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SUMMARY

MISCELLANEQUSS TARGETS

JAPANESE FUELS AND LUBRICANTS - ARTICLE 5
RbSEARCH ‘ON ROCKET FUELS OF THE HYDROGEN PEROXIDE-HYDRAZINE TYFPE

.- Japanese naval research pertaining to rocket fuels of tne hydrogen
i peroxide-hydrazine type has been investigeted. Thls report deals primariiy
.. with the manufacture of hydrazine and 80% hydrogen peroxide solutions end with
f' combustion studies of the reaction betweer these two materials. This rocket
. fuel was to be utilized principally in the newly developed SHUSUI airplana.
. It was reported that only one flight test was successfully completod before
the temlnation of the war.
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H.LEUJIMOTO, (Ph. D.) Engineering‘Cmﬁmander, Japanese Navy, (very
capable research engineer). -

S.?SﬁINODA, Naval Chemicael Engineer, (designer of hydrogen peroxids
conoentration plant at the First Naval Fuel’Depot, OFUNA) .

S.iENDO,'Engineering Lieutenant Gomm%nder, Japanese Navy, (research
- engineer - the manufacture of-hydrazina).

) ' M.ﬂSHIMO, Engineering Lieutenant, Jahanese Navy, (research engineer
qombustion studies of hydrogen peroxide-hydrazine mixtures).
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- INTRODUCTION

- The Japanese Navy bsecams ac%ively interested in the development of

i rocket fuels in June 1944. It was planned; that the fusl to be developed yould

be utilized in the SHUSUI airplane and in the KAITEN torpedo. This report

" summarizes the technical information obtained from the First Naval Fuel Depot,
.. OFUNA, relative to such research activities and the application of these

activities to the commercial production of' rocket fuel of the hydrogen
i peroxide~hydrazine type. : ‘

@lPertinent detailed research papers have been prepared in English bj‘

i'gapaneseﬂtechnical personnel, under the direction of the U. S. Naval Technical
' Mission to Jupan. These papers were reviewed with the Japanese aufihors, l'e-

" vised, and are presented herewith as an integrel part .of this report, desig-

‘nated angnclosures,(B)l to (B)10, inclusive. A summary of this work bas also
: been prepered in English for inclusion in this report by Chemical lngineering

; Commandeir H, FUJIMOTO (Japanese Navy), aud is presented herewith as .Enclosure

“(4).

. Since the Japasnese research repcrts, drawings, and other impértunt

. documents of the First Naval Fuel Depot hed been burned during August 1945 at
' the direction of the Director of the Depoti, it was necessary to recall tho

' Japanese: technical personnel and to reconsitruct this information from labora-
' tory notebooks, laboratory apparatus, and pilot plant equipment. This recon-
" struction, for both this report and other reports pertaining to the Firat
 Naval Fusl Depot, continued for a period ¢f nearly three months. It is to bo
. realized that, in spite of efforts expended in reviewing the reports submitted
- as Enclosures (A) and (B), they do not conform to American standards, and

" many errors have lnadvertently been included in the translation by the Apanese
! authors. However, these reports do lndicate with considerable accuracy tie

' quality and extent of Japanese regsearch partaining to the development of the

i type of Tockst fuels which the Japanese Neivy planned to use.

The information conteined in this report was bbtained in conpsction

: ﬁ with an investigation of fuel and lubricant research carried out by ths
. Jepanese Navy at the First Naval Fuel Depit. No attempt has been made to

supplement these findings by investigating rocket fuel research conducted else-

5 where in: Japan.
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THE RE@PQRT

Tho rocket fuel which was to have been employed by the Japanese Navy
consists of a solution of 80-85% hydrogen. peroxide as an oxidizing agent and
a -30% solution of hydrazine hydrate in a 8 : 2 methanol-water mixture as a
reducing agent. The detalled reports pertaining to the development, improve-
ment, and application of this-fuel fall into the following general categories:

"l. Laboratory studies on the manufacture, stabilization, and storage -
of . concentrated hydrogen peroxide so;utions.

2.; Laboratory and pilot plant studies on the synthesis of hydrazine.

: k 3.if Design and operation of hydrogenfperoxide concentration plants.
4. Combustion studies of pefoxide-h&drazine mixtures.

Enclosure (A) summarizes the content of these reports and deplots the
role of iihis research in the overall rocket fuel program. Datailed dsts,
drawings; and flow sheets are presented in the individusl reports of Enclosure
(B)., Of primary interest are the papers on the desi and construction of

i'-hydrogen peroxide concentration plants (Eanclosure (B)-7) and on the combustion

studies. of hydrogen peroxide-hydrazine mixtures {Enclosure (B)-10).

It was planned to cohstruct a number of hydrogen peroxide concentration
plants in Japan capable of producing a total of 3,000 tons of 80% hydrogen
peroxide per month. Two units, having a combined capacity of 90 f.ons per
month, had been bullt at the First Naval Fuel Dspot, OFUNA. Omne of these had
been in operation since November 1944 and the other was completed in August
1945. Comstruction of additional concentration units was underway at other

i loecations, but none of these had been completed at the close of the war, except
a 100 ton per month plant at YAMAKITA. :

Interesting investigations were carried out in regard to the cholce of
materials for constructing plaats for concentrating hydrogen peroxide. 4
plant hed been built at the Chosen Nitrogen Company (Korea) using sluminum

"“vessels and pipes, but violent decomposition of ,the concentrated hydrogen

peroxide occurreda, rendering the plant useless., At OFUNA, after a thorough
investigation, tin and porcelain were selected as the savallable materials

which were most resistent to attack by hydrczsn peroxide. In the design of

the OFUNA plant, tin-lined vessels, tin or porcelain pipes, large porcelein
cocks and other porcelain fittings were used exclusively. The fabrication of . «
these porcelain fittings was based upon Japan's anclent technique in the manu-
facture of porcelain dishes and other household articles. After concentraticn,
tlie hydrogen peroxide was stored underground in tin-lined steel teanks of 10
kiloliter capaclity.

It;is of interest that during 1945 the hydrogen peroxide-hydrazine pro-
gram was one of the two research projects: having the highest priority at the
First Neval Fuel Depot. The other project was that for obtaining aviaticn
gascline from pine root oil (NavTechJap Report, "Japanese Fuels and lubricsntd
Article 4, - Pine Root 0il Program.) The fact that both of these programs were
concerned with aviation fuels serves to emphamsize Japan's critical position
in regaxd to this important resource during the final year of the war.
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o ENCLOSURE (A)

I
i

. SUMMARY OF 4
THE ROCKET FUEL RESEARCHE PROGEAM
AT TEE FIRST NAVAL FUEL DEPOT, OFUNA

by |

g CHEM. ENG. COMDR.
: y; H. FUJIMNCTO

Prepared for and Reviewed with Author
by U. S. Navel Technical Misslon to Jepan

Yd

Dec eﬁlbe:? 1945
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ENCLOSURE (4) ;

T, INTRODUCTION

i The appeerance of the V-1 rooket in the Buropean theestre stimuleted the Jape-
. nese to investlgate rocket fuels. Research on the SHUSUI airplane, the EAITEN
. torpedo, and rocket fuels was sterted simulutaneously ir June 1944 at the

... Pirst Naval Techniocal Depot, Navel Technical Institute end the First Navral
' Depot, respectively. At first, concentrated hydrogen peroxide "end sodium per-
‘menganaté solutions were used .as rocket fuels; afterwards they were supplented

. by a hydrogen peroxide end hydrazine hydrate-methanol combination, as it wes

. shown thet some detonation occurred at the initial period of the injection of
. a permanganate solution. ! ’

i

| There wefé two hydrogen peroxide manufacturing compenies in Japan,‘the“ﬂddgama

- Meechniceli Co. et YAMAKITA and the Nippon Lye-stuff Co. at OSAKA, producing 120
' tons per month and 70 tons per month of & 30% hydrogen peroxide solution by

' the ammoniws persulphate method. In June 1944 only the former wes 1ln opera-
tion. . B :

? The production of 3000 tons per month of 30% hydrogen peroxide was pllnned“on
" the basis of designs mede by the Edogawa Tecunical Co. obtaining tlie necessary

supplies:of platinum anodes, porcelain cells and towsrs, end pure sulphurie

ﬂ acid, eni the training of operators sufficiently quelified to deal with this

particular industry were among the difficlilties confrontling this expansion.

; Another problem was to construct rapidly about 300 standerd units producing 40

tons of* 30% HpOp monthly. ~Further studles were made on new processes for pro-
duocing 304 HpOp without using vletinum end also on the problems concerning the

. concentration of HgOp from 30% to 80%. Neither new processes, hovever, nor '
I substitutes for exlsting processes were developed, and the actual production
. of concentrated hydrogen peroxide at the termination of the war was about 100
i tons monthlyy according to the author's estimate.

- With reéérd’to hydrazine hydrate, no largé scale production wes aveileble in

1944, Leboratory experiments on the synthesis of hydrszine from ammonia end -

} from uree, respectively, based on Ressig's method, were carried out promptly

in this depot. The ammonia process was salected for commerciasl use, after
comparing the results with the'urea process (see Enclosures (B)8 and (B)9).
Commerciai plents were erected by the Nippom Chemical Synthesis Co. at KURO-
SAKT, Mitsui Dye-stuff Co. at OMUTA, Chosen Nitrogen Co at EONAN, Toa Syn-
thesis Co. at NAGOYA, and Dainippon Chemicals Co. at K2WASAKI, each having
capacities of 100, 30, 100, 50 and 30 tons of 80 wt% hydrezine hydrete solu-
tion, respectively. The construction of sach plant was making steady progress
without ‘any serious difficulties, and a totel monthly produetion of about 100
tons was reached at the end of the war.

At'OFUNA, research was done only on rocka fuel, since the productlion there was
supervised by the Rocket Fuel Department of the Supply Bureau of the Navy
Ministry-. s :

' II. EYDROGEN PEROXIDE PRODUCTION

There were two major research subjectie concerning the hydrogen peroxide pro-
blem. Cme was to solve the problem of the shortege of enodic platinum, which
was estimeted to be about 2000 kilograms %o realize the monthly production
plean of 3000 tons of conc. H20z, and the other was to determine & sultable
hydrogen. peroxide concenturating method.

Meny kirds. of metallic electrodes were tested as & substitute for platinum, but
elmost &@ll of them were dissolved by anodic oxidation during electrolysis, pre-
cipitgting‘matallic oxides ln the electrolyte. Tungsten electrodes having a
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coated oxide film did not dissclve, but lost conductivity after a short time.
On the bases of these experiments, Pb0,, which did not disaclve end had a good:
conduotivity. wes- selected and tested %or application in the electrolysis of
- (NHg)g820g. Results were satisfactory as reported in Enclosure (B)1l, showing
& ourrent ef:ioienoy of 40% and en electrolytis potential of 5 volts, com-
persd with current efficiemcy of 75% and 6 volts for platinum electrodes. The
elestrolyte, however, could 1ot be treated by the Lowenstein and Riedel pro-
cesg, as it contained volatile HF, and the concentration of (NH4)zS04 was so
'hign that orystals deposited in the pipe-still on decomposition, Thera*o“e,
1t hed to be filtered after sooling and .then further decomposed in a batch
type still. ‘A pilot plant test wes planned bv the Nippon Carbide Co. &t UOZU.
but this test ‘'was not completed.
’Similar expe:imental studies on the synthesis of Hp0p were carried out by
neans of ele¢tric discharge, which dld not use: platinum in the process. At
first, a mixed ges'of hydrogen esnd oxygen (5%) was passed through an ozonizer
tube under silent electric discharge with 30,000 volts of tension, and fairly
satlsfactory results were cbtained. About 80% of the oxygen was rescted.
yielding 50% vy wt of H solution in one pass through the tube. Energy con-
sumption was below 100 Ewﬁ pexr kg of Hp0p, agalnst that of 30 kwh by the
,(Nﬁg)38303 method. However, the production per unit volume of the apperatus
wap very smell, yielding about 0.5 grams of Hz02 per liter of ozonizer tube
per hour, and would heve required a large amount of materisls and glass works
t0 sreot a ocmmercial :unit. To avolid these disadventeges, the seame experiments
wors carried out using arc discharge instead of silent discherge. The pro--
cedurse. and the results are reéported in Enclosures (B)3 and (B)4. Here a di-
luta Hi 6 ao]ution wes obtained with a power consumption of about 300 kwh per
ﬁg 2 . : Although these figures were not satisfactory for commercial
&evslopment, the fact that over 100 m/sec of reacting ges veloclity passing
. through the erc gave better results suggested a key point of further develop-
ments on this: subject. The author also thought that the experiments on the
aotion of the electric arc on water vapour would be promising.

Gonoentration ‘of HpOp from 30% to 80% as reporbed in Enclosure (B)7, wes
acoomplished ‘at firs% by meens of vecuum evaporation, and finally to concen-
trations over; 70% by means of vacuum distillation. Experiments on the.evapor-
ation of 30% Hac solution showed that it was not effective to eveporate to
concentrations over 60%. From these considerutions the commercial plant was
designed to concentrate in two steps, first by evaporation end finelly by dis-
tillation. Fhosphoric acid was added es & stabilizer to the feed stock, and
»oxyquinoline, ‘plus phosphorio acid to the final product.

The: prooedurm was as follows: The feed stock was neutralized by NaOH until

it was only &lightly acidic, since it contained usually about 0.5 grems per
liter of HgS(,;, which was entrained in the (NHy)p8p0g €lectrolyte. Then, C. 3
grams per 1ter of NeygPsOy was added, producing phosphoric acid by double de-
‘composition witp the remaZning end ecting as a stebilizer. In this casse,
oxyquinoline wes not used because 1 would be oxidized 1n the course of evae-
poration. Porcelain and tin gave the best results as the materials of con-
struotion for: the plant. Aluminium was used for towers snd vessels in the
commercial .plent at Chosen Nitrogen Co., but it was unsuccessful due to the
-violent deoonmosition of HzOg.

III., HIDRAZ]NE HYDRATE \

Hydrazine hyﬁrate wes made by Rassig's method using axmonlia and sodium hypo-
chlorite.  In: leboratory experiments, emmonia wes converted to hydrezine with -
a yield corresponding to 55% of ective chlorine in hypochlorite, and the hy-
drazine was éictually obteined in the form of hydrazine sulphate with a yield
.of 40% In the commerciel scals operation, the yield of concentrated hydra-
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[

‘zine hydrate wes about 10%;'although that of hydrezine in the diluted solution

» immediately after the reection was about 55% as: determined by laboratory tests.
!, The reastn for this was the decomposition of hydrezine in the course of con-

. centreation, caused by impurities such a&s lpns and oxides of heavy metals. In

* this induntry, therefore, it wes necessary to avoid the entrance of all the

i ‘traces of impurities, using distilled water, pure raw materials, etc. and

. stalnlesn: steels to construot the commercial plant. Gelatines used in the re-

action aie believed to serve as protectors; for the impurities.
IV. STONAGE, HANDLING AND TESTING |

'Laboratoﬁy storege tests were ocarried on ih regerd to the vessels f'or shippicg

' and hendling these fuels (See Enclosure (B)6). Stainless steel and tin were
 found to:be best for both Hz0z and NsHy4. Twenty five liter vessels and 1000
i 1liter teank cers made from steel, lined with tin, were fabriocated for trenspor-
- tation and 5000 liter tanks of simllar comstruction for storage.

ﬁ.Bench“tebts on the rocket fuel burning ohafacteristics were earried on at
. OFUNA {Soe Enclosure (B)10O) and the Navel Technicel Instiitute at MIGURG, end
i satisfaotiory results with regard to its use in actual planes were obtained.

! Only oneiactusl fllght test was sucoealru;gbetore the termination of the war.

|3= é
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ENCLOSURE (B)2

STUDIES ON THE SYNTHESTIS

OF -(NH'L)2 S20g B,g PoO0, ANODE

by

CHEV. ENG. LT. COMDR.
Y. MOIOTARI

CHEM. ENG, LIECT
H. IfADA

1

Research Period: 1944-1945

Prepered for and Roviewed with Authors
by U. S. Kaval Technicel Mission to Japen

'

- December 19&5‘

]
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“7IY electrolyte ‘should be 20-30 gi/cel.

ENCLOSURE (B)1

. SUMMARY

‘A 15-20% (NH%) S30g solution is produced with & curreant

‘efficlency o %a, 04 by decreasing the anode current den-

‘sity, increasing the current conceentration*, changing the

‘concentration of (NH4)sS04 and H2S804 in the electrolyte,

‘end -adding HF to the electrolyte. On sooling the elec-

‘trolyted solution to ca. 09C., (KH§)§ 820g crystals (pu-
vie .

rity of 99%) are prepared with a: d of cea. TO0%,
DETAILED DESCRIPTION

© A. Flectrolysis of Ammonium Persulfate

Detalls of the PbOg anode and the electrolysis vessel are shown in
Figure 1(B)2. Various electrolyte compositions and conditions of elec-
trolysis were tried. In each case, the current efflicleney and yleld were
obtained and recorded. Details of the conditions and results 'of each
- experiment are given below. '

‘e The Effect of Current Density and Addition of Fluorides. In
%he case of Pt smode, The currenmt aensity 1S &@s high &8s 100 amp/cme,
‘but for PbOg anodes this 1s too high to obtain good current effi-
‘ciency. he current density in this case must be limited to ca.lO-
20 emp/dm* as may be seen in the following exXperiment.

'The Composition of Electrolyte:
Anode electrolyte: (NH4),80,, 28gm HpSO4, 30gm
dissolved in water to iO cc total volume.

Cathode ‘electrolyte: The ssme composition as anode
electrolyte. ‘ ~ .

‘Electrolysis Conditions: = Volume of anods electrolytg, 1O0cc current,
2.5 amp; ocurrent density of anode, Da, 5 = 80 amp , current con-
tecentretion in anode electrolyte, CA, 2.0 amp/100cc; temperaturs of

' bath, 159C; time, 1 hr. -

Results are éiven in Table I(B)lfand are plotted in Figure 2(B)l.

‘From this data, a current density, Dj, between 5 and 20 Amp/an?, .
" appears to be adequate.. . : 7

2y  The Effect of Electrolyte Composition on Yield of (Nfg)eSo0s.
. The“relationship between current efficiency and composition of eféc—
. trolyte wes studied in the follovwiing tests: :

SRR T " THe.effect of concentration of HoS0s. HpS04 is necessary
- = -in the eleetTo yte;‘but‘ipsgqoncentratIon shotld not exceed 40%

i 7 lor-it will decelerate the ‘decomposition of synthesizéd (NHg)g

kil Sg0ge” “Results eré- shown in Teble IT(B)1° e

- From this dste, ‘it sppeers thet the -congentration of: HpSO4 in the

i:;7b;t'iTh€Ferféct:of concentration efuTNH%) S04, The concentra-
i itlonrOT \NH4 o804 affects the current eiliciéncy remerkably.

The results a%e shown in Table III(B)1.
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The (NH,)s804 saturated solut‘on gives the best yield and the
highest current efflciency. .

. Ce The .effect of the quantity of HF added. Varying the quan-
" tity of HF added to the electrolyte, the opbimum quantity was

determined to be 1.0-1.5gm/100cc. Results ars given in Table
.IV(B)1 and eare plotted in Figure 3(B)1l.

5. . The Effect of Igpurlties in Electrolyte. When a PbOp anode is
used, the effect ol impurities in the electrolyte is greafer than
when a Pt anode is used. Hence, pure HpSO4, (NHg )P804 end H7 must
be used as rew materials. For instance, the elect?olyte made from
industrial HpSO4 gives only & current efficiency of 10% even under
the. best conditions as described previiously. The lmpurities are

'assumsd to be Pett, Fettt, cutt emd other metallic ions.

‘4, ‘The Effoct of ITncreesing the gu&ntity of Added HF. From pre-

cise measurements , the remarkeble rise of anode decomposition vol-
tage: by the addition of HF was observed. Therefors. it was attemp-

ted to determine the effect of increasing quantities of added HF.
‘The: @lectrolysis conditions of the ezperiment and = summery of the

' results were as follows:

‘Anode Elactrolyte (107cc)

(NH4)ZSO4 @esecsssceranssesesrsesesctsssatee Glgm
sto4 I * I ng
m‘......'.'...'l‘...—Q.Q.........'I....l.. Sogm

Hzo cesesevessasvesirscessssserassaransass D&, 4@.
k Cathode Electrolyte

(NHg) 2804 saturated solution 32cc.

Electrolysis donditions

Current ceceeecroceresscccnosscccecananans 4 Am

D .'.......O.l.'..Q..OO'.'O'O..0'000 lo IL?E

Cﬁ ....D...........'.‘lﬂ‘.!.l.b..lt.4 0700

Temp ..l.‘.l..l..lI...I.QQI‘..QDDOIQQOQQI 25‘30°C

Time ...'.....'....Q......I:",}.‘......ﬂ..I... lhr
E Resulﬂ

(NH4)28208 Produced sncscsdesesesenevass Ll 36gm
Concentration of (NH#) Szoe Ceese 10, 82@n/lOOcc
Current Efficienoy N X EE R R L RN 06 6%

_The current efficiency was augmented exceedingly by the increased

gquantity.of HF. Increasing the quantity of HF five times to 5gm
-HF/LOOoc geve a current efficiency of ca. 37%. Further increasing
the quantity did not effect apprecistily the current efriciencv.

" The Effect of concentration of P S04 in Elecbrol%te conbaini'

an [noreasea Juentity of BF. Flxing the quantity oFf -

T00s0, the effect of varlous concantrations of Hp304 and (NH4)2S04
on gsurrent efficiency was examined. Ths effect of verying the elec-
trohyte concentration is shown in Tahle VI(B)1l Figure 4(B)l.
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“IFrom these date the following electrolyte appeers to be the best
composition.«
100cc electrolyte'oontaining: o
(NH ) 804 ..‘..ﬁh...-.0.....9...0'0..0... 58 o@
64 08B es 000 C0CRCIOIGOIOGOEROIOOLORGIOTOYTODT 8.0 - 12, Ogm
H% l.oaoou;-'oo-o--o-oono.--oo-ooooo 55 = 6o Ogm
- B urxstellization of Ammonium Perqufete

By elsotrolysis, ‘e solution coataining. 15 = 20% (Nﬁg 1e chtained,

end when this solution is cooled to ca. 0°C, crystals deposit.

Typlcal data pertaining to the crystal]ization of NH4 2820g 18 as

follows: A 15.5% (NHi)28 o solution (87.0cc) which Gontaiged 13. Sgm of
 (NH4)2820g was cooled to ,_&nd the deposited (NH4)2Sp0g orystals were
' filtered off from.the mother 1lquor. The yields were gollows'

: Weight Of wet éNH4)28808 Oryst(llﬂ essccvsevssssanas LBe 41;1!1
‘P‘lrity Of wet m) 3208 crystyﬂ.ls .0...‘..'..!!...'. 78. 7*
o weighﬁ of dry (NH4)38208 Oryst!lls eevecosvsoncnsessae g 7 a
; . (Purity of Qgim
‘1" volume af filtrﬂte I'....'.-..l R EEEEERERE R RN NI TN I 77~c
.- Conecentration of (NHy) 2S00 in £1ltrete ceecesccoss 5.13%
Weight of (NH,)2Ss0g in PLIETALE veeevecccncsvcaees 3.02m
Yield of (NHa 23283 crystals from electrolyte ..... 71.3%

The filtrate could be eleotrolyzed aga"n after adjusting its caompositian.

C. j Yields and Operetlgg Difficulties”

1. Total Ylelds By electralys*s, ngm of (NH4)2820g in solutisn
'dre obtalned from 100cc of the electrolyte containing ? }2804 &
- HpS804 8.5gm and HF''6.0gm per 6 ampere-hours and 1l.§ of : ( ? 3%2
zcrys als deposit from It on cooling. The total yielgml
. ‘The mother solution can be separately electrolyzed. The conditions
'=:fof the process which proved to be beet are given in Figure V(B)1l.

.%3; ggerat;gg Difriculties - ‘f'

':bfg ‘a. . HF.corrodes the porcelealn diaphragm end 1s consumed gra-
St :duelly, oeusing the porcelain to interfere with the electrolysis.

-be. -PbOg is slawly attacked ' by: HF, and oontaminatea the elac~-
trolyte’ coneiderably. Accordingly, the electiolyte must be -
- filtered before cooling to o*tain pure white (FHa)zSgOB crysteIS.

II. CONCIUSIONS

- For the eleetrolytic synzhesis of (VH%)zsf

;a PbOg ancds ﬁen'be gubstituted
Loy a8 Pt ennde dnder the praper condir : o . :

' fThe dddition of ﬂ:. Lo the electrolyte pres:antbs probleha, slnce the marerial-
. for the electrolys;s ye8sela and diephragms gre ordiansrily mede. ol ‘porcelsin,
' whioch is attacked by HF.

“ When HF ig preeent in the electrolyte, (hH4)28208 must be 1mmediately sep&a-
rated from the solrtion by cooling. .
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Pb0$ is graduslly attacked by HF. Therefore, ihe contamineted elecn:rca:l;yt:e-?j
musﬁ be filtered before cooling to obtain stab;e snd pure (NH4)28208 crystals,

Theidiffioulﬁjvot regulating the composition of the mother liquor, the problem
pf naterials for the apparatus, and the decomposition of Pb0p Trequire still
further studies before this process can be applied to industry. .

3
i

L ~ Table I(B)l
EFF¥ECT -OF CURRENT DENSITY ON YIELD OE AMONIUM PERSULFATE

+ . Number v
: , 1 | 2 3 4 5 6 7
)y (Amp/dum?) g0 |60 b | 20 15 1 | s
(NH,)2820g Produced (gm) | 0.22 |- 0,35 | O.4& | 0.62 | 0.80 | 0.83 | 0.81
burrent Efficlency (%) 2.1 | 3.3 L0 5.8 7.5 7.8 7.6
ZFFEOT OF VARYING GONGRNTHATIONS OF B, 80,
ON YIFLD OF (NH,)28,03 =
NE'O. o . | S
| g prever B0y |08, |con, (E)00s| pumiet,
1| 1n water 63,7 o 53.7 0.606 9.76
2| in 20% Hps0, | 57.3 | .3 | 53.0 2.591 b1.7h
3 in 30% H,S0, | 55.1 | 23.1 | 49.7 2.809 45.25
| in /0% HpS0, | 50.9 | 33.0 | 47.6 2,899 46,70
5 in 508 HpS0, | 43.2 | 43.2 | 52.6 2.734 Ly, Ob

.- ' . :
6 099 ¢e0dP 2000 DeRssRsO0sR b

i Time 000 sssesscedssersennsen

' Nétﬁf"i.égm HF present in all cases

Effact of varying concentration of H,SO
Anoile Electrolyte: . Volume, 100cc; Cfmp
Cathode Electrolyte:
Blectrolysis Conditlions:

DA ov--o-oa-ohc.a.oao‘ioooue---o.o-;o-o-oo

20

on Yield of (NH,)28208
3sition is 3howg?%elo-
The same as ancde electrolyto

o Cl.u‘rant nan.‘..oa‘!'.boooua.aocaaoccoaclotcoo 3.5

: \ .o IOAmp/ggg
c 'loctoounoo_o.b.ouool.0...-600”.0.0. 3¢5Amp/.10000
. Tém ‘ Ooiol.ooa.- 25-280 R
sssecasscaas lhr



- RESTRICTED

X-38(N)-5

ENCLOSURE (B3

Table III(B)1
EfFEc? OF VARYING CONCENTRATION
oF

ON YIELD OF (NH,),S,0g

h

‘Gompoaitions of Electrolyte Yield and Current Efficiency

10000 of Each Anode Electro- ~

: lyte Contains (gm). (Nﬂh)p52°8 Current
i s : - afti-
i [No. | Water | H,S0, (Nthzsoh HE Produced | Concen. cienay
N , ; (gm) | (gm/100ce) %)
11 | 60.2 | 15.0 |55.5(sat. Sol) | 2.0 | k.43 14,43 32.3
“la2 | 65.8 ] 165 |u6.1 2,0 | 12,37 12.37 27.7
{3 | 71| 17.8 |35.6 2.0 9.7 9.74 | 21.8
E

Anodo Ileotrolyte.'
‘18 given below. ’
‘Cathode Electrolyte.

Elsotrolysis Conditions’

Cur!‘en'b 0.'..0-.-.00-.0..0....1 ‘se e e s s eePOS e 3

(NHh) SOA dissoived in 20% H SOA The composition
(NH,, ) 280, saturataﬁ solution.

DA e 08 s0caces s s tosstss0 0P EAE OB RTEIOIROOIDOSTS loAm dmz

i  TAm

Time ssesese0ssse v essssr0esPs

eerenccsse s

L 25-306C

s e esoevsceracesevererrs et

e s ees 008 ePR G grc

3, 5Amp/100cc
3 ‘hr

“Table IV(B)l
. EFFECT OF VARYING CONCENTATION OF HF ON YIELD OF (NHL)2 203

E?(gm) NH, ) 8,0, Pro- Concentration Current Efficiency
T N ihoBa? ém of (O (%)
; /18000?
8,02 9.22 34,2
7,96 9.,0L 34,0
8.04 9. 2& 3.3
6.28 7.2 26.8
7,06 8. 12 30.2
S.24 6.0 22. L

Anode Electrolyte:
Cathode Electrolyte:

Electrolysis Conditions

ﬁvzsoéo

sat'd in 20% HpSO, soln. 90cec.
|, saturated aqueous sclution, 30cc

CUTTOND eievccssenssosscnsssancasarsans Do 5Amp2

DA @06 0008 eqV TSRS 5
A s sesvses8Bs R s et st R000s P09
Temp.
TiMNE ceesosssssassecess

..l.o...lc.0'..0--....-0.1..0.0»-0

21

2002828

eesesassen.e.k0 Amp/dm

5hmp/90cc
25-28°¢C
1l hr

eo evsesev e
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: Table V(B)L
EFFECT OF VARYING ELECTROLYTE CONCENTRATIONS
ON YIELD OF (NH,),S,0q (AMMONTUM PERSULFATE

rr

Cbmposition of ' Tield and Current Efficiency
Electrolyte {(gm)
| ’ (NHLP) 25508 Current
0. 1,80, L|(MEy),50, | H,0 |EF | Prodused (gm) |  © Sonoy
No. S04, L) oS roduced (gm oncen. ciency
. 2 “yf 0 2 1 | (gm/100cc) (%)
1 2.8° | 56.5 | 64.8]5.2 9.96 10.19  58.6
2 8.4 | 59.1 59.6 | 5.6 11,25 11.48 © 86.1
3] 1.5 | 58.0 58.1 (5.3 | 11.00 ©11.23 é4.6
G .7 | 58.3 56,2 [ 5.1 11:96 12.00 €8.0
5| 18,3 564 | 54.715.5 10.48 10.70 61.5
" Anode Eiectrolyte: volume. 1l00cc j

- . Cathode Electrolyte: (Nﬁb)gsﬂh saturated solution 32-35cc -

Electrclysis Conditions: :
CUTTENE ecec.acesosescacsssencsncassossoanssssansanse hAmB
Dii cevsoessssesssascncscaresasarnasesnancnnns 10Amp/dm
O teceeacsoosesssesosesacsecassansasesnsssass Lamp/l00ce
Témp. o-oooo.-oooo.-ocoSo'.o-oco.oofu-o-oo-..o...20"‘3000

ije on.oo...oi-na'o.vu.o.noa--ot-ioi.o-a.a-uo-.ooc. l h.I‘

22 | (
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(NH4)232°8 u;sing PbO, Anode

(NH,), S0, 58.0 g
H2$O4 85 g Electrolysis
- in_ 100 cc —ud
HF 6.0 g Electrolyte Current of § AH.
: Current Efficiency 60 %
H,O 58.0 g
2 u
-(NH,),$,05 16.0 g :
(NH,) SO 28.5 g | in 100 cc Cooling —
4274 Electrolyzed fo_0°C_|—Filtering }—_—«1

HoS04 22.0 g | Solution: B
H 6.0 g j ;
HZO 58.0¢

Yield

| (NH4)23208

T (NHg)5S0,4
L.HZSO“

HF,

H0

58.0¢ J

~(NH,),S,0g crystals 116 g

of 718% from

Mother Solution

4.4 g

in ca.90¢ cc
22.0 g (soluticn

6.0 g

Regulating
Composition

Figare 5(3)1

OPTIMUM CONDITIONS FOR PREPARATION
OF (NH4) 98908 USING Pb0y ANODE

27
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£ STUDIES CN MATERIALS
0F ANTI-CORROSIVE REACTION TUGBE
FOR PRODUCING HYDROGEN PERCXIDE

BY HYDROLYSIS OF AMUONIUM PERSULPEATE

| by
L CHEM. ENG. LIEUT..
] I. UETA

Research Period: ’19Ah~19b5

Prepered fcr and Reviewed with Author
by U. 8. Naval Technical Missicn te Japan

December 1945
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. The object of this study was to determine suitable materials
. and working methods for the reactlon tube with a long life,

. Significant results were:

. Lead which contains from 0.2% t0 2,0% antimony 1s best
... as the material of the reaction: tube,

" In preparing the tube 1t is besfy that the lead be melted

" at less than 350°C during preparation in order to avoid
the formetion of lead oxide., Uiing these materials and

this proocsdure, the reaction tube becomes very anti-

.'gorrosive and can be used perfectly for more than two

- months, ;

" T. INTRODUCTION

A.  History of Project

In producing hydrogen peroxide by the hydrolysis of emmonium persulphate,
.the:so=-called pure lead tubes had been used previously in service as tho
reaction tube, but these tubes were «orroded rapidly and damaged aftor

a wsek, Therefore, we tried to meke.the reaction tube more aati-corrosive
and:obtained one which seemed to be miore satisfagtory.

Theae tubes are now in. use in all thé plants of this type in Tapan, A
Tlow sheet of a typical plant of this type 1s presented in Plate I(B)2.

B. Koy Research Personnel Working cn the Project

ﬁ E " Chemiocel Engineering Lietitenant URTA
; o . Chemiocal Engineering Sub«Lieutenant A. MOCHIZ2UKI

IT. DET$ILED DESCRIPTION |
I A. . Tast Procedures i ‘
The: Teaction tube is shown in Figu:eii(B)Z.

) At irst, the state of corrosion was observed microscopically in a pure

H lea tube whioh had been damaged. It was recognized that in the pure lead
tubos, lead grains were very large and lead oxides were developed on the
boundaries of leed grains; and that the corrosion only ocooured in the
lead oxide zones, or the boundaries cf lead grains., (See Figure 2(B)2)

- In brder to avold corrosion it is nedéasary’that the eutectoidl be compactly
tillqd between lead grains anc¢ that lead oxide be oliminated.

Fromn the above point of view, it was supposed that lead containing from
0,29 to 2.0% entimony is more anti-corrosive than pure lead. And almo,
fron the metalluragical point of view, lead seems to ocombine with oxygen
in {the atmosphere at temperatures in exoess of 3500C, and thim lead oxide
‘18 readily corroded by the fluid,

From these points or wiew, it was Bsupposed that lead tubdes aantaining
from 0.2% to 2.0% antimony and melted at less than 35000 during working
up viould be the best. (See Appendix), Therefore, various tutes were
.used. in the plant of Edogawa Manufactiring Co., Ltd. :

3t
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Be _Ljaerimental Results

Lead tubes containing 0.2%=2.0% antimony werTe very good and could be used
in aervLoe perfeotly for more than two mcnths,

These tubes were observed microsoopioalls and the following observations
were made.l. : ;

The lead grains were very small and lead-antimony alloy filled up the
space botween lead gralns compactly so that interorystalline corrosion
did notiocour.

CONCLUS [ON

A, Thu best material for the reaction tube is lead containing 0,2-2,0%
antimonv.

B. Tho melting temperature of lead should be maintained at less than
350°C i order to avoid the oxidation of lead.

Thg reacbion tube which was made under these oonditions has a long 1ife
and was used in service perfectly mors than two months.

The study was not complete, since proper: peroentage of Sb in the alloy
has not. been investigated. !

APPENDIX

l° As shown in the above phase-diagram, Figure 5, lead
begins to form a euteotoid with antimony at the polnt of
24 antimony. -

2. At high temperatures, the greater the  amount of anti-
moiy, the smaller the tensile strength of Pb-Sb allov becomes,
andl: at the same time the easier the alloy is oxidized.

3,. When the amount of antimony is. less than 0. 2%, the
tansile strength of the alloy is smell, the alloy is easily
oxldized, and intercrystalline corrasion occourea,

L. Thus it wes assumed that 0,2-2.0% antimony lead alloys
would be proper for this purpose., -

i

32
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. — ToSeparator
_. ' : (— Vacuum; 40 mqu '

et
eaction Tube L. SuperHeated Steam

Dia.  [nner. 20 mﬁ\\ = 3
_ ! ' ! . .M, : k rmz
: Outer. 40 m.m. ) ( 3/ )

| Length. 2700 mm.

h
)

(1

\ Si’edm TJac ke‘ti

(NH4)2 S208 Jolvtion —
((NH4)zSzOg 28 %
Ha80, | 205
= Té'tripera‘cure : {Top. foot
' Boitom. 30°C
Flow Rate: 204 . f

Figure 1 (E)2
REACTIUN  TUBF
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AMMONUM SULFATE: MANUFACTURNG ~ AMMONUM  SULFATE SOLUTION
TANK (OKL. Leod Plate Lining) STORAGE: TANKOK:Leod Plate Lining)
HeSO, 2B%WT (NHYe 23%(Abous) :

FEED STOCK CONCENTRATION ADRSTRG 9K
()KL Lesd Plfe Ling)

NH, ——.i [_L—_——"—stoc : [

[ 1}

ges R

_r"f, ‘Txlk Lecd Pips




from; Distiled Water Tonk v

‘ , No2 STORAGE TANK (Porctia}
(-)FEED TANK (Lead Plate Lining) (DFEED TANK (Lead. Piats Liing) Platium Pole (Positive Pole)

Gone (NS0, 2% _ H,SO,(NHYS0, 28% (Aboi) Nber 100 (par 15a 1
: Negative Pcle: Leod Plate

Dimension 900X 500% 500™

Number 4x7=28

2800A. 350W

Temperature. 25~ 30°C

Gooling Wa'er 30 ¥h

[Ty
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[
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1 {Porcelain) §
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] = il
(Porcelain)
) 3
S avevosnt surre [ 8 - 38 O ek
S SEFARATOR ,‘§ &
PREREGEIVER ’91 R
q (Porceiain)
z00L
" ACID SEPARATOR  PRE-
Eém | SULFATE RECEIVER  (Porcelain)
T kel Leoa ‘
o A
19.05'X 25,86 Alrvinum Pge
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KO, (3% (eod Refin)
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—_ o 15868 % gg 66 Tin_Pipe
158852066 Tin_Pige :
CONDENEER Wrinum)

: Cooling Surfaze 150m"
T Cooling Water 70 ¥h

DISTILLED WATER TANK

§

HIGH VAGUUM . COMPRESSOR I"x % Leod Pips . 150001
25HP Isst Recipro Type : 7 -

Product Tonk (Porcelain)

: A
1% Leod Pipe [ i
. L
ZFiitration Tubs | :
- Unglazed Pottery)] 50%60"Tin Pipo : -

Tin_Pips
fhiy' Lead Pipe

Note:
This ﬁwsleefhabommtbyslmdl\gm q:pautul
in the Edoquwn CO.LTD. in Yamnakiia,

38144,

§‘

PLATE 12
FLOW SHEET OF 40T4‘
30WTY, H,Q, APPARATUS
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SUMMARY

Using superheated steam at about 125°C, H,0, was not r
synthesized by the 50 cycle A.C. Tesla dlsc arge. TUsing
superheated steam at about 125°C: and 500 kilocycles, H50,
- -could be synthesized. The power consumption was about
.. 300 kwh/kg of H,0, and its concentration was about 0,08%.
.~ When two reactidn”"tubes were used in series, there was no
improvement in the yleld of H202

I. ]J\ITHODUCTION

.. The synthe51s of H,0, from water vapour has been carried out with the high

i- frequency silent dgsgharge under reduced pressure, However, by this method,

" the operation of the apparatus is difficult owing to the reduced plressures

! and the oxtremely smaell volume treated per unit., To improve this point, this
| experiment was begun under such conditions: thet gaseous superheated steam was
. used and the high frequency discharge took: place at atmospheric pressure

; followed by rapid cooling. Commercial frequency discharge was also tried but
© results were unsatisfactory. This research was carried out from January to

- July 1945 by Eng. Lt. T. KONOSU

II. DESCRIPTION

A. :”Aggaratus
: The apparatus is shcown in Figure 1(B)3.
B. f Procedure o

As shown in Figure 1(B)3, the water is boiled in the water boiler (B).
The steam formed is superheated by the heating coil (H) and flows into
reaction tube (R). At this point discharge occurs. The products then

. flow into cooling tube (C) end are ccndensed, The condensed water con-
teining the synthesized Ho0, is collected in reciiver (D). When the ex-
periment is over, the product is titrated with N KMnO, to determine
the: concentration of synthesized H,0.. The distharge voitage is
generated by the Tesla coil shown %n Figure 1(B)3.

C. - Results

Resulss are shown in Table I(B)3.

© III. CONGLUSIONS '

ﬁ'When commercial frequency discharge was used the formetion of H 0, was

. negligible. When high frequency discharge was used, the quentity &6f H 202
increased with increasing steam volumes, tmt its concentration was decreaqed

" The synthesis of H,0, by this method offers many difficulties, since the

" power consumed per quantity of Hy0, is high and the concentration of product
i is lQWO
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Table I(B)3

RESUITS OF TESIA DISCHARGE ON STEAM
; | . , )
Discharge . Condensed|Super-| Prim Prim | 'Powerr] Total |[Concen- | Power
; | Water |heated|Voltage|Current| (watts)|(gn/hr)|tration [Cnsmption
{oc/10 tem§ (volts)| (amps)| : - (%) (kwh/kg
‘ » min) -| (°C . Hp02)
Commercial ‘ ‘
frequency 10 125 15 5. 75 Trace —_— ———
: 30 | 130 20 5 | 100 | Trace | --- —
50 125 30 5 | 150 | Trace | --- —
, 100 125 30 - 5 . 200 Trace ——— -—
TP :
‘frequency . 10 130 15 b 60 | 0.02 | 0.03 3.000
: S T 125 | 17 5 85 0.04 | 0,05 2,000
20 | 125 | 17 | 5 | 8 | 0.05 | 0.00 | 1.500
30 125 22 5 | 110 | o,1r | 0.05 | 1,500
60 125 35 5 | 165 | 0.17 | 0.05 | 1.000
100 125 40 5 | 200 | 0.0 | 0.06 500
150 125 L2 5 210 | 9.70 | 0.08 | 300
200 | 125 L5 5 | 225 | 0.45 | o.o04 500
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SUMMARY'

‘When the flow rate of the hydrogen-oxygen mixture (02 about
5%) through the electric are exceeded 100 m/sec, the power
. .consumed by the hydrogen peroxide synthesis was about 300
: k‘”h/kg H202 ? i

7o obtain the synthesized hydrogbn peroxide, the following
* three methods were used, Among:them, Method 1 was the best.

- 1l. Distlilled water at the:bnd of the reaction tube:
was used to absorb the H20:z. -

2. Distilled water was &1iowed to contact the reacsed
gas directly and absorb the: H;05.

, 3. Synthesized H,0, was condensed directly by cooling.
. I. INTRODUCTION |

. The synthesis of hydrogen peroxide from hydrogen-oxygen mixtures by electric
. dischargse previously had been effected with an ozonizer tube, Howsver, the

. treated 7olume per unit in this method, wes so small that to improve this

© point, arc discharge was tried by Lieutenent T. KONOSU from September to

. December 194k, When the arc discharge wa: used, the flow speed in the reac-
tion tubs: was most important, and it was flound necessary that the [flow speed
be above 100 m/sec., To obtain the synthesiized products, distilled water was
injected at the end of the reaction tube, end the products absorbed.

" IT. DESCRIPTION
A. ' Appsratus - » . f
' The apparatus is shown in Figure 1(B)4

B. . Procedure

In Figure 1(B)4, the mixed hydrogen oxygen gaeses are stored in the gas
tank: (T) and the O content is maintained at about 54. By mesns of the
gas: recycling pump (P), the gases are forced into the reaction tube (R).
Their volume is measured by the flow meter (F,) and their pressure by
the: manometer (P.). In the reaction tube they contact the arc and the
cooling water, w%ich is recycled by the recycling pump (I), and flow in-
to ‘the cocling tube (C). Then the cooling water flows into the receiver
(E), end residual geses are recycled into the gas tank (T) by the gas
recycling pump (P) after their volume is measured by the flow meter (Fz),
and: their pressure by the manometer (P,). When the experiment is over,
the: product is removed and titrated wi€h 1/10 N K¥nO4 to determine the
concentration of H50,. :

C. ' Results

i The results are showa in Table I{B)4

Thé apparatus in which the cooling water was used so as to contact

directly with reacted gases, is shown in Figure 2(B)4, and its results
are shown in Table II(B)4. - , ~
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The apparatus in which the synthesized H202 was condensed directly by

* cooling is shown in Figure 3(B)Li, and its. results are shown in
 Table III(B)4. :

IT. CONCLUSIONS

When the ccoling method was used as shown in Figure 1(B)4, the power consump-
tion was about. 300 kwh/kg H,0,, and the H,0, concentration was about 0.5%.
This concentration may be increased by'reéucing the volume of imitial cooling
water, In this case, however, the materials o the cooling water recycling
pumj), which is. mede of iron and copper, are not suitable. Hence, it will be

necessary to select a material thet will minimize the decomposition of H,0,
synshesized. ' , | ' Lo

H il . :
It was the object of this research to develop @ commercisl method of producing
#.0. which would eliminate the use of platinum and which could be useg as 8
‘s@biititute for the (NH, ),S,04 method. In thisiexperiment it was hoped that -
the power consumption %0%15 %e below 100 kwh/kz H,O0, and that .the concentra-
tion of H,0, produced be at least one percent.: Aéﬁitional experiments will
be necess&ry to develop this method commercially. -
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.C. Ixperimental Resulss

= ) RNCLOSURE (B)s

SUMMARY

Organic stabllizers for concentrated hydrogen peroxide
 solutions have been required ever since the use of
- hydrogen peroxide Tor rockets was developed. Imorganic
substances are rather unsatisfactory for this application. “

" In order to-discover appropriate stabilizers from the point
- of view of effectiveness and durability, some preliminary
- experiments were conducted which show the superiority of
guinoline and its aerivatives, although no gensral conclusions -
have been reached. =

INTE.QDUCTION B
A. History of Project

As very few investigations have been carried on in Japan on this subject,'
it was intended to search for the appropriate types of organic¢ compounds

by geveral experiments.

Consiequently, it was discovered that aniline, 8—Hydroxy-quinoline,Vetc.,
are quite effective, but that they were apt to be oxidized and loss their
efféectiveness., | v

Therefore, although superior and more: stable substanbes were desired and
searched for in the subsequent experiments, it was in vain and the

-quinolines remained the best known stabilizers. »

One portion of each sample was maintained at 90°C, and its concentration
titrated at intervals. Another portion of each ssmple was maintained at
roon: temperature and titrated in the same manner.

Glycerine is necessary for the production of 8-Hydroxy-quinoline. Since
glycerine was difficult to obtain, it was necessary to use its metayl .
derivatives which were easy to obtain, and are as excellent as the formen
Thesie researches were carried on from August, 1944, to the present.

7 B. - Test Procedures

« 1. A sample containing a definite quantity (0.02gm)of each of seversl
"compounds was dissolved in 50ce ar concentrated HpOz in a glass bottle
which was kept in a water bath at 90°C., and the time to fill a 50cc
gas burette with the evolved oxygen gas was measured. .

Tt was assumed that the longer the time to fill it, the more effectiva.

the inhibitor was.

2. Equimolecular quantities, equivalent to 0.5 gram 8-hydroxy-guino-
‘1ine per litgr of several organic: compounds wexre added to conc, Hpuy,
"heated to 90°C as before, and the: concentraticn of peroxide was
. titrated with 0.1N potassium permangsnate solution at intervals.

,Other portions of each of these same samples were kept af room temper-
"ature and titrated in the same msnner. '

'No. data is available except the concentration drop curves. Table
"I(B)5 is written from memory and indicates the effectivemess of
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. of varlouidinhibitgrs as judged by the tims required to liberate 50
. o6 of oxygen at 907 C. :

' Table 'II(B)5 shows the change of H,(» concenitration with time at

_ 90°C in the presemnce of various inﬁi%itorsz. Table III(B)5 shows the
~results using the same solutions, but meintaining them at an average
. temperature of 18°C. '

- The data.recorded in Table II{B)5 and III(3)5 is presented in Figures
- 1(B)5 and: 2(B)5 in the form of curves, showing the dscrease in the

. concentration of Hy0p with time at 909C aund at room temperature,
respectively. -

. Tabls I(B)5
EFFECTIVENESS OF H202 INHIBITORS AT 90°C*

/ Zxcellent Good Ineffective

Pyridine 7 Sodium Pyrophosphate Salicylic acid

j': Phosphoric acid Phenacetine Tannine

Anil.ﬁ:le‘ _ : a-NaphthylaminG;n; Urea

Diphghylamine Hippuric acid ~ Acetanilide

8-Hyd‘toxyquinoline Hydroquinone Benzoic acid 1

; ; ' : Cantralit
Triphenylamine |
Acoetic acia

* Bxcellent: More than 20 minutes needed.
Goaod: 10-20 min. needed. '
" Ineffective or Harmful: 1less than 10 min. needed.
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SULMARY

Suitable metallic materials for {he manufacturing appara-

! tus, staoring-tank, and transporting-vessel of hydrogen
peroxide solution were investigated and the following re-
sults were obtalned. i

1. For the manufécburing:#pparatus of hydrogen pero-
xide, tin and stainless stesl may be used.

2. Tt is satisfactory to use tin for the transpor-

ting-vessels. v
3. It is satisfactory to ﬁse tin for the storing-
tank. :

INTRODUCTION

A, :History of Project i .

It is known that glass, porcelein, paraffin, etc.,are good mataerials in
regard to non-corrosion and non-decomposition of hydrogen peroxide, but
it is difficult to use them practically because of their low strength and
plasticity. We were obligsd to investigate metallic materials for the
above purpose. ‘ ) : -

B, . Key Research Persoanel Working 01 Project:

Chem. Eng. Lieiit. M. OKAZAKT
. Chem. Eng. Lieut. T. ONO

Date of the beginniﬁg: August 1944
Date of the finish:; July 1945

DETAILED DESCRIPTION

¢

A, ‘-Descrigtion,of Test Apparatus «

For the test apparatus & water-bath, contrclled to hold a constant team-
perature at 60°9C, was used. In this bath were placed many glass bottles
in which the corrosivity of liquid H202 to various metallic test pieces
and the decomposition of hydrogen peroxide were tested,

A B, Test Procedure '

S T All test pleces of various metals made to have the same form of
about 30mm in length, 15mm in width, and 1-2mm in thickness, were
polished with various polishing-powders until they becsme glassy,
then partially immersed in the bottles full of hydrogen peroxide so-

; lutlon.

. The temperature of 1iquid was held at 60°C in the water-tath and the
- initial concentration of Hp02 solution was 80%. '

The term of the test was always 10 days. During the experimeat, the
initial concentration of hydrogen peroxide in the 80% solution was
- measured by titration with potassium permapganate solution and each
test pilece was weighed. The degree of decomposition of hydrogen
eroxide (Table I(B)6) and the corrosion of the metallic test pisces
Table II{B)6) were calculated and recorded.

6l -
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At. the same time, the surfaces of the test pieces and the liquid
i were examined for evidences of corrosionm. Observations are necorded

Sone non-metellic materials weTe teéﬁed by the same method but only
fo:» comparative purposes. -

2., To examine the materials for the storing-tank and transporting
vensel, some vessels were produced by way of experimeant, each 20
liters in capacity, and after pouring in 15 liters of the liguid,
initial concentration of 80%. The vessels ware kopt for 20 days at
LOOC to observe the existence of something unusual on the surface of
ths vessel and liquid (Table IV(B)6). Also, for the examination of
transporting, some of the vessels were carr{eu for about 12 hours a{
‘room temperature on a truck (Figure 1{B)6).

C. Experimental Results

The results of the experiments are tabuléked in the following tables.
The results of the test for transporting were very good. That is, none
of them showed anything unusual on the wall of vessel and in the liquid.

f The kinﬁs of materials or the structure dr vessels used for the tast
. were as follows: Aluminium vessel with cne outlet, steel vessel lined
with tia plate, and glass bottle, 20 liters 1n oagacity. Detalls of the:
vessels used in practice are shown in Figure 1(B)é and Figurs 2(B)6.
~ IIJ. CONCLUSION ' :

Thé °°ﬂ01usﬂéns from the tests are as rollowéﬂ

A, For the material in the manufacturing apparatus of hydrogen peroxzide
.- solution, porcelain is suitable; but it is hard to use practically because
of its mechanical strength and plasticity. If metalllc materials are to
be used: for the purpose, stainless steel ocontaining chromium and nickel,
tin, and pure aluminium, are sultable foir practical use. ZFrom the view-
point of sase of obtaining a large amount; in practice, tin is the most
suitable. and stainless steel i3 the next.

B. Fdijthe transporting vessel and stoﬁage tank, it i3 better to use
tin plate for the lining material, This:is bettor than using-a steel
- veasel,’ ' \ i
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Table II(B)6
'CORROSION VALUE OF MiTALS
Surface”i Vol. of s J Welgzht: of Corro-
f Name of Areg the Number Temp. of i Test Plece sion
No. |Materials (em®) Liquiad " of Liquid {er) Value,
, in the | Testing | (°C) (%/com
. Bottle Days Initial | Final |/day).
(ce)
18-8-Ni- ! 6
1l 1Cr Stain- 10.2 50 10 60 14.0230 |14.0228 | 2X10~
‘ less steel §
13-Cr :
2 |Stainless | 10.0 50 10 60 13.9524 [13.9515| 9x10-6
steel
3 | Tin (99%) | 10.0 50 10 60 13,3552 {13.3545 7x1o-6
Aluainium 6
& (99.99%) | 10.3 50 10 160 4.82L0 | 4.8238 | 2X10~
Aluminium B 6
5 (99.€%) 10.3 . 50 10 160 4,8155 | 4.8165 | 10X10~
6 |Paraffin | 10.0 50 10 .60 1.7432 ’
Smoked:
sheet 10.0 50 10 . 60 1.6531
8 | Rubber 10.0 50 10 160 1.6772

Table III({B)O
APPEARANCE

No. Name of Materials Ap. of Liquid Ap. of Surface of Test Pleces l
o 1&-8-Ni-Cr Vapor-exposed surface-
<1 Stainless steel Usual slight violet tarnish
13-Cr i Vapor-exposed surface-
2 Stainless steel Usual ‘slight violet tarnish
3 Tin (99%) Usual Usual
L Aluminium (99.99%) Usual Usual
5 Aluniniun (99.8%) White White substance on the
: turbidity -antire surface
L6 Paraffin Usual Usual
; n B
L7 Snoked sheet Slightly Bleached in liguild phase
i v cloudy
o} Rubber Decomposed Blesched in licuid phase
rubber
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Table IV(B)6 i
STORAGE FOR 20 DAYS AT 40°cC
Nane of Concentration Degreejof decom- Observa- Observa-.
material of Hy0,(%) positicn of Hp0p | tion or tion of
No. - of ; liquid vessel
vassel initial | final’ (%/1C days)
1 |Aluminium | 80.0 | 79.0 0.5 Usual Usual
(99.99%) ,
2 |Aluminium | 80.0 75.0 2.5 White sub. | White sub,
(99.8%) . in bottom | on the wall
, of vessel

3 |Tin-lined | 80.0 79.5 0.025 Usual Usual"
steel : .

4 |Parvaffin 80.0 Excessive | Thera may be
lined : decomp. crack or
steel pinhole in

: paraffin layer

5 |Rubber 80.0. 79.8 ©0,01 | White Fubber layer

Iined ' slight is bleached
steel : sub, and corroded.

6. |Glass. 80.0 80.0 0.0 Usual Usual

: bottle :
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i

Figure 1 (B)§
Ho0g METAL SHIPPING CONTAINER

This vessel, produced by way of esperiment, was used in the

transporting test and storing test described above.

The vessel is made of steel, lined with tin, and the cover

is alsu the same and fixzed with bolte to the vessel.

The stopper is fixed witn a rubber band which is at the

same time a safety valve for tne expansion of gas.
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Bamboq Basleel

09 0X

450 -

|loo

’ Figure 2 CB)G
H909 GLASS SHIPPIHG CONTAINER

Two bottles, made of glass and éaucred with bamboo basket,

are placed in each box, separated into two parts. N
The stopper, made of glass, is fﬁxed by a rubber gasret which
is at tne same time a safety valve for tne expansion of gas

and occasional explosion.

The water in tne box is.used to dilute the H209, overflowing

due to vibration of box or by deitruction.
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SUMMARY

', Hydrogen peroxide concentration planfs were designed ac-
cording to the following conditions: i

Food SLOCK w.eevevennnnnnananenaienaea. 30 Woo % Ho0,
Produet .......cceiceiiineriecaaneaa.. 82 wt. % H3032

Product Cutput
Type 1 plant* ..... 100 tons per month design capacity.
Type 2 plant ...... 250 tons per month design capacity.

* Two units of this type were installed at the First Naval
Fuel Depot. ;

" Tt was planned to install‘thisﬁtype at the Second Naval
Fuel Depot and at other pointsi, but construction was not ‘
started.

A‘pilot plant (Typel) was erected at OFUNA. The product
of these plants was to be used: for SHUSUI, a rocket ain-
plane. Pure 82% concentration: hydrogen peroxide of surfi-
cilent quality for SHUSUI was obtained continuously.

I. INTRODUCTION | ’

A... History of Project

The design and erection of H 0, concentration plants was ordered by the
Naval Supplies Bureau (Gunjhﬁxoku) in August 1944.

A flask type concentration plant was: first instaelled at OFUNA. A drawing
of one unit of this plant is shown by Figure 3(B)7, This plant started to
operate in October 1944 and was shut. down in December 1944, It was
equipped wlth 1000 5 - liter flasks and had a total capacity of 30 toos
per month of 82% Hp05. : i -

The first continuous plant started its operation in November 1944 and
‘praduced about 30 tons ‘of 82% Hp0, per month. The design capacity of the
plent was 100 tons per month, but the mist separaters had not been in-
stelled and actuel output was only 30 tons/month. The pilant was construce
ted. by the Hitachi Co. Ltd. (IBARAGI Prefecture). 30% H20; was skirped
in from the Edogawa Co. at YAMAKITA and the Sumitomo Jo. at 0SAKA.

The: second continuous plant, alsc Type I, was completed in August 1945,
but: it did not begin functioning. . :

B. ' Key Research Personnel Working on Project

Nav. Chem. Eng. T. SHIBAZ&KI
Nev. Chem. Eng. S. HAYASHI

Nav. Chem. Eng. S. SHINCDa

Chem. Eng. Lt. Comdr. ¥. Y.luliCTC
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DETAILED. DESCRIBTION
A The=flant

A process flow chart for Type I plant is given by Plate I(B)7. Type II

it

plant is: similar in design.

Each‘plant has four preliminary rectifying columns and one column for the
final rectification. The columns and condensers are all inter-change-
able, The preliminary rectifying step serves chiefly:to remove impuri-
ties included in the feed stock to preven’: possible violent decompasition
of concentrated Hp02 in the final rectification.

A mist separator is essential to remove impurities carried from the re-
tort with the Hy0, vapor, and %o increase the purity of the intermediate
product.. If a sufficiently pure intermedlate product is not obtained,
the H,05 1in the final rectifying retort can not be coneentrated to above
80%, end the yield is decreased due to deﬂomp051tion.

' B. Comstruction Materials

Construction materials used in the continbus plants were as follows:

1. Retorts, mlst separators, rectifying columns, Raschig rings,
vacuua. receivers and piping used over about 30°¢C .....;.. Porcelain.

2. Condenser tubes ....c.cccceacrcnsocsscssscsacacanss.. Aluminium.

3., Heating 0011 111 .L‘etvol‘t o..“.l'.l..la...‘..... 18"8 CI’-Ni 83661
(Tre surface of the coil is thoroughly polished).

P

L. Intermediate product and producb coulers, storage tanks, and
tubas used under about 30°C ..... teerecesscccsscnsiocesnssnnsine ‘Tin.

5. .. Gaskets for porcelain pipes .........Inw sulphur rubber rings
‘ covered with tin plate.

6. TFor high temperature and large dlametér parts, such as the re-
tort covers, mist separators, and rectifying columns, smooth ground
~ Joints were adopted successfully. ‘

c. Mamerial and Heat Balances

The matarial and heat balances were calculated on the basis of the
following assumptions:

Oparating period per month ...cececerccecacaa 75%, or about 23 days.
Losis of Hy05 by ‘decomposition and 1€8KBEE ...ceeeececccocsness ZEFD.
Losis of hest from the surface of retorts, columns, etc. eersesas ZETO.

1.  Material
'a. Overall Plant. Basis: 500 kg/hr charge of 30% HpCp.

72



'RESTRICTED : | X-38(N)-5

:]:

!

ENCLOSURE " { B)7

30% H202 ..................é....,... L, columns x 125 = 500 xg/hr
e P R T A AR -7/
. e SUT kg/hr
b. Preliminary RectifyingéColumnv
-4 30 % of Hp0z .__..._.......;.....;,.,4 columns x 125 = 500 kg/br

Qutput %

o

66%(',01..3202..;.-.uo-o-o.ooo‘;--.oo l+ CDlumns X 5
Distilled Water sececcceccsssccce L, columns x 6

«2
<8

6.8
8.2

0
Nps]
EEE
EEE

2
2

Ce Final Rectifying Columh

Input ’ i
66% o'f Hzoz ...Q..'.'......;...l..'l...T;QDOCQOQG.... 227.2 “/hr

Outputb

83% H202 ooooo-o;t..oo-.oo;%o.ooooootono.noo-oe‘..-.- 181 ke/hr
Distilled water .‘i‘...,0.-...‘:‘......0.'0..').......I.. %wu
‘ ) . ) . kg/hr

' . 2. Heat Balances
- o a. Overall Plant. (See Tables I(B)7 and II(B)7.

o .. )p§elim1nary Rectifying Columns. (Sce Tables ILI(B)7 and .
i): IV B 7 0‘ :

¢. Final Rectifying Column. (See Tables V(B)7 and VI(B)?7).

D, . Bquilibrium Data |

Pressure—boiling”point relations of 302 and vepor-liquid equilibrium re-
lations of Hy0 and Hp0z are given by Figure 2(B)7 {based on Iaternaticnal
P Critiecal Tables) and Figure 1(B)7 (Cenadian Journal of Researth, 1940).

b E.il Product Specification and Inspections

Teptative specifications of product: (see Table VII(B)7) Stability: De-
composition must ve less than 10% when heated to 960C for 24 hr (amount
: of stabilizer, 8-oxyquinoline 0.3 gm/1it, sodlum pyrophosphate ’
| (Mey F207.10H;0) 0.1 gm/lit). Ignition residue: Vhen heated to 8009C,
. the: residue must be less than 70 mg/lit. .Acidity: The Hgsob content
(I must be less than 100 mg/1it. g '
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Table I(B17 :
INFUT
. Material kg/br Temp. (°C) Koal/hr
304 Hy0p - L x 125 = 500 0 ]
Steam to retorts L x 127 = 508 | Only latent heat | 4 x 66.95 x 103

‘Preliminary reot.

caiculated

-207 - 3 x 10

‘Final reot. ! 117 | Only latent heat 61.9 x 103
(1kg/om 5 : y calculated 329.7 x 107
- Table 11(3;7
3 OUTFUT*
o : Temp.
, Material Weight (kg/hr): (°c) Kcal/hr
83% Hy0, ' 18 20 2.36x103
: ;| Preliminary L4x68.22272.8 29 | 4x1,98x103 =
:Distilled:| rect. column 0 7.92x1.03
‘water
; - Final rect. 46,2 29 1.34x1.03
| . column
 Partial (sz 59+3 2§)x103—' 16-25 | (4x23.3+29, 5)x103

condenser 13.64 =122, 7x10 ‘
]  Total (hxb.39+2.9§)x103== 16-25 | (4x39.5+26, 3):103
b - oondenser 20.54x10 : =18},.8x107
.Cooling —3
‘water Intermediate . | 4x0,675x10°=2,70x10° [16-18 | 4x1.35x10=
' “produvt cooler ; 5.4x103

Product cooler 2,60x103 |16-18 g.lelO3

' : | 329.70x ]
«. . . - Iotal Steam Consumption: 508-117= 625kg/hr.
Note:

Total Cooling Water consumptio;:

74
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Table III(3)7

INFUT
g Mateljg-ial ‘Kg/hr- Temp. ©C) Koel/hr.
{30% 202 ‘ 4x1257500 0 | ‘0
|steem to retorts 4x127=508 Only latent 4x66,95310°=267.8x103
(1kg/cn®) heat calculated 7 - TWTEXIOO
Table IV(B)7
"OUTFUT.:
1 Meterial : Ke/hr | Temp. (°C) Koal/hr
- |66% Ha02 4x56,8=227.2 20 4x0.82x103=3,28x10°
|pistilred 4x68,2=272.8 - | 29  411.98x103=7.92x103
» Water : ]
Cooling
] Water . .. :
Partial 4x2.59x103=10.36x103 |  16-25 4x23. 3x10°=93, 22107
Condenser i ;
Total = © 4x4.39x103=17.56x102 |  16-25 4239.5.103=158,0x103}
Condenser
| |Intermediate , 3
Product 4x0.675x103=2,7x10° |  16-18 4x1.35x103=5.43107
cooler ; 267.80x10°
Table V(B)7
INPUT
Ma€§r151 Kg/hr Tamp. €C) Koal/hr
66% H05 B 181 20 3.28x103
Steam to retort 46.2 _ 29 61.9 ;_J._QZ_
(;kg/efz@) 65.18x102
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Tab%ST;%éB)7
. Material Kg/hr : Temp. (°C} Knalfhr
|8 50, 181 © 20 2.36x103
Distilled water 46.2 ; - 29 1.34x10°
Co@linngathﬁ. v
Partialﬂcondenser 3,28x10° 16-25 29.5 x 10°
Total condenser 2.98x10°> : 16-25 26,8 i 10>
?x Producf cooler 2.60x103 g 16-18 _5.18x 102
‘ 65.18x 307

TYPICAL PRODUCT AND FEED STOCK, INSPECTIONS

Table VII(B)7

i
t

‘ < Fega stock Product
|céne. of Hy0, 32%(wt) 824 (wt)
Stability 5% 7%
i (Amoung ‘of decomp.
| , at 80 C, 6 hr)
- |Tgnition reéidue (Spec.:Léss than 45 mg/1
1o i 300 mg/1) : :
Acidity 50 mg/1 90 me/1
LT 76
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SYPHON _FOR_

el DISTILLATE
M Mm 2 .‘/A ] : : -(\
f@szm&(

\

3 O“_\*

N

4
i

hJ N,

> &
DAV AT .S ab

HEATING STEAM.  Codling W~
COIL | Sup |

Work Condition

Charge ‘ S 3Lk, 3R%H.0,
Product = %Lit. =+ 82%H.0;
Distillate 24 Ut. 0% Hy0,
Yacuum - 80mm Hg

Temperture - 85°C Max.

Figure 3.-(B)7
FLASK PLANT UNIT
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SUMMARY

. The synthesis of hydraszine by Raschig's method was studised
and the following rew materlaels were used:

2 5~30 % water soluticn of ammonia }
1~2 N water solution ¢of sodium hypochlorite
10% water solution of glue

The results of the experiments were as follows:

. To inerease the yield of hydrazine, much excess of NHz should
be used. The mol-ratio of NHz/ NaOCl should be more than 20.

The temperature of meterials should be 0°¢-109C before mix- .
- ing. 'end the time required for mixing must be short.

It is sufficient to heat the mixture of materials to 50°C to
. complete Ehe reaction, but it is necessary to heat it to
‘about 100YC to recover the excess of NHg.

If the glue is ebsent, the yield. of hydrazine is much reduced.
‘The glue should be added previously to the solution of NHj3,
and it 1s sufficient to use 0.05 gm of glue per 10Ccc of the
mixture of materials. ,

All types of glue, gelatine, cerisine of silk, peptone, or ab
solution of chrysalls were found to be sultable.

. 1If traces of heavy metal ions are present, the yield of hy-
‘ drazine is much reduced.

In the laboratory test, 95% of the excess of NH3 can be re-
- ecversd. ) )

I. INTRODUCTION
A, History of the Project

In July 1944, we were ordered to study the synthesis of hydrazine from
NHz end NaOCl. This resction was reported by Raschig(l) in 1907, end the
‘equetions are as follows:

+ NaOCl —> NH2Cl + NaOH
NHz + NH2Cl — > NHp-NHHC1

2NHz + NaOCl— NHp-NHpH0 + NaCl

R. 4. Joyner(2) also made a detailed report of this resction. It was de-
sired-to reproduce their experiments and decide on the conditions for the
large scale production of hydrazine. ithen our laboratory experiments
were finished, the large scale production of hydrazine was being carried
out in a.civilian factory, so the plan was gbandoned.

The flow sheet of ‘the pilot plant ror;hydrazine synthesis 1s shown in

Plate I(B)8, but this pilot plant was: not used. Small amounts of 80% sc-
iution of hydrazine hydrate were made: is samples.

85 . .
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. DETAILED DESCRIPTION

A,

" B.

Description of Test Apparatus

 In this study only glasé beskers, flasks end porcelain dishes were used.

Tes’, Procedures

1. - Preparstion of Raw Materisals

&, Water solution of NH3., Ordinary commercial solution of
- NH3 (chem. pure) was used.

b. A water solution of NaOCl was prepared as follows: Put
i 500 grams of bleachiug powder in 2.5 liters off water, and add
800 grems of NapSO4. After a few hours, filter the solui:ion of
. NaOCl through a filter-peper, and measure the concentrstion of
; NaOCl with iodine. ’

! Ge A water solution of ordinary glue was prepared,

2. . The deteils of test procedures and conditions were as follows:
Mix: ' 1000cc of a 3.1% NH3 solution and 15cc of a 10% glue solution,
then add 500cc of & 1.6 N NaOCl solution in a& porcelain dish. Heat
the mixture quickly, boil it for asbout 20 minutes, when it will have
evaporated to about 1/3 of its original volume. When cold, edd an
excess of conc. Hp804 solution, and cool. Hydrezine sulphate crys-
tallizes out. Filter the crystals, wash with alcohol, dry im an
air bath st 100°C, weigh, measure the purity with 5odine, and calcu-
late the yield of hydrazine based on the consumption of NaOCl.

Experimental Results

1. The effect of mol-ratio of NH3/NaOCl on the yield of hydrazine
(shown in Table I(B)8}.

From Taeble I(B)8, it is obvious that to increase the yield of hydra-
zine. a large excess of NHz must be used. In large scale production
of hydraz:.ne, the ratio of NH3/NaOCl should be 20~40.

2. ' 'Effect of the temperature of mixing on the yield of hydrazine.
The mixture of NHz and glue was kept st constant temperature jn a 3-
necked flask, and the solution of NaOCl was added at the sams tem-~.
perature, then heated to 50°C and kept at this temperature for 5 min-
utes. The solution was divided into two parts and the yield of hy-
drazine was meesured by iocdometry on one portlon and the other por-
tion was boiled as stated above.

The results of the experiments are tebuleted in Table 11(B)8.

Fron this table, it is obvious that when the temperature of mixing is
as high as 25°C, the yield of hydrazine decreases.
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S Effect of Mixing Time on the: Yield of Hydrezine. The yield of
hydrazine prepaered under two conditions wes compared. In Exp. No.lé
the materials were mixed rapidly, (in this case the temperature of

© the mixture rose from 10°C to 170C). In Exp. No. 15 the temperature
of the solution of NH3 (containing glue) was xept at 10°C and the
solution of NaOCl was.added slowly at the same temperature, (it toox
~about 1 hr. to complete the reaction), and then treated es stated
sbove. The results of these experiments are recorded in Table
III(B)8.

It appears that better yields of hydrezine are obtained when the
solutions are mixed rapidly then when they are mixed slowly.

4, Effect of the Temperature of Heating on the Yield of Eydrazine.
‘The solutions were mixed at 109G, heated at constant stirring, kept
at a fixed temperature for 30 mirutes, and the yileld of hydrezine
measured by iodometry. From this experiment, it appears “het the
‘reaction is completed ab gOOC, but that when it is necessary to heat
the solution to 909C~100°C to recover excess iKHz, small amounts of
hydrazine are eveporated with NH5; and water. The results are shown
in Table IV(B)S.

Se Effect of Comcentration of Glue on the Yield of Hydrzzine. IT
the glue 1s absent in the mixture, the yield ol nydrazine 18 much.
“reduced. To exeamine the necessary amount of glue, from 0.00l to 1
grem of glue per 100cc of total solution was aided to the mixture of
raw materiasls. When the glue is previously added to the solution of
.~ NaOCl, the yield is much smaller than the case in which giue is dre-
‘viously added to the solution of NH3z.

6. Various types of glus, gelatine, cerisine of silk, psptone, and
“a solution of chrysalis are all useful and heve the same effect in
this reection. (No experimentsl datum is gvailable).

+t +

"7 If even traces of heavy metal ions (especially cu't, Fe s e’

eto.) are présent, the yield of hydrazine is much reduced. (No 2x-
perimentsl datum is available).

8. Recovery of excess ammonia and generstion of nitrogen by side
. reactlons. L S

A,To:measufe the amount of N generated by the side reactions, a 3-
necked flesk was used as a closed reaction vessel, and all the ges
- generated from the reacting solutions was gathered. The gas was
washed with dilute H2S04 solution to recover the excess of NHg, ‘and

_ the umount of Ng was measured by gas analysis. The results of this
" experiment were as follows: :
Raw materials NHz solution 31% 178cc (NHz 49.5gm)

NeOCl solution 1.44 N 100ce

Glue solution 10% 2.8¢cc

Yield of NpH4H2SO4 45.2%

Recovered NH3z 44.17gm

Gathered Nz  0.8zm
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Material balance of NH3

Raw Material 49.5gm 100,00%
As product (NoHgHoSO4) 2.3gm 4.65%
Recovered 44.17gm 1 89.32%
Loss 3.03gm 6.,03%
As Np 0.8gm 1.6 %

From thlis data, it is the opinion of:the authors that N2 is generated
as follows' _

NHz + NaOCl —3 NH2Cl + NaOH
NHz + NH2Cl —3» NH2NHgHC1 i
NHgNHZHC1 + 2NHzCl—>2NH4ClL + HCL + Np "

- III. CONCLUSIONS

The synthesis of hydrazine by Raschig's method was studied. The necessary con-
ditions to obtain hydrazine with high yield wel'e as follows:

The mol-ratio of NH3/NaOCl must be greater than 20.

The raw materials should be mixed quickly at tempersature below 10%¢.
Before mixing the reagents, 0.05 gram of glue per 100cc of total solution
must be dissolved in the solution of NHgz.

All materials must be completely free from heavy metal ions.

In this way the yield of hydrazine is 35..45% (celculated from the consumption
of NaOCl). It is thought that in large scele production of hydrszine there
will. be technical difqiculties in regerd to the following:

Purity of re&w materisls.
Recovery of excess of NHz.

‘ Reaction vessel. (Metel vessels are nll insdequate for this raaction)
N otéi
Phyhic&l and Ghemical Properties of Products.

The. 80% solution of hydraezinehydrste 1s a colourless, corrosive liquid which
fumes in eir and smells like NH3. Specific gravity of solution is abcut 1.03,
dnd. b.p. is about 113°C. This solution ebsorbs moisture and CO2 from air, and

ls slowly attacked by Oz with the liberation of Ns, end miscible with water
in all proportions.
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EFFECT OF NHyNaoclTaR‘Z]'f;OI(()ﬁ)glELD OF HYDRAZINE
‘ ‘] NHa Soln,¥ NaOCL Soln.##* [ NH:/NaOCl | Glue Soln,i# NH» )2B2S0
| Exp. No. [TeeY [ Cone(B)| (cc) | cone(N) | mol-ratio | (ec) | conc(Z) | —@'&ﬁ Yielc
1 | 1000 31 500 | 1.60 20.2 15 10 36,2 | 35.0
2 500 3 500 | .60 |. 10.1 10 10 27.3 | 26.4
3 S125 | 3L 250 | 1.60 5.0 L o{ 10 | | 9.5
A 595 31 100 | 2.22 40.0 7 0 | 13.3 | 45.9
5 595 31 200 | 2.22 200 | 6 10 20.1 | 35.8
6 208 31 200 | 2.22 720 | & 10 8.9 | 15.5
7 | 326 | 29 50 | L2 £0.0 45| 10 61
g % | 29 | 100 | 0.052 | 146 5.0 1 65
e | 90 29 100 | 0.0052 | 1860 5.0 1 69

%*7ield determened by iodometry
“Raw materials cooled to 10°C before m:ix:i.ng

Table II(B)8 .
EFFECT OF TEMPERATURE OF MIXTNG ON YIELD OF HYDRAZINE

h
Raw material NHj3 31% 178cc |

; NH3/NaOCL = 20
NaOCl 1.44N 100ce |
L Glue  10% 2.8ce
Exp.No. Mixing Tield
’ Temp °C |Required Time Eefore Condensation | After Boiling
10 -6 13 ’ 48.7 bt
n 10 13 - LB.4 35.3
12 0 1 49.4 39.5
13 4.5 1 : 42.3 ©3L7
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Table III(B)8
YIEIDS OF HYDRAZINE

Raw Materiaus NH3 294 l63ce
‘ : NH3/NaOCl = 2
NaOCl 1.25 N 100cc

Glue 10% ko 5ce
Exp.No, Method of Mixing - | Temperature Yield
1, mix, solns, at a time 10-170C 5645
15 ~ mix, solns, slowly 100¢ 38.7
4
Table IV(B)8

EFFECT OF HEATING TEMPERATURE ON YIZELD OF HYDRAZINE
Raw materials  MNHy 31§  1&%cc

NaOCL 1.5 N 100cc

Glue 108 L.5ce
Exp, No. | Temp. of Heating [Last Volume Strength Yield of Hydrazine
' i °c ce of Alkalis 3
Ncgmality

16 10 257 5.6 N 37.0

1w | 30 250 415 1.2

18 50 238 3.80 42.6

19 70 199 1,10 42.0

20 =90 ‘ 159 © 0,59 40.8

21 100 97 0.7 36.0
22 100 116 0,67 35.6

#tSolution heated quickly
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Table V(B)8
EFFECT OF GLUE CONCENTRATION ON YISLD OF HYDRAZINE

Raw materisl NHj 31%  134ce
NaOClL 1.8 N 6bbce
Glue  10%

(I) Glue previously added to solutiori of NH3

Exp.No. ? 23 2 | 25 | 26 | 21 | 28

Glue gm/100ce 0.00L | 0.0 0.05| 0| 0.5 | 1.0

NoHuHoS0,Yield (%) | 36.2 | 37.8. | 42.8 | 42.1 | 4.7 | 42.6
(II) Glue previously added to solution of NaOGl.

Exp.Ho. 29 30 | 31 |32 |33 |3

Glue gn/100ce 0.000 {001 | 0,05 |01 |0 !o.8

NoHHaSOi¥ield (%) |24.8  [30.7 36,0 w01 |26.4 |h.2 |

9

X-38(N)-5



RESTRICTED

48(N)-5

X-

2.0 O dwa)
2001 HOON «of
< (86 A114nd) B40Z. 40GTHE(Tp)
njeg o4 spueng
(. Josat .‘.,?uV
Jauveg JuW’ —--

ENCLOSURE (B)8

o
by
“.“
=
=
+

o
=
2,
)
N
X
I~
=
1

()

-]

«ZSE POS*HCEHN JO PR
%«0b by

ol ey

13Mpoiyg

20 dwaf
152 10514 5,06
1052 O 0 oS
yayog 43d Sat)jiong

( 1000} doj
tiu:m.uuiv

AN HOd4 INVTd .

P oaandry

XL
4 SIHOS u_.C.ﬁ .ﬂ.ﬂg

e e m - m

3,0 dwi]
THN
10002 G2H
peg Aot
DT TR

-Lq .
oy oy o)

L W

S0h 35T

(sigz Deqoatt fo ity 5,001 butyoay go dusy ,
(wingy bemyy fosargy 507 ~30 Butop g duay s
q001upes mpyal  /
. 0SZ M08 10°N or] S
(CE=T0%MYiy oyoy .Ezwqeﬂ. wim HN Mam\ /!

PG Y sanpump

)
V(000! 4

)
P

Curo

100§ dos

"NT0STHN 40 XREL DNy wﬁF.HJﬁ_

192403 Jold

n L

)

oA

ﬁ,qoqom .Lqu
IP1d VT ol
RT0STAN %% 30 TRL IRIEEaId

(. 005 du),
wpnied PR
T RIS 10O
J5 YRYL DRTSISVIAN

SIHOI WY
2.0 'dwa)
= 505290

1005 HOPN 0l
yeg fod SAUENy

( 1000¢ .«?u
ey oy )
W05 TRSN % 0T 30 WL THINITEd

92



RESTRICTED o X-38(N).5

o  ENCLOSURE <3) 9

SYNTEESIS NF HYDRAZINE FRCYX URENA’

H

by
CEEM. BNG. LIEUT. COMDR. T. YAMAMCTO
CHEM. ENG. LIEUT. H. NAKAO

Research Rericd: 1944

Prepared fcr end Reviswed with Authors
by U. S. Navel Technical Misslon tc Japen

December 1G45

93



X-3B(N).5

Table
Tab le

Table
Table

'Taﬁle

Table
Table

ENCLOSURE (B)g

LIST OF PABLES"
AND ILLUSTRATIONS

I(B)9 Effect of Wol Ratio of Urea tonypoohlorate on
: Yiald orHydrazine ..'.Q.II..I\‘.Q..'..l........'.....l

II(B)9 Effect of Concentration of Sodium Hypochlorete
. upon the Yield Qf Hydrazine ..l.’l.l...........'.l...

III(B)9 Effeot of Temperature of Mixing Raw Materials evscoee

IV(B)SJ Effect of Heating Temperature upcn the Yield
of‘Hydrazine .....O..'Q.C.Q..l'O...Ol...l..i...'..ot.

V(B)9 Effect of the Amount of Caustis Sods upon the
n Yield or Hydrazine ..QI.G..'..‘O.C.....ﬁ.l..l.l#......

“VI(Byg Effect of Glue on uae Yield or Hydrazina esecsssesvee
VII(B)9 Effect of the Materials on theﬂReaotion VeSgel vueaee

94

Fage .

Fage
Fage

Fage

Fage
Fage
Fage

RESTRICTED

98
99

99

99
100
100



" RESTRICTED o X-38(N)-5

ENCLOSURE (Bl g

SUMMAEI

- The syntheais of hydrazine from: urea and sodium hypo-

- ochlorite was studied. Solutlons of urea and sodium

" hypochlorite were mixed and-heated. After cooling, the
hydrazine formed was precipitated by sulfuric acid, and .
hydrazine sulphate was separated and weighed. The nec-

. essary conditlons to obtain high yields of hydrazine
were as follows:

l. The mol ratio of ureagto sodium hypochlorite
was 1 ¢ lorl : 0.8,

2. The concentration of bhe aodinm hy;ochlorite
was l-l 25N,

3. Urea should be dissolved in a small amount
of water prior to the addition of hypochlorite.

L The temperature of mixing the raw materials
must be bslow 50C,

5. The temperature required to completie the re-
action was 900C.

6. In this reaction 3 mbls‘of caustic soda to
1 mol of urea wers requireﬂ.

7. When 0,5 grams of glue per mol of sodium
hypochlorite was added in the solution, the.yield
of hydrazine increased considerably.

o 8. The presence of rusty iron in the reaction
. vessel\must be avolded.

I. INTRODUCTION ;
BEydrazine mixed with hydrogen peroxide was used for the energy source of the

rocket. Although hydrazine is generally:synthesized from ammonies apd sodium

. hypochlorite, a large quantity of ammonie must be treated because of the small

. yleld of hydrazlne to ammonia used. The method using urea as the raw maserial

. was previously known, but since the exactli conditions to obtain the maximum
yield was not obvious, this method was studied., The experiments were begun
in July. 1944 and were finished in September 1944 by Chem. Eng. Lisut. Comdr.

T. YAMAMOTO, Chem. Eng. Lieut. H. NAKAO, and Chem. Eng. Lieut. Comdr. Y.
MOMOTARI. .

II. DESCRIPTION OF APPARATUS AND PROCEDURE

A. A 3-necked flesk with a glass qtirrer was used as the rasaction
vessel.

BQ? Material Used . :
© 1., Sodium hypochlorite solution. 500 grams of bleaching powder
were HIssoIveg In 2.5 1iters oif water, and was added to 500 grams
of sodium sulphate. After the calcium sulphate settled, the solu-

tion was filtered and the concentration of sodium hvnoculorite was

measured by lodometry. The coricentration of sodium hypochlorize
was adjusted to 1 N. s
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= i' 3. Glue Solution. A 1% solution of glue was méde and 75ce per mol
of sodium hypochlorite was used.

;

- C. Deteils of Test Procedure and Conditions

Each solution was cooled to 5°9C and mixed.: The glue solution was &dded
to the mixture of sodium hypochlorite and urea. The mixture was heated to
. 950C and, after cooling, concentrated sulphuric acid was added until the
1 concentretion of sulphuric acid in the solution was 20%. The precipita-
. ted hydrazine sulphate was filtered, washed with alcohol, and dried at
© 100°C, The weight and purity were measured and, the percent yield vmas
calculated.

IIT. EXFERIMENTAL RESULTS

~A,. The:. Effect of the Mol Ratio of Urea and Sodium Hypochlorite upon
; tﬁ" Yield of Hydrazine

- - The resu]ts are tabulated in Table I(B)9, showing the ratio of urea to
- sodium hypochlorite should be 1 : 1-0.8.

" B, The Bffect of the Concentration of Sodium Hypochlorite upon the
v Yie]d of Hydrazine

“Tha reaction was carried out using volumes of one mol. sodium hypochlorite
" solution ranging from 600 - 2250cc and mol ratios of uree to scdium
hypochlorite ranging from 1:0.8 to 1l:1, 55.= The experimental results are
 tabulated in Table II(B)9 and show that the best conditions are a mol
ratio of urea to hypochlorite of 1:0.8-0.9; and that the best volume for
- ~.one mol of hypochlorite at this retio is 1000-80000. This correspords to
8 1,0 - .25 N solution of hypochlorite.

The; Lffect of Temperature on Mixine t the Raw Materials upon the

, Ce
: fielid of Hydrazine

-JL:!

: Using e mol ‘ratic of urea to sodium. hypochlorite of 1:0.8, and & concen-
tration of 1 N sodium hypochlorite,yields were comparec at various mixing
‘ temperatures

. The results are shown in Table ITI(B)S.

i It is obvious that the temperature of'mixirg should be below 80C,

- D. The;Effect of the HeatingﬁTemperaturegupon the Yield of Hydrazine

. The mizxture was heated to various temperatures and was maintained at that
temperature for 20 minutes before treating as mentioned above. The

- experimelntal conditions were one mol of urea to 0.8 mols of hydrogen, the

" concentration of sodium hypochlorite was 1 mol of NaOCl per 800cc and the

v mixing temperature was 50C, The results dre shown in Table IV(B)9, and

: show that the temperature of heating must be higher than 900C; but when

i the temperature is too high, hydrazine will be lost by evaporation,

g E; Thegggfect of the Amount of Caustic'Soda upon the Vield of Hyﬂrazine

. The effect of the amount of caustic soda on the yield of hydrazine. vas
i tested and it was found that the use of 3 mols of caustic soda to one mol
. of urea was sufficient as shown in Table V(B)Q. :

96



RESTRICTED r | ﬁ L X-38(N)-S

ENCLOSURE (Blg

" ' F., The Bffect of Glue on the Yield of Hydrazine

‘The results are tabulated in Table VI(B)9. The experimental condi- !
tions were as follows!

‘The mol ratio of urea to sodium hypochlorite was 1:0,8; the ccncen-
_tration of sodium hypochlorite was one mol ofsodium hyPochlorita in
g00cc; the mol ratio of urea to caustic soda was 132.,5; and the.
concentration of the glue was vanried from 0 to 2.4 grams per mol of
- sodium hypochlorite. ‘

 From these date it appeared that:the addition of 0.5 grams of glue
" per molof sodium hypochlorite was sufficient to obtain a high yield
- of hydrazine,

'@, The Effect of ths Materials of the Reaction Vessel on: the Yield
: of Hydrazine.

In order to clarify the effect of several materials on the reaction,
various test pileces were put in the glass reaction vessel and the

* yieldof hydrazine wes measured. The results ere shown ir. Table VII(B)
3. As indicated in Teble VII(B)9,no.yleld was obtained when rusty
steal was present in the reaction mixture.

This might be caused by the oxidétion of hydrazine by Fezl3 and the
fact that glue is of no value in: controlling this oxidation reactiorn.

 TLI. CONGLUSIONS

f From~the:experimental results described, it was ascertained that the best

procedure. for obtaining high yields of hydrazine from ured is as follows:
one mol of urea and three mols of caustic soda are dissolved in a amall amount
f water. Separately, one litre of 1 N sodium hypochlorite solution and 50cc of

{ 1% glue solution are prepared. These solutions are cooled tc 5“C, mixed, 2nd
. then heated to 95°C. '

_ When coolled, an excess of sulphuric acid is added,

' The precipitate of hydrazine sulphate procuced is filtered and vashed. The

yield of: the hydrezine will be higher thar 80% based on the consumed urea.

. No commercial application of this process has been made.
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= : Table I(B)9 -
- EFFECT OF #CL RATIO OF UREA TO HYPOCHLORITE
L ON YIELD OF HYDRAZINE

RESTRICTED

f Raﬁgﬁfigf}il, : Yield ()

NaoCli ' to Urea - to Na0QCl
1.35 . 410 30.0
1..00 50.0 50.0
0.90-" 49.5 55,0

~0.80 : 48.5 60.0
0.75 47.5 63.5
0.50 . C o 35.5 = 72,0

*In eaotha001 mixture were 1.0 gme-mol u#ea plus 2.5 gn-mols>of m:on.,

Table II{B)9:

THE EFFECT OF THZ CONCENTRATION.OF' SODIUM HYPOCHLORITE

UPON THE YIELD OF HYDRAZINE

*In each NaOCl mixture wes 1.0§ gn-mol uroa.

98

Raw Matsrials {gm-mol)* Vol. of Sol. Contain- - Yield (%)
-NaOCl . ing of Na0Cl(oco). to Urea to NaO{l
0.8 600 : 49.0 1.3
0.8 s00 52.5 65,6 |
0.8 1150 ; 48.0 60.0-
0.8 1800 j 40,6 50.7
0.9 “ 800 % 45,7 50.8
0,9 1000 E 51.8 57.6
, 0.9 150 49.1 54.6 |
. 0.9 ‘ 1800 : 45.7 50.8
: 1.0 | 800 f blod bhood
1.0 1150 ' 50.0 50.0
1.0 1800 5 38.5 38.5
1.0 2250 i 26.8 26.8
1.35 7 800 : 25,5 18.7
11,35 1150 1 Alod 30.7 .
1.35 ‘ © 1640 | 34.5 26.4
1.35 © 2140 9.5 7.4 ‘
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THE EFFECT OF THE TEMPERATURE OF MIXING OF THT RAW MATTRIALS

Temp. or‘~‘Mixing (°c) Yield (%) tc Urea
T Tz 0
15 41
5 52
3 54
-0 54
=5 53
THE EFFECT OF Tngagﬁrméa%gwmm TPON
THF YIELD OF HYDRAZINE
i Heating 'Temp. (©C) Heating Timﬁ (min) Yield (%) to Urea
: 40 " 20 0
50 - . 20 22
85 20 39
90 10 52
95 20 40
Table v(.§B)9 ‘
THE EFFECT OF THE AMOUNT OF CAUSTIC SODA
UPON THE YIELD OF HYDRAZINE
' Raw Materials (gm-mol)* Yield (%)
Sodium . Caustic to Sodium
hypochlorite Soda To Urea hypochlorite
0.8 2.0 31.4 39.3
0.8 2.5 54,0 67.5
0.8 3.0 58.8 73,5
0.8 5.0 58.4 73.0

*Tn each NaOCl was 1.0 gm-mol urea. .
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THE EFFECT OF GLU%agéeng(gigLD OF HYDRAZINE
' Glue used . Yield ¢
gm/mol. of NaOCl to Urea to NaGCl |
: o 12,0 15.0
0.17 . 51.0 63.8
0.75 53.3 . 66.6
1.30 53.9 67.8 |
2,40 54.0 67.5
Table VII(B}9
THE EFFECT OF THE MATERIALS OF THE REACTION VESSEL
T@ast pieces‘{ Yield of hydrazine 7% " Remark
‘none 52.0 ‘
-| 13=Cr-Steel, 51.0 Polished before the test
18-8-Cr. Ni, Steel 41.0
Ribber plate 49.0 !
Load 50,0
Mild Steel ! 0 - Rusty -
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STUDIES CN THE COMBUSTION OF HYDRCGEN

"PEROXIDE AND HYDRAZINE HYDRATE

by

CHEM. ENG. LIEUT.
M. SHIMO '

Research Period: 1944~1945

Prepared for and Reviewed with Authors
by U. S. Naval Technical»Mission to Japan
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1ol



X-38(N)-5 ,. “ | RESTRICTED

ENCLOSURE: (B) 10 :

: LIST OF TABLES
" AND ‘ILLUSTRATIONS

Table- I(B)L0 Combustion of Varying Concentﬁations of Hp02 eccveese PRGSO 105

Tatle II{B)L0 ZEffeet of -Catelyst COncentratfon on Combustion
Of 3202 l.l'.0..0........0.0.!:0...QO.n.l...l.i‘f“'.IO‘ :?age 105

Fi#ure l(B)lO Sketch of Injection Nozzl e ..{..................,.... Page 105
Eiéure 2(B)10 Flow Sheet of Test ADDATALUS eeeressercsesnsacecassas PEGE 107
ﬁFigure 3(B)10 Fitting of Thrustmeter ...cc.nececcecccraiciarceccsve PagE 108
Figure 4L(B}1O0 Flow Sheet of Gas Sampllng ..;.............-......... Page 109
Figure 5}&)10 Thrusts and Concentrations offﬁgbz cescesssserassssss PAgE 110
Tigure 6(B)10 InALOALOT CUTVES suvesesessscnsesnsssssrasenseasasss Page 111
Fihure 7(B)10 Test &bparatus for Rocket ...;....................... Page 112

-

Y

102



I.

- II.

RESTRICTED i X-38(N)-5

ENCLOSURE™ (B) 10

SUMMARY -

.. The thrust and internal pressure: in a specially designed
'rocket type combustion cheamber dscreases in accordance
““with lowering of the concentreation of hydrogen peroxide,
L although 60% hydrogen, peroxide is 8till combustible.

f The combustion does not gresatly depend upon the amount of
'+ potassium-cuprocyanide added. ;

: The combustion pulsates when the type of lnjectlon nozzle
.18 1nadequate. g

INTBDDUCTION

' A. . History of Project

Thesa studies on & fuel which was to be used for SKUSUIL, a jet: airplens,.
were. started in December 1944, An apparatus was designed in January 1945
to-tiest ignition and combustion quality of the fuel. The espperatus was
conatructed during February and Maroh,'experiments were begun in April.

B. f Key Rezesrch- Personnel Worki ng on Projeot -

Chem. Eng. Lieut. M. SHIMO
DEEIJLED DESCRIPTION

A Desoription of Test Appearatus J

1, Two. types of injection nozzles are shown in Figure 1(B)10.
‘;20- Flow sheet of the test apparatus is BhOWn in Figure 2(B)10..

B.‘  Test Procedure

"1.. The quantity of injection 11qu1d is coutrolled by putting en
orifice in the pipe of each liquid.

i,The following compositions were used for the injection liquida:

Solution A.o--...--......ao wt. % H202
230, wt.% NHz.NHz.Hg0
_ 37 wte% cnsou
SOlu‘bion-B....-......... 15 wt. %
2.7 gm/lit K;:,Ezu(cn)qj
A B:: 10 : 3 (by weight)

©-81x liters of solution A and three liters of solution B were used in
. experiments. The rates of injection for both seolutions were select-
: ed,as.follows. :

] Solution A 600 gm/sec; i.e., 435c0/sec. (d=1.38 gm/cc at room 'liy)mp.;
¢ Solution B' 180 gm/sec, i.e., 20000/sec. {d30.91 gm/cc at room emp. )

2. After £illing up tank a (See Figure 2(B)10) with solution a and
. tank B with solution B(C is a spare tank) end opening valve G,
valve D is opened slowly.

1
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5

In . starting, after the internal pressures of both tenks A and B
reach 3 kg cm?, valves E & F are opened to let both solutions flow
in;6 the combustion chember. After starting, velve D is opened so
that the internal pressure of both tenks resch 25 kg/cm2 for a run-
ning condition of continuous combustion. :

The internal pressures of both tanks: are always adjusteg by control-
ling velve D to maintain the above pressure of 25 kg/cm I the
int;ernel pressures of both tanks are 25 kg/cm®, instead of 3 kg/em?,
from the beginning of the test, excess solution accumulates in the
combustion chamber during the latent: period, and a sharp explosion
occurs which usually dameges the thrust unit, gas analyzer connec-
tion, and internal pressure indicator. '

3. Measurement. During combustion: the following data are neasured.

a. Internal pressures of combhstion chamber with é pressure
gauge and e piston and spring type indicator. (Maihak type)

be. Thrust with =& thrustmeter of the magnetic striction type.
(Sea Pigure 3(B)10.) i :

¢. Gas enalysis by Orsat method (See Figure 4(B)10.) Gas
analysis was planned, but not ectueally performed.

4, After the experiment is over, velve G is shui;. Valves H and I
ary opened to send wash-water from tanks J end K %o the combustion
chamber through tanks A and B end the connecting pipe linqﬁ.

C,» Suuwpary of Data

/i 1. Results of experiments on the combustion of hydrogen peroxide
of different concentration using Nozzle No. 2 are shown in Table
I(3)10. The results are plotted in IMgure 5(B)10.

These experiments were made in summer, and therefore, the tempera-
tures of the solutions were comparatively high. IExperiments in .
collder weather are necessary. : . )

2. Results of experiments on the influence of the ahount orladded
catalyst (Potassium-cuprocyanide) using nozzle No. 2 are shown in
Table II(B)10. , N

B.Ji Experiments on pulsating combustion due to different types of
injection nozzles. . ; .

No pulsating combustion occurred when injection nozzle No. 2 (in
Pigure 1(B)10)was used, but pulsating combustion occurred with noz-
zle No. 1. The indicator curves (Figure 6(B)10)show distinct dif-
ferences between the two types of combustion.

II1. CONCLUSIONS

' The testing procedure seemed to be satisfactory.

“The small amdunt of test date available, &s shown in the summery, is due to
the short pekiod of time that this research wcrk was in progress. B
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:
’ Table I(B)lo
. COMBUSTION OF VARYING CONCENTRATIONS oF HgOg
lcone. of Internal Pressure of "-Thrust Note
i'| Hz02 Combustion Chamber 5
| 80 wt.% 10 kg/om? . 80 kg Standerd
75 wtob 9 kg/em® . 75 kg Nearly seme as that of
. P ; 80% cong. of Hp0z.
70 wt.% 8 kg/om ' 73 kg Somewhat reduced combus-!
. \ tion.
| 60 wt.% . 6 kg/om® | 40 kg Can be ignited but com-
v ; = : bustion is very mild.

*Nozzle No. 2.

= Table II(BIlO

EFFECT oF CATALYST‘CONCENTRATION ON COMBUSTION OF Hp02*

. |catalyst. added|Internal Pressure of ¢
(gram/liter) | Combustion Ghember Thrust Note

: . (kg/cm®) - (kg)

0 9.5 78 Sound of combustion is B
- low but inter. press. and
- N\ thrust ere normel.
l 10.0 78
2 905 80
WF* 10.0 80 Results about equal
' 6 10,0 78

g 9.5 80 )

. *Yozzle He. 2.
*tgtandard amount of catalyst.
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