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Swamar

The mixture of triglycol, ethylene glycol and water used
regularly by the German Army as recoil fluid was found un-
suitable in tie winter campasign in Russia., The addition of
@ sulfonamide of low molecular welight eliminated the diffi-
culty since, in tiuis way, 1t wus possible to obtain u recoil
fluid of not too inlgh viscosity ot low tempoeratures and still
to maintain the Ligh specific grovity necessury for satis-
factory bruke action,

Information was obtain by interrogating Dr. Detlef Delfs,
on July 5 snd 6, 1945,

Details of Formulation.

The composition of the German recoil fluids is given in
the following tebles. The udditon of KsFo prevents corrosion
of light-metal alloys, whercas mercnptogenzo-thiazol was added
for rust prevention. The mixture of sodium and potassium sslts
oI phenylglyeine served as anti-oxidant. The code name
"methanamid™ is used at Leverkusen for the monomethylamide of
sethane-sulfoniec weid, CI SO0oNHCI3, whereas "Sulfoathan" stands
Tor tue tethyl-hydroxyetiylafiide 87 methane-sulfonic acid,

+1+CH Tue figures in the table give the composi-
bH?SOZ“‘*CHgCHZOH
ition as pé€r cdent by welight,

COMFOSITION 0F RECOIL FLUID

Bremsflussig- Bremsflusgsig- Bremsflussigkeit

kelt keit Braun Ark
Braun ATK¥ _
(old formula) Up to Since
1941 1944
Triglycol 3L - 17 17.3
Ethylene glycol 34 51 L2.5 42,3
Methanamid - 5.0 245 3.0
Sulfoathuan - 8 4.0 3.5
Water 28 32 30.0 31.4
K F 2 2 2 -
Mixed Na and ¥ ) 1.9 1.9 1.9 -
s21ts of phenyl-)
glycine. ) *3ec page. 2.
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COM’OSTTION OF RECOIL FLUID {cont)

Bremsflussig- Bremsflussig- Bremsflussigkeit

kelit leit
Braun Ark* Braun Ark
(0léd Formula) Up to Since
1944 1944
llercaptobenzo- 0.1 0.1 0.1 -
thinzol
NaOQh - - - 2,0

*Formulated tentutively to save triglycol.

Manufscture of sulfeonanide,

The manufacture of "Lethanauid™® end "Sulfoathan® is
carried out according to the Tollowing scheme:

(CH3)2SOL ~queous solution of I\I'agsh-—--——-3)((11{3)281\t (not isolated)
(CHB)ESA aqueous solution of Naps —am-3 (CH3)282
(CH3)252 012 in aqueous solution cantaining HCLl -2 CHBSOECl
CH430,C1 NH,CH, in aqueous solution-—=,CH,S0,NHCH "Methanamid"
37¥2 ¥ 32 3
NaOH CH
CH3802NHCH3 CHzcyb without solwvent m-~90HBSO2N
\\O

“CiHoCHp OH
"Sulfozthan®

W.F. FParagher.,
C.C. Chaffee,
D.4&A, Howes.

H, Sechindler,
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SYNTHETIC LUBRICATING OILS IFR0M TRTRAHYDROFURAN

Summarwv.

Synthetic 0ils of good viscosity index but poor thermal
stablility have been prepared at Leverkusen by copolymerization
of tetrahydrofuran and ethylene oxide in the presence of FeCl
and 50Cl,. Engine tests with an oil of a viscogity of about
33 SUS af 210°F. resulted in ring sticking after shorg running-
time and indicated that the piston was not properly lubricated,
probably because of decomposition of the lubricant. The synthetic
product is not miscible with petroleum oil. It has been used
as rear oll and for the lubrication of machinery operating at
terperatures below 280°C, Production of the material was ir-
regular and on a small scale (maximum 1-2 tons a month).

Information on the subject was obtained by interrogation of
Dr. Gtto Bohme, manager of the ayestuflf intermediates devart-
ment, and especially Dr. Detlef Delfs, head of the research:
laboratory of the intermediates department, on July 3 and 6, 1945,

Theory of Polymerization of Tetrahyadrofuran.

The ability of tetrahydrofuran to polynerize in the presence
of oxonium salts was discovered by H. Meerwein and his collabor-
ators, and the possibilitics of the reaction were investigated by
the I.G, at Leverkusen, A comprehensive patent application by
the T.G. covering the present state of the chenistry of this
field has been obtained,

The oxonium salt which serves ag catalyst is formed direct-
17 in the reaction mixture from tetrahydrofuran, S0Cls and
FeClz. Other catalyst combinations arc mentioned in the patent
application,

Reactlon of tetrahydrofuran, SOCl.and FeCl. leads to the
formation of a tertiary oxonium salt o% the fol?owing structurs:

I+
—~ CHg—CH, |
SoHg-CHy ||

[

| ¢150-0
l }
| , ;
- A f— -
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This compound reacts with tetrahydrofuran according to the
Tollowing scheme:

— """""i +"
l — - == N
/9%3 F%g CHz——CH,,
€150~-0 FeCl Q —
i 4t AN
i CHp-——CH,| = - CHs~——CH,
r_’ T :- i . - e ]
g CHg 2 — = //cag———~cn2
C150-0-(CHy)4~0 ! FeCly|-4- o\\ —>
;
| CHg——CH,i I _| CHg——CH, |
- | CHE—"—CH;rFi” = -
/
Cl  {(CHy),d, CHpCH, CHyCH—0 l FeCly) | 3 Hg0 —>»

i 4 _ _ CHS’“ CHEF e -

Cl (CHE)4 C n- CHBCHchBCHBCl

- - ’
To eliminate the chlorine present in the molecule, the polymeri-
zate is reacted with methanol o give the final product that has
the following structure: '

CHzO - (CH,) 4;’11 - CHyCH,CH,CH,0CH,

2772

The above compound is a s01id and is not suitable as a lubricant,
Ir order to ohtain liquid products, copolymerization with ethyl-
snc oxide or a similar compound is necessary. Copolrymerization
witlh propylene oxids, €.8., leads to synthetic oils with & pour-
point of ~60°C. Instcad of methanol, it is of course possible

to use other compounds; €.2., phenol,

Manufacturing Details.

Two grades of oil, M620, about 83 3US at leOF.,.and M586,
about 256 at 210°F,, have hecn prepared on the semi-plant scalec.
The manufacture of M586 wag abandoned.

The catalyst can be Prepared separately from tetrahydro-
Turan, FeCly and S0Cls, which makes it possible to
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operatc the polymerization procecss continuously., Additional
thionyl chloride is added in that casc together with the re-
actants,

For the manuracture of ME620, the molar ratio of tetrahydro~
furan to cthylene oxide is ©:1 and the catalyst requirements are
are 0,1 mol FeCl per 100 mols rcactants and 5 mols SO0Cl, per
100 mols recactants. The polymerization temperature is 25-350C.
The polymerizate is left standing for several hours; the FeCl
1s washed out with watcer, and water and unreacted tetrahydrofiran
arc rcmoved by distillation., Chlorine is removed by reaction
with methanol and NaOH nt 90-100° in a closed vessel; excess
methanol is distilled ofT; the mixture is neutralized with HCL
and the NaCl forned is washed out, After the addition of 0.5%
by weight of iso-octylphenol (as stabilizer), the product is
dried and filtcred.

The ratio of tetrahydrofuran to cthylene oxide is 4:1 for
the manufacture of M586. The catalyst requiremsnts are 0.1 mol
FeClz per 100 mols of rcactants, and 2.5 mol SOCL per 100 nmols
of reactants. The polymerization tempsrature in %his case is
about 25-30 C. Tne polymerizate is left standing Tor several
days and necutralizeod {Congo Red) with NaOH. The unreacted tetra—
hydrofuran is distilleq of'f, phenol and caustic are added to the
polymerizatc and the nmixture 1s heated to 165°C. until noe organic
chlorine can be detcetoed, The rcaction product is then treated
with water and neutralized with HCIL, After the addition of 0.3%
by weight (caleculated on finishod product) of isooctylphenol,
the water is removed by distillation, the product is diluted with
naphtha, filtercd and freed from the solvant.

Inspection Data of Synthetic 0ils,

Inspection data of the synthetic oils fron copolymerization
of tetrahydrofuran ang ethylene oxidc are given as follows:

0il
Grade .20 Pour Kinematic Viscosity (¢ stokes) Pole Height
4 “C

20°C 50°C 80°% 990 1sQO° 200°

MB620 1.024 - 16.4 25.4 62 22l 1.1

fah]
[

M586 1.014 1032 244 55.3 22.4 11,2 1.1
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% Chlorine Conrudson Carb,Res. Flash % Ash Hoack Evap.

Yoo Test
, (1 hr,2300¢,
M&E2C  G,02 0.2 20 mn.Hg)
262 0.07 3.3%

Botn oils are not niscible with paldfflﬂ th“DCquOHS but
are soluble in aleohiols, cthers, ftetones, esters and dromatic
iydrocurbons,

W.F, Faragher.
C.C. Chaffee,
D.A. Howes,

H. Schindler.
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ADDITIVL EOR BREAK-IN OIL
sSunaary

An additive for tie lubricating oil used during the
breck-in period of engines, mainly wireraf't engines, has been
developud at Leverkusen, By the usc of the additive it was
possible to rcducc tlie breazke-in time of Gorman alreraft motors
from 70 Lours to 20 hours and to eliuvluate rejects.,

The effcetive compound in the additive is dichlorodiphenyl-
prospliorous zcld {"rroduct 891v)

1) 4/
™\ OH
AT/
01\\ b4

To increase the solubility in oil, the compound is
used in the form of its stearylumine salt and to further in-
Creuse ease O hundling the odditive was distributed as a
solution in alecohol-benzol {50:50)., The solution which con-
tains 50% by weight of the stearylanine szlt of Product 891
was termed J7. Tic break-in 0il Tor alrcraft engines con-
sisted of Rotring 0il (RedBank) with 275 by weight of J7.
The informstion was obtuained b, interrogstion of Dr. Berthold
Wenk, manager of the dyestuff depurtment, on July 5 «nd 6,
1G45.

Preparation,

The preparution of tlie additive is bused on the following
reuctions; '
AlCl3

PCly = CgllgCl
(C1CgH,),PCL - 2 KOl

(Clogh, )gPCl - 2 H2)~;?(0106Hh)2POOH - HC1
To 1240 kg, of ehnlorobenzenc and 760 kg. of PClais added,

witii stirring, 372 kg. of AlCl,. Since no reaction takcs
slace 1a the eold, the tenpersture is rapidly broutht to
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70~750C. Development of HC1 begins, and heating is con-
tinued zccording to the following schedule: '

In 2 nours to 80-90°0C,
"2 n " 100~-1050C,
"oy 1" " 107_10900.
vl " " 110-1120C.
"L 1 " 113-116°C.
"4 mo117.1200C.
"4 1211249,
"6 m  w135.1270(C,
i 6 " " 128_13100‘
LI 24 n n 132_1311_0(;.
m2g  w om 1351369,

Total “72 hours

Excess PCl, and some chlorobenzene are distilled off at
atmospherié pressure until no PClq can be detected in the
overhead product; the residue 1s Gooled to 70°C, and dis-
tilled under vacuum at 21-136°C during 7-8 hours. Of the
chlorobenzene ciiirged, abo.t 800 kg. is used in the reaction
@d 400 ka. 1s recovercd. The distillation residue is

cooled to 50-550C. ané pessed by Il pressure into 2000
liters of water and 2,500 kg. of ide. The yield of the crude
molst product "Product 891" is 1200-1250 kg.

The following procadurc i1s used for the purification of
the crude product.

1200-1250 kg. of Product 891 is pasted with about
4000 liters of water, brouglit to the boiling point with di-
rect steum, made weakly alksline (phenolphthaleine) by the
siow addition of about 250-300 kg. of MNa,C0+ and boiled with
direet stwam for about 20 hours, The sofution, whose vo-
lume is now ubout 7000 liters, is treated with about 250-
300 kg. of concentrated HC1 (technical) until it is barely
wlialine (Brilliant Yellow indicator) and is then filtered
at wbout 90-950C, The residue is again pasted with 3000
liters of water, made alkaline (phenolphthaleine) with
about 60 kg, of Na, CO,, boiled for 6 hours, treated with
sbout 4C kg, of Hel (wlik indication of brillisnt-yellow
pueper) end filtered, The riltroates of the two trcatments
ore comnbined wnd weidificd in portions of 1500 liters
{strong Congo Red) with HCl; the renction is curried out in
an enunelled vessel of 2500 liter cupacity. Tae total con-
swaption of HC1 is zbout LOO kg. Product 891 separates out
£s u viscous oil, whicii scttles to the bottom of thie vessel
wnhd thoe supernuitont solution is drewn off,
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If the product still does not give a clear solution
in a Na2003 solution, it is necessary to repeat the soda
treutment.” The total product obtained is dissolved in
about 1000 liters of water, together with about 4L0-50 kg,
of NasC0, {weakly alkaline towards phenolphthalein),
boiled or 1/2 hour, made weukly alkaline toward
Brilliant Yellow by means of HCl and filtered; the solu-
tion is again acidified in an anamelled vessel. The se-
parated oil is repeatedly washed with water at 50-60°C,
and the product is finully dried under vacuum ot 135-
1400C, Yield: 500-550 kg. of pure Product &91.

The preparstion of the stecarylamine salt and solution
of the salt in alcohol and benzol is carried out in one
step &¢s follows: 800 kg. of pure Product 891 is heated to
600C,, 500 kg. of bgnzol is added with stirring and after
complete solution 500 kg. of alcohol (94%) is added.
The temperature has sunk to 40°C, by this time, and 200 kg.
of stearylamine (well broken up) is cdded within about 1
hour. The temperature is maintuined st 40-450C. by cooldmg..
during this period. After complete solution hes tuken
place, stirring is coutinued at 40-459C, for 2 hours. The
solution is zllowed to stand undisturbed for 24 hours and is
then filled into gluss contuiners. Yield: 2000 kg, of J7.

Iron drums as well as galvanized or lead lined drums cre
net suitable for shipping thie product.

Specifications for J7.

The following specifications have been proposed by the
I.G. Leverkusen for the additive J7 for use by the German
Air Force:

1) Density E% 1,004 - 1,015

2) Refractive Index N 20 1,491 - 1,494

3) Phospliorus contentD Lo5 - 5,0%

L4} Solubility A 2% solution in Redring

{Red band) oil must show
no residue and no sepa-
retion must take place on
cooling to 17°C.
Opalescence on cooling is
permissible,

5) Performance Rotring oil containing 2%
Jd7 when tested on the
Wieland Machine shall give
no seizure at a load of
150G kgz.
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6) Identification of A red color appears
J7 when 5 cc, of J7 are
mixed with 5 cc., of @
solution of 0.5 g. of
chloranil in 100 cc.
: of odichlorobenzine.

Development Work,

In the course of the luboratory work to find
; g sultuble additive for break-in oil, the following
cowpobunds were tested and found unsuitable:
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———
= < ) —C-0H
<___j A8031i2 (cL < J )3
T < CHBN ]
¢ - CHy—AS0,H CH., — “N=320
NS 32 3 \H___4<;~CH3
< ' / -
((6113)2N ‘ __>)2POOH O,N - - £304H,
CH - * ~I HO = - AsO,.H
P TR
ST - -0/ "
L - )..o PO3H, Cola- 0L > AsO3E,
e\ P=C, H..
< N )3 Y Br™  HOpHC-CHp-AsOsH,
- ¢ N NI 0
N \ =
P
Y - \OH
N~
Stearollic Acid 4 PCl3
Stearolic Acid POCl3
1.) Diphenylphosphinic Acid
2.) " --N - propylamide
3.) " N - propylamine
L) n ~ N - butylamine
5.) " ~ Triethanolanine
6.) " - Stearylanine
7e} " - Il - butylamide
8.) Dinitrodiphenylphosphinic acid -~ dodecylanine
9.) " ~ paraffinamine
10,) " - Stearyluamine
11.}) Bis =~ {2«Chlorphenylphosphinic Acid - Stearylamine

W.F, Farager.
C.C. Chaffce.
D.4A. Howes.,

H. Schindler.
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