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Thermal analysis of WS series cooling agent
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Abstract: Objective: Evaluation of the safety of WS series cooling

agents for cigarettes. Methods: In this paper, pyrolysis-gas chro-
matography-mass spectrometry (Py-GC/MS) and thermogravim-
etric (TG) methods were used to study the pyrolysis behavior
and content distribution of WS series cooling agents in tobacco
Through TG/DSC
analysis, WS-3, WS-5, and WS-23 had only one obvious thermal

under different atmospheres. Results;
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weight loss stage, and the maximum weight loss rates occurred at
251.8, 281.6, and 206.5 °C, respectively. The three cooling
agents all showed sharp endothermic peaks before weight loss,
and a phase transition process of melting occurred. It was specu-
lated that it may be the transformation of crystal form or the dis-
solution of crystal. Under the atmosphere of 9% oxygen-contai-
ning nitrogen-oxygen mixture simulating cigarette combustion,
the cracking products and quantities of the three cooling agents
increased with the increase of temperature. In comparison, WS-3
and WS-23 were more stable, with less thermal cracking prod-
ucts, while WS-5 was less stable, the heat required for crystal
transformation was the lowest and the heat required for complete
weight loss was the least, and the thermal cracking products
were relatively more. The thermal cracking results of the three
cooling agents were mainly prototype transfer, and the
normalized percentage content of the peak area of prototype
transfer was above 99%. Conclusion: The three cooling agents.,
WS-3, WS-5, and WS-23, do not appear in the list of HPHCs or
SVHC under heating conditions, and can be completely pyrolyzed
before 350 “C . they are all suitable as additives for heating ciga-
rettes.
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40 C,P-FF 5 s, L 30 C/s T+ & 350 C 44 FF 5 min,

(2) BIHREUHSF - 9N BB AR A S A
T AR 30 °C 4 5 s, L 30 °C/s 43 BT & 300,
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Figure 1 Thermal decomposition characteristic curve

of WS-3 in air atmosphere
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Table 1 WS-3 Thermal cracking products in air atmosphere

1R 8 1 EEmARE—fk 28T HPHCs

[ /min AT e H oy it/ % B SVHC 4 #

17132 1.5- "W RO (WA BT :169,83,168,44) 290 193 0.059 w

17.703  WS-3(# K ¥ F:100,87,211,168) 487 475 628 99.941 g

X2 ARABET WS3HREBEY'
Table 2 Thermal cracking products of WS-3 at different temperatures

1 g T NN T A= YAx & i/ % 2% J8 T HPHCs
[} /min 300 C 600 °C 900 C 5, SVHC % #.
2.936 KRB F:78,44,58.50) — 0.002 0.004 =3
3.344 1-BEMs (WE v 85 .44, 41,55,50) — 0.007 — o
4.731 H2E (RE B F:91,92,44.1,78) — 0.003 0.003 =
7.379 R = 9 IR (v B8 ¥ :102,44,56,71) — 0.019 — &
9.174 1-5 I -4- W IR BA O M (7 v 8§ F:95,81,138,67) — — 0.007 E
9.984 A B M (W Jr B ¥ :68,93,44,67) — — 0.003 75
11.313 KA 1(44,80,55,121) — — 0.006 i
12.616 PO R (R 85 ¥ :41,56,70,83) - 0.008 — %
17.551 KEH 2(100,168,87,44) ] fig A T faf i 0.019 0.023 0.027 7
18.187 WS-3(HEF B F:100,87,211,168) 99.942 99.838 99.926 5
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Figure 2 Chemical bonds that may be broken of WS-3
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Figure 3 Thermal decomposition characteristic curve

of WS-5 in air atmosphere
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Table 3 WS-5 Thermal cracking products in air atmosphere

i B EEAE—  EEET HPHCs
[&] /min T 7 A HOE/% B SVHC % 8
8.354 AR L(WEF B F:106,105,77,32) 119 904 0.027 5 —

13.712  RAW 2 K+ :150,122,69,81) 353 364 0.081 2 —

17.059  RAY 3B B F :183.140.72.59) 0] fig > M A7 Y @t iz 535 737 0.123 0 w
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Table 4 Thermal cracking products of WS-5 at different temperatures

% £ Bif

TRl BE T R P AR 4/ 0 2 i T HPHCs

[&] /min R 300 C 600 °C 900 °C B SVHC 4 %
8.530 1-F - 4-F LR O (B B T :95.81,44,67) — 0.006 0.002 E
8.535 A-S T EE-1-F B3R O (B R . 95.81,138,67) — — 0.008 w
10.663 1,2- 2 F JE-5- 2 0 FE ik v (% R 85 F . 80,121,55,79) — — 0.006 F
13.456 9-2% I I (g A B8 F :44,150,108,69) 0.005 — 0.017 &
16.793 KA 1(140,183,72,59,44) T & g 5 fif P 1 — 0.012 0.007 R
16.798 KA 2(140,44,72,59) 0] fiE g X 9 105 456 0.005 — — 7
17.371 2-(2- W JE 7 79 56 ) -3 B CRE B8 2 44,126, 112,84) 0.005 0.012 — EN
17.376 KA 3(112,166,84,126) — — 0.073 7
20.659 N7+ B Ji-1-3 2 R g (W 7 18 F 144,104, 55,226) — 0.020 0.024 Fa
20.664 KAY) 4(44,104,81,145) 0.019 — — —
21.156 WS-5 (1A B F:104,145,269,122) 99.937 99.869 99.780 7
24.849 RFY) 5(102,260,207,44) — 0.037 — —
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Figure 4 Chemical bonds that may be broken of WS-5
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WS-5,WS-23 ¥y A7 — A4~ B AR BB B L 1 2 Ak A
RS JL T ToA o, B 3 Rk R # LE 350 C LA
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Wl (4 7= 4

2.3.2 JNIBMAKM T AR R 5 AT A
BIRNAS R AT o WS-23 82 A (g 1w FUH —
E 7 & & 99.872%0) .

2.3.3 BIRELAMT A WS-23 7EHLE MR
PN T 45 L3 6. AL 5 MK 6 al 15, 7%
W E AR B R B 2 i 45 1 R . WS-23 B = R 26 5
Hom AR L, U S SO AR T IR R K. MR T
SH Al i b ) WS-23 BN R E L A B 0L A A e 4
TR R D A 6 N 6 R 1 AR
FE T (m/z:113.0) LA & WS-23 W B T (m/z:
58.2) AT RE N 2,3, 4- = W BL R0t . 7E IR P 4 L 19 AN ) 24
RIRE T  WS-23 EERFERER  Em A H—fb a5 &
YT 99% .
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Table 5 WS-3 Thermal cracking products in air atmosphere
SHLib) WA —fk & &JEF HPHCs
g/mm A 4 B i T L ;%QE/; S SVHC 4ot
13.658  WS-23(WEH B F:114.1.57.2,58.2,129.2.43.2) 333 880 612 99.872 i
13.716 A T (BT B F 114,129, 44,41) 428 038 0.128 7w
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Table 6 Thermal cracking products of WS-23 at different temperatures

T B AT BE T AL P AR i/ Y TR F HPHCs
8] /min Al 300 C 600 °C 900 °C B SVHC %4 #
7.981 N - FF bk 5 R PR R B 2 41,98,99,69) — — 0.012 2

9.478 -2 LB T BN (S 182,97, 44,41) — 0.009 0.011 &

10.692 KA 1(113,55,58.2,83) AT fig b = W1 3 5 b - - 0.276 &

11.371 N, 2,3-= W 5-2-T M Wk e (W8 Jr 83 7 :69,97,44,41D) - - 0.014 o

13.446 WS-23(FEH 85 F:114.1,57.2,58.2,129.2,43.2) 99.957 99.919 99.494 i

14.077 1- &, BE-6- W F-3-WR g B (1 Jv 85 . 128,143,57,44) 0.010 0.012 0.014 &

21.059 A-WR WE BE R (R R B9 7 :44,104,123,145) — 0.013 - &

B TRR A
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Figure 6 Chemical bonds that may be broken of WS-23
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