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Pt-Sn/y-ALOs Zi ol X &) F49) 432 2a]sto n-heptane & ¥ 2= AHg3te] 24 Tes) wee
LS A% 5§ w7l Fadct. 2% 209 Wt &% 450—550 °C, &9 20X10°—50X10°Pa, B &
A2 0.09—0.27 hr, H/H. C. B8 10 0lqT}. 27} 27} e @A ae] kg0 Astg Adws}
F7H8er el Frtol dANE 1 v Ass Jehag. ZZv] FHE AR o S4sag
3o des: & Wsle Holx) QA Hsigo) T7Hlen o|4gwrge] HHrE: Aoy ==
BHT 06wt % Pt—0.6wt % Sn/y-AlO; Zuj o] A} n-heptane o] 54 1335} kg9 A= 345
kcal/mole o] g1t}

Abstract : The dehydrocyclization of n-heptane was studied over Pt-Sn/y-ALQ, catalysts with varying Sn
content in a fixed bed continuous flow reactor. The range of experimental conditions was at the temperature
between 450 and 550 °C, the pressure 20X 10° and 50X 10° Pa, the contact time 0.09 and 0.27 hr and the Hy/H.C.
mole ratio 10. The conversion and selectivity of dehydrocyclization increased with increasing temperature, but
decreased with increasing pressure. When we use Sn as a promoter, the selectivity of dehydrocyclization changes
a little, but the conversion was increased and the selectivity of isomerization increased a lot. The activation
energy of dehydrocyclization of n-heptane was 34.5 kcal/mol over 0.6 wt % Pt—0.6 wt % Sn/y-AlOs.
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Al503, 0.6 wt % Pt—0.6 wt % Sn/y-AlLOs, 0.6 wt % Pt—
1.2 wt % Sn/y-Al,O; & WESITh

2. 2. =019 24

Zvie] E4 53% Y8 2d3 247)(Surface
Area Analyzer, Micromeritics), Porosimeter(Pore Si-
zer 9300, Micromeritics), X-ray 3& #47)(Ni-
gaku), A& v % (Scanning Electron Microscope) <

A&t At

Table 1. Physical Properties of Catalysts

It 0.6wt% 0.6wt%Pt-0.3wt% |0.6wt%Pt-0.6wt% | 0.6%Pt-1.2%
U IPty-ALOs [SoAlO;  |Sn-AlOs  |Sn/y-AkOs
Surf; )
araseareal 190 180 180 170
m¥g)
Pore volume
0.86 0.84 0.81 0.75
(cc/g)
Bulk density
0.75 0.77 0.78 0.80
(g/co)
Apparent
) 142 1.39 1.35 1.30
[density (g/cc
Porosity 0.55 0.54 0.52 0.50

Fujo] WlEHAHL BET (Brunaeur, Emett, Tel-
ler) W& o] &3] A P20l &% (—196°C)ol
M Aa 7b2g Agd) FHAA 2359y, AT
53 348 4P L JPEEA 488 ABAA 23

ek
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2.3. A

Zu} Az AHLE chloroplatinic acid (HPtCls * 6
H,0) + Inuisho Precious Metals Co. A E 2.2 §o]
983 % ©]°] 3L, stannic chloride hydrate(SnCl *
5H,0): Junsei Chemical Co. A F 2 &3] 95%
o] Aol ith. 2B 2 AlE-¥ n-heptane < Kokushan
Chemical Works, Ltd. #l %Q.E G.C. 24 243 &5}
999 % olAolgem H, 7t=E dE 4 AF2E
&£57} 999 % ©]/301 2.5 deoxo unit $} drying co-
lumn & E#HAA AAsA £ GC EAHEA
A8 A8 g, dg, T, $8-2 Metheson
Co. AE2 2 £%7t 999% oldolAon He, ¥
A}, E291¢ Junsei Chemical Co. AFO.E FFo]
27t 93 %, 98 %, 99 % ©1Att.

o}
24

2. 4 AlS x| 9 =15

B Agd 2188 49 AAE 1WF A&
—l—l‘i}‘ﬂ'% 7)¢1 LPD (Light Petroleum Distillate) Cata-
test Unit (model C, IFP license, Géomecanique) ©}
[21].

%‘_E_.

2.

5 -
ZwE 50—80 AL FuFe] =)

mlm

Table 2. Range of Experimental Conditions and Sta-
ndard Condition

Process variables Ranges
Catalyst weight (g) 5

Paticle size (um) 177—197 (50— 80 mesh)
Temperature { °C) 450, 475, 500, 550
Pressure X 10° (Pa) 20, 30, 40, 50

W/F (g-cat. hr/g-feed) 0.09, 0.12, 0.18, 0.27
H:H. C. mole ratio 10

Standard condition

Process variables Ranges
Temperature ( °C) 475
Pressure X 10° (Pa) 30

W/F (g-cat. hr/g-feed) 0.18

Hz/H. C. mole ratio 10

2933 A 2A A43, 1991
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2. 6. A

BM& Integrator (C-R1B)7F 425} U= Gas
Chromatograph (Shimadzu G. C-7A)2 333,
272 FID (Flame Ionization Detector) & A}-8-3t
Ath. BAo] AH&# column & Zol7t 3m, W7ol
3mm & 23 23L& 10% Squalane/Chromosorb W
o}9ith. Column 3
tor & AMEEte A A F
Ao 22].

A el BAe 7 vre WA EES internal norma-
lization method[23]1¢1 213} #3371 A= external
standardization method[23]el 213 ¥4 &
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=
=

£ A& rotary vacuum evapora-

ol oa Azs}

AL AshE X), ¥
® 27 g

B 1S £5 (), AYE(S),
g Ao sjgke] FaATh
_ moles of nC; converted

moles of nC; in the feed

XX F/W(g-feed/g-cat. hr)
M(g-feed/mole-feed)

X

~ W/F

r(mole-feed/g-cat. hr)=

moles of C; cracked
moles of nC; converted

or T

moles of C; isomer
moles of nC; converted

Sis =

Sde =

mole of nC; converted-mole of C; cracked-mole of C; isomer
moles of nC; converted
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R.=XXSC,.
Ri=XXS;
Rde:Xx Sde

o714 8- A cr, is, de & Z+Zt hydrocraking, iso-
merization, dehydrocyclization < YEbATH,

3.1. 344
Br3-7] YR carborundum 9+ M$1m AE o
9] ¥k 2 (Pr=30X10° Pa, T=475 °C, Hy/H. C.

=10, W/F=018 hr)ollA] w3A17] A3 & &9
o8 2% £ A4 E(CH4, C:Hs, C:Hs, C:Hyo, C:H
1, CeHiwol AAEY o} Aslgo] 59 Uz A4
HAZ, oj4gsivten di s} wkgo) o3t
A dojur] ¥e-g Fousyrt.

40,
£ 9.3 wtx 3a
0 0 0.6 wex $a
0 1.2 wtx $a
Ts415°C
5\ P,x30x105Pa
b I /H.C. = 10
X ¥/E = 0.18 br

18

Converston Iuy

s 15 2% Y “« % ] » =
Tine (hel

Fig. 1. Stabilization of Pt-Sn Catalysts as a function
of run time.

3. 2. Z04o| orys}

Fig. 1& %0 st $iz g498A7 %
Pr=30X10° Pa, T=475 °C, Hy/H. C.=10, W/F=0.18
hr &) ¥E ZdANA Feie Qe ol gzt
B4 Aste 4dg Ao, Fig 2 & Pr=20X10°
Pa, T=475 °C, Hy/H. C.=5, W/F=0.18 hr &] Zzlo]
M &) Astst o] maE BA}E A

I

Ted1ST
Pre=20% 10° Pa
o Hy/HC S
W/Fn0.80r

% Coavarsion
»

" \ 2
o 30 0 3 120 130
Time(hr)

Fig. 2. Stabilization of Pt Catalyst as a function of
run time.
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A

3. 3. 2z g
Fig. 3 4 Zvjo)A £x W3l 2 Agge
Yehl 213, Fig 4, 5, 62 259 424 n-hep-
tane ¢ X3} Wit z} WAy
q4F31 Atk & 2B 2ASL A §AA
m

WA Agstel ofest 2 B X AAE T 5

0.

4 8.3 wtz S
0 0.6 w5

W OLiwen //4_1
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H

H P, =30110%h
ML .C. = 10

[

i ¥/ = 0.1 br

H

£
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Fig. 3. Effect of temperature on the products conve-

rsion.
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Fig. 4. Effect of temperature on the products selecti-
vity.L0.6 wt % Pt—0.3 wt % Sn/y-Al:O:]
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Z2dste, A 2@ A4 3E, 1991

94 -2

£

2334

108,
3 Crackiog
48. 0 Jsoxerizatios
{ Delydrecyclizatios P =30 x 105 P
/8.C. = 10

89, 27}‘ = 0.18 hr

7 =

(11

sa

L1)
n A
In
3 .
b 1]
H
.
" 18
*
-
.

e Y s s e

10

Fig. 6. Effect of temperature on the products selecti-
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g2 LAREA FAATIEM 2
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whgo] AE=g Jehligith Fig 794E &gl
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Fig. 7. Effect of total pressure on the products con-

version.
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& Cracking
vy 0 1somerization
O Dehydrecyclization
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. \

30, T =475 °C
/H.C. = 10
¥/E =0.18 hr

Setecstvien €M

__‘
&
H

10 2 3
r, x 183002

Fig. 8. Effect of total pressure on the products selec-
tivity.[0.6 wt % Pt—0.6 wt % Sn/y-AlOs]
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Mg FA3) 71 99 AA= Kikuchi(24]
boaugt EHa dAFE HoEy,

N

3. 5. HZ AZte &g

€%, ¢4, HyH.C. Y& dA3A T3 B2
AZHW/F) & WS 71H A Ad3d=T Fig 9, 10,
110 23 w8, olds v, ggiaels) w9
A =g Jep ek, o) E 2@olA B Ao
74l whet Eank-g gpsnelshibg e A
=E I ol4gwte e dYne ZAYS B
T k. @8 FAH FEFge 2 HE=g vlas
Bd FAgF] 06wt % NN Eaiae] s
Aeert 7bd A vehd.

+

3. 6. S SEXN F

ol e S8 A4S AME AF AL
= st wa} Aslgo) A¥H oz Wate A4S
Aok ¥t Fig. 12 1A Ashgo] oF 30 % oW 9]

4 Cracking
90 {) Isomerization

O Pebydrecyclization
" B\$~_\

i AN

(1} ﬂ

59y

L)

». ;,==‘;: ;cm“ P
Hy/H.C. = 10

Seleesiview €23

WT ty-cat. he / g-feed)

Fi

g. 9. Effect of contact time on the products selecti-
vity.[0.6 wt % Pt—0.3 wt % Sn/y-Al,Os]

A Cracking

" 0 Isomerization

O Dedydrocyciization
)
k!

Bt

KH\\
|

WT (g-cat. hve-feed)

Ts415°C
Przx10%n
H/M.C. = 10

Seleosivieu EMI

3

Fig. 10. Effect of contact time on the products selec-
tivity.L0.6 wt % Pt—0.6 wt % Sn/y-AlOs]

tlo

YoM E BE &= HeolM 1 whgo] AYE
¢+ Ao '
o] ¥1-8-& 14 wkgo g A& m ol Aoz
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i \ﬂ
56 T=475°C
P =30 x 10°Pa
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9 /M *
3
E . 4
2
.
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X 2 3

WT Lg-cat. Mve-(eed]

Fig. 11. Effect of contact time on the products selec-
tivity.L0.6 wt % Pt—1.2 wt % Sn/y-AlOs]
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g T=58°
gr=415%
28]

154

14,

I

Yield K343

|

WT (el

Fig. 12. Effect of temperature and contact time on sele-
ctivity.L0.6 wt % Pt—0.6 wt % Sn/y-Al:Os]

r=KkCa=Cao W—%—, r=kCAo(1"X)=CAo%‘
AR
ln[l/(l—X)]‘—‘k(W/F) ........................... 1)

T3, A2E A4, 1991

P

InEarCL-%>1

WY (he}

Fig. 13. Test of pseudo first order kinetics.[0.6 wt %
Pt—0.6 wt % Sn/y-AlO;]
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12 125 3 138 11
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Fig. 14. Arrhenius plot.L0.6 wt % Pt—0.6 wt % Sn/y-
AlOs]
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= =

or @ dehydrocrclisacion Pr = 10X 10° Ps

Acracking Puy= X 10°Ps

@ inemerization Pry= 2% 10 Pe

Seleceivity (%)

0p W/F =080
°F //
— . —_t
HCN "0 470 490 500

(L)

Fig. 15. Effect of temperature on the products selec-
tivity over 0.6 wt % Pt/y-ALOs.
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&
o
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=
&4
-5.0 .L
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13 1.36 1.4
1/TX10YK]

Fig. 16. Arrhenius plot(0.6 wt % Pt/y-AL,Os)

2o thdled Fig 14 ©} Arrhenius plot 33 718
71Z25H 2441835 e B E 7§
A} 345 kcal/mole ©] 1},

3HA Fig. 15 °ll 0.6 wt % Pt/y-AL,O; Zul9] %0

€ d9=g Jede © Fig 33 slusrd
FAE AT FojoA] o]k Mt o
=SS 2459, Fig 1690 06wt % Pt/y-ALOs
Zujo] A AE Vel A= 348kcal/
mole °]3ith.

4.8 £

B A% 274 Pt-Sn/y-AlLO; & £ 2 3 n-hep-
tane & B4 3 o] dAN 2E FA 4
#3 AgoN o2 22 FES I
L Pt-Sn/y-AlO; EvidelA Z=Fu] F49 Tzt

g geingutge] dYgres & HslE B

o] R kAT, AsMEo] FrtHoM, F3) o)A

kg0 MexE Ao F718 BYth
2. &7} F7V5e uE @iy o] Hghe

3 Mexrt F7ied e Fotel gisAE

I we) Z23E e
3. 0.6 wt % Pt—0.6 wt % Sn/y-ALO; vl A n-hep-

tane o] ¥FA21Eshukg-o] 43V A = 345

kcal/mole ©] 1T},

ZA| &

2 ERe ST AT 2 ol %0j2 Holn
ool ZHAFEHE WisIUT,

7|18 MY
F . Molar flow rate of n-heptane, mole/hr
k . Rate constant, mole/hr. g cate
Mi ° Molecular weight of i species
m; . mole flow rate of products, mole/hr
Pr ' Total pressure, Pa
R Gas constant, 1.987 cal/mole. K
y ° Yield
r . Reaction rate, mole/hr. g-cat.
S 1 Selectivity
T : Temperature, K
W | Weight of catalyst, g
X Conversion
Subscripts
cr  hydrocracking
is . isomerization

de : dehydrocyclization
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