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Preparation of Novolak Type PF Resins from Liquefied
Moso Bamboo (Phyllostachys pubesens) and Utilization
in the Manufacturing of Moldings

Wen-Jau Lee! Yi-Chun Chen?> Cheng-Tzu Liu?

[Abstract] In this study, moso bamboo (phyllostachys pubesens) was liquefied in phenol with the
H,SO, and HCI as catalyst. The appropriate synthesis conditions of novolak type PF resins prepared
from the liquefied bamboo was investigated. The results showed that the synthesis method used for

traditional novolak PF resins would be not suitable. The reactivity of liquefied bamboo was too high

L B B SRR ER R B SEAAEE » 402 & i R EDLEE 250 5§
Professor, Department of Forestry, National Chung Hsing University.
Corresponding Author. 250, Kuo Kuang Rd., Taichung, Taiwan, ROC.

Tel.: 04-22840345 ext 126; e-mail: wjlee@dragon.nchu.edu.tw

2. BN B ER AR AR A E
Master, Department of Forestry, National Chung Hsing University.

3. BT BUR B2 AR MR B R R
Professor, Department of Forestry, National Chung Hsing University.




76 B Lk P S Novolak RS ke EAERIUPI S 2 HEH]

and the reactant would cure at the period of synthesis process. But using the method as resorcinol
formaldehyde (RF) resin prepared, the reactivity could be deceased effectively and the liquid state
resins obtained. DSC thermal analysis shown the liquid novolak resins mixed with hexamine, bamboo
powder, and zinc stearate had the capability of thermosetting. The acetone solubility test shown the
moldings made from these novolak resins had the high degree of gel. But the water absorption rate
after soaked in water was higher than that of normal novolak PF resins. There was no significant
relationship between the water absorption and hot-pressing temperature. But the moldings using R-
S2 that prepared from the liquefied bamboo with H,SO, as a catalyst and had the molar ratio of

formaldehyde with phenol as 0.8/1.0, as the raw material and hot-pressed with the temperature of

180°C had the lowest water absorption.
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Table 1. Liquefaction condition and properties of phenol liquefied moso bamboo
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Table 2. Synthesis conditions of novolak PF resins prepared from liquefied bamboo

IHE XHE

wik  wisE F/P

Bk : e M IRRE G i
B T (R GEEH) o
(C)  (min)
iy N-PF  0.8/1.0 90 90 —
N-SI  0.8/1.0 105 4 WAL I
S N-S2  0.5/1.0 90 30 ALYTA pH EHFAEEE 6.2 - i
Na pne 3 | o
T DB 5 A L
c N-CI  0.8/1.0 90 13 TRB IR KA
N-C2  0.3/1.0 90 6 WAL I
S R-SI  0.6/1.0 67 60 —
R-S2  0.8/1.0 70 60 -
T
c R-C  0.6/1.0 73 60 -
R-C2  08/1.0 71 60 —
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A
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Table 3. Properties of Novolak PF resins prepared with various synthesis conditions

e AR G R Nf j;%\ iﬁpri P o —
At AR

N-PF e 67.6 — — —
N-S1 [i] 5 R — — — -
N-§2 Y NG Y 62.0 — — _
N-ClI TSR BN PRI S 71.3 — — _
N-C2 [ B i 73.8 — — —
R-S1 Wy e 36.4 2.28 0.77 7.35
R-S2 Wy e 36.5 2.76 1.13 7.40
R-C1 Wy e 24.1 1.94 0.48 7.35
R-C2 T BusE 25.1 3.05 1.12 7.44
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Jg o ML HE Z EEMETR L 73 Al B 191.9°C ~
191.1°C J¢ 188.9°C » i =y I ZhIEe YL 5 4 1)
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Fig. 1. DSC thermograms of Novolak PF resins.
7 4. Novolak Bt 2 DSC ErAr 2285
Table 4. Parameters of DSC thermal analysis of Novolak PF resins
W Bl flCENIg:
BilE e e - RERE S ks
(A% itics it Ve 1L TR R M2
(C) (C) (C) (C) (J/g)
N-PF 53.0 113.9 281.5 191.9 230.2 377.9
R-S2 61.0 125.2 446.6 191.1 228.3 707.6
R-C2 53.8 120.7 411.0 188.9 221.0 1143.6

(=) Novolak Rl sl 1Y) 2 S AN E

15 7515 —Fr &R Novolak RIS AEARITT
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el A R E ALY - R 5 R EL Y 2
H o JFECERIUPYILLE 1.0 F o IR R
PREFUGHHIN-PF 4} » HEERLEISER 1.0 H
BNBRIE LR R > HOp ) 2 R LB A - 1t
FIREAE i BR R ALARE b - BRYAT KoK 73 i
KAt WSS Z TR E R T AR MRy
AR » B R AL EHAE R o o Ao T S AT 2
SR AT B R B ek < B
PREAZRATE 94.8% 2 100% ] » LR H A
EilEAE L AE e - BllE <AL=
O H R o

7 6 HIIF5 %% Novolak BRI i B PR K
IR 2 RK AR IR s L > HL PR 2 N-PF 5}
HERUITEIR K 0.5 hr (%K A 1.9% » Fi
RKIFEE 5 » HIRZKZSZ WA 36 hr 2
11.3% : K DAy & AL 71 4 55 B0k P 84 4 2
Novolak HUfHsHE 2 B BUP IR K A HIf A »
TCHAEIZ KWL K AR s s » pm] R
TEIR7K 0.5 hr ZIRKARE 5.5% %5 23.0% » 13
K 2 hr #2752 9.4% % 30.6% » FEfk 2 kH
FERETRAR » SRIZIK 36 hr 1%, ZIR/KZ (T N2
31.0% 47.1% o LA RER > DI it
5 JECRL AT ELE & Novolak Uiy 75 B0 BEEFE
e PTREA L SE 2 1A m A s R OR AR
(HHEERE IR Z S AR A K —fi% 2 PF
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ftli - HOLRAIY) 2 RSB e B - BUk B A RR Vi B i AU ) -2 WR K 2t A B R %
n%:&l&ﬂ%ﬁ?ﬁﬁﬁﬁﬁﬁi%zwm@ o i — SREAP L R-S2 3506} - i LIREE 180°C ZER
2 HLBREAL T & Ak Novolak Iyt s A 1 E PR F WROK AR R o
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# 5. Novolak By iR A 2 18
Table 5. Properties of Novolak type PF resin moldings

g e " &

N B e ARE B MR KA e
HPEA i P PLE (%) 0w
(<) (%)

N-PF 130 1.0 1.02 9.8 94.8
R-S1 150 1.0 0.95 352 97.9
180 1.0 0.82 44.6 96.3

R-S2 150 1.0 0.87 38.9 97.9
180 1.0 0.85 27.8 100.0

R-C1 150 1.0 0.88 36.2 96.1
180 1.0 0.86 34.5 100.0

150 1.0 0.87 39.0 97.4

R-c2 180 1.0 0.80 44.2 97.0

* 27K 24 hr 2 KER

2% 6. Novolak RUfpy s iS ak A1) 2 W 7K 25 R

Table 6. Water absorption variation of Novolak PF resins moldings at the period of water soaking

G AR = KIRF#] (hr)
il (C) 0.5 1.5 2 3 4 12 24 36
N-PF 150 1.9 2.8 3.0 3.7 4.1 6.8 9.8 11.3
150 129 181 199 224 253  31.0 352 375
Ro8 180 182  27.6  30.6 328 356 409 446  47.1
150 124 183 203 228 254 329 389 421
Ro52 180 5.5 8.6 9.4 114 130 199 278  31.0
150 23.0 268 270 287 294 330 362 367
el 180 11.0 153 175 204 228 197 345 357
150 13.9 2.1 232 274 294 358  39.0  41.3
R 180 212 288 305 351 361 411 442 452

* WOKZRBRALRS %
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2. ARfGEFEREVY) 2 SEM
Fig. 2. SEM of various moldings.
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