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Abstract

The research progress in epoxy resin system with microwave in recent years was reviewed. Mi-
crowave is used to promote the latest application of epoxy resin system, including the synthesis of
epoxy resin, the synthesis of auxiliary materials (plasticizers, etc.) of epoxy resin system, the syn-
thesis of epoxy resin curing agent, microwave activation of fillers and the microwave application
in the curing process of epoxy resin, as well as the microwave degradation modification of ther-
mosetting epoxy resin.
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1. 518

B AL S R MBI HIHED . MORIR R 5 e A TR S 2 —, RURMRL, & 2T e i
FESERFRPEBERRE . GURFIRE ZHERPRL, SR RPRL GRS R SR AT R EERIE ! 24t
FoRL BB AE S et et E, AR VR 2 AR AR O )3 55 T AR R AR A

o R BA IR EER . BRI 3. msk. ZaBW 2, TTRMAT 2O, SiE
T RORUE: R, RAMBRA . AW AR LS. SRR ARG VERE R, EREME I
REFUAIGRRSE SIS T2, HE A BOR — B2 BB AT S OUR[1], SR B T R0 g 0 [ A2 —
MBI [2] o HAT, % T R Fa S e PR S8 i e AL O P BE A2 AT — 28 03], — AU s A A flint
RS A IR o5 — PO RN BR 7 BAT TN A, Sl Am S i A AR IR [4]-[8] 0 R I SENLBE A it —
BT, AMEAT BT (e Sl £8P0 S0 R 1A AU P 2 T EL X R S0 i 1 R P i v th A7 L2 4R 3
BX.

2. RERBEERI AR
2.1 SREVEREURBRAOE AR

Tl S N T 2 7 R A S i R 5 18, B T T A RO A
T AT UL BRI N ERL, AT XU 2 (BHPF) S, I LAHCA R B T 27 35 3R A R [9] -

(l)H HO

& H+
+ 2 }
.

Figure 1. Synthesis of BHPF
E 1. WEpH &/

DOI: 10.12677/mc.2020.43003 24 Tl


https://doi.org/10.12677/mc.2020.43003
http://creativecommons.org/licenses/by/4.0/

[ EAR AT

S 1, RS T, B IINHE T2 60°C T2 5 h, Mk & 5% 55°C A 7% 30 min [9].
TSCHARIE 5T T R KRAEFT & SO AR M RN A o T IR AE 160°C 284, A [Aj 35 7E 22
min 2245, KBRS FT: SO inAGR R 85°C, I IAILE 60 min, &AM AR R[10].

2.2. FEMEEHFINEARKR

Moraa 25 DTS A @I 77 S B SR I 9 JEoRL,  FHAORAE 110°C~120°C, (R ikIAk s N 1.5~2 h, #it& Rk
TETEBRIE- R YRR A1), &% 2.

NH

2
NH,H,0, 2-MeTHF, ’/(OH
MW ] OOM/V R} orR;

Figure 2. Aminations of NC-514 (R1) and GX-2551 (R2)
[ 2. NC-514 (R1)F1 GX-2551 (R2)RYA&{L

SRRV . 2R 20 I — G =0 BRIk KWy A ERL, Bk 44F T 110°C x 40 min
A AR E R, FEA AT E-10°C LLR RS 58 4 WAL PR HE[12] . 105 AU #4720 110°C & i I [
BT E 3 h [13].

2.3. FEMERMFINE R

BRI R £ IR BENE T DR AP IR BT . KRBTSR 7 — M Ou Rk B BoR, B
I TR R PR 1) 4% B BRR AT BE 20 RS . BRI R (10.0 mmol) Al 2, Bk (12.0 mmol)7ZE NaHSO,-H,0 (0.01%
mol)H1 DCM (3.0 mELE R, ZEMIEA/ER T 150°C x 25 min N, £33 7 740 & Bk iR 2. — B ks [14]

3. IRRERURE

RIRA LGB AW E GARHE T b, Rl R T EAE Z N SR, AR LRI
AEFIAAMERER 1) 7N . A (Musa paradisiaca)>k H JE H R PG, Patrick Ehilmoisili %5 % FH 7K it
EMBE R I 4 . SR AT 4E B e 3% AL NI VAL 2] 4 /NI o SR FH =3 HLF- em51052
WO B LT AE AT O AR S AL B, T AR T TR 550 W, AR 2.45 GHz, AbFLETE] 2 min. SEM o Hr#k
B, Tk A 4R IR ), A G S RS EA R RIFIINIMR BB X — 25 R R,
ZBE CNT AL AT DU a B LT 4E G s R SV R SR )22 Mt Re B E e, A T AE IR Lol S FH AT 5 [15]

TEFRFEZ BE CNT 73BT F U e VE N BRI I AR rh, PR AL B ) P DA AR 3 — A, TR 244
BARERITE 20 K5, 1SRRG BIVTEY) . Sk A3 G vl DGR RST REER TR R, AR5 R L £ B
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CNT H#1[16].
IR Z 235 0 TR AT s b B, AR IR EM R, i CNT [17] [18]. £EE CNT [19]. AJi
#[20]. A BIE[21]. BREFYE[22]. TiO, [23]. MEA[24]4%, #BEUAE T LA = IBUR .

4. RERBERIEL
4.1. FTENFEREEZR

BRIDE 3 R IR i S A PF T TR SR g 5 1 e 7] s NI D S R 33 B v T TEAR G 2 AF T PR S T 5 14k
I 1) J2 L P

E-51/100A 7£ 100°C, E-51/DDS 7 150°C, E-51/DDM 7E 80°C, E-44/DICY 7£ 165°C[E{L/E k%] 0.5
BF, PRSI S S5 A T S NI 75 ) 8] 20 ) AE AR 8 2 A T S S Pl 7 B TR 1 30% 12.5%7F1 25% .

E-44/100A 7£ 100°C %14 ~, E-44/DDS #£ 150°C %t N XM, E-44/DDM f£ 110°C %14, E-44/DICY
£ 165°C &1~ , [ EEEE] 0.7 I, LETSB AR 26 A1 T SN Ffe 75 I 18] 73 3ol J& AR A 48 %At N B2 T 5 I 1]
(1) 23%-. 25%. 409%FI1 25% [25].

1R 2 F WAl 7 JIARE [26]-[31]
4.2. HENTEREER

Ranu Pala %5 LA AK 77 SR (EG) A RE, 250U (800 W x 20 #h)[EI 1k, LLAR i ¥R W) g B2 &4 BHK A
HERE, SARERAEFIEL, ok 1L 3 wt% EG/IAEM AR 2 A PR B 51k B AR T B AN ik e A i
AR L) 24°CHI 58% [32]. ZH 4 1, X BAIEEAN Tg RACTH MR E T Tg, X A{ERF KK
B,

Table 1. Glass transition temperatures of pure epoxy and different loadings of EGs in epoxy cured by MW and CV
= 1. 4R ERFEPAERMENE KA BEMRERNABARIBUETEE

Glass transition temperature ("C)

Sample name

MW cured CV cured
Pure epoxy 96.98 107.13
1 wt% EG/epoxy 109.19 111.57
2 wt% EG/epoxy 113.13 114.79
3 wt% EG/epoxy 121.70 122.54
4 wt% EG/epoxy 110.38 117.40
5 wt% EG/epoxy 109.57 118.01

43. FEWEEFEREEL

Huiyuan Deng %5 F st 4 B 4 [l A4 SR 42 Hil AH 23 B9 1 SR RIS B S IR . W36 2, W DU B
FF A A0 [ B 1) DR K 4 46 [33] o

IRZ & 3TF ALO; [34]. BRLF185R[35] [36]. AN I[37] [38]. HKAR[39]. £ 88[40] [41]. f158
#5[42]+ SIC [43]. SiO, [44]. WRLFH5m[45]-[53]. & T % 48[54] be HoAh &2 A 44 KH[55]-[60] 53K UM fig 44 5
BEAT T 00 [ AL T 5T

S P AR 1 A3 ) 4% (R 7K 5 B R 10% 1 10%~15% [ 7K 73 PR S 3 , 5 TR - IO A 25 1k e 3 6111
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T i B2 o A SEURD S 1 S P RORL 25 Mk R, (R ER A L 0 s kb . 5 RIFFY (R B MI B, Rk
Y (5 L) 1T B AR B RS A K ZBU(CTE), KR TER AR K & &Ik F) 10%0, CTE P F#(%
2] 36%; /KM ARKS &L 10%8, CTE “FHIFFKL) 23% [61].

Table 2. Phase Separation Time and Gelation Time for PES/EP prepolymers
= 2. PES/ARE TR YDA A8 53 B Bt (8] AR A AL Bt 8]

Curing condition

Thermal curing (100°C)

tos (5)

Microwave curing (150°C)
Thermal curing (100°C)

tger ()

Microwave curing (150°C)
Thermal curing (100°C)

Microwave curing (150°C)

570
30

1010
223

1.77/a

7.43/a

PES loading in prepolymer (wt%)

13
680
30
940
213
1.38/a

7.1/

18
760
30
860
205
1.13/a

6.83/a

4.4, IRE P BEEL B0 PE AR S B UL

EIRTT DK R 32 (R T [ APk i 5, ARB P RH62], (HIXFE I A ReAE 4 50 fe KAk o
Xu Zhao S5 2 35 (PR AR IR E 0, TIWACi] e A BILE [ 4 71 [63] -
R R S M R AL, H A EEALT ZnCl//K. ZnCl/ 2B, AICl/ 2. . WEESIRAE, — AR IR 5
BT 200°C. K 3. 7 1M ZE 2, Xu Zhao 25 = 2003 = i (DETA) Wi 4 Bl JH Ak, 4 i 34 420 R 0

SAEBFEALYI(MER), 130°C x 50 min i 51| 999% ] F% iR 25 % [63]

Figure 3. SEM analysis of MER (a, b) and DCM-MER (c, d)
3. MER(a, b)f1= & B ¥%z-MER(c, d)&J SEM 534k
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Scheme 1. The decomposition process of MER
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Scheme 2. (a) Chemical structure and amination process of MER; (b) diagram
wave-assisted amination process by DETA

of MER pretreatment with DCM and micro-

R 2. () MER BILZEEMMPRILIETE; (h) =S BIEMALIE MER F1 DETA UK BRI 2 REE

%4 4, Jianying Deng %55 R 31 A SR iF CFRP & &4 K1

TR AL B, [l 2T 4E[64]

M5 FI1E 6 FTLAE H, 450°CHRE T, 13 min fis KB A BB 41 4, 2tz i T 5 M #4075 X175 21

IR ET 4k o
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Wastes of CFRP——

"
{ Carbon fiber wz
Epoxy resin
Microwave /-
generator I — —
Carbon fiber ‘ E ‘

To exhaust

Wastes of CFRP m?;?éem?a?/‘:ffﬁ'ﬁgr%3{@55%??88%&2?’ Recycled carbon fibers

Figure 4. Schematic of carbon fiber-reinforced polymer (CFRP) waste treatment by microwave thermolysis
[E 4. BREFHEIETRER A 4(CFRP) EMIRUR A iR IE R E R

Figure 5. The macroscopic appearances of the CFRP waste samples after experiments: (a) 30 min of traditional heating at
400°C; (b) 30 min of traditional heating at 450°C; (c) 30 min of traditional heating at 500°C; (d) 13 min of microwave heat-

ing at 450°C
E 5 I ERAEERE S MR R EYMS: (a) 400°CREGIMMA 30 538; (b) 450°C G 30 £33; (c)

500°CHE4em#% 30 4344 ; (d) 450 CHRUE M 13 434H

Figure 6. Field emission scanning electron microscope (FESEM) images of recovered carbon fibers: (a) and (a’) 30 min of
traditional heating at 400°C; (b) and (b’) 30 min of traditional heating at 450°C; (c) and (c’) 30 min of traditional heating at
500°C; (d) and (d”) 13 min of microwave heating at 450°C; () and (e”) 30 min of microwave heating at 450°C

E 6. BT HENIH LGB FEMIR(FESEM)E % : (a)F0(a’) 400°CHEZM#HA 30 73%4; (b)Fi(b’) 450 CHEL MK
30 min; (c)FA(c’) 500°CHEZEAN#L 30 min; (d)FA(d’) 450 CHRUE M 13 min; (e)BAK(e’) 7E 450°C TR AN#% 30 min
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Yuichi Tominaga <57 F RIS ROBRET4E, 50 1 344800 IR e il 4k X [65]

Tian Fei 5t 2 i 4 Bh ¥ K Oxt P 2 S80S g Bl AL st AT 0 B 5 vk, mT DA 6 R P8 ST L 2 i oK £L,
AR I R B, )2 1 R BET K 7 BT, AT DS SR U 1 LA DL A2 5 R i KR A AT K
73 B I EER[66] -

45 WUEEWERS5IE

Yingguang Li S , 544 55 (R H B4 77 1200 B, T]20int [ 4 Fa S0 BEA 20 Jnll FEAIK 1 42.1%71 75.9%.
BE— D HIRAE LI 45 R AR W, TR [ AL e 1 70 22 1k e s v T S B AL RE[67]

Robert L. Hubbard H4E1 A IR & R S5 HRr A5, UL T B AW 5 5 S IAE X S s
S ST o SR B0 T AR S0 10 PR A [ A ok 5 T A d 225 2 B (il FEE A e 2 470 F e 51y 1 e 2 (J0)
MRS TR, AN R REF A B BA K AT 2> T R B, (HIX RS 45 R
PRkt KIS REIR, TR R — AR, M 2 XCR. Robert L. Hubbard #2111
—ANEEE R OB, RS RTINS RIS TR E SRR R S B . AR Dyt
RREFEAR AL 7 — 22 3 AL TIUREIR S A M1 ] BB S 37 [68] o

SRS A i B S MR [ A R AT 1 BB A [69]

Table 3. Curing degree and difference between outer surface point A and inner surface D of NOL ring at different times (heat

curing mode)

%2 3. FEEZI NOL IMshRE & A FIARE D HERE REEEFHE L AR)

I 18]/ 23 AR D & #H
25 0.69 3.79 3.10
30 2.22 10.33 8.11
35 6.26 19.94 12.68
40 13.85 27.04 13.19
45 24.15 34.06 9.01
50 35.37 40.25 4.88

Table 4. Curing degree and difference between outer surface point A and inner surface D of NOL ring at different times (mi-
crowave curing mode)
= 4. TEIFZI NOL FRShRmE S A FAZRE D MEWERAEEZEGURERFR)

I [R] /43 AR D ZH
5 12.05 15.83 3.78
10 37.28 42.87 5.59
15 58.48 63.80 5.32
20 72.46 76.51 4.05
25 81.91 84.67 2.76
30 88.37 90.26 1.87
35 92.84 94.09 1.25
40 96.29 97.08 0.78
45 98.13 98.68 0.55

A% 3R 4, SRAER AT RE T, EAFRE NOL A S5 T5 A ) [ AL 52 S 30— R OB 5 73
AL, R AR ) R AT R RS, B g i (77 50E 2 FEAR 7 KA H0E NOL APy T
(IR P E AR L, A R as T ] A48 2T 1R [69] o
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4.6. WUBEIRE

HHRHT « SRIE . EI B W 7T L AI[70] [71]. He JFR 1 ARSI DN 0B A U iR
E6[72].

7 23R E R A AR T —— AR RS R R A TR A R, b st R € i 1) XH-200C

A RE YT A S S, TR TR SRR R [16]

REAIAN

AR E A B AR EL, FHAVERER
EXEE, $AGOABENEEE, WEmHAR, AHE

XH-200C

SREEYIRE RS

&SR]

¢ Comprehensive enhancement in overall properties of
MWCNTs-COOH epoxy composites by microwave An effcient
approach to strengthen interfacial bonding via localized
superheating effect

#iFl: Composites Part B

SCI## [ ¥: 6.864

Figure 7. XH-200COmnipotent microwave Omnipotent microwave consolidation reactor
[E 7. XH-200C B2 BERYUR B 0 I R 3%

4.7. BB BURSR
Wi A4 B35 R 3 HOPE B P ) s 3 1A REBCSC R S A0 » 246 A8 L AL 18], HL5 50 10 i 1k e fie £ 3]
5 RE

2016 FA F IR A IR S L A AR EA T FU i A 1 43R 73], JRHARH T e

1) N T HEBA R A T E, R A T AR AR TR %ﬁm,u&%%%%ﬁﬂlﬁﬁ
AP T G SR AR B RN (B R, B O e IR L), DRI, G e R AT I ) AR ) 2
A B RES |2 (AL & SR A I SRR .

2) FESCHRA, R EACBOA R R A MM BE R SR T Z, R GIR P A T A PhiR, X ek
AR T [ A6 T2 R 5 PR ] 8 rh R 5 1 — LS S IR AR B 2 T AN I 37 1A 25 8 e LA 2% (14 8 47
H[74], JREARER, AAEE CRBIE). X FAXTEE AR Ny 525 R AR AN IS 1
M&%ﬁ%fﬂ&?wﬁﬁzﬁﬁw

3) FAJE A A A A E S I SR AR AP BRI L R A T IR LR R s, [ 4L
T A 52 M A S A OB ST, TS L LN A AE IR B, 76 B2 L 2 S MmOt DA e A
B2y .

4) EBH S FRP S ARHA T UATRFEAT 5% A0 R A AR PR I, 6 25028 8 Al T P R A (AR AT R
o H TR Il T i A I RS R B E I, B LART UK 3 R e fh S B B 1, Sk, et
Ui e 2 18 SR AT A2 A Gl (L vt AT R AR AN [ (0 U AR RS
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5) TSN IE N IR ATHIALIS], 2 S B AN BE AR AL ST X5 R 5 3 Iif %

AR IR S A B2 HU A K.

6) fJo, AR A AR RN R A P A HE 2 ] A o ST 8 2R S th A S I R A, e A R

ERRL b A EE R R UE BE 2 R R [74] -

A
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Figure 8. Major factors affecting efficiency and reliability of FRP composites microwave process

8. #M FRP E A MRIRUK I T EMAI RN EER R

AJ5 s BN R 5 = A 75 T FE TAE
1) e 5 FO AT BRI FH 2] 0 Ying Wu S tH— i FH T BR4E0ME G [ 2 50 70 1] 50 ) i o B2 2 5 1

LRARS A o T A2 N A A0 BRIN 1] BE BRSO AL BRIV [E) 2 3.6 5[ 75] -

2) e E R AL ET, AT DR S R B [76], AT LR IR
3) Tolb b W R A S B TR B A A A ik A i e it — 2B i
FLIE 1985 4F, WSCHELE P ERFER A UL AR TR T AL E[77] [78], 124 E 36

TR T, PBALAE R T KSR IE[79]-[91]. TIAEARIRL SR H MU A R S U 2 S B 7T 4 K
s, HkE—-HTH.

SE

(1]
(2]

(3]
(4]
(5]
(6]
(7]

RE T ARG E L T2 R REARIRE L[], A AL TR &, 2017, 37(7): 127-128.

WHER A, miim, WREDR, 5% 28 ORMERF IR —— SO RS XA A S S e UM BB DU R
#t, 2020.

Braade, ghilor, TR, . SOk EIREF 48 SR IR I OB 5T [9]. KiEz, 2005, 26(6): 13-15.

MERI, FAFSC, BASCHE. BvR (BB ) [J]. Tekfba, 2019, 3(2): 15-27.

S, B, BRI R IM]. dB B AR, 1999.

TRFER, SN, R[], KAk, 2001, 16(2): 32-36.

ZT, WIE, BUEE, & B (R S U R —— SR AR B R T SIE I B TR AN 2 AU SR A
B B SRR SCERY [J]. ik A2, 2019, 3(3): 29-35.

DOI: 10.12677/mc.2020.43003 32 A


https://doi.org/10.12677/mc.2020.43003

[ EAR AT

(8]
(9]

[10]
[11]

[12]
[13]
[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]
[30]
[31]
(32]

BREEAE, FAES, XiE, 5. TRBAGERTE T I —— T AR R S AR A 22 I G SR = AU A 2 AU DG HF 9T LR
H 3 KB SCERIM]. 5000 PO AL, 2019.

TAH. ZjEE AN NG E AL M RER FU[D]: [t 22608 30]. FR/RVE: AR JRVE A2 K%, 2011

PO, B TR FE T T A 0 g 1) bl 465 MR BB F2 [D]: [W 2= A0ie 3], fRsE: WTdbK2%, 2015.

Moraa, A.-S., Tayouob, R., Boutevina, B., et al. (2019) Synthesis of Biobased Reactive Hydroxyl Amines by Amina-

tion Reaction of Cardanol-Based Epoxy Monomers. European Polymer Journal, 118, 429-436.
https://doi.org/10.1016/j.eurpolymj.2019.06.020

TR, BRI, R, S POk R I IR B REBF L. AT ME R, 2020, 85(1): 7-11.
TRERAL, BRERL, ZRatR. FRER R R ) 4 R AR RERIT ST 0], PhE YRR TS, 2016, 31(4): 25-27, 36.
Zhang, H.F., Zhu, F.F., Xu, Y., et al. (2017) Microwave-Assisted NaHSO4-Catalyzed Synthesis of Ricinoleic Glycol
Ether Esters. Synthetic Communications, 47, 486-495. https://doi.org/10.1080/00397911.2016.1268695

Ehilmoisili, P., Ukoba, K. and Jen, T.-C. (2020) Physical, Mechanical and Thermal Properties of High Frequency Mi-
crowave Treated Plantain (Musa paradisiaca) Fibre/MWCNT Hybrid Epoxy Nanocomposites. Journal of Materials
Research and Technology, 9, 4933-4939. https://doi.org/10.1016/j.jmrt.2020.03.012

Liu, X., Luo, J.T., Fan, J.F., et al. (2019) Comprehensive Enhancement in Overall Properties of MWCNTs-COOH/Epoxy
Composites by Microwave: An Efficient Approach to Strengthen Interfacial Bonding via Localized Superheating Ef-
fect. Composites Part B: Engineering, 174, Article ID: 106909.

https://doi.org/10.1016/j.compositesb.2019.106909

Zhang, C., Liu, L.S., Xu, Z.W., et al. (2018) Improvement for Interface Adhesion of Epoxy/Carbon Fibers Endowed
with Carbon Nanotubes via Microwave Plasma-Enhanced Chemical Vapor Deposition. Polymer Composites, 39,
E1262-E1268. https://doi.org/10.1002/pc.24843

Moaseri, E., Behnaz, B., Majid, K., et al. (2019) Mechanical Improvements of Multi-Walled Carbon Nanotube-Epoxy
Composite: Covalent Functionalization of Multi-Walled Carbon Nanotube by Epoxy Chains. Polymer Science, Series
B, 61, 341-348. https://doi.org/10.1134/S1560090419030072

OdomMorgan, G.B., Sweeney, C.B., et al. (2017) Rapid Curing and Additive Manufacturing of Thermoset Systems
Using Scanning Microwave Heating of Carbon Nanotube/Epoxy Composites. Carbon, 120, 447-453.
https://doi.org/10.1016/j.carbon.2017.05.063

Marciano, S.J., Avelino, F., da Silv, L.R.R., et al. (2020) Microwave-Assisted Phosphorylation of Organosolv Lignin:
New Bio-Additives for Improvement of Epoxy Resins Performance. Biomass Conversion and Biorefinery.
https://doi.org/10.1007/s13399-020-01048-7

Carlo, B., Martina, R., Renato, B., et al. (2020) Investigation of Plasma-Assisted Functionalization of Graphitic Mate-
rials for Epoxy Composites. Nanomaterials, 10, 78. https://doi.org/10.3390/nan010010078

Yuan, J.-M,, Fan, Z.-F., Yang, Q.-C., et al. (2018) Surface Modification of Carbon Fibers by Microwave Etching for
Epoxy Resin Composite. Composites Science and Technology, 164, 222-228.
https://doi.org/10.1016/j.compscitech.2018.05.043

Khaledeh, M., Aziz, A., et al. (2020) Amine-Functionalized TiO, Nanoparticles Covalently Loaded into Epoxy Net-
works via Thermal and Microwave Curing Processes. Macromolecular Research, 28, 567-572.
https://doi.org/10.1007/s13233-020-8067-3

Bekeshev, A., Mostovoy, A., et al. (2020) Reinforcement of Epoxy Composites with Application of Finely-Ground
Ochre and Electrophysical Method of the Composition Modification. Polymers, 12, 1437.
https://doi.org/10.3390/polym12071437

FEGEE. TR R XUy A RS AR AT BT SE[D]: [ t2AArie ], kst JEstfb oK%, 2004,

Sébastien, G., Philippe, T. and Maélenn, A. (2018) Fast Polymerization at Low Temperature of an Infrared Radiation
Cured Epoxy-Amine Adhesive. Thermochimica Acta, 666, 27-35. https://doi.org/10.1016/j.tca.2018.05.018

N, EOEE, B, 25 AEIE T I IR EW R R BTN K R L[], MK #EER, 2012,
35(5): 679-682+687.

B, RAFEE. MO E NI ER I R IR D). o TARE S 5 TR, 2006, 22(3): 183-186.
SRIZETT, RAE, XIGRIE. o AR B R 2 2 — R IR T FA PR RE AT 78 (3] o [ 221, 2015, 19(1): 18-21.
WK, 25, PR, 4. PR IE SR IE R 2 o [ AR P FE [0]. BBORAWI 2 & 41K, 2013(5): 7-13.

DRI, Dot RN, S PR NG BRI E AR 0], R E TAENLMR AR, 2010, 8(1): 107-110.

Pala, R., Akhtara, M.J. and Kara, K.K. (2018) Study on Dielectric Properties of Synthesized Exfoliated Graphite Rein-
forced Epoxy Composites for Microwave Processing. Polymer Testing, 70, 8-17.

DOI: 10.12677/mc.2020.43003 33 Tl


https://doi.org/10.12677/mc.2020.43003
https://doi.org/10.1016/j.eurpolymj.2019.06.020
https://doi.org/10.1080/00397911.2016.1268695
https://doi.org/10.1016/j.jmrt.2020.03.012
https://doi.org/10.1016/j.compositesb.2019.106909
https://doi.org/10.1002/pc.24843
https://doi.org/10.1134/S1560090419030072
https://doi.org/10.1016/j.carbon.2017.05.063
https://doi.org/10.1007/s13399-020-01048-7
https://doi.org/10.3390/nano10010078
https://doi.org/10.1016/j.compscitech.2018.05.043
https://doi.org/10.1007/s13233-020-8067-3
https://doi.org/10.3390/polym12071437
https://doi.org/10.1016/j.tca.2018.05.018

[ EAR AT

[33]

[34]

[35]

[36]
[37]

[38]

[39]
[40]

[41]
[42]

[43]

[44]
[45]

[46]

[47]

(48]
[49]
[50]
[51]

[52]

[53]

[54]

[55]

https://doi.org/10.1016/j.polymertesting.2018.06.011

Deng, H.Y., Yuan, L., Gu, A.J,, et al. (2020) Facile Strategy and Mechanism of Greatly Toughening Epoxy Resin Us-
ing Polyethersulfone through Controlling Phase Separation with Microwave-Assisted Thermal Curing Technique.
Journal of Applied Polymer Science, 137, 48394. https://doi.org/10.1002/app.48394

AR, KoK, FERZE, & WKL AI203 1Y RN EM IR A AR RO B AL 3 2 AR RE[I]. & TARERL:
5T, 2017, 33(10): 65-71.

Bhudolia, S.K., Gohel, G., Joshi, S.C., et al. (2020) Vibration Damping and Dynamic Mechanical Attributes of
Core-Shell Particles Modified Glass Epoxy Prepregs Cured Using Microwave Irradiations. Composites Communica-
tions, 21, Article ID: 100412. https://doi.org/10.1016/j.coc0.2020.100412

WORTE, SBACAH, KEBEE, . PR BIE L R Se B A A RLR IR B AT 0], AR K EFBOR, 2016, 39(6):
806-814.

Rajeshwar, B.K., Jang, I. and Yi, C.K. (2019) Effect of Microwave on Mechanical Properties of Epoxy Mortar. Con-
struction and Building Materials, 218, 681-688. https://doi.org/10.1016/j.conbuildmat.2019.05.155

Zhang, X., Wang, X.Q., Xu, X.H., et al. (2017) Microwave Curing Process and Mechanical Properties Study of Epoxy

Mortars for Repairing Concrete Pavement Rapidly. Journal of Reinforced Plastics and Composites, 36, 443-451.
https://doi.org/10.1177/0731684416683026

BESC, B, Rz, 55 GUOKE R AR R 3 90 5 ik B ok A AT N [3]. W @ AR TR, 2012,
41(4): 649-652.

Ranu, P., Abhishek, K., Akhtar, M.J., et al. (2017) Enhanced Microwave Processing of Epoxy Nanocomposites Using
Carbon Black Powders. Advanced Powder Technology, 28, 1281-1290. https://doi.org/10.1016/j.apt.2017.02.016
Vhowe, 2559, WK, 45, A sxf E-B1 MR MG 1A R 1 [ AL s 2 p S []. 25 2741, 2013, 34(12): 2833-2840.
Cai, C.T., Zhang, Y., Zou, X.T., et al. (2017) Rapid Self-Healing and Recycling of Multiple-Responsive Mechanically
Enhanced Epoxy Resin/Graphene Nanocomposites. RSC Advances, 7, 46336-46343.
https://doi.org/10.1039/C7RA09258J

Ranu, P., Akhtar, M.J. and KarKamal, K. (2018) Microwave-Assisted Curing of Silicon Carbide-Reinforced Epoxy
Composites: Role of Dielectric Properties. JOM, 70, 1295-1301. https://doi.org/10.1007/s11837-018-2855-7

AT, T W B E R/SI02 A MR AR RERIWEFE[I]. FAIEITEA I, 2003, 18(2): 8-11.

Liu, X.Y., He, Y.N., Qiu, D.C., et al. (2019) Numerical Optimizing and Experimental Evaluation of Stepwise Rapid
High-Pressure Microwave Curing Carbon Fiber/Epoxy Composite Repair Patch. Composite Structures, 230, Article ID:
111529. https://doi.org/10.1016/j.compstruct.2019.111529

Li, N.Y., Li, Y.G., et al. (2017) A New Process Control Method for Microwave Curing of Carbon Fibre Reinforced
Composites in Aerospace Applications. Composites Part B: Engineering, 122, 61-70.
https://doi.org/10.1016/j.compositesh.2017.04.009

ZEI, B, HIETC, S ETROREAL TERBRLTYE T80 M e St BHE L R K5 1122 [3]. BEH
B4R, 2018, 35(9): 2458-2464.

WK, WO, AR, &R ER NG E SRR B AGRER[I]. TR T2, 2018, 48(6): 58-62.
Tk, JEE. BT B EOR BB A 4R A e 2 A A RHAIR D). K%, 2019, 40(11): 67-70.

SORCGHE, SCERAE, R, A BRETAENG A IR 2 SRR B AL BOR[I]. MU HIE SR, 2015, 58(s1): 61-64.
Park, E.-T., Lee, Y., Kim, J., et al. (2019) Experimental Study on Microwave-Based Curing Process with Thermal Ex-
pansion Pressure of PTFE for Manufacturing Carbon Fiber/Epoxy Composites. Materials, 12, 3737.

https://doi.org/10.3390/mal2223737

Zhang, L.L., Li, Y.G. and Zhou, J. (2018) Anisotropic Dielectric Properties of Carbon Fiber Reinforced Polymer
Composites during Microwave Curing. Applied Composite Materials, 25, 1339-1356.
https://doi.org/10.1007/s10443-017-9669-6

Chen, X.P., Zhan, L.H., Pu, Y.W,, et al. (2018) Effect of Cure Pressure on Microstructure and Interlaminar Shear
Strength Properties of Carbon Fiber-Reinforced Plastics with Microwave Curing. High Performance Polymers, 30,
1084-1093. https://doi.org/10.1177/0954008317739679

Colangelo, R., et al. (2017) Epoxy/Glass Fibres Composites for Civil Applications: Comparison between Thermal and
Microwave Crosslinking Routes. Composites Part B: Engineering, 126, 100-107.
https://doi.org/10.1016/j.compositesb.2017.06.003

XUSCHE, BRI, gk, 2 [0 7 20X R 4 R AV IR 2 BE R S MR BRI e M [J]. =S (sl HoR 5 8, 2020,
46(4): 64-71.

DOI: 10.12677/mc.2020.43003 34 Tl


https://doi.org/10.12677/mc.2020.43003
https://doi.org/10.1016/j.polymertesting.2018.06.011
https://doi.org/10.1002/app.48394
https://doi.org/10.1016/j.coco.2020.100412
https://doi.org/10.1016/j.conbuildmat.2019.05.155
https://doi.org/10.1177/0731684416683026
https://doi.org/10.1016/j.apt.2017.02.016
https://doi.org/10.1039/C7RA09258J
https://doi.org/10.1007/s11837-018-2855-7
https://doi.org/10.1016/j.compstruct.2019.111529
https://doi.org/10.1016/j.compositesb.2017.04.009
https://doi.org/10.3390/ma12223737
https://doi.org/10.1007/s10443-017-9669-6
https://doi.org/10.1177/0954008317739679
https://doi.org/10.1016/j.compositesb.2017.06.003

[ EAR AT

[56]

[57]
(58]
[59]

[60]

[61]

[62]
[63]
[64]
[65]

[66]

[67]

[68]

[69]
[70]
[71]

[72]

[73]
[74]
[75]
[76]
[77]
[78]
[79]

[80]
[81]

TerE, FENE, ERd. [0 T7 2 SR AT S LU A MRS i RE IR I [J]. MPRLRRE S TR SRR, 2017,
35(1): 125-128.

Bhok g, BT, EBRNI, S5, S B IR A R 25 A AR RERF TE[3]. ARHS IR, 2006, 20(8): 149-151.
Tomte, i BhE 4 T3 e A I A B 0], BEES4N, 2013, 12(2): 47-49, 40.

Xi, JJ. and Yu, Z.Q. (2017) Toughening Mechanism of Rubber Reinforced Epoxy Composites by Thermal and Mi-
crowave Curing. Journal of Applied Polymer Science, 135, 45767. https://doi.org/10.1002/app.45767

BRAS. PR L2 G RO 46 T 20 U [D]: [l L2000 50]. B at: B S iR K%, 2013.

Rajeshwar, B.K., Yemam, D.M., Jang, I., et al. (2020) The Effects of Sand Washing Waste and Microwave Curing on
the Dimensional Stability of Epoxy Mortar. Construction and Building Materials, 250, Article ID: 118892.
https://doi.org/10.1016/j.conbuildmat.2020.118892

WAL RS, PREESE CCL IR RS MIER I [J]. 78 AR 2K, 2007(4): 30.

Zhao, X., Wang, X.-L., Tian, F., et al. (2019) A Fast and Mild Closed-Loop Recycling of Anhydride-Cured Epoxy
through Microwave Assisted Catalytic Degradation by Trifunctional Amine and Subsequent Reuse without Separation.
Green Chemistry, 21, 2487-2493. https://doi.org/10.1039/C9GC00685K

Deng, J.Y., Xu, L., Zhang, L.B., et al. (2019) Recycling of Carbon Fibers from CFRP Waste by Microwave Thermoly-
sis. Processes, 7, 207. https://doi.org/10.3390/pr7040207

Tominaga, Y., Shimamoto, D. and Hotta, Y. (2018) Curing Effects on Interfacial Adhesion between Recycled Carbon
Fiber and Epoxy Resin Heated by Microwave Irradiation. Materials, 11, 493. https://doi.org/10.3390/ma11040493

Tian, F., Yang, Y., Wang, X.L., et al. (2019) From Waste Epoxy Resins to Efficient Oil/Water Separation Materials
via Microwave Assisted Pore-Forming Strategy. Materials Horizons, 6, 1733-1739.
https://doi.org/10.1039/CO9MH00541B

Li, Y.G., Cheng, L.B. and Zhou, J. (2018) Curing Multidirectional Carbon Fiber Reinforced Polymer Composites with
Indirect Microwave Heating. The International Journal of Advanced Manufacturing Technology, 97, 1137-1147.
https://doi.org/10.1007/s00170-018-1974-1

Hubbard, R.L., Tyler, D.R. and Thompson, B. (2021) An Empirically Derived Model for Further Increasing Micro-
wave Curing Rates of Epoxy-Amine Polymerizations. Journal of Applied Polymer Science, 138, e49635.
https://doi.org/10.1002/app.49635

SR, WOROE, SRR, SE. SElER IR E A AR B R AR []. A TR RS AR (H AR R,
2019, 20(2): 105-111.

ER T G i, R, 30l AL R O AR R A0 Bk b AV I B EURE A R T VR [P].
201310392311.2. 2013-12-25.

THiay, WM, WO PR AR O A SUS I T % KR B P]. B %A, 101975791A. 2011-02-16.

He, Y.X.,, Li, Y.G,, Li, N.Y., et al. (2018) Online Monitoring Method of Degree of Cure during Non-Isothermal Mi-
crowave Curing Process. Materials Research Express, 5, Article 1D: 025306.
https://doi.org/10.1088/2053-1591/aaad33

TREEs, FANEE, D, S R IR LR SRR E A TR R [T]. AR AR, 2016, 44(8): 111-120.

Chinedum, O.M., Li, D.N,, Lin, M.-F., et al. (2018) Accelerated Microwave Curing of Fibre-Reinforced Thermoset
Polymer Composites for Structural Applications: A Review of Scientific Challenges. Composites Part A, 115, 88-103.
https://doi.org/10.1016/j.compositesa.2018.09.012

Wu, Y., Xie, T., Xiao, W., et al. (2018) A Novel Microwave Combined Ultraviolet Radiator Based on Slotted Coaxial
Line for Epoxy Resin Curing. AIP Advances, 8, Article ID: 115021. https://doi.org/10.1063/1.5048530

Felice, R., Vitantonio, E., Tucci, et al. (2020) Flow Enhancement in Liquid Composite Molding Processes by Online
Microwave Resin Preheating. Polymer Engineering & Science, 60, 2377-2389. https://doi.org/10.1002/pen.25477

WISCHE, SR, BRI P A AT HLBE IR B /K A S BZ[R]. F T2 Seminar iy, H EIBHFBE_EIFATHLAT,
1985.

WISCHE, YERRZL. B MG MLAT 2540 p BB AT BIE T [R]. % B B2 B (B M 4E R 7, b,
1989.

BISCHRE, 1ERELL. B AEA AT N APER]. B+ — mEE 42 LR A2 AR, b5,
1992.

FASCHE, TERRAL. B AREB Y E PR D] FEZEIRE, 1993, 3(1): 76-78.
HASCHRE. EEE S k2 S8 [3]. BF2E(Scientific American B3R, 1994(7): 1-7.

DOI: 10.12677/mc.2020.43003 35 Tl


https://doi.org/10.12677/mc.2020.43003
https://doi.org/10.1002/app.45767
https://doi.org/10.1016/j.conbuildmat.2020.118892
https://doi.org/10.1039/C9GC00685K
https://doi.org/10.3390/pr7040207
https://doi.org/10.3390/ma11040493
https://doi.org/10.1039/C9MH00541B
https://doi.org/10.1007/s00170-018-1974-1
https://doi.org/10.1002/app.49635
https://doi.org/10.1088/2053-1591/aaad33
https://doi.org/10.1016/j.compositesa.2018.09.012
https://doi.org/10.1063/1.5048530
https://doi.org/10.1002/pen.25477

[ EAR AT

(82]
(83]

(84]
[85]
(86]
[87]
(88]

(89]
[90]

[91]

FEARSC, SASCRE, RIS, AU 0T S R [3). A HL4k2, 1995, 15(6): 561-566.

2)331?3@, PERRLL. R BB TE B ML YA B R I R S T [T]. EH RS RHE R be T, 1995, 19(4):
FASCHE, 7ROl Bl BEmR SRR & R[] A5k, 1996, 54(1): 77-83.

BASCRE, 1ML, B A AL AR SR T VA ]. RHEEHR, 1996, 12(5): 320.

FASCHE, (R AL ) B FIRA ——MEA IR mH: RE B 2 3 R D). Ak, 2017, 1(2): 1-2.

BASCHE, VERRAT, WEAE, SF TR BIAR[P]. HE, ZL97201861.1. 1998-06-17.

Hu, W.X. and Peng, Q.T. (2000) Rapid Synthesis of Tetraphenylporphyrin with Microwave Irradiation. Chemical
Journal on Internet, 2, 54-55.

Hu, W.X. and Wang, J.Y. (2001) Combinatorial Catalysis with Physical, Chemical and Biological Methodologies.
Chemical Journal on Internet, 3, 44-46.

Liu, M. and Hu, W.X. (2013) Recent Progress of Microwave Irradiation in Synthesis and Diagnosis Treatment. Ad-
vanced Material Research, 616-618, 1711-1716. https://doi.org/10.4028/www.scientific.net/AMR.616-618.1711

Han, X., Shao, K.Y. and Hu, W.X. (2018) Synthesis of 9-Substituted Berberine Derivatives with Microwave Irradia-
tion. Chemical Research in Chinese University, 34, 571-577. https://doi.org/10.1007/s40242-018-7425-6

DOI: 10.12677/mc.2020.43003 36 Tl


https://doi.org/10.12677/mc.2020.43003
https://doi.org/10.4028/www.scientific.net/AMR.616-618.1711
https://doi.org/10.1007/s40242-018-7425-6

	微波在环氧树脂体系中的应用研究进展
	摘  要
	关键词
	Progress in Epoxy Resin System with Microwave
	Abstract
	Keywords
	1. 引言
	2. 环氧树脂体系的合成
	2.1. 新型环氧树脂的合成
	2.2. 环氧树脂固化剂的合成
	2.3. 环氧树脂添加剂的合成

	3. 填料的微波活化
	4. 环氧树脂的固化
	4.1. 无填料环氧树脂体系
	4.2. 有填料环氧树脂体系
	4.3. 环氧树脂体系后固化
	4.4. 环氧树脂固化物的降解与回收
	4.5. 微波固化理论与工艺
	4.6. 微波固化设备
	4.7. 微波敏感剂

	5. 展望
	参考文献

