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Study on the Vacuum Drying Characteristics of Polyether
Thermoplastic Polyurethane Film

HU Enyuan, YAN Ge, CAI Lihai, ZHU Mengfu*, SHAO Weiguang*
(Institute of Systems Engineering, Academy of Military Sciences, Beijing 100071, China)

Abstract The polyether thermoplastic polyurethane pellets were pressed into films by a compression molding
process. The effect of temperature on the vacuum drying characteristics of TPU films was studied, and the effective
diffusion coefficient and diffusion activation energy during the drying process were calculated. Five drying kinetic
models were selected to fit and analyze the vacuum drying process of TPU films, and the mechanical properties of
TPU films before and after drying at different temperatures were investigated. The results showed that in the
vacuum drying process of TPU films, increasing the drying temperature would speed up the drying rate and shorten
the drying time, and the drying process of the TPU films mainly occurred in the deceleration stage. The two-phase
diffusion equation well reflected the change law of the moisture ratio in the vacuum drying process of the TPU
films. The effective moisture diffusion coefficient was calculated to be 2.26x10 '°—7.28x10""" m’/s, and the diffusion
activation energy was 37.49 kJ/mol. In addition, the elongation at break of the polyether TPU films hardly changed
due to water absorption and drying process, and vacuum drying below 60°C significantly recovered the tensile
strength reduced by water absorption.

Keywords Thermoplastic polyurethane, Vacuum drying, Mathematical model, Thin-layer drying, Me-

chanical properties

TEE R U T 200 T b 8 B AR R S R TR REE, PSR TR B X TPU S B s TR AR P A s, 11T T
R R R A S R BN UG AL AR, BEHRL T S R TR S Sy SR TR A ST, R R T SRR TR NS TPU S
SEPEREIAR L . S5 RAR: H TR MR, TR, T (R8T, R, TPU S0 et R 32 22 & AL 78 B By
Bro WIAHY By R BE 06 AR 4 (1% R TPU 3 B B 25 T 0 A2 b i K 43 L AR AR R A, 3345 s A SOk A i iR Bk
2.26x10"°=7.28x10 " m’/s, ¥ BLE L AE N 37.49 kI/mol. BEAb, TREEI TPU HMERE 14 U 240 3 LT A PR R K A0 4t A 4 A 78
Ak, T 60°C AT (8 45 4 ] foff L R W 7 i e AT Ry o fe o i 75 280 B i 2

KR POEMERERE HAE T BeERiA R TR JitEne
thE 4y %2 TB324;TQ334.9 CHRARIRAD: A doi: 10.13922/j.cnki.cjvst.202209006

PIBVER AR IREAR B 0 Sy 2 R SR E . KT A, 25 TPU H
RIS RGP ] i Tk aeY. RS, TPU B i SE DR U SS &, (o H 3 T 5 BRI oM 73 B9 45
B RH 70 5 ) O A A L FE R R ARV R ME M Ak, BRI e L g A PR R, S E0nT e Y-
Rt R, TPU B8 ANAMRZ B SR8 i A e 2 A e T e A B R ™
W PG s =2, BT e F AR, T A TR R AR A AR K 2 B — Bl R T BL H
EPAMBUAIZ S SRR, ZEHTAN RS b, TPU MELLEE T TPU MY TR BRI, 4% TPU M PERE S % 2 8T

ks B #A: 2022-09-14
* BE & A E-mail: zmf323@163.com; 13911447793@139.com


https://doi.org/10.13922/j.cnki.cjvst.202209006
https://doi.org/10.13922/j.cnki.cjvst.202209006

%2 M

WSS A5 SRl TR AU P SR R W I ) 2 T AR AR S 105

PR (e R, B R TR TR R TPU
(TR ) 2 R R AR 4k, X TPU il &b Ay 1o
FOR B B R L,

FE Tk, T2 T PRAF . IEAR Y
—ANEETF B, IR L RIE s M
PRy AL TR IR R A ) B R X T DR B
B PERE A B EE AR S Wt T RERY A, &
B R E, Hobt R ar, BoRH R TR
JE, T R W V) A TR A OR e KT
TR R, TPU MR 57K 36 R R, eah,
X R A TR S, T T T R AR,
AT LA TR R R D RERTHFE, 41 M.Kalender"
A B T K E R AR R 1 T AR i £k,
&I Page Fl Diffusion J5 & A FH T Fuill s 410 41 8 K
Ve T e . (R, HAiSC TR EA TPU 76K H
T W A TR AR I R R AR D

AR S SR AR R T 25 il 4% TPU RS, 3
b PR LA TR S, RIS KRN TPU AR Y
K 43 LU B s [] A5 A0 R R, I 1 P B AR 4 T4
G BJF WA R B T4 IR EE X TPU IR ) 7 M fE
R SEI .

1 SEIRES

1.1 FEERENEEE

5 Ik AR P R, % 58300NATO35, %
JE 1.1022 g/em’, T 82 A, Kif% 2 mm, #1930 55 Fh
AT (i) A RA R 58K, strs, Bl

TR P8 i 25 T8 46, ZK-2BCT, K
P Ao A PR w5 i R O AR B, EAS 150 mmx
150 mmx2.75 mm, 7€ fil; HL3 FAR R A AL, GT-7014-
H30, /& 8k A MY f (AR 58 ) A PR A Al 5 8 2l K #L,
UPTC-20 L/H, K V017 KOs K AWE B A AL #1757
Br RF-, M204E, i - Mg FE il -FE R 20 w5 25 m 494
EHIL(DSC), Q200, 3 [ TA Instruments 23 )

1.2 HEHFE5XLwTE

TPU W BAE & il 2 i AR W 1 iR, K 70 g it
T/ TPU Rk 5 370 28 A B EL AR s v, ot i o
BEELE NP o 7E-FAR B, JE 11
BT, B BT E 190°C FHRIR 2 min J5, #ETH
WHES,, 5 7E1ETE 190°C, 18 K 3.25 MPa T [l
16 min, B J5 BRI B8 AR EI4, 8 AR EEER
IR

%EXJE*JIE\I%M%PF

e e e

| s o] 7449 e BRI o] 1 o] BLSLAY
Fl1 TPU WA e
Fig. 1 Preparation process of TPU films'

17]

BRI 4 TPU 5, 38 85 B 60 mm>60 mmx
2.75 mm BUAK TS, IR T 5B oK, BB
— 2 I TR) R R B, 283 2k = R K, A i
PRIFFANAE, WITA SR TPU JERSIR 21 1 WK 6 1 i) ~F-
RZ S B WOK AR TPU M T TR R IR o
S, TR E 5k 50°C, 60°C, 70°C, 80°C, X} T
PRARIN EZS , B E HAS R 2 B 8 -0.1 MPa(HHXT
B ), B — o B U R E e ¢, Sitsk =
Y, AR E R AN AR, WA TPU i E
PR R iR 8] T AR
1.3 PEEENER

DSC 3z : FREL 10 mg TPU KRB A 45 3 35,
M IR ZE-80°C, FTHE 250°C, THE . B R Y
R 10°C/min, BRI 2E

Jy2E MR . b A BE e GB/T 528-
2009 P47, B A B A 500 mm/min, 32 6 A
23°C,

14 TPUERTRSEITHE
141 W TEGACK

B Hl a5 TPU R R M T 28 T
AR AR — s i R, DR 4R K T AR R
17K 53 I EAT AR, 2R 2 — U, A i E
FEAHIE], WA A TPU $ 58 21 1 0 /K 1 i) -1y
R, ERERE N me. 1E 104°C F, X I TPU #
R RE AT 28 T4, BB — g i (R B AR T, 48
M2k = YR, AR T S AR [, Ak T
564, 0 Sk ML B my. T WK 1R AT B TPU Y
o) R Y &

M, = "0 100% (1)

my
142 FERFHKR
TIE KR E AN
M, =270 1009 (2)

ny
Ao, MR E] ¢ B TPU T8 A0 T 3 5 KR,
%; m, T B 6] ¢ B TPU 5 B8 4 T 4, @3 mo M



106 H = B

ST 5 I NI S 543 &

TPU iR T i i, go
143 KAk

R 70 o= 7 = /N W

MR = (M- M)/ (M, — M) (3)

AP, MRy TPU #iJIETH0K 73 s M, oA TPU i
TR R ¢ B 200 365K, g/g;s M, 8 TPU
R AR IR T K, g/gs M, 2 TPU WA 3] T
PP BPIRES G BT EKOR, /g,

Horp, M E M, B M, M, BTEAR /N, 7T 20 AT,
k=X (3) AT fajfb o

MR =M,/M, (4)
1.4.4 TR
T R E AR
_ (m,— m(t+At))
DR R ve— (5)

=, DR g TPU 3 5 T f 2ok 2 v 199 T 8 3 %
g/(gh); Mpy N (t+A0) B2 TPU FEEIRE £ (97K 57, .
145 AROKFYBRBONY BOG 1L iE

fBE 7 T3t 2 v, TPU S5 Ak T 4% 18 [l 44 H.
TRFUARAE, [A]I 7K 50 FAE TPU S i 8o 7k
— YRR, AN RSN AR IR, R YE Fick 55—
PraoE AR, A

8 - 1 @Cn+ 11Dy
MR = EZ{(Zn—i—l)z exp{— i t}} (6)

n=0

KA, Do T A B AR KL, m/s; ¢ TSR], s, d
o TPU AL AL B E, my n g SERRAEEL
He2C(6) 32 O

8 D
InMR =In— - t 7
n nn2 4d? (7)

2 C7) AR, 7K EE AR B e 8] i 2 v S
&, R ko

1’ Deg
ad>
A, AT A S R Do
wn=(9) 7, M Arrhenius 75 F2 P Al JG 3%
HCREL, THILRE . W Z E R R
DeﬂzDoexp(_R?) (9)
K, Dy HHTE T, m/s; E, WY BOG AL EE, J/mol; R
F AR B, 8.314 J/(mol K); T RHAMRIEREE, K.
X (9) P BT 15
E, 1

InDey = InDy — = —
N g np, RT

N, InDy 5 1T R AMESC AR, WAL

k=— (8)

(10)

—E,/R, BRI R 4 BTG AL RE E,o
1.4.6 2 TERIRIA RS

T4 3N Iy R R T R R e K R AR
B BOEZ —. BT, T 2 24
Xof 2 T4 (AR B 7E 20 mm DL HL26 1 5¢ 24
FEAEAH IR AT A ) i A kAT g . [
A5 T2 TR AT T R, IR T
JRESIRRAAH OC RR, RE] 7 A e R R Hhe
TR CEAR R K%Y AT TPU MK
T it A K 43 EE B ] B AR AR R, 35 R Ak 1
JIE R T2 TR B LA T A

x1 HETREFKRE
Tab. 1 Mathematical models of thin-layer drying
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Tab. 2  Fitting results of different mathematical models for drying process of TPU films
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Tab.3 Drying effective diffusion coefficients of TPU films at different drying temperatures
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