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THERMOGRAVIMETRIC STUDIES OF BINARY AND TERNARY
SYSTEMS CONTAINING SALICYLIC ACID, SODIUM
SALICYLATE, SODIUM CARBONATE AND SODIUM

HYDROGEN CARBONATE. PART II*

A. RADECKI and M. WESOLOWSKI
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(Received March 4, 1976)

The mechanism of thermal decomposition of binary and ternary systems containing
salicylic acid, sodium salicylate and disodium salicylate sesquihydrate, sodium car-
bonate and sodium hydrogen carbonate were studied by means of thermogravimetric
and differential thermal analysis. The possibility was demonstrated of analyzing
ternary systems containing three unreactive or three reactive components. The results
can be useful for monitoring the course of the commercial-scale manufacture of sodium
salicylate and for checking declared compositions of salicylate mixtures.

This work provides an extension of our studies aimed at developing an effective
monitoring of the course and conversion degree in the process of the commercial-
scale manufacture of sodium salicylate [1]. Preliminary tests revealed the possi-
bility of application of thermogravimetry to analyze binary systems whose com-
ponents interact, and to check declared compositions of mixtures containing
salicylic acid [2]. Ternary systems can be analyzed via reactions occurring at
elevated temperatures, which eliminate one of the components, thereby leaving
binary systems. In this work, further binary and ternary systems involving sodium
carbonate and disodium salicylate sesquihydrate have been studied.

Experimental

Reagents

Disodium salicylate sesquihydrate was obtained by drying in air disodium
salicylate obtained as reported previously [2].

As a result of heating disodium salicylate semihydrate was obtained between
60-90°.

The identities of the salts were confirmed by results of elemental analysis
(C, H) [3] and sodium determination by acidimetric titration in aqueous ether
solution with bromophenol blue as indicator. The semihydrate was identified
by atomic absorption spectrophotometry.

Sodium carbonate was of analytical grade, and the remaining reagents were
the same as in [2].

* Part I: J. Thermal Anal., 9 (1976) 357.

J, Thermal Anal. 10, 1976



234 RADECKI, WESOLOWSKI: STUDIES OF BINARY AND TERNARY SYSTEMS

o)
o__
[o]
Lﬁ DTA
o {0)
AT
| e
8
a Oy
o
L1 | |
1_00. 200 300 400

Temperature ,°C

Fig. 1. DTA peaks corresponding to endothermic and exothermic reactions (7-11)
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Fig. 2. Thermal decomposition of a system containing disodium salicylate sesquihydrate
and sodium carbonate (system I). Loss in weight as a function of temperature (1) and com-
position (2). The decomposition of the sesquihydrate is described by Egs (8), (10) and (11)
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Fig. 3. Thermal decomposition of a system containing disodium salicylate sesquihydrate and
sodium hydrogen carbonate (system II). Loss in weight as a function of temperature (1) and
composition (2). The decomposition of sodium hydrogen carbonate occurs according to

Am

Eq. (2), and that of the sesquihydrate according to Egs (8), (10) and (11)
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Fig. 4. Thermal decomposition of a system containing disodium salicylate sesquihydrate
and salicylic acid (system III). Loss in weight as a function of temperature (1) and compo-
sition (2). Water is liberated in reaction (9). Sublimation of salicylic acid unreacted in reaction
(9) occurs according to point (1). The decomposition of disodium salicylate sesquihydrate
unreacted in reaction (9) occurs according to Egs (8), (10) and (11). (x) denotes a stoichiomet-
ric point of reaction (9). The decomposition of sodium salicylate is described by Egs (4)

and (5)
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Fig. 5. Thermal decomposition of a system containing sodium carbonate and salicylic acid

(system IV). Loss in weight as a function of temperature (1) and composition (2). Volatile

products are formed in reaction (7). Sublimation of salicylic acid unreacted in reaction (7)

occurs as in point (1). (x) denotes a stoichiometric point of reaction (7). The decomposition
of sodium salicylate occurs according to Egs (4) and (5)
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Fig. 6. Thermal decomposition of a system containing sodium salicylate, disodium salicylate

and sodium hydrogen carbonate (system V). Loss in weight as a function of temperature (1)

and composition (2). The decomposition of sodium hydrogen carbonate occurs according

to Eq. (2), and those of sodium and disodium salicylates according to Eqs (4) and (5), and
(5) respectively
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Fig. 7. Thermal decomposition of a system containing salicylic acid, sodium carbonate and

sodium hydrogen carbonate (system VI). Loss in weight as a function of temperature (1)

and composition (2). Volatile products are formed in reactions (3) and (7). Sublimation of

salicylic acid unreacted in reactions (3) and (7) occurs according to point (1). The decomposi-

tion of sodium hydrogen carbonate unreacted in reaction (3) occurs according to Eq. (2).

(x) denotes a stoichiometric point of reactions (3) and (7). The decomposition of sodium
salicylate is described by Eqs (4) and (5)
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Fig. 8. Thermal decomposition of a system containing salicylic acid, sodium carbonate and
disodium salicylate sesquihydrate (system VII). Loss in weight as a function of temperature
(1) and composition (2). Water is liberated according to Eq. (9). Volatile products are formed
in reaction (7). Sublimation of salicylic acid unreacted in reactions (7) and (9) occurs according
to point (1). The decomposition of disodium salicylate sesquihydrate unreacted in reaction
(9) occurs according to Egs (8), (9) and (11). (x) denotes a stoichiometric point of reactions
(7) and (9). The decomposition of sodium salicylate occurs according to Eqs (4) and (5)
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Table 1

Results of thermogravimetric investigations of systems I and II containing

De-
No. System compn. Tempc.éange, Residue in crucible
stage
I (A4) Disodium sali- L. 60- 90 | [C,H,(O)COO]Na, : 0.5H,0
cylate Na,CO4
1.5H,0 2. 210-240 | [C.H,(0)COO]Na,
Na,CO,
(B) Na,CO, 3. 240-420 | Na,CO,
240-440*
I (A) Disodium sali- 1. 60- 90 [CH,(O)COO]Na, * 0.5H,0
cylate NaHCO,
1.5H,0 o2 110-150 | [C,H,(O)COO]Na, - 0.5H,0
: Na,CO,
3. 210-240 [CcH,(O)COO]Na,
Na,COy
(B) NaHCO, 4. 240-420 | Na,CO,
. 240-440%

* decomposition point of systems Ia and Ib
F = found, C = calculated

Apparatus

Thermogravimetry of systems containing the above-mentioned components,
taken in the proportions shown in Tables 1-3 was carried out by means of the
OD-130 (MOM-Budapest) Derivatograph [4]. Samples (200 mg) consisted of
finely-powdered and intimately-mixed components. Decompositions occurred
in platinum crucibles at a temperature increase of 5°/min up to 500°, using a-Al,O,
as the reference material. Results of the thermal decompositions of the systems
are shown in Tables 1-3 and in Figs 1-8.

Discussion

Steps characterizing the course of thermal decomposition of the systems can
be written as follows:

J. Thermal Anal. 10, 1976
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two unreactive components

239

Composition of system, 2}

a b c d e f

(A4) 100 80 60 40 20 0

(B) 0 20 40 60 80 100

Percentage weight loss of crucible content

F c | F c | F c | F c | r c F c
9.0 8.6 6.5 6.9 5.0 5.2 3.0 35 20 1.7 0.0 0.0
29.0 31.1 240 249 | 18.0 18.7 | 12.0 12.5 6.5 6.2 0.0 0.0
50.0 493 39.5 39.5 | 29.5 29.6 | 19.0 19.7 | 100 9.0 0.0 0.0
9.0 8.6 8.0 6.9 6.0 5.2 5.0 3.5 2.0 1.7 0.0 0.0
9.0 8.6 14.0 14.3 | 19.5 19.9 | 255 25.6 | 30.5 31.3 | 370 36.9
29.0 31.1 29.5 32.3 | 315 334 | 34.0 346 | 35.5 35.8 | 37.0 36.9
50.0 49.3 47.0 46.8 | 44.0 44.5 | 42.0 419 | 39.0 394 | 37.0 369

(1) sublimation of salicylic acid, C¢H,(OH)COOH 1
(2) 2NaHCO; — Na,CO, + CO, + H,0

3) C4H,(OH)COOH + NaHCO; - C;H,(OH)COONa + CO, + H,0

4) 2C;H/(OH)COONa — C¢H,(ONa)COONa + CH,(OH)COOH 1 (subli-
mation)

(5) 2C4H,(ONa)COONa — Na,CO; + volatile products (CO, CO,, H,0)

(6) C¢H(ONa)COONa + CzH,(OH)COOH — 2CH,(OH)COONa

(7) 2CeH,(OH)COOH + Na,CO; — 2C,H,(OH)COONa + CO, + H,O

(8) Cg¢H(ONa)COONa - 1.5H,0 — CsH,(ONa)COONa - 0.5H,0 + H,0O

(9 C¢H,(ONa)COONa - 0.5H,0 + CzH,(OH)COOH — 2C¢H,(OH)COONa
+ 0.5H,0

(10) 4CzH,(ONa)COONa - 0.5H,0 — 2C;H,(ONa)COONa + 2N2a,CO,
+ C;H,(OH)COOH ? (sublimation) + volatile products (CO, CO,, H,0)

(11) 2C¢H,(ONajyCOONa + 2Na,CO; — 4Na,CO,; + volatile products (CO,
CO,, H,0)
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Table 2

Results of thermogravimetric investigations of systems III and 1V containing

Na,CO4
2. 140-190 [CH,(OH)COO]Na

No. System co];epm Tempo. Crange, Residue in crucible
stage
1. 60~ 90 | [C4H,(O)COO]Na, - 0.5H,0
60-140** | C,H,(OH)COOH
NI | (4) Disodium 2. 130-220 [C,H,(0)COO]Na, - 0.5H,0
salicylate 130-180*** [C,H,(OH)COO]Na
i 1-5H,0 3 210-240* | [C,H,(0)COO]Na,
' 230-260 | Na,CO,
[C,H,(OH)COONa
(B) Salicylic acid 4. 230-260 | [C,H,(0)COO]Na,
Na,CO,
5 240-440* | Na,CO,
260-460
k (4) Na,CO, 1. 80-140 [C,H,(OH)COO|Na
80-170* | C,H,(OH)COOH
.
‘ 140-220%* | Na,CO,
} 3. 220-250 | [CH,(0)COO]Na,
Na,CO,
‘ (B) Salicylic acid 4. 250-470 | Na,CO,

* decomposition point of systems Illa and IVd
** decomposition point of systems IIlb and IVf

Reactions (1-6) have been discussed in the preceding publication [2]. Reactions
(7-9) are endothermic, as can be seen from the DTA curves (Fig. 1). Reaction
(7) is accompanied by three peaks over the range 80-160° (Fig. 1). Similarly
as in reaction (3), they are likely to be due to evolution of CO, and H,0 and to
an exothermic effect associated with the formation of sodium salicylate. A broad,
split DTA peak at 40-120° in reaction (8) (Fig. 1) is due to heat absorption,
one mole of crystallization water being evolved. In reaction (9) (Fig. 1), a DTA
peak due to liberation of the crystallization water occurs over the same tempera-
ture range as that of the DTA peak in reaction (8). It probably overlaps an exo-
thermic peak due to formation of sodium salicylate. A small exothermic peak
(210-240°, DTA) (Fig. 1) in reaction (10) is due to changes occurring within
the molecule caused by hydrolysis of disodium salicylate by its own water of

J. Thermal Anal. 10, 1976
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two reactive components

Composition of system, %,

a b c d [ f
(A) 100 80 60 40 20 0
(B) O 20 40 60 80 100

Percentage weight loss of crucible content

F c | F c | F c | ¥ c | F c | F c

9.0 8.6 8.0 8.2 6.5 7.8 4.0 5.2 2.5 2.6 0.0 0.0
9.0 8.6 8.0 8.2 | 13.0 81 375 388 | 69.0 694 {1000 100.0

29.0 311 | 410 217 | 13.0 81 | 37.5 388 | 69.0 694 [100.0 100.0
290 311 | 410 418 | 500 478 | 650 652 | 82.0 82.6 |100.0 100.0
50.0 493 | 600 595 | 65.0 69.6 | 79.0 79.7 | 900 89.9 |100.0 100.0

0.0 0.0 5.0 4.5 9.5 9.0 | 165 135 | 10.5  11.7 0.0 0.0

0.0 0.0 5.0 4.5 9.5 9.0 | 16.5 13.5 | 43.5 39.5 |100.0 100.0
0.0 0.0 | 145 145 | 28.0 29.0 | 43.0 435 | 645 656 |100.0 100.0

0.0 00 |200 200 /390 400 | 590 600 | 78.0 80.0 {100.0 100.0

*** decomposition point of system IIlc
F = found, C = calculated

crystallization. This peak is likely to overlap another endothermic one due to
sublimation of liberated salicylic acid. Reaction (11) (Fig. 1) is reflected in the
DTA trace by a broad exothermic effect over the range 240-450°. The heat loss
caused by evolution of volatile products is balanced by the strong exothermic
effect of the combustion of the organic moiety and probably by the heat of reaction
between sodium hydroxide and CO, over the temperature range considered.
Sodium carbonate did not decompose.

An inspection of the results in Tables 1-3 and Figs 1-8 reveals a correlation
between the proportions of the individual components in the system and their
thermal behaviour. Reactions between the components alter the course of de-
composition of a given system. This can be illustrated by reactions (3), (7) and
(9), which yield sodium salicylate. An analysis of the systems showed that in

J. Thermal Anal. 10, 1976
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Table 3

Results of thermogravimetric investigations of system V containing three unreactive

No. System co?nepn, Tempc. Crange, Residue in crucible
stage
\
\
i (A4) Sodium salicylate 1. 110-140 [C¢H,(O)COO]Na,
110-150* [CsH,(OH)COO]Na
Na,CO,
\% (B) Disodium 2. 220-240 [C¢H4(O)COO]Na,
salicylate Na,CO,
(C) NaHCO, 3. | 240-470 Na,CO;
VI (A) Salicylic acid 1. 80-130 [C:H,(OH)COO]Na
80-160* | C¢H,(OH)COOH
Na,CO,;, NaHCO,
2. 140-180 [CeH,(OH)COOINa
110-150%* | C;H,(OH)COOH
‘ Na,CO,4
| (B) Na,CO, 3. 140-210 [CeH,(OH)COOINa
160-210% | Na,CO,
(C) NaHCO, 4. 220-240 [CeH,(O)COO]Na,
Na,CO,
5. | 240-460 Na,CO,
VII | (A) Salicylic acid 1. | 60- 90 [CsH,(O)COO]Na, - 0.5H,0
! C.H,(OH)COOH
Na,COy4
2. 80-130* [CeH,(O)COO]Na, - 0.5H,0
l 90-120 [CeH,(OH)COO]Na
: | i C,H,(OH)COOH, Na,CO,
| 3. 140-210% ] [C,H,(0)COO]Na, - 0.5H,0
} J 130-200 [CeH,(OH)COO]Na
Na,CO,
( (B) Na,COy 4, 140-160 [CeH(O)COO]Na,
210-240%* | Na,CO,
I CH,(OH)COO]Na
(C) Disodium 5. 220-240% [CeH,(O)YCOONa,
salicylate 240-260 Na,CO,
1.5H,0 6. 240-460* | Na,CO,
| 240-420%*

‘ 260-450

* decomposition point of systems Vf, VIb and VIla
** decomposition point of systems VIf and VIIf
F = found, C = calculated
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components and of systems VI and VII containing three reactive components
Composition of system, %

a b c d ] f

{A) 90 70 50 30 10 0

B} 10 20 30 40 50 55

(C) 0 10 20 30 40 45

Percentage weight loss of crucible content

F c | F c | E c | F c | F c F c
0.0 0.0 4.0 3.7 8.0 74 | 11.5 11.1 | 145 14.8 | 16.5 16.6
40.0 388 350 339 1295 290 | 245 240 | 21.0 19.1 | 16.5 16.6
640 644 ) 580 589 |51.5 534 | 460 479 | 420 424 | 390 396
6.0 59 19.0 1.7 | 12.0 11.2 7.0 6.7 3.0 2.3 0.0 0.0
6.0 5.9 19.0 19.1 | 20.0 18.6 | 18.0 17.8 17.0 17.0 | 16.5 16.6
70.0 69.8 200 205 | 200 18.6 | 18.0 17.8 | 17.0 17.0 | 16.5 16.6
83.0 828 56.0 555 | 43.0 436 | 330 328 | 23.0 230 | 165 16.6
900 900 | 740 737 | 570 574 | 405 41.1 | 250 248 | 165 16.6
0.0 0.0 1.0 1.3 2.0 1.7 3.0 2.6 3.5 3.5 4.0 3.9
6.0 5.9 11.0 13.0 | 12.5 13.0 9.0 9.3 6.0 5.7 4.0 3.9
70.0 69.8 340 243 | 125 13.0 9.0 9.3 6.0 5.7 4.0 3.9
70.0 69.8 | 340 243 | 170 17.5 | 12.5 16.1 8.0 147 | 13.0 14.0
83.0 82.8 59.5 56.9 | 42.5 42.5 | 31.0 31.1 21.0 19.7 | 13.0 14.0
90.0 900 | 750 749 | 590 599 |450 44.8 | 30.0 29.7 | 220 222
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reaction (3), component C was completely consumed in system VIb. Similarly,
in reaction (7), component 4 was completely consumed in systems IVe and Vlic,
d, ¢, and component B in systems IVb, ¢, d, VIa, b and VIIa, b. In reaction (9)
the same was noted with components 4, B and C in systems IIlc, d, e; IIIb, c
and VIIb, respectively.

Sodium salicylate formed in reactions (3), (7) and (9) decomposes according
to reactions (4) and (5).

In some of the systems studied, e.g. IIIb and VIb, certain decomposition stages
overlap owing to the close decomposition points of the components.

Conclusions

1. Results of thermal decomposition of systems I-VII confirm the validity
of conclusions made in the preceding work [2].

2. Under the thermal analysis conditions the ease of interaction with salicylic
acid decreases in the following sequence: sodium carbonate > disodium salicy-
late > sodium hydrogen carbonate (systems 1II, IV, VI, VII).

3. This study showed that it is possible to analyze ternary systems whose
components do not interact during thermal decomposition (system V). It is also
possible to analyze systems containing three reactive components (VI, VII).
As a result of reactions (3), (7) and (9) a new component is formed (sodium
salicylate) and the system consists of three unreactive components.

4. The results of this work show the possibility of an extensive use of binary
and ternary systems in chemical analysis. Each of the systems studied can be
separate or in combination with any other system. One such possibility is given
below:

50% (4) 90% 909% (4 0%
50% (B) 10% 109 (B) 55% 55% (B) 50%
0% (C) 45% 45% (C) 50%

(4) salicylic acid, (B) sodium carbonate, (C) disodium salicylate sesquihydrate.
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RESuUME — On a étudié par thermogravimétrie et par analyse thermique différentielle le
mécanisme de la décomposition thermique de systémes binaires et ternaires contenant de
P’acide salicylique, du salicylate monosodique et du salicylate disodique sesquihydraté, du
carbonate de sodium et de I’hydrogénocarbonate de sodium. On montre la possibilité d’ana-
lyser des systémes ternaires comprenant trois composants réactifs ou non. Les résultats peuvent
&tre utilisés pour commander le déroulement de la fabrication du salicylate de sodium a
I’échelle commerciale et pour contrdler les compositions déclarées des mélanges de salicylates.
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ZUSAMMENFASSUNG — Ein Mechanismus der thermischen Zersetzung Salicylsiure, Natrium-
salicylat und Dinatriumsalicylat Sesquihydrat, Natriumcarbonat und Natriumhydrocarbonat
enthaltender binidrer und ternirer Systeme wurde mittels Thermogravimetrie und Differen-
tialthermoanalyse untersucht. Die Moglichkeit, drei unreaktive oder drei reaktive Kompo-
nenten enthaltende ternire Systeme zu untersuchen, wurde gezeigt. Die Ergebnisse konnen
dazu eingesetzt werden den Verlauf der Natriumsalicylatfabrikation im HandelsmaBstab zu
verfolgen und deklarierte Zusammensetzungen von Salicylatmischungen zu iberpriifen.

Pesrome — C moMompo TepMorpasuMeTprn ¥ IuddbepeHIManbHOrO TEPMUYECKOTO AHAIM3A
HM3YueH MEXaHU3M TEPMHUECKOTO DPa3I0KeHHs JBYX~ U TPEXKOMIIOHEHTHBIX CHCTEM, COTEPKAITAX
CATANUIIOBYIO KHCIOTY, CANMIMIAT HATPMSA M IOJYTOPHBIM THAPAT NUHATPHI CalHIUWIATA, a
TaKxe KapboHaT- ¥ ruApokapOonar Harpus. IloxazaHa BOZMOXKHOCTb aHATH3a TPEXKOMIIOHEHT~
HBEIX CHCTEM, COIEPKAIUX TPH HEPEATHPYIOUINX HJIA TPA PearupyrolIux KoMIoHeHT. ITonyyen-
HBIE Pe3yIbTATH MOKHO HCIOMB30BATh AJIA KOHTPOJISA IPOLECcca MPOMBIIIISHHOTO IIPOX3BONCTBA
CaNMIMIIATA HATPUS U AJIsi IPOBEPKK OOBABIICHHBIX COCTABOB CANIMUMJIATHBIX CMeCe.
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