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Abstract

Catalytic cracking reaction of propane was investigatel over silica-alumina catalyst in a
-packed bed reactor with steam addition in the temperature range, 520 to 660°C.

A brief study of the mechanisms of propane cracking was carried out and coke formation
was discussad. Also the effect of space velocity and reaction temperature on conversion,
aslestivitiss to ethylene and propylene, and catalyst activity were experimentally investigated.
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Fig. 1. Schematic diagram of apparatus
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Fig. 2. Details of reactor
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Table 1. Comparison of product distribution before and after catalyst regeneration.
‘) Weight Ratio WHSV=0. 248, avg. contact time 0,690, steam/propane 3.01
| B | ¢ | cH | GH( | cHe | CHe | CHa | Conversion
_ggg;;gmm | 0102 | o428 | 0094 | 0109 | 0019 | 0.064 | 0.094 0.995
After | 0103 | o0.446 | o080 | o191 | 0017 | 0.062 | 0.091 | o.9%
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Fig. 3. Conversion and Selectivity in blank run.

(avg. contact time 3.95 sec)

st Bt HI17H M 65 1979 128

©c 53888

bad

% of product gas

'\.!::i
%

M
o3 B8S8 Y o3 B 8

33883

Fig. 4.

L Conv. 63.6% B

I

L Conv. 71°%.

1 Conv. 92.6%

5 - ﬂ
M =

! Conv. $9.6% \

I

|
n 0=

Product distribution in cracking over
silica-alumina at 610°C.



Propane 9] R E B #e 401

sl purge st 30 55t WHRE AT 3
& REBREANA RERTE ¢ -f’_rb‘r% =}H4) 15
o £EE BEAZS. B BR-ct 2L

BHETAA ERE RESS B miupEs
AEY KR ETHA goken], & Ag g}
%8S A& 5 ik e Table 14 Fik:
sH7] g AREE Yk 2 Emay SAE
JeR gt

3. EBER ¥ £¥

(1) BNRRRES] 22
BomIE 3 RER AR SBatEme W
%37 sk BEE TASA du wRBS 5
e y_akj_, I BBEE Fig. 3-a(BES #R

%), Fig. 3-b(REES @#)d vhepag)
o

A1 A Efagel el & KERY propane & &

= [XFEZ propane 189 #3 LRI 4 KD
2| Bl Hoolo),

(2) £RM2l St RESKE

Propane o] silica-alumina i - A HESL
TERE Fig. 44 vebigiel e s G
A&l A= propane-& o] methane,
ethane, ethylene, propylens %60 2 [&giy =
2A A#dFE 28y 2 AZgAAE G,
C, F5ro] FE4Yo] vk, Carbonium ion theorys:®
A wE= Bk FEAA Y ion ¢
PR 79 d' Hikg Lol
o}

Olefin & proton & wlolEe] carbonitm ion
% WHREt . paraffin & hydride ion(H)S &
of Wzl ®m 24 carbonium ion & wkEA =t}

Silica-alumina #§# ol 4] pronane & Fig. 5
14 ebd Ask 2ol SE
carbonium ion & TZg3+ek(7,). carbonium ion

carbonium

A A

hydride ion-&

ek A= propane ] FHS folm BERE o2 R¥ protone] thA #EEE o B FEEHS =
CH3—CH2 -CHj CH3 -CHjs
| & lTri
S e ; -T ra -
r2 200 |} R E(H)
~ fal! 3 S, p _Cl ,
\»Hz:vﬁz —Cl"lg -— % (B ,H/l C 4
r3 wn@lT i
CH3-CH, -CHj3 | .—>  Secondary cracked
products
N ' Acidic site reaction _
H¢  : Hydrogenation-dehydroqenation site
reation
g * Carbonmum ion
H™ ! Hydride ion
H' | Proton

Fig. 5. Reaction scheme of propane cracking.

HWAHAK KONGHAK Vel. 17, No. 6, December 1979



402

08 * 7 | — ; T

ol / _

02r
6\ﬂ\o
%\ 00 s . i . L =2
£ 0 2 6 8 0
~ Contact time (sec)
ol
E 06 T T T T T T T
(S
[
K}
W
04
02t T
0.0 P -
c 20 40 60 & 100
Conversion (mo! %)
( 4 ; Ethylene, o ! Propylene)
Fig. 6. Selectivity to Ethylene and Propylene at

€10°C.

2 A carbonium ion -& propylene ¢ 2 #isl o}

& KB

A —F 47t el A ethylenest = o}
£ carbonium ion-g- )fﬂ})‘i%}-?ﬂ Heoh(ry). M2
BX%l carbonium ion -& propare &] KEE T3} 4
#3e] methane & JEEE 2 =+ carbonium
ion & wHETL,

A Higdl A {#A= silica-alumina = 7
FALIREA $3F fEHE7E 9] oo Ik 4
A TR KEE A2 @Rl KkER
= K35 = g} A3 goe] Tolz 4= pro-
pylene & 4=§-& }olx =, methane 3} ethylene
o FEL wopAlr},

Bl srffipge] Mk ERMERT o wel e
ek,

Fig. 6] ethylere 3} propylene & A4 Bit,
Bl gl BoKFHERDY s Jeligl
t},

Methane ¢ 73 9% ethylene 3} A& 72& {5
e RelFErh Fig. 614 olejAl iR
00 77k BeMisR =& AdER
&lel 2, ethylene 3} propylene -2 propane £]
AZRTHEANA —F AR S B Tt

Bl Fig. 54 REEE 7.9 roe AY 2
& & 4 dvk, ® Fig. 7ol propylene ¥f
ethylene ¢] 4:p b9} ethylene ¥ ethane & 4
BULE e glet,

= o
=
771 o] 4t

(2). Fig. 7-a% ¥W 23 A%E 3 KESH
=g carbonium ion & RFES WFY e ol & propylene ¥ ethylene ] Hi: A2 14
12 T T T T T 18 T T T T
08l \\\\\ 0777 \~.\\ 4
o L '\ 4 L , R
5 . AN
o 04F \ 110} \\ ]
i 1 1 1 OO A ) '} 3. i
O'OO 04 08 1.0 0 04 08 1.0
Conversion Conversion
a) b)

Fig. 7. a) Mole ratio of propylene to ethylene

st AH17H H 62 19792 12

b) Mole ratio of ethylene to ethane



Propane o] @K ES BIsl Bioe 403

B SR A%, = ARge] E4E
etk iAo fEfel A SRR} Hahe)
= Fig. 7-be| Al »

BmEss o 8ol ¥
RE KKREFBE-| &

& . PR R 0 A EEE 9
ALk Bdd, EWE%}JJ@JQ ethylene ¥} ethane ¢
= ethane & ERKELE KW

(3) #REnl SHEE n(Xs RE2 X8

ool A A EHAsL BEERHSY BGRE
Fig. 84| Jepiigel, 7 Fobddl whet
ARE-L B ok A 1.0d 77k A
S B F ook =3 EEel SR MG
& Fig. 99 vepdidel. A714 SHREES]
7% e Sfie g o SRS ¢
T Ak

of 2] el A BEREEIY oF A 3L &o BACRE Fig.
10 o] Jepd seh,

L
08 | _
08 i
[
g ]
&
204 b .
é
e = -
02 + i
O 1 1 [ 1 1 1 1 i 1
0 2 4 6 8 10

Contact time (sec)

Fig. 8. Conversion of propanc cracking at various
temperature

03 r

Selectivity
T

0.0 :

06

o
~
T

Selectivity
=)
™N
T T
k
@
B
(@]
o
(@] o

00 1 1 1 1 L ! 1 1 1

Contact time ( sec)

Fig. 9. Selectivity of Propylene and Ethylene

Table 2. Comparison of products from hydroc-
racking and catalytic cracking.

Moles/100 moles feed
Products Hydrocracking | Catalytic crack-
Conv. 89.7% |ing Conv. 89.4%
640°C 640°C
Hydrogen 253.9 317.0
Carbon 182.9 232.1
Methane 18.4 7.9
Ethylene 22.3 7.4
Ethane 1.6 0.4
Propylene 6.3 2.9
Unreacted
Propane 10.3 10.6
Total 495.7 578.3
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Fig. 10. Selectivity vs. conversion in propane cracking.
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