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Abstract
Reaction characteristics and catalytic activities on reverse water gas shift (RWGS) reaction over Pt/TiO; catalyst and Pt based

catalysts added promoters were investigated. It was confirmed that RWGS reaction activity was affected by the kind of sup-
ports and active metals and the Pt/TiO, catalyst showed the highest catalytic activity. From various inlet CO, concentration
tests and also the evaluation of thermodynamic equilibrium conversion, the catalytic activity of Pt/TiO, catalyst could be eval-
uated objectively and it was found to be higher than that of commercial catalysts. The catalytic activity could increase by
adding Ca and Na as promoters. The XPS analysis revealed that the catalytic activity is closely correlated with the electron
density of surface active sites.
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Effect of Promotor Addition to Pt/TiO, Catalyst on Reverse Water Gas Shift Reaction
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Figure 1. (a) CO, conversion to CO over various 1% Pt catalysts. (b)
CO; conversion to CHj4 reaction over catalysts (inlet CO, 360 ppm,
CO 0, H; 5000 ppm, N, balance, SV = 12,000 cc/hr - gcat, total flow
= 100 cc/min, reaction temperature = 300 T).
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Figure 2. Effect of support on RWGS reaction over Pt catalysts (inlet
H; = 36%, CO; = 21%, N, balance, SV = 12,000 cc/hr - gcat, total
flow = 100 cc/min).
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Figure 3. Effect of inlet CO, concentration on RWGS reaction over
PYTiO; catalyst (inlet CO, 360 ppm~33%, SV = 12,000 cc/hr - gcat,
total flow = 100 cc/min, reaction temperature = 300 T).
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Figure 4. Activity test on RWGS reaction over Pt/TiO; and

commercial catalysts (inlet H/CO, = 3, SV = 12,000 cc/hr * gcat, total
flow = 100 cc/min).
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Table 1. Surface Characteristics of Pt Catalysts by XPS Analysis
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Catalysts Pt/Ti ratio Pt/Pt+Pt’ Electro-negativity of promoters

1%Pt/TiO; 0.012 0.58 -
1%Pt/4%Na/TiO, 0.019 0.71 0.93
1%Pt/4%Ca/TiO, 0.020 0.76 1.00
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Figure 5. Effect of Ca and Na addition to Pt/TiO;, catalyst on RWGS
reaction. Activity test on RWGS reaction over Pt/TiO, and commercial
catalysts (inlet Hy/CO, = 3, SV = 12,000 cc/hr - gcat, total flow = 100
cc/min).
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Figure 6. XPS spectra of PYTIO; catalysts.

RE ZnjSoAq pHEF PES PA et

(<3} 2=
A gus T
v=e] prEo] peER; Sl THE sk 43S BRItk Table
=715

=2 WEgy pE/AA PtE HIES Rtk

Table 1914 %713} electro-negativity= 4 7}4|Q) Nagl Ca2] 7]
SAER, g BAES Y49 Pto] W7)1S3A% 2.28¢0 wlEh A
718457} g Ak AV EE 949 188 AARA, F A3t
o] ANSAE 2t ad ANSAET 2 Y4 F= A Ud
th mEbA] # Agelx] H7AIR AFSE Na, Cas) B4 S5 Pro] &
A7NSAE Aol HF B3 Pt AAAE Sl 4ES =
F 9SS ousla, AAA 07 455 PYTIO, 1ljoll H]3l PYNa/TiO,
9} PYCa/TiO, Zvll2] WlEe] ptf v]&o) ¥ F7ishs A%z ek
o}k Kim 5{1,2]= PUTiO, 1|7} 13N A A AE 7= PYALO;
FvjHc) gdo] 3t o] {7t A, BYFE2L Pt siteo} XA A7}
735t A5 Ago) 98 FAHE PLTi-0, site”} & ARPUEE 714
A H11, o] @Ad70] BAPEQ CO EarEe) JEkS F7) ujio]
gt it} & TPR¥Y in situ FTIRS £3)] &<18lgit) 12



RWGS W2

I E=A, FA7FsS AAARJD Tio, LH7E vl ofshr] ol
gkl % } 3, o]elgt TiO,9] #/d-S primary crystallite size®]|

ofal O£ XRD #4123 Sl S13HITk Table 19] AufellA] &
el wBE Pt 3450 2 BB 909 Pl Tio) el o)
ARG5S ofdle 2L o Anash

N=1/§

o714, n& SFEI G 929 24 &9= atoms/en’©] T, 1=
st AAEFE] vhe= shbe] 3R peakel tidte] 1 s DojA|=
SA FARS] AFEA olE XPSEAlClA doxl Al Bzt
peak®] WAt} K S "é@x—iﬂi ARE 5 Sl 9
olt}, ol =FW PYTi BIE-2 £ PYTIO, Fi7t 718 W o]
= 49 PYTIO; 17} 9ol =F 3 Ti site7} 7H8 B33 v}
3, 2FA7F J7kE Fele 2318 =F9 Tiosite”} o oS 90|
st A0 R flox] AFst gl Fod = Gl TIO; site®]
e AR delet & 4 vk s Esta 25A7t Aot
B Fujo] Adeo] = Fullol vl THE AL FAJFQL Pt site?]

QA Z7be) o8l 5 84 &) S7pel 2t A
olgh & % gltk.

e
7T 4

791 metallic Pt H]

[N

4.

AAA, a5 Fiel e v 2 HZA 3k PyTio, Sl
ZZu| S FA|ste] A x5k )] RWGS HFSEA] W THEAS B
Aol st R ARE A &

L tst 5e) Aol BAT P DA Azd ZE
Az Aoldt 8- YERH, TiO, > CeO, > Si0; > Zr0,%] A
ws GAFE0 7 Ut e A W Held S B

g1k 5= Qi

3. ZZ0| 2 F71E Ca, Nax= S 1 A A Q) pt site] AA}
UEE 2dsle] e84 S = S ERIsth

4. ¥ A5E B3 RWGS W= §3 A=S Fulo ds T3
A = dgleH, ol % A ok tish 7 xATEA TSt
7121E 7HRgaL ek ch

ZF AI_

2 A9 20148PA S A7t Sed )X AT 2kA) A

o eJato] 3=

References

1. S. S. Kim, H. H. Lee, and S. C. Hong, A study on the effect of
support’s reducibility on the reverse water-gas shift reaction over
Pt catalysts, Appl. Catal. A, 423-424, 100-107 (2012).

2. S. S. Kim, H. H. Lee, and S. C. Hong, The effect of the morpho-
logical characteristics of TiO, supports on the reverse water-gas
shift reaction over Pt/TiO, catalysts, Appl. Catal. B, 119-120,

15.

16.

17.

18.

19.

213t PYTIO, =] ZEw)] H7) JaF A+ 243

100-108 (2012).

. S. S. Kim, K. H. Park, and S. C. Hong, A study of the selectivity

of the reverse water-gas-shift reaction over Pt/TiO, catalysts, Fuel
Process. Technol., 108 47-54 (2013).

. Y. Sun, M. Yao, J. Zhang, and G. Yang, Indirect CO, mineral se-

questration by steelmaking slag with NH4Cl as leaching solution,
Chem. Eng. J., 173, 437-445 (2011).

. S. Lee and S. Park, A review on solid adsorbents for carbon diox-

ide capture, J. Ind. Eng. Chem., 23, 1-11 (2015).

. Y. Lee, S. M. Lee, W. G. Hong, Y. S. Huh, S. Y. Park, S. C. Lee,

J. Lee, J. B. Lee, H. U. Lee, and H. J. Kim, Carbon dioxide cap-
ture on primary amine groups entrapped in activated carbon at low
temperatures, J. Ind. Eng. Chem., 23, 16-20 (2015).

. D. Han, H. Namkung, H. Lee, D. Huh, and H. Kim, CO, seques-

tration by aqueous mineral carbonation of limestone in a super-
critical reactor, J. Ind. Eng. Chem., 21, 792-796 (2015).

. C. Kunzler, N. Alves, E. Pereira, J. Nienczewski, R. Ligabue, S.

Einloft, and J. Dullius, CO, storage with indirect carbonation using
industrial waste, Energy Procedia, 4, 1010-1017 (2011).

. D. Pakhare and J. Spivey, A review of dry (CO,) reforming of

methane over noble metal catalysts,
7813-7837 (2014).

Chem. Soc. Rev., 43,

. K. Mette, S. Kiihl, H. Diidder, and K. Kahler, Stable performance

of Ni-catalysts in dry reforming of methane at high temperatures
for an efficient CO,-conversion into Syngas, ChemCatChem, 6,
100-104 (2014).

. K. Y. Koo, H. S. Roh, Y. T. Seo, D. J. Seo, W. L. Yoon, and

S. B. Park, Coke study on MgO-promoted Ni/ALO; catalyst in
combined H,O and CO, reforming of methane for gas to liquid
(GTL) process, Appl. Catal. A, 340, 183-190 (2008).

. W. Jang, D. Jeong, J. Shim, H. Kim, H. Roh, I. Son, and S. J.

Lee, Combined steam and carbon dioxide reforming of methane
and side reactions: Thermodynamic equilibrium analysis and ex-
perimental application, Appl. Energy, 173, 80-91 (2016).

. K. Y. Koo, S. Lee, U. H. Jung, H. H. Roh, and W. L. Yoon,

Syngas production via combined steam and carbon dioxide reform-
ing of methane over Ni-Ce/MgAlL, O, catalysts with enhanced coke
resistance, Fuel Process. Technol., 119, 151-157 (2014).

. C. S. Chen, W. H. Cheng, and S. S. Lin, Study of iron-promoted

Cu/SiO; catalyst on high temperature reverse water gas shift re-
action, Appl. Catal. A, 257, 97-106 (2004).

L. Wang, S. Zhang, and Y. Liu, Reverse water gas shift reaction
over co-precipitated Ni-CeO, catalysts, J. Rare Earths, 26, 66-70
(2008).

S. W. Park, O. S. Joo, K. D. Jung, H. Kim, and S. H. Han,
Development of ZnO/AlL,O; catalyst for reverse-water-gas-shift re-
action of CAMERE process, Appl. Catal. 4, 211, 81-90 (2001).
A. Goguet, F. C. Meunier, D. Tibiletti, J. P. Breen, and R. Burch,
Spectrokinetic investigation of reverse water-gas-shift reaction in-
termediates over a Pt/CeO, catalyst, J. Phys. Chem. B, 108,
20240-20246 (2004).

X. Chen, X. Su, B. Liang, X. Yang, X. Ren, H. Duan, Y. Huang,
and T. Zhang, Identification of relevant active sites and a mecha-
nism study for reverse water gas shift reaction over Pt/CeO, cata-
lysts, J. Energy Chem., 25, 1051-1057 (2016).

P. Panagiotopoulou and D. 1. Kondarides, Effects of promotion of
TiO, with alkaline earth metals on the chemisorptive properties
and water-gas shift activity of supported platinum catalysts, Appl.

Appl. Chem. Eng., Vol. 28, No. 3, 2017



344

20.

21.

22.

23.

pralol]
[=]

Aslst ®l 28 A A 3 =, 2017

oY

Catal. B, 101, 738-746 (2011).

P. Panagiotopoulou, and D. 1. Kondarides, Effects of alkali promo-
tion of TiO, on the chemisorptive properties and water-gas shift
activity of supported noble metal catalysts, J. Catal. 267, 57-66
(2009).

P. Panagiotopoulou and D. I. Kondarides, Effects of alkali addi-
tives on the physicochemical characteristics and chemisorptive
properties of Pt/TiO, catalysts, J. Catal., 260, 141-149 (2008).
A. Karelovic and P. Ruiz, Mechanistic study of low temperature
CO; methanation over RWTiO, catalysts, J. Catal., 301, 141-153
(2013).

A. H. Zamani, R. Ali, and W. A. W. A. Bakar, Optimization of

oX
i

24.

25.

CO, methanation reaction over M*/Mn/Cu-AL,O; (M*: Pd, Rh and
Ru) catalysts, J. Ind. Eng. Chem., 29, 238-248 (2015).

A. A. Phatak, N. Koryabkina, S. Rai, J. L. Ratts, W. Ruettinger,
R. J. Farrauto, G. E. Blau, W. N. Delgass, and F. H. Ribeiro,
Kinetics of the water-gas shift reaction on Pt catalysts supported
on alumina and ceria, Catal. Today, 123, 224-234 (2007).

E. Baumgarten, A. Fiebes, A. Stumpe, F. Ronkel, and J. W.
Shultze, Synthesis and characterization of a new platinum sup-
ported catalyst based on poly-{acrylamide-co-[3-(acryloylamino)
Propyltrimethylammoniumchloride]} as carrier, J. Mol. Catal. A,
113, 469-477 (1996).



