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Fig. 1 Structural formula of Ci2.14 glycidyl ether
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Fig. 2 Reaction equation of butoxyethyl glycidyl ether
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Fig. 3 (a) FT-IR and (b) '"H-NMR diagrams of 2-BE and DGYM
2.2 KR HERE PG
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Fig. 4 DSC cooling curves of DGYM and XY748
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2.3 DGYM/DGEBA [t &% Rk
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Fig. 5 Effects of the addition of DGYM and XY748 on the viscosity of DGEBA
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DGYM 1 XY748 735l # DGEBA 14 & 5 5 Pk & 934.4 mPa-s Fl 2095 mPa's. #HX} T4 DGEBA,
DGYM Al XY748 [ 084> 51E 2] 92.01%F1 82.09%. DGYM F B H t XY 748 SR S5 I B 26 R
XA[HKE T DGYM 5 DGEBA Z [8] R 4 1R AH 281, 4 H g 50 A7 B0 i 8 DGEBA 43 18] i AH BLAE
BEA T 4> T IR PO 3R 0, DT SI B0 5 8 225 (1 8 B PR A1)
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O, IR 22 30 s AN AT R I



BAFHERESTIE
POLYMER MATERIALS SCIENCE & ENGINEERING

i Tab.l & i, BE%E DGYM M1 XY748 WIS DI 3G I, [ A0 4 J6e Jid it 1] S22 48 0 ka3 . 24
DGYM INEN 10%0}, 14 2 1k i i 8] B 2 DGEBA ¢ i i 1) ZE 4 T 40 min, HAH ECAH F 0
B XY748, DGYM 4 REEHL I [ ZE K 17 min. X2 HT DGYM BAR KA B 8 159k &R (1R B K
BEEAR, FRSEUW IR 70 7 A AL 77 iz sk FE ARG, J3 1[Il 46 A3 R M B A1, 2R SE0M IR ) [ 4 Je 8
WAy IR0 RO, AT S 35 S 2% 1 BRI IRITR Jl, 340 T R AE S o IV FH ok R e a8 5 [ A i

(R SRR, DA S i BRI AR Bt 7 AR AR A I 8], AT — € (KB AN

Tab. 1 Effect of dosage on gel time of DGEBA/DETA system

Admixture content of

Gel time/min

DGYM/XY748/wt% DGYM/DGEBA/DETA XY748/DGEBA/DETA
0 48 48
5 76 56
10 88 71
15 91 78

2.5 Y77 R R

43 5 DGYM A XY 748 LLAS[E) ¥ Il & X\ %) DGEBA/DETA 1k & i il % [E AL ¥ k2%, % %2

DGYM Al XY 748 F P i [ A4 71 2 1t Be B 52, 45 340 Fig.6 Fizs o
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Fig. 6 Mechanical properties of cured material: (a) tensile strength; (b) tensile modulus of elasticity; (c) elongation
at break; (d) flexural strength; (e) flexural modulus of elasticity; (f) impact strength
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1 42.19 MPa #2 5 £ 60.66 MPa, #25 | 43.78%; Wi iK% MK T XY748, {Hi 4 DGEBA £
THT 31.17%:; #hili 58 FEAL 48 DGEBA #2711 1.6 %, #HLL T~ XY748 T FE 1 15%; 25 #i 5 L2 41 DGEBA
PTHT 95.34%, IRTHIEE L XY748 (60.94%) (1) 1.56 1%, 25 dh s PE R E A LT XY 748 271 T 17%.

LKW, DGYM X B AP, FEtS DGYM 414 i (e v B AR s A 0%, ax db gk
HITEFE L 2] 7 EMER . [FIE DGYM 35X AR 2L K g 5 T LAY s [ 4 Ak & R W, i
I —EWRIVE. DGYM Y [ A6 1 24 K 32 A 2E DGEBA (1) 2.47%34 N % 3.24%. X 7] fig /& i
T4 DGYM H & GBI aWisE, FA RN EEE, {545 Bt B A 5 4 1 4 e 1 A0 S Rk
IEAh, 4 DGYM Ml XY748 (B NEH 15%0, EMbESThifh . srath. firh a7 i Bl %
i, 2 W & AR R A [ 40 M 1) S I T B, U PERE N P& . £5 BTk, DGYM X [
WA, SRR T —EMNIE, BAERIMERIVED FR A AR, HiEERmae %A it
mE I J1 e Re, JUIAE R, s R 5 R T T .
2.6 [EAL Y o W R E T 5 4 i

M Fig.7 W A1, 4 DGEBA [E LY i) Wr T HE %P5, J8 TWIR ek W, [ 4y i e o o
JE B . Fig.7(b) Al Fig.7(c) 7> B J& 10%XY748/DGEBA [EH 1L #1 F1 10%DGYM/DGEBA [ v o ki 24 T
TEi. Fig.7(0)Br T FBONHRE, FE HA K LZARY), Fig.7(c)H WL 1h 2 R RS B KR 38t 244t
MEGERH2RYE L . B, RERY R T RRUR 25, R 1 H BAT W I 2 i KRR
(81, b Al RERE 1) W7 2 3 T A o o IR R R TP RE O (0 B 2 (I RE R A9 BV 8, A AR T EM e P i o s
SR . I L RS BT AT, DGYM (K45 A\ K RESE 58 [ AL W) 0 BIE 31X 5 72 1k RE IR 45 R
HHET .

100pm 100pm 100pm

Fig. 7 SEM images of impact fracture surface: (a) DGEBA; (b) 10%XY748/DGEBA; (¢) 10% DGYM /DGEBA

2.7 #fa e o
F TGA XF = Ff [l AL 7= W I E FE4T 4047, 45 30 Fig.8 fran, HAREEIC AT Tab.2.

Tab. 2 TGA data of cured products

Sample Ti% (°C) Tmax (°C) Residual mass/%
DGEBA 368.1 391.1 3.9
10%DGYM/DGEBA 365.2 388.2 6.9

10%XY748/DGEBA 362.9 384.9 7.2
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Fig. 8 TG curves of cured thermosets

i Fig.8 W &N, 3 FhlE i #A s fifa# 5 AR —2, N\ DGYM EMb Y LL#B N XY 748 [E4LY) )
T10% M Tmax 5226 DGEBA T FEME /o XK, BN DGYM Ja, [0 #Fa e M3 8] 7 SR
ﬁ%ﬁé,%AumeMﬁw%%%ﬁﬁﬁéwn%?%D@mAmsw”mWMWMAMﬁ
R ZREE, AR 5 R EAR G S, s R S 5 SOV, SRTHASER M 2 iR E v, 1R
TR R, T 10%XY 748 YK 7.2%. *‘%%%,mme%Af~%ﬁﬁiT“

BRI %, FHILAE SR PR R RR R A i AR e i, A RO T Ak 4 i 8 1k g
2.8 BB E R

i ~121.9°
DGEBA i T,~121.9°C
g | 10%DGYM/DGEBA T1134°C
m H
10%XY748/DGEBA | T=107.6°C
.
50 100 150
Temperature(°C)

Fig. 9 Glass transition temperature of cured thermosets
i DSC W E A B A AR B2, 45 R Fig 9 P 8, IS A R B &K
B 225 1 P e 791 2 B R A AR R NI, AR T AR D) T, 3R IR 7 ] A3 7 v B 17 ] Ak 1A 2R 1)

SHRE L . AR, 4 DGYM IR INEN 10%0, Bk &1 T, Ut DGEBA ] T, T F% 8.5 °C, %
I R R B

2.9 DGYM ZEIRE B R 7 A i B2 M e 2 i
AR RG 7 ) A BS D) s, &5 a0 Fig.10 fiom . B —AHIME 5 AN FATHE.
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Fig. 10 Tensile shear strength of epoxy resin adhesives

i Fig.10 AJ %1, DGYM Fl XY748 145 N34 = 1 BOKS 7  BoAh 8Y )58 5, DGYM Fil XY 748
oS TR S IR RORE R 5 J8 T 9 AR PR B BN, BEAE IR0, A R AR B ARG 5 B A
o T BOSS R R TE AR, WBT V) SR B Mg BT . AR INE N ) DGYM RO 7 S 1 BT 1) 5k
FERSAR T [V I XY 748 HIAL AR BT P15 5, AHEL T4 DGEBA, DGYM ¥ 10wt. %/,
FRERE TR AR BT D)9 B 3 1 T 15.19% 6

3 4k

AT A B — PR B . AR T B AR K H M EE (DGYM), R Gu 45 78 F ot 28 S b
JEHIEPERCR . DGYM HE[E 55K F-110 °C, AR T5 F R BER] Croaa BEIESTK H BB (XY748),
il ke AR B T 32 PRAE R . SEER R W], DGYM 1 ORFR IR R IR [ 40 M) A8 E PR I R, 30 AT 558 )
B2 5 BG W0 R 08 o R0 10 wt.%HF, DGEBA & R % P 92.01%, FERVHCRIE T XY748; #H
T4 DGEBA, [H AW i 98 2 H1 42.19 MPa $i2 /51 2| 60.66 MPa, 25 il 58 2 71 95.34% . DGYM
AU R 7R R B BT DTSR FE 3R v 15.19%, [ 4L L2 fifE . AW 7E R DGYM H R R T XY748
IGIR e PR ), R SIS IR B 20 5 I B R T, IR IRFFE T RIS E 1, ETERH
53t T R e 1 Re R SRR A M R TUSUR A SR ANE,  RORAFE FU AT — At R N .
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Preparation of Ultra-Low Freezing Point Glycidyl Ether and Its Synergistic
Effect on Reducing Viscosity and Increasing Toughness of Epoxy Resin
Na Zhang!, Yucheng Yao!, Zeyuan Chen!, Meisi Chen!, Xiaojian Wang?, Xinbao Zhu!?

(1. College of Chemical Engineering, Nanjing Forestry University, Nanjing 210037, China;

2. Anhui Epoxy Resin and Additives Engineering Technology Research Center, Huangshan 245900, China)

ABSTRACT: To address the challenge of winter construction caused by the tendency of industrial diluent
Ci2-14 alkyl glycidyl ether (XY748, freezing point ~4 °C) to solidify at low temperatures, ethylene
glycol butyl ether (2-BE) and epichlorohydrin (ECH) were used as raw materials to synthesize
a butyloxyethyl glycidyl ether (DGYM) with an ultra-low freezing point (DSC measurement < -110 °C)
and low odor via a two-step process. The modifying effect of DGYM on bisphenol A-type epoxy resin
(DGEBA) was investigated and compared with XY748. The modification effect on bisphenol A epoxy
resin (DGEBA) was investigated by viscometer, universal testing machine, DSC, SEM, and TGA, and
compared with XY748. Results indicate that 10wt.% DGYM reduces the viscosity of the DGEBA
system by 92.01% (to 934.4 mPa-s), significantly outperforming the XY748-modified system at the same
addition level (2095 mPa-s). The tensile strength of DGYM-modified cured material reaches 60.66 MPa,
with flexural strength and elongation at break increasing by 95.34% and 31.17%, respectively, exhibiting
ductile fracture characteristics. TGA confirms no significant impairment to thermal stability, while DSC
measurements of 7; demonstrate excellent heat resistance. Furthermore, adhesives prepared with DGYM
exhibit superior bonding performance and a simplified production process.

Keywords: diethyl ether; low freezing point; viscosity reduction; toughness; adhesive
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