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ABSTRACT

Differential thermal analysis of inagnesium chloride hexahydrate (I) and magnesiun am-
moniwn chloride hexahydrate (IT) has been described. Phase changes corresponding to different
peaks in both cases have heen explained on the basis of available information and hydrothermal
studies. The results enable determination of suitable conditions for dehydration of I1, and its
decomposition to give anhydrous magnesium chloride.

IxTRODUCTION

Differential thermal analysis (D.T.A.) has been used for a considerable time
in the investigation of the constitution and identification of clays and aluminous
minerals (review papers: Grim 1951, 1953 ; Grim and Rowland 1942: Norton 1939;
Rao 1956; Smothers and Chiang 1958; Spiel 1944). In recent vears this teclnique
has been increasingly used in the study of several chemical problems such as the
decomposition and stability of organic and inorganic compound (Keenan 1955;
Kissinger, McMurdie and Simpson 1956: Ostroff and Sanderson 1958), heat of
transformation (Vold 1949 ; Sabatier 1952), chemical reaction between solids
(Kissinger 19537), ete. Spiel (1944) showed that under ideal conditions the area
enclosed under a peak was proportional to the heat of reaction giving rise to the
peak, and on this basis D.T.A. has also been employed for the determination of
kinetic parameters such as order of reaction, frequency factor, activation energy,
ete. (Borchardt 1956; Borchardt and Daniels 1957a). Interesting results on the
dehydration of several inorganic hydrates have been recently obtained (Zhuravlev
and Zhitomirskaya 1950; Borchardt and Daniels 19578).

In this laboratory, this technique has been employed for the study of phase
changes in the dehydration of several types of inorganic hydrates; in the present
communication the results of the D.T.A. of hydrates of magnesium and magnesium

ammonium chlorides have been described.

EXPERIMENTAL

Analar (B.D.H.) sample of magnesium chloride (MgCl,. 6H,0) was recrystal-
lized from water before use. The double salt was crystallized from a saturated
solution containing equimolar amounts of magnesium and ammonium chlorides.

This corresponded to MgCl, . NH,Cl . 6H,0.
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A manual D.T.A. arrangement suitable up to a temperature of about 300 (!
was assembled in this laboratory. The sample holders were made from a thin-walled
6 mm. soda glass tubing. Oune of these contained 0-1 to 0-2 gm. of caleined alumina
which served as the inert material and the other, an equal amount of the hydrated
salt suitably diluted (generally 50: 50) with alumina. These were vertically mounted
in a bath which was kept in an electric furnace rated at 750 watts. By suitable
adjustment of the variacs which powered the furnace, the heating rate was niain-
tained at about 7 degrees per minute. The bath was kept vigorously stirred, its
temperature being measured with a mercury thermometer which could be read to
within 4 0-5°. It was assumed that the temperature of the bath was the same as
that of the samples.

The differential thermocouple was Pt/Pt-Rh (109;). The junctions were placed
in the inert and active samples and the ends connected through an ayrton shunt
(Leeds and Northrup Calibration Unit, Cat. No. 7738) to an enclosed box galvano-
meter (L and N, Cat. No. 2430-A; sensitivity (-48 - 107¢ v/mm.). Before use
the gulvanometer scale was calibrated to read microamperes. This enabled repro-
ducibility of the area under a given peak and an approximate couniparison of the
areas under different peaks.

in the absence of any reaction, the temperature difference between the samples
wag shown by the thermocouple to be negligible. Trial experiments were run by
taking differential thermographs of barium chloride, cobalt chloride and benzoic acid.
The observed reaction temperatures were within & 2° of the values reported in the
literature (Borchardt and Daniels 19576); this was also the reproducibility of the
reported temperatures.

The phases involved in changes at different temperatures (as indicated by differ-
ential thermal analysis) were identified by chemical methods. A known weight of
the sample was heated to a constant weight at different temperatures suggested by
D.T.A. Tts composition was determined by estimation of Cl by argentometric
titrations and of magnesium as oxinate. Appearance of a white precipitate on dis-
solution of the partly dehydrated salt in water (due to the formation of oxychloride
and/or oxide of magnesium) indicated hydrolysis of the salt during dehydration.

REesvLrs AND DiscussioN

The dehydration of magnesium chloride hexa hydrate has been studied by various
workers for the preparation of anhydrous magnesium chloride from it (Grube and
Brauning 1938; Terada, Murai and Shirakawa 1943; Kunitomi 1946; Bose and
Khundkar 1951; Manocha and Sternheim 1956). It is known that four molecules
of water of crystallization are easily lost without hydrolysis at relatively low tem-
peratures; in the removal of the last two molecules considerable hydrolysis occurs.

The differential thermograph of MgCl,.6H,0 is presented in Fig. 1. In all, six
peaks are obtained. The results are summarized in Table I.  On the basis of weight-
analysis, the first two peaks, corresponding to reaction temperatures of 70° and 1007,
are attributed to the formation of tetra- and dihydrates. The observed reaction
temperatures for these peaks may be compared with 60° and 917 observed by Grube
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Iia. 1. Differential thertnograph of magnesium chloride hexahydrate,

and Brauning (1938) and 76" and 96° reported by Manocha and Sternheim {1956
Peuk 3 is due to the fusion of the dihydrate. In a separate experiment the dihvdrate
was prepared. It was found to melt at about 115°, the temperature being held at
this value until the fusion was complete (Mellor 1923 has reported 120° ' as the
melting point of the dihydrate). This transformation was accompanied by simaulta-
neous partial hydrolysis of the dihydrate which was identified by the appearance of «
white precipitate in the above experiment.

Tasre 1

Peak | Reaction« Phase ot

No. | temperature wse change
1 0 Mglly . 6H 0 - MgCly . 4H0 < 2H,0 (»;
2 i 100Q° MgQl, . 4H.0 -  MgCly . 2H,0+ 2H,0 (2)
3 \ 116° MgClp. 2Ho0 (s) —  MgCly. 2H,0 (1)
4 , 130% MgCly . 2H,0 (1) —  MgClg . HoO (x)+H,0 (1)
A 196°¢ H,0 (1) -  Hy0 (g)
6 - MgCl,-+ Hy0 (g)

, 2360 MgCly . Hy0
|

{(«) T'emperature correspoading to comuencewment of thereaction peak; the peak temperature,
which depends, inter aliz, upon the amount of the sample and rate of heating, is noi included.,

(6) Water was seen, coming out and condensing on cooler parts.

(¢) Reaction accompanied with partial hydrolysis.

The conversion of dihydrate to monohydrate commences at 150°; water (liquid)
released at this step is evaporated and results in the appearance of a false peak at
196°. The formation of liquid water in a phase change at temperatures above 100°
and its subsequent evaporation at higher temperatures giving rise to a false peak
has been well established from the work of Borchardt and Daniels {(19575) in the
differential thermal analvsis of the dehydration of cobalt, manganese and strontium
chlorides. The formation of (liquid) water in the phase change corresponding to the
fourth peak (150°) was supported by the fact that. if in a separate experiment the
temperature was maintained at 150°, the liquid mass was seent to boil and lose
moisture which deposited on the cooler parts, the residue being a solid. The accurate
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determination of the composition of the residue by chemical methods could not he
done because of considerable hydrolysis which occurred in this (as well as the next)
step; it approximated to the monohydrate.

The last molecule of water of hydration is lost, at 236°, also accompanied by
considerable hydrolysis giving rise to peak 6.

The differential thermograph obtained in the dehydration of MgCl, . NH,CI,
6H,0 appears in Fig. 2. The presence of NH,Cl in the molecule is known to weaken
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Fig. 2. Differential thermograph oi magnesium ammwonium chloride hexahydrate.

the water of hydration (Voskresenska 1934) bond due to which it can release the
water of hydration more easily as compared to the chloride. It showed stepwise
dehydration which was not complicated by hydrolysis. The phases present were
identified by weight analysis. At temperature below 60°C, absorbed moisture in
excess of the hexahydrate is lost. Peaks 1 to 3 corresponding to reaction tempera-
tures of 96°, 140° and 162° are due to phase transformations: hexa- to tetrahydrate,
tetra- to dihydrate and dihydrate to anhydrous magnesium ammonium chloride.
Peak 4 corresponding to reaction temperature of 236° is due to the decomposition
of the double salt itself; the ammonium chloride released sublimed off and could be
seen to have deposited on the cooler parts of the sample holder.

The data presented in Fig. 2 enable determination of precise conditions for
dehydration of hydrated magnesium ammonium chloride and for its decomposition
to obtain anhydrous magnesium chloride. A method of preparation of anhydrous
magnesium chloride based upon the above results has been recently worked out by
the authors.*
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