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Abstract — Spherical phenolic resin beads were synthesized by suspension polymerization at 98 °C from phenol,
ortho-cresol, formaldehyde, with triethylamine as a basic catalyst, and spherical phenol-cresol copolymer resin beads
with relatively low crosslinking density as well. Phenol reacts with formaldehyde at two ortho- and one para- positions
to form a crosslinked structure, but ortho-cresol instead of phenol reduces the crosslinking density during copolymerization
due to the methyl group at a ortho- position. As a result, spherical phenol-cresol copolymer beads showed more shrinkage
with decreasing apparent density compared to the spherical phenol beads when carbonized at 700 °C under nitrogen. As
the molecular weight of the cresol oligomer increases, the pore radius of the carbonized copolymer beads decreases,
which is consistent with the density and shrinkage results. It was confirmed that the characteristics such as density decrease,
shrinkage, yield and so on during carbonization can be controlled by controlling the degree of crosslinking of the spherical
phenolic resin particles with cresol.

Key words: Phenolic bead, Phenol-cresol copolymer, Crosslinking density, Carbonization, Active carbon particles

.M E Az TE2U5| =] w0 2 HE FAATHLI v-39 A
WA Al FojA= DAl B s P& B
A A= 1907300 T8 Hxo] A A=, 34 o] Arkad AR, o] 5] F3t e AH A A7
ok ol e} ohE EA ) Hke2 53] W2 -2 o gt 9713 Full 27dol A LELE| =e) ik o] E6)t 1
o] Eo] Yrh1-10]. FEA] A= AF i 7] Fuj) 27004 ol Ag dojx= A dEY A 8t o] HEY

"To whom correspondence should be addressed.

E-mail: kim0226@ut.ac.kr

This is an Open-Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

618

A ZHE dojA= GAsMY FA7} Hlo] Ao EvL Frt. wlo] A
glo] £ ef wh-g-o Mol #et A5 7t W Aate] oa)
O] $hrH12,13]. TELHBI = o] 9]] the L= 72| 315t
B5 ARSI Aol tig At Qlom[13], whde]l thE s

e AR = AR B S 23S At e Al 1S Bl



79 e 9] AUEE

531 QeH{14). 97) Sl 2212 st RS =S T @
Al2) HESS AXA sz, 3 A WAl Aeate] -84
QA% 542 FYekan vhe wlel B uke-s A hepet o

jL (<] >
AA 502 FHSIsH &-8-FrH15- 23] o]e1 &t u}g gﬁ%ﬂ—okoﬂ
MRS, e ool wwd vkeTE Bl = e T

th24]. eSS % 10~2000 um 4 ]—E’_ 1%_'—1} AAE
Sh=d| ul9- 5251 AR TH25,26]. &
A E=oll Ho)#] a1 2.ef| Aol= GEWH M-S Fgshe
l, B3 8] 7H st S A9 AlRE flEiME 2EAlE A
7¥eb7 152 dhh27,28]. fES wHkehHA 78 YAkE vk A4
shal FAI71= ), MAIAE T el 41o] Al ot H el
Chek) A 34 o) gs) wEAbdo) e A v =E
23 & e AR JBIEE V)] o8l A Fe] &8 R4
7} % HolRTH29-31].

# Hatori 5 2! Mastsuo 5-2] A1A50l 28] HlesrA] A=
%“éé% TRk thE WY 50] 58| & AAE AL glom, o] Wiy
& B YE 160 um8] A=A P2 sk FEs B
RO F o AZITH32-36]. ©] &2 53] B> A7 32 (212 pm
18} 10%, 212~1000 um 36% 2 1000 pm ©]4F 54%) S ZH=
3 Ao el dhaliA = AABIITH36]. UAF 7] 2 %
I AE AL TR Y R, W S5 9wk vl g
5o 3o &gttt AFRleM = HiE/AEdds| =l &

Zulle] pH, RPYA 9] A, S48t Y soll whet 7+ =
*Xl GAre] Jresent ohel Aol & Ajol7t Stk A&
178k vk AeH37,38].

2 AT E A 78 HlEsA k] 4 W ol &
sleto] oA &= HF 8 DAATAYAR AT glof A
s A JAre] Tt et eskab o vA s Qs gRlsly
flste] AwlEe] e 9l EAbEe 2dste] FEdtakaltt.

OrO ml
= \,{r

E,Oﬂ F—{E oftt

2.4 ©
2-1. Materials
T3 #AErAY S 8l F2 EAE AR5 (99 wi%, A st
s}, ortho- 331]&(99 wt%, A ﬂi) 4 53 = %oﬂ
(35 wt%, A glehg AMEEIel AL, AEAIE 857 flste]
9 3 Eww Az Zgn) é%l%(PVA, Mw = 1,500, Junsei
Chemical), 5371 Zml| 2 Eg] o2} (triethylamine, 98 wt%, A
3}sh) 4! 743}#| 2 hexamethylenetetramine (HMTA, 99 wt%, 2H7
3ehS 913 Tk ARSIt

22, 7Y Hisekl R 7Y His-32E SESEM KI2l &Y

U3ol] baffleo] F-21¢l 1,000 mL F¥Anbe 4 f2ib-ex5 vt
5717 AHgste] Wby, SHRZb], A, AR Y8 R
& st FfrxolA 9T 2R REEAIZTE 15 vhg-
o7 vz B IFUHS| =E 102 FH|E Eetste] 714
=1 Q1 triethylamine 1.5 wt%S ©]-&3}0] 85 °CollA W& TS
160 rpm % WHFSEIL 4AXE 53F 3-8 18Tt whgo] 3

ol g3t Vtwxd 9 wslEA] W) 619

ol wheh 27]o) Tk wkg-Eo] B5sH wslsh] Al#ksie]

&S 17T FAEHA 23 (cloud point)e] YERA A}, o]
Z oA HP% i SFEA] Aol A Al (PVA) | g& 7Y
% T el FSlste] 30 w1k g5 S

23t 5 opa l 73 M4 (HMTA) 3g°—$eﬁoﬂu} olu Zepsz
Mol &L 98 °oCE Z&3le] SX|A17)aL oF 12 AJZF Z<t 400
pm O 2 WHHEI] 8 HE4A] AAE A ,\];aq HAxAo i

HAE A= sieveE 0]-&310] A ASS L S EE= B AlF
HE T8-S o] gato] mukg K] Y iﬂlﬂﬂié’— A A3 OU%
oF 24 A7k A} B} 7 HESA| ks HE F5SIeI
Hlz-AuE A 72 S HaE A9 HAlmA A4
% A o) g3ttt thik 919 15 WhS-oll A s W F e E 3}
FUUBIEE SAlol Foleks Ae vlEd AdE] 28 2
Fads| =gl ukeAd Apol7t AM FeEo] T3 Bl AL
o&t7] o 7] wiel 19HA] Hkg-ellA -4 =S ortho-T &R
thAke] 7S Z7A6A] 4 A|7F 6 A|7F EQF HE-SEto] T 1A
A AdE Sl E $Adska A2 elskelt).
A8k AUE S HlETEZE) BlEo] 93:7 9 87:139)]
H]go] B =% oke] #4919 vkg- Ao Hrtskelar
o]F 919 F WA QA Fate] 78 dE-AdE FSEA A

[t PM

UAE HF 5319 e 4] wisaeA] vz 9 Hisa
Y2 Z58A 4 v == A 37 9] 700 °Coll A 1 A17F ek

gAA -9 wha ]IRE Az

2-3. Characterization

thet 9719 sieves ol-g8t0] HI= YAke] A7] 8l A7) EEE
57 319911, ©] T °F 80 wt%Z X}A|SH= 500~710 um (#35 mesh ~
#25 mesh)H919] IS sl ARGSISITE 4] QiAo AQMdAd2
A 43174 o4 10 °C/min®] £ =% TGA (thermogravimetric analyzer,
TA-1000)E ©]-8-3te] F-A3}30tt. v o]§-8to] w3l 459
ARV AR E F48F 1, T3 #35 mesh®} #25 meshs ©]-8-3}
of whs} A0l QI WSS BRI, B} Y 45 & o
3} $ #35 meshE WHA U2 F-7(500 pum ©]3H)2] v]&= 7 &Js}o
AHg-sFlTh ©Ha 52 |1Ake] b S FARAAA W (SEM,
JSM-6700, JEOL)S 3o $+2-s}3ic).

3. 20 % EE

Az shte] s|=FA7]E 2 WAl e =
712] ortho- 9 312 para- $1X|ellA ZEUT ]?‘s]ﬂ }i]glu 20]
ofutar, o] & Qlel w7 ZhwE YEY A 755 T+ 3
o whebA] 7 dis FAE "ol w2 vk WER )l
3l o] AA WA ko, ol @38 b3l § 45 Al
s opZ|sht 3, Fl= 2] 3kte] ortho- 91|l MR 717} A
& o-AE|E2 para- B LA ortho-2] f1A| A EFLHE] =

S} 7] WiiZell FH3F ukgo] dojuk=s TRt A E Akse] F4 ¥
E‘r 7hag28] @A 7 o E Alglst s i 3H e

13- Aol 2 2kel7F it Eﬂl‘ T2 Aol Aol AHE
01 HEg-ol] ofgtel whet sz 72)€] 7k Wierf A E v, o]
uket A TS EA 7 015 Jﬁ‘rﬂrxéfﬂl/ﬂ TEHEE 2 =
g} 2ol 8] 7150 A vha A Zle R TE 5 Q)

Korean Chem. Eng. Res., Vol. 58, No. 4, November, 2020



rok
of
it

620

OH

oH
" C/O CHOH H o chon " cH,oH
. H—
N
W . (t(/

phenol
OH

OH OH  ciiom
— ©7cH2‘©/ _ 5 | moc ~( j—cuzou
CH,OH CH,OH
= ©7CHZOCH2‘©/ n

Trimethylolphenol

H
—%) CH, -0 -CH,
CH2

CH,

formaldehyde

CH,

- H,0

Condensation

0

CH2 CHz CHz
‘© CH,-0-CH, @7 ‘<)7

Fig. 1. Synthesis of resol-type phenolic resin.
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Fig. 2. Residual reactions of copolymer beads with various compo-
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Fig. 3. Thermal stability of copolymer beads with various composi-
tions.
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Table 1. Decrease in apparent density of copolymer beads during carbonization
Phenol C4H7 C6H7 C4H13 C6H13
Before Carbonization (g/ml) 1.1034 1.1310 1.1314 1.1324 1.1133
After Carbonization (g/ml) 0.7724 0.7543 0.7607 0.7201 0.7135
Decrease Rate (%) 30.00 33.30 32.77 36.41 3591

Table 2. Weight fraction with the size after carbonization of copolymer particles of S00~710 pm

Phenol C4H7 C6H7 C4H13 C6H13
500~710 pum 93.80% 87.31% 73.98% 74.80% 74.14%
below 500 pm 6.20% 12.69% 26.02% 25.20% 25.86%
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Fig. 4. Fracture morphology of the copolymer particles: (a) phenol with no cresol, (b) phenol with cresol 4H 7%, (c) phenol with cresol 6H
7%, (d) phenol with cresol 4H 13%, and (e) phenol with cresol 6H 13%.
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Fig. 5. Fracture morphology of the carbonized particles: (a) phenol with no cresol, (b) phenol with cresol 4H 5 g, (c) phenol with cresol 6H
5 g, (d) phenol with cresol 4H 10 g, and (e) phenol with cresol 6H 10 g.
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