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CRESTRICTED- o L Re3n

‘NCLOSUIZE 18)6

~—-~—-~—Normai—butane—was-&somerized—&nﬂiiq—fd~phase—-usﬁng~k
catalyst-and HCl as a promoter, and a maximum yield of 63

'_____isnhutane_waa_ohx&inﬁd‘._ﬂﬂathimmr the reaction

were, as” follows.» =

et L Contaot time -o-coooooonoc-oono-.ocooco-co 2 hrf‘ )

Amount of A1013 . tsenrssae 118 Wt%
Frestresceccrensene 25 wtp}_‘w e
" Temperature J.u. Sesssiesesanassseess 11000 ’

Prossii'® sseessssssvscnssnsseessess 15-20 kg/om?
Support seeseecesesressecsieeses vapan acid olay

I. INTRODUCTION !

Isomerization’ 0% n~butane to isobutane with aluminum’ chloride oatalyst has
been well known since 1937. ‘In 1940 it was desired to investigate the pro-
duction of isobutane from the normal butane contained 1n refinery.waste gases,

Laboratory work on this subject was carried on from Sept., 1940 to April,
1941, -and pilot plant work from Dec., 1942 to March, 194,. The laboratory
test results cheoked those reported in the literature and are reported here-
with. {Ind. Eng. Chem., vol. 26, 461 (1936); Res. d. Trav. Chem., vol. 59,
793 (1940) etc.;

Altholigh a pilot plant was considered in 1941, it was not constructed until

after the author had inspected the Nederlandsche XKolonial Petroleum Maastchap-
. pii unit at PALEMBANG in the autumn of 1942... Reports of pilot.plant tests . ..
woere all destroyed, but it is recalled that the results were practically iden-
tical with the laboratory tests, except for HCl oorrosion, oespecially in the
hydrogen ohloride gas compressor. i

A, Laboratory tests

The laboratory tests were carried out 1n a horizontal shaking steel
autoclave of 600co total volume. This apparatus vwas equipped with ex-
ternal electric heaters and a thermocduple in the oenter of the hollow
shaft extending through. the autoclave‘ - -

Anhydrous AlCl3 was first charged to the autoclave, then normel butane,
cooled by dry goe-aloohol solution, and finally orystals of HCl produced
by cooling with liquid air. The autoclave was closed, and brought up
to the desired temperature. After the desired reaction time, gas was
- released to a gas meter. The gas wasjanalyzed by Podbielniak and Hempel
“methods. Experimental data secured are summarized in the following ta-
bles. o

Table 1{B)6 shows effeot of reaction time on yield. In this table the
rate of isomerization is defined as the yileld of i-butane,as wt% of
n-butane charged. Selectivity is defined as the wt% of the normal butane
which is converted. (i.e. n-butane charged less n~-butane unconverted).
It is concluded from these data that Fhe required reaction time is 90
‘minutes or over. . ’ W

_Table II(B)6 shows the efrect of readtion temperature. It is concluded
that the optimum temperature range is 110-11500.

ble Hcl addition on life of the
AlCl3y catalyst. In:Table III(B)6 oa?alyst life in absence of HC1 is
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L TabledI(B)6 . e
. WFRECT OF REACTION TIME -

Time

{Degree.of

Seleg~

. |mest Temp.9C| Press. . [Produced| . v Gas Analysis.(%. by Volume) .
No. |(min} ‘(max) fkg/om2). gas (1) . — ) Isomeri- [tivity
. max - - |Hz=Calig|C3Hg [1-C4H) o [C4Hg| n-C4H10|2atdon(%) | (%)
17101 30V 11I0(I10)| A4V 33,2 50320067 2203 5.7 | A6 T T 23,8 |7 45,7
102 | 60'1110(110}| 16.5 32.8 5.8 [17.91 34.0 1.6 [ 35:7 [ 3345 | 64.0
<151 90* [110{112)| 17.3 | 36.6 . | 17,6 80,6 | - | 21.8°| ‘62,7 | 81.0
1611120 |110(111}| 16.2 .| 39.0 C|R3.8F 759430} | 1744 65.7 .81.5
14180°* |110(110)| 16.5 | .35.7 . 16,01 60.5 | 2365 61.0 . 80.2
9 (240t [110{110)| 16.0 35,0 \ 0.9 65.6 | 23.4 65.2 87.2
. ‘Conditions
T R=C HLO e e neeanes 150ce (89447 purity)
AlClY severeovesssncsnnessecssas 100 gm
| S HOL lewvweviesas 205-gm (erystal state)’
Table II(B)6 )
RZATTION TENPERATURE |
SR 1T ﬁnalysisi(ﬁ'by;Vqume)""Dégréd'br selec=|
- - Isomeri- |tivity
a4 Ha=02kEg C}Ha 104310 {C,Hg |n-C4H10! zation( ) {)
Horef10siis5) ] 1042 3int 15.0( 33,2 | £.0f 5.6 | 343 | 77.0
— 1= 130021L) 18,2 3?.0 23.3| 59.2 {0 “17.4 . 65.7 | 8l.5
oLt 1702 35.2 : 15,60 51.1 | 2. | 26.8 59.5 2644
L, 1.;Jil:_~; 1549 3545 5745 10,9 32.5 10.1 15.0
 Conditions ’

0-3gH1D seeeneeens 1500 (34,45 purity)
Al21% ceseanacsncesacseavensense 100 gm
L0L Tieseseeress 245 2m {crystal state)
Qeaetion time .ceveecvsvoersvess 120 min

76 -




Table III(BJ6 =~ .

: ‘  CATALYST LIFE WITHOUT HCL
. Test Timo of Using:Pressure Produfid} Gas' Analysis (f by V°l“§e) gg??:i- t?&?gy
.- ¥o. Jame ¢atalyst;(kg/om?)| gap (1} — CHg H=C1H10 CLhia InaCsH1g merisan,
e s khrs) s max 4 IGlig=p Gl =0y H1 0 O4Hg 1nnCH)0 P CER
T ' ' e T
, ; - . : 8.8
181 . ) 12.9 35.5+ | 1.9 |14.31 4345 40, 4545 c
‘ 'ig-%‘ Y 11.6 33.0 71 2.4 1309 42.7 ¢ 3.6 37-16 13'2% g%g B
1180 6 12.3 | 3604 0 a0l B | 2 e oala
18-0 10 I BT B G A S R P4 I S0 Iy S 0
I 7 35,0 | 2.0 | 3.0] 8.8 5.8 80,4, |'2008 [230
. e : =
: ‘Conditions
: o B=CiH10 siseeeaces. 150ce (89.4% purity)-
T . A103 $900vesseseresrrrann e lOOgm
’ HCl Stecescccasevrecsvscssseses NOL used
Reaotion time sesessveevesnesss 120 min
.Reaction temp. seecescsssiieansas 11000
- CATALYST LIFE WITH ADDITION OF HCL
i 3 “sing Trassure ‘]'rommuc, 348 wnalysis {5 by Voldme) 'Rate C;-ldefe;:
i ystflks/ene) | gos (1) ' : Iscmer- |tivity
. Zui U Egmu2iiy) Cate n=Uuki) o ization :
2 G 15.6 | 31.3 22.3 | 58.4 .| 71.5
: 2 1.5 1 34.3 232 {0l | 79.2
f L Jlga 3R 2L BLE T 6603
: 6 14,3 37.2 35.5 | 56.4 .| 89.]
| 8 15.1 [ 3.8 285 54,5 |75.7
AT 10 15.0 | 33.2 3347 .1 25.0 | 0b.2
s 14 12,5 3.1 42,7 | 45.0 | 73,2
175 4.5 | 322 53.5 | 43,3 | 63.0
Loi- 14,2 © 31,3 9 45.0 139,59 60.3
i 1255 35 3 . 433 L2.8 73:2
2.1 33.5 25.6| 39.3 | 3.3131.8 | 13.5 | 72.6
13,5 34.3 1870 39.1 1 3.2139.0 | 44,2 71w
1.5 3. bt 342 1320392 | 387 | eRi2

‘ Conditions
‘Same as Table III(B)6 with 2.5 gm HC1 added
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; EACLOSURE (wa S

wgeen to deciine raridfﬁjaluer 10 hours. In Table’ IV(B)6 with all»con-f*"
ditions the same.exzcept for addition of 2.57g. m of Hol- evcry two hours,
“the catalyst 1ife eAceeds 56 hours, o Tl oo 0 o :

B. o Iilot plant testb.l See Figure 1(3)6.‘, R

A Tlow ohaat of the react1on s»ction of the pilot rlant constructed to
investigate isomerization..of n-butane and also the processing.of spent. . -
‘bytanss from the alkylation pilot:plant-at GFUNA, “is given by Flate: I(B)é-
Srent hydrocarbon ‘gases from the alkylation pilot unit were comrressed,\\.
liguefied and pumped into the gas separation unit, where pentane and .
fneavier propanes and-1sobutane’ ‘fractions- were’ remaved."‘"‘ -
The normal butane was uashed with 984 sulphuric acid to remove water and :
‘sens topether with HOLl gas into’ the reaction chambers, filled with anhy-
dirous aluminum chloride supported on acid clay or bauxite and heated to

aoout 110°C.

Since 1942 only thres complete. tests widre made on this unit and all data
_were destroyed, The important ‘problems in operating this _plant were RS
follows:

+1. . Dehydration of HCl was necessary.to prevent. corrosion. Drying -
Lt the HCl gas was very difficult.. ‘ashing.with 98% H25°L and pass-
ing through layers of AlClg crystals or Zn-metal was not satisfac-
tory and corrosion of cast iron and other metals in the oompressor
rlston, piston rings, etc, was severe. Also there was difficulty
with stuck valves due to sludge deposition. It was also necessary
_ocmpletely to remove Gl, from HCl to prevent an explosion with ex-
_oess Ha in the compressor. -The purification of hydroohloric amcid =
was finally accomplished by washing the HCl gas with a saturated B
aolution of gtannous chloride.

"‘“’2‘”—‘The—1ife’of—the’oatulyst ‘was five days. ~In order to reduce
the consumption. of A1Cl,, the recovery of the catalyst would be
necessary in a large scule plant. This was 'not done on a pilot

plant -gcale.
CONCLUSICHY

It was conoluded from these experiments that tha 1iquid phase isomerization
of n-butune was practical for a larger scale application. Filot plant diffi-
culties were mainly centered on corrosion in the HCl compression and handling.
system. To the writer's knowledge, no. commercial application has been made

of this process in Japan.

i
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