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Page 2/0 (From tho bgginning of uhe roel %0 Item 29)

» A list of flow eheets which are given “An the 1nder to thie reel
cover‘ng nrepa”ation of butgnediol, butadlense zractionatlon, and -
the produutlon of isomoctane from iaooutyﬂ alcohol.

emgh oo

Gﬁveg a f1ow sheeo for‘thn poWymerizat101 of aobutylene"and“l
;ractionatton of the polynere., ‘ T R

' ~Includs ?ZGv sheets for ~the- hydrogonation-of=dl~isobutylene.

Item g 50-58 ‘,_-,_,f“i' - i;i_ilifnif_ o RITER

mheae ﬂ?ens 1ncluda £low aheeta and maﬁarial Dalanoes Tor the
production of butadiene Trom butene by chlorination and dehydro
_ohlorination. Theset flow sheets are only of minor interest to the.
;oilmindustrywbu .are. ineluded for. thoae who n&ghu be lnterestada4hw

Ite enmg 52»0

. These . 1t0ms vlve f]ow shestg for, the poBymerlzaGJon of buuaniene
‘ to make bunaéD uhich is a polfner of butaalene alovJe¢¢ S e e

V;‘Iuems 63«.69 o ST

: ‘These iﬁeme glve flow sheots fow the preggramﬂon o; 9ppanol
_(Vistanex) The tlt‘es of uhe flow 8heets 1nvolfed are ag. followsg

uaFlowaua&ﬁ of Oppanol planb S TR T U
Details of polymerization reaetors R
Flowsheetb. for.ethylene - Arying. ... ... . ... .
Piping for polymerization Peactors Sl
Flowsheet for: ethylene ”efriger&tiou aystem
‘Prepavation of oppanol. emulslon.:

.Pfeparation of oppa‘no1 emuﬁsion g

:i?em B‘ ?3;:”"

Plﬂﬁ shoete on uhe reoeve y




8. Detail’ flovsheet, Part I (polymerizat .on, oatalyst
¢ geparation) o
b, ‘Detall flowshset, Part IT (A101 complew aecomnoai 50n)
- G, -.Dotall LlOthQPt Part I1T ?v 31 01] refining and
© . methanol recovcry)
"4, ‘Detall flowsheet, Part\IV (gas reQOVery) v -
8. Detall LJowaheet, "ar& v (blen01ng of EEbGT olls and
' final clay troating) o _ _

Items 9]«102 e

l

Thece itema give the matevta? bwlanuea ond flow sheets .on the
manufooture of iso-ootane from normal butdane involving the. 1aomerization '
of 1/2 of the butane to isobubtanc and the conversion of the other 1/2 -
of? butane to normal butenes by ohlorinabion and dehydrochlorination-
and the alkylation of the two to. make isouootaae, The titles of the .
varloua items eve as follo;s° o ‘ . T T

'.":": ’EF,E'- b ‘a _,e 83 '{j‘_t:s }-E:' Do VR ’:::':,.7-:.‘:-’":iiL'*‘J'E’E?’.:':,f:":i'A..',I,,:,L":’:'.' s s ,‘ ST T
ba' Material balancc - S i
‘8. Butane-isonmerization ' |,
d. - Proposed flowsheet for dehydrochlaf;nation :
¢. Proposed flowshoet for alkylatlon of -Bleohhammer atook,.
&u_nA1%efnate broposaT for alkvlatiou of Bloohhammer atook,

}Itema;mzi “??4-

General chlo”inatﬂon sohemea,at Hey&ewbrac? for pwepa?at*on ox
;pronylene, iscbutylene and buuhgleneoz_ i S ' e _

_c-i,emg JOSulll R T o o ‘-_ R

=

These igems give genoral’floﬂ sheets for the manufactu?o of 20,000
‘tong per-year-of -Azosootane-from butaneby-lacmerizationof part of
the butane to make iscbutanc and’ by chlor3nationmdehydrocnloﬂ)nation '
of The rest of the butane to make butens and the alhyla*ion of the O -
_hydrocarbons to 'meke 1go-ostane; there foljows Lhree alan sheets |
”giving detalls. ox tnle p”ocesso‘h*,_",_ a 5 . :

;. Matev1a1 balanoa flow sheets for “the manufaouure of BFy’ ¢rom
{a) fused boric scid and. (b) metaboric aoid xojlowad by a.d tailed
Ao sheep for process. - - A o -

‘ 1943 report on. tho removml of 00 w?th ammonﬂgcal mop . earbonafe
‘solution‘in which %he ‘ouprous content is L.l mole por Lliter and in
“ghieh the cupris’ contaﬂt.ia.o 2 mols per Liter-and - uhe exukaotion ia
“garried out at ?0u25°0°_




Papes 21wd23

U Pages 21w223 are & series of reports by the T.G. ab oonferenoes
held during the period 1940-1942," Beginning page 21=72 there 1s a
June 2425, 1940 report on the fol]ovlng gubjsctss. - :
' g —(- 4our page review of. this topic, prep pared
ao 'someriaation b CA\\forn\a Reseavrch Corpcpq+cow follows
b, Dehydrogenati on . pageG o\‘- t+hese cammev\‘l-s
6. Alkylation = - , :
do -Neohezene o ‘ s . : A
6, Aromgtigation - e A
-f, Poly benzlnes =, o ' ‘ N e
: . N ’ ! ’
The index;of the gubjeot matter covered in uﬂjs aecuion is given on
page 22,  On pages. £8-33 in this seobion there is. glven pome inter-
'esting information on the preparatlon of neohexane. ~For example,. 1t
“4g8-statod:-that by ‘thermal~alkylation ol ;sauauane ‘wlthethylene gt~
175 atmospheresn ressure, ‘g, 7ield of 30% of gasoline having an ootane
number of 78: {mn)- s proditced whioh fractilon consiste of 40% neg- |
hexane and the- balance of whlch a&a an. ootane number of 72 (gm)

Y

_Beginning on page . 73m97 Lhere 18 a March 16=17, 1942 peport on
Butane. dehydrogenation, butylene concentration, isomerization, alky-
lation, and _polymer. gasolinen‘ rpne conoents 0f uhia rcport arewgivenmﬁ
in the index on page 75 A,_ _ '

Beginning onl page 98p uanuary ~19h1 uhere;is'awreportwon—the .
following. subjectss -, - e

”;aa~~AlRylatlon with svlfurlc acldo o : i
b, Ipomerizetion of normal bubane with a1um1num ch]oridag,
Sz Alkylation-of-isobutane-with- propylene in ﬁhm prcsence’
- of BPs<HF or BF =Hin0.
o Alkylation of isobiitane wlth nthvlenb ueing BF3»H20
 or BF=HP as g c*tatyﬁt**— -
10,  Aromabigation of normal paraffins,‘
‘£, Polymer gasoline. '
w,.,.gq,,d.“,..Dehyd.x‘ogems.‘h5i.cm of. bv ane aa nropaneo

In thig seotion there is includedvon pages 107m108 tﬁe effoot of
varioua promotors on the BP3 catalyst involveda;,~~

] ?age 110 R

Gives a table shouing the rasulﬁs on aromahizauion of 1ow octena
numbor gagolines 4n which tle octane nwmbér ig inoreased from 12
‘and 26 1o approxinately 7% and. 70 over aluminum oxide-chloric oxide
-cataTyBc with ﬁhe aromaxia con%enu of uhe pvoduow ar?und 60%0,‘

Pages11ﬁ=l?9




a, Latalytlo ¢ &eﬁydfbgonation
b, Alkylation - -
¢, . Aoid polymerization
d. Xsomerizatlon
' B ,Dolymer gasoline,-"

The contenus of. this repdrt are givon on pages 117-»11&° On page 169
of 'this peport some informatlon is given on the conoentration of -
olefﬁnzusing the 50% solution of silver nitrate unic“ ig dlseusaed
in groater details 1n other filmao - T :

Paves 1719223 o | | .
Theee pages are a epeaz ofipagéa.llémlsg ond afe”io be-igﬁQ?eQ»
Papea 226- 2&9 RTINS , e

(Amril 19#1) RﬂpOﬂt ‘on the analyais o? the pfoduct‘obtalnad “from
jJuL*Jﬁglaﬁion.of $he - igobutane with butenes or propylene. In the = -~
gummary of thls report on:pageg 15-16 the authors sitate 1) the alky- .
1a%lon of isobutane wlth propylenc. using sulfuric escid does not. -~
produce triptane, 2) the alkylatlon of isobutane wilih normal butenes
does not glve the expeoted 1go-ochano-but 1nstead the waexpeocted |
trimethyl pentanes. In %the alkylation of isobutane with butenes, the
highest ootane number 1o obtalned with bubense-2 (MM96), ezmaﬂiwnone
with butene-1 (MM93.5) and the lowest with isobuiens (MH91Y, 5) .
Inerease of the reaotion tempersture (%o 22000.) when Uorking with

n=butene-2 effeots not only considerably lowering of ylelds bub also
oohane mmber, ©) 1gobut ylene 19 considexably superier.to noimal
Jbutylene in. yield gasollne fractlon,—and cotane number. . ... .=

- A

-pagag asomess .wwghmHMWWmeﬂwfq@;hw;E;,WMMﬁwM”$;;,,wwf;;U;@ﬁ

July 2? 9”3 reporu 01 ahe\isome%izaﬁﬁon of nornal butane wlth

sumwary “of the reaul £ obtained 1g’ gl*en on pages ?5@= and 265c2660,, ,
Among the conglugiong drawn ave 1) that. the aluminum chloride ‘gupported
‘on g catalyst (a‘uminun oxido 1s uged in %hisg work) gives higher yields
‘But Hag o shorter 1I¥6 and also Tesulis in move ‘eracking reaetionss"‘ B
E%lsubéimod aluminum ch?oride la nreforahle §o technioal aiumﬁnum
chloyide, . . T T e : R

et Thie gﬂves a dieeuasion of the” meuhods of” preparation of uhe
,catalyst and methods fov the &nalvsls of iﬁs conaﬁlbuentso 3*31‘1

Paﬁonﬁ Memoranda

’age 290

e “ﬂeparation of straighx and bran hed chain“h1gh.molenu1arf
weight Patty-aclde- fron-each-other-by- extraction-of the- 180 -aclds-
vith methyl. formate and butanona,“ ERE h




Page 292

' 2. Seleotive ‘hydragenation .of aoecylene in 1%ts mixtures with
ethylenc gnd hydrogen containing geses by catalytic hydrogenation

Jwith nickel cetalyst in th pragence ofiemall amounts of metal
‘oapbanylso If ¢o Ss pregent the letter xs not neeeeaafyo,

Emg,mg? _

3s Racovery of osm‘um from reaatlon processea in which oamium
. Letraoxide is used, e.g., for the reactlion of. perox«ﬂes with allyl
aleoholv and LOP~&h@—8ddibiOﬁ&1 of hy&foxyl g“oupe t0 double-bonds.

Pagedt. . |
- Use oﬁlobndensa 7on p”ocuot of mlxiure of alcohols thau

:;esulb'f?oﬁ Oxo-syntnesis’ with ethylone “oxide in "the Tarn® o water”
emulgion as & water solub]e texbﬁle ofler oo

Paﬁmmémf

b, P?euraaumﬁnt 07 ra&—%ﬁﬁed as’ a carrﬁer Lor—ccba%%-ea%aiya%~
in aJn%hesla proeesa) ab 100ui107° S

: ,6° F?eparaujon of - aouive b&uanﬂum oylae gem°
meﬂﬁlﬂﬂlq ;;,. x’¢TT;[m“:

7 P?eparation of highlv aﬂapersed alumium oxideo o

amgﬁm?mﬁ

~

-80' v%enqﬂaﬁion of npooyleno chlorhydrln bv the hydraoton of allyw
‘chloridc 1n the HPBSGHCG of G %)aulxur4o aeld at a bomperature 01 2500° :

f agea 531 3)”

.9 Use.of pure magneaium biphosnharia a8 8 catalyst in place o;If
gg? aatalvetc ”he conposxtlon of- th’s eataiyst isgﬁﬂw on pages 333 ani

’T‘)n Fer- ‘2"2&
M

-

10 Use of olefins conua*ninxfa teruiafy or,

quaternary aarbon atom
‘1n Oxo reaetionNto;roduoe'aldehyde SR L

- Shngg Ty ‘:--:Jb ¥ leue nd HOL without cataiyst ot
xroom‘temnoramure and 50 atmospherqp o HGLe&v*wu» S e




Pago 343

“ 12, ?Eéparé%iop:Q£ zi#ooniumzoxide gels}{pﬁ6n8).

Rage s .o

o 130 Promotion of qaua3y3ua $hat conuain netaTs thet form carbonyls

A{uged for coanrting lotrer olefins to higher aloohols by the Oxo process,
with heavy metals ‘from ‘grovps 1 &nd 5 or 6.

.page énz ' ‘T'imwﬂ~ SRR vlk
. lk**'DOhydrngGn&tiO“l Of p’(’omﬁ_ana %o "1192180
,?aﬁenémﬁ T o

SR PR rrspara%ica o ssn*a uc}ymeas fzen ‘et nJLene usiﬁg alun;nmb
_ehlori&e conta;ning smaz1 &nounns 0f eluminum powﬁero

2&8 é R '.:;,""j

PR

6 ﬂddit;on of calciun chloride %o cusmd iron eaualySG fo obuain'
) oaualya h?VLng pe&uce& temworature geng uiVlbYo

Eaﬂe gg%

1;°A Prapafa%lon of water aoluble ziroonium oxiae oaua1ysu°g "hia -
list of patent memoranda has beon selected from thoss given ih the reel
ag being of pogslble interest o the industry. It is8 %o be emphaslzed -
that thera are merely Pa@en% memoranda and not pak cnc {pol:cgmwonq\

u.'—

Removal of dlo)efins from olef*n gaseﬂ by aeleehive hydrogonahioa
the former %o  +the cowrespondﬂng olefing alter %he gases have been
nasscm through a filter o remoe meur?tiesu

e
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P

A aerlea of ‘reports whioh deal vith the production of 1aowcohane
-from bubana by & process involving. igomerization of the normal butana
to make lgohutane, chlorinatlon and dechlorination.of ‘the: igobutane. to
‘meke iaobuuylene, nolynew*zaxﬁon of hha lauter 10 make dimer apa hycr0u

‘pgocess and inolude flow‘shoots uher00¢°' Pages 37lw373 1is§ the equlp% 
ment requived o’ pro@uce isobutylene from 5, 000. Sons pav year of ieom~
,outane bj ohlorinati’ :and aohydroahlor natxono -

"t s a.m.w.-.

Zﬁo;ollbsd above, TR
‘?ages 361 u16

fgenatlon ot
iaODHvaneat fiki
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: | Isomerization of Geseous Hydrooarbons B
L S Maver , . o L ’ .
Summarized Report‘ Dr. thl ‘., o o D ‘w e

i‘ _ In Leune ‘the” isomerizetion of; n-butene is ‘carried out in two: directions'

A, Isomerization of n-butane under.hydrogen.preesure with tungAten‘
catalysts ' » B 4 S - ‘

v

B Isomerizetion with aluminum chloride under lower pressures

A Isomerization of n-butane with tungsten sulphide TR 1' '—Q*L—L~"

""f ‘ Further_attempts were made_in sy temetio catalvst research and deve lopment

‘of-the- operating conditions. FEE
Cetalvsc research has definitely showed that WSQ produces the best isomer-

. izations On the ba51s of this discoverv the operetlng conditions alone remained to

' be 1mproved. By 11m1t1ng the temperature range to boo-h15° and. increasing the

.pertiai preosure of the Ha Qto—ebout Lo atm. for ‘a total pressure of 200 atm.)_:ﬁ

in contrast to previous operetion, an average conversion of‘BO-hO% with an i-butane

N

|
vield of 85-90ﬁ could Be obta:ned W1th0uf eny noticeable drop for periods exoeeding

\
\

5 months. dxperiments Were mede on e 100 cc scele. Oneration on e large scale b

‘should not present anv unsurmountable difficulties.
The isomerization experiments et 700 etm. were less fevnrable than those .

‘.at 200,atm.

Experiments at 100 and 50 atm. totel pressure have given the seme setis- ‘

-

: feotorv resulte as these cerried out et 200 atm., Experiments are ccnducted et

,present with respect +o the 1ife of the catelyst. when these pressures are appiied-

:The experimente seem to dieelese in a generel directlen thet it is better to operate

l

ﬁet a 1ower total pressuré and to select the partial pressure of the hydrogen es high

as nossible.‘f




" B Isomerization of n-butane with A1013

Isomerization with A‘Cl3was thoroughly ‘studied in . the liquid and in the

gaseous'phase.. In order to establish the most favorable operating cond1tlons the

P

1nf1uence of temperature, partial pressure of HCI duration, olefin—and Hgo—contentr
fin the initial water1a1 were studied. From a teohnical point of view a substantial
improvement was obta1ned by placing the A1b13 1n a contaot zone filled with glass

!:‘.—_.‘:—‘

beads (Raechig Rinrs) and beatﬂﬁgt ‘With eteam. The a1013- double compoundSvformed

'~ in the isomerizatlon reectlon and having a hxgh catalytlo actlon ooat the glass

_beads—wmth—a~th1n~£almT—and—a£ter—ioe%ng~their—activatythrough;gum—fornatlon may be

)

. withdrawn from beldw. "By this arrangement an A1015 eonsumotion of 1% cou;d b

' obtained, referred to the 1-butane formed. By 1ntroduoinr fresh A1013 this method

. ¢
of operation can be rendered contlnuous.' Exper iments were ‘made both in the llquid

and-in the gaseous phase; The optimur operating temperature is-100° The experi-.;;

ments, whlcn are not vet completed, essentlarly deal w1+h the establishment of the
opt1mum partlal pressuxe of HGl the charg1ng cepacltv, and the best dimen31on ofr"
che catalyst chamber with respect to the A1015 consumptlon. ,The gas. phase equipment

An Leuna has operated for months w1thout trouble, while. operatlon in 11qu1d phase

=y

fstlll requires the ellminat1on of certaxn deflciencles in the apparatus. Tor in~
S R : B :
: 1t1ating the reactlon it 1sJof advantas: ge to Start with an olefln-contain1ng gas-in

—t

Lmorder to accelerate the formation of thevaluminum ohlorlde double compound.m Qhemwnu

I -«w

;it was found that the presenoe of a trace of water was of advantage, presumably due

_ig_m._fgm+1nn nf‘ H(‘] +ha__p5’r_'hwl_pmsm nf‘ H("I 'ic ahmﬂ- 1{)_90'/

'
Je——

Operation in the gaseous phase in. oonducted at 7~15 atm. at about 100 C.f

Tha space velocity 1s 0. 25, the oonversmn is ho-so% and the yleld of" i-butane

4

r\._.,.‘\

reaches 90~§'5%-- The. chaxging;._capeoLty.ris...hetterhat*higherdapxessurelwiheeneasstxoh

]I



A semi-industrial apparatus designed for a throughput of hO kg ‘of butans

=

" per hour is being constructed in Leune. e B . ’-l ' R
“l i . In contrast to' the isomerization with tungsten sulfide, no hydrooarbone

[;with 0-2 C-atome arelformed in the operationﬂ;ith‘AIClz.>'lhe quantitiee—of“propane'

formed‘bu cracving of the 1eo-butene'amount to 5% of the input‘ high boiling 180~

‘meric hydrocarbons are also formed (about 5% of the input)

Hantge reports on 1somerization experiments oonduoted in Oppau. Tests

~were onlv made--in- autoclaves and the results_do not exoeed those obtained in leuna.‘

3

‘The. AlCl; consumption in these experiments was not below 9%. , _ 5
I?lnger' “Goks if other hydrooarbons have been selected for isomerization,
nin addition to butane. Above all,_the moleouler size of “the n-paraffins should be

established at whloh a limit 1s set for their isomerization. American workers are

investigating this field with respect to aviation gasoline. The_isomenizatmn_of B

3pentane, heyane, and heptane should also ﬁe investigated by us because this problem

may beoome of importance,‘ehould our 1nterest be direoted toward the lube 011 range:

; —t

PR - i

The problem of 1somerizing ‘the lower boiling fractions of Eischer gesoline is also L

R

-

Cor B e e estes)

Fischer fractions with tungsten sulfide at hOO“C under high pressure fbr the purpose

of improving the ootene number.i Craoking increases fon”higher hydrooerbons ‘and the

moet difficult fractions o treat Were the Fisoher'frections boiling—from'150~180 }
4<1"Ji

Pohl“points out that the activity of the A1C13 ‘oan be increased by small

1

ﬂquentities of edditives (e.g. SlClh) 5‘1;5 ) - f'LL"‘

In summarv Ringer states that isom_rization with tungsten’sulfide*hee“***

:freached the point‘of maturity from auteohnical poigt of vieukwbut “tha ”experimentsu
o i ‘
mus* belcontinued in the\direction of us1ng lower pressures whiohm on the basis of

hoonsidered promisinb§;u85% yields may be oounted upon.'




The iSOmerization enperiments with 31013 on a small soale have yielded ‘

good results with butane and the yields are apparently somewhat—higher than with

, tungsten sﬁifide. The. losses 1n A1013 sludge, which are now as low as- about 1%*

.oan not be considered to be a deciding faetor 1n the oaloulation of the prooess.
’ i T

VS1nce this nrocess is to be tried‘on 8, semi-industrial scale in Leuna, the “two

prooesseS‘will soon become comparable. Oppau is. continuing their autoolave experi-

I

ments so that th911 work rs nd duplicatlon.
. » - | B
A secondary problem 1s the 1somerization of pentane and hexane. The pét-

S

ent S1tuat1on is belnq 1nvest1gated for Germanv anwell a8 for”Europe..





