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The Properties of Polyurethane Resins Prepared from
Polytetramethylene Glycol and Liquefied Cryptomeria

japonica

Yu-Pin Kao! Yi-Chun Chen? Wen-Jau Lee?

[ Abstract] Wood powders of Cryptomeria japonica were liquefied with polyhydric alcohol as a solvent. The mixtures of
polytetramethylene glycol (PTMG) and liquefied C. japonica with the weight ratio of 10/0, 8/2, 6/4 and 4/6 were used as the
raw material of polyol and isophorone diisocyanate (IPDI) was used as the isocyanate. Polyurethane resins (PU) were
prepared by reacting polyol with isocyanate with the molar ratio of NCO/OH as 1.5/1 and 2.0/1 by a two-step method. The
experimental results showed that PU resin prepared with the NCO/OH molar ratio of 1.5/1 had the viscosity higher than that
of 2.0/1. When the weight ratio of PTMG/liquefied C. japonica changed from 10/0 to 8/2, the viscosity of PU resin increased
significantly. However, the viscosity obviously decreased in further increasing of the liquefied C. japonica. The PU films
containing higher amount of liquefied C. japonica had more amide in their molecular structure and larger weight retention
after ethyl acetate dissolving test. However, the tensile strength and break elongation decreased. DMA results showed that PU
films containing liquefied C. japonica had a higher phase transition temperature but existed a micro-phase separation in the
internal molecular structure. The thermal degradation behavior of PU resin could be separated in three stages. The addition of
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liquefied C. japonica led the initial thermal degradation shifted to higher temperature but had larger weight loss and faster

weight loss rate at the first stage of thermal degradation.

[ Key words] Cryptomeria japonica, Liquefied wood, Polyurethane resins, Resin films, Thermal analysis.
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Fig. 1. Molecular weight distribution of liquefied C.
Jjaponica.
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Table 1. Viscosity of PU resin prepared with different

conditions
NCO/OH PTMG/LW (w/w)
EHE) 100 8/2 6/4 4/6
1.5/1 1686 2470 112 43
2.0/1 22 1052 88 67
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Fig. 2. Molecular weight distribution of PU resin prepared with different conditions.
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Table 2. Average molecular weight and dispersity of
PU resin prepared with different conditions

NCO/OH PTMG/LW

(ECE ) (wiw) Mn!  Mw! Mw/Mn!
1.5/1 8/2 1310 9294 7.1
1.5/1 6/4 1403 8698 6.2
1.5/1 4/6 1340 7590 5.7
2.0/1 8/2 577 4588 8.0
2.0/1 6/4 919 6855 7.5
2.0/1 4/6 2128 9186 4.3
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Fig. 3. FT-IR spectra of PU film prepared with different conditions (weight ratio of PTMG/LW).
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Table 3. Relative absorption intensity of the structure of amide and urethane

Wl NCO/OH=1.5 NCO/OH=2.0
(cm'/em) 10/0 8/2 6/4 4/6 10/0 8/2 6/4 4/6
1640/1720 0.34 0.67 1.07 2.14 0.70 0.83 1.24 1.20
1560/1720 0.87 1.02 1.41 2.83 1.04 1.26 1.68 1.66
1240/1720 1.45 1.46 1.73 2.52 1.56 1.64 1.94 1.99
960/1720 0.94 0.89 1.07 1.35 1.00 0.92 1.05 1.14

110/0 ~ 8/2 ~ 6/4 ~ 4/6 F5 PTIMG/ARALNIZ < EE &L -
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(REU KA BEE L 1.5 2 Iy RIS i
2k Ek P e i e R R i I e s i 4 7R
KM - AEFEH TR E RS IR - 10
WALtz 2 PU IR Z I MRBR R R E WAL
A - ERTRENRA LIRS T2 RE LR - PU
bRl BEAAAERE 0 R I MEZ BUK P R M 7k 5
BT AR HIE < R TP T o T2k s
kiR BB OR B SR AR A LA Le s i

REA - e AIRAEIIAS b — A R Rk - F
REATR L NCO KIEZ RS (Zou et al.,
2009) » PU FHEREAEIZ /K EAE b R S HE R 43015 #5
wHISEREEEK - iEEifE NCO/OH S H
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Table 4. Physico-mechanical properties of PU film prepared with different conditions

NCOOH = PTMGAW  Jop — ORER fFEFA R b i
ECH L) (wiw) o ESES HERER (MPa) fipRe
(%) (%) (%)
1.5/1 10/0 0.01 99.2+0.1 20.5+0.0 2.9:0.6 2920404
1.5/1 8/2 0.16 97.8+0.0 58.2+0.2 1.5+0.0 2227+63
1.5/1 6/4 0.17 89.6+1.1 75.9+1.9 1.4+0.2 789+187
1.5/1 4/6 0.12 82.8+1.0 77.1£0.3 2.5+0.2 243422
2.0/1 10/0 0.02 99.3+0.1 79.7+£0.3 16.9+1.4 22744+266
2.0/1 8/2 0.16 98.8+0.2 89.6+0.2 20.2£1.8 20114221
2.0/1 6/4 0.18 97.8+0.2 84.8+0.4 9.0:0.4 652434
2.0/1 4/6 0.15 86.8+1.1 82.9+0.1 5.8+0.6 2043
' 2 LRSS
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Fig. 4. DMA curves of PU film prepared with different conditions (NCO/OH=2.0).
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Fig. 5. TG and DTG curves of PU film prepared with different conditions (NCO/OH=2.0).
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Table 5. TGA thermo-analysis parameters of PU film prepared with different conditions (NCO/OH=2.0)

1 stage' 2% stage 3% stage Char

PTMG/LW yield
Onset  Peak WL Onset  Peak WL Onset WL 5

(W/w) (600°C)

) (°C) (%) °C) °C) (%0) °O) (%) %)

10/0 262 330 45.0 367 402 50.3 460 4.1 0.6
8/2 292 331 62.6 382 401 31.8 470 2.9 2.7
6/4 303 349 62.5 382 405 31.0 482 2.2 4.3
4/6 308 346 75.7 387 15.3 487 4.2 4.8

! Onset ~ Peak f¢ WL 535l RylAashaadfig ~ me DOl e R E -
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Fig. 6. FT-IR spectra of PU film treated with
different heating temperatures; NCO/OH=2.0 and
PTMG/LW=8/2 -

IV ~ $53%

AR HERIESLL 10/0 ~ 8/2~ 6/4 ~ 4/6
Z PTMG/ARALNIRS Fs 2% Tl R} » TPDI Ry S
BElUEH /£ NCO/OH ‘B HEREELH 8k 1.5/1 52 2.0/1
foR(F T I ES s PU Rl - HorpsCE 8L 1.5/1 Py
5 PU BEWRZREEAT 2.0/1 35 > e PTMG/AK
LBz E R L 8/2 I H IR Z RE SRR S » 2R
REWRALAIAZ LLBI R 0 LR AR R 2 R s R R R
K - SRRIRFER R = NCO/OH SEH # L Eig R
{EMIAZ UL - e PU R HE TR RS P o5 Lagil
515 - NCO/OH SEE &kt 2.0/1 31 PU A
KNI GBS e L LB s HH A B e = OR R
TMBERRALANAZ LLBIbE i 12K EABE < B R IR 3
REA - ¥ HHaA g 2 B R R B R HIY il - JKF NCO/OH
BIHA 1.5/1 £253 2.0/1 » HS IS~ fi
DRI VK IETR T R - BEw LAZ LB
BEI - RLARORRE R R SRR - TRINWALl
KASPRE PU KRz BaSEhte - i miHEi iR
J& » AR BB BEE 52 - PU e B
1T R T &5y By —fEIFEES » USIIALAIAZ AT PU £
NERELEENA i Z IR L H 5 - TGA-FTIR S3 M R »
TNEE 310°C {J5ERFF PU A5 Z AHLAGHEHE » L
% 390°C Jz 440°C FERLHS s IR R ERRRSHE C R

\AE =

AW SE R T B e B folf B S B 25 3R
(NSC 98-2313-B-005-004-MY3) - $5HHIH - i
BB SR EIIZ A -

VI~ Z2E3R

L Z53CHR ~ iR (2004a) ZITRARALAZARAE
R BGE C HER] - ThEER TR 37
(1):111-119 -

2. ZEOCHR ~ REETT (2004b) IR LAH S
FEREIESE e P8 e 3G < FEH] - MhE L
¥ 23 (3):239-248 -

3. KA ~ A (2007) ZICRERALIAS ke
T o MRAETLSE 26 (2) 1 95-106

4. Cao, X., L. Zhang, G. Yang, J. Huang and Y.
Wang (2003) Structure-properties relationship
of starch/waterborne polyurethane composites. J.
Appl. Polym. Sci. 90:3325-3332.

5. Chen, F. and Z. Lu (2009) Liquefaction of
wheat straw and preparation of rigid
polyurethane foam from the liquefaction
products. J. Appl. Polym. Sci. 111:508-516.

6. Ciobanu, C., M. Ungureanu, L, Ighat, D.
Ungureanu and V.I. Popa (2004) Properties of
lignin-polyurethane films prepared by casting
method. Ind. Corp. Prod. 20:231-241.

7. Desai, S.D., J.V. Patel and V.K. Sinha (2003)
Polyurethane adhesive system from
biomaterial-based polyol for bonding wood. Int.
J. Adhes. Adhes. 23:393-399.

8. Doh, GH,, S.Y. Lee, [.A. Kang and Y.T. Kong
(2005) Thermal behavior of liquefied wood
polymer composites (LWPC). Compos. Struct.
68:103-108.

9. Hassan, E. and N. Shukry (2008) Polyhydric
alcohol liquefaction of some lignocellulosic
agricultural residues. Ind. Crop. Prod. 27:33-38.

10. Herrera, M., G. Matuschek and A. Kettrup (2002)
Thermal

degradation  of  thermoplastic

polyurethane elastomers (TPU) based on MDI.



11.

12.

13.

14.

15.

16.

17.

18.

19.

Polym. Degrad. Stab. 78:323-331.

Kramer, R.H., M. Zammarano, G.T. Linteris,
U.W. Gedde and J.W. Gilman (2010) Heat
release and structure collapse of flexible
polyurethane foam. Polym. Degrad. Stabil.
95:1115-1122.

Kurimoto, Y., S. Doi and Y. Tamura (1999)

Species effects on wood-liquefaction in
polyhydric alcohols. Holzforschung
53:617-622.

Kurimoto, Y., A. Koizumi, S. Doi, Y. Tamura
and H. Ono (2001a) Wood species effects on the
characteristics of liquefied wood and the
properties of polyurethane films prepared from
the liquefied wood. Biomass
21:381-390.

Kurimoto, Y., M. Takeda, S. Doi, Y. Tamura and
H. Ono (2001b) Network structures and thermal
properties of polyurethane films prepared from
liquefied wood. Bioresour. Technol. 77:33—40.
Kurimoto, Y., M. Takeda, A. Koizumi, S.
S. Doi and Y. Tamura (2000)
Mechanical properties of polyurethane films

Bioenerg.

Yamauchi,

prepared from liquefied wood with polymeric
MDI. Bioresour. Technol. 74:151-157.

Lee, W.J. and M.S. Lin (2008) Preparation and
application of polyurethane adhesives made
from polyhydric alcohol liquefied Taiwan acacia
and China fir. J. Appl. Polym. Sci. 109:23-31.
Lee, S.H., Y. Teramoto and N. Shiraishi (2002)
Biodegradable
liquefied waste paper and its thermal stability,

polyurethane  foam  from
biodegradability and genotoxicity. J. Appl.
Polym. Sci. 83:1482-1489.

Lee, S.H., M. Yoshioka and N. Shiraishi (2000)
Liquefaction of corn bran (CB) in the presence
of alcohols and preparation of polyurethane
foam from its liquefied polyol. J. Appl. Polym.
Sci. 78:319-325.

Pérez-Liminana, M.A., F. Aran-Aisa, A.M.
Torr6-Palau, A.C. Orgilés-Barcelo and J.M.
Martin-Martinez (2005) Characterization of
waterborne polyurethane adhesives containing

20.

21.

22.

23.

24.

25.

26.

27.

28.

different amounts of ionic groups. Int. J. Adhes.
Adhes. 25:507-517.

Ravey, M. and E.M. Pearce (1997) Flexible
polyurethane foam. 1.thermal decomposition of

a polyether-based, water-blown commercial
type of flexible polyurethane foam. J. Appl.
Polym. Sci. 63:47-74.

Rosen, S. (1982) Fundamental of principles of
polymeric materials. John Wiley & Sons, Inc.
New York pp. 47-52, 103-105.

M.S, E. Papon and J.J.
Villenave (2000) Rheological characterization

Sanchez-Adsuar,

of thermoplastic polyurethane elastomers.

Polym. Int. 49:591-598.

Wang, K., Y. Peng, R. Tong, Y. Wang and Z. Wu

(2010) The effect of isocyanate index on the

aliphatic
Appl.

properties of waterborne
polyurethaneureas. J.
118:920-927.

Yamada, T., M. Aratani, S. Kubo and H. Ono

(2007) Chemical analysis of the product in

Polym. Sci.

acid-catalyzed solvolysis of cellulose using
polyethylene glycol and ethylene carbonate. J.
Wood Sci. 53:487-493.

Yamada, T. and H. Ono (2001) Characterization
of the products resulting from ethylene glycol
liquefaction of cellulose. J. Wood Sci.
47:458-464.

Yao, Y., M. Yoshioka and N. Shiraishi (1995)
Rigid polyurethane foams from combined
liquefaction mixture of wood and starch.
Mokuzai Gakkaishi 41:659-668.

Yu, H.,, Q. Ran, S. Wu and J. Shen (2008)
PU/MMT
nanocomposites by in-situ polymerization.
Polym-Plast. Technol. 47:619-622.

Zou, X., T. Qin, L. Huang, X. Zhang, Z. Yang
and Y. Wang (2009) Mechanisms and main
regularities of biomass liquefaction with alcohol

solvents. Energy Fuels 23:5213-5218.

Structure  and  property  of



