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MicroPCMs Wi ¥ B B B2 M 5E 2 L. ARBF5E R — P 560 R A BOR G4 7 LU IE + /ABE (n-Oct)
M AEAE  PMMA N 524 1) MicroPCMs, 378 MicroPCMs H ¥ il e 3% T BE b £7 88 4, BF 58 T Th ek &
J X MicroPCMs BYTE B ki #2 RO PR RE L 45 M AT W DL R e e 52 i, S T sefb 1 B I 2 &
MicroPCMs By FF & 243 T #fF 58 J %

1 L3

S-SR AR S AOnm AT BRI A WA SE T LB R T A R A E R T /AU, A A i E AR R
Tk (BPO, 4 3 2 99 % Cwt) ) i1 35 TR 495 T2 4 TR 16 C AMLAD) 1y SR e i Ak 2% 3K 30 F 58 BT 4R 8t 5 1F + /A% (-
Oct, 2622 95 % (wi)) 7 W B G BL 7 {08 A B2 ) 42 43k Y BE DY 0 2 1 g (MIMLA, 26 B2 5 99. 5%
(w)) W 38 F K e T B 3 BR AL 22 3800 A BR A B 5 2K 2 -5 ok R 1T AL R Y B 3k (SMA, T i 43 50k 19 %01
TRV 1 KAl T R 5 R A S o AR sl T B R 25 B K
1.2 U AE2HENHSE
K Hummers 361 & D RE LA 8BS BARGI & BRI R 8 Je , FH B0 RN 48 2 R A B 400 K £ 28 046
AR E A A B ARG R A B S M WBOR A L 7E 70°C NN 2 K a8 ik 200 25 bR vk
AR AW IR TR S+ IR A AR R B 120°C &R IR 4 K a . A L Ik
Ve » 4t UG RS DR Ab A1 A s TR S & .
1.3 MicroPCMs B %l &
MicroPCMs WY& R RN 1 iR, 16558 5S¢ SMA i+ )5 73 BU7E 200g 2285 7 /K B UK AH .
[F B B n-Oct MMA \AMA .BPO 5 Jjfgfb A 52051 & 5 8 B0 A7 A B 7 an 28 1 Pros s R, # oK A
FHARTE 50°C 2544 N #iAR 2 /20 10min, ffi FH & 3 ZLALHLLL 4000r/min 347 FL Ak , 75 2 7K A2 3 89 3L ; Bl
5 S AE 85°C T L+ 4h; 85 . & LAY MicroPCMs 28 60°C 19 £ B T K Z k. EHRER R
SMA.7E 100°C RUBLA T s B . Hod %5 im0, 1,0.2.,0. 3 Al 0. 4g T REAL A1 88 J% 19 MicroPCMs i Ff
SR MBEARIC R S S0 <Sos FI S, s AR AE AL AT B M 19 MicroPCMs IXFEREARIE R S, &
n-Oct
MMA
AMA SMA
BPO Distilled water

functionalized
graphene

Oil Phase |i —|— [ Water Phase

Mixing, Shear stirring

Emulsion

Stirring under 85 C

Composite MicroPCMs

1 MicroPCMs ffil %7~ 2 &
Figure 1 Preparation diagram of MicroPCMs
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% 1 MicroPCMs HyH4EE 75
Table 1 Oil phase formula of MicroPCMs

B i 2 R H 356 74 4 R R () F B PR 945 TR 4 TR TR () IE+ Ak () 1 AR H B () A B (»
S, 8 1 8.5 0.2 0
So.1 8 1 8.5 0.2 0.1
Sp.z 8 1 8.5 0.2 0.2
So.s 8 1 8.5 0.2 0.3
So.s 8 1 8.5 0.2 0.4

1.4 MR

K H62% B (OM, Nikon-SE) W FL i MicroPCMs BIIEZ , H G B+ 2 455 (SEM, Hitachi
S4800) WLZE MicroPCMs B R HE B s 5K FHRL EE 43 B AL C(HORIBA, LA-300) 43 #H1 MicroPCMs f #4243
A 5 5% F A8 B 40 41583 (FT-IR, Nicolet iS50) 23 #r & Ak A1 88 4% L T ek A1 88 4% Ml MicroPCMs A9 fk 2% 4%
¥, BTS2 4000~500em 5 2R FH 2578 i i AL (DSC, 200F3) 430 B MicroPCMs [ #41E fE , T il 38
A 10°C /min, ML BE 5 D — 20~80°C , ZEA AR F AT s RITIAE 3T (TGA, STA449F3) 43
M MicroPCMs Y #Ba e P, T 3R 4 10°C /min, PR BE Y5 BBl 25~600°C L 78 AU/ R it 475 R
X FLATH AL (XRD, D8 DISCOVER) 43 Hr b R fi AR 25 44 , a3 612 5°~40°, F 4 3 B2 R 8(°) /min.,

2 #R53%®

2.1 IRk AZ2EX MicroPCMs 57 5 R 12 B 22 10

Kl 2 it AT MicroPCMs WG WA B K15 . B 2Ca-e) AT LLE . G 76 TR AR W
ZEEN I A BRI . R (MMA L AMA) (M (n-Oct) 51 & R (BPO) R 94 K RSF 9 D Rg Ak A 2 0
B R ARV T S S A A KA O . TER G B ARE S R RIER T AR EW . HTREY
LA e 0 S K M L AT AR T 3 B B P(MMA-co-AMA) 58 8 8% 1E -+ /\ b A 78 e S, T 1 M e 9

Hh & 2(fJ)Tu%tH B4 )G s MicroPCMs IIJLT%ANI HIHE R T AR
K 2 MicroPCMs A1 B2 BB EE . (S, (b)S, - (e)S, 5 - (DS, 5 (S, 5

MicroPCMs R4 5 B 622 WA B S . (DS, » (S - (S, 5 (DS, 5, (DS,
Figure 2 Optical microscope images of MicroPCMs before polymerization: (a) S,, (b) S;;, (o) S, (d) Sy5. (e) Sy

optical microscope images of MicroPCMs after polymerization: () S;, (g) S;;, (h) S,,. () S5, () S,

AT FIER M) 1L 17 B 45 19 MicroPCMs (19 SEM LN El 3 7R, it MicroPCMs 2 @ 30 1 31
T A ERARTE S50 2 1 B IUI G . 3R U1 AT AR R IE I LR A 5 i . (1) 3R A RS % R R A8k, B
G T Y RN TR A T b R B A T — 2 R N R IR B N s (O B E T B E R A
T A B R R ) 7 T R S 0 S 2 ()R W A 7 MicroPCMs U4 7™ AR A K RS M . (B A5
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W ISR A SR BIF 0 4 MicroPCMs A ML S . HIt ., — & F R 6eib G 5
5 B A KT MicroPCMs [ i FITIE 84 72 AR 50 /N PR B2 TR

&l 3 MicroPCMs i SEM EI% : (a)S, s (b)S, 1, (e)Sy5» (S, 5, (e)S,,
Figure 3 SEM images of MicroPCMs: (a) S,, (b) S,.;, (¢) S;,, (d S,5, (e) S,

& 4 & MicroPCMs FLIR RIAR A5 th £k . QBT A%, Br A BE S 2 B MR ki A2 RsH oy e, &2
FAALJG s MicroPCMs Ji& 8 H — A4 58 iR AR 70 A, B AR ROSHIE Bl 1~200pm, 2 H 42 K2y 35um., LU
4 SRR T RE AL A B TR NN MicroPCMs k7 72 R ~F K A3 A 72 A 356 /NI S 0

20
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(&)
T
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Bl 4 MicroPCMs BURIAZ 2040 : () Sy s (b)Sy 1+ () Sy » (d) S 55 (S,
Figure 4 Particle size distribution of MicroPCMs: (a) S;, (b) Sy, (¢) S,», (d) S;5, (e) S,

2.2 EEMIMRIESF

Bl 5Ca) HEAL A BIE (GOY AL BRS (1 GO FI I RE 1k A7 58 05 19 Lk 20 M . GO il 26 43 B 7E
3400 M1 1720em™ " Ab f 7R H 3K CO—HD AR (C — O) BN FRAE WL IR 06 . 285 B FN 4R 2 i Ak B )
GO, R 28 BL R B 11 9 A RRAF 04 AR B, 3K 28 B S fb A B8 075 22 18T % PR SE AT 5 . 46 ODA Thsefka . A1
B AN ZETE 2920 1 1618cem ' Ab4r il i BE T B & i C—N A1 N—H A WISCRRfE I, X2 i T GO %
AFIEMBRIL, 5 ODARA RIS ODA KW AR I3 (—CO—NH-—) . DIRE A S50 i) fh 2 45 4
KA 5(b) FiR .

Kl 5o R T AR R R 20 AR . o, i 4k a fRF A PMMA, BAE 1220cm™ ' (C—
O)F1 1730em ' (C = O) &b BT FAE0E . 2k b ARRE A n-Oct, 43 5I7E 1470.2848 Fl 2916cm ' Ab
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WA T C—H fiffifrsh. HAh 1L 717cm ™ ARG A= CH, k3, ik ¢ [CRAT M REL A
B 19 MicroPCMs, fHAFEE A E ,PMMA Fl n-Oct (90T A FRIEWEES I BAE M2k ¢ b, Mgk d Wil A
FIEAHE R IR VE S AT D BEAL A A0 N H R 3l 1 BEAE 1618em ' Ak, HhZk e ARSI BEAL 11 52
i 1) MicroPCMs, MEZLAMZe i R B, #h 28 ¢ F d b 59 Br A A RIS 1 BRAE I 28 e I, XS EE SR W] DL n-
Oct g ##F . PMMA Jy 7e#4 19 D RE AL AT 850 52 & MicroPCMs Bl a2 i il 4 H ok

a 2860 772
3408, ) " 1618

Transmittance (%)

functionalized
graphene  p=C,;Hy,CH,

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber(cm™)

c 2916, 2848 1730 1618 1220 717
1 . -

Transmittance (%)

40003500300().25002000‘;5601000 500
Wavenumber(cm™)
5 ()M HL 2D 1 [ a- AL A B850 b-Ab IR i S A A B0 L - DAk B804 5 (b) T e Ak B IR i Ak 22 25 K =X
(O L0 B a-PMMA  b-n-Oct S, » &- BRI AT S5 . S, 4 5
Figure 5 (a) FT-IR spectra: a-oxidized graphene, b-treated oxidized graphene, c-functionalized graphene;
(b) chemical structural formula of functionalized graphene;

(c) FT-IR spectra of a-PMMA, b-n-Oct, c-S, . d-functionalized graphene. e-S, ,

2.3 INBELAEEXT MicroPCMs #8822

Kl 6 fif /s 4 MicroPCMs., & & MicroPCMs Fl n-Oct £ DSC ik, I\ DSC ¥ 21 il £k b W82 2 kL 5 S,
A WAIEA LS, A S, Ses Sos A EAIEME L H n-Oct BAF — I, X F W, 7E HE/NT 100pum
MicroPCMs 24 i B T i & 45 FBl 4 . MG DSC i £6 15 B AR 9 I IVE L 90 T 38 2 b, sk 2 iR,
n-Oct MVEIME R 232. 3] /g, & TR fb £7 8805 1 & &5 MicroPCMs [ ¥ #H £ 115. 4~100. 6] /g Z [H].
5S84 B n-Oct A8, MicroPCMs H1 i n-Oct ¥ #E /N, 43 BIFEAR T 50.3%6.49. 8% .48.7%6.55. 5%
F156. 70, M TIReAb A S8 i, AH ARV HAE S R R B i) AV T 1) B8 B 1 A U A Y A ik R )
ERITIM A, DL RS SRR e L A BB E A MicroPCMs 1 & P RERR AR . 1 PR 50R $2 55 .

THNG OL T o A S R R 28 T3 WAH 5 [ R =2 ) e At sk AR L > E VA B Atk 1 AR BT L Ao v B G K A A A
B SE Eh 2 e RN RS, 25 S AR v, RR A R CZ BEL L RO T DI RE AN RE SR oy R . W EAR R . n-
Oct FIAF AR GEL A 5205 1) MicroPCMs Wit ¥ B (AT =T, — T, D455k 8. 2°CHI 7. 9°C, BT
TV BEAR L LA K . SR S N T BB AL A1 BB AR . B A MicroPCMs a8 8 43 514 4. 5°C (3. 1°C .2°C AN
3C. W7 BoRTHEDRe A SR, o B A bk . 45 R R KA D Refb A B,
MicroPCMs it ¥ BE FEAIL , iX 23 T MicroPCMs B 45 fAT 2
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Kl 6 MicroPCMs 1§ DSC fiiZk: (2)S, . (b)S, 1+ (0)S, ;- (DS, 5. (e)S, ; » (Hn-Oct
Figure 6 DSC curves of MicroPCMs: (a) Sy, (b) Sy1, (¢) Syps (d) Sy55 (&) Sy, s () n-Oct

% 2 MicroPCMs # n-Oct B P
Table 2 Thermal property of MicroPCMs and n-Oct

AH, T,. T, T, AH T.. T T.. AT R E T, ;
B it 4 B
/e (@D Q) Qo)) /g (@) (@) e Q) %) 2y Qo))
E+HAkE —232.3 17.1 21.4 25.1 229.6 25.3 31 33.3 8.2 - - 112
S, —115.4 12.6 21.6 24.7 115.2 20.5 26.9 30.2 7.9 50. 2 49.9 181.9
S —116.7 13.7 25.1 28.3 115.7 18.2 25.5 28.5 4.5 50. 4 50. 3 178. 4
So.2 —119.2 15. 6 26.1 29.8 118.4 18.7 24.9 28.1 3.1 51.6 51.4 178.3
So.s —103. 4 17 28 31.4 103.5 19 24.4 27.6 2 45.1 44.8 178.1
So.4 —100. 6 16.5 26.3 30. 1 100. 5 19.5 25.7 28.8 3 43.8 43.5 179.6

AH Vo BV L RO (5 T ¥ B 2L R A 5 T v 0 2 O LU E T B I 2 1 A4 L s AHE A I 28 1 04
03 T« DA 2 O T TR BE s T, A 26 0 LI FE 5 T, B 28 O L TR EE s AT 30 B S R < LB 3 E L LB T . -
o T 5 9% B LT

AHAE R AL (4 ) 3 H A B R0 B0 B 0 % BE BE P E . B R (R) AL B AR (E) 2 ik
MicroPCMs 3 PEREM EZ B4, il DSC 45 R4/ LN BT .

R =St 1034 Sy

AH , micorers T AH ¢ Mieropems

T AHpen + AH pow
K AH o vieorene F1AH yiopente 2514828 MicroPCMs %6 Btk FZS Sk, AH o oow A1 AH . pen 4354832
4fi n-Oct RS FSE B5G . THE N R ME EY TR 2, 45 REW ,PMMA 5T fl n-Oct M EA R
U WAL B RE T, A R T RO RE T . (R B % D RE AL A BRIE S A B N, R (AR E (A RE A T R L X 0] BE
JEFE MicroPCMs WV T 3k 1 M D) RE Ak A7 B8 0 i 3. 3k B i D) B K A7 B8 X MicroPCMs 1Y JE W A
SPERE PSR A A, MIh e b A BRI N 0. 2g L ASHIM R (HAE (&, 2 3k F] 51. 6%
51 4% ARG BRI K (3. 1°C) s B 0. 3g BF L E IR {EREAL, 435008 45. 1% F1 44. 8% (R i ¥4 J& fit
fiK(2°CH. DL S5 SRRM, oA2s T R Ak A 8806 1 VS im 2 7T LR 32 MicroPCMs [ ¥ 45 S M BE .
2.4 DhEE LA EEXT MicroPCMs 45 & 14 88 B9 22 1

Kl 8 & MicroPCMs i) XRD Y&k &l . W s . 78 18°~27° B AT it f (20) J5 [l N » MicroPCMs [ 45

E % 100 % (2
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Kl 7 MicroPCMs fil n-Oct [ T oy v To Al AT ZEAEHIZE :1.0-Oct52.S,53.S01 54550535505 :6.S,. 4
Figure 7 Change curves of T, , T,. and AT for MicroPCMs and n-Oct:
1, n-Oct; 2, Sy5 35 So.15 4 Soos 95 Sos3 65 S,

Al T ST R ORI . FEVR AV AR AR AR D7 T 45 db Ak AR L (EL 4 A S 04 1 R R RN A AN i ) B Ak A
P O B ST . RBE  30 B FT R H 77 4686 MicroPCMs 9 8 T K S U . EL R I R )
I T REAL AT B IR JT  25 AT GT SR AR 20 =21. 16" b1 K 7E 20=22. 16" AL R AR, X UL D RE Ak A7 Ba
i X MicroPCMs 45 i 21 1735 S 4E A NI FEAIK MicroPCMs [ 33 ¥8 B L 3% MicroPCMs 1 & il 1
IIIRE

21.16°
A 22.16° [}

180 195 210 225 240 255 270
Diffraction angle (20)/degree

Kl 8 MicroPCMs A XRD HiZk:(a)S,,(b)S; (S, (DS, 5,()S,,
Figure 8 XRD patterns of MicroPCMs: (a) S;, (b) S;;, (&) Sy,, (d) S;.5, (&) S,

2.5 IEEL A2 MicroPCMs 8 E 14 Bt B9 821

B 9(a) Bn T PMMA  n-Oct IR & AE [ T g fb 1 854 MicroPCMs 9 TGA %k, W& s, n-
Oct 7E K2 112°C IR K AR 2 &, YR B THin 2 210°C I, B W) 5% B S B B i 98 VA A T n-Oct B
B RKEERR T4, BEYW5EE PMMA 78 270°C A4 JFIA R 16 500°C E AR TS S, W TRA
Wiz se b 8 4% 1 MicroPCMs, 28 5 33 F2 0] LL 43 B A B B L 1 %) F n-Oct M) 2 X2 81 — AN 2k & By
B, MicroPCMs M FARE Mg it F2 4R - 55 — B B, 78 200°C 22 43 TR AR B A 31X 7T BEJ2 MicroPCMs Y n-Oct
Y B FE itk — A5 W A BT 805 5 B B L E 270°C ~420°C RYIR EEJL BBl A, A R R, Z W n-Oct fil PMMA
BT 4 B RF] 420°C B MicroPCMs [ 3 & 28 N R . X 22 PMMA 195 T .

& 9(b) /R T MicroPCMs i TGA ik, MicroPCMs i< & R W] BAK T n-Oct, X E K N PMMA
Hh5EXT n-Oct B2 BN VE L f HASHE 5 A . Bl DO RE AL AT BRI I N A . TGA 1l 2k HLAT AH AL I $A % fige A
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flta 3, 6B DI RE Ak A1 85035 1 I A XE MicroPCMss 1 #A e g P2 W AN K, G 3 5 06 i X o 1) Ik J3E 3R
MR R E MR T GRS T ) MR 2 2 dh TR, n-Oct B A BAR 09 i PR E b 112°C , 1
MicroPCMs F it $A I J3 B S 388 im0, 24 96 3 38 %) 600°C B, 2 & MicroPCMs W3R BB 051 7%.10%
13% M 15% . 2 A MicroPCMs W) 5% 4 B i B T Refb A B0 1 & it L B 5 D RB Ak A B8 0 10 VR i 422
EXR,

100
T " _~PMMA . il
el 80 -
80 - p
-~ . ~ 70 B
X . X
7 60 - % 60|
g : 2
3 ; 8%r
Bl . ol
g \'\.:: So é) .
2 T a
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RS 20}
of e 10}
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K9 TGA gk (a) PMMA . .n-Oct #l S, , (b) MicroPCMs #l n-Oct
Figure 9 TGA curves of (a) PMMA., n-Oct and S;, (b) MicroPCMs and n-Oct
3 Hi

AWFFE R n-Oct AT, PMMA R5e#4  DIBefb A 5508 i & w8 7 — B B 3R AE v B Fn A
T PEE E P IR EE ) MicroPCMs, £t %t MicroPCMs 50 45 48 5 0 e I 40 A, 75 10 4 R 4548 .

(DI RE A AT 38 19 3 X MicroPCMs JE i DL B ki 4% 43 4 5% i R K, MicroPCMs [# kL 42 78 1~
200pm Z[H] ¥ HARZY 35pum;

() Yyfgfb A 854 % MicroPCMs B 45 ke 21 775 AE F L B 1 2ok ¥ B8 L B0t 17 A 722 B4 B 45 A 4T
9 MU 0. 3g T RE Ak A7 85 A B . MicroPCMs 1 3 ¥ B2 S IR 2°C L A0 L A TR 2 g 1k A 2 4% 1)
MicroPCMs, i & B T 5.9°C;

() T fe Ak A 220 1 I AR MicroPCMs Y #ER i P 52 ) AS K, it #4008 B2 4 7 7F 178, 1~181. 9°C g
il .
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Synthesis and Property of Composited Phase-change Microcapsules from
PMMA Shell and n-Oct Core

WANG Hong-jie''*, CAO Ye', ZHAO Na', PAN Xian-miao', WANG He'"
(1. School of Textile and Garment s Anhui Polytechnic University , Wuhu 241000, China ;
2. Anhui Province International Cooperation Research Center of Textile Structure Com posites ,

School of Textile and Garment , Anhui Polytechnic University » Wuhu 241000, China)

Abstract: In this study, functionalized graphene composited phase change material microcapsules were designed and

synthesized using n-octadecane (n-oct) and polymethylmethacrylate (PMMA) as core materials and shell materials,

respectively, by one-step in-situ polymerization technology. The surface morphologies, phase change properties,

crystallization structure and thermal stabilities of the microcapsules were analyzed by scanning electron microscopy (SEM) ,

differential scanning calorimetry (DSC), X-ray diffraction (XRD) and thermogravimetric analysis (TGA), respectively.

The

results show that the prepared microcapsules are in a regular spherical shape and have dimples on the surface. The

sizes of the prepared microcapsules are in the range of 1-200pum with an average diameter about 35um. The functionalized

graphene plays an important role in inducing the crystallization of phase change material microcapsules, decreasing the

super-cooling degree of phase change material. but has little effect on the thermal stability of microcapsules. The minimum

super-cooling degree of composited microcapsules can reach 2°C and the thermal stability temperature can approach 178. 1°C

when the addition of functionalized graphene is 0. 3g.

Key words: Polymethylmethacrylate; N-octadecane; Phase-change microcapsule; Super-cooling degree
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