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Research progress of silicone modified epoxy resin
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Science and Technology, Xi'an 710021, China)

Abstract: In this paper, the research progresses of functional polysiloxane, silane coupling agent, POSS, and other
organosilicon modified epoxy resins were reviewed from two aspects of physical and chemical modification. Combined with

the development demand of material science, it was proposed that the water-based and photocurable environment-friendly

silicone modified epoxy resin would be the future development direction.
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Fig.1 Dipphenol A type epoxy resin typical structure diagram
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Fig.2 Structure diagram of phenyl oligosiloxane bridged epoxy resin
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Fig.3 Electrochemical impedance spectroscopy of the coating

after immersion in 3.5% sodium chloride solution for 168 h
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Fig.4 The structural diagram of triepoxide EP-POSS
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Fig.5 Effect of DDSQ content on the surface water

contact angle of epoxy materials

AU AL RSB 78 B 3R S IR (ES 1D il £ T 2 IR 48
RHEE GIRE. 45 RERW, IR POSS 94K 4 3%
I 2 Ak S5 Y POSS-NH, 55 R 580k Jig 2 0] ) 4 [ 1
FH R A 15 [ £ J5 20 5500 IR % J2 10 400 1 R A e A
BB BT RUE A, PHAE AN -
AR R A SRR AR &Y
(LLCP) ¥ [F) T B 500 i i i i, BT 526 M kbR
JZ HLAG 0 1R ) e AR A
24 Hbg

T3¢ B 085 (AR /B B R, FANG C 259
Il a,c0- ZHEFR S B un I 5R (3,3,3- =N 2D fEA
Ft (PTFPMS) 55 2,3- 3 4 T4 %0 T4 2 = A 40 R e o
(KH-560) #F 17 4 5 , BRI H] F KH-560 45 #4 #' Si-OCH,
5 PTFPMS A ¥ Si-OH W46 & [ M, fff PTFPMS
ity 5 56 e 8L 1 5 R B 0 A i ) PR AR L AR S R
S U R T S AW R 2 S I A L
] 10, AN R B A MU B B 51 N BRI A
#, H H1T PTFPMS 8% B 1 2 M, o A1 Rk o5 1% 240
S IR B ok e B DR 4 v, 2 ot i R R REE A
BEAS, T,0& A T B . AEHFIE N SR R B, 25 30 8K &
o PTFPMS B8 B 1) 51 A\ & ik &y, FLai K % 5
PTFPMS 5 &M i AR A AR 22 , ph o o B2 R B

WANG X %R T 775 & B T GNP-NS 4
AR WAL bt (PDMS)-H A M g 9k 2 &
Pkl 3@t PDMS B 51 X3S0 R 3547 50tk S 42
TR SR R BB K, I il A el 50° 35 K F)
110° . i 5B il £ B3 AW g 4 oK 2 & M R 2
LU 40 3R M R ¥R 2 LA A R PR e, L B
PE BT YERE (B 85 PR BE LA B S v

JIANG S ZPE i ek 5 - RNE =24
AT B 1) 4 5 S B S 4SS A A R R R R I
kB i S FORE AR v b 5 e NP [ AR 2 4 5 AL
Jiie 52 & FL TR F T RS0 R 0 el v T4k . 45 SRR
25 B/ 2R SRR A i 5O 1 PR S i B v T
Oy FRVERE , HLER AW i b 51N B9 RO S Je 45 44



BEMRL 2023,56(5)

IS 2 45

+ A HURE CSCIE 2 S B I PO T 70 e 5

RE T 80k A SR IR B8 v 1) T, 9 e A R0 3 [ 4k
WIE B 12 Re s Bb A, F2 - (ph,SiO),~ 5 i e
Si—O (14 ML 25 & 3k v] A [ Ak 7= ) B 1 i e A
SR AR P A TR

YANG S C 5P 3 4- 51 5k O R HELE (ECTS)
b IR Sk T (DPSD) F I i 458 Jie 72 e 40 5 i) ke
IR IR I F BIL(CAEO) , ARG 5 5 B FF IR A
P i A7 P oy 1 VB i) RO [ 16 4k &R, 75 FH & 7ok 5
RFE T AL BE 2 LA 80 LA A% A0 3 S0 R
WERERREE A, N ERERA RIFMELS
i #1475 LED ¥ 35 Ji S HL - 70 28 1 b 2 56 A 4k
HAEBEN .

3 45%RiE

AL T I AT SR AT WU S5 BRSO g A
Fuit e, ) B AL A 7 S A FLEE PR A
P S T A 15 2 SR R R TS A M SR 90 Tk e DA
T 7125 VE RE S 3045 B B B ok st , b A 2R R 1 SR A
St BCRE B AR S5 0y A BB BA SRR i 3 T AR BLAR
V7 00 S S B, R B SRR IR IR OO RO L .
Ab 75 R E M AR 7R & B 51 ON T RE 40 94 2K kL o gy oK
Si0,~ 44K TiO,~ 44 KR 55 1 RUHE = 8 W i 1 B
KB JH P T i

BT IR AR AR I K 7, S RO R R AR
B & TR 2 ) K50 e H R IO AT
MV AFF FE R, DR AL et 2R S R R A7 AE —
e i 0 LR, s G K [ A T2 RE AR R
AT o BN IR L u] B, W] SR 2 B g A ok o3 A
PAGA HURE e 2R A R B PERE , 2 ZERT DU BLR
PIANT7 T TAE - OFE 58 B LA 120544 (1 2 il
b PR A 2 R U BRSO I 1 8 B AR, (3 etk
ISR 00 S0 P A A R T A S5 0K B — AN
w1 s @K BA eV A 26 5 FEMIK 5 G A
FRAAR SRR AR, (E DR A I, TG 4 (3R
TRELE, 40 96 A HURE S5CM: R 58 i 19 B 4003k,
R TC I TR R OR L R S [ A0 1Y () A WL ok 3
AMTIRE A 5 R R T 1)

B CHR:

[1] WEN R H, HUO J Z, LU J, et al. Effect of silicone resin modifi-
cation on the performance of epoxy materials for LED encapsula-
tion[J]. Journal of Materials Science: Materials in Electronics,
2017,28(19):14522-14535.

[2] DUAN Y F, HUO Y D, DUAN L. Preparation of acrylic resins
modified with epoxy resins and their behaviors as binders of wa-
terborne printing ink on plastic film[J]. Colloids and Surfaces A

Physicochemical and Engineering Aspects,2017,535:225-231.

[3] %P 5, 5k 55 . TR TR MV i 2T 4k 4RI 5 5 LR
JIE IAIEFE[J]. P B 48,2020,39(6):1-7.

[4]  gRRME A SN A ST A S AR AU IR S A A R
TFFeaE )] 482541 81,2022,55(3):10-22.

[5] ZOTTI A, ZUPPOLINI S, BORRIELLO A, et al. Thermal proper-
ties and fracture toughness of epoxy nanocomposites loaded with
hyperbranched-polymers-based core/shell nanoparticles[J]. Nano-
materials,2019,9(3):418.

[6] WEI W, ZHAO Y Y, ZHANG B W, et al. Silica/poly(styrene-alt-
maleic anhydride) hybrid particles as a reactive toughener for ep-
oxy resin[J]. Journal of Applied Polymer Science,2020,137(34):
48986.

[7] B b, M6 S0 4 . L FE MT R A IR e PR 34 48 2 4 21k 1 R
Ji FORIE 5[], A HLREA B1,2018,32(5):388-392.

[8] YU Z, CUI A, ZHAO P, et al. Preparation and properties studies
of UV-curable silicone modified epoxy resin composite system
[J]. Journal of Applied Biomaterials and Fundamental Materials,
2018,16(1):170-176.

[9] HUO S, MA H, LIU G, et al. Synthesis and properties of organo-
silicon-grafted cardanol novolac epoxy resin as a novel biobased
reactive diluent and toughening agent[J]. ACS Omega,2018,3(12):
16403-16408.

[10] CHENY, WU Y, GENG C, et al. Curing kinetics and the proper-
ties of KH560-SiO,/polyethersulfone/bismaleimide-phenolic ep-
oxy resin composite[J]. Journal of Inorganic and Organometallic
Polymers and Materials,2019,30:1-9.

[11] LIJ, WANG H, LI S. A novel phosphorus-silicon containing ep-
oxy resin with enhanced thermal stability, flame retardancy and
mechanical properties[J]. Polymer Degradation and Stability,
2019,164:36-45.

[12] XU A nin A LA i P S0 IR [ A 1 RE 4 52 i
FE[I]. K 4,2019,40(1):26-28.

[13] MRt Ph i, AR 53 55 A HLIEE S5Ok 2 S0 i Pt e ik e 5
JeE B AL T8 R4}, 2021,49(10):63-65,70.

[14] CABANELAS J C, SERRANO B, GONZALEZ-BENITO 1J, et
al. Morphology of epoxy/polyorganosiloxane reactive blends[J].
Macromolecular Rapid Communications,2015,22(9):694-699.

[15] GONZALEZ M, KADLEC P, STEPANEK P, et al. Crosslinking
of epoxy-polysiloxane system by reactive blending[J]. Polymer,
2004,45(16):5533-5541.

[16] CABANELAS J C, PROLONGO S G, SERRANO B, et al. Wa-
ter absorption in polyaminosiloxane-epoxy thermosetting poly-
mers[J]. Journal of Materials Processing Technology,2003,143-
144: 311-315.

[17] SHON M Y, KWON H S. Effects of surface modification with
amino branched polydimethylsiloxane (ABP) on the corrosion
protection of epoxy coating[J]. Corrosion Science,2007,49(11):
4259-4275.

(18] JRAEAH XUAT IX, fo o 1 AT WLACE SO 02 v A SRS 0 e A 44
PEIWEFE[I]. K5 404k T2,2008,25(1):23-27.

[19] e B SR, Tk HE 5 A ML A R B Rl R
N [0]. 46241 81,2009,42(2):26-28,32.

[20] JIY,ZHANG Y, WANG P, et al. Mechanical and thermal proper-
ties of epoxy resins modified by a novel thermoplastic-polyimide
[J]. Fibers and Polymers,2021,22(1):205-212.

[21] CHEN L X, FAN LY, GAO L S. Modification of epoxy resin



phenyl - POSS moieties in competing mechanism of rigid cages
and soft segments and its effect on the glass transition tempera-

ture of epoxy hybrids[J]. Computational Materials Science,2018,

6 B PP 22 o A WURE SO P B 4600 S 1 19 9 0 P @GFRL 2023,56(5)
with silicone for electronic encapsulation application[J]. Ad- 152:78-84.
vanced Materials Research,2014,936:627-634. [38] FLOREA N M, LUNGU A, BADICA P, et al. Novel nanocom-

[22] iR ek Jit A I, o . v 2 i S A SR ek S bt 2 R A A 2R I TR posites based on epoxy resin/epoxy-functionalized polydimethyl-
ISR I T[], R R A 751,2020,29(6):7-10. siloxane reinforced with POSS[J]. Composites Part B: Engineer-

[23] 2RISR B0, 5 AT HUE TR AR . A WU ot 38 SR ing,2015,75:226-234.

Ji~ TRORE TR A B Hoihill 4 77 ¥ :CN202011617525.1[P]. 2021- [39] 4 &, Z AR, B 25 .EP-POSS Btk 2R 0B IR (1) [ 4k 1 23], s
05-07. ¥ 574:10,2020,39(24):1749-1752.

[24] A8, Eoooc, WA, 58 Do 2Ad WIVE R 4F BOA HLIE SSOvk IR 30 [40] < dh, L RKR B 18 50,55  F 55, POSS eI 3R R IR A T /1) 5
RIS g B i) 46 5 12::CN202010940421.8[P]. 2021-03-30. T BEWF 7E[J]. 1L L2 41,2020,71(5):2432-2439.

[25] /KO, B 5 A — o WL PR 0 PR SR i 4 25 [41] BRI 0% 55— e daf P IR = A A IR A
#1:CN202110679919.8[P]. 2021-09-07. POSS J Hiil % J513::CN10974908 7A[P].2018-12-25.

[26] MA S, LIU W, LI H, et al. Morphologies and mechanical and [42] LR = 10,55 — Tl B SRR = E R R
thermal properties of epoxy resins modified by a novel polysi- POSS 41L& K 1kl il 4% 75 1:CN109735203A[P].2018-12-25.
loxane capped with silane coupling agent, epoxide, and imino [43] %=, 2O RS, BT B R A I8 AT A U Bt R
groups[J]. Journal of Macromolecular Science Part B,2011,50 HIRE W IC[). ok 00Y,2018,48(9):14-18.

(5):975-987. [44] VDR, ARG 2 G AT T U SO B SO AR B-51

[27] SHEN Z, XIA Z, ZHANG Y. Characterization and properties of 1hzh 7728 T I BE D). #38E,2012,41(4):16-18.
epoxy resin (E-20) modified with silicone intermediate RSN- [45] CAO J, FAN H, LI B. Synthesis and evaluation of double-deck-
6018[J]. Progress in Organic Coatings,2018,114:115-122. er silsesquioxanes as modifying agent for epoxy resin[J]. Poly-

[28]  MoHiEE, & UK, T IR . AT AR SOV B S0 IR 1 REATE 2 [0]. ) mer: The International Journal for the Science and Technology
1£T,2019,47(18):46-48. of Polymers,2017,124:157-167.

[29] AHMAD S, GUPTA A P, SHARMIN E, et al. Synthesis, charac- [46] NI C, NI G, ZHANG L, et al. Syntheses of silsesquioxane
terization and development of high performance siloxane-modi- (POSS)-based inorganic/organic hybrid and the application in re-
fied epoxy paints[J]. Progress in Organic Coatings: An Interna- inforcement for an epoxy resin[J]. Journal of Colloid and Inter-
tional Review Journal,2005,54(3):248-255. face Science,2011,362(1):94-99.

[30] MURIAS P, MACIEJEWSKI H, GALINA H. Epoxy resins modi- [47] BHEA AR, THE . IR ERRT/POSS 2k Stk
fied with reactive low molecular weight siloxanes[J]. European PR AR T FL[I]. AL TR A HE,2011,39(7):82-84.

Polymer Journal,2012,48(4):769-773. [48] FANG C, GUAN D, YAO W, et al. Studies on mechanical and

[31]  FINER, 555 5 S0 I, 45 . i 0 480 3 A WL e i 3 40 A 1 thermal properties of epoxy resin modified by fluorine-contain-
RE[J]. M BLR} 2 5 T2 2%4R,2020,38(5):722-727. ing silicone[J]. Applied Mechanics and Materials, 2013, 2668

[32] JIN F, MA C, GUO B, et al. Effect of surface modification on (401-403):713-716.
thermal stability, flexural properties, and impact strength of ep- [49] WANG X, LIN Z. Robust, hydrophobic anti-corrosion coating
oxy/graphene nanocomposites[J]. Bulletin of the Korean Chemi- prepared by PDMS modified epoxy composite with graphite
cal Society,2019,40(10):991-996. nanoplatelets/nano-silica hybrid nanofillers[J]. Surface and Coat-

[33] &5 a5, W dn 55 X0 3% i, 45 . AR A 4 196 ) KH-550/3F %0 I g ings Technology,2021,421:127440.

LERO350 2 P A4 R4 1) 1) 4% B [ A6 1 GEAIF 78 [0]. A 48 4 ok T 52 [50] JIANG S, ZHA S, XI L, et al. Synthesis and characterization of
2ERE2EHR,2012,25(4):34-37. diphenylsilanediol modified epoxy resin and curing agent[J].

[34]  WhiEAA X1 X, 5 6, 565 s 20 e Jo 1 DR 7] o5 P B S8 T Journal of Adhesion Science and Technology, 2015, 29(7):
PEREWT U], = 20 T M R 5 1F%,2006,22(2):133-136. 641-656.

[35] MAY, HE L, JIA M, et al. Cage and linear structured polysilox- [51] YANG S C, KWAK S'Y, JIN J H, et al. Thermally resistant UV-
ane/epoxy hybrids for coatings: Surface property and film per- curable epoxy-siloxane hybrid materials for light emitting diode
meability[J]. Journal of Colloid & Interface Science,2017,500: (LED) encapsulation[J]. Journal of Materials Chemistry,2012,22
349-357. (18):8874-8880.

[36] XUFEE, 7 4, 7k OB AF NV EUR AR IR B A 2 S e e R 3R
SRR ) R YE REL). B FHEERRE 5 TR202137 i B 2022.05-16 {508 B :2022-07-18
(3):50-58. TEB BT 1 F & (1996-) , % (k) , B B &AL LA, £

[371 PAN R, SHANKS R, YANG Q, et al. Critical role of tetrasilanol-

ANFE AT AL RURE BOPE IR B RS S A MR 8 AR A 3 2 AKRL(1965-) 5
S (), T 8 8 5 A, #4222 St A AL AU aE A 6
NN LET DY



