Appl. Chem. Eng., Vol. 22, No. 2, April 2011, 161-166

O[AtslEl 21A] JHEIMISSE 2iot FUEH| JOHOIM Ptot Lal| HEF

Aastd e AAAATAE, o)t 873 otw
20109 11 269 A<, 2011 1€ 19 A=)

The Effect of Pt and La Promoted on Cobalt-Based Catalyst for CO, Dry Reforming

Hye-Hyun Lee, Sang-Hoon Song, Tae-Sun Chang, Ji-Sook Hong, Jeong-Kwon SuhT, and Chang-Yong Lee*
ye-Hy g g g g g g 4

Environment & Resources Center, Korea Research Institute of Chemical Technology, Daejeon 305-600, Korea
*Department of Environmental Engineering, Kongju National University, Chungnam 133-791, Korea
(Received November 26, 2010; Accepted January 19, 2011)

oAzt s Fast datstea® WA 7= olatsle s HAE AEWSE g EH FASoly ddgHow
E e W3 o2 dulA Gtk ol et TAE FH3] 8l B2 44 AT 7 HA e A%s ASSA S
A A7t 2s] A ot AAAR oEeS AU gtk & AF-elAE Co/Sio, Fullell Pt (0.02~0.2
wt%) 2k La 2~20 wi%)e ZH7F §RAA o|abslers Az MANES Tl ¢ 49 AAEA AHES & 5
NE TS A & Atk 2 AF 0.04 wi% Pt EE 9 wi% Las BAI8HS Aol 47F 57%9) 55%2] 71
2 BHTE W) Sl 543}l 2)5te] 0.04 wi% Pt} 9 wt% Lao] /e Fuljo] ZRE JA} A7) o]
Aol A 7Hg 22 ]Ik A7)E JHRIthE AE ElEIch a8 B IHES] QIA 27)7) Pre} Lad] §FF wlite]
el egd e whgAdel FFE T FE o 5 Sddoh

The CO, dry reforming reaction, which converts carbon dioxide to hydrogen and carbon monoxide, is typical endothermic
reaction, and also known as adverse reaction owing to thermodynamics. In order to overcome the problem, the development
studies of suitable catalyst based on precious metals for high durability of thermal and optimization of life time have been
examined but it had economical problem by high cost. In this study, we confirmed optimum contents of Pt and La with
such different contents of Pt (0.02~0.2 wt%) or La (2~20 wt%) over Co/SiO, which prepared for excellent activity and
cost-effective catalysts. As a result, the promoted catalysts with 0.04 wt% Pt or 9 wt% La over Co/SiO, showed the highest
activity which is 57% and 55% CO, conversion respectively. Also, the particle size of cobalt on the promoted catalysts with
0.04 wt% Pt or 9 wt% La by characterization of catalyst could confirm the smallest particle size in this study. Therefore,
it could know that particle size of cobalt had effected the stability and reactivity of catalysts due to the contents of Pt and La.
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1. M = s\}g Hy/CO (0]2H] = 1)9] aHd71A2 At} ojaksleks Az /|2
HE&-2] 3EFE AHelUA] Blsh= 640 coWoﬂH 4G < 002 4eA

o ibslERAE AT 23l FAIY] TR dYsta oz Y QJom[3] F W52l (3)9] 4713} W2 815 C, (4)2] Boundouard
& g5zl yie] ol AR Y 83 e Ax 982 A} W& 710 T olstellA 4G < 0]tk wlEbd olsieka A A
§317] GI3h vl Fol e AT Hokz AN T Yri1]. oldtalE g Al ko] AR ATk ) Sdle] SAlXY] s e
2 Bg 7)ERE Bol ¥4, AT, JaetA, 85 A7 5& 700~800 T olg9] o] Besiri).

EHOR 5 5 9tk o] F 88 A3 ol oikslets A%

AR oA BT Fe S8t dRR AA CO; dry reforming :

) 'l Azl AFE 7 Qe A8 Hy/CoS] 375 Al CO; + CH; — 2CO + 2H,  JH°pos ) = 247 KJ/mol (1)
Zehs Al IS B QTH2).

opatahea: Az AAANEE-E (1) o] Fukgolm, 2)°] ekt Steam reforming -

F57) M e fAkE Qe BE 548 AUARE B v)rt CH, + H:0 = CO + 3Hy A0 = 206 KJ/mol — (2)

Water Gas-Shift Reaction :
T WAAR} (e-mail: jksuh@krict.re.kr) CO, = C + Oy FHpos x= 393.5 KJ/mol 3)
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Boundouard reaction :
CH, — C + 2H,,
2CO — C + CO;,,

/1{(298 K = 75 lc]/mol (4)
THpes ¥ = -171 kJ/mol
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AT E olatshea 11X MARRSS Sl FEEA S
Ptﬂr Lag &% H7ste] 95 @43 sAloll AAZ oz AE
T e HA Y T skt sisitt o1& flske] CoSioE F
Zjjol] Pt} Lag 7} el whet 3 AIA PY/Co/SiO. 9} La/Co/SiO;
SE A|xsto] olakstekA Az /AN Sall Pt¥) La 7t
W FTUEA gtz Wskel W2 AiAlE 1Eskith
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2.1. E01e| M=

A AES F3l) 7 490 F9H 9 wi% Co/Si0, F5ull= Co7t
9 wt% -3t FLE A (cobalt nitrate, Co(NOs), + 6H,0, Samchun,
TE 97.0%)7} silica gel (Aldrich, Davisil, grade 645, pore size 150
A, 60~100 mesh)ye FAZE AA3sto] 3l oJal] Ax= AT

Pt (0.02~0.2 wt%)2} La (2~20 wt%)2] W3} ek M3 oA
AENA Co/SiOoNA 2] RuF zro] G A4S ZAZE SATHI.
Pt/Co/SiO2 = 9 wi% Co/SiOz0l thsko] Pt7F 0.02~0.2 wi% -3t
ZHElH Y3}E(platinum chloride, HoPtCls + 6H,0, Kojima)s 57
200 mLoll E3iAZ] %, 9 wt% Co/Si0, &} 87| 60 T7HA] 55 &
HA il SHTE AASAE T2 F971 Sl 1 T/min®] 5
EERZ 100 T7HA] 52 %, 2 h B FAI8e] AZAIFA o],
1 C/min? $-& £57 300 CT7HA 6 h 2t 37] #9)7] Slol|A &4
3FAIFTE La/Co/SiO, A|Fe= L3t B o 2 kg 24FY(lanthanum
nitrate, La(NOs); * 6H,0, Samchun, =% 97.0%)= ©]€3F] 9 wit%

Co/Sio,°ll th&tod 2~20 wit% Lag H71s8kSich
2.2, E0ie| &M 2AM
9] n)3EAE 9 71359 (emg) S92 AAEE(Micromeritics,

35kt Ml 223 M2 %, 2011

A - AP - o1 R

model ASAP 2010)0.% 77 KellA] AL7IAE o] g3to] 25254
© ZXE| BET (Brnauer, Emmett, Teller)2o] 2J3] 313t} A3 &
BE FlE 59 107 torr ©18k2) 300 CollA] 5 h < B
ZAck.

Fujjo] Ag2E Lol ] 3l XA 34 £497](X-ray Diffraction
analyzer, Rigaku, model D/Max-2200V)E AF-3I3tE Cu-K, AR
(A =1.54059 A)9] 3HAL Xray FH 40 kV, 40 mA =8 =4
o2 3l W 200 <26 < 800914 5 °/min FAEER S35
et SLE Fqt QA7 Cos0s YALZIE Scherrer §E ©]
g3to] Altalsieie,11].

H,-TPR (Temperature Programmed Reduction, Micromeritics, Auto
Chem 11 2920)% o]&-3}o] 7} LEoA] Zul|7} =40 96| gk E o]

REE Fa GORRH 2L IR H-TPR A4S 73t0] S
9] kA N wEITE UARE A9 FB Wkg7]of Emj 0.5 g& &
3 & HeS o]8€3F] 50 T/minC.E 200 CTollA] 60 min =<2+ &
By EEAor EAEkE Ful 29 £ EEES AASISH
o]% A2oA F4 30 mL/min®] 5% HyArs 10 C/min 52 $5%
900 T7H] S2A1ZTh

Azre] AdeuA = Yast Atsdele] ol AYEEsE X-A
FEA B3P H(X-ray Photoelectron Spectroscopy, AXIS NOVA)=
Cu-K.9 3@ ow SHsto] dgeuAz i e S5 Asde)e}
=524 19 s & 5 SiTHi2)

F39FAFA Y (Transmission  Electron Microscopy, Pillips, Tecnai
G220 S-Twine)?] &2 25 &S A4 & 5 3lom #Alwel 4%
T2 WEE BR T 5 o), B4 Foj) WakE Agele vl ofF
231t 10,13].
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2.3. E0ie] &M 24

900 C 112 /‘OEHC’HH‘: ¢Fgd 3tk o157 (inconel) AH 2 1/2 Q1A a1

4T & H&%ﬂoﬂ F$-5< CH,, COz I U BFEEAEA N
= I3 EIIA[CH, : CO, @ Na = 40 : 40 : 20 (moL/mol%)] =
SZHETE 20000 mL/gey - hek 1&%7101] ZRE Fj9] oF 0.2 g& 11E

to] F Y71 66.7 mL/ming &33FATE 0.1 MPaclA] 5 C/min
SR 850 T7HA S&A17] 24 h Bt W5 FAAIZEL w715
EHE vkl e VM E ThaIRekE 789G,
Thermal Conductivity Detector, DONAM, DS-6200, carbosphere packed
colume) & ©1-8-510] A5}k

g7k AgHE2 (5)7 ()0l SJ8iA 7 7pne] S} An
SoryE wiEgR AXkRon], A7EA &S ()T (8)el L3l
A WEG7EA e} 7L S & B 2AE AREE I o] ) Wi wF
AR AR N e R £ A F s gluke 7MY
afell ool RTH11].
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Table 1. Physical Properties of Catalyst

Catalyst Sger® (mY/g) Vi (cm’/g) Dxep (nm)°  Dxro (%)
Co/SiO, 275 0.96 21 4.6
0.02Pt/Co/SiO, 265 0.90 22 2.5
0.04Pt/Co/SiO, 272 0.95 17 5.7
0.08Pt/Co/SiO, 264 0.89 18 54
0.1Pt/Co/SiO, 270 0.94 17 5.6
0.2Pt/Co/SiO, 271 0.95 18 52
2La/Co/SiO; 255 0.93 21 4.6
5La/Co/SiO, 237 0.86 22 43
9La/Co/SiO, 224 0.82 23 4.1
14La/Co/SiO, 203 0.69 32 3.0
20La/Co/SiO, 192 0.67 30 33

"BET specific surface area (mz/g)

"Total pore volume (cm3/g)

“Cobalt particle size; Calculated by the Scherrer equation, dv (Coﬂ) = 0.75d (Co304)
“Cobalt dispersion; Calculated by D (%) = 96/d (nm)

3. An Y o

3.1. Co/SiO.0M Pt La H7M0f| W2 S2/35ix 4

3.1.1. Co/SiO,0fl Al Pto| &

Table 191 9 wt% Co/SiO,oll E]€ Pto] &l wh& &ej4 &
A& vERAISIT Pro] §3E 0.02~0.2 wi%7H4] S7HA 71 Bl
2L 260~280 mYg 12| 7]F FI= 0.9~0.95 em’/g2] HBE Pt
o 7R Qlal =e]4] 549 Wshs 79 vehA] esih

XRD S7& &8l Scherrer F7E ©]8-8lo] ALE YA=17] 74
off oJal Pto]l whE AEE ST = AUTH4,9). 1 Ak, SHE

H

7} 013 S71EHE YERIQIL) ol WA Tt 22 S 1ol 9l
=l 0.04 wt% Pt FH2] A 7S =& ¥HA3S K3, 0.04 wi%
Pt o] ol x]= Pt o] STIEFE WA eIk o]
st A= Nagaoka 5ol W} PtE 71kl wef 32 E Ix3717}¢
Aase] FUES] BAEE TR ZMN kAol Frlsith=
Az} A=)k QITHs). weba oaksleks Az
A T7RE Fl) WY el ERE i ZoE st
[12]. Figure 1 PY/Co/SiO, WH-&- 2] FE F4:4k8lE “J(phase)
H3E XRD 814 dEl g 53l el Zolok 7t 54 935 Aun
W uke A 3 sfEIQl Figure 1(A)IAE 260 = 313, 36.8, 44.9,
59.4, 65.5°¢14 C0;04311)8] ¥Hcubic) T-% AAANS BAHE 5
QSTH4]. Wb kS & 514 9§91 Figure 1(B)ollM = FHET} 9]
sbslgkael Qg abshgel wet ofe] FO FTUE AbskEe] HFAH
el w3 d"lo] FAFUTE 20 = 442, 54.5, 75.8°°lAM =
Co’(111) 2} CoSiOx(111)9] A T2 AAAT} 34 20 = 43.9°9014]
o §7 el vkl w3 ok

Zuje] =S dotry] 95 H-TPRE =74 A& Figure
3(A)°l YERAITE PUCo/SiO= 135~165 C 2 148~190 CE] F
HAIE AA ko] o]FoR a1l gl PYCo/Si08] 3 HIAYS
< o3 2ok

Cos04 + Hy — 3CoO + H,O — 3CoO + 3H, — 3C00 + 3H,0
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Figure 1. XRD pattemns of Pt/Co/SiO;, A : fresh and B : used catalyst.

Table 2. Summarized Data from TPR Profiles of Catalyst

1" peak 2™ peak 3" peak .
Catalyst QTa sz OTZ‘ sz Tﬂ sz IZ%D)
(C) (em7/g) (C) (em7g) (C) (emg)

Co/SiO, 224 15 321 41 - - 81
0.02Pt/Co/SiO, 137 9 252 32 - - 54
0.04Pt/Co/SiO, 143 8 258 27 - - 61
0.08Pt/Co/SiO> 194 17 283 25 - - 64
0.1Pt/Co/SiO, 195 21 291 24 - - 63
0.2Pt/Co/SiO, 193 25 284 26 - - 64
2La/Co/SiO, 317 16 344 19 - - 55
5La/Co/SiO, 201 19 365 33 - - 74
9La/Co/SiO, 278 12 361 29 - - 73
14La/Co/SiO, 272 10 302 28 352 30 -
20La/Co/SiO, 310 5 359 16 374 31 -

“Temperature (C) of reduction peak

°H, consumption (cmz/g) from reduction peak area

“The degree of reduction (%) was determined by following equation;

[the amount of O consumption (mmol Oz; 3Co + 20, — Co304)] / [the theoretical
amount of Hy consumption with the assumption of fully reduced cobalt oxides (mmol
Hz; Cos04 + 4H, — 3Co + 4H:0)]

A AR Gl FHE A8 Co;0,7F Co02] HEE Wsle =
GAlolH, F WA GAI= CoO07F Co’ FENE 3hgo] Aaw gk
TESE Table 201141 148~190 CollA] B2 & HF ghO.F Kol CoO
oM Co’Z2] ghelo] Wol 3= & & 4= 9Uri13,14]. Pt] S22
(spillover) @702 Q13| $HY-&=9] 147} o]Fol K oM 0.2 wi% Pt
> 0.1 wt% Pt > 0.08 wt% Pt > 0.04 wt% Pt > 0.02wt% Pt <A =
o] F7kE 2 Qe B3], Pt HrlRke] SRS ddo] &
7¥etar Q] o2 et A1 pro] AR Co9t Faol A=A
oot Pt wiAl AdElR EAE ] whep FATE] o3 FH
FREC 25 FHdhHs 202 IdFTH4,8].

Figure 4] XPS A¥ZHE Co 2p;n2 A% olUX(BE)S =743
A7}, 0.04, 0.2 wt% Pt ] 9- 777.6 eVellA T ZLE JEE
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Figure 2. XRD pattems of La/Co/SiO;, A : fresh and B : used catalyst.
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Figure 3. H,-TPR profiles of A : Pt/Co/SiO; and B : La/Co/SiO;.
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Aol pto] PHAF S HolFal §l
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Table 1> 9 wt% Co/SiO,°l Lag] &&fof whe} A% La/Co/SiO,
o] =84 54 AE vERA Zlolth PYCo/Sio o= &% H7tE
Qlal] B8] E/do] AL WakA] $AINE La H el A= F3g £
2 5/3& Hola itk La o] Skl wet njEAZ] 4l 7)F
= 9 728301 Scherrer $HEE 0]-&3F FUE Q1Y)
W= 9 wi% La7kA A2 AT 9 wite La o] gl A=

SYetsy,

H223 235, 2011
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Figure 4. XPS Co2p spectra of catalysts.
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dry reforming with time on stream at T = 850 C.
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Figure 8. Catalyst stability as the end of 24 h on stream, A :
Pt/Co/SiO; and B : La/Co/SiO.
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