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ABSTRACT

‘Coke deposited on a Ni/SiO, catalyst during the hydrogenation of nitrobenzene to aniline was
found to deactivate the catalyst. From the curves of coke content vs. process time, the most

suitable deacitvation functions were found to be exponential and inverse quadratic functions of
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coke content, w hile conversion was best described by exponential and quadratic functions of

coke content.

Voorhies correlation between coke content and time was obtained as two straight lines and

showed that coking reaction shifted to a diffusion limited process after 30 to 50 minutes. Coke

was formed from nitrobenzene by parallel mechanism, showing that monolayer coke was for-
med until coke content reached 6~7%, and that thereafter multilayer coke was formed. Also

coke was deposited initlally by uniform coking and afterwards by pore-mouth coking.

Coking

reaction was influenced by temperature, residence time(W/F) aand hydrogen to nitrobenzene

mole ratio(H:/NB) ratio.
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Fig. 1. Schematic Flow Diagram of Expsrimental Apparatus
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Table 1. Reaction Conditions for several runs

Run No.
Reaction Conditions

16 19 20 22 23 25 26 27
Reaction Temp., °C 400 330 350 320 320 320 320 320
H:/NB Ratio, g mole/g mole 3 3 3 3 5 7 3 3
W/F, g cat./ g mole NB/hr 5 5 5 5 5 5 10 20
Initial Cat. Weight, g .10289  .10287 .10282 .10242 .010263 .010245 20258 .20287
NB Flow Rate, m//min(lig.) .03515  .03508 .03504 .03494 .3502 .03495 .03461 .01732
H: Flow Rate, m//min(STP) 23.06 23. 06 23.05 22.96 38.34 53.58 22,70 11.37
CO; Flow Rate, m//min (STP) 10 10 10 10 10 10 10 10
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Table 2. Surface areas of a fresh and coked cata-
lysts

Coke Content Area Corrected Area Area Loss
%) (m*g cat.) (m?%*/g cat., fresh) (%)

11.25 238.2 265.0 12.9
12.35 236.1 265.3 12.8
12.65 234.5 264.2 13.1
14.26 226.1 258.3 15.1
20.52 203.9 245.7 19.2
Fresh Catalyst 304.2 304.2 -—

4. Blank Test
WezANA T2 4o A7 A AF

P
f

AT ddeng FY-ee 4oyt
2 g Ze® nale, Silica gel nk9] HE-3l]

Az 1~2%9 <7k FAI S/ gl
71 (0. 28 wt%) FAA 4 Vel FA Fot
(1.7wt%)xdrt ZA ooz JEazW|AleY &
ztsl 4&3bg2 T2 Nisiteof]4] dojdg
o 4 A+

of

5. Coking ol tH3t Alglti4o] Ha
257 Z7h% & =awd FAE Tl

A3 22FYg RAJRAE T o] § o] L3k
¢ electrobalance o] Vel FAI S vA sl =
=2 Jelie(Fig. 4,5,6). 333z 2.3
A Sre 227t 5718 % Sobstn, Hy/
NBu[7} /b +% z2tagflen, W/F 7 b4
T 5 Srtget. W/F7F e Jegs
A feko] FrbEHA Hed, JERA 244
goz shysl vhe} o]l JERMAL 44 2
22 WEg g geme 33y JeEadon
S8 YU TR YAHE Aes FHAG, of
¥ Froment 3} Bischoff!®9] #zlo} 5 2}v},

6. Voorhies Al&l4]

WA k3t 23299 log-log =% (Fig. 7)%&
Ozawa 9} Bischoff® ] zdzlol GA}sE Foj ¢ =
Ao 2 vebytrl, Voorhies o) 434, C, = At
A4 A e A (32-56 2)-& AFEY
27 0.70—0.75, 0.50—0.56 .2 JE}Eon,
2A o] Fell = n ko]l Az Lxoll whel wWEls)
B 22y EEs} A7k vkl sk A
o8 Rol 332y uk-e] diffusion limited
process & & 4 ULE, Fig. 7414 run25
T Tl wol el At HE

WEIGHT % COKE FORMEID

L 1 {

90 120 150 180

PROCESS TIME (MIN)
Fig. 4. Coke Formation vs Time C (Parameter: Temperature)

2E33 K21 ® 2 & 1983 4%



]

23 446 g JAZNY w G 95

T i T 1 i

20 | i

15 |- —
L =
L
=
o
o
p—
1ok
o
2
—
e
= _ ——
A T
=

TEMPERATURE = 320°C
WF =5
1 L 1 1 1
5 30 60 90 120 150 180
PROCESS TIME (MIN)
Fig. 5. Coke Formation vs Time (Parameer: Hz/NB)

{ [ T T T
20 7 u
15 |- -
=
L
= W/ F =5
=
e
w 10 19 =
o
© o)
£ a3
—
x
=
~ 5 | ~
(5%}
=
TEMPERATURE = SZOOC
HZ/NB=3
! 1 | 1 {
0 30 60 90 120 150 180

PROCESS TIME (MIN)

Fig. 6.

2 S el = e s

7. Kinetics of Coking
Fagee] Fbgd w2t 2P S5 3
gH4to] Vel ol zast FAA

Coke Formation vs Time (Parameter: W/F)

E coking A& &4 shgha=& A =9 (4 11)

J31FEEL Mar
quardt ¥ o 2 coke ¢} A]7+¢] data o] = -8A]HA
SSD(Sum of Squares of Deviations) & 4| &)

HWAHAK KONGHAK Vol. 2, No. 21, April 1983



96 Al A A7

T TTTITt T
Run 16
Run 20
Run 22
Run 26

1 T 17 T T 11771 T
-]

x

o]

a

¢ Run 19

<

v

+

30

10

Run 23
Run 27

Fun 25

1L SRR

1.1 111t

1
1

' WEIGHT % COKEAFORMED‘

111411

0.5

v
i ,/////T///l L1yl 1 L1 (el 1

1 5 16 50 100
_ PROCESS TIME (MIK)
e

Fig. 7. Weight % Coke Formed vs Process Time

2 As, AFFEF, ¢ =exp(—aC)9 Fo A
g 6o =1/(1+ ’Co)? 7k 7HF A3 Ao

A4 A
8. Mgr2o st MEB T &
o 2lskx] @i st Zi Foll U]H = ke

=52 Jelyoh(Fig. 9,10,11). £57} o}
A FE Agdo] &g em No/NBulgp W/F

b 2718 45 Aggo] Zstginh g 27
v g3 $5= As8-gxk dy A Jeby
23

9. Mat2at I3 Ato]ef THAH A

A&t 23gF Aole AAle Fig. 12
13,14 ¢} o] vetyrh, Exel4 AzEL
2] 6—7%@0—50 )7 = iAo

2 zr&sht 2 o] A e AAF] zHAshsl
t},

o] ¢l gt A& o} o] AT Uk, F
Niel4 ¢ 23y4 £57 228 6—7%7A
X A RE active site(Ni site)7} (bd F3.3

2 byt 2 golA Hub 2 o] Al A& adcoke(o]®] F
Fig. 82 o] ¥4+52 AgdAs s vzt & A% 232 94 Az 488 232)9 F2¥
Folvh, A& w7k Nisiteel] 419 zagduct 75 ok
I 1 ) 1} 1 l
20 |- o2
o ]
RUN 16 O/O/O/
15 | .
/A—’A"A‘
2 RUW
Z 10
;;&
s 5 .
¥
1 1 !
0 30 60 90 120 150 180

PROCESS TIME (MIN)

Fig. 8. Nonelnar Regression Fitting for Coke Formation vs Time Data
Run 16: Inverse Quadratic Function
Kun 22: Exponential Functior

a3t ®21R ® 25 1983 4¥



NITROBENZENE CONVERSION, %

NITROBENZENE CONVERSION, %

wi
o

[
o

3 ZAe

EMBEEEEREREL

T T 1 T 1
= Hy/NE = 3 o 300% .
WE=5 o 320%
sb & 350%
< 400%C
A{\
O\Q
~0,
\\
—— 0
===
1 1 .| 1 {
30 60 90 120 150
PROCESS TIME (MIN)

Fig. 9. Conversion vs Process Time (Parameter: Temperature)

T T T T T
. o 4
TEMPERATURE = 320°C O Hy/NB =3
w/F =5 5
7
\A\
W
o
! 1 1 L
30 60 90 120 150 180

PROCESS TIME ( MIN)

Fig. 10. Conversion vs Process Time (Parameter: FH;/NB)

HWAHAK KONGHAK Vol. 21, No. 2, Apri! 1983

97



- 98 Ao A

WEIGHT % COKE FORMED

Fig, 12. Conversion vs Coke Formed (Parameter:
Temperature)

]

Z33a7t FAHA Aok, FAd 232307 g
EREEELIE SR LI EEP e
St B5 gashl 25k A5 % AR $F
394 pore mouth coking 3} 85 6 ¢ diffusion
limietd process = olRA o2 AR E 4 9}

BEtZet M21d H 22 1983 48

T T T T
100 [~ o C W/F=5 4
TEMPERATURE = 320%C
H,/NB = 3 a 1c
o 20
N
z D\D\D_\ ’
ot
4 O~
¥ osof A\l\ P
Z D _p 1
<
< \A\A
.. \A\Aﬂ .
O\O\OW
‘ o]
] ) ; |
0. ' 30 60 120 150
PROCESS TIME {MIN)
Fig. 11. Conversion vs Process Time (Parameter: W/F)
(100 ‘ T ' ' 100 , , .
H,/NB = 3
2 ND 2 OC
WF=5
a
=
S50l
b o
L
= = -
S =
- 9]
&
~
=
o
O
1 1 — - .
0 5 10 15 20

0 1 1 1
5 10 15
WEIGHT # COKE FORMED

Fig. 13. Conversion vs Coke Formed (Parameter:
H2/NB)



232 44l A A EAR4 wEgs 99

CONVERSION, %

1 1 1
0 5 10 15

WEIGHT % COKE FORMED

Fig. 14. Conversion vs Coke formed(Parameter:
W/F)

aCo)? 2 EA= g+
V. & B

1. 7b3 A vy A+gss 9

ol Ag+= byt
2. 7b Age AEs 22349 AAAL
A get o] AgFE ekt

3. @FZE 2 FFol 6~T% A= FLFL
3 o)A AE HEer YAHE Al Y
At

4. Voorhies plot 9] 4 & 30~50 & o] FHE] =
ag gl AT E AFoz wAE
Roz vebygeh

5. 2zt WasTe da Eadde sy
Y459% Ao e,

6. & EriclA
pore-mouth coking ¢ 2 A=
Epylet,

7. 233 ARE
FFe L3k,

.
23k

uniform coking 3}

oiq_

<+ =25 Agwsed 96

# A

AT aFATAR A7 ALe B
T o Relz e Bald obgel AA=E,

Nomenclature

a Activity

C. Concentration of coke

Cu Concentration of main reactant

C Concentration

k. Rate constant for coke formation

ks Rate constant for deactivation reaction
Deactivation order

#  Voorhies correlation constant

g Function of past history

r Reaction rate

re Rate of coking reaction

ru Rate of main reaction

7c® Initial rate of coking reaction

rx® Initial rate of main reaction

7o Reaction rate, function of present condit-
ions

X Conversion, %

Xo Initial conversion, %

a,a’ Constant in deactivation function

¢ Deactivation energy for catalyst decay

¢ Deactivation function

¢ Deactivation function for coking reaction

éu Deactivation function for main reaction

NB Nitrobenzene

TC Temperature controller

W/F Ratio of catalyst weight over molar flow
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