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Preparation and properties study of dendritic silica/epoxy resin
nanocomposites

Luo Xiaobing', Zhou Jiang®, Liu Zhendong', Deng Feiyuan', Li Guiquan',
Xie Zhihui*, Zhou Jin>, Peng Huanqin’
(1. Xizang Datang Zala Hydropower Development Co., Ltd., Cangdu 854413, China;
2. Dongfang Electric Machinery Co., Ltd., Deyang 618000, China)

Abstract: To prepare epoxy resin-based composites with excellent comprehensive properties, this study synthesized
dendritic nanosilica (DSiO,) via a dual-template method and applied them to modify epoxy resin (EP). The relationship
between structure and property of the composites was investigated by Fourier transform infrared spectroscopy (FTIR), X-ray
photoelectron spectroscopy (XPS), scanning electron microscopy (SEM), transmission electron microscopy (TEM), and
nitrogen adsorption-desorption tests. The results indicate that after modification with the silane coupling agent Z-6040,
DSiO, exhibits excellent dispersibility in epoxy resin. As the mass fraction of DSiO, increases from 0 to 0.9%, the onset
curing temperature of the composite decreases from 160.7°C to 111.3, and the peak temperature decreases from 196.3°C to
159.6°C; the tensile strength increases from 24.2 MPa to 53.6 MPa, the elongation at break increases from 10.5% to 13.5%,
and the Rockwell hardness increases from 85.1 to 91.5. Compared with the unmodified EP, the DSiO,/EP composites exhibit
significantly increased storage modulus, a glass transition temperature (7,) that shifts toward higher temperature, and
enhanced thermal stability.

Key words: epoxy resin; silica; dendritic pore structure; mechanical properties
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Table 2 Mechanical properties of EP and

DSiO,/EP composites
FE i PR /MPa RN A% U IREEE
EP 24.2 10.5 85.1
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0.6DSiO,/EP 45.0 13.3 90.4
0.9DSiO,/EP 53.6 13.5 91.5

M 6 FIZE 2 7] DL H, B A& DSI0, ¥ I & (1 1
K, BAEMEH 1R 2B AL G a3k . 4L EP
[ 7 A 3 FF A 24.2 MPa, ¥ il DSIO, J& , 0.3DSi0,/
EP.0.6DSiO,/EP 1 0.9DSiO,/EP ] 47 {1 5% B 43 1] 42
F+ 28 35.8.45.0.53.6 MPa, 3415 73 5l A 47.9%- 86.0%
121.5%. 4 EP [ W 5 4d K %4 10.5%,0.3DSiO,/EP.
0.6DSiO,/EP 1 0.9DSiO,/EP [ 7 24 i K 5 43 5] 384 &
12.6%-+13.3%- 13.5%, 32 B RLAE 52 T A 58 FE 1)
E] B3 R e — s Wk . 4l BP f 3% T o 85.1,
0.3DSiO,/EP0.6DSiO,/EP #1 0.9DSiO,/EP []7% [ i
JE 53 B T 4 88.5.90.4.91.5, 7 W] & & Al 28 i
JEE o SECRI S I it 39 0 77 4 58 . DSI0, 00 3% il
PERE IR T, v RBUE T Z5 M AR #A 5 S P
[E /R < 3 T 3L 862.1 m¥/g [ i EL R THI AR , L Rk e 1
7 Z-6040 B J5 , DSIO, 7 [ 5 4] 7T 15 B 4 1 i
Iy TG A S 2, DT 38 58 5 THDRG 45 77 DAA% 36 )84

775 BRRE IR Hh G 42 ) AR AL 38 &5 4 T BLd I AL
WL 5 B AR K 2 TR A DA B 2 B I R
RO REY R DSIO, 1R i 7 7 08 0.9% LA P B
A LE PR IR T 3 50 4 0, o B R B i OR Y )
Wy 50 4 i, 3t G TR [ SR T B B st AT [ 25 32
P AT 55 P ) A RO
2.7 DSiO,/EP E &M RN HE MR

T 4 BT EP K AN [H] DSIO, i & & A # B
fits BE A B A5 FE X T (tand) BE I6 5 1028 4k, R 7T
DSiO,%f EP 245 /1 5 AT NI s, 25 R a0 7 Fr o
M 7(a) o] U, B G FE 1) fid R AR 5 2 o i
T BB KRBT & T A R I T A A
I TS I LA AR R S ST P B AR . SR
N DSIO, 15 & M EHif Be b & 2 % = T4l EP, H
I VAN o 1 K T R 1R 3 3 , 3R B DSIO, N 1Y
TR B DRI A 3 ) R 1k

TFEE ¥ (tand) /1 4 (1R WA X R A4 R} 35 35 4L,

3000
—=—FEP
25001 = —— 0.3DSiO,/EP
— ——0.6DSiO,/EP
2000 ——0.9DSiO,/EP
[a}
=
1g 1500
i
2
= 1000
500
0 =
1 1 1 |
50 100 150 200
g/ eC
(a) i HERS &
—— EP
—— 0.3DSi0,/EP
—— 0.6DSIO,/EP
—— 0.9DSiO,/EP
-
1 1 1 1
0 50 100 150 200 250
I/ °C
(b) tano

7 EP#DSiO,/EP E &M RIS F MR
Fig.7 Dynamic mechanical properties of EP and
DSiO,/EP composites



54 AR

2026,59(7)

HARRE(T) , RSy T8 BOS S TG AR JE . M
Kl 7(b) A LLFE 1, il DSIO, ¥ i & 4 K, tand U {E [7)
i 7 W B (T, 7 &), B {E 38 PR AR, 3% B
DSi0, 5 ¥ 40U i A 1 5 5 T B 1) T 0 7 8%
BLIa 8l , A RE R A2 3 iR B A R AR s A
A, FaE R T

BNAS J1 5 RRARAL B AR BT 42 DS10, [ 25 F4  1:
T L5 R ST AR B R 45 R 3 — B RE LT i
B Z-6040 21 5, DSI0, 2 1H A HL3E B 5 246 S 0
JE 77 T e ] FR A 2 45 B A A T “ NIRRT 2
PR s RS & 2 %456 2 0 &k s sk
735 Uk A 5 P 7 A Tk e A P R DR A, A
M 45 35 B TH A BB AR B 5 L, VRS 1) o042 el WA
PR LA 285 46 T2 IATLAR i o 280, FL I8 P9 3 70 R 3 41
Wi [ 4 f5 5 FLEE KB & ik — B3k TR T 5
FEAR SRS 45 9 B BR 1 1 = o TRER I R S
gy H =, 350 43 BRI A0 KR T AR SR AR R
AT, MO T = R 4 SCHE LB M, 1K B 65 A 7
5L RE T = i AT BELAS 23 TR B V) RIS B 5 8 27 30
I AR B, A AT T, 1) o I O F% , 5] B B IS tand
B 58 B, e 26 S BRI ME S B AR I R 2P
Tt

3 Zig

A FUR FH AR 35 A i T 8RR oK — 5
AT, I8 F T30 S IR 1 ORI 9T, R G o i
THEEMEBINER SRR R, BRGS0 :

(1) SR FH U AR B B BRCEL A HR O — 42 1)
FIR FLIE 4544 (1) DSI0, 9K K1 5 ek Jot A8 TG 751 Z-
6040 L PE 5 , DSIO, 75 382U i H 1) 2 AR 5 78
JR 5 N 0.9% LAY B AT RS GE 23§15 K BA b

(2 [ $k.30 77 5 8 45 SR R B, DSI0, & 3 51
T AR B AT O, B R A B 0 3G &2
0.9% , & A PR ] A4 J5 5E 2 3 R 1%

(3 J1EPERE M 45 R LW, DSIO, W& =27t 1
IE R P 10 0 24 1 RE L 7E DSIO, i & 5 0N 0.9%
I, 5 A W R B A8 8 BE B 24.2 MPa 42 7t % 53.6
MPa, 34 ME 1% 121.5%; Wr 2 {1 K 22 10.5% 3 =
13.5%;; 3% [QHE i |1 85. 1 $2 FF 2 91.5, 5 )& oItk 5
5 52 720 403

(4 DSIO, 7] A R AW g I sh & 1 5
IFaErERe . B A MR G RERL B B3R, B

MG A R B (T, 17 e il 7 [ £2 51, 4504 PR 1 0 e
%, 7> 7 8E Bz s Z IRARFESE T, MR 55 Az
5E 1R ] R 4 8

£ L ik , DSIO, FE A iy PE 2 AR VRS IR
I ALEE R R o WOvE f o S A A R D AR AR TR
AR AT SBR[ AL AT 9 s RE S &
JrEE R RE B FIARAL , i P B3R R AR L 45 5 R
AR 2 5 TR S 7 BES  Se0 SCHE .

ZE#k References

(1] WR/ANSC, 2V, A5 S0 7 2 A e IR 2 2 5 M RHI F 5
B[] WU T AR 41 1,2024,48(12):1-8.
Chen Xiaowen, Jiang Tao, Li Wenge. Research progress on epoxy
resin-based composite materials for electronic packaging[J]. Ma-
terials for Mechanical Engineering,2024,48(12):1-8.

[2] EFE AL RR . S AN RS MR e Bk (0], 2
BLRHE,2024,52(12):140-145.
Wang Xin, Shao Weiguang, Chen Jun, et al. Research progress on
conductive epoxy resin composites[J]. Plastics Science and Tech-
nology,2024,52(12):140-145.

[3] 3R, SKIGT AR, 55 T 24 B TRR A M S8 IR o TR Y
W T Bt R 0], P B 288,2025,39(1):63-74.
Ji Jiajun, Zhang Zengping, Li Junhui, et al. Research and applica-
tion progress of epoxy resin sealant for highway engineering[J].
China Plastics,2025,39(1):63-74.

[4]  Thifg e AR . 30 S0 IR 7K Ve 72 52 38 FE filt v Bt o 10 %2 BF 72
HEJRT]. FATE] MR ,2025,40(1):61-69.
Ma Hailong, Dai Mingxin. Research progress on the application
of epoxy resin cement in transportation infrastructure[J]. Thermo-
setting Resin,2025,40(1):61-69.

[5] BRI T S 58 PR AU A T R 2R B A R T Sk R (). B4R
fifF 78 15 8 F1,2025,19(1):136-147.
Li Kun, Feng Yujun, Yin Hongyao. Research progress on latent
curing agents for epoxy resins[J]. Materials Research and Appli-
cation,2025,19(1):136-147.

[6] XU, ARl 4, SR A5 R4 . & A AU A 7E 24 S 28 ek o () 182 1
F 72 (0], A LR Tk, 2025(2):14-17,22.
Liu Min, Zou Tingting, Wu Zhijun, et al. Research on the applica-
tion of fluorinated epoxy resin in epoxy plastic sealing materials
[J]. Organo-Fluorine Industry,2025(2):14-17,22.

[7] 20 B, B, AR R/ S DU I 20 B 7K i S22 7 DK P
BEFE[]. ) A6 T0,2025,52(11):1-3.
Li Bo, Fan Lei, Bai Jie, et al. Research on the anti icing perfor-
mance of epoxy resin/polytetrafluoroethylene superhydrophobic
coating[J]. Guangdong Chemical Industry,2025,52(11):1-3.

[8] By ity 2 Mt s, 5P Il 9 55 R 0 AN [ P A I R T v
RE A RZMA[J]. A6 L H7 BA R, 2025,53(S1):220-224.
Zhong Zhurui, Guo Congcong, Yin Guoqiang, et al. The influ-
ence of moisture absorption on the properties of different epoxy

resing and their prepregs[J]. Chemical New Materials, 2025, 53



DN BEBCIR SR A B 4K 2 S ARG i 2 S

b
<)

Wt 55

(9]

[10]

[11]

[12]

[13]

[14]

[15]

(S1):220-224.
AT . 2 T BSUPE R AU A R S R T I AR o R
[9]. & AT 4E,2025,54(6):71-76.
Huang Chengnian. Application of polymer modified epoxy poly-
mer mixture in road engineering[J]. Synthetic Fiber in China,
2025,54(6):71-76.
SR TR VR AR AT A 2 AL A MR B IR S 5 #RHK) 3D
FTEN & 5 1 Re[J]. 2k L0k, 2025,53(5):172-178.
Hua Chenxi, Zhang Tao, Xu Shixuan, et al. 3D printing prepara-
tion and properties of epoxy resin composite materials with
multi-level pore structure[J]. China Plastics Industry,2025,53(5):
172-178.
BT AR AT, E MR, A R U U 2/ S NI S bR
[ 18 BRI D). 4804 81,2025,58(4):45-51.
Fan Kaisen, Fu Gang, Wang Dong, et al. Study on the self-heal-
ing characteristics of polyurethane microcapsule/epoxy resin
composite insulation materials[J]. Insulating Materials, 2025, 58
(4):45-51.
A AR DA K AR B BARR AR R T A 0], 2
BIARHE,2021,49(8):43-46.
Wang Kui, Li Qianbo, Wang Chong, et al. Research on nano sili-
ca flame retardant epoxy resin[J]. Plastics Science and Technolo-
2y,2021,49(8):43-46.
K G B I T R A 2T A A o X s AT AR T
5 A M B & % 5 YRR 0 7 (], 28R Lk, 2025,53(5):91-
98,112.
Zhang Yiming, Yang Mingjun, Lu Yuqing, et al. Preparation and
performance study of cellulose modified basalt fiber/epoxy resin
composite materials[J]. China Plastics Industry, 2025,53(5):91-
98,112.
4 5L B L, PN R, 55 . O Pl CaCO, 38 SR AR 5 A7 WL S b X
VIR SRS i A 2 - 0 S R PR WE ). 48 25 4 R, 2025,58(6):
67-75.
Li Zhuohan, Yin Kai, Sun Potao, et al. Study on the electrical
mechanical properties of inorganic CaCO, oligomers and or-
ganosiloxane modified epoxy resin[J]. Insulating Materials,2025,
58(6):67-75.
AR PR BRI A L K SR A R AE A SR I b R

ST ACLT 591 83H0K,2025,54(2):1-3.

Zhang Junyang, Chen Yu, He Zhaoxian, et al. Application analy-
sis of nano silica in epoxy resin[J]. Chemical Fiber & Textile
Technology,2025,54(2):1-3.

[16]  J7 i B3 AR BH e AR B 55 B — A RE AN R 2 11 1 5 S
T FRSE M T A SBR[, R Tk, 2024,54(8):9-14.

Qi Haixia, Xu Yangguang, Lin Jinchang, et al. Preparation of
magnetic silica nanowires and their toughening effect on epoxy
resin[J]. Paint & Coatings Industry,2024,54(8):9-14.

[17] BN TRER, 2 1,45 | — S AT U o 820 2% A S X 3R
SR AR Bh ) 24 SR D], SR Tk, 2022,50(12):46-51.
Xie Zhihui, Zhang Yue, Liang Zhiming, et al. The effect of hy-
brid modification of silica/graphene oxide on the curing kinetics
of epoxy resin[J]. China Plastics Industry,2022,50(12):46-51.

[18] Guo Zhaoyang, Wu Liting, Wang Yang, et al. Design of dendri-
tic large-pore mesoporous silica nanoparticles with controlled
structure and formation mechanism in dual-templating strategy
[J]. ACS Applied Materials & Interfaces, 2020, 12(16): 18823-
18832.

[19] skfEXIBE T % 5347, 46 . TR Ot ds A A B 4 2

BRI 1) 5 W) vk B Ak RE BT TE (D). 46 2 MR, 2024,57(7):
43-50.
Zhang Jian, Liu Heqian, Zhu Yongxing, et al. Study on the sy-
nergistic toughening modification and properties of epoxy glass
fiber composite materials for dry-type hollow reactors[J]. Insu-
lating Materials,2024,57(7):43-50.

[20]  RBH, TR 2 06, 14 30 55 U AR S A T M R AR
FHAFFE[]. 46254 81,2024,57(8):39-45.

Song Yang, Zhang Haofeng, Xiao Wei, et al. Research on the
performance enhancement of boron nitride whisker/epoxy com-

posite dielectric[J]. Insulating Materials,2024,57(8):39-45.

Y FHA:2025-08-14; 1& E B EA: 2025-09-29.,
EE R

B E(1978-), B (k) , W)l A, THIF, £ ZNF
K ALK UL 3 AR R AT A

A RIL(1991-), B (), Wl WA, A T4
I, W, 2 AT KA G ARG LG AT AR A,



