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SUMMARY

. ORDNANCE TARGETS

JAPANESE PROPELLANTS, ARTICLE 1 -
THE USE AND MANUFACTURE OF ORTHO TOLYL URETHANE

o FOR STABILIZING ROCKET AND GUN FROPELLANTS -

- . The reasons why the Japanese Navy adopted a new propellant powder
stabilizer originated by Japanese chemists are discussed and the method of
large scale maaufacture is presented.
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R INTRODUCTION

By chromatographic analysis of captured Japanese rocket propellants
a stabilizing compound previously not known to be used by any country was
found in 1944. This stabllizer was ldentifled as ortho tolyl urethane and
stimulated several questions. These were:

1. Was: this new stabilizer more effective than those used by other
countries? ,
2. Why had the Japanese chosen the ortho lsomer rather than the more
. easily manufactured para isomer?
3., What manufacturing procedure was used by the Japanese?

. Information obtained from the Jhpaneée, pertinent to these questions,
1s presented in this report.




being sold at about 18 yen per kilogram.
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THE REPORT

1. Use of Ortho Tolyl Urethane as a Stabilizer

Stabillty tests had convinced the Japanese Navy that ortho tolyl urethane had
a gstabilizing power better than Centralite (symmetrical diethyl-diphenylurea--
melting polnt 719C). Little difference was found in the gelatinizing power of
the two. Howewvsr, because of 1ts lower melting point (420C), ortho tolyl ure=-
thane ylelded a powder much easier to manufacture, particularly during rolling
and extrusion, than did Centralite.

The Japanese stated that ortho tolyl urethane stablllzed powder was so easy to
roll and extrude that they had practically none of the danger from fire which
has been so troublesome 1n the American manufacture of rocket propellant.

2. Why the Ortho Isomer Was Used Rather than the Para Isomer

Assuming that the process of decomposition of powder 1s a matter of the liber-
ation of NOy, then in accordance with the following reactions:

o4 oy
NCOOGyHy X G—vw
H srﬂo! —— H )
X
CHy Gy
X
#N0p —=
'HICOOCyHy

the ortho isomer can undergo nitration in two positions while the para isqmer
has only one position in which it is readily nitrated. Thils was stated to be
the principal reason for selecting the ortho rather than the para 1somer.

3. The Manufacture of Ortho Tolyl Ure thane

Naval Techniclan Seitaro MIYAIRI suggested the use of ortho tolyl urethane as
& stabilizer about 1927, but it dld not comse Into practical use until about
1933 when Vice Admiral S. HATANO "rediscovered" and became interested in the
unusual properties of this stabllizer.

The Hodogaya Chemical Manufacturing Company, experienced in the synthesls of
organics and dys stuffs, was asked to undevrtake the manufacture of ortho tolyl
urethane, and apparently thelr YOKOHAMA plant was the only source of it In the
vhole of JAPAN. The approximate production flgures given for thls plant are:

Year - . 1938 1939 1940 1941 1942 1943 1944 1945
Tons per month 2 2  2 3 4 - 4 5 5
(Approx.)

The price charged the Navy was sald to be four yen per kilogram in 1938. By
1945 the price had risen to 15 yen por kilogram, at which time Centralite was
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The steps involved in the preparation of ortho tolyl urethane by the Hodogaya
Chemical Manufacturing Company are:

CHy Cotalyic Hy Reduction g

NO, Clay cordcming Ni,Fe,Cu NHg
Oxides on cm sivip copper

below
CyHy OH+GOCI, 2R GIGOOG,H, + HGI

Hs
NH, . NHGOOC.
é— y +GICO0C, Hy —————p= 6 Hb.{:ﬂa

Pure ortho nitro toluene for reaction (a) was obtainsd by vacuum distillation
of ortho and para nitro toluene.

Reacticn (b) was said to be the most difficult tc carry out in OG,H,
practice, &nd if the temperature was not carefully controlled o=¢”
rather than the ethyl ester of chlorocarbonic acid results.

e Process of Mhnufacturi? C1C00C,Hs

~N
OCaHy

Charge: -
Ethyl alcohol 320kgs
‘Phosgene . 350kgs

Time for reaction 20 hrs
Temperature 8°¢.

Three hundre¢d twenty kilograms of 99 percent ethyl alcohol 1s introduced into
a three liter reaction kettle (See Figurss 2 and 3) with a cooling Jacket, to
be cooled down to 50C, by circulating brine or cooled water at 1-20C, Phos-
gene gas is then carefully blown into it, end during the reaction the temper-
ature;of the contents should be kept below 80C. by continuous cooling and
stirring. The absorption of about 350 kilograms of phosgene gas requires
about 20 hours. When the reaction is completed, the contents are transferred
to washing tanks with stirrers. There it is repeatedly washed with water in
order to separate the hydrechloric acid.* A small amount of soda ash is
thrown into the oily solution to eliminate the last traces of hydrochlorie
acid that might remain ip the product. After vigorous stirring it is allowed
to settle for about two hours. The whole product is then carefully filtered
through a good filter paper. The filtrate is the purified product. The yield

is about 300 kilograms.

*From the separated wash water (a dilute alcohol solution) alcohol is
recovered by fractional distillation. - The theoretical yield of this

process is about 80 percent.
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CHLOR-CARBONIC-ETHYLESTER
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Figure 1
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5. Process foriManufacturing Ortho Tolyl Urethane

Charge: )

O-Toluidine 90kgs
Caiistic soda so., (45%) o0kgs
Chilorocarbonic acid

) Ethylester 97 .5kgs

Ninety kilograms of O-toluidine and 90 kilograms of caustic soda solution (45
percent) .are introduced into the double-jacketed reaction kettle of 500-liter
capacity (See Figure 4). Then 97.5 kilograms of chlorocarbonic acid ethyl=
ester are slowly and carefully added in a fine stream under continuous stirr-
ing and cooling with water. During the reaction the inner temperature should
be maintained at 35-40°C. :

The pouring of chlorocarbonic acid ethylester is to be ended iIn seven bto eight

= _ hours, after which stirring must be continued one more bour in order to com=
plete the reaction. The contents are then heated to 809C. and poured into 300
liter iron tanks, sach of which contains about 100 liters of cold water. A
greyish white product crystallizes out.

This crude product is washed with a dilute HoSO4 water solution (Ca three per-
cent) three or four times in the melted state to catch the remaining o-tolui-

= dine, and is crystallized by cooling. The washed crystals are then dissolved
in 12 to 16 kllograms of alcohol, and cooled. Ortho tolyl urethane then sepa-
rates out in clean, white crystals, which are crushed and separated with a
centrifuge. The yileld is 105 kilograms.

Figure 3

Typical 300 Liter Lead-Lined Reaction
Kettle Used in Manufacture of
Ortho Tolyl Urethane
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L ; ’ , Figure 4

e . E View of Chlorocarbonic Acid: Ethylester and
Ortho Toluidine Reaction Kettle (background)
With Crystallizing Tubs (foreground)
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Figure ©

' ‘, Bl . " Hodogaya Chemical Engineers and
) NavTechJap Inspection Party at Hodpgaya's
YOKOHAMA Factory

Lteft to right; J. Hamaguchi, Chemical -
; Engineer, Aioiji AOYAMA, General Director,
i Hodogaya Co., Lt. Comdr. R. A. Cooley
- ) USNR, Eckert sm2c -ySi, £inosuke TSHBOUCHI,

: Manager of the Gener&l Department.;






