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The s ys te m NaC I- AI CI:1 has bee n restudied by DTA , vi sua l obse rva tion, and x·ray diffrac tion 
powder techniques for ide ntifi ca tion of c rys ta lline phases . It. was confirmed that the syste m conta ins 
one inte rmedi ate compound NaAIC I. with an incongru ent mp of 153 ± 0.5 °C a nd a re gion of liquid 
immiscibility extending from 80. 25 to 99.6 mol pe rce nt AICI" at 19 l.3 °C , the monotec ti c te mperature. 
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1. Introduction 

A summary of the pe rtinent data in previ ous studies 
[1 - 5)1 of the syste m is given in table L In addition, 
Boud [6] in 1904 re ported co mpound compos itions of 
3NaCl·AICI3, NaCI·AlCh , and NaCl · 2AlC!a. The 
compound NaAlCl4 with an incongruent melting point 
at - 153 °C seems we ll es tablished and its c rystal 
structure has been determin ed [7] , using a W eissen­
berg camera. It is orthorhombic (s pace group P2,2,2, ), 
with Z = 4 and d (x-ray) = 2.00 g/c m3 . However , the 
existe nce of additional co mpounds and the occurrence 
of a stable two liquid region of immiscibility are 
questionable. 

2. Experimental Procedure 

The general nature of the diagram was first estab­
lished with a co mmercial DT A apparatus2 , using a 
micro holder with Ah03, as a refere nce material and 
a lOa/min heating rate. The final diagram (fig. 1) was 
refin ed by determining the liquidus and solidus curves 
by visual observation. Th e chlorides of aluminum and 
sodium were obtained as Reagent Grade. The NaCI 
was analyzed to be 99.7 ± 0.1 percent pure. The AlCIa 
was resublimed at 135- 150 °C under vac uum from 

* Now wi t h Avon Prod ucts Inc . . Resea rc h a nd Developme nt Di vis ion. S uffe rn . Ne w York 
10901. 

1 F igures in brac kets ind icate the lit e rat ure rdere nces allhe e nd of th is pape r. 
t C ert a i rl commercia l mate ri als an d eq uipme nt a re identified in thi s pape r in o rde r to 

adeq uatel y s pec ify the e xpe ri ment a l procedure. In no case does s uc h ide nti fication imply 
recommend a tion or e ndorseme nt by the Nat iona l Bu rea u of Standards . nor does it imp ly 
that the m ateri al or equi pme nt ide nti fi ed is necessaril y the bes t availab le for the purpose. 

molte n NaCI · AlCl3 mixtures contaInIng AI-metal 
s trips [8]. The fin al purity of AICb was an alyzed to be 
99.8 ± 0.1 percent. Atomi c absorption analysis for 
Na confirmed a conte nt of < 0.1 percent Na in the 
AICI3. T o prevent hydration of AIC I3 , variou s mixtures 
of NaCl and AlCl3 were pre pared in glove bags flu shed 
with anh ydrous N2 and sealed under vacuum in 
P yrex tubes. Co mpositions not forming two liquids, 
i.e., those belo w 80 mol perce nt AICb , were subj ected 
to three c ycles of grinding and sealing in the glove 
box, followed by heatin g to promote homogeneity. 
Samples whic h had been reground se ve ral times 
appeared pure white in color ; but whe n they were 
heated to the appropria te invari a nt te mperature of 
either 153 or 107 °C , they turned sharply to a gray hue. 

The two liquid region of the di agra m was studied 
visually by introducing th e sealed sample into a 
nichrome-wound Pyrex tube furnace (40 mm O.D.) 
insulated by an outer P yrex tube. Sealed samples 
with 80 mol. percent AlCh and less were studied 
visually in a sili cone oil bath , stirred with a magneti c 
stirrer. Heat control was accurate e nough to permit 
heating and cooling rates of 6 °C per hour or less. 
The liquidus te mperatures were de te rmin ed by ob­
serving under a magnifyin g glass the disappearance 
of tin y crystals a pproximately 0.5 mm in their largest 
dime nsion. Se veral de terminations were averaged , and 
all te mperatures are es timated accurate to ± 0.5 0c. 
The C hromel-Alumel thermocouple was calibrated 
us ing pure Sn (mp 231.89 0c) and the normal freezing 
and boiling points of wate r. At times a calibrated Hg 
thermometer was used also in the oil bath. 
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TABLE 1. Phase studies in the system NaCI- AICI3 

Two Liquid Region 
Incong. mp of Location of NaAICI.-AICh 

Investigator Methods of Study NaAICL Eutecti c Extent Temp. 

Kendall , et al. 
(1923) [1) 

Plotnikov and 
Shvartsman 
(1936) [2) 

Shvartsman 
(1940) [3) 

Cre ti en and 
Lou s (1943) 
[4] 

Midorikawa 
(1955) [5) 

Present s tudy 

200 

u 180 
o 

W 
a:: 
::> 
t:t 
ffi 160 
a.. 
~ w 
I-

140 

°C Mol % AICI 3 

Visual observation 152 - 61 
in sealed tubes 

Heating and cool· - 61 
ing curves auto· 
mati call y reo 
corded; sealed 

Heating and cool· 152 61 
ing curves auto· 
matically reo 
corded, seal .. d 

Coolin g curves in 155 65 
N2 atm ; Che m. 
analysis 

Cooling curves 154 62 

Dr A; vi sual ob· 153 ± 0. 5 61.4 
se rvation in 
se aled tubes; 
x ray 

Nael + LIQUID 

153:t0.5' 

NaAIC~ 
+ 

LIQUID 

12 
NaCI + NaAICI4 

.3 

~ 107.2' 
:i (61.4") IlaAICIc' AIC~ 

100._---I.I_---'-__ ~ __ ~ __ •.•.• _k_ •. ~_._~_ • .:Jc __ • 

NoCI 
~ ~ ~ ~ 00 00 ro 00 ~ 

COMPOSITION. Mol. % AICI3 

FIGURE 1. The system NaCI-AICb. 

0- Vis ua l observat Ion. 
0 - DTA. 
X - X- ray examination at room te mperature. 

Te mp. oC Mol % AICI3 °C Notes 

ll5 82.0 - > 99.8 193.5 Compound XNaCI . 
YAIC!, under two 
liquids. 

108 Only studied be· 
tween 50.2 and 
80.8 mol % AICl:.. 

108 80.8 - 100 190.0 

105 None detected 

112 Only studied be· 
tween 48.1 and 
70.7 mol % AICl:.. 

107.2 80.25 - 99.6 19l.3 

The solid phases were identified by x·ray diffraction 
powder techniques, using a dry mount with Mg(CI0 4h 
as desiccant. All compositions could be interpreted 
in terms of the components NaCl and AICb, and one 
intermediate compound NaAICI4 • The x·ray powder 
pattern of NaAICl4 was indexed on the basis of an 
orthorhombic cell [7], with a = 10.33 A, b = 9.91 A, 
c = 6.18 A, within a few hundreths Angstroms of the 
dimensions reported by Baenziger [7] and Semenenko 
et al. [9]. Small irregular variations in interplanar 
spacings with different compositions are attributed 
to hydration effects rather than to an indication of 
slight solid solubility of AICl:! in NaAICI4 • 

A two liquid region , as reported by Kendall et al. 
[1], and Shvartsman [3], was found to exist between a 
composition of 80.25 ± 0.25 and 99.6 mol percent 
AICl3 at 191.3 0c. Two liquids were observed visually 
to form in several samples containing 80.5 mol percent 
AICh or greater (fig. 1). In repeated experiments, 
two liquids were never observed in samples of 80.0 
mol percent AICh or less, i.e., 79.5, 79'.9, and 75 per· 
cent. Atomic absorption analysis for Na in the upper 
liquid segregated at - 192°C revealed the composi· 
tion to be 0.4 mol percent NaCI. The composition of 
the AICl3 ·rich liquid, therefore, is 99.6 mol percent 
AlCh. 

Several attempts were made to study the closure 
of the two·liquid dome. Samples of composition 
80.6 and 90.2 mol percent AICh were heated in sealed 
glass tubes to form two liquids. After heating at a 
rate of 5°C/day and reaching temperatures of above 
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210 °C, the tubes burst. The triple point of AICb 
is reported [10] at 193.3 °C and 2.33 atm. 

3. Conclusion 

In conclusion , a restudy of the s ystem NaCl-AICh 
has shown it to contain only on e intermediate com· 
pound and a d efinite region of liquid immiscibility. 
Also, temperatures and compositions of invariant 
points have bee n closely defined. 
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