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Isomerization of light naphtha containing sulfur compounds was investigated over metal/SO,*/ZrO»-Al>Os cat-
alysts, and the appearance of sulfur tolerance was discussed using the analysis of the metal distribution in the sul-
fur-tolerant isomerization catalysts. Although the isomerization activity of the conventional Pt/SO4*/
ZrO,-ALO; catalyst decreased linearly in the presence of sulfur in the feed, the Pd-impregnated Pt/SO4>7/
ZrO»-Al,O3 catalyst, in which Pd was added to the Pt/S04*/Zr0,-Al,05 carrier, maintained stable isomerization
activity even in the presence of high concentrations of sulfur. EPMA (Electron Probe Micro Analysis) investiga-
tion of the metal distribution indicated that a hybrid structure (Pt/SO4*/ZrO,-Pd/A1,03) was formed in the Pd-
impregnated catalyst, and that the high sulfur tolerance of the catalyst originated in the desulfurization function of
the Pd/Al,O3 particles formed in the catalyst. To investigate the effect of the Pd/Al,O3 particles, isomerization
was carried out over a powder mixture of Pt/SO4>7/ZrO,-Al,O5 catalyst and Pd/Al,Os catalyst.  Since the powder
mixture catalyst also showed sulfur tolerance equal to the Pd-impregnated Pt/SO4*/ZrO,-Al,O; catalyst, it was
suggested that the Pd/Al,Os particles supply hydrogen to the Pt/SO4*/ZrO,-Al>Os particles in addition to catalyz-
ing hydrodesulfurization. Moreover, the lifetime test showed that the sulfur tolerance of Pd-impregnated
Pt/SO4>/Zr0,-Al,0Oj5 catalyst was maintained in the long term, and that products with higher octane number could

be obtained stably even from the isomerization of sulfur-containing light naphtha.
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Table 1 Feed Properties
Feed-1 Feed-2 Feed-3 Feed-4

Property

Density (@15/4) 0.6603 0.6596 0.6584 0.6515

Sulfur [mass ppm] 30 81 160 490

Nitrogen [mass ppm] <1 <1 <1 <1

GC-RON (C5") 65 66 67 67

i-Cs ratio [mass %] 394 40.0 40.9 40.1

22DMB selectivity [mass %] 1.0 1.1 1.3 0.9
Components [mass %]

G5, Cy 3.0 2.4 1.6 1.3

Cs 40.0 42.5 46.4 52.0

Cs 39.4 38.0 35.8 36.6

(o 7.0 6.5 5.6 1.0

Benzene 2.6 2.6 2.6 1.7

Naphthenes 8.0 8.0 8.0 7.5
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Fig. 1 Isomerization of Sulfur-containing Light Naphtha over
Pt/SO4*/Zr0,-Al,05 Catalyst
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Fig. 2 Relationship between Sulfur Content in Feed and
Deactivation Rate over Pt/SO4>/ZrO»-ALO; Catalyst
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Sulfur=490mass ppm.

Fig. 4 Relationship between Amount of Pd Loading and i-Cs
Ratio in Isomerization Using Pd-impregnated Pt/SO4>/
Zr0,-Al,O3 Catalyst
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Fig. 5 EPMA Image of Pd-impregnated Pt/SO,>/ZrO>-Al,O3
Catalyst

Table 2 Powder Mixture Catalysts

Mixture ratio [mass % ]

Catalyst Shape Comments
A BY
Catalyst-A Pellet — — Pd-impregnated Pt/SO4>/Zr0,-Al,05
Catalyst-B Powder 90 10 Powder mixture of Pt/SO4*/Zr0O»-Al,05 and Pd/AL,O;
Catalyst-C Pellet 90 10 Granular mixture of Pt/SO4*7/Zr0,-AL,O; and Pd/Al,O3

a) Pt/S04*/Zr0>-AL0s.  b) PA/ALO;.
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Fig. 6 Isomerization of Sulfur-containing Light Naphtha over
Powder Mixture Catalysts

Strong

«—>
100um

(a) Zr mapping, (b) Al mapping,
(c) Pt mapping, (d) Pd mapping.

Fig. 7 EPMA Image of Powder Mixture Catalyst
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Fig. 8 Lifetime Test of Pd-impregnated Pt/SO,>/ZrO»-Al,0;
Catalyst
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S THR L, FmtxL vy SIS S L7z PA/ALO; K+
3 PENDIRE T 72 W HIHI L, PYSO42/Zr0r-ALOs KL T-D %
DRMALRET) & BRI - THERF S 2 Z LM TH B L 45
o7z,
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4.

il

MBS EETA N F 7T ORMALISICBNT, 48 &l
TG & OMBPEIZ D W THIET L 720 PYSO4>/ZrOx-ALO; fill i 12
BT B BEACTEEOLLEE LR P OBEEIREE 1S 1 RICIBIS
B ED otz Fhz, ABGHT ORE 5L BRSO
FTAEVER EMEOmBRE MINENS, LAL,
Pt/SO,2/Zr0»-ALOs fill i 1 Pd % 4045 L 72 il 13, #5iRE O
WREEETHTA4 M 7HOREIIZBW T EmVEREILE
PEZIRT 2 EWDD o720 2 OWHENEE PUSOL> /20, KL T-
& PA/ALOs K T2 BRI BEHE L7284 77 » B (PYSO42/
Zr0,-Pd/ALO;) %KL TWBZ EIZRINLTED, Pd/ALO;
K- D IR ARG EH 25608 73 AT T C O RHALBUE % #EHE S
BTWDIENTPoT2 EHIZ, PAALO: R T IZEEHF O
o OBEHEE IR, PUSOL/Zr0s K -~ D - HRIK FE O it
FARAED AL TV B T EATRIE SN, $72, N7 v FEE
HE AT DI E R L o R el Ao o, Al
BEO AL & B AE O W5 (X BT > TREMISHER:
ENDBZEDNHLNE L ST,

E

B, AWFCIIREFEEE OWBIEIC X 5 (W) flE
bt v — o RMEEREAHMEEREO—BRL L Tibh
72bDTHb,
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BES M M7 HOEMEA Pd 38 PUSO.2/Zr0,-ALO; il

22l

k™, IR EET, BY

P Tl), At %9@2)

D2 2 B () FLFZERT, 340-0193 ¥ FIHSEF RS 1134-2
g 2 ' kR WM 2 > 7 —, 180-8564 S LTHERHEX X IH 4-9-25 EH A 7 T E L

WS Z2EETHTA T 75 OBRMACEIE % £ )8/S042/
Zr0,-ALOs fil i % Fl v TA7 vy, EPMA (Electron Probe Micro
Analysis) 12 & % &R DA 5B EEOFIRIZ O W TR
FL72,

PUSO.*/ZrOx-AlLOs filt #5 0 FE AL IE M1 JEURR 12 B 5 53 2547
T 5 ERHE LD ICEBYITIET T 425, Pd 2L
PUSO,*/ZrOr-ALOs il S, Wi D& T2 EHT 574 b
F 7 FORMAACET b %E L TEmw R LG Ry 2 L8
Griro 7z EPMA I & 2 BIERIEES M ORRD S, Z Ofiftl
13 P A%ERAY I ALOs KL F-IZHEFR S N7z A 77 v M
(PUSO4™/ZrOx-Pd/ALO3) ZTEIL L THB Y, &\ i fi s 12k 13 fil
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BTG & ML 72 PA/ALOs K F- D BLFEERE ISR F L T\ 5b &
EWH o7z EHIZ, PAALOs KL T OE % FHHT 2 HIWT,
PUSO/Zr0»-ALO; filtlif & PA/ALO; filtilt: & % My Rl A L 7= filfik
DIFFRHE I DV T WO R Z 17 2 720 iR A L
72 il C b Pd HHEF PUSO,2/ZrO-AlLOs filt 5 [ 1 1 2 785 W iR g 25
ARSI DD, PAALO; KL X BGEHRE 2 A9 5 & AR
PS04 /Zr02-ALOs KL~ DR FE MG HERE O H L T b 2 &a°
MBS NIz, 510, FardlbEig R H» 5 Pd #HFF PUSOs/
Zr0,-ALO; Il BE DT HVE I BRI IE > THEFE S L, ZER
e BYALERMAE SN DL 2 EEFHS NI LT,
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