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Abstract: The bimetal-bearing SO;™ /ZrO, superacid catalysts supported on ultra stable Y (USY) zeolite
were prepared by impregnation and characterized with XRD and H,-TPR. Their catalytic activities were
evaluated in the hydroisomerization of n-heptane with an atmospheric fixed-bed reactor. The USY support
well kept its pore structure in catalysts and the metal species were highly dispersed on the support. The Pt-
bearing catalysts doped with Cr or Al were catalytically much more stable and exhibited higher catalytic
activity and selectivity than the catalysts without dopants. Over the catalyst with a Pt loading of 0.4%
(mass) and ZrO, loading of 10% (mass), the conversion of n-heptane was 42.1% with a selectivity of
only 69. 6% for isomerization products, while over the catalysts doped with Cr or Al with a molar ratio of
Cr (Al) to Pt 5 ¢+ 1, the conversion of n-heptane was 44.3% and 42.1% with the selectivity for

isomerization products as high as 88. 9% and 89.5% respectively.
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Fig. 1 XRD patterns of USY (a), SZ/USY (b),
Pt/SZ/USY (o), 5AIPt/SZ/USY (d), 5CrPt/SZ/USY (e),
5CuPt/SZ/USY (f) and 5ZnPt/SZ/USY (g)
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Fig. 2 XRD patterns of USY (a), SZ/USY (b),
CrPt/SZ/USY (c¢), 5CrPt/SZ/USY (d),
and 10CrPt/SZ/USY (e)

2.2 S H,-TPR & 8

& 3 45 & SZ/USY ., Pt/USY L) K 5MPt/
SZ/USY ffk i H,-TPR 5%, M 3 ol LI
. Pt/USY f3F JE g M 350 C FF4E, FF7E 480°C
Zi A B 3k B s WX R B Ol PO, CLy (1 34 i
W, 5ok s — B, SZ/USY ik M 600 C
B 3y S B T — A R0, D TR B AE 690 C

i, ARERMEARI RS ST R R E g, 5HETA
Wl —z", Pt/SZ/USY 4L FI7E 350~500C 2
[E) H B — A 0 5 B B 55 A I g, 5 Po/USY 1Y
i JE T FE T DA GE X 2 Pt IR g, ) — ik
JE I B AE 550~750°C 2Z [A], g TR A7 B AE 650 CFff
I, H# SZ/USY AL R ik g, vl LAt
Pt M BRAR T S°F B P 30 I ol LA I 3R
FERT 50C AL, B4 T &)@ R SMPt/SZ/
USY ik, 7E 350~500 CZ [ #F B T Pt 1yik
JRg, 5 Pt/SZ/USY AL IR JF AR L . BR Zn
PSR, Cro AL Cu 3 R & JE M A . M S 5k
VT 1) 30 I3 2 ) I, et ) LSS 2 b s i A7
FEA FITF SOT FER A5 M Ak 77 28 1 38 5 e
B M Pt B JRIERE . 5 2 FhaE iy AR T
Pt {38 JE 06 WA R K 52 . o] DL W7 25 2 Fb 4
J& B A5 B4 R P Z A P AR SR A BAE A .

TCD signal a.u.
o

100 200 300 400 500 600 700 800
1/C
B3 APl AR I H,-TPR 25 R
Fig. 3 H,-TPR profile of SZ/USY (a),
Pt/USY (b), Pt/SZ/USY (c¢), 5CrPt/SZ/USY (d),
5AIPt/SZ/USY (e), 5ZnPt/SZ/USY (D
and 5CuPt/SZ/USY (g)
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Table 1 Catalytic activities of various catalysts in hydroisomerization of n-heptane

Catalyst T()Sﬁ Con\fcrsion Mono-isomerization? yield Multi-isomerization® yield Isomctri?ation
/min /% /% /% selectivity/ %
Cr/SZ/USY 20 1.6 1.6 0 100
120 1.4 1.4 0 100
Al/SZ/USY 20 1.6 1.6 0 100
120 1.5 1.5 0 100
Pt/USY 20 34.9 12.7 4.6 49. 4
120 27.5 12.7 3.8 59.9
Pt/SZ/USY 20 22.0 13.6 3.7 79.0
120 19.2 12.2 3.3 80.5
5CrPt/SZ/USY 20 32.2 21.8 5.7 85.3
120 32.7 23.8 6.0 91.1
5AIPt/SZ/USY 20 30.0 23.9 2.4 88.2
120 29.7 21.8 5.4 89.8
5ZnPt/SZ/USY 20 29.1 24.1 0 82.9
120 8.1 5.1 1.3 79.2
5CuPt/SZ/USY 20 22.5 7.1 0 31.7
120 7.9 4.7 1.5 76. 2

(D Reaction time on stream.

@ Mono-branched isomerization products including 2-methylhexane (45), 3-methylhexane (65) and 3-ethylpropane (68).

parentheses means octane number of product.

Number in

@ Multi-branched isomerization products including 2,2-dimethylpropane (80), 2,3-dimethylpropane (82), 2,4- dimethylpropane (80),
3,3-dimethylpropane (98) and 2,2,3-trimethylbutane (116). Number in parentheses means octane number of product.

& 2 nMPt/SZ/USY AT FRE Cr F1 Al 332 8 3 IE B sz 544 10 1 B8 B9 5208
Table 2 Influence of Cr and Al loadings in nMPt/SZ/USY catalysts on n-heptane hydroisomerization

Catalyst Conversion ) ) M?nO’ ‘ ‘ A MTllti’ A IsomclriAzation

/% isomerization yield/ % isomerization yield/ % selectivity/ %
CrPt/SZ/USY 15.9 11.2 2.7 87.3
5CrPt/SZ/USY 32.7 23. 8 6.0 91.1
10CrPt/SZ/USY 23.7 18.7 3.7 94. 6
AlPt/SZ/USY 24. 6 17.5 4.6 90. 0
5AIPt/SZ/USY 29. 7 21.8 5.4 89. 8
10AlPt/SZ/USY 26.4 20.1 4.4 92.4
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Table 3 Influence of reaction temperature on n-heptane hydroisomerization over various catalysts
Catalyst T/C Conversion A A Mf)nof A A A M.ulti* A Isomgtri?ation
/% isomerization yield/ % isomerization yield/ % selectivity/ %
Pt/SZ/USY 220 10. 8 8.4 1.8 94.1
230 19. 2 12.2 3.3 80. 5
250 30.6 18. 2 4.8 74.8
270 42.1 14.7 6.7 69. 6
5AIPt/SZ/USY 220 21.1 16. 8 3.1 94.1
230 29.7 21.3 5.4 89.7
240 42.1 29.6 8.1 89.5
250 53.6 35.3 10. 6 85.6
270 73.4 35.6 13.2 66. 5
5CrPt/SZ/USY 220 19. 2 15.3 3.0 96. 3
230 32.7 23.8 6.0 91.1
240 44.3 30. 6 8.7 88.9
250 56. 6 35.6 11.3 82.9
270 72.1 36. 5 13.2 68. 9
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W, —J5 i) B Cr 8 Al 5 Pt Z A 9F 8 &
ASRAEEAE T . MR R T PR B i A A TR I
M5 Pt Z B U RO s 55 —TJ7 1. 7E Cr a2
AL B 7= AT B W B R L. A R R0 B
JC BRI I 5 v ) 7 0 R A 7% 1 < s B L DK
TR BRI PL 2 . DT B i A AL W B
Pk, (HANF 2 dal DI 5 2 A s Bsil i 8 2%
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(1) $#4% AL Cr o] DL 3% 412 & Pt/SZ/USY
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