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Thermal Properties of Diglycidyl Ether of
Terephthalylidene-bis-(4-amino-3-methylphenol)

Ha-Neul Hyun*, Ji-Woo Choi*, Seung-Hyun Cho*'

ABSTRACT: This study uses Diglycidyl ether of terephthalylidene-bis-(4-amino-3-methylphenol) (DGETAM), an
amine hardener 4,4’-diaminodiphenylethane (DDE) and cationic catalyst N-benzylpyrazinium hexafluoroantimonate
(BPH) to make epoxy film. For analysis, 'H_NMR and FT-IR were used to verify proper synthesis, and the liquid
crystallinity of DGETAM was checked using Differntial Scanning Calorimetry and Polarized Optical Microscopy.
Thermal conductivity of the sample was measured using Laser Flash Apparatus. Thermal stability as well as thermal
conductivity is important when used as a packaging material. Activated energy is the energy needed to generate a
response, which can be used to estimate the energy required to maintain physical properties. It was obtained using the
Arrhenius equation based on the data measured by isothermal decomposition using Thermogravimetric Analysis.
Measurement of the thermal conductivity of epoxy films showed higher thermal conductivity when DDE was used,
and it was found that thermal conductivity had an effect on thermal stability, given that it represented an activation
energy similar to a film with BPH upon 5% decomposition.
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2.1 A2 3 Al

4-amino-3-methylphenol, terephthalaldehyde, zinc chloride,
tetra-n-butylammonium chloride, 4-amino-m-cresol-> TCI
(Tokyo Chemical Industry)Alof| 4], 4,4-diaminodiphenylethane,
pyrazine, benzyl bromide(98%), NaSbF. = Sigma-AldrichA}
of| A, epichlorohydrin(99%), sodium hydroxide(98%), Acetone
(98%)2 AF7dsteloll A Ak Rlet. e Alofe o] 4

A glol AE-sFS e

2.2 DGETAMS| &M

Terephthalaldehyde 12g, 4-amino-3-methylphenol 23.33 g,
zinc chloride 0.33 g, ethyl alcohol 150 ml& 3 ZatA =0
W, 80°CE §AISHA A 71 ol vk e vk A}
83| 300 rpm O 4A|7F WHFSITE WE 3, Aol A 124]
1 A8l o2 =341 9] 11X (TAM)E methyl alcoholi}t
distilled water2 ARE-5Fo] S48l A3 2218 60°C A
TR EofA] 6A]17F o)A} AZSIE AFA| TAM 12 g, tetra-
n-butylammonium chloride 0.26 g epichlorohydrin 56 ml,
dimethyl sulfoxide 100 ml-& 37 Za}A T 0] Wil ufu| g
u1E AFgle] WHkRIT SRR 80°CE §Al8tn] A4 7]
5 Sl SRS AA 7HRITh S i F Eye
1.5 mol% NaOH 4~891-8- dropping funnel& AME-31o] 2=
2 §A15kH 4417 E<F "ol malr). o Fojzl Foji 4
Solx] 12477k A7 7, WA =T THZ methyl
alcoholi} 5-F-5 ALE8}0] SAIB1 T, WL EE AL
60°Cof| A 8/\]71} ol T3] AEAA AR SrlE B

A A [32].

ﬂll

2.3 BPHe| &M

Pyrazine 1.6 g, benzyl bromide 7.3 g& 500 ml 37+ 22t~
20 Y3 AR oA 24417F BT BRE AFgSto]
AlZIct. 24A)7F 0150 AJAd= benzylpyrizinium bromide salt
2 250 301 3, §oo] 5.17 g0] NaShES A7}t v}
JYE HEE ARSS whE AlA S 1A S de=th A4
F 74|= methyl alcoholS ANE3le] A L A ZEA F,
12A17F o Mg A2AA oS Al AT CH33,34].

2.4 o|=ZA| 5t

DGETAM®] 7 814 = gH/d 7k BPH o] 2] of] of gl A 7 3}
A9l DDES AR§-5}9ict. ofulA) 35HAe]l DDEE -3t
T Q= B4 47wl 471 £A513L, DGETAMS 2
ol of| A7} 27H EAsH] ol FEFel= 122 4A

5191, BPHE RAH|E 1, 2, 5 wt%E AFE-5kgich BE A
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Table 1. Film making conditions

Epoxy Hardener Ratio Solvent
DGETAM DDE Equivalent ratio Acetone
DGETAM BPH 1 wt% Acetone
DGETAM BPH 2 wt% Acetone
DGETAM BPH 5 wt% Acetone

Z2 DGETAM 2g2 7|&o = @il, 8|2 acetone Ab
o] 308 7 LU Ao)E B AL83) B AR 2
AlEl 218 HIEZEE tdo g T & otof|A] 124]7F o]Af
A4 %38} acetones A A ST Acetone A A 3, 9FA}
of WA ARG ete] HA ok T hot pressE AL
Slof 180°Cof|A] BE FE= Table 1 71O = A& A%t
3},

25 =M £
2.5.1 Nucler magnetic resonance spectroscopy (NMR)

BrukerAl9] Advance4002 AMg-3199 11, DGETAMS] 79
CDCL2 BPH+ Acetone-d & 80|22 ARE-3}%it}.

2.5.2 Fourier transform infrared spectroscopy (FT-IR)
BrukerAl2] VERTEX70-& AFRE}] A7 4= 32, 600 cm™'-
4000 cm™ 9] ol A ZAst3Act

2.5.3 Polarized optical microscopy (POM)
NikonA}2] OPTIOHOT-POL-& AF-8-3} %1 1L, Hot-stage S
A2l 10°C/ming] 52 SEZ NGAHE 1T

2.5.4 X-ray diffraction (XRD)
AZ o] AL T1o517] &) BrukerAl2] D2PHASER
= Apgate] 50-60°0] W9l Zgakalct.

2.5.5 Differential scanning calorimetry (DSC)

Perkin-ElmerA}2] Diamond DSCE ARg-35}o] R A 7]5F0]
A 10°C/min®] & £wo} W7k &5 2 20-250°Co] &%
HelolA S8k

2.5.6 Thermogravimetric analysis (TGA)
METTLER TOLEDOA}S] DSC/TGALZ ARg-5}o], Ai
5 kel 300, 310, 320, 330°Ce] k=04 5027t 5-& G&

e AslAct.

2.5.7 Laser flash apparatus (LFA)
NETZSCHA}S] LFA 4672 A&-31o] d&kalA 4~
I, AMZol W H|YS o] 83 dAEEE ILa)

i&

=y

3. 28 & n#
3.1 DGETAMS| &A =fol

DGETAMZS- 3}43}o] 'H-NMRZ A[-&-3)] AL uj o
ZA] ol THH a, be] 1 F7} 2.77-2.93, 3.36-3.38 ppmo]|
YA AL &I = AL, WA el 139l d, g7} 6.77-
7, 8 ppmof| Al 21 4= ‘il‘zi o] & Fig. 1(a)ol] Yet 3l
t}. FT-IRE AMg3f 43S w) 2900 cm™o| A CH, 1=
£, 1620 cm loﬂA1 CH=N #|3E, 911 cm™o)|A] o] ZA] gu}t
Iy 135 Foldt 4= 9190, 1040 cm o) A ethero]|
stz T 25 AT 4= %o o] & Fig 1(b)o] &t
oot
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Fig. 1. DGETAM (a) "H-NMR and (b) FT-IR data
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Fig. 2. DGETAM (a) DSC and (b) POM data
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3.2 DGETAME| &AL &0l

3493 DGETAM®] 9% o] 34 & Btels}7] 9] DSC
o} POMO 2 ej o] FHHLE L= Wejol 4o] Fej2 &
Ql&}irt. DSC 24 77} Fig, 2(2)2} 2L HolEE g 4

S)sich. obe% ellzel woldl whe} o] shel A] 274e)
S =27} 163.9°C, 212.3°Cojl A LrEpRtom, 7k A 2
o] 471 2 W=7} e BRE efulstel, 2L w2
7 olo] s, SUAS ebhis 21 olulgich. 91
olzof] 7151 o} o] W2k Alolli= 245.9°ColA el 7]
27} e, 712 Aleflgk o] veh b Aoz ol
i (monotropic) A S Qolg} 4= 1tk POMO] hot-
stages AZF & 10°C/min®] 52 &= 2 71493 A1} 170-
224°Cof| 4] Fig. 2(b)&} o] birefringence F+4 & &21g 4=
AL AR FEf ] Schlierene 757} UElb= Z o= B
o} DGETAM® ]ute} o} 52 o 45t 212 oF % 9lc}
[35,36].

3.3 BPH2| &4 =0l
BPHZ 345} 'H-NMRE A3 AL o pyridine
ring®] =9l a, bE 9.65-9.7, 9.33-9.38 ppmo|| |3t A

819 3} 4 9loi T, W0 W39l ¢, dv} 7.7-7.47 ppmoﬂlx-]
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Fig. 3. BPH (a) 'H-NMR and (b) FT-IR data
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Fig. 4. (a) FT-IR data of DGETAM, DDE, BPH 1,2,5 wt%, (b) XRD
data of DGETAM_BPH and DDE
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Fig. 5. LFA data of epoxy film thermal conductivity

Table 2. Film making conditions

DDE |BPH1 wt% [BPH2 wt%| BPH5 wt%

C, J/gk) 1191 | 1.157 1.190 1.218
Th 1 diffusivi
ermal diffusivity | )15 1 9208 | 0195 | 0.190
(mm°/s)
Density (g/cm®) 1.196 1.219 1.127 1.200
Thermal
.302 2 2 2
conductivity (W/m*K) 030 0293 0285 0277

Ak, AAEEE 4] ()& Agalo] T3 4 9T Fig. 59]
Uehhgith. BAE L DDES AFS3H 4%, BPHE AL
3 79 W} 7 UeRgon, BPH ghee] Z7lof wjet o
AT w7t o]z AL 3ho] 3} 2= 9]9ir}. o] Table 29]
ABPAF A4} BPHO) G Z71o] wheh ghasi AL, o
o] Aol whet E=o] Abeto] FAEIThs 72 Aol
o %|3l= ZAulsE, DGETAM_BPH A| Ao 4] oA 1z &
o] A= olFA 7| o} ohglA AsiAE ALHE 1)
Ho} QA==7F 445 Ao 2 Holt}[37,38].
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nug
X
nue
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>
_é

x A% (1)

3.6 TGAS 0|88t LE3 HE 24
ol EA] BEQ| 7tdof w2 oga AR BHls}7] 9)5

o d& H %W?i} AIAE

310, 320, 330°C2] —950]]/\—] 71—7P 50HZ_]_ =0 dH| AF
S AFYsloct. & B8 A1= Fig 60l Ve &

£l 243} v A= 4 2)F ol&ste] Aubstgict.

Int = 1n[8(Ai)}+ i—‘; @)

& aol| A19] A7 tof] gt Al Arrhenius 4] 2§
3, AARIE ol vehd Aoz Zaf ¥hg Akt W
o172 k& S AAY 71&71E o8-8 243} A E
& 4= Ak AFAE ARG 7)ol ARE-sL7] 9
Sixl= 2719 Eall Aol Fa5h7] wiizol &l a7t 5%,
10%21 7ol thafl 4] (2)5 ©]-8-5k] plotgh 5 graph®] 7]
2715 ol gdl AXre e 43} UAE Fig. 77
Table 30f LER T 8l 0] 10%01]A1 kA Oi BPH
£ AHgSl Bt A9 o w2 A4S dUAE
U 5% 4= DDES AR E50] 843} of] XIS’Jr BPH
5wt%7} FARSE 2k UEt @ich. o]«= DDE A&9] d4
LT X7} BPH M EZ9 dAEEHT} &of, 5% B A=
DGETAM_DDE 4 &o] ¢ @2 gd& W&l &43} oy
2]7} BPH 5 wt%2} SAkHA LERd Ao & 1ol 10 wtd
ol A= Hpd o] FhA|= CH,-O-CH,

— o=

o,

A3te] bond dissociation
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Fig. 6. Isothermal TGA graph (a)DDE, (b) BPH 1 wt%, (c) BPH 2 wt%, (d) BPH 5 wt%

DGETAM_DDE/DGETAM_BPH

DDE

BPH 1wt%
BPH 2wt%
BPH Swt%

>ao0e

ogep

4 6

Degradation(%)

Fig. 7. Activation energy of DGETAM_DDE and DGETAM_BPH

Table 3. Activation energy (KJ/mol)

Degradation| DDE BPHI1 wt% | BPH2 wt% | BPHS5 wt%
5% 73.49 60.07 66.64 80.77
10% 138.07 168.28 171.08 183.14

energy”} 335kJ/mol?ld| H|3] CH,-N(CH,)C,H;2] bond
dissociation energy”} 272 kJ/mol2 ¢} o} DDEE A[E-3t
5ol ¥ 2 A3t oHAE YERd Zlo® Helrh
4.4 B

B AL We HES} Bo AWEES 2 9
o ZA] DGETAM} ¢fo|2 7HA[A¢] BPHE $H/dstaL, of
WA 7 3441 Q1 DDES A3 7 -¢-9F vl el 73 3k of

& @ 249] ol YohuA 51%ich. DGETAME
DSCo} POME %3 Himhe] o4 e W oks AL e
% itk 94 727} W4 EE Lol 4 BPHS} DDES
ALgSto] o FA DES A 2SR, A2 BE 4
EE S Bh1el7] 919 LEAS Aot el e, 9 g4 S
sho15t7] 93] TGAS AF&5o] Aa) T4 st o 2|2
Fsieich 574 A BPHS AHS8 4, DDES A8 4
shet 42 ] AUEES} 058 WolA| A ol &
AR, s &3t oy R= 238 F7tek=
sjelat 4 9loith. ol BPHE AMa) A3le Aaket

oy Px0) FAlo] Walvh Hlo] AUELI} o
Z]9k, bond dissociation energy®] x}o]= Q13f] A2 <F

=

oX 9 od i
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