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Effects of the Kind and Dosage of Surfactants on
Properties of Polyurethane (PU) Foams Made from
Polyhydric Alcohol Liquefied Cryptomeria
Japonnica Wood
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[Abstract] Cryptomeriajaponnica (Japanese cedar) wasliquefied in polyethylene glycol/glycerol co-sol-
vent with H,SO, and HCl as a catalyst. The liquefied Japanese cedar was blended with PMDI (poly-4,4'
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-diphenylmethane diisocyanate), and adding water as a blowing agent, organosil oxane as a surfactant
and dibutyl tin dilaurate as a catalyst to prepare the polyurethane (PU) foams. The effects of the kind
and dosage of surfactant and the molar ratio of NCO/(COOH+OH) for PMDI to liquefied Japanese
cedar on the properties of PU foams were investigated. The results showed that surfactant should be
added to improve the compatibility and reactivity as liquefied Japanese cedar was used in the
manufacturing of PU foams. For liquefied Japanese cedar that liquefied with H.SO, as catalyst, using
DC-193 as the surfactant had the better foaming effect. The PU foams had higher compression stress
and higher weight retention after dissolve testing. But using DC-5188 and DC-198 as the surfactant
would be better for liquefied Japanese cedar that with HCI as catalyst. The effect of the dosage of
surfactant was depended on molar ratio of NCO/(COOH+OH) used for PU resins. For the PU foams
made with the molar ratio of NCO/(COOH+OH) of 1.2, increasing the dosage of surfactant would
decrease their compression stress. But for the molar ratio of 1.5 and 1.8, appropriately increasing the
dosage of surfactant could improve the affinity for each component in the PU resins. The compression

stress would be raise as the dosage of surfactant was increased.
[Key words] Cryptomeria japonnica, Liquefied wood, PU foams, Surfactant
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Fig. 1. Molecular weight distribution of liquefied
Cryptomeria japonica.
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Table 1. Properties of polyhydric alcohol liquefied Cryptomeria japonica

TR (%)

O B
LR whme K ((ZCQD(S:)) M | A A Mn Mw  Mw/Mn
MizE  BE
H.SO, 3.6 151 5538 326.0 760 2479 3.18
HCI 10.4 41.8 99600 350.8 600 2595 4.33

*Mn~ Mw ~ MwIMn SRS BCR AR 71 & ~ HEP D TRy TR
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Fig. 2. Appearance of PU foams with various kinds of surfactants.
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Table 2. Effect of the kind of surfactant on the foaming behavior of PU foams

HALBI (H.50) LI (HO)
Rog  Mmm me e
wEE @ mEE o mm
© e  (min © e (min
DC-193 107 245 30 105 114 40
DC-198 102 21.3 36 100 18.0 34
DC-5188 118 135 35 108 16.2 44
DC-5388 130 205 25 120 185 33
4 89 12.6 60 117 141 61

* PU B IERIACIEE (T« NCO/(OH+COOH) B L 1.5 » it ~ FUmiG P b A LA I & S B Ltz .z 3 ~ 2
K 3%
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Table 3. Water absorption and solvent resistance of PU foams with various kinds of surfactant

Wkt TR {RE (%)
W rm RS TR A R oA HkmE
7 AL s mkR |k A SOk Z M
) (@em) )
DC-193 0.025 1344.7 0.26 3.7 95.7 90.7
DC-198 0.029 1037.7 0.24 22.3 85.3 79.6
H.SO, DC-5188 0.057 492.9 0.36 271.6 80.7 74.8
DC-5388 0.029 600.6 0.33 36.8 84.9 76.2
iz 0.055 291.7 0.19 13.7 94.1 94.2
DC-193 0.060 437.5 0.28 17.8 87.7 79.5
DC-198 0.035 1609.3 0.42 13.6 88.6 84.9
HCl DC-5188 0.042 643.6 0.35 11.3 91.2 86.3
DC-5388 0.035 1396.4 0.45 13.6 88.2 82.7
i 0.044 279.2 0.22 19.8 90.7 89.1

* PU B AEAACIEE(: : NCO/(OH+COOH) B L 1.5 » 8 ~ FUmIE ML ke g LA IR 7 AR Lt iz 3 ~ 2

R 3%

R A LSRRI AR S i s A o L
2 -PMDI firidid PU Siufe 2 IR A IEE - Hor
FEMIEEAE - SRS - H AR

BABMARZ MM » Hr LT 1a .2 BRI
FIRER KA TT10) 5 ANF S G PR 2 #6iE
HELLEHRE » I HCI S LR 2 A LA F3 I
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Table 4. Compression properties of PU foams with various kinds of surfactant

FREHE ) (kgf/em’)
AABTTE R KAETIIE TR
DC-193 0.025 0.17+0.05 0.53+0.20 0.27+0.08 0.62+0.12
DC-198 0.029 0.08+0.02 0.20+0.07 0.17+0.01 0.25+0.08
H.SO, DC-5188 0.057 0.22+0.01 0.22+0.03 0.34+0.02 0.38+0.03
DC-5388 0.029 0.08+£0.01 0.22+0.05 0.13+0.01 0.24+0.03
il 0.055 0.48+0.03 0.61+0.09 0.63+0.01 0.82+0.11
DC-193 0.060 0.28+0.04  0.24+0.05 0.46+0.14  0.40+0.03
DC-198 0.035 0.11+0.01 0.20+0.11 0.16+0.02 0.26+0.14
HCl DC-5188 0.042 0.14+0.01 0.21+0.03 0.20+0.02 0.30+0.04
DC-5388 0.035 0.10+0.01 0.29+0.06 0.15+0.02 0.33+0.07
i 0.044 0.17+0.08 0.25+0.06 0.26+0.10  0.33%0.10

* PU B AEARCIEE (T : NCO/(OH+COOH) B L 1.5 » S8 ~ FUmin M ke A LA IR 7 AR LIt .z 3 ~ 2
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COOH) BEH FLARMFE T » FLIRNE LRI I &
HprslE stk 2% - & 5 tf NCO/
(OH+COOH) BiH 1.2 & 2 8 m iR s B
b 1.5 % 1.8 HFRK » S R 5N & EiR(K
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RHAERIE » A B E L 1.2 # ZIRoKES f B
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RURTESLELE 1.2 2R T - (S AUE A A
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NCO/(OH+COOH) R H LA » HE L
1.2 & LI 3% & HWRoK A K B (e 2
KRB 5 BHEL 1.5 & HIEE S s AR
BN HORKERRRME - (HE AR R oK E
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Table 5. Effect of the dosage of surfactant on the foaming behavior of PU foams

NCO FrANETE G N -
(OH+COOH) PR 7S o i gé((/ﬂz‘mﬁ’) E %(kﬁ?ﬁ)ﬁﬂﬁ
(REE) (%) (9
2 117 19.4 35
1.2 3 59 19.9 42
4 el 18.9 63
2 107 245 30
15 3 58 23.6 25
4 99 21.2 31
2 108 21.2 35
18 3 77 224 83
4 9%5 229 55

* LU H.SO, FR L] Z ALt

SIS PR DC-193 5 S Bl i LR I B A i LHIAZ B2 3%

2R 6. AN[F] I MERIAS IR PU St 2 ok M R v

Table 6. Water absorption and solvent resistance of PU foams with various dosages of surfactant

NCO pEss o, B Kt R0

Cartt Moo @ G ik dxk osck 2 m
. ) (gom) 0

2 0.029 2205.2 0.52 3.6 94.5 91.0

12 3 0.028 1437.2 0.38 11.3 93.1 88.9

4 0.031 1619.4 0.54 12.2 92.3 86.9

2 0.025 1344.7 0.26 3.7 95.7 90.7

15 3 0.027 1242.7 0.28 54 96.6 95.6

4 0.029 1262.6 0.29 8.3 95.8 91.9

2 0.031 1322.2 0.32 3.6 94.7 90.6

1.8 3 0.033 1089.3 0.27 6.8 97.0 95.8

4 0.032 937.6 0.24 57 96.3 94.0

* DL H-SO. FR LA Z AL 5 FnG PR DC-193 5 SR RIS LR R R Lt #.2 3%



74 S PR RE RS I 0 2 ST U AN S B TR e (PU) i 2 o

5y H R LU [RIAH R A 1 8 b VA s
Satk < HEIREZS » £ NCO/(OH+COOH) &
EEH 1.2 I DU IS PR R 2% HHER L
BRI - BERIEGI - HE R Rk
1K B2 2 SIS R e LA = oy
TALZ 5B NE - Bus hathe 2 BB R AR R
& 5 T NCO/(OH+COOH) ®E it 1.5 ; 1.8 &
HIILLSR ENE TR IR 3% Hikm EE R
A BUREBZ REIRBSAN IR T Sl s g
IS TS PERIE BIfS 2 R o3 TR Z 8 & PR 28
i

HiZ 7 B[ NCO/(OH+COOH) & E L,

R 7 ANF SIS PERIA IR PU S5 < i E

KGRI EATEGE PU #8t0ds 2 MR
MWE - R EE B 121 - Bt
TG PER AN A - FL St e 2 Rk i ) e
K (HEHLLR 1.5 K 1.8 HIfE S i MERIas
DUESGIN » HEEHERE S b - DL R e
i Z NCO/(OH+COOH) SLE ELAG(F T ZHM N
SR PR A 2 o TR 2 SORETE - ] 3 /%
FUHNEEERA IS 4% & T » A[E NCO/
(OH+COOH) ¥ ELt PU #itufd 2 #iE -1
> P [ s L R FEE 5 1o o IR EE T AR
K5 > HEE NCO/(OH+COOH) S H Lt
5 o HERHEHE TR -

Table 7. Compression properties of PU foams with various dosages of surfactant

NCO [T [BEHTEIE /] (kgf/en?)

(SLHEL) %) KESE BT RS T
2 0.029 0.35+0.04  0.73+0.24 0.40+0.06  0.76+0.32

12 3 0.028 0.15+0.01  0.51+0.12 0.24+0.01  0.53+0.06
4 0.031 0.11+0.02  0.35+0.08 0.19+0.02  0.39+0.04
2 0.025 0.17+0.05 0.53+0.20 0.27+0.08  0.62+0.13

15 3 0.027 0.23+0.07  0.72+0.09 0.30+0.02  0.70+0.12
4 0.029 0.28+0.04  0.68+0.10 0.36+£0.02  0.74+0.06
2 0.031 0.26+0.07  0.55+0.09 0.38+0.05 0.66+0.14

1.8 3 0.033 0.32+0.10  0.60+0.10 0.47+0.04  0.65+0.09
4 0.032 0.36£0.09  0.74+0.10 0.50+0.01  0.76+0.05
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I~

AWFEHHIZ AN DI £ Z B3N = iR
ErVAT > HS0. & HCI S LHEITHALIE
B ALz g PMDI RS S8EE PU 3
(i o AHAABRAG R ITR] - LU H.SO. (LAl
TRALIIAS Z BRI A8 B R B LU HC B AL
FAK s AL IEA S PU SRR EGEINZAR

TIN5 T 5 A R DA 5 8l 0 o AH A 1 B S HE
T 5 Horpr DUH.SO, R LR Z i L2 LR H]
DC-193 £ G MR BGE S - H ke -
MR L 7 ) B AR e e ) - ELYA THE
Bz DRI 5 DIHCI B LR 2k
A RIERH] DC-5188 K DC-198 £ 5t i & M Al
AW - FUITE RGN E Z eI



MR2EWIZ27=T1) 30(4) : 65-76, 2008
PU B S £R F 2 NCO/(OH+COOH) £ H A [F]

M » BHE 1.2 F 23 R - il
88 o TR i EE 3 i 51 3 P S e e e

20|

IR T[]

JPE R (mm)

10 15 20 25 30 35

75

K s ELL 1.5 ke 1.8 HIJE & M0 5 s M
AR L E T  BE S A0
BN HERRE 2 AT PR o

20 R=1.8
R=15 I-El‘lrgjﬂﬁ.l
15
o
&1
)
;EH]O R=1.2
i
5—
() 1 1 L 1 I_ 1 J
0 5 10 15 20 25 30 35

PR (mm)

3. N[A] NCO/(OH+COOH) B H £t PU 0 i . 2 -1 S ]
Fig. 3. Load-deformation curves of PU foams with various NCO/(OH+COOH) molar ratios.
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