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38 Heol fadste] mastgch

Abstract—Ni-W hydrotreating catalysts for heavy-oil refinement have been studied for their deactivation
and regeneration properties. The catalysts were found to be deactivated by surface accumulation of Si, V,
S, and C components and by the resulting pore blockage. Temperature-programmed oxidation(TPO) of the
deactivated catalysts showed that three kinds of the sulfur and one kind of the carbon species with different
oxidation activity existed on the catalyst surface. The S and C species were removed in two steps during
oxidation in a dilute oxygen stream at 450C, ie., a rapid removal during the initial 1 hour and a slow
and steady removal thereafter. The surface species were removed more easily when the oxygen content
in the regeneration stream was 0.05 atm instead of 0.13 atm. The activity of the regenerated catalyst in propy-
lene hydrogenation was also higher when the regeneration gas stream contained less amount of oxygen,
in accordance with the result of surface species removal. The activity difference was small between the
two catalysts regenerated for either 1 hour or 7 hours because most of the surface species were removed
during the initial 1 hour. Physical properties of the regenerated catalysts such as the BET surface area,
the pore volume, the average pore diameter and the pore size distribution were correlated with the extent
of the activity recovery.

483



484

oy
rO
o

.M &

= A3t oA whEERE FUH
= o)At AAl FAel A o Ahgaid A &

o] o x|a o] vw|7] ol =" 2
AL AMA )& WAF Foll oha| 2FE-aHA Fck
Fof o] kg AP 7l R o i P oo}
vzt w)gbdste] el wheba] YA ele) whye] &
2}z 7] W goll 2] F7}=] ool 37}F A A A 172 2o}

ul T E) o:]] 7} uH—?—- =B}, 2].

FAF] Tl 2ele YA-Hay Sfe
3 Q’\E?ﬁzr‘ﬂl e Aol F7) Wil H2 &
o} A&kt oil shaleZ¥-€] & AHAARY *FFdF

] upgrading, ®= §&7|F2 AN2FTY 5ol we) 2
AcH3]. vt Y A-g el Fvl e Ak
o]L— FarE._ E_a]tlu} ”“’H \;3_;}: A}%
7458} 7] Wi Foll BB FHo Y YY) Ak
dojr A wigtAds) ok g, A1F7hAl o] Fvf A
Aol g 7= g7 7} Co-Mo Fulrt Ni-Mo Fvjjo
AF5le] 9 HHo|2E Ni-W Zufof thih ujaty
gto] izt Al AY Wel A& ATV H8
ajch

B AT FAfe A AEHEe P S
Ni-W Z-vl ¢] Bl g g }' i, AR E7e] W
E2 g B R L 5 d 35
FA5e A 18 Faxe]s e —“r W!IE o] §
ook F, WARE Faet @A AdFeEy
27} ol Ash A Eeiubg Bl oty E5
B9 A7} AEe Mg o] F AllskA 343
oloj4] EFEE F712 Fedt Fo £4E US
7hgto 2 A FEe) b nt Mg A Al2gA
Qlth3]). 7+ giAlE 2 M E o} & 27} AL4-5]
L, B dpede F 7hx Feje) wigAs A4S
olg] 7}x] FAaug e g sty dEeie] e 7
Ay whao) o] asEAE 2AFEl7] 98t TPO A
e Fsisdch AnEstyt AT GelstuA
Jﬂ*ﬂﬁ«l e, 3o A7 A Zagal FaHe

H_,] w);;},wﬁ 1};‘;_}3}03_9_@ n:ﬂ, qugj__o/] iu}]g

zral/ﬁ Tz H3E N.5 F27| 42 2188 BET =
WA, 7| 2R} 71 B A RE B 548 Bl it

Hokl

mlm r

ZHe]

x

2-1. Zoje| =y % EW 54
2 aTelA A8E Fels FAREY FaHeF

B5talst M31 M43 199314 8%

=
Yol AHEEE T 71x ) Zojeldl, Wl AR 2
8 Fohe 201, A29A BAE Fole 2022
A7t p22 @k Fehe A FReNAE YA o
Bz gAY B AgelAE WrEAaY Hake
23517 slstol 100 mesh olsh2 ¥afate] 4}
o}i

;.41

(Atomic Absorption), CHN, C/S determinator,
D S A 89 2 AohE G2 49
Asloich AAYle 24 Ni, W, AL Si, V 4%
slo] o CHN¥H O 2= b4 MBS M Azlg 1
3% 3 AR C/S determinatord o] &8t A v} £
[4]oz B-A3ldc)

ASAP 2000(MicromeriticsA}) & AR8-8}x &F37i~
2 Ang A8l o ) %94 EwH, 713a7],
ANEAA T2 LS A

Ji Jz: Hr o>

2-2. TPO A

02go] 5 H37]ol ¥ F LF2 5F7T F8A
2] el 271 Aeldisich 1 F 10vo
He& % 3 222cc/ming 22 &v
min® £L£4£5 8 920C 712 £&417) %
Zskdch o] Ao A LA AbS A EE
(Quadrupole Mass Spectrometer: VG, Masstorr FX) 2
B2 s}o} TPO Spectra® F-3l¢ith o] @ mass cham-
ber?e] gtele 10 %mbar AEE F3slgdch

2-3. Zoje| MH W xHH

slzole] Eelolt luheEA Beppasl dola)
08 g 24 o}E A Ao} dH=d], o) 93] ALE
300 cc/min®} feFo g FelwA & 10T /min®] &
242 400C 7HA] &8 F 308 FAAAFL
A ThA] Ao g WA HE 258 400C 2 &
olfrE AEvlE A Fo7lelM dFFEAL B
A 400C o) Aol My FA Wl A9 7] dE

olct. 9} 2o AAMHAE HF FujE ol M=
TR 2o 2} #2715 3ch

] 2] Z-of] of] A= el4re) 8 58 3AME A4 7}
28 A AAGeEN &l s AYsich & FA
Zoj 0.5g% H-g7]oll A3 & F-3F 300cc/mindlel A

2 £AE Ak (1) LF F207)8) 4 10T
/min®] £L&& T2 AP L5 450C 7HA] S Ak
(2) AA AbaEste] 005 719kel A Folle A=
Z=wrsln v 13 Tl 28 Fsbol HH, A
Abaz3ghe) 0.13 7Igtal 7ol = 33 gkl A 77t
i} frede A F7 } ] 10

JAlshede. o) ) Hwe) &



Srdel s Ud-sad sEele) Ay A7 485

gdrk (3) ks A7 B AAAL F AFE7)
Sholl 4] AF27R] W zbA i) AP EE 450TC 2 Ad
olf, 2 Ex7F dnbHal A o] YAl
27n e o2 v BAEE O gle Hd 25
ol7] wlEo|ci[5]. 19} 2 ANAHHE AN Fo &
ol = Tah P Zul 8t Rarle g

2-4. gFSAH

YA gt Ze) 5] A 5% AxF dolry] 9
d Z2ya SaAe] vhEEEE JHaEelch AA e
FAe A Ni-W Evll= Z3lde)g & Fol| AHEE7
wof o} adFrell M= A A Ee) 5 ukgA ol AHE-517)
Y g A2 338 Akl &0 01ge ukE
71 A& F dFEE EeiFe] w7 AAnE A
A}t e 15vol% H,S/H, £F 7145 940cc/
min®] Fo2 E2FH 10C/mine] FEER
400C 7H7] F2A171 L 2 XA 1527 fAIgt &
dF FA7ISk A27bA] W2hA R

o)} 7o) #3txjeld Fuld FEFE A Wk
259 30T 742 £&A17] F, w7 el Fa9) =
2948 2tz 42 cc/min®} 6 co/ming] fEko 2 B
Fo]| wkgAFAch W2 EE 350T 2 A o)jf+=
#3}xe) g A Zulol a4 250C o 4] 550 74=] 50°
A uPS2 T E ol vhe-&AdE A 2 A7 350
TolA Hdl & Bs17] dFolct uh-SA ] AHE-%
F47} 2 deoxo purifier(EngelhardAb) & 4F28 A
713t & molecular sieve 5A trapo. 2 E-& A A o}
MnO trapol|+ A4 E ) A3k}

w-3-7]= 2] Ae] pyrexq] U tube gejald] 9h&-71WH
ol pyrex fritz& A x|ste] Zu)& A& § A shadck
uh-e A A Eql X &g sampling valved AH8-3ked GC
(Traco 565) ) F4]&}e] FID(Flame Ionization Detec-
tor) 2 &3}tk GC ovend] &=+ sample F4] Foi
50-200C ¢ #Wsjoll 4 5C/ming) 4E2 Z7FAZch
#3832 chromosorb 1027} 3% % stainless steel tube(1
/8" X3 m) & Al43lgion, 51:H2]e integrator(He-
wlett Packard 3392A) & o]-&3}e] AlAtstadci6].

3. @1 Y EE

3-1. Hl@Adsle] ol F4

i TAd AHEHE 200(1), F0)(2) 9] v g4
3} ¥1e FHE7] st AFH, dZdl, A
Zu)) o] 8- AA, CHN, C/S determinator& ©]£-3}¢3
A8 A3E Table 1o Vyehigich 2+ A& go]
100 #A%7t A W ol fre AluFdl 2 bt

Table 1. Atomic composition of catalysts

(Unit : wt%)
Catalyst Ni¢ W¢ AF Si¢ v (K
Fresh(1) 184 145 82 40 00 037 0.07
Spent(1) 176 122 54 72 25 1032 14.10
Comm. regen.(1) 186 126 80 78 0.1 187 1.23
Fresh(2) 20.1 170 240 00 00 075 003
Spent(2) 137 108 176 0.1 00 1557 8.10

Comm. regen.(2) 183 158 229 0.1 00 227 050
¢ Atomic Absorption Analysis, * CHN Analysis, ¢ C/S Deter-
minator Analysis.
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Fig. 1. Temperature-programmed oxidation of spent cata-
lysts.
(a) Catalyst(1), (b) Catalyst(2)
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Fig. 2. Removal of carbon and sulfur from spent catalysts
by reaction at 450°C in a stream of 0.05 atm oxy-
gen.
(a) Catalyst(1), (b) Catalyst(2)
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Table 2. BET surface area, pore volume, and average pore
diameter of catalysts

BET Average
Pore
surface pore
Catalyst volume .
area (cc/g) diameter
(m?%/g) &)
Fresh(1) 202 0.328 45.0
CR(1)~ 97 0.274 87.1
Spent(1) 24 0.069 75.1

R(1, 0.05atm Oy 1hr)’ 85 0.186 62.9
R(1, 0.05atm O,, 7hr) 82 0.194 68.4

R(1, 0.13 atm O, 7 hr) 80 .  0.208 732
Fresh(2) 95 0.324 109.6
CR(2) 88 0.326 1154
Spent(2) 37 0.100 704
R(2, 005atm O,, 1hr) 125 0.270 62.8
R(2, 0.05atm Oz 7hr) 120 0.282 67.8
R(2, 013atm O, 7hr) 105 0273 756

¢ Commercially regenerated catalyst(1), *Catalyst(1) re-
generated in a stream of 0.05 atm oxygen at 450C for
1 hour.

Folch 2ol A C'gt AA| Zu)Fol gl Bhie] 7]
e, S 3] 27) Pobs Fyvh F o)) A4
thate] FF o2 whas} go) 2719 143 AwrlA)E=
53] A= 2 2= 443 AALe B 5
et oleh o] ¥ dAlY AALEE Hole ojfE
it o] Zulo] R Heds} )Tl R 2t 23
o7l o2 ek &, o 2|3 x| 9l &l
Aot e abast vlwa A wkgg slAEl, 73
Holl gli= Z& ubg W QA7 A sfaxsion q
gto] A 43] AA7} "ok v e Hot AAE '
21 32, 325 gkAalle) 312 F24c) o)1)
o] Aol E0)(2) 2 7$-mo} ehille}l 7 v 23
28 Akl AAA A AR, o] S 2o (1) 0] Zu)
(2)Be} AF7|Ea7)7} el (Table 29} Fig. 69 4]
Zt EAEL 7157 A2) FARAde] 27| W
Ji=3

¢, 919 A g P EAY A LR} A
Z & ol E o159 FshtgAde) vha ) wiole}
3L FA o= g}k &, Nalitham $[9]¢ Ni-Mo )
Zojof] PR BALE AbR9 ubEAA A AskE A7
AN weAol e §F 79 whavt 2@k A
& Bk o] 7HeAe B A7y Aol zHE 5
sle, TPO Ag Aol 4 CO, peak7} & 7bx|2k 2
A9 4, 283 F 2vle] A$o TPO A7} §4F
el = Btz =hxllel 39 Ar7i%xs 42 o
2 veldt A 55 % o oA AdEE rgTE

P

g

o

1.0%
o
c ¥ eeeeepfo =0.05atm, C°=3.6wix
= GeeeE P(0,)=0.13atm, C°=3.6wix
Los
g
£
&
0.6
c
o)
0
5
0.4
Q
c
.0
-~
Z02
o
—
W
005 T T80 240 - 320
Regeneration Time(min)
1.0@
0.05atm, S°=12.Bwix
g f 1;=0 13atm, S°=12.Bwix
‘= 0.8
‘©
£
)
x 0.6
—
3
=
J0.4
0
-
2
ol
o
- -
W
0.0 bo

1 1
Regeneration Time(min)

Fig. 3. Removal of carbon and sulfur from spent catalyst
(1) by reaction at 450T in a stream of different
oxygen partial pressures.
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Fig. 4. Removal of carbon and sulfur from spent catalyst
(2) by reaction at 450°C in a stream of different
oxygen partial pressures.
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Fig. 5. Phase diagram of Ni-O-S system (a) and W-O-
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ditions for propylene hydrogenation.

(a) Catalyst(1), (b) Catalyst(2)

HEE oty ¢35t

mukgo 2 A}4-519c}. o]

2ajul-g o2 mete] AJAEH
xzaw g} e, of

] FaA7E Belubge| e

uh-g-o] A7}
o

350C ol A

Fig.7¢) wreAgastel wd, 29D ()l
del 7417 ol el A4e AR A BEA2 A
A Azol woh AAZ S Badol o} FA hebiteh
£, 005 7)3Fe) Aapare s AYE Zejel Bao]
013 7|3k} Akaere.m A4 E Fofuch Fokek ol

sistEst M31H H4S 19934 8%

sk} o) AA R QA ek

ez, Zoj(1) Kok 300(2)7h AR Tl 4
zolol o} FPhE BHE HEALE £ F ek ol
2o)(2)7} AH4R FHel Fol(Deo) AHgd FHuch
9 g en], S8 Foj(1)& Siel 23
SEIEE RS HIE RN NI
e, 005 71gke] ALzRato s AR 2o)(2)E A
Az} 579 G4 5uacke Aotk

Fig. 67} Table 2614 291 A% Fo1(1)2] A5l
SPEBER P EEESEEE R LR
A &o) 9] 50% ol W F-Fol = Heha, A4 %0)
uhg-ah4do) A&l 752 of 80%el o) 23 AHlA A
Wzoje) AeRoE 283 FA vehd Awe ol
AFol A Blvbgo R Y ZZRAY FY3el
2 Zoj) oREwel o] Foix|7] MEoE Bk,
wheba Aabgel SR 2o MRS ¥
279} PgEEs) DA Aeele Fig7old @&
uhs} ghe Fol el oAl vl E o4 debd
Rolch,

2ol (D3} (2)7) FEHOE 1A HEAAE 92
st spo] 348 AL T o) 442} AL BT
Q5] AARdere, e WSUYE o5 4%
SzA g atobis] Sld 1A AN Eehe] whg
4 Fahe] 7217 A YA Fohsh vlaws) wgkow,
2 A Fig 7o hebisich (D9 A 3olE
g A7¥e) 1417k A TAIZEO.Z Hoi el whe} GAe]
ol E Fisiel o, Foi(2)9] Aol AP
o] tpe T Zvjzrel A9l B4 Aol7} Gsirh
ol uhg- g0 ool A AT ) 3o AA H
g 2 ARk 3l e Aoleh

¢

Fl 7)2ol

4

N

=2

—

4. 4

A5 AABHAN SaA S0 AEEE U
A on) Zole) W) R4S} A2 e A L
weEAe) WalE ATE A, thes ge AEL
1e 4 glgleh

(1) SaAzege) A1ld A8Hs FR()e
VB3] X9 Si V, S 4¥T e 2ol 441
C 432} AHo] olste] WS} Hed, o] 2 alste]
Zoj9) 2o 7)1250] Feln ERAE 2 Fad
Sie] Adew ) AL 7 FEe RS AT &
oo A QA2 Fol = B ok B, A2 F
Hol A AHEEE 20D Csh S AP FH o
SEREZEREEEPELEE TSRl
=9,

9.
o

KR
=

[

R

L

™

Lo



Fadels Jd-gad dze) 44 AT 491

(2) AZo el Lol G2 4bighe] ¥
3§ 7xle) ghash A 7bx) SR o] Ex
ge Zoje AANH webd =27 F
shibs&c g B

(3) 0.13 7]qke] Abadsh Be} 005 71ge) of w2

Abnqter AR A7t el Eed, 2
7HehE AbAE o] W Aol NiOvk NiSO, 5ol &7
EA g Sed o] st e naloh
53] AaBote] W me 7] AFHAd o] & NiSO,2]
g "E":‘)] 7)»/\—@ o:lo:ls_}x—l oz aq]_i.fs].ozl;,].

(4) 21(2)7F (1) 2} AjAo] & gl ol
53] Zo(1) ] 7ol AHEFH] 7hEste] o
FEEo] 2o AAsYURT 53] wjAl7)Fel 3
A g Sio] MAA2]Felz M5 AAHR] k7] W&
th 22849 Faxe g b 2o A
ARFS & LAY

e 4ol e,
It ol
79 4t

o
—_

z At

o] AFE EeFEeS Foh7] S ATAEN(F3kA)
% A4 ERC)®) |92 e|Felagurh 1 Fate)
MY % A Ao Hete] A=

nEs

11>,L

1. Bartholomew, C. H., Agrawal, P. K. and Katzer, J.
R.: “Sulfur Poisoning of Metals”, in “Advances in
Catalysis, vol. 13”7, ed. Eley, D.D., Pines, H. and
Weisz, P.B., p. 135, Academic Press, N.Y.(1982).

2. Ellingham, R. E. and Garrett, J.: “Oxiregeneration

10.

11.

12.

B

and Reclamation of Catalysts”, in “Applied Indus-
trial Catalysis, vol. 37, ed. Leach, B.E., p. 25, Aca-
demic Press, N.Y.(1984).

. Le Page, J.-F., Cosyns, J., Courty, P., Freund, E.,

Frank, J.-P., Jacquin, Y. Juguin, B, Marcilly, C,
Martino, G., Miquel, J., Montarnal, R., Sugier, A.
and Van Landeghem, H.: “Applied Heterogeneous
Catalysis”, Editions Technip, Paris(1987).

AU NN A A0 e A o

$EAS] We} AT, BT, A
zi}_11_(1993).

. McCulloch, D. C.: “Catalytic Hydrotreating in Pe-

troleum Refining”, in “Applied Industrial Cataly-
sis, vol. 17, ed. Leach, B. E., pp. 69-121, Academic
Press, N.Y.(1983).

Taxel-g Ni-W-S Sl o] Y5 &
g A", FahA Attt A2 e w(1990).

. van Doorn, J,, Barbolina, H. A. A. and Moulijn, J.

A.:Ind. Eng. Chem. Res, 31, 101(1992).

. Yoshimura, Y., Yokokawa, H., Sato, T., Shimada, H.,

Matsubayashi, N. and Nishijima, A.: Applied Cata-
lysts, 73, 39(1991).

. Nalitham, R. V., Tarrer, A.R,, Guln, J. A. and Cur-

tis, C. W.: Ind. Eng. Chem. Process Des. Dev., 24,
160(1985).

Katzer, J.R. and Windawi, H.: U.S. Patent 4,260,
518(1981).

Ha, H. Y., Lim, T, Chung, J.S. and Moon, S. H.:
Korean . of Chem. Eng, 7(2), 148(1990).

Ihsan Barin: “Thermochemical Data of Pure Sub-
stances”, VCH Publishers, N.Y.(1989).

HWAHAK KONGHAK Vol. 31, No. 4, August, 1993



