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Abstract

An epoxy resin system suitable for pultrusion molding was prepared using neopentyl glycol di-
glycidyl ether (D-678) and polypropylene glycol diglycidyl ether (PPGDGE) as composite reactive
diluents. The curing behavior, process characteristics, interfacial compatibility, macroscopic me-
chanical properties and microstructure parameters were systematically characterized by differ-
ential scanning calorimetry (DSC), rotational viscosity test, fiber wettability observation, me-
chanical property test and dynamic mechanical analysis (DMA). The results show that the compo-
site diluent system has a viscosity of 368 mPa-s at 25°C and decreases to 174 mPa-s at 80°C, with
fiber wetting time < 62 s, meeting the rapid impregnation requirements of pultrusion. It has high
reactivity at high temperature with a curing exothermic peak temperature of 154.59°C, suitable
for continuous and efficient production. The tensile strength is 77.41 MPa and the flexural
strength is 97.62 MPa, with higher strength retention than single diluent systems. DMA tests show
that the storage modulus, glass transition temperature (Tg) and crosslinking density of the com-
posite system are between the two single diluent systems, and the micro crosslinking network is
more balanced, confirming the synergistic mechanism at the molecular level. This system inte-
grates low viscosity, excellent wettability, high reactivity and high strength, which can meet the
process and long-term service requirements of pultrusion, and has good engineering application
prospects.
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2. RS H*E
2.1. FEFEHH

EMBE(EARF TR EEREVAR AT 3881A); FMLA(ERFE T KFEE BEWHRA A
3881B); HBEA(HINIFEE VBB BRAF D-678); Fik (RO 224 A IR AF PPGDGE); 14
5657 (P 0t J T A WU KH-550 5 201); Ao b2 18 40 T 8015).

2.2. LW

RECHERAR: PREM N 100 4y, [R5 120 4, ABECH) 1.5 4, WA 1.3 45

D-678 #R & : IEMNE 100 43, D-678 20 iy, 467 120 63, B 1.5 43, WA 1.3 £

PPGDGE 4 %: MM G 100 3, PPGDGE 20 {7, 467 120 f3, BB 1.5 4, MR 1.3 435

D-678/PPGDGE E &1k % : M A M5 100 £, D-678 10 £ +PPGDGE 10 #3 (S FikE5 20 4y, &L
1:1), [T 120 43, AREGH) 1.5 4, BT 1.3 £

23. FESWRE

SNB-2 R B, P PR RFAAERA IR AR EP214C M BT RF, | EAN BB &H
FRAF; HY-HHJ XUT RS FRANL, | NDBSRAREER AT Q200 Z/RHMERL, FEEH TA
Al CMT4000 LIz #l B 7 5 BEIRIEHL, IR = BRI B G BR A T . DMA Q800 3 &S #AHM UM 4>
BFrix, &M TA X3 AT .

3. EEIHAR
3.1. WEEFRNEE

PL 3881A MEM AR NI, Bk B 4 /K HimEE(D-678) ST B 4 /K H il BE(PPGDGE) N
By, BB MRS 2SR AT 5 B (8 2 A e SRR s inte i, 23 Bl 4% 3
MFBEFIARR: N D-678. XN PPGDGE. ¥l D-678/PPGDGE E Ak R). KA EM G 51

B AR WO 2.2 LUBITE XU T B FENL i EE, B2 E-0.08 MPa. #43# 30 r/min $ii £ 30 min
2H5]; BEFMAEALT], R L2 4REE8iFE 20 min, HI75RFIAE M IR A R
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3.2. WA R MR
B g A2 22 B 25 T PE B 42 LR AR R

3.2.1. REEEME

R EEF IR GB/T 2794-2013 MK, #1845 4#, #%# 20 t/min, WK 25°C. 40°C. 60°C. 80°C. 100°C
NRFAEEE, AR 3 min 513
3.2.2. IEMRERR

#2118 GB/T 2567-2008. GB/T 7124-2008 il & hrifE i ke, 280 HK(80°C/1 h+120°C/1 h+ 150°C/2 h)
JE R .

3.2.3. F4EREMMIS
K BZ LT 4EAR (T 400 g/m?) 58 32158, 1ok 25°C. 60°C. 80°C N I 5¢ 4 1 £ 4E A it
B, XF bR — 55 5 A0 B R RHR T 1 ) e R

3.2.4. ElEERERR
KH Z R EI(DSC) AT IR E ALK, FHEEZ 10°C/min, &S5

3.2.5. BB HESHFT(DMA)
AR GB/T 33061.11-2022 R, FHEIEZ 3°C/min, MPRTEE 30~200°C, #i% 1 Hz, KEUEREIE
(B") fRFERF(tan 6). FHIEALFEADIR S (T, tan & VEEIR ), AR HAZBREE,

4. R 5L
4.1. TZHMEA4REN

wE R, MRS, SR RKES R TGS K, B D-678 K REMKIE ML, (His
TR RG R PR N, SR UK ERLES; A — PPGDGE Rk R IR B =, BRRG R 55T D-678, {HE
TR REPERREE AR, R B A SR s 1 o 38 SO FH BT, S50 DATE 4l X S B AR R dnt AR DT I

MR, D-678/PPGDGE & & Wikt il fA R RILH BRI 7E 25 CHIA RBE Ny 368
mPa's, 80CHI[%Z 174 mPa's, HEFE 60°CLLE, SHAERMELT 235 mPas, [N % 1 B/R, 78
25°C. 60°C. 8OCHM N, RAMZE 400 g/m? BREFHEATHEAT 58 AR B, S5 REW . RktEWIRR
TN, 25°C e IR N []IA 214 s; #— D-678 5 PPGDGE 1A R I2 % % & %2 F+; D-678/PPGDGE &
BRREFNA RIZIRCE A, 25 CILTE 88s, 60CHFEE 625, 80°CAN 43 s BIn[ 52423, XM T D-
678 4> F/Iny BEKGRE S5, PPGDGE Ze¥IMELF FHiEM ML, — 8 P EANE R, 7P PR B 1)
[ B A Sl R 4R R AR R R V), AR L2 PR TTR K.

Table 1. Permeation performance of various curing systems in 400 g/m? carbon fiber fabric

2 1. FEIEMLARZRTE 400 g/m? T HSIEER

B4 S AR S D-678 ik PPGDGE i D-678/PPGDGE g
25°C 214 99 106 88
BIBERT A (s) 60°C 143 65 69 62
80°C 102 48 53 43
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Figure 1. Relationship between viscosity and temperature of resin system

B 1. M RMESBEZ FXR
4.2. WBRZREFNFMRE
42 IR ENER N B FIRRE A A A SRS TE P ) D 2R RERT L . 55 AR KPR IR ATILL 8 I 8 7

MR R B 25 K BT UIIR NS A TR, X2 B TR MR R SN PRR TR RSB B, S B
FRAHI—ERENEN.

Table 2. Mechanical properties of resin system castable

2. WIEHRRFERNF MR

£ F 15 2 (MPa) 25 fif 55 )5 (MPa) 817155 2 (MPa)
A B i 81.23 103.02 37.16
D-678 Mtk 75.16 96.22 36.61
PPGDGE &% 76.22 97.15 35.42
D-678/PPGDGE 77.41 97.62 35.12

Hrdr, B— D-678 1& R IK R PEIE Rk, B— PPGDGE & &k, 1 D-678/PPGDGE & &Hife7ik
R s, HPH5RE N 77.41 MPa. S HiSRE N 97.62 MPa, HMET R —FBFIER,
O PR RR RN 2 B AFAE BRI A8, AT FE FRAEORG BB R RD IS, B K PR AR B W IR AR ) Jy 22 M RE . B Do
£ 52 BB A R AL 50N, AL IR) 22 SN 5.5%, 6 ARRBEA I 51 N R BB HI 59746 R A 45 A fe ).
CEERE, HAEMRBRWERE L 2SS J e 2 (M S Bl 7 B aF P, SEE R R B A 6B g 364 f
4.3. WAEELFE

HHPE 2 AT 0L, RSO SEM fRik R B A8 H s 2 DA, IR 2N 168°C, R b %
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Figure 2. DSC curing curve of resin system

& 2. HBE1AZR DSC E{Lrhzk

LREKRE, HEMBSIER RO S TR RN, A 8e R B 1 [ AL S B 5
ALK ML, ATE R B AR R DU e A, Dl i BRI RRUE ) 1 A R e R

4.4. FIENEFH(DMA)

e 3 fow, RECEWIER RIIMERE E R R, XRHTRIIAER, HZBMS 5 NS
NWEREF G, AFR RAIE R E I I TR, X R R A INNAE — @ FE B LR T I Ak 1
SCHRE L. SR, KLU MR —FREAA R, BB SR R R R T R R R, R
FLAEBRARCRS 2 () TR, 5B s R RF 1 [T A0 0 285 1R I

RECHER AR Tg Bemi(175.6°C), 1% -5 IR 2 ) [l A4 S 8 A 1 A8 B 25 BE AP AE A AR (L 4.3 719)0 BIANFR
BEFIG, Stk R Tg ¥ FrBEAK, X2 B TiG MR/ TREMI I, G007 I 4 45 04 Hh e P B
L], MTTEGsE T 4> 75 B iE sh R /1. (1595 M2, D-678/PPGDGE & & itk R I Tg [FIFE B 82
ITAREMEAR R X —2 R SRR —, RS T E-ERB I FEEA .

MRG0, RIS GGG R R T T SR RV (ve), SR WE 3 Fim. &
1555 P M BIMERAR Y . Rt g > D-678/PPGDGE E 4516 % > PPGDGE H.—1A & > D-678 #—1k
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Ro XRY, BEMBEFIERBRIME T — M NI BSR4 . 5 D-678 [KH/N T2k,
FEAT RCBERE (R TR S 7T X 19X 28 S5 4 1) 58 BE AR 3 IR K T3, P BSOS RE L e fIG s T SR MRS 10
PPGDGE #£Z 5AZHkT, TERUIM AR R B A IR . 2 & MBI R )E, D-678 $efit e ifi
RAMNIE, PPGDGE $RHUEEBCRMEMIK L, — & AZS S THAMERIRE, BT “WIZE5E
SRR T D OSSR GG, WA AT IR P AR 28 D0 22V ERE (L 4.2 TP TAE — B — BTk &

£ity DMA 2P Hrrl %1, D-678/PPGDGE E &Rk R AL 7> T RUE Lscil /R Re i 5.
i RERE R . BB AR IR 5 ST 8 P A5 SR B O S5 M S B T B — R IR 2R 5 R v iR &R 2 1)
RAB A AU BE M FEMRE 7 LR R R 2 sm FE R SR L, B ELIESE 1 ARSI E 25 T
PERGEIR, JEI D RE TANSEEL 16 PR I [ 14 000 2% 5 A 0 D [ 1 0, HL S IE I o0 DA R A
R ESR LT R AR .

Table 3. Dynamic mechanical analysis of resin system

3. WEEARRTSHESH

E2S i RERE R (30°C)/GPa PRI Tg R B /(mol/m?)
AR OCHERS AR 3.21 175.6 3251
D-678 tiift 2.65 148.3 2218
PPGDGE &% 2.78 144.7 2360
D-678/PPGDGE 14 2.89 157.5 2480

5. &g

AW T % 1 L D-678/PPGDGE AR A il MR M 5 A S AR 1R &R . B i R BAT IS (KR
ENPEARFEPEQS CHREE 368 mPa's, 80CIRIHIS[A{L 43 5), SEAN 2 HHT XM AEIRIE . T REILT
YR 10 2SR 5 AR AR B0 S R P v s AR (I M 154.59°C), HLEERR L [0 5 A0 BRI B 7 F1(118°C L 132°C,
185°C)ULHC R4, 3T SRR A HLET AR A s £EA RBRARRG I [, R A i R R R AR B 1 S iAo
5, HLBEIE L5 E(77.41 MPa) RIS i3 3(97.62 MPa)J AL T P s — Rtk &, KBl T T2 S
RAVERER BT ShASRHUM TR, RER AR 1M MIA RS, S REsiE . By
ARSI FE SR LA T o — R R 5 RSB A R 2 8] XM T2 HHESE 1 D-678 (Wt Fkh) 5
PPGDGE (GR1%E BRIV R, A2 A RERS LA AL AR AR T ] o

£ LPTik, D-678/PPGDGE & &Mkl DiRe oAb, PhRIMEDL T hoft T2 mki BRI 5wtk ae
REFIOPJE, ol kR BT E A RHRAE 1 — R B AR AW R LA AR T 5%

EEWHE
2025 47 By i R B EOR B S AR TE R IUH (25-1-1-gjgg-19-gx) e & T Bl .
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