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Abstract—Co-Mo/ALO; sol-gel catalysts have been investigated by X-ray diffraction(XRD) FTIR BET and
TEM, and thiophene hydrodesulfurization(HDS) and their activities were compared with that of impregnated
catalyst. A series of sol-gel catalysts were prepared by mixing Co-, Mo-acetylacetonate(Co-, Mo-acac) with
alumina sol, or by impregnating dried gel or calcined gel with these precursors. The alumina sol was obtained
from hydrolysis of AI(OR); with excess water and peptization of the resultant hydrate with HNOs. The
reference catalyst was prepared by impregnating y-Al;O; with aqueous solution of cobalt nitrate and ammo-
nium molybdate. For the sol-gel catalyst formed from mixing all Co- Mo-acac with alumina sol, the HDS
activity was lower than that of reference catalyst. However, HDS activity was significantly increased to the
activity of the reference catalyst, when the half of Co-, Mo-acac were mixed with alumina sol and the rest
of them were impregnated into calcined gel. For the catalyst first formed from alumina sol mixed with only
Co-acac, followed by impregnating a Mo-acac solution into the calcined gel, HDS activity was lower than
that of catalyst prepared by reversing the order of adding Co-acac and Mo-acac. This reduction of activity
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results from the absence of synergic effect due to the migration of cobalt into the alumina matrix during
sol-gel process. The impregnated cobalt are, however, deposited on the surface of the preoccupied MoOs
fine crystallite, so that HDS activity is increased due to the synergic effect. The sol-gel catalysts have a
micropore of about 2 nm in radius which affects the access of thiophene reactants to active sites, thereby
lowering the HDS activity of sol-gel catalysts than that of conventional cobalt-molybdenum on gamma alumina

catalyst.

.M

T3 2 ubgo)3t A f Foll 4o sde 7 AR
ZufAbol| A FAaoh wbEAA F33AES F3 T
2 AAse FHE W3k FARF FH 23
A2 300-400T, 35-707]5ke] vk 2ol A 10d A=
o] £9-& 7= A4S Zvlel osA €38R, F
A3 7S 340-425C, 55-1707158) 2Hel A 674
dlA 199 #E &) g 7PAAML], AR 28-S
21E ub-s A A, WFAdo] Holwt Evf Arite)
8= gl o2’ WEAdel Helnd Al e
&k 217} olel Lin §{2]0) o)3hd ¢fw} ol
lanthanum nitrate & &8t A 243 GFojut Ao
FH0L o GFrfe) 73 FE2E A A AR
A 71F z=7le] FAY F7HE ol WS F
Alzickal B sk

.7 FAogt 3t3ha whyo| o3t F7] AHEE
TteE AL e 22A, A g9l Eges
FAEs) 57} e & EHS Az T Ax F
A o AFEE 24 F ol AHe| 2ok o] & Zof
A 3ol 383 A9 FE3 G A7) a3t Sl 9
3ol os) AxF Zojo} o} G4 F2E 7M.

F4(el: Pt, Ru 5) ®x Fvj& - AYHCE Az
3 A4S, AESY 12 wihe A vEHA YRz
Solzt AE 2 2} ¢h)e) Edto} o] FoAlct. ujetA
E3she ol W) bR Hel o) Fof FE} FEE
Aurg 4= 9l Aol qloh E-A4 HoE A Fv)
AAEe AR e g HEA Yo Eoi7) QX
Mz d¥e Al Eedol] =2H Fefo] g At (emerged
particles) 7} A" 7%, 34 uhgol o3 A=}
Z7187v B8 EE iAoy Bas vl Qo
[3-6]. Ishiguro S[7]& Z-A ¥°o& Co-Mo/ALO;
Zuj & A zste] FAPo =2 A 2F 4L Zvl9) thi-
ophene % =23 whgAE A2 wlwsidch 25
Aglg Z2opche vkgAde] WolAR|wlE Al zuel
wel £33 B4 9 WksAel A Aozt Avhe
AL BojFqioh 258 457} Zol cobalt nitrate 2}
ammonium molybdate S &§}3slo] A 23 Zvlj(Alk-1)
o] thiophene +3 w3+ wkg-Ado] Al(OC:H/)s3} cobalt

nitrate®} ammonium molybdate & &3§}ale] FA)ol|
kg1 ol (Alk-2) B} Ak AS RgFEct
Alk-1 Zvf9] %%, Mo0;} CoO2] =& ZAAA 7} o
Fulu} g)a} el m2A E4ksEe] qle ubd, Alk-2
Zo 9] 7§, Co o9 d¥r} dFu} vlEHAT
£°]7} Co-0-Al AFE A 3s}e] wh-gAdo] GejAlrjn
Baskgich

Z-A FAHNA dFu} 2o Co, Mo F45& £
A5, Fell A AFHW AFGESY AHF, Co, Mo F50]
otZulu} 2 XA Fwell A def(anchor) £ 3}
23l Yl (emerged) ¢} U7} WA E A2 &)
Ayt o2 Co, Ni& d-Fo|v}e} uhg-Ao] 7] w-Fe
2ol ) Jattice 2] tetrahedral sitel]l 2}e] 34} CoAl,-
0,(NiALO,) & ¥ Asl7ix &c}(8-10]. zeiv} o]’
Co, Ni& &0 24 HDS uh-e-A& A=A+ it
aEjEg 274 Yo g CoMo/ALO; ZulS A2 uf,
AF o)L} Zoll Mouhs WA £3slm 22 A CoE
FAshs whel frelsich o] whHe A%, vl 4F
oy} el w2343} (anchoring) ¥l ¢+ Mo =}l
Co o] &5o] F&=7 Co JAHEo] A= ¥ B4
&S §3be Co 25 vlof 23 HDS wH-3-Ae] 5718
Ao® g agx & dFfolde olE FE
Az obgyl 2 e HME AzddE A5
yhS-Ado) o FA depa=A] dolrsiet oldolx &
Folv 24 Yo g Az Al ofe] shA] iy
o2 Co, Mog %43ty HDS wk-&As} dabA|7c)
o3t -4 Zvje} Akl FAYe R AM2F =
w9} thiophene 4 &# WSS n|rs}y] $iste
v-Al;Os9) cobalt nitrate, ammonium molybdate & &
Hsled A zslgdc), 28]3 BET &3 2%e 2t &
vje] HF 7|F Z7], 3HUHE P IR, X-A 34,
TEM §o2 &4 33 7z Aot Zu) vtz

Twsts BAssin.

2.4 #H
2-1. &0 RE X B4
2.0 ol ojatod ALO, B} WS AE HYe
cheol 4709 AR o] Rl Sk (1) FEulw %

HWAHAK KONGHAK Vol. 32, No. 6, December, 1994



846 54 - 2

Fapolzo] 7Hp &), (2) slad] 93 F A, (3)
z9o] A%}, (4) A, Ax, 2Ao|th £ AN &
Zo)uhes Yoldas[11, 1217} AlqHel 34 weba Az
s9ic). Z, Al(OR); (AIP)E 80T olAtelA wege)
22 A F A e 7|2 dwstd £
Baule]E Zo] AWl o] Halnle]E Zo Co-,
Mo-acetylacetonate(acac) & &8s}, Az = &
Ak Aol Co-, Mo-acacg 3 sled Enli & A z3hdch
& AIP, Co-, Mo-acac® 77} 4-uljof] o] £33 ¥
FFe] B8 F3ubAL Fule Azsgcd. oeh 2
o] -2 FA % Co, Mo #4& E8ishs s =
Asted Zujo] v|HFxo] HHE Azt o w4
Fxol| wg whg-Ae) WstE wAstaal st

t}-2-oll &, Co-acac®} Mo-acac-g - Fu|ubel] =9]3h=
GAol] meba] (1) B5 ghiel 7hpial gk uhy, (2)
Zo mdste ¥, 3) T 27T A yhiky x3]
3= w, (4) 23 Az Ao whikd qishs W 5
5747 £5H2 2ol AR AzaAE Askach
Zul| Azl #AA Gl BE Fje] T PFE Al-
0; 71%22 3% CoO%}t 9% MoO:;2 F4sic).

(1) AIP2} Co, Mo-acacE 54l 3-8 whg-7] Well 4
745 Faisled Al FEe] WEE | z3tech AIP 10
g% 50 ml2] 2-butyl alcoholell £-all 8} 85T ol A 14|17k
wukgk 23 Co-, Mo-acacE 35mle] 2-butyl alco-
hole] &81417) & &4 &gstgc) 85T ol A 147}
2ot A& kgt 3 10 ml(H,0/AIP=11, E8])9) 24}
2555 Wolbskdo. /558 ArhsiAiuizt Ae] ¥
A Egl om 110T ol 4] 124| 7F 5-oF A #3}31 500T ol A
5417k Fof &kt o] EwlE Al(®:=+ AIP, Co,
Mo, B5& & 7)ol del 7l Esidlcke vz
ACoMo& FADolg} aha Az Fig 1o A3t
9i}y. 18} Co-, Mo-acacs: E73HA @2 ¢53
odZuit A S Al e} FUsiA AMxsteled S1
gFujvfela EA g

(2) AIP 10 g2 85T 74| 7kt 2jefe 23} F-5F-<rol
A7lsle] 6217 T kst A sb Easidcth &
8] 2 H,O/AIP=1000)t}. 6417} ol f- 4 2] oo
=g, o] BAL AIP7} 2ol shEaA]l A4
= ¥ avlo] Eor}[11, 12]. o] H-Hd 2 4HE 045 ml
(HNOy/AIP=02, ¥8]) & #7}ate] 12417} gt ant
sty slawstd, f-fdelA FH £ SR Wt
gt} =93 & LHe| Co-acac(Aldrich) ¢t Mo-acac
(Aldrich) & ojjgh2e] ol $4& Hrlsieich E£F
folo] B3] 40|22 85T ol 4] 6417} Et Al
uhgh 3, o] o2 s Eal Ao R ALl A 24417}
22 110T o A 1227+ AZ3k3dck 7kd 2ol 4 0.78C

siatst M32A Moz 19944 128

l— Butanol at 8 T

| <AIP (H:0/AIP = 11)
{ <CoMo

l Mixed solution l

! **Hzo

| Gellation [
}

Aging at 25 T for 24 h

1

Drying at 110 T for 12 h

i

| Calcine at 500 T for 5 h ]

Fig. 1. Procedure for preparation of A1(ACoMo) cataly-
st.
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Fig. 2. Procedure for preparation of A2-AS5 catalysts.
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Fig. 3. Procedure for preparation of B1-BS catalysts.
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Fig. 4. XRD patterns of (a) S2, (b) S1 alumina support
prepared by sol-gel method, and (c) v-ALO;.

Table 1. Characterization data of a series of HDS cataly-
sts and alumina prepared by sol-gel method

Surface Mean pore

R Conversion
Catalysts area size %)
(m?/g) (nm)

A1(ACoMo) 259 2.0 021
A2(SCoMo) 189 19 0.25
A3(SCoMoGCoMo) 186 2.2 045
A4(SCoMoDGCoMo) 223 2.0 0.35
A5(DGCoMo) 177 - 0.15
B1(SCo) 191 2.3 0.18
B2(SMo) 217 - 0.26
B3(SCoGMo) 156 - 0.24
B4(SMoGCo) 180 - 033
B5(SPtDGCoMo) 176 - 0.23
R1(yCoMo) 80 - 048
R2(GCoMo) - - 0.21
S1 alumina 188 -

S2 alumina 159 2.0
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Fig. 5. Nitrogen gas adsorption-desorption isotherms of
S2 alumina support(M), A1(@) catalyst at 77 K.
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Fig. 6. FTIR spectra of (a) after hydrolysis of AIP with
excess water, (b) alumina sol, (c) after addition
of Co, Mo-acac into ‘the alumina sol, (d) dried
gel of sample (c), and (e) calcined A3 catalyst.
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©

(d)

Fig. 7. Transmission electron micrographs of (a) B2, (b) R1, (c) A3, and (d) B3 catalysts, where (a)-(c) are oxide cata-
lyst after calcined at S00°C and only (d) is sulfide catalyst after HDS reaction at 400°C.
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