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“RESTRICTED

Il

The synthesie or hydrazine by Raﬂohig's methoa waa stu(ued

and tha rollowing raw materiala were. uaed' SR

2 5~30 % water solution or amnoni
-~1~8 N water solution-of godium hypoohlorit.e
104 water Bolution of glue e

—~The results-of the: experimente were a5’ fonows. ’5“?’-

To increase the gield of hydrazine, muoh excess of NH should
be used, The, mol-ratio of NH3/ NaOCl should be more han 20.

' The temperature of materials should be 09¢-209¢ before mix-
ing, end the time required for mixing must be short. - :

It is suffioient to heat the mixture of materials to 50°C to .
“complete Bhe reaction, but it 1s necéssery to heat it to
about 100°C to reoover the excess of NH3.

If. the glus 18 absent, the yiald of hydrazine 1s much reduced.
The glue should be edded previously to the solution of NHz,
and 1t is sufficient to use 0. 05 em of glue per 10000 of the
mixture of materials,

All types of glus, gelatine, oerisine of silk, peptone, or a
__solution of chrysalis were found to be suitable. o

If treces. of heavy metal ions are present, the yleld of hy-
drazine is muoh reduoed

In the laboratory test, 95% of the excess of NH3 oan be re-
covered, . B

INTRODUC'I‘ION ;

- As-- Higtory nfrtheaPrbject - I L EEETIRILL L “":' T L e T

In July 1944, we viere ordered to study the synthesis of hydrazine from
NH3 and NeO0l. This reection was reported by Raschig(l) in 1907, and the
equations are as follows:

. NHz + Ra0Cl ——> NHgGl + NaOH
- NHz + NH2Cl — NHz-NHgHGl

2NHy + Ne0C1—3» NHz-NHgHp0 + NaCl

“Re A. Joyner(2) also made a detailed report of this reection, It was de-

sired to reproduce their experiments eand decide on the conditions for the-
large sosle production of hydrazine. when our laboratory experiments
were finished, the large scale produotion of hydrazine was being carried
out in a oivilian fuctory, so the plan was dbandoned.

The flow sheet of‘the pilot plant for hydrazine synthesis 1s shown in -
Plate I(B)8, but this pllot plant was not used, Sumall emounts of 80% 80~

lution of hydrazine hydmte wore made as samples,

.
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I1,  DEPATLED DESGRIPTION

“A. V'Deéorigtiog” of'f.l'ést"}‘\pp;a‘z'é%ué: .

. ‘Chem. :Eng. Lieut. {8, ENDO :

In"this study only glass beckers, flasks and ‘poroqlain dishes were used.

B mest Proveduwes .
1. ' Preparation of Baw Maﬁerialé' ' S

- 8. Water solution of NHz, ordinary commerofal solution of
-7 N3 (ohem, pure) was used, . T

R e AR S S B e B et L R s

b. A -water solution of NeOOl was prepared as follows; Put

. 500 grams of bleschiug powder.in 2.5 liters of water, and add
600 grems of NagS0si. After a few hours, filter the solution of
NaOOl. through a filter-paper, and measure the concentration of
NaOCl with fodine. - )

G. A water solution of ordinary glue was prepared.

2. The deteils of test proocedures end conditions wers as.follows: -

~ Mix 1000cc of a 3.1% NH3 solution end 1500 of a 10% glue solution,
then edd 5000c of a 1.6 N Na0OCl solution in a porcelain dish. Heat
the mixture quickly, boil it for about 20 minutes, when 1t will have
evaporated to about 1/3 of ite original volums, When cold, add-an
:6x00e8 of cond. :Ha804 -s0lution, -and cool. Hydrazine sulphate Crys-
tallizes out. ’gifter-thencrystéls, wesh with aloohol, dry in en

- alr bath at 1009¢, weigh, measure the purity with lodine, end celou-
late the yield of hydrazine based on the consumption of NeOCl,

Qe Experimontal BOSULES .. o mi s e S

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

Prom Table I(B)8, it is. obvious thaﬁ to increase the yield of hydra-
zine a large excess of NHz must be used. In large scale production
of hydrazine, the ratio of NH3/NaOCl should be 20~40,

2.  Effeot of vhe tenmperature of mixing on the yield of hydrazine.
The mixture of NH; and glue wau kept at constant temperature in a 3-
neoked flask, and the solution of NaOCl was edded at the seme tem-
perature, then heated to 50°C and kept at ‘this temperature for 5 min-
‘utes. The solution wes divided into two parts and the yield of hy-
drazine wes. measured by lodometry on one portion and the other por-
tion was boiled es stated above, . c .

The results‘of.the experiments are tabuleted in Table I1(B)e.

From this teble, 1t 18 obvious thet when the temperature of mixing is
- @8 high as 250C, the yleld of hydrszine decreasesy — - i .
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+.-.The yleld of

the mixture rose from 1090 0-1700): - In. Exp.-No.> 15 the temperature
of the solution of NHz (qontaining glue) wes. kegt at710%0 ‘and the
solution of NeOCl wes a&dedwelowl{z at- the  seme temperature, (1t took .
“about 1 hr, tb dompletd the:roact on), and:then treated as:gtated. . ..
-xggozgs. The results of these experimenta are recorded in Table.: - - -
. -ITI(B)Be B L A R I ol o S

"It appesrs thet better ylalds of ky tatned ien the -
solutions ere mixed rapidly then when they are mixed slowly. RN

‘4, PEffect of the Temporature of Heating on the Yield -of Hydrazine.

. The solutions were-miXed & , neated &t oonsvant. stirring,. Xep
at-a fixed temperature for 30 minutes, and the yleld of ‘hydr&zine '
measured by iodometry. From this experirent, it appears that the

- reaotion is completed at. go‘?c, “but-thet when it 1s necessary to heat-

"~the selution-to 9090<,100°0-to recover: excess NHs,-small.amounts of...
hydrazing are avaporated with NHz and water. The results are shown

in Teble IV(BIBs . ..

5., BEffeot of Concentration of Glue on the Yield of Hydrazine, it
the glue 1s cosent 1n The mixture, the yield of Ey&?az*ne 15 muoh
reduced. To-examine the necessary emount of glue, from 0.001:t0 1
gram of glue per 100cc of totel solution was added to the mixture of
raw materials. -When the glue 1s previously sdded to. the solution of .
Na00l, tho yleld is much smeller than the cese in which glue.is pre-
~ yiously "64ded to-the-BolULIon-Of NHF e i oot wio s e

6. Various types of glue; golatine, cerisine of silk, peptone, and
& solution of ohrysalis ere all useful and heve the seme effect in
this reaotion. (No experimental detum is ‘evaileble).

7. If even treces of heavy metal ions (espeoially Cu*?, Fe*t , F&™

eto.) are present, the yield of hydrezine is much reduced. (No ex~
perimental dstum is available). v . '
8, Reocovery of exoess ammonia and“generation-of nitrogen by pide--
reastions. : ; , : :
To measure the amount of Np generated by the side reactions, a 3«
neoked flask was used as & olosed reaction vessel, and all the gas
generated from the reaocting solutions wes gathered. The gas was’
washed with dilute HaSO4 solution to recover the excess’ of NHz, and
the wmount of Np was meesured by ges analysis, The results of this
exporiment were as follows: :

Rew materials NHz solution 31% 1780c (NHz 49.5gm) |
N001 solution 1.44 N 10000 |
Glue soiution ;096 a'.ecé"
Yleld of NHH3S04 45.2%
Reoovered NHj3 44_.173#1, . |

Gathered Np O.8gm -
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IXB(N)EE

R Material balence:of. NH3

~Rew-Material— ‘ 495 5gm——————100706%

;A8 product  (NpHaHpSO04): . = Bu3gm’ v 00 4.65%. ..
‘Recovered .- = . .. 44.,17gm ;.0 89.38% . ...
Losg. .~ . - T i -3403gm .. 0 Ba08% 0

JA8 Nproco o o T OeBgm L a8
‘From this data, it is the opinion of the authors that Nz 18 generated
BB O OB e e e
. NHz* NaOCl —> NHzCl + NaOH

NH3 + NH2Cl —3s NH2NHpHCl :
. NHpNHgHOL + 2NHpCl—>2NH4Cl + HCL + Ny

III. CONCLUSIONS Do o
The synthesis of hydrazinme by Raschig's method was studied, The necessary oon-
“dltions to obtaln hydrazine with high yleld were as follovis: S

The mol-ratio of NH3/Na0Cl must be greater them 20.. ... . e

The raw materials should be mixed quickly at tempersature below 10°C.
Before mixing the resgents, 0.05 gram of giue per 100cc of total solution
must be dissolved in the solution of NH3z. . o

All materials must be completely free from heavy motel ions. * °

In this way the yield of hydrezine is 35, 45% (qalbulated from the consumption -
‘of Na0Cl). It is thought thaet in large scele produstion of hydrazine there
" will be technical difficultf{es in regard to the following:
Purlty of rew materisls.

Recovery of excess of NHz.
Reaction vessel. (Metel vessels are all inedequate for thie reaction.)

Notes - .

Physical end Chemicel Properties of Products. '

The 80% solution of hydrazinehydrate is a colourless, corrosive liquid which
fumes in eir end smells like NH3. Specific gravity of solution is abcut 1,03,
end b.p. is about 113°C. This solution absorbs molsture and COz from air, and

'is slowly attacked by Oz with the liberation of No, and miscible with water
in all proportions. . o .



Table I(B
EFP'ECT ox? NH3/NaO RATIO.ON

| Expe Fo. o Soéno;:?%) ) | v
1 1000 | 31
2 50 |3
3 s | 31
I 595 | 31 | 00 ,
5 59% | 2 200 | 222 |,
6 |28 | s 2000 22t
™ 36 [ 29| s0 | La |
g# % [ 29 | w00 | 0052 186
9% % | 29 | 100 | 0.0052] 1e

#Yield detormensd by iodomstry
viRaw materials cooled to 109C betore mid.ns

e n(a)s ‘
EFFECT OF TEXPERATURE OF MLXIN ON YIELD OF

h]
. Raw mterial NH3 . 31% 17803\
NaOCL L. 100cu]
Glue - 10%‘ 2,8
Exp. Yo, _ Mxing Lo
. Temp °C  |Required Time: ).
10 -6 {13
n 0w | B
= " e
13 A5 S &
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'I'able III(B)B
YIELDB 01’ HYDMZINE

m{;/mocn 20
mocl 1.25 NlOOw

Rawuaterma NH3 29% 16300} ey
Glue 10$ h.Sco ----- S

" Exp.No,| Yathod of }.ﬂ.xin.g ‘Temperature | Yield'
o mi.x. aolna. at. a tme 10f1790' 46,5

15 oix,- solns,. Blmvly . 1000 - 38,7
" - Table IV(B)8 s
EFFECT OF HEATIIG TEMPERATURE ON YIELD OF HYDRAZINE
- ,ﬂ.ﬂésﬂwsmk;;,;;, L 31¢ o l89ce

Na0C1 1.5 N "100ce
. Gue 0% T huee T

Expe No. | Temp. of Heating [last Volume | Strength | Yield of Hydrazine
-o¢ ce of Alkalis 3
quma.lity ‘
% | w ] w | sew | o
17 30 250 ¢ |, L5 412
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 | us | o067 | 356

#Solution heated quickly -

90.



% Rav. materitl »NH3

'I‘able V(B)B
0

- NaOCl

Glua .

(I) Glun pravioual.y added to aolution of }1}{3

31% L 13hee.
L8N 6bce
0%

9N

“Bapallog oL ag— | booas [ as T Tae |
| olwe gny100ce - | -ow0n| 0.01] 005 02} 0.5 | 1.0
| waosoyvied (2) | 36,2 | 3n.e | w2 | 42 | a7 |42
‘(I.I) " Glue prévious]y added to solution of NaOCl,
| Expuio, 29 0 | 51 |32 |33 |3
-1 e1us"gayad0ea | 0,001 {000 | 0,05 | 0.1 |0y 08 |
NoHH2S04Yi0dd (%) 24,8  [30.7 36,0 [80.1 [26.4 |42
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