" Leunn Viorks - January 2.- 1945.

'EXPERIMENTS ON THE REMOVAL OF BUTADIENE FROM THE BUTANE

In order to reduce the acid consumption in sulphuric acid alkylation
which is caused by the presence of diolefins, mainly of butadiene, in the
butylene feed, experiments were made to remove the diolefins by aelectivo
hydrogenation. :

 Vhile laboratory experimsnts were successful, both at atmospheric
pressure and at a pressure of 147 psi., large-scale experiments which were only
carried out at atmospheric pressure gave much lgss satisfaoctory results.

Laboretory Experiments, -

\-

The exit gas from the butene dehydrogenation reactor was processed in
a laboratory apparatus consisting of a quartz tube with'a capacity of 15.2 -
18.3 cublg inches. The firat experiments were made with catalydt 4788 whioh
is a chromium-nickel catalyst, used for the selective hydrogenation of CpHy in
ethylens in the plant. -

The dehydrogenation gas contains 16 to 20% 0458- 0.5 to .1.5% C4,H5 and
16 to 20% Hp and was hydrogenated without the addition of fresh hydrogen. The
experiments were made in the temperature range from 302 - 672%F, at space
. velocities from 1,000 to 5,000 volumes of gas per wolume of catalyst per hour.
The results are shown in the attached tables. Table 1 pives the results ob-
tained with gas washed with 107% NeOH solution, whereas the results given inm -
Table 2 are obtainéd without caustic washing. The data indicate that the
diplefins are hydrogenated to olefins and that only traces of the olefins have
.réacted. Tests in a specia] alkylation apparstus indicated that the acid con-
aumption decreased from 25 to 30% for the untreated dehydrogenation gas to 15
to 20% after selective hydrogenation.

Table 3 shows the effect on acid consumption by hydrogenation under
various conditiona using catalyst 4788,

. Test rasults with the commeroial hydrogemation catalyst 3076
(WS.2NiS) which is not sensitive to sulphur compounds are shovm in Table 4.
.The partioular catalyst,used had been previously in plant service for several
months (hydrogenation of heavy gas oil from Fisoher-’rropsch synthesis)

Good results were alsp obtainsd with catalyst 7846 (wsgz. ?.NiS on ’
alumiﬁa car:'ier) and catalyst (7058 (MoSg.zf[iS) anong others: T

. Ra.i.sing the hydrogen ‘oncent‘ratiox ‘of ttp dehyndrogenJation as to

: 0%
by the addition of freah"'hydro‘\ en als| ga.vc:‘v favoy

able results|.

. The results of rogenation testy at a pressure sli tly above atmosg-
pheri¢ are given in Tabls § for sever oaialyste ' ’

. ALl laboratory resultF indicw‘ate tl‘mt bui\:adieneu in the butane doh‘ydro-'
genatii‘ on gaty can be seleotively hydrogenated at athmosph ric and’ sliphtly .
eleva'lred prgssure, The ‘oleﬁnfxare pF'actiJ:ally z%ot chapgad under tF:so

] condiirions. ‘ |




_Plant_Experiments.,

On the basis of tho laboratory results, experiments were carried out
on a technical scale using oatalysts 3076 and 4788, The experiments were made
at atmospheric pressure, temperatures of 356 - 3929°F. and space velooities of
1,000 to 4,000 volumes per volume of oatalyst per hour. No satisfactory
results were obtainsd under these conditions and only when the temperature wae
raised to 482 - 572°F. hydrogenation ol buta.d:lene was obtainsd, provided the
spaoe velooity was sufficiently low,

The dehydrogenation gas from the reactor was -freed from dust and
passed into a steam-heated preheater from where it flowed to two reactors con-
nected in parallel. The dimensions of the reaotors were as follows:

Reaotor 1 Reactor 2
Dianieter_ 2.3 feet B 2.6 feot
Height . 7.2 " 7.4 "
Catqlﬁt Bed 456 " o 3.9 "
Volume of Catalyst 17,7 ou. ft. 17.7 ou. I_‘t.

The reactor wes not heated but insulated againat' radiation losses. In cases
where higher temperatutres were desired, the steam-heated preheater was replaced
by & gas-heated preheater, ) L .

-

: All experiments were practically without suocess with the exception of
the experiment in which freshly-reduced catalyst 3076 was used at 5709F. and a
space velocity of 500 volumes of gas per volume of catalyst per hour. The
expected -decrease in acid consumption in the alkylation was mot reached because
only part of the dehydrogenation gases could be passed through the experimental
unit, The activity of the catalyst in the successful experiment decreased,
however, considerably after 20 days. The results of the tests in the large-
scale unit are given in Table 6. o

: It might be possible to prolong the activity of a catalyst by a pre-
liminary purification of the dehydrogenation gas by means of ooke filters.
Because of air attacks no large-soale experiments under pressure could be made.
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: : Rﬂactor T . ... _hnalyses
_Pregssure OF . : Olef'ins Diolefins
psig.  top oemter ’Fétt“o“m*‘”“"fe‘od"“product*-“feed——product—
0 266~ 446 482 9.8 9.4 - 0.7 0.2
0 239 401 600 12,3 12.0 0.6 0.2
@————280—302——461 1408 1be200Te 0.4
) 212 383 473 16.8 17.1 - 0.8 0.
0 266 473 672 . 17.2 17,6 1.1 0.l
Table 2
Reaotor Temg. Anal 08
) e Olefins Diolefins
psig. top ocenter bottom feed -product feed product
0 ~ s e72  es2  d%.6  12.2 0.4 0
0 248 446 581 13.4  13.5 0.9 0.3
0 266 627 662 14.4 15.0 0.4 0.1
0 320 636 662 1.2 11.0 0.3 0.0
Table 3.
Aocid Consumption
. 1bs .acid/bbl.alkylate.
Catalut g Spaoce Velooci Pressure  Caustioc Wash  before after
Voi/Vo 173 psig. hydrog. hydrog.
482 o no 7346 §8.5
482 2000 0 yes 6.2  42.7
572 .3000 0 yes 76.2 39,8
672 3000 o yols 76,2 | 35.6
572 3000 0 no 762 39.3
572 3000 0 1o 76,2 | 30,7
572‘ B iqow o no : 9099 5405‘

Tnble 1
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