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Carbonization and Properties of Moldings Made with
Phenol-formaldehyde Resins Prepared from
Phenol-liquefied Bamboo

Yi-Chun Chen! Wen-Jau Lee?

[ Abstract ] In this study, powders of Phyllostachys heterocycla (Moso bamboo) were liquefied in phenol with H2SO4 and HCI1
as catalysts, respectively. The liquefied bamboo was used to prepare water-soluble and alcohol-soluble Resol type
phenol-formaldehyde resins (PF) and Novolak type PF resin by reacting with formaldehyde. The moldings of cured resin
were manufactured from PF resins that prepared by different synthesis conditions. The experimental result of DSC thermal
analysis showed that moldings made with three types of PF resin prepared from liquefied bamboo had the thermal property
similar to that made with PF resin prepared with fossil phenol as raw material. Furthermore, moldings that made with
different conditions were carbonized at 800°C. The results showed that the molding made with alcohol-soluble Resol type PF
resin had the highest yield, followed by Novolak type PF resin. Comparison between the heating rates of 2°C/min and
5°C/min, carbonized with the faster heating rates had higher yield and less dimensional shrinkage.

[ Key words ] Liquefied bamboo, Phenol-formaldehyde resins, Moldings, Carbonization.
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Fig. 1. Picture of top view of crucibles in the steel
kiln.
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Fig. 2. DSC thermograms of moso bamboo and fossil

Endothermic——

phenol based moldings made with P-1, P-2 and P-3.
P-1: Resol type water-soluble PF resin; P-2: Resol
type alcohol-soluble PF resin; P-3: Novolak type PF
resin.
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Fig. 3. DSC thermograms of moldings made with
Resol type water-soluble PF resins S-1, C-1 and P-1.
S-1, C-1 and P-1 were synthesized from liquefied
bamboo with H,SO4 as catalysts, liquefied bamboo
with HCI as catalysts and fossil phenol, respectively.
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Fig. 4. DSC thermograms of moldings made with
Resol type alcohol-soluble PF resins S-2, C-2 and
P-2. S-2, C-2 and P-2 were synthesized from
liquefied bamboo with H,SOj4 as catalysts, liquefied

Heat flow (w/

Endothermic—

bamboo with HCI as catalysts and fossil phenol,
respectively.
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Table 1. Properties of carbonized PF resin moldings

PF fafllEfiis

Beg (%) HERlEE (%)

WS
Hire A% (°C) /nzl;id 5°C /min*! 2°C /min*'  5°C /min*!
Resol %Y S-2 135 49.9 54.2 — —
Resol f C-2 135 41.6 - 41.9 -
Resol f P-2 135 52.2 — 49.4 —
Novolak %I S-3 150 30.4 32.8 64.3 60.1
Novolak %Y S-3 180 31.2 344 62.1 59.3
Novolak % S-4 150 30.7 33.8 63.0 60.1
Novolak #I S-4 180 30.4 34.9 63.5 59.7
Novolak #Y C3 150 30.2 34.5 65.0 61.2
Novolak %Y C3 180 30.6 33.4 63.9 60.8
Novolak % C-4 150 28.5 343 65.8 60.3
Novolak % C-4 180 329 343 65.4 60.5
Novolak % C-4*2 150 28.3 30.9 66.4 63.0
Novolak #I P-3 150 39.1 38.3 59.1 58.3
N - — 27.4 29.7 — -
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BV - Wi AN RRIRL S Y < ik e ERiE - BR A
180°C AL IS 5 H KGRI S A BRI 150°C
# o BRI - (HRiE L 222 HEE -
FetE—LLL C-4 i LRy L S R b
M E 52 HrpEsE e Ry 0.8 Z it itk
HRARFALEE 1.0 3+ McHasR RS -
1t PF tf 581 LR B E S s A BB B Rl Y
g - BLHE PF g2 RS ~ B Bl b ised:
HE YRR » Tennison S.R. (1998) 5 ZLRIRF
RSB E s B H AL R R - LRSS 2
FI) SR A B R e AR R R RO R P i 2
RSSOk A B Y B = PF Rz ik
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Fig. 5. DSC thermograms of moldings made with
Novolak type PF resins S-4, C-4 and P-3. S-4, C-4
and P-3 were synthesized from liquefied bamboo
with H,SOy4 as catalysts, liquefied bamboo with HCI
as catalysts and fossil phenol, respectively.
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