Korean Chem. Eng. Res., Vol. 43, No. 6, December, 2005, pp. 675-682

HIZETRA EXH0I SXIE PuPd SORAOIN HAKESH TAIRS| WEIE
SIEIE S48} S

HZa| - Heg' - M3

Sh=rslelel el S-g-8lsll
305-600 Al £ 2= 100
sgpofof st 3838 a -

133-791 &2 g BFE 17
(20051 9€ 14 A5, 20059 112 1Y A=)

Hydrogenation Characteristics of Aromatics in Residue Oil of Naphtha Cracking on
Pt/Pd Impregnated Mesoporous Molecular Sieve

Jong Hwa Choi, Soon Yong Jeong” and Sung-Geun Oh*
Applied Chemistry and Engineering Division, KRICT, 100, Jang-dong, Yuseong-gu, Dajeon 305-600, Korea

*Department of Chem. Eng. Hanyang Univ., 17, Haengdang-dong, Seongdong-gu, Seoul 133-791, Korea
(Received 14 September 2005; accepted 11 November 2005)

0}

of
E A ZAHH,SiFy) 7 AAHEFr o] 23 78IS FHPO R ARE= €, TMABr(cethyltrimethylaminonium
bromide)&Hell H7Fslo] =3l=] T4kl hydrolysis W&ol 23] mZaze] s EAA(AMMS)E EA8ISivE. 4
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7} /3=, NH,-TPD A Ao Al717}F 37 ¢35 & = USUTh FAR FA7F gARSsl ARoll 3= o]
e WA sl as) vkl thgh Sl GAEHR A8 7lsrEE 2K SlEiA] Pt E pdel T RS
SAAZL =, GAL 28l Aol Wol XEEY Qs WA seHEQ] UrEils RelsliE R gekal vrewl
Fash BhSoll tish = AdE, SR A, 843 dUAE AR e, thE wire A @H|e) A
£ olgsle] FulE Azt & 22 W o® v|walict. 1 AT PPd/ALMMS Fuli7} 58t @laks 24T
FAAAE eSO, v vizzei s @A 9 g @Ao) vwst Ayt o] S8kl JERSITE AA| gA:
d A2l AF1 PGO(pyrolized gas oi)E Am=E AT & A} o] 9554 YelLo™ PI/AI-MMS Ful
T AR ARl T WA st Al FlEHN 88 7FsAdS Hlth

Abstracts — Al containing mesoporous molecular sieve (Al-MMS) was synthesized by hydrolysis of H,SiF, and
AI(NO;);-9H,0. The material obtained was characterized by XRD, N,-physisorption. The specific surface area was 981
m?/g, and the average pore size was uniformity 39 A. It was confirmed that the acidity of AI-MMS was milder than that
of zeolite Y based on the results of NH;-TPD. Active materials, Pt and Pd, were loaded on AI-MMS in order to exam-
ine the feasibility of using AI-MMS as a catalyst support in the hydrogenation of aromatic compounds included in the
residue oil of a naphtha cracker. The hydrogenation activity of PtPd/AI-MMS has been studied by following the kinetics
of the hydrogenation of naphthalene, and by comparing the kinetic parameters obtained with Pt and Pd catalysts sup-
ported on the other mesoporous material support and commercial conventional support materials. PtPd/Al-MMS cata-
lyst shows the highest activity of hydrogenation and sulfur resistance. The high activity of PtPd/AI-MMS was confirmed
again in the hydrogenation of PGO (pyrolized gas oil), which is residue oil obtained from a naphtha cracker. Therefore,
PtPd/AI-MMS can be applied to the hydrogenation of aromatic compounds included in the residue oil of a commercial
naphtha cracker commericially.
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Fig. 1. XRD Patterns of catalyst supports.
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Table 1. Physical and chemical properties of catalyst supports

Sample Si0,/A1,05 mole ratio

Si0,/Al,O; mole ratio

Surface Area  Pore Volume Average Pore

(gelmixture) by XRF (calcined product) (m%/g) (cclg) Diameter (BIH)(A)

Al-MMS 100 164 981 1.14 39
AI-KIT 40 43 938 1.32 33
Dealuminated Zeolite Y (CBV-760, PQ Corp.) - 60 782 0.27 26
v-ALO;(Aldrich) - - 75 0.48 126

¥ MMS

" KIT . Ky

v dealuminated K /

Zeolite Y e cis-decaline

0 100 200 300 400 500 600 700
()
Fig. 2. NH; Temperature programmed desorption(TPD) of AI-MMS,
AIKIT, Dealuminated-Zeolite Y.
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Si0y/AL0,2] B]7} 16491 Z102 Ko} - eFnlgo] 7 ko
2 B/ gdal fEEHNSS HAFa lom, AKITS S
Si0y/ALO,2] HI7F @2PH9] el 712] 22- Z1o % Kol on
w24 glo] &7 Qke® EolateS Hol T it

Fig. 2& NH;-TPD P45 2 o= Q) Al-MMSe] TPD =41
& 150°Collq & F]=717} glom, e hox] g3y Fiow
Ko} Ake] A7)+ 2F3F WHH | dealuminated zeolite Y= 150 °CS}
350°C FtollA &2k 9|35 HojFar Qi o]F 0% & u] Ak
AI71E okt 213} 25k Z1E FAlel 7FA]aL 9lem, 53] 4k A7)
7} 743t site= A HFS-S BWIshs Alo® dERlv18]. 1y
D2 ALMMSE 2k Al7)7) Blag oFelr g H7] vk Fit
s ke 758 4 Stk

HARES] FARel Wol o] Qi Wk SjtE] g

sfetsst M43d M6z 20054 123
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Fig. 3. General reaction scheme for the hydrogenation of naphtha-

lene.
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Fig. 4. Kenetics of naphthalene hydrogenation on PtPd/MMS, PtPd/
KIT, PtPd/dealuminated zeolite Y and PtPd/-alumina catalysts
at 200 °C.
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varehle] [Agkgo] 1S Bol 5531 Q). y-aluminas= B3
Aol Y- o} &/do] "ol B 4 Qlrt. dlxaxe] s gAle &
o Wi 7ol A77F A7) whiell wA) ofs e W 2k
A&alA) & = ¥k o}2}, coking FAto] dojubie 71E-9] ¢
7} % ksl ko nixpwE 4l VIR AlgEe|E 7o th
& @Al vlal wihe- AA AEHEo] SIS Kol il Qi

PtPd/AI-KIT7} PtPA/AI-MMSE T} /o] efgt 2h2- 712 735
7] @ n|md o] ezl 28 A 0 2 HE 71913k 21 0 7 Wolw ptpd/
Al-KIT®} PtPd/dealuminated zeolite Y+= 72| B]5=3F 448 B
t}, o]} 7o) n]S=ek A8 Holi= o]-f+= dealuminated zeolite Y
7} 718371 9 B3 A Bl A A acidity?F 4sk7] vkl
o]t acidity”} VRIS 243} HES-o] 7]oigly] wjEolg} A
7}y,

Fig. 39] Wk A=zl up=d Yzekelo] gEHR7MA] 7h= 4=
28} W2 7] W8l whi
g = 9lomg HEZ 248} W32 nl7ledikgolt). Girgis
9} Gates[19]°l 2JaHd 150~200°C 2% FAoH 2] A FE+=
T sl 2 HESR 4gRke-2 1)/t vkgolg) & 4= Qi)

o AL U SRS theat ol Tt
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W
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Fig. 5. Pseudo-first-order Kkinetic plots for naphthalene hydrogena-

tion on (a) PtPd/AI-MMS (b) PtPd/AI-KIT at 150 °C, 175 °C
and 200 °C reaction temperature.
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Fig. 6. Pseudo-first-order kinetic plots for naphthalene hydrogenation
on various catalysts at 200 °C.

Table 2. Pseudo-first-order Kinetic rate constants and activation energies
for the hydrogenation of naphthalene (k,) obtained on the
different supported catalysts

Catalyst kd Fac
150°C  175°C  200°C (kJ/mol)
PtPd/AlI-MMS 0.38 1.03 1.94 51
PtPd/AI-KIT 0.30 0.67 1.04 34
PtPd/Dealuminated Zeolite Y 0.39 0.72 127 39
PtPd/y-Al, 05 0.20 0.30 0.50 31

Fig. 5, 62 $lellA 7Pggt £52]0] & vka1 Q138 3t 9l
L o] AR vrekle] 4s) whe-S 13} u7ednkSolgt 71y
3k o] 79 AAnte} UXFH}20~23]. Fig. 5, 62] 7272 HE
o] Erell wek, 25wt k; S linear regressionol 2]3]
A e = Qlet o] 59 k=2 Table 200 UERYQIC) w22 A &
AALMMS)E TH= Fl7h o2 -S89 FHujnct &/do] £
fe Hof FaL glon, ST HE AR Ydshd PPd/Al-
MMS>PtPd/dealuminate zeolite Y =PtPd/Al-KIT>PtPd/y-alumina 2}
At} o] ol vxare A GAL vl o] A3, 7177}
7] wiol] dAEe] ARSE FA] Skal coking Toll 23t 7]
23l o] A9 flof AAsT dofulA] gkot Eido] &
Ao 7 o), o]of HESIY] y-aluminats YRZEHIS] 48} HES-
of gk £ k wtol 7 22| 0] y-alumina®] B|3EWHZ]
7] wiEell Aes G4 e FAkET} EolAA &4
o] Wojzl& F53 = Qirt. o] v xelA E4E 4O
FEM Arrhenius plotel] &34 &g} dUAE T+ 5 Utk
Arrhenius plot> Fig. 701 YERISI 7, 8443} olUA]+= Table 291
VERASIEE. Fuljell wha} 31~51 ki/mole: LERATE. AL-MMS 2]
& Aglstas Aol uiet @443} oA gho] A wskA] 29k
o, Bl ke s} o] gk 7FA| AL Qi o] 71 ©Ajel
EANSkAL Sl bronsted acidity sitesell e s}EHEC] A
FSHE 7] wWiolzt Bzt ol9h 22 AFEM Corma 5[12]
S Rl Ag) Hhgol A AlEEeE YE SR sl Alx
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Zeolite Y
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0.0 4
= 05
1.0
v
-1.5

-2.0
0.00210 0.00215 0.00220 0.00225 0.00230 0.00235 0.00240
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Fig. 7. Arrhenius plots for hydrogenation of naphtalene using vari-
ous catalysts.
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Fig. 8. Relative hydrogenation activety at 200 °C of Pt and Pd-sup-
ported catalysts after addition of 50 ppm sulfur to the naph-
talene feed. (k;: kinetic constant of sulfur-free feed, k,: Kinetic
constant of sulfur-added feed).
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Table 3. Properties of the PGO feed

Properties

Sulfur content(ppm) 217 ppm

Density at 27 °C(gem™) 0.9942

Compounds (Wt%)
Naphthalene 24.8
1-methyl 1-H indene 114
2-methylindene 10.2
1-methyl Naphthalene 83
Indene 7.6
2-methyl Naphthalene 5.6
1,1-Biphenyl 2.3
1-methyl 2-propenyl Benzene 2.3
ethyl methyl Benzene 2.1
Others 25.4
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Fig. 9. Hydrogenation of naphthalene in PGO on PtPd/MMS cata-

lyst. (reaction conditions temp: 300 °C, 5.0 MPa H,, S g cata-
lyst, 100g PGO).
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