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PART I. QUANTITATIVE DETERMINATION OF HYDRAZINE



Inveatigation of methods for preparing quantities of hydrazine
of 95% concentration or greater necessitated a rapid, convenient
snalytical procedure. A search of the literature revealed no re-
cent survey of analytical methods, Two summaries of work by ine
dividual investigators were published im 1934 (1,2) but no complete
aurvey has appeared sinoce that date. The importance of hydrazine
as a rocket fuel has fooused atitention on methods of producing
hydrazine in tonnage quantities, with consequent increased interest
in and need f-ai' analytioal or assay procedures, The instability
of free hydrazine and the eass of catalytic decomposition make
necessary frequent analyses,

Stolle (3) reported that hydrazine in bicarbonate solution
decomposes slowly. Bray and Cuy {3) obtained similar results for
solutions containing a phosphate buffer at pH 7. They assumed
that dissolved oxygen was responsible for the decomposition since,
in a olosed, unshaken flask, 0,9% of 0.1 ¥ hydraszine disappeared
in the first two hours and only 1.9% in the next twenty~iwo hours.
From an open flask a loss of 8,1% in 48 hours was noted. They
confirmed that oxygen was csusing the decomposition of the hydra-
zinej by excluding axyém, the decomposition of an alkaline hy-
dragine solution was negligible in 24 hours (4), Work by Brown
(5) in this lsboratory demonstrated that supric snd mine lenms,



as well as manganege dioxide, ocause catalytic decomposition of
hydrazine, The observations of Gilbert (8) were extended by
Brown (5) to show that atmospheric oxidation of hydrazine in
solutions up to 0,8 ¥ is catalyzed by caustic soda; the cataly-
tic effect reaches a maximum at 0,03.0,03 ¥ NaCH, Concenirs-
tions of sodium hydroxide greater than 0.30-0.40 ¥ effectively
inhibit this oxidation. |

Beosuse of the need for an anaura$evquantitativa method for
hydrazine, this summary of analytieal procedures was prepared
from a oareful survey of the literature., Several of these proe
cédureﬁ were checked by the author on samples of differing hydra-
gzine content. The avallable methods and reagents used for the
quantitative datarminatian'af hydrazine are:

1, *DMreot_acid titration,
2.**Conbination acidimetrie and lodate.
3, *Direct jodate, using solvent.
4, *Direot iodate with internal indieator.
- B, Indirect lodate,
8, *Direct iodine,
7. Indirect iodine,
8, *Direct permanganate,
9, *Indirect permanganate,
10, Bromate,
11, Ferricyanide-ceriometrio,
13, Sodiun-p-toluoclsulfonchloramide,
13. Bromine and hypochlorous acid methods,

*Denotes methods checked in the present study, |
**in originsl method proposed and evaluated by the author.

The ususl requirsments of agcuracy and reproducibility are



extremely lmportant in the analysis of hydragzine, since oxldation
of hydrazine can result in a variety of products. Principal pro-
duets which have been observed are hydrazoic aﬁid,‘nitrag&uﬁ and
ammonis (2,4,7). A4n oxidising agent such as permanganate which
is satisfactory in the presence of hydrochloric acid, gives a
variety of side products if sulfuris acid is used (1), Potassium
dichromate is useless if oxidation %o nitrogen is desired (4,7).

Ammonla is a decompesition product of hydrazine as well as
a raw material for its production. Thus & desirable analytical
method must be specific for hydrazine in the presence of asmmonia.
In addition, the method must be applicable both to free hydrazine
and to hydrazine salts. Since side reactions (2,4) can be in-
fluenced by various oconditions, such as acld concentration; type
of oxidizing agent, or presence of metallic ions, it is sdvisable
t6 check any analyticsl method for reproducibility where umusual
conditiens are sncountered. The rapidity and suitability of a
method to routine analysie are, of course, other factors %o be
considered.

Since a direct titration is better in prinoiple, and more
convenient where analyses must ve made frequently, the indireot
jodate and iodine methods were not ohecked, even though exeellent
acouracy is claimed for them (1,3). The bromine and hypochlorous
aciﬁ.aaﬁhadn were not evaluvated, the resgenta being of an objeow
‘tionsble mature, Because of the similarity between the lodate
and the brnmakévmﬁibﬁﬁa, the latter was not checked, The exper
iense gained through several hundred analyses has shown that the



direot lodate and the combination acid-iodate procedures are the
most suitable, especlally when free hydrazine and/or hydrazine in
basic solution is to be determined. For completeness, all the
methods listed above are described in detall in the experimental
seotion, even though several of these were not evaluated experie
mentally.

Recommended technigues for handlinz @olutions to be anslyzed

a) Since solutions conteining free hydrazine in appreciable
conoentration are subject to oxidation by atmospheric oxygen,

fume badly, snd pick wp earbon dioxide, all sample weighing should
be made using weight burets or pipets.

b) The hydrazine should be added to water containing a slight
excess of aold followed by dilution in a volumetric flask to ape
proximately O.1 N (0.085 ¥). Where iodate oxidation is to follow,
bydrochloric acld should be used. Hydrochlorie acid is preferred
to sulfurie aoid since the hydrochloride is more soluble than the
sulfate, Such acld solutions are stable for long periods.

¢} In the acidimetric titration of free bydrazine, recently
boiled (oxygen and carbon dioxide free) water should be used for
dilution of the mawple,

d) with suffielent cars, the use of mioro pipets has been
shown %o give results which are aocurate to within 0,1%.0.3%,
especially where very small amounts of concentrated hydrazine
solutions were analyzed. MMiore pipets, 115.580 mioroliters in
volume, were constructed from capillary tubing by blowing two



tiny reservoirs and drewing the capillary down at both ends.

Using a 1 ml. hypodermic syringe, the pipet was filled with the
liquid to be analyzed., Since the openings of the capillary were
extremely fine, the pipet could be wiped and weighed with no ad-
ditional preceution against hydrazine loss., Furthermors, the re-
sulte in Table 1 show that the reproduoibility of £illing snd
transfer of the contents is excellent, In effecting discharge

of the plpet, the tip is placed beneath the surface of 50 ml. of
boiled water and the contenis are expelled by depressing the plun~
ger of the syringe. The $ip is moved to anoiher seotion of the
1iquid, filled and emptied twice., Finally, the tip iz washed with
a few drope of distilled water and quantitative transfer is oome
plete, Before re-use, the pipet is dried by connecting it to the
laboratory vacuum line and drawing alr through 4%.

A rapld and convenient method for the analysia of free hy-
drazine involves titration with a stromg acld, The tifration was
followed with a pH meter, sad elther meihyl red or methyl orange
were found to be satisfactory indicaters. Is the preliminary oz
periments, 0.1000 X aul:aaiu aoid, a convenient, solid, primary
standard was used. 1% was found that this aoid concentration was
too weak, giving an indicator errex. As a resuls, 0.5000 § KOl
was used, and was standardized against froshly prepared NapCog.
Typioal titration ourves are depieted in Figure 1,

| The fiﬁ indicators are satisfaotory if used correctly. The
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true inflection point falls in the lower (more acid) range of
methyl red, and in the upper (more basic) range of methyl orange.
Results of analyses using both indiocatora appear in Table 1. The
samples were taken using the micro pipet technigue desoribed ear-
lier and weighed about 0.6 grams each.

99,88 methyl orange to color

100.00 99.83 av. of pH 4 buffer
99.90

99.94 methyl red to color
99.88 av. of pH 4.5 buffer

In the presence of ammonia or other base, the acid method
will not indicate the true amount of hydrazine, However, combina~-
tion of the acidimetric with an oxidimetric method on any one
sample, in that order, ylelds a procedure for determining both
total base and hydrazine. For example, a hydrazine solution after
titration with standard acid can be t3rated using the lodate me-
thod., The difference in the two titres gives a measure of the
amount of other basio components that are present,

To oheck the soouracy of this method, a synthetic mixture
was prepared containing & known amount of ammonia and hydrasine.
In & weight buret, 85.4587 g. of 53.67% hydrhzine was mixed with
4,8630 g. of 17.86% ammonia, The contents of the buret were thor-
oughly mixed and four samples were taken using the mloro pipet



technigue previously mentioned., The results are recorded in Table

3.

Sample ml. of mkL, of 0,1004 ¥  %NgHg % NH.
wt.,g. 0.3993 § KIOz for 100/350 obsd. obsd.
~ HCL aliguot , -

0.5908 323,96 33.48 44,33 2.92

0.5908 33,94 33,51 44,36 2.87
0,5927 33,03 32,57 44.21 3,92
0.5908 33,95 33.51 44,26 3,88

HoHg + KIOg « SHCL —> KCO1 « ICL « Ng » 3HZ0

In the presence of concentrated hydrochloric acid (4 ¥ or
asbove) hydrazine can be titrated }ﬁimc‘&ly wit:i standard iodate
solution. The addition of iodate is continued until the lodine
color is discharged. Aotuslly, the initial reaotion involves re-
duction of iodate to iodine, The latiem' is subsequently oxidized
by additiomal iodate to ICl, reanlting.m the diéappearwae of the
iodine color. Partial reactions can be written representing these
various steps.

NgHg = Ng + 4H' o+ 40”

Se” + I03 + SH' —=> 3H30 + 31

g+ 07 ~> 100 4 "
A few ml. of GHOlg or OCl, is added to dissclve the iodine, the
end point being reached when the solveni layer is decolorized. |



A sample of Merk's "Sultable for Micro Analysis" hydrazine
sulfate was recrystallized and drled at110% ¢ and then #itrated
using a 0.4000 ¥ (0.1000 M) solution of Baker's KIOz.  Duplicate
analyses were made, the mecond sample containing 0.5 g. EH401 /5.
NgH4.HS04. Results of these test runs indicated 100,1 and 100.0%
purity of the hydrazine sulfate, These experiments confirmed the
literature claims (3) to the effeot that the presence of ammonium
salts does not interfere with this procedure,

Sinoce reagent lodate oocaslonally contains some periodate,
it is recommended that each new bottle be ¢heoked against recry-
stallized hydragine sulfate, Reorystallized potassium dichromate
and potassium iodate were compared and the iodate was used to ana~
lyze the reorystallized hydrazine sulfate. Results agreeing to
within one part in = thouaaﬁd vaxe‘abtatned. Thereaiﬁer, each new
bottle of reagent jodate was checked against the hydrazine sulfate,

Since ehe‘éné‘point depends on the appearance of iodine and
its subsequent disappearance by oxidation %o ICL, it is necessary
to keep the normality of HOL within certain 1imits, preferably bew
tween 3 and 5. The importance of this requirement was demonstrated
by the following experiment: one-hundred ml. of concentrated hy-
dorchlorie acid (13 }) containing K10z and an excess of hydrazine
was progressively diluted with water and shaken with 5 ml. of CCl,.
The results appear in Table 3. It will be noted that IC1 is suf-
ficlently stable in a@n@eﬂtz&&aﬁ”hyﬂraéhlariu aéid {presuwnsbly as
xelg‘) that it is not reduced té igdinéfby‘hydragiha unless the
concentration of hydroohloriec acid is less ihen 7.8 §, However,
the reaction between hydrazine and lodate (in HOL) to form I0Lg™



9

ocours immediately, 'The influenge of hydrochloric acid concentra-
tion on this reaction seems to have esmcaped attention by previous

workers.,

13 Hs evolution and formation
a¥ 1Cl observed immediately,
No iodine color in solvent,
agueous solution yellow.

8.3 Appsarance of faint ilodine
color in solvent, aqueocus
Solution yellow.

7.2 Definite lodine color in
solvent, agueous aolution
slightly brown,

6.8 Deep lodine oolor in solvent,
aqueous solution brown,

Concentrated HOl, standard K10y, (HCLy or GClg.

To a glass-stoppered flask containing the solution of the
sample add 20% more than sn egual volume of concentrated HO
{12 ¥) and § ml, of CCly. Add standard lodate solution until
the agueous layer beging to ehangaﬂfwem 8 dark brown color te a
light yellow. At this peint add the lodate drepwise and shake
the soluiion vigorously after the addition of each drop. When
the lodine color 1s completely dissharged frem the solvent layer,
the snd point has been reached, The final aarnali@y of HOL should
be between 3 and B. |
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The procedure is the same as given above for direct iodate
using solvent, except that 2 water-soluble dye is used instead
of the solvenit. Amaranth and Brillant Ponceaux 5R having British
Colour Index numbers 184 and 18B, respeciively, are satisfactory
for this purpose. (These dyes are known under the National Ani-
line Co. names of Wool Red, 40F, and Brilliant Soarlet, 3R). A
0.2% aqueous solution of either of these indicators is nmade upj
three to five drops are sufficient to give a distinet end point
in 350 ml. of solution. The dyes are not affected by hydrochloric
2cid, iodine, or iodine monochloride under conditions of the titre~
%1@3@ but are readily destroyed by a trace of fodate in 3*5'3_361
at temperatures above 30° C. The heat of dilution of concentrated
HCL to 5«8 N is sufficient to raise the temperature sbove this per
- missible minimum, The addition of the indicator is delayed until
the end point 1s approached, that is, until the lodine color begims
to lighten, The iodate analyses presented in Table 2, page 7,
were obtalped using this method.

Lodate method L8
4H* o BligHg + 4103" —> BNg « 313 1300  (A)
BH® « BI” & 105" mw> 3Iz e 3Hgd (B)

The oxidation of hydrasine to mitrogen by lodate proceeds
slowly in neutral or alkaline sclution but is rapid and quantita.
tive in acid solution. Both hydrazime and iodide lons reduce

lodate $0 iodine; the hydrasine sample in acid solutien 18 treated
with an excess of iodate and the excess iodate is determined by
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addition of potassium iodide. The liberated iodine is then titra-
ted with thiosulfate. In 0.5-2 ¥ sulfurie acid, reaction (A) is
complete in three minutes. Addition of iodate dropwise to hydra-
zine solution, or the reverse addition, has no effect on the accur-
acy. In alkaline siutlon, however, the reaction does not give
guantitakive resulis.

KI, starch solution, standard KIOz, standard RagSs0s, 4 X
sulfuric acid.

 To a given volume of standerd fodate, 30-50% in excess of
f:ﬁha.:k needsd to oxidize the hydrazine, add an equal volume of 4 §
sulfuric aeid, Add the hydrazine sauple to the solution, After
five minutes add potassium iodide in excess and titrate the liber-
ated iodine with thiosulfate,

NgHy « 313 > 4HI » Np
Hydrazine can be titrated directly with atandard iodine

solution 1f the pH is regulated to 7.0-7.4 and 1f the last drops
of iodine solution are added a% intervals of a few seconde. At

& pH lower than 7 the reaction is quentitative but very slow. JIf
the pH is greater than 7.5 the mé‘khmi gives low resulte, Vsing

0.1 § I solution, one drop will give %o 200 ml, of the sclution

& perceptible yellow eolor that is permanent for several minutes,
Against a good light and a white background the end point is eamsily
diseernible. | |
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The presence of ammonium salts was found $o0 have no effect,
since triplicate snalyses used 33,96, 23.00, 33.99 ml. of standard
Iz (last sample oconiained 0.5 g. NH4Cl).

In experiments by the author, no reagent blank was subiracted
since 150 ml., of water containing 0.5 g. XI (amount present after
& normal titration) snd adjusted to pH 7.0-7.2 with NaH0Ogz re-
qulreci but 6.93 nl, of standard lfodine solution.

Standard I, standard NagSp0y, KalCOa.

A hydreazine sample 1s diluted to c¢s 150 mi, in a 800 ml.
beaker conteining pH meter eleotrodes and a stirrer, Solid HaHCOz
is added until the pH has been adjusied to 7.0.7.2 and standard
iodine @solution is added., Additionsl NaHCO3z is added whenever ne-
ecessary to maintain the pH 4n the desired range. When the yellow
color begine to linger for a fraction of a second, the rate of
fodine addition is decrsased to one drop/five seconds. At the
equivalent point the goloxr will persist for several minutes., Ree
ference has zlready been made to the fagt that hydraszine is readily
oxidized by alr at a pH above 7. In carrying out this procedure
it would be desirable t0 eliminate this possible source of error,
by introducing nitrogen gas into the container.

The oxidation af hydrazine by lodine oceurs rapldly in aﬂ.kam
line solution. To prevent errors resulting from the formatien of
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lodate, a large excess of iedine i8 used and the lodine is added
to the hydrazine solution before addition of the slkali, Errors
due to loss of hydrazine from alkaline solution are reduced by
rapid addition of the iodine. Following %ha,zaxéwnend&& order of
addition, an ascursscy of 0.2% is achievable.

te_requir
Standard lodine, standard thiosulfate, 3 }§ WaOH, 3 N HyS04,

B

starch solution.

The hydrazine sample is placed in a glass-stoppered flask,
an excess of standard iodine solution is added, followed by an
excess of alkall., After two minutes the soelution 48 acidified
and the residugl lodine titrated with thiosulfate,

nenganate method

BNgHg » 4n0g" + 13H -y 5Nz + 16Hgz0 + 4™

In boillng 1 Y HCl seclution hydrazine can be titrated with
BinOg4, The author found that the end point faded rapidly, The
procedure is not recommended,

To 40 al, of 0.1 K hydrazine solution add 30 ml. of 4 ¥ BOYL
dolution, heat to boiling and titrate with 0.1 J KunOy until the
solution is pink, The end point is flesting.
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SNgHg + 4Un04” —w> 4UnOp 4 3Ng » 40H™ « 4Hz0 (alkaline solution)
Koltheff (1) claimed to have achieved excellent results by

the oxidation of hydrazine in alkaline solution with excess per-
manganate and back titration of the excess in aocid golution using
KI and thiosulfate. The author found, however, that the perman.
ganate method was subjeot to erratic veriations, amounting fre-
quently to 1% and ocoasionally %o as much as 3-5%. The deviations
on duplicate titrations were often as large as 0,5~1%, In compar-
ison with resulis obtalned by the iodate and fodine methods, the
errors using the KMnO4 method were always negative, i.e., gave
lower yalues for hydrazine content. Xolthoff based his claims on
the anslyses of a standard solutiom of hydrazine aulfate, whereas
hydrazine solutions of widely differing concentrations, some con-
taining acid and others only free hydrazine, were analyzed in
checking the method,

In an effort to determine the cause for the observed dis.
orepancies, the order of addition of resgents was varied; that 1ie,
bydrazine was added to alkaline permanganate rather than the ree
commended procedure in which permsnganate is added to the alkaiine
hydrazine solution. BSince iodine is subject to oxidation te lodate
in alkaline solution, the addition of KI was delayed until after
ascidification. However, the method #till gave results which would
frequently deviate 1% or more without spparent reasen. It was
concluded that the method is capable of giving reproducible resultis
only 1f earefully standardized and repeated exactly under those
oonditions, Typical resulte are presented in Table 4,



96,9
98.3
87.4
99,1
10.04

11,63

13. 39

{a) Order of addition:

10.02

12,00
13,58
19.75

4‘»'&455 "

(b) Order of addition: NgHy, NaOH, KunO,, KI, Hg80,.

and starch ﬂelu%im.‘

Standard KMnO,, Standard NagSy0z, 4 N NaOH, 4 } Hg80,, KI,

An excess of stendard KinO4 is placed in a 500 ml. condi¢al
flask containing the hydrazine solution and ten ml. of ¢ K FaOH.
8ince the reduction in alkaline solution yields MnOy, the norma~

14ty is three-fifthe that in aold solutien,

After 30-456 minutes,

3 g. of KI 1s added and the solution is aoidified with 20 ml, of
4 } HaSO04., The liberated iodine is titrated with thiocsulfate.

st NFIS% t TR RALIANG. X A g ek L

This method is eseentially similsr %o the iodate procedure.
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If the titration 1s carried out at room temperature and indigo or

- methyl orange is used to detect free bromine at the end point, an

excess of bromate 18 required. The excess oan be determined iodi-

metrically. In the presence of 6 J HOl the reaction is quantita-
tive if begun in hoiling solution. Reference (11) mentions the
usé of phosphomolybdic acid as indicator.

The oxidation is accomplished by adding excess ferricyanide
in basic solution, acidifying with HClL and determining the amount
reduced using standard oeric sulfate. The amount of excess zlkali
was found to be without effect. The final acidity should be less
than 1.8 ¥ in HOL. It is stabed that oxidation of hydragine is not
complete if insufficient excess ferricyanide is added. However, a
large excess of ferricyanide must be avoided sinoe the end point

cannot then be seen easily.

Standard ceric sulfate, 6 ¥ H0l, 0.5 ¥ KzFe(CN)g, 0.5 X
Felly, 6 N NaOH, |

PAlute 35 mi. of 0.1 J bhydrazine solution %o 60 ml, in & 350
ml, oonical flask, add 10 ml, of 0,5 Y XazFe(ON)g solution, followed
by 10 ml. of 6 N KaOE, Shake gently for one~half minute and allow
0 stand for two minutes, Add 30 ml. of € J HCL and titrate with
wmam i ewiu sulfate selution until the green color just
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disappears and the solulion assumes & brown c¢olor, 4dd 3-3 drope

of 0.5 } FeOly solution just before the end point for a sharper
eelor change,

The use of Chloranine-T, (namé given above) is deseribed in
reference (13) and involves a patenﬁi&me%ﬁie titration of hydra-
gine solutions using that reagent, A modificatien 18 %o substitute
COhloramine~T for iodine and proceed a® in the direot ilodimetrio
analysis,

Bromine and hyp

For the sake of completeness, two other methods are menéiane&,
bromine oxidation and hypochlorous acid oxidation. In the former,
excess standard bromine solution is added to a dilute ascid solution
of hydrazine and the excess treated with KI after two minutes, The
lodine is titrated with standard thiosulfate solution. The hypo-
ohlorous acid method Involves addltion of the hydrazine sample to
& buffer of mono- and di-sodium phosphate (pH 7) followed by addi-
tion of excess atandard hypochlorous acid, After five minutes, XI
and salfurlc acld are added and the lodine titrated as before with
thiosulfate,

1) A survey han,haaa maﬁa,af methods xeaardaé in the litera~
ture for the q#aniita@ivv aaﬁa&mtﬂ&i&@ﬁ of hy&xa&ine, The advan-
tages and disadvantages of these varlous procedures have been eon~-
aldered mnd the most promising methods subjected to experimental
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atudy.

3} Fxcellent and reprodunible results were obiained using
elther a) the direct iodine, or b) the direot ilodate method with
solvent or with indieator,

3) The direct asecid titratlon of free hydrazine with 0.5
HOL %o either the methyl red or methyl orange snd point, follawed
by icdate oxidation, 18 a useful ocombination where ammonia and/or
other basio constituents are present,

4) The use of micro pipets is recommended for the anslysis
of concentrated hydrazine solutions.

8) Prompt acidifioation of bydrazine samples prior %o analy-
218 is recommended to avoid carbon dioxide or moisture sheorption,

or loss of hydrazine by air oxzidation.
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PART II. PREPARATION OF ANHYDROUS HYDRAZINE



PARY IX.

The interest in anhydrous hydrazine for possible use as a jet
propulsion fuel prompted the author to undertake first, a coritiesl
gsurvey of recorded procedures for the dehydration of hydrarzine hy-
drate, and secondly, an experimental study, hased on certain theor~
ebical premises, of an improved process for the production of anhy-
drous hydrazine. Although s considerable number of investigations
have dealt with the preparation of anhydrous bydragine, there sSeems
to be doubt concerning the efficacy of the various recorded prooe-
dures, In many instances a method recommended by one investigator
has not been found suitable by another,

The starting malterial used by previocus investigators has been
{in most instances) hydrazine hydrate, ranging in composition from
85-100% NgHg,Ho0. A variety of dehydrating agents such as barium
oxide, sodium hydrozide, potassium hydroxide, and calcium oxide has
been used in conjumection with procedures of varying complexity.
Long refluxing with the dehydrating agent has usually been recom-
mend@d, followed by repeated distillation either in vacuum or in an
inert atmoasphere, These steps have occasionally been followed by
fractionally freezing to produce anhydrous hydrazine, usually in
poor yield,

B. HISTORICAL
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Barium oxide was first used (1890) by Curtius and Schultz (1)
in sn unsuccessful atbtenpt to prepare anhydrous hydrazine from the
hydrate., DeBruyn (2) later auaeéeﬁed by refluxing the hydrate with
excess barium oxide at 110~1@99/G for several hours, followed by
distillation ot 100-150 mm. To distil over the last quantities of
hydrazzine it was necessary to reduce the pressure to 40-50 mm, and
inorease the temperature. ‘The dietillate, whigh still contained
3.4h water, was redistilled from half its weight of barium oxide
in an atmosphere of hydrogen at a pressure of 150-.300 mm., Tbler
and Xrause (Z) obtained 935 hydrazine after refluxing the hydrate
for 12 hours with twice its welght of barium oxide and subsequent
vacuum distillation. Repetition of this itreatment, followed by
fractional freezing, increased the concentration to 99.7% hydrazine.

In 1911 Hale and Shettexly (4] investigated seversl methods
for the preparation of snhydrous hydrazine, The hydrate was re-
fluxed with excess bDarium oxide in an all-glass apparatus for one-
half to one hour at the boiling point (ca 11¢Qﬁ) using & Vigreux
column as a reflux condenser. Thereafter, the pressure was reduced
to 20-300 mm, snd the distillate collected in a current of hydro-
gen., In a typical experiment, 150 ml, of hydrazine hydrate and
415 g. of orushed barium oxide yielded 92 g. of 99.8%% hydrazine,
Wwelsh (5) modified this procedure to the extent of using a water-
cooled Vigreux column as & more efficlent condenser during the re-
fiux perisd. Partially dehydrated hydrazine hydrate was boiled
for three hours with a 50% exceas of barium oxide and thereafter
distiiled in an atmosphere of hydrogen to yield a distillate conw
taining 99.7% ¥ H,. This method has been ud by other investigators
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€,7) who report preparation of material containing 99.8% NaHg (7);
no data of the yield is given, More recenily Giguere and Rundle
{8) prepared 99.4% NgHy by repeated refluxing and distillation
from barium oxide followed by two fractional freezing sdeps.

Hale and Shettexly (4) investigated the effectiveness of bar-
ium hydroxide ae a dehydrating agent. One distillation inoreased
the concentration from 64% NgHy (emount present in NgHa,Xz0) %o 78%;
redistillation of this product gave an additional increase wp to
88%, Oistillation of a mixture consisting of 91.5 g. of 82.5%
NgH, and 400 g. Ba{OH)g gave a product ocontaining 93.1% NgH,. Re-
distillation of this material with fresh barium hydroxide yielded

two fractions, the most concentraited containing 98 NgHg.

ax . ; hydrete with sodiwm hydroxide
Raschig {9) ¢laims to have prepared aphydrous hydrazine in.

substantially guantitative yield by the following procedure:
equal quantities of sodium hydroxide and hydrazine hydrate were
nested to 113° (approximately the boiling point of NgzHy), The
temperature was slowly razised to 150° and the vapor condensed,
taking precautions that it did not contasct orgenic matter., From
100 g, of NgHg.Hp0, he obitained 60 g. of distillate; no snalysis
of the proeduct 1s given.

Raschig's method was studied in more detail by Hale and
Shetterly (4). After heating 2350 g. of hydrazine hydrate with an
equal welght of sodium hydroxide at the bolling polnt for iwo hours,
the mixture was distilled and four fractlons colleoted. The frag-

tions weighed 50,54, 56 and 10 g., end contained 98.8, 97.8, 95,0



23

and 87.0% NgHy, respectively., In a similar ezperiment using fused
sodium hydroxide, three fractions were collected weighing 25, 23,
and 21 g. and containing 99.3, 98.1 and 98.1% KgHy, respectively.

After partially dehydrating the hydrate by sodium hydroxide
(Reschig’s method), Welsh and Broderson {(10) found it necessary to
use barium oxide in order to eliminate the last traces of water,
Friedriohs (11) distilled hydrazine from sodium hydrozide after re-
fluxing the mizture for several hours, then redistilled twice from
Ba0*, and finally resorted to fractional freezing %o achieve 99,9%
NgHg. Ho data coneerning the yield ave given. Cilbert (12) pre-
pared 99-100% NgHg by dehydrating the hydrate with sodium hydroxide
in an all-glass apparatus, The product was subjeoted to fractienal
freezing to yield 99.90% NpHy. Kahovee and Xohlrauseh (13) alsc
Prepared hydragzine using sodiwa hydroxide and hydrazine hydrate} no
analyses are given, but the boiling range, 114.9-115,7°C, is sémg«
what higher than the acocepted value for anhydrous hydrazine, 113.5°
¢ (14},

of hydrszine hydrste with potassium hydroxide

T

ennexr snd Beckmen (15) prepared aphydrous hydrazine from hy-
drazine hydrate and fused potassium hydroxide by the following
method {(which, they state, is superior to the barium oxide proce-
dure): the hydrate was refluxed for three hours with fused potas-

8ium hydroxide in an atmosphere of hydrogen. Wydrazine was then -

*Redistillation from barium oxide was accomplished in an allglass
apparatus. The hydrazine was progressively distilled by cooling
the receiver buld with dry ice-.slcohol and heating the other., ¥When
one~half the hydrazine bad distlille d over, the bulb containing the
residue was sealed off, Two of these sealed-off flasks exploded
subsequently after a perlod of exposure %o ordinary deylight, Ane-
lysis of gas in an unexploded bulb indicated the presence of hydro-
gen,
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digtilled in a stream of hydrogen at pressures from 30100 mam.
repetition of this distillation (three times) pave 98,94 Hakg,
Semeshesn (16) used this method and obiained s rproduct, boiling

at 113,4%C {761.5 mm, ). This figure compares well with the ace
gepted value of 11&.5QG {14}. Bamford {17) reported the Drepars-
tion of anhydrous hydrazine by repeated refluxing of hydrazine
hydrate with votasdun hydr@xide and vaouum distillation, Bushnell,
Hughes, and Gilbert (18) prepared anhydrous hydrazine using both
barium oxide and potassium hydroxide as dehydrating sgents; they
state that barium oxide is the more efficient dehydrating agent,

although a greater loss of materisl is entsiled in its use.

Miscellanegus methods

an interesting method, historically, is the reaction of hy-
drazine hydrochloride with sodium methylate in anhydrous wethanol
{(2). After filtration of the preeipitated sodium ehloride, the
hydrazine and methanol were separated by fractional distillation.
The smmonolysis of hydrazine sulfate in liquid ammoniz (19) is said
to give substantially anhydrous hydrazine., Hince smmonium sulfate
ig inseoluble in liguid emmonisz it can be separated sasily from the
liguid phase consisting of emmonia and hydrazine, Simple evapora-
tion of ammonia leaves o residue of hydrazine. Pleskeow (20) frag-
tionated the smmonia~hydrazine extruct over barium oxide under
reduced pressure and then vacwwms distilled the hydrazine,

Stéhler (31) attempted to use caleium oxide as a dehydrating
agent, ?wé;h&ndred grams of the hydrate was heated to 130% with

700 g. of ¢zleium oxide., Fven after raising the temperasturs to
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145-1500¢, 1ittle hydrazine wes obtained. Distillation proceeded
gradually, but decomposition zlso occured, since the product cone
tained smmonia. However, Barrick (22) prepared anhydrous hydrazine
by the method of Hale and Shetbterly {4) with final drying over
freshly prepured caloium oxide and high vacuun distillation,

Gsohawachow (23) investigalted theeguilibrium for the system:
hydrazine-borie acid. Upom heating to 250-260°C, (MpHg)s(¥aBa0p)s
decomposes into (HgHy)z(ByOzlg, the latter dissociating into Bglgz
and NgHyg above 260°C, He stated that this procedure sould be used
to prepare anhydrous hydraszine, Gbolle' and Bofmenn (34) clsiumed
that hydrazinocarbonic acid or its hydrazine szli eould be heated
with bariw: oxide or ocslelum oxide o yield hydrazine, An abtempt
to carry ouy this experiment using a 100 g. cguantity resulted in
& violent explosion,

Utolle® {2B) dehydrated hydrazine golutions by the addition
of sodiws amide in molsar proportions o the water prﬁsant,.falimw»
ed by distillation. 4n excess of the amide is to be avoided, siﬁna
the explosive material, sodium hydrazide, is formed by reaction of
hydrazine with sodium amlde, Schlenk and Weichselfelder {36) re~
noved traces of water still present in hydrazine dehydrated by the
Raschig procedure (9) by the addition of sodium metal, The hydra-
zine was removed slowly by vacuum distillation. The residue, con-
taining some sodium hydrazide, exploded violently on contact wih

air or moisture.

¢. DISCUSSION OF THE 1)

It is obviouns from the foregoing literature survey thet some
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confusion exists concerning the best method of preparing anhydrous
hydrazine. However, there are some salient features which may be
discussed under the following headings:

a) Hemoval of water from hydrazine hydrate by chemical com-
bination, e.g., with barium ozide or calcium oxide,

b) Reduction of the vapor pressure of water using materials
which form hydrates of low vapor pressure, e.g., sodium
hydroxide, potassium hydrozlde, and barium hydroxide.

¢) Time of reflux before distillation of hydrazine,

d) Distillation in san inert atmosphere andfor at reduced
pressure,

e) Repetition of the above steps.

f) Fractional freezing.

Procedure (a) involves the difficulsy of mixing a liquid with
more than 1ts welght of solid and subsequent distillation from this
heterogeneous mass., Poor heat transfer and mechanical entrapment
are obvious disadvantages of this procedure, and could account for
the reported loss of material (18). The long period of refluxing
undoubtedly serves to establish equilibrium in (a) where an excess
of solid reagent 1s used. Barium hydroxide forme solid hydrates
and ite use is therefore encumbered by the disadvantages cilted for
procedures given under (&), In addition, these hydrates possess
high vapor pressures even at ordinary temperature ranges, and for
thet reason barium hydroxide cannot be considered an effective de-
hydrating agent. However, in the case of sodium hydroxide, the
reason for long refluxing is a little more obscure, since (within

& great range of concentration) sodium hydroxide, hydrazine and



water form a completely liquid system. Operation {d) assumes
lmportance because of the ease of oxidation of hydrazine and its
inherent instability, thermodynamically, toward decomposaition inte
its elements. (Bamford (17) reported explosions produced by sparke
ing hydrazine vapor at 100%0)., The necessity for (e,f} obviously
results from the inefficiency of the previous gteps,

After a cereful study of the literature, it was decided to im
vestigate more fully the use of sodium hydroxide for the dehydra~
tion of hydrazine hydrate, Two obvious advantages of its success-
ful uee would be: a) its low cost relative %o the other dehydrat-
ing agents, and b) the ease of distillation from a completely
liquld system. The Ha® ion is smaller than the X' ion, which would
lead one to expeot that a hydrate of godium hydroxide should have
a lower vapor pressure at a given temperature than the correspond-
ing hydrate of potassium hydroxide. This is equivalent to stating
that sodium hydrozide might be expected to be a better dehydrating
agent than potasesium hydroxide, baﬁh‘gn a weight and molar basis,
This prediction is verified by data (237) appearing in Table 1.

A% the melting point of K@bﬁ.ﬁaﬁ (64.3%C) the vapor pressure
is 0.3 mm., while that of hydrazine is 108 mm, (28), Assuming that
equilibrium would Pavor complete conversion to NaOH.Hz0, it should
be possible to add sodium hydroxide (in molar proportions to the
water present) to & hydrazine-waier solution and dist1ll substan-
tially anhydrous hydrazine from a system which is completely liquid
sbove 84,3°¢C. Qﬁ course, the freezing point of tké\mannhyﬁwate
would be depressed somewhat, due %o solubility of hydrazine in this
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phase. Reference is made to the faot that the addition of sodium
hydroxide up to the eutectic composition (1.33 WaOH:1Ha0) m.p.,
61.5°C, produces an additional vapor pressure lowering (see Table 1),
The fﬁllawiné equilibriums reaction
NaOH(8) + NgHs.Hz0(liq.) == ¥WaOH.Hz0(1liq.) + NgHg(lig.)
can be assumed to favor the formation of the products on the right.
Sufficient free energy data are not avallable to sllew estimation
of the equilibrium constant. However, the large differences in
heats of hydration,
HgHg(liq.) » Ha0(1iq, ) meem HaHg.HoO{11q.)
/A Hpgg® = ~1,80 Koal (18)
NaOH(8) + Ho0(liq,) —— WaOH.Ha0(s)
A¥ge® = ~6.01 Keal (239)
indicate that this is & falr assumption,

On this basis, then, proper adjusiment of the HaOH:H30 ratio
should mske it possible to use technical caustic soda if sllowance
is made for the water content of the labtter, There is no theore-
tical advantage for using fused sodium hydroxide. Furthermore,
equilibrium in this liquid system should be attained rapidly, and
thue no advantsge would result from long refluxing prior %e distil-
lation. It is felt that varilations in concentration of hydrazine
as effected by methods reported in the older literature were not
caused by the dehydrabting agent, but by ancther factor, appavently
unrecognized previously, namely, rectification of the vapor efter
evaporation from the liquid phase.

Theoretically, it seemed highly probable that consideration of
the factors outlined above would lead to the development of a sult-
able method for the preparstion of anhydrous hydrazine. An experi-
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wmental study was therefore undertaken to evaluate the following
points:

a} The feaaibiiity of distilling hydrazine from the three
component system HsOH-HgO-Ngpl,, using ¥aOH:Hs0 ratios
bn a molar basis) of one or greater.

b) Substitution of technical eaustic soda for 0.P, or fused
sodium hydroxide.

¢) Distillation at temperatures above the melting point of
the NaOH:iHg0 eutectic (61.5°0).

d) bDistiliation, as in (a), using a fractionating volumn,

Pyrex-glass apparatus with standaréd taper connections was used
throughout this investigation. The tapers were lubricated by care-
fully applying silicone grease to the top one-third only. A liter,
round-bottom flask, fitted with & 24/40 taper was used as the s¥ill
pot. It was heated by s glascol heating mantle, the temperature of
the latter being controlled by a Varisc transformer. A thermooouple
well was sealed inte the side of the flask and extended nearly to
the bottom. To prevent spray from contaminating the distillste, an
ordinary condenser (uncooled) was mounted vertically. From the top,
connection was made to a water~cooled condenger, and a thermometer
was inserted at this junection to indleate the vapor temperature. A
fraction cutter was used to colleoct the distillate, provision being
made to evacuate the receivers snd to allow sampling without Intere
ruption of distillation,

Reduced pressure (oa 90 mm,. ) was maintained during distillation



with either & water aspirator or & vacuum punp. The latter wag
actuated by a relay and manoneter., Since the aspirator funobtioned
satisfactorily it was used in all but the first two runs, The V-
cuu was adjusted manuslly by bleeding air into the system (a% the
punp) by means of a apillary and stop-cock., A& two~liter ballass
flask was inserted to cushion sudden Pressure changes. The pressure

was read using a Germann (30) type barometer.

Procedure

This sequence wae followed in all runs: the apparatus was
flushed with nitrogen and stoppered, A quantity of and yzed hydra-
zine hydrate® (oa 85( Npig.Hz0) wae weighed quickly inso the dfe-
tilling flask, The requisite amount of sodium hydroxide was welighed
out as guiekly as possible into a tared bettle, After the flask had
been inserted into the heating mantle, the sodium hydroxide was ade
ded. The flask was then connected t0 the distillation apparatus
and the system evacuated o approximately 90 mm. Since the heat of
reaction is sufficient to raise the temperature to about 45°C, the
flask must be connected immediately to the distillation apparatus
%o avold hydrazine losses. Sufficient heat was then applied exe
ternally to begin distillation (51-83°C),

w5 hydrszine solubion eontainine

: Jater in eguipolsy guantities,
Following the procedure outlined above, hydrazine hydrate and

reagent sodium hydroxide were mixed and three fractions were dis-

tilled from the mixture.

W 2 s o . - A . - J
dolrouwnt Gheuilcsl o, . Tae 500 Ferrv 3%
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Ran 1

a) 766 g. NoH,.Ho0: 300 g. H-Hy, 6.25 moles
(85.5% NoH,,H20) 168 g. Ho0, 9.23 *
Meterials

ugsed b)) 388 g. NaOH: - 374 g. NaOH, 9,36 °
minunwe assay 97%)

. 1 o LA 564 Loy o~y 28
assuning 1 HypO Y g. Hg0, 0,23 ¢

6,80 moles Uplg U.44 noles, 130, 9.38 woles Mali,

. noles NaOHimoles HzC = 0,80

Operating lata

Pressure, Pot temp., Vapor temp.,
mine, He S °¢
94 63 63
96 63 63 Fraction (1)
88 63 61
68 B3 81
90 73 83 Fraction (2)
8 45 G4
88 I ' 33
88 84 86 Fraction (3)

85 89 &7
stion (1) 106.6 g., 98.4% NoHy.
Fraction (8) 61.4 g., 97.9% ¥alg.
27.3 gy 90.47 Haly.
“otal recoveryi 94.8% of theoretiecal,

£y

‘raction

The hydrazine snalyses were nade by the lodate method of Smith
and Wiloox {31) using & weight buret or micro pipet. The hydrazine
wasd trensferred, immediately after weighing, into an excess af Ly
drochloric acid to prevent alr ozidation. (See Part I, page 4,

ifter about 170 g. of distillate had been collected, the tem-
perzture of the still rose repidly. The laat fraction, collected
during this temperature inﬁérv&l, was of lower hydrazine conitent,.

This observation was used in later runs %o determine at which
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temperature to cut the last fraction which wase Invariably of lower

hydrazine content.

taining reagent

%mwMaEMe ie_solution co
> ratio of ;.ﬁzl.

The fallawing experiment was performed to evaluate the effect

of inorsasing the NaOHiH0 mole ratio to a value larger than one,
The materials and apparatus were the ssme 35 in Run 1, distillation

accuring at pressures from 90-105 mm,

a) 368 g. NgH,.Ha0:
gégggégla 200 g. ﬁéﬁ¢,'$.35 moles
166 g. Hy0, 9.33 moles
b) 471 g. NaOH:
457 g, ¥aOH, 11.43 moles
(Assuming 1% Hz0) 4.7 g. Ha0, 0.26 moles
Iotal: 6,235 moles NgHy, 11.43 moles WaOH, 9.48 moles HgO.
Batio: moles NaOH:imoles Hp0 = 1.231,

L {17 107, 4 Bes 98.&%*ﬁ334 Pot temperature 829¢.
Fra@tgan (3) ®.2g., 97.3% Mgy, Pot temperatures 63-68°¢.
Fraction (3) 6.7 g., 93.7% NgHy. Pot temperatures 86-87°C.
Total recovery: 95.4% of theoretieal.

Comparison of Bun 1 with Run 2 shows that there is an advane
tage to increasing the mole ratio NaQH:Ha0 from 0.9 to 1.21. 4As
indlcated in Table 1, the ratio of NaOHIHg0 at the NaOH.HpO~HalH
euteotic is 1,33,
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the uelting points of NeVH.Hgy and WyHg are 64.3 and 1.8%,
respectively. It was thought that solid HaOH.Ha0 might precipitate
on cooling a solution as prepsred in Run 1, leaving concentrated
HgHy 1n solution. A composiiion eorresponding to that used in Run
1 was heated until complete solution ogcured, Zxamination revealed
the presence of two liquid phases, the upper phase being about one-
£ifth the volume of the lower phase; Upon cocling to approximately
65°C; the lower phase began to orystallize: Further cooling resul
ted in formation of a semi-solid mass. The ternary system NaOH
Nplg-Ha0 was subsequently investigated in detall at various tempera.-
turea. The data appear in Psrt IIT of this theais,

Distillation .

all subseqguent experiments.

&) 373 g. N34, H01 301 g, BAH4, 6.26 moles
| (Assay B4.5% NZH4.HR0) 171 g. H20, 9.50 *
ateriols ,
used b) 450 g. technioal NaOH: 4238 g, NaOH, 10,68
- (about 95%) ’
Assuming 5% Hz0 33.5 g. H30, 1.35

Total: 6,26 moles NgH4; 10.63 molss ¥aOH, 10.75 moles HR0,
Ratio? moles NaOH?! moles H30 = 1.0;

F;ggggan.gzz 98.0 g., 98.0% NgHg, Pot tempezature 83w6$°c,u
pressure 98.105 mm,
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Izagtion (2) 69.7 g., 99.1/ lighy, Pot temperature 65-75°C,
prescure 100-110 mm,

Iraotion (3] 45.3 g., 7B.8% NgHg., Pot temperature 75-97°,
pressure reduced to 19 mm,

ryt 100% of theoretioal

Fraotion (1) was collected at the rate of 3 g./min., and frace
tion (3) wes also collected rapidly. ?r&atién {2) was collseted
slowly.

fun 4 was a duplicate of Run 3 except that distillation was
allowed to proceed very slowly, 1} hours being required to colleot
fraction (1).

% HzHg. Pot temperatures 606490,
pressures 91105 mm,

Ersotion (2) ©8.8 g., 98.8% NaH4. Pot temperatures 84.699C,
pregsures 102-105 mm,

Fraotion (3) 32.1 g., 91.7% NgHq. Pot temperatures 699490,
pressures 98.102 ms.

98.5% of theoretical,

A fractionating column was constructed of 13 mm, (i.d.) pyrex
tubing. At the base, 1t was drawn down o form a drip-tip with
appropriate vapor holes. A short length of 35 mw, tubing vas meal
ed to the colusn sbove the drip-tip and a 34/40 taper was sealed
to the other end of this large tubing., The coluzn was packed %o a
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height of 98 om. with 5/32-inch glass helices. After packing, the
column was placed within s silvered vaouum jacket, 92 om. in length.
The jacket reasted on the 35 mm. extension at the base of the column,
direct glass~glasas contact being avoided by the use of a voil of
pipe cleaner as a cushion.

The column was operated at total reflux, all the condensate
being returned to the column, A take-off head, illustrated in Fi.
gure 1, was consiructed 80 that all the condensate was required %o
pass through a 35 ml, reservoir before being retuwrned to the top of
the paoking, 7The liquid passed in the top of the resmervoir and was
returned to the column by a consiant-level eyphon operating from
tﬁe bottom of the reservoir. In this manner the column was opera-
ted at the maximum fractionating efficlency. Distillation was al-
lowed to proceed until the column had been operating {with the re-
servoir full) for approximately one hour. By a system of stop
cooks, the reservoir was emptied without interruption of distilla-
tion. Oubsequent samples were collected at approximately one~hszlf
hour intervals.

B 8
Hateriale usedt see Run 3.
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Pressure, Pob Temp*, Time Remarks
mr, He % v g
100 61 0 min
100 61 10 #
92 862 a5 v Two liguid phases;
838 83 36 ¢
94 81 1 hr,20 * Fractions combined to
94 81 1 hr,55 *# give fraction (1),
87 . 4 . 2 hr,30 " 300,
B4 65 & hr,45 ¢ Twe liquid ?ha&eg, upper
86 64 3 hr,10 *# phase slightly vellow.
84 684 3 hr,30 *# Fractions combined to
i . - S 3 hr,50 " _give fraction (2), B%7a.
One phase, pot tempera-
78 73 4 hr,10 ¢ ture inoreased rapidly.
78 90 4 hr 35 Fraotions combined for
78 95 4 nr,35 * fraction {2}, 33.4 g.

Fraction (1} 100.1 Zey gg,ﬁuyﬁeﬁé.

| 57.7 g., 99,97 HgH,.

32.4 g., 99.7% NpHg.
94.8% of theoretical.

On standing (closed) overnight, a few ml. of liquid drained
from the column, and the packing was etill visibly wet. The holdup
in the column undoubtedly amounted to several grams. Of course,
this amount would be of less significance if larger quantities were
distilled, or several runs were made in succession. It should be
neted that the poorest fraetian contained 99.7% NgHy, whereas, with-
out fractionation, the oconcentration of the poorest fraction varled
from 78.9%%, Furthermore, the freezing point of fraction (3) was
found to be + 1.7°C (corrected) which agrees with the accepted va-
lue for anhydrous hydrazine (12,18),

An abngrvu$ian port, loeated at the junction of the two liguid
phases, made it possible to note the disappearance of the upper
phase as distillation progressed, After approximately 80% of the
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gmount of h&drazine originally present had distilled over, there
remained only one phase, Thereafter, the temperature of the pot
rose rapldly and the distillation rate decreased markedly.

The hydrazine-water system has a maximum boiling point &% 8
composition corresponding %o 58.5% hydrazine and 41.5% water (33).
The boiling point of hydrazine hydrate (84% HpHy, 364 Ha0) is
118,5@6 (33) while that of hydrazine is 113.5%, ¥ractional dis-
tillation of a selution contalning more than 58.5% hydrazine will
result in the removal of hydrazine-rich material until the mixture
of maximum boiling composition referred to has been reached. Scobt
(33) has shown that in the vapor state, hydrazine hydrate is large~
1y dissociated into NgHs(g) and Hgo (g) at 99°C and 366 mm., the
dissoclation being essentially complete at 138°C and 744 mm, Dis
%tillation at lower pressures would faver dissociation of any hy
drazine hydrate wmolecules in the vapor gtate, if indeed they exist,

Reaﬁifi@aﬁi@ﬂ of the vapor frem a hydrazine-water-sodium hy-
droxide gomposition is exiraemely efficient, especially when a ool-
unn 19 operated on total reflux., 4= demonstrated in the distilla-
tion without fractionation, the initiasl distillate containe about
99% hy&zaainﬁ. If this material were fractionated, the vapor in
equilibrium with liguid of much composition would be still richer
in hydragzine. Ia/a-paeked fractionsting column, where sll the con-
densate is returned to the ﬁap of the packing, the liquid at the
tepvaypraa@hes'paxa hydrazine while the hydrazine-poorer material
washes to the bottom of the column, However, under equilibrium ocone
ditions, the water eeatan&lai the material on the first theoretical
Plate above the still cannot exceed the low value fixed by the



vapor pressure of water over the NaOHHgO-NgHs solution in the
still. 4s a consequence, the column ig continually supplied with
high concentration hydrazine, and if a réservoir is plseed so as
to allow all the distillate to pass through, but retalning & part,
1ts contents will rapidly approach 100% hydrazine.

F, SUHMat
1. Anhydrous hydrazine has been obtained in essentially

guantitative yialﬂ’by‘fraeﬁiaﬂal distillation (at oa 80100 mm,)
from a hydrazine solution comBining sodium hydroxide and water
in equimolar quantities, The distillation was carried out at or
above the melting point of sodium hydroxide monchydrate.

2. At temperatures higher than approximately 60°C, the sys~
tem is completely liquid, sllowing efficient heat transfer and
rapid achievement of equilibrium,

3. Within certain ooncentration ranges, this liquid system
consigts of two 1iquid phases,

4, Dishillation without fractionation, 1.e., simple distil-
lation, makes it possible to remove approximately 80% of the hydra-
zine present in B5% hydrazine hydrate as a product of 97-99% purity,
provided eguimolar amounta of sodium hydroxide and water are pY €
sent in the mixtura. The rempining 35% of hydrazine may be cbtalne
ed a8 a product containing up to DO% g,

6, Distillation as in (4) but using a mole ratio NaOHiHz0
of 1.21 inoreases somewhat the concentration of hydrazine in the
distillate, particularly of the last 30%,

8. Technicel caustic soda was substituted successfully for
fused or reagent sodium hydroxide, allowance baing made for the
water Oontent of the technical material.
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The preparation of anhydrous hydrazine by the sodium hydroxide
procedure (see Part II of this thesis) invelves the distillation of
hydragine from & solution which containe water and sodium hydroxide
in equimolar quantities. During the early stages of this investiga-
tion it was observed that 85% hydrazine hydrate and sodium hydroxide
form twe 1liquid phases when hested to approximately 80°C, Since this
phenomenon had not been reported previcusly, it was decided to inves-
tigate quantitatively the hydrazine-water-sodium hydroxide aystem as
a function of temperature. In addition, hydrazine, water and a) po-
%assium hydroxide and b) potassium carbonate were studied quantita~
tively at a single temperature. A qualitative study using still

other compounds was made in sn unsuccessful attempt %o find snother

ternary system exhibiting two liquid phases in the temperature range
from 25-100°¢C,

It was not entirely umexpected that hydrazine (HpN¥Hm) should
be salted out of water by the addition of sodium hydroxide, since
¥he same phenomenon is exhibited by ethbylene diamine (HZNCHaCBpWHg)
(1), Above atmospheric pressure, ammonia, water and sodium hydroxide
also form two liquid phases (2).

The represeniation of a three component system using triangu.
lar ccordinates was first proposed by Gibbs {3). A brief discussion
of the salient features of this method of depioting phase relation-
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shipe in such systems 1s appropriate at this point., I% is a charao-
teristic of the equilateral triangle that the sum of perpendiculars
from any point withia the,tr$angze to the three sides is egual %o
the height. It is convenient %o set the sum of the weights (or mo-
lar amounts) of the three components equal to one~hundred and @1v2d¢
the height of the iriangle into one-hundred parts, &2n¢ﬁ are drawn
parallel to the three sides and any composition ean.bé located by
measuring the percentage of each component from the base appesiﬁe
the oorner representing the pure component, This is demonsirated
in Figure 1, where the point P represents a mizture containing 70%
¢, 15% 4, and 15% B.

Hore complex equilibria, where several phases are present,
can be treated according to the method of Tammann f&}. For purposes
of ililustration, the case of three phases coexisting in equilibrium
may be treated, using Figure 1, If Ny, ﬁg, and Nz grams of the three
phases of compositions ¥y, V3, and V3, respectively, are mixed, the
over-all composition correeponds %o V4. This point is %b&yﬂanﬁer of
gravity of the triangle Vi Vg V3. The caloulation is made as fol-
lows: the line comnecting Vy and V3 is regarded as a lever, with
tha masses Ny and Np on the appropriste ends. In order that the
lever may balance there must be a fulorum F such that Ng x VoF =
¥y x jF. The composition F is now connected by a line through V.
A similar mituation exists so that (XNy » Np) x FUg » ¥y x V3Vg,
The following pweﬁarﬁiaa also holds:

eiFls = §y *‘ 3‘*:5;
in additional feature of the equilateral triangle is demon~

strated by the line OB in Figure 1. All compositions along this
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iine represent a fixed ratioc of 4:0 with varying smounts of COMPOnRm
ent B,

If a solid 18 precipitated from & three component liquid 8Yy8~
@em, it is often difficult to free the pPrecipitate of adhering
me%her liquer, thus making accurate mnalysis inmpossible, 4n ele.
gant way of evers@ming this diffiam&ty was propoged by Schreine-
nakers (B). Thie method is depicted in Figure 3. The precipitate,
‘wi%h &ﬁhering mother liquor, is analyzed to give a composition cor-
responding to %he Peint D. The liguid with which it is in equili-
brius is slso anaiyzed %o give the point B, A line is drawn between
the points E and D and extrapolated until it intersects the side
of the triangle at F to give the composition of the solid phase,
Agcerding to the lever rule, the wet solid of composition D is vom-
posed of liguid  and eolid F of p:ép@rtiena F and TF, respective-
ly. any other pair of smalyses, e.g., H and G, would exirapolate
to the same point, provided the same solid phase (in the example,
50% 4, 50% B) 1s precipitated. Of course, if the precipitate is
& compound cantaining’aml three &empémaﬁﬁs, then two pairs of ana~
lyees would be necessary and the extrapolated lines would intermeot
at some point in the interior ef'ﬁkg trisngle,

The system hydrazine-water-sodium hydroxide belongs to a class
in which the two liquid components are miscible throughout a wide
range of aénm&n#zaxzaaa,.while the snliﬁ component 18 only very
slightly goluble in one ligquid but very aalubla in the other,
ﬁﬁtet and hydrazine are completely miaeible ia a&l proportions,
while sodium hydroxide is insoluble in anhydrous hydrazine,






The heating bath consisted of a pyrex jar (2136 om.) arcund
which was wound a nichrome ribbon of 10 ohms resistance, This re-
sistance winding was insulated with asbestos and wes connected in
series ¥ith a variable resistance, Heating by this coll was oone
tinuous and was adjusted sv that the desired bath temperature could
noct be reached using this heater alone. 4 Sargent Zero-Current
Relay unit with thermostat and heater was used in intermittent op-
eration to bring the temperature to the desired point. The varia-
tion in bath temperature did not exceed 0.1°0C.

Stanolind mineral oil, U,S.P. heavy grade, was used as the
bath liguid. '%ﬁirring was sufficiently vigorous so that teupera-
ture gradations throughout the bath did net exoeed 0.1°C. The
temperature was read using s Ragoher snd Betfold thermometer, gra-
duated in 0.1 é@gxea divisions. It washﬂalihrated‘at the ice-point,
the transition point of sediwm sulfate decahydrate, and at the
boiling point of water, After suitable correstion for emergent
stem (8) and the barometrio pressure, a smooth curve was drawn
through the three points and the proper corrections were applied
ﬁe the aﬁparenﬁ t@mp@raﬁaxa readings. The temperatures agpaawing
in the following pages are all sorrected values.

The equilibriuvm studies were made using a closed pyrex ocell
(1822.5 om.) with stirring accomplished by means of a solenoid
etirrer patterned after the one used by Booth and Martin (7)., The
soleneid was wound using 250 feet of 20 gage copper wire (3.5 ohms
total ) wound around a 3/4 inoh hollow spool. Ourrent {from the
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110 V. 4,0. line) was supplied to this solencid through two 600
watt cone hesters comneoted in series., The current was interrup-
ted by o 24 rpm motor* which operated a cam and furnished 48 pule
Ses per minute %o the stirrer, The stirrer wus made of 3 mm.
tubing wound in%e e spiral in the upper end of which an iren nail,
sheathed in glass, had been sealed. This end was drawa up into

the field of the solenoid when it was energized, The stirring

rate was sufficient to produce the desived mixing of the two liguid
phases, Hore raplid stirring caused foaming of the mixture,

Reference wae made in Part I to the fact that free hydrazine
is oxidized by atmospheric oxygen, Sodium hydroxide eatulyzes
this oxidation when present im certsin concentration ranges, It
wa8 condequently necessary to take suitable precautions in sempe
ling the nixtures to prevent con%aot with the atmosphere during
weighing and analysis, Purthermore, erystals usually preciplta~
ted from sampies on cocling, making it necessary to withdraw sam-
ples at the temperature of the bath,

Gonglderation of the sbove factors made it negessary that a
procedure be uged to effect the followlog:

I, Sampling at the bath temperature,

2. Proteption of the sample from oxygen and molsture,

3. Sampling of the lower phase without ocontamination from
the upper phase,

4, Prevention of cample loss or change during orystalliza-
tiﬁﬁ on @@aling ta xaam tempexakuxa.

Mierkel-Lorfl Geax

Oompany, 213 ¥, Horgen Straat, ﬁhieaga, Illiaais
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The conditions listed above were met by the use of the pipet
illustrated in Figure 3. The pipets were made of thin glass,
weighed about 0.5 groms each, and had a capacity of about 1 nl,
The capillary ends prevented any significant semple change either
by oxidation or by absorpiion of carbon dioxide and water, After
epoling to room tempersture, the fullpipets were weighed and then
erushed beneath the surface of oxygen-free water in = nitrogen at-
mosphere, The pipets were never filled completely, since it was
difficult to crush them {when full) after the sample had solidified.
The pipeis wers heated before veing introduced into the equilibrium
mizture and were allowed to come to the temperature of the bath
before the sample was withdramn, & 1 wl. hypodermic syringe was
used %o draw the Llquid up inte the pipets., When a sample of the
lower phase was teken, the plunger of the hypodermic syringe was
depressed glowly as the end of the pipet was being lowered through
the upper phase, causing o tiny stream of bubbles %o leave the
capiilary %1p and preventlng any liquid from entering,

The anelybicsl procedure has already been discussed in Part
I. Use was made of the combination scid-iodate method proposed by
the author. The pipets were orushed beneath B0 ml. of oxygen-~free
water in a nitrogen atmosphere in BOO ml. Erlenmeyer flasks. The
resulting solutions were titrated lmmediaztely with standard 0.5 §
BCL to the methyl orange end point. This acid titration gave the
total base present. The entire sample, or an aliquot, was then
titrated with 0.1000 K iodate to give the amount of hydrazine gir-
ectly, After allowance had baan'@aés for the aold equivalent of
hydrazine, the percentage of sodium hydroxide was obtained by



Bottom flat o prevent rolling during
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difference, The percent of water wsae obtained as a second differ-
enoce. Examples of the reproducibility of this method sppear in
Table 1.

g3:< PO

A

Duplicate analyses of g

Sample . % NoH,

Upper phase 90,0 2.4
{45 min, apard) 0,0 3.5

lower phase 7.76 85,3
(1 hour apart) 7.75 65.4

upper i‘;kmse 70.5 12.8
(30 min, apart)  70.4 12,0

-3 -3
-

*

; . .

ok}

g3

$

i#

lower phase 23.8 45,8
{20 min, apart) 3%.8 45,8

. .

5g

60.0%

upper phase 77.8 9.3
(different run) 774 9.0

§ et
fﬂm

lower phase it

(different run) 19.0 51.2

ot
o0
-
o
1
v
»
o
o]
88
e 8

Based on the resulis summarized in Table 1, 1t can be seen that
analyticel resuld®s are subjeot to comparitively small errors with
maximm Geviations of the following order of magnituder - 0.1%
for HypHg; I 0.3% for WaOH; and T 0.41 in the water values. The
percentage of water is subjeect to the maximunr error since 1%8 de-
termination is based on two differences. In the tables that fol-
low, the ?ﬁlﬂﬁé'fﬁr the percentage of water are rounded to the

nearest 0,6%.

Using the techniques and apparstus discussed in the previous
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sections, the system consisting of reagent sodium hydroxide,
anhydrous hydrazine and distilled water was invesitigated at 1@09a.
The resulys of this invesiigation asre summarized in Table 2 and
are presented graphically in Figure 4,

Several separate runs were necessary since it was impossible
%o perform all of the necessary dilutions or additions using a
cell of the indicated dimensions, Fresh materials were uged atb
the begimming of each run. However, no decomposition wae observed
except during one atteapt fo study miztures containing only a few
percent hydrazine and 70% NaOH. A trial mixture of approximately
this cemposition was made by the addition of anhydrous hydrazine
to a saturated sclution of sedium hydroxide in water. The mixture
darkened quiokly and gas evolution wag noticed. On the other hand,
a mixture consisting of 98% hydrazine and solid sodium hydroxide
was stirred for several hours; the liquid phase was found to give
identical anaslyses both before and after itreatment.

Ehase REMareg
1) upper 3o 4 8.0 Limiting composition
lower B.Y 70,3 34,0 of the two liquid phases

2) lower 6.3 69,7 24.0 Two liguid phases

3) upper 59,0 19.1  23.0 f
lowar 38.9 37.8 28,6

lower g.8 83.9 28,0

5) upper  80.6 8.4 13,0 #
lower  15.5 54,4 30,0

6) upper  70.8 11.8 18,0 "
} Lowes 23.2 46,1  31.0
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) - - - 45.9 27.9 38.0  *Composiiion of plait

point
*The composition of the plait point was determined by the inter-
polation method given in the International Critical Tables (8).

In Figure 4 the lebters have the Tollowing significance:
Tegion I is the region of complete misoibility, there being only
one liguid phase and no solid phase. Pegion IT is bounded Ly the
binodal curve OPR and reuresents & two liguid phase region in which
the compogitions of the cenjugate liguid phases vary fron the limit-
ing values O and R up to the plait point P, where the compositions
of the two liguids become identloal. Region IIT (shaded Area) is
& three phase region, in whioch ihe two 1lquid phases with the cope
positions represented by the voints O and R are dn eguilibrium with
solid sodium hydroxide, The equilibriun amounts of the vhages are
gavernﬁd,by the lever rules discussed on page 43 in connection with
Figure 1, HRegions IV and V are two phase regions in whish solid
sodiwa hydroxide is in equilibrium with saturated solutions of come
poditions indicated by the dotted lines A0 and 7S, The 1ine AQ
represents the solubility of sodium bydroxide in concentrated hy~
drazine (sbove 92.7% WgHg), while the line HS deplets the molubie
1ity of sodium hyﬁrazi&elin water containing s few percent of By

drazine. The point § gives the solubility of sodium hydroxide ia
water at 100%¢,

Table 3 and are deploted in Figure 5. The dﬁﬂignaﬁiqaa and re-
lationshive in Figure 5 are those previously discussed in conneoe

tion with Figure 4.
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1)
2)
3)
4)
5)
7)
8)
9)

10)
11)

13)
13)
14)

15)
18)

upper
lowey

upper
lower

lower
lower
lower

upper
lowey

upper
lower

“upper

upper
lower

upper
lower

uppey
lower

upper
lower

lowey

98,1

B7.0
35.0

68,2
85.3

:31.1 G
18,0
15.9

93.3
5.9

0.8

7. E

87.7
9.3

74.6
81.9

75.1
18,9

16.8
45.8

69. 3

3.1
68.4

2.3

2.6
65,2

3.4
62.8

10.8
47.8

9.8

.8

£3.4
28,2

ligHs =~ GMaOH _ 4Hp0  Remarks

Une liquid phase in
equilibrium with selid
sodium hydroxide

#

Teo liquid phases

it
a2

#

Limiting composition of
the two liguid phases}

gollid phase presgnﬁ on

¢ooling from 100

Two liguid phages

#

®

Composition of plait
poin%, interpolated
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“The analybical results for this syatem are presented in Table
4 and are plotted in Figure 8, The ternary system was first in.
vestigated at this temperature. In order to check the analytical
and sampling procedures and to determine 1f equilibrium 18 reached
quickly, duplicate samples were teken for many of the compositionms,
The phase areas and designations which appear in Figure & are si-
milar to those appearing in Figure 4; the disocuesion is identioal.

Fxamination of the curves presented for the system at 100°,
90°%, and 70°0, and of the data for limiting compositions O and R
and plait points (Table 8) at these temperatures, reveals only a
very slight change in the ahapevai the binodal curves OPH with
gemperature, It is interesting, therefore, that the values listed
in Table 5 and plotted in Figuxé 7 show a significant deorssse in
the extent of the binodal curve at 80°C, Purthermore, & new ory-
stalline phase, NaOH,Ms0, m.p., 64.3°C, ie the stable solid phase
in equilibriws with the iiquids ¢ and R, and a second three phasge
area is noted,

One very important practigal reason for undertaking a study
of the ternary systenm, ﬁgﬁgvﬁ§§wﬁaﬁﬁ, was to determine if concen-
tration of hydrazine could be effected economically by bringing
about separation of a hydxaziﬁ@»ri@h.ﬁhase, Since B5% NgHy.Hgo
is a commeroially available material, the effeet of adding in-
creasing amounts of sodium hydroxide to it may be discussed in
terms of the dabta presented graphically in Figure 7. Actually, a









1)

3)

3)

4)
5)

8)

7)

8)

8)

B3

upper
lower

upper

lower

lower
lower

upper
lowey

upper
upper
lower
lower

uppex
lower

upper
upper
lower

lower

57.7
33.8

6.8
16,3

87.9

9.0

90.0Q
80,0
7.8
7.8

78.0

7.5

70,5
70,4
23.6

45.4

20.1
37,5

€6.9
94.9

3.6
63.0

3;%

6&.3
65.4

8,0
53.0

1a.2

13.0
45,8
45.8

38.8

22.0
3.0

28.5
30,0
8,5

28.0

7.5

27.0
7.0

4.0

30.8

17.5
17.5
30.5
%0.5

36.0

Limiting gomposition of
the two liguid phases;
mizxture cooled from Iﬁﬁ ¢,
golid present

Two licquid vhases

"
#

#

uplioates, *®

Two liquid phases

Duplicates, *

Composition of plait
peint, int ernai&%esi



1)

3)
3)

4}
B)

8)

7)

8)

9)

10)

*Txtrapolation
63.0%

is

upper
lower
lower
upper

upper
lower

upper
lowey

upper
lower

liguid

liquid
liquid
liguid

ligquid
wet s0lid

liquid
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55.8
36.7
6.8
65.0

71.7
23.9

77.5
19,6

7.4
19.0

79.6

91.4
9l.4
91.8

0.0
53.0

92,6

45.5

1.8

£9.8

% » &

own wo mo w obw [° k

»

- - -

L )

B o8h BY BR B o3%p

.
o

5
6.5
7.0

16,5

5.6

35.0

Limiting composition of
conjugate liguid phases

Buplicate, ¥

One ligquid phase in equi-
%ig;ium with solid NaOH,
E

Limiting composition of
the liquid phase in equie
librium with NaOH and
FaCH.HgO

*pair of analyses for the
Sehreinemakers' method
for composition of seolid
rhage

One liguid phese in equie
1ibrium with NaOH

Interpolated composition
of plalt peint

gave 70.2% NaOH; the theoretical velus for NaOH,Hgz0



Zable 6

Summary @f‘pla&k puin%ivand‘limzting gompositions

M%&MM_
100 upper phase 92.Y 2ok

6.0

9 % s  gala 3.0 8.0

70 " " 90,9 3.2 6.0

80 " # 77.8 9.3 15.0

QQ : .o 5.9 69,3 a6,0

60 i # 18.0 51,4 28,5

100 plait point 4.9 87,9 - 36.0
90 "W 4578 zlz 38.0

70 " w4574 38)5  26.0
80 " b 45.5 29,6 35.0
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more efficient separation would ocour at 100%C, but the complexity
of the system at 60°C justifies the discuseion of the effects at
this temperature. The 85% hydrate material is represented by the
point D, and the line ﬁﬁ’r&@reaeats changes which ocour as increas-
ing amounts of sodium hydroxide are added to composition D. Overw
all compositions represented by the line DE up to the point where
i% interseots the binodal curve 0PR ot E coneist of but one liguid
and no solid phase. The interval ¥ represents compositions which
separate into two 1iquid phases, but no solid phase. Over the ine
terval FO the two liquid phases O and R are vresent together with
a precipitate of asolid FaOH,HgO, At G, phase R has disappeared,
leaving only liquid of composition O and solid NaOH.HgO, During
the interval TH, solid NMaOd.Hz0 1s in equilibrium with solutions

of hydrazine 6f compositions indicated by the ocurve 8. In the in=
terval ¥B, solid NaOH, solid NaOH.Hz0 and a hydrazine solution cor-

responding to point ¥ are in equilibrium,

The %wo liguid phase reglon does not exist at this tempers.-
ture; relationships are represented by a simple solubiliity ourve.
Obviously, in the temperature range 50-60%C this solubility surfase
intersects the surface representing the conjugate liquid phasea.

The analysis of samples taken et 50U wue complicated by the
gelatinous nature of the NeOH,Hs0 precipitate., Because of the peor
settling properties of the yréaiyitat& it was necessary 4o resori
to ancther means of sampling the liquid phase. A pleoe of alundum
extragtion thimble was sealed into the end of a length of & mm,
glass tubing. This tubs was inserted into the slurry and the liquid
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was allowed %o filter through the alundum inta the hollow tube. A&
gample of this 1iguid was then taken using the pipet technique pre~
vﬁbumly deaaxibad by the suthor. The seatter of values obsained
using this technique is grealer ﬁhan found previously. The data
&ppear in Table 7 and are ploited in Figure 8.

Saturated 1liquid

1)

2) 4 22,1 "

3) u 87.8 "

4) v 3.3 g

&) ® 80,0 "

6) f g4.0 "

7] " 83.1 Schreinemakers! method
soligd 51.4 for composition of
(wet ) s0lid phess

5.0 .
18.0

Hydrazine hydrate and potassium hydroxide were heated to 100°0 ‘
end cooled slowly %o room temperature, Only one liquid phase was
cbserved in the renge 100-359C. 'The aystem was investigated quan-
titatively at 50%0. The data are presented in Table 8 and in Pigure
9. Solid potassium hydroxide monohydrate is the stable phase at
this temperature, the Schreinsmakers! method giving s value of

75,2% XOH which compares well with dthe theoretical value of 75.7%
KOH for KOH,HaO.
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1) liguid 91.90 1.8 8.5 Saturated liquid
z) » 59,1  19.1 22,0 #
3) # 38,2 23,2 29.5 B
4) " 18,1 45,8 35.5 "
g5y » 3,0  50.2 37.0 g
g) » 4.8 55,0 39.0 o
7) 4 68.8  13.8 18.5 #

8) " 23.7  53.8 12.5 Sehreinemakers' method
golid 43.7 38.3 38,0 for composition of solid

The system bydrazine hydrate and potassiws carbonate was ine
vestigated qualitatively over the tempersture range 25.100°C in the
search for conjugate liquid phases. Only one 1loguid phase was
found., The system was investigated guantitatively at 50%C, The
data apvear in Table ¥ and in Figure 10. The @élid4phase in equi-
libriun with the satursted liquid was found to be XgC0g. 5/2Hg0;
extrapolation using the Schreinemakers method gave exactly the
theoretical composition for this hy@raﬁé‘

in unsuccessful attempt was wade to find another ternary syse
Yem (involving hydrazine and water ag two of the components) which
would exhibit the phenomenon of conjugake liqﬁidAyhaaea in the ten.
perature interval 25.100%¢, Several substances were tried in a
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Table 9
bydrazine-water-potassimm ¢ nate at |
o BligHy  GE2003  HHR0  Remarke

liguid 7.0 0.8 3.5  Ssturated liquid

# 53.4 6.0 40,5 "

* 7.6 47.9 44,5 i

= 16,3 3845 45.8 #

" 28.7 25,0 46,6 "

# 40.5 14.3 45.0 it

# 3,8 2.7 27.5 tchreinemakers?! method
selid 27.7 51,7 20.85 for composition of solid




guelitative manner, The material under test was placed in the
equilibrium tube at 100°C. Suffiocient 85% hydrazine hydrate wase
added to just dissolve the solid, and then a slight excess of the
8olid was added. The mixture was coolsd slowly %o room temperature
with constant stirring and observed at 10° intervasls. None of the
materials listed in Table 10 were observed to effect separation
inte two liguid phases,

In general, a ternary system has four vaerlables, temperature,
pregsure, and mole fraction of two of the three components, In the
present study, pressure was not a variable, being always equal to
the atmospheric pressure, Use of triangular coordinates sllows
the representation of all possible three component mixtures in one
plane, Temperature may be represented by the third dimension.
Thus, with pressure constant, the temperature dependence of %ernary
systems can be represented using o solid prism, with the height re-
presenting the temperature. Isothermal planea through this prism
allow planar representation of data presented in Part III of this
thesis, It is obvious that these isothermal planes intergect a
surface, and it is the trace of this surface on the isothermal
plane that gives the curves which have been presented.

The preparation of anhydrous hydrazine by distillation from
an aqueous solution which contains sodium hydroxide was presented
in Part II. It was observed during the distillation at constant
pressure that the temperature of the stlll ocontents increased only
a few degrees while approximately 80% of the hydrazine was being
collected, Thereafter, the temperature of the siill rose rapidly,
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and the rate of hydrazine distillation decressad sharply. Obser-
vation showed that these effects ooccured when the last amounts of
the upper phase had disappeared.

According to the Phase Rule, F = 0 » 3 = P, a two-component
system, consisting of two liquid phases and a vapor phase, is uni-
ﬁaxi&at. At a given temperature such a system has a fixed pres.
sure., Distillation at a fixed pressure (T constant) ocours until
one liguid phage dieappears, A three component system, having two
llquid phases and & vapor phase, iz bilevariant. There are, however,
three variables, temperature, pressure, and the percent of one come
ponent, Thus, removal of a component by distillation at conatant
Pressure is secompanied by e tempersture change,

In view of this diseuseion, it becomes nesessary to explain
vhy a rapid temperature change during distillation did not ocour
until after the upper phase had diseppeared., Examination of the
tie lines in Figure 6 shows that they slant sharply toward the hy-
drazine apex, It was shown in Figure 1 that compositions along a
line that passes through a corner of the ftriangle involve only a
change in the amount of that component, Since removal of hydrazine
causes the composition of the residue to move approximately paral-
lel to the tle lines in the two liquid phase region; it is apparent
that the compesition of the conjugate phases will not change rapide
1y, bui that the amount of upper phase will steadily decrease until
the compoeition of the residue has moved past the curve PR into
field I,

However, a slight temperature inorease was noted; oconsequently

the explanation offered in the precesding paragrephs i2 not com-
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Pletely valid., The situation actually involves a Bnall temperature
inerease, and consegaently the still composition moves not only
away from the hydrazine apex but upwerd along the tempersture azis
as well, Aotusily, the slopes of the tie lines and the extent of
the binodal curves are almost identiocal for the temperature range
70-100°C as demonstrated in Figures 4, 5, and 6, Data for the
limiting compositions, O and R, and the plait point P, also lead
to the same conclusion {Table 6), In the temperature range,
?G»EGQQQ, the surface representing the compositions of the con-
jugate liquld phgg&arriaas esgentially vertiocally., Therefore,
over this temperature range, the behaviour of the etill composi-
tion on the removal of hydrazine can be represented (as a first
approximation) on an isothermal plot.

A method of extreme simplicity and convenience in determing
the exact over-all composition resulting from the addition of sod-
ium hydroxide %o an aqueous hydrazine solution of any composition
is illustrated in Figure 1l. If the molar proporitions of water
and sodium hydroxide are to be 1:l, corresponding to NaOH,Hg0, a
1ine D& is drawn from 69% NaOH through the hydrazine apex, Com-
positions along this line represent the addition of hydrazine to
NaOH,HgC., A line is then drawn from the point F representing any
particular hydrazine-water composition (in the example 53% NgHg)
through the sodium hydroxide apex, Compositions along this line
represent the addition of sodium hydroxide to a hydrazine-water
solution of composition E. The intersestion of these two lines
at F gives the exact composition of the mixzture, obtained by the
addition ai‘éuxfiaient sodium hydroxide to the hydrazine-water
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solution t0 yleld a NaOH:HgO mole ratio of ome, This shows that
the final composition must contain 51.2% NaOH. An initial compo-
sition corresponding to G would intersect the line AD at ¥ and
would require 44,6% WaOH in the final mixture in order that sodium
hydroside and water be present in equimslar quantities, Although
self evident, this method of quick caloulation has not gppeared
elsewhere, %0 the author's knowledge. It amounts to the graphical

solution of two simultaneous equations in triangular coordinates,

1. The system hydrazine-water-sodium hydroxide has been
etudied quantitatively at 50, 60, 70, 90, 100°0.

2. At temperatures frow approximately 60°C %o the boiling
point this system exhibits two 1iquid phases, within ceriain con-
centration ranges.

3. At EQ“G, a simple solubility ocurve is observed, with
FaOH.Hg0 in equilibrium with a saturated solution containing hy-
drazine, water and sodium hydroxide,

4, The effect of these @@njugaﬁe liquid phases on the pian
paration of hydrazine by distillation from a hydrazine, water,
sodium hydroxide mixture has been discussed.

8., A quﬁntiﬁativa staay‘af the systews, hydrazine-water-
potassium hydroxide and hydrazine-water-potassium carbonate was
made at 50°C, Heither system gives evidence for formetion of
two liquid phases,

6. A qualitative study wes made in the temperature interval
256-100°¢ in an wunsuocessful attempt to find smother hydrazine-
water ternary sysiem exhibiting two liquid phases.
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