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| A novel sulfur-nitrogen flame retardant containing triazine ring (SN) has been synthesized and structurally characterized by elemental
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INTRODUCTION

In the past decades, the formaldehyde- or halogen-contai-
ning flame retardants have shown remarkable flame retardancy.
But, they may lead to the environmental problems by
generating large amounts of toxic and corrosive fumes during
combustion and are restricted applications in many fields'”.
Recently, triazine and its derivatives have been regarded as
efficient flame-retardant materials and good charring agents,
mainly because that (i) they contain the stable triazine ring
and can form the high-quality char layer during burning"’;
(i1) they are of beneficial merit as commercially available,
comparatively low cost, and environmentally clean materials.
However, the flame retardants having triazine ring, which are
applied to some polymers, have been still not studied suffi-
ciently®’. Therefore, these strongly enable us to prepare the
triazine-containing flame retardant with the sulfur-nitrogen
synergistic effect (defined as sulfur-nitrogen flame retardant
containing triazine ring)'*'" and apply it to the flame-retardant
treatment of cotton.

In this paper, a sulfur-nitrogen flame retardant containing
triazine ring (SN) has been successfully synthesized by the
reaction of cyanuric chloride with sodium 2-aminoethane-
sulfanilate followed by diethanolamine. Its molecular structure
was structurally characterized by elemental analysis, IR and
'H NMR spectra. Meanwhile, the thermal behaviors of SN,

-
analysis, FT-IR and "H NMR spectroscopies. Meanwhile, the effects of reaction solvent, acid-binding agent, reaction temperature and :
molar ratio of starting materials on the yield of SN were investigated. Experiments showed that when the molar ratio of intermediate M to
diethanol amine is 1 to 1 in the presence of sodium carbonate as acid-binding agent in water at 40 °C, the yield of the obtained SN reaches |
85 %. In addition, to evaluate the potential flame-retardant ability of the target flame retardant (SN), the thermal behaviors of SN, pure |
cotton, and cotton treated with SN were studied by thermogravimetry analysis. This result demonstrated that SN was a good charring |
agent and obviously improved the char-forming ability and the thermal stability of cotton fabrics. |
|
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pure cotton, and cotton treated with SN were studied by
thermogravimetry analysis (TGA). This result showed that SN
was a good charring agent, and the char-forming ability and
the thermal stability of cotton treated with SN were obviously
improved.

EXPERIMENTAL

Cyanuric chloride and sodium 2-aminoethanesulfanilate
were purchased from the Yingkou Sanzheng Organic Chemical
Industry Company. Diethanolamine, acetone, and sodium
carbonate were obtained from the Tianda Chemical Reagent
Factory. All the starting materials and solvents were commer-
cially available and used without further purification. 100 %
Cotton with density of 184 g/m? was supplied by Santai Fire
Resistant Products Co., Ltd. The intermediate M was prepared
according to the reported literature'.

Synthesis of SN: The target compound SN was prepared
as shown in Scheme-I. In a typical experiment, the interme-
diate M (10 mmol) was dissolved to a 60 mL water at room
temperature in 250 mL four-neck flask, and then the mixture
reaction was warmed to 40 °C. After stirring for 0.5 h at this
temperature, the aqueous solution of diethanolamine (12
mmol) was slowly dropped into the above reaction vessel for
0.5 h, in which 20 % aqueous solution of sodium carbonate
was added in order to keep pH = 8-9. The reaction process
was monitored by thin layer chromatography (TLC) on silica
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NHQC HQCH2803H + NaOH
cl l NHCH,CH,SO;Na NHCH,CH,SO;Na
N|)\N NHZCchHZSO(;Na HN(CH2CH20H)2 N \N
cl N cl cl N N(CH,CH,OH),
M SN

Scheme-I: Synthetic route of SN

gel eluenting with methanol-toluene (2:3, v:v). When the
reaction was completed, the reaction solvent was removed on
a rotary evaporator. The above-obtained crude product was
washed with anhydrous ethanol for three times and dried at
room temperature. Finally, the target product was afforded as
a white powder (Yield: 85 %). m.p. >250 °C; Anal. Calcd (%)
for CoH,;5sCINsNaOsS: C 29.72, H 4.16, N 19.25; Found (%):
C 29.63, H 4.28, N 19.11. '"H NMR (400 MHz,ds-DMSO,
TMS, &/ppm): 8.90 (s, 1H, NH), 5.26, 4.81 (2s, 2H, OH),
3.68-3.46 (m, 8H, NCH,CH,0), 3.36 (s, 2H, NHCH,), 2.98-
3.00 (m, 2H, CH,SO:Na); IR (KBTI, Vi, cm™): 3524 (NH),
3340 (OH), 1641 (triazine ring), 1253 (C-N), 1209, 1074
(S=0)".

Flame-retardant treatment of cotton fabrics with SN:
The general procedure is as follows: (i) cotton fabrics were
washed in water with 0.5 % (w/w) NaOH solution and then
dried; (ii) aqueous flame-retardant finishing bath was prepared
by various concentrations of SN at 90 °C, where the liquor
ratio was 1:20 and the pH was adjusted using sodium carbonate
after adding sodium sulfate as a neutral salt; (iii) when the
above-mentioned process was completed for about 1.5 h, the
cotton fabrics with SN were washed in the tap water and dried
at 60 °C in an oven.

Influence of acid-binding agent on the yield of SN: As
the molar ratio of intermediate M and diethanolamine is 1 to 1
in water at 45 °C, we study the influence of acid-binding agent
on the yield of SN and the results are listed in Table-2. Particu-
larly, the inorganic bases are only selected as acid-binding
agent, mainly because that (i) from the principle of the chemical
equilibrium shift, the addition of the appropriate acid-binding
agent can efficiently accelerate the reaction if hydrogen
chloride is produced during the reaction; (ii) the common acid-
binding agents contain the inorganic bases (e.g., sodium hydro-
xide and sodium carbonate, etc) and organic bases (e.g., pyridine
and triethylamine, efc), where the inorganic bases are the best
choice as they are lower-cost and environmentally-friendly.

Table-2 showed the maximum yield of SN reached 85 %
when the acid-binding agent is sodium carbonate. This may
be because that sodium hydroxide is more basic than sodium
carbonate, which causes the appearance of much more side
reaction. Thus, we chose sodium carbonate as the optimal acid-
binding agent.

TABLE-2
EFFECT OF ACID-BINDING ON THE YIELD OF SN
Acid-binding agent ~ Sodium Carbonate Sodium Hydroxide
Yield (%) 85 68.6

RESULTS AND DISCUSSION

Optimal synthetic conditions

Influence of reaction solvent on the yield of SN: The
influence of solvent on the reaction to yield of SN was first
considered for the optimal synthetic conditions. As the molar
ratio of intermediate M and diethanolamine is 1 to 1 in the
presence of sodium carbonate as acid-binding agent at 45 °C,
we investigate the influence of several reaction solvents on
the yield of SN and the results are presented in Table-1.

TABLE-1
EFFECT OF REACTION SOLVENT ON THE YIELD OF SN
Solvent Water  Water-Acetone ~ Acetone  Water-Ethanol
Yield (%) 85 74.1 57.6 46.6

As shown in Table-1, the maximum yield of SN reaches
85 % when the solvent is water. This is possibly because that
the starting materials (namely, intermediate M and diethanol-
amine) display better solubility in water than in common
organic solvents such as water and ethanol, resulting in the
homogeneous reaction system. Furthermore, it is noted that
water is regarded as an environmentally-friendly solvent.
Therefore, we selected water as the optimal reaction solvent.

Influence of reaction temperature on the yield of SN:
As the molar ratio of intermediate M and diethanolamine is 1
to 1 in the presence of sodium carbonate as acid-binding agent
in water, the influence of reaction temperature on the yield of
SN is investigated and the results are displayed in Fig. 1.
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Fig. 1. Influence of reaction temperature on the yield of SN
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Fig. 1 shows that different reaction temperature hve the
certain effect on the yield of SN, in which the yield of SN
reached the maximum when the reaction temperature was
40 °C. This is mainly because that (i) for the reactivity of three
chlorine atoms of cyanuric chloride, the first chlorine atom
can react at 0-5 °C and the second chlorine atom can react at
40-60 °C'; (ii) for the most reaction, the increase of tempera-
ture can enhance the probability of the intermolecular effective
collision, resulting in the rise of the reaction rate. Consequently,
the optimal reaction temperature was at 45 °C.

Influence of n (intermediate I): n (diethanolamine) on
the yield of SN: With the condition of water as reaction solvent,
sodium carbonate as acid-binding agent, and reaction tempera-
ture at 40 °C, the influence of the molar ratio of intermediate
M to diethanolamine on the yield of SN is studied and the
results are shown in Fig. 2.
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Fig. 2. Influence of n (intermediate M): n (diethanolamine) on the yield of SN

Fig. 2 displays that the yield of SN gradually increased
when the range of the molar ratio of intermediate M to
diethanolamine is from 1:0.8 to 1:1.0 but sharply decreased as
that of them is 1 to 1.2. Especially considering the cost of
starting materials and the pollution of environment, we finally
selected n (intermediate M): n (diethanolamine) = 1:1.0 as the
optimal molar ratio of starting materials.

Based on the above results, it is concluded for the optimal
synthetic conditions that the yield of SN reaches 85 % as the
molar ratio of intermediate M to diethanolamine is 1 to 1 in
the presence of sodium carbonate as acid-binding agent in
water at 40 °C.

Thermal decomposition behaviors: Fig. 3 displayed
TGA (a) and DTG (b) curves of SN, pure cotton, cotton treated
with 10 wt. % SN under an air atmosphere, respectively. The
TGA and DTG data were listed in Table-3, which included
the initial decomposition temperature (Tonse), the temperature
of maximum mass loss rate (Ty.x) and the residue of the
materials at 600 °C. As shown in Table-3, for SN, its thermal
degradation starting at 127.7 °C was one-step decomposition
and a large amount of charred residue (46.8 %) was left at 600 °C,
demonstrating that SN was an efficient char-forming agent.
Comparatively, the thermal degradation of pure cotton, which
undergone two-step degradation stages, started at 225.1, but it
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Fig. 3. TGA (a) and DTG (b) curves of SN, pure cotton, cotton treated
with 10 wt. % SN in air, respectively
TABLE-3
TGA AND DTG DATA OF SN, PURE COTTON,
COTTON TREATED WITH 10 wt. % SN
Samples Tonsee Thax (°C) Residue
O Stage 1 Stage2  at 600 °C (%)
SN 127.7 345.9 — 46.5
Cotton 225.1 310.8 391.8 8.8
Cotton/SN 166.6 315.6 528.7 214

Tnse Initial decomposition temperature (based on 5 % weight loss);
Tha: Maximum weight-loss temperature

had only about 8.8 % charred residue under the same condition.
The initial decomposition temperature (Tonee = 166.6 °C) of
cotton treated with 10 wt. % SN was lower than that (Topse =
225.1 °C) of pure cotton, which might be attributed to the low
Tonset of SN. Meanwhile, it could be found that the charred
residue of cotton treated with 10 wt. % SN was about 21.4 %
which was higher than that of pure cotton, possibly because



4422 Zhang et al.

Asian J. Chem.

that the sulfur-nitrogen synergistic effect in flame-retardant
system had significant contribution to the char-forming ability
and thermal stability of cotton". These results indicated that
SN not only changed the thermal degradation behavior of cotton
but also promoted the char layer formation of cotton surface.

Conclusion

A novel sulfur-nitrogen flame retardant containing triazine
ring (SN) has been successfully synthesized and structurally
characterized by means of elemental analysis, IR and '"H NMR
spectra. Experiments for the optimal synthetic conditions
showed that the yield of SN reaches 85 % when the molar ratio
of intermediate M to diethanolamine is 1 to 1 in the presence
of sodium carbonate as acid-binding agent in water at 40 °C.
In addition, TGA tests of SN, pure cotton, cotton treated with
10 wt. % SN have indicated that (i) SN was an efficient char-
forming agent, possibly due to the presence of the thermo-
stable-triazine ring and the tertiary-nitrogen atom'’; (ii) char-
forming ability of cotton treated was much higher than that of
cotton untreated, which may be ascribed to the sulfur-nitrogen
synergistic effect in the flame-retardant system composed of
cotton fabrics and SN.
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