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Research paper

Characteristics of Phenolated Cryptomeria japonica
Wood Liquefied with Phenol/Resorcinol Co-solvent

Kuo-Chun Chang! Wen-Jau Lee?

[Abstract] Cryptomeria japonica D. Don (Japanese cedar) wood was liquefied using the mixture
of phenol and resorcinol as a co-solvent, which had the weight ratio of phenol to resorcinol as 100/0,
75/25 and50/50. The wood liquefaction was underwent at 130°C for 60 min with H2SO4 as a catal yst.
The influence of resorcinol that added into the solvent on the efficiency of liquefaction and the
properties of liquefied products were investigated. The results showed that the co-solvent could be
used to liquefy wood. The product that liquefied with the co-solvent containing resorcinol had higher
combine phenol content. However, the efficiency of the liquefaction would be reduced. They had
much amount of un-liquefied wood residue and higher viscosity than that liquefied with phenol as
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the solvent. FT-IR analysis showed that wood components were degraded during the period of
liquefaction and could react with both the phenol and the resorcinol to form derivatives. GPC analysis

showed that liquefied products had the weight average molecular weight between 1243 and 1464.
Among which, liquefied with the phenol/resorcinol co-solvent had higher molecular weight than that
liquefied with phenol alone. TGA analysis showed that the thermal degradation behavior of the
liquefied wood was dissimilar to un-liquefied wood. They had alower thermal degradation temperature
due to the weak bonding between the liquefaction reagent and wood component of the derivatives,

which would be easy to break during the heat process. However, the liquefied wood had higher char

content than wood when heated to 800°C.
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Fig. 1. Variation in residue content of Cryptomeria
japonica wood during liquefaction; S1
and S2 were liquefied with the weight
ratio of phenol to resorcinol at 100/0 and
75/25, respectively.
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Fig. 2. Variation in viscosity of Cryptomeria
japonica wood during liquefaction; S1
and S2 were liquefied with the weight
ratio of phenol to resorcinol at 100/0
and 75/25, respectively.
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Fig. 3. FT-IR spectra of untreated and liquefied
Cryptomeria japonica wood; S1 was
liquefied with the weight ratio of phenol
to resorcinol at 100/0.
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Fig. 4. FT-IR spectra of three kinds of liquefied

Cryptomeria japonica wood; S1, S2 and
S3 were liquefied with the weight ratio
of phenol to resorcinol at 100/0, 75/25
and 50/50, respectively.
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Fig. 5. FT-IR spectra of Cryptomeria japonica
wood and residue; S1 was liquefied with
the weight ratio of phenol to resorcinol
at 100/0.
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Table 2. Average molecular weight and molecular
weight dispersion of liquefied Cryptomeria
japonica wood
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Mn Mw Mw / Mn
N
S1 513 1243 2.42
S2 627 1464 2.33
S3 687 1344 1.96
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Fig. 6. Molecular weight distribution of liquefied
Cryptomeria japonica wood; S1, S2 and
S3 were liquefied with the weight ratio
of phenol to resorcinol at 100/0, 75/25
and 50/50, respectively.
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Fig. 7. TGA (A) and DTG (B) curves of untreated and liquefied Cryptomeria japonica wood; S1, S2
and S3 were liquefied with the weight ratio of phenol to resorcinol at 100/0, 75/25 and 50/50,
respectively.

VY~ o i

AWFEFMAR B AR AN —
By R VAT PRETASIIRIAR iyt s LR
LB R ED) Z EE - HE R ERI/ R
TRy VAT PR SE TR AR R - H s
MR By H ALY < WGl B0 - 2K

BALBORIER > HBEASHEA - HRGREE KRS
5 WALEY) 2 BRI ) EE 1243-1464 »
H A IR — By R aE & Lo B
WU R LTS - iR 5P ERit
R 15 w] Bl M 2 KB RELA 0 A S T BT A2
P s AL 2 BRI T s B2 AR AN [A] -



MEWTFEZT] 32(1) : 77-86, 2010

H Ay SR M I T 2EY) < SRS TE DAL 5
B -

11~ 225 3k

A ~ BIIEF ~ BRI (2002) AL i
LR IER -- AR SR A LA B
BB o PREEDFFCTET] 24(2) : 11-20 -

R ~ BIIES ~ RFH (2004) AL AH SRS A
M8kl RSB GRS - PRE T2 23
(1) : 43-53 -

FHE ~ BRI ~ RIEE ~ BRZEE (2006) HIF2
AL B B H A Resol AU PF fffiE %L
fRi JER © PREEZTI] 39(4) @ 517-530 -

Rk LR~ BERE ~ TTHE ~ sREE (1997) R4
TET EEHARL SRS o M A A L2
TH5C.Z e - thkE T3 16:825-838 -

BRZEH ~ 23 ~ BI1EF (2006/9) ftifb i o
Tr#t8diE Resol RUKISME PR G - bRz
T2 25(3) : 249-258 -

AR ~ SR ~ 2 SCHA (2008) HIE Bd (L
HIAZ 0T L HL R %44 Novolak #iU PF 5
i B AR (2 P2 o ke 136 27(4)
259-268 -

Alma, M. H.and M. A. Basturk (2006) Liquefaction
of grapevine cane (Vitisvinisera L.) waste
and its application to phenol-formaldehyde
type adhesive. Ind. Crop Prod. 24:171-176.

Alma, M. H., M. Yoshioka, Y. Yao and N. Shiraishi
(1995a) Preparation and characterization
of the phenolated wood using hydrochloric
acid (HCI) asacatalyst. Wood Sci. Technol.
30:39-47.

Alma, M. H., M. Yoshioka, Y. Yao and N. Shiraishi
(1995b) Some characterizationsof hydrochloric
acid catalyzed phenolated wood-based
materials. Mokuzai Gakkaishi 41(8):741-748.

Alma, M.H., M. Yoshioka, Y. Yao and N. Shiraishi
(1996) The preparation and flow properties
of HCI catalyzed phenolated wood and its

85

blends with commercial novolak resin. Hol-
zforschung 50:85-90.

Byrne, C. E. and D. C. Nagle (1996) Carbonization
of wood for advanced material s applications.
Carbon 35: 259-266.

Lee, S. H., Y. Teramoto and N. Shiraishi (2002a)
Acid-catalyzed liquefaction of waste paper
in the presence of phenol and its application
to novolak-type phenolic resin. J. Appl.
Polym. Sci. 83:1473-1471.

Lee, S. H., Y. Teramoto and N. Shiraishi (2002b)
Resol-type phenolic resin from liquefied
phenolated wood and its application to
phenolicfoam. J. Appl. Polym. Sci. 84:468-472.

Lee, S. H. and S. Wang (2005) Effect of water
on wood liquefaction and the properties of
phenolated wood. Hol zf orschung 59:628-634.

Lee, W. J. and Y. C. Chen (2008) Novolak PF
resins prepared from phenol liquefied Cryp-
tomeriajaponica and used in manufacturing
moldings. Bioresource Technol. 99:7247-7254.

Lee, W.J,,Y.C. Chen,C.C. Wuand Y. M. Juan
(2009) Physicomechanical and thermal pro-
perties of moldings made from liquefied
wood-based novolak PF resins under various
hot-pressing conditions. J. Appl. Polym.
Sci. 113:1257-1263.

Lee, W. J. and C. T. Liu (2003) Preparation of
liquefied bark-based resol resin and its ap-
plication to particleboard. J. Appl. Polym.
Sci. 87:1837-1841.

Lin, L., S. Nakagame, Y. Yao, M. Yoshioka and
N. Shiraishi (2001a) Liquefaction mechanism
of B-O-4 lignin model compound in the
presence of phenol under catalysts. Part 2.
Reaction behavior and pathways. Hol zforschung
55:625-630.

Lin, L., Y. Yao and N. Shiraishi (2001b)
Liqguefaction mechanism of B-O-4 lignin



86

model compound in the presence of phenol
under catalysts. Part 1. Identification of the
reaction products. Holzforschung 55(6):
617-624.

Lin, L., Y. Yao, M. Yoshioka and N. Shiraishi
(1997) Molecular weights and molecular
weight distributions of liquefied wood
obtained by acid-catalyzed phenolysis. J.
Appl. Polym. Sci. 64:351-357.

Lin, L., Y. Yao, M. Yoshioka and N. Shiraishi
(2004) Liquefaction mechanism of cellulose
inthe presence of phenol under acid catalysis.
Carbohydr. Polym. 57:123-129.

(L 3B N 7y P il oy | v L o N e

Pan, H., T. F. Shupe and C. Y. Hse (2007) Char-
acterization of liquefied wood residues from
different liquefaction conditions. J. Appl.
Polym. Sci. 105:3739-3746.

Pandey, K. K. (1999) A study of chemical
structure of soft and hardwood and wood
polymers by FTIR spectroscopy. J. Appl.
Polym. Sci. 71:1969-1975.

Zhang, Y., A. Ikeda, N. Hori, A. Takemura, H.
Ono and T. Yamada (2006) Characterization
of liquefied product from cellulose with
phenol in the presence of sulfuric acid. Bio-
resource Technol. 97:313-321.



