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« A3 (
(vacuum residue) TE o]o] EEREE MYy AS EAow = AAFo Az Wy,
A7 3

A1l glej A,

71 FAAE AREEA e #3k Aud YA-sdBRdu-gad 24 Soje] EeBuE/H At EhlE
2 0.1 WA 3.5% A& 5FoR = AR Az 9y,

AT 4

A1l diA,

F
A7 YA AFA £33 F HS/H, 7128 AREER] 300 ~ 500 CollA 338t A& (sulfidation)stes THALE &3l

AREEAl G2 &3t Adld UA-EeBdE-gad 249 Fviel A7) 100 om WA 1 me]
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S AHEskA] e 323 Ay UA-ZgudE-gad 248 Eoe, g2 A3 Sejndy
i ; o} &9 A7) dEYol &M Xyt & Uz A
A 2 A7 YA AR B F IS/H, FAS AFEEe] 300 ~ 500 CollA &3 AE

,d
b
O

T3, 7] HAAE ARREA 42 &3t AuE yA-sPvE-gad 24 Seie] A7) 100 nm WA 1

o}

olet, & o] oslE flstel FAAR] AAldE Folol AW, I dpr]e] HAldes E e B
] W, skrlel Al ofeiA & drge] AWM dgE = AL oy

st AF=E= Y

43 8y

DA S ALEEA] e 38 APE YA-ZoadE-ge 2ad EZul(NiMoWS T NMWSZ %A Az

WA B2l A3 (ammonium metatungstate (0, 0.16, 0.12, 0.08, 0.04, and 0.2 mole W, Sigma-Aldrich,
>66.5%)), =B dHE A7 (Amonium heptamolybdate (0.2, 0.04, 0.08, 0.12, 0.16, and 0 mole Mo,
Sigma-Aldrich, 81.0-83.0%))¢} &/ (800 nL)E Z33te] 90 CollA] wnkste] A &FHA& Azt A &
FA0] pHE FAEYRE (2F 600 ml, Sigma-Aldrich, 28.0-30.0% NH; 715)& H7Fte 24 <F 9.8-10.00.%
FAAMNZEG. Eez, YZ HAFA (Nickel (II) nitrate hexahydrate (0.2 moles Ni, Sigma-Aldrich,
99.999%)) & 90Ce] FF (100 mL)el wytstel &)A]A B EFHE Axs3ith. olojx & BE &4 A
90TCoNA AA3 Hrtek of Aol AL, §HES 100CAA 8 A|ZF Fot FFA|IFT. HENS Ao
Wzt @ o] F(Whatman No. 1, 7 cm), =AY B2 MHsa 110CAA AZRAAHTE. <F 37.5-38.2 go] &
Aol 34HAT. 5 vol.% H,S/H, (60 mL/min)E AF&3le] 4A)17F FoF 400C 2 17]¢Fe] & Z(tubular
furnace)llA] &3} A2](Sulfidation)3dtiom, ojul, FuljolA &7 FZFH 7t=& AAsH] &, vgdd 7
2(Ny) (60 mL/min)Z 1AIZF HASY, 2 Ao w2 333l AHge YA-Zd2de-2H201 248 S
(NiMoW$) Alz3}gict,

AH A FAHAA F4 AR 2 F4H HIE B S 8 AHdHo= AFEEE NiMo/AlO; 7HE Ew)
(BASF)E Hlale]z FEHlstglch. w-& A1F Aol NiMo/ALO; Fule Eafstal 40-75 mZ A & § 400CellA]
5% H:S/Hy  7F2 3ol A 4XZE 5t A shA 2T}

Zuflo] ExAl =%

23l Aoy YA-ZgpdE-"gad 248 Svf(NiMoWs)e] 94 g (W, Mo % Ni)2 ICP-OES (Thermo
Scientific, iCAP 6300)% =A3sl9iom Zujo] oF2l(abbreviated expressions)S st7] ¥ 1o YeERJATE.
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¥ 1

Cabalit Target mole content Actual mole content” rp———

(Nig.2Mo, W g,2.)) = . . ey L = expression
wio catalystb = - - - - -

Nig W2 0.20 0 0.20 0.18 5 0.19 NWS
Nig 2Mog.0:Wo 16 020  0.04 0.16 0.18 0.03 015 NMWS(0.2)
Nip:Mog.osWo.z2 0.20 0.08 0.12 0.17 007 011 NMWS(0.6)
Nigp Moy 1:Wyes 620 012 0.08 0.19 0.12 008 NMWS(L35)
Nip Moy 1sWo s 020 0.16 0.04 0.17 0.14 0.04 NMWS(3.5)

Niy.2Moy,> 0.20 0.20 0 0.19 0.19 = NMS

*Ni. Mo and W content determined by ICP-MS spectrometer
® Without catalyst

TEM #241 2 EDX 924 w82 300kVol Al ZE%+= TEM 7]7](Tecnai, G2 F30ST)E Al&-3le] F3)atgict. #4
NiMoWS(x) &S @Ak (Sigma-Aldrich, 95%)o EAMAZ71aL Cu 2= Yol Ho] g FH ZAdA Ax
o},

XRD(Rigaku, D / MAX-2500V / PC AH]) 412 Ni-filtered Cu-Ka WA (A = 1.5418A)& A}&3sle] 485}
Art. XRD AL ALo|A 107 oA 90° 71X 2-theta WY (2° /&2 2 &%) s Aoz},

wistg2 73 (Bell, BELCAT-B)S AF&3}o] H,-TPD(H,-temperature programmed desorption) #41S Z43)8}%it).
Zu](50mg) S U¥ Ao FHo ¥i 1A &< 30 mL/ﬁ—J 5 &5 st 200CAA dAHEFAT. BES
100C= YA 7131, 10% Hy/N, 7F~E 30 mL/ &9 & w2 ¥gF3ta, olE 1A7F B¢ X399, HL,E 0.5

AZE Bk A e 7t AFoE HIASGTE. v ez FHulE dF 4 30 mL/minolA 10C/min
o] &x = 850CRE 7tEstgrt. g2y 7t2E A 2A7) (Bell, BELMass)® HA181¢it).

Z=n 1311-_9_ Al &

WA (vacuum  residue, VR)Q] FA H7b B& ‘ﬂ&% /\]3% cEZHolr 3EA wE7]  (Parr
Instrument, 4598 Micro Reactor)& AR&3dFe] a3ttt VR (30 @) 2 v (40 mg)E 100 mL ¥H&-7]ol &7
HA7vsth, WS A 7k (+99.99 %)= 33 A|A sk % 15 AAS G5 W el 70 barel =23
W7hA] a4 7k AR olojAM, WSS 400T (12.5T/%)E 7Fdstith. vhgS 1,000 rpmoll A 24417
& wwele A vk (= 5 Fx). HA H A AHES T EAM.-T. Eom, D.-W. Lee, S. Kim,
S.-H. Chung, Y.G. Hur, K.-Y. Lee, Hydrocracking of extra-heavy oil using Cs—-exchanged phosphotungstic
acid (CsHs-PW1204, x = 1-3) catalysts, Fuel, 126 (2014) 263-270.)°] 7]1A%¥ HHAY=E 3319},

e (A1), 2A(s) R 71A(g) el 782 sh7] A 1 WA 4 35 o]&8to] Aats3itt.
(4 1]

Prsidiiens () yidld (aey— Product (1) weight (g) % 100
s yield i = Reactant (VR) weight (30 g)

[+ 2]

Product ight — Catalyst ight
Products (s) yield (%) = i G = L - e i X 100
Reactant (VR) weight (30 g)
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[0065] [~ 3]
Products (g) yield (%) = 100% — Product vield (%6)
[0066] iguids & solids
[0067] B N AFS FEWS B2 A 40 Wt AxE
[0068] [2 4]
Yield of commercial liquid products
[0069] = The total mass fraction of gas oil, middle distillate, and naphtha — 10.4%
[0070] 271 A 40l 10.4%8] 2 ol WR whg=ol 3iE PRl T Itk VR 542 317] & 20 719 #hs}
Fda=
#£ 2
Property Value
API gravity (%) 2:3
525°C fraction (Wt.%) 89.6
Cs-Asphaltene (wt.%) 23.1
Elemental analysis (wt.%)
C 836
H 10.8
N 0.7
S 48
C/H ratio Fuf
Ni (ppm) 42.1
V (ppm) 99.3
[0071]
[0072] obrBule] ABEHE ] A 5o et A,
[0073] [2] 5]
[0074] €y — asphaltene conversion (34} = Shwe & Asphazfgg‘:li::fq’;fqu et pradurt bue 6] x> 100
0075] - Aol o8] BeE olagul L Coojagulew wAHU, ofxa?ulel Fx: a7 & 6o] YEUIT
gk, A7) A bollA 23.1 %] #h> VR WEEEOA Ci-ol~ddle] AR B&S JERAT.
[0076] ZFARe] 3 WS T AxEe AAFE A BAAECA 2FE o, Y] B BYES EEFo
oF 35 ~ 130 Q! 4% UZel(Naphtha), #=730] oF 130 ~ 220 CQ F2 UZel 9 o] & A3 AAH 2
FTAF WHES g, 2 PHELS T2 FZF(coke) E VBT, wEtA, THSEI Z2FAFEIE 14
271 ARES AT A gYRe FEES ANTORM SAME A e ok ALE UA-BY
BolF-B2d (NiMoWS)#AHE S E AR & e AZAR] A W 84S Add 5 At
[0077] =9 (ASTM g D-7169) & Ah&sto] Al &) dF 288 54 siglth. 712 A=vke agy) 24
(Perkin—Elmer, Clarus 600)& Ah&sto] Z} &8 $4E 4530
[0078] 3 o959 FEES U4 A (FISONS Instruments, 1108 CHNS-0)°o.& =4 &gt} 4% =47] (Anton
Paar, DMA 35) 2 ASTM Wl D-287S ARg3&ho] A AAES] API 538 #S SAHSS .
i 57—-21-
— 9 —

=
=

A3}

[0080]
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= E2FE NS (x) AE9] HRTEM ©]H|AIE ZAIgE Folth, BE A& 2B (stack) ¥ FE(curvature)©]
MoS, 2 WS, 59 dutAl Fx25 YERATE. NoS9F WS,9] =3 Hel& o B2 &4 FHE /o=
T3 FA4S AadtteE Aol Buwnk uk(C. Yin, Y. Wang, S. Xue, H. Liu, H. Li, C. Liu, Influence
of sulfidation conditions on morphology and hydrotreating performance of unsupported Ni-Mo-W
catalysts, Fuel, 175 (2016) 13-19.). = 29 #@dg F2= 0.61 WA 0.65 nm Alole] &7+ 204 2 7bz} 3
\:ﬂ 9g], 715}# 147 _/,:_g. 7}700 ;}o }oﬂ;]_

AR NMWS (x) =9 XRD #ES % 3o Uehidel. F=ujd RE AJgE o33} yau (PDF # 08-0237),
0|53} EejBdl (PDF # 37-1492) ¥ =3} UZA (PDF # 44-1418)o] ai@dst= 3d 33E Jehdidct. 20
=14.3° oA 3| A(002)Y AEE ¢ Wakoz HZ=F 23 WS,/MoS, EFHE(slabs)e] EAS vepdch, wsl,

NisS,o 8 VA% W AEAA BEs) FEE 5 Al

ruo mlm

S (x) A&l TEM-EDX €14 visg& btk ol& &3l Ni, Mo, W% S & BE 74 94

Fro BAFS Wrksty] 9E H-TPDE AEEkgla, BakE NS (x) AES] H-TPD ARE & 7
UebIT, 2 B3 SR(H2-TPD) = Ak NS (x) AEe] Ad Akt 2:m0) s s d3edd o
3 garstE A, 715E TPD iRl Hatetar B o7k Hoighs vEhlilen ol Fi uf SEtE Fujol
ofsta AsiAl A thgd FHe sarh vEbde. wabE NS (1) AEe] 98 ZRaRlE 28 v
e} oF (=300 T), F3F (300-500 C) T 23 (500 T)E FAEAT. 22d 490 & F 39 a9 =
ule} o] HEo| o) FAsIcitt. 4 Ak, NMWS(1.5) 256 23d H9 F3S ST & SAHHS U
Bl NWSHETE oF 4.2 9 O %8 Zox RIFh. ol Fall H2uy B dSs 3 AbEEt s g3
sEol A FEES skt
¥x 3
Amount of desorbed H,/mmol g-cat’1
Catalyst Total Week Medium Strong
(=300 °C) (300-500°C)  (500°C-)
NMS 0.002 - 0.001 0.001
NMWS(3.3) 0.008 0.001 0.004 0.003
NMWS(/1.5) 0.025 0.004 0.014 0.007
NMWS(0.6) 0.017 0.006 0.004 0.007
NMWS(0.2) 0.01 0.001 0.003 0.006
NWS 0.006 0.001 0.003 0.002

ok, B oubgo] whE NMWS (x) AEo 4 g 32 NMWS (0.2) <NMWS (0.6) <NMWS (3.6) <NMWS (1.5)9]
TME et 53], 4 (F 500 T mlwh)e] oFgk B F3b Adke]l 2 NWWS (1.5)°1M F 23 H Fa
oF 7295 AAF= Aoz el ol URE NMWS (x) MEZdl W3] ae of A 9 F3 Adte] Eaea)
H g0 83 o]dS AFsh, w3k Mo @ W 4 g2 mAE o] AFainsE £4 A7l 23 ve A%
of 3442 J&e & oz 7UFHA.

EATE NIWS (x) Fofe] 24

% 8 (a) IPE (LA, A4 L ke AP AF BES Jein, oOH YYES MY EF
(Simulated distillation, SIMDIS) ¥AJ(Y.G. Hur, M.-S. Kim, D.-W. Lee, S. Kim, H.-J. Eom, G. Jeong, M.-
H. No, N.S. Nho, K.-Y. Lee, Hydrocracking of vacuum residue into lighter fuel oils using nanosheet-
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[0091]

[0092]

[0093]

[0094]

structured WS2 catalyst, Fuel,
(343-525 C ),
sheiet.
A Frl= 17.8 2 26.0 %
A EEE gagth. 2AkE NS

F%% 3L, NMWS (0.2), NMWS (0.6), NMWS (1.5)
60.5 THE F7HES HASAH

&= 89 (h)=

Sui7E VRO A H7E el AREEA @ B,

BaAbE NS (x) Zu7F AL wel
)Y &S YEhdT. NS (x) Fule] A8 ddE

ZIHSd 10-2018-0074602

137 (2014) 237-244.)°l <3 ZFAF(residue)(525 C), 7t Y(gas oil)

FAf(middle distillate) (177-343 C) ¥ Y EH(naphtha) (177 C)E ZE=4d wegt &7
oA A BEe oA 56.2 FH% ojaL, 714 2

ojth. Zreju} HARE NWWS (x) FHujE AR&sHA AA A F&o] Fleta

o) @ 22kE NWS FelE 488 o), oA A7 E&2 27 53.8 % 56.5

9 NMWS (3.6)7F 2+ AREEAS W 59.5, 61.7, 64.9 %

AhE aA A8 WNE (F, UZE, 344, 7taed
ol oA=& 0
N A

2l

<NMWS (3.6) <NMWS (1.5)9] =42 34 o=z A H T},

= 9% Colagd Ass 2 A YR (ZA2)9 F

&
sgUe 32 Yo F8 AT Fholy] Wi ofnzu

J. Ancheyta,

109 (2005) 99-103.). =4 A},

Kinetics of asphaltenes conversion during hydrotreating of Maya crude,
F2E NiMoWs (x)

S YeEdY. 4 JUF B8 FulE A o, of
3] F2 FFA(F. Trejo,

Catalysis Today,
Sul7h ALg W, CoolBEl Aol F7bsiola

r_>i

AR NS (1.5) Fule 7P 9 332~ PJA(15.8 F

‘l" — =2 FUN

= %) 2L 7}%} B2 GolaTE deE (93 7 %)% Hels gt

37) F 40 FAast Ba vk @A w8 ek o AP T gy 22 oA YAEY FH =A4ES SA )
YehiQch. =4 A7, B2E NWS (1.5) Euj7b AleE w), A AR 3 el .52 TE%E 4
agle solsldul, W, API F8 ke oA AEe] EAS EEsls d AMgEE bR Fe3d g,
VR BFSES 2.3° API 53 S AR, EAE NMWS (1.5) =0 sl A9 VRe =4 A7} ¥l API 59
S 20.4° 2 Z7MAE FRlEdth. oy A A HU B AHEC] T 952 2RE 5 des 9
njgheh, & AA A& APL T2 FARE NS (x) Fule] Mo/W Hl&ell 2 J3Fs W Z1o® YEon,
TAHoR EAE NMWS (0.2) <NMWS (0.6) <NMWS (3.6) <NMWS (1.5) o2 ZHAHZAT. 53] NMWS (1.5) =
= 7 e A g9 T 345-3 A oluA (ENS) ek AuBAR Qe M e ESv Ass 2y
< E<1s13i.

Z 4
wlo . NMWS NMWS NMWS NMWS
. ) NW NI
Catealyst catalyst TV (a2 @6 @5 @5 M
Spapaints 17.8 25.2 212 221 193 236 264
(wt.%) : = ‘ : o ’
Liguid matiuss 562 56.5 505 617 649 605 538
(wt.%)
Sl i 260 183 19.3 162 158 159 198
(wt.%)
Distribution of liquid products (wt.%, on the basis of liguid product weight)
<177°C
120 116 13.1 154 159 149 12.8
(Naphtha)
177-343°C -
367 38.1 37.3 434 443 308 i
(Middle distillate) .
343-525°C
' 213 24.7 2 242 264 237 216
(Gas oil)
>525°
e 30.0 255 26.8 170 134 216 279
(Residue)
Liquid product quality
C,-Asphaltene 5 55 54 1% 5 i% \ s
(%) (87.1)  (903)  (90.9)  (92.0) (93.7) (91.9) (89.1)
(Conversion (%)) ’
S (wt.2) 1.20 1.15 0.82 068 052 067 089
(Conversion (%))  (75.5)  (76.0)  (83.0)  (859) (89.2) (86.1) (S1.5)
API (%) 18.9 19.4 19.3 199 2004 201 184
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(Naphtha)
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(Middle
distillate)
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(Gas oil)
>525°C
(Residue)
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Asphaltene
(Wwt.%)
(Conversion
S (wt.%)
(Conversion
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EH3

4 WS,/MoS,
4r NisS,

a)

L 2 W o
%
4 L SRS %
b) ¢ % X oy

c)
e o

Intensity (a.u)
F

10 20 30 40 50 60 70 80 920
2 theta (degree)

i - | . ]
b) NMWS(0.2) ¢) NMWS(0.6)
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EWS

Reactant Catal
+ I_M—|
[ {VR:30 g)] ‘ [ {0.04 g) l
Purging with H;
three times (10 bar)

| The reactor was heated to the reaction
temperature (4010 “C)lfor 30 min

‘ Maintained 10 min until steady state ‘

1

‘ | Stirring at 1000 rpm for 4and 24 h | ‘

| Autoclave was rapidly quenched ‘
by cooling jacket

CHa

1
(g
&

; Weak Medium Strong
900

1800 |- ok

T i
1600 |- /\
1400 9
2 —
/

1200 -

TCD signal (a.u.)
(D o) damesadwa |,

1000 £ D

0
2000 3000 4000 5000 6000 7000 8000

Time (sec)
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a)

b)

k1
N2

(%)

on

C_-Asphaltene convers

8

Reactant

NATW S(3.6)

NAIW S(1.5)

NAIW S(0.6)

NATW S(0.2)

w/o catalyst

quid fuel products (wt.%)

Yield of commercial

100

95

20

85

80

75

70

NWS

Liquid products
Gas [ZZZ) Naphtha o] Middle distillatc B Gas oil B Residuc) Bl Solid (coke)

NAIS

Mass fraction or Yield (wt.2%)

w/ocatalyst NWS  NMWS(2 2) NAMWS(4.6) NAWS(. ) NATWS(L8) IS

I C - Asphaltene conversion (%)
B EZ; FZZAYield of solid product fraction (wt.%)

N
LMY,

w/o catalyst NWS NMWS(0.2) NMWS(0.6) NMWS(1.5) NMWS(3.6) NMS
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