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Effect of Zirconia Particle Addition on Curing Behavior of
Phenolic Resins

Jaeho Yun*, Hanjun Kim*, Jae Min Lee**, Jong Hee Kim***, Seung Goo Lee**'

ABSTRACT: This study investigated the effect of addition of zirconia(zirconium oxide) powder on the curing behavior
of phenolic resins. The heating rate controlled curing and isothermal curing behaviors of the phenol resin according
to the content of the zirconia powder were analyzed. The viscosity and thermal decomposition characteristics of the
phenolic resin with the zirconia content were also examind. From the DSC analysis, the degree of cure and the rate of
cure were obtained. Finally, the activation energy for the cure reaction were calculated from the DSC data of the
zirconia added phenolic resin. As a found, the higher the zirconia content, the longer the curing was delayed and the
greater the activation energy required for curing. Additionally, the TGA result that as the content of zirconia
increased, less weight loss was observed. The surface tackiness of the Carbon/Phenol prepreg was partially changed
according to the zirconia content, but had no significant effect.
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Fig. 1. Viscosity of phenolic resins with different zirconia content
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Fig. 2.
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Fig. 3. Degree of cure at different heating rate with different zir-
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Fig. 4. Rate of cure at different heating rate with different zirco-
nia content; (a) 3°C/min, (b) 5°C/min, (c) 10°C/min, (d)
20°C/min

7}7) T2 §eF0] zirconiaZ H7la| A 23 #E 429
DSC 524 T1ei =5 Fig. 2o Yl o224 &
I} SLw ) MESE, zirconia $HFo] W= T, (F
Ao AFBHE 21, Topge(FHO] Brhiz 21)0] B 31&
oM veht= A AT 4= A9IT. Fig. 3 9 Fig. 40 1t
bl Aok 9l A3k o] MalE EA6}] zirconia®] o
ol S7rdE Ao AdE = AS 4 5 ATk o]
L I PA F7]E9] zirconia7} H7bE ] whel HlEs4A]
Wite] =S affd ® oty 4] Ahks SHol
Ae Ba2g 283y uioz AlgEch

S2& =S5 geste] DSCE S48 2 tlolE oA 2+
AL azfE YU AE = = UATh
Kissinger 4] (1) W Ozawa 4] (2)& o|-&3} AXlstct.

_ g, dcIn(aT)) W

Eﬂ
d(1/T,)

{@

_. 10
-
3
i =
114
T hd T A T v T hd T
220 225 2.30 235 2.40
1000/T S
(b) —8— raw I
—e— 2.5 wi%
34
e %1
=
14
T T T T T
220 225 230 2.35 2.40

1000/

3

Fig. 5. Plots obtained from (a) Kissinger eq. and (b) Ozawa eq.
for phenolic resins



292

Jaeho Yun, Hanjun Kim, Jae Min Lee, Jong Hee Kim, Seung Goo Lee

g R ding)
1052 d(1/T,)

2)

o714 Bz EATelYR|o] 1 T e WL, o
L soam, RE AAAAlT 7t S ol gstol wA

o=

3t 1| 2 £ Fig. 59 YEFY LT} Zirconia: #| =

=574 4

3lo] AHA o7 ZoskA] ¢FO B & zirconia®] FHEFS 11

Table 1. Activation energy of phenolic resins with different
zZirconia content

Raw 2.5wt% | 5.0wt% | 7.5 wt% | 10 wt %
Kissinger | 78.571 87.566 95.147 | 109.322 | 127.370
Ozawa 80.145 90.249 97.865 | 111.326 | 128.749
030 (a) p— ;a:wl%
——5.0wt%
— 7.5 W%
0.15 — 10 wi%

Endo « Heat Flow — Exo
: & :

o

/7 |

045
] 10 20 0 ] 50
Time (min)
—raw
0.30 4 [C] — 2.5 W%
— 5.0 wi%
——7.5wt%
2 015 —— 10 wi%
w
T
£ o004 e e g, FE
e '/— -
= \
o
I 015 —
|
8
S 030
.45
T T T T T
0 10 20 30 0 50
Time (min)
(e) aw
0.30 4 — 2.5 W%
—— 5.0 wi%
—T.5wW%
g 0154 —— 10 wi%
w
1
& o004
w
E e— ———— R — ——
2 ol —-
1
§ SES VR
5 0304
-0.45
T . T T

Time (min)

a4

2sto] BT ZAJ ohof v A] ghE Table 10f] LrERL Qe
Table 19| tj3} Zirconia®] o}efo] 75 2dtofu]
A7} 7 Vel ko] WA }lt). o)+ zirconiaZl HES4
A9 ekl o EeaE=H 285t Fehte<
wafsty] RO R AR EC

322 S28BA

DSC 52848 o] 7 Lol Ao Ashzel A5t o
A4 52 siofat 4 k. B ATl AL Hlise] 4
Sl7% BAS 93] 140°C, 150°C, 160°C, 170°C, 180°CojlA]
£ B45)0] Fig 60 5284 Te|nE, Fig 7 Y Fig 8
of ABhE W ABEES Yehjgleh. S8 2ut ke

oA ABFE4E ure AR, W 2R A Ho] o

0.30 4

(b)
7.5 wt%
ikt —— 10 W%
™,
\"——_

+ Exo

0004/,

S —

« Heat Flow

Endo
=

-0.45 4

T T
40 50

o
3-
g

Time (min)
{d) raw
0.30 ——2.5 wt%
—— 5.0 wi%
7.5 wi%
g 015 —— 10 wt%
- % (6) |
£ oood - i -
o f\/_:_._--»--_.._. s — e
Laufl
I 015
o
- Y
5 -o.ao.(_f
0.45
T T T T T
0 10 20 30 40 50
Time {min)

Fig. 6. Heat flows at different curing temperature with different zirconia content; (a) 140°C, (b) 150°C, (c) 160°C, (d) 170°C, (e) 180°C



Effect of Zirconia Particle Addition on Curing Behavior of Phenolic Resins 293

(a)

084

06

0sd §

Degree of Cure

0z §f —— 5.0 wi%

0.0 T T T T T

[ ©)

08+

06+

Degree of Cure

024 —— 5.0 wi% |

oo T T T T - T

Time (min)

(e)

084
064

aa~”
:—raw

L |——25wt%
|

Degree of Cure

024 — 5.0 wi%
—T75w%

10 wi% |

Wi T T T T
0 10 20 0 40

Time (min)

o
2

(b)

Degree of Cure

—raw
—— 2.5 wt%
—— 5.0 wi%
7.5 wi%h
—— 10 wi% |

Time (min)

(d)

Degree of Cure

| ——raw
— 2.5 wit |
0.2+ —— 5.0 wi%|
7.5 witt
—— 10 wi% |

0 10 20 30 40 50 &0
Time (min)

Fig. 7. Degree of cure at different curing temperature with different zirconia content; (a) 140°C, (b) 150°C, (c) 160°C, (d) 170°C, (e) 180°C

OSl

AR o =255
gt g stof| U Ao mdal= Al o] WhepX =
b zirconia $HEFo] MRS WFE AIZFALH, WA
AlFlo] =olx|aL %ﬂéiﬂ L Hed, ol =
UEF7FA| £ zirconiaZ} H|m4=A] 9] A SHE-g-of A=
B2 285197 HjEe s J&EPEJEP-

]L_'E:

ABeEst £ E5E 43
7

17

UBEN BAM
o =

nﬂﬂxl ol zirconiaZ BFIET 42X 0] F4 L Bl
317] 915 TGA £4& 4=33}aL 1 ZakS Fig. 9of Leh
Slek. 7bal 7] 0 200°C 274K o] FEAL HE &
we} ABpES 7)o WAISHE dBolLt B § HukeE
o] $urs ATk oW 25% FE | FoF vt B
%Ak, 400°C~800°Col A BHE|= F Fha w5 o] Fa
£, zirconia Y7} Z7H4E Bl FALET} by

3} zirconia®] o] F71sho] wh
S Uehijsich ol Bo) 0] =
ow Sof e Pes 22
zirconla AAE o =4=x]o Eata}

1
Hag ot AL FAT 4

k]
o

o)

)

32
F> £

oo oon
B
o

flo 3@ = rlo

Sy
o
b
_\L
o
it

X oo o Mo
in}
D x0

o
35
¥C o
32
o

3.4 =2|=30 B2 SM &4

g el e Tof FHRIRE 2419 zirconia®] AR
gol3}7] £Jsll SEM-EDS(Energy Dispersive X-ray Spectrometer)
w42 A3kl Fig. 100] SEM #£4 A& e ¢l
t}. zirconia o] whE & Aoz BEE|A] QAT Fig. 11

of Uehd EDS B4 Z1lE B raw Al 79| 79 zirconium
o] Yel}A] oF= vlH zirconiaZ} A 7}=E A|89Q] AS =g
=y FTHO| zirconiumo] EAME|o] 248t AL 3k
g 4= 9ok BAl A3} zirconia M7} Eefo) E EESH

it



294

Jaeho Yun, Hanjun Kim, Jae Min Lee, Jong Hee Kim, Seung Goo Lee

20x10"
raw |
(a) —— 2.5wt% |
1.8x10" o ——5.0wt%|
—— 7.5wt% |
| ——10wt% |
; 1.2x10" o
°
5
(&)
S goxio’ 4
-3
w
e
40x10"
L T T T T
o 10 20 u 40 0 80
Time (min)
20
raw
(C} -2.5Wt%
16010 4 —5.0w%
7.5W%
| —— 10 w% |
'; 1.2¢10" 4
o
3
o
T gou10’ 4
2
]
[+ 4
4.0010" o
0.0 L —_— . —————m——p———]
o 10 0 30 40 50 &0
Time (min)
2.0x10"
(e} —— raw
——2.5wt%
1.6010" ——5.0wt%
——T7.5wt%
—— 10wt |
; 1.2x10'
o
5
: |
O gm0
o
=
[ 4
4.0x10 |
0.0 oy T ey T
0 10 0 k] 40 50 80
Time (min)

2mx10°

®) 25w

1.6x10° < ——S.0w%

75w%

1.2x10° 4

8.0x10"

Rate of Cure :s")

4.0x10" 4

1] \

210

(d) — raw

1.6x10" 4
1.2x10" 4

B.0x10" 4

Rate of Cure (s}

4010

||

Fig. 8. Heat flows at different curing temperature with different zirconia content; (a) 140°C, (b) 150°C, (c) 160°C, (d) 170°C, (e) 180°C

100 -
— m-
3
5
= g0 J
@
=
w
=
.'% 70 4
o — Raw
e —25wt%
604 | —— 5.0wt%
— 7.5wt%
— 10 wt%
50 T I ¥ T ol I
200 400 GO0 800
Temperature
Fig. 9. TGA curves of phenolic resins according to zirconia con-

tent

Tol LEREA] gstet.

SEM-EDS #4] Ax} obefo] W& 2jo)7t e XA &
ZHe] 2] okt o] = T2 s A st A 9] v 7t
40 wt% o] B2 =X of| H 7} zirconiaZ} Z 2] L & 1 A A

of 3] ujgFo]7| ‘IHE"E_E A2 =tk E31 zirconia QA=
1:!157]_ Lol HrtE TL A v 2 2| EE o)

“ﬂﬂﬂwﬂiﬁééﬂﬁﬂ1ﬂ%%%MME@

3.5 Z2|=3| 0 HEN BN
W B3RS g xels Ao maxa 1] o)
A ZFote 3 NA = FasHA A&7ttt whebA] zirconia

o H7p} e za e AAAl VA E JFS B4
7) S8) B memd 1E Axskn HAY 25



Effect of Zirconia Particle Addition on Curing Behavior of Phenolic Resins 295

Fig. 10 . SEM image of the surface of prepregs prepared with Fig. 11. EDS image of the surface of prepregs prepared with
different zirconia content; (a) raw, (b) 2.5 wt%, (c) 5.0 different zirconia content; (a) raw, (b) 2.5 wt%, (c) 5.0
wt%, (d) 7.5 wt%, (e) 10 wt% wt%, (d) 7.5 wt%, (e) 10 wt%
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