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Abstract: The cellulose-based acrylate (CA) was prepared under heterogeneous conditions using cotton as the
support material and acryloyl chloride as an intermediate; the cellulose-based solid-solid phase change fibers
(solid-solid phase change fibers, SSPCFs) with controlled hydrophobicity were then grafted with hydrophobic
octadecyl acrylate (A18), hydrophilic polyethylene glycol monomethyl ether methacrylate (OEGMA) and their
copolymers by free radical polymerisation using benzoyl peroxide (BPO) as initiator. The structural and thermal
properties of the SSPCFs were characterized by Fourier transform infrared spectroscopy (FTIR), differential
scanning calorimetry (DSC) ., thermogravimetric analysis (TG) and X-ray diffraction (XRD); the morphology of
the graft copolymers was investigated by morphological stability tests at different temperatures; finally, the hy-
drophobicity of the phase change fibers was investigated by water contact angle tests. The results show that:
A18 and OEGMA were successfully grafted onto the cellulose surface to prepare solid-solid phase change materi-

als with certain energy storage properties; the initial decomposition temperatures of the five CA-g-P(A18-co-
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OEGMA) copolymers were among 348 —368 ‘C, all of which were higher than the initial decomposition tempera-

ture of CA, increasing the thermal stability of the cellulose-based products; The water contact angle of the graft

copolymers decreased gradually with increasing OEGMA content, showing a progressive hydrophilic state. The

controlled hydrophobicity of the CA-g-P(A18-co-OEGMA) copolymer was illustrated; at the same time the la-

tent heat of fusion of its graft copolymer gradually decreased; the phase change {ibers maintained good morpho-

logical stability at 70 °C, indicating the successful preparation of morphologically stable cellulose-based SSPCFs.

Keywords: Cellulose; Octadecyl acrylate; Polyethylene glycol monomethyl ether methacrylate; Hydrophobic

controllable phase change fibers

Bt 25 Bk 2 B AR B PR s 2 B A AT] AR 3 K Y
P AT R PR A R Ok L ¢ TR
Fe AR FAT B A B YR (% I & R 09 20 R 5
(Rl b B8 7 8V 77 0 R A 0 RN 0 R 0 R R 7 A
S [ (174 RN = I 104 2 =B ) s = <
S EANIREZY N NN BN 6 3 S Ak )
BN BE T & ELRE 310 25 20 5 b R e R 45 4
AR TRE T L R S — i B R R AR L AR AR bR
(phase change materials, PCMs) 0 DL F] F A %% 2%
FEVESEAT IR 09 AT 300 6 £7 F0ORE I, RO B & v it
PR RRE S R T R BR R S AR AL
Z T &S . PCMs iz I 2 25 41 & v Al
LS 25 20 PRSI I R R E . DT % i N A T
AN ER 5 1R 3 A A i e B AN 1 O R
A7 B A M R I A R R RE AR AR AR 4L A H R
A T A R A 2 AT 7 R

M T PCMs 76 AH 25 5% A5 1 B8 v 17 78 5 3tk T DA
T G PR R PCMs — fi #5 R B0 i
AU e PCMs &) ik U (4 1a) 85, H R4 2
MRFEFEGEN LEMEL SRESREN
PCMs. g4 £ i £ st rk e 2 A i
MR Bk A 4, Horp o e B AR —Fhoal R L ]
A 0 i R L A 0 R 2 A A R R AR A
g NS ) — R R AR & 4 F MR, IE H
HZFNEMS . FHER G RBEE R A
A LS 1R AR TR B R BIL I ) AR X
i FLAE N R R A i R e A
R4 A PCMs , 1) H: 33 AR 22 i [ - [ AR 28
135474k % 3 PCFs, PCFs 0] LA 38 1 A8 28 0% i 1
R ke I YT UL BE L R B 6 BB L R R R L Y AL
SR BN SR LR AR B B N U R R g
V) 1) 5o SV B T e AR LA AR 5 9 W, T L
YE R PCMs (14 HE 42 , 4 51 52§ 29 o/ T A [ -
PCMs %75 3 [ -[# PCMs, 52 81 [ - PCFs B &
AR PE L o R 2 AT Ak AL R W HR R

AHERAELAM. Clag Rtk ms
PCMs #E47 H H HE R A il 5 159 B £F 4 R A R
Yy B AR B R kR AR W e e
RS B BB (BO) MM S R 4P R
M2 fE (CBY 5 = 2 W+ /N be 3 ik (E,C) 17 A
R A RN il 15 CB-g-E,C,; £F 4 & 3 SSPC-
Ms, 1Z 3L R YRS E = HBAT R4 0 #4080 1t RE
k. A U AR T AR LR TR I R R
L FERR (PEGA) #8508 R W s (PP) |, 15 B A
AR50 B FA R 2 M) PP-g-PEGA %
FEx7//P

SR, K2 B0 2 LS #5 M RHRT PCMs #f 2L
B IEIKME XK T 2 A PCMs 78 18 18 38 5% (1)
BEAFAERE 1. PR, 7 R B K A AR S b
FIE 7K A AR AR BE b i £ 2 K W] 8 1) PCMs , 2K fi#
Yok A~ m R, Haf KZBANEHEEE A PCMs 1)
FOE EAEBR L — 2 HK IR 2L AR E A
HHKPERE A PCMs, Zou %5V TiO, %2
XK £ 88 (CEG) #E 47 256 7K B s el vk I 1
EG(MEG) & Ak et CaCl, < 6H, O Hr 1% %)
ERFaE HHE AR AKMMNWE S PCMs, Yang
S 1- DU EE (TD) 32 358 2K BT K B
(DW)YH 48 TD/DW & & PCMs 3 [fi Wi Ik 8 bi
KU T HA A K RN A ARE ) B
Z YR AR A PCMs,

ARSC LA BE SR CAC) Sy o o) A, 7 S5 40 45 1
T A AT 4 R N M R R (CAD 5 DL Ak L
(BPOYER 51 & 71, 38 5 [ R 2 53R A 15 42 B s K
PES IR T /\BR (A18) L 5 /K M 3 & — s o H ik Y
FEN R R COEGMA) Fl HJL R Wy, il 8 H A 2%
B 7K T 95 1) £F 2 3R 3 [ - [ A AR £F 4 (solid-solid
phase change fibers, SSPCFs), It 5 1] LL#l £
BHARS 0 R HK il EM a4 R PCFs, A
TEAHITIE T4 W 45 1F X SSPCFE's %5 44 14 fE 19

S



6 341 L

S5 R K P T 45 2T 4k R A AL

ST 4 9 5 REBT 5 £ 729 -

1 LISES

1.1 RAFE5XE

B FH B I K (Cotton) , 7175 45 46 b 25 fL A FR
Nl NI R (AC) (W& R + /N IE (A18) , 43 Bt
afi BT R TR 2N 5 BB 2 T A H R RO D R
Bt COEGMA) . 43 Hr 46, 7 5 45 ) 4k TR A R A
Al s ALK HBE (BPO) L 40 A 4, K T Bl £k
A PR 7 s N, N-— H 3k 2 Bt i (DMAC) ,
A3 AT L, R T AR Ak A 3 70 1 A PR A 5 DU &
W CTHE) L 43 A7 40, 2 MR 8 4k T4 FR 2S5 6
K T 3B ali A0 £ T OB T AT BR 2 A .

FTIR-650 L HL 25 21 S8 Y635 AN . K HE s 4R )
ok SR e A BRZ =) 8 [ Ry 4000~500 em '
Q20 2R A EPUL(DSC), £ FH TA 2 A, Fi
TREEYE I 0~120 °C, B AR Y Q50 A HE 43 By
IXCTGA), TA/ 3 /IR R 7 b B A R 2 AL ik
WHEZE R ZE 700 °C, FHRHE AN 10 °C/min, &
SRR 1C200D2 42 i £ 0 52, i R AR
FAEAR B A A PR A s XRD-6000 (3 kW) X Hf 2%
TS, B, B 4 () /min, 20 JE R 4°~

50°; SIGMA-500 % 37 & §F 1 # B + & il 58
(FESEM) , fE[E 25 w5 A |, in# L & 30 kV,

1.2 F4EE SSPCFs B #H &

1.2.1 SFHERNHIRES (CA) Il £

FREC 1 g = FH WG RG A m A 36 & 9% 71 Jt K
DMAC,2 mL AC, #17 W 3F, il & 76 0 71 9l 1 4%
LA 500 r/min #4171 h A 2 mL AC,
’-”—“-f%%f;zr“ 1hZFEHMA 2 mL AC, % 1 h 57+

IE 60 CHZRFRIN 2 h, ZJF A 30 mL JK
Z@;@I 30 min, & J5 FH TG K 2 B0k = IR R
2~3 h BREH R A5 dEAT ok T . 5256 RN
TR 1,

1.2.2 CA-g-PA18,CA-g-POEGMA #1 CA-g-
P(A18-co-OEGMA) Iy il %

CA-g-PA18, CA-g-POEGMA #1 CA-g-P
(A18-co-OEGMA) 1) 52 5 S 1w J5 F2 W 1# 2 Bz,
R AE Schlenk WA #E 47, Bk 0.1 ¢ CA I
AR B OEGMA 1 A18, 4> W% i 7E 5 mL
Jo/k DMAC ", 82 45 fff )2 b A &R 283 = R A%
RN, B, A 0.06 g Bl &K BPO, KRG ¥
R AT = )ON, B, ZJRTE 65 °C & 1F
THEFE 24 ho SO 5N 30 mL JouK & EE K
30 min, ¥R G5 THE vk 258 B i 57 & A i

OH OH
“ 0 0
n > DMAC
on OH HO OH Cl

R,;=H or

_,¥ ()

B 1 CA MR

Schematic representation of the reaction of CA

"ln
BPO/DMAC
mPEG

Figure 1

OR,
o ]L% w
C18H37

or

7w i

B 2 CA-g-PA18.CA-g-POEGMA 1 CA-g-P(A18-co-OEGMA) ) . i s 7. &
Figure 2 Schematic representation of the reactions of CA-g-PA18, CA-g-POEGMA and CA-g-P(A18-co-OEGMA)
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Table 1 Reaction feed ratios for graft copolymers
No. Sample A18 : OEGMA
S0 CA-g-PA18 10:0
S-1 CA-g-P(A18-co-OEGMA) 9:1
S-2 CA-g-P(A18-co-OEGMA) 7:1
S-3 CA-g-P(A18-co-OEGMA) 5:¢1
S-4 CA-g-P(A18-co-OEGMA) 3:+1
S5 CA-g-P(A18-co-OEGMA) 1:1
S-6 CA-g-POEGMA 0:10
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Figure 3 FTIR spectra of CA-g-PA18, CA-g-POEGMA
and CA-g-P(A18-co-OEGMA) copolymers
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Figure 4 SEM images of (a)medical absorbent cotton
and (b) medical absorbent cotton spliced with Br,
(¢) SEM image of CA-g-P ( A18-co-OEGMA ) and
(d) its partially magnified image
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Figure S
CA-g-P(A18-co-OEGMA) copolymers

(a)DSC exothermic diagram and (b) DSC endothermic diagram of CA-g-PA18, CA-g-POEGMA and

*® 2 CA-g-PA18.CA-g-POEGMA Fil CA-g-P(A18-co-OEGMA) IR ¥ i) DSC £ ¥
Table 2 DSC data for CA-g-PA18, CA-g-POEGMA and CA-g-P(A18-co-OEGMA) copolymers

Heating Cooling

Sample T." T’ AH T, T AH Tt T AH,
) ) J/e T T J/e T T J/e

S-0 34 47 78.33 44 37 75.48 — — —
S-1 52 61 86. 64 43 39 66. 96 26 22 12.18
S-2 49 58 70.92 41 38 44. 78 27 24 18. 74
S-3 43 53 71.58 42 38 43.16 30 26 23.29
S-4 51 59 82. 56 44 40 39. 46 28 21 43.16
S-5 51 59 75.62 42 39 28.92 26 22 44.78
S-6 30 45 63.93 — — — 27 22 60. 21
Al8 30 33 103. 00 — — — 29 25 108. 90
OEGMA 49 58 110. 10 — — — 30 20 105. 40
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Figure 6 XRD patterns of CA-g-PA18., CA-g-POEG-
MA and CA-g-P(A18-co-OEGMA) copolymers
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copolymers

(a) TG diagram and (b) DTG diagram of CA-g-PA18, CA-g-POEGMA and CA-P (A18-co-OEGMA)



6 3 AT PR A < 2R K P AT 2T 2 3R R AR AR

ST 4 ] 45 PERETE Y © 733 -

#£ 3 CA-g-PA18.CA-g-POEGMA M CA-g-P(Al18-co-
OEGMAYJLEMI ) TG Kl

Table 3 TG data for CA-g-PA18, CA-g-POEGMA and
CA-g-P(A18-co-OEGMA) copolymer

No. T 4" (O T,"CC)  Residual weight (%)

Cotton 349 390 97
CA 345 385 90
S-0 348 390 90
S-1 353 428 96
S-2 368 418 95
S-3 362 428 95
S-4 368 417 94
S-5 360 425 95
S-6 356 428 96
IR S AR SR e
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