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CpaBHeHMe KOMNOHEHTHOro coctaBa
BBH u CBH mecTtopoxaeHun TatapctaHa

Conep:xkanue, mac.%

MecTopoxaeHnue, o
pakuus

No
° CKBAKMHBI H-200°C

Macaa | Cmouabl | AcajabTeHbl

CBH (3aJjie:xu B mepMCcKHX oTiI0:keHus1x, riyonna 100-300 m)
Bszkocts 3000-100000 mITaec

AIaJbYNHCKOE, 232 : 2.5 55,4 36,6 55
ExarepuHoBckoe, 6072 3,1 48,8 35,0 13,1
T'opckoe, 134 1,3 42.8 34,7 21,2
Kamenckoe, 206 2,2 51,3 38,1 8,4
Illyryposckoe, 10 1,7 46,7 35,6 16,0

BBH (3aj1e;ku B KaMEeHHOYTOJIbHBIX 0TJI0KeHus1X, rinyomna 600-1200 m)
Bsizkocts 300-600 mIlaec

3103eeBcKoe, 2349 8,3 50,6 31,8 9,3
AneasikoBckoe, 8630 8,9 52,8 27,5 10,8
Cesepnoe, 3602 11,9 55,3 26,7 6,1
Kpacnookrsadpbsckoe, 9724 10,2 55,1 26,5 8,2
HoBo-lIlemmuuckoe, 3720 94 48,2 33,3 9,1
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COBPEMEHHbIE TEXHOJTOI'MW OBJIATOPAXXUBAHUA TAXEIbIX HE®TEWN

“Partial Upgrading” term implies that the upgrader can be linked to the field
operations OR be located centrally with diluent loop for site-upgrader link *

“GacTnyHas nepepaboTka” nogpasymeBaeT, 4YTo nepepabaTbiBaloLMe MOLLHOCTU
MOryT ObITb CBSA3aHbl C MPOMBICIIOBbIMM MpoLEeccaMn WU JOKanu3oBaHbl C
yCTaHoBKOW AobaBrieHus pasdbaButens Ans cBA3M ¢ OCHOBHOW nepepaboTkomn

Partial Upgrading Options :
- Thermal (ETX-1YQ, Ilvanhoe-HTL)
- Solvent extraction (Kearl, VCI)

- Joint Thermal/Solvent extraction (Hi-Q, VCI)

- Hydrogen Addition (HCAT, Uniflex, MSU)

* Len Flint. ENEF Consulting Limited
AI-EES / NRCan/CHOA Partial Upgrading Workshop. CANMET Laboratory, Devon, Alberta. May 29, 2014
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Solvent Based Processes
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Solvent/Thermal Combinations

diluent
return
i light cracked
products
A
C5-VGO
Dilbit —>
ren" —~
L SDA Thermal = | -
|
|
- 1
not all internal l e
recycles shown . A 4 prgduct
solid T v >
by-product (~90%v)

MEG Hi-Q™: Thermal+Solvent (+naphtha HT)
-~ 88-90%yv

VCI ADC™ + USP™: Solvent+Thermal (no HT)
~ 85%v



Hydrogen Addition
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HCAT™ Process
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Field Desulphurization & Upgrading (DSU) Process Overview
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Sodium Recovery .
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DSU™ Results

Product Yield 97% 97% 98+%
(volume%)

API Gravity 12.4 19.0 6.9 14.3 8.3 17.8
Su|ph ur 2.1 0.06% 2.5% 0.08% 4.5% 0.05%
(wt%)

Aspha“enes 8.4% 1.7% 7.7% 3.9% 10.7% <1%
C7(wt%)

Heavy Metals 122 1 113 <1 289 5
(wppm)

Resid Cut 61.8% 43.8% 48.3% 36.3% 49.8% 35.0%
524 C+ (wt%)

Viscosity 807 235 9988 472 2,871,000 568
@ 50°C (cSt)

Na Residual 55 45 18 20 18 11
(ppm)

Stability 3 5 <1 5 - 5

(P-Value)




Supercritical Water Process

(JGC, Aduro)
diluent
A
N
Dilbit —> fuel gas
— 1
? central
Supercritical __y]  process ?
Water
J’ Product
solidsor <7777 7° (=22 %V},
pitch
14-TVT-01 | 14-TVT-02
~ |Reaction Temp. (°C 395 410
Operating [0 = Ction Press. |MPaG | 24~25 24~25
Condition
Water/Oll Ratio |wt/wt 1.0 1.0

Products:
Pitch (left side) and SCO (right side)
(After 395 degC SCW Cracking)



Fit to Partial Olefin
Upgrading of Primary Step Secondary Step(s) | Treafing
Bitumen [PUB) Required
Delayed coking Commercial Exceeds Coking YES
C ial (f
Alberta Taciuk Retort Process (ATP) ommercial (for Exceeds Coking YES
shale only)
Gasification of
Commercial N asphaltenss
Expander Energy FT crude (sasol for coal) Exceeds Asphaltene rejection followed by Fischer MO
Tropsch
i ) Meets - with )
Commercial PFT Process Block Commercial ) Solid asphaltens remaoval MO
diluent use
. i Meets - with
Solvent Deasphalting Commercial ) Pumpable asphalt remaoval MO
diluent use
Meets - with .
Vishreaking Commercial ?E W Mild thermal YES
diluent use
Commercial Meets - with
- jecti i Sali
SELEX-Asp for Rejection of Solid Asphaltens (China Crude) diluent use Solid asphaltens removal MO
Fractal Syst Jet Shear™/Enh d Jet Meets - with
ractal Systems Jet Shear™/Enhance Demonstration St W Mild thermal Fluid Mechanical YES
Shear™ diluent use
Fluid Qil Viscositor (vanhoe HTL) Dremonstration Exceeds Coking YES
TR _ 7
Husky HDR™ - Hydrogen Donor Cracking Pilot Meets Mild thermal YES
with SCO
MEG HI-Q® Partial Upgrading Technology Pilot Meets Mild thermal SD'idr:Ii‘;Z:'lte"E YES
’ i TH 5 P
Nexen's BituMax™ Fartial Upgrading Pilot Meets Asphaltene removal Mild thermal YES
Technology
VCI's ADC and COC Technologiss Filot hWeets Solid asphaltene removal Coking YES
Water-Based 5 itical Sol t
E};;;i;n ‘E - C“]Jper':” fealselvEn Pilot Meets Mild thermal Water extraction YES
Hydrovisbreaking Filot hay meet Mild thermal Hydrotreating MO
ETX Systems IV Technology Pilot Exceeds Coking YES
Field U ding - Maolten Sodi Sodi
ie pgrading olten Sodium ot Exceeds on sulfur Sadium NO

Upgrading

Direct sulfur removal

regeneration

Bitumen Partial Upgrading 2018 Whitepaper Alberta Innovates
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Data are for Athabasca bitumen, and are approximate for illustration of trends in yield versus gravity of
product ( (Rahimi, et al., 2001), (Gray, 2002), (Field_Upgrading, 2015))

OCHOBHbIe HeKkaTanuTU4Yeckne TepMmnyeckme NpoLecchbl NPOn3BoaAT 3HaYUTENbHOE KONMYECTBO NOBOYHbIX
NpoayKToB (KOKC, acanbsTuT) C HU3KUMKN NOTPEebUTENbLCKUMKN cBocTBaMU. HecMoTpsi Ha Gornee BbiCokMe
KanuTanoBro)XeHusi B YCTAHOBKWN MMAPOKOHBEPCUM MO CPaBHEHMUIO C TEPMUYECKMMI NpoLieccamm
NOBbILLEHHbIV BbIXO LIENEBOro NPOAYKTa SABMSIETCA OCHOBHbLIM NPEMMYLLIECTBOM KaTanmnTU4eckux METOA0B.



U3meHeHUue cocTaBa Taxerion HedpTn B npoLecce KpeKuHra

TemnepaTtypa, °C | BA3KkoCTb, CopaepxaHue, mac.%
(30 aTm.) cCr cdpakumm | accansTeHoB | macen | cmon
H.K.-200°C
375 515,1 4,1 8,4 71,6 15,9
410 90,8 5,9 8,2 69,7 16,2
450 3,8 39,6 2,3 40,4 17,7
UcxopgHasa HedpTb 3025,4 1,8 7,0 60,4 30,8
Temmneparypa, IIpoaykrsl, Macc.%
°C Kuakuii («<aedpTh») Kokc I'a3
375 96,3 1,3 2,4
410 94,5 2,0 3,5
450 62,5 17,3 20,2
CT saturates + asphaltenes

aromatics + resins




Carbon Residue, wt.%
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The following key topics are recommended for further research and development

1. Viscosity reduction of partially upgraded bitumen with minimal energy input, and without producing
unstable asphaltenes in the product — Alternatives to mild thermal cracking could be valuable, to
reduce energy consumption and avoid changes to the stability of the asphaltenes.

2. Asphaltenes stability in thermally cracked partially upgraded bitumen is a potential fouling issue for
downstream refineries, because thermally cracked asphaltenes may become unstable when blended
with other crude oils in the refinery. Research on the relationship between metrics of asphaltene
stability and fouling could be helpful in increasing the market acceptance of partially upgraded
bitumen.

3. Olefin reduction in partially upgraded bitumen without hydrogen addition — The existing technology
for olefin reduction is based on expensive hydrotreatment. Alternatives that convert or separate the
olefin components without the use of hydrogen could reduce the cost of partial upgrading processes.
4. Uses for rejected asphaltenes from partial upgrading — The removal of a portion of the asphaltenes
from the bitumen enhances the product quality and value, but it creates a byproduct for which markets
do not exist. Research on new products from asphaltenes could provide alternatives for the use of this
material.

5. Impact of quality improvement on price of partially upgraded bitumen — Partial upgrading can
improve the quality of the product by reducing MCR and sulfur and increasing the fraction of distillates.
The value of these improvements to refineries needs to be investigated at current crude oil prices.

6. TAN reduction in partially upgraded bitumen. Thermal processing gives a reduction in TAN by
breaking down a portion of the carboxylic acids, but alternate approaches are desirable.

Bitumen Partial Upgrading 2018 Whitepaper Alberta Innovates
Bill Keesom, John Gieseman,

Jacobs Consultancy
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Ana panbHeMWUX uccrneaoBaHN U pa3paboTok peKOMeHAYHTCA crneaylowme KnoyeBble TeMbl:

1. CHwmwkeHne BA3KOCTM o0bnaropoXeHHoOW Tshkenon Hedtn (nNpupogHoro 6uTyma) B npouecce
BUcbpekunHra 6e3 obpasoBaHus HecTabunbHbIX acdansTeHoB B nNpoaykte. CTabunbHOCTbL acdansTeHOB B
NpoAykTax nocne TEepMOKPEKUHra TsKenon HedpTn 4aBndetca noTeHuuanbHoM npobnemon Ans
nocneaylowmx npoueccoB HedTenepepaboTkn, NOCKONbKY TEPMUYECKN KPEeKUpOBaHHble acdanbTeHbl
MOryT CTaTb HECTAOMMNbHBIMX NP CMELLMBaHUK C Apyrnm ceipbeM Ha HI13. MccnegoBaHne B3aMMocBsA3m
Mexay nokasatensmu cTtabunbHOCTM acdansTeHOB MNPU UX CMELLEHUN MOXET ObiTb MOMNe3HbIM A
NOBbILLEHUSI PbIHOYHOM NMPUBIIEKATENbHOCTN 0B6NAaropoOXXEHHOM TSHXKENON HedTH.

2. CHmWKeHne coaepkaHusi HenpegenbHbIX YrneBogopoaoB B 0b6naropoXeHHon Tsxenon Hedptn 6e3
rmapupoBaHnd. CyllecTByloWMe BapuaHTbl CHWKEHUA coaepXaHus HenpegerbHblX OCHOBaHbl Ha
AOPOrocToswen rMapokoHBepcun. ArnbTepHaTUBHbIE MNPOLECChl, Mo3Bofiswme npeobpasoBatb UAn
OTOEeNUTb HenpegenbHble yrrnesogopoabl 6e3 ncnonb3oBaHna Bogopoaa, MoOryt obecnevntb CHUXeHue
CTOMMOCTW NpOoLEeCcCcoB obnaropaxmnBaHna TSHXXenon HedTu.

3. Wcnonb3oBaHue OTAENEHHbIX acdansTeHOB B mnpoueccax obnaropaxuBaHusa TskKenon HedTn c
Mcnonb3oBaHMEM feacdanstudaunmn. YganeHume 4actu acansteHOB M3 TsKenou HedTy noBbiaeT
Ka4eCTBO M LIEHHOCTb NpoayKTa, HO Npu 3ToM obpa3syeTcst NoOOOYHbIN acansTeHOBbIN KOHUEHTPAT, 4SS
KOTOPOro HET pPbIHKOB cbbiTa. lccneqoBaHna HOBbIX NPOAYKTOB M3 acansteHOB MOoryt obecneyntb
anbTepHaTUBHbIE BapnaHTbl UCMOMb30BaHUSA 3TOro MaTepuana.

4. CHuxeHue kucnotHoro yucna (TAN) B npoayktax obnaropaxveaHus Tskenon HedTu. Tepmuyeckue
npouecchbl AalT cHukeHne TAN 3a cyeT pacluenneHust 4acTu KapOOHOBbLIX KUCIMOT, HO XenaTenbHO
MCMNONb30BaTh ankTepHaTUBHbIE NOAXOAbI.



BJIATOOAPIO
3A BHUMAHUE !



14-TVT-01
TATNEFT
CRUDE SCO Pitch Gas Whole
Liquid
Total Yield wit% - 56.5 428 0.7 99.3
Liquid Yield vol% - 60.7 39.8 - 100.6
Water Content wit% - 0.2 04 - 0.3
Density@15°C g/em?® 0.974 0.906 1.046 - 0.959
API ° 13.8 247 38 - 16.0
Sulfur wit% 474 342 563 - 434
MCR wit% 9.80 0.87 21.1 - 9.54
Viscosity@20°C mPa- 2566 216 - - i
-360°C vol% 26 56 5 - 36
Distillation |-360-540°C |vol% 32 39 31 - 36
540°C+ vol% 41 4 64 - 28
540°C+ Conversion % - - - - 320
14-TVT-02
TATNEFT
CRUDE sco Pitch Gas Whole
Liquid
Total Yield wit% - 573 411 16 98 4
Liquid Yield vol% - 62.2 37.8 - 100.0
Water Content wi% - 0.2 0.7 - 04
Density@15°C glem?® 0.974 0.897 1.060 - 0.950
API ° 13.8 26.2 2.0 - 17.5
Sulfur wit% 474 3.30 548 - 414
MCR wi% 9.80 0.41 227 - 9.56
Viscosity@20°C mPa-s 2566 131 - - 302
-360°C vol% 26 59 6 - 39
Distillation |-360-540°C |vol% 32 37 33 - 35
540°C+ vol% 41 4 61 - 25
540°C+ Conversion % - - - - 383




MopennpoBaHue npoueccoB obrnaropaxXuBaHUA TsSHXXKerion HedTur




N3meHeHne coctaBa n ceoncte CBH B npouecce tepmonusa

Temnepartypa, °C | BA3KocCTb, CopepxaHue, mac.%
(30 aTm.) cCr cdbpakumm | accansTeHoB | macen | cmon
H.K.-200°C
375 515,1 4,1 8,4 71,6 15,9
410 90,8 5,9 8,2 69,7 16,2
450 3,8 39,6 2,3 40,4 17,7
Ucx. CBH 3025,4 1,8 7,0 60,4 30,8
Temneparypa, Ipoaykrsl, macc.%
0C Kuakuii («<HePTb») Koxc I'a3
375 96,3 1,3 2,4
410 94,5 2,0 3,9
450 62,5 17,3 20,2
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Tepmonus CBH ¢ npumeHeHnem goHoOpa Boaopoaa B KONMMMYECTBE A0
5 mac.% Ha HedTb NO3BOMAET MOSYYUTb XUOKUA NPOAYKT C BA3KOCTbLIO
60-100 cCT 1 makcmmarnbHbIM BbIXOO0M.
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B He(pTAHbIX (ppakumusax
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TepmokpeknHr CBH B peakTope BbICOKOro AaBfeHUs MPOTOYHOro Tmna

- pacxof cblpbs: 2 MN/MWH;
- Temnepartypa 420°C;

- pasneHue: 30 atm.
- O3MpoOBKa AOHOPOB Bogopoda: 2,5, 5 n 10%.

CBH (ceHTs16pb 2016 T1.)

MnoTHoCTL, | BAskocTs, CogepxaHue, mac.%
0 2 -
npr/CZISSC, '\%0/8 2|Z).CI)<C.’C actpansteHoB | cmon | macen | napaduHoB | S \ Ni
0,955 8764 2,8 7,1 32,5 53,7 3,9 4,6 | 0,025 | 0,0029
NCTUNNATLI TMOPOKPEKNHIa
a AO «T AHﬂEpKOz AnkaHbl (H-ankaHbl) | UuknoankaHbl |  ApeHbl
bBeH3uH 53,7 (18,6) 443 1,4
KepocuH 41,0 (11,5) 43,9 0,4
Copepxanue, mac. %
«Sfﬁﬁi@i» H.K.-200°C acdarnsTeHoB cmon macen cepbl
11,0 6,8 24,7 57,5 4,1




B cooTBeTcTBUM C 06LLEN CXemMoun Kraccudmkaumm HedoTen u NPUpPoOaHbIX OUTYMOB,
npuHATOM Ha XII MexgyHapooHom HedtaHom KoHrpecce

(XbtocToH CLUA 1987r.):

- nerkune <0,870 r/cms3;

- cpenHune 0,870-0,920 r/cm3;

- Taxenble 0,920-1,000 r/cms;

- cBepxTsixensie >1,000 r/cm? npu BsAskocTtu <10000 mla-c;

- npupoAaHbie 6uTtymbl >1,000 r/cm® npu Bsiskoctn >10000 mlMa-c.

CornacHo TexHornorm4yeckon Knaccmgukauum 3a pyoexom:
- nerkaga 0,650-0,870 r/cms3;

- cpenHss 0,871-0,910 r/cwms;

- Taxenas 0,911-1,050 r/cms.

B P® OCHOBHbIM NCTOYHUKOM MHGOOPMaLUM O pecypcHoM Base TaxXenbix HedTen
ABMSAETCA AOKYMEHT - «[ocynapcTBeHHble DanaHCbl 3anacoB Nofe3HbIX NCKOMaeMblX
Poccuinckon ®egepaumm Ha 1 aHBapsa 2006 r. HedpTb» no KoTopomy

Tskenble HedpTn >0,900 r/cm® npu BaskocTn <1000 mlMa-c;

CornacHo HanoroBomy kogekcy PO, ¢ BBegeHnem anddpepeHuMpoBaHHOroO HarnoroodnoxeHus
Ha 0oOblvy nonesHbix nckonaemolx (HOMN), npeanoxeHa cneaytowas knaccndukaums:

- K TSKerNbIM (BICOKOBA3KNUM) HE(PTU C BA3KOCTBIO B NiacToBbiX ycnosusax 200-10000 mlMa-c;
- K cBepxBblcokoBA3kMM (CBH) HedpTn € BA3KOCTLIO B NfiacToBbiX ycnosusix >10000 mla-c.
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