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A series of bimetallic palladium-platinum (molar ratio Pd : Pt=4 : 1) catalysts supported on ytterbium (Yb)-
modified ultrastable Y (USY) zeolite, Pd-Pt/Yb-USY, were prepared and characterized to investigate the effect of
Yb loading (0-10.0 wt%) on the catalytic activity. Yb loading of less than 5.0 wt% enhanced the dispersion of
Pd-Pt particles as well as the catalytic activity for hydrogenation (HYD) of tetralin and hydrodesulfurization
(HDS) of 4,6-dimethyldibenzothiophene. Improvement of HYD of tetralin was more significant than that of
HDS after Yb loading. Interestingly, Yb loading decreased the inhibitory effect of tetralin on HYD of tetralin.
Acidity measurements of Pd-Pt/Yb-USY catalysts showed that Yb modification selectively decreased the number
of strong acidic sites and increased the number of medium and/or weak acidic sites with little change in the total
amounts of acidity compared with the Pd-Pt/USY catalyst. Dispersion measurement by CO adsorption at 50C
showed that Yb loading promoted sulfidation of the surface of Pd-Pt particles, but TPR (temperature programmed
reduction) measurements of sulfided Pd-Pt/Yb-USY catalyst showed that the affinity of Pd-Pt metallic phase to S
weakened after Yb modification beyond the reduction temperature of 200C. Therefore, Pd-Pt/Yb-USY catalyst
has high potential for aromatic hydrogenation of industrial feedstocks containing large amounts of aromatic com-
pounds, because this catalyst is highly sulfur-tolerant and more aromatic-tolerant than Pd-Pt/USY catalyst under

hydrogenation reaction conditions.
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Fig. 1 Effect of Yb Loading on Dispersion of Bimetallic Pd-Pt/
USY Zeolite Catalysts
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Fig. 2 CO, Adsorption Measurements of Bimetallic Pd-Pt/Yb-USY
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and Pd-Pt/USY Zeolite Catalysts Fig. 3 Acidic Properties of Bimetallic Pd-Pt/Yb-USY and Pd-Pt/
USY Zeolite Catalysts
Table 1 Effect of Yb Loading on TOF and Acidity of Pd-Pt/Yb-USY Zeolite Catalysts

Catalysis Pd-Pt/USY  Pd-Pt/Yb-USY  Pd-Pt/Yb-USY Pd-Pt/Yb-USY Pd-Pt/Yb-USY

ysis Yb=0wt% Yb=2.5wt% Yb=5.0 wt% Yb=75wt% Yb=10.0 wt%
TOFuyp [10*h71 6.1 9.0 15.0 16.1 19.5
TOFups [h71]® 1.6 22 5.1 2.3 2.5
Acidity [10* mol/g-cat.]” 4.29 — 4.43 — 433
strong acid 1.90 — 1.86 — 1.52
medium acid 0.89 — 1.09 — 1.09
weak acid 1.50 — 1.48 — 1.72

a) TOF calculated based on Dgs.
greater than 70 kJ/mol.

K (677%) &b —F, FNLLLEYb ZHFNT 5 EGEED
EFAR SN, Yo 2RI L T vl (57.1%) L0 HK
WEZE IR U720 Yb DU PA-PtRET- O % A L X8 5
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Motze Fiz, KERITTLHEE, SO ST % 1T - 72 filtl
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I L 25 HEDWAY % Di—Drs &35 &, HiALED Pd-Pt #iL
FREOHLE REKEES) 013,

0= (Dg — Dgs)/Dx
THRIMN, Fig. LIWHM L2HREZRT. Yo RINEOBEIMIZ
PR E S EE S WINT 2 S e DLEOREE»S,
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PA-PtA T OFALAMEHE S N B FE E LT, HHHEMED Yb 25
DEFHGIZE D PAd-PtRFOET) v F i), BFSAEN
D ST LD PA-PtR TR E NG oz LHER SR
%o

Yb OIEIREL L LTI OVWTOHRAERL 20,
CO, WA M E & 4T - 7245 R % Fig. 2137 F . Yb 2 imMML T
72\ PA-PY/USY flBELCIE CO, 25@ SRS L TR v o 2
L, Yb DFEMIZAE CORAEEDMLz. 2O END,
BWEMEZ R T YO BRILWIZ CO 0 MAE L TWwhbDEER LN
B, Yb OFEMAHEEIC OV TS HRRE TETH S, Ybil
FE275wt% F Tld CO,ERDITIZERMICHML T2
DIZHFL, Yo HEEDT10.0wt% THELLHEML T 5, HEE
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¢) Amount of adsorbed NHj for heat of adsorption
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mol <WFE# <110 kJ/mol, §5M& 5% 70 kI/mol <W#E % <90 kI/
mol &3 HE L, AT E % W5 > 70 kI/mol D ITE= 6K
722, ZOFER % Table 11717 $ o KR5HEICHEZ 1L PAd-PY/USY
BRIETIE, Yo IRIIE OBEIN PEI75 2> 110 kI/mol DR
BN L, WA 2 <110 kI/mol O R i R0 55 R r A i 12
BiNL Twb, @A EIE Yo OWRINED0, 50, 10.0wt% &
BINT 5122, 1.90, 1.86, 1.52x 107 mol/g-cat. & i LT
V575 Fig. 25K E AIHENEICHITE2IIKEL, Y
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IREALSISH I FR P OREMEERILEW OB HZ Z TR T
CEATRIEEND, —TF, ke (A >70kI/mol) 1X Yb D
WMEIZE ST, WTFhoflifEIcB v Tb 4.3 ~4.4%10" mol/
g-cat. THAHZ s, HEMETH S Yo OFEIMIZL > TUSY
OBEBHFHENDORINDDOTIE AR L, BRSO~ 558k
L2SHET L T 5 L& 2 5N b, Fig. 28 X U Fig. 3D5EE»
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Fig. 4 Effect of Yb Loading on Catalytic Selectivities of Bimetallic
Pd-Pt/USY Zeolite Catalysts
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TN AEV3,3-DMDCH/3,3-DMCHB AL ThB Y, Ih
(3l T 4,6-DMDBT DKFEALDSK & <A, Z1iTHi < B
MPHEIT LR T ol b B END, 22T, YbiEE:
H|IX9 % TOFuyp & TOFups % Table 13 X U Fig. 512",
Fig. 57556 227% £ 512, Yb #INE O TOFyyp (&
KECEML TS D DD TOFyps (DO FHITHAL TV B IZ
BE RV, TOFuyp DN, Yb DM LY USY Loikk
BT ~GEEEL L 22 &, T Yo OFEICLY,
WEMTHLT 7)) Y OWBENA L= XITHEIT LTV AT
& (trans/cis LOEM) LR L7 —FH, Yb ORI LY
TOFyps 13D AL TV ARETH 55, 4,6-DMDBT O
LRI YD 2 BMT 5L RELEML TS, 2O LT,
Yb O & 0 BEE MO IE1T & A LTI,
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Fig. 5 Effect of Yb Loading on Catalytic Activities of Bimetallic
Pd-Pt/USY Zeolite Catalysts

5

p

=

S

I3

g Yb(10)-USY

[}

ge]

%)

T R Yb(5)-USY
S usy
0O 200 400 600 800 1000

Temperature (°C)

Fig. 6 TPR Profiles of Sulfided Yb/USY Zeolite
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3% & 100~400C ICKE 3RO E =7 HHN, YbiRE
10.0wt% TIE580C FiLIZ/hE R =7 BNz, b
D=7 X YO LD SICHKT 205, Z0RBICOVTIEH
MR Th D, KIZ, HEEMEEGEE L OB BT 5
728, Yb #EZRIND PA/USY B £ UF PYUSY 122V TPR %47
72 (Fig. 7)o B LALEE Pd/USY O TPR O i F 70 5, 100 ~
300C @ ¥ — 7 i3k Emite, 500C fHEo ¥ — 7 1388,
600~ 800C 13D ¥ — 7 1E NV 7 BAL A A & D H,S A2 ik
=2 eEZ2 N5, i Hi LWL P/USY @ TPR @
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DOE—=Z7 3NNV 7 RALWHPS O HS ERE—27 &2 5
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Pd/USY BLUPYUSY D TPR 7— % L DIERIZ L ) Zh e
PdB L O PUHALMERAHD S ICL B HSE—2 £ 25N,
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PtS, DSIZHKTLHSE—2 EEZ5N5, —F, Yb%
5.0 wt% AN L 7z filfi¢lE, Pd-PyUSY filifi 2l 100 ~200T
FEDOYE — 7 KR 25 RECHEHNILTED, Yo DRI &
DS OBEELES B I ED0H o720 Yb & 10.0 wt% TR
L7236, IR T S BilAsyc#ifl S 4, 250, 320, 550C
B S WLBEASEE & 725720 Yo DA ERIML Yb-USY % [f
— A THAL L 72354, 100 ~300T I2=20D Hy,S ¥ — 7 78
N7z728, Pd-Pt/Yb(10)-USY @O TPR AX%7 ML C250C B &
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Fig. 9 Effect of Yb Loading on Metallic Site Formation on Sulfided
Bimetallic Pd-Pt/USY Zeolite Catalysts
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TEHHS DL L %Bb720, PAd-PtRF LD SIZHRT S
H,S & &K HT 2 DIEWEETH > 72,

Z TR, BER O 2 K ERITLIE, S5 I126bL
HAATV, B CHME OIRE CRFRITCILE % | BERIAT - 72 fil
WO COMBRMEXITo 720 TO—HOENER £ BICIRE D
EIZHEDSE L 72 (Fig. 8)o A7V AWEEDSKE D CO WA
H1x, PA-PtRTREEICHE A5 ) v 7 HOEIHE L TW»
%728, Fig. 7O (<500C) OEEBHORITEE %
LY ERMICFHITREL £ 2 bNb . T OREEE Fig. 91”7,
TRAL LBl 2 S 512 100C CEyoLB L 7-filiit o> co s &
2 Yb IRIEAZEVIRA L, Fig. 112718 L7z Dys & AR 5
ZRLTWD, Yb DRIMOBHEII L b LT, EICLIEE
D LA CO WAE RIS 525, CO W= O ERSE
TIZ YD 2RI L 72mENRKREDP 72 TOT EIE, YOI
I2& ) PA-PRI T B & OBMDHGTEEY, 25 ) v
MPEHLR TSI LERLTW S, FEIZ, KFELUCH
JE280C |23V & TCIEE 200~ 300T 3 TlE, Yb M= AT 2.5
BLU50wt% OWAEIC YD IRINETS, 10.0 wt% DERIZHA,
AF)y ZHPEH LR T W ER0D o7 CORERIT
Yb BIMEA 2.5 wt% OFH5.0 wt% (2K E V720, Pd-Pt
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Table 2 Effect of Tetralin Content on the Catalytic Performance of Pd-Pt/USY and Pd-Pt/Yb(5)-USY Zeolite Catalysts

Catalysts Pd-P/USY? Pd-Pt/Yb-USY?
tetralin content [wt%] 15.0 30.0 50.0 15.0 30.0 50.0
HYD of tetralin [%]1° 59.0 29.0 24.2 49.2 47.0 33.5
trans-decalin/cis-decalin [—1 2.9 2.7 2.5 4.0 3.8 3.8
HDS of 4,6-DMDBT [%]° 81.8 49.2 50.0 83.7 75.0 74.0
3,3-DMDCH/3,3-DMCHB? 5.7 3.7 3.1 3.7 4.3 3.5
TOFuyp [102h7'® 6.2 6.1 5.1 7.0 15.0 16.0
TOFups [h™"1P 2.6 1.6 1.6 2.1 2.1 1.8

a) Prepared differently from Pd-Pt/USY(13.9) zeolite with the same Pd and Pt precursors and zeolite.

DRS =17.9%.
b) Dr =56.4% and Drs =9.5%.

Dr=66.2% and

¢) HYD: conversion of tetralin; HDS: hydrodesulfurization of 4,6-DMDBT.
Feedstock: 4,6-DMDBT (S =300 ppm)/n-butylamine (N = 20 ppm)/tetralin (29.7 wt% )/n-C,¢ (balance).
Reaction conditions: 7= 553 K, P=3.9 MPa, WHSV = 16 h™', Hy/feed = 500 N1/I.

Each activity is after on stream time of 50 h.

d) Ratio of 3,3"-dimethyldicyclohexyl to 3,3"-dimethylcyclohexylbenzene.

e) TOF calculated based on Dgs.
f) TOF calculated based on Dg — Dgs.

FFREOTE T T 2 BB EE IR TIINWT LR
LTWwh, BVifz UL, Ei#ED 82 513 Pd-PU/Yb(2.5)-
USY>Pd-Pt/Yb(5)-USY DFH & %%, LA L, YbiRINEA
2.5 wt% O¥FEITIE Yo FIIE 2550 wt% (2 e CHRfE i As %
CEHELTWA720, KFIEBRKICEREFET 2T TV
WEEINDED®, 072D, Yo HRMEDS.0wt% OFFIC Fig. 4
TRLZE) GROEWIEEERLLEZOND, — 4,
Yb RINEATS5, 100wt% & 75 & BICIE P S Bili=
EEINS A b 0o, RICHE 500T 3 To S A RE L Yb
WML ) LAV RLho720 ZRIZFig. 112ASN1S
L9102, YO BRMEAS5.0wt% FH8 2 5 b5 E R
ELMBETTEDEEZONE, UEDOZ EHS, Yb 2@
L 72 Pd-Pt/USY Ml TIIRFALSULH IR FILIEESR & 72 5
A& )y 7 A N RBIBTEE A & 7 DR BRI A b A
BHIZHBT H720, BE\WHYD it & HDS i S h
LHEEZLNA,

Bk & 912, PAd-PYUSY 12 Yb ZiiiI L T2 2 &1
£, working IREEIC BV 2 MTEEMEOM I, S 5IZ3EOIE
IS 2 L0 K B TR IER RIS LAY oW IHER)
ROFRIEDMFETE 2, 22 TRIC, BERRHFOT M5
VBB AL S E T PAd-PYYb(5)-USY filtfi > 35 & 8 1 20
T HHEEEME L. DGR % Table 212777 Yb & iR/
LT Pd-PYUSY filllE ik, & F5 ) Y &EEOHENIIC
PEVCHYD FHESKRELCHAL, 787 Y EAHRESOWL% T
F15wt% OGEOLFLU T L Twb, £z, 787
CEHRDEINNT 5 L 4,6-DMDBT @ HDS ifith bk & s
L, 3,3-DMDCH/3,3-DMCHB B4 L, & 512 TOFuyp X
TOFups DA L TWb, ST s, 75 »okFEL
X7 b)) VEEOWEREY R ZITRT VI LRG0
720 =7, Yb Z{INL 7z PA-Pt/Yb-USY fillfii Cix, 7 b5 Y
VERBROBMICAAEV HYD {EPES° HDS S TR T3 5%
bDOD, PA-PYUSY I A =IIA o7z, F72, 33-
DMDCH/3,3-DMCHB [tid5 b 5V Y EHEEIKEAE S, 12T
—%E TdH o 72 T O PA-P/Yb-USY filt ## T X, TOFnuyp,
TOFups (&7 M7V Y &EAREIZL 53 TOFups (21T & A E21L

J. Jpn. Petrol. Inst.,

Vol. 51,

WO L, 7M7) YEREDN30, 50wt% DKL
TOFyyp (2 18 E L 7e 2, R ICERETE S
Na57 r7) ok Lok s (Yo DIFINC L) Z20®AHs
BF) 7207 Ch  REEMERIC b L, LRSS IR I
PEASBEAIL 7294 b ETF 50 YOS B X OKRELD OB
BES A L — X2 B 7280, TOFMED L o7z EHEE L 720
ZDZ EIE, FERBEEITOW% EET A M)A 7 v
4V (LCO) DRFEALIZIE Yb iRhE % @ L L 72 Pd-Pt/
Yb-USY A CHMATH LI EE2RIBLTEBY, SHA
RO HEIEE BT 2T ETH S,

4. # B

ARIFFEClE, BMOBIRERTE X OFFREAKRE [
R EE & I & 5 PA-PY/Yb-USY il i2 B % Yb DN
BIREBETT 5720, YD IRINE % 2L S TR L 72filuio
EHFMMB L O Yy I 75 ) ¥ = 3 v &fTo 72, RIF%E
THEONAERMAZ LTICE T,

(1) L& 25~50wt%) O YbiEMIZ XY KFEBTMIAL LR
TRALALEL T O PAd-Pt R F O FUE LA 55—, Yb iRz
WL WA PA-PURL T O BUEAMET L7ze 72, YO O
IS & D REB BRI, Pd-Ptk TR OWALA LA
END T ENGhoT.

(2) USY ¥4 71 &g (NH;WFEE>70kI/mol) 13X Yb

IR B 2 Lo 72,

(3) 7871 yBLU4,6-DMDBT 76 7% 57T WVLEW % H
W PEEFMITA S, Yb ZEMI L 72 Pd-Pt/Yb-USY filifit % Fv»
LI LI T T v oKEB L U4,6-DMDBT O J5 &5
DORFALAZFZE LML, ZOFE%, Pd-PYUSY AlBEIC A~
WG A SNz 72, 7 T Y ORELERYTH
% translcis 7 Y PSS YO IRIIC L B USY €4 T 4 b
DERIE O HHER SN, REER OB L) FHEREOWAE
THEASFRM STV D LRI N,

4) Yo OB LY, PA-PtRTOFALIMEESNL L DOD,
EROKEFR T TIIRE & OBAMIHTO S5, KFELK
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I working FZFHSU T COMARHMED A B35 2 &350 o 72,
(5) PA-Pt/Yb-USY flt 13 JFURNH o D F5 75 i B2 D Wi 75 B &
HREEZTIT W EPGHY, T4 M A 7 vF AL (LCO)
FEOBIBTBEMEDRIE E Tz,
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