HO,) has substantially increased HDN rate and
reduced nitrogen content of products. Especially by
the combined treatment of HO with CuCl,2H,0 and
furfural was obtained best results. In this case, HDN
rate of HO was increased 4.4-fold, and nitrogen con-
tent of product oil for 4 h was 11 wtppm or 230-fold
low compared with that of HO.

The mixtures of LO and each denitrogenated HO
were hydrotreated and compared with the result of
CL, which showed similar tendencies as those of
denitrogenated HOs. HDN rate of CL, was even
higher than that of LO. Nitrogen content of its hydro-
treatment product was 17 wtppm or 8.4-fold lower
compared with product from CL.

CONCLUSIONS

HO had higher content of nitrogen (6500 wtppm)
and di- and polyaromatic fraction (totally 50.9%),
compared with those of feed CL (3970 wtppm,
15.6%). LO contained relatively higher amount of
basic nitrogen compounds compared with that of HO.

Effectiveness of the treatments for nitrogen reduc-
tion can be ordered as following; H,SO, (50.0%) <
CuCl, -+ 2H,0 (75.0%) < furfural (80.0%) <
H,SO,/furfural (85.0%) < CuCl, - 2H,O/furfural
(92.0%).

Extraction of HO by CuCl, - 2H,0 was very effec-
tive and has increased its HDN rate 0.8-fold and
decreased nitrogen content of product more than 10-
fold compared with feed. Combined treatment of HO
with CuCl, - 2H,0 and furfural (HO) was most effec-
tive and has increased HDN rate 4.4-fold, and
reduced nitrogen content of HT product to 11 wtppm
or 230-fold compared with those of untreated HO.

HT product of refined CL (CLy) had 17 wtppm
nitrogen content, which is 8.4-fold lower compared
with product from CL. Also, HDN rate of CL  was
1.6-fold higher than feed CL.

SOLID FUEL CHEMISTRY Vol.57 Suppl.1 2023

STATEMENTS AND DECLARATIONS

The authors declare no competing financial inter-
ests or personal relationships that could influence the
work reported in this paper.

FUNDING

This work was supported by ongoing institutional fund-
ing. No additional grants to carry out or direct this particu-
lar research were obtained.

CONFLICT OF INTEREST

The authors of this work declare that they have no con-
flicts of interest.

REFERENCES
1. John, A.S., Report, National Energy Technology Labo-
ratory, 2020.
2. Robinson, K.K., Energies, 2009, vol. 2, no. 4, p. 976.
3. Song, C., Catal. Today, 2003, vol. 86, nos. 1—4, p. 211.

4. Babich, 1.V. and Moulijn, J.A., Fuel, 2003, vol. 82, no. 6,
p. 607.

5. Mieczyslaw, M.B., Energy Fuels, 1987, vol. 1,no. 1, p. 2.

6. Harvey, T.G., Matheson, T.W., Pratt, K.C., and Stan-
borough, M.S., Fuel, 1985, vol. 64, no. 7, p. 925.

7. Holmes, S.A. and Thompson, L.F., Fuel, 1983, vol. 62,
no. 6, p. 709.

8. Harvey, T.G., Matheson, T.W., Pratt, K.C., and Stan-
borough, M.S., Ind. Eng. Chem. Prod. Res. Dev., 1986,
vol. 25, no. 2, p. 521.

9. Shin, S., Yang, H., Sakanishi, K., Mochida, 1., Grudo-
ski, D.A., and Shin, J.H., Appl. Catal., A, 2001,
vol. 205, nos. 1-2, p. 101.

10. Thompson, L.F. and Holmes, S.A., Fuel, 1985, vol. 64,
no. 1, p. 9.

11. Landau, M.E., Catal. Today, 1997, vol. 36, no. 4,
p. 393.

12. Ning, L., Bo, Y., and Xian-Ming, X., Energies, 2015,
vol. 8, no. 8, p. 8962.

13. Jun, L., Jianli, Y., and Zhenyu, L., Catal. Today, 2008,
vol. 130, nos. 2—4, p. 389.

14. Kodera, Y., Ukegawa, K., Mito, Y., Komoto, M., Ishi-
kawa, E., and Nakayama, T., Fuel, 1991, vol. 70, no. 6,
p. 765.



S34

15.

16.
17.

18.
19.

20.

21.

22.

23.

24.

NARANGEREL et al.

Geoffrey, W., Canham, R., and Dickerhoof, D.W., Fu-
el, 1984, vol. 63, no. 10, p. 1472.

Charlesworth, J.M., Fuel, 1986, vol. 65, no. 8, p. 1159.

Choi, H.W. and Dines, M.B., Fuel, 1985, vol. 64, no. 1,
p. 4.

Helfferich, F., Nature, 1961, vol. 189, p. 1001.
Hartung, G.K. and Jewell, D.M., Anal. Chim. Acta,
1962, vol. 27, p. 219.

Jewell, D.M. and Snyder, R.E., J. Chromatogr., 1968,
vol. 38, p. 351.

Marta, K. and Monika, K., Fluid Phase Equilib., 2015,
vol. 400, p. 1.

Mahdieh, A., Ali, E.G., and Mohammad, A.S., Fuel,
2023, vol. 343, p. 127820.

Glaucia, H.C., Prado, Y.R., and Arno, K., Energy Fu-
els, 2017, vol. 31, no. 1, p. 14.

Narangerel, J. and Sugimoto, Y., J. Jpn. Petrol. Inst.,
2008, vol. 51, no. 3, p. 165.

25.

26.

27.

28.

29.

30.

Changming, Z., Xiaohang, Z., Jianli, Y., and Zhenyu, L.,
J. Chromatogr. A, 2007, vol. 1167, no. 2, p. 171.

Zeuten, P., Knudsen, K.G., and Whitehurst, D.D.,
Catal. Today, 2001, vol. 65, nos. 2—4, p. 307.

Laredo, G.C., Altamirano, E., and De, R.J.A., Appl.
Catal., A, 2003, vol. 242, no. 2, p. 311.

Douglas, W.L., Richard, B.L., Edward, K.C., and
James, A.F., Fuel, 1987, vol. 66, p. 1347.

Koltai, T., Macaud, M., Guevara, A., Schulz, E., Le-
maire, M., Bacaud, R., and Vrinat, M., Appl. Catal., A,
2002, vol. 231, nos. 1-2, p. 253.

Georgina, C.L.S., Antonio, D.R.H.J., Luis, C.D.J.,
and Jesus, C.M., Appl. Catal., A, 2001, vol. 207, nos. 12,
p. 103.

Publisher’s Note. Allerton Press remains neutral

with regard to jurisdictional claims in published maps
and institutional affiliations.

SOLID FUEL CHEMISTRY Vol 57

Suppl. 1 2023



XXTX-UWH YAHAPbIH YOWUPLONAIbIH
TOrTONUOOHBI BAPUMT BUYUT

BAPVIMT 09- | XVBM

TTCAS3-08

BACAXUT LUMHXUNTO3HUM NTABOPATOPU

“ SIBATA GTO 350RG BAKYYM HAPN3rMWH LLUWUNSH
XOOJONT 3YYX ALLUUINAX”

CTAHOAPT AXIblH 3AABAP

Bonoecpyyncan: | 3ldaA O.HacaHTorrox

¥ ﬂlj
Nedr

XsHacaH: SLWUTA X.HapaHrapan

bartancaH: OpAMUIAH 3eBen

2023. OS.1F




ToHOr TOXeePOMKHITH CTAHIAPT AXKJIIBIH
XXTX 3aaBap Bapumr 09- TTCA3-08
baraxur

IMUHXKUITDYHAN BakyyM HOPISIHITH TOX0OPOMK Huiit XyynacHsl T00: 5

naboparopu (Vacuum distillation unit) Ayraap: 1

ATYVIITA
1. XAMPAX XYPDD
2. 3APUYUM

TEXHUKUUH TOJOPXOMJIOJT

4. | BATAXHBI BYTDII, 30XHUOH BAUTYYJIAJIT
5. | H3P TOMBEO, TOJOPXOMUJIOJT
6. AIOVIIT'YU AXKUJIJIATAAHBI 3AABAP
7. | AXWIIVYJIAX HOXIIOJI
8. | AKUJUTYVJIAX JIAPAAJIAJT
9. | BYPYY AXMIIJIATAA CAAJ] BAPXIIAAJI
10. | BACBAP YIUTUMJITDD XUNX 3AABAP
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ToHOr TOXeePOMKHITH CTAHIAPT AXKJIIBIH
XXTX 3aaBap Bapumr 09- TTCA3-08
baraxur
IMUHXKUITDYHAN BakyyM HOPISIHITH TOX0OPOMK Huiit XyynacHsl T00: 5
naboparopu (Vacuum distillation unit) Ayraap: 2

1. XAMPAX XYPI3
DHAXYY TOXOOPOMK Hb T'a3pblH TOCHBI TYYXUH SAUUT HIPJISTHUIH XOHTOH, TYHI, XYHI

¢bpaki 6070H HIPIATUIH YIS XyBaaxX MIWHKHUITIIH]L alllUTIIarjaHa.

2. 3APYUM
Tyyxuii >1uiT BaKyyM OpUYMHI, TEMIEPATYPBIT TAaCPATTTYUI 3P ©CTOH HAPIX MPOLEcC

sgBarjaaHa.

3. TEXHUKUIMH TOJOPXOMJIOJT

ToHor TexeepeMXUiiH HIP BakyyM H3psaruiin TexeepeMx
3arBap SIBATA 6pauyx GTO-350RG 3arBap
YiiaBapiory SI1oH ync

Ammrianraz opyysiacaH OTHOO 2021 on

baiipmmn 3-305

ASKWIIax TeMIeparyp 20 -350°C

AsKniax napant 10-1024 rlla

HopoX ToxKI3IIMNIH XOMKID 8-15p

X3PAranX Xy4JId1 220V 50Hz

4. BATAJKHBI BYTDI1I 30XHOH BAUTYYJIAJIT

Texeepemx Hb Japaax YHJICOH 3] aHTUynaac Oyparx OaitHa. Y yH:

1. I[uisH X00JIO0UT 3yyX

2. YaupanarbH X3¢ar

3. BakyyM XsHaITBIH TOX0OPOMK

4. Bakyym Hacoc

5. bBynsenwuii kon0 2 nutpuiin 6arraamxrai

6. »axwuiiH caB 00JI0H (paKIl LyriIyysard

7. Baxyym ryypcan X00JOWH WX OypId
XsHacaH: K.Hapaurapan



ToHOr TOXEOPOMKHUIH CTAHAAPT AXKIIBIH
XXTX 3aaBap Bapumr 09- TTCA3-08
baraxur
IMUHXKUITDYHAN BakyyM HOPISIHITH TOX0OPOMK Huiit XyynacHsl T00: 5
naboparopu (Vacuum distillation unit) Ayraap: 3

3ypar 1 Bakyym HIpIATHITH TOX00POMK

5. HAP TOMBLO, TOAOPXOMJIOJIT

I'a3pein TOC
Hoaparuiin ¢pakig
Baxyym Hapmiar

Hapant ecrex/0yynrax

A e

TemmnepaTypsiH nporpamMm

6. AIOVJII'YH AXKUJIJIATAAHBI 3AABAP

e baraxuiir axnjuryyjiaxaac ©MHO dHIXYY 3aaBapTail TAaHWIIIAXK CyaalicaH OaifHa.

e Ammurnaxaac OaraxuitH OypaH Oaiinan, Xon0oaT, IPBIP Oaii1an 33pruiir manrana

e baraxwuitn 6010H Oycan XoIOOTIOX TOXOOPOMNKYYA [P3p ajuBaa 3y Oalpiyyrk
6ooxryi
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ToHOr TOXeePOMKHITH CTAHIAPT AXKJIIBIH
XXTX 3aaBap Bapumr 09- TTCA3-08
baraxur
IMUHXKUITDYHAN BakyyM HOPISIHITH TOX0OPOMK Huiit XyynacHsl T00: 5
naboparopu (Vacuum distillation unit) Hyraap: 4

Baraxuiir HapHBI Iyya TyCrajl, epeeHui XajJaaiaThlH CHCTEM?3C 3aiTail Oaipiyyican
OaiiHa.

7. AKWJIITIYYJIAX HOXIIOJI

bara)xHpl TEXHUK allIUTIAITBHIH MACIOPTHIT OaifHra MalraXX TeJIeBIeTICOH YHITYMITIOT
1ar xyramaas Hb OaifHra Xuik 0anx

barakHb! amumriiant 00JI0H XarajaliThiH YEHIH TeMieparyp Hb 10-33¢ 40°C,
xapblanryi ynirmumi Hb 30-70% OaiiHa.

OH» GaraXWiir X3T eHIep TeMIepaTyp, YHUTTIWI JOPTHOH YHYHPIIIHTIHN, CAIXUTAN
razap Oaipiyynaxryi Oanx.

8. AVKLIYYJIAX JTAPAAJIAJI

A e e R e

—_ =
—_ O

—_ =
W N

=
~N N D B

N =
S O

J1995K KHUTHAK IIWISH CaBaH XUIX

J199KT3¥ caBBIT (DpaKIl IyTITyyJIarduy] X0JI00x

J33:KT3H caB (pakil LyTIIyylarduir ToXeepeMxu X0a00X

Hopmaruiin caBann 450 rlla napant Oyxuil BakyyMm OpuMH Yycrax
Temnepatypsir 6ara 6araap Havxk 190°C xyprax

190°C TemnepatypT 30 MUHYT OapbX XOHIOH (DpaKLIbIT SIrax

XeHreH (pakIMUT HAIPITIK AyyccaHbl 1apaa aapanTsir ecreH 1024 rlla xyprax
XeHreH ¢pakil Oyxuil TOCTYypbIT Oaraxkaac caiarax

Y 311371 193K T3H CaBbIr LYTIIyYyjlaX TOCTYYp X0JI00X

. YIaarapm 199k 0a Myrayysaax TOCTYYPBIT Oarakui XoJI00x
. Hapanteir 20 rlla 6onarox

. Hapmaruiir naxuH 3xJ1yyisH TeMieparypsir 6ara 6araap ecrexx 210°C 6onrox
. 210°C temneparypt 30 MunyT 6apuan 1yH GPAKIBIT SUITAaH aBax

. AyHn dpakmuiir HOpaTIK Ayyccansl qapaa napaitsir ecrod 1024 rlla xyprax
. Aynn dpaki Oyxuit TOCTyypsIT Oarakaac caiarax

. YIIDT IR I9KTIN CaBBIT IYTIyyiIaxX TOCTYYp X0JI00X

. YIaarapm 1pak 0a myrayysaax TOCTYYPBIT 0araxu] Xoa00x

. Hapantsir 11 rlla 6osnrox
. Hopmaruiir naxuH 3xJ1yyisH TeMieparypsir 6ara 6araap ecrexx 310°C Gonrox

. 310°C temnepatypt 30 MuUHYT Oapua XYHI (PAKIBIT sUITAH aBax

XsHacaH: K.Hapaurapan



ToHOr TOXeePOMKHITH CTAHIAPT AXKJIIBIH
XXTX 3aaBap Bapumr 09- TTCA3-08
baraxur
IMUHXKUITDYHAN BakyyM HOPISIHITH TOX0OPOMK Huiit XyynacHsl T00: 5
naboparopu (Vacuum distillation unit) Ayraap: 5

21. XyHa Gppakiuir H3pAradK AyyccaHsl napaa aapainteir ecreH 1024 rlla xyprax
22. XyHa ¢paki Oyxuit TocryypsIr Oarakaac caiarax

23. Hopmoruitn xyua yngprumiir 100°C TeMieparyp XypTosl XOpProcHui aapaa H3PISTHIAH
CaBHAac TOOXyyJax Oaiiiaap cairad aBHa.

24. Iaxuiraad yaupularblH TOXOOPOMKYYIUNT YHTpaax

9. BYPYY AXKNJIVIATAA CAALl BOPXIIIIIJI

Baraxuitn yin axxmaraaraid Xxoa000Toid rapy 60JI0X siMap HAIDH ajjiaa rapBall JOOPXH
Oaiiyiaap MMHABIPINK OOITHO.

Anjiaa napax 0aiaua 6a 3acBapJiax apra:

[[TanTraan [Iuiiasapasx apra
[Maxunraans! IIMTIII rapcad | [laxwiraanel HH)KEHEPT XaHAAxX
TOXHUOJIIOJI]
JlapanT uxci3X TOXHOJI0M] BakyyM Hacochll yHTpaax TOXOOPOMXK 1X
OUTYYMKIIDJIUUT LIajirax
Bycan raMTan rapcaH TOXHOII0M] [{axmnraansl HHKEHEPT XaHJax

10. BACBAP YUJIUNJIT DD XUMX 3AABAP

baraxxuuii X3BUIH axuaraa angaricaH TOXUOIION OOJIOH TYYHHI OaillHTBIH 3acBap
YWTYUITI3T HAXUIITAaaHbl MHKEHEP XapuyllaH TYUIITIH).

11. AHIUTJIAJITAAC XACAX

TexHuk4 60JIOH 36BIIEEPOTICOH 3pX OyXuil Oalryymaraac rapracaH Laallln] alIuriax
OOJIOMXKT'YHT TOTTOOCOH M3RTUIMIMH Aaryy almMriaigTaac Typ 3CB3J1 OypaH Xyralaaraap XacHa.

DH? TOXUOJAOJ TEXHUK AllIUTJIAJITHIH MACIOPTaHl TOAOPXOH TAMIAIIIIX XIPITTIMU.

st st sfe s sfe s sk okoskeok
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XXTX-VIMH YAHAPBIH YOUPONATBIH | BAPWAMT 09- ] XYBY/

BAFAXKUT LWMHXXUINT33HWUA TABOPATOPU

TOrTONLOOHbLI BAPUMT BUYAT TTCA3-09 |
"i T in7isae: 5
Bl - TY30922 & 086116 _61
e R

“KATANUTUK YCTOPOIYKYYNANTUAH TACPANTIYN
AXKWUNNATAAT PEAKTOP ALLUUIMAX”

CTAHOAPT AXIblH 3AABAP

il
BonoscpyyncaH: | OlJaA O.HacaHTortox - Nifa
XsiHacaH: SLTA X.HapaHrapan A=
BartancaH: OpAMWUIAH 3eBnen —2072% oS 17




ToHOr TOXeePOMKHITH CTAHIAPT AXKJIIBIH
XXTX 3aaBap Bapumt 09- TTCA3-09
baraxut

IMUHXKUITDYHAN VCTOPOrKyYIdX TOX00pOMK HuiiT xXyynacHsl Too: 7

naboparopu (Hydrogenation reactor) Hyraap: 1

AT'YVIITA
1. XAMPAX XYPDD
2. 3APUYUM

TEXHUKUUH TOJOPXOMJIOJT

BAT'AJKHBI BY TAL], 30XMOH BAUT'YVJIAJIT

HAP TOMBEO, TOJOPXOMJIOJT

AIOVIITYH AXUJIJIAT AAHBI 3AABAP

AXMIDUTYVIIAX HOXIIOJI

AXMIDUIYVIIAX JAPAAJTAJL

BYPYY AXKNIUUIATAA CAAJL BOPXIIDIJI

10.

3ACBAP YWJITUMIITDD XUNX 3AABAP

11.

AIINUTIJIAJITAAC XACAX

XaHacaH:

K.Hapanrapan




ToHOr TOXeePOMKHITH CTAHIAPT AXKJIIBIH
XXTX 3aaBap Bapumt 09- TTCA3-09
baraxut
IMUHXKUITDYHAN VCTOPOrKyYIdX TOX00pOMK HuiiT xXyynacHsl Too: 7
naboparopu (Hydrogenation reactor) Hyraap: 2

1. XAMPAX XYPI3I
DOHAXYY TOXOOPOMIK Hb I'a3pblH TOCHBI HIPJATUIH XOHreH 0a IyH]J (pakuuiH rerepo-
aTOMT HOTJIYYIUWT 3aiilyyslax, XaHaaryd HOTUIYYAUNI XaHacaH HAOIIYYIR[ XyBUpPrax

cyaajraad amvriiaraada.

2. 3APYUM
Tyyxuil >audr ycTeperdyuiH npapaint JA0p, OHAep TEeMIEeparypT, KaTaau3aTOpbIH

TycllaMXTairaap TacpajaTryira3p yCTOPOrwKyYJIdX MPOLECC sBarjiaHa.

3. TEXHUKHUIH TOJOPXOMJIOJT

ToHOT TOX6OPOMKUITH HIP Karanutuk ycreperaxkyyisaTuiiH peakTop
3arBap IuH?9p 30XHOH OYTIICOH

YiiaBapiory MoHurou ync

Amurianraz opyysiacaH OTHOO 2022 on

Baiipmmn 3-305

Axwinax TeMneparyp 20 -450°C

Axwiax napaint 0.1-10mlI1a

Tox9011 erex xypa 0.1-60 rp/uar

Ycreperu erex xypn 0.1-10m/MuH.

X3parimXx Xy4adil 220V 50Hz

4. BATAJKHBI BYTDI1I 30XUOH BAUTYYJIAJIT

Texeepemx Hb Japaax YHJICOH 3] aHTUynaac Oyparx OaitHa. YyH:
XenereoHryii gaBxaprar peaktop, 13311 temmepatyp 450°C, maa napanr 10mITa
PeakTopbiH rajapryys Tyy3aH xanaaryyp

PeakTopbIH 10TOO TEMIIEPATYPHIT XAMXKUTY TEPMOTIap

PeakTopbIH XaHbIH TEMIIEPATYPHIT XOMKUTY TEPMOTIap

PeakTopbIH 10TOO TEMIIEPATYPHIT TOXUPYYJIard

PeakTopbIH XaHBIH TEMIIEPATYPHIT XOMKUTY

byTasrmpxyyHuit anxgary rocryyp 1.51

byTasrmaxyynunit xoépaory tocryyp 0.21

A S S R e e

PeakTopbIH OpONTHIH JapaiT 3aardy MAaHOMETP

XsHacaH: K.Hapaurapan



ToHOr TOXeePOMKHITH CTAHIAPT AXKJIIBIH
XXTX 3aaBap Bapumr 09- TTCA3-09
baraxut
IMUHXKUITDYHAN VCTOPOrKyYIdX TOX00pOMK HuiiT xXyynacHsl Too: 7
naboparopu (Hydrogenation reactor) Hyraap: 3
10. PeakTOpbIH rapaJIThlH IapajiT 3aardy MaHOMETP

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

PeakTopbIH 1apalIThIr TOHIBIPKYYIIIX XAaJIT
bynax mapanTelH XaBxjar

Ycereperd xuil opyyJiax XaBxJiar

Ycreperuuiin yperaia ToXupyyJiard
YcTeperuniia yperaj XaMKurd

I"apanTeiH XUHH yperan XaMKurg
YcTeperuuiiH OpoIThIH JapaiT 3aard MaHOMETP
AroynryiiH napant Oyypyynard

]_IaXI/IJ'II‘aaHBI YHTpaaJira

OHiep NapalThIH THKIIHIH Hacoc, XyduH vaaan 0.1-10 mu/muH.

XsHacaH: K.Hapaurapan




XXTX Bbapumt 09- TTCA3-09

baraxunt
WWHXKXWITIOHUN YCTOperuKyyInX TeXoopoMK Huiit xyynacHel Too: 7
naboparopu (Hydrogenation reactor) Hyraap: 4

3ypar 1 Ycreperakyylinx ToXeepemx

5. HAP TOMBEO, TOAOPXOMJIOJT

1. T'a3pbiH TOC

2. Hopmoruitn dpaki

3. YcreperuuiiH xui

4. JHapant ecrex/0yynrax

5. TemmnepaTypslH IporpamMmm

6. Tyyxwuii o1 erex xypa
XsiHacaH: K.Hapanrapan



ToHOr TOXeePOMKHITH CTAHIAPT AXKJIIBIH
XXTX 3aaBap Bapumt 09- TTCA3-09
baraxut
IMUHXKUITDYHAN VCTOPOrKyYIdX TOX00pOMK HuiiT xXyynacHsl Too: 7
naboparopu (Hydrogenation reactor) Hyraap: 5

6.

7. ByTIdrmpxyyH aBax

8. VYpcranbiH Xypa

ATOVJITYA AJKUJLJTATAAHBI 3AABAP

Baraxwiir axxuiuryynaxaac ©MHe SHIXYY 3aaBapTail TAHWIIAX Cynajican OaiHa.
Ammrnaxaac 6araxuitH OypaH 0aiiga, Xxon0ouT, mIB3p O6akan 33pTHidT manraia
baraxxuiin 0onoH Oycaa Xon0OrgoxX TOXeepeMKyy A33p allMBaa 3yl Oailpiyyixk
Oosoxryit

baraxuiir HapHBI 1Yy Tycrajl, epeeHUuN XallaaldTbhlH CUCTEMDIC 3aiiTaii Oaiipiyyscan
OaifHa.

7. AZKNJIITY YJIAX HOXIIOJI

bara)xHbl TEXHUK alIUTIANTHIH MACIOPTHIT OalfHTra MIaNrax TeJIeBIOrACoH YUITIUIrIor
1ar xXyramaasja Hb OaifHra Xuik 0anx

baraxns! amurnant 60J0H XarajalThlH YEHIH Temneparyp Hb 10-33¢ 40°C,
XapblaHryi unirmmia Hb 30-70% OaiiHa.

OH» GaraXMir X3T eHep TeMIepaTyp, YUHTTINI JOPTUOH YHYHPIIIHTIH, CANXUTal
razap Oaipiayynaxryi 6anx.

8. AJKMIITYYJIAX TAPAAJIAJI

1. PeakrTopsIr kaTamu3aTopaap QYyprax

2. PeakTophIr TOX0OPOMKHU]] XOIO0X

3. TexeepeMuilH OUTYYMKIDIUNUT IIANTaX

4. TexeepeMxua ycreperd HIBTPYYJIIH JapalT 0a ypcrajablH XypAbII Hb TOTTBOPXKYYJax

5. KatanuzatopbIr XyXdpXKYY/idX 30pUyJaiTTail ypbIUUIICAaH T3KIDJI PEaKTOPT Hacocaap
maxax

6. PeakTOphIH XaraaiThII KaTaIM3aTOP XYXIPAKYYJIIX HPOrpaMMBIH Jaryy TyHIdTIoX

7. YCTeperwKyyiadX  TOPUMBIH  Jaryy  peakTopT  YHACOH T3  IIaxaH
rUIPO00SIOBCPYYIIANTHIT ABYYJIaX

8. ByT?3rmxyyH XOOPOHIBIH A33K aBaxX /TYPIIMWJITHIH 133K OOJOH HOXIUIYYH COJMIIO0X
oypw/

9. ByTIdrmpxyyHU# 133K aBax /TYPIIUIATBHIH 133K O0JOH HOXIUIYY/ CONHUTI0X Oypa/

XsHacaH: K.Hapaurapan



ToHOr TOXeePOMKHITH CTAHIAPT AXKJIIBIH

XXTX 3aaBap Bapumt 09- TTCA3-09
baraxxur
IMUHXKUITDYHAN VCTOPOrKyYIdX TOX00pOMK HuiiT xXyynacHsl Too: 7
naboparopu (Hydrogenation reactor) Hyraap: 6

10. ByT3rapxyyHui J39KUUT @30T XUKUTIAP YAIITIH XUMH XOJIbLYYABIT 3ail1yynax
11. TypmunATeIr 1yycran peakTopblH TEMIIEPATYphIT Oyypyyiiax

12. YcreperuuiiH OpoJIThIT Xaax

13. TexeepeMKHiITH JOTOO I JAPAITHIT Oyypyyaax

14. Iaxwiraan yaupiarblH TOX0OPOMKYYIUNT YHTpaax

Ycrepery 6a xuiH
OyTIsraIxXyyH

N
g

Taxaan T3KI3aNUUH
erery waxyypra

11 11 11

it

WuHran
= ByraargaxyyH LMHrIH
ByraargaxyyH

YX: Ypcran xamKkury
TX: Temneparyp X3nKury

12 | Yereperu OX: [apanT X3mKury

3ypar 2 YcTreperdaxyysnx TOX00peOMKHUH CXEM

9. BYPYY AXKNJIVIATAA CAAL BOPXIII3JI

baraxuitn yiin axkmiaraataid Xxoa600Toi rapy 60J10X siMap HAIDH ajjiaa rapBall JOOPXH
Oaiiyiaap MMUABIPIANK OOTHO.

XstHacaH: K.Hapaurapan



ToHOr TOXeePOMKHITH CTAHIAPT AXKJIIBIH
XXTX 3aaBap Bapumt 09- TTCA3-09
baraxut
IMUHXKUITDYHAN VCTOPOrKyYIdX TOX00pOMK HuiiT xXyynacHsl Too: 7
naboparopu (Hydrogenation reactor) Hyraap: 7

Anjaa niapax 0aiaua 6a 3acBapJiax apra:

[Tantraan [Iuiasapasx apra

Haxuiraansl I3MTAI rapcan | [laxuiraansl HHXXEHEPT XaHAax

TOXUOJITIOJIT

Jlapant uxcax TOXUOIA0]T YcTeperuniiH TI:xKIIJIUUT XaaK TOXOOPOMK X
Oeryiepesuir UIpyyJinx

Japant 6yyx TOXHOJII0JT YcTeperuniiH TIKI2IUMUT XaaX TOXOOPOMK JI3X
XUHH aJaariibil WIPYYIdX

Bycaa ramTan rapcan TOXHONIOI [{axunraanbl HHKEHEPT XaHIaX

10. BACBAP YHJIUNJIT DD XUMX 3AABAP

Baraxxuuii x9BUIH akujiaraa ajjaricaH TOXHOJI0JI OOJIOH TYYHHMM OallHTBIH 3acBap
YHITUMIITIAT HaXUITraaHbl HHKEHEP XapuyllaH TYHIPTIOH).

11. AHINTJIAJITAAC XACAX

Texauky 00JIOH 36BIIOOPOTICOH IPX OyXMil OalryyIiaraac rapracaH Iaaniu] aiuriax
OOJOMKIYHT TOTTOOCOH MA3JIRTUIHIH Jaryy aliuriantaac Typ 9CBAJI OypaH Xyraraaraap xacHa.

OHd TOXHOJIAOJ A TCXHUK aAllTUTJIAJITBIH IMTaCIIOPTAH/ TOHOpXOﬁ TOMISBIIIIX XIPITT )8

skosk sk skokeosk skok sk

XsHacaH: K.Hapaurapan
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