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[Abstract] Liquefied bamboo was prepared form liquefied Phyllostachys heterocycla (Moso
bamboo) powder in phenol with strong acids as catalysts in this study. Liquefied bamboo
was used as raw material to prepare biomass-based Resol type and Novolak type phenol-
formaldehyde (PF) resins. The moldings of cured resins were manufactured from PF resins that
prepared by different treatments. Thermally stabilities of biomass-based resins and fossil-based
PF resins were studied by thermogravimetric analysis. Results of thermogravimetric analysis
showed that moldings made with Resol type alcohol-soluble PF resin prepared from fossil-based
phenol had better thermal stability than other types. Moldings made with Resol type water-
soluble and alcohol-soluble PF resins prepared from biomass-based phenol had better thermal
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stability than and similar high temperature thermal stability to that made with PF resin from
fossil-based phenol, respectively. All Resol type resins had char yield ca. 60% at 800°C. On the

other hand, Novolak PF resin made with fossil-based phenol had better thermal stability than that

made with PF resin from biomass-based phenol.

[Key words] Biomass, Liquefied bamboo, Phenol-formaldehyde resins, Thermogravimetric

analysis, Thermal stability.
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Fig. 1 TG curves of molding 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. 2 DTG of moldings fossil 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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Table 1 TGA parameters of molding made with PF resins prepared from fossil-based phenol

Peak (1) Peak (2) Peak (3) Peak (4)
800°C
Ry Onset  HHE Onset  Hi Onset  #H&E Onset — #H& s

Mg KRR e AR
(€ (%) (€) (%)

WE kAR OBE EEE (%)
) (%) (C) (%)

P-1 96.2 9.2 162.1 14.1
p-2 127.3 5.3 398.1 49

P-3 59.1 2.7 295.5 30.9

390.5 2.4 517.3 14.8 59.1
506.4 27.4 - — 62.5
441.2 25.8 - - 42.4
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Fig. 3 TGA curve 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,SO, as catalysts, liquefied bamboo

with HCI as catalysts and fossil phenol.
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Derivative weight (% /min)

)
300 ' 700 ' 500 ' 500
Temperature ( C)
B4 ResolBUKEIEPFEIAEREL)Z DTGHIHR © S-1LAH, SO, BIEILEIRILTIM RiEE : C-18
PAHCIR LB RIL TIM R BE 5 P-1RILERRERSE -
Fig.4 DTG 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,SO, as catalysts, liquefied bamboo with
HCI as catalysts and fossil phenol.

K2f5S-1 ~ C-1 ] P-1.2 %% FE B AL fi# 511.15517.3°C » HEIHKAIT)IFE6.5
ZTGA 28 » Hs-1~ C-1xP-12 6.4514.8% o — At g pl AU 2 B R AN
55— P B BRI < REARTRLEE ) B R85 73.2 f256.5-59.7% - EAEE 48K Hh#R ke 22 BhG R
89.3596.2°C » ILfE B 2 E B KA 5 Tl TR &R LEEY)S- 1R R P B e V1 2
7.7 ~ 12.359.2% ° TS-1 ~ C-1 K P-17F 55 P-1-

VU8 B AR 2 FEEARTEL IS FI) 73 I F5542.1

%2 ResolBUKFMEPFEREREMCAE S

Table 2 TGA parameters of moldings made with Resol type water-soluble PF resins

Peak (1) Peak (2) Peak (3) Peak (4)
800°C
pkMlyy  Onset  EHE Onset  HH Onset  Hi Onset  H&H R

R OHURE R MR ME SRR R OBRE (%)
© % O % O % (O (%)

S-1 73.2 7.7 186.9 154 4125 15.4 542.1 6.5 59.7

C-1 89.3 12.3 102.8 9.3 440.5 12.3 511.1 6.4 56.5

P-1 96.2 9.2 162.1 14.1 390.5 2.4 517.3 14.8 59.1
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Fig.5 TGA curve 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,SO, as catalysts, liquefied bamboo
with HCI as catalysts and fossil phenol.

60

1 | |
200 600 800

Derivative weight (%6/min)

Loy

1 1 i ]
200 600 800

400
Temperature ('C)

B6 ResolBEAMPFEIRSAIELYIZ DTGHIHR o S-2AH, SO, BELBEIZFIL I RIBE : C-2/
PIHCIR LB RILTIMRIBESE : P2RILARRERAE -
Fig.6 DTG 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,SO, as catalysts, liquefied bamboo
with HCI as catalysts and fossil phenol.
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Table 3 TGA parameters of moldings made with Resol type alcohol-soluble PF resins

Peak (1) Peak (2) Peak (3) Peak (4)
800°C
Ry Onset  EHE Onset  Hi& Onset i Onset  HH& s

g KRR e R
(€) (%) ®) (%)

WE KA EE KRR ()
(C) (%) © )

S-2 198.8 6.0 356.9 9.6
C-2 94.9 6.0 279.2 8.5
pP-2 127.3 53 398.1 49

437.8 2.8 492.5 13.7 61.5
377.2 8.5 522.5 12.1 61.5
506.4 27.4 — — 62.5

(1V) Novolak BIPFH i pk U .2 TGAELEH

I

[ 7 AL b £ J5UREZ Novolak I PR
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Fig. 7 TGA curve of moldings made with Novolak type PF resins S-3, C-3 and P-3. S-4, C-4 and P-3
were synthesized from liquefied bamboo with H,SO, as catalysts, liquefied bamboo with HCI as
catalysts and fossil phenol.
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Fig. 8 DTG of moldings made with Novolak type PF resins S-3, C-3 and P-3. S-4, C-4 and P-3 were
synthesized from liquefied bamboo with H,SO, as catalysts, liquefied bamboo with HCI as
catalysts and fossil phenol.
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Table 4 TGA parameters of moldings made with Novolak type PF resin

Peak (1) Peak (2) Peak (3)
800°C
A Onset Hi Onset Hi Onset i HE A
i [ RRAS i [ AR i [ HEPRZS (%)
(€) (%) (€) (%) (€) (%)
S-3 69.3 5.4 308.7 39.6 428.5 234 37.0
C-3 50.5 5.9 287.4 45.6 433.8 21.6 33.8
P-3 59.1 2.7 295.5 30.9 441.2 25.8 424
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