FILM--8TUDY GROUP
REPORT .ON MICROFILA REEL NO. 31
Propared-by
THE ATLANTIC :RERINING COMPANY



Moguontim oxido, knolin and nicksl carbonats pabteare trested with -
‘nickel nitrate solution:end thoroughly tiixeds - The mixture is dried.and cal-
oined. The resulting product is ground, mixed with cement and water'and 18

“pregaed into pellet or-ring shape for catalyst masa. Directlons ere glven .
for testing the activity of this catalyst, from which it is observed. that the
BE catalyst 1s employed for the conversion of hydrocarbon to G0, €02 and ‘hydro-

gon in tho presence of .steam. ' S

R Framé“m6318 devoted 'f.o“‘"‘af"‘statementﬁ-bffthe;f corposttion -and-the analyti-
oal procedure used in ezamining this catalyst. - Noither the nenufacturing
method ‘nor the’ application of the catalyst is givenm, although tho high con-
tent; of ohireoal end P05 suggest uss es & polymerigstion sgemt.

 goveral franes boginning with 106/ are dewted to manufacture aad anslysie
of Hiay ensalyes wbige sprlisstion 1o mob steteds

1t eppears farther on in this gection that BS contact mass was developed.
by the 1.0, at Oppeu for the ynthesis of methane fxon water gos, and (ppan’e
‘report dated July 19, 1940 will be found ‘unusually ‘complete’ (extendo to £raze -
1096).  The catalyst consisted of ‘approximately 35% nickel oxide, 1% magnesium
‘oxida, 26% (conbined) carbon. dioxide and minor smounts ‘of other cubstancen.’ -
“Tho reaction-rate:4s-favoratle-at-about 3502.C.~ RN S
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Cristrop. Paukeky:: The Heat, on 'vada’ Bes
: dlogram,of polymey 'gaoline. A contract .-

vvvvv ; 94 (f‘rame ,39) e memorand Vit "fdi,eol_loaes
thet e convernion- of-85% of- the 034Gy olafinio.,charge..‘ ‘s ax“ecte -ang: tha.t
the oatalyst ‘would have: 8 ‘1450 of “about, 260 kilograma:of Thw wlvmr por’
1iter of eatalyst. " The mlym“r “dist:.llation wes-88. f.'ollowa- i

TO 100"0. 7%
P0.1500C, 68%
To '2000C, 93% -
1’0 220°G. 9)%

d. Point '2500C, § . recovery 9'7.5% 'I‘h/a octene number of tho fraction_up_to
2oovc. was 82 to.83 OFR motor method.. Tb ie presumed; that. this ootane numbar

I.s on mhydrogenated materiel.

o A comunication of June 25, 1921 discloges. that the originel £11liny: of -
the catalyst case would require 420 lograms of ‘cetalyst wass," alt!mgh 12,000
kﬂog.'ama vere ordered sufficient for about 10 montha! operation, - anh nter
was équivalent to: 150 ‘grams ‘of activated cerbon’ plus 180 grams HaP0

The oquivalent catalyst 1ife in U.B. units :ls about 90 gal polymerﬁb oaulyst

, A Aprﬂ,' ?’194.2 contains det.a.ued deeign data calculat!.m
'“far a unit to. prody 20,1.00 o crotonaide}wde ‘per.year: from' bout 60,000 tona
-of rew. aldohyde. oil, . Despi! be‘ fact +thal ‘there ig no. description; ‘of the

" properties of the' ‘charge stock,” the: ‘nateriel embodied in this seoticn.ie" msidwv

ad- excellent. fron’ the: fatandpoin'b ‘of description of the equipment..:The. intended

' b giveny: but’ the' captian ‘on; diarrame ndicate that |
od, &t Lu wigsbafen. -, s o

‘.‘! t lar]: Recitid



d7he-alert-to’ nota“the*chara e “er!.@tica“‘of*thﬁ" eharge“
soribed dn this section

Franes-1171 e 8%

Th:la renorb from ‘the I.G. uaboraboriea at Opp February 191.1 dosox'!.bea
procedure and remults in the analysis of unpurified zﬁw aveftin vith parbioular
referonce. to the identification of non-nomal-paraffinic ‘hydrocarhons’ in mas
terial apparently. derived by an oxidation process at’ Brabag Werk Zedta. Fo -
“:ldentifi.cation ia made of the m: process a.nd the :lntended use of tho produot.

Frame 1188. August 17, 191.4.

k nary on 2 process to produce 12 tons mkol per day is given. Tho
1ocat-.lon of the plant is probably et Merseberg, “but the' intended use of the
product 1s unhxown. :

Four:steps in the process are indiceteds (a) - the B litt.:l.ng out of
vater firom raw emylaleohol to make trimethyl ethylenes (b) -: convérsion of
trimethyl et lene with formalin solution in the presence of acid to trimethylel,
‘3-dioxang. (o) - splitting of the dloxan with 203 hydroclﬂ.orle acid to. mlno].;
. (d) - purﬂicat:lon of ths m.kol over. phenylrvdmzon

For t.he pmduction ot‘ 12 toms B:lkol daily there was required the follow-
ing qunnti.ties of me.terial atated aa tons per day:

Amylelcohol .;.:.30‘-. ‘
‘Formalin solution’ (303%) -6
10% nvrlmclglir:_lc acld - - 4

10% cauat:lo e

FramesuB9 1210

be a nuenome»r, in that e break in t fﬂe {ndl _tes that

jeot tter:l.abofhamanso produinga.cohol and ,
cantr drog p un of- Ji -suggests: ;_mt +

‘m‘ ces hols S ﬂEed fc‘ conv\gi'sion‘ingpm eaaf wj['gy ac%‘tls (gé‘ )_ tﬁn




posl,~digoucsea’ the fomal dlstile
oredods: not:geen
hd-provionly

Freames 1211 - 1224,

randun 40 July, :943; 0utlines a project: for' theproduction of fatty

sodd material, involving several oreenisations.’ The‘extent of the ‘projédt may
be judged by the. estimated diture of 244 nillion narks, stesl requirenento
of 160,000, tons and tha, consumption of one million tond of ‘cosl annually. ~The
initdal plant was'for the. proguction ‘of 100,000. tons ‘of fluid primdry produots,
which were expected to yleld 34,000 tons of final products. .The fatty acids
were to be made through paraffin synthesis, the hydrogenation of the split-out
nerd BP.290-450°0. peraffin, and the conversion to fatty eclds by the Qxo.pro-
cess.. The £ilm at this point-is almost illegible-so that the:-deseription 48
very brlefs © . .. . . 00 : -

(a). A Koppers type. plant used oxyzen to gesify ‘pard cosl to, fevorable ratio
of‘og'rbon' monoxide™to hydrogen. '*Wata:fwaabipgwas-employed 'tb*~rerqov‘ejooz. o

‘% 84,000 cubic bobors of gas Do bow bo

(b):: The: symbhests presertbodthat 84,0 :
gtop eud 35 ovens in the second step (eaoh

_oharged to 160 ovens.in the fir
oven contained-10.cubie ne

affiiide mixbur

fron 29040 45090 ) 1s: glvaniia hyaro ..

(c) 'The paverfinic mixture (bolling fron 230 04 15: glvona, hydro- .
genation ctep prior to; thd oxidation prosssd.”, This hydrogenatlon. euployed an

ron. cotalyst at; 150 to: 180°0. and & pressure.of 20 %0.100- (etzdsphoren?)s = -
The hysro-cracking-of ‘the izl molecular. welght paraffin ylelds T7% product .
00. ;- and up. $a. 400; atmospheres, the-prossure. apparently has 1dttle ef- -
. yield, - The' ofifinal content of A _‘;S‘fv!gamd,,P’%mfﬁnfisj—xe.dqma?1-.6’,.;34%.‘._
107 difference ap;tarentiw 15 ‘vecovered as. Rogasin I1 with & boiling range

- K

5 obbalil o’ highest yleld of: fatty. apids,: the oléfine of .
..Obt.% o) highest, yleld ol. Zetiy: &) ’.th -'efo{at‘;fﬁm;»
and’ quantities

Prections ere oxidiged. - Alflow d :
‘grogestes but lacke opeveting doballel




.-meeewms,—'-»iz'aa.« | |

These processes were_competitive. The analysis of oharge gas shows 393
hydrogen, 30% methane, 15% ethane, 11% propane and minor quantities of other
gasos. Product gas contained approximately 167 00, 6% C0p, T75% Hp and mimor
quantities of other gases. - There were no technical deteils other than the in~
forenco-that.catalytic reforning. in.the presence of stean is-employed.

| 25, . STUDIFS ON ULTRAVIOLET AB

Franes 1234 - 1247,

A. Remsn Spoctra may be used for the analysis of mixtures which are not
fluorescent and do not absorb the inoident radistion excessively.  The mixture
pust not contain move than four or five components (preliminary fractional
distillation Af necessary) in concentrations not less than 1~5% depending on
components. The accuracy is about +5 to £10% absolute. : Components with very
similar structure, such as the various methyl octenes, camnot be deternined

“geparately.

By a éombination of fractional distillation and Reman spectra,
paraffing may be determined up to and including the octanes; olefins up to
and including hexenepj aromatios up to 200°C.; and naphthemes to 125°C. .Be-
yond thege limitations, the Raman analysis may bs used to determine tho gemeral
type of Mgher molecular hydrocarbons present. in a mixture such as hghly -
branched paraffins, monoalkylbenzenes, alkylbenzenes and cyelohexsme derivatives.

 Mixtures containing Cy-Ox alcobols can be analyzed by Reman speotra
and for mixtures containing hg%heé alcohols a type analysis ggr toealagloohoie

may be made. In some.cases the spectra.may be used to differentiate between .

- alpha. and bete olefins, end between the cis and trans forms. It may be uged to-

" ghow whether & branch.chain is connested to a carbon aton in a double bond,
whother or not the double bond in the side chain of a gubstituted bensene 1s
‘Sonjugatod with the ring, or‘eimther or not an orths;-meta or para compeund-1s

Paman' gpectra have been used extensively for the determination of the

constitution-of terpones. Raman spectrd cannot be used generally for the analy-.
sia of inorganie ‘compounds since heteropolar compounds do mot-show the Ramem effeot.

; PR | exmite & simple qualitative em qﬁmﬂlitativby ,
' . sls of organic compounds, end -is restricted to condensed 1
" and compounds containing the C=0 group. Iims the tptal cpntent of aldohyden
"and ketones in mixtures with alcohols may be, detormined with 104 accuracy fxom -
tbe absorption band at 1700 AU, - The epectra of bengol, joluoly-end
-gufficiently different to permit separate deternination; | 0y &
of i
ci

T bengan logios are. practically icentice "sl'-th;;ltheirﬂ 6
uﬁﬁ P’ !t:mﬂ » Travided that olefins wiln ¢onjuzated dquble tonds,
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10 preaent, are removed with 0% 50, et 090, Vory smed)’ ‘aoncentrations’
mayv-ba detemined»in ~t!ﬂ.s~manner,

. The spactra of bacnzene, naphthalens, anthracene, phenanthreno
and higher oondensed ring syptens are widely different and are praoticauy
uuohanged by substitution. This fact mey he used-for the. determination of
ths constitution of orgenic compounds in Wydrogenetion fractistns consisting
ﬂmoat.axcluaizely,nf_condensemomatica.such.aa_coronanea..(‘cgm),
benaocoronenea, naphthacoronenes, ate,

0. Researohes have been underteken by Dr. Hochheln on the Fofles

of Motals, particulerly of metal mirrors deposited on glass by vanorizatlon
in high-vacwum. _
"~ D. Tork was done on the Ye; mg_izagion of ggl& in high vaownm. One pieco

of -work led to maling of very thin salt plates which showed remarkable gt
conductivity, and were used by I.G, Wolfen and Camerawerk Minchen in tho
oonstruction of optioal 1nst.rmnenta. _

. B, Ivon Pomder mado from Tron Carbonvls has been ueed in electrical
coils. The powdor when formed into grains is used in telephones and radi.o
equipment where low losses are required.

‘P The study of Ammonia Synthesis vrith extremely pure. gases, and the
effect of poisons such as HS, Py, Op and CH; led to the developmemt of
more resistant oatalysts. ‘
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BOCH,CH, 008,08 ———

S0 :r”cgﬂé‘“ws—ymcngc*s cougon 4-*1.5.3 x.m.

(sqe) (aq-

HOCHoC = cono_on ' mcnacngcﬂzcnzon
(:_I.iq.) tanediol-l,l.
460 Kooals

HOCRCH;0E 0808 —— 21120 + OBy = CHOH = CHly
" (gas) - {ges) (gas) butadieno.
| ~23.5 K.cal.

> nzo + cnzcnzcnix_!?

(gas) (gas)

(gas) tet.rahydroﬁxran
+ 3.2 K.oal.

with value of 8.2 K.cal. if liquid :
butanediol and tetrahydrofuran are essumed.

—-

c‘;lgcagcagcug —— B + O = OFCH = CHy

(ges) (gas) butadiene |
S 25,7 Kecals
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Ttem 1. ;xma'
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 Pramos 36, to 22 give the: apde'nem,al réactione involved In' th gynblisste
of butadiene and “the' heads of Tormabion invelved. ‘Thoe Tenctions evz ¢iven on
facing page. Several pages ghowing - calovletions of raw muterial reguirencnts
and product ylelds are; given. No naw or. 1ocation apgaars on thase f‘ramas. '

Item 2 vtmummwm.yw am.e.m“mm
El&!& moggher 1944 und, Jan. ;gzgz

Framea 23 to 28 gi.v’a pla.nu product*on £3.nu or f‘or ’obe us“iod December 1944, ~
Japusry 1945. - The locetion prosmabiy ig I.udwigahnfen. These rtgurna relate
to opera'oion and 9had little ..igl.t on the subjaat. : o

.he“ on-

Four ‘fraties = Dacem‘ne:' 191 ¢ "'rhis memorandum :|.s speculaticn on tbm
procesa and doea not contain sei‘u data. e S

Frases 31 '40. ?L"rhs remorval oftsmall imotmta-ot” ailicic otd framhs—
aqueous butynediol solution cen: bo effected by epecielly prepared magnesim

hydroxide, 8, wen 8- by calcium lwdroxiue sns"en"ion. e
v 5 P e [N '.‘,:- b ee 1 . -

fmamtory results An wbicT[t:rthe md;ts{-.ti!;:?{avamm :r
al a3’ gere e, axd he

' buta ‘_eratur\es and| press!

lat rognlts: ¢ Tmé;se*ﬂ@ﬁ& Mec’b dn

ohbely ) 1331‘0 ¢
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‘f,happeare to have been written .

ﬁ”wmﬂmmmm and ; caloulations relat-
:ing to ‘the: design-of-a butynediol plent; in which: the' product i eyntheaised
from one mol ‘acetylene and two mols formaldehyde. The'disoussion s in -
;aeveral pm'tes

i ; -Hoat of reaction in: butynadiol gynthesis.. v
b Operatmg pressure (4.5 atmosphares was considem& _
* optimum for Plant B-III)..
Reunoval of- the heat of: reaotion.
. 0aloulation of- pressure drop in the recycle gaa syatam.
7. pietribution of -liquid. -
Inﬂ.uence of pn values.

RV JOR TN

Tnis asotinr;, baoauaa of the detail of ‘caleulations, will be of mtereat to-
'peraons studying synthes;ls of butynediol.

o Framea 75 ,113 Thaee appear to be. monthly opemting reports on the .
-butynediod plant at Ludwigahafen and begin April: 1943+ uaterial, clmﬂ.cale' '
vand utmty requi.rementa are given, w!.th commant. o

Item 10.

‘Itua 9 and 10 refer to simﬂa.r but apparently separate planta and coment
‘npon operats.ng featurea.

B By \st, 1.43 d:la}cuss.’mg diot on equipment for -
: stadieno mixtures and thisy Tecovery of these hydzo=
cary conventional.



.. Frames . 125 147. i‘haaa are oparating reporte: for units at: -Boniopay, -
‘deaoribmg toomical operation and. ‘production for curront operationa. 'l'hnro
-are no-£low diagrams to explain. ‘he: process involved: ut the fouowl.ng 1nfm-

ences are me.det

(a . . (proportions 98s2) 1o made
bu'oadiene end minor quantitiea 6f propylene, ‘butyraldehydo and- tutadienol,”

_(b) * The- putynedienol processing involves the mamifacture of this:
-material fron aicetylane and formalde!vde,’ .._gi.ving a _yield on theae tm oom-

—'ponenta of 86 and-94% respectively _
1o text 45 mot eutpltoit but 1t is. bo-

- pldol hyfrogenation,
6ved that tha aldol ig in effect. butyraldehyde which is. lvdrogenatad in’ tﬁi
process: to produoe % Mgh quanty, ‘concentrated butanolo . - :

Butynediod hy netion,  This seema to be a 6onversion oi’ v
the butyued:lo]. to butymldelvde. e P S
( . ,'rhi.a step geens to ba the puriﬁcation o! .

6) -
Wbutol by eliminaucm of mdnor quantities of aldehydes end hoavy reeidues..
) (£) '- ofive in which mercury was used to catalyse.
pmdnction from aoetylme. , This latter material in tnm 8gens to have baen

-pade from carbide. . .
- -(g) - eture.” This single pege emmeratee mter!.ale

) nsed :ln the catalyst production department, but does not disclose’ the' appli-
- cabionof tm catalyst. Shown belov dg an analysis oi’ the ﬂnishod eatalyatt

‘: o'lpboepmte 1) -. ﬁ:gggl




] . het the reaction o n:

dlor‘ "’propergyl ‘aleohol produce ‘carbowlio*aeid;»w}doh«—inwaquaous—aoluuon
~or:ag-an.alkaline galt solution hag strong: foam forming. properties.  The .
Pormation of the acid proceeds: engily.  The' ipolated carboxylie’ ecid 4s pre-
_sumebly: dentiocsl with the: subatance hich producea foaming in- the butynediol

or ‘butanediol aoiution.
-Itemd%——- produats

Framee 162 195. In extensive report giv:tng detailea figures on thie
subject, - 'The nature of tle ‘by-products which were formed in the catalytio
hydrogenation of butynédiol-l,4 ave. ‘deseribed.” The main by-products-are -
~ putanol, gamma oxytmtyraldehyde and high boili.ng reeidues which are formed
from the Mtemediate butenediol.

Tten 18,. of for Este: 10 um
‘Nlogible. A telegrém or brief letter. ‘

Ttem 19. . Tes

Frames 197 - 198, Sucol DB is the 4‘.,4'-trioxydibuty1 other, Sucol 1B
18 a good softener for tecimical paper, but results in some lessening of tenslle
strength. The product is mon-corrosive to light meta.l.

Item 20. . he Uge of teo ' “Core

& three—page memorandum discussing the use of butanediol regidues ag binder for
pamﬂar material. ‘

I‘bem 1. Pxcexptg from the Record of the Conference on Sucols
ofgg!_)ma__rxgil 1042 ' S )

" Frame 202. N.ecuseea tha Sucols (which are the residues of butanediol
mannfacture) and. thelr uges in laoguer- 1ndustry, 88 binder for g,rannlar material,

and for tba paper m&uatry.

Tlmae reaiduea can be used aa a substitute for glycer:lne and 1n other appncatione
where a binder is’ reqatred.

‘ I em 23.‘ , T
ﬁtc ipa \ sidu\% from‘LglyceiHne. "Ib apgoars , to have b een'rduvaml‘ble' in
Ada grad

v a ap ‘tinders.’ Sch 17458 ro%kidue f m tﬂmatwhlpro pane qld id.
: .med aal a and in this lacqw r ,. 'nstry. ‘




ﬂamo'zzzo; A patent meno- relatin the”posaibla '‘igen of binder: mterlai
Mve&-—ﬁamﬁsttﬂabion-wsldue&o&polyﬂeohols«wTMsnm\M—inolud»-m
.ao-cmed Sucola Vdiaeuaeed in. previoua dtemp,.

‘ Frame 222. 'l'ha Asﬂuidols are complex mixt.ures apparently compomded of
‘ .by-yroducta from sevarel I.G. planta. o

- m'ame 228. mmation of Sucol DB as a glycerine aubatituto.
 Tten 3. gmnmmmm_m
I!se of glm:ar:lne subetitutea in the prlnting 1nk mdustry

Tha sncoi DB :I.e propoaed es 8 plaaticiaer. It probable composition 18 4,1,'-
zdﬁ.owdibntyl ether, Framo 2. .

Toéa 36 Flastdotrer for Poluaids

Tho come matental s proposeds The ester of ortim-caybénsoto acld with butme-
al0l-1;4 and the. ester- of ortho-oxybenzo:lc acid uith bute.na triol-l,z,s is -

'mpoaea as plaat:l‘ er.




'.Sncol. m was found unmitable for pﬁ.nting«rolls and had li.mited mterest forf
'nanufacture of 9tamp-paa mcs.

Item 430 ‘

The addition- of amonium ohloride to the bottoms of butanediol diatﬂhtion
gava a foundry core. material with ea:cellent propertiee.

notoa mmv of the .u;ema 1n thie eection and the follovlng ﬂm.ow aheetn

T and. Drawings - for Butadiene Menufacture® are simply drawings. with-
~out deseriptive: text. ~Those which ssem to have: had thelr origin-
mumgmemg department -and whichmnyhepresumedtobolp-
puoable to aotmal or. m'oended phnte are marked with an aster!uk."




Item 61.# Geperal Plan of Hvirogen Forks

 Frames 296- 301. A memorandtm wbich -,d:leoloses that the u'acldng of 1,3-
-butoldiacetate-at-550-t0-600°C.-gave-ylelds-of: 84% pure-butediene.at. 5. charge
rate.of 2-1/2 kilograms diacetate per liter per hour. - Whether further in--
ereases 1n vield could be obtained by recycling the half-ester, remaing to be

3 and ,l. ylene

atxtime of 1,
tons of ca b

ays, ‘with 6.7 Th & ragd

glycol 8y 62 bleld

L_.wts_e.t_% from_._._m_ML__sLl__a

ERET y
}vdra onof 2emef lvlbu‘t.anedl‘_')
; undaira o by-products of this

dﬂla-



Fremes 336 = ( 5 o33 :
,mmpmwmmtemmwm
‘Oppan,: - The -charge 18- 1sobutyl-alcokol, - The-process -4n: :
‘atepss. - Tha' £iret is: ‘dehydration of’ 1sobuty1 alcohol ‘bo .:lsobut lene ab 300°0
and 8. atmosphma. "The second step 1s, catalytic pq;ymemzaf.ion of liquid 150-
butylene at 15 to 20 atmospheres and 150 ‘to 200°C., whereby a mixture of M
di-1sobutylene and 202 trd-4sobutylene is obtained. ‘The third gtep de tho
hydrogenation of the di-lsobutylene at 200 atmoapheres and ‘about 180°0. . The
product 1s iso-octane with a boiling point’ 99 t0:100°C. ' The fourth'step is
tho oracking of the tri-isobutylene obtained in the. ‘second’ stop to make igo=
‘butyleno and d:l.-isobutylene- Thera 15 00 data on. the type and might of oata-;

lyot uaed. .
;tgm . ing ' , .
Tten 68, Semszation of Ve

, Prm 341:0- A m-vey. ted Febwunry,l%z, ‘of: reaemh oarrlod out ab.
, en end i ¢ compreheneive report of about 100 pages, ‘giving great
. detatl of ohomioal react!.ona and mi.ght’rbe, ket domﬂinto the. fonw!ng m

':nmngatm of the Catalyst.

istiom of Qrsbing Coditions




. Fraiion 450+, Jume. 30, 1942." This 1s & conpiehenalve Teport of about T
op 4n’ which detailed laboratory work on the estalysis of asetic seld is . .

dosoribed, . This scotion will probably ba ‘a'valuable appraach-+a tho- gubject
by those interested in the synthesis. o

Ttenm 924 .\= 0 , bon -).. yith Ole -
Prames 519"~ 603, - w@;@g@&@e‘;'-;@a;s;; Tida’ section 16 actuslly
o serdes of Teports denoting & contimuing project in the 1,0, Laboratories at -

Ludvigohaten. -

(This ends roel No. 31) |



