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Enhanced Catalytic Activity of Cu/ZnO/Al,O3 Catalyst by Mg Addition for Water Gas Shift Reaction
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Abstract : To investigate the effect of magnesium oxide addition, Cu/ZnO/MgO/AL,O3 (CZMA) catalysts were prepared using
co-precipitation method with fixed molar ratio of Cu/Zn/Mg/Al as 45/45/5/5 mol% for low-temperature water gas shift reaction.
Synthesized catalysts were characterized by using BET, N,O chemisorption, XRD, H,-TPR and NH3-TPD analysis. The catalytic
activity tests were carried out at a GHSV of 28,000 h'anda temperature range of 200 ~ 320 C. At the same condition, magnesium
oxide added catalyst (CZMA 400) showed that the lowest reduction temperature and stable presence of Cu’, that is active species
and abundant weak acid site. Also magnesium oxide added catalysts (CZMA) showed higher catalytic activity at temperature
range above 240 C than the catalyst without magnesium oxide (CZA). Consequently, CZMA 400 catalyst is considered to be
excellent catalyst showing CO conversion of 77.59% without deactivation for about 75 hours at 240 C, GHSV 28,000 h'.
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Table 1. BET analysis result of catalysts

Sample Surfazce area | Pore \golgme Pore diameter
(m“g) (cm™g") A)
CZA 400 53 0.18 141
CZMA 300 84 051 3
CZMA 400 71 0.39 218
CZMA 500 50 0.43 341

Table 2. Result of N,O chemisorption analysis of CZMA and CZA

catalysts
Sample Cu dispersion | Cu s;urfcllce a_llrea Cu.crystallite
(%) (m" g Cu) size (nm)
CZA 400 4.8 31.1 21.5
CZMA 300 5.6 36.1 18.6
CZMA 400 4.6 30.1 22.3
CZMA 500 2.7 17.5 383
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Figure 1. XRD pattern of the CZA and CZMA catalysts.
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Figure 2. H,-TPR profiles of CZMA and CZA catalysts.
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Figure 3. NH;-TPD profiles of CZMA and CZA catalysts.

Table 3. Result of NH3-TPD analysis of CZMA and CZA catalysts

Acid sites (mmol NH; g')
Sample ;
Peak T (<300 C)
CZA 400 0.167
CZMA 300 0.178
CZMA 400 0.399
CZMA 500 0.106
H3E 7hRen dutdo s o 2mof JoRE o b

H Ee 9 5, Ao R BEE3 Petallidou, Klito C., et
al. [21]& PYCe«Tix0z5 SIS A|£3Fe] NH-TPD 245 4=
ek om, opbg @ F1k Al ofo] BESE SA7kA
Holuk 3ollA) F4Jo] 7 Lhehicha F4e190c) 3 blank
HlAE A3 300 T oj4olA] et AIE 249 ¥ vk
9= carbonateE T HHE W, E Ao &&= gL 30

CE AT o 300 T ofafolA z,za—t— ] %
< W@ 9 BAETh AFEe] oS CZMA 400 > CZMA 300
> CZA 400 > CZMA 5009 =° 2 ZFA 35kt Cu/ZnO/
ALO; il t7]54d FUll= WGS Hh--EE ofy 2} dimethyl
carbonate (DMC) [22] % dimethyl ether (DME)E gHAdsh= Wt
o= AHGETH23]. DME 342 Q4tshebash 447} o)
g2 dEe o=, FAo] WGS Hhgo] dojut o
g2 A WS SAAAE o] 1 bl gares
DME®| A7} Z7hsko] opbae] HES ol o] 5
Qsjtha BIE T YeH23) weha A7k Ho g A
OHFES WOl BT Zuj7l & CO LS e Ao
2 dlaEn E*é—‘iéi ATFSS Eoj2 CZMA 4000] 20|
7 ehd Ao e,

(=]

3.2.WGS HtE2
Figure 40]= A 2% Zuj59] WGS HHS-S &

00 — o _

90

80 -

60 |-

50 -

CO Conversion (%)

—@—CZA 400
—A— CZMA 300
—¥— CZMA 400
—— CZMA 500
L = = equilibrium
20 1 L 1 " 1 I 1
200 240 280 320

w0}

30 -

Temperature (°C)

Figure 4. WGS reactivity of CZMA and CZA catalysts.
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