_TABLE I (Continued)

Company and Laca e;ca “Total Aviation - Bise Stocks

. - .G. - Opmu l’m
- ———I.{‘rﬁ-ﬂeydebrek‘%* 600
- I.G. l(ooabierba\m ' 2,000
I.G. - Hils o
I.G. - Schopau

Tot.a.l Irom above-listed

Planta . 55 :m@

T = Axmatic O:L‘l;a from‘ T T eI
Coal Tar = 1,100

Griid“'rotal R 53.100 T s :.,7oo_m_.,.w e

o ’me volume figures given in 'rable I roproaent tho highmpro-

~duction 1eval in 1943 before bomb damage interfered greatly with

production. ~ (The highest production for an entire month was in 19%3, ]

and the average daily volume during that month was 52,200 barrels.) ) '
At that time, when the maximm daily production of total aviation ... -
' ,._,;,gaaolinuas -about. 56,000_barrels, there was under construction, or

‘being developed, eu:tena:l.ona to increase that figure to nearly 100 000
barrels, (It is interesting to note that at the time tlre”xv‘mfon
gasoline production reached the figure of 56,000 barrels per day, tha
torbu German motor ga.sol:l.ne production was 55,000 baml_psr_dng

gmsition and Mcat;gm,

‘There were two (2) gradas of aviation*gmuno producod‘m' -
~volume inm Germany, one the B—4 or blue grade; and the other-the €=3--
or green grade, Both grades were leaded’ w:lth the equivalent of

435 cubic centimeters tetraethyl lead per gallon., The B-4 grade

was simply a fraction of the gasoline product from coal and coal tar

hydmgena.tion It contained normally 10 to 15 percent wolume aro—-

- matics, 45 percent volume naphthenes, , and the remainder paraffins.

The octane number was 89 by a measurement correaponding to the Ce F.R. :




‘ ':.-.'.._..'. S e J89392 :

motor method. The C-3 grade was a‘nﬁ'zt’ur’f!’éf'lo to 15 percent, volume..
of synthotic isoparaffins (&ik A ates and iscoctanes)—and-85-percent-of
an aromatiszed base stock produced by hydroforming types of opexation. . -
on coal and coal tar hydrogenation gasolines. The C~3 grade was per-.
mitted to contain not more than 45 percent volume aromaticss —Ihis—=
ammtic—nmmuqmaometmeqﬂ.naﬁm&‘thevme- stock component - - — -
‘4nclude eome: diluent other than-the-aromatic-fraction, which could = .

then bo balanced if necessary by the inclusion of slightly more iso-

paraffin. - (The C-3.grade carrespondod roughly to the U, S, grade 130.

ga.aoline_. although the octidne fumber of C-3 igna’speciﬁ:ec)l to be only. - -

LAY o aiti b . - 0l

<

“The components of tho two gra

mamber. The isopzraffins weére produced by standard,

and-therov-was-nothing atmormal found in their compositions,
: »o_frachi :

8t _werd_ +£3.0 1 to end points of 300 to 320 degrees fahrenheit...

- No normal isoper.tane. separation was carried out , and the pentane and
“butanc coptcats.wore-adjusted simply for vapor pressure control. Small.
amounts of specially synthesised aromatlc compounds were included from .

 time to'timo, but no rogular large scale usé of such aatarials e
E ‘ 'praeticeo;ﬂwa—romaticwesmrfdther_spécialﬁaddi:tim;ggrg_-gged.: A

~ _Oxidation. inhibitors were not used in the regular blended avia-.: [ ..
tion gasolines: ‘It will be seen ‘that the components were in genexal: - -
ot_f;-_ggcli’l‘mttire‘;that‘f’oxtdation—-irmibd.tion-~eh6, 1d .not. have bgen neces- -~ . .
'~ sary, lead deposition from :fuels was- an-operating . problem; however, .-
- but- no:—;hmibitors_-we;:o.med_ipr_'ij:_ss‘prevéht£6n;' This Ylead instabi- . .
1ity" was balioved ©o bo related to aromati¢ ctoptent, and fear of Jead
depogits was a reason for the limitation 'of the dromatic contents of . .

-

' The relative volumes of production:o6X thet -grades cannot.-be - -
accurately given,. but in the last war years the major volume, perhaps
_two-thirds (2/3) of the %otal, wes the C-3 grade, Every effort was
being made toward the end of the war to incroase “isoparaffin produc~:—
£ion so that C-2 volume could be-increased for fighter plane use. .

The isoparaffin usage in that grade had already been cut to o mini-

mim.

 In Table II are given the important 'RIM (Reichs Luftfahrtminis-
terium) spocifications for aviation gasolines supplied to the Air

e ;_6:_- [ ~--—.~‘-—~~-.-~ o




Iﬂniatry_ The oomplete aped.ﬁcation ahaot. is appendad. On tha.t m..ll
sheet are also given specifications for aircraft diesel fuel, (The-
subject of diesel fuel manufacture in Germany is being- moredbya
gi S;INavﬁn Tgchn:!.cal Mission in Burope Roport. eutitlod, German

esel Fu - o

- -'rm_n/. R

Distillation °F., igl’- = 10l dn nin
- mcant._______:l.é?_m
50 percent
90 -percent
Erp
'*Recovery—percentwolm :
- -~ Redd. Vaporw
Aromatic Content, pexrcent volume
Tetraatnyl Lead Content, . ' '
‘ porcazt volume 0.115 0.120 0.115 - 0.120
Ebhﬂmbibrmide Content, - - -~
percent—volm————m 0.053 0.0SO 0.053
Melting &m Op <76 pax. T =76 max, N
I.oadedOctaneNtmber(lbborlethod) . 89_nr.ln. . 95m:l.n |

““equal that of : a standard reference fuel, ouml:l.ed w the R.Lﬁ.j(.ﬁ —at & au

air-fuel ratios between 0,75 and. 1.3/ The following cbcument. t.nnamitted
- to the Bureau ot Shipa relates to apecitications Lo N

) I. Technische Lieferbeding\mgan fNr

- die Flugmotoren-Frontkraftstoffe. -
~ (RLM specifications for aviation
gasolines).
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~'-~f=~——~(2) di fferent-mammerst --by-the octane number, using & test vecy d.m:llar
w—the—B—P—B—.ﬂbtor—lcthod——and%a—Mm » =

ciricatiom ot M and c-3 tualn 1ncludo both octano mnba- and the

Octauo mmbu- was maa.sm-ed on the ono-cylinder "I.G. Prﬂmotor”
, ‘rhe techxﬂ.ca.l data for this engine are as follows: :

55”‘ L - 65 mm.
- "Volume - T 332 ce. . R
: Cmmmpt.ion at 900 m . : 600 oc. par hour

4.0 to 15.0

__Outdet. va.lva. clcaranoo (eold)
Outlet valve opan® . - . -
Outlet valve cloaea '

The' vp:l.wae obl'.a:l.n‘éd with thio I.G. test engine agree quite- cloaoly with '

- those-obtained qn-the. C.F.R,; ‘engine, - A1l values-given herein -for o= —
tane numbers, motor method, were determined on I.G.. engines, The test:-
conditiono formamtotaviatipnfud-wereas tonma: R

' coonng Meodium S Glyool -:and:l'lat.or o
"Cooling Medium fremporaturo 300°r. [N
Inlet 'rnperaturo of - S =
. Ignition ' 22° hntoré top ceubor
. 'Canpression Ratio S R -~ Start of "medium- - -

_ hea:gy" lmodd.ng _
W""—' * ) ’

-The- nixt.ure-reaponse curves of airéraft fuels were measured-on &
BN, (Bayerische Motorenwerke) 132-F single cylinder ehgine. Liqiid
in:)ection m employad and the following teat. eonditions were usod: :
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" Adr to Fuel Ratio
' Measurement of knock -

" There are attached on the following pages two (2) smll. photo-

——for-different-conponents-and-fuels. — — -

graphs which give several comparable mixture mmd v;].uu and plots .

o The m"h‘&‘pl“pfain'wrwﬁi?_ﬁcab!@l@)lg@nﬂb:’m,mﬂ e

~is motor method octane number). . ;_

_ The secand is a table with a title meaning "

-~ ——Outjuats LoiAromatic-Fuels®-
“method and research method octane numbers.,

14

-bensol is a:l.rcr;ft_vmel;,
~ cess"; Aromatisierungs means "
"~ ‘aromatic contents.") e

i S

" tures of 50 peycent volume of 73 octane number (

—t

/ The composition of C-3, with & high arcmatic content, resulted

in that gasoline having a good rich mixture (

——— P OTMANCO. n,_,fpergomqg,—RWMMQmwOQtMrauM+—~~ i
| « If more-isoparaffin. . -

mixture was not entirely satisfactory, however

less than 1,0) per-" '

~ had been included, the lean mixture performance would have been
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~ German aviation fuel quality pum.‘mmm-ﬁa_—w
. the C-3 blend. As isoparaffin contémt incressed, the aromatic cen- - == =
tent could simultanecusly have been decreased (by use of base stocks o
. a gasoline with increased héat content would hawve'resulted. However, . ' ;
because of the relatively grester ease-of manufasturing. aromatics, they
“were used in large quantity to help gain a satisfactory lean mixture
performance, with the result that rich mixture performance was not

-
e

. ' " of a"eatetytu‘sl 'to“j_“:mj,mtc’wm by mwmo “: :
- Tt was-econcluded from this work that for a safety fuel to be.effec- .

" tive, the-flash point must exceed 200 degreece fahrenheit and should

s - DO AN, She reghon. of 300 degrees fahrenheit. .

© Mixtures of gasoline and diosel oil :fractions-were-usod-as fuel. . . ..
- in 1944, but with increasing requirements efforts were being made to _
use higher mmz-wm—m@mngm@w S
for other.oritical uses. Tosts were in progress using materials from
the_sump phase and pre-hydrogenation steps in coal ‘hydrogenation.

.

L




imition

'rhe status towa.rd t.he ondot ﬂ_\q -war was that gasoline-rich -
" mdxtures were still being used with the higher boiling diluents beins
axvavailable mter:luauchthst thoblmdneb tho following specin

cations:. _ .

: (1) Viseosit.y naadnm 12 centistokds at -31 degrees tahrenhd:b
(or'mmdm centistokes at -J.; demoa fahrenheit.).- ‘rhe viaeouity

[P——

. B et oint ma - L GORXO0 tahrenhoitz—*(lb—m ’med
. inamtherinstancothatinpractioothomﬂmpourpointm-bo
' '“""‘""T‘“‘degreea 'fahrenheit and that no crystal appearance could ogcur above
' : es fahrenheit)., In a flight of one (1) to one and-one-half

: degreo
( ) houra, such as is m:per:!.eneod with- Jet- rmtwmmmu

(3*) The fuel shall burn. vdthm carbon fomtion. -
~—deposit carbon in the- combuation-chmber—and—the—turb&ne.—&mfﬁnic———
~oils are clean burning. and 1 therefore desired for Jet fuels, :
___the opinion in Germany that. the chenﬂ.ca.l charactorm hence burning -
. mportance th * porties as

(l.) Beating value min:lmm 18, 000 ‘BTU - per pound.
(5) Snlfur content ma.z:hmm 1.0 percent weight. o

.. .- Isoparaffins were. -yntheaizei

proceasoa 3—isobutylene.-polymerization . ed.

the polymer, and by alkylation of butylenes and isobutane,
two processes, alkylation was much the more important from the stand-

12~
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point of voluse jroduced, —Both of the above roceases have been ;.-
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~ " highly developed in America, &nd the German 2 jen “were not
more highly developed than present practice elsewhere, They are. .

e

- The production of isoparaffins other than_.those obtained from
tho two commercial processes was given extensive study. The synthesis
 of triptano was studied and a process was designed from this work, al-
though triptane iteelf is not the end product, “This devélopment is

The Lscmerization of norpil Gitane wa Deing CArried oubt COMEI=

i
Lo U

- cially-to supply iscbutane to alkylation. The commercial jrocess used

L m‘_—ia described in this section together with some new rescarch onthe R
. 4 armornd Attt or 4 ﬁ,_.-—- - *,‘___‘ - M‘i. . *m . . : : _.,.,,;_'_‘,- O

.

3 -and Folymer HYCQrogsnavion | |
- Tudvigshafen-Oppau, apd Heydebrek, .
. - Isobutyl alcchol was syntheaised directly from CO ond H, by the ]

nIsobutyl Synthese"” (deseribed in'U,
Furope Report titled "Synthesis of

. ,,,,,m.A._AV,_,oven-,-pmedpit.gtagﬁmiiggs_&qjq;@ﬂdesi'oea

“Mixtures © ~ani

gahrenheit and normal *

.
{

_______pressure. In this temperat
AL

ure interval a 95 percent conversion © N
ompanying

viel d—— o e

o _ d,—with-a amall acc y )
isol 16 e« A-one-pass operation was therefore employed. Iso-~
but, dehyde and water were goparated from the i{sobutylene by simple .
distilldtion. The aldehyde was hydrogenated to alcohol and recycled-
~ back to dehydration feed. ) S o _

Isobutylene ‘_trom the alcohol dehydration was compressed to 20 T
atmospheres, heated to 300 to 350 degress fahrenheit and polymerized
over a catalyst of 25 percent phosphoric acid on activated carboen,

____ Unpolymerized isobutylone was separated and recycled, and combined

- dimers and trimers-were-taken-overhead -in ‘a_second column, leaving
only a small amount of high boiling polymers as bottoms. The dimer-
trimer mixture was then hydrogenated under 200 atmospheres of Lo



thes:i.s of Iso

’ '*-::r"i!hydrOgen Wﬂat 660 deme. lahrenheit, u:l.ngm t.\mgnten niackol- i e

— - The hydrogenated Mm kno-n as-ET- no -or- m 1eoo—had t.he
ollowing propertics: R

Density at. 59° F. . .
nmu{a dNation, © F, I8P

Octane Bumber 'ith he35 ce, . o ‘
e - Totraethyl- Lead/gallon 115, P

S “Before the advent of the- a.‘l.kylation process, homylmmbes S
“‘_""““J“'ih‘gwced*w -fsobutano dehydrogenation at-Leuna, PS1its; and Schol=——
- Polymorization and polymer-hydrogenation systoms weore used to
, eonvert this isobutyleno to T-52, & prodict nearly identical te ET 0.

The processing of tho isobutylene to T=52 differed from the ET 110 T

eystem only in that., due to slightly ditterent teed eoupoait.ion, the -

. ..The following doc\ment s tranainit.ted to the Bureau of Sh.ipo ’
lates to this process: B ; ‘ '
~ I, Herstelhmg von Di. 1000 :
.. (Flow disgram of the ‘Di- 1000
- or ET. 1no. proceaa)

(b) gglat;!._og

'Although resedrch and development work on alkylation was. started . .
in Germany prior to 190, the commercial prodncﬁion of alkylate did not.
begin until 1943. Prior to that t.:i.me , Leuna, Politz, and Scholven had

R Y




| beg_podudn; uobntylcno w iiomano Waromm,

- In oarlgm,_then t.hroeﬂ.ant.m -till thoonly_gpgr_gtm
a.'l.gyutann uwnits, but plants were being ‘constructed in Wesseling, o
~-Brux,Bohlen;- and-El echhammer. —Had-thess. M&Mcmlﬁed o
and put into operation, Germany's alkylatse outturn would have men—-——

-about 5Qperoent abovo her achul atm.uod Mon.

Wm v
x I to this report describes dehy-
tion is~ diamuod e

_. o' butylens a:nqla:bo.

jed gas, but neatlymot

" %o ¢ ;
e eltmmrof aliylate 8t a-sacrifice in quality
. _ _optimum position on isoparaffin pmodm:tion,
on_lean mixture performance ral :
lower premium apparently because of the ralativeh greater
" of aromatics and arane.t.uing capaoity.

“The alkylation plants varied in a fow pespects only from those
- 5n-common ‘use-in America, (Complete plant descriptions are at.tanhed).
S Refrigeration of- th&reactor was._ acoomplinhed by evaporating C, from

"~ pure isobutanc, propared fyom reastor product-
.~ columns, was then used for reqycle to build up the :Laohntane to oleﬁn
- rotio, :
;e |

S~

5




,,aistedofantﬂngandeoolmg essal, : : :
the rofrigerating cycle, 2 d.rculat:lng pump, ad a timo tank. B~
. sion wWas recycled, and a portion of the emilsion was withdram to a
aet-t&ing—veaael,—bmxhioh.acid Mcycled back to the nd.x:l.n& ves-

The. :unporbaxrb opera.ting variables .md yiold t:lgurea tor a buty-
1ene plant employing the last described roactor system are sumnarised
4n-Table IIT.-— Triisobutylene -from EI 110 plants was used for alky-

lation feed vdun ava:llable, and the aliylate yield and quality were
ed when usg&tho oqutvalent mmt‘cf—*

1sobutylm

Regeneratim ot apent nn.mric ‘acid from™ mqlation was prac- "
WWMWMM alkylation
. acid was diluted to ca. 50 percent concentration, the liberated oil
' (t.ar) layer was ‘separated off, and the acid was reconcentrated in &
l(oaaol" to 93 or 9. porceut. acid. I waa then fortified with

'.l'ho tollowing docmenta, t.rannnﬂ.ttod t.o the &xreau of Shipe, ro- “
lato.to_allqlatims T

"“i“:'—.i‘—“ T P - - m,. Hu'tmmg hod*]omm U e s
‘ iagmfﬁiﬁehwfmrtc—durch
Alkylierung aliphat:l.schor Kohlms- i

o aere‘botto. ,,,Q._;

+ Leuna - or.. Pohl IT reporb of 6 Jan, 19&3)

Iv. Anqrnenmg - 4 ma

Leuna = _flow'! di_ggram of A].kylat:\.on P.l.ant.)

v. mqynervmg und Dpstmation —

Latma-roport by-Dr. -Strits-of about T
- April a9Wh) - |




_n-Butane, percent wt.

n-Butylene, percent wt,., #

Propane, percent wt. . ‘
Ratio Iaobutana to Olefin 1n Feed

?

Tanperature
- Fresh HaS0; Peed, ‘percent wtuaai.d '
nzso 1n Roeactor Acid Phase, percent wt. _ .
' o 08 to sk———
: Acid Consumption, lbs, uzwdgmm ‘ S o
of Aviation Alkylate . 0.80
R&tio ‘Isobutane, to Olefin - == - - - e
_h”mr e @8 95

.. .
cag

»
e

Yields Prodix ’
= Volumes Isobutane cmmdw . e
wvolume -Olefin Feed S le32 N
-——VOlunoa Aviation-Alkylate - R St
.t Wmﬁm - : - %#5
Octane Number (Motor Method) of ——
Aviation Alkylate, Unleaded — -
“Octane. Number, Leadsd with 4.35 ¢o
-Petracthyl Lead/gallon

. Aviation Alkylate,.percent volume of
" total .Debutanized Alkylate S
Composition of Aviation .A.'lkylate, percent volume
2,3 Dimethyl Butane : . » 6
Q,LMmethyl_Pentane T S 6

e —

2,24 Trdmthyl Pentane-. . = "~ 2

;3,10 Cote T 29
2,3,3 - ' " . ) ‘A . - I
Nopanes - : 10
*0f "hi"h alpha butylene is h3 percent and" beta butylene is 57

Car-.
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ke gnthoua of Isoparafnna (Cont'd.)

(c) Thﬂ Peg_ogtan mﬂnﬁa. S

__The premium value of triptane as an avistion guonno component
/m “Tecognized in Germany and much effort was put forth to.developa @ =
mothod for its synthesis, The most extensive study was maag”by are- '

aearcng:oup from J.G. = mw.n-m.%_,Agh_f_f;.:J_f,,,_;..,,_, B

Some triptane was first made by a Grignard reaction for tuting
to establish its anti-knock properties. In contemplating then whit
reaction could be used for its commercial production, the combination
of isopropyl chloride (chlorpropane-2) with isobutane was considersd,
Also; by the use of the-same type of roaction, it was considered-$hit
8 »6 thyL
butane, mother octane with ontatanding ant.i-lmock propertiee.

In 19h3 a program of at.\uhr of ths abm gge of reaction was undar-
laken.. Propyl chloride was first made by direct reaction of propane
and chlorine, using ultraviolet light as a catalyst. 4n 8:1 mol fatio
of propane to chlorine was fed into a vertical iron tube, down the cen-
- ter of which was a mercury arc tube. The feed-inlet temperature was-- -
-70 degrees fahrenheit and the heat of réaction was adeguate to raise
the temperature of the system to 14O degrees fahrenheit. A pressure
of 20 atmospheres was maintained to keep the system totally liquid, .
Under these conditions' complete reaction of the chlorine was obtained.
The product was fractionated, removing first hydrogen chloride, then
propane, and then scparating the two monochlor isonera. A",vary ‘amall
~ yield of residue remained, e

I S

14

The isopropyl chloride was ' reacted*with*isb’bm "at“32 degrees
fahrenheit, us:mg both ultravj.olet. light and a alurry -of a.lunimn
hioriac—as o3 a3y o One—pa SODYODY chlos ol DA - qx
isobutane, and one part of AlCl3 were agitated under ult'aviolet ‘1ight
until HC1 liberation subsided. The HCl was removed, then iscbutane was
separated, and the higher boiling materials were examined. No triptane
was ever found in the product, but essentially the entire yield was a7
- _mixture of_ isoparaffins boiling in the 190 to 370 degrees fahrenheit .- . _. .
range. About 50 percent of the yield was 2,2,3 trimethyl pentane, and
most of the product bolled between 210 and 230 degrees fahrenheit. The
. octans number of the total mixture was 96 to 98 and the r:l.oh mixture
rating exceeded that of 2, »U trimethyl pentane, .

L _'_.18: ** T




It wag: tdnnd that chlorpropho-ilm ﬁqnlnv as etfecuw as uo— /

react.tcn oonld be racycled 000000 .
o d - B;oed on propans and isobutane
feado,_anﬁo percenc uigh&yimtmumd—be_obmm

fhe 2Bove operation was proposed as a process and the prodnct was
named "Peroptan®. A plant. to'produce abeit 100 barrels per day was
. being.designed for construction at Ludwigshafen~Oppaa, but by early
1945 it not progressed boyond the .design stage. The plant was to“m
take. 1 chloride availabls at from 7 :
plant. . The Teactor for propy lchlorida-iq,obntmmtobacha _-
‘barxel _autoclave. The 190 to 370 degrees falirenheit fraction was.to
be ooparatad and given a puﬂ.m.ng tvdroaenatim cnr mnay ntckol
conlﬂ.md in thae traction. ' '

Iuobutwl chloride nm ter‘u.ary butyl cblorida were aho reaotad w .

"’"with. hpbuhna, fpnm‘wm general prooet i’;ﬁ_u‘jg.veh abowe .~
for propyl ohlorides. No 2,2,3,3 tetramethyl butane was ewrﬂdatemd ‘
in the. p:oducta. T4 was found that the products Crom the two butyl -- ;
_ chlorides were the same and; surprisingly, they were very similar to~ .

" the products from propyl chlou-id”o. .‘l'ha canpoai.t:l.m and qua:u.txen mo
not. simcanth di‘ferent. : R -

' mm—nommamwmmm
cou].d not be obta.ined. L . . 1.

mthen.se m.;my branohod parafﬁns mnada in

interest the - tcnmdngdocmantl,mmtwd to the mreau o: su.pa, ;o
relate to t{n chemiatry of theae atudies: . . :

. '”.' ) : .;- , .". .
e et .*__.__( IwG.+hﬂngMen—-review—by -
o Dr. Bisren of 22 @cteber 19L3).

- VIL. 2:2,3 n'ineﬂvlbutanpnd andere - -
verzweigte Kohlenwasserstoffe durch’
‘Hydrierung von mulvleeaigoaure

BT i




 (1.0.-Indwigsbafen - repart. by r.
- Busren of 15 ‘February 19LlL)

- VIII. Bie mchugaun naun upd Baut.anun-

lation haE been

mepmuewlmdamphuewmnmmm
I -3 Aatie reatly different- ﬁtho a=-

' m German reactors were operated at 200 to 210 dep'eeo t.hrenheit
-under-16-atmospheres-pressure. - The-normal- bntana—faed—eo—tbmm :
""eontumd -10-percent weight-HCl. - The-AlCly-catalyst-(technteal grade) -
was put into the peactors in crude lump form. At 200 degrees fahrens
heit and a liquid hourly. space velocity of 3,0-(volumes gLl - DOTWA
butane ‘per -volume-of-catalyst-per-hour),-a-conversion-of c&,- S&W-
' cent was obtained and a 96 percent weight recovery of total Cj was
. -obtained. The aluminum chloride. eonampt:l.on was not above. del percent
anhydrous Hc1 was 0.6 percenf we:lght.

n 'me conversion &t nomal to uobutune eon‘.[i Fe?;nmm uo, o

but the Cj, FecoVery ¢ to e pernt 1ght andt o
tion ased somewhat, : ' ‘ :

‘There are .attached gquite complete. doscripﬁons and a ﬂcm d:l.agran
-of the process, —The-reactor-design described-is intere S
aluminum chloride catalyst was put in on*tcp*afraectiun*ot*ﬂuchig T T
rings, and both below ‘the rings and above  the catalyst layers there - : '
were large free spaces (volumes) in the vertical reactor. The feed
butane-HC1l mixture entered the bottom of the reactor and flowed upward.
As the catalyst formed lvdrocarbon complems, 4t began to fluidize and




L. Synthesis of Iab&_{nna gdHCont'd.z R R

“yun down over the surface of tha”na“"chig w.»-. e " By 8Supply N~ ade=
__gmja_hgigh&_qﬁmg_lm;,_tg "the bottom and

' . off into the reactor free space was eapletel,y spant. -The spent li-
-~ quid-collected-in the bottom head of the-reactor-and was withdrawn. . = !
. - I m—mm—wm~ommtmm—u azope of — ——

- T T safter reaction® in which sublimed- oata‘hrat would react with the bu- .
: tane- MTEWWWWW

ba carried out as sublimed AlCl3. (In practice this was not quite rea-
lised and‘1C1l, did carry over, daqai‘.ng condensar hxbo plugging )

Although mm-moﬁriﬁ‘ﬁ“ﬂmm*mm , ——
- actar, condenser, PiPinGs etc., on:l;r J.ow ea.rbon ateela were nvailable. Cre

s

'buf.with goodot teed, corrosion mnoeeriona operat:lng
r--f-~problen. S s .

ﬂ the proceu hadbeen extens:l.va]y studiqd_in tha J.aboratory

S .,,,~,d.“0fﬁtechnica1_1nterm_‘laa_ame_ren h conducted by T.Ge=leuna
.. - . ..and by the Kaiser mlhelm Inatitutain :Lnon the iaaner.t.uon of !
T * Cg" paratfi.na. o . _ —

o auane nmrizationmnarrj.ed ,out.von a. nomal hexane_mmcn I AN
(frcm Fischer-Iropsch) at I.G.-~lcuna, A 50 atmosphere pressure of _ '
_;"_,‘m—applied;‘and*the ;ﬁ,_atn-e*m—lﬁoto 175 dagteeofah——«—% —

cawmmu—mw—mwm—wwa
.. _with SkGl3 or chlorinated gggooarbons or phosgene to obtain a liquid

*fﬁj&pm—mmmmmmm‘ ﬁio?“‘t R
- ' “with ‘s contact time of S-hours gave a 70 pércent conversion, and the - S
approximate yield structure was 15 percent weight of 2,2 dipethyl bu-

L . tane, 10 percent weight of: 2,3 dimethyl butane, 10 percent weight of 3
T -methyl pentane, .15 percent weight of 2 methyl pentane, 30 percent’ : .
_ weight unconverted normal hexane, ‘and 20 percent weight of C),, Cy¢ and '

.~ other components. (Ethane and propane were usually absent : th§
%ﬁ - - ——products-produced by - crack:tng-# ~1eobutawm—the—m$a—preéuet—ot————-—w~
; diaproportionat.ion reactiona) :

: l1ess - craold.ng is-obtained tﬁ—parafﬁn—iameriuuonmwtlro- ;;,,,;_:;',.'_-;__f.i
‘gen pressure is high and temperature is low, Of course, as tamperature !
is lowered a longor contact time is required in order to attain a g:l.van ‘ . l

l.ﬁf___ . S fmmiﬁmfm“ e _21__f‘gA‘»; . o A/)4~ 




R ¢ ¢ am—m:pertmnm—mammms—of tvdrogen 160 4 -
175 degrees’ falmrenliéit, Oe2 Mols of - M.cl ~and 72 mols of HCl- per-mol“of“ T T

- ‘normal hexane, and a contact time of amt 18 hours, a 90“peroent eon-

__version of normaLmeaneﬁmwohtama«L “very little c:acking_
proportionation ocourred. Based on total hoxanes, the yield was 5?
percent of 2,2 dimethyl butane, 9 percent of 2,3 dimethyl mtane, 31
percent of a mixture-of the two met!vl pent.anea, and-3 peroeut of un=-
conver‘hed normal hexane.

o :
| I.G. consider that the praoucal applicationmof nomalhexana
convarsiou, and t.hey eaumated that atsuch a conversionfbhe dimaﬂvl

) qu ;I.gomrs would be more than half ot ths tot.al isomer y.leId.

' Isomerization of normal mttﬂte’d—mﬂar—lwdrwr
sures up to several hundred atmospheres. It was found irmpossible even

under these conditions to a.vo:l.d substantial craeld.ng of heptane in oon—
tact with nc13. CC T e o

. \i " Ihe produsticn of branched hexanes by the isamerization of cvolo-
hexane was studied. Cyclohexans was contacted with 15 percent :
of ‘1"13 ‘and -7 percent weight of anhydrons HCl in the pregence of -

- ___atmospl s_of hydrogens At & temperature of 210 degrees fahrenhai.t
and a contact time of 6 hours, the product obtained was a i e of
one percent uggghtmw&%ﬂvl—mm,ﬂﬁ

cent of 2,3 di.matbyl butane, 18 percént of a mixture of 2 and 3 methyl

—pen t-of normal-hexane, a-small :amun#o&mth‘ :

cyclopentane, “and_the rest Was unconvertéd « qrclohexane It was_stated ‘ o
MWMM%M o-untiw S
changed from the operat.ion. o , ' N «

The following documenta tramm.tted to the mmau of sh:l.ps, relate
Yo paratfindsmerizaﬁonz — |

- Die Isanariaierung ‘von n-Butan .
mit AlCl

(1.0, - ?auna reboit. by Dr.
—Pohl TI; etcof - 22%&\1&17 19!.




—(I.G.~1puna - fiow diagranm of |
__butane isomerisation plamt): -

Isomerisation. = !

, {I.G-~lsuna———report-hy-Dr,—Strats - : S

-+ - T 1 N
X1I. ?ber Imriaierungvon Pcrdtimn. | 4

. -({KWI = Mulheim oopy of speech by -

S .br. Koch on 2l June MWL3I). T T

Since isoparaffins constituted only 10 to 15 percent volume of C-3
gasoline and none of Belj, and since components-other than synthetic._iso- - .-
paraffins and base stocks were used on small quantities-in—these —
aviation fuels, the base stocks themselves then consisted at least 8s

percent of Germany's total aviation gasoline volume.

- -Most-of those base stocks originated in coal -and coal tar hydro- . ...
gonation plants. Only & very small volume of carefully selected . .. . . .. .
petroleun fractions was blended direotly into aviation gasolings. - The
layge high pressure mewm'avmﬁgmu, —
 Briix, Gelsenkirchen, Bohlen, Magdeburg, Blechhammer, and Wessetling all
. produced aviation base stocks. These plants consist. of three stages-of
—______ hydrogenation, it (sump) phase being the bulk destruction opora~-—
tion to produce an intermediate boiling distillate-from the SR
R ‘V:V"‘{ - _713575-'177’?3%—2 v-,»’::'.:,..,,,A_;:;s.,qg“, "L _,...___:_ -8 PUrlily: _g_g;:-,:_:g;_4;:;::_:—%_W’ -
T e and»thathirdbeingaﬁnelvdrogenauonxwpprodud.ngdireaﬂy(u .
] - bod.nmg?gqvet.he gasoline end point is recycled back-to the thira ~
stage feeds .- . i T S :

- - The B-Ii aviation gasoline’of Germany was this hydrogenated gaso- - -
~___1ine, stabilized to the specified vapor prossure {(refer Tabls II).
. The quality varied somewhat, depending upon ths raw material to hydro-
_. genation, and individual gasolines needed some quality correction, =
either with small amounts of isoparaffin or outside base stocks. In - |
general, however, the straight hydrogenation gasoline s constituted the
total supply of B=i quality. —In Table IV are- given-a foew-average data

_l_;,, PR
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-.fopr— tmsewgaaonms-obw—trm—tm_an
~plant- feeda, a11 of which were- used-4in ‘Germany- during the war.

Pt bo o 1 g;_;_,_ B ‘_ﬂ_ﬁm_msm——arm~*3%5ﬂ“‘"’
A&'dr E 2 Ooalw'w coa]_ Coal Tad® co‘lw

._B-hnues.t.ocl;_ o | |
Density at S9°F. o 04723 _ 04730 0.725 _ 0.725
Volumspercent-Distillsd— '

. at 212°F. : RE 65 57 S8 65
End Point,CF. 270 308 . 302 320 |
Paraffin COn‘bent, percent volune S3 Lo 60 ) '37 _
.. Naphthene = J.z_“ _“~_52_Q_39 {9 ]
* Aromatic and “olstan . - o N
~ Content, percent volumc ' -5 - 8 10
’_‘_-A——”-:”"”V "7$’—-—m h‘n um! ’ %w" - - - — :
‘Method, Unleaded L.
.Octane : Rumber,. uotgr L
Mathod;—with-L35-cc— :
| mmtw1~ma¢/m10n 90— 9k B A

Wot the hi.gh*quanw 85 percent: ‘base" ctock component %“ B
involved additional g of the hydro=-
~genated gaoo].ims. In order to obtain gasolines that were high in anti-
knock performance throughout the uhole range of a:l.r-tml ratios, aroma-
td.s:l.ng processes were mvoked. o '

U P P

By apply:l.ng a particular ot operating conditiona to the second
| atage of -hydrogenation, the 1-=-Welhein installation produced a -
-\ high aromatic content base stock directly. Distillate from the sump
- phase hydrogenation of coal tar pitch-was fed to-a second stage opera-:
——ting at ‘700 atmospheres pressure_over a new catalyat containing molybe:
denum, chromium, and lead on an inert carrier, At 930 degrees fahrene.
heit and in one step, a 350 degrees fahrenheit -end point gasoline was
produced which contained 4O to LS percent volume aromatics and which was
used directly as the base stock :Lngredient. of C=3 gasoline. This base

<2l




'—gallon—:lt—vu—se
" - in hydrogenation plants a highly- aromatic aviation guoltna~bm
stock was a new development in Gerwany and was-
It ia likely that appncationa to locats.ona other than 'ﬂalbem would ;

Berhapa the nosf. 1uportant aronauaing operatton was the 'DHD ‘
- Process", an operation used on hydrogenated gasoline to inorease their ,
_aronatic contents, Hydroforming was also used, but on a small scale .
_only._ Catalytic. _cracking was studied but no p].ant was_in operation, e
Alao‘ aavaral proceases wore in operation mthea:l.mg :I.ndividnal A

There arediscuasad below these proeeues and theircon— -
u':l.bnt:l.ona tao the German avuuon gaaonne oupply. - .

(a) The DHIS Procesa. . ——

‘ The DHD procesa (n_alwdrierung unter Druck or detvdrogeuaucn
under ‘pressure) was doveloped bty I1.0. in Iudwigshafen. It was a :
catalytic process for increasing the aromatic content of a gasoline, -
through both naphthene dervdrogenation and paraffin cycluatd.on. ,

- Wthrmﬂbftha“m“thanﬁnra tonr— k)'DﬂDTlmWo rut.i e
.deigaha.ten, zanna, Scholvan and. ran eombined ‘intake capacity :

about t.en (10) other DHD planta and pl.a.nt extemions planned which

T ] A'

mcme of t.heir high naphthena contanta, gaaonnes trom atein
coal and stein cral tars werc preforred feeds to DHD. Ry alter:lng
cperating conditions to encourage paraffin cycliszation as well as
naphthene dehydrogenation, gasolines from brown coal brown coal

- tars were also greatly increased in- aronaﬁ.c content"by"tﬁia operdﬁon.

The foed gasolines to the process had end points of about 360 .
-~ degrees fahrenheit, Thesc feeds wore first stabilized to remowe ca.
15 pereent volume cverhead which was t.he non-naphthene containi.ng




JMHWMM reqrc]ad twdrogen ga.o Wn
— ;eed-pmduefrheamchmgerMahpmMr which raised the tempera-
ture to 930 dagrees fahrenheit, The vapor mixture-entered tha_top—of —
t.he r.i.rat of a eeries of five (S5) reactou. . The cperating pressure
: pheres—tota. sh nospheres was the hydrogen - -
: partl.al preasure, nhen Wﬁed“gﬂtﬂ,i}}_a‘oﬂgm&frW—coal_*__w_' —
(or.its tar). For stein coal gasolines, the total pressure was 50 L
atmospheres, of which 35 was lvdrogan. (The lower pressure with -
_brown coal mataeriala was \ued encomge paraffin cycusation). '

~The. react.or 8 were ﬁnﬂd m a catmt—conauung_o‘_m mmm"t T e

1 LD IOK]

(Catalyse was made from WTonerdo® (hydrated olunina earth).
,,was f:l.rst d:l.aaolve d in gaus en p _cipd.tatad at 12001'.,‘1&“ '

. up to an 80 percent Al203 eoncentrat.ion, ‘
cubee , and calcined at SLO°F. ~The catalyst cubes were t.han waabad
with an ammonium molybdate solution of such coneenmﬁ.on that the
__final dried catalyst contained 10 percent wt, of Mo 9130 catalyst
was dried at hOOO for a short period and then at™ 5 —until-all--
ammonia liberation ceased. The apparent ‘density of the finished cata-
_lyst was about 0.8. ) Each reactor contained about 280 cubic feet of
catalyst. The reactors had steel sholls Iined with fire brick-and-an
mrn&—wwm—n&ateel. ‘The space velocity amployed wag about 0.5
‘volumes of B.quid Fecd permwcm& : '
»—hour~—--—~ R

~ The endothermic heat ot—rgxcttommd—the—m $ure—to_drop -
from 930 degrees fahrenheit at the top.of the first. reactor to 84O
degrees Tahrenheit Wmﬁw' -
plied after each of the first four reactors, raising the temperature
back to 930 degrees fahrenheit at the top of the- second and third re-
actors. With the extent of reaction subsiding, the- entering- tenpera—
ture in the fourth reactor was raised to 950 degrees fahrenheit, its.'
oxit tomperature-was-ca;-930-degree s_fahrenheit, and the fifth reac-
tor feed was 970 degrees fahrenheit. wlth very 1little temperature drop

' j’f'occnrrin._, through it. : -

A ‘sixth reactor was used for satnration of oleﬁ.ns. Lfter leav- -
ing the fifth reactor, the temperature was lowered to.about 650 degreea _

-26-
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fahrenheit. Wﬁmwnwmm{awmmtnz__*
the hottom fifth which was f11led-with Flprida earth . '

— AL ter -0 hours- otopenuonwnﬁbrmwooal:guome;-:or—iSQ_—bom
with stein coal Eucta,: a regeneration: for carbon removal was neces-
8ax hour period was required for the complete regenera-
tion, W‘R‘WWQWW
and loit the ’téﬁpe’ratm“‘to’.'a"”m-*otv-—hoso-degmuftahunheit.., B
The carbon deposition.on catalyst was equivalent to about one percent
weight of brown coal gasoline amd 0.1 percent weight of stein coal
' gésbnng;”vhtob‘comuponded—to—*a—co_ha—conwnt—wamutmnt;f of
T ___about 3 pevcent weight. - — ' :

. —_whe-1ife-of the catalyst was at least a year and perhaps would
_become _considerably longer with more operating experience. Sulfur
‘wad_a definite catalyst poison, but this was & problem in Germany-om=

the lowest possibls sulfur content

should be chosen ,
. oporating under the above described conditions, the yield of -
" redistilled, stabiliged gasoline was 75 to 85 porcent bty weight of - = - -

the stabilized gasoline fed.to the DD unit proper. (The bigher
yield was obtained from stein coal gasolines).

The DHD outturn contained 65 percent volume of arcmatics, 8o '
. - ordginal 1S percent of low boiling fraction was re-.
_gasoline contained about 50 percent volums of -
The overall weight yield, based on the original hydror=
genated gasoline, was therefore 78 to 87 percent, and the corres-
ponding volune yield figures were 75 to 83 percent.

-

~The final produst from this DHD operation had—the-followd }20wing
average properties: ' . o : ,

. Density at 59° F. . 0,780
o : .Volume pereent distilling -,
S -0 00 - .
- End Point, ©° F. :
. Paraffins, percent volume._.. ...
__Naphthenes, percent volume - -
Aromatics, percent volume B
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_szheaie o!‘ Aromatica and Prodnction of Base Stockc a c

" olefins, pm zm m loss than 0.5
‘ od,

unlesded

nmh.aSoo.mu-aewl IREEE S

~ ot Nunber; Moor Methody  ——— — — - -

= 92
~Ootane “Number, Motor Method, .

unlsaded, of Residual Oil -
_after Arcnattc Extraction - 70

nwre appeara on the fonowl.ng pago & photostat of an T8 ~1’abn-—-~—

—lation showing- the properties of DHD gaaonnea mada from various raw

m.

 _Acopy of a speech by Dr. Pler of 1.0 in 1941 was transmitted
to-the-Bureau of Ships. - 'l‘his pwgima some ot 4he~backgrm o

Y Al aviatvtliion gasoilxanoe o B nzes telh AWK A,7 TR, =\ \l[\ﬂuuln

posit:l.on existing at the end of the warc - o .

. XIII. .. Over. niegerbena:me und :i.hre
. ""'f”f‘_"‘7”"1‘”’7" . Harstellung——

( I.G.-mhafen'-speecht{].
Dr. Pier on 21 November 19 )

There. was alao transmitted tho fonowing documnt descri.bug the

DHD-process: s M,J- = - :
» : 2 . T
.

: IIV. Techniache Entwlcklnng dea"'mm- T
-Verfahrens.,

~ (I.G.~Indwigshafen-Report of

1§J)ctohet 19112)

(b) Hydroforming.

There wero- tlcv(a) lwﬁro!‘oming planta_tn_operatiomin_ﬂemn S ,,

. -territory, Both were located in the Moosbierbaum refine
" Vienna. A4 straight run petroloum gasoline boiling from ;I “to0 330
degrees fahrenheit was hydroformed in conventional discontinuous -
units. (The process and design data were obtained: -from America. )
- Both Roumanian and Austrian- crudes-were- proeeased ‘at this refinery.

28~
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mmummwwsowu Mranhe:ltand : a0 _ , ,
 oity was 0.5 volumes of oil per volume of catalyst perhonr '!ha S
catalyst was 5 to 10 percent weight MoO3 on aluming,~ - S

{

U the operating cycle was from 17 to 30 hourj_!it.h L 9 hom raqnired
for regenerat.:lon.

kwﬂmfomdproductmmdint!ammrumm ,
gaaonne; 1.0., 88 the base stock Yor c-3 grade aviation gasdlime.

"

caldataforthe

i " Yield Data-

Gasoline, percont wt,
Redistillation Residus; perce.
S — ,AT,,,,cha',—pa:cent._mh. -

pereentrw%.
gutane. perce wt,

atane, percent wi,
Total '
Analytical Data
‘Density at 68° P.
,‘Distillation, g Fo, IeBePe
Diaﬁ.llaﬁon, Fo’ ‘Bnd "Point LT T e
Distilled at 212 F., percent v°1une
"~ pistilled at 320° F¢, percent Volume
. .Olefin -Content, percent Volume :

Aromatic- Content, percent Volume
Naphthene Content, percent. volume
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Bsid‘ Vapor Pressure, lbs. R

-~ Octane. Mumber, Motor Nethod, with L35 co.

_Tetrasthyl

oo ‘
- XV: HF-Verfahren und mhgg_looabierbaun. :

~_(I.G. = Jeuna = TOport. mnrﬁna—~ T

—O

.\ and Sehopau produced togsther about 300 barrels per

Y=Y b le q wesey

terial, named “Rybol", as a . > manufa
' pensene was alkylated with e the product,

diethyl benzene,
of the diethyl compound together with a snall amount of higher boil=
?Galngﬁﬁedﬁengenee. mis fraction boiled from 325 to 350 degrees

4 cumene (iscpropyl benzene) was being made, but one installa-

\ tion was being considered for producing a mixtus ‘of .alkyl bensenes
which would have contained cumene, Propane was to have been cracked
thernally, yielding ethylene and propylene, and the olefins would
then have been selectively absorbed with a copper rii trate=ethanol -

amine solution. The mixed olefins were to be used to alkylate .bensens,

-31-




gtjnachnioal interest i a new Oermn procesa, devalopod‘ﬁf. nem

applied -on large commercial scale, to dealkylate high boiling arcmatics

- and reduse thelr boiling points down into-the gasoline range, The pro= - . —

ceos; known as the "Arobdn Verfahren®, was considered for application
on high aromatic content hydroforming and DHD residucs boiling fron 3LO
to perhaps 600 degrees fahrenheit (50 percent points of’ca. 380 dagrees

fahranheit). A catalyst of synthetic alumimm silicats. containing one
W —-at-a-te
ahrenheit and under & hydrogen pressure of 200 atmospheres. At a

“space welocity of onc volume total liquid feed (of which 50 percent is . |
recycle) per volume catalyst per hour, an 85 to 87 percent weight yield a
-of 330 degrees fahrenheit end point produst containing 70-percent vol= -

—-une aromatics was obtalned. A hydrogen conswrption equal to Jporeenf
weight of the product gaaonna was incurred, Through the use of the
‘high hydrogen pressure, coke daposition on the catalyst wmas very low

and long operating cycles (i.e., soveral hundred-hours) ware predicted.

In mmmmjﬂenmcuuw t;h:la

Operat:i.on. - '

Mnmmwmwmm
' lajg_j@__t-ma ij;Lecta :

A pem S

iVII Das Arobin - Verfahren.

(1.G. ~ Isuna -~ -report by Dr. Wls

, mmmhsa. -

~

(I.G.-Iauna-material now diagran
of 13 July 19h3) :

XIX‘ ‘Bericht \iber d.te erste T
v .._ Fohrperiode des Arobinofens. . _ .. .
‘ (X G.-Ieuna—memorandmn of - :




'“—wxnurwﬁ; ’

" Yield and Analytical Data on Fbed and Producta “of Arobin Process.

neld, Percant m-.. -

(Ya“ionna‘““ T T T T 00 0 TR el AT

ﬁon’ QFQ’ I.B.P.
50 percent-

" E.P.

e Ammﬁcjontent, percent vo].uma -

Naphthane-Content, percent wvolume
—Paraffin Content; percemt—volume

(d) catglﬁic Cracling.

mere ‘were no commercial scale catalytic cracking unita m opera-

tion 1n Oerman areas. One was being planned for oporation—at-lMoosbier-

bam in. Auatria, a. p].ant to carry out, an operation mferred to as cata-

on, and a large

| undergronnd reﬁnery planned” fo tiiedersachmrfen (near Nordhauaen)
- to have a cata,lytic um.t.# R -

-

The Moosbierbaum and Niedersachswerren uni.t.s wore to process orude
- ol fractions to produce aviation gasoline base stocks. The development

 work on the process was done by I.G. at Ieuna, and a large pilot plant
had been built at- Deu.ben (south of Leuna). ‘
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~a'l

-~ cation was-quite-similar- -the-TCC-process_in uge_in America. A&
silica-alumina catalyst, in the form of small spheres, was to be used
_at a temperature of B0 degrees fahrenheit and atmospheric pressure to

crack straight run gas oll boiling up to about 750 degrees fghremheit, -
- The silica=alumina catalyst was made as follows: (4 caustic aluminate . = -
‘solution was acidified at 220° F., with nitric acid to a pH of 6,5.  The .
Al; itate was washed. free of sodium ion and dried at 210° F., %o o
a water content of 25 to 30 percent wt. The dried Alp03 was then mixed
" with 15 percent of its weight of 510z (Kieselguhr ). The mixed oxides -
—were-thén-ground until 90-percent passed through a screen containing
10,000 epenings per meter, The powder was moistened with water acidi=—
fied E 75 § 1l X LY c acd ,' el .--bt'. and —then neavea—tvo—ao U ,,,,”A_, Por 24—
hours. It was extruded into cylindrical pellets, and put bétween two .-
of ca. 02 inchos diameter, The spheres then were heated at 750 to
8,0° F., for 8 to 12 hours.) The main yleld was to be a 3LO degrees .
fahrenheit end point distillate for use directly, without repassing or— =~ -
E— ,,ﬁ,v_,,__,_btmg_mmt,mmw‘:é.mﬂm:gaggliae_-::L§Q~Pel‘-°ent~"318ht—»~; S et
yield of this fraction, a 3 percent weight.-yield of hydrogen plus me- _ :
on feed, wero anticipated. A conversion of 50 percent volume; lsesy a8
— m—&gappe;ramefof—m-m%)_om_feedmu_MMhQLM—— ey
_ was expected while employing a space Yelocity of 006 volumss of liquid
. . feed per volume of catalyst (in reactor) per how - e

.

" Catalyst regeneration was to be carried out at a temperature mot—— - -— -
. exceeding 1020 degrees fahrenheit. | R

—____ The plant design was to employ one catalyst elevator only. The
_ regenerator would be mounted directly above the reactor, and rogeners
" ated catalyst would be dropped directly through control valves-into ..

the top of the reactore _ cataly : he—reactor

would then be elevated to the top of the regenerator.

- A set of test data was reported for the oatalytic cracking of 355 ..
to 670 degrees fahrenheit fraction from a mixed base crude, using a— "~
0.5 space velocity and 790 degrees fahrenheit reactor temperature. A

36 percent weight yield of 330 degrees fahrenheit end poinp gasoline

was obtained which contained 20 percent weight aromatics and 4 percent
weight olefins. The unleaded octane number was 75, and with L.35 cubic
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g tetrasthy sad l’l 1lon u—%——'ﬂqe—m
boili.ng canponents throngh butanes was 6.7 pereent we:!.ght of which 3.1
percent was isobutane, .

) It was the opinion of noat Geman tcchniesl peopla :l.nterrogated :
. that catalytic cracking of the above type or of- threﬂanlmd
i 4in America, oould- hava—enlv—nntted appneatiena in mepe.-_m._pnmu__,w ST
was being considered during the war only because it represented a method o i
of making aviation gasoline directly” from crude oil fractions. (The
hydrogenation of such fractions of crude ‘011 does not give: nigh quality
- gasolines)s —Catalytic-ocracking-is not. ' : neableﬁ:boycg;e;:-; =
tars directly because of high wbon—dapostuonmtayst,—m—w
. process haa no ebﬁonu appucaﬁen in hig pneesure

_ m_:to;l.law:l.ng “documents transmitted to mﬂrﬂnprpezb-
__tain to this process of oata]ytic cracld.ng: -

o O Flugbenzin~durch~xatalyuschu Kracken. e,
(I.G.—Iauna—report w nr. Xanfnann of
u]lelIZl- . .

XXI. F—le'—magramot—LG.—&pedmntal
) Cata.lytie cracld.ng Unit.

| DA —parutﬁ:n reai;dnarof

N *nmcwwmm
“chemical syntheses., 4 plant was being conatructaed at’ Hol‘hen ‘on the ba= "
sis of development werk carr:led out there., - T

... The reaction was—depd.p-d to*obtai.n the nmimmﬁeld~of-~1ew boi.l- D -
-~ ing olefins for synthesis of high- octane avis 43 23
~ It had been concluded. that the normal paraffi.na ‘did not reap
“quately to conventional ecatalytic cracking, that- 4their isomerisatiorn T
was not a promising possibility, and hence :that destruction to low boil-‘;_
‘ing molecules (synthesia raw materials) over a catalyst was the most ‘
a’otractdve ‘method of converting them to high performance fuels.

. The Operatien was to be at low (atmospheric) pressure and 930 de-
grees fahrenheit over a synthetic silica-alumina catalyst of 0.7 appar-

._n&dea&i%y-—&-hq&d—spme_xeloenw_of.nau_o.l_m to beﬁx,nplqved in
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5. Synthesis of Aromatics and "Pro‘dixetion”"o ‘Base’ Btocks d)(Cont'd.

—order _to obta mnverston—per—paﬂﬂ—(-d%&aﬁpemee—f;omt&_e
original boili.ng range) of a 3L0 to 660 degrees fahrenheit Fischer=

" Tropsch fraction. Of the converted feed material, 75-percent appeared
as C3, C}, and Cg fractions, ~—of which-about-90-percen$-were olefins. Gas=
,,oli.ne was _only 15 percent of the conver‘bed yield, . T

' By employihg -arecycle; a 75" peroent weigh‘b ultima.te yi.eld of us-
~ able materials could be realized.

 The process ‘was to be discontinuous, with catalyst regeneradion - T
gfter-operaung—cyeles of-20-to-25 minutes. . The carbon. yleld was esti= . -
6 be 1.5 percent weight™ of reactor feed, o S

~-In ‘Table VI":[":Lé given a set of of'yield and product ooupoaition
. Waﬁo:ofjhis—oper& Laﬁrepou_hpmthhend.e.
which_deacrihen_qui&e,opuplefa]y the development of the process and 1% — =
_planned application, was forwarded to. the Bureau of Ships:s T *

IXII. Herstellung von Isogasolen . . .-
' und Flugbenzin aus Synthese- -
—produkten.. - - ... .

~——f(1a;hrohenﬂ.e_nepou_by_m
xoluggin January 19L3).

- —--Y¥ield-and Product Miuon Data - Ruhrchemie Catw_‘__ B

 Feed to process is Fiacher-'l‘ropsch ‘fraction of 3h0 to 660 degzwaee fahren-‘
beit boiling ranges R e T

4

-—-Yields- of -Components,— - —— -
Percent wt. of Feed ﬁ

Total Conversion . ko percend wt, of feed
Gasoline (Cg to cae 320 "F.) “ 6-8 . B
CS Fraeti.on . : L 746946
Cf Fractlon - 10-12
Fraction i - 8=10
02 Fraction 2-2.8
_Methanc & Hydrogen. Ouli~0.8
Coke . : lod“‘lob




- Yield and Prod uct Composition Data = Ruhr chemie Cataly ccra.cld_.gg_._
Oleﬁé.??““#*a#. percent volume — _

 Iso~Contents, percent volume

- ~Cg Paraffins -
Cg Olefins
oy Paraffins

6. .conclu'aions.',__zr e

{a)—The maximum rate-of production-of-total aviation gasolines = . ..
achie vad*‘:w“Germ o ATy ‘&.‘lﬂ ng-the -war'ﬂié:z‘cﬁghlyl%mm; "bam‘la:wr:w;:::,:;_'.:,:_, LTI LI
of which essentially” the entire volume came from coal and coal tar hy- '
drogenation plants. Of this.total volume of liquid, about 10 percent
was synthetic uopa*ﬁirttnu,—"hﬁ—percenﬁas—mgh—armﬁc—content-bm

aleaile D L&l -*.1®

- seere——— - the remaining-56-percent-was-almost-e ntirely- hydrogenati
_lines of aviation gasoline endpoint and-volatility.

() —wo_gradon of aviation gascline mere produced, one with & -
-~~~ motor-method octane number of 91, and_the other of 95. The former,

labeled B~k (blue) contained about 10 percent volume aromatics, while

- theIatter, known as—C-3—{green), contained about hO percent volume i
~ T mromatics and would thus allow much highér power output under rich-mlx-——— -
" “ture conditions. - Both grades contained 1,35 cc. tetra-ethyl lead per — =
gallon (American). The 50 percent distilled specifications were 221

" ‘and 230 degrees fahrenheit, for B-L and C-3, respectively. .

. (¢) The B4 grade was produced directly. by the addition of tetra-
ethyl lead to the entire liquid product from the large coal and ccal
tar hydrogenation plants. The volatility was adjusted to about 7 pounds
Reid wvapor pressure hy stabilizing and no further refining or blending

1
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6 Conclusions (c)(Cont.'d.)

" was done. '

(d) 'I'he c-3 grade was a leaded blend of about 15 percent volmne _
" of synthetic isoparaffins and 85 percent volume of a base stock contain-
ing 5 %o 50 percent volume aromatics, produced by further processing of ,
_____a hydrogenated gasoline almost identical to unleaded B-h. The C=3 grade . ...
~ represbtnted at-least two-thirds (2/3) of the. combined ‘volume. of the two.
- grades; - : R T

(e) Small amounts of synthetic aromatic compounds such aa diethyl .
] benzene, werc used-as components, but with unimportant exceptions, no o
~—additlves or camponents other than those mentioned above were included

in the comwhitozmmmmw

(£f) Had raw materiala and manufacturing faci]:lties been available s
——more-igoparaf! , Y - produced—to=improve—the lean mixt ———
performance of both grades and, ultimately, to allow a decrease in the -
aromatic. content of the C-3 grade, The -rich -mixture performance -of the
gasolines was satistactory for engines being bu:i.lt and uaed.

(g) Synthetic :Lsopa.rafrins were m&nufaotured primarily by the ,
_alkylation of- bu'lzrlenea_andiaohutaue‘;‘t:&md.sobutylene_polymﬁzm-w: P
tion and polymer hydrogenation was being carried out. No propylene:or
amylene alkylation was being done, No triptane synthesis had been de- = ,
e ~-————Yebped,—aﬂd—n°—1Swaffin—syntheaea—other—than—those—mentioned*abovs— e

vwere—bei:ngjaed.————

: C : (h)'_ Isobutylene for .po]yme:d.zation was made by detwdrogenation‘
of 1sobutyl alcohol which was synthesized directly from carbon monéxids
~and hydrogen, Normal butylene for alkylation was produced by - oatalyti.c SRS
~ dehydrogenation of normal butanc produced by the coal and tar hydrogena- =
_ tion plants,  Isobutane for alkylation came in part directly from the -
_h.ydrogenat:l.on plants and in J:art m' cat_a;nig_iaemezmat.ign_of_snme_qf___ .

—the~norml butane - _ x T e

(i) To produce the bulk of high aromatic content ba.se atock used
- in C=3y a process known as DHD was employed. This process produced
. aromatics both by dehydrogenation of naphthemes and by cycligzation of
paraffins, Hydroforming was used at one refinery to produce base stock,
- of quality eligible for use in C=3 grade, from Austri.an and Roumanian
ecrude oll fractions.

-




- w6 COnclus:Lons (cOnt'd.)

( J)_Na_natalxﬂc_mcking_uni;a,enmd_injha_camn_m huf- - ‘
the process had been studied and twe plants installations were- bveing——
_planned, It is generally agreed that cata.]ytic cracld.ng of the ‘ype S
theti.e oil industry It was of interest to Germany only as a ﬂarﬁ.me

~— means-of producing- -aviation gasoline. - The -units- being planned-were--
sim_mdﬁ@toammt and were touseasynthetic
silica—~-alumina cat.a.lyst. :

(k) Some" msserda‘valnped*m—ﬁamw during the ‘war-years -
.. but which were not_in commercial operation included: e

(3) A cata.lytic process for prodmm an ultimate 'eight : h
yield.of 70 to i percent of t.oluene from nomal hept.ana , and

. fins by combining propane and :l.eobutane via eh]brination.

{X) Jet fue h“mm%mmmmmmmnw—ofﬂ.
~1,000-barrels per-day in-I9LlL.  The fusl was—a mixture of gasoline and v
diesel oil fractions. - The specifications for Jed fusl were lenlenty no————
umwual qualitar was demsnded and no unuaua.l specif:lcat:l.ona were fort.h-

Prepared by:

h.

*HT
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B 1.0 s O et
THE DEHYDROGENATION OF BUTANE 70 BUTYLENE.

W

™o (2) methods forthe—dehydrogenation o “butane -to-produce feed ..
for polymerigation and slkylation plants were studied in Germany. One T
involved the direct release of hydrogen over a catalyst ~and -the other.. o
Wﬁa*chhﬁnauonm—mmpnﬁﬁg;m;amg hydrogenation —— —
process was developed by I.G. and plants were built at three locations.,
 The chlorination process was also developed by I.G. but no comnercial .

installation was made or planncd.  For general information, however,- _

-~ there-is-attached a process flow diagranm of .a hypothetical plant employ-

.- _ing the chlorination process. o R

; o _ ' The catalytic dehydrogenation process was carried out at 1020 to

————— 1100-dogrees-fahrenheit at-practically tmospheriec pressure, using a
T catalystconsisting of 2 percent-welg 5 cont-waight Crola, —
P ‘and S0 percent weight 4l 03, The conversion to -olefins was ca. 1B -
: percent per pass when a space velocity of 8 volumes of liquid butane -

e per- volm":of:cmt‘twr:hm;!“t—_u&d:‘f_— cael

— —_—— s

-

T nme” gatalyst was made by first precipitating-alumina from an.. ...
" aluminum sulfate solution, then dﬁWﬂg%~pmcithate-
Wmd—ﬁﬂﬁaﬂmsmmnamd_wmqluggn, pilled, dried,
and put_into the reactor. The finished eatalys$ had an apparent den—
sity—of 1,0+ ‘ S . . \

The reactor was a vertical bundle of 23 inch tubes wish flue gas -
R C circulated eround the tubes. The tubes were madc of 17 percent chroms,
S ~ ~. 17 percent.nickel, "high" molybdgrum content stoel. The flue-gas eir— - .
. culated around the tubes was at a- temperature about 200 degrees fahren—- - - - -

L heit above that of the inside catalyst. o T T ST e T e e e

e -—-fv%wsum_cmmetﬁwmw con-
- tinually withdrawn ‘at the ‘bottom. The time required for the catalyst ——
to pass thiough the tubc was about 200 hourss - Catalyst deactivation. .. ...
_occurred primarily through earbon formation and dcpositions—The-spent
catalyst contained ‘2.5 percent weight carbon and in regeneration with
air it was reduced to 1.5 percont weight and returned to the system.
~In the regeneration, carc whs taken that the temperature did not exceed
the operating level of 1020 to 1100 degrecs fahrenhelt,

The—same—space—velocity and conversion were uscd for both normal
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appendix I (Cont! d.)

and isobutane, but with normal butane the operating temperature was

1100 degrees fahrenheit ‘compared with 1020 degrecs fahrenheil ior iso-
butane. _— : o

The exit stream from the dehydrogenation furnace was first cooled

'ahaﬁfhéﬁfﬁydfpg¢p;fmgthanE?and“other"low”bOilinS“therials““erewsepar’“““‘“” -
. ated.. The butane-butylcne mixture then was fed dircctly to alkylation. ~~

Acid 1life in alkylation was markedly influenced by the quality of dehy-
drogenation product. Small amounts of butadiene "adversely affected '
‘acid life. Butadienc formation was.minimized by carefully controlled
dehydrogenation furnace operation, particularly avolding tube plugging
with resulting catzlyst overheating. ' :

In obtaining a2 product containing 18 percent olefins, a total -

Weight Yecovery— raction-—is—obtained.—

weight loss of about 5_ is incurred, That is, a 95 percent

ultimate weight conversion of 78 percent butane to butylene is realized.
iosses through fractionation and alkylation plants will-of course re- .. -

~ duce this figure,

"~ Dehydrogenation under hydrogen pressurc was studied, and the low

'"pre'ssure"system—mnhosen~i;n'1:re£e'ren,ee-. (This decision-was influcnced . .. -

by i btaining high pressurc equipment in Europe during
the war). = T , - ~

e following documcnts, transmitted to the Bureau of Ships, relate

joooe

to this subjects -

XXIII. - Dehydrierung _ _ ‘
©© ° (1:G:;= Leuna-- report-of Dr. Herbert)

- XXIV.. 4MMaﬁerialfragen,,intdcnﬂe,l'qrsixigrmg,-W

(Politz = report of Dr. HUttner)

XV, . L.‘engenachcma‘_zux{,AT Jshl'aga, mit =

katalytischer-Dehydrierung.

~ (I.G.~Icuna - flow diagram and
material balance. of system in-.
cluding catalytic deshydrogenatian
of normal butane) ' :

L1~




Ap&ndix T (Cont'd.)

Dic_ Katqutische Delvdr:.erung
~von Propan zu Propen. -
(I.G. - .leuna - report Dr. . '
..ewohv—of—l&mtch—l Y

*nvn . ’Chlor-nclwdricrungrnach Bahr
(I.Ge = lcuna - proccss flow
diagram of butanc dn.mrdrogena—
tion plant) :




T APPERDIX IIT

THE L NUFAaCTURE OF NITRATION GR.IDE TOLUENE.

—~The German;supply;of;nitration:gradc:iolﬂene;camﬁ,ﬁrgm;sevcraldmmwm”_nmwﬁmnaw,‘”:H

. sources. 1In addition to coal tar fractionation and refining of DHD

fractions, thorc were cmployed the Witol process; the-leutol-process,y—- v

"w_AM@;WWA7andﬁaxomatizg;ion of heptanes. , -

The DHD process is fundamentally a devioce for producing aronmatics,
and it was logically scen to be a potential source of toluene. Sonme
nitration grade tolucne was m2de directly fromx the normal DHD product
ty separation of a C7 fraction and application of mtthanol in an azco-

opie—disti on—proee n-another instance, a Cz fraction was

G OP

separated fron the DHD product and rcpassed again’throﬁgh the sanmc
________process. _The recpassed product was then fractionatcd diréctly without
-———tho—aid-of -addcd-agents—to—produce—toluene-of-nitration-grade. -In- - .
both cascs, sulfuric acid trcatuwent and redistillation were employed - -
as a finishing opcration, : _

 The Witol process was a synthcsis of toluenc by the combination
 of-methanol-and benzence A four to onc ratio of benzenc to methanol
" - was rcacted; and the alkylated bengzenes consisted of 70-percent tolu-
ene _2nd 30 pcrecent higher hosologuss.,

6 producc tolucnc from the poly=methylated bonzencs;— the feutol

rrocess, which was quite similar to the Arobin proccss (discussed in

- this"report),»wasremployed‘~rIn-the~Leutol-proccss,;an;aluminum;sillzﬁ;ﬁwﬁmMM

cate-molybdenun oxide catzlyst is uscd, with a hydrogen pressurc of
: ~ ca, 200 atnosphercs, to doalkylate the higher boiling compounds.

~ " "~ Porhaps of widcst technical interest, howcver, is thc heptane

... . aromatizing proccss . developed by Rwhrchemic.. 4 plant was being built

& =t

an-but-it had not been gl_a;;p’]_rft?sfbgr the _ond of the war,.

T T ——The Rulrchenic -Cyclizing process is—spocially=designed-for-hep=—-— - .. ..

—+tane—~—heptene fractions from the Fischer-Tropsch gynthesis., Thesc

fractions would consist largely of normal heptanc, with perhaps 10
percent of heptene-1 and S percent of other heptenes. This mixturc
was to bz carcfully fractionatcd from Cg and Cg components; i.e. to
99.5 percent purity. It wos then to be passed-over a chrome=alumnina
‘catalyst at atmospheric pressurc and a temperaturc of 860 degrces
fahrenheit.  The chrome-alumina catnlyst was made as follows:

=}3-




( Aljog_ms_pwpimm,gmahad,glried,md_gnonndin_cmyentile nane.
ner, but carcful washing was considered important, Thc ground alunina ,

was then mixed with purc chromie nitrate.salt with adequatc water to SR

vz oo nake a viscous mixturc.:  This mass was cxtruded-into small cylinders, . -
' dried and finslly roasted at a tomporature of 1200 degrecs fahrenheit,
Srmallanocunts—of ‘cobalt; nickel,; manganescy—and-thorium-had-been-used —_—
_in individual tcsts as uctivators.) By using 2 liquid hourly spacc '

velocity of 0,1, a 50 parccnt conversion to tolu.rr was anticipated.

By thc rceycle of unconverted heptanc - heptens, en ultiante yield of

tolucne equal to 78 pcregnt woight of the feod was obtained in a pilot

~_plant; this figure was g.xpccrd to decrease to. 70 percent in the com=—

mo.rcial plant, . . ‘ — R . S

In the¢ pilot plant, in oovainmg » 50 ‘percent weight yield of
tolucnc in onc pass, the total loss to othcr noaterials was en, 1,2 per—
S *"M-*ﬂ“—cent—might -hydrogen; -percent—weight methane -and—-other-low boiling ma-

T **tcrj:zrls‘—:md*j—to—)rpcrcmxght—ofﬂight—gisohm_higlr—boihmrresi-
’ ducss, etc. . o ’ . :

. The reaction cycle in this process was one=h2lf (3) hour on pro-
L duction, about oncequartcr hour oxidizing off carbon, and onc-quartcr
- - -—hour reducing thc-catalyst after-oxidation. - In-the reduction step;
hy,dmgmroduced in the operation is usecd, '

777 The tolucne is scparated” fro"-.‘the'réactor‘prod)rct‘nquid”by"stﬁ?
ple fracti gnbtion,_and_afjex_acid_tmaﬁng;‘nd_mdia&mmgn_i&_nggg

?*_“."f” -~ nitration- nge snec:.fi.cations. B—
- ( The usc of a low pmssuro opcration without hydrogcrx recyclc is o
T oo - possible bceausce of thic abscnco of cyclopentancs in-the feede -At-low-- oo
© . pressure cyclopcntanc s _would dccorposa oxtensively - to. _canbommw_g

- i&c ‘vul’)'—rapld—c&talys—t—fomr?

Ruhrchcenmic was planning the z2pplication of this process to a wide
- boiling (190-t0—3900-F, ) Fischer~Tropsch-fraction-to—inprove-it-as—a— —
motor gasolino component. Such a fraction could be reformed by this
method to give @ 93 pcrcent weight yicld of material of the sanc boil-
“4ng renge as-the fcede -With 2 U7 perecent volume aromatic content, tho
octane numbcr of the product would ‘bc 68 comparced with 18 for the feed.

_ The eatalyst lifc was .stimated to be about onc year, which would
be equivalu.n‘b to a catnlyst consunption of rouchly onc pound per barrel

uud




_8G431.

~ appondix II (Cont'd) S —

‘A general dcscription of the -process as announced by Ruhrcheni‘e

in 1943 was transmitted to the —Burcau of Ships:
=7

——gXVIIT:— Dic  Aroratisierunz von gradkettige
: : aliphnt;schen_xmsgrstOffen

aus der Fischer-Tropsch - Synthese. se.

(Ruhrchemie - report by Dr. Rottig
iz January 19h3)
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TO: Comandor, Naval Tochnical Mission in Europe

via: Ch1 f of Naval Operations

Subj:  Technical Report No. 146-4S - Errata. | 8_0433 .

1. - Two errors appear in the subject report and o
T —-correspondence with Technician M. E. Spaght discloses
tnmﬁﬂm—a‘—t‘r—rec ns should be made:

_~;i)_& y title. QLthehxgcpothhwld_noadhme— =
Ianurac ture and Application_ of_l.ubn:lcnnt.t
" in Germany".

“—{b)-Paragraph 2, page L9, should read;  "The Leuns -
- process gives an ethylene yleld in the plant
“ " of “70% wt. bused on charged ethane. The ethane
_to_be reacted (three volumes) 1is heated to 1100°F,
-oxygen—(one—-volume) is separately prehesatsd to
, 750°F. aend_the two _are combined under slight e
—vaoum_zn—a—cmhﬂ%y—dul@ad—bumer—vhomm
E— 0" to 1560°F. The _product_—_-——
pt the furnnce 18 cooled by exchange and the , SR
-ethylene- 18 separated and- puriried -to a- nini.mm
of 95"5 wt, in the final product."™

- TR It 1s requested that these corroctions bo circulntod o
—_ =~ - ~to the distribution list for thls reporte
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- This report records and summarizes technical infomtion, ob- ‘

tzined by U.S. Nevsl Techniecal Mission in Ewrope investigators, on
- the_quantity, quality, composition, and manufacture. of German lub-
: »ncants during the past war years. '

Figures for the quantities of oils produccd from all sources
are-presented, The properties and specifications of some of tho im-

porbant commorcial lubricants are dise cuas@a. B

The methods by which lubrica.ting oils ere produced from petrolem

. _are outlined, nnd the several processes that were in usc for producing
— —gsynthetic olls are describad;—-The- mnufacture—an&*pplication—of 8-

- new_synthetic lubricating oil componont ere described,

, The preparation and usec of scveral new adaitives are outlined,
The —posit.ion of lubricating greese manufaeture is covered- briefly’.“f”-

An appmdi.x dt.scrlbes th‘. m‘.nufecture of ethylx.ne, the raw -
‘materiel for on¢ of thez synthetlc oilse | - B

# o e

“There hove been trensmitted to thz Bureau of Ships scveral Ger-

man-documents which will scrve to elsborzte in more deteil some of

—thrsubjects—covered—hereln. e e -

Samples of t.he most promising new oils and addit:lves were ob-
tained “znd forwarded to t.he Naval Research Ia.'borat.ory ﬂt Anacostia,
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~ THE MANUPACTURE AND APPLICATION-OF —
1. Introduction, — — — - -

: In- all—.ted~mt~ions—there—have—be_err-many-techntcai“d‘ev“elﬁpmenta T
o H_slngin&re,centy_ears*innthe-‘manufacturef-a.nd-*apphcation'”of lubricants,
- both because of new demands and because this field has been a subject
of extensive chemical research. Because of its highly industrial °
ized and mechanized economy, it was to be anticipateg;,,t_;h;t. Germany
2150 -would have given—great attention durinc recent—years to the——
develorment and manufacture of lubricants, e ST

__Whereas in America and in most other nations petroleun is the - . -

source of essentially all liquid fuels and lubricants, in Germany the

- bulk-of -liquld fuels-and-same—Iubricants were known to hive come from
—synthetic processes. It was-expected-that new developments would-have

occurred at least in the field of synthetic lubricants.

_To obtain 2 comprehensive view of German develorments in this— - - —
field, technical personnecl of 21l of the producers of synthetic lub-
ricants were found and interrogated and most of the rlagts producing
these synthetic lubricants were visited, ‘ ' :

7~ To augment and substantiate the inrormation cained from interr- e
ognmmomemﬁenﬁw—domms and descriptive. =~ =

' znpers_were»-accumulated,<-»»andfiﬁﬂé?gfgqmer*of*t;llej_zxgg;rTsyhjth%tﬁ‘-t“i‘if:i:j__Q_j,;__“
—~materials were obtained,” T~ N _ RS

e ’In“‘the—fauomﬁﬁctipmscusmppxy:an¢_canposiz:;_:ff’f"f"”"’" i

tion of German lubricating oils, the manufacturing methods used
ff&x;minezalﬂoils,_and_the—develo;—ment—an&-prodmﬁpnio‘f“ synthetic

~oils and th ‘eir_"”cbumoniénﬁﬁ;;Néﬁéadditive—develognentrarefﬁzm. ribed

>

_..and discusseds -

~ . It should be pointed out that in remgtgg_ herein the information
_gained from many sources and under many different circumstances, the
opinions of those contacted were obviously reflected in the information

given, . Further, in some cases it has not been possible to obtain or
present documents with test data to confirm opinions and contentions.




1, Introduction (Comt'd,) == .

-Jees and test procedures-that are in standard ‘use  in America., o

- _In Table I is shown an approximate breakdown of the German
surply of lubricating oils from petroleum and the various synthetic
processes. These figures were obtained from documents and fram )

=i - interrogation of a government ofl rlanning bosrd oLl cial—(Dr. Butefisch)s

The-volume_figures-apply-to-the-period-of-about—1942. -Subseguent to—— = - =

1942, efforts were made to increase by four-fold the production.of . . - ——

--aviation oils, and for this program many plants-were-still-being con=-—— -

-.structed in 194, when the Allied bombing raids began to be concentra=- . .
“ted on the oil industry. Hence, in 1943 the surply of oils may have
exceeded somewhat the figures in Teble I, B :

Despite the devolopment of several types of synthetic lubrica-
ting olls, it will bc seen thot the bulk of thie commercial volume
still came from petrolaum. ~ The crude petroleum used for the pro=~ =
duction shown in T2ble I was from Germany, Austria, Hungry and - -
Rumania, - S : Co R :

With the cxception of the snall v roduced theinpreussen,
the synthetic lubricating oils went almost entirely to aircraft
. " Toil, The eircraft oil supplied to the ILuftwaffc was -normally & - .
{ mixture of equal perts of synthetic and highly refined mineral oil.
The specifications for alrcraft oil and some approximate snalytical .
~data on the synthetic and mineral oil componomts and the blend thereof = —
‘are shown in Table II, This mixed oil was normally used without ' o
additives or inhibitors, _ . :

ngenoral; Fefined mineral

—For engines pther than airereft, ,
~olls-only-have=buem used i Gormany.  AQ oxcoption was tlio Use by the Gere -
man Navy of the Rheinpreussen synthatic lubricating oil-in diesel encines. -
Gasoline and diesel cnrinoes were nommally suprlied with the same
grades of olls with no effort bein: made to surtly a special oil
for diesels, It was the genéral orinion of btoti oil and engine™
people in Germany that-the well refined mineral oils were adequate
for today's diesel encine requircments, Again, no special additives

-6~
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_or inhibitors !ei-e included, °

. Two (2) grades of motor oil were supplied to the Wehrmecht, . -
-~ one for winter and one for summer use. The winter grade had a = o
‘viscosity of approximetely 52 S.S.U, at 210 degrees fahrenheit end -~
a vliscoslty index of about 100, while the corresponding values for -
the summer grade were 62 and 95. The great difficulty encountered.
. .An Russia in the winter of 194142 with cold starting of trucks. . e
——and=tanks-when-using these—w: ter motor oils wes an impetus to the
- ~—-synthetic ester oil-devolopment- which-is-discussed later, T

- It will bo noted in Table II-thet the synthetic compoment is -~~~
much m°t§v!i€!QQlw.,&h&n&_t_h.a.,,mincnal._oj.l,cgn:gnent;__s:mcg_the viscosity .. ... .
__of the synthctic oils can be rathcer easily controlled, these oils
__were mzde viscous so that mineral oil bright stocks.(high viscosity
~fractions) could be relcased for industrizl purposess_ . . = .

. .7 The synthetic oils have been eprlicd in small volume to 'ma.ny ' ;
'specialty uses-which are discugsed in connection with the individual . .3
~ syntheses, - i

S . .Because of the low tempar:;tures-,«encounteredrinrqemarw"s-fwaf o
N c“mmi K e = ,A. L] , &2 ' d -0 ; _ _\‘ > 3 3 < - i~ aes -

T Sp¢ | : qﬂéem bhe supnly ——
‘temperature lubricant for torredoes »—a_low temrerathre —oil

for wespons, a water-soluble oil " for use wlth torpedoes, and-a-jourmal =

~~ oil for the German railroad, Those problems all wera solved through . — .
T "“th'e"'aupply of speci‘a‘l"‘"s?nt;h“e‘trc“prﬁduqts. o I T .

oom.The lubricating.-oils used in normal -auidmbﬁiléeéwice—and——for*-'_ o
general industrial equipment aprperently were little different from
. those used in America. o ' e

3, Iubricatfng Oil from FPetro '

‘ It was scen in Table I that raffinates from minersl oil were
still.the preponderant source of lubricants in Germany. These oils
came from'a varicty of crudes and via many different refining pro-
cesses, .. o C .

-6~
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o : Air ilinictry Spec-  Typical Sym= _ Typical Hefined Typicel iixe-
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L. . . .. Density et 68%.  _ 0.3951mx  0udh ! 0089 T ouers

T viscos:.v,s&.l at - - 95 min-— - — 215 - A7 AR 7. S
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¢y e e TR * o
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 Pour Point,-%F - =l mpx o I 2 2o T

Fire Point, Op, - —437 min 670 ~ 500 53

“Cbm-ad?scn,(l)arbon 70 vite 0Oe25 max ] 038 . Q16 | 4 . 0e22
Ash Content, /o wte 0401 mex 0.001 0400 . 0e001

Neutralization ikmber, 0e06 moxe. 0603 0s03 7 003
Mg.XOH/ga =~ = S P S
~—Saponification wber, — Us2 maxs T 0.l 0ol 0.08

 Mg. KOH/g. ~ - . - | | -




The crude oils processed for lubricating oll manufacture in-
__cluded Hannover (Germany), Zistersdorf (Austria), Rumanian Pakura
(distillation bottoms from'Rumanian crude), Hungarian and Oaliz:lan.

Mnewmng and-aolvantffextrmuniwen;;gmploxeds, brﬂluftha IR
_major producers. Propane and ethylene diohloride dewaxing were em=
ployed. Solvent extraction methods included furfural, SO2 be,“"’l’

}~—-~~—~— —-phenol--end—propane—(Duo=sol),—and- -phoncl-as-a-single-solvent,

M’”"‘l’a’i&e “from the medium aﬁi‘I&r VT olls made for industrial uses,
the bulk-of the lubricating-oil processed-from petroleum was refined-
- to a VI in the region of 80 to-100.- Because of the good native qual- -
1ty ‘of thelubricating oil fraction in the crides being procesaed, o
the production-of-high-VI-products-did not-entail -large-losses to -
""selective a@olvent oxtracts. For oxample, in the refining of Zis-
tersdorf crudo, thc final yield of deasphalted, dewaxed, sclvent
e extractod; acid treatod, clay filtered lvbricating ofl was 50 per-
T T eent by wefg’ht of thc gas o:[f free maidm from the crvde topping

units. -

Many of the German ervde oil mfinories'were“b\ﬂ.lt' by American
construction firms and most of thc lubricating ofl refining processes -
were operated undor licensoc from American or Allied companies. ' )

Thei‘ollowing documonts transmit.ted to the Bureau of Ships ’”
relatesﬂ:.o this~subject- s SR

I. Brochaus Plan ' ' e
(Matorial balance and flow diagram of a. refining system

e~ manmfactu r:lng lubrj.cating 011 from an’ Austr:ian -erude - 011)

| A now synthotic process involving mincral oil lubricatihg frace
tions is that of "mischpolymerisation” or mixcd-polymerization. It
was developed primarily by I. G, and wag doscribed by them in reports

of 1942 and 1943. ,,




80445 |

4be Mixed Pbl_lp_no::i.zation Procoaaa

A deaapha.lted and med but not salvent extracted lubri.ca.ting
oil distillate is reacted with a synthotic polymer of ethyleme or -
other olefins, such as those cbtained from the thormal cracking of
s waxeSe A mixture -of roughly equal- parta of tho two componcnts .is T
. allowed to react in the prescnce of AlCl is an ofl Of;_’_.r_i;
superior quality. Thc yidld excecds subgtanti.any thn:lzhﬁh ‘ocould
ainod by mixing tho oil frao-

be obt olefin polymer and: the miner
. ti.on after such solvent extraotion that the mixturc would have the
sane VI as tho produoct ‘W [one —

: An appnoati.on worked ocut by IeGe 1.nvolvod the. tma'l:mé’ﬁt‘ of a .
lubri.cati.ng oil distillatc fram a German orude oil. To prepare. - _
-1e0_volumes o 0il meoting aircreft oil spooifications by solvemt .. = =
extraction, 1.5 parts of Jubricating o1l distillate (deasphalted —— %f ‘f T
and dewaxed) worc ncededs This would require the discard of 0.5 :
parts as extract. However, by mixed polymorization of tho l.5 volums
———of-distiliatewith 1le5 volunes of -ethyloncpolymer; an approxima:be]ymw

~ 340 volume yicld of oil could be obtained cquel in quelity (both by - ._

- laboratory end full sccle ongine. tests) to either the ethyleme poly~. ==~

mer itself or 'r.nc solvent -extractcd mineral oil fraction. Thus, the - - -

yield of aircrali oil could be increased fram 2.5 to 3.0 volumes;

.00, 0.5 vo,lux..c... of low gradc extraot could be mndo into nircraft

e r—~'1‘0—aoocnp1mh—the—mi.xod Jymruati.on react.‘.on, -et!vlene—is_ S
firast polymerized with AlC: fdoesox:ibed_in_dcjmil_in_a_latnr_amm :
on mamafacturo ol Ethylenc 3 —
B mixture, oontainingubmxtSpementweightAlcljismixodinan »
L. _ouatoolave with an cqual woight of minoral oil. A toxperature of 210
e £0. 250 -degrees--fohrepheit iamintai.md nnij:ha.mirture,is_ngitat& e
_fTor_ 3 to 4 hourse

Bt * A ¥ < -polymers -© anes - Tho - ronotion- D OO

a.nd muh.‘alisod. Prb.otionation moy or may not bc neoessarv ’
upon whother or not any low boiling oaqponenta .enteroed
the etlwlene polymrtzati.on qyatean.

Tho mixed po:lymeriza.tion procesa is olai.mod to yield oils whi.ch
are—aotually supcrior—in—ongine ring-sticking performance—to—a mix-
___ture of the cthylcne polymer ond a hoavily extracted minerzl oil =~

- n-




' A TUBRICATTNG OIL DISTILLATT FROM PETROLZUM .

N . Mixed Folymeriza=
. tion Product of
e e , - vequal'par‘bsof :
" "Deamphalted and == - . - Bthylene Polymor. -
Dowexod Petrol= ZEthylsnme and Fetrolewm Dist-

T Input, perts by wioght . _s2s  wes®

7 ‘-“ . _fh93‘,.,5(21)7¢__,," [ .,A,A,%T,

Density at 680Re — —— ——— 0a915 .. 0855 " "0eB70

Viscosity, SeSeus ab 100%. . 540 . . __2950. . . . 3200

Visoosity, Se3. ue 4t 210%. 58 205 . . 108

Viscosity Incox — S e T 708

o PoLe. ORe L IR

fradson Carb ,' 5

"(1) The input is cxpressed as the emount of ethylcne polymer
> " ~of-this quality that vould have been ‘produced by the :
.~ ethylenc chargeds ~To produce 47e5 welghts of this polymer.
oil, G3e3 woights of ethylone—is—requireds— ' o

(2) In adéition 5.l weights of low molecular weight meterink
: is produceds -




ra.fﬁhate. (See section on "Et.bylcne Polymera as I.ubricating
0ils* for description of ring-sticking test.)

‘Some brief yleld and arie.lyt.ical dats on the mixed po]ymer-
1zation—treatment“6r‘a_tratt.ton of Hausld.rchan crude oll are given

-in Table III.

In l9l¢3 the German govamant had ordered I. G. to proceed with
planta at- Loune, Heydebrek, and Moosbiorbaum to produce a totesl of
- about 1500 barrels ror dey of aircraft lubricating oil by the mixeds
o ‘Polymerization process. The olefin row materizl wes to be ethylene, :
-..— However,- because-of - subaequent e dGVelopnents, none of thcse planta -

N was eomnlebed. ) o

“_me_tolla'ing docununts, transmitted. to the Bureau of Ships,
_relate to this process: A

“II Uber-das- Pringip der Schmierol = Hischpolymariaation. ¢
(I.G. Leune-Aktomnotiz of Jemuery 12, 1942). SN

_III Mischpolymerisation mon SS-O1 mit Mineralol (I.G. Leuna ————————— -
__ February 1, 1943)s |

IV Herst»llung von Flugmot.oreml durch lliechgo],vmerisation. B
(I. G. Louna-Bericht of March 29, 1943)s . -

5« The ‘I'I‘H Process for Mbricat_i_._ng 0il Hanu.facture

S me:TW—mcws—dﬂ*Mmmtionm hore only beczuse it wes a "_, e
sou.jccgwof “somé of Germany's lubriceting oil (see Table I). The
process is being fully described in 2 report of the. U. S. Navy
— " Technical Mission in Europc entitled "The Production of Syntheotic
~ .Fuels by the Hydrogonation of Solid and Liquid Carbonaceous llat.eﬁ.als.

~, _ The TTH process (Tiet—'l‘enperature !vdriemng) is a mild hi.gh
— ———pressurc hydrogenastion of breun coal ter. Instecd of ylielding gasole

.~ ine as the m2in cnd product, 2a is the case with most cozl 2nd coal
————————ter-high pressure-hydro ns; —thisprocesa—is a milder—
. hydrogenation and yiclds substantisl volumes of diesel fuel, lubri-

cating oil, and wax, The only commercial installation in Germany weas
the Brabeg plant in Zeitz, The lubricating oil produced t.here had a -




5 Tho TTH n-ooosa Por Iubei g Gi1 Maraf .icont'd.)

viscosity index of 50 to 60 It was sepaxfated from the twarogenm— '
tion product and without f\n'thcr treatnment wms sold tor_uae_c.s n
motor lubricating oile -

._This-sourco- ot~]n‘brloat1ng—ou~m— iuvobad -only- 'becmme ot
the shortoge of dubriccnts 1n Gormarny dur!.ng the war.

wmtm of Olefins

“opplioctions of the process, onc devoloped and cme~
ployed by I. Ge using ethylene as tho olefin row mntorial, and one
vammmmﬁg;—m*mﬁtﬁwmm), using
a-mixture of olclins- boili.ng -in-the- 80-to 570 dogrees fohrenheit
~ronge as rawr asterizle  Tho products from the two types of opera=
_tions are ehenicaly ond_in performince very similer. It i mainte .
ained by I. Ce tcchnologists thot t etlrlone oam bo po]amr;gqg»_to o
yield oils of -.-‘h‘.r viscosity thon thoso that are propared ft‘ax‘.hlghqr
boiling olerins.:  Tuacy bolicve thst undor NOrmal economic. comditions

ethylenc would bt the preferred olefm for polymoriszations

: The choicu by Ie Ge tochnologists of cthylone for row material
'T—x';--*—”—f’—'ratber than hi dwaoi)ing*obfm, vhich aro propored: from Fischer=—
T “Tropach” fraotiomcnafrcmpetrolmm,mcyhm‘been duo_in port
to their porticulecr campony positions - As operctors of cool ond taxr '
""";anmmes_tw—cmrwmb AT bouing o]:ef'im‘—‘ TroTTrr T
availoble more readily than hi.gher 'boi.li.ng ones of the neoossazy '

L qualitye e

anmpplimtiOﬁ ns‘ed—eommrctmy‘m T:omw wiﬁ%
descri.bed. X Z

~ (a) Etlvlc'no Polymers os Imbricating Oils.

’

The I. Ge orgenizcotion in Lounc hfs devoted much thought tc
the fundamental questions underlying the syntheses of 2 high quality
lubricating oile It was rcasoned thot o crude oil fraction, however
well refined, 84111 contains corbon atoms in perhcps cvery hydroe=

s




carbon configuration, and that some of these configurations must be
. undesirable as lubricating oil components. These people believed
therefore that a molecular type should be chosen which shows itself .
. to_contain the maximum number of properties _desired in a lubricating
oil, and that a aynt.heais for that molecule should then be developed.

The basic requirements of a lubricant are that :Lt ehall (a) have
a.low rate of change of viscosity with temperature (high VI); (b)
have a low pour point, low temperature use;. (¢) have good
— -lubricating proper‘biee‘—an&(& ﬂable-(um'eactive)—mder the——
‘ . conditions of use. I.G. believed that a hydrocarbon molecule could
'be designed which would satisfy at least (a), (b) and (d), and if ‘
——-(c) were not—adequate;- ‘then addit:lvee could—be “considered to dmm-— —
prove that property. —— —

To W—mﬂ—m%cmm-of—mlecw* :

- can absorb-energy without breaking-away from each other. A long-
straight paraffin chain with no side chains, or with very short eide
chains, does not have a shape which allows it to interlock itself with
other nplecnlee. Aromatic and naphthenic nuclei agglomerations

~ " are easily forced apart. Paraffin molecules- comiWaf a few-long
“chains, however, ‘should be more difficult to} ‘ raffing—
consisting of ]%chains which will repulae one another ‘and tend to.
/7 ocoupy a large S8pace volume, should be high VI components, Long
r-, ,-.f -~ paraffin chains on aromatic nuclei should also give molecules which
““tend to—intorlock-themselves—with-one-another;—and-hence-be -high-in
) jj‘VI. ~~In-designing a molecule for high VI, therefore; a-paraffin-con- -
sisting of long side chains on a centra.l ‘structure, or an aromatic
or” na.phthene nucleus with long paraﬁ‘in chains ,‘ehould*be—preferred*~ B

forms, = . B

‘ *If the viaeoaity of an average high VI oil ‘follows an extra-
T Polated curve, the slope of which-isobtained from measurement-be———— -~~~
: tween 30 and 210 degrees fahrenheit, then quite low temperatures are -
~———reached— before~theﬂﬂ—§:sfse—viscous-tha%itaeﬁously%deps_or S
__provents the operation of the mechanism employing it. However, normal

mineral lubricating oils show wide deviations from this extrapolated

- viscosity curve, and as their pour points are approcached plastic

flow characteristics manifeat themselves.  To obtain an oil which :

follows the eact.ra.polated v:i.soosity curve, and does not exhibit plastie




T —formation, it was reasoned that the oil should be a
~ - ——— —mlxture of compounds ; -none of which is outstandingly

symnetrical molecules are character-
- Thus, normal octane-has a ‘melting point
 mono-methyl heptanes have melting points
120 degrees centigrade and 2,2,3,3 tetramethys @~
point of plus-102 degrees centigrade. In the
*051430100“19,4&133 3 —dmmtry-or“ S

- 7 Tunbalance should be planned, A normal paraffin is unsatisfactoz?y, :
and a Ibrggche&mlecul&of~-high—aymtry~may-&1:ao—be—mattsf§ctmy.

__ To possess good lubricating properties, a moleculs mist be ahle

to adhere to the surface it is lubri, cating, If its use is under
YTy Low load; i.e., far in the region of so-called hydrodynamic
— lubriecation, it needs to possess little more than the ability to-wet

: o £ “thems —If-the load is higher,

: -tenacious adherance to the surface is necessary, In this
a molecule should be supplied*which has a configuration
ing close contact between the mass of the molecule and the . :
metal being lubricated. By this close contact, adhesion-forceght-—-—— -~~~
cause the molecule to. be firmly held. -the-metal; -or-one may R —
B aupply,..therrrlubricating ‘molecule with a point
(Qﬁ__ll-l._je_i.bx,l..G.-,an_ﬂactive—electron*'ﬁ'.eld")
"strained” carbon configurations Q_r_,_gqmbj,ne_d_qmm;;nit;rogen,u-»on :
- sulfur atoms in particular arrangecents, If operation _is uynder
- e:cbreme:preasurerth'm even tenacious surface adherance may be in- .
adequate and m_a!zerialsJmmt_thenibewsuppliedfiihihh~enter--»int.o‘*active”"" T

rustly, the ideal lubricant will be unreactive in servicé, |

| undergoing no oxidation, no deterioration, and fo ' gredation
productss—To approac 8 quality, I.G. reasoned that, above all,

16—




aromatic carbon atoms should be excluded. Aromatics character- ,
-istically form-carbon- ‘and-high- molecular-weight -condensation pro-— - -
- Aromatic oils are, bowever, good solvents
__for their degredation prmducts. N ‘ Le the o
may crack-at high temperat.urea , form leas harmml degreda.tion producba.
In other respects, paraffins are notable unreactive, No hydrocarbon
will be totally reaietant to .decomposition or chemical change, but’
a paraffin must be chosen as the nearest approachto the ideal unre~
active lubricating oll mlecule. - s o .

[T SR

In _deciding ‘then "Ehat. ty_ps of a;ynthetic 1ubr1cat;mg oil mole-

cule is to be produced, it is, seen that it should be possible to L
design a- paraffin with-a-high- VI— —a--1ow-pour-point,—good-resistance————— -
to _oxidation, and perhaps lnbricating_gxppertios aatisractory for

-all but ‘extreme pressure conditions. - A

, In setting out to synthesise pp.;fgf;fin mol_.ecu;gs in the lub-

ricating oil range thc polymerisation of many low boiling olefins

was studied. Propylenec alonc could never be mede to give a product
~_ . of higher than 70 to 80 VI- (I:Gsfound-that- by incorporating 1 to 2

percent. of po]yatyrene in the polymerization reed, pmpirlene can be —

“eral years ago but-was not further- developed, presumah]y because the
introduction of styrene produced oils with unsatisfactory stability.
Polystyrene in polymerization feed gave the same characteristic im-
mvemmt_m'n—to polymers_or.other_oleﬁ.m )_Isohut.ylene_ga.mhigh

Norml-~ol1aﬁns of the type of- octylene -] hawever,f—give -

—high- qua.lit.y—poimnera —Such-olefins -are—the ﬂmed—hrthe—synthetic——'v-— ;
__processes of Ruhrchemie, Rhenanie-Ossag, and POlitz, However, due at ===

least in part to its particuler supply position, I.G. praferred to

concentrate on the use of gaseous olefins,

_Efforts to polymerizc ‘ethylene to high quality lubrlcating oil
hed been made by many groups, but none had been able to produce a
~—polymer with a VI above zero, Through very tedious rescearch IG,
found-that- by—careful—selectionwof—feed—stockwand_oLoperating var-_
iables, the VI could be raised to about 120, Polymors of up to ap-
pro:d.mately 300 S.S .U. ‘at 210 degroe fahrenheit viscosity were made
in yield equal to 78 to 80 percent weight of thoe othylene foed.
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The pour point was =30 degrees fahrenheit. The lubricating properties ==
of this material were roughly-equal to-those- ‘of 'high quality mineral

oil, hence, satisfactory for most general uses, - - R ‘ :
- -—~Regarding- the stability ‘of- cthyiene—polmrs’“'aga:lnst_"'oxi‘dati'on'

and other chemlcal changes, thesc materials woere found to

absorb oxygen but their properties were not gréatly altered heroby.

A mineral oil, being a mixture of many molecular types, forms a great
multiplicity of oxidation products. An olefin polymer, hovever, being

simply a paraffin with one olefin linkage per molecule, forms only 7

a feir'specific oxidation products. Ono s = fatty acid which, in this

molecular size, is. non-corrosive and is itself-avery good-lubricant,—— -
The othor is a so-called poroxide linkage, whorcin two (2) molecules
Torm oxygen bridges with cach other of the nature of ..

) R -CH - Ci = R’
- 1 T :

e O . ,,,,,..,..,o e S
: t ]

R"= CH = CH = Rnt

7 This process of oxygen bridring and groring moleculnr size—————
~~doesTnot continuc indefiniteTy,: h:ovover, hecause as the size of the - =
aggregate grows, its rcactivity tovard furthor oxygen obsorption
decrcascs rapidly. Thus, the Tinal stato may be eggregates of per-
haps two (2) or threce (3) of -the originel molecules, czoh bridgoed .
to a2 noighbor-with -tro{2] ﬂtmmf—wygenﬂgmmﬁm—“‘
~ inal ‘material and quite stabla. In use, the viscosity of a straight =
cthylene polymer inercases noticcably (perhaps 33 percont) at Tirst but
. Soon reactes a plateau beyond whick it does not further change.

, - The mamufacture of ethylenc polymers wes started by I.G. at*

Leunz in 1937 in o cmall nlent ‘produecing 15 barrels per day, By

1944 plants in Louna znd Schopasu. (ncar Leuna) wero producing a totel .

of 325 barrcls per day. Plans had been-laid-for oxtonsions and other
- plants to produce mltimetely 925 barrols per dey. :

Since 1941, all ethylene polymer had been made to e viscosity
of coproximately 220 S.S.10. at 210 degrecs fohrenheit _and had_boon
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6. Smthesis of Iz
_Aluminum Chlori

~ used in equal volume with highly refined mineral oil for aircraft
oil. The ring-sticking test which is used ‘to evaluat.e a.ir-cra.ft.
oils shows ethylene polymers to be very outstanding. )

- ~(1) The r ring=sticking test was used widely in Germany and
had become z specifications measurement for aircraft lubricating
oils. It had been first used in 1926 but subsequently many ime

- provements were made to.increase repmducibility and' to make

- its results more indicative of full scale performance.

(2) . The test device is a 'single cylinder aircraft- engine,
~ ——FMW-132-(Bayerische Motoren Werke)s—The cylinder is setup E
for test block operation with appropriate control-and measure-= . __
-—ing devices. It is oparsted at_ 1900 revolutions per mimte with .= -
- & power-output -of  57-horserower,- The cylinder hzad temperature
is 500 degrees fahrenhcit, the fuel inlet temperature is 90 de-
grees fahrenhzit the oil .'mlet teanerzturo is 210 degrees fah-
renheit, and the oil outlet tempr.rs.ture is 230 degrees fahren-
heit, An initial oil charge of ca. 2.5 gallons is used and the
011l circulation rate is about- 26—&.110113—;)91*—!10\.11‘.— e

e “"“‘(‘3*) AT ressnrc raecorder on the crankca.s» shows when gas
- . by-passing begins as- the result of niston rin;-sticking.-The -
power output droprs at the sane. time and the cylinder bccomes
hotter. Once gas by-passing begins, a very short time only is
recuired before co:nnletu stlcking of the rix}g/occurs.

(&) "It was_specificd by the German AiT. Ministry that all-- - -
aircraft oils must ‘have a minimum ring-sticking time of ¢ Bhoura._.#,_ A
A mineral oil normally would just reach & hours, but ethylcne
-polymers-wouldrun-for20-hours—and-often longer. The-synthetic——— -
oils from wax olefins nommally cave test times betwacn 10 and ,
20 hOU.PSQ . :

¢ 5) The rd ﬂn-st.icld.ng teet—#as—consridered—bo—be-a—good e
,,,_,prediction of airc.aft oll stability under perfomance. conditions.
The test was not considered necessary for evaluating motor or
diesel oils, because in these cnroines ring-st.lcking rarely occurs,




A highly refined mineral oil.deteriorateg after 8 hours of
test to such an extont thet the rings of the test engine are -

- stuck, Ethylcne polymers give a test time as high as 40 hours,
‘normally at lcast 20 hours, and ecual mixtures of mineral.oil and
sthylene polymers cive 2 test time longer than the average for .
the two comronecnts. The high VI and low pour point of the ethy- -
lene polymers are of course desirable prorerties for aircraft use.

~_Prior to 194T a lower viscosity rolymer (about 100 S.S.U.

at-210 -degrees- fahr-nheif) had been made as-well as the more _ -
~viscous-grade.—-In-addition to-thesec two(2) main products; in——
' elther operation a small volume ( about 10 percent of the

total yield) of a 60 to 100 S.S.U, at 122 degrees fahrenheit

-—-fraction-was recovered-by—-roduct—frectionation. —This fraction —

had recently been hi;hly velued as a lubricant for jet aircraft, =~

& had a pour point of =95 dogrees fehrehheit ond was mixcd with

other ingredients to produce various lubricents for low tempera-

ture opcration. An ingrediont of a journal lubricant used by

the German Reichsbahn (railroad) was recovered by hydrolysis of —

the A1Cl3y sludge produced in the polymerizations - =

In Table IV are shown typiczsl yield and quality data for the
operations producing both viscosity grades of ethylene polymers.

An attached document ('Das Athylen Schmicr#l Verfa!:u-én't)"
describes in deteil the process that was in use in lLeuna, but e
brief outline of the oror~tion is supplied below,

... To obtain high viscosity and high VI products, the cthylene
raw material should be minimum 95 percent pure. An inert. ... =
content above ‘a few pcreent dlsrupts ths chain formation snd pre=
vents polymerization from ) & : g
viscosity products. A very serious poison is carbon dioxide, and
unless this contaminant is almost cntirely absent, polymorization
will not proceed, (Reaction with CO, apperently secals off the ole=

- fin cheins.) While carbon monoxidc Is undesirable, 0.005 percent
can be tolerated, Nitrogen (as ammoniz), sulfur end. oxygen are

- —Mimd—djfshoﬁd—be—cmplmty—mﬁ‘d. A prepylene
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T T!PIGAL nm.ns nm PROPmTIm OF- ETHYLENE POI.YI!ms —
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contaiminat:lon of a2 few mrcent ca.n be tolerated, but above per-—
~--—heps-5--percent-the-quality (particulzrly VI) of thé"product T
begins to decrease.

: To obtain et. ylene of the uired pur:lty from a process of
chtanc dehydrogenation, & systom ot ‘selective absorption or
Linde fractionation is omployecd. The production =nd prcparstion
of- etmrlene by ‘this” syatem ia doecribud 1n Appt.ndix I f.o t.his :

-~--repor1; e

“The polymerization ‘operrtion is a batch proccss and pro- ,
ceeds in two steps, first, the catalyst .preparation and-second . .. . o

~ the polymerization itself. A stirred. ‘..wtoclavo (carbon stcel)
~—af about 30 barruls c=pucity was uscd in leunc., Into this auto--
clone wes first run cbout 400 z21llons of: » mc;,'clc. oil, which .
was a 260 to 520 degrces fehronheit fraction: sencratcd fram the
o lymerized pmducb.—ihis—mcgcle—oilﬁhich—was—en—iaemp&ately
po.'l,vmoﬁ.zed product, was us.d as a2 slurrying oil for 275 pounds -
of AlCIy (equcl to 5 to & purcent scight of the cthyline to be
‘charged The 41Cl4 usud normnlly contalned 2 to-4 percent woi-
ght of FeGl to’ J.i.mzt. the activity.) Ethylene ges then was
introduced until a pressure of 30 atmosrheres hed been c,at:-blished.
The temperature then was roised to 160 degreea fahrenhelt by means

of hot ®ater coils in the autoclave, Ethylene rolymerization began and the :
temporaturc-rose—repidly tn 360 to 430 degrees tanrcnheit. Cool- .._-«.‘h_,.___«;_.m_;

ing water then wes put_ through thec coils to bring the- tamperature )
down to 230 to 250 degrees fahranheit which was the opereting level,

. This cnded th: gatalyst preperation:step.- -The ethylene pressure - — ——

- had dropped-practically to zcro in the operation, and the pro-

“duct of this step was 2 catzlyst comnound of Al1Cl, and polymer- L

ized othylena., The tunpersture—to which the system rises in
the catalyst prep-ration. step determines the sctivity of the
prepered catalyst mass. The highor. t;h;a peak tenperzture, the less . . ..
e.ctive the. oat,a.],yat.- .

Ethy] ne then was introduced into tho systcm as a vaypor at.

..the maximum rate possible while-mcintaining the-temper-ture-at -
the desired lovel. This ratc was governcd only by the ability
of the cooling system to remove the heot of reaction. As the

e




6. Synthesis of Lubricants by Pol Veriéiiibn of Olefins using
~ Aluninum Chloride, (b) (Cont'ds}y ~ -

reaction proceeded, the catalyst would bezin to lose activity

so that a steadily increasinz pressure of ‘ethylene was used te =~
~——consume-tha system's heat removing ability. At the end of about

six hours,  the ethylene pressure had risen to 20 to 30 atmos—

rheres, and a total of 4800 rounds of ethylene had been introd-

uced and reacted., The catalyst was considered spent at this opoint

and further use of it resulted in a depreciation of the rroduct.

To produce the more viscous grede of oil a very active catalyst
—was_prerared-by-limitinz—the—reak temperzture-in-formation to 360~
degrees fahrenheit. A low operating temper~ture, 230 decrecs
- ~fahrenheit then was used. To make the less viscous grade, a
~ less active catalyst was :trerared (peak. temper-ture-in formstion .
was 430 degrees fahrenheit) and an operating temrerature of 250 . . _
degrees fahrenheit was uscd. ’ v

‘ 77777 The operating temperiture and not the catalyst activity
__ﬂh.ﬁ_vﬁ,ﬁwdehermines_the_chainwlength;~the~hifher~theﬂtemperature*the—shore*ﬁii;j*w'

ter the length the chain is zllowed to attain before it is thiown

—— —— —off the catalyst. Vhen i more viscous o6il 1is desired and a low~
' er temperature therefore is necsssary, an active catalyst is re-
cuired in order to zccomriish the olymerization. When the temp-
erature is rzised in producing a less viscous grade, a less
active catalyst is required, both becausc its activity increases
—-————with-tempercture—eand because less extensive rolymerization is ST
——— -~ --—possible befors the temrerature forces the particle off the sur—. .
o face of :the catalyst a2nd thereby ends its growth. Actually,
apart from the lack of necessity of the more active catalyst
at the hicher tenrer. ture, the lower-activity ecat-lyst-is de-
.. sirable in order to limit the cracking reaction which begins
to be noticeable near the 250 degrees fahrcnhcit level,

In addition to catalyzing the simrle zddition of chtylene
molccules to the end of chaing, an important accomrlishment of .
the A1Cl; catalyst is that of olefin isomerizetion; i.c. shift-

_,”uing,of,tgewdoublegbond~toward th-: center of the molccule. Through
this isomerization, rolymerization continues from = centralized
. double bond,--thus producing molecules rossessing lon~side chains
and therefore a high VI, It is c®nsidered thet this is the im-—
portant isomerization caracity of AlCl, in ethylenc polymeriza—.
~ tion, zlthough some raraffin jso.rerizafion undoubtedly occurs,
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6. Synthesis of Lubm.cc.nts by Po;l_,vmerizét,ion of Olefins using__
Aluminum Chloridc, Cont.'d.z o R

giving branches on the end of the long che.ins and °.gain yielding ,
a«molecul&rdesig&—which—muld—b&ex*ected‘LO—h&VLa—high_Vl.m e

During the comrse of the described 6 hour process, the moYe=
cular weight of the polymers being formed graduelly decreeaes.
~The formed wolymers act -as dilucnts which characteristiczlly
lower the sige of the particles being formed. Thus, the pro-
duct of a batch po]gmerizat.ion of ethylene is a mixture of
meny moleculer sizes,.

At—the-end-of-the-6-hour- ‘period,tha-ethylens rregsurs-on—— — -
thc system wes released and theé temperature was loweréd to Ca.
175 degreécs fzhrenhcit,  The ALCY; slurry phase wos centrifuged — -

—fram the odl-layer: A smzll volufie of -methanol—(20-to-30-gallons) -
vras then 2dded Lo the oil rhasa to react with A1Cly - unsaturated
S ~-hydrocarbon~co"tp]:mcc& wh.xch—resxnin—\&aissol—vw.—lgis#‘.xet.hanolv_ S

eaction product supcrated out ~nd was rcocmoved; the oil leyer .
therebv beinz almost com~lztl ly freed of ALCl;. The olil was
_neutralized rnd then froctionabad inco recycle oil, the low
viscosity distill-= Lo oil fr ction (normally boj.]_tng up-to about
660 degrees fahrenhcit), znd the main polymer oil. This residual
polymer oil, the mzin yield, wes tregt\.d nit.h bleaching earbh
and f:.ltercd.

’—ﬂhﬁff!}“m&- HG};—sludge—le,ver—was_ hydrolyzed ta yield —— T T
2nd oil phasc which wis further polymerized by a subseuent——— =
AlCl, stzge of treatment and made into a low temperature rail- - o

road journal lubricant,

A typical wei.ght ba.lance for the pohrmerizetion step is
shown-in Table V., - -

The following documents traznsmitted to the Burecau of Ships
relates to ethylene polymerizations :

V. Das "Athylen — Schmierol - Verfahren (I. G. Leuna
. Dre. He Zorn. report of about July 1943) _
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(c} Po;_m erizatioﬁ‘of'ﬁiggér Olefinss = '

- As indicated beforc, olefins ‘boiling in the 80 to 570 degrees.
fahrenhelt renge were used in Germany for the synthesis.of high

- grade lubricents. This synthcsis is not new, hrving been applied -

- -elsewhere in the world rrior to the war. The most suitable ole- .

fins for such synthesis zre normel (straight chain) compounds
with—%h&douﬂe%on&%n%he%yh%&b 5 and-—two (. '

. of such raw m:terlsls were-used'in Germany; olef
thermal crecking of a Fischer-Tropsch synthasis froction and

——olsfins—from-the them=zl-cricking of pareffin wax. B

| This lubricating oil synthesls wes practiced by Ruhrchamie
- -in-Holten, by Rhenania-Ossag in Hemburg=Herburg, and &t the Politz .
refinery ‘neer Stettin, Do

At Ruhrchemic, e 360 to 600 _dcgroes fahrenheit fraction from.

the Fischer-Tropsch _plant was cracked t.hemal]yﬂap;g—-;tg_n_xpg;_-ggg;:g_-,
of 1020 to 1110 derrees Irhrenteit, A fraction boilin g from

.

—feec e Heavier comporients ivers. recycled to feed, The wltimate .
yield of polymeriz-.tion feed thereby was 60 percent weight_af the

thermal cracking unit charges

rd

.0 85°t07360 degrecs fihrenheit was separated cut d@s-rolvmerigzation -

- ———=—This-polymerization feed contalned-60-to 70- percent olarins;

—largely-no rmal-alvha compoundss——The naphthens-content-was only
a few percent and the arometic content wes Yextremely low" -

- At Rhenanas-Ossag, the polymerizetion rew material was pro-
pared by cracking par>ffin wox from Austrian crude oil, The
thermal cracking was carried out =t low Pressure end 1040 to 1100
degroes fahrenheit. A &0 percent weight yield of licuids above =

C,, was obtained. The liquid was highly olefinic-snd-best—suited
~for lubricating oil synthesis if the wox from which it was pre—

<

..—.-pared was low-in-oil content:—4A fraction boiling from 85 to 590

) degrees. fahrenheit was scparated for polymerization feed,

~ Politz also used Austrian wexes 2s o source of olefins. The
wax was cracked there at -low pressure end 910 to 950 degrees fah-

“ renhelts A fraction boiling I'rom 95 to 570 degreces fahrenheit was

..'Qé..




‘Aluminum Chloride,

separated and heavier components were recycled to extinction.
-~ - Baged on -the -raw wax feed, a yield of 70 percent of rolyaeriza-
e tion feed was obt: ined thereby. ' o e

~—=-—  In all cases, the polyuerization was carried out in a

stirred” antoclsne at temperatures of 140 to. 175 derrees fah-
renheity. A1Cl, equal to approximately & percent weight of the feed
was added anc 'he“reaetiourrquiged415*t0—2Q.hantnlﬁwRhenania began
the reaction at near room temperature, after 5 hours the temperature
wasraised to 175 decrees fahrenheit, and the reaction proceeded for
_ ...7 _hours nore. ’ '

In the polymerization, epproximetely 95 percent -of the - -
~ olefins were converted to meterial in ~the lubricating oil range.
~ Of the totzl polymer, about—75-percent was recovered as primary =
product. A low viscosity spindle oil norm2lly wes separzated. Some
0il wzs recycled as AlCljalurrying 0il back to the polymerization:
—'"“_f~mﬂm~stepre~Thisﬁoil_comprisg‘#atfroximntely 15 percent of the total

yield, Politz rrepered in addition ~ cylinder oil by hydrolysis
of the—AlC],-BzraludgeA.ghase.' ‘The other two. operztors apparently
- did not. . - co , .

Both Rhcnania and Politz uscd fresh AlCl. for only one batch
polymerizztion operztion. Ruhrcheaie, howevef, started with 2
6 percent weight addition of Al1Clj,but in the second batch only
—__one percent-weight-of-fresh-A1C1l, s.odded and sludge from-the
_ £irst batch was used to make up the volume-of slurry. This was
repeated for each subsequent batch, withdrawing only enough
sludge to keep the catalyst rhase constent in volune, At the
end of 60 batches, the total sludge was discerded and the pro-
cess wes then repeated for each 60 batches. '

~ After completion of the poiymerization step and 'remorve.iféf
" the 41Cl. sludge phase, the oil phase was ~trentad for removal-of -
41Clg, -1 tralized, and frction~tedovercleye ——————— ———

The Phenaniz and Politz oils werc used in mixture with minersl
 oils as aircraft lubricents. The polymer oils wocre both approx-—
imately 210 S.S.Us 2t 210 dorraes fahrenheit; viscosity, 110 to
120 VI, and with pour points of about =15 degrees fzhrenheit., They
wvere in genefél—quite—s:imtlr-r—m-pro?ert&es~twthcﬂﬁthylene_poly-_*h__,
mers and were used in the seme mennere ‘

—e Xl




The mein Ruhrcbcmiq product was'a lcgs viscous moterial of

285 S.S.U. 2t 122 dogreces fahrenheit, viscosity ond wes sold ex-
-~ —-  --clusively-to--the Amy for -motor vehicles snd tanks, - This oil . _ ..
had an averzgc molecular size of C,¢ and hence was only 2 trimer
or tetremer of the original olci'fns. The Ruhrchemle oil was
described cs having cxcellent VI and pour point, but with oxidation
stability ~nd lubricating ebility not cuite eoual to thosc of
the best Ponnsylvamo mim.ral oils,

____Some published date on t.hroc diife:rcnt. viscositv ails pz;evi-
ously merkct:d by Ruhrchomic showed them to hzve densitics of
- —— 085 to 0,86, pour points of arvroximztcly <40 dogrees fchrcohoeit, ——
VI between 105 ard 115 a.nd Conradson czrbon values of 0,07 to
.15 norccnt wa:.cht..

While .i.n receat ycars t,ho sup nly of olefms to thcsc A1CLl
polymerization systcms has been from thermal erncking of mox )
_paraffing, there wer: rdans that in the future. th_aygvmulibewpm -
duced zt lcast in »ort dirzetly from Co plus Hp synthesis. At~
- -Ruhrchemic, ¢ modluc*:ta.on of their Fischer-Tropsch plant to
umploy the "Krelslﬂuf" (rscyels:) principle was planned to in-.
crease the cont..nt of olefins in tnc product. 4 froction of this
product was to be used dirictly 2s olymerization fecd without
thermal eracking. - Furthcr, the.adplication. of -iron-catalysts. with- -
increaséd pressurc in Fischer-Tropsch processcs was fort.hcoming v

—From-such—operations polymerization fceds contzining 60 percent . . . .
olefins, of which cpproximetely 85 oercent is normal oleﬁns, S
would be obtained dircctly., A

' 7. Synthcsis of Lubric'mts by Condensation of m- ‘
' m:'.tics ,.nd Paraffins, — )

A lubricating oil was synehe“sizi:d’*b‘v’Rhciiii%féﬁss‘en in Home
—barg-by—condensing—nrrhthxlene—with—paraffins; to make a molecule . .
consisting of an aromntic nmucleus with a long porzffin chein., -

- The Rhcinpreussen people wcre of the opiruon that lubri-
cating oils mrde from & Fischer-Tropsch froction, 2s procticed
by Ruhrchemiec, werc not saotisfectorily stable to axidation, and

~ " "they set out to maoke @ more stoble product. They arg Zcd that




Synthesis of Lubricants by Condér{sdftion of iromctics ond —

Pcnnsylvanie oils, which they considcred to be & stendard of
st.bility, coatrincd some eromatic rings and hence th-t zromaties
e ©~ need not be avoided in ordcr to have » rood lubricnting oil. - ‘
e '*”#mel‘a-Bhi‘in!wcusscn;h&delarge—coai—cnd—coal-tgx-cpgrgttcr,vST-—: S
anc they were receptive to z2any develomments th:.t would supply
new uses and outlets for rromctics. - '

The moterial ultimotely developusd ~nd-menufectured-by
- Rheinpreussen (via 2 par-ffin chlorinction :nd condensation
-with—aromgtic‘pnoc&ss?iwas'é“ﬁélbchlé’c5ﬁ§1stiﬁg6fjdnaph-‘
tholonc nucleus ond one straight, or only siightly branched,
paroffin sidcchatn containing on the averzge about 156 carbon
atoms. Tiis typc of molecule fFave olls with 2 VI of zbout 105
and pour points of $ 20 degrees f:-hrenheit.

In. producing their eversZe molccule; Rheinpreussen wented -
one parcffin chnin per moleculce. They hod found thet one long
chain g:ve = hi her VI product then two (2) or more shorter
chains. also, thoy wrnici oniy one ~rom tic srou~ ztt=zched to
erch reraffin chrdin, sincw uwlteu’.es consisting of a chain brid-
ging two (2) nsphthclens grours were roorer in VI. .

Rhcinpreusscn produced a2 spindle oil, a turbine oil, = stecam
cylinder oil of 250 S.S.U. 2t 210 degrecs fahrenheit, viscosity
and as their main procduct a diescl oil of 570-S.S.U. =t 122 degrees .
- fahrenheit viscosity. Rhakngsroussan sold this dicsel oil oxe
clusively to the Gormen Novy and was the largest of three (3)
supplicrs of dicsel oil to the Navy. o

‘ Rheinpreussen diesel oil onjoyed a very cood reputation
with the Navy and with Deimler-Benz vtho suprlied the Navy with
diescl engines, It wes cleimed th-t very :rood performence was
obtzined, not exceeded by any other oil available. While the ring
o - sticking test, used to evaluate ~irerceft oils,-showed-Rheinpreussen
T T ol to be only ccuzl to refined minerel 06ils, it was claimed that
' "~ in diesel engine tests it vas definitely surerior to mineral
oil. No direct compcrison with polycthylcne wes available, but
it is generally ocknowledged thet the Rheinpreussen oroducts are
- poor 2ircraft oils, that thcy decomposc to coke and other
- degredation rroducts more rzridly thrn synthesized paraffins, and =~
that at the same time thuy are lower in VI znd higher in pour point,

7,“29_, - C .; e




, For evaluating diesel oil, the Mavy used the MAN tecst. This - ]
i . test consisted of hcatinz 2 samrlo of oil in an open Erlcnmeyer 7 T
_flask in a drying cabinet for 140 hours at 250 derrecs fahrenhoit -

and then measuring the asphelt content (insoluble in potroleum -

ether). . velue of less than 0.0l percert vielght was reguired

for acceptance. ' : ‘ '

The Rheinpreussen dicsal o611 hed e Conradson Carbon vilue.
- of-2uout-1,0 porcent-welght. -It-was-ergued;—howover;—thot-formam————————— - - =~

tion of carbon or e.asphaitic oroducts wes loss serious with -
~ thelr ty=e of all becausc en eronmztic material is 2ble to dissolve

eand retein in solution such degredation com>ounds.

-~ -Thc Rheinpreussen rroccss 1s carricd out in two (2) stzges.
In*the first stage, = 430 to 660 degree fshrenheit frectionof = =
Fischer-Tropsch product oil is chlorinstud, no catalyst boing -cm=
ployeds—ctenperaturc-of--160-to-210-degrees fehrenheit is uged —— —
and thc reection time is several-hours. it the end of the rcac- '
tion reriod, the chlorin-ted oil contoins approximetcly 18 per-
cent wei ht chlorinc. . (This quantity of chlorinc is cquivelent
to somcwhat morc then onc chlorin: 2tom per moleculc.)

In the second stzze, the chlorinsted piraffin is reacted
with nephthalenc in the prescnce of gasolinc ezs-a-diluent 2na
AICYI3 plus aluminum mctal (shavings) as catalyst.. The naph- .
thalzne suprlicd was 10 percent in excess of a one to one molel
ratio with the peraffin ;resent, but slightly lcss than a onc to
one ecuivalent ratio with the combincd chloring,- The 41Cl3 con—
sumption is. cbout 0.2 percent weight based on the polymerized
product. The reaction is cerried out in a2 stirred rcactor st
250 degrces fahrenheit; a2 time of 2,5 to 3 hours is required
until no combined chlorine remeins in the oil, The product oil .
‘¥s-separated; meutralized; trested-with cley,—end frection-ted..

~ There are attached hereto the followin; documents relating
to the Rheinpreusscn process: : : \

VI Beséhreibung der Schmicrolsanlage Rheinpreussen,
- (Lurgi Gesellschaeft-May 31, 1945) B}

VII Flicssbild der Schmierolsynthcse Rhcihrréuséeh;‘
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- 8, Esters as I.ubricati':g 0il Comronents: -

(a) Deve.l.opnent and Agplicat.ion :

Following ‘development- of the- ethylene ‘polymer lubricating -
oils.-t.he L. _G. research peonle mesurveyed the field of lubricant
_ application to ask them what were the most importent short-
comings of available oils and by what. methods could t.hey be . '
improved, e

—improvements. Also, for low tearerature-arplications, the pour ——
points of mineral oils, and even ethylene polyers, could be- i
lowered advantageously. The oxiaa.tion stability of ethylene
-polymers was not satisfactory, in that their yiscosity increased .

~_upon use and they z2bsorbed oxygen to form fatty acids and per- :

70:7fdes—but—ﬂ'rey—d?r¢ Tieverttieless —ive very long orerating times———
+the ring stickin; test &nd did not decompose or deteriorate to =

give troublesome *roducts. The lubricating sbility or "oiliness"

of“ethylene*pol;"newe—wafr o'x.;y~er.ual‘+ o-that-of ineral-oiis,

and, altnough’”this wes ade.uzte for inost annlications, here was ~

a prorerty that could be ifirroved. Ethylene rolymers and other ~

similar synthetic o0ils werz2 non=-corrosive in use, . gave_only :

averace engine wear, were adecuately viscous, and had no oitstand-

ing shortcomncu in other directions,

Thus, a better lubricant would be useful, one which would =
Tesult in lower friction im th= range of hydrodynamic ~lubrica=— - -
tion, end one which would behave somewhat as an extremne :ressure
lubricart in the range of boundary lubrication., This —rorerty
should be cambined if possible with high VI, low pour point,
resistance to axidation and decomposition, anc should otherwise
be compa.tible .rlt.h general lubricatin& oil reﬁuiramex‘ts.

For a riolecule to be effective as a true exireie pressure
- agent, it must either adhere ver: tenaciously to the metal
surfaces, or, morec com:only, rcact chemically with the factal
surfaces end-wear away those high temyperature spots or areas
oretrating under the highest loads. Howiever, it should be
possible to import good lubricating cuality, if not actually
extreme rressure Dro*)ertn.es, to an oil by designing molecules wnich




8. Esters as ILubricating 011 Comronentse (a) (Cont'd.) - .-

‘organic molecular ty.es were considered for this role,
with attention finally being-centered on oxygenated hydrocarbons,
Of the oxygen forms the ester linkage vas particularl: inter- '
-esting, -Ethers-and ketones have poor lubricating properties, =~ =
and reroxides and aldehydes ere unstable. _Esters, however, have.
very surface-active grou»s and are stcble, ' ‘

A long program of research on esters ensucd. It was found
that esters of secondery alcohols were unstable, and the fiold
narrowed to combinztions with rrinary alcohols only. A tricster
of trimethylol ecthane and Cg to Cjp fatty acids geve a ring=-stick--
ing test time of 100 hours, hence very outstznding for its stabil-
ity-in-an engines It had-a VI of approximrtely 150, a pour point
of -95 degrees fenrenhcit, but its Inbricatin- rroverties were '

not outstanding. Through study of many ester comrounds, it was
~found-that the space yattern-of s molecule such as the sbove———— — -
was 80 massive that only 'a sperse coverin- of the surface with =~ = =
absorted ester “rours could be obtcinad, It wes concluded that -

the _ideal__est.ar__:muldwbaya_siag‘la._one_-whorein ~-the-attached-members - '
gre strai:ht thin chains (unbrenched) and the surface could there-—
“by obtain a dense covering by the adhering cster groups. ,

doncesters of strai ht chain ncids and alcohols are good,
but outstandins in q¢uslity zre dicsters of molacriles wherein
the two ezster zrours a2rc gcpereted by a strzipght chain of - -
several carbon atoms. A diestcr of edinic acid znd normal C, "
alcohol‘—-was%mdeﬁand--itSfpmpcrt.’rcsd:ere*"out'standincs";"Thb‘”’vg“' T
was 238, the lubricating propertics werc excellent, but the -
symadétry.of the molecule was too great and the pour point -was:
$40 degrees fahrenheit. Disymmetry was introduced by using =
beta-methyl adiric acid instead of adipic acid, and this.pro-
duct had d VI of 228, excellent lubi¥eating properties, ax~ . =
cellent .oxidation end engine stebility,-and the pour voint had .
dropped to =33 degrces fahrcnheit, B

——Thus-originzted theuse of ssters as lubricating oil
components., The production of 200 berrels per day of adipic and
methyl adipic zcid estere was beins rlanned in Germany, but the
attained rate did not =xceed 100 berrcls per day. The alcohols
for esterification camz almost entirely from the "Isobutyl Syn-
thesis" in Ludwigshafen, Difforent fractions of alcohol were .

used for the several. grades of esters produced, but they were in
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8, Esters as Lubrxcat.

: general those boiling i from 280 to about 570 decrees fahzje»nheit.w
These a2lcohols were p ‘compounds with some braznching, but ’
not enough to interfere with close sracing of molecules on the

- surfzce boing lubricated, Adipic acid was produced in Gomarw
__as e _raw matorial in the_mnuiaﬂmouerhn,wlon,tm
material. It wes produced by. oxidation of cyclohexznol with nitric
acid. Methyl adiric acid was produced likewise by oxidation of

—~methyl cyclohexanol, the nroduct being a2 mixture of the alpha and
bet2 compounds. )

o The new smell production of:esters by I. G. vqas in great demand
‘for specialt.y oils requiring high VI and low pour points, These,
demands were largely associated with thé Germen war compaign in
Russia, where fallure of machines due to high lubricant viscosity ,
during the winters was a very serious problem. An ester of adipic

T Tacid and 280 to 360 degrees fahrenheit, alcohols was used in 50

percent concentration in an oil for lubricating weapons. An

~ester of adipic acid and 320 to 390 degrees fahrenhaeit alecohols

~weg-used-as-an-ingredient of-e-low-temper:zture journel lubri- -

cant for railroad cers. A speciel hydraulic lubricant for aireraft =

conteined 5 to I0 Tercent of an ester of adipric acid and cyclo~
oo hexanol, on estor-with-an unususlly low pour voint. - There were

these and several other specialty uses, but the moin volume off-

teke wes for some aircraft lubricating oils, where ester of adipic

acid and 360 to 570 degrecos fahrenheit 21lcohols were used in cae

25~percent concentrat.ion. v

Because of the shortege in Germeny of both acids and e.lcohols,

" some of the I. G. rew materials were admittedly not the ones that
would have been chosen otherwise., It was planned that ultimately
the mein alcohol source would be from the new "Synol" process,
which cen produce primzary straight chein'alcohol in the desired

C, to C range directly from CO cond HZ. While adipic and methyl
agipd.c acids are good starting materizls, higher acids in the

same series, such &s scbacie, were considercd to_be more desir—
able and active research on the manufacture of “u.r—'hcr dlca.r-
boxylic acids was in progress. ‘ T ‘

Another ester research develorment in‘Germany meriting note
was one by the Deutsche Fettsaure Werkée in Witten (Ruhr). This
. company, which works with fatty ccids and produces synthetic butter
and ot.her esters, studied the usc of esters as normmal lubricating




o_il components. They concluded that an e’ater o!' pent.aerythritol
. and. 06 - fatty acids was well suited for such an. applica.tion. e
These compo ds had the-same-desirable-propertics—as—the IsGs csterses
(DFW proposed to make pentaerythritol from formcldchyde and acetal-
_dehyde). It wos the opinion of DFW’°that the best lubriceting oil -
o * that can bo menufsctured today is one consisting of a synthectic
E_——”‘* —base materirl such as—polyethyleno‘and—s*to“]ﬁ percent—of an-cster-
" such as those described ebove. »

(b) Manufact.ure of Esters:

Tho es‘ter:lﬁcat.ion operat.ion of I G. is ouit.e simple and
doed not require unusual puritics of raw maturio "The acid and~
~ 2lcohol and pumped into a_stainless stoel . 1limed, agit..tod mactor,
Bgnzene- or naphthalena sulfonic occid is used as a catalyst, about
onc -porcent welght of -the-totel mixturc-being reguireds —A 10—~
percent.-stoichionctric-axcess of a2lcohol-is- used.-_,Ihc _tempcra.___
turc is 300 to 360 degrecs fzhrcnhoit.

the rcaction the watcr formed continue.l],y distills S
off and progrcss of the reaction is Jjudged by the rate of cvolu=-

, ,tiomof w::t.cn._Ihe re” ct.ion -requires-about. 24, hdurs. - — %_,___‘_; .

Thc product is washed with wat.cr and soda which removcs t.hc
catalyst, unrezctcd acid, and helf csters. It is next distilled
to rcmove zleohol ~nd low boiling sccondory products. The estor
oil then is contocted with 0,5 percent weight bloaching ecerth at
160.t0:175 degrees fehrenheit. end filtercd, - The-product. thoree
after is handled like a2 nom~l refined oil, No steobilizors are
a2dded and. no.,_special, handling precnutions arec nccessary.

Whilo thoe preferred ceatalyst for the sbove described oster—
ification was o sulfonic zcid, for morc difficult esterificction,
such as with trimethylol ethone wherein » temperature of obove
%90 d;:grees fahrenheit is uséd, the best cata];yst. is zinc metal

dust), '

Some properties of a few typiccl lubricating oil esters
are given in Table VI,




_PROPERTLZS. OFM' : HEI‘ICJ.UBRICATINC ‘
| QIL ESTERS

g . Bota Methyl Sebgeié;j;__mxed Co Acdda—
_Adipic ‘Monocarboxylic

/ Alcohol Iso end Nomal Octzl Is:octzl

Normal Octz].*

Density 68° F.  0.922  0.920 0,912 0.

. Viscosity, .

SSUathF .5 W8 sk 6

Viﬁ_co Sity e
S.5.U.at ioo°1= 50

Viscosity Index '191
Pour Point °F L 1

" Flesh Point °r LOs5

# Helf ester of cach a2leohol, -




AL VRS _
Esters =s Lubric tir_zg Oil Commnents.‘jb! {Cont'd.l
About 15 gallons of ester of methfl. adipic a.cid and 360 e e
-to 480 degrees fahronheit alcohol, and two (2) drums of the 360

to 4BO degrces ‘fahrenheit azlecohol werc obt:ined and sent to the
Naval Research Lboretory in Anacostie., D.C.

" The following gocuments tranamitted to: the Bureau of shj.pa,. «
- —relateto-the mmuf&ctm*andm of - lubrfcat.ing il esters:

VIII Die Wisscnschcftlj.che Gnmdlagc.n der Schmi.orstoff :
Synthcsen (I.Ge = Lcun.e = DrH._ Zom report. of '

A May A9K3)

- IX T Ester cols schmicrole (I.G, - Leuns - DrH. Zorn D
— amponLoiLlLNoxmber_ng,g,;____ o

X~ Esterole (I,G, - L.una=P. por on properties and-
. _4,.A,.nplications) : o

XI A »ustc.r '!.ls Schmix,mle (I.Go - Leuno -Dr°H°Z°m peper .

Uisting rropcrties of esters)
—XII —FliessSchann fur Estorolanlagen de 1016 (I.G.
———Leuna-Flovw dingram and materizl ba.la.nces for
~-—————manufzcture-of scverzl esters) T T T T

-

-~ XIII E Ol-Anlage Schema I Teil and II Teil (I.G. ‘-
Leuna - Two process flow dio.grams for ester
~oil manur*ct:ﬁre). S— | -

9. Othcr Synt.hctic Lubnc?tn. Oils

Gem dcvalopnents in synthectic 1uoricants were not 2 result
solely of requirements but were to somc extent a by-nproduct of
thc enormous research programs being carried out in 21l chemical
flelds.

S An ‘example, of —such—a—contribution 1s tho polytetrahydrofuran
developnent. by I. G: at Leverkusen., Tetrahydrofuran can be pro-
duced casily from 1,4 butancdiol, an intermediate in an I.G.
process for butadicne manufc.cturu.. Tetrahydrofuran can be poly- °
merized to yicld oils which have becn st,udlcd as motor lubricants,

36m
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9o Other synthetic Lubricating Oils. |

'The copolymerization of totrahydrofuran aith smaller amounts of

- ethylene oxide has also boen carried out and this product has :
been considered both as an ‘cngine lubricent and a steam cylinder

Yot T T In polymordzation, the tetrahydrofuran ring opens and sllows .
: ~-—chdins-to form, with-the oxygen becoming-en-ether-in the chain.
The copolymerization with cthylene oxide to produce lubricant
was carried out at 85 degrees fahrcnheit using two (2) moles of
tetrahydrofuran to one mole of ethylcne axide. The catalyst found
. to be most suited was a fow percent of thionyl chloride con
~ some ferric chloride. After rcection thc oll is weshed frce of iron DU
e 68208 with-sodium bisulfite; trected with sodiun-methylate to = - =" -
_ replace termminal chlorine grouvs with mcthoxy groups, neutralized -
7T and-distilled to remove unrcacted components, otc.. The physical
- properties-of- this matericl included a pour point of zero degroces
.. . fahrecnheit, 2 VI of 150, and » viscosity of 130 S.S.U. 2t 210 .
.. degrees foahrenhedt, ~ — - T e e e e e

The -~bove synthcsis has boen described in more detail in
‘U.S. Nevel Technical iiseion in Europe Lettor Report No,
123-45 (S) of 12 Junc 1945, . ' '

- The,develomment of tetrahydrofuran polymers is relatively
new and not meny datc on their propoertics as lubriconts had been
obtained. A totn]l of 18 tons wns produced in 1943, An active
program of develorment including cngine testing was in progress

 at Leuerkusen, B e

[
A water-solublc torpedo lubricant developed by the Deutsche
Fcttsaure Werke is an example of another new type of synthectic
compound. The DFW was requested by the German Navy to produce a
lubricant which would 21low a torpedo to operzte without danger
A of leaving an oil smeer on the water surface in its wake, A
o ‘compound wais developed which was a salt of tricthanol amine and
_-_#.w_-_.___an_zpproximtelyJBJattsLmdf-fTho;salt-ms—fome&%y—d&ﬁeet
; ... .comgination without water seperation..  Such 2 compound is water . ..
~soluble, has & pour point of -40 degrecs tahrenheit, a high VI,
and is an excellent lubricent. These salts apparently are not
stable by the standards of lubricating oils, but for short dura~
tion use extreme stability is not nceessary. The viscosity of

-3~




9. Other Synthstic Lubricati Oils Cont'd.

the triethanol amine salts can be varied ‘widely by .the use of -
fatty ecids of varving moleculer weizhte. A sample of this™
- water—-soluble o0il was obtained and forwarded to the Naval Re-
search Laboratory.

10.7~Additivc§ tohlubxicating*cils. , e

Viith the nanssity of surrlying ¢ubricants to new and exac-
ting uses, and with the ever rresant- urge to ungrads low guality
materisls to increase the voluae of lubricants,,it was ex-ccted
that Germany had :iven attention to the develorment of: additives,
It vas found that many companies had been_studying 2dditives and
that,'barallal to the situation in Amcrica, hundreds of compounds
-had-been-synthesizec and tested.”"From this mass of rescerchthere =~ 7 777

~ wera developed some rew compounds thet wers being used comuercially
~and which gerhass could be useful to Ameriﬂa.”

= """ The use of inhibitors and additives in lubricating oils was

less extensive in Goermany then it is today in America. Mineral
oils were used uninhibit:d, znd 0o inhibitors or additives were
used in the synuhetic~lubricating oils or in the aircraft oils

———————containins-esters.—As-steted-before, no-special cttention was .
given to di asel oils, and again no inhibitors or additives were -
used in them.

The use of additives was limited theretfore to snccial oils
; but since it was the practice to svecif; srecial oils,fcr a
I 4-. . __grest many nceds, there were large numbers of spccial compounded
( ' oils marketed. Natural fzts and oils were used, ‘but their short-
- age encouraged the development of substitutes, The shortage of
natural estors, for example, was one of the reasons for the study
of synthetic esters which Icad to the extensive develorment
previously deseribed,

Some outstznding new additives ~rse described briefly below,
clnssed ~ecordin; to their ¢ffect on _ubricoting oil prorerties.

(n) Oxidation Inhibitors:

An oxidation inhibitor developed by I. G. = Leunz was clzimed
to be the most effective ona th-t hed been tested for improving
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10. Additives to Lubricating Oil_s_,ifa‘l (Cont'd, ).
it the stability of prolysthylene-mineral oil mixtures. -No test -

data were found, but this compound was the subject of patent -
applications, end was repeatedly discussed in interviews. It

~ was not used in cammercial practice. The materiel is a tin com~
pound, made by the following synthesis: - , o

—
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0. Additives to Lubricgt.;gg‘ g!! !Cont'd,)

¢

— . - (b). Corrosion. Inhibitorss - - - — . ...

A compound developed by I. G. -~ Leunz, known as KSE (Kerros-
ionschutzester), shows very good corrosion resisting properties,
In-a-cutting-oil study-a-soap that was being tested-was observed — ——  —

to protect iron surfaces azainst rusting. An ester of the acid

was then rrepared and studied as a lubricating oil ingredient.

Extensive test data and field 2xperience were accumulated, and

this compound was being manufactured and included in seversl .

special machine oils, torpedo oils, and weapvon oils. The compound

““1s-prepared from 2 normal Cy, to Gg “paraffin, obtained in Germany

by selecting a fraction of Fischer-Tropsch licuid. The synthesis -

~ was then carried out in the following steps: T .

R 'S0, # C1,——> R - CHp = SO,.C1 j HC1

.a soz-c1{-"rm3-> R.- CH, - SO, NH, } HC1

R - ~ SO, = M, % C1 CHp ~ COOH —
R - - SO, NH - CH, COOH } HC1

R = CH, - SO, = N = CH,CO0H § Rl - OH —>

R = CH - SO, - NH = CH, = C00 = R}
2 LR,

2

’ .

1 : ,
12 *© Cig 279 BT 15 from G, to Cye)

(R 1s Cyp to Cpg

‘wltraviolet light. The NHB and the Chloracefic acid reactions

. proceed without catalysts.

The reaction of the paraffin with SOg and 01€iis catalyzed with

e ~—Aamah—emulsifyingwsoap~inmcutbing—oils;~the“soap~usage—ixr1r-
to 6-percent weight. For the other applications, the ester is
used in concentrations of about 3 vercent weight.







10. Additives to Lubricating Oils. (b) (Conttd.)

) . :
Test data have - shown that-3‘percent~of~;he*esterfinrarlub-—r
__ricating oil will reduce iron corrosion rate to_ 2 percent of that
observed with uninhibited oil. Although particularly effective
for iron protection, zinc, aluminum, and lead also show greatly
decreased corrosion rates from the use of this meterial, |

A sanple of several gallons of KSZ was obtained and forwarded S
to the Naval Research Laboratory in Anacostia, D. C. R

(c) Extreme Pressure Additives.

An extreme pressure agent allows movement of one metal sur—
_face over another under extrems load conditions without selzure
‘of the metals occurrina. ~To-act—in—-such e-capacity, an agent ~
 must effect a reduction in friction by providiag some moving

layer between the two (2) surfsces. Most extreme pressure
additives eccomplish tnis effect b reactinc irreversibly with
the -surfaces, forﬂing a metal compound which rubs off the metal
and crovides a moving layer vhich derarts from the surfaces with
less friction than that accomranying the motion of one pure metal .
surface over the other.

However, an extreme pressure szent should be "corrosive" form-
ing metal compounds, only under the conditions of extreme load.
Therefore, an agent should be chosen which is non-corrosive at
low tem>eratures but which becomnes suddenly corrosive at some

—“elevated-temrerzture, ~With such an=gent, those-srots or areas -
__which become warm from friction will be attacked by the agent,
forming a metal compound which will rrivide the “lubrication"

necessary to prevent, overheating and seizure,

“One comoound ‘prepared b- I. G, - - Leuna posseésses such a
temperaturecorrosivity relationship =nd was used as an ingred-
ient of their extreme uressure iubricants. The ¢ompound,

e oo KNIOWN-A S Mésulphol,_was _synthesized-as-follows:

] ‘“"fc&rrg":’cx{z‘prrmsgﬁwaoa =5 c fHyg = CHy =0 =TC
'~ S ~1Ma % HyO




10. Additives to Iubricating: 0ils, (c) (cont'd.)

=S : ' ‘S-b, - - P e
c51'?11 = O -¢Z S = CHp - CH, - S ,C~0 05911{-2}19.01

| ATnew.-compound_was%;e&ymanufactured—by{.-G;-Leueﬁmsen—for"use

as an ingredient of zcroplene engine brenk-in oils, The agelitlis a :
phosphorous compound m:mifactured from chlorhenzcne phosphorus trich- -
loride and-&tcaryl amine. The use 6£.0.5 to 1.0 peroent velght of this

compound in oil reduced-the-breck=in time for neroplenc cngines from— - -

50 hours to 10 hours, It kad been in small production at IeueMiusen
slnce 1943, the total -obtput having gone to Daimler—Benz and Junkers .
for the above use, "!-'hepoarpoungi;ms'.prepared;as followse ~ 7 T T

- : ) _‘i N ‘“"—'—671' T 7- —

s g

) L 2 - ° '\ ’* mlBO . . ‘,j'...":“"' T SR ” LIl RS , R .

4 CyoH, CodH

: J/ | ’ '- 35»

~/

,.‘_;__c__wﬂ_m,_ Q:P - —:-o
B R QL

S _ 17 35

1

... Details on the manufecture of this compound will bo foRNg ===

(s)of 12 June 1945, o

o e g

: In Germmxy,' testing of cxtremc pressurc lubricants and additiv‘e'sj‘
was carried out with vorious test dsvices. The four-bell machine was -
_used, but wes not rugarded a2s a good devicc. The Almen-Wieland test

in U."S. Maval Technical Mission in Europe Letter Report No. 11945 .
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‘10, Additives to Lubricating Oils, (c) (Cont'd.)

““machine was elso used. A test apparctus recently developed con=
 sisted of a slowly revolving metal drum, portly immersed in oil,
with 2 metal wire under tensfon in contact with 180 degrees of the
~ drume The wire is put under such tension that the area of con-
tact 1is under very high loads The friction drag is measured by
—thedifference In tnsion between the two (2) ends of ths wire.
This machine then meesures friction esgainst specd.of rotation at -
constant tcmperature, or sgeinst tempercture at constant speed.

-7 (Q)-Pour-Point Depressorsy

" Paraflow was being manufactured in Germany., The process con~
sisted of condensing 80 perts of chlorinated peraffin with 15 parts . -
--——--0f-naphthalene and one part of polystyrons, using. 4lCl, as-a-cetalyst T

- and a temperature of 85 degrees fahrenheit, Thc yolys% ein-
-~ clusion was said -to "doublz the effeet" of the Peraflow addition to -

lubricating oils. In 1942, about 10,000 barrels of Paraflow was -

menufectured and sold in a concentrate contzininc 8 percent Para-

flow and 92 percent oil, ' '

~€e) ' Viscosity Index Erhoncerss

Polyisobutylene wies being monuf-cturcd and sold in Germany

~ under the trade neme of Oppenol (I, G, - Oppau), Its use was
limited to the increasc of VI of a’fow low grade kubricating oils
___to makxe thom salabls as motor oils, e e :

(£) The Principle of Two-Fhase Lubricants.
e ‘It:is perhaps worthwhile to mention thot work was in progress
— ~ in one research lcboratory on a two-phase Iubriceting liquid. The
e go2l was_the supply to the engine or device-n lubricating medium
7 that _would not change viscosity with _taeaperature. Thes principle
was to use a2 two-phnse system, wherein phase A is a lubricont and
phase B is & more viscous liguid, with or without lubricant prop-_ .
~ ———ertiess—As—temperaturo-ineroascs the solnbility of phése Bin—— =
: phasé-A-inereases—at-such-a—rate-that-the-visco sity of phase- AT T
remains constant,  No commcreipnl ~application-of -thc-principle has . -
been made or have, in fict, specific phase compositions of such ~
2 system been worked out, - : :
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11, Lubricating Greases: S

| Very few new developments in gresse manufacture or use were
found. The components of greases are no different from those that
are-in—conventional-usce-in Americe . S

T T T Soaps for grees e menufacture were made-largely from-synthetic
__fatty acids._These fatty 2cids were mzde by the Deutsche Fettsaure
Werke (Viitten), I. G. (Oppau and Hoydebrek), and a plant in Meg-
deburg b; oxidizing normal paraffins from waxes. The total fatty
- acid production for this use was about. 120,000 tons per year. The
soaps used in greascs were primarily sodium, calcium, 2nd aluminum,
Tho usc of Lithium scaps for grcases was known and 2 very small volume
was being - produced,-but-there-was-arperently only- littlec interest. .
in end no rlens for cxtended use of then. ' R

The oil components of Germon greescs werc clmost exciveively
refined petrolecum fractions and, most commonly, of Fennsylvania
origin. Mo imrortcnt use had been mado of the s;nthetic lub-
ricating oils nroduced in Geraany as credsc camnonentse - -

Onc develorment thet wes found wes the use of finely divided
silicon dioxide to nroduce rcls with lubricating oils, It was e
-development by tho Dogussae. Comrany -(Deutsche Gold-und -Silber Scheide- -
Anstalt). The fincly divided Si0, is prepered by “burning ‘silicon - -
tetrachloride end directinz the flome against 2 cooled metal sur-
face,. The silice product has a perticle size distribution similar
to thet of carbon black and a settled density of only 0.015, '
_Used in 5_to 10 percent concentration with cartein lubricating oils,
perticularly those cmtamng"ﬁépﬁmm*wm»m; —
pounds, & steble gel was set up which could be used as, e greases The
gels were said to be stable over & temrerature range of =65 to ¥570
degrees fahrenheit. - ' ' :

"~ pertains to Gemman Lubricating greasess— ~~ -~

) XIV Technische Lieferbedingungen fur Flieger—

- ———Sonderfette.  (Specifications-for greases-- -
supplied to the Germen Air Ministry).

i
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12 Conclusions, L

(a) The total volumc of lubricating oile produced for German
use during-the-last war yoars was about 17,500 barrols per day. Of.
this total, only 1,700 barrels per day came from synthetic processes_
and the remainder was obtained from petroleum, o o

7 777(b) The refining methods employed to obtain finished lub-~
ricating oils from petroleum were largely conventional and are
-~ well known in America. A new process not yet applied cammercially
was known as Mixed-Polymerization. It invalues the addition of
ethylene and its pplymers to potroleum lubricating oil distillates
&Jﬁﬁm—pmea&rthexuby—obv&aﬁng—thrnecmitrpf'wlvent
extraction. S :

v' (c) The synthet.ic' oils came from the following processes
and locations: = — : , S e R

' (1) ' The TTH process at Brabag-Zeitz produced 600 barrels
' per day of industriel quality lubricating oil. This process hydro-
- ’—Benate’—‘bmcoal—%&!‘*mmﬂch—cOndiﬁm—thgt—a‘lubﬂ@’at‘ing“‘oil*”"’ .
fraction of averaze quality only is obtained directly as a main :

product.

- (2) At I, G. Leuna polymcérization of ethylenme to produce . .
high quality oils was being carricd out. Using a new process of
Ie G. origin, oils of 120 VI, low pour point, and good stability
~--in-use, were being made: ~These olls, produced at a rate of 300
- barrels per day, were being used in 50/50 admixture with refined
___ 'petroleunm frections as 100 VI aircraft oils. .

= .(3) At Ruhrchemle-Helten, Rhenanie Desag-Hemburg, and
Politz, olefins produced b thermal cracking of high boiling para-
ffins were polymerized to high quality oils of 110 to 120 VI. Of these
_oils, produced at a combined retc of 650 barrels per day, most-were -
used with refined petroleum fractions to produce aircraft oils, '

' - (4) Using a process of their own development, Rhein--
__preussen-Homberg. produced 50 barrels per.dey of oils by alkylating -
a naphthalene with a C 6 paraffinic chain., Their production was
. teken entirely by the GSman Navy for use in dicsol engines, . .-
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12 Gonclugiens (Cont'd,) |
(d) Several esters were being synthesited by I. G. - Leuna
for use as components in svecial oils requiring low pour points
and high VI. Esters impart good lubricating quality (“oiliness")
at.the same time fulfillin; other requirements of
pood lubriganh.;lha_ﬂwt_esterhm%o ’ ir pour
points are about -40 degrees fahrenheit. The ester development is
——————considered to be of outstanding interest. The I.G.~ Leuna ester -
production rate was 100 barrels per day, ) '

(e) Synthetic oils developed, but not produced commercially,
included-a_polymer of-tetrahvdrofuran ami- ethylene oxide (I.G.- .
Leverkusen), and a water-soluble salt of triethanol amine end-a-ca, -

Cg fatty acid (Deutache Fettsaure ‘lerke-fitten). The former compound

has a high VI and low pour point, but little information is avail~

ablec on its performance, The water-soluble oil was developed for
- 77777 torpedo use and was said to have been accepted by the German Navy,

(£} Several new additives hed been develozed, including ans
—oxidation inhibitor (an organic tin compound), a corrosion tnhibitor’
especlally effective on iron, and two (2) extreme pressure compounds;

(g) No outstandin: new develomments in the field of lubricating
graases were found, - - - e T .

(h) Of the new synthetic oils and comronents disclosed, the
Polyethylene oil and the ester additives arc considered to be of
particular interest and thair study and test by theU,S, Navy 1a -

recomvended, The new additives described should also bo tested — -
by methods in standerd use in America. . | _

——Propared by —

M. E. SPAGHT R L
. Technieian ==




APPENDIX Y. -
THEKANUFACT!BE OFETHYIENEFRW"THA!\E

-

Ethylene for the manufacture of ethylene polymer lubrica-
ng olls was yxvduc@—% Jeuna by the parﬁal oddation of ethane,

" The Leuna pmcess gives an ethylene yield 1n the p]ant of
70 percent weirht, based on charged ethane. The ethane to be- 7
reacted is three (3) volumes is heated to 1110 percent weight,
oxygen one volume is senarately nreheated to 750 dezrees. fah=
renheit, and the two are combined under slicht vecuum in a care—
fully designed -burner- wheréin-the- tmrerature rises to L470-—— —— - -
to ‘1560 degrees fahrenheit. The product of the furnace is -
cooled by exchange and the ethylene is separated and purified_ ‘ _
. _to a minimum of. 95 _percent weight, in -the- final producte T

~ On a hydrogen and nitrogen free baaig’ ‘the product
the reaction burner is: fm

48,1 percent vol, ~ ~  Ethylene

30.5 percent vol, Ethane

-—16,0 percent vol, - . eco -
0.6 percent vol,. » (Dz
1.6 percent vol. 05 .
2.4 percent vole Fropylene and Higher

' : ' Olefins
- -—0.8 percent - - - _----- -heetylene ———

100,0

Based on ethane recycle to extinction, the abo§é analysis correg- -
ponds to_an ultimate -ethylene. yield of 79 percent. This figure -
is reduced, of course, by losses in the recovery and separation T
system

: The ethylene was purified at Leuna by a Linde fractionation
—-system. Before fractionation, CO, was removed with an alkazid .
" plant (regenerative alpha-amino-propionic acid) and ‘acetylene

~ was hydrogenated over a nickel-chrome catalyst down to a content -
of O.1 percent volume. The first linde colunn separatcd over-
head materials lighter than Cz, a second column separated the
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2§ fraction ovarhead and a third column separsted ethane znd
tylene. Through’ this fractionation, CO was also separated
quite comrletely from the cthylene.

- A sccond method for ethylene manufacture from etheane was
im———wOrked out -2t _Leuna-and a plant was being built at Heydebrek,

The dehydrogenation ster in this systex employs straight thermel

cracking at atmospheric prossure. "In & two stage counterflow

of flue gas and ethane feed through two furnaces, the ethane temp-

- ereture is raiscd to 1200 degrees fahrenheit in the first coil

~and to 1550 dezrees fahrenheit in the second, The cracked gas

..is: quenched,- acetylene is— selectively-hydrogenated-out, -and -the .. - -

gas passes to a_selective solvent ethylene concentration system.

. .___In the themal_cm.cking_operation,_a _conversion of 30“__ S
percent per pass is obtzined (design figure for Heydebrek).
pPllot plant work, coke deposition in the 27 percent. chrome tubes
required a cleanout only once in 40 days, = -

‘With-a themmeal-cracking method for th‘:}t}ne -dehydro—~
genation, a system of szlective absorption . to be used for
ethylene recovery. The solvent is a copper - diethcnol amine
complcx, prepared by saturating dicthanol amine with cuprous
nitrate and adding theroto 3 to 4 percent’ welght of “emmonie
water., This solvent is used =t 80 degrees fahrenheit and under
10 to 20 atmosphers pressure. Ethylenc is released by reducing
pressure and increasing temperature to 105 degcrees fahrenheit.

Then recovering ethylene from a 30 percent concent.rat,ion ges
mixture, one volume of solvent at 15 atmospheres is adecuatc to
scrub 30 volumes of gas down to an ethylene content of 0.2
. percent volume. .. .. ... L

This golvent will seperate ethylene from raraffine but
is not selective between cthylene wnd propylene. It will not
separate CO from ethylene, and hence is not used when ethylene -
is produced by partisl combustion.of. ethane. - Sulfur comrounds
'in a gas being treated with this solvent react with the solution™
"and precipitate copper sulfidec which then must be filtered out
periodically., If CO is to be separated, Linde fractionation
is considered to be the most practical method. Removal of CO
with a KNi CN, solution had been studied, but the process is not




Agge__ndix T (Cont.'d,) '
regenerative and hence is coatly for high CO concentrations.

The following documents transaitted to the Bureau of Shipa,
pertain to the manufacture ~nd concentration of ethylene by the

—two aystams outlineds

' , XV Die Herstellung lines At.hylenhalt.igen Gases
: durch thermische Spaltung von ' Althan oder
Propan und Aufarbeltung dieses Speltgeses auf
Reinathylen in einer Gastrennanl.age nach

Lindes (T *Repo'-ﬁ

Gestehkoatenvorausachatzung fur ‘Athylen cus
Athan durch thormische Spaltung im Rohrenofen
nach Hauber, (I.Gs = Leuna - Bericht—of 11 -
June 1941)

Schame zur Spaltonlacc.  (I. Go = Leuna - Flow

diagren of Ethane Themmal Cre.T:Ring mn—zo T
API‘iLJﬂ!@»), I T

‘Oletinabsorption mitiels Cuprosalzlosungen
IT Mittcilunge (Ie Ge = leuns = Dr. Hauber
report of 22 July 1942)
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INTERNAL COMBUSTICN ENGINES
(Use of a chemical as Tgnition agent)

SUMLARY
A method by which ignition, in an .internal
combustion engine, is obtained not by means of
.spark plugs but by selfeignition of a liquid finely
atomized into the combustion chambker at the proper

moment of the cvvle.

This method it desienated as "Ring-processfe

Key Personnel interviewad:

Dr. Fritz Penzig, of the I.G. FarbenIndustrle
A.G. at Ungstein, near Bad-Durkhelm.

Dr. K, Peter, of the Baierische. lotoren WErke,
~at Munich,

July 19&5
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INTERNAL COMBUSTION “ENGINES

1, Purpose of the Ring*PiBééés;”;'w'““’W”“”"“”'w“m

In the German aircraft gasoline engine it was recoghized,
“Tup to very recently, that the weakest part especially for high-
altitude operation was the spark-plug. Not only was it nec=-
essary to takc unusual precautions to avoid ignition diffice
ulties at high altitudes (for instance special high-altitude
opark~p1ugs-dual‘1gnitton~—spociaily~tnsulated cable, restrict=
_ed air circulation) but it was also neccssary. to_avoid fouling .
of the spark plugs ty 1im1ting the lcad content of high~test
gasolinc. Thc M"Ring-Process" is an invention for thce climina-
tion of the spark plugs. Ignition is produced by spraying into
the com-ustion chamber, at the right moment of tho gasolinc-air -
compression stroke, a liquid that will spontancously ignite at
the tcmperature of the cylindpr, and thus ignite thc combust-

iblc chargc,.

The process, alrcady mcntioncd in the urxtings of Dr. Rudolf
Dicscl in 1898 was developud by Dr. Fritz Pongig of I. G. Farben
Industric A.G. at Oppau in 19L40-L41 and perfcetcd in cooparation
with thc Baierische Motoren Werke of Munich in 1942-L3.

The ignition 1liquid uscd, callcd "R~Fluid" is an ETHER such
as 3Butadiol dicthyl cther, or Dicthyl diglycol cther of formulas

OH OH- - OH OH
C— 'C-0- ¢ — ¢
H, H H Hy

It is dc51gnat,cd in Cermaryundcr the symool R-BOO and has °
the following orog»rt1cs* A )




1. VM“" of tm—iaj‘é‘g"hoice‘-s.s;“’(.go‘!ﬁ.*li)if.T“Tf’f__,f‘f*;._?'__{f"fff._f.'ﬁ"_,"‘f:

COMPARISON OF R=-300 with AVIATION GASOLINE

. . R=300 Aviation Gasoline

chi_“gravtty [ R . . 0‘75 S
Viscosity CS at 20°C - o 0.6 .
Distillation B, P. - 200°¢

Calorific Value Kcal/kg. 10400 .
Theoretical air required—"—~ ~ oo

| kg/kge 943 . IB_

Ignitability in Cetane | :
‘ rating 185 ‘ -up to 395

_It'is to be noted that R-300 can also be used as starting
,,_ﬂ.nidlor_-mese_l_engines,,—in—whieh-—caaefﬂ'rﬂﬁestgnated as

KS II.

-The self-ignition quality of R=-300 appears to be due to a
rapid disintegration of the molecule under the action of heat,
an exothermic .reaction producing a rapid rise in temperature
which causes the products of decomposition to ignite, at about
70 degrees centigrade. .

On account of its high ignitability, R-300 is not oarti-
cularly affected by changes in the compression-ratio, and
opcrates d ‘ B

is the minimum compression ratio se;ectg_d.

2, Various Fenturcs of the ‘Ring-Process.

(a) Ring=Process oporates. over. entire range of air-fuel -

' mixtu_res.

. Onc of the interesting featurcs of this process is that
it operates withoorrect ignition from the leanest up to the
richest air-fuel mixtures, This can be explained by the high
energy of spray of R-.flqéd, ‘cstimated at 70 kecal, as against
an energy rcleasc of 10~ keal, coming from a spark plug. The
only condition for the ignition of very lecan mixturcs is a '
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S e »ifa.—»—Variou; : ?\éaturc s-of —th&--RinE?_PIOOe ss. (a )(_cgnt,}rdf);__r__‘__ -

slight incroasc in the quantity of R-Fluid. Figure 1 illust-
rates the economy of the process when the air-fuel ratio is——
g a5 slightly more R=fluid is used for tho lean mix=

tures, the power output curve is also slightly raised. On

. the other hard for very rich mixtures the ignition delay seems

to increase resulting in a powoer reduction. In other words,

as the temperature of self-ignition of the R-fluid is not

reached quite as fast for a rich mixture, a slight power-loss
occurs.. To obviate this, the injection-timing of  the gasoline . ..
is slightly advanced so as to permit thc R-fluid particles to.

ey
20 L8

comple tely permeate the air-fucl mixturc.

(b) Ring-Process and Knock. - .

PO U P

The Ring-process has proven to reduce to a considerable
extent the knocking tendency of a fuol, This secms to be due
to the fact that the particles of R-fluid penetrate -thoroughly
throughout the mass of air ané fuel and, when they ignite, start
the ignition uniformly. It is as if an infinitely large number
of small spark plugs were all operating simultaneouslye.

(c) Ring-Proccss and Timinge

The timing of the injection of R-fluid into the cylinder
does not secm to have the same effect upon the operation of the
exxglxm—w—mﬁ%—mwwm -
engine, This is explained on Figure 2 on the theory that, as '
‘soon as the spark is produced ignition takes place and the rate
of pressure rise is modified when the timing of thc spark is
changeds On the other hand the injcction of the R-fluid does
not instantancously start ignition; ignition does. not take
place until ncar Top Dead Center. In ‘other words a slight
change in the timing of the injection of R-fluid does not af-

fect the ratc of pressurg risce A sudden rise in the pressure
curve occurs at point A as soon as the spark is produced, in
the spark-ignition engine while it does not occur until point
B, for the Ringe-process, ragardless of the exact timing of the
R=fluid injection; point B of the curve corrasponds to the
pressure and consequently temperature condition at which self=-

ignition of the R-fluid occurs. A comparison of the various

-5~
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pressurcs noted in the spark-ignition process and .in the Ring-
process, when varying ignition or R=fluid injection timing, is =
shown on Figure L., Examination of the curves shows that, while
the maximum M.,E.P. indicative of maximum output of power is the

- same “in both-processes; peak pressures are different. - In the
Ring~process, M.E,P, and peak pressurcs are correlated, and in-
dependent from the timing. -

(d).Rimg-Process and 3nginc Temperaturcs,

Tests run with-air-coolsd cngines as well as with
liquid-cooled engines have demonstrated that the cylinder head
temperatures were considerably lower with the Ring-process. In
—aldquid-cooled-enginc—the—hecat—carried—away-by-the-coolant -was
15 to 25 percent lower with thc Ring-process than with spark-plug
ignition, at full load.  Further tests werec nlanned, but not
complcted, to deoterminc how this difference in hesat loss may be
accounted for, parsicularly since the exhaust ‘gases did not show
an increased heat loss of equal amount.

(e) Ring~Process and Engine Speced,

. Tests conducted at the HIRTH MOTOR CC, in Stuttgart
Zuffecnhausen proved that no diffieulties -in the injection of .
R=fluid ne2d cccur at any rate of speed. Velocitics as. hlgh
a8 500 rpm RIS naa ho 28 0 0 s n
showin on Figure 3. Curves show that the timing of R-fluio in=-
Jection must be slightly advanced at high spceds, as may well
be cxpected, and that the fuel consumption cxpressed in grams
per horsepower incrcases also with inercasing specd, which is

normal. A regular Dicsel inj,ctlon pump with a 6 m/m »lunger °
hich"

varics from 10 to 20 mm3 per strokc.

3. Flight Tcsts with the Ring-Process.

-(a) Prior to the flight tcsts.described below, pra2liminary
tests werc made on onc cylindcr of a 9=cylinder radial enginc,
- the W 323, having a 3-1liter cylinder capacity. 4n R=fluid in="
jection nozzle was installed in place of the spark plug, and the




~ .3, Flight Tosts with tho Ring-Process. §a)(cont'd)

80485

compression ratio was raised from 1i6.4 to 138 which is the min-
imum considcred practical for self-ignition of R-300. No knock-
ing was noticed with the various fuels used. Aviation gasoline--

C3 vias sclected for test purposcs, The only difficultics cxper=

jenced were an incrcase in fucl consumption and some ignition .

failures when the temperaturc of the air from the supercharger
was beclow 50 degrees centigrade. This led to a study of the _
motor temperatures as it wns cxpected that at high altitudes ex~-
cessive cooling would cause further failure of the processs
Figurc 5 shows the tcmperaturées at various places of this one
cylinder engine. - S e R =

l.-with spark ignition, o

2.-with the Ring-process without any mechanical

Vi
7

change, .. .
3.~with the Ring-proccss after shield plates had
‘been installcd to protect the cylinder head
. from excessivc cooling.
It also appearcd advisable, in order to avoid ignition failures,
to direct the spray of R—fluid against a rzal hot part of the
combustion chamber. By causing the spray to impinge against the
exhaust valve a considerable improvement was noticed throughout.
This improvement, both in Fusl consumption and in Powsr output,
is illustrated on Figure 6, where 3 conditions are shown: first,
a straight spraying of R-300 into tho combustion chamber, the air
being cooled to 1°C; this condition is thu worse of the threel
Then the same direction of spray but with air slightly warmer;

even this smell differcnce shows en lmprovement., Finally, with
air at -1 degree centigrade but with the spray of R-300 direct-
od nfainst the exhaust valve. A decided improvemecnt is notice-
able, power output higher, fuecl consumption gencrally: lower.

~ Average consumption of R-300 was 2.5 kilograms per hour, which is

rather high. The output, espccially for rich mixture, was equal-

ly 2s good as for spark ignition, and the fuel consumption,
especially at lcan mixturcs was decidedly better.

(b) Tests were then conduc tcd with 2 BMW 323 9-cylinder en-

_gine in a . Junker JU-52, Comprcssion ratio was 138 Two-stage

- Climbing powers 800 HP at--2250 rom. - The fuelrconsumptionwaverour~-,,.-u

supercharger. Take-off powcr: 1000 to 1050 HP at 2500 rpm.

aged 210 grams/HP. The R-fluid consumption was 1 to 1le2 per

-0 -
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3. Flight Tests with the Ringz-Procusss (b)(cont'd)

hour pcr qylindér, that is 15 to 23 mm3 per stroke. At no-load
the usc of R-fluid increased to 4O mm3 por stroke.

Tho Rihg-proccss wns uscd in the middle cngine of a group of
threo on the plane., Tusts showed that the high rate of cooling
would causc difficultics, and ~ different set-up.had to be ‘used.

(c) The next serics of tcsts was therefore run, also in a
Junker JU-52 but with a BMW cnginc -having a compression ratio of
1:9 instecad of 1:8. Avorage fucl consumption was 185 grams/HP.
“Refluid consumption was 18 to 23 mn3 per stroke per cylindor and

azain 4O mm3 at no-load, It can bc said that the R-fluid consump-
tion is from 5 to 10 grams per HP. , _

Unfortunntely this plane could not ;o above altitudes .of
5,000 meters, where difficultics werc really cxpected duc to ex-
cessive coolinr, and further teste werc planned,  -But in thc -
wintcr “of 19h3—ﬁh perhaps duc to somc -improvement--in-the spark -
ignition tcchnique in Germany, sorhaps dus to greater intcerest
in other typces of plane propulsion, it was deeided to interrupt
this work on account of what wes tcrmed finora pressing intercstsn,

L. Problems Related to the Ring Procoss.

Two (2) problems were given consideration in conncction with

this procuss. The first is the problem of starting the ongine,

cspecially at low temperaturcse It soon became clear that a sct
of auxiliary spark plugs, uscd only for starting, were an indis-
pcnsable accessory of the Rin =process, to,cther with battery,
distributor, and all thc clectricel equipnent nccessary. -

Thc-—sccond—problem—was—onc—of reducin:—the—cost—ofinstal=

lation of the Ring-proccss, definitcly hirher thon the cost of
spark-ignition, by climinatin- som¢ of the injcction equipment.,
Thc Hirth Motor Company sdopted an injection system developed

by Prospcr 1! Orange for small Dhescl cengincs, and similar to the
pre-gasification injcction of thc Cumnins Enginc Company in the
U.S.Ae It is illustrated on Fisure 7. - - T
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o L, Problcms Related to the Ring_Prbcess.f(cont'd).wfjm'w‘“"-m">_:

1. During the suction stroke, thec operating valve opens
and the delivery port is filled with R-fluid. SRR
2. Durin; the compression stroke, the rases passing through
~the Venturi into ths chamber create—asuction-which
causes the R=-fluid to flow out of the delivery port into
.the chamber; there it ig heated and ignites, o
The flame created in the chamber comes out throuch the
injection passage into the main combustion chamber and
_ignites the air-fucl mixture. The ignition of the R-fluid
in the small chamber takes place at 10 to_20 degrees .
_ " before Top'Dead Center. : ” -
This solution worked out without mechanical difficultics, caused
however = slightly higher consumption of R=-fluid., _ o

S. Conclusion.

It can be said that the main adventage of the Ring-process... .
'cbmpared*tovthe~spark—ignition—method—}iesfinythcﬁeliminationwofwu,W,ﬁ
 spark pluy difficulties, scrious in Europe at thc time of the . .

devclopment of the process. A saving of fuel of approximately 5
.percent can also be expected as a raesult of more knock-free per-
formance and of more economical use eof fuel in the @lcan mixture"
operatin; periods, - The fact that less cooling is necessary may
be considered cither an advantage or a disadvantage inasmuch as a
carcful control of the cooliny process must be provided to avoid. -
ﬂn«»u_pexcegsixc_nagling_and_ﬁeanliag&_tgilures. The cost of installation.
: of an R~fluid injection system must be compared to the cost of
electrical ignition, especially when it is considered that electric-
al igniticn is required for starting at the present stage of the
developricnt, o - e ' .

;tn:exget—e#aluatian-ofﬁtha_prcccssvcan_anly;hgmmade after
riving due ' thought tc all new processes related to power produc-
tion for aircraft: Dicsel eniines, jet-propulsicn, turbines. In

 that light, the Ring-process appears to be a minor development.

Prepared bys

R. J. Bender,
Licut, USNR.
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GERMAN I'IESEL FUELS

@

A

SUMMARY

Review of the work done in Germany during the past few .
years to produce a satisfaotory diessl .uel for highe~speed - —
enginesy and the research conducted by scientists to investe
igate pessibilities of further improvements,: Study of
additives. such as: nitrates, nitrites, peroxides, alco~ _
hols, ‘etcej and of various processes such as "nitration® ,
... and "ozmonisation® ‘to raise the cetane rating of fuelse - __

August 1945
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Slow speed ststionary dicsel engines were operated on such liquid
 fuels as were available, These fuels included petroleum residues, -
petroleum crude, coal and lignite tars and crude “shale oile No speci-
. fications could be maintained as thoc fuels for these types of engines
were inadcquate at all ‘timbs and became increasingly scarcer as the
war progresseds So much so that attempts, only partly successful,
were made to use these local supplies, alone or mixed with other
____diesel fuels,.in automotive ongines, -The results are orted in
the 194} quarterly reports of the "Reichs Kinister fir R und -
Kriega-produktion? (Department of Planning and War Production), Fucls
and Lubricants Section, under direction of Dre Bokemuller of the
Daimler Beng Company in Gaggenau (Baden)s ‘ '

Dicsel fuel specificatiohs were prepared for the various armed
- forcese 4 compafibon of the requirements of the "Wehrmacht®, the
.- Nluftwaffe" and the "Kriegsmarinc® are tabulated on Table I, Small .

difforences are apparent in this tabulation between the requimne\'nt.s" '
of the .various branchese ‘ ' i . :

» ’

ghe German Navy ((Kriegsmarine) iﬂbart.icular"’i"aa'deﬁnita]y op~ o ﬁ
posed to the use of any additive.in diesel fuels for fear of cor-

rosion, and never did use specification XY of the luftwaffe for fear -
of vaporlocke B ' A L '

In addition to these diesel fucls most generally used and recog-
nized there came out, from ‘time to time, certain fuels known as
___WSonder Diesel Kraftstoff", "Lcicht Dicsel Kraftstoff®, "Spesiall .
Diesel Kraftstoff®? prepared to order for a definite purpose or for
certain experiments, Some wocre blends of various types of diesel .
fucls, others were blends of dicsel fuols and gasolines. The latter-
could be classified in'the Unitod States as #tractor fuels',

24 Sources of Dicsel Fuel in G’erﬁar{.

Notes Whenever a production process is mentioned, such as Fischer-
Tropsch synthesis, or hydrogenation, the reader is referred to the ‘
rcports on these various processes prepared by the U, S, Naval Tech-
mical Mission in EBurope. - - - - ’ '

—h-




(a) Natural Potroleun Distillates.

Crude oil was obtained from the Polish, Rumanian, Austrian and
BYman 2 l1as LO—8erve—as— hase 0 hey Uerman I\s and _1Tubrieants

industryes Although the quantity of these oils was continually de~.
creasing under the impact of Allied air and land offensives, a sure

 prisingly large amount.was still on hand almost up to the end of
hostilitiess - - - o g - e

 (b) Synthetic Distillate known as Kogasin IT,

The high boiling fractions distilled from the Fischer-Tropsch .
low pressure, low temperature, catalytic process for obtaining oy~
‘drocarbons from solid fusls has the following typical analysis (1945)
and was used as blending product for the preparation of Diesel fucls:

DISTILLATION

Gravity R, . o
Color ; 15 Saybolt I,ByPe  192°C !
e Odor ___________ . ___ _Sickly=Charactoristic 2009C =~ 345 percent |
of FoTa products, 210% * 17 percent ‘
Cetanc No. 90 and better - 250° 82 percent
_ Bromine Noe. , 13.8 ., . 260% . 91 percent
- Todine Noe 13 - 270°%C 95 percent
hromatiess N1 EePs . 276%
Unsaturates 15 -« 20 pereent’ Recovery 97 percent
Flash Point (PX) 19S°OF
Fire Point 215°F
Ash Content © Nil
Comradson Carbon M1
_Viscosity 2.8 centiskokes @ 68°F
Sulfur «01 percent N
ianiline Point . 90°C '

(c) Synthetic Distillate known as Kogasin I,

The lighter fractions distilled in the Fischsr Tropsch proeess,
with boiling range ‘below 225 deprees centigrade, known as Kogasin 1,
and with a cetane number from 35 to 60, according to the cut, have
. also been used as one ingredient in various mixturses, for the produc—
_tion of Diesel fuels, Some work, mentioned below has been done to im=
-prove their suitability, 5 -
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» OF DIESEL FUEL SPECIFICLTIONS — B
TaBLS Lo e T Sonder | Tattmcts KRIEGSWARTNETRETSOEL -
Diesel . Mesel- Ky Hineral oil; FeTe Iignite Oil
Kraftstoff Kraftstoff . Synthesis; Hydro- | -
i . - genation
" R . P ~
e ' T The Fu:l must be claar, free from all solid matter, ) - . -
: é’;ﬁ;‘:;“:e]soc : T LISl 818 60865 —— -~  [48B Max. 90 L-g-x-
‘ : : o . ' , ’ : -I"cu.'OU--Boats"'_° _.81528 «87 -
- Eneler @ 20°ﬁ C e - 1,10 20 — ! e 142° _ 2. : 2
‘;ﬁ::o;iogt?gmw. ) . Winter: - 135'} ‘t:ax.‘ <45°C Max, Musé flow freely and without separation @ 0°C
; b . Summers ~ 10° C Max. ! ' ' ‘ ) N
Filtering ability Winter: 200 cc min in 60 Sec € -2?2 c . € ——— No such specifications >
- Summoers "o n_ " " oW P Qe c 7 - o
| Flash paint Puife. .} -559C-min—f——-—219C-Lin [ 50%C 2an - - i€ 552 #in — -
Neutralisation No - — ot mg Max— | 1% Uax, 'e..—__..l.sf Haxe ;’.
Zinc Corrosion. " Not over L mg of wmeight reduction ) €——————— icidity Zero g
—Water- S R Y S o .B%;*Lza.x N ‘ » Y
.- & ’ —— o05% Max _ 5
— 1% lax, - tl%-Hdaxe - - — — —3e3% Haxe
- & +05% Max —— 1% Kax. - p8% Hax, 1 1% Xax, |
— Or-2% coke and gu;x bytltxz ) . g
Hagemann Hammerich me ' ‘ o
€ = 9900 Keal/kg. ifine — - ‘%f
. Ii5 Cetane MWin. : 50 cetanc Iine - ; & No specifications vi
2 — L mmmmL L D rvoomoL B e N o i‘(»in‘;pra’c‘t,ice SOT- T'fSS)-« = 6 - -
| Volatility & 8€% Min distilled at 360°C 95% Min @ 350°C , 60% lin. distilled @ 350°C
Compatibility 411 Diesel fuels mwust nix togother without prgcipitation g

pm — e eemba e el

- 'shaken in a §50¢¢

d. The Kriegsmarinc specified alsc an "Emulsibility Test" which was the following: 10%C cf the Dicsel fuel was

oil and water
in 1°¢ of mixture). Then
utes -The eclorirg of the

the entire test is repeated with sea watere

2. 411 Kriegsmarine Diese

ually a Mtractor Distillate", had to be

in color a mixture gf 13 mg of Sulan brown R and 1 mg of Japan black were adde
' by I.G. Fal'ben.-industrie). ) : .

closed tube with 10°¢ of water
shculd start within a minute after

for 30 seconds., Thorz must be no emulsion and the separation of

the shaking, After ]/2 hour scparation must be complete (with—
of a "/10 NaOH solution is added-and the

1¢¢ fuel and water are shaken again 1/,

2 min—
liquid within the next 2| hours mist bs at the utmost a very pale pink, .If too dark

1 Fuels, called "TREIBOEL", -eﬁept. SDK2 (Sonder Diesel Kraffstoff 2) iﬁich is act-
colored to a minimum of 4 — 5 Oswalde For cils which were too light
d per 1 kg of fuel (colors made

[4




ingto the ref:l.ningproceu, 'varyingin qetane rating rron 38 to h8.
Its ccmposition makes it a rathor poor diesel fuel, and it ic not
generally used without further treatment, .

. (e) Distillates from the Hydrogenation Proceu.

" The oil obtained- tron the hydrogenation of coal, coal tar and
lignite constitutes a good diesel fuel, whather it is the middle oil
from the sump phase, or the residuc of distillation from the gas
‘phase, Typical analysis of theso hydrogenation diesel fuels-cover
-a wide variety according to their bomng ranges

i Gravity 4850 to 4885
“ 4fndline. Point 31 to 53°C
: Aromatica and Unsaturates 38 to L9 pereant
Boiling Indexws . 255 to 265
Cetane Ratdng - .~ -~ . ~ 30 to 4S5 I
Pour Point . Below =35°C and as low as ~70°C o
. Viscosity E @ {2o°c | 145 to 3.61°
: - : -+~ - - - They -are used-either pm O —
" mixed with Kogasin II,

#% The Germans refer to "Boiltxig Index"™ as the sum divided by
ten of the temperatures at which 10 percent, 20 percent, 30 per-
‘cent, etcess Of the liquid have distilled, including the end
point, but not the initial boiling point, Some also divide

by nine tho sum of the 10 perceant, 20 percent, etc... fractions
.but exclusive of both - I.B.Pe-and BePy - -

(t) Oils from High-Temperature Carboulsatd.on of Coal,.

. In the Ruhr whexje large quantities of coal are coked for the
metallurgical industry, a tar=oll] is available, of high gravity and -
’ flaw ignitability which is not suitable as diesel fuel for high=-speed

‘engines, " It can however, be proceaaed and mixed with other producta,
as will be described below, . ]
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- 2, Bources of Diesel Fuel in Bamg. (COnt'él_f_ e
- - e
(e) Shale 0il, | | |

3 The distillation of shale ylelds about 3,5 percent of ap cil
suitable as a Dicsel fuel after further treatment and mixed with
mentioned above, Thias will be described further, A typieal analy-
sis of shale oil, such as produced at Dotternhausen (near Rottweil)

" iss -

- Gravity . 916 .
Neutralisation Index o C IsB.P. 124°¢
Lsh - . +02 percent 10 percent 2L4O°C

 Water . : «09 percent 20 percent 250°C-
- Sulphur ' Ly percent 50 percent 282°C
Saponification No. 2,63 * 70 percent 31532,

Conradson Carbon ' ,
0,06 percent E.Pe 3nncec
. Recovery 96 porcan

: It is of intorest to pelate tho manner in which a1l fuels, for
alrcraft as well as for ground forces, were-prcpared for consumption ,

: The utmost sccrecy was maintained at all timos inside and cut-
side Uermany regarding sousces of fuels and preparation of blends, =
Producers were ordercd to ship certain quantitics of products. to
locations designated by a gumber and wore not'informed of the dis~
position or ultimate destisation of these products, Blending was
. ,v,é?gqmp!-j.gb_e,dﬁumn_the_omemQLceminmutiomrﬁmuw,v_,,; .
--knowledge of the identity of the products blended, "People who had
completo knowledge of the fuels and lubriocants situation were, for
‘automotive engines, the personnel of tho "Zentral Bliro fiir Mineral
Oel" in Berlin and for avfation engines, the personne) of the "Ober-—
kommando der Luftwaffe." Under these, the Miirtsc che Forschung
Gesellschaft" or 1iIFO, aseisted by -the "Reichs /mt fir Wirtschafts
dusbau” irn Berlin, took enre, at strategic points throughout Europe,
of the storage, blending and distribution of fuols and lubricants,

-8 -




3, Proparation of the Diesel Fuel Blends. Cont'd

" WIFO Depots, such as the huge WIFO No. 1 at Hizacker, on the
Elbe aout.h of Hamburg,.were equipped not only to store fuels and

control a.na.]ysia ims a wall-equ.tpped laboratow, and to cury on a’
certain amount of research indepandently from the manufacturers,
This set-up explains some of the difficulties encountered in the
-attenpt to get a complete picture of the liquid fuel situation 1.n '
Central Ehrope. ‘ o

e = -

For diesel tuals the usual tyres of blends were: prepared in— — -
WIFO depots, For the more elaborate mixtures only, nocessitating
preliminary treatment, did the mmfaetnrer takc a hand 1n the proeeuo

+ From the po!.nt of view ot' i.gnitabmt.y alom ’ Kogaain II from
the Fischer-Tropsch process is an idéal product, It has been demon~-
strated however that, used alonc,. it is far from boing an advantageoua
diesel fuele, Tests have proven that, compared with a diesel fusl of
petroleum origin having a cetane rating of 47 and a specific gravity
of 856, Xogasin II with 86 cetans rating and (770 speciﬁ.c -gravity,
when used in engines adapted to low cetane fuel, the on].y engines

available at this t:l.ne, showcds

(1) _an increase in consunption. of arcund S. pe:cent (bacod on.
équal heal value), .
(2) an inorcasec in exhauat gaa t.emperature of about 25 percent.

s 'l'hia was attrj.buted to tho fact t.hat Kogasin II does not have enongh
"body"?, as it is roferred to. It ignites too fast but burns too
- 8lowly and must be blended with some of the other products listed
above. Therefore Kogasin II was used mostly to upgrade the ign:lt-
- _ability of other fucls, : _ .

Typical blends used as Diesel Fuela, with the speciﬁ.cations .
indicated above, a.nd obtained by aimple mixihg, were, for instance:

LS percont F:!.echer-’l‘ropsch Kogasin II - o ©
50 porcent light petrolsum.gasocil . -

5 percent Spindle oi}l distillate or, as alternative:
| 75 percent. of this 45 - 50 -~ § blend .
25 percent of a slighthr heavier petroleum gasoil.

-9— ' .




3, Preparation of the Diesel §na

- ghen the mixture involves tar cils from the carbonigation of

__coal, or shale oll, serious complications arise from the fact that

these oils contain high percentages of asphalt; gum-and-carboy=—

* forming elements which rapidly clog-the injection nossles, especially L

in small high-speed engines. Furthernore these components have a
tendency to segregate out of the liquid, when Kogasin II is added
and to settle in storage tanks, Originally inhibitors were used to
prevent this condition, cither 2 subic centimeters of cresol for
100 centimeters of fusl, or 0,02 grams of mono=bensyl=amido=-phanol
in weak alcohol solution per -100 centimeters of fuels

: It beeame therefore necessary to refine the rixtures, and Dre
H, k81bel of the "Rhein=Preussen Company"- 4n Homberg, Ruhr, devel=-

oped several processes for that purposee The initial process con=

sisted of a 20 percent liquid sulfuric ‘acld wash at atmospheric -

- “wmperatm—'foncwad—bfa;cauﬁcwmmhﬁnenj‘arth filtra~
tion, ILater aluminum chloridc was substituted for the sulfuric

acid wash, followed by moutralivation and filtration, The latest

method, covered by Deutsche Reichs Patent No, 730853 dated 28 Jan-

uary 1943 for the fcloaning of mixtures of tar oils and aliphatic .

__hydrocarbons" consists of a treatment by sulfur dioxide SO, in

gas form, at atmospheric pressure, On the following tabulation can

" be seen a typical picture of the ‘changes -taking place in the fuel
by the usc of this procees, L o

, T7ar 01l | Mixturc of Diesel Fuels

. , | e ol
Spece gravity - e ‘ - .ﬁz e

Color Browngnot

4ranslucidilecidgFluore _

Boiling Index - ©T 1260 260°¢ .
lcetanc Rating 60
Flash P Oint P .L'..
Pour Point
Iower Calorific
value '
Qccnradson Carbon




oluble in
n:ine

—

_ Proportions of carbon and - lvdrogen in. the-e sdxed Dienl mu ares

87=50 percent C, to 9=12 percent H with a fraction of one
percent. of sulfur cowd ld.th following proportions in the

Kogaaim : '
-+ C= 85 percent
... H = 15 percent . L
No auli\n' ' \

The. proportiona of Kogaain II in the mixtures vary according”
to the results desired, It has been found-that  the cotane rating
_increases practically in _proportion to the quantity of Kogasin in
the mixture; thus 35 percent tar oil and 65 percent Kogasin has a
cetane rating of 57 whilo a 50-50 nﬂ.xt\fa has a cetane rating of 52,

‘The refining process is aa.:l.d to be inexpensive, as the loss of
SO0o is extremely small, the bulk being used over and over again, The
.—_amount _of heavy tar, asphalt, and carbon precipitated cut of the fuel
during the treatment is about 19 percent of the total in weight. The
. phenolic products eliminatdd can be recovered and marketed, ‘

The refined mixture, known as diesel fuel "R" is clear, stable,
. mixes readily with all other diesel fuels, and is even less corrosive
(sinc test) than petroleum gas oil. Diesel motor tests have shown
that it compares advantageously with petroleum diesel fuel as to ex=
haust gas temperature, low CO content of these gaaes » and consumption
per horsepower, _
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: For production of a low pour point diesel fuel with high centane
rat%, distillates of parm nature cap Do tre am,si Em 35;
ang ;’5‘.6.!}&(-;.(-,_15‘.::. 0 MmoS D] ne W
cause a high pour pointe = This process is very similar to the Edeleanu = |
process, but was not used extensively in Germany on account of ths low T
yield, For example. 200 kilograms of distillate from the liquefaction
! : of brown coal, treated as above, will yield only 60 kilograms of -
v __diesel fuel of «31°F pour, 53 cetane; or 88 kilograms of diesel fuel
%; - » Ot ’5°(F m,matam. - .- : -. R LTI I T LTI I T T T -

(a) Use of Gasoline 1n Dicsel s8¢

. _At various times during tho war the Germans experiaonced a ser-
.ious shortage of adequate diescl fuel, These shortages were partly
due to the nooessity of concantrating production efforts. upon the
preparation of high=test aviation gasolinee It was ncoessary at
thesc times to operate dicsel engines on gasolx —and gasoline blends—
which were or could be made avallable locally. Regairdless of the typo
of gasoline blend used, an addition of -5-percent of motor oil to the
fuel was presoribed, to protect the fuel injection pumps and -not to
improve the ignitability. There is a basic difference between diesel \
injoction pumps, lubricated and scaled by the fuel itself and gaso~
line injection pumps, used currontly on aireraft engines, lubricated
by a supply of motor oil, Naturally the situation being temporary,
no change over of the injection systom was made, The only Aiffi=-
tion with the use of ‘gasolino in diesel -
engines were the excessive overheating of the engino and some ten—
_.dency to vapor—=lock in hot weather. In certain .cases additives were
needed to reduce the octanc rating and bring the fuel more in line
: with a diesel fusl, Chlorpicrin was used as one of these additives,
& cetane rating of 35 was aimed ate. It can be obtained either by :
fractionating properly the Fischer-Tropsch gasolinc, or by blending—
a gasoline of as high as 60 octans with a- high cetane diesel fuels
Naturally low aromatic gasolines such as "Ruhrbonsin® were selected
in preferasnce to higher grades, S \

An aﬁénipt’. was made to use bensol,” Ignition was posaible only
by mixing ethyl nitrate vapour with tho air used for combustiony
the engine stopped as soon as this addition of vapour was cut off,




tight as ethy p ata vapo
centineters of nitrate was
to spray liquid ethyl nitrate in very jmall
‘linder resulted in a serious explosions

_During the diescl fuel shortage of 19L1-hi2 tests were oocnductad
at the leuna plant of I,Ge Farben for the use of a 50-50 mixture of
diesel fuel and lsuna gasoline produced from the hyydrogenation of

" brown coal tar, and having a coiano rating of 35, MNo difficulties
were noted except a slight reduction in power in trucks and loco-
motive diesels-or in small constyuction engines.- Jn large, slow-
speed diesels vapor-lock difficulties developeds .

S Sl

S »f—,-—-;h.'—mesel_mimm. -
. In Germany as well as in the United States considerable 'reseax"ch_ :

work was carried forward to raise the nignitability®, the cetane -
rating, of diesel fuels, Additives were usedy either without further
treatment, in various’ proportions, or were ‘adced to the fuel in con=
junction with some trecatment such as Snitration®, "osenisatiomMy [

Por convenience, the work done with various additives and the '
 results obtained are summarized in table forms . oo ,

Usod a8 |Proportion. |original _ |
additive in volume Diesel fuel ] Originall
NIIRATES & -

Nitrate ’ | potroteum | u8 | 53-59  |Boils at 195°%C;
ST T T 1 Gas-D81 4 ooy . ithis is too low
. ; ' ' Vapour very

T f.o:d.c.
Ethyl : -
Nitrate - : Above 1% strong=-
E 1y corrosive in -
injection system




Le Diesel Fuel additives, (€onttd)

{Jection systen

| _l!nch ieea COY™e
rosive—than -
nitrate

{Not corrosive
[but boils at

1%20'5' s Yoo low

. Petroleum ‘ Strong‘ action
Gas-0%il but-boiling —
: | point is SS°F

do Ro special
' ' data )

do . |Extremely ex=
‘ " o plosive cory-

stals -~ harm-
only when dis-
_ solved,
‘Diethyl- A - . , :

Peroxide - do : - do - -}Very effective
Diethyl=- | : R _ : :
Peroxide : 3% lignite
LRI "? T I T Fiffcé‘éarfﬁﬁéwl:f: P

Diacetone 4 : - S

Diperoxide; 1 to 2% Gascil | Very effective

Diacetone
Diperoxide 3% Lignite
o ‘ @Gascline
Diacetone ! .
Diperoxide - FJ.ToKogasin
v e . ot NO. 1

-1l -
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About same act-
__jion as ethylene
{peroxide but
not quite so o
-{soluble in fuels

Appears to act
satisfactorily
but not soluble
enough )

. ) These results
‘ “Taasoline : ' are question-

,Pex_'oxi.de' FoToKo= Thege reéﬁlte
’ gasin #1 are question-
' . _able‘.

Di-BenWyl , ' R R
Peroxide Iignite These results

’ ‘ Gasoline - |are question—
able
Di-Benzoyl
Peroxide less than 1% Gasoil LS

mAcetyl Benzdyl lignite 25
Pe ro:d.de ) 2% -Gasoline )
. heetyl Bensdyl 1.2% Gasoil - us |
Peroxide [

This tabulation shows that the number of chemicals either of the nitrate
or nitrite. type, or of the peroxide type, that can effectively be used

" as additives to diecsel fuels is somewhat restricted even though many may
upgrade t.he ignitability to a considerable extent,

)
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- A further
additivas,

S (.)éolmngot.roroxidea.in .Var.l.@ !2 c‘- I

" An important aspect of the addition of chemicals into diesel
fuels is their solubility in the various types of oils at different
" temperaturese This in saveral cases, limits their use, In general

44 can bo said that the solubility of peroxide additives increases
as the percentage ‘of un-saturated and arcmatic hydrocarbons in the
04l inoreases, while their solubility decreases proportionally to-

the percentage of paraffinie components.

Following t.abulatioxi gives the solubility of sevaral peroxides
at a temperature of 68°F (20°C)s

Foddos msq!amrr?ﬁr‘ s saWon
- Gasoil | Fis Tropsch |Gasoline onna ”ot n te l'u'_

}

Dihcotone di ‘ ‘ .
- Peroxido - 2oL%  he28 Sel% | Le2%

Peroxide . ; «8 36k T <8

Acewl,Bénsoy ; ‘ : '
di.?éroﬂdey; 62 Bk

Tetraline di | - - 1
,_ng_m . & - ,.7_.,. SO I . T ‘._ T B _16_.,1,, [

.- Dlethyl di | i
_._-_Peroxide ' 1 50150

b
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Ilux:lch, in a tast engino where the conpreuion rat.:l.o could be modi-
fied from 1031 to 1831, for the purpose of determining, with several
diesel fuels and various peroxide additives, how low the compression
ratio could be brought, in each case, before ignition would fail to
dccur. ’

The charactelﬁht:l.cs of the tests were as fol].ou:

Air Temperature - B6OF
Cooling Water _ 158°F
RePM. - L0 g5 Y
- Injection angle 17 tore Top Dead Center
Topque °5
Injection Pressurc Us Aﬁn.
InJoctor ‘ : ~  Bosch DL 120S S P 6, S outlets.

Below are the results, indicated in "Degrees of ignition delay,
measured on the indicator diagrams"®", for various fuels at various
compression ratioss The sign = means that no meuurement was avail-
able, the sign ~ mesns "ignition fails to oc

The refcrence fuel in all tbose tests is a petroleum gas-oil
from Persian crude with a cetane rating or LS,

lst. Series, The fuel selected for the tests was a widely used

of brown coal tar oil referred to as "diesel fuel B" from the
low=temperature distillation of lignite from Middle Germany (probab]y
Saxony) with 2 percent of the additives indicated:

-

A_E,"“f:e?ﬂ-onjﬁﬁid :4__13 T T T TD In 2

Refercnee Fuel v 9 | 10 12 - 15 -
Diesel Fuel B A

without-Additive—— | 2 —15/26- | 20—
Diesel Fuel B With 2% ' -
ofs




(e
N

Le Dioscl Fudl iddstives, (S} Comttd) .

&

Comprassion Ratio . . 1B ! N S
—18
19 .
2l
22/23
25/26

- -
N N ‘.

™

N
(o]

Di Ethyl Percxide = | o :
Di decctone Peroxide I 15 4
13

i e

--Monexydi Ethyl Peroxide
Hydrogen Peroxide
Monoperparsasldehyde 1
acetyl Benzoyl Peroxide

27
26/27
28

-

ag‘n SRR

g

M .
[ A

Tetralin, Dibenzoyl, Dioxy-Diethyl, otces show practically no
difference in'igniticn delay. : . . .

| 2nd Series. Samc diesel fuel "BM but with only 1 percent ‘of
peroxide additives: ~. .. .. e e - -

Uoméreasfoh Ratio - 18, ., 18 _#;Ih

Dimethyl Peroxide ~  |10/11 !
Di Ethyl Peroxide = '11/12 ,
Di Acetone Di Peroxide | 12 f
Ethylidene Peroxide ;1212{13 |
Acetylbenzoyl Peroxicde S

<#Hingy

20/21

N

These two series of tests show the effect of even small percent-
ages of certain peroxide additives in bringing back the ignition delay
of a Diesel fuel towards the ignition delay of the reference fuel of
petroleum-origin, In other words it.can be seen how certain-additivea . .
permit the use of a synthetic dicsel fuel which could not be-adequately
consumed without these additives at the compression ration available ™
_in certain diesel engines, S SO R

The next -series of. tests shows the influence of peroxide addjitives
on the stability of diesel fugls, For every compression ratio the - . -

~ ignition delay is -shortor when peroxides were added to the fuel before
its prolonged storage. a - '

'

- 18 -




' 3rd Seriess A similar diesel fusl (brown coal tar) from low-
temperature ation of lignites, with 2 percent additives except
_as _noted, and after ten months of storagee '

.-

Cempression Ratio g I 12 il 10

Diesel Fuel alone | 13 129/30
Di Aceton Di Peroxide =
Di Ethyl Peroxide /
Di Ethyl but only 1%
Acetyl Benzoyl Pecroxide
Tetralin Peroxide -

. Di Benzoyl Peroxide

23 .
2/25 |-
27 !

KRKKESE

EEEEE Y

|

The fourth series of tests réported on the next tabulation shows
that some M™gnition accelerator® must be added to the diesel fuel ob-
tained from low temperature coal tar before it can be used as diesel
fuecl, : . :

. Lth Seriese A Diesel fuel from the low=temporature distillation
of coal, which does not ignite satisfactorily in the engine at com-
pression ratio of 18:1 or below, and cven at 18:1 has a 27° ignition
delay, with 2 porcent of various peraxide additives, or 1 percent

as notcde ' - . i :

e e I S L X | S ¢ MR - 2

Diesel fuel without ¥ i ! -
Diesel fuel with: - "
Diethyl Peroxido, 2% b 18 ; 23 ' 37
Diéthyl Peroxide I N S &
but only 1% added’ ° {16 | ‘18 ' 28/29
Di Acetone Peroxide, 2% | 17 19/20 ; 26
_ .. Di Acetone Peroxide ‘ :
but only 1% added 18 3l
Mono oxy Di Ethyl ' : o

PeTOXALAE » iy




e D:I.eael Fuel A.dd:lt:l.ves. |

'amm;ﬁﬁn 1:?"'

i

| - >

&ee%ﬂ.:Bemwr
Peroxide i 18/19. 22/2;J. 31 -
"retralin Peroxide 19 ! LO -

;,,

A final set or teste was made to see the actd.on of the peroxide
additives on a diesel fuel of patroleum otrigin, .The same "reference
fuel®? is tabulated as for the first series of tests, Results show
that the additives improve the ignitability of the dieael fuel beyond
the quality of the reference fuele

Sth Series, . Same additives in 2 penent. comontration in @‘b- o
"‘rol_um gas-of.'l'.— (origin not knovm)a

compreseion oo B 15 Il; 18 10 .9
Reference Fuel . 9 10 12 | 18 20/21 |25
Gasoil without | ‘ *
Additives -19/10 ' 11 i1.3/1h 17/:13 26/27 ' -
Gasoil with.2% of ! \ !
DL Ethyl Peroxide:} 6/7 @ 7 ;9/10 11/12 16/17 !22/23 -
Acetyl Benzoyl ‘

V'3

Tettalin}eroxide

Peroxide —7/6 8/9 . 10 '12/13 18 25/26
Di Aceton Di i . o l
. -- Peroxide L 1/8 9 '10/11 lh/].S 19/20 ‘29/30 |
!

-Mone Dietlvl ! o
tra 8? %8 nw/ @W 5 oxfor I”{” L

. Inwgddition to the bett.er ignitability of diesel fuels containing
peroxide ddditives, a much smoother operation and a much cleaner ax=
haust couldrde noticed. ) - L. e




h. Diesel Fusl Acmu gcom'd)

(c) Effect ot Other 2!2 Additd.xgs on !Etabd.ng

Two additives » trled at the Technische Hdchachule of. llun:l.ch -

- methane; added in proporti.on up to L, percent.it increasea the cetane
value materially. For instance a Kogasin II, of 92 cetans, goes up
to 116 cetanc by nitration and to 170 with addition of chlorpicrin

~after nitration, The other additive is "Lupanol", a "tetra nitro

_...methane" which in concentrations up to_ lpemem ha&amatkedin-
ﬂuenee on ignitabi].i‘by.

| In 1942 the Technische Hoehschule in Munich conducted experi-
ments with other organic additives. It was found that the following
chemicals reduce the ignitability: - :

=

[N

Cyclic hydrocarbons . (like pesndooumo, cymol)
Cyclic_aldehydes (like benzoic aldehyde)
Alcohols of low-molecular weight,

%he. following chemicals s on the other hand, increase the ignitability:
Straighb—chains aldelwdea y in la.rge proportion

- (as much as 20 percent). '
4lcohols of high molecular weight. -

For alcohols in particular the following tabulation mutrates
the results, and shows that, from n-Octyl alcohol up an appreciable
increase in cetane rating can be- noticed.

—.alcohol Added-.. .. T Pomortion -

i Aeeton-Alcohol . 20%
n = Propyl 4lcohol | 208
C3 . _ 403
n"~ Hexyl Alcohol 20%
Ce , .
n - Octyl Alcohol | - 20%

B
’,A_._.
NE

Cg Loz




(d) Effect of NImATION on Egi_tabmg

Best results with high nolecular alcohols were obtained when a
"nitration" treatment was given the mixture, in the following manners
First a Fisdﬁen-“‘l’ropach_xogaiﬁ: I was } sslected and the fractions
boiling below 212°F wore removed, - “The balance had a cetane rating
of 39. This was mixed with 50 percent of various alcohols, and the
mixture subjected to a nitration process by bubbling gaseous concen—
t.rated nitric acid through the uquid. ‘The results were as follows:

Pércontage_’ of NO, Absorbed Increase in Cetane

12

r 5> s

67 .
1,58 10,5
2,08 (Saturation) . 18

-In most of thesc experiments a precipitation of pitch t.ook place »
a.nd the 011 hnd to be ﬁ.ltered at‘ber the reaction. '

These fuela are not corrosive unloss they arec fran coal or.lgin
and contain phenols, .




‘e.) wect of. W : '". St e e e T

" 'The Technische Hochschuls of Munich canducted a considerable
number’ of tests in 1940-L2 along the line of oxomisation of Dissel
fuels.for the purpose of raising the cetane ratings It was foumd
that—theJength of contact o th the osone wads—

T the-dieselfuel vi .
: important, and that the ignitability .raised regardless of the
‘ail, for.instance Ruhrbensin (gasoline).was as susceptible to the
ozonisation treatment as Kogasin, Taking & Ruhr.gasoline of k?
- cetane the fonowlng mme&m noteds -
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Sane extractod with mt!wl aloohol thon nitrated SRR
Kogaatn—!—oxtmtedrﬁ&a%ed:and—m&nd—(l—m%&a
Kogasin I - simply ozonised at rate of 1 liter in 15 hours
Kogasin II - pure ’
Kogasin II — Nitrated .
Kogasin IT - Ozonised 5 hours
Pure cetane . *
~—Cetane treated-with-nitric- acid—--~~~ SO S
Cetane treated with nitric acid at ]9h°!‘
‘Cyclo-hexane

S

|
i

- 1

Cyclo-hexano treatod with nitrio acid at 130°F

{
{
1
i

- The a:bove tabulation is oeu-oxplanatory. A oomarioon otthe
results with those obtained by the mere addition of a chemical permits
an evaluation of the effect of a ‘treatment such as nitration, osonisa~
"tion, or a combination of the two proeems.

£ W
\b

It is to ‘oe noted that the otuw of "dieael fuel addiﬁveo" ,
conducted in various German scientific activities was concentrated |
. upon one single feature; an increase in ignitability. ktenaive
studies of the performance of these additives in various oils, their

- stability, their corrosive action, before and-after combustion, were .
apparently not made, Neither have the investigators come in contact
with any studies of real value about additives that would improve
the entire process of: combustion regardless of the ignitability.

‘The reason seems to be that, up to this date, additives have not been
considered as the proper method to improve a diesel fuel, The Ger-
.mans_efforts were rather to concentrate upon the preparation of the
proper blends of oils, natural or synthetic s which would operate
satisfactorily without the use of additivese

C
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At the Technische Hochschule of St .

was done to determine, at warious .
- below which ignition of the diesel fusl cammot be entertained, The :
-two charts show same of the results, In Figure 1 critical compression

ratios are plotted against air temperatures for fuels of various ig=
nitabilities and for ignition accelerating vapours in the air used
for combustion, n@,_zgmajha_muuouwmm
ings and oritical compression ratios at normal temperature (65°C)
for various additions of ethyl nitrate,: Lo :

- e METREY AR e PV ) - mm_m_ta“lm“‘m“‘”“‘"“.—”' S
~‘power per pound or, conversely, to obtain a greater output froman. ‘
engine built for a given compression ratio, . '

of oils used

The German scientists and manufacturers interviewsd see
"Ton the answer summarised below, For the-present high speed L
engine 50 cotane rating is satisfactory, For the engine of tomorrow o
the discussion revolwed around the quaestion of fefficioncy versus = =

4n examination of Figure 3 shows, in ‘the range of the Otto gas—
oline engine, an increase in efficiency with an increase in compres~
sion ratio g the latter being an’ in the
Roctane rating® of the fuel,. A further examination. shows, in the -
range of the diesel engine, a somewhat smaller increase- in offic~
iency with de compression ratio, Such decrease, as shown
above, is m possible by useé of a fuel having a high ignition

R qu.« e o IR LR ST - . ) B . C ;




'rherefore—an—imrom 1n—ce

ef being used to further an "increase - 4n-compression-ratio® ds -

used in an entirely opposite direction, namely to make .a m -
running with a "lower® conpreu:lou rat:lo, and al'.l. the sinpnficaﬁ.on

4in weight, material, lu : uction

entu]s. The principle appears to be perfe perfectly sound especially whon

friction lossés are considered and will undoubtedly guide manufacturers

on both sides of the ocean towards the.construction of a. lighter more

economical engine that may eventually pcmt an engine interneliata '
bebween Otto and diesel w'pea.

/.
H 7

6e Comluaiona. '

Duringthewaritesnbe saiﬁ‘.?ﬁattmcemmhadnomgb
qQuality diesel fuel as such, but blends of synthetic and natural

products, each playing a defimite part in the performance of the fusls
They explored the field of chemical-additives but did not use them in .
practices They developed certain treatments that resulted in cetans
ratings of fantastic proportions, Oaaolines had to be used at times

when other diesel fuels were scarse, No immovations were found in - tboi .

way of producing, storing or handling diesel fuels, The processes of

nitration and ozonieat.orn of diesel fuels and blends and the treatment -

of tar oil blends with gaseous S02 for purification are of major
importance and may well ccntr.lbute t¢o an improvement in, or extension
of american : diessl fuel :nppnea, w:i.t.h t.heir nn'ther exploration and
adoption.
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THB FKFS TES‘I’IHG STuND

A

h50 employees strong, for hM denlopmntc g the acienee of
engines, It was called t{he nPorschungs Institut fur Kraftfahrwesen
und Fahrseugmotoren an der Technische Hochschule Stuttgart® located
at Unter Turckheim . neaxr Stuttgaxt in a ‘group of buildings of the - SR
Daimler Bengz Factory, There a testing motor was developed,- used ror :

gaaoliue*a&'eu—arfor—Dtemfreaanrch;‘m“mor“haﬂng tha"“ R

following characteristics,

For diesel tests, 1n particular fom- (b) iwpe- ot canbn'tion chambers .
are abailable: -

. -

' Pr@-canbuation chamber : o
Air—cell
Fuel-een“mtem

e e

' The ccmpreaaion ration can’ be v:n‘ied Irom

L.S:1 up. to . 25:;

Bore loun/m

- ut!‘OkB

-Cylinder Volume 1000 cm3 (1 nur)

-Speed
: SR short periods ”00 RPM correapond-
" ing to a piston speed of h2.6 :
feed per second

Cooling water temp 80° C

Lubricating 01l Vol, from 3 - 6~qwts—- -
0il temperature up to C
Oil pressure
Valve 1lift (bof-h') 1§
Inlet valve opens 10
- . Exhaust valva cloaeelz

Injection and ignition timing controllab].e
In:]ect:.on pressures:

Direct injection 180 Atm
Pre-combechamber 90 -Atm -
Air-cell - 90 4tm
Fuel Cell 110 Atm

oy
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. Dr.Herbert Kilbelin Moers
ist als Erfinder genannt worden.

. Steinkohlen-Bergwerk ,,Rheinpreussen’” in Homberg, Niederrhein .
Verfahren zur Reiniguny von Gemischen aus Teerdlen und aliphatischen Kohlen wasserstoffclen

Patentiery v (cutschet Roich vom 14 Jaruar 194t an
Patenterscilung bokaratgemacht am 24, | ko rember das

tocnaB § TAbS 2 dor Verordoung vom o8 April 1% it die Frklazung abiepelen—ardon;

428 sich der Schutz auf dag Land (hterrcrch cratreckon il

Die vorliegende Erfindung berweckt dic  iysatoren oder im Beiswen. von Salzen des Alu-
Hermellurg von Dicselkrafistoffenn amn Ge minivms  oder Magmesiums  vorgenommen
mischen von Teerdlen, besonders Stewnkohlen-  wird. Weiterhin soll ‘dic Erhitzewr des 0L
teercl, mit Kohlenwassersioffen der Paraffic gemisches unter Druck von Vorteil s .
reihe und betrifft ein Verfahren rur Reini Dic nach dem angefithrien Verfabren oor
Xung dicser Gemische., grstellten  Diesclkraftstoffe  grenigen redock,

Es ist an sich bekannt, schwer rindende  nicht den Ansprichen, dic an Diesclol  tur
Teerole durch Zusatz von nundxilligeren, vor- - schnell  Lwufende. cmpfindliche Motworen e
wiegend aliphatischen Gasolen fir den Ver ; Wellt werden mussen, insbesoudere besitren
brauch in Dicselmotoren nutzbar ru :nachen. j artige Diesclkraftstoffimischu igen ene su
Diese nichiraffinierten Mischungen schei > Verkokungsueigung. die ru Diisenver
jedocrh in kumer Zeit asphaltanige Sto Mopfungen und rum \erkleben von Nolben
aus, dic ecine motorische Verwendung wingen fihre.
cine Lagerung; unméglich machen. Es jsg Die Erfindung .vermeidet dicee Nachecile
hereits ein Verfahren bekannt, nach welchem @ und erzielt einen cinwandiremn  Diesclkraft
solche Asphaltsiofie durch. lingeres Erhitsen : moft durch Reinigung viii ~Geniischen aus
unter RuckflufB ane Teerd! Gasdi-Mischungen - Teervlen und vorwicgend aliphatischen Koh.
ausgeschieden werden. Die Wirkung dieser | lenwasserstoffoien der  Siedelage 1850 hie
Wirmebehandlung soli dadurch erhsht wer : - i Gemische mit gasforniigem
den, d i i i i vd bei gewshnlichemn Druck he

{ handelt 1nd von den hicrbe: ae zchicde:,

28




e w——'ndu tmm I g.“ Bireiche Verfahren hekan
Seichards, , walter W’Jﬂu demsn. Mineralile .ond TeerBle mit ﬂnnkcm

Euntfermeng

- Varfahren nach der Erfindung
wmmm'rmwamw
lenwwasssrstodf-Gemischén, dis fres von fesen

. -'aunnr )l-ah‘twdzwht.llml
Erfindunguncskmal Schweleldioxyd zu oc¢
it es fir dic Ausfihrung nicht Gemische von Teerdlcn mit Paraffin:
88 groBem Vorsmll, bel der Kolimoxydhydrie- kokienwasserstofien, die durch dic oben ge-
rung entsschende Parsifiakehienwascsersioff- | schildersen  L3slichkeitsverhiltnisee sich ia
wuw:uu;&'umm "besug ‘auf die Ausecheidung von Asphali.
#Harz- und Pechssoffen ginilich anders \er-
wammwwu- haken. Das geht daraus hervor, daB sich
0dmchﬁmmbicbcg-dw durch getreante Behandlung von Teerdl einer-
ssits und Paraf@nkohlenwasserstofien andercr-
seles mit Wyﬁn:nhme Reini-
gungewirkung erxiclen

Man hat anch schon Diedalevenchncde
ner Herkunft durch Behandlung mit ozon-
hahigen Gasen zu reinigen versucht; ganz ab-
evsehen davon, daf man hierbei die Mitwir-
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sphalt, Harg,
Pedl und Harsbildnern. arm an phenalischen




Diche 0.9
T 7 nach dew

_ t der gieichcn Sicdalage (

10,863 -bei.18"; sio
ctwa 10 Minuten mit fein
gem Schweleldioxyd behundeh.
4 bis 109
Asphaltstofie ausgeschic:
das O leicht absutrennen ist .
hat cine bedeutende Farben. 33

i, Die Mischung

gemisch werden etwa
ge

2,9 asf 1,

—(nach
Hammerich, Ol
1936) ist von 0,330 &

Volumprorent nt

und Kohle, 12, 379. 380,
f 0,064% ﬁg\dﬂiﬂ\k’u- [

angen.

Dichse 0,77 bei 15°)
hat cine Dichwe von
FTACMPETRtUr
verieiltemn gasformi- s
Auas dem OL-
braum, lack:

Phenolgehalt ist von

Hagemann und

Gemniachon, dad

die Gemischc mit gasfSrmigem Schwefel-

*TeL rE

ratvRe s RY

3 Nach der Boluandlung
' Vor der Behandiung - M SO,
Pichte bei 58% .covrcasocessraceccescansee. 0,802 0,8ss 28
,o Phenolgehalt in Volumprosent.........c--: 2,9 1.2 |
Verkokungsneigung: '
Benzinunluliches . ... c.cccovecren-e 0,320 _o.0b4q
. Hartasphalt ....... .. convnnaceceres o,108 0,030 %
3 KOkR....ovosecoencne eersaceasesens 0,212 0,034
Farbe .. .ocoeiesnsamnnsassonssesnmmess schwarzbraun gelb, klar durch-
undurchsichtig sichtig
e 1 dioxyd bei gewohnlichem Druck behan- s
‘o PATENTANSPROCRE: delt Gnd von dext hierbei ausgeachicdencn
1. Veriahrem ur KReinigung von aus Stoffen abgetrennt werden.
Tesrilen der Siedelage 180 bis 360> und 2. Verfahron nach Anspruch 1. dadurch
vorwicgend aliphatischen Kohlenwasser- 3 t, daf man voun Guemisclen
stoffolen gleicher Siedelage bestebenden susgeht, dic auBer Toerdl aliphatische *°
s , dab Kol.lerwasserstoffile entbriten, die durch

34
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Kohlenoxydhydriefung gewonaxen werden.
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monucnou m TONS PER KONTH. ST
 JANUARY nhh‘m JAN mmlshs

,,,Brabagkagdeleﬂr&~—— -
Brabag Peits
Brabag Scholven

~ Ruhrchemie -
~ Viector Rauxel
. Rheinpreussen
—Krupp-Wanne Eickel
Essener Benzin~ '
Schwarzheide
Lutzkendorst
Schaffgotsch
Hoesch Bengin

Total

T

2, Fischor Tropsoh . L. S
___Synshesis .




APPEND

3. Distillation of Crowncoal"'téi

Riebeck Weban
Ricbeck licssel o
Onha];ﬁ:scheﬂ(ohiemerha
Kopsen
Dea Rositg
Kosag-Zolzan
—Hefrag Wolfersheim—
- Leopold Bosdorf
' Leopold Etteritz
ASV Hirschfelde .

Reﬁ.n:ug_of Haturil crude oil.

Rhenania Hamburg
Rhenania Florisdorf
Deut.sche Vacuum at

P P st i aacrd L TL S SR IE AR

Dea Wilhelmsburj
. Dea Heide
._ wintershall LutzRenDorf
- Salzbergen
——~--,—~—~Nova Schewchat _—
"~ Deurag Nery Misburg
.Grassburg =
JTeGe -Oppan- .-
Sengewald
Trzebinia
Idaweiche .
Pechelbronn
Loban
Vosendorft
. . Pardulitz
Kolin

Total




Ammc ;g;i:""comb :

' S5e Small.lnstallationa atills etarted

) Bagerhof Extertalbahn
BrunKenscn near Ohlfeld
Mcssinghasusen-near-Ohl¥edd .
Messinghausen near Brilon
‘Muhlenheim near Brilon-

Turnmitz near Ste Folten
Weitenegg near Krems
Olte Post ncar Pirma
Stotzendorf near Viema
HausKirchen ncar Zistersdorf———
Bockatzal

'l'otgl

* Total Known productions L 73,30.'.1‘ } 69,570T A

 During the month of January 1951; knomn productions of other -
ruels, givcn as .a com'srison was e

Aviation Gasolino - From uydrojlh“tors ————9)3,500T — =
From Synshena ' 793007

~

tiotor Gasoline From H:,rdroj'..na‘bors 57 »100T,
From Iynite Tar » : R ,650'1'.
Total : v

Gasoline production from Natural Petroleun Crude consitituted
‘howcver an important item estimated convsrvatively for . Janu;;y 9Lk,
at: _ . 1l
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THE PRODUCTION OF SYNTHETIC FUELS BY THE HYDROGENATTON

OF SOLTD AND LIQUID CARBONACEOUS MATERTIALS

L '~ This report describes the various principal methods = -
o -of -produeing-synthetic- fuels by high pressure hydrogena- ... ... .
__ _tion as practiced in Germany. The various teohmiques of =
" operation, designs of equipment, and characteristics of =
the products are described, and whenever possible, the
relative merits and best uses of the different items are L
discussed, No attempt has been made to make an economioc— — -
survey of the industry, since the subjeot 1s greatly .
co: L . » . - «3) § . B o 9_',,,“ e
this report does analyze the important features so that
phases in the 1light of existing local conditions. The
—-data—in-this report were-all obtained-either-by-inter-
.. ... rogation oY\ personnel, examination of doouments col- .
co '“'ﬁcted‘f_‘rozg“ the various plants, or by visual observa-
on. . ‘ 'y 92 R

TAugust 1945 -
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. e Produotion—orm
__A;:.ot~ooa1~and Ltar-under- oonditlon& L.hl

Sressure Lo & comparatively mew 1ndustcy even thoush the

- initial-experiments—were completed by Dr. Bergius Defore .

___the start of mrld War I, ,‘a 1oné tme, the prooeas or

nverting soli . . (- ? 0-1iquid
__ones with a high marogon oontont n;ppoared to be or_ maro

——gofentific-interest because-of the high investment and -
“operating costs of the necessary plant. In 1933 when

——Germany ﬂarto&—j:n—«rapidlr’ ~prepare-for-war, -it-becans
= .. imperative to improve the processes, and so _an enormuo~¢ S

better methods for coal hydrogenation. The results of this
‘work were. successful in developing techniques far treating

mt—o&ettomwnded—n—exporﬁtmnm—d nt—ot - :

~coal-and-tar-so - that over three million tons of fuel. i ——

produced in 1942 by these methods. The cost of gasoline
?ggd by hydrogenation was high (about 15 cents per gal-
lon) but, rfor a country that had practically no petro- -

- joum this-was not-exorbitant. -In-order to better-under- —

stand the changes. in practice, it is of interest to brien;

trace—the- developmeat of- M&rogenation -in- -Germany.— -

" In 1911, Dr. ‘Friederich Berguis started his rlrst"'exi’“

periments in treating coal with hydrogen under pressure.

By 1913 the work had reached the point where he took out N

his first patents on the subject. The research continued

'rujfor—a—nmbos—ot——yeara,—on—&-mall—scaleroum,n 1924, when -

I.G. Parbenindustrie started work at Ludwigshafen oA the:
, hydrogenation of tar. Dr. Berguls continued his work until
. about_1930. He will probadbly be remembered as the "Father
~of Coal Hydrogenation"™, but it was the I.G. Mblnindustrie
~that developed the industrlal applications. ‘

_After a brief period of Tesearch woTk at Lndwigsharen }
<l started the construction or a {lant at Leuna 1n 1926 - -
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LR
ke

o

. _but.
: f_A"‘Z__'_N__;man.t.-,a,nd.___gt.t_.er__me_?; i
: - a new high activity pellete
Lol o -develop h

Aeld,  The following

drogenate-coals
e e
‘coal, and 80

_ rat 700-atmospheY Fegearon o
. work in this period was largely devoted to methods of. in-

creasing production by changes in operating technique and/
. or equipment, as well as to methods for inoreasing the

ootane number of the gasoline;  With the start of the war - - .

the acoent was on production, and every effort was made to

obtain the maximum quantity of fuel from a given plant. o
-Most—plants-hydrogenated quantities-of-tars in-addition to
L gal. since the specific output of gasoline was greatexr
e : om - tar. e e e e -

~ AT though “the -hydrogenation-plants-were—owned-by-several - —
large companies, the integration of the industry was-such . .
that most of them followed the I.G. process, and exohanged
information with the I,G. research center at Ludwigshafen
... _for the material benefit of all. The result was that only ?
- ———-minor variations in operation were found at the different
" plants, these having been largely caused either by daifr-
ferences in raw material or older design of equipment.

 The following report_is. intended to present the ohlef =~
items of interest in the German hydrogenation industry, and :
0 deseribe features whioh have not been reported in the I
"iterature. It is not intended to be: a complete recoxrd of

-6-
~ |




¥ b

"‘“’f"l_. ntroduction cont'd.)o i

-« Geman hydregenation 1;emm¢:v:'.t>s.vy.w butJ only

_portant ;pr.tnciples arJ th& art *so~-~-*§hat the reeder c i ev ‘

ate the pmcess

—»;-'mrdat G ntkts*re:po, ore o’.‘rleczo&.ﬂay; eT S
spection, 1nter ogation ‘of -personnel , and examinatio
documents( iy D) “of ‘moet" of “the ] ygenation- p’.lants ia ,
» . antain‘thenuhrmaandinmidueoomny

-while some-data were — — -
' ) on“plants In-eastern . .
B ‘Gemny that were ‘in- Ruastaxro ' -$Or: Ty, The fol-

lowing is a 11ist of the plants: visited, the prinocipal type

of‘ﬁter‘ a] prcé‘a‘mmr mpvrtant—wrmrhter ,

3 e et




S 6.mntersha11 I.utzendor -mgg As:phalt 5,600 tena
. AGC - T Bituminous (:oa’l ‘Gasoline §
T “” ~Pars and Miner-" ‘10,000 tons

SEy LR ST “.'__' STl i ,_~

« .;_T».,;,al_on Residues  Dissel 011 . -’ ', ‘

.Ruhrﬂ:LA T Bottro‘p?‘” Bltumlnous 60,000 tons

Welhei.m © Coal- P:ltch . Aviation Gas. -

F—— oo o —1@0,000. ton_a

. Stinnes, owner of

‘plant; Dr. Broche Chem.

director; Dr. DOring,

e "“ B I"‘Iel 011

Researoh d.treotor.

O
N
&
- an
Eer B



| 1‘20.000 tons ‘aiito gas; 5 e
B B ;OOO“tonavnieael'bil.&f__mueemfr .

H .B;aunkShie“Benzin llagdeburg‘* ”

1 Bituminoua coal .240;000 tong aviation gas; == =
S 607000 tons fuel oil - B

| " L.H drierwerkb~;,fl;“péi;§§;w;j ‘Bituminous,coal,“2004000 tons aviation gas;.
T ntz AG ) | ‘ ] and pitch L 150,000 DHD gaaol:ln o

meerschleaién Hy-" B].em~ amn
| _f - drierwerke AG - -

" .

. N,"'.' RE ORI
PR OV B - oot . .- R
) oLt o . PRy LT T - . Ug_,.‘. - _'.v,;,.,, R R E R - i ,"'. -
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two parta or coal m i of: reoyole ou § :
plus ‘small. amounts of o f yst, The r int visocous pasté
o tho Qp _, ; e 0f eithe oo or 700

Pl

: '---mapheras ‘since -~botha¢he—$uough-pu# wf.u' ~qoal- and the
o eompoaition or asphalt we e“‘j& aighier, The paste was

: I-T6Cye1e hydro and -pe S8ed- uin"hea‘%?e“zafcné‘éfs

unter- ‘ T nuutrrrortﬁé“proma
The heat exehangers anppned between 50 and 90 percent -
(depending upon the plant) of the heat_required to bri.m the B
pas -gaaﬁxture -up to temperature. The additional“heaf was

- hula::,,g‘ as -rmatez-
-—~~— 'me paste deft- thg:preheatar -at- a—~temperature—of— abur—%ﬁ

— ©  4,259C and entered the bottom of a series of. three or four- — - -
: large. unpacked converters, These converters wire large
-~steel forgings about one meter inside dliemeter by 18 meters
1ong,~inte:nally_inmuai_tmm1ntaima_mm1ve1~r_oeel
_ypressure shell. The hydrogenation of coal was a highly
exothermic reaction, and hence sufficient heat was 1iberated _
to ratse the feed to the reaction temperature of about 470-
—4850C in the  first few meters of travel in the first con-
_verter, Tae temperature was controlled by injecting cold - -
hydrogen at three or four different points .in each converter.
“During the passage of the paste-gas mixture through the
reavtors;"about 95 peroent of the oarbon 1n the coal was

=10= |




(Th..s drawing has been msertedli “an envclope
-~-‘:-cttnchednat—the~ead—of this repor_tl




‘ 4n the ho ”faeparator. ontal
sollds lef om’ ¢! ,,;.hydrogena”tlon reaction; - These: ”'aonds
galzr“ca’ gst~~agl_: 5 oenvarted-fcoat;:ana LR
amounted to . about O-éf percent weight of the" M'“‘Mi o

. 00CC._.and then expanded to at-
- “moepheric pressure throueh cial valves that had hard
S ~——>_Talloy_stems and seats_ to res ‘8t. abrasion from the solids.
The visoosity of the’ s”l:urrrwarmf- by’ the -addition:-bf about
2% -percent of a. R At ‘011 .” such-as-middle vl ‘A, and the ai- B
o continvous Ceatrifygys.  These. ‘machines

“Iijuted-mixture fed -
were conventional high gravity ’ automtric soud ejootion— ‘

material was cooled to. a‘bout. 2

A




~typo~ceuu£ru¢ea‘ a A_ucod : :
| “{ng about: 5+10: percent of finel axvidedwoli.&s _and a.Te-
... .sidue that had a. aolid content . ‘of ~35-40 percent, . The ‘o1l
o : oP--p8g. 3 puUrPpe ;gtwhile the_thick _residue
in a steam distillation unit-to recover .
arcent of the vil., 'l‘hh lattor ou \us aloo used |
ac**vhaexthe«drrraaiduomu o ther disoarde d_onm
wtth eoal and burnod. : B

- »-_rr—-neeouary to rcdun.o thouz comm‘ , . Ry
" -order: to.make: satisfaotory . fuels. - *_“M!V{.pal‘t ‘of. the‘;au-o »
 was called the gas phase and was usua ~opnducted in- WO
R stages ﬁan .aviation ¢ asolins was’ desired.: The. ~oxygen- ”‘ T
o-ml “sompounds existed in the sump phase oil mg;ly as
phenols. and. nitr ~yospbétively:-—As-they-we: .
- poisons for:the ac vwoatuyat'ouployod in: the gasoline
producuon sf.aga. it-wasn. moaua;.-y ronove them, . Tt

, ‘__uoxx stage.. ,_Ma operation;wat 1goa¢npted at. 300 atmbaph
| and. :.oo°c over peueted ?&%gatan ’sulridc ( onialyst ‘
‘ 'moao éon::rterc ’

_ :I.nt.roduoed to control the tamyorature. Uaually ﬁroo oi'
four oconverters connsocted- ﬁ:urionezt used—-in-this:
. and a contact time of about l-l/3 hours was ;urnoiont “to
- hydrogenate. the aromatios to naphthenes. and tao reduce: the
-  oxygen, mitrogenh, and sulfur jcompounds: to. hydrooarbona \uth
T “*——thst{or?a@tcnf of- wat.er, amoxila, and hydrogen aulﬁ.da, res-
o pective y._-». T o = |

e e e

_‘The. temperature was Qummly held low ln thla qtage ST
_to_avold exoessive oracking, since the functiom of. the pre-
.~ hydrogenation -step-was. only—to -saturate the oll wth"
_@en and to deéstroy: conpounda whioch would poi n the- gabb-
“"1ine .prodiction ocatalyst. The produots of : (R 5058 ‘stage
.were. di.atined giving a. mall gasoline out. wh!.oh could

B —




“over: '15 56 ”“:\'_a,é -inooem 3 :mlda

tton gaaouna.

f" ST The n!dale oti B - Whioh ¢ énsnted mstly or_ “ ;henes .
o and nomal parartins, watﬂ:natcd 1nwﬂhe gasoline- oduotion
" stege-over a-catalyst- “oonsisti g{ \mgdten -gyl£ide-and -
: —raotl rated oclay- :(oatalystd@lal) als e____eq uipmant ! gorw the: pro-
G 0085-Was- used In the 5058" sf.a -bab: f.ne o
" "temperature wae a 11tt:l.a ‘higher, about 1250 c.- 'me “ofl”
throﬁghput wag a Iittle greater so that--the :contact time
- ‘averaged about .one hours : The. ‘function:of the 643k catalyst
E was. to crack ‘open’the- naphthcnic rings and to.isomerize -nor-
Ak finse to:iso=pararfing,. At the same "time’ a-reducs .
TFT¢ion 1h the~ averaga moleoulax‘“welsht of—the-oil ooourred- 80—
. that: a huge:fraotion’ or the 011 boiling ‘oved: 2009C. was gon-
verte¢ 1nto gasol,lnp. 1iquid product from the: gasoline o
~djetille d-to- mﬁaﬁon-gaaoltn&ﬁth&vhad:anm;f e
o pumbar of: 70 %$0.175. The addition of 0.12
SR vo1$ ot- lead ‘tetaethyl inoreassd- this_value- o between’ 90
- apd 95, .The heavier oil left after the.removal of the..
- gasoline fraction.was- reoyc‘i_d togetherrwm esh—nime
' “",?‘\viﬁ—ec—th&6h3bnst3384 :

B Amntioned ln t.he lntroduotlon, o oonsldbrable n'ao- _‘
tion n_ of the Germah gt mfirél’acéi };y;th;:hy- TSI
d.rcganation -of tar and. pi.tch. These materials werd easier *r

=t6-handle because: they: were.. already in.a-liquid state, and
hence the ‘mechanical - problems attondent-:on-the- 461'!Isf=1\emv-

Al Twere maon: smpntte&———?nrthermre%e n-oontents-
‘were-greater in theseé materials. .than - In .coal , thus both the ,
hydrogeit cbnsumpt:.on -and-:the operating »difﬁoultiea caueed K }
by ooking wéra sreat-ly roduoed. 1 T T

SEEE e '.l'ara and p.u:ch wera hanalod in ;f;two stop prooass dn S
o mn h the . samé ‘manner-'as:the. -coaly . The -orude- tar was.igiven -
: ~~an jhitidl-aistiliation . to Yemove the. .g2as0)ine and -middle N
-1+ 04k s ~The - 1atter treated..either direotly over 6131; oa‘kqust.




' roa l.lttle greater,
- *um. ou—mas -usual

mu ‘at- _39o-uo° -
S littlo craonng occur:o, : !

_dleae:L oﬂ‘mur gauolm warrpro&_’fuca . 3sel oll _
- he cuu had a: o - pumber- of about 5 and

1y coked to mlna eleetrode ou'_ﬁon
o _._;mnoua “was. ex d. at abont




“of the’ oporators ot th_fi
adaptoﬂm mnne— tpcet

’.l‘ho various step
d!muased in groa or deti
and in gsection 10 comparisons ©

ot the dir‘eren* met ods arg Pl‘Duon'tod,
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S _...wne_aer

_veds, whioch. avei'ased 500 to 300 feet In ‘dopth. L on acoount.

“TITof-the thiekneas and— proximity of these beds’ ‘to-the -surface;
,  strip mining methods were- employed. -The 'brown coal :as’ ‘mined -
S ‘resembled ‘dirt-in eppearance, since it ‘hed a‘deep: chocolate L
.. .__eolér. The coel preparationy ‘whioh: hxoludcd*dryj;ng, -grind- - :
T *—~tng,——and~paste~m.xing* —are-disous : I inUsS< Naval
~Techniocal Misslon in- }!ggppo ‘Report *entl.tledr'?roduction ?;

- “Hydrogen amd Synthesis Gas:from So0lid-and Gaseous Fuela” ),

: ,and houo& onlyM&~pr&nchaLpoints ym “he deaerj.ﬁ.u hore. ,.

..N'me-rnw- {gnite: oontuniil iﬁ“the aver:

" moisture content before use. The brown coal when dry ‘was -

—~-f~:,.;~r_;»-vorywcepuble _to.spontaneous.combustion in._ air, and. OSORe. . .
- sequently- ,~eaaborate precaﬁtiona ‘wore._ taken to kesp an inert

' atmosphere of carbon dloxide or- ‘nitrogen over the.coal:at

“Ta¥) times during the arying; ”grtndtng;*ana ‘pasting: —The-

—5 = _pulmjztng ‘of the -¢oal-was accomplished by mixing: hoavy re-
n{“, oil from the centrifuges with. dried coal in-ball or .
mills and wel grind ng until the ocoal “had -baen: z:o- I
] ~oomminuted and-a h¢ neous- -suspension-of-ooal-in —

, n_on as ‘paste, ddoed,. ' For best results thexoll had
ianontt r-0f:; lQQ-—ii_u centistokes at 85°C., and-sufficlent. SO
: ‘f~'-*=~ooai “was-& “to-give a-paste-that had-a:v immymot 1500-

- 2000 centistokes at 'iBS"G“*ﬂtlrough“tha: viscositien wore

o measured at 850C{, the asetual’'operating temperaturs of the
“"‘mnls was: uauauy about--120° e, aince this reduood the vis- _




.t ). L3 'i-oaulmt past:
. ok as- the. type. ofwooal and
L. oll. The Wesseling plant, vmich
e it cou]', nly handle 36 ‘percent . L
S —— coal.J.n the reea on,aooon_n of the "ge _’ati.on" P perts;es—f P
" whereas Leuna whioch treatsd middle German nite," opefated »
with 40-42 percent coal. __1,n the. paate. _The_average weight
or the coaJ, paste was b tono per mﬂﬂ.c meter,

During ‘the" grindlns o1 tho*oqal tn*bho oi.l. catalysta ol
- - wepe-added -and thoroughly mixed in:the pas ates Iron and sul- .
© - fur were the more. OIMON: oamytio elonento used ro; ?Mrozn :
.percent.sulfur, it ‘was" umlla only- necacmy ‘to add iron.
Jnua.maa ‘acocomplished by the addition of 4-6 percent, ‘hased -
- on the weight of ooal, of: "Buomne" or *Roterz"’ (fnpure T
- ipon-oxides produced during-the: purification of ‘aluml e
_____________ _orec.)-m Wwith the Rhine soal, which was very low in anIrur -
) {0.75 ‘peroent) ;- . :ttma&nooeasm 50 add about - 1,25 .percent
“of elementary- 8 to the- -paste, ‘Riit--in- othexr plants. t.hi.a
 wes not necessary{i0), -Molybdenum and/or zinc had pre-
viously~babn-use¢4‘ozmtalynﬁa “but. iron and sulfur  were
_.pearly as active and had the advantage ot beins moh R
cheapar. T SIS e .;'-:, - T e —
N e coal-ﬁes:gmuntgo—th&nm J.b_parcent- was. finer
- than-250-mesh-{English-measure)  and. eaadntially all . of it
“was under 200 mesh before it left- he mill, - The paste was -
red to the :large high pressure:paste presgu. Ln a r%oyble e

system.- Imichke - - : .the.
maniro and assured a oontinuons supply oi‘ ‘hot %rom .
compositiorpaste*twauoh of:.the several s connected ln .

-allel, ~The paste presses.wero large,. e-acting; hy

aulically driven plston pumps, whioh had. oapacitibs vary-
us from . 10. 10 25 _ocublio:meters per hour- maximum, dépending o
- upon the-Aifferent slzes employed at’ the: various ‘plants. -
‘In general,: the larger gapacity. pumps were newer; . the: smalls -
- er. glzes being old mohlnea atnl kept in servioe.‘ In order

'I
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B  Slumgera ware herdensd 30 Do AGD Brioael, and ihe velue
S *-*'w**aeata were made of:- spoc ally-hara: |
. ~"aonngmw “ustalily-metailie rmﬂ ‘af either whitc__ R

- I T “m or: leat-:oalctm ‘110 r,~and a-lantern: ring was. Aocated
| “the packing . 80 LhAL - bnwmﬂp .and .0 :1iters.per

‘te out or

m tho use. ‘ot riushins | the paczings —
had a 11_1'9 or bout aix mnths unm noml épéra g

th- ﬁathod. 9t omtion, n&vﬂ.l bo
! ~ - gas.and entered the
: An ot thcooa:l.hy- -

. or n\u' oon' ar ) ,
ore mpunt- ,
)tgot the
s m« .
th

pel _.ated, uue tho ont;mt or any. one stan di.d m&
Q8 thom:louaqﬂ.anta. ge plants, suoh -
221 rated nine (9) aump- phase stal L8, -hmac the - |

lationa usua‘uy—conau ed of 4 8, — T

e e e et -gxohaNgE: ' ,
el ntckel mlzbdonun steel 500-ar- de 4
by 18 meters long; the two uzee d}.ttu-ed -only in
umber -of “tubes . an conuquont avuunne ‘heat - mttar T
; : »:"or_tha__atngl_tmm .a.dlatomite or briok
-linlng about 65 millimeters thiok which insulated the pres-
“sure wall f£rom the hot contents, . A thin stainlesa steel R
 tube (O.5um) wes located inside of the insulation, and _this
. ~1iner.contained the fluid: mducto .and resisted the corro- _
sive attacks of high temper drogen -and: sylfur, - ~The R
-~tube-bdundle -with: bo.tﬁeemac pla ‘Anside of the.- 11ner.wlm S
.and conneoted to the heads through oconical adapters. The
. tubes were made or galvanizod NS steel (ohroma-vanadiun




aqnare mtora ot ttn'rau
ressaion ‘of ajuminues

) "b'olts ‘on ‘each flan

-~tho~tirat -heat_e _at-al

R —~::--idetau8~ a!.'e ahm : 1-3n. ) A
~In- operation t.he pute an_d u‘ onmod—-atr tho bottom or

let mduott n-ue ot mtubet; he::

T first exe P Had been hpated:
then was. Mthor ‘heated 1in:a&::

_unit to aboutw (ﬁ?ir,to drawing l!o.’

-groatly “as 'nould ve: oxyeoted“ allth nateﬂ.m tlmt fonled anl
: a the -equipment, and- ‘henoe the ‘average valuss were

:furncut to determine. - For-squipment in -good -condition,
the overall hsat tranafexr

1ent varied from-200 to 250

“kilocaleries per-hour - per squm -meter per-degres oontrie.

40-50-BTU per. ‘hour per square- foot per degres- Fahren- '

erade -{
heit). After the surfagse ‘hmttecom foul

~“ooking-of- solhtl
—time

Ieht drop o, 50-100, at which

““furnsde “dbout 7 metera long by 4 meters wide dy 14 meters .

—high, ‘divided "into sections ﬁt.c‘holﬂ*tlw ‘preheater tubes.

ng Nos. - C-1-and C-2 1 ix C shows-one of the -
‘more ocomnon types of gas-Tired: ‘heaters, in whioch-hair: nin
tubes were located. in vertial rectangular sections at. one

end,. angr(the combustion -chamber was ‘at the other.end. Fuel

- gas was ‘burned ‘in-the ocombustion ohamber, and the- hot- gases

‘mixed with hot recycle -gas and passed ‘through-the -sections

- housing the preheater tubes: sounter-current to the flow of -

material bel.ng heated. The gas leaving the laat tubde .

.

ly_ wneoosmy—twtaxﬂho-equmt-out:or S—

raiaed.bto_“abcut' l&lO- ,30%C., - The. Pl'aheatén ppan roct ur_ S
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‘ssoction was pickid up by rac cle blouero and rotmed to ''''' tho
- - mixing chamber, This high oiroulatory system, using two ***
- .. 'blowers of 50,000 oubic meters per hour. oaoh_(naaam:ei_lt -

~1 atm. and 450°C) helped to- pravent-local- overheating and - e
_inoreased the themal efficiency. The heating value of the - -

. " fuel gas employed was about 2000 kilo calories per- oubie: -
o jj:f“"*‘m:}era 7 ,s)*bet.woan 3000-&)0& oubtrmtora—per—heurmro—ro-—- _—

ST ‘q u =3 & FE o I

~  The hair pin ‘tubes were constructod ‘of u‘é “or W10 ateol. e
- —which were ohrome, vanadium, molybdenum, tungsten -alloys of . ... .
high tensile and creep strengths. The tnboa themselves wers
. :.271_.by 120 millimeters: mumm. and about 14 meters long. .=
- The mmber of. tubes. reqmod _varied i:greatly from plant to e
, ins, In any oase
.. .the_ principle of operation was the same, and the furnace was
portioned to accomodate the number or -tubes required,.. On "
-the ‘outside of the tubes, perpendicular to the central ms,
- ~were welded a series of steel fins 300 millimeters square,
four millimeters thick, and spaced 14 millimeters apart,
_These- fins added heating surface, and thus raised the heat -
‘transfer rate whiochi nevertheless was very low. The heat . o
~ “transfer coefficient averaged 6-8 kno oa].orios por hour per J
square ncter per degree oentigrad ‘ ij

TImI TS

mar_le ving thg_ter 'y tho hot pasf.e-gao nixture_ - _
antored the first ot a series of three or four converters. oo T
w——'ﬂm—o}.der~t‘letl1saa~used three vessels, whereas the more
_ _modern_praotice was to use four, and hence this report pi.ll ,
discuss the four converter coal stall, Three very- on-—
_sizes of converters were used, elither singly or in. combm-_w____, L
__tion with each other; however, the only important differ- -~ =
. _ences, between them were the overall dinens!.ons, ainop the o o
—————4internal ocongtruction was -ossentially the N
. of the construction are shown on drawing ne. c-t. 1n Appo
dix C., Two of the converters were 800 and 1000 millimeters
_inside diameters,  respectively, by 18 meters 1on3 » while the
third was 1200 mh.uneters by 12 meters long. The yrsasura
bodies were forgings of N2 (ochrome-molybdenum) steel ioat
treated to improve the mechanical strength The in sur-
. .. Yace was. .lnsulated with two layers ot,,,,diatomito Abri.ok cnd

.
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- agsbestos cemen té.‘éb'"f-mtz:;;tﬁé:;'.tﬁiékné;é; of the insulation was
T ‘about 65 millimeters. -A.thim V2A (stainless) steel liner, - -

- . ——about-O0y5-millimeters thiock, was placed inside the Aneule~ SN
S tion and connected witl:the -top-and bottom heads—through - ——= e
3  .concial adapters; The stainless steel liner was used to
. contain the reactants, ‘since it was resistant to ‘sualfur and
-~ hydrogen—-corrosion; - The-tlosires were of the straight com-— .
== -pression-type; as—in:the case-of the-he at:exchangers using . .. .
___ .aluminum gaskets, since copper would have been corroded by S
. """ the sulfur and ammonia. In thé top head wers three or four —
'w—;_,l_lna}lrinl_et—_csmng‘!?éonﬁf!’rum‘““”“’-“‘"’”‘““ - v -
. . :different points in tha convertexr “to ‘control the reaction. -
A large inlet and outlet -conneotion were located.in the.
. ..___center of the bottom and top heads, respaotively, “and the

external piping-was connected by means of standard lens

B e A S S L L P

G el e

' THe hydrogenation of -coal is an extremely complioated

.- -chemical process, and ‘stncé coal is-not a-homogengous .sub-

. . stance, .but is compsed of many high molecular weight.org-

-z -anlc. compounds, it is impossible to state -exaotly what -~ . —— -
- :dcoured -during the reaction period, An average anal yals
 .of brown coal - on-a dry-basis was 62 percent carbon,_ 5 per-

;. "cemt hydrogen, 1 percent nitrogen, 5 percent sulfur, 18 per-

-cent oxygen, -and-9 percent-ash, - The relativdly -high.ratio
' of hydrogen to -carbon, plus-the high oxygen content, made

the 114 tes reasonably easy materials to hydrogenate. On
.. .. . theé othér hand the high oxygen.content caused -a loss of __ =~
~ { waluablé carbon which was eliminated as carbon diexide, and
D "“"'*_*'—'&1-so—”rhydroger’ri:ohéunp‘tio”n?—ito‘"prodho’ai;lwétbr“'."if “The-byrown T
coal .apparently contained a large fraoction of paraffin base
_____substances with carboxylioc aclid groups, as well as condenos-
ed aromatic and naphthenic rings with oxygen, nitrogen, and
~ -sulfur-included in the rings-and in ‘soattered-oonnecting — - - —
bridges. Under the astion of heat and high hydrogen pres- _
sure, the .large molecules were depolymerized with the loss
~__of a large percentage of the oxygen as carbon oxides from
. 77 theé ocarboxylioc acid groups, and as water-from ether-type - -
linkages. Similarly part-of the nitrogen and sulfur were
- eliminated- as ammonia and hydrogen sulfide, respectively,
while a-fraction of the nitrogen remalned in bages such as

-

e




~..___age molecular welght “being lowered,  During;:t
reaction, part-of- 4 coal was also converted.

0 gaseous produ : “methane -to-butane. -Ob-.
curred-simultaneously, ,
3. inoipal overall ‘ef- - '
oal into a lower molecular =7

e tine o form & eonsidsrable

. - T -the™ A ng of brown coal a pressure of 300 at-
. _mospheres was sufficient to handle the middle German- coals,
- _such as Leuna- used,_-_;;but;,1Q0;ig.t_m_$i2h_e":;9§;!§;§;£994_9;&:8?; pro- .
"~ perly convert the more refractory Rhine-llgnites,t=>? - -~
. These latter coals.were. poor: in-hydrogen and riob in oxygen,
- 'and, by experiment were found: to -require-the- higher pressure..
& overall conversion of ;the.carbon in the coal to gaseous
eand-liquid products was-between ‘95 and 99 pergent, but the o
o 0il yield was low because of the high oxygen content, It
__-.took approximately 2.1 tons of lignite ton produce ome ton

- ’or-~~mt_dd;]:e—o;t}—'sa—%hat-'—the~»-~produotrion——§e';‘_;§t"aillﬁdmt_aa‘ -
‘great f-‘ggjgheg_,_tr;_eatingi‘—qmer»‘-“-'oog;jg_ or-tarss - o e

o he hot-paste and gas mixture leaving the preheater
was joined by additional fresh hydrogen, heated 1n a sep-
erate set of #U" bends in the preheater, and -them the-com= —— ~
~ -——pbined .feed entered the bottom: of the rirst converter.. .
. ___.The production of hydrogen for the process is described.
. in detsll in U. S. Navy Teohnical Mission in Burope Raport
‘entitled "Production of - drogen and Synthesis-Gas-from-
o . Solid .and Gaseous Fuelsm!d ). . Inside the converter the- -
-—— flow of gas carried a quantity of solids and heavy oil up
_the center of the vessel to the top, where the gas and
pert of the liquid products left the converter, and entered
the base of ‘the second roeactor. —Some of: the solids and.

heavy o011, having a higher density than-the average. fluld
- - contents, -sank_down-the -sides until they elther reached.

B oy




.~ the bottom or were °§ain “trapped in the gas and carried:to- :
. .ward- the-top.- In this mapner the.gontents of the converter .
- -were-continuously circulated,- thus providing better heat '
T gransres 'and “téaperatureTcontrol, "as well as permitting the
materials thet needed hyadrogenation mosat to remein the long-
est in the reaction zone, The first one or two converters '
- were usually larger in dlameter than the latter ones, since = -
Coo———— ~this permitied better oirculation-during the intiasl -stages -
e .. ©f the hydrogenation. For 300 atmosphére.-operation the - .
1200 ‘millimeter diameter by 12.meter loag converter was -~ .
—ususlly-used first,; a—at—700-atmos res-the-size was——
usually 1000 millimeters by 18 meters. The last aonverters
uin the series were usually 800 millimeters by 18 meters .
B

.© - The hydrvogeneation of coal was a highly exothermie re-
—-+ action,-and-the-feed was-quiokly heated:- up to-the=reaoction - - —
" temperature of 470-480°C within the first few meters of
travel. The average through-put of paste was 1.1l to 1.3
- ' tons per cubic meter of réeaction spess per hour, and fora
- - four-converter coal-stall with 27 cubic meters reaction:
volume, this corresponded to 30-35 .tons per hour. The cor-
responding -gas flow was about 25 to 30,000 cubic meters.of
gas with a-hydrogen -content of:about. 80%.. In order to eomn-
~trol the temperature durlng the reaction due to the' heat S
liberation of about 400 kilo calories per-kilogram of coal,

"an additional 10-15,000 cubio meters of ¢0ld hydrogen were

~introduced through. the .connections on the top heads, into
the _converters at three or four levels. The turbulent .
.6ycle in the converters helped the-heat tranafer, and by —

-~ adjusting the amount of hydrogen added, it was possidle to
-control the temperature and.prevent local overheating. .

'~ The amount of gas circulated was several times that theo-
retically required, since only 1500 cublic meters of.hydro-
ggn_ were consumed in the production of one ton of middle
~Ol. . S N . ’ ' S

.The temperature was usually controlled by the asphalt ~— —
~gontent of the coal liquefaotion products, since a-high-——
' asphalt oil required a high temperature to give satisfaot-
- ory conversions to lighter olls. The gas formation, partic-

“2um
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ularly the methane ‘was. mator as: the temperatura 1noreased,

---go-that it was- dggir__gp_le to operate it the lowest temperature .

- oonsistent with a satisfaotéry reaction rate ard conversion..
~Brown -coals were usually low in esphalt; end hence high:-gon= """
versions and nttle trouble tran this ,mterial were experi— ' .

B ~ended.

: JJne_ot—tho-mMroublcaome probim with—J- 4531*,9 -uas
the farmation of little solid balls of. calcium carbonate.
- T which settled to ‘the ‘bottom ‘of the oonvertora and oau!ed t.

of their resemblaﬁce to the raﬂ pflo‘guot, and méans had to .
be supplied for their removal.tli3 Usually the tomti.on

‘was most troublesome in the first oconverter where the coal

was undergoing the initial decomposition. By means of a lino
tapping into the base of the first converter, a amall amount '

- ~~of sludge,  such as 100~200 1iters per hour,: could. be withs - = .

‘drawn and treated i1 the solids removal unit. Usaally only -
the rirst. converter needed this simple sludge withdrawal - :
e ~line; but-the plant at-Wesseling -had -more- difffoulty-with- -~
r——~~—~—the Rhine-brown coal, and more-elaborate methods-were needed —————
to cope with the "ocaviar" problem. . For -more complete de- '
-tails on "“caviar" refer-to U.S. Raval Technical. ﬁ?sion in
Europe Teohnical Report No. 87-as. ‘pages 52-58 { |

Arter paaaing through the oonverters 1n aeriea, the T
gaseous ‘and’ Iiquid produocts, together with a small™ anount o E -
_of unconverted ooal, ash, and catalyst,. ‘entered a large .
" high pressure-vessel called the hot separator. This ap-- 3
=T ——peratus performed a very important function besides merely - i
S ‘ﬂseparating the gases from the:heavy oil and solids, .Operat- . . .
. | ing at a temperature of about l.50°c, practically all of the =
. ‘ “water and a large fraotion of the more volatile oil-.-con- T
e - gtituents were stripped from the solids containing. hem
AR olli - This separation of a light overhead oil from the--
“heavy oil was, of ocourse, not as sharp as would be obtalned
by a distillation of the total product, but the fractionation
— #A*——~of—such—&—heavy—oﬂ.—contatning~aoﬂﬂa—wou1&—hav&‘preaente&* e e
e -formidable- dirﬁoultie 8, ~Approximately 80 percent- of-the -
- 0i1l1-boiling up to 350°9C was stripped rrom the heavy slurry
by this _prooess. - ,;

a2




o - " The hot separator was a vessel of N; {ohrome-molyb- o
Lo genum)—8teel 800 millineters inmeide diameter by -9-meters—
.. .long. 1Ses drawings nos, C-5 and C-6. in'Appendix C. for de-

| tails of construction) As ‘ip the vonverters and heat ex— -
changers it was necessery to insulate the walls and use a. ;
 stainless:steel liner to hold the fluid contents. In the
“top head were inlet and outlet connections for the- converter
—---products; “and “gas-plus-0il-vapors;-respectively,-as well as . -
| connections for a thermooouple well and liquid level regul-
- ator pipes. -The lower head contained the outlet- for the-
h 3L ax - The—fnlet-pipe-wis-drought-in-and

(“ down -one . side of the vessel instead of-being centered, since
; - this spparantly gave better separation:of the gas:and liquia - -
e —produots.-The-volume of the separator up to the feed-down- . . .
 ————_pipe was approximately 1,5 cubic meters. In operation the '
. liquid level was held redsonably oconstast by an auto- €
f .- - matically-operated liquid level eontroller. - i . .

o . There were several minor variations in design ‘of the
' ‘separator; the chief differences being in the inlet pipe-and .-
T T e bottom Toone, —One of the mors ocommon models employed & — —
steep conical bottom connector to prevent solids from ad- ‘
: hering to the wall of the liner, thus aliding in the removal
.. . of the solids from the separator. Cooling coils were in-.
- . -———s@erted in both the top-and-bottom-sections,-and-part-of the
.. _fresh hydrogen -for the progess was given a -little preheat
here., - By control of the quantity ‘éf‘"‘é"ooling hydregen, it
- was' possible to regulate the amount’/of oil stripped out of =
._ths proddet, and hence the solids oconcentration and visoos-
ity of the Tesidual oil could be adjusted. In normal-opera--
‘tion the 'solids-ocontent in the slurry was.held between .20
and 25 percent, - SR . ST

.+ - The gas and oil vapors leaving the top of the separator

. passed down inside of the tubes of the sscond or hot heat.
exchanger countercurrent to the warmed paste and ges feed.
With an inlet temperature of 430-4509C., the produdts were

“oooled to about 2759C, and then entered an intermediate —
‘separator to sollec¢t the condensed oil. This vessel was:a.

- forging of the same size and shape as the-hot-separator, -

- but the internel apparatus was much simpler, since-only---
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- % clean 'light materials were handled. :The bottaom hoadhadfa S
employed. The condensed oil volume was controlled by a 1i-
—quid level Tegulatqor -connected to the-apparatus, . - .-t ...

. The gaseous produots leaving the intermediate separator -~

- .next-passed-to the top-of-the rirst or cold heat exochanger.. .

- -Frequently,- it 'was-necessary to-add-water to-the gas stream
at this point to prevent inorgenio salts, such as ammonium
‘carbonate and sulfide £rom condensing and causing crusts or - -

stoppages..-About.1000 liters per hour of water were usually

; _.surfioclent, but with certain coals, such as':ﬂg ne brown, it

- . ‘was necessary . to use: so much-as 2100 liters.\--2) ..The pro- :
..ducts were ocooled in passing through the heat exchanger to
between 175-200°G. = R - A

7 Further -cooling-was.provided in..trombone water:coolers; - -~
which consisted of between 4 and 6 sets of 6 tubes each ~ =~
operating in parasllel. The pipas were 58 millimeters inside -‘

. - —-diameter ‘by about l6-meters-long,'80-that .the total surface .
oo owag -80-t0 Y20 8quare-meters. -Frequently,part-—or-all of the . ..
previously mentioned water was inje X  » o the—————

-~ oocoler, the difference depending -upon plent opébat:l.@h..- R

- The -products leaving the cooler at about 70°C entered

- 'another large vessel known as the cold separator. This-

~ "apparatus was & oylindrical “forging usually-800-millimeters - -
_4inside_dismeter by 6 to 9 meters long. . See drawing no. C-7

in Appendix C., for details of oconstruoction, The ends wers
partly swedged so that the size of the ~ Anto
. vessel-were-.about- one-half of the inside diameter, and re- .
movable closures were used on each end. In operation the :

"~ longitudinal ‘axis was inclined at-about-5-to -10°-from the . -

-~ horizontal 1n order to provide.-a. larger gas-liquid interface,
and thus reduce the entrainment of froth in the outlet gas.
The lower head had two. conneetions, the upper one Tor-the
gas and liquid inlet, and the lower one for the liquid out-
let. 'On- the inside of the vessel there wers two thin tubes
oonneoting with the inlet ard outlet parts on the head, and

' these -tubes wers curved -so-that the inlet stream impinged on
- the upper surface -of -the separator, while the liquid outlet
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line _ the bottc
-head there was a gas oul onnection; and-
—oarried-&n.internal pipe to %A e -gas out: of the top of the
~ ‘chamber, The separator was eguipped with a liguid level — — -~~~
control-to automatically: ~egualte the fluld volume. - - ,

- The non-condemsible gases, Still v hWigh yressure, .
' entered the suotion ring of ﬁt_th'e-”"r'éoybl‘a‘*fgssf*sjﬂpni“f'"i’rhftsm
- - - --guction-ring -connected the outlet sldes of several coal'.

_-stalls and helped to almg 11ty the gas purification and re- |
circulation system by equallz the pressuresand-reducing
the number of control instrumsnts. The hydrogen content of

" the outlet gas-had been rediced to about 60 -peroent, and it

o e o ey to parcislly purify it before using it again . .
?%f%myfpm&;;wmlﬁamen;tms at 1

-~~~ ‘the system pressure, was used to selootively.remove pert of
“the methane and higher hydrocarbons-an d -thus maintain the - .~ =
. purity of the reoycle gas. .The principal part ‘of the.puri-
fication system consisted .of absorption tawers, solvent olir-

___culating pumps, and_power reoovery engines with necessary . X
-~ gas=Yiquid separators, —T o towers—were stéeel-forgings that —— ——
_varied in size from 1000 millimeters by 12 meters to 1300 T ‘

~ millimeters by 15 meters long. They were usually paocked
“with Resohig Tings and adapted for gas inlet and liquid out-
| let oonnections st the base and ‘gas outlet—and-solvent—in- - .-t
.. -Jet at the top. -The-usual hourly through-puts were about e
A 75 cublc meters of solvent.to 50,000 cubic meters of gas for. ——
- ————the lerger Bize tower;-although the-liquid to gas ratlo was
~ adjusted to give an outlet hydrogen purity of 70-75 percent. ‘

" " '7The solvent, containing dissolved hydrocarpons_and hy-
o drOgen, was next expanded to about. 50 atmospheres .in expan- ;
rf—;sio&fengines,'_,and_ﬂne;.power;r.epovered was used to eiroulate
) part of the solvent within: the process.. The gas -separa
. at this pressure was lean-in -higher hydroocarbons,. and was
used for oracking or fuel purposes: - The liquid was then
- - blown down-to. -,at_mosphe,r.ej,.n_pre_s,sure,,,_and,,»thi's_ gas, whioh con-
" tained an important propane-butane fraction, was treated to
recover . these materials as 1s desoribed in Segtion 6. The

" rigenerated solvent was then reolrculated to the towers.

L4
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A8 previouely expiained ‘the 'ga“s ouﬂet‘streaiefrfem‘
e eevere.l coal Atalls were: -oonnected:,-and—xhis ‘header fed ~ - .- .-
- impure gas _to a. series of washers all“cperating in parallel; '
e the-number-of-units-of -course-varied with-the-quantity-of — -
gas to be treated., The gas outlet gtreams from thé waehere
were also connescted into a manifold.that served several - -
—booster -oampressors.-- These were single gtage machines that -
__handled hetween 50-80,000 cublic-meters per heur at—-air--
ferential pressures from 50-80 atmospheres. The outlet gas
frcm the oirculet:lng compressors was mixed w:.th ftresh peete
ther oyole thr h_the apparatus,

o The 1.1.ght llq'uid produote 1n the intermediete separator S
"and the 60ld separator were expanded” ‘stepwise in two or three
etases to atmospheric pressure. When a two step system was

e was usually 50 atmospheres,
""‘**“*ezxd the*rlaehed 8as, being quite lean, was used for fuel.

‘The gas from the" atmoepherI Tessure expansion was troated
to remove .C3- ﬁ as deecribed In Section VI, while the 1li-

quid ‘was. disti ed .to yield a.heads: fraction of 3259 E,P. -
o oalled m.lddle oil A, and.aheav:ler restdue oil - that - was re- - -
8 pas : ol ; A was treated

1n the gas phaee, as deeeribed 1n Section V, to make gaso-

line and diesel o0il, and this middle oil oconstituted the S
_prlmzjﬂproduct <from the. sump.phase.. The distillation pro=- . .. .

cedures and gas treatments are both covered in more canplete
o detai]r"‘in Seotion VI-on- Produote&paratton. ‘ T e e

B W heavy 011 end solids that were 1ert in the bottom
TTTTT 7 of the hot separator were 5 cooled by counter-current heat
‘exchange with part of the freib hydrogen make-up gas and .

finally by water to about 200YC. The slwurry was then blown
---down-to-atmospherio-pressure-through-special valves operated B
by the 1liquid level controller..  These valves-had-r ——————
able stem-faces-and-ssats-of-tungsteon-carbide;—to- reeietr—the :
‘abrasions of the solids,;  See drawing no,:C-8 in appendix C -
for the deteils of.construotion of the expansion valve. A -
—-—-large -expansion- chamber -was. used after the seat to reduce ) ,
__the prassure drop across the valve and inorease: .the 1life of - -
" the seat. In operation the valves were opened wide for a '
few moments and f.hen ehut for 1r they had been’ ueed to




“he _nescri'tion of sum‘”' Phase4“i_"'eration8* ) (eont'd. ).

throttle, the seats would have been cut’ out‘*in ‘one to two
~hourss By operating the valves in-pairs;" ~gach:one working
. singly for about 15 minutas, the average working life was
—about—500=600-hours.—The--replacing-orf-the seats-and -stems
~ ‘'was not diffiocult, for a valve could be reconditioned 1n
_ about. 15 minutes wh.tle ‘the twin was operetins. _
- The gas ‘evolved fram the. aludge was. usually. ‘used. ror
ruel. and the slurry after dilution with oil was oentriruged
~to racovery the pasting oll for the next cycls. “7The 'sollds
-...containing residue from the centrifuges was caked to recover
‘additional pesting oil., These operations are covered more
completely 1n Seetion VII. _on 8011ds Removal and 041 Re-
covery. . ,

(%) W .

_ ' 'I'he bituminous coal fields in Germany were loceted in
two principal areas, the Ruhr and Silesia; and in both of
-these districts -the Germans had large coel hydrogenation .
plants for the production of motor fuals. - Bituminous coals
differed in ocomposition from tha previously discussed lig=-
nites, since they were much older geologically, and had
lost a major portion of the oxygen as well as part of the

S - ﬁhydrogen —go--that the hydrogen~ocarbon retio was lower than
“that of lignite. The condensed ring structure of the coal ;
gave the resultant oils higher aromatic and naphthenio ‘con<————=

- tents then -those from-lignite, -- An average anelysis of bi- S
tuminous coal, on a dry besis was 5 percent ash, 78 percent

__carbon;, 5 perocent hydrogen, 1 percent -nitrogen,-3-peroent
sulfur, and 8 percent oxygen. - sfenerel the Ruhr coals
were a little older thanh the Silesian and hed a 8l t.l

~Tower hydrogen to carbon-ratio,; but-this: -difference-did not—— -

seem—to—affect—the-ooai—through-put—greatif -

SR The mechanical operation of the sump phase for- bitu-
minous coal hydrogenation differed in a few respects from
~_~that employed with lignites. However, since-the same types
" 'and sizes of equipment were used, end-sinoe-most—of the .- T "X
. major features were similar, only the-points- or..wdi.rrerence S

- .will ‘e described in this section. There were twa systems.
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4. Description of Sump Phase.

of operation whioch varied chiefly im the manner inm whit
“feed paste was heated.. The first or older ‘method, as prac-
tised at Gelsenberg and Scholven used only one heat exchang-
— er, but had two preheaters, ~Bituminous coal paste of the
~desired concentration could not be used in a heat exchanger,
as was done with brown coal, on-account of the swelling and
. - .- foullng of the -tubes, and-hence-it-was-necessary to-heat the. ...
- -~ paste plusa ‘small stream of gas in a gas-fired preheater - - ...
- - _seotion. The major portion of the hydrogen stream passed o
_ . _through the heat exchanger counter=current to theé outlet pro-
— ;—-r-m———- e *Q&Ofis '} a sam‘ theﬂc&se—cr—mm*co&. and.*‘VQS*then—unite d""‘*‘"fﬁri.‘"‘*‘tﬁ -
with the hot paste, This mixture of gas and paste, was then
' Tﬁéﬁt@ﬂflh7hfﬁéﬁaﬁHTPféhﬁatéfiSBGtioninpftbtkz5qc?ibefﬁre“”*"777
~- entering the converters. - LT T e

This system 'uas“_,c_:_b_gj,‘gpgy less thémuy efficient than

T "the_ standard brown ocoal process, and this was aggrevated by =

‘the extremely low heat transfer coefficient of about 6 kilo
‘calories per square meter per hour per degree Centigrade
" which was obtained in the gas=fired preheater. Therefore, '
_““pepearch was conducted to $ry to adapt the brown coal tech- .. . .
" nique to bituminous oo0al.t10;17,15). Tt was found that coal
pastes of about- 35 percent concentration operated _satis- =
factorily in the heat exchangers with heat transfer coef-
~ . flcients similar to those obtalned with brown coal paste.v:ll ——————
. Therefore, & new method of operation was developed in which »
" the total ‘coal paste was made up into two batches. A thin
- ::z,,co"al";_g‘pgfste“:';“o"f!,:;g t;:perso'ent:"_:fra;h:—;:Vuog];;:was,:_prehegted;;t'oge‘ _th' hey - - .-
 with about.90 percedt of the recycle hydrogen in a series |
.- -of-three-heat exchangers. -A thiock coal paste ocontaining . . ... .
~ about 48 percent occal was heated with 10 percent recycle hy-

drogen in a gas-fircd preheater, and them the two streams
were combilned. The camposite mixture was heated to L25°C. —
ina preheater-in exactly-the-samo-manner--as was-done-with
__-_brown coal, The ratio of thin paste to thick was usually

- about 1.1 to0 1.2 and the combined paste contained about 4l
. _parcent-ocoal. -This second method of operation, as practiced
e ‘at P81it2 and Oberschlesien, reduced the heat requirements -
TTe T —~py-nearly 50 percent, and at the same time it greatly lower--
©o T TTTedthe pressure drop through the-units—— - :

T T




4. Description of Susp Phase O

.. The asphalt contents of bituminous coals. wel 5. ¢ T
' ably higher than those ‘of-lignites, and since these materials
... were-very. refractory.toward hydrogenation, it was necde8sary
to operate the sump phase converters atl. 4,85°C. Inmosf“gf
_the plants the operating pressure was 700 atmosphereos, 1 /

___ since the higher hydrogen preasure had a very pronounced _ _
“effect on the asphalt decomposition.— -The catalyste-used - — = -
were l1l.5-5 percent of "Bayermasse" or "Roterz®™, 1.3 percent -

- _iron.sulfate, and.0.3 percent sodium sulfide, all based on o
the weight of coal. These materials were mixed with the —~——  — -
**in‘*th-e‘fsamgtmnper‘aswwas~d0n6— o o s

“ " coal end ground in a mil '
- —with lignite. . . .

- ~Each coal stall usually -contalned fow 1000 millimeter
dtametar—by—w—meter—leng~-cc$nve1!tersﬁgMng_a~ﬂtg_tal reaction
- -volume .of 36 oubic meters, _The ooal. paste_through-puts |
- averaged between 33 and -37-tons per hour, which gave a‘son- ol
tact time of very nearly one hour. The gas volumes were
30,000 cubic meters per hour oirculated with the paste, and -
- 20,000 for.temperature control in the oconverters. The hy-, ST e
drogen , : -~ mer ton_of middle oil -produced averaged . - .. . .
about 1600 cubic meters, while the conversion factor for
middle oil from coal was 0.6 tons per ton. The oconversion ..
ﬁﬁﬁﬁﬁﬁﬁﬁﬁ — ﬁf-b&%ﬂm%ne&sfooﬂwmit@mu—ahm_@gj of the -
~ ‘earbon being transformed into gaseous and liquid products. . .

. " At Scholven the hydrogenatlion plant operated at 300 —
S atmosphenea:pzassgngk_kgmceagmmore-~-«aot.1ve»v,o;atalyst,,_wa_s_.L,u»aed. "
A mixture of tin oxalate and ammonlum chloride, 0.06 and
. 1.0 pereent, respectively, based on the welight of coal was .
' added to the-paste.. . This oatalyst gave the less favorable
ccrxversie&o—r~-90-~peroent_or_tha coal at through-puts oompar-
. able to those used in other plants. There were, Thowever,
e ~-~—»-——mec_hani-cal_ﬂ_.ffic.ulf?ﬁyfnﬁ_wﬁ;qnfsi:n‘c_e;t;heéehlopide o
.~~~ -—was quite corrosive.{20) The two points where the maximum
: corrosion occurred were in the preheater tubes, and in the:
-~ ooolers where water started to condense and gave ‘an acld ‘
T ,»__.ac_rl—q’tr_xgnﬁe,rechlor—ide_-—-s_alts.__ﬂm-acc'oiiﬁt"iif”th‘é‘ “gorroslion
T Tasrriculties, the "tginsch‘loi'tn‘e—**syete_m~~-»wai5»—~not ~popular_ in

- Germany, end Scholven was the only plant-so-operateds-

S
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— -~~~ Bituminous coal middle olls were —in &r 3
. ‘and naphthenic .compounds- than: those obtained from brown.coal,
. and the gasoline made fram them had good octane ratings.
The desoription of the further processing of these middle
oils to produce fuels 1s described in Section V. '

- ===——(¢)=-Processing-of Tars end Pitches. -
____.The hydrogenation of coal tars and pitch pl .
tremely important part in the German fusl program for the :
i —war ;- There -were at-lsast-six-largé plants-which.-processed - . . .
_only tars end pitches from the numsrous coke ovens, and in
“addition to these, nearly every coal hydrogenation plant _ =~
used some” tar mixed with the .paste to inorease 1lts produc-..
__tion. lLow temperature ter from brown coal was the principle
 raw meterial, and this tar contained about 81 percent carbon,
e --13-—pereent- hydrogen,-l.5-percent sulfur,@,.$percent nitrogen, T _
and 6.0 percent oxygen. The phenol contefit was about 10-15

et gt

ved an ex-

__percent. -

- The crude-tar as received, contained -about-2 percent
water and 1 percent of fine dirt. These materials were
- geparated in centrifuges; since it was necessary to remove
the water to prevent orusting and overheating of the tar
in the still preheater. The latter was-caused dby sudden -
... vaporization of the water with subsequent stagnation and
. carbonizing of the tar. The-dirt was removed to protect the
. ———sgump-phase—catalyst from-being fouled -and its activity re-
] ~duced.  After ramoval of the dirt and water, the purified
- tar was distilled, giving a middle oll plus gasoline frac-
~ tion boiling below 320°C, and a heavy residue. This latter
material, which amounted to .about 55 percent of the tar, '
was treated in the. sump phase; to produce additlional middle

_ . The catalyst most frequently employed for tar hydro-
. - _genation was iron sulfide on ocoke breeze such as that obtaime
' . ed from‘coke ovens or Winkler generatars. About 0.5 - 1.0
o -percent ‘of-thispowder was-mede into a paste-of-about 40.
~--———-percent concentretion-using-freshly-stripped-ter-residue oil
‘for a vehicle. This paste was mixed with about one hundred

v




the ontracs to the heat gxohangars end pumped wth the |
fresh tar through the unit. The catalyst concentration
 therefore was about 4-5 percent of the tar feed.. . ..

I

_ The operation of the sump phase with tar wes nearly the- J
same as with brown coal, the chief difference being the : :
greatly reduced solids removal -pFoblem. - (See drawing no. 3) . ... |

" A small bleed, corresponding to approximately the quantity
of fresh catelyst paste, was withdrawn from the hot separa-

_tor _and centrifuged to recover the oil, A hot recycle oil
pump, located in the system, recirculated slurry from the
‘hot separetor-back to the--inlet of the preheater and thus

increass the turbulence in the converters. .

In general the hydrogenation of tars and plitches could
- be classified into two chief types of- operation. - The-brown - - - =
coal tars which were low in aaphalt (2-5 percent) required
less drastic condition than did the pitches and cracking
residues which were high in asphalt. For materials in the
first category a reaction temperature of about 450-460°C
and a pressure of 300 atmospheres were empioyed: —_The ——
through-put of fresh tar averaged about 0.5 tons per cublec
meter of reaoction volume per hour, and for each ton of tar,
—approximately 1000 cu t: T gas— —oirculated,
The heat of reaction was much less, averaging about 120 :
——Kkilo calories per—kilogram of middle-oil produced;—and-hence
- _the temperature control in the converters was much easier.
--———8ince coal tar had a higher hydrogen content—and—lower
molecular weight than coal, greater yields of oll could be
obtained than with coal., About 30 perce=t more middle oll
was.-produced in a given unit (that used coal tar) and the
- ————hydrogen consumption was approximity- 250 cublc meters—per— =
_ton of middle oil, or about 15 percent of that required for . .
. . coal. In general the brown-coal tars were easily handled .~
in the sump phase. and théy were a desirable rdaw material - - — ——— —
for gasoline production. ,

1

g
7
"

. _The hydrogan\ati on of high asphalt 'Vtarsa,_:éﬁﬁ;é.raokiné |
- residues was conducted at Lutzkendorf, where a pressure of
700 atmospheres and a temperature of 500”C. was required to
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,,»,l.,. ,‘De-ac'rl tion of Sump Phase

- nature of-the material being processed,.

low, It averaged about 0,35 to 0.40 tons per cubic meter -

“per hour. A very high hydrogen partial pressure {92 per-

cent) was maintained in the gas order too accellerate
the asphalt decomposition, but outside of the more. drastic

—on-account of the Trofractory

“the through-put was -~

conditions required, the rest of the operation was the same . —

- _as with brown coal tar. -

The hydrbgendtl'on ‘of pltch, as typified by the opera-

' “tion ‘at Welheim (See drawing no. 4) was conducted at 480% -~ -~

——-and-700 atmospheres pressure; —The feed conaisted of 60 -per- . - . -

—

25 cubic meters per hour of liquid, and 45,000 cubioc meters

“cent- fresh pitch with a70°C melting point plus 40 percent - - -

heavy recycle oil from the process. The feed rate averaged

of _gas were_used per stall of four convertors having a total

reaction volume-o: —oubio-meters, The-hydrogen—o
tion was considerably greater then in plants processing

brown coal tar, since pitch was a material relatvively poor =

. in hydrogen. On the average, 700-800 cubic meters of hy-

_oonsuwgp~ -

drogen were required to_ oconvert one--ton of pitch to middle-—

oil and fuel oil. The overhead oil collectad in the cold

separator was distilled to give a middle oil fraction for
h o)

fuel oil. This last operation was quite different from that
' t ince there the :

distillation residue was recycled. The high asphalt content

= :.— -,_;;_:;;;:;or*—the—:pl%éh;i‘:and;“im i m;suaceptibiuty—to‘;hymsenation*1’:*7 e

made further treatment of the heavy oil less attraotive than

in the case of tar. With a market for fuel oll, this pro-

vided a convenient way of keeping the asphalt.ocontent in
——the—system-from-beocomi, -greats—The gasoline 'produced — -

from pitch had a good ootane rating on acoount of its high

middle oil is described in Section V. = -

aromatic content. The preparation of gasoline from pitch

5. Description of Ga

As previously mentioned, the purpose of the gas phase-

was to take the liguified coal or middle oil from the sump
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p <, * . ~ 4 nimamds &
convart i’t 1n‘l'.o gasoline. #

‘ducted in one step over a ﬁolybdenuéil; a

however, produced too mt otivi
low, so._that the through=put. ﬂt..m,maa;' '

fwarter -laboratory tests at Ludwigshaven, the’ 'I.G. o3 %

—Leuna-first-tried -pelleted tt en-disulfide- oatalyat (No;

: 2'058) 4 _,the,p_lqoe ,or43510.s(2.1 - This . new mterial ‘was about

. was-posaible. té oi:éraﬁi at a- 1ower'.:temperatura ‘and_obtain .

-a_superior product. utn_bmﬁ-ymu. “The tungsten eulﬁ.de

m,_—;,—'zﬂas »!gr_xmute,in ‘hydrogenating ,;_A_g;:mﬂn&__tp_nanmah__enep as -

'poundtonydrooarbona. 'nouvar', the high proportion of

"naphthenes and paraffins in the gasoline” gsod uced by‘this
_method gave a low octane number ot about. By the addi= -

tion of lead this could be made into motor gasoline, but -

 not eviation grade. -The dlesgl 0il on the other hand wag - -
—of- rair q_ual:lty, the oetanp mmbor ralling..».between 35 and e

50. gl f”_" IO R

SInoa the German emphasis was upon aviaﬁ.on grade gaao-

L line, 'a_search was made for a catalyst that could convert

“naphthenes and normal paraffins into isoparaffins. -In 1937,

: Le%a started to use a tungsten- sulﬂde-aotivated clay cata-
—Tyst

(NG 6438) 50 '- , 5058 stags -
Lnto aviation gasoiine. . . The unleaded gasolina produced by

this material had an oot ‘number- of 70" 1‘.0“75, ‘which by the—

. addition of tetraethyl lead, could be easily raised to avia-
~ tion grade. This latter. oatal rat .could not treat midqdle

‘011 rrom the coal sump reotly, since the phenols -

. and ﬁtrogenous ‘bases in the 0il poisoned- and—drasttcally~~——-— e -5»

reduced-—its-activity—Thsrefore;—it—was-necessary-to-pre-—-
“treat the .sump phase oil with 5058 -gatalyst to remove the -

- oxygen and nitrogen compounds before. using the 6434 .catalyst.
This ‘resulted in a two stage gas phase operation which ocon-

-—:gtep-process using-5058 catalygt was.employed. - . ObV

“tinued with only minor chenges throughout the war: - However, ;
when—onlyamto gasoline or diesdel .oil were requiredi -2-oné-—

ously
~many variations: ot these -processes. could ‘be. usad, dependiﬁg

1 4
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-t ent fm“ahcaazon"or- the pistons end - |
ﬁpackin;a. Hyir.osen was next added to the *011 from the: pre? -
“sure header whioch contained recyole plus make-up hydrogen. o

““About” 1300 ‘oubic meters of. gas: containtng between 70 and 80
—perosnt. oiz ach. _,_nh;oamher of

o Rete ix 5‘,2 \wh:l.ch Shaws d | YP :
- :tor the.gas ) . 1% wi: .seen. that the_ 011 and ﬂgas

rlowing u:pwarda ‘and “the outlet pro(ucta on“'the “tuba ‘side
Tns“:ﬁm —_The BizZ€ varTTii_th“‘bﬁef‘pmr“’but “two or

_These two exchangers we X meters long end had heat
' tra_neter ‘surfaces of approﬂma%ely 1L5 and 190 ‘square metexrs, =
T ’“ra spectively. —Anmew design-of ‘the 600-mil: ter-heat-ex- _
' clranger “had-been mads in whioh-there-were 241 tubsa having ===
-a-total surraoe ‘area of 228 ‘square metara.  This ‘later ap-




(This draw:lng has been 1nserted in an. envelope
‘attzched et the end of this repcu't:)w




' . 80589 va I o . '
T s 4y
lations since 1its _use-was not in evidenc e-in -the plants- - s

e o visited, T T _

: . 11 plus 20,000 oubic meters of gas per hour entering the =

.. ©cold heat exchanger at near room temperature,.the heat trans- . . . .

- .+ - fer warmed the fead to about 180° C. In the ‘second or hot

- ‘exchanger the feed was further heated to about 300° G, Thd

_ = ~-gggrm?h§§§ft§an§feriggemantnfwar‘e*u‘sﬁaltyﬂa fgi‘iit“fzgo- _

: 00 kilo calories per ur square meter degree centigrade
... {51-61 BTU per hour per square foot degree Pahrenheit), al- o

~ .though at times under-favorable eircumstences tho _values ‘=
went as high as 400-500 metric units, ~  —~ =~ =

e o ggin the sump ‘phase, it was necossary to glve the Peed
oo L cor-a-little—additional -heating in order to warm it to the point - -

-where—the—heat of reaction was sufficient to carry the tem- i
+ _perature up to the reaction zone. In the sump phase, gas- o
- ..fired- tubular preheaters were used exclusively. 'In the gas
- . phase, gas-fired preheaters simtlar to those employed in the
S —— sump phase were used In some installations, while in others ,

N electrical heat was used. The former type has been des- .~ -
cribed in section IV, but the latter equipment was employed

~only-in—the ‘gas phase operation, —

: The—preheater-consisted of four to 8ix 120 by 90 milli- ,
moter tubes of N8 steel, approximately 15 meters long, en-—... . .
- ~oased-in-a thin -steel oylindrical shell. (See drawing no. . =
. C=9 in Appendix C). Instead 6f using heating elements, the
. ~ tubes themselves were the electriocal resistors, thus im-
- ————ecreasing the thermal efficiency. Steel lugs were welded on

————the outside of the tubes, and electrical connections were
_ m@e;tumtmu@Ju&.—bara~-ba-cked—up~w£th—»»steel~ -platess ~ -
-The tubes were supported by ring clamps insulated from each
-other and from the steel shell at the top end. Roek wool -

| insulation was packed around the tubes inside of the shell . .. . .
.~ toreduce the heat losses. The transformers used to reduce .. .
~—— - ———-theé electric current operated on a primary voltage of 6000-

w1000 vO1t 8, -and- usually- one-was-required for-each pair-of
hair pin bends or four straight lengths. The hot side of




the aeoondary wlncnng or~ the tr sfomer was oonne _gted to
the bindi.ng post connect:lng the ops ot the two» _Inside_‘

--the. transrormar was oonneoted to b:l.nding poats at the-- top o:
eaoch outside length, Thus the electrical ‘surrent rlowed

= thrcuglr one cbmplate“"w' bend, heating up*bhe“tnbe*—brrat— T
low potentlal of - about 70 voits and a hish ampu'a ourrent '

“were employed ‘in this type of apparatus, In generel 'the = = = |
“electriocal type .of heater was aatiaraotory vhen 4ts- 11m1ta—' :
tj.ons wera not exoeeded. il SRR ‘ ;

} One or the i m&gggLot.m_elactnou_tyﬁur
- preheater was-that the heat input ocould be quite. accurately o
pS—— - amed,ﬁanULuLbeattgn_ggnmugm ‘be obtained. “The - - - :
. eleotrical type was also somewhat less exp_a_n_aive to-build, !
~  __and where the power load was not too high, the. operating-

_costs were reasonably favorable, - Hoaner, ‘there wereo .sever- an
—al-rather serious _disadvantages" ommacter& with-the-eleotrice~—+
~“al preheater. the material being heatéd inside the tube '

started to carbonize, polymerize, or-ceake on the walls in
- - any-way such that the heat transfer was reduced, then the
- wall temperature. of the tube: inoreased; sines ‘the _electrical
input remained constant; The higher wall temperature in-
S -..creased the local eleoctriocal Tesistance, S0 that -the great- ... ... -
_.. ‘est smount of heat wasg’ being 11berated in the sectionm where
—the heat transfer ) ; “this stilil fur T
- ralsed the local pipe temperature. Ir the contents in the !
:%ube—contme&—to—oake—or—coat‘mmnt

X1y the ocase : ,
.. when--the. _local. temperatures haqame .excassive 1 -then -the pre- .

- heater -tube-would becoms heated to such a point that it - R
:-would rupture and. posss.bly .cause & serious fire.. For this .
. reason, the electrical preheater- could be used only on clean : i
“materiala-suoh as distilled oils, but even then gas-f.i.red : .
preheaters were: orteh used, T T

: _Another liability > although not as great as the first,
~was caused by the increase in electrical resistance of the
steel with temperature.  Thus the greatest heat density in
: “"the tube was at the: outlet ‘end, ‘whereas the reverse situa-
_*——-v»——— -tion-would have been more- desirable ~on—-account-of-carboniza-—
e biONe..- This defect was partially overcome by heating the = :
total length in short sections, as has been_previously des- - -

_ A2




