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Thermal stability of flavianic acid disodium salt
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Abstract

The thermal stability of flavianic acid disodium salt was studied theoretically and experimentally. The prediction re-

sults with the Computer Program for Chemical Thermodynamic and Energy Release Evaluation (CHETAH version 7.3)

show flavianic acid hydrate and flavianic acid disodium salt have high rank of maximum heat of decomposition and fuel

value—heat of decomposition. The experimental results by the Accelerating Rate Calorimeter (ARC) and C 80 demon-

strate particle size difference has no significant effect on the thermal stability of flavianic acid disodium salt and flavianic

acid hydrate has the low thermal stability than that of flavianic acid disodium salt.
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1. Introduction
Flavianic acid disodium salt (CAS No.846—70—8) is yel-

low colorant, which is used as cosmetic for dyeing hair.
This is regarded as thermal stable and is not easier to de-
compose and combust. It is difficult to acquire the thermal
stability information of flavianic acid disodium salt from
the published literatures'=® and MSDS. In August 2003,
however, a spontaneous combustion accident of flavianic
acid disodium salt occurred in Yokohama, Japan, which
arose from the grinding process of flavianic acid disodium
salt from 3mm to 50—100xm. Smoke and fire emerged,
and one workman was dead and another one was injured.
Flavianic acid disodium salt is called 24—dinitro—1—naph-
thol—7-sulfonic acid disodium salt or naphthol yellow S*
The brief producing process of flavianic acid disodium salt
is as follows ;

To elucidate the thermal stability of flavianic acid diso-
dium salt, prediction method by the Computer Program
for Chemical Thermodynamic and Energy Release Evalu-
ation (CHEATH) was used. Then the screening tests for
thermal stability by the Differential Scanning Calorimetry
(DSC), Accelerating Rate Calorimeter (ARC) and Calvet
heat flow calorimeter C 80 were carried out.

2. Thermal stability prediction for flavianic

acid disodium salt by CHETAH
2.1 Thermal stability prediction for flavianic acid

hydrate

The CHETAH program is useful for classifying materi-

als for their abilitiesto decompose with violence and for es-
timating heats of reaction or combustion®~”. Due to the
limitation of Benson Groups data bank, it is difficult to pre-
dict calculation for flavianic acid disodium salt is impossi-
ble while it is possible for flavianic acid hydrate. According
to the prediction results by CHETAH (version 7.3), the
heat of formation for flavianic acid hydratewas —617.39 k] -
mol ! (-=1.97k]J-g~!) at 25°C, and the averaged heat capac-
ity was 1.19J-g"1-K~! in the temperature range between
150 and 300°C. Table 1 shows the main prediction results
for flavianic acid hydrate by CHETAH. It suggests flavi-
anic acid hydrate is of high rank of maximum heat of de-
composition, over—all energy release potential and fuel
value—heat of decomposition.

2.2 Determination of neutralization heat and ther-
mal stability prediction

To predict the thermal stability of flavianic acid diso-

dium salt by CHETAH, the neutralization heat between

flavianic acid hydrate with 97% purity (wt) made by Sigma

—Aldrich, Inc.,, USA and sodium hydroxide with 97% (wt)
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Table 1 The prediction results for flavianic acid hydrate and flavianic acid disodium salt by CHETAH
Maximum heat of Fuel Value—Heat CHETAHERE Over-all Energy .
L. . . Oxygen Balance . Net Plosive
Name Criterion decomposition  of Decomposition / 202+ 100e-1 Criterion4 Release Densit
2 nsi
/K] g /K] mol'1 £ € /kealZ-gmolel-g!  Potential ensity
Flavianic acid Value -347 -10.33 —86.56 80.18 -0485 0.308
Hazard . . . . . .
Hydrate . High High High Medium High Plosive
Classification
Flavianic acid Value -2.87 -9.67 —75.93 64.46 — —
L Hazard . . . .
disodium salt . High High High Medium — —
Classification

made by Kanto Chemical, Co., Inc, Japan was measured
with C 80 using membrane mixing cell. In the tests, 1.20g
sodium hydroxide water solution with molecular ratio of
0.05 mol NaOH to 1mol H20 and 1.21 g flavianic acid hy-
drate water solution with molecular ratio of 0.0125mol
flavianic acid hydrate to 1mol H20 were used. The results
suggest that neutralization heat between flavianic acid hy-
drate and sodium hydroxide was —17.88k]-mol~!. Based
on estimating the heat of formation of flavianic acid diso-
dium salt, the thermal stability for flavianic acid disodium
salt was predicted (Table 1),and the averaged heat capac-
ity was 1.15J-g 1-K~! in the temperature range between
150 and 410°C. It can be seen that flavianic acid disodium
salt was of high rank of maximum heat of decomposition
and fuel value—heat of decomposition.

3. Experiments
The DSC (Thermo plus2 DSC 8230), ARC (Columbia Sci-

entific Industries) and C 80 (Setaram Scientific & Indus-
trial Equipment, France) were used to investigate the
thermal stability of flavianic acid disodium salt.

3.1 Sample

Flavianic acid disodium salt sample was supplied by
Kishi Kasei Co. Ltd, Yokohama, Japan. The manufacturer
provided MSDS, but did not show its dangerous property.
Four samples with different particle size of flavianic acid
disodium salt (Samplesl—4) and the mixture sample of the
four different particle sizes (Sampleb) were used in the ex-
perimental study (Table 2). In order to compare the ther-

Table2 Sample particle sizes of flavianic acid disodium salt

Sample No. Particle size of sample d / pm
1 <105

2 105 <d <149

3 149 < d <210

4 > 210

mal stability between flavianic acid hydrate and flavianic
acid disodium salt from ARC and C 80, flavianic acid hy-
drate with 97% purity (wt) made by Sigma—Aldrich, Inc.,
USA was used.

3.2 DSC Experiments

The DSC tests were conducted with sampleb. In order
to compare the results of flavianic acid disodium salt with
benzoyl peroxide (BPO, with 97% mass purity, made by
Sigma—Aldrich, Inc, USA) and 2,4—dinitrotoluene (DNT,
with 98% mass purity, made by Wako Pure Chemical In-
dustries, Ltd., Japan), the DSC tests for BPO and DNT
were carried out following the method of the Japanese
Fire Service Law. The scanning rate of the DSC tests was
10.0°C-min~! with nitrogen atmosphere, using SUS closed
cell.

3.3 ARC Experiments

In order to acquire the thermodynamic and kinetic in-
formation under adiabatic condition, the ARC tests were
carried out under both the Heat—Wait—Search (H-W-S)
mode and the Isothermal (ISO) mode. The four kind sam-



130

Zhi—-Min Fu et al.

Table3 Results of flavianic acid disodium salt, BPO and DNT of DSC

Sample Sample mass Onset exothermic temperature  Heat generation
/ mg /°C /J-g7!

Flavianic acid disodium salt 197 371.9 1795

BPO 197 1109 1267

DNT 1.04 3154 3857

Table4 The thermal decomposition characteristic data of ARC
Sample Sample Bomb Thermal Mode Onset exothermic Onset self—-Heating  Maximum self-heating Maximum
No. mass mass initial temperature of the  rate of the sample rate of the sample temperature of
/g /g factor sample system/°C system/°C-min 1 system/°C-min 1 sample system/°C

1 1.09 9.71 4.69 H-W-S 28463 0.023 293.38 404.04
2 1.03 9.75 492 H-W-S 294.66 0.027 278.00 400.25
3 1.02 9.81 499 H-W-S 299.80 0.036 299.14 409.63
4 1.04 9.70 487 H-W-S 299.70 0.030 284.23 409.54
Average 29470330 — 288.69:15% 405.873%
1 1.03 971 491 1SO 27214 0.017 331.23 395.17
3 1.05 982 488 1SO 27351 0.021 255.43 383.08
Average 2728308 — 293.33%% 389.13:¢%
Flavianic 1.00 9.74 511 H-W-S 159.88 0.027 473.25 299.18
acid
hydrate

ples with different particle size of samplesl—4 in Table 2
were used to examine the effect of different particle size
on the thermal hazard of flavianic acid disodium salt.
Moreover, the experiments by ARC for flavianic acid hy-
drate were conducted also in order to compare the ther-
mal stability with it. In the H-W—S mode, the slope sensi-
tivity and heat step were set as 0.02°C-min~! and 3.0°C, re-
spectively. In the ISO mode, the initial isothermal tempera-
ture and the slope sensitivity were set as 270°C and 0.01°
C-min~!, respectively.

3.4 C 80 Experiments

The experiments by C 80 with sensitivity of 0.10 W
were carried out for confirming the results of ARC. For
both flavianic acid hydrate and flavianic acid disodium salt,
the tests started at 60°C with heating rate of 0.10°C-min ™!
using 0.1 g sample, then the temperature increased accord-
ing to the heating rate of 0.02°C-min~! after the testing
system temperature reached 100°C. Finally, the testing
system temperature was maintained at 290°C (The maxi-
mum temperature limitation is 300°C for C 80) until reac-
tion process ended.

4. Results and discussion
4.1 Results of DSC

The results of flavianic acid disodium salt with BPO and
DNT by DSC are shown in Table 3. They suggest that the
onset exothermic temperature and heat generation of
flavianic acid disodium salt were 371.9°C and 1.79k]J-g !,
respectively. Compared with BPO and DNT, both the on-
set exothermic temperature and heat generation of flavi-
anic acid disodium salt were higher.

4.2 Results of ARC
The experimental results for flavianic acid disodium salt

by ARC with both the H-W-S mode and ISO mode are
shown in Figs. 1-4 and Table 4.

Based on the data in Figs. 1-2 of ARC with the H-W-S
mode, it can be seen that there was a first endothermic de-
composition process in the temperature range of 169—190°
C for the four different particle sizes of flavianic acid diso-
dium salt. Then an exothermic process occurred when the
temperature went up to more than 280°C. The average on-
set exothermic temperature of the sample system was
294.7°C and the average maximum self—heating rate of
288.7°C-min~! for the four different particle sizes of flavi-
anic acid disodium salt from ARC with the H-W—-S mode.

The results of Figs. 1-2 and Table 4 suggest that for the
four samples with different particle size, there were small
difference among the measured thermal decomposition
characteristic data of flavianic acid disodium salt, including
onset exothermic temperature, onset self—heating rate,
maximum self—heating rate and maximum temperature,
and the very small difference may results from the effect
of the different thermal inertia factor on the thermal de-
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Fig. 1 Curves of temperature vs. time for flavianic acid diso-

dium salt under the H-W-S mode by ARC
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Fig.3 Curves of self—heating rate vs. temperature for flavi-
anic acid disodium salt under the ISO mode by ARC
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Fig.4 Curves of pressure vs. temperature for flavianic acid
disodium salt under the ISO mode by ARC

composition characteristics.

The results for flavianic acid disodium salt of ARC with
the ISO mode (Figs. 3—4) suggest the average onset tem-
perature of the sample system was 272.8°C, which was
22°C lower than that under the H-W-S mode, and the av-
erage self—heating rate was 299.3°C-min .

Compared with flavianic acid disodium salt, the onset
thermal decomposition temperature of flavianic acid hy-
drate was low as 160°C of ARC with the H-W-S mode
(Figs. 5—6 and Table 4), and the self—heating rate was high
as 47325°C-min~!. And there was an unapparent endo-
thermic process before the exothermic process for flavi-
anic acid hydrate, which occurred at 148°C and was lower
42°C than that of flavianic acid disodium salt of ARC.
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Fig.5 Comparison of temperature/pressure vs. time under
the H-W—S mode by ARC
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Fig.6 Comparison of self—heating rate vs. temperature under
the H-W—-S mode by ARC

4.3 Results of C 80

The experimental results for flavianic acid hydrate and
flavianic acid disodium salt with C 80 are shown in Fig. 7
and Table 5.

Based on the data of Fig. 7, it can be seen that there was
a significant endothermic process for both flavianic acid
hydrate and flavianic acid disodium salt before exothermic
reaction occurred. The endothermic decomposition of
flavianic acid hydrate occurred at 130°C, which was lower
than that of 176°C for flavianic acid disodium salt. The
minimum heat flows of flavianic acid hydrate and flavianic
acid disodium salt were =746 ¢ W-g~! and —10.78 oW+
g1, respectively.

For flavianic acid hydrate, a rapid exothermic process
followed the endothermic process immediately, and the on-
set exothermic decomposition temperature was approxi-
mately 149°C. For flavianic acid disodium salt, there was
the first slow exothermic process from 211°C after the en-
dothermic process finished at 184°C, and a subsequent
rapid exothermic reaction occurred at 280°C. The maxi-
mum heat flows of flavianic acid hydrate and flavianic acid
disodium salt were 2690 ¢ W-g~! and 3479 nW-g~1 re-
spectively. And the maximum heat generation was 2.46
kJ-g~! for flavianic acid hydrate and 2.09k]J-g~! for flavi-
anic acid disodium salt.

4.4 Discussion
Based on the data with the ARC and C 80, it can be seen

that it shows lower onset exothermic temperature of flavi-
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Table5 The thermal decomposition characteristic data of C 80

Sample Sample  Onset endothermic Minimum heat Onset exothermic  Maximum heat flow Maximum heat
mass temperature of the flow of the sample temperature of the of the sample system generation
(mg) sample system/°C system/uW-g~! sample system/°C /uW-g~1 / k] gL

Flavianic acid 100 129.96 =746 148.67 26.90 246

Hydrate

Flavianic acid 100 176.0 -10.78 210.89 (280.38)* 34.79 2.09

disodium salt

* The datum in the parenthesis is the onset temperature of rapid exothermic reaction after the slow exothermic process for flavi-

anic acid disodium salt by C 80.
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Fig.7 Comparison of heat flow/heat generation vs. time using with C 80

anic acid disodium salt compared with the results from
DSC. And the difference was approximately 100°C for be-
tween DSC and ARC, and 160°C for between DSC and C
80.

The experimental results of ARC suggest the difference
of particle size has no significant effect on the thermal sta-
bility of flavianic acid disodium salt. The exothermic de-
composition occurred with the average onset exothermic
temperature of 273°C under the ISO mode of ARC for
flavianic acid disodium salt. Compared with flavianic acid
disodium salt, flavianic acid hydrate had low thermal sta-
bility with the onset thermal decomposition temperature
of 160°C under the H-W-S mode of ARC.

The results of C 80 show an immediately exothermic
process occurred after an endothermic process for flavi-
anic acid hydrate, and the onset exothermic decomposition
temperature was approximately 149°C. For flavianic acid
disodium salt, a first slow exothermic process occurred
from 211°C followed with a subsequent rapid exothermic
reaction at 280°C after the endothermic process finished at
184°C. This result was consistent with that of ARC be-
cause the first slow exothermic process detected by C 80
can not be measured by ARC due to its relative low sensi-
tivity and the onset temperature of the second rapid exo-
thermic reaction was similar between results of the C 80
and ARC.

Compare with the theoretical prediction value by
CHETAH, the heat generation of C 80 was slightly lower.
The maximum heat generation was 2.46k]J-g~! for flavi-

anic acid hydrate and 2.09k]J-g~! for flavianic acid diso-
dium salt, respectively. Nevertheless, the results of both
CHETAH and C 80 was very similar that the decomposi-
tion heat generation of flavianic acid hydrate was higher
than that of flavianic acid disodium salt.

5. Conclusions
Both flavianic acid hydrate and flavianic acid disodium

salt have high rank of maximum heat of decomposition
and fuel value—heat of decomposition. The difference of
particle size has no significant effect on the thermal stabil-
ity of flavianic acid disodium salt. Compared with flavianic
acid disodium salt, the onset thermal decomposition tem-
perature of flavianic acid hydrate was about 100°C lower
than that of flavianic acid disodium salt.

The results of C 80 show the onset exothermic decom-
position temperature was approximately 149°C for flavi-
anic acid hydrate, and the first slow exothermic process
starting from 211°C followed with a subsequent rapid exo-
thermic reaction at 280°C for flavianic acid disodium salt.
And the maximum heat generation was 2.46kJ-g~! for
flavianic acid hydrate and 2.09k]J-g~! for flavianic acid
disodium salt. Therefore, the thermal stability of flavianic
acid hydrate was lower than that of flavianic acid disodium
salt due to the lower onset decomposition temperature
and the higher heat generation. The thermal decomposi-
tion would occur if flavianic acid hydrate was involved in
the final product of flavianic acid disodium salt and the
temperature can reach to 150°C when the excess heat oc-
curred in the grinding process.
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