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ABSTRACT

In recent vears, a considerable attention has been focused on aromatics
hydrogenation of middle distillates due to the increasingly stringent environmental
legislation and the recognition of the importance of energy efficiency. Traditional
hydrotreating catalysts are not active enough to meet the requirement of deep
aromatics hydrogenation. Therefore, a two-stage hydrogenation technique has been
developed and considered as the optimal approach to dearomatization for diesel. In
the two stage process, a sulfide catalyst is employed in the first stage where sulfur and '
nitrogen containing species are mostly removed and meanwhile the aromatics are
mildly saturated, followed by stripping to remove H,S and NHj. A highly active noble
metal catalyst is used in the second stage for aromatics hydrogenation. However,
noble metals are extremely sensitive to sulfur, it is paramount to improve the sulfur
tolerance of the catalyst. In this work, fundamental research was conducted with
tetralin hydrogenation utilizing supported noble metal catalysts in the presence of
suifur. The deactivation mechanism of the catalyst and the effect of the electronic
state of métal on sulfur tolerance are further discussed.

The thermodynamic equilibrium characteristics of typical organic compounds in
the fuel, especially aromatic compounds were analyzed. Meanwhile, the effect of
temperature, pressure and hydrogen/hydrocarbon ratio on equilibrium compositions of
product(s) was also investigated. The results showed that the heterocyclic compounds
(containing sulfur and nitrogen) have much higher equilibrium constant for opening
of the C-X bond than that for aromatics hydrogenation under lower temperature so it
is possible for the former to be removed during the first stage hydrogenation. Lower
reaction temperature, higher pressure and higher ratio of H; to hydrecarbon are
beneficial to deep hydrogenation of aromatics, whereas higher reaction temperature
favors isomerization and ring opening reaction of aromatics.

Both the catalytic performance of a series of Beta zeolite supported Pd catalyst
and deactivation characteristics of ion exchanged Beta zeolite supported Pd catalyst
for tetralin hydrogenation in the presence of thiophene were investigated. Many
characterization techniques such as XRD, SEM, TEM, NH;-TPD, TG-DTA and
GC-MS were employed. The results indicated that the catalytic activity of Pd/Beta
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zeolite catalyst prepared by ion exchange (IE) is superior to that of the one prepared
by incipient wetness impregnation (IWI). For all the IE catalysts, Pd/Beta80 (IE)
catalyst has the best catalytic activity. Its tetralin conversion and decalin yield are
75% and 55% respectively after 8 h reaction, while the activity of Pd/Beta60 (IE) and
Pd/Beta25 (IE) is lower, especially for Pd/Beta25 (IE). It deactivated rapidly, with
tetralin conversion lowered to 10 % after 8 h reaction. The good catalytic performance
of Pd/Beta80 (IE) can be attributed to the presence of suitable amount of medium and
strong acid sites and small zeolite crystal size. Besides, addition of a small amount of
y -AlyO3 to-Pd/Beta25 (IE) promotes catalytic activity. It was found by TG-TDA and
GC-MS, etc. that a considerable amount of coke composition existed on the used
catalysts, in particular for used Pd/Beta25 (IE). It means that both mismatch of acid
site and metal site especially in presence of excess strong acid sites and sulfur
poisoning of metal are the important factors leading o catalyst deactivation.

Nd** promoted and non promoted USY supported Pd catalysts were characterized
by TG-DTA and NHs-TPD, and the catalytic behaviors of them were evaluated for
tetralin hydrogenation with benzothiophene. The electronic state of Pd cluster under
different environments and the sulfur poisoning of metal sites were simulated by a
DFT method. It shows that the addition of small amount of Nd** ions change the
acidity of zeolite and strengthen the interaction between metal and support, thus
improving the catalytic activity of the Pd catalyst. The simulation result indicates that
the metal active sites become electron deficient as Nd** or H' directly contact with
them, whereas if O" anion is attached to 2 metal site, excess electron would present on
the cluster. A H" containing metal cluster is more difficult to be poisoned by sulfur.
On the contrary, a O° containing metal site is sensitive to sulfur. Improvement of
catalytic activity of noble metal catalyst via acid sites interaction with metal is then
attributed to the formation of electron deficiency of the metal site, which quite agrees
with the experimental observation. In conclusion, the sulfur tolerance of zeolite
supported noble metal catalysts can be enhanced by metal-support interaction causing
metal particle electron deficient.

The USY support was modified by various transition metals, including Ti, Cr and
Mn. The physicochemical properties of various supports are characterized and the
catalytic performance of the Pd catalysts for tetralin hydrogenation with the presence
of benzothiophene was investigated. The results show that the modification of USY

with transition metal ions leads to more acid sites and higher strength of acidic sites
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on the support. However, the catalytic activity is not always enhanced. Compared to
the unmodified Pd/USY catalyst, only the Mn modified catalyst showed a higher
hydrogenation activity, whereas addition of Ti and Cr decreased the activity after 6 h
time on stream. The enhanced activity of Pd/MnUSY is attributed to a suitable acid
amount and acid strength. Supporf effect during tetralin hydrogenation was also
investigated by utilizing various carriers, i.c. AI-MCM-41, Si-MCM-41, USY and
ASA, herein Pd was used as metal active component. It was found that the catalytic
activity of these catalysts have a sequence as follows: Pd/ASA > Pd/USY >
Pd/AI-MCM-41 > Pd/Si-MCM-41. The better catalytic activity of Pd/ASA and
Pd/USY was ascribed to a strong metal-support interaction. It was also found that an
excess amount of strong acid sites on USY induced isomerization and ring opening.
Weak metal support interaction on Pd/AI-MCM-41 and Pd/Si-MCM-41 catalysts
decreased their hydrogenation activity, but enhanced the selectivity of aromatics
saturation.

Key words: aromatics hydrogenation, Pd catalysts, sulfur tolerance, tetralin
hydrogenation, catalyst deactivation, Beta zeolites, USY zeolites, modification by

Nd*, modification by transition metal.
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Table 1 The world specification of gasoline

Property I il 11 v
Sulfur (wt. %, max) 0.20 0.02 0.003 0.001
Alkenes (vol. %,max) — 20.0 10.0 10.0
Aromatics (vol. %,max) 50.0 40.0 35.0 350
Benzene (vol. %,max) 5.0 2.5 1.0 1.0
Oxygen (wt. %,max) 2.7 2.7 2.7 2.7
Density, Pb (g+L! max) 0.613 N/A N/A N/A
# 12 tFRmmE () P
Table 1 The world specification of diesel
Property I II 111 IV
Sulfur (wt. %, max) 0.5 0.03 0.003 0.001
Density (20°C,kgem™>) 820~—~860 820~—~850 820~840 820840
Aromatics (vol. %,max) — 25 15 15
Polycyclic aromatics (vol. %,max) — 5.0 2.0 20
Cetane number (min) 48 53 55 55
tos ("C, min) 375 355 340 340
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Table 1-3 Aromatic compounds in Kuwait atmospheric gas oil

Aromatic type Area % of total aromatics

1. Monoaromatics

C; - Cq alky! benzenes 3.68

Cj— Cs benzothiophenes 14.24
2. Bicycloaromatics

Co— C4 naphthalenes 52.81

Co— C;4 dibenzothiophenes 14.38

Cy— C4 fluorenes 4.12

Ci-benzyls + dibenzofuran 4.07
3. Triaromatics

Co— C4 phenanthrenes 6.20

Co— C4 pyrenes/fluoranthrenes 0.5
Total 100.0
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Fig. 1-8 Interconversion of two active sites on metal sulfide
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Fig.1-10. New designing concept for zeolite supported metal catalysts
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Fig. 1-11 Schematic diagram of electron transfer in Ni-B and Ni-P alloys
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Fig.1-12. Crystallographic structure of Mo;C. MogN and MoS;
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Fig. 1-13 Structural model of MoOxN;
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Fig.1-12. SynSat/SynShift process with Criterion/Lummus catalytic hydrotreating reactor
technology, with intermediate by-product gas removal and counter-current gas-flow.
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. WMFE T REEF BRI AR R BESNFEBRKAN. B
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L ABRAOZAESFNESERTRERDH, LERETEFEMRSETR
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I BEXFEEELE Beta BA RFLEUFERGFE FHFEMATESE, ME
A RAMER YA EER T AREEEENRER, L8 T HEEN R
W&, WMHERENBSH SRR, _

L ZER TR USY ASEEENERTETHF RS EW, HET
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ETT FRMEREHHNEDH

W&
AEER TS F B SR Y RO T BE S KD FHH, T
T AR RE 2 m BRI . AR 3 e Ae B #AT T 314k, AR 2
BB FELRTBA. SURLF AR SR R A EAE Y,

21 318

PR W S AR D F R, RS PR BT R M
FA AT S R R AT % FRI& B RHAT R ERERM, BATL
hEhESRELEERY. MTFRERNTE, RN KHREE
% BERRENARLARSRBGRZFMERE, AELTIG R SOLRA
BERSE, BT AR LEMBEATREHFTRNEIRES, AN ERTHE
e BRI LR,

HTFARNRHA, FESFREERTR, Kb ps e g EREF
R, BRI THERSAE, SREHTHFEREARE SEHBENET
M. NIRRARER, METRTEREATEVEASNLE R, KEEMT2
BAREENMEIAEELSE, SATLRBEFT BRI RSP SREZSH
EOR IR R R R BT B 2-1 FIE 2-2 AP RTIHA S th R gy 3
FRAEF- 7 el .

F 2-1. ¥R g
Table 2-1 Octane Number (RON) of some hydrocarbons in gasoline

Compound n-pentane 2-Methybutane Cyclopentane n-Hexane
Formula CsHyz CsHp, CsHjo CgHyy
RON 62 90 85 26
Compound 2-Methylpentane 2,2-Dimethylbutane Cyclohexane Benzene
Formula CE,H 14 C(;H 14 C&H 12 CGH(,
RON 73 93 77 > 100
Compound n-Octane 2-Methylheptane  2,2,4-Trimethylpentane  Xylenes
Formula CgH]n Cngs CBHm CgH)o

RON 0 100 100 > 100
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F 2-2. SR — iR a b asrEty

Table 2-2 Cetane number {(CN) of some hydrocarbons in diesel fuel

Compound n-Decane n-Pentadecane n-Hexadecane
Formula C 1 gHu C 1 5H32 C 1 5H34
CN* _ 76 95 100 i
Compound Decalin 3-Cyclohexylhexane 2-Methyl-3-cyclohexy1nonane; 7
Formula CioHis Cizthay CieHsz
CN 48 36 70
Compound 1-Methylnaphthalene  n-Pentylbenzene 1-Butylnaphthalene
Formula CnHio CiHis CisHis
CN 0 3 : 6

BR 2-1 AILLRIL, EMFEENFRERK, XERBRIENERER
#, R La B, FEMZFE) FRERS: RlRRPFERNE
BARBEAMERE, B LEET R R ERER I8 FEH{ T B(MTBE)
BERNEVHEERERAER. BR 22 TLUEE, NTRMES, RPHE
KB E T A RE R, RN TSRERR, B mE g Em L
R AREE . S FHRNENHNFETEHLEFRACERS MR
. EHZRF R MRS EH IR AN, AR T R A
T2 rh U Iz R () ) M LR AT ROREAT BB IR A A ) REAT T T

2.2 BANEBHRAZITEER

A RS TERA N %S K EHRA Outokumpu HSC 4.01 Vi
i7. B RN AV E, WEMEL mol JHMr. HSC MLEHmERE
£1,4 15000 FEL_EALESHIRE (HD). BEORRBCOHHE, HHATREERIF
HRE TR ELEH RN WRGE TRAEH.

NFR— USRS

al+bB+..=cC+dD+..
R - SRS A 7 L e RE AL AR T 8 B B B R R L

AH, =Xv.H (Products)—Zv, H, (Reactants)
=(exH +dxHy+.)-(axH, +bxHy+..) -

AS, =Zv,S,(Products )~ Zv,S,(Re ac tan 1s)
={exS.+dxS,+.)—(ax8,+bx Sy +..} (2-2)

AG, = Zv,G,(Products }-Zv G, (Re actants)
=(exGe+dxGp+..)—(axG, +bxGy+..) (23)
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Fig. 2-1 Dependence of logK, on temperature for hydrogenation of vatious hydrocarbons

F 2-3 REEEIMELER R HH Gibbs 5B

Table 2-3 Reaction heat and Gibbs free energy of various hydrocarbons hydrogenation

Reaction heat Reaction Gibbs free energy change
Reaction system / kJsmol’! / kI*mol’!
200°C 300°C 400°C  200C  300°C  400°C
Chlrm—m " 3433 3480 3518 -1432  -1004 -56.9
Crmemwonn on16 2760 2797 -1252 -93.8 -61.7
Q=0 2154 2187 2206 317 7.5 47.1

Cin s A (EVIIELL 5. 1) NIERSEME. B InEURER (/B
t4: 1) AETHRMOMEARFME GE/EL3: 1D AFSHRAE, REH N
SaBEAETARAEYHNEERER. SRS YNERRD logk, FMEE
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RBAFIT RILENEAT; AR Gibbs B B 88 ECR AT 50, o AN 2UH
FIAEZRE X (B35 /h T8, MAEMSF 300 CULEHHREUATE, REETR
REERRIT. EPREARMAELBATUR T EFENERMLRET, RERE
REASEME, THLPHEIER. RILSUREIIRTRIENEE, AiiF
FIF 5 MEB R RIRITRILT, TEREN T RMHTRA TR R ik
KRAFRBEMATZRFEREMANGHIER.
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A 2-2 B INE TR logK, MR E M3
Fig. 2-2 Dependence of logK, on temperature for benzene hydrogenation

# 2-4 FREGIIRR M R AT Gibbs H R A%

Table 2-4 Reaction heat and Gibbs free energy change for benzene hydrogenation

Reaction heat Reaction Gibbs free energy change

Reaction system / kIsmol” / kIsmol™!
200C 300°C 400°C  200C  300C 400 °C
Q=—0 154 2187 206 317 75 471
O e 434 439 450 253 214 174
Oy 148 146 146  -53 95 137

B 22 ATEVRIR, M TENEERH RIS, RFEHSOEEEE S
HETER TR, WEENR CERAERIFFRHEZREN K5, BT
WRAEREAREM LR, WARURL, IERAREABNENARKAR
PEXNFSRFMURFREUEN. AR 24 FH, MENFHEKHRN, @
FOUREHRRN, EINEH Gibbs B RERMHEERNARESN O HEEL, 7
HRH BRI, HMEAH, EXRORRALNERER, HHER
RO RE B PR AR ML R IR TR, MM SR, LR, FHFRRHL
RECEZEWTIEN, MEEEANESRENN LRALNREERCAAE,
AR T B & R B BEAL T LT3R R K
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Fig. 2-3 Dependence of equilibrium conversion of benzene on
temperature and molar Ho/HC for benzene hydrogenation under 1 bar
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Fig. 2-4 Dependence of equilibrium conversion of benzene on
temperature and molar Hy/HC for benzene hydrogenation under 40 bar

1 2-3 B0 S R A x-y RGOS RET LI, FREBENT 200 T,
FRERLAT 3 WX EEE, FPEELERE 90 %Ll L, TEEEREKENHR
MR E R BREY . H5/EHAT 3 N, BTARNRRE, Rk
EERABRENBE. BETS, BEMRMERENEBHEEETRTHEM
BRI EAT .

& 2-4 HJE 7 40 bar B P47 1k R B RS A SRR R LR LB
HERERFEMENRETMES, FEENT 300 C. TVERXT 3 HIRE
HEETEELEAT 95%. STHLE2-3 fE 24, ATLESR, BE. EANE
IR AR ERAER, HNTE, MENENEXNETESNER,
HikREHENERE, MEBERLESE 3 U LKPERHEER.
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HFE 2-5 ATLARR B AR, 4R M0 80E 00 R 65 $OE K 8 1LAT 2,
MEAERTFEEREER, X5RAFYERTRKHHSEREEEX. HLH
=, MEFERNK+EZEGAT R FRE NS/, MEEEN, FEHER
FIRERERD, MESENTHEERA R TEASHFRESRIT, X
LR N ERRE-AY, AR 25 BIEB S, NEMNTARTEAN
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Fig. 2-5 Dependence of logK, on temperature for tetralin hydrogenation

# 2-5 WA ML 2P RN HA Gibbs B HEERAL
Tabie 2-5 Reaction heat and Gibbs free energy for tetralin hydrogenation

Reaction heat Reaction Gibbs free energy change
Reaction system / kYool / kJ*mol’
200°C 300°C 400°C 200°C 300 °C 400°C
C)O‘"(j,:j -2199 2241 2268 227 194 62.2
CO”Cb -206.5 -210.7 2134 -10.8 31.0 73.3

CO—=C7" 406 -417 427 -9.5 2.8 4.0
=T 400 300 04 90 46 0.1
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24.22 REMS/ZEEANOSFHMERFEE

WEFESEERM, BRTHEFFE, HMEERE. ERFMENPE~,
BF AL B Gz AT ReR), BmEX s hetiemm
HE, WLBENE, XERRMRE. EHREELINEZE AR ERIE
Wi, HhRMRGES ANEFENE, RETERRFIERASREER.
WEZEM T EFERFH RO, NEENE R P EEN RN TR T B

FHIES R 1 bar 0 40 bar B U E S PRIHLERRE RE/RHHELER
43 WL 2-6 F1E 2-7,

HE 2-6 T LLE BIM N ELE LR ML, 7 250 CHAH —HRESEL
TN RS EE N AR T H. Bfs, BT 200C. SVEHKT 3
HERfETEE, WEZRBRTHMERY, NEEMFELEL 5 %L, £
FUMTEREANTELE. BAMT200C, BEEHST I, BEIELE
ENEZMHLERE. 7250 CHEE, NEZNELERR, AE60%EH,
EEMERNBAAHEREK, MHEMAaETEE. HEAHT 250 CH, ER
Bk, MEEHERFSMMEY, KPR TFUSFEEERERNIHET,
GENASEAEL RN, 75325 CUHEE, WERMREELEE 95 %L
k.
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2-6 5. FIEE IR U/ LR MO 28 N P 85 55 L R B S ML bar)

Fig. 2-6 Dependence of equilibrium conversion of tetralinon
temperature and molar Ho/HC for tetralin hydrogenation under 1 bar

HRFERREAEME 40 bar & (B 2-7 Big), 7 100~400 THEEA,
MmN E S EAEE RS A A5 % LR ARER AT 300 C
PR, E/2HATF 3 M. HBEXT 350 CLLELA, NEAEMBELERE
B, ANE/RLEERERTE, 5 1 bar HITSAZENELEL, SR
3 AR F RBLAT .

BATE, BEMRENR&SNE R EER THASENME, mEEMEE

/BN TUARMERTHN. [, ENEANEARRENIENENT
e

2-7 YRR /R A Hoxt MU 3 ST 46 5L 2 1 B2 (40 bar)
Fig. 2-7 Dependence-of equilibrium conversion of tetralin on
temperature and molar Hy/HC for tetralin hydrogenation under 40 bar
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%%, ANSABREE. EAREBEENENEARPRECR N TE S
Brgw. REMEBHESHEND, TPHERFRERA)BFR. BEER
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Fig. 2-8 Dependence of equilibrium conversion of naphthalene on
temperature and molar Hy/HC for naphthalene hydrogenation uader 1 bar
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Fig. 2-9 Dependence of equilibrium conversion of naphthalene on
temperature and molar Ho/HC for naphthalene hydrogenation under 40 bar
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BB FEMERNERAESN

B 2-10 EAZLL 6: 1 BFHEE RIEAZAMZNE SR PARABETES B
(@) F; (b) RATEE: (o) WMATEE: @) HEE
Fig, 2-10 Dependence of equilibrium content of varicus hydrocarbons on temperature
and pressure for naphthalene hydrogenation at Hy/HC 6:1.
(a) naphthalene: (b) trans-decalin; (c) cis-decalin: (d) tetralin.
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Bl 2-8 T 2-9 4151 5 FR 0 77 1 bar F 40 bar R 2508 R th 2% Paghe (L &
RMEERE/ BT ER. ME/ZELS 6 | WAREHE. RATES. R
A+ EHEMMAFENTEHE RETEY K IE 0 EER@mE 2-10 (). (b, ().
{d> Fras.

AE2-8OTEURH, EJ7 1 bar. BE 200 CULT., Q/EHAT SHE, BEH
REHFALE (FE 95 %LLL). TRBEBREREN LA, BURGERE A
300 CUA L ZMHENEMET 15 %. BE2-9TLIEN, FH 40 bar i, ZEiEsy
BELEAAE, 05 %R HAb 3 MRVEIEELE 350 'CLLTFEME, % 1 bar WEIRIEESE
£ 150°C; 7E 40 bar, 400 CRATHMERA, S/RLNARB D EIAZMES
M ERE.

EE 2-10 PRI EEH, MAREELH TEATHSERE ARRRE
TEZERTE AR A TR+ AR L NEZTEE S BB %, 2+
EEMEEELIES, MAEHTANKEEEEHY, XBTRSRRT
FF R HEIAX RN RELE L, QRESEF BN +E% L REBERMNATL
HPEEBEXRE NEENTHSRE IS EESE, T EBERBEENE
ETFRGES A, WA RIS S RN RS R E AR B R a4
. EAEEH, F£250 CLLT, 20 bar LA EESEE, RA-HEZ S HERA;
LR 250 CHEA R, RATHER S LEIREREML, TR T8RN
HERIHUBRIEFEENELEL. FTEEH. REREEHEXE&EME
AR, FRTETLUE 4 M E SRR ST 35 SR na i B .

244 EME

ENFREEMFETRBIES ., HETRRFEHFRAIEE, AEE
o R BADFR A S RN R BT B BRI A E S, BEAT LA
AREENE, HWEREENFAEENRELAR, ZEXEXRAREEN
SR MR

NTEMERE, EnEDETHERNEENARNNABRARTNT:

(1,23,4,56,7,8- Oclahyd thmene)

{123 &-Tuuhydrannmﬂcen:) (5.0 D’“Yd oanthracea

PHA: 1 tray OHA:1,2,3,4.5,6,7,8-Octahydroanthracene, THA: 1,2,3,4-Tetrahyd DHA: %,10-Dit

EEF PHA. OHA THA il DHA AR EEE. \EHE. mgﬁn HHE.
EmE sS4k PHA, OHA. THA #1 DHA (HEEE/ZLAFE T: 1. 4:
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BE FREMEREH S EMT

2: 1TH 1 D SEFMEFEE AR H logk, BEEE R URRFREE T
BT RY Gibbs H HEREI LR BIATE 2-11 F0% 2-6 Fik. S 2-11
ATLLER, 7E 200 CUATRBXM FENEEMEEN, BAZLNEARNERX
MIFHES; M 280 CLLL, REBHBRELHE, B BTNMETLEERKX
TRENIAFEEH, RABIMERELH#T. AE2:6 TUED, RemME
BB IERAER, 7 Gibbs HHAEER AR THEE, REBA TS
MEREAHE. 82, BENERNERBESE TZR AL TFEREBEAHE.

a .m.m,—»m(mm
e BTN 20w vay
@Cj::] R C(j:j (DHA)

3

logk,

~~~~~

T ) L) T 1 T T T T
o 100 200 300 400 500 60O 70O 8OO Qo
Temperature / °C

2-11 BUMEL T2 7 logK, FEEE 12T

Fig. 2-11 Dependence of logK, on temperature for anthracene hydrogenation

R 2-6 BINELRE PRI Gibbs [ fAEAEL

Table 2-6 Reaction heat and Gibbs free energy change for anthracene hydrogenation

. g Reaction Gibbs free energy
. Reaction heat / ki*mol i
Reaction system change / kJ*mol

200C 300C 400°C 200C  300°C  400°C

CCO»—C0D 4799 4887 4950  -504 413 1343
w—C00 L7710 o819 2853 45 44 54.6

CO»—QC0 408 -1432 -1450 252 -06 245

CCC—00D 309 20 729 55 37 8.3

THEATERREYNEND, FEHRRERNEEE, N2E, NEEN
—EEMENRE. EARSZENERUER=YFESENEN, HPE
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FAuilDrLam GamTs
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B 2-12 BEMEZHES EnE FHHFAENE R bar)
Fig. 2-12 Dependence of equilibrium conversion of anthracene on
temperature and molar Hy/HC for anthracene hydrogenation under 1 bar
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Fig.2-13. Dependence of equilibrium conversion of anthracene and percent composition of
different products on temperature for anthracene hydrogenation at 1 bar and Ho/HC 6:1.
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Bl 2-14 V5.8 A B8 /R /48 b o T I T T 4L R BT B M (40 bar)
Fig. 2-14 Dependence of equilibrium conversion of anthracene on
temperature and molar Ho/HC for anthracene hydrogenation under 40 bar
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Fig. 2-15 Dependence of equilibrium conversion of anthracene and percent composition of
different products on temperature for anthracene hydrogenation at 40 bar and Hy/HC3:1.
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Fig. 2-16 Dependence of equilibrivm conversion of anthracene and percent composition of
different products on temperature for anthracene hydrogenation at 40 bar and HyHC 6:1.

BHE 2-13 53, 7 1bar B, JE\ERT 250 COUTF, TR KT 41467
B, ERETUERE 05 % bKTE, SEmats, EnEEnas of
ELEE 2-8 FIE 2-13). M 2-14 R, BEEEAR. 70570 MG B BHEHK
KR AEE\EE-TAE-C8E, X5REERTESHNTSRREME
MZR RS, WE2-15 TEABE, 7240 bar WRAENT, BRI
FEREREXFOLELL, RENT/ELEREEETE, FuEmzsm
o, MEEHEWRD: BPEESE 250~300 CHEERFRIE5HImE
PAPEREEMRLAX., HE2-16 Bk, F/RLY 3T, ETEUBHMEN
E, EEFMAINGE, HRRNEEN SE, bE 217 FAZH, 7€ 40 bar.
SUHLL 6 BT BT DAERE 95 %l bR, ERMEE~PRTHER/N\AE.

2.5 /&

R AR MM R R B LR R A, AT
LR BAUT LA SE:
(O HMETRFEE. BUSYTE, FEESPRRNIERE, HILERE
INEL BRI REHL R BRIX S A R R AR R B
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WK, Wa R E LR B G RSN eREt. ANREEEE
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@) IEHEMRENESYIEARKAEE, BRRYBEXN FTRNE
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FZE WEFET Beta A GHIBELT

FRMSEERERERR

# &

RAFRAEZFAE T LT, 64T 27 HBeath 5 7 4o, #
AX-HEITH, NophERA MR FARMMATT 2, AEBRZARS
BLEET TR HERAETHT R EME. FTRERAY, 4o e
A G B RALK $l & 7 R R T 4R A K AR, *PPd/Beta25f 3, BT 2
(B ARIEVEALH) 69 A0 E75 M & T A0 2 FARABRR F(MARIWDH: Jo. 5T FA0H & F
RBMELA), Pd/Beta8O(IE) A AN A B R HALE A IAM RS, A%
Pd/Beta2S(IE) #9044 34L 40 5, 12475 R bk, 8 hi42]10 %K F; Pd/Betab0(IE)
LAnis AL E H60%, 8hEH16%; mBeta80 R BN EHIEE, M4F8h
JE LR 55 HT5 %F955 %, PA/Beta8O(EME LA 4545 BAALE M T 45 A4
WA PETR AR SATRARSEE T CAHLE, AL TERMLEFES, B
MR R L3 S A ALe) AR B AR 61 B F 2 —. sk, VB p-ALO;
8 Ao A AL H (9 (LS M, B R TG-DTARGC-MSH ERT &5 X
#thBetaih G i B EALH] 6 RFEFM, Hotbeg 8w Rt F R FIERAT
TRt

3.1 3

BE o R RIE AL A B A7 UL S 0 b A B R 55 AN AL, AT B 5 11 A
EiEF LB, REnEBRLDELT. EENBTMEMH, R
BRI, BAY, TR EMREEN: £RBMATEH, B
BRAEBENRSBELARN, ERMEERS TE SR Y RN AR
12123, o B & B LA IERTAE THTRINEALER, BRI EERR
FRAFH. —RERBENARESE “EUARALR, WinPe-PHAR.
LHEARE WS, BERARANNRENEEETRENSREEPONET
WA, MEREREATATHTFRERS, ETCIESER -G maan,
MR R FIRIFRTAL S A 5 &R AR AR MPE .0 b b T RGBT
&, MEFREFREER, 3 FNERPCPHEL, FETFTENNZE
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HBEE RHET Beta A ARDHEANN FENEM BRI KFHA

EREREATENS ST, ATEMESENETREMEEE, =
FERANEETFERRGENA, RmEais EAXBREROEERS
HELHHRARR TRTEEZER.

Betaih H1 B 7E 196 74E tHMobil 2 & ) Wadlinger % A & 564 0%, {BHFXH
FHINRIEAR R KRR ZSM-S A K& R AR I A, KBRS RTRE
RN . HFI988EWNRE T E W Betali A ZAR . BAUACH =HRE &
HEAR N B R R GRS A A 10, S E M S MR B T, B
FERAMIIZNE. Betalh B AH =+ X AR, »EEL-1HR
33, o, b-HIFAAEAMEEEMNEILE, BHEANN0.76X0.64 nm?, F1T
Fo-Sh ERILE BB H0.55X0.55 nm?, HEFHHAKREEE. T
AENBERFAEFEEEELPATRIFANEAR. BeaBaEmEFH
k. FEEAL N B B ML TERE, TR IS NS Ty TH M BB S A IR
GUBBAIS T RAE T Betalh A RS BRI SRR SUREE T HTEER
FETHEBRNE R NG, A2 NERERNEMHERIT T 2T
W FEEETEATRESE, BETRERE A B DA RIRETE.

E|3-1. Betah R fLiE 4 R EPY

Fig. 3-1 Schematic presentation of the channel system of Beta zeolite
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FKRAERLIFMIRL

3.2 IGERS

3.21 HEETHIE

AT R 20 B R B E AR A0 R 3-1 AR .
& 3-1. fEALFUHI & BT AU BOGR

Table 3-1 Purity and source of chemical reagents for catalyst preparation

AR LR Bk i
Beta 5 7% = TR EFFENFIA A
=8485 1-ALO; Tovdh  dbEAWAATRSEHR R
“EMUEA  PANH)LCLH,O 4 BEh s EERAR
FK NH; MR RETERAE
FRR AgNO; S RENAELERFIT
R HNO; SHTEL FRTATEERAT
= o % RN I AT

Beta RFVMA M A (2B AR I_HE, FHITS50 CH%
PR SR TR R R RR AR, BE AR RELR
FHEFXBASEREREHE. ETTRAHETER: SHERERE (K
B R 1 g/100ml) F80~90 T4 h, BEER, AHRKEHpHE 78
EE, REBBHIMNEEMN0.01 moll PANH)CLEWE, M maksEr=R TR
24 h, Yok, LEFREEET (AREREQID . 110 CTHE, 350 CH
EEAR T B2 h(Hrh, S5 3B300ml mineg 4t 7)), THEEZE0.8 C/min),
BT THRBPER, SHEHBREHETRAL. BERENSBTARBERERH
MEMEA L, EAHE, TEENES b, 110 CTHR, BE&ERL. TXH
S+ FIEMIM BRI B B F RO AR BA IR AEBALRIE TAER,
HRFREOCIERA, BEOEAT P EASRAH0.7 wt %k WEEfH
B BEARNE AREANA-ALO KIBEHS, MAFERKDHE
M FRAEER, 60 CTHFE6~7h, ZRGEHER. 110 TTER. R TEREE (5
fEEET , T TREPEA.

3.2.2 ELFIREETEG
3.2.21 4R i R o BT AR ISR L AR B SRR
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F=F BFET Beta A REMMELANF B MBI KITHH

R 32 NEF SR RS KRR

Fig.3-2. Purity and source of raw materials for tetralin hydrogenation

FAFR HF A KR

Ul CioHi Srifret REW U FERR AT
E+=k n-Ci3Hag fe gl T AR

s H, HH REWATABERAE

WEYy CH,S STl RET AL IR

3.2.2.2 EMETEN &ML

gl R R FEE SR E R R A 8% LT, RNEERAEELE- 2Tz, &
PABRARNEANSEAS mm, KE 300 mm, FFTRERE: #AEFIFHE200
mg(ERIERIEALTRREER . BFE. FFER40~60 B Fiki). RAIYEL A &30 wt %
TUSER -+ =heds i, HPmyr 388263 ppm. KAVHY, MEILFITECO mUminZ
SEF350 CEE2 h, REREBEZE270 CHITRME. HAMBESERNFRE
REISHYERESKE. RN, SRES/RERLN55, WHSV=16h",
W=k R A B B A . P4 Agilent 4890 D HAIE(UETT HESD
FrE R IGRIIEE, AP-SEMEH).

3

PI) 4
2 5

E 32 BRI RNEREREREE
Fig. 3-2 Flow diagram of continuous-flow reaction unit
1 B54UE; 2. 12, 14, FiER; 3, 7. Eh#; 4. 5RER; 5. ARREEHIN;
6, 17. IR, 8. HWER; 9. TEMEIR: 10, it 1. BFEAREBHIG
13. BB 15, WEABERE 16, BRER, 18 RNREER: 19. SUEEMET
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RiEAFHETHELAWL

3.2.3 ELFIB S HRIE

X SHERTHXRDYMT KA B AEE 2T D/max-2500 B AR X S 275 0G0
ERACKIAMEEEY, CuK. 5 25(3=0.1542 nm), BHEE 40kV, FHEF 100 mA,
FIHTEER 5°~40°. JRIRPE AT R L, 7.8° 30 21 2° fiT Mg 3R A 2 AN 5 XY AR
PRSI > M LB Y, F P RARIBRIEH Beta2s REHEIRH .
HEAHT BREE ARSI MBUR R <78 PHILIPS XL30 %84 L
#iT. AIEAH LSRR AR T JEOL 100CX T E&T g EBHT.
WREHRME T8 ThermoFinnigan 1990 KR E R I ACRIME/L R MR, 4
77K FH BET AiEll .
TG-DTART ARSI ZE Pyris Diamond TG/DTA6300 502§ 14T .
BT He A L 8~10 mg ETHRBP, T 120 mVmin BEHATHITE
FEFHB MR R, R AR AR A A4 30~800 CHI 12 C/min. FEFEE
BRI AIFER TSR T, EREH B RIEELTRBHEZREL
RGHRS TS SBARERITEHRR.
SEFTRR N (NH-TPD) EAFIMBRERTEE ARMBEFRARRYRE Lt
15, ERETERE 33 Fr. HREEER 150 mg, DAIE(99.9 %)fEEA,
A XMT-300 FEEREFARMUERNRARE, #53MH (TCD) HABLSE. &
F A PERTE 500 CTRMASATLARE 1h, RERE 100 CHRHESEMA,
ERERAREYERRNES, SERTREHTENEFABRRE. BFHR
SR FEIHEE: 10 C/min, HAME: 40 mlmin, FTHEFER: 100~700 C.
ff o A I AR R R K P R R uﬁﬁﬁfﬂ@ﬁ“éﬁ&@sﬁm

X

2
1
He—wT 7]

12
& 3-3 BREFFEEKNH-TPDERER
Fig. 3-3 Flow diagram of NH;-TPD
1. FRE (BR45ASTFH): 2. REREEHE: 3. ARRNE; 4 =8
W, 5, 1. FEE GREETERND: 6. RBRARE, 7. UEKEE: 8 BF
FHEEHEUL: 9. fndp; 100 FHERMNE; 12, WIERERL: 13. BURIER

42



HE WAFET Bete A ARAELAN FRIMEERILRERR

PRIRH AESUE TR R (UEE. + =5 SARHECRINR NS
g, T 270 CTRE 1 h, HAEARELHA Pd/Betac0 (IEY . I THLF
7 350 "CIHRALER 2 he

GC-MS 717 RS 465: B A A0 b 15 2852 FIFR Ut a7, 32 T 70~
80 CTHEF TR 4 h, BRIRYE. R KL, 7 Agilent GC-MS 6890 Li#4T
S-Farth. BAERS HP-S AL,

3.3 RBRAERSiTie

3.3 NIRRT

FEALFII — S BRI E Beta #A 57 XRD B4 30k 3-3 A 3-4
ﬁﬂ;\.ﬂ
# 3-3 Beta WA A0 — LA BRI
Table 3-3 Some physical properties of Beta zeolites

Si0y/ALO; Crystallinity®  Specific surface area”

Sample (molsmol ) (%) (miegh)
Beta2s 25 69.7 517.35
Beta60 60 93.0 524.33
Beta80 80 96.7 488.79

*Crystallinity was determined by XRD peak intensity at 28 values of 7.8°
and 21.2° compared with that of standard reference.

®Specific area was measured at 77K nitrogen adsorption using BET method.

Beta80
M Betab0
C) E l “ Beta25

L 10 16 2n 25 n 35 [

ze

& 3-4 R[A Beta #H 1 XRD &
Fig 3-4 XRD profiles of different Beta zeolites
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RERER TS

H& 3-3 K& 3-4 0 LUEIL, AR LR Beta BB BSSS & REHE TR,
SHRPHERIE, Beta2s ZUAANEE, ZELEN: Beta25 HAERITHS
TRAFATHREN, HTHAREBHEIEERN L THEFMN TEATHR
#, FRSIEROERERSEE, SERAERTEHITE, S£SFEREN m
SHBREOER, BETEZRTHARNAMSHRET, RANEET RBAER
TEFBESRS REREVEXE. MAMEBLIRETE S EMILE W
i, BRTFAALARRON, MR 3-3 ATLIFER, Beta2s £ Beta60 A
Y, WENBREEEERFEHRENBEELEHLRS M ILIEREESIR; ™
Beta80 £ =F P HEMBARMK, ZUREHEEREENRERT TREREL N,
FLEB S FLAT 5 e IR o

Rk E FIRR AR a0 B 3-5 TR, B E R B AP HE SRR IR,
WA BB R T B EE M T B 0194, Beta2s HIFRA/PNA—, EESHTE
200~600 nm Zid; Beta60 b G¥HEHF 100~400 nm FEFE; Beta80 LA (15
LR B, #HBAZHAIE 100 nm LT, £ F 50~90 nm 2 (7).

B 3-5 RFEBF K SEM B
Fig 3-5 SEM pictures of different Beta zeolites
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HAMMTRITATL THBEAEZALREPEERHBIBERNMNNER
BN R WA AR TG-DTA et 3-6 fix. HEPTTUE S,
Beta25 FEINAITFEH R ER K, 1 Beta60 F Beta80 S EHALITY, R M DTA
e E H, = DR 150°C L N R A K RIS 1S BEREF &, Betas
E 200 CULLHMEANBHE, MEAZEERAEABAEL. REER, &
Beta25 i P RE T —ERIORBARS, KEETFHATHRRLE, 2503
BT HAIIREE TEAOH(HZ EEFME) . HATLABENERN R
AEBETFEABFH TEA'(NZESE TP, T 5F —E/ERANTS
BUBFESS Beta2s A 45 R B E B EMER R TR .
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2
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B 3-6 THREBAFHREZSSFATH TG-DTA thik
Fig 3-6 TG-DTA curves of dried Beta zeolites under air

3.3.2 AL FIRLEIR FE A0k

MFERFARBREBEAR, THREFRERIEHREL, HBREE
HHEELHEE, BEMBEEE TeRESETHMET TS, HERER
MEFEBERNEELK, FE&BBRENIBEREZE. REMRaR R
SREFIBIHAIL AL, ETER, ERNYHSEREEFORE
ARERRE. B 3-7 AB TR RMEETNERSAA THESMERLE. WES,
S F MBS TR, 7100 CHEIEEERBNRERES, XL A% AYE
WREE K RIBEE: REIBEETHE, 7E 250~350 CREBERBHNAERERS, BRER
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300°C, BNAMNES —FAESSBEESENEPEX, R52RESEMn
AAARMERR EMANESEERE5SRTLENERSSE,. BRI ®
W, X7 Homeyer U IMAF b OBBNEEL, £FHSHAT, Nay BAFD
PANH) MBS T, HAEIRT:

[Pdiﬂa)dz*ﬂ [Pd(NHgﬂ”ﬂ. [Pd(NHg)]zJ'& Pd**

5 Y BAa St REATIEREELMY, £ Ben BEREREBREIENLD
AR PE N ERATAKIRTHERE, HEOTER4AREBELETEN
KA. ZEIEFBEITREPRABKESTE (300 ml(mineg #4EHN) g
KM ABEE (0.8 C/min) , MAHREBELFIABREREEES 350 CHEH
/iR 2 he HEBNAINRERASHAR.

Pd/BetaBO(IE)

DTG/AU.

Pd/BetaBO{IEY

Pa/Beta25{E)

M T T e T A T
o 100 200 300 400 500 600
Temperaturs / °C

M 3-7. TR Beta WA RROBANEZ TIRIHRELEE
Fig.3-7. TGA resluts of dried Beta zeolite supported Pd catalysts under air

3.3.3 EANFEAZHNWEET FEME NN

SR EESNAR AR ENEUAOERFE PR, HTHLRAL
Hintt. AEESSYBERA R F LR IRFEITE AT LNERE L
2 3-8 His.
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—a— Pd/Beta25(IE)
70 KA\ —o— Pd/Beta25(IW1)

Tetralin conversion [ %
[ T
(=3 =]

Time on stream / b

B 3-8 fEARFIHI& T i WA NE KR
Fig. 3-8 Effect of preparation methods of catalysts on tetralin hydrogenation

AUEY, BT RNERSEET IR HITE 77 %70 13 %0
. REWEHGEE RN FERE, 83 h GHEEENHENFER. KN 7h
AR 10 %bh b, MIEERAEED %UUT. BTEREVARER
B RIS, IR AR S Rabo FAMERRER—BN"Y). SAYFES
A#EE LS ER SRR T RFERER: B TETERER &R
BEETRERDRB AN TERET, SEECE, BENERANRENE
BHET, BEATEREEBRERMNEES B TERFRERT, SREGE
R EERARED B R RIREDRE, BRN RS TSR, &R
S FHEAARLYZHYR, BReRAS SHALEMERES, NTE
55| R s & RBAMERKK.

3.3.4 TEAfEE L Beta AL HEESBREEAFIMMETEY

R AR R, TRk & A SRR MRS R R
1A AL B 3-9 BT oRCh FE 7 (FAS L, B ELL1.L2 A L3 3275 Pd/Beta2S(IE).
Pd/Beta60(IE)F Pd/Beta80(IE)).
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Fig. 3

AEURBL, Pd/Beta8O(IEMEMNIFIH{LEH, REY 8 h AR NE
He&REEMETHEALERRL, REFEREBUNGELE, g
REMRERIE: KN 8h/5, PdBeta2SIE)HI Pd/Beta60(IE) b MI& R s (L3
S RIMEE 107 %M 16 %. ZRFIELAN HERRRELHAESNREELE
15 AETE, Pd/Beta80(IEMIR R -FEDPRIFHN, K ShIWZEH 0%, MERAE

50 %EAE . T

FIBE R A 3

AR Beta #54 HBAEHA L0+ 28 00 K/ B R R (8] 6 22 Ak o

3-10 B7R.

Trans-decalin /cis-decalin ratio

-9 Catalytic activity of a series of Pd/Beta zeolites catalysts for
tetralin hydrogenation (L1, L2 and L3 represent Pd/Beta25 (IE),

Pd/Beta60 (IE) and Pd/Beta80 (IE) respectively.)
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B 3-10. Beta #0 SUBAE ML L 238 R /IR S H  b 31 B B 1) 0 AR L
Fig.3-10. Dependence of trans-/cis- ratio of decalin upon time on stream
over a series of Pd/Beta zeolites catalysts

HEA A, RMTEEFEMEERNESHEILL Pd/Beta2SAE)ZEALIRE &
X, Pd/Beta80 (IE) ZALE =# rhA5{b 88 4 F4E, W Pd/Beta60 (IE) 4pT
HEZ . X5EABENTHERIRE.

3.3.5 7F] Beta A MIBRMEFEE AL BERY KX

B TESFREAS TR (0.37 nm X 0.40 nm X 0.31 nm) FIEREME (pKe:
475), FEETHRILERAEECAWE™, E4FFIEETHERT LN
AT e F 53 A R E B (3T Bronsted A1 Lewis B RES .00 AAEER,
B 3-7 A FRIENKHEEE, TUEY, EAF-AELEN, HNE
1,110 A, H-N-H @£ 109471° , NRFHBEM sp’ ek, AEFEHE (B
3-11 A1) ATULRHEL, BETFAEMLERERE. WHERFAHAFRAFEX
MEFEE, X5ERTHERBEAER—FN.

& 3-11. DFI/BLYP 7ZKF TR ME S T 51 R A A
Fig 3-11 The DFT/BLYP optimized structure of ammonia molecule and
' its electrostatic potential map

T NH,-TPD SEE T LASRBE A REERE. BEURBSHEER. B
3-12 R FIRE4E L Beta i AR R fR R
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3-12. A Beta A i NH:-TPD Hi%%
Fig 3-12. NH;-TPD profiles of different Beta zeolites

X T B A R IR A LAY, AR T AR A S AR 3
RROLHB L RIF, R ERIRAE, ERERTRE. —HME.
BRNEREERE, XBRESNFTRRAEER, W NREERA. A
37000, BGHESEBRKIKN: Beta25>Betab0>Beta80. BB E BB,
LSRR MR KB 2 R, PIRMRAER =R M, 43XR 100~250
‘C. 250~350 'CR 350~700 C=AMHMEBREK, $¥iBwE 34 Fix.

%34 BENBRBEATIRE

Table 3-4 Acid strength distributions and the amount of acid sites in zeolites

Sample Weak Medium strong Strong Total

/ mmol.g”! /mmol.g"! / mmol.g™ / mmol.g”
Beta25 1.346 0.233 0.393 1.972
Beta60 6.533 0.112 0.342 0.987
Beta80 0.428 0.108 0.291 0.827

MR 3-4 7TH, ESPDHAHAD, Beta2s LM BHRA, NUIER
Fi & Lh BB % T Beta60 FIER R L Beta80 A4:K; Beta80 1 Beta60 |- 3R, RS
LT thBIB R Beta2S L3SERLGEIE K, 1M Beta80 LS5 AT & LL I & /.

AR S S AR R AR AT R, WTRLRIL, B TWA
Beta25 HEABFARBERBNSMHBERKRL, SBEHARBUNEAEEN
PEALE, HREEBMBMAEMFMETRLARIRN, mEREL. ma
R JTERSE, RARJLEX, MmMEMMFTRRRET TR, Bitr=9-a%
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FER BAFET Beta SR MDA 51 IE B8R H RIS

IR B . Beta60 Btk BB & R R X % SRS B T Beta2s # Beta80 2.
], SXEAEAREANG MBS ERERSE, (UKT Beta2s R,
IS AT 0 St RE A8 . AR LT S, BetaB0 777050 B h SR AR R4,
PR S GRS R EEA B AR S m R,
BARREHIE % T BIR N A K4, BRI SR = S RS =
PEfe. 737710 Beta80 4k LRENFLITEIEN FINEKR MMFITh 2 EF Y.
SaR 3-10 AREAR AR EEEY L EBLER, TR,
Beta2$ Fll Beta60 L8/ 0 R/ L S8k R B KB BB R B 1 B — 3, B
BRI+ E YRR E AR R R RN, R
RAFMBHAIC. fsd BRI ECESBBIRMEE, BRSHL
FFFIRF=4 B K5 F R ERIEY), #7E Beta25 1 Beta60 f A7 F R AT
BR/RECFRRER R, T7E Beta80 MEMEALN L i FRRBES, PRLBEBITY
MILLBIER, RMFAFRESEEBLURTFNERS. REMS, ek
MREHEARS BB L, FRNYFERARETRBRE, YLhT1+4a

FHMAFAERBIRRANE, F8RE~YH KA+ BN ERBIRE AT
RERIRR A 4.

3.3.6 RERET AR TRk BE RO RO

BT Beta25 AR B XBREN A RN EEEMN, ARS8
RERAT L MBI L Er S e E—ERm. BT bR, 227
0 ¥ -ALO; 5t Pd/Beta2 S(IE) 10 .

—&—, ~0— diluted Pd/Bela25{|E)
—a&—, —x—undiluted Pd/Beta25(IE) | 74

Tetraiin conversion /%
Decalin yield / %

Time on stream /h

B 3-13. ¥RINFEFEFI%T Pd/Beta2 S(IE) A5 1 (55 1
Fig 3-13. Effect of addition of diluent on catalytic activity of Pd/Beta25(IE) catalyst
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(P 313 AT LA B, VR0 B0 O B A RN A4 S e B AT e 1 Pl i
fEH . R & AT FRNVIIEELE, (BRI 5 A0 (IE R
1%, RV 7h WNEISEENENE 40 %L E, FEEWEY 22 %, T4 Beta2s
P X R LR R A BN 142 %A1 5.7 %, FEER, — 5,
T-ALO; BT, RRMBARAMEETE Lewis BbOefl, EXmE
RMBEOTET Beta2s, MUHBRER, TUROHESEBBE HRES
FERFIRNBR. BULEESEEERAS, 5 ¥,
v -ALOs FETERE M A LT DK AR T B, R AL E A AR
F. bhh, WES TIRBBHEERGSHEEFANMGREEIE A, B8 v -ALO,
RIS T LA 2 e S S R AU |

3.3.7 BT IR Beta A AP TIAKT

B B X T B F A0 AT Beta A BAUEILA, R 8 h EIE M5
6 E & & B K K B N Pd/Beta80(IE)>Pd/Beta60(IE)>Pd/Beta23(IE) , ifi A
Pd/Beta80(IE) E+EFEHWER B RBEN . XRBHE -ERARSHLEE, %
AREERECTNE R A M E RSB ER. BARET BB R
REENGFEERIHFMBERMN F ENETH, WER TR, s
RIRNMAL. WAMTHTFEMHARNNATRERT, AN TEa8TRARN
BEGRE . THEEZRFIBLR - T e S iEyLeE,

3.3.7.1 KIEHALTIEY TG-DTA 5147

B R R RIB AT, T LURABTE R AR T A LT R A
RILHTER.

Bt A ) SRR B AL TR #0245 SR I ) 3-14 B

\

—— leftralin adsorbed
........ ridecane adscrbed

Endo + AT —» Exo
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3-14 FSSER TR AR EEE Pd/Beta6O(IEME{LFIN TG-DTA thik
Fig. 3-14 TG-DTA curves of Pd/Beta60 with different reactants adsorbed in air

M 3-14 ATLAEE], RARMUSENELERAAER, RE200C
EAHRBRBEHRES, MEH+TSROEEFIRERS/), HEAENRAD. X
RRWHBORN RS TASBREM TRERAMENSBEAR E, maEEks
MEERE, ETFEERS LRMERREARNED.

ERRATAEMET Pd/Beta25(IE). Pd/Beta60(IE) I Pd/Beta80(IE) [
TG-DTA &> HnE 3-15a. bl ¢ .

BARE, B 150 CUUT RE X E i (AR E T2 R fFR AR5,
AT 7E DTA heE ERR M NI, TG gk Lk 150~250 “C 2 @I g = B e
R bt ) R Y B R B R A R . BB B F IR A TE BRI A L RO B R B
Fg Rt LTS, £ 200~250 CHREME R AERBEREESN
SENRMAENAA X NAZES TEAMSATHEREREZESHS T L
FANES « ZETFHEXM, B2, STFHREATE, AERSEEL
FIAR A LR A ERE, thin, Tsou BIEIIZE 0.3 wt.%PvHBeta AL L
200 CHHEIE TR v LAMES — R 8. B 3-15 7 DTA ihek Bimshig
FIHBL, RS REA R AT A AR ARRE. XA —E R Em R
H, B TNEZESERSTHHANSE, EERRARMEEIER ISR M
FAHLEY, FEREERFARAERE, COERILRAER.

Bl AR PR AE AR EE TR, 300 CLLERREEE B ARNERTEYHL
MEEMSIE, BASEENSHMERERG TREARXAEE, HERLR
REMME SRR, EHETHERREFRLRN. &£ Pd/Beta25 #ELH ETE
650 CHEEMH L BRIKRE, RZBLF LEF —EBIKSG FHERLESY.
MEEME LE, BT PdBeta2S(E)REBRAER, XE5RAMEBRMN
AR A I 2 R —BUH . T Pd/Beta60(IE)# Pd/Beta80(IE)7E 2 MR EERI &
EEILERM, HHEFHEECT RBTESENEEYR, HRE Pd/Beta60(IE)ZE
00CT RS ERBETEH, W7 Pd/BetasOIEMEILFI L BHE B &R ITH
Yo

R E RIS SR MBMEITRRL, TUUKH, BEMBRARER
REMERRARSRELT LEETE: WREAAREORE, THERRL
HHER, HTREARFASBEANMNGERERGRN. ARHTEREA
FHHRTEMSREBTRARER A FRANEENSEEERXMED
YER(&B R 3.3.7.3 ).
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B 3-15 FSSE T AN Beta HA RBP LN TG-DTA E.
(a) FHiTH9 Pd/Beta25(IE); (b) FIit ) Pd/Beta6O(IE); (c) FHid# Pd/Beta80(IE).
Fig.3-15. TG-DTA patterns of used Beta zeolite supported Pd catalysts under air.
(a) spent Pd/Beta25(IE), (b) spent Pd/Beta60(IE) and (c) spent Pd/Beta80(IE).

3.3.7.2 GC-MS &tk 3 %&iE

st RIFEAH) TR KB VIIBAT GC-MS TR, LR T A
RENMEREMBES D, BFERSEENBRRLEY (EEHFR, =
FHEFEFERLEY), Kb EZELEPHRBIRE 3-5 iR CRFHFH CH
FFHD. B 3-16 AEEARRSHEHEE.

# 3-5 Beta #5051 8 Pd AL £ B RIRAR I EE A

Table.3-5. Main composition of carbonaceous deposits on Pd/Beta zeolite catalysts

formula Coke molecules  Atomic H/C ratio | formula  Coke molecules  Atomic H/C ratio

CiwHio @:g 1 Cy4Hyg [:I? 0.7

CuHis ’%d 13 CarHie C’(% 0.8

CaoHz % g 1.1 CaoHz 61% 11
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&l 3-16 FidH Pd/Beta2 SQEME 77 LIREXFTIR M GC-MS 71475 &
Fig.3-16 GC-MS analysis result of the extracted deposits on
spent Pd/Beta25(IE) zeolite catalyst.

REBRERE R EERISHN R IFS8HEZ 2R FHRERSE, i
R T HRAEENNE, BRRECHFEATRANI RN SRR, fAEK
FREA-FFELED, BEMRETERRA. AT R RRE (L 8h),
=M ERF EEINERS THEERVEHNARRER. ARERER EEET
A, =M@ EERPEREBAFN: © PdBeta25, 5.1 %; @ Pd/Betab0,
3.7%; @ Pd/Beta80,3.3 % CFSSAT 300~800 CHIEHXEMESEFE). I
SEMB LB AR VR A F Y, 44 R AT LU RSB R A P
SRR T IRSE ZRE=Y, XEmTRIRNRAENLE. ANNEEEL—MES
FiEY, TEIREEBRRN, ERFENTEE. BRNBRANRYRARARS
M, REMETRMR M A BRI RE: BERERNNAIMER, ERY TR
TLEEEKR, MRS FHELFEMERREEREBRRS T RTERR Y
FhSEMAr AR, FTLLRET, BT RERT MBS E I E R N E
REMIBHSIKEBBTHOFRPEZSN, THALPBRERKRBE, LHER
SRIRAIFFENIEIA, REEME SARCTIREERE, X HRERENTREN
BEEENEE.

SPGB N S, SREECEBEREVEHEER, mEis L
Rtk rp LT AR S R AR T R IE 38 T ) A, BET R AR Rl SRR AL
%% K. Beta #0 ful DRI & LR AN RS K, HEEE
FEH AR TR P A A A KR ERFER, Beta HA AREHEL
R AT LA R AR I ER AL AU T RE A AL HEAT o AR SE B R RDIR L, FEI A
AR L AT SR R AR I B 3-17 B
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PCP = Protonated cyclopropane, TA = Trans-alkylation, RC = Ring closure
HeT = Hydride transfer, HT = Hydrogen transfer, AL = Alkylation

B 3-17 [UEFTHE Beta B MBH LT LT REA LN
Fig.3-17. Passible coking mechanism in tetralin hydrogenation
on Pd/Beta zeolite catalysts

FERREHAOTN, dTECARERERS MR, FEIERIRYE
R g RO E PR E R FE Rk WIERIIBR B & 40— F ZE B MO TE AR TS i R V(D58
B MEZEMFHEEEREL ERFHIES AT UHRRETAE (PCP) &
BRHPENHRRERT, SERERTERPES, ZIEPHEEETHE
MAEEHEE=E. —FERFDEFFT U —TRERRER: A —R: F
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BRARFAEARNB_HE R E (N0 HAETLETRE
BN L LB R B((D)), R 5 TS 27 B P AL A Ak R M 2 e,
FAFARNEEH USSR T A RNEEN T BE (RNG), BXN
HEZRIAMBRE Yasuda EANFAPRARE". HESERNIE—H
BT, SBRMAREMRERSRE MEBEMERER, XEEH TRERENE
MERBRENES, BAURERBLMESRTEE, H#—FREATE
SRS R VIR SR E B —IE(RNW)(a)); BIE T2 E LR L4 g AR FE,
HESEEBWBRIE (REGG). ATHFEEEYH . WA LRERRR
REiEdE, TUASHERERMN, B I-FEFE (KNG, ERST—1, 1-EFH
EOHEWLEERE (6) B, BARZSRETHRANEERFRESR, K5
ERNISHE .

HEEEEGRE REROMREROTEEAERFTHKIESTEARMN, O
HRABRKEE T, ZEFLSHAPOBERAT, HEGR P A MERE S
F, AN EETER. RRXERIETF ML FE THRERABEABRNAME
TU, (B HEBE AR AR Lt AT L4, 40 Beck %L NMR MBI
FLEABRFIUUERERFRERES UD THEN, XRALTHEEHESE
FHER. EXR Clark Z0PVNER 8 78 KIEEFERA MR FRR T
ETRENSEN. S MRERETMEIR TR AN, PRI K
ERTFRERERRAEN, Lo MEAREMTESFE. 82, ENEER
FHERRP S RAL . R, REL, AHBNEERIRN, XE#
WHIRE S T 445,

3.3.7.3 TEM WEEFEELHT L MBI RO TR

RIERTS MALH Pd/Beta2SIE) LA L& BBURIE A DR E LA
3-18 Bk, BT W, SrEHT E AR L& BB 2 1195, BRLHE
BFARMEHEUERLA, €RBARTEEEPTF 7 omZT. £ 8 hma
RNEERENZNBEKK, FHAHS0EER P 10 0m, A+F 10~20
nm GE, EFXEAATFEANARE. E&BRBRRTHHAIRPEE M
E, XRSFH, EEEMESES, dT BN RNAHHRIHELESS]
RERBRMOBERTE, T EIFMRASEBRMIEIE, AiEaREHE—
HEELERIY, LHRESBERPONBEMBESNETX—FENEE

{42,109
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B 3-18 (a) HEEAN (b) HiZHY Pd/Beta2S(IE)EALFIA TEM &
Fig. 3-18 TEM pictures of (a) fresh Pd/Beta25(IE) and (b) used Pd/Beta25(IE)

Bz, MTPERRASSBENNEERR, HUBESBIFEESELE
R MBAERENE KRR OMTF X SREATRERRERRS, FHTR
AR AL TE A ARG, PR TH I E EBUE Pd/Beta2 SUEYHE AL LM 48
Eib, &4 ERERNRRERE I ne RS REES 8 S FEFRmE
iRt AT R HN.

3.4 i &

T HA R, BT R MEIEER T X R AR
S STFEFEHREHENTAREHLMHE AREAN, AR PdBeta25E)
ENUEBEVREILERIE 77 %, BRERRKR, XY 8 h FHLERENR 11 %;
Pd/Beta60(IE)_ LI RIEILE X 60 %, 8 h fFH{LEFEA 15 %; TG Pd/BetaB0(IE)
RS R, WIHHHE 75 %, 8 h /FHMEHARMEE 55 %l sl
i 30%, T Pd/Beta25(IE)H! Pd/Beta60(IEYEALH -+ E 2 F KT 10 %,
Bl =R LT AR R ERN R/ KT 1. Pd/Beta80(IE)H)INELE
W, HEFER R A& B MRED.OZ BRNEEDRERLBE A
B, ERTERMUNEEENTHERBNELEL. FNEENBRLERRE
AR ET DL AR B BB A LR MEEEHER . X T IS FEmE KRR A,
ERNFTHE S RBMRE MR FRERNEBETIAENEERE,
E, AR RSB TAELERNZAELRHERANRABELRRS
B AL IR A ERATF
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TG-DTAANH;TPDALE, HE KT RFMEALMNEAE L T B AME, BN
RERZ BT ERRT AARE FRENGE T REPAT HITH., FTHERAY,
Y ENS O RAT L E AL B, R BB AR R, BHEEE
AR B RITA L, EEHAR, NO AT RLEEGE8mE4R,
TRFHEEERE L FHE, RONEAREET RTFILH, 2HHELERK
AHRARY H, REONHEELSAHAENL, RAAEN TRl EARIN 0
AREFLESALTFRANHA, LE5HALTRERERTH M, TLEHKRLY
B, £5-BARREEMEEA AL BN S TFHRASHYRHE R K
UL R T 2T £ & £ ok d N

41 3|18

R IREM N R U R R AR EN, BREBHME (LHER
WL P EERS EETEAERMREM, SRR ERELAITE,
BAEARRSR, LHE PPt RRSBRELR, AERENHENEEEEAE
g8l RTTETFRREBONERR, THTLFENA. FHIREENR
mEs, BoBSRAR, RBHFREEMEA. Sachiler M DT K
B, B8 &R, WP, OO NSRS, THERSEER BB
i3 Ryoo &AM &AMHE T3 Ru Boki 5 4 B4 % /e AU,

Y BAOTFRUHRENEH, THENBREEEABRE LR, R—XKEEN
Hlktel. MNEHMFENS, KRTIAGKE. BE FAU (\EHA) HE, Nay
HFHHHWBCHERAPENRIE, Nay MRKERBSFRA K
Nassl{AlO2)s6{Si0211351250H,01). NaY HFHMAHEDA 4-1 AR, Nay
BIERTE=REBANE A HES T HHRAZE 8 MHNRARE 16 1.
A RRAHE 192 4Si, ADO, I 5. FFHRENNRES 6.6A, HTHILEAN
26A. BENTZRFAENTAA, ERETHRERY 12A. BRPERBET
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SV R AR USY RSB RETRIET FHS e M AR
MERIT: fLFARFREFOK 16 4 SIAL TSRS 32 4 SIH 32
SR (A RIBRAAEBERER): 2 FB%HH 324 SILA 32 4 SIL {7 (4
ST RIS TE A HTHRERETRE . ETHEREESHRIERA
TR ERRE THRAER. BB 7/, W ReY, WEKRAIKBIBEEFIME
iRE AR TRAEARL (FCO) RN, BIFMIRER, EFL Yb
SR Pd-PYUSY BALFITER B MBI BR T RITHHEME EIEE KX HE
EHERENERAEDBRS, BT ERERE, AXRRASHLTE Nd 3 USY #
ATCAMEALER, X B ARG B4k M R AT /AT H 5 B TR E N § 352 mE it
ft, FIRHEEZE (DFT) FEsHEAFNRBERRET TS KRS E.

Hexagonal prism

B 4-1 NaY S+ ¥R

Fig 4-1 Schematic representation of NaY zeolite

4.2 RS

4.21 EAARRIE

USY SR EM It EAm THEFREREE, £ XRD S HEFEHER
HEAYIS. ESTER, HEREAELY 41, FH, HAZ 550 TP
. USY 3l (50ml EBFK/g¥AE) 7£80~9 THIE2h, UBEHBEA
HAFERESE., REBREERBI 0.005 mol/l HMEHER, MEEETREHRRA
24 h, ¥k, iTuE. 110 TTHR, 550 CHEEHIE NJUSY #£5, HPNdFHAN
2 wt.%.

REBUSIANREETLRAFE: BAKR GEEWLRL 5T 80 CTh#
2 h, REBREZHEFAAFREKEE pH=8, BEBHMEEN 001 mol/l 1
PA(NH:)ClL ¥, N3E7E BB Tak4E bk 24 h, FAVeH. TUERRE (H 0.1 mol
) AgNO; M), 110 CFI 4 h; ENAESATERE (BLEZBEENBE
4. BHEILFAEE 0.8 wt%, SR FRUOLERN PA/USY A1 PA/NIUSY £
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PRE N4 b oL AT
BAEES BN 0.72 wt.%F 0.73 wi.%, B FAREE T 00 %.

4.2.2 ALFIOTEIEITS

RUEANFEEFNEELR N E R R NEE LT, MRNERNBNRZ 8
mm, 1 300 mm, HASMIEERE. RNYEAE 30 wiBMEEN+ ZREH,
Hep AR HFEY 58 1000 ppm. EAFAE 200 mg EUABREEN, HE, &
B 40~60 B BRI TR, IA 400mg AEDHRE UG D EREBE, B
BIRIN 500 mg A REEMAPE R TRER. RET 350CHEETBUER 2
h, SREMEE 270°C, ZELE 4 MPa, 270 C. EJELE 5.5 (mol/imol)fT WHSVI6 b
S T HEAT S o SN P K SR TR VA KV B, BRI 30 min. K47 Agilent
6890GC 7117, BEABELEMN: BFABRTERALEERFHIN 90~200 TH 10
C/min. BIEHEHE R0 REEK5 5924 HP-5 30 mX0.25 mm (FHAM: 95%FH
5% HFEREEE T FID B FWH LA Agilent 6890 GC-MS 4147 (BIBFE K
MBAAE 1),

4.2.3 HELTIEIRIE

TR G R A B2 4TZE Pyris Diamond TG/DTA 6300 188 LT, 48467
PR 8~10mg, FEFFAHETEERIH#EE K 40~1000 CTH 12 ‘C/min, ESIE 120
ml/min. RFEHA RN CE B8 NH-TPD & LT, H%E 150 mg,
EALFISETE 40 mI/min ) He S 450 CHALER 1h, RISHBEZ 100 CREEM
n, %L He S THREAZEL T3, 51 8 C/min JIHGERE. 40 ml/min i He FiHE
#1 100~700 CHBTEEFTEREFFRBEN, BHESHREERREH AR
AREEUAEHARTORE.

424 ERBFRELFEDFAHBILER

WM E ERERAGIS D RSB AN RIFO BRI RENRRM T
BRI, BAMEERE, W Pdl, 1 pr 6 P S T A O A T
Fith & B UMM RO IIER, HOA T DAV Pde 5 (IR Pd ) 4
WMERIEER, H=FSFM M o Nd“H H'O5#EHA A BInHE. Bt
PRI F sk A RME A X & BRI M. SR CO KiRsIERELE
RBHsEFRE. &BENFHIEEYSEN CO MERBMEAM, NAMRREA
COo {IE, UHEBITRAMANRETERAFRENEBHEFHEZAMRE. FTF
DFT i+ 84575 MSI 844 b i DMol® Bk _EiE47I™), {8t ok A GGA-PWI1
THAEEEH . DNP BAME R THRHERITAE, TFRBILEEN 40 A, K
SRR IR . H¥ (SCP) fEXRE N 0.00001; HRTN. AR AER
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HUNE e USY REEEMICRITERIFTE T 5 Ema

IS BRI 4 Bl 0.00002 Ha. 0.004 Ha/A 1 0.005 A, [A1H# B A8 T2s i B 448
B (DISYEVE 6) & #uih B3 M (BB 0.005 Ha) 7735 LUng 76 B st .

4.3 5R5iTie

4.3.1 ELHRSRE

AN REERLE, EREERESNTREF. KaFE&BEELSHFE
HEWARE, @i TG-DTA /i v] UG RHEALR A R 4B B B a2 AR 4T 4
AR T B AME AR S . BUHH TG-DTA BHARERERAINAER
AN 4-2 f1k 4-1 Frow.

— Pd/USY
e PANAUSY

Endg « AT - Ex0
%% / S0 Wbtam

'''''' ¥ L] T T T T T
100 200 300 400 500 600 YOO 8OO 900 1000

Temperature (°C)

B 4.2 ESE T 46 PdUSY F1 PA/NJUSY #) TG-DTA B
Fig. 4-2 TG-DTA profiles for Pd/USY and Pd/NdUSY in oxygen.

% 4-1. SHAT PA/USY A PUNAUSY IR ELR®
Table 4-1. Weight loss of Pd/USY and Pd/NdUSY in oxygen

1 11 11
S Total
ample T 150500 C 500~1000 C 0
PA/USY 112 43 1.3 1638
PA/NAUSY 122 5.0 1.4 18.6

* All weight losses are given in wt.%

M 4-2 ] TG-DTA LRI, 7E 40~150 CYufE iR ERY BRI KK
PB4 SR P I, 7E3 4-1 AT DU E] PUNJUSY HIKBRER, REH
St gdkeBmLETHIAE .. MERENAR, REERIEIE
Wi, REBRETESSWIREER, EERT, BENETUESR
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TR ESHR T

TR EURBHTELL, REFEARR, BEREASREENY, R EERBIET.
XF PAY A FR, FEERR TR, EEAE 500 CLL T BIRT 448 5 Bl
A 52 () DTA ST LB R, 7E 150~500 CIRE B4 H L3R A RchE, X3
WEAREHORAMNEBELN T BENR MBS TRNEE, X5HX1BS
B—HE), T H PUNIUSY BEEAMEERK, XTEL5XNHE RS
MBI IETER 5, AT SEOREAA L& BYMNE AR FERBRMEEIER,
A, BEEREANERER, 2RYMERANETE, B45HERSRANBRE
HiFH. Sauvage SRR T FAU (R H BT EESETFORNER, &
SRR MBS SRR S, XE5ARTHMERE—FN. HES
500 CLLEAEXEHBERAMEESR, h# 51 T, BEFmELRIE
ERWET 15 %. B2, FAEAFBAETREMHGEENE, BLotfEtm b
SR AFERBHMAEER.

4.3.2 B ABIE SRR R

HANRERERA (AR ENFRENEZN R —, NHy-TPD A
DR R R TR R SR R A A ™. A S KA NH,-TPD
#h ek R ER A5 1 B W B 4-3 FIR 4-2 FioR.

@ 4-3 AT L, 5 USY ik, NAUSY @M B K. BAITLOBSAmetEx
b RkSEER. PIERRER =M, KBXN 100~250 C. 250~350 TR
350~600 CE=AMEETE (B 42 PEBLRH Gausstan BBLELER). WERL 42
iR, WLEY, HtEERANERETEERESNEE, XPdaREnin 24
fe, TISRRRBEOE; BAMGLHIEETUED], NAUSY LRBRALAB RN
BIIRR 30 'C, RUEBHBAHBERPLEFRBNERRE.

usy NdUSY

Response signal / a.u.

T T T T T T T T T 7 T T T
106 200 300 400 500 8OO 70O 10D 200 300 400 500 600 VOO

Temperature / °C
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SR &t USY AERRUTITEREE TR R nE ke

B 4-3 [R5 4189 NHy-TPD 45
Fig.4-3. NH3-TPD profiles of different zeolites

K42 BOHARPREBELMNRE

Table.4-2. Acid strength distributions and the amount of acid sites in zeolites®

Sample Weak Medium strong Strong Total
(mmol.g") ( mmol.g']) ( mmol.g") ( mmol.g’l)

Usy 0.153 (204) 0.094 (264) 0.427 (366) 0.674

NdUSY 0.271 (194) 0.227 (264) 0.475 (398) 0.974

® The temperature maxima of different acid sites are given in parenthesis, unit in 'C.

WEPIRIAN, BAEE RS S mIL R T8 H AN mAF T HESRE
ARt ER SR AR TR R E BN E S AW LS R R R R
B, EEE 43 MK 42, TURH, BHERGAETRERBRA: I
BB O NEBRYE ST RS TERRSITRE, WL, BaRmeMMNsH
BELSHEEI, 5 L™, Ce BB TMM Y HA LM, fiheidigh
KA N& B TFHERAERRE, REATELRENT:

Nd(H;0),>*—» [Nd(OH),]>™ + nH*

LR EEER LB/ NENTE, BRENERTEREBERGE, BE
N W EBER FHRAM SU AL N B A RHH R B A B TR
BrOKIRER B, TRNERN: OFNEFHKRERSRRIBRIELE
B @FEMHmIUMTEEEENEAR TRV REERMEER. 52, IBERE
MNPAEFRFTERT USY BTGB g e th1E A .

4.3.3 Nd* BRI AHE (L RIZERTEE T OIS E 4200

T S0 I L 2 17 3% T B S R e 7] 9 3R A 55 R n B 4-4 BT 7R AT BURER, PA/NAUSY
TSI EETE 50 %Ll b, T PA/USY MR HE 23 %, Y 6h,
4> FFEF] 8 %N 0.9 %. HHERTE RN EHEZERIAIERECE S A0S 10 %A 20
%, RIY6h G RIEE 0.8 %M 6 %/KT, XStk R R ARERE
CBAH%, FEERN 4 h 2RISR MR ERE T, R
R AR AR E . AT L PA/NAUSY RAERIFHINEE M.
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KERF BRI

60 T ————— r . 24

50 20

404 16

SOJ F12

Decalinyield 7 %

204

Tetralinn conversion / %

Time on stream / h

Bl4-4. BFFFET fBaEm L fNEEng
Fig 4-4. Tetralin hydrogenation over supported catalysts in the presence of sulfur
Tetralin conversion on PA/NdUSY (L) and PA/USY (O}
Decalin yield on P&/NdUSY (X) and PA/USY (A).

B 4-5 RIREEME=Y P+ EFERMFEELLS (R, TR BEX
R I RS, ATLER, A Nd iR ETEE~ P RAFWEEMN, K
REFTERRS PI/NAUSY b B9 /MR HCERIR R IR, iR i e R B RR M FEE S
FIRREN. ARERESFE RN, £ M RAEED PA/USY Lo RIRLLARET
AR, XESRBARAFANESHSRER—BH. BEN EEREE
50 B R ep (AR AT SRR, SRR E A BCRR R, HREHR
RAMBR=PHELIC).

o ¢ PdUSY
o Pd/NdUSY

Trans-decalin / cis-decalin ratio

Time on stream / b

4-5. VIBRFEMAIT TR P 828 R/ 5 e LL 3 i B SR ) ) 3R 4L
Fig 4-5. Dependence of trans-decalin / cis-decalin ratio on reaction time
during tetralin hydrogenation
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FNE ®EEUOEN USY ASBEAFEREE TR mE kG

MBZEMERNFHH S AERME 43 Fa. B TFEREROAZRSBERL
TR, RAIAT UL RIS FE & B ARt EiHAT . M A RETER
TRETAFREEBEN, WREEANERESEEERAMEE, Xt
BT ER T ERENETERRE, £RTREET, NEASHENEIE=YR |
F, ZRNMEEPOTERBIARESBA: WIHERMEA L FREFh
A SEEEYRHERTURENERNL, TS SR SIITRAR, X
Bl RNAF T MERNARERAT. HETH, HmNC O RsiE g,
KIERERK. A EFEOFEEETUEY, B i20NARETYPEES
PRI g £, X5 NdUSY ERERUNEEE L. BFSHRMB L
AR ERAPLUKEBEFIRENFE, BRERRMNKEE TRES SR TR
TPIEFES ) ANETE, A TR R RN RGN R, o
THRUREME, RERERNYHEEL BNERNEENLE, HRARRH
MREJLEFEEMGEE. NEER, HARENERBIENS S B ME M
5B R R SR AR A RO, TR B LA R I R AR
HREFIR.

F® 4-3. RO T NS FRAHE R A

Table 4-3. Tetralin conversion and products’ distribution in the presence of sulfur
Selectivity of products (%)

Conversion ?

Catalyst %) Decalins ® Othecli' cytzl:'c crz‘lickidd
produc products
Pd/USY 0.9 84.6 12.4 3
Pd/NdUSY 3.0 76.5 17.7 5.8

? Tetralin conversion was determined after 6h on stream.

® Decalins included trans-decalin and cis-decalin.

¢ Other cyclic products indicated products with formula Ciol)s except decalins,
including methylindanes and methylbicycl[3.3.1] nonanes, etc.

? Cracked products included alkylbenzenes and alkylcyclohexane, etc.

434 TE#HA LERBFRERTPFHRISER

ER AN LR M FRET BARA R T RIS F R OR.
RS, HARRSBEAF LSREEA 2 BTSN, TR &R
RETFZENRE, EMEESBOHPEY, HREBFENEERTFRE
BRI F g & BRGhEO, mgERE CO RalARRMIEMR, LR
Ho 5 e 6 R A B AR A R B TR . CO BHERRBITE X-Pdy B R (H 7 X=07.Nd™".
H"Y B4t mE 4-6 Biow.
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RENF e

4-6 T CO MR RS p E

Fig 4-6. Optimized geometry of various Pd clusters with adsorbed carbon monoxide.
R RARAZE ST BhRbad P 5%, RUBESYRRTEE
(2,623 A) BHNMERBEMEPETEE (2751 A) W45 0.128A, XE5R/IHE

PRI AR — B, IXAE Pt Au SRS WAT E ol B UE T & 4 16818),
REH X BF (B X 4 0. NS HYD BETHESUK=ESM, #48 Pd-X
HEEAHA: R(PA-0)=2.140A, R(PA-Nd")=3.110 A, R(Pd-H"=1.770 A. CO &4t
RHF X BFHIAAL, 7FR Pdl BTFHIAL. X-Pd-CO BRI LGK X-Pdy 7
BRI TR BB AT VB CO B RERIHE AR K : @ HF Pdy-CO %, A,
= E(Pdy-CO)- E(Pds)- E(CO); @M F X-Pds-CO A K, ABag=E(X-Pds-CO)- E(X-Pdy)-

E(CO). CO - FRWH CO & BEMHERNE 3 Fx.
F 4-4 CO FRBH CO PIARIIER DFT i1 EH &R

Table 4-4 DFT resuits for carbon monoxide and various Pd clusters with CO adsorbed.

Systemn R(C-0) R(PdI-C) o(CO) Aw® AEqqs
(A) (A) (em™) (cm™ (kJ/mol)
Cco 1.141 - 2122 0 -
Pds-CO 1.159 1.918 1964 -158 -149.2
O-Pds-CO 1.180 1.852 1907 215 -252.1
Nd**-Pd-CO 1.127 2.095 2186 64 -131.8
H*-Pds-CO 1.142 1.991 2094 28 -129.1

* All frequency shifts Ao(CO) are relative to free CO (2122 cm™).

RN, FHEE C-OMEEY 1.141 A LB EE 1.128 A 5243855, ¥
B CO MIREIME S 2122 em™, 5L 1E 2143em™ A HEE 1, AR M AERT
CO FEREAH LRI RN AR FMH NEH#FTEME C-0 HIEHE R Pd-C
M, FAETFLEEHFEAEEBNAE, TAET OFENZELRIEFER. C-O
AR I4E Bk E CO BRI K, A CO MAMBNERNER, XME 4 T4
RAETT AR g L. XA REEER L CO RadnE, WLAKH, SHE
FAERLE CO MEMBEXT MM DS LIFE (1964 cm™) . H5ZHR, & O
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BIYE WSS USY AREEILTIERGFE THHEME LW
BEFeREN CO MEMENTFHNMAPHE, ZASRESTHETFHNEBHR S
BEHEHEFRES, MEREFHLELSREFEHR. B CO KR AEIE
LEE, SHETFHLBHKRL CORMEBMTIEAFIER WHEAE TFHEREE
E COmMBATHIEN, REFRAKL CO MIRAEFRIFHIRE. & NI
WA FRED CO IRENFEMEMT B i COMEREAn >0 ERELESBES Nd
MEFEAEERNTEERK. BAEREERELTITEERN CO fiRshifE
—ETIFE CO MiEzAE. Bz, ERitERE, £BES N R H' S
HEERENE B TFHRARETS OB FHEENS 2R RN LB FEE.

wELS BN ME R E S B9 R E 4-7 R 4-5 FrR. B A 68
i EARS: @ T Pde-S 55, ABu=E(Pds-S)- E(Pdy)- E(S) ; @ % F X-Pd;-S
PKE, AB.g=E(X-Pds-S)- E(X-Pdy)- E(S), Hh X AR 0. N fi H'.

H 4-7. B ERBREATMAEL

Fig 4-7. Optimized geometry of various Pd clusters after sulfur poisoning

#4-5 WEAFMLEE LK DFT HH 4R

Table 4-5. DFT results for Sulfur adsorption on various Pd clusters.

System R (Pd1-S) (&) AE.g  (k)/mol)
Pds-S 2.153 -332.9
O-Pdy-S 2.190 -453.8
Nd**-Pds-S 2.165 -331.7
H*-Pdy-S - 2126 -291.2

7 4-5 AT LARHL, HHER) PAL-S FIEE/N TR R S 4A4E Pd-S 821(2.34 A),
TiBEE T LEED Sl sz R30° -S/PA(111)EE L L) Pd-S FEF(2.22-2.25 A)
(189] fe foaass |- (R MR BEAK IR N O-Pds-S>Nd* -Pds-S>Pdy-S>H'-Pds-S, REFLES
OMEET S BRERERTE, & THERTSRBEHERIENL, TE N
SRR L BRI B AR . SARERGRWE TR, THEH,
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R RFE LR T

ERTRERE AR, MR TS I ERAERBIRE (BT
Nd" SR BB EREANTREERR, KERMETS « HTEHE B FraE
BRERBERATHEAREANE, XBRERLAEREAEE SR ELRN
PR T8 8 R AR T S B e B SR FREM~ 4.

4.4 N

REREALAMAER, AEIES. &R RPN P RIS 8 LE
H LI F SR

() HSREVESRECRNLER, Na SRR L &Ry 55 EREHIRHEL
tEH, HREAHATEEIIREN.

@) B0 AERARBME S TR, R& R dka T IaLm T
SRS ERERTIR.

@) WLEEEUARATERFET HENERRAR, BifhTRREBREE,
L. TTHMRBERNMIFEN. o, FRECH RS BRURETEER/
SRR HEFIRT 1.

4) DFT 7R, € BAHEFRAORENERRSHERELTRFRES BN
RARE, HEBREMNTRSERYHARET HA®G.

A RET AR TN RS & B- SRR R Ra R RN
P& R ERARARR.
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FhE HESRIANRRBBARATER &AM M e m

FhE TEERSIARBEHENMFETRER

LTS R R

i# &

AFHRFRT R 2B (Ti. Crfo Mn)sh USY #4k40 4 M5 AL fi #l4e
ALK ERRALE T 5B A AT m, FRERAN, T34 55 T ain
JFh T ehARsEA, M EABM AR K, ER2ANAKR TR EUBARAS
. 6 h 5 AEMEAGDEREEMTF A PUMUSY > PI/CUSY >
Pd/USY > Pd/TIUSY, w37 JLFF3F ARS8 ALSE I 5t SAEILA] 64 e S B RAH
FeARSE, FIBTALE B T RE HARMCM-41. USY A= ASAYG4E A M ALK fi L8
WA AERAAT O FRIEAMAE. EREN, REELH Lo S50 & F RS
#: PAIASA> Pd/USY > Pd/AI-MCM-41 > Pd/Si-MCM-41, IR ASA K MCM-41
RBAMAK LA F 6 T2 b0de A, i PAUSY AR LA Fair 28 >
Wi %, PA/ASA ALK 6B An SE R T A a4 2 Bk eIt B B M Aedl § 3L
HAE.

51 318

WA RRBREREREERETDMIIREZAA, e ER, nERk
FINE RHL &0, B o RN SR ERREAELERE, EENTYH
B hu, BT R R BSTER & BRI AT T AT U219, 3t F & B FIm
WHE, —BEUTHMHELRR: O £RPOEEERL, SBEREMRM
ThEgE kP, @ BALYE SRS AL HIR K 8 B & B S8 AR B4 A
5, #H—HIREBERFEEREENM, s RiE S B ECARPE.
BEEATINEEEN TSN RERR BB LAEE.

SHTFELEETE, Res Ir # Sn FIIIAT LABE# PrALO; LTI E
wiEd, WEBRERERE. RESRRASAERMEKELNHER. o
FIEIE RV, &R Pd-Pt ALK B —) Pd 5 Pt INEL L PIER ML REER LT
HENFRERANHAELER, FLERBIRARBI>, ERAFFER,
BALATHERGEFERETREBEFRLENSENER, BnENHeRE
F Fe A CORT L pUSAD RePTEABENATRANEN, ZRFENTEER
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RAERFEEFMIRL

MRESHRSMIEHSBTNOEE. B2, dTFRFEETHARBER RN,
FoEREMMBERAERAEBELATOBRLERESEE, o Larsen %%
WL A Ni (eSS Pt RS REFAF AN FE THESHETHILE
R EER, T Jao ZUMES| Ni ik f94 564 & PO AT A
fi AL 5 Y R A B R AT E, Simon SR IE Cou Ni DM X2 Shib A
AEAAELTMENE R ARTHNEE. 22, ATREAR. REEM
ER EERBETENAR, BEoER U REBEARINERE R ER.
BRSBAETHEERANEHERTLAHFOETHNLEE. BEHER
T, EAMINESRSRENGER, MASS5&RRE—EMEEM, W
Tauster %5 TiO, 85 & BN Hy £ CO TP S HRERIA G H & 8-
BSRRA T EANER. FEFREN, S TFhAafRRERELR, B
A SRS RAT & PR RATMMER AR F2 B FiR® Y, REFE
WHEREHBA AEESBREBLIXN S ENEREEENEERRTERAY
W T sk 1ARAM2E) e b B AR IE A DR AR S R S B AR PR A L
W R R S S R NG, T A WA R SR FRPO, R
BHERE, SESRREEERZmERILEEL,
AXEETHELRT. Cr F Mo)BtEst USY HEmEmFinREgE
(MCM-41. USY M ASA) SIS RERGEE T HNEEME L, Hx
AR AT T MR-

5.2 TBI}H

5.2.1 LTI RYH &

RIS &L R A R 22 RANER 5-1 .
F 5-1. MEAGFI & BT AR RIS KRR

Table 5-1 Purity and source of chemical reagents for catalyst preparation

L HFER A FE
=ZEAEK TiCls VAR FiEHERF=T
RS Cr(NO3)*9H,0 i REMRFERPULERLF
THER R Mn(NO;); T FKEHERF =

“HEENES Pd(NH;3),Cl*H;O LH HigMaHeBERAT

""’*‘fgﬁ;% Cilln(CHy)y NBr A REMEv THIRAS
W ER H;S04 SR IEL FKETHFERATR
ke NaOH et KiEHETHARAE

RESEHC Si0, T FEHH L LTEY
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FHE THSR T ARBERENTEE R BT EnEN RS

HER e NH4NO; et FKEMHERFRFT
TRERER NaAlQ, B —

BREEE (C3H,0)3A1 il RENAERAL IR
IERERR 7B Si(OC:Hs)s 43t FEWITLETHERAR
B C,H;0H kiR KEKEREAT
T EEEIE (C4Hs))NOH Sirat RETTIAL TH B A E
thig HCI STk FEMERM
ik NH;+H,0 ¥ e RBHHERN=

5211 LESRBME USY REEELTHE

USY #A dIb At LR A RRE, S0F0Ry, LEREST
K4, HEREM 699.75 mYg GAEBRET BET M%), 3IAERBAN R, &
AR 110 CTH6h, 7£550 CHHPPHSTARATRELH, FIHEE
&R,

i USY ABBEARTEBASNIANRANFETSHhAE: E—5
KR —EF &M 0.05 moll TiCh. 0.01 moll Cr(NO3);*9H,0 F1 0.01 mol/l
Mn(NO;), BEMAERE USY FBEEE L 100 mlig)s, InseEdE BHE
KiH pH7~8 Jiffl, RIFEZBTHE T 24 h, FilkTesr, ¥, 110°CF
B 4 h. 500 CHBLrpipeid i, F 20, HERNTESRENNE USY 50.01
mol/i ff] PA(NH3)Cl, B F7H 24 h, RELEHR. SiE. 110 CTF/H4h. BE
EESATHIT (A& LB=2HELTBEEHD).

BRSNS NERNE 5-2 iR, &REBLE FRROCENE.

52 BUNHMERS. EREE

Table 5-2 Label and metal content of various catalysts

LEd SREE (wt.%)
PdAUSY Pd, 0.72
Pd/TIUSY Pd, 0.74; Ti, 4.0
Pd/CrUSY Pd, 0.75; Cr, 1.8
Pd/MnUSY Pd, 0.72; Mn, 2.1

5.2.1.2 MCM-41 B ASA xR H R EELFIRGIS

AL MCM-41 K AR RNEPBEE S K. S-FaiRE MCM-41 737
A&, BARF. EEMRES A TAREZFERME (CTAB). TiviE
BB (S10; 58 25 %) S E e, M FERRTT AR pH H. EARIEIRE
K FEBRE M TR RETR R WGRIA A 25 YRR %W, FIARERIE pH
20 9.5-10 7E R, EOAGER, B HEBRAAREURIHORERRNESLL. &
AR, BHRVKEEER. I, 7110 CTEER, RIE 540 CEASE TERE
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8h, #I78 Si-MCM-41 /3.2 F . M MCM-41 §RS5EAREL, RR
TEEVE IR RIS E B RIBRRYN (BB MABIRMBE D, RIBIAEREM
WA, . BEEHSEE B, A2 TR NaAl-MCM-41; E=ERETH
1 M GEEREEXT IR Na BYA FIHHHT 208 8h (b F R E L % 100
mlig), FRISEEMR. T8, 110 TR, 540 CHRESER, 8 HAIMCM-41 4+F
7%, MEFRSEMH. A30%BE HAIFMCM-41 [95 FI57E SVAI=20 £ T &
., FX@EFA ALMCM-41.

ASA(ERIREEERE, Hh ALO; A 14.2 wt.%) B ik I — BB T B bl & .
4B R AR R RS 2 B TEOS R B IR MEE IR AN RIEIZ N BH 37 %
it TEOS M9 Z. B8V, PR E:MiE pH B 0.8~ 12 BE: B EBNS AR
FHTEZETAEERT, 60~70 CHREMNER, K 10 %HNFRFEMT
TREFEHEE: TERTHRE—EBRSFBINE TEOS Bt . MERREK
 pH ) 8 A, WITEFHREEA, SEEZRTEL 100 SRME3 X,
100°CT4 6 h, 550 CHBETH, BFTTHREPEA.

AL TR & S HBIEHERE, LIRER YNSRI,
ZMHERNEBIRRHEESFRTRAEBERT, IFEZRTHE]
F, RIE 110 T4, 350 CEASATHRR, METTRETEH. ERTHIEK
Fei 3, PA/ASA . PA/Si-MCM-41 il Pd/AI-MCM-41 B4 ERE BS54 0.79
wt%. 0,77 wt.%F0 0.78 wt.%

5.2.2 fEUTIRIE

AR B AR LEH37E Philips X Pert XRD {28 FiET 447, CoK. S785(h = 0.1789
nm), GHE 40 kV, EHA 40 mA. FRBAHEEINCE EHEFHEEE
R, BAETMRAERMENE, BASREGS LEZFENRIRHEX
R

5.2.3 fEALFIEHITM

BUAEEFN RS2 RE=EXREY. &/ 200ppm BBV ERE
Y1, HERAHTTE Agilent 6890GC #47, EHEES HP-5 30 mX 025 mm, HE
025 nm), BEFEEE: 90~200 C, FHREE: 10 C/min.
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5.3 FRMiTe

5.3.1 TR E R HAE KM RIS R R R I
5.3.1.1 X SHRHTH ST AT RIREH

e RO E R A K XRD EE WE 5-1 Fin. 467 538 S5 out_ i
USY [t XRD (i BT HEEN R, REMHIEN USY SX@mE R 58
YVEEE, RASMERSTAEE N\IHRELSHN USY 4-Fif.

LA USY 1EZ R4, #R38 533 F0 642 A75T 0 wE SR A /) AN AT & 1 A FIAE &0
X HERE. BENREESE T EARN: a={(d,) R +k*+1))", |
PREEEE duw B1d,, = A/Qsind) HH, P A X HEEREMTYD, 68X
SHERTHEA (20) 242 —, WG 4RI R A 0209,

BEROHERFMBASFRERNEESHZ — EXEEBWHANR
WERHIRENE. A3CH XRD S&MEE B EHT THE, ZRAEAPiEA
M) USY 4B RESE ELEC(E, MU A BB R4 thaT LU R R 47 &
n(Si/ A =(192-N,)IN,, N, =115.2(a-24.191) P52 RE#ELERH
XRD s R IR 5-3 Fiaw.

L4 I |.lllt_hL - /
tJ TiUSY

LA
A 4

10 20 30 40 50 60 70 80

]

5-1 NFA B XRD 1
Fig 5-1 XRD patterns of different zeolite samples
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F 5-3 FRWLH G XRD iR
Table 5-3 XRD analysis results of different zeolite samples
i HRE (%) REFEE () BREESEH (mol/mol)

USY 100 24.460 5.20
TiUSY 66.3 24.457 525
CrUSY 84.2 24.422 6.21

MnUSY 874 24.443 5.61

5.1 1T 5-3 FTLUREL, ot USY MERERRRESETRRERN
Woh, RN RREEEORE, BarEREa BEmER. 3 TFAR SR
TS, 45 REBRIERIKCY MaUSY>CrUSY>TIUSY, 2ttt USY skt &
EHEFZHERTEERNBERTNERE %, BTk nREEBHH
MRIESE, AR F TUSY S, RERAMBTEERERSD BN TIO,WF.
ARG A SRR R T B A R E AT LLE 4T A0 B K& 1.73A)A
Si-0 |K(2 161A)K T-O-T BAKAFR, BREmNEEELSBHE R
RUEBAIREEYS. AR 53 T LB R, SRS usY BAE FRBENEE
RE, ERBRIBESEBHFHRNBE FREHIREMEE RN, WitSaEnr
REBEAEE R,

5.3.1.2 F3EEMSIAFBAERME R IR

B INILEERAS, WUNHE RRRIESTIAE, AT EARIREL
PR RN, ARSBENYHREREN NH-TPD SRWE 52 fir (&
KW ARGHBELR),

100 200 200 400 500 600 700

00 200 300 400 500 600 700 100 200 300 400 500 600 700

Temperature / °C
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B 52 SEBTMN USY #aET W
Fig.5-2. Effect of metal ions modification on USY acidity

mE 52 fiFk 5-4 A&, SROEHALE, Mn. Ti # Cr P USY KBS
RETHEZL, FRABRMFOHBREYERRAREE M. Ti M RBERE
BmB%, RIETERTE 19 M. SR arPIR RO R R R TR
2~3 1%, HFLLTIUSY MERE, CrHtHERD. MLESRIILFERT
OEREMIEREE N, WINBE 4~20 %2Z[E. 5 Mn flTi 2t USY thE, Cr
BEESHFRBRFOHIEERKERE, EUEXNNABRERSE. %
NH;-TPD B &R 55K 5-3 A RMR T3, "TLURKM, BamREFAN SR
ReFim - migss, RESEEHRRES ARER SN, XR\BRBABRYE
HEERZFEN, BBESRAN, E5ERAERIEEFYMINLERE
WS EEX.

F 54 VhEFE R IERERAEE KA NS E

Table.5-4. Acid strength distributions and the amount of acid sites in zeolites ®

Sample Weak 1 Medium strclmg Strong 1 Total
{mmol.g") ({ mmoelg ) ( mmol.g™) (mmol.g™)

Usy 0.153 (204) 0.094 (2643 0.427 (366) 0.674

MnUSY 0.261 (206) 0.306 (290) 0.447 (438) 1.016

TiUSY 0.285(202) 0.371(278) 0.453(439) 1.109

CrUsy 0.228(174) 0.312 (235) 0.531(397) 1.071

% The peak temperature of different acid sites are given in parenthesis, unit in 'C.
5.3.1.3 HindiEE R L ERTFE TMETFEK D

B S-3(a)R(b)sr B &N USY Rt USY B om0 2e 54k f0-+
E N R R R EE . B S-3@T RN, ERNRBHE, B T
MHERESSE, Cr. Mn BTG INEFE RS & T AR SRR, HP
XL PACrUSY MItREH B R . BMEE RNMEHIT, BRM 6 h i, RMNBE
REBZZN, AT ENEZEHAEFUTIRF: PAMnUSY > Pd/CrUsY
> PdAUSY > Pd/TiUSY, #hAT Mn e EAFIBRREMESFELERG 43 % @
Cr. Ti sMEBAFIEEH ISR EEER®K, H PITIUSY KIEHHREEE,
B 6 h Bz AT L S S 3 A R B N 1/3. A S-3(0) I+ F
FWEAREH, Cr A Mo SttEEATIITHBBRIER, Ha7E FRRE,
PAMnUSY 5 Pd/USY #E4E3 E-+EEKEIERT 2 h i, (B R ALJE H PA/MnUSY
WRE R, T PATIUSY B+ EZRERE, 8BTS, FRELN LETEZFE
bk RASR AU B3 IR = re ]

B 5-4 RIVEEME 6 h BHARR&EEREER, KPRE~ESLL
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Crack RO EZBHRWFEREX WA FELSY, BHAEPHE G L
Isomerization 38 7% YL 18 5 A i B FUREERSE, T A 057 4 ¢ BBl ok LA Saturation TR)
TR + 2 E R R k. A 54 TR, BFRE Wik #EN T S, PATIUSY
LREEYIERERREY 173 %), T PAUSY FZUREEEME BN 2.3 %); 3
FRELERERG, PAUSY L RIGGBRIER KW 202%), K5
PA/CrUSY(17.5 %), P/TIUSY(14.8 %)H1 PA/MnUSY(13.9 %): A BN 4 i

B AREATIEER TR AR PAMnUSY(78.2 %) > PA/USY(77.5 %) >
Pd/CrUSY(69.6 %) > PA/TIUSY (67.8 %).

s @  —o-—PdusYy 40 b, o PaUSY
604 —o— P4TIUSY —o— PdITIUSY
‘ —a— PAICAUSY 5] —a— PAICIUSY
504 —o— P/MRUSY e —v— PdMnUSY
30 -
2 J ]
.S 40 § 254 |+
£ a0 > 20
c
3 " %‘V—v—v
15 N 8 .l \ &
£ 204 “v—g 4 \ — ~v
Q O—
- D\] ——v e\ D\D‘D
g p U-D-a 104 ¢ —
10 ﬂ—A_&g J \o B g BB
5 "0\0
O 0~p0-p 00 O~ 0np—0-g oo
n T F T T 5 1 T o T T T 1 T 1
e 1 2 3 4 5 g o1 2 3 4 5 8
Thme on stream / h Time on stream / h

B 5-3 MAE THE B EUES N EFRELEN+ SR EEAIER
Fig 5-3 Effect of second metal modification on tetralin conversion and
decalin yield for tetralin hydrogenation in the presence of sulfur

B Crack 0Oisomerization @ Saturation

PdfUSY
PdITIUSY

parcrusy |

Various catalysts

Product selectivity / %
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BLE FESEI BB HAAREERSBREA S ENEN A

B S-4 BRAF 1L T I G RSk D B2 B 78 b Py e T M6 b J T8 )
Fig 5-4 Effect of second metal modification on products selectivity for tetralin
hydrogenation in the presence of sulfur (results after 6 h reaction)

AREE BRI NEESNERAR, X5 RS, SAmE
FERARER. TEXBIRTE TIO, AL BEATTEN, 53K TV
T RS BRENGER, AT RITIE MRS58 8 MR B 1R Bl (SMST)#28 211
T PATIUSY EMFIRS, FEAATHE LRBREE, SELE T Uik
BRAMEGE, ZRET &BEMANKE, B SEIZETNEEINE S
B, BRBAOE RN R AR E S A UEIS LB B R IR B2y
BB T, RS EARRE BRI EE. T Cr. Mo 244
i, ZEEMHETOMERAETEER, TR ER R ESIT M Rie2
R 518 5 & BAEAAG MEEHE R . BRAMTF PA/CIUSY #ENT S, #
HERAMBPRFEL NERE, BRRTRABLO0SRE MEEREWRR, TinEa
B LGl F IR ARBR O, BN EREALRBEABRA, §TF
PAMnUSY LA S, h TS AMBRBMBIRER ED, TR %
SERFECHAREIH B, AN ENESEnECZER, HAFY+E
FOVEFEM R, AN RACTRR SRR, FoiEl PAUSY 4
EHIAFE PATIUSY Fl PA/CrUSY B IS 2 L T LLAE: HEiE ERis®
BHFE, WA LR FBE N R EILE, FERE8E AR e
1.

AR L e 28 R/ R4 v LB R 5 AT (8] PR 2 B L I
55 R, WTAREL, TEFEWARIRLL, U PdCUSY B, SERRER
BEBRBRPL—E, BREELNARERE, TEERREBRER, XEEH
Bk LS B BRI S BRIEN EESERYMESEIR. PIUSY 4L
F)_E+E3E R A 5 PUCIUSY 26, iX B 544k & thfil f I8
AF K. PAMnUSY bl L +E2E RARH R B ISR BRAR A8, HEs
RESERANREIE, ANRBIRITRAEE. PATIUSY #4448
HEMNTEERME XTS5 & REAE WA 8RS IR EREE
K, BEIRTHINABMBIER, FRNAEREYESTEEBER, NG
P =1 E &0 R/ ELE .
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—~a— PAMJSY
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\ —a— PAICIUSY
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E 4 T
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E 7,
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B 5-5 AR AL R385 M 0 H I R B A g A AL,

Fig 5-5 Trans-/cis- ratio of decalin over various catalysts v.s. time on stream

53.2 HIEEERWREFEETREEMEEENE N

AR, MEREA. JLEHERIESFIEN A QBT RE
FERRIRE, B8N R R B A AT 7E T 00 0 2 25 g v 6
X TSR REAL R ARG 2 M. AR50 B N, RMIAT XRD Wi T ARE
(L MCM-41. ASA)IHL RS, RS NH-TPD IIE TR
RRIRRYE, RS R R & i S SR R AR 3 E B 722 F 1 DU S 28 I R B
HaE.

#£ 5-5 ) BET Ml M A RS AN L RERSER. FREALRERKRK
H: Si-MCM-41 > USY > AI-MCM-41 > ASA. MEBKRSMMIRTE, ALK
MCM-41 & ASA RER AKTLE, T USY 845 EMAFE L 2 gLy,

& 5-5 AR R
Table 5-5 The specific area of various carriers
BiERR usy ASA Si-MCM-41  AI-MCM-41

EEEER (mPg)  699.7 4856 10026 630

B 5-6 AFFER XRD EE. #54%M MCM-4] ) XRD #8530
REEA B, RPLEFANHEFHFINIESA, T MCM-41 A&
FANBER HERSKa TUETRIE: a=2d,,/V3, HT di H5REHHE
PEPE. RF MCM-41 H£809 XRD JMFERIME 56 Fim, TLUEH, 448
MCM-41 REEK d MEMBERAT, RALXZHERTFERABLEE B
RERERE, BRERAREOTE-CROTERMS. &K ASA IfTs
WBIEFEIRAL, A RN E MRS R,
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3 (a) Si-MCM-41
by (b) Al-MCM-41

ASA

T T T T T
2 4 6 8 10 20 30 40 S50 60 7O 80
20 20

5-6 A FB KR XRD #H
Fig 5-6 XRD patterns of different carriers

& 5-6 R[] MCM-41 #£5# XRD ST 45 5%
Table 5-6 XRD analysis results of different MCM-41 samples

F b 20 () dioo (A) a(h) HRE (W)
Si-MCM-41 2.63 33.565 38.758 100
Al-MCM-41 2.61 33.760 38.919 78.8

® DL Si-MCM-41 JdrtE, AI-MCM-41 8588 DA (100) R EATH ISR i
FExS AT B IO SR B 2 LB

® 5-7 K3 5-7 53 B B AR M #) NH:-TPD BB th gk A g 8 B )
MBS ENR.

U

|

W 20 a0 410 5; 80 700 | 100 200 0 400 S0 600 70

W0 200 300 40 00 el0 700 00 200 W0 40 S0 B 700
Temperature / °C

81



RERFM LR

B 5-7 SRR AME Y
Fig, 5-7 Acidity of different carriers
B NH:-TPD &RATLEH, 5 USY #ALE, ASA & MCM-41 ikt
B#. ASA BERERK USY #1173, RN AA—E B HRMAEE L,
AL-MCM-41 BESRLA USY /9 1/5, EEUBBLHE, HihEmmEgsT
GFT G LFIRIE; T Si-MCM-41 _EAVEMEBNBET L.
& 5-7 ARIBRMER R Ko B B

Table.5-7. Acid strength distributions and the amount of different carriers®

Sample Weak Medium strong Strong Total
(mmol.g™) { mmol g™ ( mmol.g™) (mmol.g™

Al-MCM-41 0.079 (268) 0.027 (370) 0.032 (437) 0.139

Si-MCM-41 — — — 0.039

Usy 0.153 (204) 0.094 (264) 0.427 (366) 0.674

ASA 0.045(209) 0.068(276) 0.076(403) 0.189

* The temperature maxima of different acid sites are given in parenthesis, unit in 'C.
TR ER BB EMEEMEA RN SR NEEE R R EE

WO | P R R AR R/BLR A A B B R A S B B 5-8. 1) 5-9 RO 5-10
B

70
704 a. —0— PAd/ASA b. —o— Pd/ASA
SR o pauSY 504 ™ —o—pamsy
80 —&— Pd/AI-MCM-41 —aA— Pd/AL-MEM-41
—v— PdfSi-MCM-41 —v— Pd/Si-MCM-41
2 5 504
S 7 [=] ‘.s
8 o <. 40
@ 40 o
@ [ O,
E a9 > 30+
8 £
£ A $ 204 4
E 204 0o o & O\O—Oig:”w—n_g
[2 —0—0._ oo 10 0 o-o.,
104 WBwa . A ~o
] “w e N i \v-.é_‘_{;: CBpn pBp
0 T N—Y—T—ymgy 0 V-Vg—g-—Vy-v
T T T T T T i 1 1] T L] T U
0 1 2 3 4 5 B 01 2 3 4 5 6
Time on stream / h Time on stream / h

B 5-8 BRFTE T A R ST SR AR L A LA AR R R R
Fig.5-8. Effect of various carriers on supported Pd catalysts on tetralin
conversion and decalin yield in the presence of sulfur

B 5-8(@)F(b)rT LLEIL, X FARSEAEAEMELT, MERELER
+EABERENSEELBE B, B&IMEKIKHEA: PI/ASA > PAUSY >
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Pd/AI-MCM-41 > Pd/Si-MCM-41. 2% USY ¥ AMBER A HLREP LB E,
ERFEEAT EREEMEFEETEE. AMLEA MCM-41 #EBREHRA
LR, FARFEEENIL, FRFESI TR EEFERLC, BREELT
ISR RBE, XTHRRHTREMNBER D HBRBERS, BNTHE
BEFEAEEMAEERESE. SHAER, B USY MRBHEE SHeR DL
BREFREQELPT, BEERRIERS T RFEN. R R FEE
A, HILTS, ASA BRERBRBERMET. &SRS EMBE AR
BRI EAERP, B WA LEERSNIL, AR ELATN
R AER.

| BCrack 0 Isomerization & Saturation I

R RRRRRIRIS
PA/USY adeteleleleete kel telels
14 ot S0 ot o e S0 oS
e tatetetatatetitatitelets
3 P/ASA | § Fateteteletaletetet et tedatete et te e dele !
n
1)
a
g PdIAI-MSM-41 SNSRI ANH
@
>
PAISEMCMAAT || KX KRR K X o oo o A S S WS I S5

0% 20u°/; 40",; 6()“"/; 80:/; 100%
Product selectivity / %
S-ORRTFE T A RE Aot AR AT L= EE w6 h RS R)

Fig 5-9 Effect of supported Pd catalysts with different carriers on products selectivity
for tetralin hydrogenation in the presence of sulfur (results after 6 h reaction)

FH B 5-9 A4, R R LT E 2R MEFE BB RUEMK IR 5 : Pd/SI-MCM-41
> PA/ASA > PA/AI-MCM-41> PA/USY, RHMLA=PHIEFMIEFR: PA/USY >
Pd/AI-MCM-41 >Pd/ASA > Pd/Si-MCM-41, TR~ FENF A PA/USY
> PA/ASA > P/Al-MCM-41~ Pd/Si-MCM-41. F¥BEEAEETE, ATLARIL, 98t
AR RBAELH L ERARERRS, LR PASIi-MCM-41 EIFRMME
BRI 94 %, TisRETERE USY e EEH B RK R0 MREEE
HAPEIA: 202 %F0 2.3 %). Si-MCM-41 kA& BT LR b BRI
YR, XTa 5B ENERE XY, TEREERIINES. 5 PUASA
AR, PI/ALMCM-41 EEBR KR RALFRERNE, WX TR
RRTWE, RERBMBETO8E5RMP. B2, BERENMNBERER
FREAEALT BE B & MM R, AR SG A BEILN ERkRE
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Fig 5-10 Trans-/cis- ratio of decalin over various catalysts

1 5-10 FTLAE B, B PA/USY B4R b -5028 5/IR PR (A 20U 4h, 3
REENRUTI - E 2R/ A B D B, WA+E 2 R B R SR
KFF7: PA/USY > PU/ASA >Pd/AI-MCM-41 > Pd/Si-MCM-41, % 6 h FREN
PA/USY L8028 R/ L PR TS (KT PA/AI-MCM-41 BALFURIACE, Hfbit
il L+ R BIRAE 5 K AR RN —30. ASA. AI-MCM-41 1 Si-MCM-41
TSR AL R/ 4 E 1) 5 8k P BRSR BB 555 4 16 &, 7T PA/USY _F i
REATAETEMELTEE A RE BTN ERERYRS &,

E EAT40, PI/ASA EWFIAE BB R RIS ZELE, fAxafor=g+
FRMEFER R, BAREARN YT HE R, H09i%RLR
EFREMETRUEER R, BWNTEFRBIELT ASA REHERELN
FEFEMEF HRBHEY 22, BABT R ES, ASA ARMOHEBEWY
FUTE ik A B IR B N BB T2 o th B R tH AR B B BR 1 B2, 8, ASA
B & BRSSO FE MR N TG RTFN A,

5.4 NG5

BT & BB TS USY 3i4E. A FL MCM-4 1 (R IE AR S 2 MR, ASA
BARE TR R A SRR R EE T AR St s, AT BRI
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TILESR:

(1) i3S E Ti. Cr 1 Mn SUME/E R USY SRS A A YR, Bt
M EHaEE AR, BORERRERE, MR ENERIRAE
BIR USY B A RAEERE. SIATRLE B USY REEEEFIK IS
AN REEETR, RNAENE Mn. Cr it tHEH RS RIFHME
i, ERMERMN#HAT, PA/CrUSY HAFNEM RIERE, ™ Pd/MnUSY FBFIKRE
&, PUTIUSY FEHEENRNBEEEERZE, RN 6 h FAE#AH L OEZE
MEEMRFHR: Pd/MnUSY > Pd/USY > Pd/CrUSY > P&/TiUSY. Pd/MnUSY £
R BRI LFLE N M & BB S EAMB SR EEENRER
BRIRE 7 AT o

(2) ¥F USY. ASA. AI-MCM-41 1 Si-MCM-41 45T, LLUSY BEFImS
R R, WA ASA, rFL MCM-41 MRER B> HERIRE 559, I Si-MCM-41
MM, FRB AR ELFERGE FNESMEFERREIRE N
Pd/ASA > Pd/USY > Pd/AI-MCM-41 > Pd/Si-MCM-41. )\ & REF= Rk T S
TR BAE ASA F1 MCM-41 FEEEATBEFRRASTIREAMEE, TRt
USY A MALAH E R bR Y s,

(3) EERME USY BH Mn, Cr R AEELFE S T EmE R 7S
&, THSSERE ASA B MCM-41 AE4LTRILE 25 2 L L 72 o BB 45 4 REEL R A 5
FEHENE. B2, BESIABZIEEEE USY S4m AR EEJ R LI oE
FBELTEREE T T EME .
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FRE H it

AXUBMEE T MNEEMEEAME RN, KhnArmsmasy s
#@%.ﬂﬁ?ﬁﬁ%ﬁ%%ﬁﬁﬁﬁ?%%ﬁMﬁﬁ%,ﬁ%%ﬁ%ﬁam
BA. USY A, MCM-41 & ASA %, RR A% BOFT)AES T T8
AR FREEESHEANXR. BT ERTRMNERTETIE KE860E
BHwmT:

L BAETHRY, SREATMARBENNEYRF RN, HEmE
SEFT R B3 M EB PR ER IR SRV E AR RTT . (EE.
BERBA/ELERTHEMRENE. BENTFFEFHELRR, 524
REBEHLEET.

2. X1 Beta ¥hA BALAENLN NS INE B RABLFIB RIT R, 58
REMAL, BFEHESZBLNATRENSENESE. HFEFTH
EHEO N FREE M A BT EERTS, KM 8 h 5, NEZMEFEHIR
¥4 Pd/Beta80(IE) > Pd/Beta60(IE) > Pd/Beta25(IE). Pd/Beta80(IEYE 1k
R R LA E TR IR & R B R LI M PR, BT
DHFE. AEREAART®RYE, BT LR »ALO, HBFE N
Pd/Beta2 SAEVINZ M BERVEE M, S5RRM, B - ALO, WEF I E T
GittEERA Y BBEEA . MRFELTOPIREI, ENENELTER
SEHSBRAERES. R REEATN LERENEERK, Rfkms
BRIGATIE. aTLIRR, SAFIREE NS FRITHERL AW IFEEA
AR EAFIOMPEEERELTRENEERR.

3. %A L NA" IR REUER USY AUREME AN M BT R R BT R R 5],
SMEENR R ERECR- SRR BHEAEH, AmdeEainnim
diEtt. BYFEEZRFENSRENBFRIERERM P RAIEISEIR
W, EiHEREEDLORTHRIORENEAESEEBELNEHRS
PRERE: M FREFHEBFHEROEE, FEETHEBIRNE
EEFREREM, WMHEBSH LB FEBEALERMTEERA.

4, WFFETESBEER USY S840 R f s s memeit s
MRERM, Ti. Crfl Mn 3IAL B USY SRR RN M ERIEEIE. R
6 h, AEMASBELTIEREE TRNARNEFERFS: PIMaUSY >
PA/USY > PA/CrUSY > PA/TIUSY, {X Mn StEHI B & REATIMEFZ AR,

86



BAE Gw

M Cr F1 Ti i fEXT USY #E Pd BEAFIMMEE R E, PAMaUSY 4E4LH!
AR VAR T AMETRENBIBE. 2REHMNRETS
i, i AN Cr Bt IR R B E S S AR R T A I B,
HHRERPLE R

- ARG AREEATERTE TSNS EMOTFNRE, AT
INEIEHEIRF 4 PI/ASA > PAUSY > PA/AL-MCM-41 > Pd/Si-MCM-41. 558
HAILME MCM-41 AEELFBRERERXAEEUARSE, BEHT
BAS5eRANMALERESE MR ThAREBEMRMNEEERS. B
BEMMBEETN ASA 7 Pd LR ERBEREFENEEE, AXER
R =Y RS, X R ZELN T R ARFE R B 1E
A, H&RABHA KB A LE. BB USY ARAEBREAR LES
BEMFEMEEYE, SRLASASBASEREGEMMHEEER, HEH
TERAEWEIERYE, ZEAT RN & AR K.

. BWFEMEANENEREEZAEMN, AXKTARY: B © FHARR
BHHA R BT, I Pd/Beta80 L, @ BIALERIFRERN, Wy-ALO;
HiPd/Beta2s HITIEE; @ FAMLETERE TESM USY S,
W P/NAUSY B¢ Pd/MnUSY #HF; @ ERGENEFETATHRERN
g, W PI/ASA #E4LF R LMERATK S IEmEERRE L.
ST EAFIEER R, UWTLAmRES TN O iR me
HAT: @ &ERSAENSIANE: © £RBNNATHEREERIFSHG
@ AL MER R HAELEHEE.

87



KERFHLRX

10.

H.

12.

13.

14,

15.

16.

5 7% 3K

Cooper B H, Donnis B B L. Aromatic saturation of distillates: An overview. App!.
Catal. A 1996, 137(2): 203-223

ZRER, WER BEERHEFERNFLR. PELEFZ 2003, 503):
6-14

Ullman T L. Invetigation of the effects of fuel composition on heavy-duty diesel
engine emissions. SAE Paper No. 892072, 1989

Unzelman G H. AM-87-33, NPRA Annual Meeting, 1987.

Seng C, Lai W C, Schobert H H. Hydrogen-transferring pyrolysis of long chain

alkanes and thermal stability improvement of jet fuels by hydrogen donors. Ind.
Eng. Chem. Res., 1994, 33(3): 548-557

TREE X 21t TR, S BRAS TR, 2003, 33(1): 1-6
Kent L. Chasey T A. Polycyclic aromatic struciure distributions by high reso-
lution mass spectrometry Energy & Fuel 1991, 5(3): 386-394

Wilson M F, Fisher I P, Kriz J F. Hydrogenation of aromatic compounds in
synthetic crude distillates catalyzed by sulfided Ni-W/gamma-AlLOs. J. Caial.
1985, 95(1): 155-166

Iiam M J, Al-Qatami S Y, Arif $ F. Bicyclic aromatic hydrocarbons of Kuwait
gas oil. ACS Div Petrol. Chem. Preprints, 1990, 35(4): 821-826

Cooper B H, Stanislaus A. Aromatic hydrogenation catalysis : A review. Catal.
Rev. Sci. Eng. 1994, 36(1): 75-123

Gully A, Ballard W P. Advances in Petroleum Chemistry and Refinery.
Interscience, London, 1963, 7: 241-282 '

Jaffe S B. Kinetics of Heat Release in Petroleum Hydrogenation. Ind. Eng. Chem.
Proc. Des. Dev.,, 1974, 13(1): 34-39

Le Page J F. Applied Heterogeneous Catalysis. Technip. Paris, 1987

Lin § D, Song C S. Noble metal catalysts for low-temperature naphthalene

hydrogenation in the presence of benzothiophene. Catal. Today 1996, 31 (1-2)-
93-104

Demirel B, Wiser W H. Thermodynamic probability of the conversion of
multiring aromatics to isoparaffins and cycloparaffins. Fuel Process. Technol.,
1998, S5(1): 83-91

Duftesne P. Bigeard P H, Billon A. New developments in hydrocracking: Low
pressure high-conversion hydrocracking. Catal. Today 1987, 1(4): 367-384

88



BETH

17.

18.

19.

20,

21.

22.

23,

24.

25.

26.

27.

28.

29,

30.

31.

Girgis M J, Gates B C. Reactivities, reaction networks, and kinetics in high
pressure catalytic hydroprocessing. Ind. Eng. Chem. Res., 1991, 30(9): 2021-2058
Marchal N, Mignard S, Kasztelan S. Aromatics saturation by sulfided
Nickel-Molybdenum hydrotreating catalysts Caral. Today 1996, 29(1-4); 203-207

Lindfors L. P, Salmi T. Kinetics of toluene hydrogenation on a supported nickel
catalyst. Ind. Eng. Chem. Res.. 1993, 32(1): 34-42

Rahaman M V, Vannice M A. The hydrogenation of toluene and o-, m-, and p-
xylene over palladium: I. Kinetic behavior and o-xylene isomerization. J. Catal.,
1991, 127(1): 251-266

Smeds &, Murzin D, Salmi T. Kinetics of ethylbenzene hydrogenation on
Ni/Al;0s. Appl. Catal. 4 1995, 125(2): 271-291

Lin S D, Vannice M A. Hydrogenation of Aromatic Hydrocarbons over Supported
Pt Catalysts .II. Toluene Hydrogenation. J. Catal., 1993, 143(2): 554-362

Neyestanaki A K, Backman H, Miki-Arvela P, et al. Kinetics and stereo-
selectivity of o-xylene hydrogenation over Pd/ALO;. J Mol Catal 4 2003,
193(1-2): 237-250

Toppinen S, Rantakyla T K, Salmi T, et al. Kinetics of the Liquid Phase
Hydrogenation of Di- and Trisubstituted Alkylbenzenes over a Nickel Catalyst.
Ind Eng. Chem. Res., 1996, 35(12): 4424-4433

Keane M A, Patterson P M, The Role of Hydrogen Partial Pressure in the
Gas-Phase Hydrogenation of Aromatics over Supported Nickel. Ind. Eng. Chem.
Res., 1999, 38(4): 1295-1305

Kiperman S L. Some problems of chemical kinetics in heterogeneous
hydrogenation catalysis. Stud. Surf Sci. Catal., 1986, 27: 1-52

Sapre AV, Gates B C . Hydrogenation of aromatic hydrocarbons catalyzed by
sulfided CoO-MoQ4/-Al,0s. Reactivities and reaction networks. Ind. Eng. Chem.
Proc. Des. Dev., 1981, 20(1): 68-73

Kokayeff P. Catalytic Hydroprocessing of Petroleum and Distillates, Marcel
Dekker, New York, 1994: 253-278

Bouchy M. Dufresne P, Kasztelan S. Hydrogenation and hydrocracking of a
model light cycle oil feed. 1. Properties of a sulfided nickel-molybdenum
hydrotreating catalyst. Ind. Eng. Chem. Res., 1992, 31(12): 2661-2669

Bouchy M, Peureux-Denys S, Dufresne P, et al. Hydrogenation and hydro-
cracking of a model light cycle oil feed. 2. Properties of a sulfided
nickel-molybdenum hydrocracking catalyst. Ind Eng. Chem. Res., 1993, 32 (8):
1592-1602

Fujikawa T, Idei K, Ohki K, et al. Kinetic behavior of hydrogenation of aro-
matics in diesel fuel over silica—alumina-supported bimetallic Pt-Pd catalyst.

89



REKEFH LW

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43,

44.

45,

Appl. Catal. 42001, 205(1-2); 71-77

Cooper B H, Stanislaus A, Hannerup P N. Diesel aromatics saturation: A
comparative study of four catalyst systems. ACS Div. Fuel Chem, Preprints,
1992, 37(1): 41-49

Frank J P, Le Page J F. Catalysts for the hydrogenation of heavy gas oils into

middle distillates. Proc. 7th. Int. Congr. Catal. Amsterdam: Elsevier Press, 1981 :
792-803

Vradman L, Landau MV, Herskowitz M. Hydrodearomatization of petroleum
fuel fractions on silica supported Ni-W sulphide with increased stacking number
of the WS, phase. Fuel 2003, 82(6): 633-639

Leyrit P, Cseri T, Machal N, et al. Aromatic reduction properties of molyb-
denum sulfide clusters in HY zeolite. Catal. Toduy 2001, 65(2-4): 249-256
Lecrenay E, Sakanishi K, Mochida I, et al. Hydrodesulfurization activity of
CoMo and NiMo catalysts supported on some acidic binary oxides. Appl. Caral. A
1998, 175(1-2): 237-243

Ramirez J, Ruiz-Ramirez L, Cedeno L, et al. Titania-alumina mixed oxides as
supports for molybdenum hydrotreating catalysts. Appl. Catal. A 1993, 93(2):
163-180

Mignard S, Marchal N, Kaszielan S. Effect of HoS and NH; on aromatics
hydrogenation over sulfided Pt and NiMo based hydrotreating catalysts. Bull. Soc.
Chim, Belg., 1995, 104(4-5): 259-263

Hensen EJM, deBeer VHJ, van VeenJ AR, etal. On the sulfur tolerance of
supported Ni (Co) Mo sulfide hydrotreating catalysts. J Catal., 2003, 215(2):
353-357 ) :
Wang J, Huang LM, LiQ Z. Influence of different diluents in Pt/ALQ; catalyst
on the hydrogenation of benzene, toluene and o-xylene. Appl. Catal. A 1998,
175(1-2): 191-199

De Malimann A, Barthomeuf D. Correlation between benzene hydrogenation
activity and zeolite basicity in Pt-Faujasites. J. Chim. Phys., 1990, 87(4): 535-538
Yasuda H, Sato T, Yoshimura Y. Influence of the acidity of USY zeolite on the
sulfur tolerance of Pd-Pt catalysts for aromatic hydrogenation. Catal. Today
1999, 50(1): 63-71

Besoukhanova C, Breysse M. Bernard J R, et al. Sulfur poisoning of Pt alkaline
L zeolites. Stud. Surf. Sci. Catal., 1980, 6: 201-211

Sakanishi K, Ohira M, Mochida I, ¢t al. The reactivities of polyaromatic
hydrocarbons in catalytic hydrogenation over supported noble metals. Bull. Chem.
Soc. Jpn., 1989, 62: 3994-4001

Koussathana M, Vamvouka N, Tsapatsis M, et al. Hydrogenation of aromatic

90



ZERR

46.

47.

48.

49,

50.

51

52.

53.

54.

55,

56.

57.

58.

59.

60,

61.

compounds over noble metals dispersed on doped titania carriers. Appl. Catal. A
1992, 80(1): 99-113

Ito K, Kogassaka Y, Kurokawa F, et al. Preliminary study on mechanism of
naphthalene hydrogenation to form decalins via tetralin over PY/TiQi. Fuel
Frocess. Technol., 2002, 79(1): 77-80

Vaarkamp M, Reesink B H, Berben P H. WO098/35754, PCT/NL98/00090, 1998

Pawelec B, Mariscal R, Navarro R M, et al. Hydrogenation of aromatics over
supported Pt-Pd catalysts. Appl. Catai. A 2002, 225(1-2): 223-237

Barrio V L, Arias P L, Cambra J F, et al. Aromatics hydrogenation on
silica-alumina supported palladium—nickel catalysts. Appl. Cartal. A 2003,
242(1): 17-30

Fujikawa. T, Idei K, Usui K. Aromatic hydrogenation of distillate over B20;-
Al O3 supported Pt-Pd catalysts. Sekiyu Gakkaish 1999, 42 (4): 271-274
Borgna A, Garetto F, Monzén A, et al. Deactivation model with residual activity

to study thioresistance and thiotolerance of naphtha reforming catalysts. J.
Catal., 1994, 146(1): 69-81

Yasuda H, Yoshimura Y. Hydrogenation of tetralin over zeolite-supported Pd-Pt
catalysts in the presence of dibenzothiophene. Catal. Lett., 1997, 46 (1-2);: 43-48
Thomas K, Binet C, Chevreau D, et al. Hydrogenation of Toluene over Supported
Pt and Pd Catalysts: Influence of Structural Factors on the Sulfur Tolerance. J.
Catal., 2002, 212(1): 63-75

Lin T B, Jan C A, Chang J R. Aromatics reduction over supported platinum
catalysts. 2. Improvement in sulfur resistance by addition of palladium to
supported platinum catalysts. Ind. Eng. Chem. Res., 1995, 34(12): 4284-4289
HBRE, FiE SO0 MARNRESIREEM, FEAAERE, bR,
2002: 250-274

Chen Yi. Chemical preparation and characterization of metal-metalloid ultrafine
amorphous alloy particles. Catal. Today 1998, 44(1-4): 3-16

Molnar A, Smith G V, Bartok M. New catalytic materials from amorphous metal
alloys. Adv. Catal., 1989, 36: 329-283

sksExk, FRM FHTE NiB/ALO: EEEESMLFMWERUR. T
£, 2002, 202): 71-74

ERL, AR, ARAS. RIAERBRBERS NiB/ALO; & LM
. AL£, 2000, 21(4): 38-42

Wang W I, Qiao M H, Yang Y, et al. Selective hydrogenation of cyclopentadiene
to cyclopentene over an amorphous NiB/SiO, catalyst. Appl. Catal. A 1997,
163(1-2): 101-109

Liu B, Qiao MH, WangJQ, et al. Amorphous Ni-B/SiO2 catalyst prepared by

91



RERFELIR T

62.

63.

64.

65.

66.

67.

68.

69,

70.

71.

72.

73.

74.

75.

microwave heating and its catalytic activityin acrylonitrile hydrogenation. J
Chem. Technol. Biotech., 2003, 78(5): 512-517

AR, PRIASE, ZORFE. BRANERE NB S BAANBEME. &
BEEFH, 2000, 16(6): 501-506

Wang S T, Lee ] F, Chen J M, et al. Preparation and characterization of MCM-41

and silica supported nickel boride catalysts. J Mol Catal. A 2001, 165(1-2):
159-167

Qiao M H; Xie S H, Dai W L, et al. Ultrafine Ni~Co~W-B amorphous alloys and
their -activities in benzene hydrogenation to cyclohexane. Caral Lett., 2001,
71(3-4): 187-192

Mamede A S, Giraudon J M, Lofberg A, et al. Hydrogenation of toluene over
beta-Mo;C in the presence of thiophene. Appl. Catal. 42002, 227(1-2): 73-82

Da Costa P, Lemberton JL, Potvin C, etal. Tetralin hydrogenation catalyzed by
Mo;C/Al;03 and WC/AL; O in the presence of HyS. Catal. Today 2001, 65(2-4):
195-200

5, KR, FRECE NiMoN/ v -ALO; LA T M EFEHEMmME
FHHET, 2002, 31(7): 505-509

Kwart H. Schuit G C A, Gates B C. Hydrodesulfurization of thiophenic
compounds- reaction mechanism. J. Catal., 1980, 61(1); 128-134

Véiter J, Hermann M, Heise K. Comparative hydrogenation and adsorption of
benzene and methylbenzenes on cobalt and phodium catalysts. J. Catal., 1968,
12(3): 307-313

Moreay C, Aubert C, Durand R, et al. Structure-activity relationships in
hydroprocessing of aromatic and heteroaromatic model compounds over
sulphided NiO-MoOsfy-Al; O3 and NiO-WOQOs/y-ALO; catalysts :  Chemical
evidence for the existence of two types of catalytic sites. Catal, Today 1988,
4h: 117-131

Kwart H, Katzer I, Horgan J. Hydroprocessing of phenothiazine catalyzed by
cobalt-inolybdenum/.gamma.-aluminum oxide. J. Phys. Chem., 1982, 86(14):
2641-2646

Petrot G The reactions involved in hydrodenitrogenation. Catal. Today 1991,
10(4): 447-472
Delmon B, Froment G F. Remote control of catalytic sites by spillover species:

A chemical reaction engineering approach. Catal. Rev. Sci. Eng., 1996, 38(1):
69-100

Pajonk G M. Contribution of spillover effects to heterogenecous catalysis. Appl.
Caral. 42000, 202(2): 157-169

Topsee H, Clausen B 8. Importance of Co-Mo-8 type structures in hydro-

92



BT

76.

- 71

78.

79.
80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

50.

desulfurization. Catal. Rev. Sci. Eng., 1984, 26(3-4): 395-420

Topsae N 'Y, Topsee H. Characterizationn of the structures and active sites in
sulfides cobalt-molybdenum/alumina and nickel-molybdenum/alumina catalysts
by nitric oxide chemisorption. J. Catal., 1983, 84(2); 386-401

Voorhoeve R I H, Stuiver J C M. The mechanism of the hydrogenation of
cyclohexene and benzene on nickel-tungsten sulfide catalysts. J Caral.,, 1971,
23 (2): 243-252

Schuit G C A, Gates B C. Chemistry and engineering of catalytic hydro-
desulfurization. AICRE J., 1973, 19(3): 417-438

Moyes R B, Wells P B. Chemisorption of benzene. Adv. Catal., 1973,23:121-156
B, BRR, HEHERERETEATRRE SR | SRRk
. BHER (EHML), 1999, 153): 4145

Sachtler W M H. Zhang Z. Zeolite supporied transition-metal catalysts. Adv.
Catal., 1993, 39: 129-220

Sachtler W M H, Stakheev A Y. Electron-deficient palladium clusters and
bifunctional sites in zeolites. Catal Today 1992, 12(2-3): 283-395

Song C, Ma X L. New design approaches to ultra-clean diesel fuels by deep
desulfurization and deep dearomatization. Appl. Catal. B 2003, 41{(1-2): 207-238

Song C S. Designing sulfur-resistant, noble-metal hydrotreating catalysts,
Chemtech., 1999, 29(3): 26-30

Okamoto Y, Nitta Y, Imanaka T, et al. Surface state, catalytic activity and
selectivity of nickel catalysts in hydrogenation reactions. 2. Surface
characterization of Raney-nickel and Urushibara nickel catalysts by X-ray
photoelectron spectroscopy. J. Chem. Soc., Faraday Trans. 1 1980, 76:
998-1007

Okamoto Y, Nitta ¥, Imanaka T, et al. Surface characterization of nickel boride
and nickel phosphide catalysts by X-ray photoelectron spectroscopy. J. Chem.
Soc., Faraday Trans. 11979, 75: 2027-2039

Deng J F, Li H X, Wang W J. Progress in design of new amorphous ailoy
catalysts. Catal. Today 1999, 51(1): 113-125

LiH, LiHX, Dai WL, Wang W, et al. XPS studies on surface electronic
characteristics of Ni-B and Ni-P amorphous alloy and its correlation to their
catalytic properties. Appl. Surf Sci., 1999, 152(1-2). 25-34

Ranhotra G S, Beli AT, Reimer J A. Catalysis over molybdenum carbides and
nitrides. 2. studies of CO hydrogenation and C;H¢ hydrogenolysis. J. Catal..
1987, 108(1): 40-49

LeeJ S, Yeom M H, Patk K'Y, et al. Preparation and benzene hydrogenation
activity of supported molybenum carbide catalysts. J. Catal., 1991, 128(1):

93



RAAFHLR T

126-136

91. Djega Mariadassou G, Boudart M. Bugli G, et al. Modification of the surface
composition of molybdenum oxynitride during hydrocarbon catalysis. Catel
Lerr., 1995, 31(4): 411-420

92. Sajkowski D J, Oyama S T. Catalytic hydrotreating by molybdenum carbide and

nitride: Unsupported Mo:N and MoC/ALOs. Appl. Catal. A 1996, 134 (2):
339-349

93. Miga K, Stanczyk K, Sayaga, et al. Bifunctional behavior of bulk MoOxNy and
nitrided supported NiMo catalyst in hydrodenitrogenation of indole. J. Catal ,
1999, 183(1): 63-68

94. Bartholomew C H, Agrawal P K, Katzer J R. Sulfur poisoning of metals. Adv
Catal., 1982, 31; 135-242

95. McCarty J G, Wise H. Thermodynamics of sulfur chemisorption of metals. 5.
Alumina supported Iridium. J. Catal., 1985, 94(2): 543-546

96. McCarty J G, Wise H. Thermodynamics of sulfur chemisorption of metals. 1.
Alumina supported Nickel. J. Chem. Phys., 1980, 72(12): 6332-6337

97. Qudar. J. Sulfur adsorption and poisoning of metallic catalysts. Catal. Rev. Sci.
Eng. 1980, 22(2): 171-195

98. Apesteguia C R, Barbier J, Plaza De Los Reyes J F, et al. Sulfurization of
Pt-AL,05-Cl catalysts. 2. Accessible metal fraction. Appl. Catal 1981, 1(3-4):
159-163

99, Apesteguia C R, Barbier J. Effect of sulfuration of Pt-Al:O3 and Pt-Re/Al;0; and
Pt-It/AL,O5 catalysts. React. Kinet. Catal. Lett., 1982, 19(3-4): 351-354

100.Barbier J, Marecot P, Tifouti L. Thioresistance of supported metal catalysts:
structure sensitivity of hydrogen sulphide adsorption on P/Al;03, It/Al;O3 and
Pr1r/ALO; catalysts. Appl. Catal., 1985, 19(2): 375-385

101.Gallezot P. State and catalytic properties of Platinum and Palladium in
faujasite-type zeolites. Catal. Rev. Sci. Eng.,» 1979, 20(1): 121-154

102.McVicker GB, KaoJL, ZiemiakJJ, etal Effect of sulfur on the performance
and on the particle-size and location of Platinum in PYKL hexane aromatization
catalysts. J. Caral., 1993, 139(1); 48-61

103.Chang J R, Chang S L, Lin T B. Gamma-alumina-supported Pt catalysts for
aromatics reduction: A structural investigation of sulfur poisoning catalyst
deactivation. J. Catal, 1997. 169(1): 338-346

104.Chang J R, Chang S L. Catalytic properties of gamma-alumina-supported Pt
catalysts for tetralin hydrogenation - Effects of sulfur-poisoning and hydrogen
reactivation. J Catal., 1998, 176(1): 42-51

105.Asim MY, Keyworth D A, Zoller J R, et al. AM-90-19 NPRA Annual Meeting,

94



SE UM

199G

106.Peries J P, Billion A, Hennico A, etal. AM-91-38, NPRA Annual Meeting.
1991.

107.LiD D Zhang X W, LiK, etal. AM-92-49, NPRA Annual Meeting, 1992.

108.Stork W H J. Performance testing of hydroconversion catalysts, Am. Chem. Soc.
Sym. Ser. 1996, 634: 379-400

109.Marchal N, Kasztelan S, Mignard S. A comparative study of catalysts for the deep
aromatic reduction in hydrotreated gas oil, in: OballaM C, Shih § S (Eds.),

Catalytic hydroprocessing of petroleum and distillates, New York: Marcel Dekker
Press, 1994, 315-327.

110.Cooper B H, Sogaard-Anderson P, Nielsen-Hannerup P. Production of Swedish
class I diesel using dual-stage process, in: Oballa M C, Shih $ S (Eds.).
Catalytic hydroprocessing of petroleurn and distillates, New York: Marcel Dekker
Press, 1994: 279-290.

111.Maxwell I E. Innovation in applied catalysis. Cattech, 1997, 1: 5-13.

112.Suchanek A. How to make low-sulfur, low aromatics, high cetane diesel fuel.
ACS Div. Petrol. Chem. Preprints, 1996, 41: 583-584

113.Desai P H. Johnson C, Lee S L, et al. AM-93-57, NPRA Annual Meeting, 1993,

114 Haun E C. Thompson G J, Gorawara JK, et al. Two-stage hydrodesulfurization
and hydrogenation process for distillate hydrocarbons. US Patent 5114562,
1992-05-19 '

115.Atkins P W. Physical Chemistry. Oxford: Oxford University Press, 4th Edition,
1690: 209-242

116 Kieboom AP G, Moulijn J A, Sheldon R A, etal. Catalytic process in industry.
in: van Santen R A, van Leeuwen P WN M, MoulijnJ A. (Eds.), Catalysis:
an integrated approach. Amsterdam, New York: Elsevier Press, 2nd Edition.1959:
25-80

117.http: //www.chevron.com/prodserv/fuels/bulletin/diesel

118 Roine A. Qutokumpu HSC chemistry 4.0, Pori, Finland, 1999

119.Santikunaporn M, Herrera J E, Jongpatiwut S, et al. Ring opening of decalin and
tetralin on HY and PUYHY zeolite catalysts. J. Caral., 2004, 228(1): 100-113

120.Ishihara A, Sutrisna I P, Ifuku M, et al. Elucidation of Hydrogen Mobility in Coal
Using a Fixed Bed Flow Reactor -Hydrogen Transfer Reaction between Tritiated
Hydrogen, Coai, and Tetralin. Energy & Fuels 2002, 16(6): 1483-1489.

121 Moreau A, Geneste P. Factors affecting the reactivity of organic model com-
pounds in hydrotreating reactions, in: Moffat J B. (Eds.), Theoretical aspects of
heterogeneous catalysis. New York: Van Nostrand Reinhold Press, 1990. 256-310

95



RiFEXFE LR

122.van den Berg J P, Lucien J P, Germaine G, et al. Deep desulphurization and
aromatics saturation for autormotive gasoil manufacturing. Fuel Process. Technol.
1993, 35(1-2): 119-136

123.Lee L' S, De Wind M. Cetane improvement of diesel fuels with single and dual
stage hydrotreating. A4CS Div. Petrol. Chem. Preprints, 1992, 37(3): 718-728

124.Dalla Betta R A, Boudart M. Well dispersed plaﬁnum on Y zeolite: Preparation
and catalytic activity. in: Proc. 5th Int. Cong. Catal., Amsterdam: North-Holland,
1973: 1329-1341

125.Gallezot P, Bergeret G. Metal catalysts supported in molecular sieves: Sintering

~ and poisoing. in; Catalyst deactivation, New York: Marcel Dekker, 1987: 263-296

126.Arcoya A, Seoane X L, Figoli N S, et al. Relationship between sulphur resistance
and electronic state of the metal on supported palladium catalysts. Appl. Catal,
1990, 62(1): 35-45

127.Hansen P L, Molenbroek A M, Ruban A V. Alloy formation and surface
segregation in zeolite supported Pt-Pd bimetallic catalysts. J. Phys. Chem., 1997,
101(10): 1861-1868

128 .Fiermans L., De Gryse R, De Doncker G. et al. Pd segregation to the surface of
bimetallic Pt-Pd particles supported on H-Beta zeolite evidenced with X-ray
photoelectron spectroscopy and argon cation bombardment. J Cetal, 2000,
193(1): 108-114

129. Wadlinger R L, Kerr G T, Rosinski E J. Catalytic composition of a crystalline
zeolite. US Patent 3308069, 1967-03-07.

130.Newsam J M, Treacy MM J, Koetsier W T, et al. Structural characterization of
zeolite Beta. Proc. R. Soc. Lond. A, 1988, 420: 375-405

131.Treacy M M I, Newsam J M. Two new three-dimensional twelve-ririg zeolite
frameworlks of which zeolite Beta is a disordered intergrowth. Nafure, 1988,
332(6161): 249-251.

132 Higgins I B, LaPierre R B, Schlenker J L, et al. The framework topology of
zeolite Beta. Zeolites, 1988, 8(6): 446-452

133.Jansen J C, Creyghton E J, Njo 8 W, et al. On the remarkable behaviour of zeo-
lite Beta in acid catalysis. Caral. Today 1997, 38(2): 205-212.

134.Jimenez C, RomeroF J, Roldan R, et ai. Hydroisomerization of a hydrocarbon
feed containing n-hexane, n-heptane and cyclohexane on zeolite-supported
platinum catalysts. Appl. Catal. 42003, 245(1): 175-185

135 Han M, Xu C, Lin J; et al. Alkylation of benzene with long-chain olefins

96



BH IR

catalyzed by fluorinated B zeolite. Catal. Lett, 2003, 86(1-3): 81-86

136.HF 2. ARBARMGIML B BAXN ESHBRELR AN, AL F
#78, 2003, 31(3): 254-258.

137 Arribas M A, Martinez A, Simultaneous isomerization of n-heptane and saturation
of benzene over Pt/Beta catalysts: The influence of zeolite crystal size on product
selectivity and sulfur resistance. Catal. Today 2001, 65(2-4): 117 -122

138.Bian J, Liu J, Wang X, et al. Characterization of the deposit on zeolite B
catalyzed benzene propylation. Mater. Chem. Phys., 2002, 77(2): 406-410

139.4RBR A TR & M. RIELBEEFR. (FLFAwx], b5t
A TR AR, 2001

140.Bernasconi S, van Bokhoven J A, Krumeich F, et al. Formation of mesopores in
zeolite beta by steaming: A secondary pore channel system in the (001) plane.
Micropor. Mesopor. Mater., 2003, 66(1): 21-26

141.8tach H, Lohse U, Thamm H, et al. Adsorption equilibria of hydrocarbons on
highly dealuminated zeolites. Zeolite, 1986, 6(2): 74-90

142 Homeyer S T, Sachtler W M H. Elementary steps in the formation of highly
dispersed palladium in NaY. I. Pd ion coordination and migration. J. Catal. 1989,
117(1): 91-101.

143.Rabo J A, Schomaker V, Pickert P E. Sulfur resistant isomerization catalyst:
study of atomic platinum dispersions on a zeolite support. Proc. 3th Int. Congr.
Catal., Amsterdam: North-Holland Press, 1964: 1264-1275

144. Trunschke A, Hunger B. Characterization of Acidic OH Groups in Y-Type
Zeolites by Means of Different Methods of Temperature-Programmed Desorption
(TPD) of ammonia. Topics. Catal., 2002, 19(3-4): 215-223

145.Lai W C, Song C 8. Conformational isomerization of cis- decahydro- naphthalene
over zeolite catalysts. Catal. Today 1996, 31(1-2); 171-181

146.Chupin J, Gnep N' S, Lacombe S, et al. Influence of the metal and of the support
on the activity and stability of bifunctional catalysts for toluene hydrogenation.
Appl. Catal. A2001, 206(1): 43-56

147 Fouche V, Magnoux P, Guisnet M. Coking, ageing and regeneration of zeolites.
XI. Coke formation and deactivation of Pt-ultrastable zeolite HY and
PtH-mordenite catalysts during hydrogenation of benzene. Appl. Catal., 1990,
58(2): 189-198

148.Tian G, Xia D, Zhan F. The Oxidation of Tetralin and Its Effect on the Stability of

97



FRRKFELBRX

Fluidized Catalytic Cracked Diesel. Energy & Fuels 2004, 18(1): 49-53.

149.Tsou J, Pinard L. Magnoux P, et al. Catalytic oxidation of volatile organic
compounds (VOCs): Oxidation of o-xylene over PYHBEA catalysts. Appl. Catal.
B2003, 46(2); 371-379.

150.8ato K, IwataY, MikiY, et al. Hydrocracking of tetralin over NiW/USY zeolite
catalysts: for the improvement of heavy-oil upgrading catalysts. J. Catal. 1999,
186(1): 45-56

151.Corma A, Gonzalez-Alfaro V, Orchillés A V. Decalin and tetralin as probe
molecules for cracking and hydrotreating the light cycle cil. J Catal. 2001,
200(1): 34-44

152.Mostad H B, Riis T U, Ellestad O H. Catalytic cracking of naphthenes and
naphtheno-aromatics in fixed bed micro reactors. Appl. Catal. 1990, 63(1):
345-364

153.Guisnet M. Magnoux P. Organic chemistry of coke formation, Appl, Catal. A
2001, 212(1-2): 83-96

154.Gopal S, Smirniotis P G Deactivation behavior of bifunctional Pt/H-zeolite
catalysts during cyclopentane hydroconversion. J. Catal. 2002, 205(2): 231-243

-155.Arribas M A, Martinez A. The influence of zeolite acidity for the ceupled
hydrogenation and ring opening of l-methylnaphthalene on Pt/USY catalysts.
Appl. Catal. A2002, 230(1-2): 203-217

156.Bushick R D. Influence of reaction parameters of disproportionation of tetralin
catalyzed by hydrogen fluoride-boron trifluoride. fnd. Eng. Chem. Prod. Res.
Dev., 1967, 6(3): 172-176

157 8RO, &ER, CRE BEENME o5 B%ETHRE, 1999

158.Beck L W, Xu T, Nicholas ] B, et al. Kinetic NMR and density functional study
of benzene H/D exchange in zeolites, the most simple aromatic substitution. J.
Am. Chem. Soc., 1995, 117(46): 11594-11595.

159.Clark L A, Sierka M. Sauer J. Stable mechanistically-relevant aromatic-based
carbenium ions in zeolite catalysts. J. Am. Chem. Soc., 2003, 125(8): 2136-2141

160.Gallezot P. Preparation of metal clusters in zeolite. Molecular Sieves, 2002, 3:
258-305

161.Tzou M S, Jiang H J, Sachtler W M H. Chemical anchoring of platinum in
zeolites. Appl. Catal., 1986, 20(1-2): 231

162.8achtler W M H. Zeolite-supported transition metal catalysts by design. Catal.

98



5%

Today 1992, 15(3-4): 419-429

163.Cho S J, YieJE, Ryoo R. Effect of multivalent cations on agglomeration of Ru
clusters supported on Y zeolite. Catal. Lert. 2001, 71(3-4): 163-167.

164.Breck D W. in Flanigen E M, Sand L. (Eds.), Zeolite Molecular sieves 1. Adv.
Chem. Ser. 101, ACS, Washington. D.C., 1971: 95

165.Yoshimura Y, Yasuda H, Sato T, et al. Sulfur-tolerant Pd-Pt/Yb-USY zeolite
catalysts used to reformulate diesel cils. Appl. Catal. 42001 ,. 207(1-2): 303-307

166.Zhidomirov G M, Yakovlev A L, Milov M A, et al. Molecular models of
catalytically active sites in zeolites. Quantum chemical approach. Catal. Today
1999, 51(3-4): 397-410

167 Jansen AP, van Santen R A. Hartree-Fock-Slater calculations on cation-induced
changes in the adsorption of carbon monoxide on iridium tetrameric clusters. J.
Phys. Chem., 1990, 94(17): 6764-6772

168.Ferrari A M, Neyman KM, Mayer M, et al. Faujasite-Supported Iry Clusters:
A Density Functional Model Study of Metal-Zeolite Interactions. J. Phys. Chem.
B 1999, 103(25): 5311-5319

169.Delley B. From molecules to solids with the DMol’® approach. J. Chem. Phys.,
2000, 113(18): 7756-7764 ,

170.Delley B. All all-electron numerical method for solving the local density
functional for polyatomic molecules. J. Chem. Phys., 1990, 92(1): 508-517

171.Bergeret G, Gallezot P, Imelik B. X-ray study of the activation, reduction and
reoxidation of palladium in Y type zeolites. J. Phys. Chem., 1981, 85(4): 411-416

172.Sauvage A, Massiani P, Briend M, et al. Comparison of PA(NH;)>" decom-
position and Pd® reduction in zeolites NaY, NaX and CsX. J. Chem. Soc.
Faraday Trans., 1993, 91(18): 3291-3297

173.Reagan W J, Chester AW, Kerr G T. Studies of the thermal decomposition and
catalytic properties of some platinum and palladium ammine zeolites. J. Catal. ,
1981, 69(1): 89-100

174.Niwa M, Katada N, Measurements of acidic property of zeolites by temperature
programmed desorption of ammonia. Catal. Surv. Jpn., 1997, 1(2): 215-226

175.Dempsey E. Tentative model of Y zeolites to explain their acid behavior. J.
Catal., 1975, 39(1): 155-157

176.Zhidomirov G M, Kazansky V B. Quantum chemical cluster models of acid-base
sites of oxide catalysts. Adv. Catal., 1986, 34: 131-202

99



S

177.Wang Q L, Giannetto G, Torrealba M, et al. Dealumination of zeolites. 2. Kinetic
study of the dealumination by hydrothermal treatment of a NH;NaY zeolite. J.
Catal , 1991, 130(2): 459-470

178.Mirodatos C, Barthomeuf D. Superacid sites in zeolites. J Chem. Soc. Chem.
Comm., 1981, 2(2): 39-40.

179.Nery J G, Mascarenhas Y P, Bonagamba T J, et al. Location of cerium and
lanthanum cations in CeNaY and LaNaY after calcinations. Zeolites 1997, 18(1):

© 44-49

180.Carvajal R, Chee P, Lunsford J H. The role of polyvalent cations in developing
strong acidity: A study of lanthanum-exchanged zeolites. J. Catal. 1990, 125(1):
123-131

181.Lemos F, Ribeiro FR, Kemn M, et al. Influence of lanthanum content of LaHY
catalysts on their physico-chemica! and catalytic propertiesé Comparison with
CeHY catalysts. Appl. Catal. 1988, 39(1-2): 227-237

182.Lemos F, Ribeiro FR, Kern M, etal. Influence of the cerium content of CeHY
catalysts on their physicochemical and catalytic properties. Appl. Catal. 1987,
29(1): 43-54

183.Hughes TR, Buss W C, Tamm P W, et al. Aromatization fo hydrocarbons over
platinum alkaline earth zeolites. Stud. Surf. Sci. Catal 1986, 28: 725-732

184 . Vaarkamp M, MillerJ T, Modica F S, et al. Sulfur poisoning of a Pt/BaK-LTL
catalyst: A catalytic and structural study using hydrogen chemisorption and X-ray
adscrption spectroscopy. J. Catal. 1992, 138(2): 675-685.

185.Haberlen O D, Chung S C, Stener M, et al. From clusters to bulk: A relativistic
density functional investigation on a series of gold clusters Au,, n=6, e 14T
Chem. Phys., 1997, 106(12): 5189-5201

186.David R L. Handbook of Chemistry and Physics, Boca Raton: CRC Press, 83rd
Edition, 2002: 9-19

187.Cotton F A, Wilkinson G Advanced Inorgaﬁic Chemistry. New York :
Wiley-Interscience Press, Sth Edition, 1988: 58

188.Brese N E, Squattrito P J, Ibers I A. Reinvestigation of the structure of PdS. Acta.
Crystallogr. C. 1985, 41. 1829-1830.

189.Grillo M E, Stampfl C, Berndt W. Low energy electron diffraction analysis of the
(V7 x+T))R19.1° -§ adsorbate structure on the Pd(111) surface. Surf Sci.,
1994, 317(1-2): 84-98.

100



BEIHR

190.Smirniotis P G, Ruckenstein E. Increased aromatization in the reforming of
mixtures of n-hexane , methylcyclopentane and methyleyclohexane over
composites of Pt/BaKL zeolite with Pt/Beta or PYUSY zeolites. Appl. Catal. 4
1995, 123(1): 59-88.

]'QI.Weitkarnp J, Jacobs P A, Martens ] A, Isomerization and hydrocracking of Cs
through Cj¢ n-alkanes on PUHZM-5 zeolite. Appl. Catal. 1983, 8(1): 123-141,

192.Martens J A, Upytterhoeven L, Jacobs P A, et al. Isomerization of long-chain
n-alkanes on PYH-ZSM-22 and PYH-Y zeolte catalysts and their intimate
mixtures. Stud. Surf. Sci. Catal. Part C, 1993, 75: 2829-2832,

193.0udar J. Sulphur-metal interactions. Mater. Sci. Eng. 1979, 42: 101-109.

194 Satterfield C N. Heterogeneous catalysis in industrial practice. New York:
MeGraw-Hill Press, 2nd Edition, 1991: 358-370

195.Tzon M S, Teo B K, Sachtler W M H. EXAFS studies of Rh/NaY and RhCr/NaY
zeolite catalysts: Evidence for direct bonding between metal particles and
anchoring ions. Langmuir. 1986, 2(6): 773-776.

196.Larsen G, Resasco D E, Durante V A, et al. Platinum-Nickel L-zeolite bimetallic
catalysts- effect of sulfur explosure on metai-particle size and n-hexane
aromatization activity and selectivity. Stud. Surf. Sci. Catal. 1994, 83: 321-329.

197.Jac R M, Lin T B; -Chang J R. Light naphtha isomerization over mordenite
supported Ni-Pt catalysts: Effects of Ni on the catalytic performance for pure feed
and sulfur containing feed. J. Caral. 1996, 161(1): 222-229.

198.8tmen L J, Kooyman P J, Van Ommen J G, et al. Effect of Co and Ni on benzene
hydrogenatidn and sulfur tolerance of PUH-MOR. Appl. Catal. A 2003, 252(2):
283-293

199.Tauster S J, Fung S C, Garten R L. Strong metal support interactions. Group 8
noble metals supported on TiO;. J. Am. Chem. Soc. 1978, 100(1): 170-175

200.Barthomeuf D. Basic zeolites: characterization and uses in adsorption and
catalysis. Catal. Rev. Sci. Eng. 1996, 38 (4): 521-612.

201.Lin $'D, Vannice M A. Hydrogenation of aromatic hydrocarbons over supported
Pt catalysys. 1. Benzene hydrogenation. J. Catal. 1993, 143(2): 539-553.

202.Treacy M'M J, Higgins J B. Collection of simulated XRD powder patterns for
zeolites. Amsterdam: Elsevier Press, 4th Edition, 2001: 133-144.

203.A8TM committee D-32, D3942-97, Standard test method for determination of

unit cell dimension of a faujasite type zeolite, ASTM standard, Gaithersburg:

101



RERFHELRX

National institute of standards and technology. 14.02

204 Broussard L, Shoemaker D P. The structures of synthetic molecular sieves. J. Am.
Chem. Soc. 1960, 82 (5):; 1041-1051.

205 Karge H G, Hunger M, Beyer H K. Characterization of zeolites - infrared and
nuclear magnetic resonance spectroscopy and X-Ray diffraction. In: Weitkamp J,
Puppe L. (Eds.), Catalysis and zeolites: fundamentals and applications. Berlin:
Springer Press, 1999; 310-314

206.%H. BOELSIERR. R PEGLHER, 1999: 310-314,

207 Humphries A, Yanik 8, Gerritsen L. et al. Meet reformulation challenge.
Hydrocarbon Processing. 1991, 70(4): 69-72

208.Sadeghi H R, Henrich V E. SMSI in RW/TiO2 model catalysts: Evidence for oxide
migration. J. Catal. 1984, 87(1): 279-282

209.Takatani S, Chung Y W. Strong metal-support interaction in Ni/TiO,: Auger and
vibrational spectroscopy evidence for the segregation of TiOx (x ~1) on Ni and its
effects on CO chemisorption. J. Caral. 1984, 90(1): 75-83

210.Chien S H, Shelimov B N, Resasco D E, et al. Characterization of the interaction
between rhodium and titanium oxide by XPS. J. Caial. 1982, 77(1): 301-303

211.Santos J, Phillips J, Dumesic J A. Metal-support interactions between iron and
titania for catalysts prepared by thermal decomposition of iron pentacarbonyl and
by impregnation. J. Catal. 1983, 81(1): 147-167

212.Tzou M S, Jiang H I, Sachtler W M H. Genesis and catalysis of metal particles in
zeolites. React. Kinet. Catal. Lett. 1987, 35(1-2): 207-217

213.Sachtler WM H, TzouM S, Jiang H J. Genesis and characterization of transition
metal clusters in Y zeolites, Sclid State Ionics, 1988, 26(2): 71-76

214.Corma A, Martinez A, Martinez-Scria V. Hydrogenation of Aromatics in Diesel
Fuels on PUMCM-41 Catalysts. J. Catal. 1997, 169(2): 480-489

215.Kresge C T, Leonowicz M E, Roth W J. etal. Ordered mesoporous molecular
sieves synthesized by a liquid-crystal template mechanism. Nature, 1992, 359:
710-712

216 Kresge C T, Beck J S. Synthetic porous crystalline material its synthesis and use.
WO09111390, 1991-08-08.

217.La Parola V, Deganello G, Scire S, et al. Effect of the Al/Si ratio on surface and
structural properties of sol-gel prepared aluminosilicates. J. Solid State Chem.
2003, 174(2): 482-488

102



2E W

218.Koningsberger D C, Ramaker DE, MillerJ T, et al. The direct influence of the
support on the electronic structure of the active sites in supported metal catalysts:
evidence from Pt-H anti-bonding shape resonance and Pt-CO FTIR. data. Topics.
Catal. 2001, 15(1): 35-42.

219.Mojet B L, Kappers M J, Miller J T, et al. Metal-support interactions in supported
platinum catalysts: zeolites and amorphous supports. Stud. Surf. Sei. Catal. 1996,
101: 1165-1174.

220.Koningsberger D C: Uudennuyzen M K., -Kamaker L E, et ak. An atomic XAFS
study of metal-support interaction in Pt/Si0,-A1;0; and Pt/MgO- Al,Os catalyst:
An increase in ionization potential of platinum with increasing electronegativity
of the support oxygen ions. Stud. Surf. .Sci. Catal. 2000, 130: 317-322.

221.Gault F G. Mechanisms of sketal isomerization of hydrocarbons on metals. 4dv
Catal. 1981, 30: 1-96.

222 Park K -C, Thm S K. Combparison of Ptzeolite catalvsts for n-hexadecane
hydroisomerization. Appl. Catal. 4 2000, 203(2): 201-209 _

223 Fujikawa T, Idei K, Ebihara T, et al. Aromatic-hydrogenation of distillates cver
SiOz-Alzog supported noble metal catalysts. Appl. Catal. A 2000, 192(2):
253-261

224 Navarro R M, Pawelec B, Trejo J M, et al. Hydrogenation of Aromatics on
Sulfur-Resistant PtPd Bimetallic Catalysis. Appl.‘C'ata[. A2000, 189(1): 184-194

225Babich I V, Moulijn J A. Science and technology of novel procesées for deep

_ desulfurization of oil refinery streams: A review.. Fuel 2003, 82(6): 607-631
226.Re.inhoudt HR, TroostR. van SchalkWiik S, et al. Testing and characterisation
of PYASA for deep. HDS reactions. Fuel Process. Technol. 1999, 61(1-2):
117-131 -

227 Reinhoudt HR, “TroostR. van Langeveld AD, et al. Catalysts for second-stage
deep hydrodesulfuﬁsation of gas oils. Fuel Process. Techrol. 1999, 61(1-2):
133-147 .

228 Robinson WR AM, van Veen JAR, de Beer VH I, et al. Development of deep

- hydrodesulfurization catalysts: II. NiW, Pt and Pd catalysts tested with
(substituted) dibenzothiophene. Fuel Process. Technol. 1999, 61(1-2): 103-116

103



WXREER

B ERIER
TR RN

XRHS, FRFH MBES RSB RER. (LEHR. 2004.16(6):
891-899. (SCI ¥r3%)

JKEE, FERE, TR BFET Beta B4 BB EAT EE RIS A
(RFEE. IREMEE SR, 2004, 32(5): 611-616. (EI f13)

LA, TRE, NWXEBE. HILoFH MCM-41 GEFERENFIHETE
I kRS, AT GEBT)D . 2004. 33, 1529-1531.

KT, TEA, WAMWHE. S MCM-41 855 fuEAT Pd-Pr LT 2R
INEEE R TR, AR CRBMDI) . 2004, 20(6): 40-45

XK, FEA, RS BSOS USY BRI SR ma ki
ReliRm. PR ER. (EHRRD

MIRHS, it MEREFRNFEE. L¥FHR. (B8R



]

B

FRXRESFITFEAABRATCR IR ER T RAMN. LM ENY
W REBIFTRRHTER DL R B2 5 M B BLR B iRIEH R R F B E B
o BOEHIHEB S, WIGEE. HRAENHE RS- KBTS 5T B Hi#
R, RABREEEENOT KON, BENFHESH, LB SEH T L REN
RAMANGHEERE, SERERTE. B S, #r BB SRS
L K !

AXREHMR L EATEPEI TEELRTFRE. BRABRMEHSEM
BORSAMERED, ALRRITAEAL T AERE FEMRE T — LB
FrgN, E—#FrBENSE. REFEERIERELERN. TR L
B AL IR S5 56 R & 44 T I HOL FE B

RGBS m, ARERXE. FLEFMURZEESE T TIRAER, EFI
HILAL. MEXSHEEL THETRNER, ZTERTRRGRE. 55T
ERHSAANEHME. EE. TRE. WO TR HEE. BEE. ®
MR, EESMRERR, EEZNEY EHXE.

JOFCIRR U 2 R R M7 A 3 A3 50 75 T £ HRUBRN S0 e

BRBHROLBMFA, BIITROER. HUPXSNHHTH, £X
LA ELH . '

XK
00554 8 12 BFRERE

105



	封面
	文摘
	英文文摘
	独创性声明及学位论文版权使用授权书
	第一章文献综述
	1.1.前言
	1.2.石油馏分中芳烃化合物的类型
	1.3.芳烃加氢反应的热力学和动力学
	1.3.1.热力学方面
	1.3.2.动力学方面

	1.4.芳烃加氢催化剂
	1.4.1.金属硫化物催化剂
	1.4.2.贵金属催化剂
	1.4.3.非晶态合金
	1.4.4.金属碳或氮化物

	1.5.芳烃加氢催化反应的相关机理
	1.5.1.金属硫化物上的催化反应
	1.5.2.贵金属上的催化反应
	1.5.3.非晶态合金上的催化机理
	1.5.4.金属碳或氮化物上的催化机理

	1.6.金属催化剂的硫中毒
	1.7.工业上石油馏分的加氢
	1.8.结语和展望
	1.9.本文的研究内容

	第二章芳烃加氢反应的热力学分析
	2.1引言
	2.2烃类加氢的热力学计算依据
	2.3加氢精制与芳烃饱和的比较
	2.4不同芳烃加氢反应的计算结果和讨论
	2.4.1苯加氢
	2.4.2四氢萘加氢
	2.4.3萘加氢
	2.4.4蒽加氢

	2.5小结

	第三章硫存在下Beta沸石负载钯催化剂的芳烃加氢性能及其失活研究
	3.1引言
	3.2实验部分
	3.2.1催化剂的制备
	3.2.2催化剂的活性评价
	3.2.3催化剂的分析表征

	3.3实验结果与讨论
	3.3.1催化剂的相关物性分析
	3.3.2负载催化剂煅烧温度的选择
	3.3.3催化剂制备方法对硫存在下芳烃加氢性能的影响
	3.3.4不同硅铝比Beta沸石负载贵金属钯催化剂的加氢活性
	3.3.5不同Beta沸石的酸性和催化性能的关联
	3.3.6稀释剂的添加对催化性能的改进
	3.3.7离子交换的Beta沸石负载钯催化剂的失活

	3.4小结

	第四章稀土钕改性对USY负载钯催化剂在硫存在下的芳烃加氢性能影响
	4.1引言
	4.2实验部分
	4.2.1催化剂的制备
	4.2.2催化剂的活性评价
	4.2.3催化剂的表征
	4.2.4金属电子状态及硫中毒的理论模拟

	4.3结果与讨论
	4.3.1催化剂的热分解
	4.3.2沸石改性对其酸性的影响
	4.3.3 Nd3+的添加对催化剂在硫存在下的加氢活性影响
	4.3.4不同沸石上金属电子状态及硫中毒的的理论模拟

	4.4小结

	第五章过渡金属引入及载体效应对硫存在下贵金属催化剂加氢性能的影响
	5.1引言
	5.2实验部分
	5.2.1催化剂的制备
	5.2.2催化剂表征
	5.2.3催化剂活性评价

	5.3结果与讨论
	5.3.1过渡金属改性对沸石相关性质和催化性能的影响
	5.3.2载体差异对硫存在下四氢萘加氢活性的影响

	5.4小结

	第六章结论
	参考文献
	发表论文情况
	致谢



