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Abstract — The hydrogenolysis of n-heptane was studied over Ni/7-Al,03 catalysts in a fixed bed flow
reactor. The ranges of operating conditions were between 350 C and 400°C in temperature and from10
to 50x105 Pa in total pressure, respectively. The catalysts were activated by reduction with the flow of 53
L/hr of Hy at the temperature of 500°C and the pressure of 30x10° Pa.

The main products were methane and hexane. The rate determmmg step was found to be surface reaction
and desorption of the products at the temperature of 350 C and it was desorption of the products at the

temperature of 375 C. The apparent reaction order was first with respect to the concentration of n-heptane
and the apparent activation energy was 26.13Kcal/mole.
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Table 1. Physical properties of catalysts.

10% 20%

Ttems 7-ALOs /Y JALO, Nify-ALO,

Surface area |10 ¢ 86 83
m®/g)

Pore volume 0.655  0.473  0.359
(ml /g)

Mean pore dia. | - 550 509 870
(A)

Bulk density 0.720  0.869  1.013
(g/ml)

Apparent den- | ) a0y 25y 670

sity (g/m{)

Porosity 0.471 0. 411 0. 401

Pellet size 177-297 177-297 177-297
(m)
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<:: Gas input

Gas
output

Liquid

<> Ball valve P-1 Metering pump R Stainless steel reactor
ol Stop-cock P-2 Supply pump RO Capillary tube
E Condenser PCV-1 Pressure reducing regulator T-2 Supply tank

FR  Gas mass flowmeter

PCV-2 Back pressure regulator T-1 Feed tank

PT Gas meter PI-1, PI-2 Pressure gauges GS Gas sampler

HC Metering manual valve LA Non return valve TIC Temperature regulator
LCV Level control electrovalve et Filter TR Temperature recorder
LC-1 HP separator level controller PR Preheater V-1 HP separator

LC-2 Feed tank level controller PSV  Pressure safety valve V-2 LP separator

V-3 HP separator

Fig. 1. Schematic diagram of expermental apparatus.
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Fig. 2. Product distribution(1).

W/F

- 1. ofd| A

7] 5ol caborundum =k #§-31 & Alglo]
B} F& 252 450T o4 n-heptane &
7} &} 2} ojul gl vkex olofu}
H 2ol e At

aely, g4t

2
broofe 2 E

o gL olo
]
rE—
~

-
ri
,

3
bt
3
lo
i3
£
v oo
R
rle
s

-
2
ofi
o
32 o

N
&2
32
dlo

30417+ o] Fof
oA olAdlx)e) ow u}
o Agd gz ¥
B3 ol Aold S4
2l 30 X10*Pa,
7t =gk
A A s]od OU:‘ o]
1
i

F74]

2
.y
e
ot

g

2

N

L o

S

=

wer oo o
o =
o 2
=

»
S
=
ole
>
2
Nk e
(%)
[s=)
>
=
i

_,_
e
adolt

jor,
ok,

o
b

SEER DES]

v g
2 =
o O
v 2
W =
s
R
L iy
g
-
"z
5
_'T_ o['.]
t
>
ri

[eRiRe}

)
1
el
I
o]
=)
1o
it
e
™
nd
Ao

lale] Zule| Huio] Bhast %
71 ef] A

crite -

fel

A
7] e d S 415}‘411 ok ® Algzx
} sz 9} Prater(17)9

32 Anderson(1)e] A4} cri-

=1 o A
teria 5 AF&3H ’éﬂr bS5 ol A Fal A gy dd
6 o > =
ol ogae £AEL shoich

£ 350TC~400C & 344 #
7hed Ak shel e, 1%7 2 350°C el A4z o] 4 Al
7b b siA] gpghont 375 ol 4z vhely

Aol gl7uf el Aoz A

tek o]

rlo
<
)

>
(@]
N

2
Jr?-
o
r#

terEst Hi23® M6z 19854 122

3
J
J

P./Pe, ()

0.5+ Cata : Nil0
T :375TC
P, 130-10°Pa

0 15 30 45 60 75 9C

F {gcata'hr
- mole

Fig. 3. Product distribution(2).

W/

Zhe|vh A Adekol Bl Houg FHoie 4
&k ch,

ubg A g $EE 3507, 375C Aol ol
Fig. 22} Fig. 3ol 4] sboict %LZ,LQI g
methaneo| Al o g Rag kol 5
ol utz} hexane 2} 9ol %7}6}3147} A B
< o 4 9t Hoffman(6)ol w2l olzt¥ x| o]
°

%ol #38t= primary C>secondary C>tertiary

Col #4372 7435y quaternary Ci= oko| 22| B
S% ged 2o wet Yool Lebg Ade o
$3 Pt
-0.372 -0.217 -0.217 -0.372
—0. 200 ~0.216 —0.200

Levitskiig (9] 2 olel HAof4 o718 2 o] NiZo)
Bl el F2Uo LAHUEAG T Astel B4
He Ae "ad =7t 2 primary C fd=p7} A"zt
Al 4AE b Niol deron FHe wlie)
o g Avdsledch

Hexane o] oko] ZhAste 72 3 db-Soll4 A4
|

4q 2 Table 2 of
i—arzow_e Yo '~;ol 350 ol 4 2]

4 A e

9
_\_go
£
o
—
2
=
El



Ni/7-Al, 0, Z o] Aol 4] n-Heptane & 4 H 7} Fa]ulSo] B3t A7 395

Table 2. Effect of H,/H.C.ratio and tempatature.

Total H, C,
Temp.|, e | X Co | C | C | Co| C | Co | —]ci
ressure L. -E:Z (7_” Ci
350 20 4 0. 46 1.940 1 0.065 0. 058 | 0. 116} 0.250 | 0. 501 101 Si
TH (> 10°Pa) ' 0.661]0.022(0.020]0.039( 0.086 | 0, 172 ’ fi
1.431]0.042 | 0. 032 0.075] 0.233 | 0. 660
” o ” 0.25 0.85
0.58210.017 |{0.013 | 0.031] 0.094| 0. 271
1.24310.038 [ 0.033| 0. 081} 0.234 ! 0.902
o ” ” 0.20 0.72
0.541]0.077 {0.014 { 0.035]| 0.099| 0. 303
1.901]0.053 10.049| 0. 0961 0.232 | 0. 554
v o 7.5 10.43 1.08
o 0.66410.01810.017 | 0.033]| 0.081]0.190
1.592 | 0.046 |0.043 | 0. 088| 0.228] 0. 622
” ” v 10,38 |/ 0.92
0.61410.035(0.017 [ 0.034| 0.084 | 0. 242
1.106 | 0. 040 | 0. 046 | 0. 103]| 0.225 0. 704
” ” o 0.23 0. 60
0.516 [ 0.002 {0.021]0.047| 0.098 | 0.323
3.458 10.112 10.095{0.123] 0.172] 0. 281
375 ” 4 0. 49 - 1. 81
0.86210.027 |0.024 | 0.0341 0.043 [ 0. 072
' ! 3.17210.115 (0. 112 10.136| 0. 1721 0. 334
” ” 4 0. 37 1.64
_ 0.79110.026 |0.02310.031} 0.042 ;0. 084
i
Ebil 2 9l om o]l o] Mg zTel A A&HbE 7 wbSo| i} 41 n-heptanecl] wisted ol WA 124S
7 ebekslut, 375C o4l of Fkel 1% el 2 b 4 ek o] ubgeo| A oA & 350T~
2habar glom 2ol 4 methane o A4 o] FE3 400 ¢ # 9l 4] Arrhenius plot& & Z 24

5 olo|slc}, Perkins 2} Phillips (12) 1= methane ] 3t oy 7} 26. 13 keal/mole $1tt.
'}

A A o) n“o »‘3_7_'—,0_ 7:] o o ﬁlﬂg}_g ’{L—Er'z}-ﬂ' x}i

o o Le} E
WS E Ebababa ol i A4 ZhehA) %—woa 25 . e e T
r Ni ,/H.C. =4, P;=30-10°Pa, T=375T
5] Row Awseich olHe o z7el4 ol O N e e TRt
oo gaThAlsh A4 g Bhateleb Zizh et
g ol s ek Lo
A% A 7bel A WS e DAl Figdel o g o3
i . r
gl ettt n-Heptaneo] sk F#48]7F UdAd 35 % * —
ghe s g ggdoe vebd 4 ek 3
0.2} .
r=dW/d(W/F)=k(1-X
of bgel Sl@A BS ALt 1Ael A opul 0-1y
o Aysed ohewt 3ol , . _ . )
1 0 15 30 45 60 75 90
W/F=—In(1/(1-X))
k W/F (gcata-hr)
upeha], W/Foll ofsl In(1/(1- X))—i— e Ea o mole
bl Axt AL A% 4 odglory 2o wel o] Fig. 4. Effect of contact time.

HWAHAK KONGHAK Vol. 23, No. 6, December 1985



396

Fig.5. Plot of In(1/(1-X)) vs. W/F.

Table 3. Effect of the total pressure.
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Fig. 6. Effect of H,/H.C. ratio.

Operating T=350C, H,/H.C.=6 T—375C. H,/H.C. -4
condition
Pressure
o oore 50 30 20 8 40 30 20
Con(?,cf) om0 30 0.29 0.29 0.29 0.28 0.28 0.28
C(’”‘(’frf“"” 0.11 0.17 0.26 0.28 0.19 0.34 0.49
o |0 losss oo 0.6442 | 0.6443 | 0.6314 0. 6642 0. 8161
Si |o.s611 | 0.1103 1. 8025 1. 8885 1.7815 1.9791 3. 4612
o | i oo 0. 0466 0.0249 | 0.0278 | 0.0259 0.0281 | 0.0263
Si 01933 | 0.1091 0. 0696 0.0815 | 0.0732 0.0821 | 0.1132
o | fi [oms o065 0.0213 | 0.0304 0. 0292 0.0242 | 0.0221
si - |o.2541 0.1533 0. 0559 0. 0892 0. 0821 0.0709 | 0.0954
o, | T o [ o089 0.0258 | 0.0511 0. 0527 0. 0392 0. 0292
Si 0. 2684 0. 1939 0.0721 0. 1498 0. 1428 0. 1159 0. 1219
o | oo 0. 0885 0. 0671 0. 0861 0.0720 0.0714 0.0413
Si|0.1682 0. 2071 0. 1877 0.2522 | 0.2016 0. 2084 0. 1736
o | 1 jozzu 0, 2422 0. 2181 0.1604 | 0.1913 0. 1810 0. 0660
Si [0.5118 0. 5668 0. 6104 0.4702 | 0.5414 0. 5231 0. 2821
C//L (7-i)Ci{0.2382 | 0.4080 10140 0. 8631 0. 8646 0. 9869 1.8013
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NOMENCLATURE
F : Flow rate of n-heptane, mole/hr
f, : Fraction of products except n-heptane
k . Rate constant, molefg. sec
Niwo: 10% Ni/7-Al, O3 catalyst
Ni2o: 20% Ni/”-Al, 03 catalyst

PT : Total pressure of n-heptane, Pa

Pi : Partial pressure of i-component, Pa
T Reaction rate, molefg. sec

Si Selectivity

T Temperature

X Conversion

w

Catalyst weight, g
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