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e . ENCLOSURE (B):1
g SUMMARY

“The purpose or this work was to obtain n-butylene by the catalytic de-
hydrogenation of n-butane, for the purpose of manufacturing, raw gases
for polymerization. - O s - .
The yield of butenes was ebout 24 % per pass in_the presence, of Alp0q~
CrgO;.nahalystvﬁvThe-efreets"or temperature and space velocity were
appreciable. The: activity of the catalyst decreased after one hour of
.U8e.- . e e L R

I ~ INTRODUCTICN
- ' ?

A. . HISTORY OF FROJECT

The concentration of n-butane in cracked gas is greater than that of

" butenes, o : .

. Dehydrogenation of a-butane is more’difficu1t thermodynémically than
the breaking of the C~C bond. Catalytic dehydrogenation is more de-
sirable for this purpose, . : L

Alﬁmina-Chromium oxide which has been investigaﬁed by many authors,

was used, .

This work was started in April, 1938 and continued until 1942, The

actual work was done in & few months. Sincé, in Japan, cracked gas

could not be produced exteasively, experiments on other catalysts were
‘“not‘conductgg;""' T . . :

v

B.  KJY RESHARCH PERSONNEL WORKING ON FROJECT

Chem. Zng., Lt. Comdr., . KUMALOTO

II - DZTAILED DESCRIPTIGN

A DESCRIFTICN OF T3ST APPiRATUS ' e
Test apparatus for dehydrogenation is shown ia Figure 1(B)1.
B. TasT PROCEDURES

- This experiment was carried out vith n-butane of abbut G467 % purity
prepared by fractionation from cracked gas which was produced at the
witsubishi 0il Company. - =~

n~Butane was passed through a drying tube and, after preheating to

. about 3009C., through a quartz reaction tube {dia. = 16mm; length =
300mm). The reaction tube was heated electrically, The gas flow and
temperature were mecasured., - ) . :

The gas which had been passed over the catalyst was analysed by fol-
lowing methods: The determination of olefines and hydrogen was car-
ried out by llempel's method: A mercury~filled pas pipet was used for
the determination of olefines by absorption, The. total olefines, and
butenes vere deterained by absorption in fuming (10 ¢ sulphur trioxie)
and 83 ¢ sulphurle acid, respectively. .

In several cuases the analysis of the products of reaction was carried
out by fracticnal distillation using a Podbielniak.qpparatus.
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C.  EXPERIVENTAL RESULTS :
" The pyrolytic decomposition of n-butane was investigated and the_re-..
-8ults are given in Table I(B)i. : e i
T Table I(B)1 e -
YIELD OF BUTYLENES FROM BUTANE BY PYROLYSIS '
Ex. No. , 1 2 3.
‘ Temp, (°C) /550 -| 560 | 570
Conditions : . :
Space* .. . . )
Velocity -~ -] 1080 | 1080 | 1080
M Total 4 L
olefines (%) 15.0 | 18,7 | 12.8
Composition | GLHg (%) 12,0 [10.2 | 5.0
. of
Gas Produced. | Hp (%) 10.3 | 10.5 8.0
’ ‘CnHans2 (%) | 7he3 | 70.8 |79.2
* co/hr/ec of catalyst, assuming a catalyst
U ““volume of 30cc S -
The effects of temperature and space velocity in presence of Alp0q-
?r203 were investigated and are tabulated in Tables II(B)l and II%
B . . ' :
) . Table II(B)1
YIELD OF BUTYLENES FROM BUTANE AT VARYING TEMPERATURES
IN FRESENCE OF A1203-Cr203 CATALYST ' R
" “Ex. No: 5 6 7 ] 8 9 10
“Temp. (°C) 350 | 400 | 450 ' 500 | 550 | 600
Space é ~ ’ '
Analysls | velocity ; 1100 ; 1100 | 1100 1100 1100 1100 .
of Gas A T e e
Brodueed O nes (%) 42 | 7.1 [ 10.8 146 25.0 2.0
UG LHG (<) L | 6.8 [10.0 14,0 , 23,5  22.0
Hz (%) 3.5 | 745 |13.2.) 141 | 20,2 21,2
Ortiznt2 (#) | 92.3 | 85.3 | 76.0 | 7.3 | 54.8 | 50.8 |
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' L mgble 111(5)1 : N
" 'YIELD OF BUFYLENES FROM BUTANE. AT VARYING ‘SPACE \
VELOCITY IN PRESENCE OF Alp03-CrpO3 CATALYST
“Ex. No. 1 e e a3 | o ] as
* = 7 = R r -
oieeity- | 500 | 2000 {1100 | 1500 | 1800 | 2000
Conditions o ; ‘
Temp., (“C). | 550 | 550 550 550 550 550
olefines (4) | 28+2 | 25.7 [25.0 |21.7 | 19.0 |12.5
|composition | CuHg (%) | 20.0 | 22.5 |=23.0 |19.2 | 17.6 |11.0
of Gas ¢ -
Produced | H, (%) 23.0 | 23.1 [20.2 |17.8 |27.0 |10.5
. CnHppeo (%) | 48.8 | 51.2 | 548 |60.3 | 64.0 |77.0

T cg/hr/cc of datalyst.

/
The yield of butylenes increased with 1ncreasing temperature but
.: above 500°C. thé formetion of lower olefines increased., A secondary
‘reaction may occur at higher temperatures. The optimum. temperature
appears to be between 500¢(C, and 550°C, »

i

The effect or "9ace velocity was also appreciable and the best space
...velocitys at. 55040, . was.1100, ]

p-.u.f

‘)‘,‘,__ .

The pxouucts were fractionally: distilled and thé“?ésults are shown in
Table IV(B)1ls

Table IV(B)l
RESULTS OF FRACTIONAL DISTILLATICN BY .
: PODBIELNIAK APPARATUS

[rom s m et > ———— - Y

Bx. No. 117 18

F Temp. (°C)! 520 | 540
Conditioas =

Space. .
velocity 1100 11120

‘| Hz (%) 16,8 |17.0
Coggog;gion CHy, (%) 1.6 | 2.3

Produced CoHy, (%) | 0.5 | 0.7
GZH; {%) 1.0 0.4
63n6 (#1725 | 2.0
B .| c3Hg (%) 7.5 | 6.2,

: ‘ ChHg (%) 20,1 [21.2
CyHp (%) - 150.0 -} 50.2
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In order to investigate the activity of the catalyst during the reace-
" tion, the carbon deposited on ‘the catalyst was'determined at differ-
.ent times., After 4.8 hours, the charging gas could not..pass through:
;thencataiyst—beeeuse—of—exeessive*carbnn'dﬁpvsttT””TH@“FEEEIfE'EFE”’""“
shown ‘in Table V(B)1 ‘ o . R ‘

Table V(B)1 o

THE YIELD OF CARBON DEPOSIT .
Conditions Temp.A= 5500C, | space velocity = 1100 k
Time (hr)” "7 057 171,00| 1,57 3000 |
Yiedd or. | o
' Carbon (%) 0.2 | 0.8 | 3.5 |17.0
Total - |
Gle?ines (%) 25,0 |26.2 | 26,0 | 25.8
Hp (%) 20020 1944 2602 [17.8
CoHznt2- (%) 5448 1543k | 57.8 | 56,4

III - GONGIOSIONS -

The effect of temperatufe and space velocity.on the catalytic dehydrogena-
_tion of n-butane were-found to be appreciable and the optimum conditions
were determined, : - : :

-.The "activity of.Al,0 =Crp03-catalyst -decreased after one hour of reaction. -
-This reduction in activity may be attributed to excessive carbon deposits,

The reactivation of catalyst was not indertaken but: 4t would be. desirable
to reactivate every half hour or hour. . ‘ :
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Figure 1(B)y ~ .
* TEST APPARATUS FOR DEWYDROGENATION
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