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Abstract: The density, cream time, rise time and compressive strength of bio polyurethane foams (MCC-bio PU foam)
prepared using commercial microcrystalline cellulose (MCC)-added lignocellulosic liquefied polyol according to central
composite design (CCD) in this study, were applied as dependent variables for the preparation of MCC-bio PU foam,
and were regressively analyzed by response surface methodology to seek the optimum process conditions of the added
amount of MCC, the mass ratio between liquefied biopolyol and PEG and the amount of distilled water. According to
SEM observation, cells in the MCC-bio PU foam were observed smaller, more developed and more intact than those in
bio-polyurethane foams (bio-PU foam) prepared without the addition of commercial MCC according to Lee et al. (Polym.
Korea 2019, 43, 899-913). However, the cell morphology of the MCC-bio PU foam was observed so elongated to look
like an ellipse in such process conditions that relatively more amount of commercial MCC was added than that added
in the rest of process conditions in the experimental plan according to CCD.

Keywords: microcrystalline cellulose-bio polyurethane foam, commercial microcrystalline cellulose, lignocellulosic lig-
uefaction, liquefied polyol, lignocellulosic biomass.
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Z2]Z (polyethylene glycol, PEG)S &3t Z2|8 Zz9x
(pre-mix)e} Z|H L t)sd t]o] iAol o] E (polymeric
diphenylmethane diisocyanate, PMDI)2] 3 HHA|7F, o 51-Z-2]
< ] PEG % Hl(polyol:PEG) ¥ SF5 ol thst nlo] 9
PU # Ax8] AAFHZAE ATt 5k Ao =7]7}
SHistE vle]Q PU & Axe] FAHxAE Al &
H, Madaleno 52! =22 21}10| E (montmorillonite)2} 7HE
W= 57H (carbon nanotube)] sto|BR|= H3A|E 315H4] 7]
452 (chemical vapor deposition)?l] &|3}] A Z31AL S35
AollA PU #9] Witoll #AAZ PUMR=ERHA] #8 Al
akal A8t AlZ2E PU-LE=ESHA] &2 9] =717}
O 2] =i "ert FTlsiem™ S A EA4do] Al
HATL BT Yue 52" AU ERE A7 bt
|2 EY LS AMEdte HWEBRl  E 25 0] E(melamine
phosphate)E 715F dA/4d wle] Q. PU F5 Alxstar, 43t
8]0 IR &2 PU &9 A2 o= /i A
78 A Mg 7IR= HhH|, Al | vlo] e PU #9
Ae F&E 23 AL 7= Zlo] AFEATAL BHAsH
o}, B Wyl IAvo|EVL BrhER] ¢ vie] 9 PU ¥
o] Ao FAA I B o), dWepyl I Ho|ErE ot
F vlo]2 PU 9] A2 sl f-Zo] Besial Al Hol
gfoldtiy B8ttt Zhou S22 AEZ QA Y Zd
(cellulose nanocrystal)S F-7}8te] R7}ste] A==k w7 3}
Hio]Q PU #9] 739 AEE el YA S FrlslA]| &
Ue 7A-ET vl PU o] A A7|7F ZAsSitkaL B
aL3FATH

2 AFolM = HlolL PU &+ AZXE $18 CCD A 3A S
o wjebr e MCCE Fr18 gl AR 22 HslEa)
S ZHE nlo] @ ZF9-HE(MCC-HIo] Q. PU) &5 A %3}
STt 2832 MCC-Hle] 2 PU #2] U, cream time, rise
time, 4574= 2 A wa Awot A e 53 2 MCC-
Hlo] e PU #2] B4 tigh Al 79 FAHFH7R 4
4 MCC %, polyol:PEG ¥ 5/ &)e] JH2AE #43)
AT HEZE & A79] MCCHIQ PU 3% Lee 5017 Bl
318 MCOH H71A] 62 7892 vlol e PU #9] =
A A A7) 2 A dEE A4S vlaskal A8

Al
=
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Aokt JE. HslEE]S-2 Lee 5ol° Hargh 4g} s}
Z79]] w2 vl Qui 2 (FH, Larix kaempferi) 2 s}ol] 23|
Azd geAdfes F2eS ARSIt B3t A7 &
2]-&-S PEG 400(0CI Co., Ltd., MW 400)2 A-&3}31 ).
MCC-Ho|2. PU # A|ZE S17F o]aA|opo] E, wke-=m)
2 Wz A 24 74z PMDI(F 2 1] 220]3} 8 NCO content
31%), T2 54 t2}-9-# o] E(dibutyltin dilaurate) (TCI,

Mw 631.57)2F S7<(distilled water, D.W.)& 53t} gk
H, MCCHo] L. PU & AZE 98 AlHE A=A d&
AHEGAR] TH-F (Dow Corning) 193(2A44Z2]E)S A}
3I3th MCC-HEo| 2 PU 9] A|ZE flal] 771 498
MCCZA] Avicel PH-101(Sigma AldrichyS A&-3131th.
MCC-HI0|2 PU & M=AEe| 7|IE3d-=A. & A7l
2] MCC-HIo] 2 PU & A4 ¥ 9] 7|5=37d 27 (control)
2 T 2o 0.085 g0 A4 H-& MCCe} 2.5 g d3Ee]
S-S WHHIZ 150-200 rppmellA] 20 min FF Esle, A
Y€ MCCE it dskEes-S AT 4494 MCC
£ FUhet dslEe] S 9o, dslEelea AHHE 2 1] 2
2 3 PEG 400, 72954 teheolE, /7T 2 th-
3 1938 247 255, 2.5, 0.1, 03 2 0.1 g& 50 mL H|o]A
o F7sle] Wi wREZ|E 3200-3400 rpmlE 20's S A]
S5 wiksle] & ZE U AE ARSI Fold &
2 zajexol PMDIE £83k wH7]E 3200-3400 rpm
O 2 Lee 50 =& AAITAIZII 205 B THES
ks SRS PMDIS] S A351EE]2, PEG 400,
SHT Z3E = OHSl =2} PMDIC 3= of
AE NCO T2 IndexS 1.09F lo] ARSI 2 A
TollA] MCC-HIO] Q. PU & A|Zx3l7] §15k] Hr1ek vk
3-8 MCC #H2] OH719] 42 T 48 MCC A
Aol 3HE OH7] SrHT} E A3 vju|sted A, A&
MCC7} F-7F=A] 282 799 vlw e wfof] 5Ug NCO
indexS 7FA7] 1t PMDIS] gelli= "kt A<] gliTh
Central Composite Design(CCD) A& A0l b2 MCC-
HIO|2 PU &9 M Z=. MCC-H}°] L PU ¥ A|ZXE 93
central composite design(CCD)°IA 2] EYHF= F71E =
FEE MCCE] &, A2 o PEG Hl(polyol:PEG)
75 %o 2 AAsIh CCD A3 A A o) ©E MCC-H}
o]Q PU & A AT 71E34Z7 (control)|A, 2t 5
W4 2] I=(code) ' (level)S Table 13} o] “07o.2 A
Astar, 7k = Gl t-$E= 7 ST A4 A8
(uncoded) 75 Table 13} 7ZHo] A} gk MCC-H}o]

Table 1. Coded Levels and Their Corresponding Uncoded
Values of Independent Variables According to Cental Composite
Design (CCD)

Levels
Factor
-1.67 -1 0 +1 +1.67
MCC (g) (X)) 0.0013 0.035 0.085 0.135 0.169
Polyol[:PEG] (X,) 0.33 1 2 3 3.67
D.W. (g) (X3) 0.13 0.2 0.3 0.4 0.47

Polyol:[PEG] denotes the mass ratio between liquefied biopolyol and
PEG400, which is shown as a relative factor of liquefied biopolyol
mass (g) to 2 g of PEG400.
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Table 2. Experimental Plan to Prepare MCC-bio PU Foams According to CCD

Run MCC (g) Polyol:PEG D.W. (g)
Uncoded (s) Coded Uncoded Coded Uncoded (g) Coded
1 0.035 -1 1[:2] -1 0.2 -1
2 0.035 -1 3[:2] +1 0.4 +1
3 0.135 +1 1[:2] -1 0.4 +1
4 0.135 +1 3[:2] +1 0.2 -1
5 0.085 0 2[:2] 0 0.3 0
6 0.035 -1 1[:2] -1 0.4 +1
7 0.035 -1 3[:2] +1 0.2 -1
8 0.135 +1 1[:2] -1 0.2 -1
9 0.135 +1 3[:2] +1 0.4 +1
10 0.085 0 2[:2] 0 0.3 0
11 0.0013 -1.67 2[:2] 0 0.3 0
12 0.169 +1.67 2[:2] 0 0.3 0
13 0.085 0 0.33[:2 -1.67 0.3 0
14 0.085 0 3.67[:2 +1.67 0.3 0
15 0.085 0 2[:2] 0 0.13 -1.67
16 0.085 0 2[:2] 0 0.47 +1.67
17 0.085 0 2[:2] 0 0.3 0

Polyol:[PEG] denotes the mass ratio between liquefied biopolyol and PEG400, which is shown as a relative factor of liquefied biopolyol mass (g)

to 2 g of PEG400.

9 PU & AZE 919 CCDY| o]t A A ES Table 29}
2ol FHsI3ith. Table 29F 2+ MCC-HIo] Q. PU ¥ A%
AgA el mEA NCO indexE 1.092 3] PU F2 A
A

MCCHIO|2 PU Z9| Y= 2AM. ASTM D1621(Standard
test method for compressive properties of rigid cellular
plastics)ol] w2} MCC-H}o] @ PU & A|H 9] U E =43}
At

MCC-H}0|2 PU ZE2| &&HZE &
(UTM) (AGS-J(10kNJ), Shimadzu)Z ©]
PU & AlHe] 4=7=s A6t

MCC-Hjo|2 PU Z2| E&H0f cet HISTEHEMY
off olgh aEHA 24, cCD AgAAle] w2 MCC-Hlol L.
PU & A|Zol|A, ¥h&=o] EFH AIFFE F-E0] 227]
A2 71 A™ AZE B WRSE (@] A o] ghelx]
= A7kl cream time, cream time2 ESFE] MCC-HP]L. PU
Zo] HUZ FEo] &5k wi7kA] A™ A7 rise time, U
! 73R Zhzhe] F&grel] uist A e S
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MCC-HI0|2 PU ZE2| Hof| tist Scanning Electron
Microscope(SEM) &4. MCC-H}¢] & PU & A]H 3%
AL SEM £4(SU8220, Hitachi)S F38te] CCD 23 %
ol & A g He, A He| g, Ao A7) & A
skt

MCC-H}O|2 PU 2| Fourier Transform Infrared
Spectroscopy(FTIR) £4]. MCC-1}°] 2 PU & A|H]
FTIR 4] (Frontier, TA Perkin Elmer)S 53} PUS &
47191 -NH(3299 cm™), -CH,(2941 % 2866 cm™’), free
N=C=0(2275 cm™), C=0(1708 cm™) 52| #571= &3}
ATt A, C=0 AFHF A= 4 w2¥ hard segment
9] 7l hard domainol¥ FAAES 3l¢d 1708 cm'ol] &
Asht, E2F 7k dElgo] A-85HA] &= 7--EA hard
segment’} 7 w2]7F HA| a4 soft domainol] S S wl
o= 1730 cmol] S8} AA| hard segment SolA A3 &
2]¥ hard segment®] ¥&-2, FTIR 244 1708 cmol|A]
o] C=0 21=3%F FIHE=E 1708 cm'ZF 1730 cm o4 <]
Y37}l o R ol HEEA A 5 ). wet
A ZA] hard segment FollA “¢ #2]¥ hard segment] &
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MCC-H}O|2 PU &¢2| Thermo Gravimetric Analysis
(TGA) 4. MCC-Hl°] 9 PU & AJH 2] TGA £41(Q500,
TA InstrumentsyS £3lo] B7 Ea| 7 5EAS 435110}

Zn 9 =2

CCD AgMA[ofl ofst BtSEHEA Zat & AFelA
Table 2°] CCD A3dAl webr #A|z=E MCC-Hfe] 2. PU
E9] cream time, rise time, Y@= 2 U=73=Q] ZHzte] S5
Aol ik Al 7] ] SHHFFTHE = 48 MCC ¥,
polyol:PEG ¥ S/ o] 4&aAAE FHAZA AT

MCC-HI0|2 PU &2| Cream Time ¥ Rise Time. %
A€ MCC(Avicel, PH-101)E F-713810 A28 MCCHIo) L
PU 9] cream time ¥ rise timed] Tt FAHTEL]
HAE vt 2ol B4R cream time®] A3} gtol o
s MSHARAES A gte] Paledzl 23 AFPHA
A (D), ) B @) 2k

Response surface eq. of model-predicted cream time (z;)
versus [MCC(x) and polyol:PEG(y)]:

z(x, ¥)=12.350372901303 + 105.42469312946*x
—438.31168831169% + 5.5913946961528*y
+.86850649350649%)7 — 12.5%x*y
+.000000000000210135*.3*x — 8.75*.3*y + 152874185 (1)

Response surface eq. of model-predicted cream time (z;)
versus [MCC(x) and distilled water(y)]:

zi(x, ¥)=12.350372901303 + 105.42469312946*x
—438.31168831169*x*+73 .11715260152*y
—73.863636363636%)7 — 12.5%2.%x
+.000000000000210135%x*y — 8.75%2.*y + 14.6568154  (2)

Response surface eq. of model-predicted cream time (z;)
versus [distilled water(x) and polyol:PEG(y)]:

zy(x, ¥)=12.350372901303 + 5.5913946961528*x
+.86850649350649*x* + 73.11715260152*y
— 73.863636363636*)" — 12.5*.085%x
+.000000000000210135*.085*y — .75*x*y + 5.79429697 (3)

MCC-H}o] 2. PU &9 cream time-> Table 32] ANOVA
Ao} o] KrbE FY-E MCC Fel Absol f2l38t,
polyol:PEGS] A3 &AAol w5 Felgt FHAaAE Bt
ST Folle AFAez o3t dadAE Bt 24
&]Z% cream time Figure 1(a) 2 1(b)2} 72°] MCC %l
ated 224 ATE BASH, 4YE& MCC Fol T
A wjol] 7P =2 7S Bk B3, Figure 1(a) 2 1(c)
o} 7¥o] polyol:PEG7} =045 cream time®] o] =o}
AE & RIS Table 3°] ANOVAY WE=2H S/
& Aksol = folet A S Bt ool wet Hul<]
cream timeZ 13+ & 770 FHET2 MCC| el 0.085
g ST 90l 04 g7 E=EHUh

3 MCC-v}o] L. PU 9| rise timeS Tha3} 7Fo] 4
SHATE. rise time®] A3} Fhol] thk |AWZ A2 2] (4), (5)
ENO=xis

Response surface eq. of model-predicted rise time (z,)
versus [MCC(x) and polyol:PEG(y)]:

2(x, y)=—16.397845336014 + 142.28524443064*x
— 365.25974025974%x> + 9.4969873497804*y
+ 24756493506493%)7 — 15 %x*y — 150.% 3%x
—23.75% 3%+ 32.7665218 4)

Response surface eq. of model-predicted rise time (z,)
versus [MCC(x) and distilled water(y)]:

Table 3. Analysis of Variance for the Response Surface Quadratic Model on Cream Time of MCC-bio PU Foam

Factor SS df MS F p
(1))MCC(L) 1.1882 1 1.1882 0.6037 0.4626
MCC(Q) 13.3614 1 13.3614 6.7884 0.0351
(2)Polyol:PEG(L) 393.3396 1 393.3396 199.8399 0.0000
Polyol:PEG(Q) 8.3937 1 8.3937 42645 0.0778
(3)D.W.(L) 17.3627 1 17.3627 8.8213 0.0208
D.W.(Q) 6.0711 1 6.0711 3.0845 0.1225
1L by 2L 3.1250 1 3.1250 1.5877 0.2480
IL by 3L 0.0000 1 0.0000 0.0000 1.0000
2L by 3L 6.1250 1 6.1250 3.1119 0.1211
Error 13.7779 7 1.9683

Total SS 471.4412 16

SS, df, MS, F and p denote sum of squares, degrees of freedom, mean sum of squares, F-statistic and P-value, respectively.
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Figure 1. Response surface and contours of combined effects of any two variables on cream time of MCC-bio PU foam prepared from lig-
uefied sawdust in this study: (a) polyol:PEG and MCC; (b) distilled water and MCC; (c) distilled water and polyol:PEG.

Table 4. Analysis of Variance for the Response Surface Quadratic Model on Rise Time of MCC-bio PU Foam

Factor SS df MS F p
(HMCC(L) 0.9162 1.0000 0.9162 0.3699 0.5623
MCC(Q) 9.2788 1.0000 9.2788 3.7458 0.0942
(2)Polyol:PEG(L) 59.2498 1.0000 59.2498 23.9185 0.0018
Polyol:PEG(Q) 0.6820 1.0000 0.6820 0.2753 0.6160
(3)D.W.(L) 141.8132 1.0000 141.8132 57.2485 0.0001
D.W.(Q) 3.4401 1.0000 3.4401 1.3887 0.2771
IL by 2L 4.5000 1.0000 4.5000 1.8166 0.2197
1L by 3L 4.5000 1.0000 4.5000 1.8166 0.2197
2L by 3L 45.1250 1.0000 45.1250 18.2165 0.0037
Error 17.3400 7.0000 2.4771

Total SS 288.0294 16.0000
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2(x, ¥) = —16.397845336014 + 142.28524443064*%x
— 365.25974025974%x> + 125.9019342158*y
— 55.600649350649%)7 — 15.52.%x — 150.%x*%y — 23.75%2.%y
+19.9842344 )

Response surface eq. of model-predicted rise time (z,)
versus [distilled water(x) and polyol:PEG(y)]:

2(x, ¥) =—16.397845336014 + 9.4969873497804*x
+.24756493506493*x*+ 125.9019342158*y
— 55.600649350649%)” — 15.*.085%x — 150.*.085*y

—23.75*x*y +9.45524415 ©6)

(a) Fitted Surface: Variable: Rise Time (s)
3 factors, 1 Blocks. 17 Runs: MS Residual=2.477149
DV Rise Time (s)
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MCC-H}0] Q. PU &) rise time Table 4] ANOVA Z
ek 71o] polyol:PEG % FF59} zhzte] AgaA|olM 4
3] frelst IAIE AT Rise time Figures 2(a) 2 2(c)
o} 7+o] polyol:PEG7} Z715to wel Axp4 o2 Z7kehs
FA1€ B8l E3h, Figures 2() B 2(c)9k 2ol SH5]
oko] 271342 rise time®] Z7FR= AL B} ol wh
214 polyol:PEG7} 3:2013 Z5572] o] 0.4 g w7} AL
A zH07 =EHQT.

MCC-Hl0|2 PU &2 LE. MCC-H}0] L. PU % H&9]
HESEREA e o7 B A (7), (8) B (99} ATt

Fitted Surface: Variable: Rive Time (5)
3 factors, 1 Blocks, 17 Runs: MS Residual=2477149
OV Rise Time (5)

2 000 002 004 006 008 010 012

MO

o
=
&
=
&

TR

Fitted Surface; Vatiable: Rise Time (%)
3 factors, 1 Blocks. 17 Rurs: MS Residual 2477149
OV Rive Time ()

oW ig)

002 000 002 004 0D 008 010 012 Aa14 016 018

saioem

MCC i)

Fitted Surface; Variable: Rise Time (5)
3 factors, 1 Blocks, 17 Runs: MS Residual=2 477149
D Rise Time (1)

ST

Polyol PEG

Figure 2. Response surface and contours of combined effects of any two variables on rise time of MCC-bio PU foam prepared from liquefied
sawdust in this study: (a) polyol:PEG and MCC; (b) distilled water and MCC; (c) distilled water and polyol:PEG.
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Response surface eq. of model-predicted density (z;) versus
[MCC(x) and Polyol:PEG(y)]:

7(x, ¥) = 52.868649659681 — 119.60791744681%x
+350.44191919192%x — 4.0905323970644%y
+ 72911405723906%)7 + 8.087962962963*x*y
+143.28703703704* 3%x + 5.2847222222221* 3%y
~23.809913 (7

Response surface eq. of model-predicted density (z3) versus
[MCC(x) and distilled water(y)]:

23(x, ) = 52.868649659681 — 119.60791744681%x
+350.44191919192%x — 130.92729905352%y
+171.86973905724%) + 8.087962962963%2 *x
+143.28703703704%x*y + 5284722222222 1%2 %y
— 52646086 (8)

Response surface eq. of model-predicted density (z3) versus
[distilled water(x) and polyol:PEG(y)]:

Z,(x, ¥) = 52.868649659681 — 4.0905323970644*x
+72911405723906*x> — 130.92729905352*y
+171.86973905724*)7+ 8.087962962963* 085*x
+ 143.28703703704* 085%y +5 284722222202 1%x*y
~7.6347301 )
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o] A (10), (11) 2 (12)¢} 2t}

Response surface eq. of model-predicted compressive strength (z,)
versus [MCC(x) and polyol:PEG(y)]:

fr

a%

o)

zy(x, ) =128.0050760651 — 15.535499042133*x
+169.27714646465%x>+ 31.141858038189*y
+ 1.1718039772727%) + 12.215972222222*x*y
— 164.35416666666%.3*x — 81.071180555556*.3*y

~79.88915 (10)

Response surface eq. of model-predicted compressive strength (z;)
versus [MCC(x) and distilled water(y)]:

zy(x, ) =128.0050760651 — 15.535499042133*x
+169.27714646465%x* — 522.89920282645*y
+855.3401199495%) + 12.215972222222%2 *x
— 164.35416666666*x*y — 81.071180555556*2.*y

+66.970932 (11)

Response surface eq. of model-predicted compressive strength (z,)
versus [distilled water(x) and polyol:PEG(y)]:

z4(x, ¥)=128.0050760651 + 31.141858038189*x
+1.1718039772727*x* — 522.89920282645*y
+855.3401199495%)2 + 12.215972222222* 085*x
— 164.35416666666*.085*y — 81.071180555556*x*y

—.09749004 (12)
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4(c)ok 2 polyol PEGY} 27188 A sgm o= Az} ﬁ7}
Sk e BTk olol] meky MSERBEA L] Az, ¢
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Moj| chgt SEM 2MZ1}. Table 29} 72> CCD AAAIE
of wbA Run 178 177K41¢] 210 = 717} A|l2E MCC-
Hlo] @ PU &2 AL Figure 59 7o) TSI, Lee 5
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Table 5. Analysis of Variance for the Response Surface Quadratic Model on Density of MCC-bio PU Foam

Factor SS df MS F p
(HMCC(L) 0.0258 1 0.0258 0.0019 0.9661
MCC(Q) 8.5412 1 8.5412 0.6429 0.4490
(2)Polyol:PEG(L) 16.4206 1 16.4206 1.2359 0.3030
Polyol:PEG(Q) 5.9156 1 5.9156 0.4453 0.5260
(3)D.W.(L) 3.4774 1 3.4774 0.2617 0.6247
D.W.(Q) 32.8705 1 32.8705 2.4741 0.1597
IL by 2L 1.3083 1 1.3083 0.0985 0.7628
1L by 3L 4.1062 1 4.1062 0.3091 0.5956
2L by 3L 2.2343 1 2.2343 0.1682 0.6940
Error 93.0019 7 13.2860

Total SS 155.4435 16
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Figure 3. Response surface and contours of combined effects of any two variables on density of MCC-bio PU foam prepared from liquefied
sawdust in this study: (a) polyol:PEG and MCC; (b) distilled water and MCC; (c) distilled water and polyol:PEG.

Table 6. Analysis of Variance for the Response Surface Quadratic Model on Compressive Strength of MCC-bio PU Foam

Factor SS df MS F p
(HMCC(L) 4.6010 1.0000 4.6010 0.0352 0.8565
MCC(Q) 1.9930 1.0000 1.9930 0.0153 0.9052
(2)Polyol:PEG(L) 2140.6950 1.0000 2140.6950 16.3878 0.0049
Polyol:PEG(Q) 15.2800 1.0000 15.2800 0.1170 0.7424
(3)D.W.(L) 4695.3270 1.0000 4695.3270 35.9445 0.0005
D.W.(Q) 814.1130 1.0000 814.1130 6.2323 0.0412
1L by 2L 2.9850 1.0000 2.9850 0.0229 0.8841
IL by 3L 5.4020 1.0000 5.4020 0.0414 0.8446
2L by 3L 525.8030 1.0000 525.8030 4.0252 0.0848
Error 914.3910 7.0000 130.6270

Total SS 9164.0910 16.0000
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Figure 4. Response surface and contours of combined effects of any two variables on compressive strength of MCC-bio PU foam prepared
from liquefied sawdust in this study: (a) polyol:PEG and MCC; (b) distilled water and MCC; (c) distilled water and polyol:PEG.
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Table 7. Cell Status of MCC-bio PU Foam Prepared According to CCD

Run MCC (g) Polyol:PEG (g/g)” D.W. (g) Cell size (um)” Cell status®
1 0.035 1[:2] (1.25:2.5) 0.20 104(£3)/213 o/o

2 0.035 3[:2] (3.75:2.5) 0.40 154(£14)/(N/A) o/XX

3 0.135 1[:2] (1.25:2.5) 0.40 196(+10)/193 o/A

4 0.135 3[:2] (3.75:2.5) 0.20 169(£8)/213 o/A

5 0.085 2[:2] (2.5:2.5) 0.30 127(x14)/N/A o/X

6 0.035 1[:2] (1.25:2.5) 0.40 169((=8)/236 of[o, A]
7 0.035 3[:2] (3.75:2.5) 0.20 126(+5)/N/A o/

8 0.135 1[:2] (1.25:2.5) 0.20 170(£9)/142 o/[o, A]
9 0.135 3[:2] (3.75:2.5) 0.40 149(+6)/147 o/o

10 0.085 2[:2] (2.5:2.5) 0.30 135(£9)/N/A See Run 5
11 0.0013 2[:2] (2.5:2.5) 0.30 195(x£10)/N/A o/X
12 0.169 2[:2] (2.5:2.5) 0.30 121(+4)/N/A [o, A)YX
13 0.085 0.33[:2] (0.41:2.5) 0.30 226(+£12)/304 o/o

14 0.085 3.67[:2] (4.59:2.5) 0.30 270(x18)/N/A o/XX
15 0.085 2[:2] (2.5:2.5) 0.13 123(£8)/202 of[o, A]
16 0.085 2[:2] (2.5:2.5) 0.47 177(x16)/N/A [0, A
17 0.085 2[:2] (2.5:2.5) 0.30 183(+8)/N/A See Run 5

“Polyol:PEG denotes the mass ratio between liquefied biopolyol and PEG400, which is shown as a relative factor of liquefied biopolyol to a 2
g of PEG400 in LHS at each run while both true added amounts of liquefied polyol and PEG400 are shown in RHS at each run.

’Cell size: Each cell size (left) estimated as a reciprocal of the number of cells per unit length on the surface of cross section of MCC-bio PU
foam and subsequently averaged in duplicate, was compared with that reported by Lee ef al’ (right).

“Cell status: Each cell status (left) of MCC-bio PU foam in this study was compared with that reported by Lee et al.’ (right) [O, well-developed;
A, collapsed; <, severely-collapsed; X, poorly developed; XX, rarely-developed].
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Figure 5. SEM of MCC-bio PU foam cells, developed according to a CCD of the experiments of lignocellulosic PU-foam preparation, sug-
gested in Table 2 where experimental conditions of RUN 1 through 17 according to CCD were proposed, observed on the surface of the PU-
foam samples by field emission SEM (scanning electron microscope, Hitachi, S-4300): (a) Run 1; (b) Run 2; (c) Run 3; (d) Run 4; (¢) Run
5; (f) Run 6; (g) Run 7; (h) Run &; (i) Run 9; (j) Run 10; (k) Run 11; (1) Run 12; (m) Run 13; (n) Run 14; (o) Run 15; (p) Run 16; (q) Run 17.
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Figure 6. TGA and DTG curves of MCC-bio PU foam prepared
under the experimental condition of Run 1, 9 and 13 in this study.
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Figure 7. FTIR spectrum of MCC-bio PU foam specimen prepared according to the experimental plan of CCD, as shown in Table 2, com-
posed of Run 1 through 17: (a) Spectrum to define MCC-bio PU foam in this study; (b) Spectrum to show the peak of C=O stretching vibra-
tion at 1708 cm’, indicating the phase separation of hard segment of MCC-bio PU foam, without the existence of C=O stretching vibration

at 1730 cm™.
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