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Fabrication of PA @ SiO, phase change energy-storing microencapsules and

study on their thermal properties
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Abstract: Phase change microencapsule (PA @ SiO, ) is fabricated by means of interfacial hydrolysis and
polycondensation methods with SiO, as shell material and phase change material paraffin (PA) as core material. Results
by Fourier transform infrared spectroscopy ( FT-IR) and scanning electron microscopy ( SEM) show that the prepared
phase change microencapsule (PCMs) has a spherical appearance and there are no other chemical reactions occurred in
the preparation process besides of hydrolysis and polycondensation of TEOS.It is found through differential scanning
calorimetry ( DSC) and thermogravimetric analyzer ( TGA ) that the melting temperature and enthalpy of the
microencapsule are 53.64°C and 67.19 kJ - kg™', respectively. TGA curves indicate that the encapsulation with SiO,
improves the thermal stability of the phase change material.In addition, an infrared thermal imager is employed to observe
the thermal conductivity of paraffin and microencapsules. Results demonstrate that the heating/cooling rates of the
materials encapsulated with the inorganic shell SiO, are significantly higher than that of paraffin phase change material.
Moreover , microencapsulation has a good shaping effect on the solid-liquid PCMs.The prepared PA@ SiO, has a high
latent heat and can be applied in various fields such as energy storage, temperature regulation, military camouflage and
S0 on.

Key words:

thermal properties

paraffin; phase change microencapsules; infrared thermal imaging; heating/cooling rates;

FHAE AR BA 5055 B0 BE L R A AR S T
IALL R AR A HE AR I 2l B AR e S D, ol
HURAS BT AR T HA 550 v B AR AR v AR O & A R
WRE A SR R BLR 24 a] [ OR] AR
s ERHAAAE A 22 AR AR i R P R AR AR L
R 5 S W S5 R T (O S H A T AAR e
DRI S ) R TR A A AL A e 11 TR 2B A R —

FiEa%,

AR T A LR B ST, TobLTe bt m] LI Bk i
e A AR U A0 9 5 B | 5 IR LR A2 U S £ 4
PEREZZ MBS, Yu PRI CaCO, WBIE — b
il # 1 PE BE R RO AR S SR 9 5 Si0, Bkl T
R A R EIE R, A Do fe s
R e KM SR BB A A e AR AR R

I fs H#A.2018-07-27; 1€ E H#A:2019-01-31

ELWB . HZEAHAIH R BITH (2017YFB0309100) ; 2% 5 WU 207 0B 2 2 000 H (2019) 5 VIR AL 77 88 TR 055 77 4F 1 20 1%
FEXTZRBEHIE (2016 15] ) VLI “ WAL " BHE RIS I H (F220180843) 5 114544 Jo itk 25 21 T AR BOR rhl TS0t & BT 0 H
(XJFZ/2018/04) 5 TT.RI R AR A BIF N ZRTHRITEH (2018224Y)

EBBIIT R (1998-) , 2, AR, FEEOFETT 100 0y IRAEFF A1 RL , 18352486508 @ 163.com; ZELAIE (1979-) , 55, W4 Bd%, M FET7 100 M

MBEFFRERTRE HBEST SRR i IHIK RN | yibingcai@ 163.com,



- 100 - FAX AL L

¥ URE 255 A U IZ Y Lin SR
H Si0, Jyre el I — e il A A AL OB 8 S
RGBSy TIE ey 9 4%

A BE RS A LA i g A AR AR P AR A A IR
TR APk RS E | i 2 1, 2 R I H] e
NI Z R AR DR, 2B DUIARZE BB A
WA E R, TERERR VY £ P D feE R 38 2o 5 10 7K A 6 2R
il 4 Si0, Jg5et B A AL S 4, O X A5 5
PPEREEA TN, SRAE S5 TE 50 P AP P AR L #1
TR PELL B AL IRMERE , S 1 5 AR 7 ol 2 bR A
[F] RE Witz U O B SRR

1 LIEEH

1.1 ER5{EE

Yl F 41 1 (PA, 54 ~ 56°C) . 1F fif B2 VU & Mg
(TEOS) 75k 5k — H IR 18k (CTAB) \ K &
B UK (NH;-H,0,25%) , 15 2545 Ak 27350 A BR
ISR,

P P T VR 2% (KH=-300DB) |, B Ll R A1 88 75 X
A BRA F A 77 AR INHE ) W A% (DF-101S)
W T AR A R STAEA " A B T4
(DZF-6050) , [ 1S 72 S B e 45 A BR A /A7 1
i T M (SU1510) , AAS [ Sr 28 ) AR 775 i
AR LT AMEIE Y ( Nicolet iS10) , 25 [ 2 28 K /R
BHEABRA /A 22 F 4 3 L (TA-Q2000)
PP (Q500) , 5 TA ALHAA 7 A4 fEiEm
POPB (JF-956S) , RoEhi KL &HmF TR 4
FEERALYP-2) , iR FRA R A
77 LLAMRS S AL (RS00EX) , H A NEC—Avio 23 7]
A7,
1.2 AEEATHEENH S

Iy HIFREL 2 ¢ PA F11.5 g CTAB T 250 mL =3
BT, A 10 mL IEEEEFT 100 mL JoK 8 4% 1
RIRAWITE 65°C T A 731 10 min , BEJS AEAR TR EE
THERE 60 min; BRI 6 mL IERERRIY £ , 75 65°C
TAREEFE 60 min S INA 2 mL 20K (k54K
9 25%) TEIESEFE 18 h 5 BN 4 B 6 I 58 R
E/ﬂh”g(&%'b/ﬁﬁ,%ﬁﬂ? 6 000 r/min, B [E] 4 15 min,
BOJE BN IS, mIOTRE A TGK Ak AL B
O, BB 3 WG ULIEVE U T4 J5 76 50°C F T8
12 h J5 153044 8 A AR R 2 (PA@ Si0,) .
1.3 MiXERIE
1.3.1 SEM %#F

B % 1 PA@ SiO, AH 7S fOie 2 i B, IF X H

E395F4 8

FET HE AT W 4 A0 P W A SEM WL ZRRE S W 2 i
A,
1.3.2 FT-IR %47

B PA Si0, K PA@ SiO, HH 78 W K2 4 43 %1 LA
1:100 fY it b 5 Tt 9 KBr AEAFER e 5 a3
SINREY UL RHR G W S B FT-1R P& K
AN R KL R T LD AR R
LA 4 em™ 43 HERTE 400 ~4 000 em ™ B KA
Bl A T I
1.3.3 DSC o #r

Sy HIFREL 5 mg 2241 PA PA@ SiO, AHAS MUK
PERE BT AR R Y, R AT 1 A2 HIRE N S
e, & DSC M N, A~ 50 mL/min, LA
5°C/min BYTHEHE M 20°C THIE ZE 80°C , 4R )5 X L)
5°C/min AYRETR 2 80°C Bl 2 20°C .

1.3.4 TGA %5#F

FREL S mg 72471 PA PA@ SiO, FHZS i e
fir, AU SEE TA 23R40 D8 RUHEE Z A 300 H
HEATIAGE Z A, DN TR B2 Y5 LDl 50 ~ 450°C, Tl B
KK 10°C/min, N, N 50 mlL/min, T A5 25 B A
FH Origin VB 3RAFHETT 5387
1.3.5 ZHARBF R F (LM HARE)

S BGE R PA 5 PA@ Si0, MU Bk K
FHE R HLEE 5~10 MPa JE 3 4300 6l RE , K 2
G Ao e ST e T R L ) 2 o =l = ot
ARk DA 2 R T AR AR A R B AR AR IR B DL SRR G
PIINERE- & | SRR S B BRI, 55 0 ] I 7 21 4
BRCAGASC I vy B 5 R LR A L AR Ak B 1R
RO,

2 HR5H®

2.1 #l5wR

FI I H - WA B X il 5 7Y PA@ Si0, AH2Z
TR TIE A EE , 45 R &l 1 o, & 1 W]
VIE Y, A W AR AR e e B BROE Uk AP UL, teAh,

=)




2019 £ 4 B

Pl R B AN RILDUDRG 2590 S 1R 2R v oK R G 3 AR A
L TEOS K46 R = .

PA Si0, & PA@ SiO, HAS UK BE Y FT-IR §i%
FIGnE 2 fos, BB 2 ik, i T 2 918 em ™' Al
2 849 cm ™' ALY 2 NI IO 3 SR I T —CH, B X
PR 4Rz 1 473 em ' 1 1 384 em " AbHY 2 K
Wi beg 43 1) %o 1B F—CH, Fl—CH, % 7 (% 28 18 ik 3
U720 em™ Ab AR ISCIE SR F —CH,— R TH N R 12 R
g, 7E Si0, Wi E S, A2 F 1.090,799 em™ K
464 cm™ ALY 3 AW I X I T Si—O0—Si 1925 iy
PRshg, 1 Sio, E Y A PA RIS AU 2 1%
BRIy DLk B DL B 0 A WO, 55 A0, 3 AN RE
ARG H T L 3 440 em™ T 1 640 em™ AL IR I
U 3 R 1 —OH 114 5 % Bk A 4 41 20 Fn 2 il 41 2,
X R R AR R A B KBr 7825 SR R Ik 4
FRE B R RRAE 06 DL A, G HAth B A W i 0
T PA O Sio, 0, HAE B B BR T 1IE
TR DU 2,56 1) 7K A 55 45 3R S NS kA Al Ak 27
S,

BEiLH /%

4000 3500 3000 2500 2000 1500 1000 500
BB /em!

1—PA ;2—Si0, ;3—PA@ Si0,

E 2 PA. SO, X PA@ SiO, 7% % ik % #Y
FT-IR i K
2.2 fERERES T
FHAE BT RHRE A7 1 RE ) 1T LA 3E 2 FLAE TR
iR RIS R, PA RIS IR %% PA@ Si0, fY
JERLANZS fhad A DSC piZR R anEl 3 i, AL 3
HRT L V1R g SR i A 2 kR 435

20+ 1
w 10F
éc Mm
BRI T
c N4
E-lo—
® of 1

-30—3p 20 30 60 70

BEE/C

1—PA;2—PA@ Si0,

K3 fs R AT R E R DSC # 4

R . PA@ Si0, 1BTfEAL

MR ZEOVHIEE R ELAIERETRAR - 101 -

TE 34.39°C 1 54. 53°C , 43 HIXT LA 85 o SR B
AR S
i1 TA Universal Analysis 2000 #4547 4K 7451
Xif BRI (B) A AT A B IS BIGR BE (T, (25
VB (T)) WEREIE (AH,) FIZs SHGE (AH, ) 4550
PNk 1 PR, BER 1 s eI PA 26 Al EE
FIZ R PG 23 51 4 54. 53°C F1 148. 80 kJ/ kg, 45 i
JE FIGE S BG4 50 g 55. 14°C Fil 150. 30 kJ/kg; PA
@ Si0, [ ¥ fl L BE UG Al RS 43 318 53. 64°C
67. 19 kl/kg, 45 S B FZS S S 4000 0 56. 45°C
H166. 89 ki/kg, PA@ SiO, H' PA (B (R, ) .
PELFR(E, ) I TAERGR(C,) B 50000 .
R, = AH,/AH_, x 100% (1)
E., = (AH, + AH(,)/(AH"W" + AHq,.-..\) x 100% (2)
C.=E_E, x100% (3)
R, AR PA MEER, % AH, N
FRAR TS 2 (R I 4, k) kg AH,, 0 PA B H il
fir, K/ kg AH, S FH S B0 48 19 25 4, KD/ ke
AH, . F PA TGS EKS kI ke E, R AR7ZE TRe 3 1 34
SR, % 5 C, A AR SIS 4 v BT L 7 PA IR T AR
B, %,
#£1 DSC ##E
ke, T,/C AH, T, AH, R./% E./% C./%
PA 54.53 148.80 55.14 150.30 — — —
PA@SiO, 53.64 67.19 56.45 66.89 45.15 44.83 99.29

IS Fol 5 208 P R0 36 R T A A8 3 2 Ay A A i
REM RHAERE M 2 S50, JLrh, AH AR TORE 28 A A
SRS TR A 10550 B A 8 v R A A R )
A LR, AOR s  TAERCR
T B 3 v A T (A AL BE 5 R4 T I
FZE S, e 1 R BCHE T 0 A A A e 2 1 A
BT IA 44. 83% , HLAT BRI A AR I #1, PA@ Si0,
HPA ) TAESCE AT 3K 99. 29% , Bl 999% L) | PA
A LATE Si0, Febf Hh b AT I A AR T |
2.3 #HIEEHENR

A0 R A e R A 2 K 4 i, iR
Kl 4 thaf LIE T PA BRI AR 277°C Bk 2]
B R AR A TR 25k 310°C i B B L E
0, tbif PA B &5 K ; AE PA@ Si0, [F#
e Mk S 9 76 279°C I A ik ) 5 K0 i
5 PA ML, S KR AR 8 A 1 & A I B 1) e i
%50, 2 W Sio, VE W REM $2 M T i 2 i #Ada e
PE 25 10 FH A5 fol e 2 ot AR AR AR B R4 A



- 102 - 4K AL L £395FE 4 H
o0 PRGOS 5 R, 4V H A R i T

T00 200 300 400 500
! ﬁEI‘CI L
100 200 300 400
REE/C

1—PA ;2—PA@ Si0,
M4 s R AR R E 8 TGA th 4
2.4 ERBRESEMRERERIE

FIFHELANPRORAGE A AT LRI F A3 3 1 )it 2
ST RO BEASAR T At R A AR U 2 1) 41 A1

\ C
{r, ( st )
by N -
FHRSs FHi30s
*
B 60s ‘ &R 90s

TR 5 b F0BR 5 57 U535 B AT 3 0 b 52 B
FERRIOIREE . & 5 AT LA Y, THE 30 s 5, B
FE AL LA 22 S ARV BB 3 S1 Y THEL R
WA 3 TR B A A0 0 THIR 60 s Ji5 , A1 A 3
Fok Rt LT i 1 U AT PR IS e BT A, 3R
TR, ELI B PR AR AR A I BE e A, i il 2
ARSI e HAT — 72 ROIR E TR T RE T, U 1L
SOA 300005 1k 1 A S5 A A T R A A b s 5 5% A
NP5 GRE A AR 29 90 s Jim, R AL WU 3%
Tl CL 4T 30°C , T Rl 22 1 4 7 5 e o i JE
F3Arik 50°C , AR IR 747, 32 B Si0, A 3R
TRAERP R IAAE S8R

FHE60s

MR 120s

B 5 b R AR i B A o
L PA NS ST PA@ Si0, MUK HE

3 #ig

FIFH TEOS 75 JH 7K S 1 1) 7K ik 446 5% 40 78 AH A8 1
B I H 4 T BA—E AR PA@ SiO0,
AHAE TR , S SR I il 5 Ay AH A2 f e 2 5L
A BRI IORL UL L R A v 1 A A2 5 A 95 Rl T 2
YERIAES 739N 53. 64°C 1 67. 19 kJ/kg, He R
AIIk 44. 83% , H AL (1) FHAS A4 R TAERCRTE
9% I ; TGA MR B, Si0, M 2 T A I
FEff R S E T, AN, MR U S
U TR R AR P AR B A 2T SN RS R, LA Sio,
RFEME AT LIAT R 5 AH A Ak %) e T % HLX
[ — Y S AH A b R HL A AR A 9 A 7 AR, mT LA 1k
HAEf TR T B0 i

S 3k

[1] Sahan N, Paksoy H.Determining influences of SiO, , encapsulation
on thermal energy storage properties of different phase change mate-
rials[ J].Solar Energy Materials & Solar Cells,2017,159:1-7.

[2] Hawlader M N A, Uddin M S, Khin M M. Microencapsulated PCM
thermal-energy storage system[ J ].Applied Energy,2011,74(1) .

195-202.

[3] Yu S, Wang X, Wu D. Microencapsulation of n-octadecane phase
change material with calcium carbonate shell for enhancement of
thermal  conductivity and serving  durability: Synthesis,

microstructure , and performance evaluation [ J ]. Applied Energy,
2014,114(2) :632-643.

(4] TtA, BREMT , TN, 45.Si0, Bl skiib 759 NH, -SCR
SN THEREL T ] A 4R ,2018,1.53-58.

[5] BHEEZR. I Stober IEH & AR A Si0, K7 [ D] KF . Hk
R, 2007.

[6] Liu H,Wang X, Wu D.Tailoring of bifunctional microencapsulated
phase change materials with CdS/SiO,, double-layered shell for
solar photocatalysis and solar thermal energy storage[ J . Applied
Thermal Engineering,2018,134.603-614.

(7] IPBRZE, B R B, 07, 55 28 TR — 1A K2 R/ ek 9 o T A A it
AEAT L % S PERERFIE [ 1], DUREA K, 2013,44(10) - 1465~
1468.

[8] Cai Y,Hu Y, Song L, et al.Preparation and flammability of high
density polyethylene/paraffin/organophilic montmorillonite hybrids
as a form stable phase change material[ J ]. Energy Conversion &
Management , 2007 ,48(2) :462-469.

[9] Yu S,Wang X, Wu D.Self-assembly synthesis of microencapsulated
neicosanephase-change materials with crystalline-phase-controllable
calcium carbonate shell[ J].Energy & Fuels,2014,28.3519-3529.

[10] Wang T,Wang S,Luo R,et al.Microencapsulation of phase change

materials with binary cores and calcium carbonate shell for thermal
energy storage[ J|.Applied Energy,2016,171:113-119.1



