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Fig. 1 Casting solution (a) and membrane composite material (b)
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Fig.2 Cooling element (a) and schematic diagram of filter
structure (b)
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Fig.3 Heating appliance (a) and temperature measuring
instrument (b)
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Fig.4 Effect of ambient humidity on the appearance of
composite membrane during drying at room temperature
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Table 1 Thickness relationship between liquid membrane and as-prepared membrane
mlg
Sample Film thickness/um Actual thickness/pum
Acetone CDA PEG1500
Al 8.5 1.0 0.5 100 7
A2 8.5 1.0 0.5 200 12
A3 8.5 1.0 0.5 300 22
A4 8.5 1.0 0.5 400 46
A5 8.5 1.0 0.5 500 69
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(c) Room temperature drying film
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Fig. 5 Appearance and folded morphology of three composite membranes

2.3 SEHE TR AL R RN

PSR T CDA it /- 80k 10% B, 153515
B AR LA | ZEPIE SN AR B4y, PR e #%
JESR T CDA it 73 B 2 T 10%. 36 2~ 44351151
T AN 4> T 5 B PEG 41 R RY &2 A B AL B G
fift . B KT B BN . W LLE ), M5 b PEG
JT i 53 KR 18% B, AN[Rl 7318 19 PEG £ N i i 571
TR O 2 RN, TRk e R A
24 ESIREDIK

$ A 6 40 1% i) PEG1500/CDA . PEG2000/CDA .
PEG4000/CDA Ji§ 1tk &2 45 B i A1 L il il — & %1 4o
Kl 2(a) FEoR R REIR T, SR 5 i LR ME 4544 an &1 2(b)
7 B S B 52, 25 ST A5 A7 B AR 6 FTm .

% 5 R R 2~k 4 hON[E ST i PEGHIES Y
R TT AR I R R B DA 5 . AR 5 rprzs pr xR

R it R S A R ST B A 5 SR T R, B R T 4T U
B W51 32 0 A B A 3 3 R IR R RLRIT 4 90 °C [
% 30030 5 [ IR A RHS 1Y 69 °C, B T S AR AT R
67 °C, Joyk I S FHER o TR, AH HGF 25 P R
st W S, VAN RS T R T G A 11 S 6 AR S T A R IR A A
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Table 2 Dissolution, delamination and folding of composite membranes with different mass fraction of PEG1500

mlg

Sample w(PEG1500)/% Dissolution Delamination Folding
Acetone CDA PEG1500
B1 8.3 1.0 0.7 7 Yes Yes Yes
B2 8.0 1.0 1.0 10 Yes Yes Yes
B3 7.8 1.0 1.2 12 Yes Yes Yes
B4 7.6 1.0 1.4 14 Yes Yes Yes
B5 7.4 1.0 1.6 16 Yes Yes Yes
B6 7.2 1.0 1.8 18 No No No
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Table 3 Dissolution, delamination and folding of composite membranes with different mass fractions of PEG2000
mlg
Sample w(PEG2000)/% Dissolution Delamination Folding
Acetone CDA PEG2000
Cl 8.3 1.0 0.7 7 Yes Yes Yes
C2 8.0 1.0 1.0 10 Yes Yes Yes
C3 7.8 1.0 1.2 12 Yes Yes Yes
C4 7.6 1.0 1.4 14 Yes Yes Yes
Cs 7.4 1.0 1.6 16 Yes Yes Yes
C6 7.2 1.0 1.8 18 No No No
4 AR E PEGA000 2 i 5 & AR I . RS A B i 0
Table 4 Dissolution, delamination and folding of composite membranes with different mass fractions of PEG4000
mlg
Sample w(PEG4000)/% Dissolution Delamination Folding
Acetone CDA PEG4000
D1 8.3 1.0 0.7 7 Yes Yes Yes
D2 8.0 1.0 1.0 10 Yes Yes Yes
D3 7.8 1.0 12 12 Yes Yes Yes
D4 7.6 1.0 1.4 14 Yes Yes Yes
D5 7.4 1.0 1.6 16 Yes Yes Yes
D6 7.2 1.0 1.8 18 No No No
Temperature of
tipping paper
Temperature Temperature Temperature of

Smoke flow direction before element

Hollow paper tube
19 mm

mainstream smoke

!

Hollow paper tube
7 mm

after element

|

Cooling element
16 mm

6 ST AR S A I AL

Fig. 6 Determination temperature points of the test cigarette
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Table 5 Determination of smoke temperature of cooling elements
with 160 mmx16 mm specification

Temperature/ °C

Sample
Mainstream smoke Tipping paper Before element After element

Blank 67 59 90 69
Bl 58 56 79 61
B2 56 56 77 59
B3 48 54 75 51
B4 42 51 74 45
BS 42 50 74 43
cl 59 57 80 62
c2 57 56 77 60
c3 47 55 75 51
c4 44 51 75 45
cs 42 51 74 43
DI 56 57 82 63
D2 54 54 81 60
D3 52 54 79 54
D4 49 53 79 53
D5 49 50 78 51

1247 em™ AbA WIS I & T L Bt R S h —C—O0—C—
A 45 4% Bh 06, 1046 em Ak AW W4 9 & T CDA
Zarh —C—O— M Ai iR i, X LLHR & CDA WY 1E
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R £ A1 56 1% B Bk A7 % e ] L& B, PEG1500/
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40 -
= 35}
£
o
Z30f
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5
Z 25t
=
g
T 20t
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Temperature/ C

---3442

v
~
o0
o

PEG1500/CDA
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Wave number/cm’™!

7 PEGI500/CDA AR A MOEHE FT-IR
Fig. 7 FT-IR spectra of PEG1500/CDA membrane composite

material
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Fig. 8 Thermal cycling DSC curves of PEG1500/CDA membrane composite material
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Table 6 DSC data of PEG1500, PEG1500/CDA membrane composite material
Type Sample Ton/C T/ C Tend/ C AH/(Jgh)
PEGI1500/CDA 47.5 50.9 523 76.7
Heating cycle
PEG1500 442 50.2 51.3 165.5
PEG1500/CDA 39.7 35.6 32.7 =76.0
Cooling cycle
PEG1500 39.3 35.2 32.0 —-159.3

Tn is the starting temperature of phase transition; 7}, is the peak temperature of phase transition; Teq is the end temperature of phase transition; AHy, is the

enthalpy of phase transition
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Fig. 9 TG-DTG curves of CDA(a). PEG1500(b) and PEG1500/CDA membrane composite material(c); Fitted peak-splitting of DTG curves of
CDA. PEG1500, PEG1500/CDA membrane composite material(d)
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cellulose diacetate based copolymer electrospun nanofibers

Preparation of PEG/CDA Membrane Composite Cooling Material and
Its Application in Heated Tobacco Product

LU Xinbo!, ZHANG Zile?, XU Jian', JIANG Jian', DONG Chenxiao?, XIAO Weigiang',
SUN Qianhui?, GUO Yanglong?
(1. China Tobacco Zhejiang Industrial Co. Ltd, Hangzhou 310008, China; 2. Research Institute of Industrial Catalysis,
East China University of Science and Technology, Shanghai 200237, China)

Abstract: In this paper, cellulose diacetate (CDA) was employed as the skeleton material and polyethylene glycol
(PEG) as the phase change material to fabricate a PEG/CDA membrane composite cooling material via solvent
blending and membrane casting. The effects of casting thickness, drying conditions, and casting solution composition
on the physicochemical properties and cooling performance of the composite were investigated. The optimal
preparation process was as follows: 1.6 g PEG1500 and 1.0 g CDA were dissolved in 7.4 g acetone, and the mixture
was stirred and refluxed in a 75 °C water bath for 6 h to obtain the casting solution. A membrane casting instrument
spread the solution into a 400 um liquid film on a clean glass plate, which was then dried at room temperature for 12 h
in a drying oven to yield the PEG1500/CDA composite. Subsequently, the composite was cut into 160 mm x 16 mm
strips and folded to form cooling elements. These elements stably reduced the mainstream smoke temperature of heated
tobacco products from 67 °C to 42 °C and the tipping paper temperature from 59 °C to 50 °C, demonstrating excellent
operational safety and promising industrial application prospects. In the composite, PEG1500 is uniformly loaded in the
CDA-derived skeleton network. During the smoking of heated tobacco products, PEG1500 crystals in the network
absorb heat via phase change, while the CDA network restricts the thermal motion of PEG1500 within a confined
space. Consequently, PEG1500 does not leak, exhibiting solid-solid phase change characteristics under macroscopic
conditions.

Key words: heated tobacco product; polyethylene glycol; cellulose diacetate; membrane composite cooling

material; temperature of the mainstream smoke
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