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Research Progress of Paraffin-based Microencapsulated
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Abstract: In this paper, the preparation and application of paraffin-based/polymer, inorganic and polymer-inor-
ganic hybrid shell microcapsules were mainly introduced, and the advantages and disadvantages of the above
microcapsules were summarized. The wall materials of paraffin/polymer shell microcapsules include melamine-
formaldehyde resin, urea-formaldehyde resin, melamine-formaldehyde-urea resin, urethane resin, acrylic resin,
etc. The wall materials of paraffin-based/inorganic shell microcapsules include silica, titanium dioxide, calcium
carbonate, and zinc oxide, etc. The wall materials of the paraffin/polymer-inorganic hybrid shell consist of mel-
amine-formaldehyde resin, melamine-formaldehyde-urea resin, acrylic resin, ezc. s which are compounded with
inorganic particles such as titanium dioxide and silicon dioxide. The future development direction and application
prospect of paraffin-based microcapsule phase change materials have been prospected in order to provide a refer-
ence for future research.
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Table 1 Preparation methods and product properties of paraffin-based/polymer wall microcapsules
B/ RE/ mER, RifR/
) 2 THI I M 57 il £ 7 _ B ' e # iy 225 ik
C g H wt% pm
SMA A RAY: 329 134.0 85.2 — [3]
PAA-b-PSt  JIREHE 37.0 143.7  94.0 14.2 BRI RPN SR LA U [7]
MF
SMA JEPI R AW 60.9  150.3  86.2 13.0  AREME. Kk BT fiE (8]
SDBS Bk 41.1  146.2  62.2 1.1 [5]
EMA B R A 141.6  90.6 172.0 [9]
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UF OP-10/SMA  JFfiRAE: 45.0 513 60.1  452.7nm N ) it 22 [10]
ik, Bk Re it R 10 P 1 T R
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— — —  106.1 — — [13]
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’ ek e
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1 : SDBS—+ e LR R TR 4 s SMA— % 2 M- T R TR T AL R W 4 48 s EMA— ZBERE s PVP 90— 5 Z G ik Ig Be i

1.1 AEE/MF EHKRE

MF B gt 4 Bk o 26 Bl ) Bl 2 2l B2 i v 1Y)
— B B AR T A A 2 A 2 A e A
o PR 4F AR s, W AE S MPCM 1 4 5¢ K,
Garcia-Vinuales 25 @ 3 Jf {7 B & ¥, Fl MF &
BEIE bk, Wil & TR AR R 1.1 pm AL N
146. 2+5. 3 /g B MPCM; 3 #41% MPCM % A %
e 6 FIAK % B2 R &M B, Je B0 i R 4 A A 25
P, Wei 2550 38 3o J5U 07 38 A3 i & 1 1E + 1 ke /
MF fe 3 , I8 HAE 0 P8R 5500 F o e i 5 3 A
A ERAE GE I TR AR AT N . AR 3R T
PEF (9 25 48 X5 MPCM 1 il # & 5 % B2 AE M.
Shirin-Abadi 2" 1£ %l 4 MF Jy5¢ 1) MPCM M,

A FH VA 9 - 2 0 ik B AL B A (PAA-6-PSO K
RG], 458 F W, MPCM 1Y 2 i #L RS B
PAA # Be & BE (9 3G hn i 3G o, % o R 45 R A
MPCM R BE FE R4 484 T 2%, b T Rk
MEF #% ig B 185 5 1 oy WG T 5 350 e 2 5 ke 24 1% )
9, Chai 2™ 5% Fi st 2 JE B8 — P KL ik S0 e ok MF
Se)2 I B T A ot )5 MPCM 5% (1 ) M 5
I P 2RAEE 13.8% ., MAh Du %508 IF + /b
BT A A R M MF e H . % MPCM
LI O S 4 RE A 1 BE R BELIR M BE L AE 1Y BE AR
25 21 i A RE A% BE STk HL A W A 1Y N R A
1.2 AEE/UF ERKE

UF B 5t 42 2 S8 B v i — A, BRI = 9



¢« 1138 » k=1

Vi S

2023 4F

i B Pk L 55 W2 V. 55 ek R4 2 M, o A
MPCM # WAt k2 —" . Sanchez-Silva 25"
Wk 5 R A % Hl & T OUF BEIR B A b
MPCM., Z5REY], HEE PR = A4 055 & L Y3
B, MPCM (1 6 38 58 &, B = i B i LE oy
0. 8 B ik 3| 5 A, A 3 & 38 90. 6% . A Huo
LRI SE K B L 1% 28 MPCM B R4 (1 30 5 1
AR S A B4, I BT F 1 Al U5 A0 5 0 IR A
T ABRE AT IR, Bl B LT AR I R B H 3R R R,
FH T U0/ 21 414 5 10 Dh 28 b RE Bk 22 35 BRI
SRR 2 —, Xu &K MPCM R T 41

e 5 5 LA L O B B B 219 T TR R R
ik 5~10 C, HARFEAM T 205 R 55, an &l 1
JT7R 5 R MPCM i 8 19 2100 B A 380 1 R 410 4b
PR sl . AR R TR T L S 3R T ) TR B
WA L 3 30 E AR AR 1 BN ) A% 3 B AN
AT SEBR LT AN ROR . th T A W SO M Re A
G T A U e O P N R (S LR e N

‘ '
Infrared camouflage fabric

Infrared thermal imaging camera

MPCMs

/momo

Cotton fabric

Infrared camouflage fabriN

Unfinished fabric

FIhH 7K Ve 3K v B 5 K8 A (. Feng 451
B LA/ UF S5 98 4845 bR BE B T K SR K
B YAEBRK ) I v By Bl B A 1 o) AR T
PRl XU o R T 2% 28 ok e 08 7 w2 26 5 ) 4 o
A AR AR R L 0 R A i AR R T M
%, T fEPRIX — ) B, Moslemi %5 7E 47 i
MPCM ) UF 72 A £F 4k & 94 K 25 4 (CNF),
I MPCM T RS 0 ot . &5 SR R W, b
CNF A o S0 3 1) Ak 2 45 A6 R it A 2 Y L -
BEA AR s 6 100 Y PR 31 5 1SR IR 45 R4 19
1.3 AEE/MUF EWKE

A g R 2R 2 e L = R U T IR
BB G H % MUF B . %0 IR R AL BESS & MEF
PR AT UF B85 15 o o 48 51 5% 10 DLBR 5 B L 38 ik
REARAAS e 5k T AT 32 % ENY . Han
SN A R A il 4 T A/ MUF %
TEAN % 48 T K52 b L SMA ¥R BE | O i L s 0 B

T —

Blank control

(©)
10{ 098
0.825

038
.
— 0.575
é0.6' I
2
:é 0.4
5 021 .

0.0 T r

Human skin Cotton fabric Infrared

camouflage fabric

1 (D ZLAMEF Y RN T A2 % IR 4 2 PR P, (b)Y 2L 80 3k R 2 1 B 1R s (o AR B2 ik V1
Py RILLSh R A R % S SR HE A (2020 Elsevier SR AT

Figure 1

(a) Infrared thermal imaging of infrared camouflage fabric, unfinished fabric, and blank control sample;

(b) Synthetic drawing of infrared camouflage fabric and (c¢) the emissivity of human skin, cotton fabric and infrared

camouflage fabric (Reprinted with permission from Ref. [11]; Copyright 2020 Elsevier)
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Table 2 Preparation methods and product properties of paraffin-based/inorganic wall microcapsules

s/ K/ mEE/ BLAR/ E =1
BEBF 0 THI % M 571 il 5 7 ik . B e B iy o
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nt-80 IR - 240.2  8l. — [29]
. . IS PRAR
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2 EHBBERERE . a~DREIF RN GO BB (2018 American Chemical Society AU TT)

Figure 2 Shell material penetration diagram: (a—d) are microcapsules added with GO in different orders (Reprin-

ted with permission from Ref. [32]; Copyright 2018 American Chemical Society)

S50 25 GNS BT 73 80k 20 Yo i, g 2o
B 70,0 A% 76 500 YRARAE BRI 5, APk g
AR K,
2.3 ARE/SEREUYERKRE

FH T 1000 4 0 52 b ORI 5 19 45 8 SR Ak ) 32 2
A TiO, il ZnO, Hrh TiO, BA mRREMR
I B HLMSR LG B T2 T+ MPCM. 19 #4085 1 A
BUBISR BE , I 1 ke 8 = B0 O e b tE g . bk
FIE MPCM Sh5ett R, Ma 455" 5 1 %5 -5k
2L T LUA S S, TiO, A5Ei) MPCM, 4%
R, TIO, 72558 T e 2 1 $A4 83 2 1 L filf 3L
ERAE s 99.9% . N T HE— R m oA b/
TiO, BB 2 1 S PbE AR G T, Th e 35 25
W K& CNTs B %5 76 41 15/ TiO, 5 2 % 1 .

WESE CNTs 19 5T £ 3 B0 K, MPCM. (14 I il 45
AN TR I RS R, o 59.6 1/g5 HL
£ 170 C LN MPCM B A R 47 i ke . i
SEET GO gk ik 3% T A8/ TIO, R 98 R 4
PR e PR A A L 48 5 T B AR MO BE Ty AL
B PERE , 8 A 1 A A BB ) 6 K BH BB HE 1T I 4R
FIFEAH . Li 57 F M SIO, fTiO, 185 /K fi# 4
B RN TR R Roe)Z . IESE Ti0, 5 SiO,
FHES G AT LA 0 R U 28 52 1) FF 2436, 1 L
23t 1000 K ¥ HAE B 5. MPCM A9 it s R 4
2.6 %0 ERIEFRAR T 6.6% ., F R B L A B
11. 6%, [ TiO, MR TIZ M F O EfbrEGe .
ZnO 2 —Fi B0 51 J1 0 2 D g o4 8k, DL
RN NG = I AR /R R e R T



o 1142 oAy F @ 2023 4F
5N Ly DY L ZnO R R GRS 540 AR TR BE . K P BE % RE SF T 1 AW A

T FUARTR i A W B RS ) L Ak R X
MPCM A B R I B ROR M, ERAERMT
il 25 9 MPCM 16 35 8 FE 3 A0R 43 51 41. 2,
40. 1% - AH I 4 475 il 388 8 RTAS R ks 43 331 ok 59.3 °C
63.6 J/g, L4 R BT SiO, | TiO, 58 1Y £ I
- MPCM, I AP I 25 7 DL sE i 13 T
— il R BE T AR AT ZnO 7219 MPCML 278 T
X FH e it BE R 4t 1Y B 1k o (AT A A6 i O o) A
TCHLRE A T 4 1) T PP ARG E VAL 5 B
BUGR BE =i . 5 8 0 1 BE M U AR L, TPl 5
FEZL A B RN A AR A, B, ARk —
S BfF 5 340 ) TR 4 5 T PURL - 2 Ak &
(CUNE Ty
3 ABE/SF-ETNEUERE
T H & & M A

WHT TR &5 43 F AR T MPCM 5% 5 4 (1)
T A0 B AR T LA RE U AT DL R i AR
M T AAE FODLB R B . KPR A S A T LR
A A RS MR R o S B il
[ e V| B Y v LI BT BUR W[ TAR 2 YN
1557 T A e B A i 4y o AR LR, O
4Rk, 7 i/ MF-GO, MF-& 1k il (BN), MF-
Si0, . MUF-GO., MUF-%f # + . PMMA-TIO, .
PMMA-SiO, . P(MMA-MAA)-Fe, O, %58 i % 18

MRS IR T AT Z k3., #3HNT
IR B - ML A% A e 0 B A 0 3 MPCM 1 il
07 e .

3.1 ARE/MF-GO.BNEXLHNKFHE
BB 8

R MF B £ 8 MPCM % F 1Y 4h 58+ &
Z— AR EALE W A 50 o R S iR L R
ik, SR, #E o i om JEHLRL F (GO, SiO, . BN
) AT MPCM #AEE AL A3, (L AL A i 5 | 34
R e RN iB B R A BT

Zhao R RN R AL & T AR
S AE OB S PR R IV M 1) MPCML, 141
AT A BRI TR B R 5 L X A i/ MF T 2 1Y)
S, ZERRML Y BE SRR 0. 2% B, UK
FEUE U R AR T 93, 2%, Ot U EE ik K ik )
90. 7% ; MA%5E R 4 = 1 B, MPCM A 465 mil % Bk
KA 204.0 ]/ g, 78 Ak BE 03k 2 A R A9 19 1o i
. UEAh Zou M HE MF st BB 2 T £ &
Wi B 201 K A R A K R A L T ke TR T R R
. Z5A R B 9K & R i B 4%
A8 B MPCM JE S R 47, H B A e PR $omm L
R, N THGE LR T 5 84 F A5 B A &
P Xia 25 003 2 i f B b B 0o 19 2% K B Rk
1A BN B, 3275 T BN 5 MF 582 8] i H %
PEL A B MPCM CREFEK 5 19 35F 26 2503 R i e

R3HEO R/ T TOHLA G 58 RE A R B 95 5 1 B T e

Table 3 Preparation methods and product properties of paraffin-based/polymer-inorganic hybird wall microcapsules

F s/ KA/ aEE/ kite/ %%
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Figure 3

(a) Packaging rate and energy storage efficiency diagram of microcapsules, (b) DSC curves and enthalpy

comparison plots of the 200", 400™ and 800™ microcapsule cycles (Reprinted with permission from Ref. [487;

Copyright 2019 Elsevier)
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