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Thermo-rheological behaviors of Phenolic Resins Blended with

Petroleum-based Pitches for High Temperature Carbon Composites

Jae-Yeon Yang*, Yun-Su Kuk*, Min-Kang Seo*', Byoung-Suhk Kim**'

ABSTRACT: In this study, the thermo-rheological behaivors of petroleum pitches with different softening points were
studied, and a B-stage phenolic resins/petroleum pitches blends were prepared by adding petroleum pitches to the
phenolic resins. As a result, the petroleum pitch with different softening points decreased the fluidity of the petroleum
pitch as the Quinoline insoluble (QI) content increased and showed the viscous properties of the solid. In addition,
the effect of adding petroleum pitches having different softening points on the thermo-rheological properties of
phenolic resins was investigated. When petroleum pitch with a high softening point was added, the fluidity of the
phenolic resin was reduced, and the hardening behavior was fast. It was possible to control the curing rate and curing
behavior of the phenolic resin by adding petroleum pitches of different softening points. Among them, the phenolic
resin mixture to which P-Pitch 2 was added has a higher fluidity than other blends under the same curing
temperature condition.

2 B2 7ol AL 2ol 0E A5 Ee 2 A4 N9 o fust S4S Apsgen] oS 3
& Humax o] ARA o2& H71sto] B-stage FE o] Hlm=A/ A 54 92 EFES AU 1 21k A
o] & AjA FX = QY o] S7FEE 1A 9 §5/4d0] AAastAL, 1A Hed 54& UEty
At} Egh 2 ASE 2= AR IR E HemseAod Ao EHN, HeeA e H5AsH E FHEE &
Aol Rz FaFoll thall 2ZsHGS o], thE Azt A-5A TR E ArrEel uhet dlseA e HisE W A
FATS 2ET F e, o] F P-Pitch 27} 71 &4 SRS A FUI FE ExAA O
ek HE) f-54d0] =2 AS AT 4= Ul

Key Words: 4]-F7] 1] x](Petroleum pitch), ¥+ 4>%](Phenolic resins), 11-28FA2 317 (High temperature carbon

composites), -F-H+4 7|5 (Thermo-rheological behaviors)

.M B o} thokt Bofe] R LRAL F2A]7]7] 93 2L
Ao) 714 Aol a7 E L Qr). 7)2e] Adwct 717
27 7)o Mo R T AdAtelt WAHe W E4o] He 9aa 284o0] golat Aol diat 4

Received 13 November 2020; Received in revised 9 December 2020; Accepted 11 December 2020

*Korea Institute of Carbon Convergence Technology
**Department of Organic Materials and Fiber Engineering, Jeonbuk National University
TCorresponding authors: E-mail: seomk721@kctech.re.kr (Min-Kang Seo), kbsuhk@jbnu.ac.kr (Byoung-Suhk Kim)



330 Jae-Yeon Yang, Yun-Su Kuk, Min-Kang Seo, Byoung-Suhk Kim

& FFel A A7) Agste] 7120 Yzt 7]
AR EAo] Bl $4ska g0l T ARl et Al
4 o A Ad=7] Agstel 2147] HolEw
ARE -9 A 0] el ujet Ax)e] B ga E
Lo Ene 2o IR Me dEet ad 54 7}
A 248 2751 H9la, olol wrel chopat sk
S8 B B 27} A8 H 1, 53] 2o A S50
reh s Bhavek Bab R ASEA e B
wrobo. 11 QITH1-7). o]l Bha/eha B R B
SRR B Eet G2 S4o] $45te] 2200°C
2olX] 1AA BAo] S50, L WY F4
o AL 7R Aol ek olef e A
R

il

-

10 0_>L O
filo

[e)

g oF
=1
o

b ox O B o o
N @ 0
N B>

fu [e]
€ 553 Aty s diAlske A
2292 AREHAL e Ao R2A 22 S, AlE vd
Aol AAFHA 5 - GOk A=A ZgS WAL 9l
545 7] "zl 3%
7] B0l fazof o] §H L Qlom, A s/ &
FA = o] F= a7 et B AR Aol E=
Eo HEOR Qe ARE =7k g E o] QAR Fof o
ok ol b3 AR o] A8 1ElaL 2 A, 7IAA,
=94 4 w2 AR, 53 2 SAN 2=
=€ Y58 A 5 Ad 128 SRR Jido] &
i =] 3L QUTH8-10]. o] 2] 7t Bhax/ghar B &0 viER] X
B2 Yaago] 52 9B #AY HerA B 4
A, HAl 25 ARSSEAL )lom, o] o] &7t A ¢
Aol ofgt ghav/gha B n o Alxe d5o = AR
Al dRbA 0 2 ghelaego] 50% vkl 7] ol Tekey
EAAR ol 7]5o] Wol FAd= o] o wef vk
o] Foj A oF 3t v E 2 A9
Sa3 glo R 2-gRrH11-14]. | Foll=

3
.
4
;

b
Ja
E?l_l{
=
Hl

f
K

2
i
B
o
ol
2

50 [ oo M o 1= Jo ol

o &
(ot
ook
9‘_1_14
2
>
ofo
ol
R
£ o
ol
ok
ox.
1o
=)
2
e
)
)
B>
o
o
o

olupA o) W o] 2 WA S A AREA ol
shelt A7} ol M aAE 3 QA T, ] Esf o] & %]
SHES Bok ATH B0l RS wHL A2
t}[15-18].
webA] & Aol dshgol e AaA wxe g

sty 4L AL, o8 EY AR AMgeHE
g 2 sl Wrlstel AR o] A%
7 sty 4ol nlA Gl thaf aaskalch
2. & #

21 HE % HEsK &

B Ao ASE QA A 1B GBI
A g 4% Gl S8 4719 w4 (KRD-HM2)
£ A8t Aol $ EaEE A A48

I

2 on,

Table 1. Properties of petroleum pitches

Carbon Elemental
a b
Samples Sp Ql yield analysis (at%) ¢/ H
(°C) | (%) 0 ratio
(%) C H
P-Pitch1 | 135 0 35.53 93.73 | 6.00 1.30

P-Pitch2 | 168 | 10.74 49.78 94.30 | 5.41 1.45
P-Pitch3 | 182 | 35.93 56.30 94.33 | 5.16 1.52
P-Pitch4 | 250 | 50.19 68.00 94.71 | 4.72 1.67

2 softening point, ® : quinoline insoluble.
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Fig. 1. The plots of Complex viscosity (n*) versus frequency
determined at softening point of petroleum pitches

Fig. 2. Polarized light micrographs of petroleum pitches; (a) P-
Pitch 1, (b) P-Pitch2, (c) P-Pitch 3, and (d) P-Pitch 4

Fig. 3. The plots of Storage modulus (G') and loss modulus (G")
versus frequency determined at softening point of petro-
leum pitches
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Table 2. Coordinates of intersection points of G, G" = f(v) depen-
dence determined for the petroleum pitches

Coordinates of intersection
Measurement .

Symbol of points

temperature -
compound ©C) Frequency G'=G'

(rad/s) (Pa)

P-Pitch 1 140 1.14 49.48
P-Pitch 2 170 1.61 48.50
P-Pitch 3 185 0.48 49.29
P-Pitch 4 250 297 43.18
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Fig. 4. Oscillatory test for viscoelastic behavior

Fig. 5. The plots of phase angle (§) versus frequency deter-
mined at softening point of petroleum pitches

Fig. 6. The plots of Loss Factor (tan ) versus frequency deter-
mined at softening point of petroleum pitches
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Fig. 9. The plots of phase angle (6) of B-stage blends of phenolic
resins/petroleum pitches versus time determined at
200°C
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