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Research Progress of Hydrophobic Functional Coatings
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ABSTRACT: The work aims to summarize the functional realization methods of thermal insulation hydrophobic coatings,
and analyze the potential application value of hydrophobic thermal insulation functional coatings in packaging, so as to
provide reference for preparation of new multifunctional coatings and their application in paper packaging. The working
principles and realization methods of three types of thermal insulation coatings, namely barrier type, reflective type and
radiation type, were sorted out and summarized. Several common hydrophobic surface formation mechanism models and
preparation methods were systematically introduced. The research progress on application of hydrophobic thermal insula-
tion functional coatings was reviewed. The preparation and coating technology of coatings was matured. The hydrophobic
thermal insulation functional coatings could be coated on corrugated boxes, white cardboard and other surfaces for ther-
mal insulation packaging of food. The application of hydrophobic thermal insulation functional coatings to paper packag-
ing boxes to protect the quality of temperature-sensitive food and save the cost of cold chain transportation has great po-
tential and broad development prospects.
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Fig.1 Schematic diagram for thermal
insulation mechanism of barrier type coating
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Fig.2 Schematic diagram for heat conduction of
barrier type thermal insulation coating
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Tab.1 Thermal conductivity of several common barrier
type thermal insulation fillers

Bl SHEBY/(W-m K
Si0, S LR 0.012 ~0.02
BB 0.013 ~0.02

A 0.042 ~ 0.058
A S 75" == 0.048 ~ 0.052
N Bk 5 A 0.069 ~ 0.073

N €7 0.03~0.1
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Tab.2 Refractive index of commonly used reflective fillers
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Fig.4 Schematic diagram for thermal
insulation mechanism of radiation coating
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Tab.3 Advantages and disadvantages of different hydrophobic surface construction methods

P

B

KR il % 07k
FI SRR S 1
N T SRR AR 12

Tk a6 0 R 2 ok

SR EDRIE I, BRI, A
FRBU A 7=, BRAEDT, rTEER (EH

BARR A, SRS
WA, &S Tl A, B S 5

MELUHUBEAE ™, S i it 44 2 28 I

AR}

ZIM B B 5, B A S BOIR S R

BB, RO AR AR A

FIRX RN TG Qe IR, WOIRIEA S5 4 | iR

2Lk
A2 2 ik i e
AR IR PR B, MRRERAE, AL FERTHE, WA, T5YeIREE

1 i i v

i CVD ¥
7S
B, BURE
J2E H A2k
KA

ARR R CHEA R, il % T
BN 2R AFI AT, A

SRBROTIEE, H#&QREEN
UEE

A RHEAE™, BRI, AR
BAEmIfE, ABERE | 55 S il

LR N N BB ok L el A &
LEzE Ry Z RN

VA RN R A LA, TR E 2

BRI, WA AT, AR
Ak

WL B, IR MG T2
FEIPERIC, il 831K

ML TR, MR R ERE,
NI R T AR

TR B PR NN SE SRR AL, A, S T
PRAIE Si0, THEERLIL S B PERE , W I BER I 22 mA
— SRR SR T AR K SE AT, T BLAT ) g K 1 Tl
[F) f W3- 2R B K B DI BE o HeTRoRH B AL BE DL IAT 12
BE2E Si0, TBEHIRZAMEA L LAY PR AERE, @&
AR 1K A 7RV 2 AR T4, FLUR 2 A% P R A 1
B, AR

B 12 SiO, UHERL VR LR
Fig.12 Schematic diagram for thermal insulation
mechanism of SiO, aerogel coating

B SiO, EEMAL, s BEBsmak . LA .
RERK ISR |« B I I S5 127 T A kg B AT g JEURE B
S HAbR M RRER Z A, DI SRR LS
PEfE. W B ER Ik Sio, KB . RS B
TR N R SRR, I DU AL AL 4 1 48 T IR BUIR
% 0.053 9 W/(m-K)FFRIGRRL . 10k ZE AR AR
HERELS . Ji2EERER , OF H A R A B K i e o

B8, KPR T TIO, MMk N 5ER T 5 Sio, =
B MEAT . 2SO BB OER S R AT IR, H A
THAA RGBS . BE I I B K 1 T e TR
Bho BEAL, ZIREHA BA MEE S SREIR L TR
PERF | PEBRAE S . Song SRS 4G T A rk ke
HX ) % T ek ) AR AR IR (UFA) LMK B Ak
2, WIZFW KA L 154340, WIZPAE
4 h 5 PR R B A S R B 5 = T 4.0 MPa I
0.225 W/(m'K). ZEEAMUBER K, 1 HHA LR
() B PR RE AN 7 24 PERE , K TR 2 D T IR TR B
+, HARR, Y. ATEREEE . 0T RE RN
FHIE A5 o

3.2 HEHRTGERINAHAR

R MR R RN H TSR E 1T, &
FUUA LA T A48, , Bl 25 81 AR DL ST A R A AS W T
B, WEFE N Diis 7 R A TR T H R AL
{65 15 B R R 25 AT A 2 07 RO U B AR
B2 RERH B X S S R PR, b #E i L, R
RBEVRIEFE . X ZREWnl T E =KW, AL
R E 07 =il F , AP A TAEE & i K
W Al A, O R BH OGRS % IR B
LR, Wb A, BEREEFRE; LA, AT
MR R T R 5 A A BRI o, anikdZE | G PHAR . 3%
A

Shams-ghahfarokhi Z5:U*5% F S Bk B B 575, il



.20 - @ TR

2023 4 1 A

& T RSB AL A W IR AR S IR R
ERESY b, 75 16 Ml 24 h N, SRBISS M
Eb, L M 71.65% F %3] 38.35%F1 30.99%. LAk,
T A S TR P A7 TR (A5 i LA BB B K R B, /K42
filff s 15220, HLRRS BRI AR EE M . Linl™)
il & T —FF OPU/SiO, R EEL IR L, OPU il SiO, ik
Jie DR IRV FH T o S RRARAR U AL A R 5k (&1 13),
HLFRE LB LR VR 22U 4 °C. OPU/SIO, B IR
28 A Bl B B K BmaAERE , i R o

Dispersion+
stirring WA, Thermal
‘»,(\ insulation
° -SFiOZ M‘ &17
Coating > Coating
\/\/\ OPU —)

OPU/Si0, aerogel coated fabrics

Kl 13 OPU/SIO, THEM IR IR W il & T 2m &
Fig.13 Schematic diagram for preparation process of
OPU/Si0, aerogel coated fabric

h T AR TR AR B 25 A PR R, Liun 20T
2L PP U YRR AT B MEF ST, Liu 25U ORI A
TiO,@ATO 7 1] WG FT 21 FM 0 il 9 14 s S Ak
FIARFIEAR BT Sn(Sb)O, (ATO) TiO, ik,
IR HRE T e AEL wE A L (E 14). TiO,@ATO/
AN AR R I A TS ER AR B, HL 5 R AR AL
BT ALK ATO (ATO/AN)E 2 B B AL B AR L
FHIAS KT A TiO,@ATO/AN A I R EAR IS £
AR ST N T IR 23 4 A 7E A B 4 40 8k 1 2 T

FET BT RENE o
3.3 HEEIKTEHIN AR

B R 7K D AR A AN (SRR AR %7 b o 245 A i
i, SRRERT 1K 3% TR R R F , X R
(R BIF i E A A0 e B 4 8 VA0 R 4 T 32K 1Y o A A % A
GE BRI PVELRAR 9 B (A T5 Qe A MRS, B e AR Y

LR PP PRI I RE T, 30 TR0 ) £

AT A R P
ENIESENEFAE SR OBV I E SR 1 ON

5T, JRESEPIRE T Sio, KB EKBEIIREL,

IR H VA T RO A L, il s T B BRI D RE
A ECPE FUAS R . 24 Si0, B A IS i 050N 2%
I, ok FORS AR EAT O R A B K B AR PERE , 7K 4% fih
o 91.75°, IR AR 1 6.25°, RIRIE
JEH 60 um B, SRR AR A JE LS ARBAR L, it AT
FEAIR 13.6 °C, ZMRIR B FAT A LR T U EC RS 404
P59 Jy =2 rERe, T HBA L R AR K FRIATERE, K
FH T A b iz, ] ROR ARV s fy iAS o
WriR ARG R T — i AR R e 4R, i TR
ZJZEH (1B 15), AARARBTHE ARG K B TR A2
RN, H RS B AR IR T Y T 2R SRR IR TR
BT, W U R S R B s B, SNE A PVB
BKIZE, AT RIS KRR, e R AR B
T o IHe 2 LT ] 5 14 i A 2R AN (UL AT 7K Bl A
PRARAVERT, 30T 558 dh B, —J7 T n] DL 4y
MBS £ A R B, 55— 5 TR AT LSRR TN e A B i
PP A EFIE L, AR B A A A AL bR U R A
Z B R RIS

Silicon resin |

4

PUS R B
I W
g . r

TiO,@ATO "~
e ‘:::7 TiO,@ATO/AN
High stirring ‘
a WREILYH G T L REE

R-TiO,@ATO/AN

S-TiO,@ATO/AN

b AFITIO,@ATOM AR IRIZE IR T 4514
K14 W2 Y5 1 3 T 25 Bl J2 B THOW 2% 1 45 4 /i 7 18 1!

Fig.14 Manufacturing process of coated nonwoven fabric and schematic diagram of microscopic surface structure of coating
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