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Research on the preparation and performance of heat-insulating
coated fabrics based on silver-coated hollow

Nano-SiO, microspheres
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Abstract: To improve the thermal insulation performance of nylon fabrics. 3-merca ptopropyl methyl
dimethoxy silane (MPMDMS) was used to surface-modify the hollow nano-SiO, microspheres, and silver-
coated hollow nano-SiO), microspheres prepared by the assisted chemical silver-plating process were mixed
with polyacrylate emulsion and then the mixture was coated on the surface of the nylon fabrics to prepare
heat-insulating coated fabrics. Scanning electron microscopy, X-ray photoelectron spectroscopy, Fourier
infrared spectroscopy and other characterization means were used to explore the surface modification
mechanism of the hollow nano-SiO, microspheres by MPMDMS, and to analyze the effect of the mass
fraction of MPMDMS on the surface morphology of silver coating of the microspheres; and the thermal

infrared reflectance and thermal insulation properties of the coated fabrics were tested by FTIR infrared
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spectroscopy and infrared thermal imager. The results showed that: the modification effect of MPMDMS
was significantly better than that of dopamine (DA), and the Ag growth on the surface of the MPMDMS-
modified hollow nano-SiO, microspheres was more uniform and with a higher coverage rate; the
monodispersity of the silver-coated hollow nano-SiO, microspheres was good and the thermal conductivity
(0. 06925 W/(m+K)) was low; the thermal infrared reflectance of the coated fabric (6 —14 pum) was
increased by 30% compared with that of nylon fabrics, and the surface temperature of the coated fabric was
30. 6 °C after placing the coated fabric on a 37 °C hot plate for 10 min, which was 5. 1 ‘C lower than that of nylon
fabric; the coated fabric was good in moisture permeability and antimicrobial performance. This study can provide

some technical reference for improving the thermal insulation performance of nylon fabrics.

Key words: hollow silica; sulfhydryl surface modification; chemical silver plating; insulating fabrics;

coatings
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2.1.3 SEM.TEM K DLS 4+#r
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MPMDMS i 4 % MPMDMS i P48 £, 78 a8 9l oK
SIO, fERAY SEM (8], iR 32 10 1Y Ag 94 K ik 2
KR N SEBR Ag 58 )2 . SEEU TS 4
K SO, MEKI . 25 B RTR, DA Bk s g
K SiO, WERXT Ag™ W BHE FH /0, B 2 7 355
R22, MPMDMS £ &b 3/ T Ag 78 P &= 40 ok
SiO, fHEKR RIS 77, 8 i385 HE =R & 10
=
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(d) 2% MPMDMS

(e) 3% MPMDMS

+fhny
B

500 nm

(¢) 1% MPMDMS

500 nm

500 nm

(f) 4% MPMDMS

B 5 DARANERESE MPMDMS MIHREE R ZE K SO, ¥k SEM

2.1.4 XRD 47

& 6 R A [A] 543 B0 MPMIDMS 2& 1 4R 6078
Fas gk SiO, MER I XRD AT Ag(111) & i 1Y
Nl 498 K R R SE . M 6 () W] LB Y BT Ay
FRMPIRIE SIO, MITETEFHIFIE(20=23") . 7F
20 3 38°.44° . 64° TT° LT Ag ) XRD 177 51,
AR T Ag B9 (111),(200),(220) F1(311) f
. FiE58CH 0% MPMDMS o 14 4R 40 55
YK SIO, IR Ag 7 5 W (AR AR, BEBH 11
WA 2K SO, ERR T Ag 49 K Bk R
/by 22 MPMDMS B 5 A9 88 AL 7 P 25 98 K SiO,

A
‘Y
I\ 4% MPMDMS
A, A
= I\ 3% MPMDMS
Ei I i N -
il
5 2% MPMDMS
=
1=
&
\ 0,
I . W s
L —— 0% MPMDMS
PPF#04-0;783 | 1 | 1 1 | 1 | 1
10 20 30 40 50 60 70 80
20/(%)
(a) AR E 2 HMPMDMS Pk (4R E
2 PRSI0, THER T XRD #E ]

TR A5 Ak T 45 A 06 53 5 B S 098 5 L U B PR R Y
FIAGRHE T Ag ek R IiA. Ag(111) d
THT 1) 2 06 4 B8 43 W 40 K o RO 550 45 2R G &
6(b) frx. K 6(b) g7 : MPMDMS gk M Ji i Bk
0 A S A R Ag iR RO IR AR R, AR
PEC L) 158 i & I R R ST Sl 100 8 ~
14. 4 nm, fizZ MPMDMS Jfi 1= 7> 50 A0 75 - Ag fi
R 2 3SR HE K5 N B e X 0 BT e R
BT ORI MUk R A Sl 2 R
Agim b AEMHRI M E A a2, FENRT

N
0.80 - o sz 11
& n B ik R}
0.75 | 114
]
0.70 = |5 E
- =
0.65 | j'é
* ) T 12 mDI
I
0.60 - -
" 111
[ |
0.55 ¢
L 1 1 1 1 10
0 1 2 3 4
MPMDMS 5 &4 8U/%

(b) Ag(111) ¢ TH B2 04 58 B S R~

B6 REBFFMK SO, #HBkE XRD E

2.2 BHAEAELAYHIHEEDT
2.2.1 REIEH P

K 7 SR E Y IR ZE Y SEM K, E
TR UEN . LY h Rt N EERZ
R, A4z RS B 25 B A /. WL 7(h) AT LA
L MERE ZHROE R )2 RN 22 pm, —
R SO, ek e s ReEs <. f

M TRTFRERE. IIE 7 (ol LUA Y TR IR AL
HUS B 80 28 S SR PR R R AR A R sl
K SIO, MERE LM E SRR L. A7
() AT LA HY L 21 4 2 i 2 2 U ME B 1 K i 4
B ARGK SIO, TR AWK ORI 5 0] A9 3 78 82
THRE R S B, T B8 2 1 TR = ) K 1 g
TR
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(c) BELMERMSEME

(b) TE LW IE SEME

() BERYRESEMR T HKE

7T SMAERYRRERYE SEM

2.2.2 EFLERRE ST

K] 8(a) TR R SU AR JZ W1 TG I
AR, A gk SI0, Bk F1AR 408 b 25 g oK
SiO, #ERAE 800 C AL 300 F1 500, BA R4
PIRERE M. B2 AR 28 £ 5 B R
305~470 C, FZEH B G WM R 5., M
TR Y, w28 EA T & WP 57 ik i
JE, MIREFEILF] 800 T IGZES YR A SN
3620, HRe W 5E 420k, B 8(b) AER )

of—~— h 7 GKSIO, Bk
- A ELKSIO, B
S 60}
%_
‘Hﬂ 40 - WERI
20
ol LS

0 I(I)() 2(I)O 3(I)O 4(I)0 5(I)0 6(I)0 7(I)0 860
wE/C
(a) ER. WMALYRBESYNTCHE

FARFRZRERES YN ERE, L8 Yis
MBE N 102,07 g/(m®+h)  BIRZIEE N 6 pm B,
BRRFEAR T 12. 62 g/(m” «h) . BB — 50 £F 4
EBURBAR BB P Aok SIO, Bk, AR &
U B 10 R 5 Bl U 2 T JEE B 0 £ 4 25 B AS I
A, E W R BT B, 9k )2 R B m 3
37 ym B IR B LAY BB E KM L LA YRR T
26.40 g/(m’<h) JHSIKTBEAZ, AL iR IR 2
LY A RIS R,

120

102.07

100

81.16 7947

75.67

(o]
(=]

FHRFE/(gm? h)
b 2

20

0 6 15 22 37
BEEE/um
(b) BAELRYEARGERELRERYKBRR

8 Ik RALLAMFMRERYN TC BERBLAWIRELAMBIEER

2.2.3  TKPRAERE i

1 NG S 2R 280 B i K
VEARFE MR AE T, R L Al YA A A S
N 0.50% B, RE R K 3.01%, —EB Bk 7E
KV R R VR X 2 R R £ 4 [R) A AR &5 A X
THER A 7R 2R % [ 72 BE A B AEAR A o B R

BRAE Sy B 28 219 3 i i 7% 5 B 35 G 0 A 20T =
0. 80 VI, R H A 1. 87 Vo . bk BG4 45 5
AT R ] R R 2 B A SR I A R R
K SIO, MR KR YA KA R4 5
FE ARG A ST BRI 00 B AR IR R
LI .
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xR 1 RERYW K EEN
HOHAR WERATLERE RESWvERE RER/

SR/ WTEREE/ e TR/ %
0. 50 0. 0632 0. 0613 3.01
0.80 0. 0606 0. 0594 1.87
1.00 0. 0589 0. 0581 1. 36
1.50 0. 0624 0. 0619 0.83
2.00 0. 0542 0. 0540 0.37

2.2.4  PREBCRIL SN PERE AT

K9 () iz gk SiO, Wk, e has gy
K SiO, f#FEk A HGM 1 38 R B . K 9
()W . 518 HGM Mt . a4k Sio, ek S
AP HF 0. 04895 W/ (m=K) , BEA 25 BH i H1
L ; 2 MPMDMS b #8540 5, i T4
J& Ag WA REE T 90K SiO, ki S

HMEBUNEIRTFE 0.06925 W/(m+K) ., Fas 4k
SiO, fEREAR A TR E # R T AR R 2 9K
SiO, THERTE T LT A S S5 1 BE 1 TR AT 8 4 5%
R FIRE. B 9(b) R4 21 JA [R) o 2 5
B MPMDMS 4RA178 Hhas 4K SiO, 152 4L i i
ZLAN P RINALE R . & 9(b) AT HRe 2
LT AN R LR 8%,0% MPMDMS M it i ek
WRZLYRAIN I RS ML Y 22N K M E
MPMDMS [z & 5034, bz 90k Sio, kR
TR 9% 2 7 5 4 L IR 2 BV W IR ZT AP S SRR
Wi 7t X MPMDMS JBiit 70500 4 VB, IR 24
PIFRELL A S 5 R B 2 2 3894 SR 4L AU A rp 23 4 K
SiO, TR RA T KSR AE B R G Ag 91K
W5 HARLT A S S PEREAR B T 2kt

0.08 70 +
0.06925
RLF 0.06434 60 -
= 0.06 "
54 S0 [
"‘é 0,05 0.04895 —— 4% MPMDMS
= S 40} /
£ 04| gl a i
o o e ~——— M
% 003 X W 2% MPMDMS
# 0% MPMDMS 1% MPMDMS
o 0.02 i L 4 -
0.01 10 7‘7 } AL
nppALy)|
0.00 1 0 1 1 1 1 1 1 1 1
qqégwjksioz %ﬁ@.§¢§?ﬂﬂé5i07 HGM 6 7 8 9 10 11 12 13 14
B PkK/um
(a) RS RRE (b) LR Y KA R F &S FEMPMDMS R B
H S GKSIO BRI B S RS S 3 3R
B9 REKSERAZHB BALEVINRERYRIINRGTE

2.2.5 AN T

10 MR8 RO 2L ) BT PR AN
A IE] A 20 AN AR . ¥ 10 %2R 25 min 5 10 min
BF Y AR DX Wtk 3 IS 3R 32 2 kAR AR T
5 min, K2 FIGHE R R, S 2 W TE
10 min IR MR EE A 35. 7 °C, Hi 5795 S AL, &£
T 20 T AR R e 2 LT AN B &
BEEPEBE s 24 MPMDMS 4380k 0 Y0t 241
YI7E 10 min B} VR E K 32. 8 °C, M ek i
HEE T DB Ag 9K BRL, H R e 2
B TP RAEN PSR SO, B A
MPMDMS [z 5 8038 I, i ZH Y KR B 5
TR €8, 2 AR, R THI Ui B N T RRAIR , PRtk e 4
F+. 4 MPMDMS Jii 12 53 808 4 %008 U2 8V 7
10 min WM EE N 30.6 °C, L4 E IR
22K 5.1 C, KIURFHRFPREYEK SiO, k55
AT AN ST Ag AR FI0R U IRIAE TR R 3 v T

LY BRIAERE .

11 R HR e 2L R 2 2 W) 3% 1 1 I o 44
IR IR 4 . Al 11 AT 0. SR 8 SR IR
) ¥4 45 TR Y AE ) U0 247 I s R %) 348 v v L
A TEIER FP TR 200 s, 8528 SV () R T HOR Fe b, 7
60 s J5 2 A B AR I8 B P R A 0%
MPMDMS #4240 oK Si0, kiR 2
ZUYNR T+ S AR I W) WS, (H d5 20 2 T U
BT HAGRESW X IHEF a4k Sio, f#EkE
BEARN SIREAER A OIS T L S 0% i
MPMDMS [ £ 53 45 19 34 in » ¥ )22 8390 1) %) 391 3 7+
RN R B R RS I HA AR A R IR . X
AT Ag gK ORI T 238 08 T e =, S 800)
WHRTHER M, 25 Bprid, s a4k Sio,
ok LA AR 5 44 3R B = I A I P 7
AR LB WAL T 1 [R) ) 4R T BRAT Oh i SR il
1R IR Z W) SRR — DR AIR
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2% 3% 4%

maLm 0% 1%

1 min

5 min

10 min

10 BLAYMBEARRES K MPMDMS R EE =K SiO, sk
SEAMETF 37 CEHMR_E 1.5 min 1 10 min BT SMAER &E

360 L

2% MPMDMS
0% MPMDMS S

32

A 1% MPMDMS
| 3% MPMDMS 4% MPMDMS

241

2 10 200 300 400 500 600
i 8]/
B 1l S\BALAYRAERESHSEH MPMDMS REEH
YK SIO, MEKRE LY 600 s WHIRF # £
2.2.6 PUwTEREHT
12 S HRLe 2L TR 122 230 i B vl 14k B D ik
ZEHL K] 12Ca)— (b)) 3 BN E. coli 1S, aureus ¥
NEPAR I HERZE 2, B 4 ) 8] L34 R ) B A
Bl o U8 BH R 20 2R 0 % PR A BRI TCAT AT A R A5CR . [&
12C)— (D 5K E. coli F1S. aureus BJRFH
IR ZER Y, 28R o ml Wos i EAR R
12 mm #0113 mm B30 5 B 30 B IR 2 40 315 19 3
LW EA T HURTERE.

3 & it

AR SR MPMDMS %) 23 405K SiO, fisk
HEAT B B AL R T A AR T A K
SiO, fBk 2% T U0 AL A9 H A0 7 56 B B 48 v Y
2 B E P s K SO, Bk AR5 DR 2

LU R FEA B R A K SO, ek 5 E
ERNRBRRBAERLEY L BB RAERZEH
Y. %% MPMDMS Xt 1 35K T2 55 R 45 #6) 1) 5% 0l
S HTER 2 AL RS AR S I S R PE e L B B
W

a) MPMDMS B2 AR T DA B f5 Fii
A TR A B ek e T, FE BB A Bk ST I
B A K A E Y S AR S 9k SiO,
TR SRR 2 K SIO, HOEKERE B 58 b . BA
Has IREER , B EIPERE RAT s SR el X &2 & ek
T2 R KA, 24 MPMDMS i
SYEUR T 3% B, 1T 7E ik e Y 8 R e
P,

b) ZARAE R A K SiO, IR FRE IR 2
ZUY) R BT R, U Z U 3R AT UL R ik
B TERE T B, WRIZIEE N 37 pm B E R RNy
75.67 g/(m”«h) s BB FIE &N 0. 80 Yo B 2R HE %
K 1. 87 %, i AR VR BE AT

O MAE b gk SIO, MRS AN
0. 06932 W/(m*K) . iR )ZLW IR I 5T # (6~
14 pm) i MPMDMS Jit i 43 50 38 R TS 0, e 5
380 RS T 3020 M IRIZS U E T
37 CHAHx I 10 min )5, HF AR E HE MPMDMS
Jot A A HE I RRAIG, e Al 30,6 °C L 42 2
WIREAR 5. 1 °C s T 2R B B 48 2 DR T+ 12
A PZ K SIO, HOEREEN A R TR 46 41
Y BRIERE IR 2 A PR TERE , ELAE 6 mm
FIRIZZIFE E. coli 1 S. aureus BifgF-Ax L BH0
W EA2 08 12 mm A1 13 mm,
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