at 'a epace’ 1 y of.‘ 1000: ».,»-’Catalyst Bssosgavé =butan ._oonve_s!.
50% with a yield of ‘88 'to -80% and 'a’ carbon deposit of 1% caleulated’

""ﬁi'-'liﬁﬁ'éi‘é ‘Ghirge. - Catalyst 8676 gave & conversion- of 86% WAtH A
947 and tho same” unt or oarbon depoait ag thd othe oate.lyat

sdiios s Whea working with oatalyat 5580 the tamporature muat be. raiued to

,040°F. after ‘80 to 60 ‘hourg ‘of: dohydrogenation, whoreas with oatalyut 3676 the
temperattmo will have.to. be- raisod to about. 1 040°F. only after 500 hours s wh!.oh
48 of importanoe with: reapaot to the yield. S o B PP

: o pnot plant tests ueing a gao heated reaotor of.‘ 0s 93" diameter,@
yield of 81 t0'82% at a oonvara:lm of 25-to 277 wag obtained wi'bh ocatalyat St 5675
‘et a.space. -velooity of 650 to 700s1. Tho loss by attrition-was -very low and -
amomtod to only 0.2 to 0.25% per paee of.‘ oatalysi: 1n oontinuoua oporationo

Y For oommaroial operation a oonversion o!‘ 267 and & y:lold of 807 at a
speoe valooity of 660311 is assumed for ocatalyst 5580 » whereaa for ocatalyst 3675
~'a oonversion of 267 ond a yield of 86 to 887 with a npaoe velooity or 800:1 48
oonu:\dored. R L _ P .} o _
, , R A
: Analysie of‘ the 'butylene obtained by dehydrogenation 9homd 'that it
oonsiated of 43% alpha. and 57% beta butylens. whioh oorreaponda to the figures
oaloulatod from the theoretioal equilfbrimn. S SRR ,
-._' Ths 1eomarizatlon of n-butane 1s. operated with a: oonveraion of 30%
and a. yield of 96 t0 98%. The ‘oatalyst .consumption amounts to 0.6 £0.0.7% based
-1, on-the 4a6buteane. produced, provided that the butane feed 18 free of olefins and”
- higher: hydrooarbons. .Tho ‘water content should not éxoeed 0,027 by waighto -The-
:HCI ‘content-of -the reactor foed-amounts %o 10 o0 15%, -The. reaotor for the isoe-
‘merization is-of the.she)l type-and.ds-operated-at-212%F.: -and-286-psiicat a =t
-8pace velooity of 3 volumes. of feed (liquid) ‘per..volume of oatalyst oharge.: - :
Aluminum ohloride containing iron is used as oatalyst whioh is preferable to 1ron-
free -catalyst becauge it ig oonai&erably more active. Tests with a " penctor of
1 8" diemster and a- oa’ca.lyat ‘bed heigh"b of 348! with a height of paol:ed spaoo of
846! ghowed ‘temperatuire: differences betisen 10 and 20%F, ‘botwoen thé reactor. inlot.
and the, /gone : of highest fexnperature (4n the lowest catalyst 1 yar , above the . )
oked apaoe o The. tém: ratura] ‘of the center of the reactor: 48 2 to 4°F. ~highor
han the tem eratme of’; ha oatalyst at the| reaotor walj; - This ‘indiocates. that
of a aired o b uaad “for igomeris ’don. S

hell- VDo T aotor ter d




© Middle of 1987 . Startingiu ]
PR .,“"’;:’,;,Q'.'.{-Awae 'uged a8’ oatalyeti since’ the oxide oatalyét oould’ not be made‘
-~ ... on & commsroial -soale and: the neceaaity of. adding’ ‘bardum -
ohloride reaulted 1n d:lff.toult:les with oonstruotion materialao

'Insta.llation ofa. sluicing device 'i :the ).arge dehydrogemtion

Bud. of 2656, 2.
S ©:  reactor and work with moving ocatalyst: (activated charcoal)s -
S he firet data were asaembled t‘or the, oonatruotion of- a 1arge-
Lo R °“’!?‘*.‘.°.,’\ g ST N
Endof 4_19:3’9' _~Improwmnts in 'bhe mechanioal etrength of tha catalyat. g

" peolally tho shaping into: spheres: (Giulin{ alumina with 0r203),v

S Thia ma,de possible the usevoi'.,.ighe sluio:lng prooasu.

Febr"uiry4,1939 K Order b«r the Germn governmant agenoy t‘or the oonstruot:lon ot‘ 8
T -butane dehydrogenation ple.nt. R B _.,f,.:..

Widdle of 1939 Ths opeiation of “the dehydrogenation reactor’ was - ohanged to-
ST ;short on-stream perioda iCH to e*houra) and high-apaoe velocity.,

‘ he butane dehydrogenation unit n Imma wme: atarted u
‘The developmont'.of the isobutane dehydrogemation process: was
- oarried . out with ‘continuous 3xohange of experience with. 'bhe
- ‘contract: partnera n the United Statess Drs’ Ringer’ acted: as--
‘intermodiary. Tle. olnnge from. long to aho,r,t on-strean tim

wap ‘baged on Amorican’ guggestions and this fesulted in better
utilization ot' the oe.talyat t'jhigher\apaoo vo).ocity and higher

“End’of 1940




e )6’ of 1936 _:Work wais: gtarted ‘on’ the. polmg;.t;ation”ot 1aobutylene ua:lng
: ) two-:atage ulphur’., aold

1088 00 _,Developmub 8 onep stagmsul.phurio aoid prooeea. Jrhe ox=
" perimntal work: ma baaed to.a large. exten'b on Amrioan -
exparienoeo whieh were tt'anamitted toues T ‘

‘A‘”l‘mamke“‘p‘m“ 'ﬁi‘on' nof ”a‘ihoaphmmb‘?tmm?mmw
~"polymerdzation with-a: solm—bed oe}talyat (2,94 psi).

1936 to 1989 .Testing of 811 three polymar:lzation prooeaeea in teohni.eal mits
© .and testing of all atages of the’ process for the produotion oft
butylene. _ L

’

'ﬁémamnt b‘f_‘mymmme mumi -(A‘r 244' Progsss)

s 3 . - N
1986 . Firet publ:loat:lons on alkylation in the foreign literature.
1:937 Publioaﬂon ot‘ patenta on alkyle.tion (Shall, Anglo~1rania.n.
. : Standard 011). '

ddle of 1538 Dr. Ringer points out the work done 1n the United States and

. suggests to take up this worlc at Launa. -

September - . ' - -

Ooto'ber, 1938 Start: of expsrimntal work on the allcyiation of 1sobutane with
, 1sobutylene.

o R

nqvamiier, 1936__' 'Firat ’.I. o patenﬁ applioat:lon on alkyie.tidn. |

Spring, 1{3’39 Lo Sman pilqt plants for allquation were opera'ced., This appeared
o © . . “to:bea way to reduce the. equipmnt needed for dehydrogenation _
e ,,AandAeliminate hydrogenation of. ieo-ootano. s a -

e LT T T . 3 - __7_.:_,,“;__..,.

Avgunt, 1089 Alkyle.tion of “joobutans with n-butylens :lnntead’if*:lao-butylene.

S.Uv e This permits. to double ‘the produotion oft iso=00tans from. tha

" butane-available w:lthout 'bhe neoessity of 1eqmar1zation of
n’butmv . ‘/ .

:939'-,1;‘&1941“?" .6 ge-éwr of the o; per ntal ork 01‘ ogennti.on usi.ng
T L butan instead of : isobut ]avelo] t’ [} a;Foﬁfic der-
A v s T hy tion oataly t for n-'bu ﬁ_,e‘.__', '

: B mrpermalntal reaults as wel.l ag \lnfo‘ tion i“'rom tmo Unitad
. -States: mlce :ltu advisp.ble uo p‘.l.an en al ‘lation unit‘ tq re ;laoe
[} a i ] ! ,

' >-",_ 1::9 Jronass - of 1gor

g
90088, sod i the United Btatos,.



Maroh o 194i

Y large-noal unit - (ez.s bbla. per day) is operated to obtain
f£1nal designidata. - R
" Work on: ,Ieoﬁej ra‘gauaii'
1939 to" 1941 The work on high-presaure 1eomer1Qation with wsz ae oatalyat

was disoontinued and processes: for- ldw~preeaurp using A1013

-were- doveloped. The . uomerization prodesa finally. developed

ig different from the Shell process, both with respeoct to- the

‘kind--of:. catalyst used -and - the -details: of_operation.




T

-poum or mtylohloride ° L T T e

MEM)RANDUH ON THE PROJECTED FLANT FOR. THE MANUFAOTURE
OF BUTYLPNE BY CHLORINATION OF BUTANE
FDLLOWED BY Dzmmcm.onm'non.

Leﬁngﬂ_.- June 8 - 10, 1842.

‘ For the ohlorination step the heating surfacea shall be designed on
the baais that the heat of reaction liberated during chlorinmation is 630
Bo . u, per pound of. chlorine reaoted which oorresponds to 480 B. t. u. per

A ST 1 bt o AT s S

) The dehydroehlorinaﬁon is fn be carried out without catalyat at
8429F, and a pressure of 264 psig. in a reactor with a heating surfece of
1,941 aquare feet. Thé design of the reactor is based on ‘the assumption that
ror splitting off of HC1l,.224 B. t. us per pound of butylchlorida are required.
This is based on a specifio heat of 0.79 B. t. u. per pouﬂd for 1iquid and

1,58 B. t. w. per-pound for: gaseous butylohloride. . The' latter value. seems

. retther Yow.. -Based”on laboratory. experiments, the residence time should be 1.

to & deconds in the dechlorination step.. The converaion is 687, and can be
raised to' 90% but in thia case by-products are formed dus to undoaired side

reaouons .



