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INTRODUCTICN
The existing literature on the ternary system lithium
sulphate - smmonium sulphate - water is, to a certain eXtent,
ineémplete. Certain isotherms have been studied and only
two of these would appeaf to have been ihvestigated with‘any
dégree of accuracy. It was felt, therefore, that two more

isdtherms should be studied. Tne investigation cf these two

- ‘isotherms would indicate the accuracy of the previcus re-‘

; searches, as well as indicating the regions of stability of
any and all double salte formed in ﬁhe temperature range
over which the investigation was carried out. ;

Fufther perusal;éf the 1iterature revealed the possi-
bility of the existence of higher hYdrates than the monchy-
drate of lithium sulphate. The evidence was contradictory
- and unsubstantial. The preéent research would remove the
confusion that existed in connection with this point.

Whereas, the temperature and composition of the two
binary euteetié points have been established with a rather
large degree of eertainty, the temperature and composition
of the ternary euteétic p01nts has not been established., The
determlnation of this temperaturekand composition represents
another phase‘of the present research.

| Theqobject of the present study, therefére,’is the .

investigation of isotherms at zero and seventy degrees, a

determination of the number of stable hydrates of lithium




2
sulphate that exist over the temperature range under investi-

gation, s check of the binary eutectic temperatures and com-

positions, and finally, a determination of the ternary eutectic

temperatures and compesiticnse



REVIEW OF THE LITERATURE

Introduction

The;investigaﬁions that have been carried out on the
system lithium sulphete - ammonium sulphate - water Were
eafriea out by Schreinemakers and Spielrein working independ-
ently at the beginning of the twentieth century. Investigations‘
into the soldbilltiee of the two salts and into the equilibria k
of the binary systems were carried oat at 8 1ater dateo~ As a
result of further experimental research, a certain degree of
uncertainty Was cast upon the results of both of these investi-
gations., The following resumé of the literature discusses the
‘more important aspeects of the subject in erder to indieate the
information that must be,cerreeted, the information that must
be verified, and finally, the new information that muSt‘be

~obtained,

The univarlant blnary equllibria, at constant pressure,
“ for the system lithium sulphate - water have been studied by

. Gampbell (1)°k,Usiﬁg the method of Davisen, van Klooster,k

| and Bauer (2) he checked Dreyer's (3) measurements, which had
been made for concentrations up o 4. 55% 1ithium sulphate, and
‘eontinued his measurements down to the euteetie compositiono
This final determination was verified by the method of thermal
analysis using a copper - constantan thermocouple and a sensi-

‘tive;galvanometer. Table I repreeents Campbellls results.




TABLE I

FREEZING POINTS OF SOLUTIONS OF Li_80
\ |

2 4

N

. Concentration Freezing Point °C
Grams Li_SO /100 grams H O ' q
s 11,50,/100 g 2

|

4.07 S ‘ - 1,735

7.79 S St B8O
' 11.30 - 5,11
14,33 - 7,04
17.67 - 9,67
21,95 | -14,65
24,85 | -18.45
27.1 i _21.4
‘eutectic =23.0

All the ice pointe fell on a smooth curve and, Whan

‘this curve was extrapoléted to intersect Friend's (4) solu-

' bllity curve, intersection was found to ocecur at »25°Oﬂdegrees ’

and 2759%kanhydrbus lithium sulphate. Campbell states that
there is no doubt as to the eutectic température, but that
the eutectic composition rests upon two uncertain extrapola-
 :tions@ He further states that it is virtually impossible to
determine the eutectic directly because of the impossibility
of Drebaring a solution of 27.9% concentration at any other :

temperature‘than the eutectic temperature itself.
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A controversial point has been brought cut by Friend's
(4) solubility data as given in Table II. His measurements
indicate that the solubllity decreases progressivsly as the
temperature increases. Etard (5) had previously indicated
that the solubility increases;rapidly from the euteetic tem-
_Derature, passes through a maximum below zero d»grees, ané
subsequently decreases. R | “

‘ Another point to be verified in the present reséarch~
is the nature 6f‘thé eqﬁiiibrium sclld phase aﬁ low tempéra»
tures. Friend (4) has stated that the dihydrate i, SO ,2H.0
exists gt low temperatures. Indeed, he indicates the possible
exlstence of higher hydrates in this region. His method of
analysis and subsequent lack of agreement of check results
ind;eate&‘hiskinterpretation might ?rave incorrect. Gampbell
(1), in testing this point, carried out dilatometric experi-
ments on the system 1lithium sulphaté;w water at -12°C and did

not detect‘any‘diseontiauity. He also investigated‘the equili+

ibrium diagram 11thium sulnhate - 1lithium chloride = water at
=12, 25@ to test this matter further. His evidenee points to
the existenee of the monohydrate as the stable phase.

| The latest work on the solubi?ity of lithium sulphate
in Water has been earried out by Apbleby, Orawford, and Gordon
(6)o Thelr results are tabulated in Table III. On comparison
with Friend's data, one notices rather~good agreement over the

temperature range c@mmon‘to both investigators.




| PABIE II
SOLUBILITY OF LITHIUM SULPHATE IN WATER

Sblubility : Temperature

Grams ‘anhydrous 8alt/100 grams solution °C
2732 G 180

27.24 SRR e Sheisien
27»18 =11,5
26,73 ? 6,5
26,51 | 0.6
26,07 14,9
25,96 | 1645
25.96 | | 16,7
25.88 | ‘ 19,6
2554?~, 31.8
25.28 i 3840
25,12 o ) ‘; 42,2
25.00 , | 43,7
24,82 ‘ ‘ 51.6
24,71 ! 5204
24054 b  esun
24,05 ' 77.0
25,76 | 94,8
25.72 103.0

23,72 e e  103.0



TABLE IITI
SOLUBILITY OF LITHIUM SULPHATE IN WATER

Solubllity Temperature

Grams anhydrous salt/100 grams solution | °C
R e
R3.5 e 1 100,65
23,56 102.5
23055 104.0

The Binery System, Ammonium Sulphate - Water.

- The solubility curve of ammonium sulphate has been
determinéd by Mﬁlder (7) in 1864, De Coppet (8), Rudorff (9),
and Guthrie (10) have successively studied the branch of the
~curve corresponding to the ice phase.

~‘The~eutectic point, according to De Coppet, is at -19°
~“and:accordingsto Guthrie‘ls‘at -17°. Because of this disa- H
‘greement,imatignon and Meyer (11) @ade a new determination of
this temperature,‘and measured the solubility of the sélﬁ at
=169,
| The results of all these ezperiments are given in

Table IV (11).



Temperature

:Qci‘

TABLE IV
- SYSTEM, AMMONIUM SULPHATE - WATER

Milder De Coppet Rldorff Guthrie Matignon
da oppet : Matignon

k Grams Anhydﬁcﬁsfsalﬁflﬂﬁ‘grams water

k Meyefk

‘f‘f19.05
o
‘~;;;§
16
=
flﬂ;a
- 7.9
- v{ﬁ;;f
‘*4?545“

62.2

60,0

40,0

‘ “238 i o

-=1.10 s

0
Lale
‘f191‘ |

k7°@6~;“

P L

LB

20,0

@i

71,5

66,7
40,1

25,0

72.2

. 7661

6408

111,1§,f , 

i Oonty
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Matignon and Meyer found that at -16°, 100 grame of
solution contained 38.36 grams ef ammonilun éulphatee This
value is‘higher than that obtained by interpolation from the‘
experiments of‘ﬁe Coppet, and gives a more reguiar form %o the
solubllity curve. ; ;

Table v lists representative values ef exeerimental
~ results of the solubility of ‘ammonium sulphate in water over :
‘the temperature range ~-16.3 to 100 degrees as cemplled in _;:
Gmelin (12). Original references are given opposite eeeh resulte

Table VI represents the data which yields the ice line
for a solution of ammonium sulphate and ice. :

Table VII is a compilation of various experimental de=
terminations of the eutectic temperature and composition for
}ammoniumesulphate‘ana ices |

The Double Salt, Lithium Ammonium Sulphste

F. A K. Schreinemskers (27) has investigated the
solubllity ef the above doable ealt 1n water at various tem~
“peratures° Hls results are reeorded in Table VIII. These
results indicate that the solubilitv of the dcuble salt ie
‘nearly independent of temperature.

Further investigation by the same worker (27) is re-
corded infTable~iX~whieh:re§reeente the freezing point of
adueous solutions of lithium ammonium sulphate.

By determining the point of infersection of the |

curves of Tables VIII and IX Schreinemakers has shown that
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TABLE V
SOLUBILITY OF AMMONIUM SULPHATE IN WATER

‘ Témperature oC : Weight % (NH4)2804 | . Referenée
-16.32 40, 1# |  (13)
e e gy
=180  40.4% L a8y o
-1l.o2 40.5% | Qs
<105 ‘ 40, 6% ; (14)
~10,0 . 40.6% | | (14)

0.0 ﬂ 41.5 (15)
10.0 42,2 (16)
20.0 42,99 (16)
25,0 43,46 (15)
30,0 43.60 | (17)
40,0 i aae S taey
50,0 ( 45,77 e - (18)
6040 46,80 (1)
70.0 | 47,80 (19)
80,0 48,8 (18)
9.0 49,88 L (el
1000 50,45 | (15)

%Gcncentrations were orlginally expressed in- equivalents

amm@nium sulmhata per 1000 moles of water,



TABLE VI
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THE ICE LINE. SYSTEM, AMMONIUM SULPHATE - WATER

Weight % (NH4)2$O

Temiﬁerature ?G 4 Reference
- 1.05 . B.246 (21)
e 1.99 . ems (21)
= 370 12.23 - (21)
- 5,28 17,10 (21)
- 7.10 22,40 (22)
= 7,94 24.26 (22)
~10,15 28,97 (22)
10,43 29,14 (22)
12,00 31.87 (28)
~13.99 34,47  (22)
515.99‘ 37420 (22)
—17.49  38.86

(22)
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TABLE VII
EUTECTIC: AMMONIUM SULPHATE - WATER

T‘empérature e Weight % (NI‘14> 2304 kRéfe‘renee .

-18.3¢ 39,90 o (22)
-18.50 se.5 ey
L =18,05 o o B9.40 0 (B3)
~19.05 |  39.86 |  (24)
- =12.05 38,40 (25)
19,5 S 88648 (26)
TABIE VIII
SOLUBILITY OF LITHIUM AMMONIUM SULPHATE IN WATER

e o ST
st e s m——

Température °C S ‘ | 5 Weight‘% Salt

-10.0 ‘ RIAE ; 35026
s e . . 35,36
10,0 | 35.53
20.0 35480
30,0 - 3587
0.0 o - 35,89
50,0 | 36400
6040 | 36,06

70,0 36,18
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TABIE IX

FREEZING POINT OF AQUEOUS SOLUTIONS OF LiNI%SG 4

—

"Tém@eraﬁare °g , B ‘ ‘ Weight % Salt

- 0.58 o N ‘ 1,372
L L e ‘2,%96{
- 1.55i‘ L e SEaiias ;5,560 -
- 2.05 e | | §;455‘

- 3,20 ~ f 9.101
- 4,40 S | | 12,017
- 5,12 | ; ~ 13.524
- 6.60 o 15.83 |
7,63 o e 19.52
-85 21.025
- 9.58 | o 22,79 .
R100BR i o e
-12.44 Sl L e
Sl A L 27.54
14,96 | L | ) | 29‘75 -
~15.22 | . 29.84

. -16.23 ‘ &;~11;; SR 31.14
~18.23 | 32,84

- -19.28 _ e 33.98
-20.15 | e 35,02
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the crychydric solution will contain 35015% doable salt and |
that the cryohydric temperature is »2067@; He secured a

cryohydric temperature of -20.7°C by direct determination.

é@mcnium~sulphate - ?ater

- Two workers have carried out investigat*ens upon tha ;

‘i7equilibrium existing in the abeve ternary system.~ Schreine-

5 makers and his co»workers carried out isothermal investiga-

tiens of tne equilibrium existing among the three cemponents,‘
 lithium‘sulphate, ammonium sulphate and‘water;at 30 and 50
‘aégreéé while‘Mlleg Cecile Spielrein‘(ze)‘eondueted a father
‘doubtful‘and sketchy iﬁvestigation into the equilibris exist-
‘ing at temperatures of 20, 5?9 and 97 degreeso‘ Qualltative
agreement has been obtained by the two researaherse
Schreinemakers, assisted by ¥r, D. H, Cocheret, (27)

found that when 1&2804H20 was added to a saturateﬁ (NH4)2834

::selutien successive separations of the following salts oecur.

:ammonium sulph&te, ammonium sulphate and doable salt, &cuble“‘
salt, anhydrous lithium sulphate and dcuble salt, anhydrous |
1ithium‘sulphate,~and*the monohydrate of 1ithium~sulphateo
Their results are Qoxﬁpiled‘ in Tsble X, The graphical repre-
séntéﬁibﬁiéfithese~reéalté ié given in‘Figare lg;the‘éy$§emkt
béing‘treated as a‘oondensed system, and the phsse diggram

‘being representea by the familiar Roozeboom equilateral

‘ triangle methoée
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TABLE X
THE TERNARY SYSTEM, Li_SO -~ (NH - HO
ERNARY SYSTEM; 14,80, - (NH,) SO, - Hj

Temperature = 30°C

Numbexr . Solution ‘Wetiﬁesidue ~ Nature Of
’%(N54)2804 | %Lizs¢4 %(NH4)2894 %L12$°4;5011d Phase

© 4,89 - 2407 . 158 g7,23 %
6,66 23467 2,67 62,78 u

8o44 23,09 3,68 62,12 "

SCE

9.42 25,03 4.80 58,45
10,67 22,49 5.85 58.85
10.93 22.51 6,97  B55.21 g
12.46 21.88 19,38 48,55 Li_50 HO +

o 3 o o s o z\') -

2 42
LANH, S0,

9 1228 21,7 26.26 37.96 L

10 12.5¢ 21,99 2400 45.66 v
L 1430 20,35 19,40 25,30 LiNH S0,
12 14,27 19.94  38.32 54,94 i
13 19.29 16,58 40,50 3366 "
4 2527 12,68 45,56 54,07 !

15 28,75 10,78 4L.es  28.86 0
16 32.15 9.3l  42.82 27,23 "

17 . 556 7084 45,28 28,65 Y

18 36437 7,69 47.34 50,54 .

Cont,
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TABLE X CONTINUED

THE TERNARY SYSTEM, Li 80, - (NH) 80, - B0

2 4

Temperature = 30°C

Number 4 S@lutign " 7?3%~Residue p Nature 0f
H 80 13 SO NH 80 Li 80 8olid Ph ‘
) %0, RlaS0, AN, s0, | Moty 9100 THace

19 39.55  6.59 7104 725 LiNH,SO, +
20 59,38 6042 48,38 26,99 "
21 59.55 6.57 77,71 2.65 (NH,) 80

22 39,56 6,26  70.66 2,91 . "

4

23 40,95 R.93 71039 1.63 "
24 44,1 0.0 = - om

Temperature = 50°C

See i 24é5  Gl ;Liksoéﬂéo:
7.56 22,86 = 5.13  63.80 "
8.58  25.09 758 s7.e7
9,63 22,79 16.58 60,35

1145 - 2l.75 8,96 61650 "

(oS I S

13,97 21.25 18,9 30.8  Li,80,H,0 +

L1N34504

13.90 21,20 22,7 29,2 W

-3

8 19,65 16635 - & ldNHéSO41
9 43,05 ~ 5.86 51,9 9.4  ILANH;80, +
e Shieand  (NHy) 580,
10 45,7 Yo O - - H ) 8C
L Qo 0 | (Nké)zsoé






~ kisotherms,‘ The results exgressed in Table XI are as they were

19

Point l. 33 grams Ligso4  per 100 grams of solution,

14.2 grams (NH ) SO per 100 grams of solution.

Point 2. 11 grams L1230 per 100 grams of solutlon,
& SO

o grams (NE@)Z 4

This worker also found that a double salt existed of the form

Li SO .
| Li,80 (M) S0

per 100 grams ef solutlon.

In a later paper Spielrsin (29) reported data for three
“:obtaine& from the 1iterature,

‘ | TABLE:XI
THE COMPOSITIONS OF THE INVARIANT SOLUTIONS

t =20  t=57C g =097°C

I a1
‘ L12504 388 126 38.6 18,2 38.0  10.6
. _(NH4)2804 7.2 72,9 1.3 82.2 19,2 93,1
; The solid phases at poinz 1 are L12804H20 and LiNH SO
and at point I1 are (N ); 4 and LiNﬂésﬁé It 1s assumed that

the above compositions are in grams of anhydrous salt per 100

grams of Wauer although the point was not established in thie

i‘;paper,‘ These three isctherms were superposed by Seielrein on

o a horizontal Drojection, and she subsequently states that their
solabiiity remains sensibly constant With temperature, and therew
~~fore, the heat of solution of the double salt is nil at all

 these‘temperatures,‘7
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This system ie eomposed of components rather closely

analogous to those under investigation in the present
research. One would, therefore, possibly expect to obtain
similer behavior in this system to that undor investigationa~
. Matignon and Meyer (50) and BaWson (51), working independe |
‘}ently, investigated the system ammonium eulphate - sodium
 :svlnhate - water. Freeth (52) also investigated the system,
but at a somewhat 1ater datee

: The components of this system combine to form twe come
‘pounds namely, Glauber‘s salt, Na 850 , 10320, and the double salt

2 4

‘NagSO4(NH ) $O ,AHZO The properties of these two componnds

:;‘ largely determine the charaeteristic features of this systema

Upon stuﬁying the equillbrium relatlons between —20° and
‘lOO° and illustratinw the results on diagrams, these investi-
gators found that the double salt was formed from Glauber'
salt and ammonium sulphate at 8 lower temperature limit of ~16° k
‘Tnis double salt decomposed with the formation of the anhydrous
simple salts at 59, 3°C, Between =169 and 20“ the double salt
decomposed ~epon treatment With water, with the fermation of o
Glauber's salt, while ’oetween 41,5 and 59.3° 1t decomposed
With the formation of the anhydrous sodium sulphateo The traﬁsi»
tion temparature for Gledber' salt into anhydrous eodium S

~ sulphate was depressed to 26, 5“ by the additien of ammonium |



| 21
sulphate. The solid phases in equilibrium with the selution

at this;temperature were Glauber's salt, anhydrous sodium
sulphate, and the double selte
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?X?ERIMENTAL PEGGEDURE
Introaucgion

The eXperimental aspect of this work can be classiw

fied as follows*
Firstly, the checking of the two binary eateetie

temperaﬁures ané oompos;tions was carrieé aut by the method ‘,W‘

k of thermal analysis.: .

Seconﬂly, the eheoking of Friend's (4) contention " , 
that higher hydrates than the monohydrate of 1ithium sulphate

| existed at 10w temperatures Was carried out through the usse B
e a dilatometer as well as by a study of the zero degrees

isotherme | i S | |

“ The third point of interest that Was investlgated was‘

‘7a determination of the regicn of stability o; the deable sal*

‘ ‘and o; the monohy&raﬁe of lithium sulphata, This wWas carrie&

‘ out through the stuﬁy of the isotherms at 0 and 72 degrees,
l?using the familiar method of “wet residues” as introduced by
‘Schreinemakers.  ; | ; | N ‘; | .
‘  The determination of the temperature and compositlon

of the two ernary eutectic selutions Was the final investi-
gation; This wa.s carried out once agsin, bv the method of
thermal analysiso | | e ‘

Each of these classifications will be dealt with

separately in the subsequent dilscussion.
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Preparation and Purificastion of Starting Ms

All the‘reagents used were standard reagent gra&e‘

materials, The lithium sulphaﬁe, Analar grade, was a British ‘

Drug House preduet with the following maximum limits of im-
‘puritiese‘ ‘ ‘
;_Ghloridekg.oes.,.......,,.o.....a.oo.. 0. 0027
‘SeIron ...........,.....e..Q.,.,,.....,; 0. ooos%
‘*ﬂf:Heavy Metals Secsetencittieniiasnatnas O¢OOI7
Nitrate ;..,,.e.,,,e,,....aﬂa,...eo,o. 0.002%

The ammonium sulphate was C.P. Baker s Analyzed, guaranteed ‘

to meet A.C B stan&ards.‘ It was free of pyridine and assay-

ed 99.1%. Before using 1t was recrystallized from Water an&
artea, | L
| Ehe double sulpheue ef llthium and ammenium was prepar~
- ed by aéding these two sulphates, in equimme ecular prepor~

‘ +ions, te water until the hot solution was juet saturated. It

‘"‘was ceneentrated by evaperation, allewed to cool to room tem»

“‘peratare,‘when the crystals were filtered under suetien. The ;f“

resultant double salt Was then recrystallized twiee ana sub~
“sequent1V~&ried for some weeks in a sulphuric acid dessicatore
; ‘ Niehels mercury metal and Analer grede chloreferm,
“whieh were used in the oalibration of the thermeeouple, were
both redistilled before use. Garbon dioxide,‘which was~use&
kin~the‘solie lorm for ‘the same purpese, was obtained frem a

city supply house and Was used, fer ebvious reascns, with no

~; further purifioationo :
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A relatively guick and a¢cufate me thod waé desired
by which the composition of aqueous solutions of 1ithium ané
‘ammonium sulphaue eoulﬂ be determined, It was decided to de-
termine total sulphate eontent and total amﬁonia content while
the lithium content was determined by difference. |

A great deal @f research has beeﬁ carrieé out eoncerning .

- the estimation of sulphate, The standard method is, of course,  “~~=~

‘to precipitate the sulphate as barium sulphatee Many inVestiga~
‘tors, however, stress the inaccuracy inherent in this.methcd due
tO‘the,great~tendency‘te:edelﬁdé‘othér‘ionso“Eé T,;Allen and
Je Johnstén (35);‘J“Jchnstcn‘and‘L, He Adams (34) have carriea
out a number of illuminating invastigatlons upon the phenamena ‘
of occlusion in precipitates of barium sulphate.‘ Friend (4) in
“his determination ef the soldbility of 11thium sulphate, abandons :
| ths barium sulphate method completely in favor of slow evaporaw ;
“tion of the sample and subssquent volatilizatien. This methoa ;
was tested by the present investigator and, while realizing thatf ‘
‘fundamentally this 1z a soand methed, 1% was abanaened due to
the great suseeptibility to splattering Wi‘th a resul’ﬁing low
‘estimation of sulphate eontent | A volumetric method that was
“fermulated by Wiley (35) an& that has been used successively by
~ Sanders and Dobbins (36) Was~investigated, but ammonium acetate,
which‘wa3~fermea~in the course of*the analysié, Was~found to in-

~terfere with the external indicater, and theref@re, this methed |

‘=_was aban&onedo~
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It was decided to test the method of preeipitation
as barium sulphste, to measure the aetual degree of occlu-
‘sion with the partienlaf ions unaer investigatione Using the
method a8 cutlined by Kolthaff and Sandell (5?), an accuracy
k‘cf better than 0. 5% was consistently obtained. Minimum co-
‘ preoiDitation was ensured by observ1ng the fellowing pre«i N
' fcau'si.onss The acidified sulphate solation and ’Ghe barium |
‘ ehloride solutien were heate& almost to their boiling point
before they were rapidly added to each othere Since the none-
~cc-precipitation of eations was desired, the sulphate solution‘
was rapidly added to the chloride solution, and the resultant
solutian was allawe& to stanﬁ for a minimum peri@& of tWenty
‘four hours befare filtration through Whatman‘s Noo 42 filter
‘ paper. The flrst drops of filtrate were tested with silver
j‘nitrate solution to ensu;e complete preeipitation of the salw
‘paate ion while avoiding a large excess of barium cnloridea‘
| The barium sulphate crystals Were mashed With hot Water until
‘the Wash water showed a negative chloride ion teste The pre»;;
‘~cipitate Was then 1gnited very slewly in platinum cruoibles,
care being exercisea that the filter paper aia not eatch fire“
at any time as this WOuld reduee the barium sulphate. Having
‘ observed all these precautions, 1t was folt that this method
of analysis was the most sauisfaetory fer this Dartieular
‘;investigation.‘ As previously stated, the maximum errer ever

| obtained on test sambles Was less than 095%, and 1n the
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majority of casés, the accuracy far exceeded thise These
'tests were carried out in a manner simulating actual work-
| ing cenditions.~‘ ; : ‘ ; ‘
| k The determination of the ammonia content was carried
out bJ the steam distillation of a basic sclution of the
| sample, The distillate was absorbed in a borie aeid solution
iof approximaﬁely 47 strength following the method as outlined .
in Pierce and Haenisch (58) and criginally proposed by Winkler
(39) The amcunt of ammonium borate formed was determined by
‘titration with standard hydrochloric acid, using bromucresol
green as the indicator. The acid was standardized with soﬁium
earbanate (40).: A blank was run in both cases. Once again,
‘this method Was earefully tested before being aﬁﬁptedv the
“‘maximam error obtained being 0057 e “ -
| | All glassware used in the analytieal work was caliw“

‘ brated before use.‘ Pipets and volumetric flasﬂs3 which were

~~>‘ used to obtain aliquet portiens, were. calibrated relative to

”:‘ eaGh other.‘ f: j‘

e

111bratien“of”the,Thermocouqlﬂk

T@ measure dlfferences af temperature, an iron—bonstantan'

fthermoceuple was used in conjunction with a sensitive potenu
’ﬁiometem Throash the courtesy of ‘Ghe National Research |

‘;Gouncil Library, a photosuat of the method adopted by Roesor
and Bahl (41) for their calibration of an iren-constantan

 ‘thermocouple Wwas @btaincd and suudied. ;Ehe method adopted ‘



27

by the present investigator was essentially that of Beeser
rand Dahl with the exceptien that many of the preeautione
adeptee by tnem were not used. The reasone were twe-feld,
firetly, an aceuraey ef + 1 degree Wae all that Wae desired,

ﬁand secondly, for the small temperature range over whieh

~ the preeent investigetion wae carried out, the calibratioa Sl

g-jeurve was essentially a straight 1ineo
e The following fixed temperature points Were used;ter;;;’i‘
‘°ealibrate the thermeeouele. : | L . | H
‘ 1a the freezing point of mercury,........wss 9 degrees (42)
k 2. the freezing peint of ehloreform,ooeoo~63 5 degrees (42)fr
3. the sublimatien point of carbon e “ ‘,‘ S ‘: |
| e e . dioxida.ge.,.,~78 5 &egrees (42):‘
‘1:24;;£ﬁe meltinw point of iee,..,a.,.,....ei 0. O degreee (42) 
fi;é;jtﬁe eold junetion ueed by another S “ k
L ' investigater..GQQ*EQQB degrees (45)

‘Fer pexnte l, 2 and 5, the hot junetion was the melting iee, ff_‘;;;u,

~‘Ue;while for point 5 the melting ice served as the cold Junctieno~‘~

f The determination of the veltage produced when one
‘ejunetion of the thermoeouple was malntalned in freezing mer~n
| cury while the other junetion was maintained 1n meltlng lce ”
eeWae earried out in the following manner. A beaker eenteiningi‘
rthe 1iquid mercury Was immersed in a 1arge flask.k This flask
: was plaeea in a 1arge dewar flask and solid carben dioxide,r;ef

kwhich aete& as the refrigerant was placed between the walls
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of the aem and t‘hekfliaska An insuiatea tép containing two
holes was place& over the aésemb13393 and the thefmcébuple
and motor driven stirrer were inserted 1nto ‘the holes. The
hot Junction was tested for constaney by eontinual observae
tion~of the reaaings of a stan&ard thermometer4 The~diff~
_nrence in temperature between the h@t and cold junctiens of

“the thermocouple W&s recorded by taking two minute raadings fk

“j‘on the petentiometer until a constant valtage was obtained,f  |

kindicating that the mercury had reached its freezing point;

‘ A similar procedure was carried cut when chlorofoym |
replaced the mereury with the excoption that the air dac&st~
was omitted, When~the solid earbon dioxiée was used,~the‘ ‘
cold junctioh of the thermocauple Was placed direetly in the

 dewar flask eontaining the carben aiexidee Point number 5
f“was obtained by a reversal of the Junctionsa The hot juncu ~

 ‘ti0n Was placed in the water whlch Was maintained at a con-

~<staﬂt temperature of 29.8Q (45), while the eold Junetimn was‘i .

Q“ immersed 1n the melting ice. Finally, the two junctioﬁs were“ ;]:1k}{;ff

‘placed in the melting 1ce and the voltage produeed was noted.
Table XII represents the PeSths that were~obtained, - The ‘
voltages shown are mean valuasek Figure 2 represents the com=
°:pleted calibration curve. The voltages fe; the fized teme
perature points were checked every six months with no apnréu

ciable ehange being observea,
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| TABLE XII
TRON-CONSTANTAN THERMOCOUPLE CALIBRATION CURVE RESULTS

Héthunétion Temperaturé ‘Gold‘JunctibnkTemperature EoM.Fo

LT B ; o o( St millivolts
Fes L g ‘~3§gf1f~“;1¢27‘
‘f O;§] f ‘7    -  i: L Tg?@ ;j - ‘7_: «0;95?-k

B e e

e e o8
; O;b“ .: k‘;‘ : ‘kkk;7é§5kk‘ 1‘ | : é3;29

| Table VII gives a. comnilation of various experimental ;
“determinaticns of the euteetic temperature and compesitien for

 ammonium sulphate and ice,‘ These &eterminati@ns were checked

o in the present investigation. The apparatus used‘Was identle;

cal with that used in the ealibration of the thermocouple
rlwith the exception that two air Jackets Were used to lessan

‘the rate of cooling. Differenees of temperature between the

solutian of ammonium sulphate and the melting ice were measured

by the calibrated thermocouple.k The ammonium salphate selution“

was agitaued at all times by a metor driven stirrer to ma1n~‘ k
tain equilibrium, When the observed voltage attained a con-

~stant value, a sample of tne equilibriam solution Was remeved

by means of a fritted glass filter stiok of fine poresity, The‘



filter;stick haa been earefally dried and chilled before
inserting it into the eutectlc mixture. aentle suction was
7a@plied to the filter stick by me ang of a water suction pumpe‘
The withdrawn sample was quickly transferred to a Weighed
“container and the Weight of the sample Wwag ascertalne&. It
‘ was transferred to a 250 millilitre volumetrie flask ana dis- ~
}ltillsd water was added to‘bring the solution un to the mark.‘
: °5‘A 50 millilltre pipet, which had been calibrated relative to 1f 
k th@ flask, was used to dbtain an aliquot portion. The per~ k
|  centage ammonium salphate eontent was detewmined by analy~
‘ zing for ammonia conuent, and this value Was checked by analy~
‘ zing for total sulnhate,k These analyses were carriad out in

the manner indicated 1n ”Meth@ds of Analysis“; The following |

~‘ fresults were obtained frcm two different samples¢~

TABLE xxzx
EUTEC&IC TE%PERATURE AND composxrxom
‘ AMMONIUM SULPHATE ~~WATER ‘

e ———

Gegstggt‘E.E.F,y ~ Eutectic 7(NH4)2504 | %(NH4)?S°4 |
- SR via : via ;
Reading mvs. ~ Tempe °C  ammonia anale sulphate anal.
1. -0.79 -19.0 38,9 59,5
2o -0.83  =19.9 39,1 39.4

The mean of these resul‘sss yielés a euteotie temperature of ;

g‘«1995“G ané a eutectie compositien of 39 2% ammonium sulphate;j‘
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The Binarv Eutectic, Lithium Sulghate - Watgr
Accordlng to Gampbell (1), the eutectic temperature for
this system was u23 0 degrees while the eutectlc composition
;was 276 97 anhy&reas lithlum sulphate, The eutectic eompcsiw |
tion was obtalned through the extrapolation of Friena's (4)
solubility curve and Gampbell‘s ice 1ine, The present 1n~

“‘ fvest1gat0r attempted to check this temperature and comu‘f“

;pesition in a manner analogous to that used in ehecking the
~‘eutectic temperature and composition for the ammonium suln‘
‘:phate - Water system. 27 9 grams cf anhydrous 1ithium |
sulphate and 72,1 grams of aistilled water were thoroughly
‘mixed,; A simi lar procedure was earrie& out with this solu»

tion 88 wmth the ammonium sulphate solution. A;constant

- E, M.F.;value, however, was never obtained. It Was thought

‘fthat possibly the rate of cocling was too rapid and masked

~the break in the cooling curve.‘ The rate of cocling was

' ﬁ;:accordingly 1essened but once again no definite E M F‘m value,‘;‘

‘fjeorresponding to the value at the eutectic temperature, was~

“~attained Exeess of 11thium sulphate was addea to the initial .
~selution and a bette; system ef stirﬁing was devised, but no
value was obtained which eould be interpreted as being the ‘
‘ euteetic temperaturee Samples were w;thdrawn 2t a temberature‘n
of -25 O degrees which were found, upon analysis, to contain
: 2661% lithium sulphate. This 1ndicates rough agrepment With
‘Campbell‘; results. The present investigatcr is unable to
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state why a check of the eutectic femperature and composition
Was impoégiblee The gbove rough agreement and s 1&%@? result,
bowever, are a strong indicatien that Gampbell‘s are correcte
| | Lithium Sulghatg e :
‘In an attempt to prove or aisprove Friend‘s (4) con~
1 tention that higher hyﬁrates than the monchydrate of lithium ;

  sulphste existed at low temperatures, and to corroborateil

‘ :  Gampbs11's (l) research coneerning this oontroversial Doint,

use was made of the fact that if such a transition did occur;‘
‘ *t Would undoabtedly be accompanied by a change in volume. A
rdilauemeter Was constructed to measure this velumetrie changeo"
-This dilauometer was constructed in the usaal manner, a 1ong
capillary tuba being attached to . a bulb containinw the lith~ o
“;ium sulphate monohydrate in centact with a small amcunt of ¥ ‘
“~aistilleﬂ Water.k Tcluene served aa the indicator fluido The
kneight of this indieater fluid was measured with a cathew i

‘*tometer,

The bulb of the dilatometer, containing tha moistened  k‘ff

klithlum sulphaﬁe monahydrates was immersed 1n an ice«sodium
chloride eutee%ie mixture and the lith;am salnhate Was ceole&
‘slowly‘ Temperatare waa recorded W1th a ealibrated toluene
thermometerv ?able XIV is a eompilation cf the temperaturgs
of the moistened salt and correspondiﬁg heights of the

1ndicator fluldg
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~ TABLIE XIV
DILATOMETER READINGS FOR Ligsoéﬂéo

. Helght of Capillary . Temperature
centimetres 00 L

.

me e
‘;52;93 . i | ‘f~;3;0k
ass o g
45,88 .
 42°561 kk’:,i ~ | o  “; éyﬁég : |
‘138§53*~11~ e 71;[ _.7'3“;'
o 31;44“  kk‘ : o ‘:“ 1 ; 9‘0 .“
g -10.0
;_i  24;92~;~ - f‘  ~‘ - ‘ :;?1l;¢ ;.‘ ,
ﬂ é1;gd ‘“~_1 5 - e 17 ~12.0
S
s
SEBE o ags
| 5023 | ‘ : “wl’?‘.D‘
e e
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Figure 3 represents the plot of these results. The straight
line ¢ndieates that a transition from the monohydrate te a
higher hydrate does not oeeuro i G k ;
‘ It was thought that thektran31tien might take place e

:more tlme was allowed fer it to occur, Aecorﬁingly the bulb

~ of the dilatometer was immersed in a large mixture of iee and; -~

k‘ ;sodium chlerlde, snd the containing dewar flask was very well“‘

~-:;insulated. Cathetometer readings were noted until a constant   ~~"

‘reading was abtained. This reading Was, of eourse, the volume ‘
:‘of the moistened lithium sulphate at the eutectlc temperature~
of ice an& sodium chloride. The temperature was noted. The

| entlre assemblage was then allowed to stané fer tWenty four

hours, at which timeg the temper&ture ana height cf the indi~~j

. cator fluid were again recordea Table‘XV gives_the;valuesk |
“that were obtaineda | - ‘ - k

‘ TABLE XV

BILATOMETER READINGS FOR L12804H20

e ————
e e

~Héight‘of Capillsry it | Tem@erature
centimetres - Looeg

JU.ly 5 - 4:3011 s i L : : k | : “21. :
July 4 44,00 =200

ane again, tbe evidence points to the non-occurrence of‘a 

transition.
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An attempt was made to see if‘one:could;deteets upon
cooling, any vigible chénge in the erystal structure and
water censent cf a moistene& sample of lithium sulphate mono-
hydrate, Accordingly,‘samples Wwere sealed in glass eontainers
and cooled in ice w~sodium chloride mixtures‘ These samples

,wefe examined after periods of 1mmersion ranging frem twenty

‘*foour to seventy twe hours, Ns visible change 1n either the

-   erysta1 structure or the water eontent could be deteetedo

- (NH,),80, - HO

| The Zero Degree Isotherm, ui )

2

; The isothermal solubility curve of the sulphates of :
‘ ;1ith1um and ammonia in water was de ermined by saturating the
‘solutions by stirring in contact witn solid phase in tubes
suspended in a kerosene thermostab. The stirning_@ime:waS‘k
never less than twenty four hours,; ThelQOmpdgitibn‘cf the
k  equilibrium solid phase was determlned through the employment
“kof Schrelnemaker s me thod of ‘wet residues‘

The thermostat Was regulated by means af a mercurv‘

“:‘thermo~regulator with a precision of + .05 degrees,‘ A Beekmann

‘thermometer, which had been previously set in melting ice, was

used to 1ndicate any p0551ble temperature variation, The‘

:  kerosene thermostat oonsis»ed cf a large glass cylinaer filled

‘ w1th kercseneo This cylinder was placed in an outer tank whieh

‘~was also filled with kerosenee Coeling was supplied by a
~eeeling coil placed in tha outer bath@_ This cooling coil Was
- was attaehea to a refrigerating unit, the refrigerant being ‘k
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methyl ohloridoo Heating was supplied by a 30 watt light~‘
bulb which was partially 1mmersed in the inner bath. The
~bulb, tne thermo»regulator, and tho refrigorators were con-
trolled through use of a standard Amerioan Instrumont Company
doublo tdbo, doubla throw, eight point oontrola This control
S utilized super sensitive meroury relays¢;_;‘ ::<1~ “
- Samples of the solutions, after sﬁffioient stirring in‘olzlll
;iioontaot with the solid phase to ensure that equilibrium had |
l:been establishea were drawn off Dby suction into a Weighed
lfreceivero~ For this purpose, fine fritte&~5lass filter stioks
‘owere used. This equilibrium 1iquiauphasokwas_drawn away‘from

“the‘solid*as cogpleté1y~aé poasible‘withoutlthe‘risk @f*ap@re;i;‘
‘ clable dehydration due to the passage of alr through the solidol~o‘

‘*fmassoo A sample of tho moist residuo was removed and weighedf_:

:‘;in a olass stoppered bottleoy Approximately tWo gram samples7

“of both liquid and solid phases were takono Both the lioui@ov

oiand moist solid samples were dissolved in water to yield 250;2;1f“

~:[im111111tres of solutiono‘ Separate aliquot portions of thesel;i~‘f‘~i~'

‘solutions were analyzed for total sulphate oonnont and ammonia i

:oontent in the manner previously discussode_ From the weight 3

,;Of barium sulphate obtained and the number of millilitres of

E standoré aoid requirod to tltrete the ammonium borate, the ‘
lithium sulnhate an& ammoni um sulphate oonﬁent wero calculatede‘
Whe results expresseé in terms of weight percent are ropresented

in Table XVI Tho oorrosponding isothormal phase diagram 1s o
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“given‘in Figufé 4,‘the end ef‘éach tie‘line in each case
Vindicating the compositien of the pure equilibrium solia
fphaseo i e |
‘ | | TABLE XVI |
 ISOTHERM FOR 0.10° (20,05°)

Solution " fﬁWef‘R¢Sidﬁé  flil :Hatd?éféfffhé.ii

%(NH ) g@ 7Li SO %(Nﬁé.)zé%l;igsoé Solld ‘Phﬁsﬁf .

‘ ‘flé ~}b;pf°““ﬂ26« e  ‘  +“;‘;‘ Ligs¢43é¢f  ;1“
B 64 254 23 644 M
k‘ ;‘5¢;*'6.2 j;~fi;25,2f;  1.0  78.8 .
4 om o mg o e ;Lizsoéﬁzo ana
- e TEee,
‘~f5;‘:‘958 "‘[‘ 2403 o   35§75:f“kk _ 9‘: ‘
& W goe e mea meﬂgso;. -
7 s . e e

e - 8, 1805 ; 1705 4000 e 34¢0 [;

8, ms . s an.e M0

| ,iéé- 24?8 . isgs‘;°4136 | “‘32;2 . ';ﬁ;

1L %81 6.4 78.6 7.6 LANES0, and

- )25‘ ;
12, 36.2 e el g i

B BT e aes ;Zél;‘~;‘l(NH ) 50 y
*Ha 5&7>f:<5&5j*&x4‘f 1L4,‘ _g”

 “15,‘ 415g i: :  ‘Q;Qf 1 i@1 ..‘ ;“‘;: ‘: gf~ gﬂ;i‘=
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Ihe 71,8 Degree Iéotherg‘

The isétherméi~salubility curve was aetérmined by
saturatlng the solutions by stirring 1a contact with solid
phase 1n tubes suspended in an aqueous bath, The procedure
foll@weé was similaﬁ o thaﬁ a&opted in the invastiﬂat1®n~

of the zerc degree isotherm with tWO minor ehanges.‘;The outer
‘:jbath and the cooling coil wWere remove& while a heatiﬂg coil |
5 :was substitutea for the light bulb,  The thermostat was heavilyf‘k
insulated and a ceating of oil was placed upen the aqueous ‘
“layer to minimize evaporation.‘ | o
| The mereury thermo~ragulator Was agaln employed to
regulate the thermostat, but the precision that could be -
‘attained in this case, when checked with a Beckmann thera
 mometer, was not better than O l degrees. The solutions in
k the suspended tubes Were agitated, in contact with the respec»:
:‘ tive sali& phases, for & minimum peri@& of twelve hours before

7samples were withdrawn, under suction, by means of the fritted‘

. glass filter sticks, The procedure followed from this point

‘on was exactly similar to that employed in the determination :
"of the zere degree iso‘sherme The results, eXpressed in weight
~pereent, are compiled 1n Table XVII while the corresponding e
kifphase diagram is given in Figare 5. S



‘~~j _ TABLE. XVII
ISOTHERM FOR *?1,8g («e»o° 09)

o = - - = : ‘ .

. solatian f;f; Wet Residue °~5:?*7ﬁéﬁﬁfé?¢ffthe5?‘*

7(ﬁH ) so 7L1

2 4

(NH ) so %Li so s‘lidﬁPhéseffff;fgf -

6602 1903 LiNH SO and
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The Ternary Eutectics

It is well known, that iﬁ a ternary system consisting
of two salts and an adueous liquid phase, there will be two
ternary eutectic points when the two salts combine to form a
compound (44). These ternary eutectic points represent an in-
variant system: three solld phases can exist in equilibrium
with a ternary solution, only when the latter has one fixed
composition and when the temperature has a definite value.
The three solid phases in equilibrium withythe ternary

solution in the system under examination were (NH ) SO

4°2° 74’
LiNHéscé, ice;, and for the other eutectic point LigSOéHZO,
LiNH4864,-1ce° The determination of these two eutectic tem-

peratures, the lowest temperatures atftainable with fthe parti-
cular three solid phases, was desired. The two eubtectie
édmpositions were also to be deftermined, as well as an oub-
line of the shape of the three eutectic curves.

Thermal analysls was employed to supply this informa-

tion. The procedure followed was simlilar to that employed

in the determination of the temperatures and compositions of

the two binary eutectle points. Two air jackets were used in

all cases to lessen the rate of cooling. Differences of tem-
perature‘were agaln recorded through the use of the calibrated i
lron-constantan thermocouple, melting ice serving as the

hot Jjunction. The szlt mixture was agitated‘at all times by

a motor driven stirrer.



t-

7.8° C.

. (NH‘})z 504 |

LiNH,S0,




41
The initial coﬁpositien of the solution was determined'

by weighing each salt and.the amount of water necessary %o
dissolve this salt mixture. Knowing the initial composition,
one was able To determine the shape of the sutectlic curves.
The compositlion of the final equilibrium solution was deter—
mined by withdrawing, with gentle suction, samples of this
solution and analyzing as before. The fritted glass filter
sticks were used for this purpose. Theoreticélly, if one
commenced with any initial solution containing the three

components one should, by continued cooling, obtain a final

solution corresponding to one or other of the eutectic composi-

tlons. It was found, in actual practice, that one had %o
have initial solutions having a composition rather close tov
the ternary eutectic solution composition to obtain a final
solution corresponding to the eutectic composition. This
point is, of course, readily understandable. The three
intermediate points were obtalned by cooling an agueous
solution of the previously prepared double salt. Table XVIII
~complles the values obtainéd, while Figure 6 indicates the
general shape of the three eutectic curves. These curves
represent univariant systems; at a given temperature two
solid phases can exist in equilibrium with a ternary solution,
only when the latter has a definite composition.

From an examination of the tsble and the accompanying

L.IBRARY

ng o P g
NE ManTOE




42
figﬁreg'ane notes the fdll@ﬁing autectie‘temperatures and
comwositionse

- «27°G with 55% (NH,) so ~and 1@% Lizso

mso°c w1th 107 (NH ) soé and 27% L12504

‘The solid phases that separated out at =27°C are ammonium

sulphate, éodble salt, ice whlle at —5®° they are the mono~ ; ‘

i;hyarate of 1ithiam sulphate, double salt and iee.::
‘ ;  TABLE Sopiad | ‘_‘;f ;
THE TERNARY EUTEGTIG GURVES i

e L %Lizsce

‘ ;§19‘5‘?  ‘ :  “ ‘39;2,2;  . : | o O
1 §22;5; s   _   1‘:‘ 1
s age 0 des
| ,wzg Q;   :“:‘ :; ‘.; ‘ 23 5 ; ‘; G ‘: 16;2  
,  ?~26o0 } fff  ? *‘}‘   §26.4}5_°f;l  f ‘ ‘18§8f ;
e ‘..,23,9“; - : . 183 - - zeaa .
; ;39;0‘   ;  o  ;10 6‘; . ‘;‘,2?;4%_;;
~24;01 e ‘f;“; 6.0 e . 26.8
~23, 0; ;[“ - ;“‘_, 0.0 :‘;ﬁ‘_ |  27°9“
*These determinations represenﬁ bhe twe euteetie tem?eratures

and compositions.  They are mean valuesai
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DISCUSSION OF msums

The Binafv Euteetie, Ammoniam Sulphate - Water

| The value far the eutectie temperature and The eutectic
composition obtained by the present investigator,‘agrees Well, 
within the limits of experimental erTor, with those listed in |
the literature as 1naicated 1n Table VIIQ‘ The eutectic temperaw_

“:7ture obtained was »lg 5°G while the euteetie comnosition was L

“qf59 27 ammoniam sulphateei;i_i:~;;

e A definite check for the eutectie temperature and com-
~ position for this system as liste& by Gampbell (l) was not -
~‘obtained.‘ One of the cooling curves exhibited a ehange in
‘?slsne at é temperature ef m23Q A sample withdrawn at this :
‘temperature anaiyzed 2601% 1ithium sulphate, This value is o

‘ fin rough agreement with Gampbell's value of 27. % The above

eooling curVe did not, however, exhibit a aefinite hala and

thas this figure is, at the best, uncertain. Later evidence,“j ‘Ff>(

 as depicted in Table XVIII and Figure 6 tends to substan—i

“ ‘tiate Gampbell‘s results.k Upon eaamination of the right hand
euteetie curve in Figure 6, one notes the smooth eurVe ebt@ined
“when Campbell'b Values sre included The depression of 1° of .
‘7the blnary eutectic temperature upon the addition of 67 ammon~~ 
ium sulphate seems feasibl In the light of these two pieces

: of evidenee, the present investigator concurs with Campbell‘

o values of ~23.0° for the euteetie temperature and 27 97 anhyérous
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lithium sulphate fer the eutectic cemposition,
Lithium Sulghate
The dilatometric experiments earried out in the
“present researeh all indieate that the highest hyﬁrate ef
_~;lithium sulnhate»that existe at 1ow temperatures is the meno~e‘
~ejhydrete,‘ This is 1n disagreement with Friend‘s (4) conten~ |
‘e~tion and substantiates Gampbell’s (1) research.~ Visible

. evidence also indicateé The nen—existence of a transition | .

kekfrem the mono to a higher hydrate, MO?& evidence in support "; ‘

"f:of the view thet a transition does not eecur, was obtained
“_e  from the zere and higher degree isotherms.‘ The eQullibrium

‘ solid nhaee was at all times the menehydrate.~ Thie last pieee L

. of evidenee, of course, has merely &1sproved the possibility
‘~of a transition eceurrlng at temperatures above zere degreee,~:

: but when one inclu&es all the evidence obtalned in the present

“investigation tegether witb Gampbell‘s (l) results, the possiu

‘efbility of a transitien tc a higher hydrate is virtually
~feexcludedoa-; . :

The Zero Degree Isctherm, L12504~,;(NH )‘Sefk_ Héb o

The results obtalned for this isotherm indicate very

—good agreement with Sehreinemakers‘reealts for the 30° iso» e

therm and with Spielrein‘s limited results for the 20Q isothermae‘

 The double salt ie still quite staole with no indieation ef a

~ﬁdewnwards transition.; All attempts to establish the existenee f;fef .

eﬁ‘of ethmr unknown double salte by varying the initial amounts
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kof the simple salts used for th éqaiiibrium m%aéuremenﬁs,
‘fa*le&¢ An examination of the equilibrium 8011& phases shows
ho evidence of any higher hydrate of lithium sulphate than |
1the monohydrate, The phase diagram, in additien, 1ndicates
 that the equilibrium solid phase is the lithium sulphate
monohydrate rather than the anhydrous salt. As previously

‘15*001nted out however, a very small analytical error eould

:jconceivably result in an 1ncorreet interpretation of the ‘
~  equilibr1um soli& phase. If solid sclution does occur, the
‘present research proves that the extent tc whieh it occarrs B

‘  ,18 very ¢1miued, ~‘;~ 

The rasults fer this isotherm again correspond close1y~
:“to those for uhe 5O°‘1setherm of Schreinemakersef The agreem‘  ;
k ;ment is not 80 close with Mlle, Spielrein‘s results for the 57
: and 97 degree isctherms,~but, as previously mentioned, the o
;accuraoy of this investigatar 8 resalts is somewhat doubtfule°;~ 1

”“An examination ef Figure 5 points to the stabili bty of ths

|  ‘~doable salt at this temperature and the non existenee of an ‘

: upper transition. Once again the existence of other unknewn  k
deuble salts 15 excluded.‘ It WOuld slso indicate, as in the
:7zero &egree 1sotherm, tbat if solid selution does sccur, the‘

: extenz of this solia solution is very limiteda

The Tfrnar~‘Euteeties

The twc eutectie temperatures ané ccmpositions have
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been determined from thermal phenomena ebtained frem the i
syeﬁem of two phases when a third phase appears. The values
as 1iete& in Table XVIII are mean valueso ~ : :
| | The three euteetie curves were ebtaine& through the
usse of eooling curve measurements.‘ Two ef the curves are
dotted beeause diffieulty Was encountered 1n analyzing the ;k
‘cooling eurvesaee e“ |

Further Dlscussien

Figure 7 represents a ecmposite diagram that ineludes
~the coordinates ef all the isotherms studied for the system
lithium sulphate - ammenium salohatekm watero When this e
ediagram is centraste§ With the similar dlagram for the system
sodium sulphate - ammonium sulphate = Water, as shown by

: Dawson (Bl)g‘one notes the sharp contrast in the limits of

| ‘1[‘ stabilitv of tne respecyive double saltso The dcuble salt

‘ -biNH 504 is stable over the entire temperature range studiedo o

; 4
iiFrom the examination of Figure 6, it is extremely difficult

; to state whether a downward er upwaré trans;tien is favered.‘
The double salt Nazse (NH )2 4’4H20 hewever, is fermed frem
Glauber & salt and ammonium sulphate at wl@ﬁ and decompcses
with the formation of the anhydreus simple salts at 59, 3“ |

: The 1ithium sulphate - ammonium sulphate - water
‘syetem differs from the soﬁium sulphate - ammenium sulphaﬁe -

water system in that ‘the eemponents of this latter eystem :

‘combine to f‘orm ‘two eompounds, namely Glauber s salt

L Nazsoé 10320 and the dou’cle salt Nazso (NH ) se ,4H O,
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SUMMARY
1. The binary eutectic temperature and composition for
the system ammonium sulphate - water has been checked at —19.5°C
and 39.2% ammonium sulphates »
2. The binary eutectic temperature and composition for
the system lithium sulphate - water has been roughly checked
at -23°C and 27% lithium sulphate.
Se ~ A trensition at low temperature from the monohydrate
of lithlum sulphate %o a higher hydrate does not exist.
4, The 0,1° isotherm for the system lithium sulphate -
ammonium,sulphaté - Wwater has been fully investigated.
5o The 71.8° isotherm for the system lithium sulphate -
ammonium sulphate.m‘water has been fully investigated.
6, The temperature and composition of the two ternary
eutectlc points has been determined. They are regpectively:

O
1o =27°C with 33% (NH,) 80, and 10% Li S0,

2

2o =30°C with 10% (NH ) S0 and 27% 1i SO
. 4’2 4 2 4
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