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Research paper

Preparation and Properties of Resol Type Alcohol Soluble
PF Resins Made from the Liquefied Moso Bamboo
(Phyllostachys pubesens)

Yi-Chun Chen' Wen-JauLee’ Cheng-Tzu Liv’

[Abstract] Moso bamboo (Phyllostachys pubesens) was liquefied in phenol with the H,SO, and

HCI as catalyst. The liquefied bamboo was used in the preparation of resol type alcohol soluble PF
resin. The appropriate synthesis conditions and the properties of these PF resins were investigated.
The results showed that moso bamboo liquefied with H,SO, as the catalyst had better effect. As the
liquefied bamboo was used in the preparation of resol type alcohol soluble PF resins, the adequate
synthesis conditions were using the formaldehyde/phenol (F/P) molar ratio of 1.2/1 and ammonia/
phenol (mL/mole) of 10/1. The calculated amount of liquefied bamboo, formalin, 15g of 40% NaOH
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and third amount of ammonia solution should be mixed completely prior to synthesis processing, and

then the reactant would be heating to 65°C within 60 min, followed by adding the remnant ammonia

solution gradually, and maintained the reaction temperature at 80°C for 20 to 30 min. When the liquid

type PF resins were used in the manufacturing of moldings, it should be heating at 80°C for 24 hr

first, and then elevated the temperature to 135°C for 0.5 hr. The weight retention of the thermosetting

resins was between 92.5% and 99.7%.
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Table 1. Synthesis condition of alcohol soluble PF resins prepared from liquefied moso bamboo

AL S R 7T B4R Resol BIRFVAMERAS R HMHE

WL Bl FP EAKP iR RME R __
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cA 1t 201 30 so 15 RICTHESERRESE . A
W OB s 3 w3 B Bt FA
cc 11 1o 60 s 26 (EHCTTRIEEBIESE - SNA
cD 101 201 30 80 17 ﬁ%g?ﬁjﬁiﬁféﬁ » FHIIA
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Table 2. Properties of phenol liquefied moso bamboo

k. HEALA R BB (0) g LR el Emm
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Table 3. Properties of alcohol soluble PF resins prepared from liquefied moso bamboo

iR i % g%?%ﬂ@ B
S-A ARG £ ] 28 68.1 70.1 —
S-B Yk [ 58 70.9 67.6 —
S-C EfEE 64.8 88.1 —
S-D Eoms - B EfE T 66.4 — 3.8
C-A B 773 30.7 —
C-B B o [ A 57.5 44.4 _
Cc-C ERE 0 BfiEtt 63.3 — 10.4
C-D Haie o mRET 66.1 — 9.2
PF-1 HEWES 0 BREM 70.8 — 9.3
PF-2 HEWE - BERENHE 70.5 — 10.1

(P9) Resol BUEEES MRS .2 DSC 2457477

B 1 @ 255 EEREERERERE Resol
RIEAHRBIIE S DSC ZrifiE » 4 5%
BRBiIE 2 DSC BMAHATS Z RS

B o @ 1 AE S H.S0, SiLslZ ik ki
PR E 2 [E e AE » Fora S-B B2 S-C it
TS AR 2 — R 2 R e - REIRTRE
RIS 67.0°C K 75.1°C » REEEE SIS
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BHE Z C-A J C-B Wit & RER s 2 DSC ZAE e HFR AW S-D~C-C-C-D K
BTl - SR L - FARIR I R B PF-1 Z iR MEEEE 2 FIF 141.9C
BARE - R HEMBECBVESM - hantaR 182.5°C ~ 129.6°C F 175.6°C » BE{L/R FEZLAI
3FMG AR ER IR YRR C-A K C-B ANES 533 J/g~3.9 Vg~ 142 J/g 5 244 U/
FITERIAERE 60 CHARMR HAMBRR(K » HHAE g WEAEE BHZEEE » 2006) JeHT#f Resol
DSC syl 2 m s A g TR sy |y » HBE LR RKEHRBAEFTE T2 DSC ABRILE - It

FEEME RIS 51.5 J/g }37.2 Vg » RERHKR FEETERYBNE 2 LR FE BB » BRI
FEME B » M L 2 ZRRERE R - e~ o THRE  ERESEHEGREST
2.0, 7 14

—_ 1.0——%’""‘ ~121¢cA .
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Fig. 1. DSC thermograms of solid type PF resins.
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Fig. 2. DSC thermograms of liquid type PF resins.
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Table 4. DSC thermosetting parameters of resol type alcohol soluble PF resins

I i G

AR HEHETREE B i B R

("C) (C) (Vg) (*C) (ig)

S-A - — - 229.2 100.1

S-B 67.0 105.8 16.4 213.5 208.0

S-C 75.1 89.6 13.8 212.9 896.4

S-D 65.0 923 5.5 141.9 53.3

C-A 74.2 90.9 12.6 165.2 51.5

C-B 51.5 79.9 71.3 166.2 37.3

C-C 74.7 119.1 257.9 182.5 3.9

C-D 62.7 99.6 452 129.6 14.2

PF-1 68.3 101.8 53.3 175.6 244
BTAT SRR ELREA LR HE - 4 PF-1 BiRSERBUER I 2 77 SNEAEEAL -
(B LA 2 VA B 63 RIS B E B AU HIBEAL - BRI

BT — G R & S IR B SE 2 1 TEREM AR E B2 UL 135°C BB ERE (LA R
1t > MHIEE LB IR AR ARG B E IR > SRUBIIETELL SR TG REE TR L2
R » HhBEfFREMZ S-D ~ C-C B WEA I - RS » RIS = X ITHEIR

5. “REEINEMELAMBINE < REIA M E B R A

Table 5. Weight retention rate of PF resin cured with two-step heating after acetone soaked

LR tbE HEREE (%)

A% B*
S-A - 97.3 100.0
S-B - 98.0 97.0
S-C - 99.7 97.0
S-D 0.90 98.2 96.1
C-A - 92.5 99.2
C-B - 96.3 96.8
c-C 0.91 95.2 99.6
C-D - 95.9 96.1
PF-1 1.07 94.2 94.5
PF-2 - 95.9 97.4

*1.80°C HIEh 24 hr > 135°CHNEM 0.5 hr
*2. 80°C IIEh 24 hr » 135°CHNER 12 hr
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TEREY) » TELLEIRE - SRR TR &K R B IR S
FALBUK - (HRERLE RS - RIS E)IREE - 55
TERA Z AL BN EREE AR 3R 2 fL. - 1R TH
AR IR EEB IS TENZAE 90°C BRI K
BEW AR AT FERA ZREENEE
B —PREEL S B 80°C » MiEREINZL 24 hr {E
HeBRK 5 ST - BER T R E
135°C {#ERZEE(L - 3} 5 B R BE{LEHE
RARRAHRBRR 2 ERREE » HRTHE
BEBIIER 135°ChEL 0.5 hr % > EpB{bi5iRE
ZARBHABCERREERCTE 92.5-
99.7%  MrHECEMESE ZRERE > &
135°CHIEME B £ 12 he B H B B{FH2R1E
MBRER EEB|MEMZER  BETRE
135°C finEh 0.5 hr B 249 -
(S) (LS 2 FT-IR 2347

& 3 £5S-D ~ C-C k PF-1 =f&ERg /A Hfst
e — R ERINZARE b 1 2 BBV 2 FT-IR JL3E
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S > B IR T R R RIATREZ S-D
K C-C pafdRn it ie H AR LUz 3 i - RO
M & BRI A58 - (BB IR (R
tif5 PF-1 RIRFAREZ 2R - Costa F A(1997)
g 1650-1450 cm” FEBERITHREHEZ
FHERENIRICY - EEHERZEE - 2005)HHRI{L
PIFAFRHEAT Z FT-IR S Af7R HER LRI - Hk
WHEERBAMHEMR T PAE R 2B - 1
LA i s #E 2 S-D 8 C-C 7352 1596
em’ J 1599 em” BRI —TREUR IR - 4
PF-1 fifis R KOR R - RERBRA LTI
ELRRE  BERE AT T b 2 FREREE A BT
fiEz Bnitligh - X S-D B C-C 7 jlfdhs 1352
em™ J 1356 cm ff3fE HZRMY 2 OH Bt 7 [ 84
rERBIBAN - TORAL TR TR B — R -
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Fig. 3. FT-IR spectra of alcohol soluble resol-type PF.
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