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CoMo Bulel| mhe} 3% dga e A28 uigx] CoMo Zolels] Mosh Cos) 8¢ ZAts}sich. ulgh| CoMo
Zoje] Fx9} S dolwr| $J3}e] BET surface area, X-Ray diffraction pattern(XRD), scanning electron microscopy
(SEM)3} transmission electron microscopy(TEM) S22 FAREIth v vkg-A1-2 400 °C, AFstell4] thiophene hydro-
desulfurization(HDS) 2 2 A& 3} c}. B]EX] Co-Mo2] ZAAAFE- Co/Co+Mo(=1)2] v]e]| u}e} delx]= AL XRDE &
Ql3kdct. 1=0.20 o] 3lell A= MoOs2} CoMoO, A& o] A= glch. H/H,SE 3} ¥ w39 Mo0,2} CoSe V24
2] MoS,e] AA= AT} o714 MoO,= MoOs2] 4ol 2|84, CosSi= CoMoO A 2] s]o] Zhz} A =it o]
Zbol| A (1=0.10 - 0.20) thiophene HDS uk-$-of| i) M3l Apa9s gy, b7} 713 Zid). o123 Axe=
Mo0,2} Co,S7t MoS,E & AMAIA F= AAA JE8E 3la Qrhks A2 A=) 34 Col o] 713l (>
0.2), CoMoO, A& W] A= 31, CoMoO, AR -2 33ta}Ai o)) o)) =9} CoSe2} e Ql MoS, 2.2 g}, o
714 322 CouSe MoO, A& A A A J&H-& 3ted MoS, & #AHA|A HDS uhg-ollA A4 535 dozich

Abstract— The role of Mo and Co in unsupported Co-Mo catalyst of various Co/Mo ratio prepared by spray pyrolysis
method was investigated. The structure and morphology of unsupported Co-Mo were studied by BET surface area, X-Ray
diffraction pattern(XRD), scanning electron microscopy(SEM), and transmission electron microscopy(TEM). The catalytic
activity was tested by the thiophene hydrodesulfurization(HDS) at 400 °C and atmospheric pressure. The crystal phase of
unsupported Co-Mo was changed with Co/Co+Mo(=r) ratio, as revealed by XRD. The MoO, and CoMoO, were formed
below r=0.2. After the sulfidation with H,S/H,, the bulk MoO, crystals, Co,S; crystals, and MoS, nanocrystal were formed.
The MoO, was formed by the reduction of MoO;, and the Co,S; was formed by the segregation of CoMoO,. A typical syn-
ergistic effect and the highest catalytic activities were observed for the unsupported Co-Mo catalysts when r varies from 0.1
to 0.2 in the thiophene HDS reaction. These results indicated that both MoO, and Co,S, act as a support for highly dis-
persed MoS,. The further addition of Co(r>0.2) leaded to the formation of only CoMoO, which was transformed into the
Co,S; and MoS, after the sulfidation. The bulk Co sulfide, like MoO,, served as a carrier for good dispersion of MoS,.
The promotional effect was also observed in HDS reaction.
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Avdslm gle}. 22t ofA7kx] W=9] Moo, 727} 3} ¢
z2 % 1 g digk A77} vt ol & viEA] SulE Az
she 7129 Alx=¥ e 2+ homogeneous sulfide precipitation(HSP)
[6,9], 3H(7,9], T2 (coprecipitation)[9-13] 5-¢] 3l=wl,
ol 7kz} uH14-16]9 ola] At £5 dEMHZ o] HFA
20 & A2 4 9e 7FeAE G Fsich 7} 52 filter expan-
sion aerosol generator(FEAG)E- o] 43} 4= ulo| 3. & =7]9] A4
€ HEY] TN RN L2 vl =7]¢] ZnO, Ag,
Mn,0,, NiO, CuO 5-& RStk R w3lsic}15,16].
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A Zole) 729} ), w342 Yohu] skl XRD, SEM, TEM,
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2-1. S04 HIE

)| q&}= filter expansion aerosol generator(FEAG) A][14]5
o]-&3ted AMz3ict. Aol i} A= FaEA[14]e) AAE]
71e=e] vt IYES] Eelvdly AFA 24 cobalt nitrate(Ald-
rich, 98 %)%} ammonium heptamolybdate(Aldrich, 82 % MoO,)E A}
23t5dct. AFAE SAA 8-94(0.3 MyE FEAG ZA| & 043
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333 ol € LA(CH,S) 23k~ 400 °C, AbstellA] Al
t}. 2.7vol% CH,SH,Y &7+~ ¢F 60cm® min "2 E2|wA] vt
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X-Ray diffraction(XRD) ®]¢]&]+= Rigagu, D/MAX-RB diffractometer
(Cu KoyE- ©o}-8-3}¢] 7-3}93t}. Scanning electron microscope(SEM)
<+ Philips 535ME., transmission electron microscopy(TEM)+= Philips
CM203} Jeol 2000EXS ©]-4-3t¢] Zvlje] e, 725 H3)gict.
232 8z Cost Mo2] T8 A1) #1844 energy dis-
persive X-ray spectroscope(EDAX)Z &3] 519 cHEADX). TEM Al 8
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Table 1. Surface areas of the oxide and sulfided Co-Mo catalysts
prepared by spray pyrolysis method

Surface area/m” g~

Catalyst Co/(Co+Mo)
Oxide Sulfide

Co-Mo(0.0) 0.000 10 48
Co-Mo(0.10) 0.095 24 29
Co-Mo(0.18) 0.180 9 25
Co-Mo(0.30) 0.301 8 10
Co-Mo(0.36) 0.363 4 8
Co-Mo(1.0) 1.000 3 10
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£ £4%} molybdenum oxide2] ¥k$- A, 3] SEM A}zlo]c}, 18
oA B5o] oxide Aelol| A= o] make] gixbFo] Ho|A|ut uhg-
Folls ALl 249 AL 2 4 Y} ol 7L HSH, 7kl 28 9

@

Fig. 1. SEM micrographs of pure molybdenum sample before and
after thiophene HDS reaction at 400 °C.
(a) before, and (b) after.
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Fig. 2. XRD patterns of Co-Mo oxide particles prepared by spray py-
rolysis method at 800 °C, 60 Torr and 0.3 M.
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3-2. Oxided Co-Mo

Fig, 2 oxide 33}2-2] XRD #H®lolr}. Co A1) (r=1) == Mo
AN =05 22 F7AA AZYE de 5% Co02} MoOy7}
HAEHAS, Co AT} Mo HTFAE EJT 445 F-FAA Al
Z8 A8+ CoMoO, 313HEe] €43 ZA& & & slsdret. CoMoO,
3ES BRAA A7 AH o] 2ol A& o e AP
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= gicia ol

o]2]dt oxide 3}3HE-o] Co/Co+Mo(=rell we} oA e =
Z7} deiRlertE o) 9sle] TEMOg 33ledc}. Fig. 32 22
1=0.18, 03031 #}3}E2] TEM A}Alolc}. r gholl wle}l elr} 2zl
A& & 4 olvh =0.18]1 3 b moke] qiap) Bole &,
B xl=z2r] BEE 2o F3 9ok SR BAE 3}
™, oxide B}g-Eol|A] Co oFo] g uj(<20 %Y= MoO,9} CoMoO7}
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3-3. Sulfided Co-Mo

Fig. 4= sulfided Co-Mo2] XRD pattemo|c}. 5§ CoO(r=1.0)=
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MoO,(r=0)= 23t Foll MoO,%} MoS7t §48 7¢ & % Sic}.
714 Mo0,9] 24 R vl$- F28} 2 MoS,i= o 14°2} 33 "elj4]
B es vehd Ao mo} Agape] Wze] MoO,2 Exjgct
3L & 4= 9lv}. 18] 32 CoMoO, mixed oxide(r=0.1 - 0.4) X Eol| A=
Co,S; AAo] 5 JAE A& 2 5 AL, r gho] P& W (r=0.1
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Fig. 3. TEM micrographs of Co-Mo oxide particles.
(a) Co-Mo(0.18), and (b) Co-Mo(0.30).
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Fig. 4. XRD patterns of sulfided Co-Mo particles after thiophene
HDS reaction at 400 °C and atmospheric pressure.
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(d)

Fig. 5. TEM micrographs of sulfided Co-Mo particles after thio-
phene HDS reaction.
(a) Co-Mo(0.0), (b) Co-Mo(0.10), (c) Co-Mo(0.18), and (d) Co-
Mo(0.30).
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Fig. 6. Thiophene HDS reaction rate of unsupported Co-Mo cata-
lysts prepared by spray pyrolysis method.
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0.2} 7| Al 24l MoS,2 ¥i3}5L, CoMoO,= "7 & 22| Coy
Se# MoS, 2 uhlrt. o37]4 Mo0,9}t Co,Se A|A A Hd-g 3]
MoS; 3 & A 4 QIEE 3lo] uhg-Eo] &= ofo] wol

WSS TGS 2 4= 9k o]2i @ structural effecto]
os) kg4 ot Frlshe 212 Inamurag} Prins ZE[7]014] AA]
g A3} vlssiet. 252 MoSell Co nitrate S §H331e] Co-Mo Zv)
£ A|x3}o] X-ray diffraction pattern(XRD)2} high resolution transmis-
sion electron microscopy(HREM) 5-2- o]-43}¢] Co-MoE Co/(Co+
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Fig. 7. Schematic models for the Co,S;, MoO, and the MoS, erys-
tallite phases.

HWAHAK KONGHAK Vol. 35, No. 6, December, 1997



818 298 -7

o]3}oll = Co7} MoS,2] edge planed]] Ex)3te] W& EE F7HA
79, ILEF o A8l CoS. 08 #u]H 3, o] MoS, & &
FAAA 5 9le AR A S8 spd, 1 A7} Co-MoSyt A A
2% £ 9 whgAS FMAAIY e Bk

23] Cos) ofo] B Zvff, & 1=0.30, 0.36%] Zvjo]A]= Fig. 7b
ol 2] 218, oxide AFelolA] FAE CoMoO7} 33134 o 2fs] W=
9] Co,Ss mA A MoS,2 vl A Hc}. o§7)4 CoSe A A|
A L& 8lo] MoS, 5 FAMA F= I&E 3l iSRS F
7M7) sele2 2hagic].

2 27HA) 9] A#E 238t MoO= XA A G&-& sl F350)
ol MoS, " AAAE & FAFIEE 3l uhe&eE S/
I & 5 glrh CoSE mHH7ER 2 MoS:5 #4HA17] AR A o3
< 39t

+4 B

B AFdAe B dEHoZ CoMo v|E 28514 vdA
Co-Mo &) | 23}3. Co/(Co+Mo) uloll we} Zuje] 72, uhe-
Ao] o= WalerlE delrgitl. 5 AR o8 Alxd
Co-Mo Z7)li= Co/Mo ¥l w2} t}E phasert A==, Codl
ofo] 2h& wlolli= 32 Mo0,2} CoMoO7} HA = 3 3817 ol 2
3 MoQ,, Co,S,2 ¥3}5)o] MoS, nanocrystallite s 2 FAME £.2
R AR A gL st g F7HE 7Rt

& A

2 7o) A7uE AQshE T 2olr]EATAE RCC)
o A=,

o

ek

iz

1. Prins, R., de Beer, V.H.J. and Somorjai, G. A.: Catal. Rev.-Sci.
Eng., 31, 1(1989).

2. Bouwens, S. M. A. M., Prins, R., de Beer, V.H.J. and Konings-
berger, D.C.: J. Phys. Chem., 94, 3711(1990).

3. Bouwens, S.M. A.M,, van Veen, J. A.R., Koningsberger, D.C.,
de Beer, V.H.J. and Prins, R.: J. Phys. Chem., 95, 123(1991).

4. Topsge, H. and Clausen, B.S.: Catal. Rev.-Sci. Eng., 26, 395(1984).

5. Topspe, N.-Y. and Topsge, H.: J. Catal., 84, 386(1983).

6. Candia, R., Clausen, B.S. and Topsge, H.: Bull. Soc. Chim. Belg.,

Spepaat MI35AH RM6E 1997\ 128

Zt -

90, 1225(1981).

7. Inamura, K. and Prins, R.: J. Catal, 147, 515(1994).

10.
11.
12.
13.
14.
15.
16.

17.

18.

19.

20.

21.
22.

23.

24.

. Karroua, M., Matralis, H.; Sham, E., Grange, P. and Delmon, B.:

Bull. Chem. Soc. Jpn., 68, 107(1995).

. Diaz, G., Pedraza, F., Rojas, H., Cruz, J., Avalos, M., Cota, L.

and Fuentes, S. in Occelli M.L. and Anthony, R.G.(Editors):
“Hydrotreating Catalysts’, Proc. of the Annual International AIChE
Meeting, Washinton, DC, 1988(Studies in Surface Science and Ca-
talysis, 50), Elsevier, Amsterdam, 91(1989).

Koridyi, T.1., Manninger, I., Pail, Z., Marks, O. and Giinter, J.R.:
J. Catal.,, 116, 422(1989).

Halawy, S. A., Mohamed, M. A. and Bond, G.C.: J. Chem. Tech.
Biotechnol., 58, 237(1993).

Pratt, K. C., Sanders J. V. and Tamp, N.: J. Catal., 66, 82(1980).
Sanders, J. V. and Pratt, K. C.: J. Catal., 67, 331(1981).

Kang, Y. C. and Park, S.B.: J. Aerosol Sci., 26, 1131(1995).
Kang, Y. C. and Park, S. B.: J. Mater. Sci., 31, 2409(1996).
Kang, Y.C. and Park, S.B. and Kang, Y.W.: Nanostructured
Mater., 5, 777(1995).

Roger, C., Corbitt, T., Xu, C., Zeng, D., Powell, Q., Chandler, C.
D., Nyman, M., Hampden-Smith, M.J. and Kodas, T.T.: Nano-
structured Mater., 4, 529(1994).

Lyons, S. W., Ortega, J., Wang, L. M., Kodas, T. T. in Hampden-
Smith, M.J., Klemperer, W. G. and Brinker, C.J.: Mat. Res. Soc.
Symp. Proc. on Better Ceramics through Chemistry Five, Mater-
ials Research Society, Pennsylvania, 271, 907(1992)..

Uematsu, T., Fukuzawa, M. and Shimazu, S. in Yoshida, S., Ta-
kezawa, N. and Ono, T.(Editors): Proc. 1st Tokyo Conference
on Advanced Catalytic Science and Technology, Tokyo, 1990,
Kondansha, Tokyo, 1, 523(1991).

Wold, A., Miller, D., Kershaw, R. and Dwight, K.: Symposium on
Advanced Techniques in Catalyst Preparation Presented before
the Division of Petroleum Chemistry, Inc. 209th National Meeting,
American Chemical Society, Anaheim, CA, 37(1995).

Eijsbouts, S. and Heinerman, J.J. L.: Appl. Catal., 105, 53(1993).
De Beer, V.H.J., Duchet, J.C. and Prins, R.: J. Catal, 72, 369
(1981).

Choi, J.W., Choi, W.S., Lee, K. H. and Ha, B.H.: HWAHAK
KONGHAK, 32, 708(1994).

Kim, Y., Cho, LH,, Park, S.B. and Thm, S.K.: HWAHAK KONGHAK,
32, 844(1994).



