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2 of: B Aol Saer WA ofEA9 §14 RIS 18] propylene glycol(PPG) 7]¥ diamine
3l Jeffamine D-400% o] §3fe] E2|&L WEL o|F ol gste] Sule WA o EAZ AT
Bisphenol A diglycidyl ether(BADGE)e] $H4%F S-elsk WA o] A9} A3, AEAAE vatshel
AZA AAAE s AHAE ZH0R Av Frs SHsAch 24 A3 gAT Lo
o EA 0] Sellek AR PPGAS S E3 G4 Hol mvte A3 AT FEet dn Algol
Z7hee A% Btk olgd Auks £ sbu W= A8 Aol AFS Wi gt T2E
Ao A gol e Ao st

Abstract: In this study, a polyol was prepared using Jeffamine D-400 as a propylene glycol-based diamine to
impart flexibility to the urethane-modified epoxy, and a urethane-modified epoxy was synthesized using the
polyol. Urethane-modified epoxy synthesized with existing Bisphenol A diglycidyl ether (BADGE) epoxy, a
curing agent, and a curing accelerator are mixed to prepare an epoxy adhesive, and shear strength is measured
by measuring adhesion strength. As a result, shear strength and shear elongation tended to increase. These
results are due to the high crosslinking density. It is believed that it can be applied to structural adhesives that

are restricted in use.
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2 Aol A QRS FolstiA] A=l AstE
7] &3} propylene glycol 7]¥+2] diamine} propylene
carbonate @] 7|8+ T3 Fol Sto|EFA] - T A3A|
7} =91% diolS 3AISHAL isocyanate?} - EF HE-S,
glycidola} o ZA] =9) Wh3-5 Fof f-alet HA o FA|
£ AR H2HA Az Al A £t whE ofnl
BeHAlE ARESHRAL, AT = SHE S fAE
WA o= A A e g4 Role} 2w et okt
avhe selstnz shech

2. 48
2.1, Al

Sulg vy o ZAY A4 =S 9T sho=x
Al-dgt A3EA S 918l propylene glycol 7]®E
diamine, Jeffamine D-400 (Mw=430 g/mol, Huntsman),
propylene carbonate(PC, 98%, Sigma-Aldrich)& A}-8-5}
FaL sho| =E A |t A 7F 2ok diols FA|sH
7] 9]3) dichloromethane (DCM, 99.8%, A} <=0F)o] W
wo Al 7Y glo] AHEargich

Felek M4 ol FAIY S S8l dibutyltin dilaurate
(DBTDL, 95%, Sigma-Aldrich), isophorone diisocyanate
(IPDI, 98%, Sigma-Aldrich), glycidol (96%, Sigma-
Aldrich), magnesium sulfate (anhydrous, MgSO,, A%<
o9} 34 8A|<l ethyl acetate (EAc, 99.5%, A& 4=<F)7}
L I e AT D EE

Journal of Adhesion and Interface Vol.22, No.l 2021

Table 1. Chemical properties of epoxy adhesive ingredients

Molar
Chemical name  Abbreviation mass Chemical structure
(g/mol)
Jeff
Polyeth
(;Ii/l(ieneer amine 430 H N‘(J\/ 0\)‘)\NH
D 400 ’ ’
X
P 1
ropy’ene PC 102.03 9 o
carbonate \_K
Isoph
Soptiorone IPDI 222.30
diisocyanate oCN \co

Glycidol glycidol 74.08 L\/OH
Bisphenol A A_a o
BADGE 40.42
diglycidyl ether G 3
Dicyan N "

DICY 84.08 N
diamide \HJ\"“Z
3,3’-(4-Methyl-1,3-
phenylene) f /(:( i
UR 500 264.32 -
Bis(1,1- \TJ\H HJ\T

dimethylurea)

A5 Y3l A bisphenol A diglycidyl ether (BADGE, <%=
315}, EEW=184~190 gleq, Mw= 340.42 g/mol), 3|
dicyandiamide (DICY, Dyhard 100S, Alzchem)2} 733} 214
3,3’-(4-methyl-1,3-phenylene) bis(1,1-dimethylurea) (Dyhard
UR 500, Alzchem)= E&=9] A glo] AH&-SFATE ARG
Alefol ofofel G2 F Table 1o UeR it

2.2. 77|

Sdek WA o] EA] WS o] Bhelg 918 fourier
transform infrared spectroscopy (FT-IR, Thermo scientific
AL, Nicolet 6700)2 A3} 0, B4 2L attenuated
total reflection (ATR)H-& AF&-3}qch B4 oy Hol=
4000~650cm™ o A F=AF 35> 163] A E dem 2 FA
= A3yt

AR fEe WA oFAY 2 FdS sl
'H-nuclear magnetic resonance ("H-NMR, BrukerA}, Bruker
avance 300 spectrometer, 300 MHz)E AME-3} 2 &4
Goje CDCLE AMEat T AFLolA Z4atolr).

AT SEle WA o FH A9 epoxy valuei=epoxy
equivalent weight (EEW, Mettler toledoA}, Metrohm 888
Titrando)S ©]-&3f =4 3s}%

S ASTM D 1652-04¢] %3 =4 51Gl T
3HA3E o ZA] 0.4g2 10ml chloroformo] =9l t}2
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15ml tetracthyl ammonium bromide solution (TEAB)-&
W3 A]7] 31 0.1N perchloric acidE& A FH o7 A&
s o AAFo= ALsAT

BADGE, 4314, 43t S2AE wigdste] Azt $-
gt HA o ZA] ZJ2A e A3 As-Sdifferential
scanning calorimetry (DSC, TA instrument, Q500)E& 9|

810l SAsigck ALgg7Ioln L U 50~
250°C7HA] 10°C/min 52 &S E9H60°ColA 52 &%
2 908 =A3g

Single lap shear strength+= universal testing machine
(UTM, InstronA}, UTM 5982)% ©]8-3}o] =434
Ald 2742 100N9] 2 XS 013—6}01 1.3mm/min<]
crosshead speed® 3} TH MEY & 53] HtE=H &,
Bk T

2.3. Jeffamine diol 4002| &Hd

Jeffamine D-400(Mw=430 g/mol, 0.58 mole, 250 g)¢}
PC (Mw=102.03 g/mol, 1.22 mole, 124.57 )& 3+
500ml EtAF0) 9& & FUSFA s 1 5
27 YH L5 100°CE 523 3, ¥ro] anE
Q7] o AR T5AZE Bk fA5 o] whgatgict
UGSl AREE HNVRE o) Selstelet. Bl
TAE 5, g7 YREE ARor 4
IL] DCME o] Ffd %—6H*l5ﬂ F 52 o
) 9§ PCE A Atk AA L 53] v
ATk MeSOE o §oke] 418 A7 T, ki
A28 o] 83t0] DCME A A3t upA|
o] e BofA A=x3slo] X|F Jeffamine diol 400-% o
21 tH(Scheme 1).
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Scheme 1. Synthesis of Jeffamine diol.

2.4. Jeffamine based urethane modified epoxy 400 (J-UME~400)
o| &M

Solle 4 o ZAE ] A6 T A we
(1. 93" BES, 2. of|FA]7] =9 Hhg) o2 e A
3 sFTh —rEﬂ Hl-2-S 93} Jeffamine diol 400 (Mw=
634 g/mol, 0.0552 mole, 35.02 g)Z} IPDI (Mw=222.3
g/mol, 0.1104 mole, 24.54 g)& 47 500ml ZaftA =9
Y2 &, 54 EAIQl 59.56g2] EAcE ¥ il st At
E3bsict O 3 U279 YR LB 60°CE 523t
th W71 W=7 60°Co] =25k Sl 2000
ppm&] DBTDLS Yal, SA|ZF WHS-A]# wikof o] 44

old|ol E Ht-$-7]7} AgE pre-polymers §H4d 5t
Hrgo] AW FLIRAHE S £3) NCO7| o] E4
o3 2270em™ 7t gASE Aow Felstgrt

-NCOA EA uz39] 7%/\7} AP R e
T &, ol FA] =9 Hhg-= 913) pre-polymerof T
2 A el glycidol (Mw=74. 08 g/mol, 0.1159 mole, 8.
& FYsia 5UT Lol 212 140 2k
hge AT o EA =Sl g @A ofR
A3 A}am% 2

1o

U‘l
5 0
o r|r 2 02 ofr o

FT-IR® -NCO®| E4 w7} 9
3l " gl FEE
o ZAl =9 ko] &AH
5] A7l & & o83t
S glycidol S A AsF Th.
A 2 53] vk A 3sHATE MgSOsE ]85t
= AAT & AASHFAAE ©]83to] EAcE AA
L, 70°C 7FeFollA Hdxste] 2F
o qith (Scheme 2).
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Jeffamine diol Isoprophone diisocyanate

5h  |2000ppm

FeSUUS VSN IvETe

Jeffamine based urethane prepolymer

60°C JDBTDL step. 1 urethane reaction

60°C DBTDL step. 2 epoxy functionalization
3h  [2000pp
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n=6.1m=3.3

Jeffamine based urethane modified epoxy (J-| UME-4OD)

Scheme 2. Synthesis of J-UME-400.
3. 2ot 3 oF

3.1. Jeffamine diol 4002| &

Scheme 19| A4 el A3t Zo], Jeffamine D-4003}
PCE ©o|§3sto] PPG7|RT S-egt WA E2&2 /st
AT W2 Jeffamine D-4002] kol 92k ofxl
(-NH)Z} PCe}to] 73 HH-3-S E3) hydroxylurethane-2&
A5ttt A E  Jeffamine diol 4009] AdHSS
'H-NMR-& 53] &439c} [6]

Hhg AlZko] Aol wek zbR PCE| CH, ¥ =(Fig.
1(b)2] B1] )2} Jeffamine D-4002] Wtofl ¢ %] st —-CH;
(Fig. 1(2)2] A’ T A7} fH4ste= A0 R yhgo] X3
ge srelstgltt. oF 75A1ko] A\ & o ol4te] 5=
Wslh BEA ot WeE FATALL

Hh-g-9] AF-E-L 1.0-1.3ppmol| 4] UEFY= Jeffamine
D-400 (Fig. 1(a))2] A ¥ =(27.3H)¢} ZHF PCL CH,
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Figure 1. 'H-NMR spectra of (a)Jeffamine D-400
(b)propylene carbonate (c)Jeffamine diol 400.

-

(Fig. 1(b))2] B 7] Z(0.21H)2] H|&=E AAlstict. A4l
H A3-8LS 95%0]th(Fig. 1(c)).
95% X382 717 Jeffamine diol 4000] 3£

=3t v
2 PCE AR S8 A A AR, o] 2
wg 3

s
% 3 'H.NMRE £3}o] 1] B2 PC A|A &
sF 3 th(Fig. 2).

Fig. 2014 & 4= 9l%, 4.5ppm o[ 4] UEd PC2] B
327t AA RS ST 4= Uk E=3FF 7]E0f 1.0
ppmof A &% UEhd -CH; 9 A” 737} AtekA] = A
© & u|ykS Jeffamine D-400 %A AAE AL let
T Ak

oY 2

uo%%n f a

b.c

Figure 2. 'H-NMR spectrum of Jeffamine diol 400 after

purification.
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3.2. Jeffamine based urethane modified epoxy 400(J-UME-400)
o| &
3.2.1. FT-IR

Scheme 204 VeEbH A} ZHo], PPG 7|4 L&t
A o ZA] TFA 9] TS APskict WA, Jeffamine
diol 4002} IPDIS] &%t WF-3-2 E3| pre-polymerES 3HA]
3}tk HWhg-o] 2 E o wa} Jeffamine diol 4002] -OH7|
¢} -NCO7|7} vh-g-ste] gt A3H-NHCOO-)o] A=
7] @& -NCO m 3L 74sHA rt.

A AXF FHAC® FT-IRE £7435to] -NCO7| 9
54 937t FaEA s el jr o FA7] =
o]S Y&l Wk A ¢l glycidol e FE¢5Fgth 34 7F
T Rbg & o5 BRIskelil NCOu| 27t ¢h 3]
AR Ae 2QlEE

Eﬁ} % Xﬂl—} é% 5 % lycidol & A # 3t A4
30cm’ & 2elslo] kol of
l S 7 dE A

A th(Fig. 3).

3.2.2. '"H-NMR
gh-3-o] g o] uhet 3.0ppme] 2123t NCO-CH
137} 2.9~3.0ppm 2 o]F35lo] S-FEk Hk-g- o
s} A= 471 -NHCOO-CH, 1] Z(A’)E el
a1, 2.6-2.9ppmOf A of| ZA1€] -CH, ¥ A (a’, b)E
sto] gt HA of AV FAENSE Y &
(Fig. 4) [7].

8]

0 x2 o

3.3. Epoxy equivalent weight (EEW) =X
Ao A TufE] 31 Q)= BADGEQ] epoxy valueE &
Aeomn 717 BAE AN 24 A7 188.59

(a)
-OH CH,
b -NCO
(©
-NH A
epoxy
-CH,
T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm'1)

Figure 3. Result of FT-IR spectra: (a) before reaction
(b) after step 1 reaction (c) J-UME-400.
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Figure 4. 'H-NMR spectrum of J-UME-400.

Table 2. Formulations of J-UME-400 adhesive

BADGE DICY UR500

@ M@ ®
U-0 10 0 0.6907 0.0434
U-10 9 1 0.6364 0.0400
U-30 7 3 0.5252 0.0330
U-50 5 5 0.4165 0.0262
U-100 0 10 0.4351 0.0123

gleq= 184~190 g/eq H oA SAH=ALL 7|71 4
g7k ool §l&S gelstalrt [8].

A% B HA] of ZA] J-UME-4002] epoxy value
L 93452 gleq@ =A = Qlt.

34. I EY WIS fet Hst 7is &3

st Seleh WA o= o] Ak AFS 25l
23] BADGEE base epoxy= 3d}o] J-UME- 4001} =3
skt W22 BADGE (g): J-UME-400 (2)=10:0, 9:1,
7:3, 5:5%2 3}t

H2HA Alz2E Al B SHA|l DICYSF 43 %I AUR
5002 ARE-sHRTh ol FetAl= ofvl a4 e (amine
hydrogen equivalent weight, AHEW)of| 9t5=0] 7314 9
8k A, oA 9] Hl&2 [DICY]: [UR 500]: [epoxy]
= 1:0.02:6.52 3}o] wjgtalqdet.
DICY = Af-2ollA o Z&A|et &l = A] ol a}stit3-
| EAYSEA] 9FaL, 140~150°C o]/4Fe] = g3 = o] 1F
ot Ao® dHA QUth I B4 At Aok
L o FA] vhgof Hofst= Ao dA Ut (2]

Planetary centrifugal mixer(THINKY A}, ARE-310)2
o] &3}o] vjgsld az, WA 1700rpm, 90%, €3 2000
pm, 902 Z Y5tk Aol AHE-R v gHu]E Table
20f] YER A

H2Ao]  H3 AHEEL  differential  scanning
calorimetry (DSC)2 A4 B Q7] 3lo|A =A%t}
FUME-400 §504 %3} A%< Batelr] gajd &=
# 9] 50°Co|| A1, 10°C/min & &E& 250°C7}7] 2%
(Fig. 5)stlal, 43k AlzbS gHshr] 9fsf 160°C 52
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Figure 5. DSC results according to J-UME-400 adhesive.
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Figure 6. DSC result of isothermal condition at 160°C.

Table 3. Curing behavior of J-UME adhesive

Theak (°C) Tonsel(°C)
U-0 157.48 145.49
U-10 158.25 144.22
U-30 169.13 140.22
U-50 182.28 137.08

A 907 F<t Z7 5 tHFig. 6).

Sget §A o ZA] J-UME-400 H&HA19] A3} A %9
Tpeak(°C)2t Tonse(°C)E Table 30l LFEFY ST}, J-UME-
4009] FHefo] EoldE ALt 22K R o5}
L oA4e BEE S gl o)k U o] WA
tu] A3}t A|7ho] 271k =L Lwv WIS o
gt 9]

Aub 0 2 A3} LELE Tone(°C)F Tpea°C) AFO] €]
e Ay, o] A$E 137~182°C Ato|7} A wdt
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£ 47) dolEg 2A=
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20 = STk o= 5042 o] o] s A3t
O AS ottt mhEhA g of AR 60~902 A
o7t Agd Aoz Helry. ofth &% Ao} AlzE &
HE {8 & A= A7) Hol"HE 272 st
ok AlE 02 AAsAT

3.5. JJUME~400 Mt 2t =X Zdu}
ST SalE A o EA] FA4
A% AE AL o) A BEs 245

AZFe ASTM D 1002 wheb 12 5hsich.

=7 1.6 mm<] CR340 steelo] A2 WA 12.5 mm
x 25 mm=z 3} 3L 200 um glass beads= {2} FAE
dsHA skt A3t Al ME 1S 98 E€HS A
Bolth Ad e 542 ME T T 53 BHE 54
%, Bddtbe 3T

=4
Table 4~69} Fig 7~ 119 LU Slct.
et 2= Ad A= 9 dAd Ade 54 A3 150,
160°C A= FAFSFAA T, 170°Co Al Frash= 7
FE HdedH, ol A" WA oAFA A2
propylene glycolo] Z38lj & o] &2 AstE ezt A
o g e

3 7&< Fig. 9o YeEt =T, PPGE Z3=
sl whm wo] wimYA e AL AT & ok
PPGO HEE L= 170°Co|A A ZHET) [10].
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Figure 7. Shear strength and shear strain of J-UME adhesive.

Journal of Adhesion and Interface Vol.22, No.l 2021

Table 4. Shear strength and shear strain of J-UME-400 adhesive

Shear strength Shear strain Curing Temp.
(MPa) (mm/mm) (°O)
U-0 16.99 + 0.73 443 + 0.86 160
U-10 17.04 + 0.89 5.65 = 0.26 160
U-30 19.31 + 1.44 6.12 = 0.85 160
U-50 23.35 + 0.38 9.45 + 0.10 160
U-100 091 + 0.14 0.2 + 0.01 160

Table S. Shear strength and shear strain of J-UME-400 adhesive

Shear strength Shear strain ~ Curing Temp.
(MPa) (mm/mm) °C)
23.05 + 0.08 9.95 + 0.05 150
U-50 23.35 + 0.38 9.45 + 0.10 160
18.74 + 2.24 7.80 £ 0.10 170

Table 6. Modulus and Toughness of J-UME-400 adhesive

Modulus (MPa) Toughness (N/m)

U-0 5,155 + 1320.30 7,303 + 1,701
U-10 3,845 + 201.91 8,539 + 1,583
U-30 3,645 + 604.55 15,463 + 3,029
U-50 2,196 + 198.39 22,831 + 1,612
U-100 3,726 + 482.24 16.47 = 7.35

SHE WA olEAE YA 2 U0 A Fes
16.99 MPa® =74 | 9]3L, J-UME-400 & 10%<1 U10
o] AL At w7}t 03% AE Z71eH A, I-UME-
4009] 3 50%21 US0Q] 7-$ 23.35Mpai U-0 tfH
oF 37% Z7FsF3ith. o]& J-UME-4007-%2 U] 9] $-aj et

30 15

25
g
S 204 .- - _ _ 10
=3 - - —-n _
£ - g
2 - - 3
S 15 =
B @
= g
5 S

3

% 10 -5

54

0 T T T 0

150 160 170

Curing Temp. (C)

Figure 8. Depending on curing temperature Shear strength and
shear strain of U-50.
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Figure 9. After shear stress-strain test with different curing
temperature of J-UME-400 adhesives U-50.
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Figure 10. Shear stress-strain curve with different ratio of
J-UME-400 adhesives.
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Figure 11. Shear stress-strain curve of J-UME-400 adhesives
U-100.
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Figure 12. After shear strength test of J-UME-400 adhesives
U-100.
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