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Abstract: PtCo bimetallic catalysts supported on TiO, with different phase compositions were prepared by the impregnation method and
evaluated using benzene hydrogenation at relatively low temperatures. The catalysts were characterized by X-ray diffraction, Raman spec-
troscopy, N, physisorption, CO chemisorption, and H, temperature-programmed reduction. The results showed that the catalyst properties
can be altered by adjusting the phase composition of TiO,. Mixture phase of anatase and rutile supported PtCo bimetallic catalysts possessed
higher CO chemisorption capacity and hydrogenation activity compared to pure rutile or anatase supported catalysts.
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F4 Ti(OBu), 1) L BEHSWEZ W N B7K A, BRAk,
95 °C /K 251, F1T 110 °C HtF, SR J5 4 W4 500,
600, 700, 800 A1 900 °C %% k¢ 4 h K43 A [] vt AH 2H B
[ TiO, #AK, 10 A TiOs-n, n MR BEURJE .

PtCo/TiO, i A 71 R HI ¥ 15t i ) £ R — a2 it
Pt(NH;)4(NO3), fil Co(NO;),-6H,0 ¥ T 100 ml 2= &
TR, I € & TiO, Bk, ik 2h J5, T 95
°C KB T, ARG T 110°C T4 12 h, WFEE 5 T
500 °C f5 ke 4 h, 13 B AR WG 1K) PtCo/TiO, i A4 71 K
A, Hp Pt 3= N 1.2%, Co Higk &N 10%.
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fE A6 A i 1 XRD % 75 Rigaku D/MAX-RA
TR B 5E, SR Cu 1, Ni JE I F, 45 5 40
KV, E i 100 mA, 3 E 8°/min, 21K 0.02°,

Raman % i 7£ Bruker RamanScope 111 %Y i 2
JEREASC W, WOEEYR K 532 nm.

FF iy 119 LU 2R TH R S FL 25 #6052 #F Micromeritics
ASAP 2010C Y4 BEMIAK, 272 W B IBE 500 5 A kAT,
N, AW B, —196 °C Rl .

CO 1t 2% W Fff 52 %t #F Micromeritics ASAP
2010C B4 AL 22 W BT IE G AN B EAT. AR SCR
A ZEWL B AT S5 FRENZY 0.10 g #4057 £F i
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H,-TPR 5256 I, FREX 0.010 g {4 FIFE &, 22N
U A9, BP TR AT M2 1h & AT
W #s (TCD)E 5 48 €, S8 )5 BA 10 °C/min (1) 3£ 2 T
L, K TCD KLl Hy 9 AR 1k
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HE AT SRR R I &L N AE AT W T 22 2 1 ]
IR 2R 8h Je B 368 EEAT. FREL 100 mg #4511
BN U B A g e A, RNHTHEAE 350 °C T H
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AR AT, A FH S AR W 2%, 4k RS — 2 I TR) ERURE
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Fig. 1. XRD patterns of TiO, calcined at different temperatures. (1)
Ti0,-500; (2) TiO,-600; (3) TiO,-700; (4) TiO,-800; (5) Ti0,-900. The

number in the sample name indicates the calcination temperature (°C).
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Fig. 2. Raman spectra of TiO, calcined at different temperatures. (1)
Ti0,-500; (2) TiO»-600; (3) TiO,-700; (4) TiO,-800; (5) Ti0,-900.
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Fig. 3. XRD patterns of PtCo catalysts supported on TiO, with differ-
ent phase compositions. (1) PtCo/Ti0,-500; (2) PtCo/TiO,-600; (3)
PtCo/Ti0,-700; (4) PtCo/Ti0,-800; (5) PtCo/Ti0,-900.
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Table 1 Textural properties, crystalline size, and phase compositions of TiO, calcined at different temperatures

BET surface area Pore volume

Average pore diameter Crystalline size (nm)

Sample ) s -
(m?/g) (cm’/g) (nm) Anatase Rutile
Ti0,-500 75 0.17 8.8 13 -
Ti0,-600 28 0.10 13.7 29 -
Ti0,-700 22 0.08 13.9 41 (95%) 42 (5%)
TiO,-800 14 0.04 - 51 (41%) 60 (59%)
Ti0,-900 5.1 - - - 62

The average crystalline size of TiO, was determined by XRD using the Scherrer equation. The numbers in brackets are phase content of TiO, calcu-
lated with Wr=1/[1+0.884(Ax/Ar)] and Wa=1-Wg, where W, and Wy are the content of anatase and rutile, respectively, and 4, and A4r represent the
diffraction intensity of anatase (101) and rutile (110)”), respectively.
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Table 2 BET surface area, crystalline size of TiO,, and CO chemisorption capacity of the supported catalysts

Crystalline size (nm)

Catalyst” BET surface area (m%/g) CO uptake (umol/g)
Anatase Rutile
PtCo/TiO,-500 60 14 - 26.2
PtCo/TiO,-600 31 28 - 25.1
PtCo/TiO»-700 26 37 (90%) 45 (10%) 22.7
PtCo/TiO»-800 18 49 (38%) 57 (62%) 15.3
PtCo/Ti0,-900 12 — 58 8.1
“Pt loading 1.2%, Co loading 10%.
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Fig. 4. H,-TPR profiles of PtCo catalysts supported on TiO, with dif-
ferent phase compositions. (1) PtCo/TiO,-500; (2) PtCo/TiO,-600; (3)
PtCo/Ti0,-700; (4) PtCo/Ti0,-800; (5) PtCo/Ti0,-900.
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Fig. 5. Catalytic activity of PtCo bimetallic catalysts supported on
TiO, with different phase compositions for benzene hydrogenation. (1)
PtCo/Ti0,-500; (2) PtCo/TiO,-600; (3) PtCo/TiO»-700; (4) PtCo/
TiO,-800; (5) PtCo/TiO,-900. Reaction conditions: H, 10 ml/min,
benzene 0.5 ml/h, N, 40 ml/min, catalyst amount 100 mg, 70 °C.
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Fig. 6. Specific activity of PtCo bimetallic catalysts supported on TiO,
with different phase compositions for benzene hydrogenation. (1)
PtCo/TiO,-500; (2) PtCo/TiO»-600; (3) PtCo/TiO,-700; (4) PtCo/
TiO,-800; (5) PtCo/Ti0»-900.
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Fig. 7. Estimation of the apparent activation energy for benzene hy-

drogenation from flow reactor studies. (1) PtCo/TiO,-500; (2) PtCo/
Ti0,-600; (3) PtCo/TiO,-700; (4) PtCo/TiO,-800; (5) PtCo/Ti0,-900.
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Table 3 Comparison of benzene conversion, normalized conver-

sion, and activation barrier of different catalysts

Conversion® Normalized conver-

Catalyst o EJ/(kJ/mol) R*
(%) sion” (%/umol)

PtCo/TiO,-500 11.9 4.7 39.5 0.99
PtCo/TiO,-600 23.6 9.7 344 0.99
PtCo/TiO,-700 24.4 11.1 349 0.99
PtCo/TiO,-800 18.5 12.5 355 0.99
PtCo/Ti0,-900 4.8 6.0 359 0.99
*Conversion of benzene at 90 min on stream at 70 °C in the flow reactor
study.

"Conversion divided by the amount of CO adsorbed from CO chemi-

sorption measurements.
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