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Z5: vpo] w2 G, larix kaempferi)E As}et 2] 12 2 (lignocellulosic) Z2]-&o|A I residueE A A
g A3}l Z2]L(YslEEE A) v I residue® Tt olU2} I microcrystalline cellulose(MCC)= A 43+ s}
Z2&(Ys}EE]E ByS ARSSE vlo] Q. Fe]-Eleh(PU) & AP, Lee 5(Polym. Korea 2019, 43, 899-913)<]
N} Fee-S o83 Hlo]l 2 PU & Aol AAIE HA 23k o] A7/t Suiste F8x1S AFxes
stodx] zhzh e, AEE vle] Q. PU Fo] EA4S Hlwsle] A5t F2& W I MCCO| HlelQ PU &9 &
doll tht FEFS SR AFAES] 9ol A3t E2& AR AFEE wET dst Z2E& BE AREE o
°F 20% AE stk L ol A3t FEEolA i MCCO, 71 Ax e fiddke FHA 98
Ae] 3 YA (nucleation) Tl FIsh= 7Iol 719183t vlelQ PU o] A A= A3} Z2l& AS ARE3H
AET Ao 3 YA A FoIshs If MCCE AlAS dst Z8]& BE AMES A5 @AM 715l
HEE AT

Abstract: Bio-polyurethane (PU) foams were prepared, using inherent residue-deficient lignocellulosic polyol liquefied
from biomass (sawdust, larix kaempferi) (liquefied polyol A) or both inherent microcrystalline cellulose (MCC) and
inherent residue-deficient lignocellulosic polyol liquefied from the same (liquefied polyol B), according to the optimal
condition and the process condition showing the maximized average size of bio-PU foam cells, suggested in the previous
study of Lee et al. (Polym. Korea 2019, 43, 899-913). The characteristics of the bio-PU foams, upon which the effect
of inherent MCC in liquefied polyol was investigated, were compared with those in their previous study. Compression
strengths of bio-PU foams, prepared using liquefied polyol B were less by ca. 20% than those using liquefied polyol A,
which was attributed to the role of MCC as fillers causing the improvement of mechanical strength as well as its function
to take part in a nucleation process of each cell. The cells of bio-PU foams prepared using liquefied polyol B were
observed by SEM to be expanded and apparently bigger than those using liquefied polyol A.

Keywords: lignocellulosic polyol, bio-polyurethane foam, inherent residue, inherent microcrystalline cellulose.
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Fox| 3L Yt} 71 microcrystalline cellulose(MCC) |
oAM= Brds A ERE 220 AJd7]Ee] A
o} Y8Rl YT R ulo] Quj o] TEgAdo] A5k
I IAEAZ YA Lee 520 o] 3 EAIHS A4
s17] 9lsled, old#lZFe]Z (ethylene glycolyS ©]-8-3F S31-8
& ARg-ste] vlo] QujAE ASA7]L, MCC 2 224
F22](lignocellulosic) E2]22] FAIAZE 3Y3IAT) Lee
Soll’ sl =2 HA s} dstxgiol wEhA Alxd 2



If MCCE AAS AR 22 o] eu2 d5) E2]&-s o=

FARZ A ZE&E 0|83, Lee 520 Hlo]S PU £9
A ZZE 213 central composite design(CCD)ol ]38 237
3o] o] FARANA Hlol e PU E2 AxslaL 437}
£ 3k CCDol| oJgh A@AY ] Syl 1) 43}
ZEle A 21821 EYo9AZ Y (PEGS Sst
E2]& g9 29} polymeric diphenylmethane diisocyanate
(PMDI)2] WHAIZE, 2) A3} Z2]& O] PEG(Polyol:PEG) H]
9 3) SFF ol gt vle] e PU & Ao AHeA =
AoZM Z+ZF 15%, 12 2 02g (Run 1) ¥ 25%,32 ¥
0.4 g(Run 9y AA&kAch w3k Ao =7]7} Sthsld PU
Z Az FAASZA 712 20%, 03322 2 0.3 g(Run
13)S AA ST

2 Aelre st f e R 22 EfEolX A residue
= 3L MCCE AAS 43} F8]8-5 o]&3h vlo] 2 PU
Z A ZAEHE, Lee 5 Hlo]Q PU & Ao =4
279 Run 1 € 93}, Ao =717} SthalE Run 139
zHoz 7zt st Zh APzl wEhA Az
Hlo]Q PU FE9 E4S At Hlwsigleh. 2o ot
2 A3t Z21& W ZH MCC9, Hlo] L PU &2 &4
gk S 9 FFE A ST
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Alefnt [z, 3} 2] 22 22 (lignocellosic) Z8]2-2,
Lee 5ol’ oste] =&% HA s} HAsizziol e vio] o)
2~(F Y, Larix kaempferi) s}l 2]3] A|ZxE nlo]e &
<& A& gk Al A E8]&2 PEG 400(0CI Co.,
Ltd., MW 400y A3} Blo] Q. PU & A|ZE 93t 9]
Ao E, WhgEvl B A2 A 717t FeEv]ddu e
t] o] &2A] o}d] o] E(polymeric diphenylmethane diisocyanate,
PMDI) (F&7]2%0]38}8}, NCO content 31%), TIF-EF4 T
2Zh$-glo] E(dibutyltin dilaurate) (TCI, Mw 631.57)¢} =F
(distilled water, D.W.)& £33t $HA, vlo] e PU £
AZE 15 ARSIAZA A2 AUEAIAQ] Ty
(Dow Corning) 193(2/dE2E)S A3

HO|2 PU & MIZA§ol M=, I3} gjlaxgFfa
2] 2o A7 residueE A|ASH Y35} Z]-2(st Z2
< A) 5 34t residuet®VF ofuE} A MCCE A|ASH
s} 22125l 212 By AR vlol e PU & AX2AH
< Table 13} 22 A@x10=2 5333t Lee 52 vt
0|9 PU & AollM =&% HA 2719 Run 1 2 97}, A
o] =717} StislE Run 132 Table 13} 22 &2 Ao 4
dxA0= 3

i3l Z2|E A2l HMI=. Lee 52° nlo] Qv A3}oAto]
AN EEE 2o E dglet A} AR g
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o
I

Hlol e Zg]9-aEt o] B4 465

_I

Table 1. Experimental Conditions Chosen among Those in the
Study of Lee et al."’ to Prepare Bio-PU Foam Using Liquefied
Polyol A or Liquefied Polyol B

Run Mixing time (s) Polyol:PEG D.W. (g)
1 15 1:2 (1.25g25g) 0.2
9 25 3:2 3.75g25¢g) 0.4
13 20 0.33:2 (0.41 g2.5g) 0.3
Liquefied polyol A: inherent residue-deficient lignocellulosic liquefied
polyol.

Liquefied polyol B: both inherent MCC and inherent residue-deficient
lignocellulosic liquefied polyol.
D.W.: distilled water.
F22] ZTE 5g8 50mLY obAlEel B, 1247 5%
300 rppm o2 WA e A EES 180 ume] mesh 2=
¥ (No. 80 ASTM E11, Daihan Sientific Co., Ltd.)oll %32
A2F0] mesh 233 fol] AZHZ AL residue(¢>180 pum)
2, mesh 23S TS AL residue’t A|AE A3} Z2]
& AR 33T A3} T AT 7AxRE Yol 60°Cel
A 2407 o) 8] A & ARSI

st Z2|2 Bl MZE. Lee 59)° vlo] Qmf2 stdo]|
M EEE HA 2= sl 35 fandfry Z2
ZollA st Fels BE vkt 2ol Azt s} 2l
LARZA 28 58 50mLe oMlEe] ¥, 1247 &
oF 300 rpmo-2 WHFsIITH wHtE A]EE 180 ume mesh
223 ¥ (No. 80 ASTM Ell, Daihan Sientific Co., Ltd.)3}
75 um®] mesh ==& (No. 200 ASTM El11, Daihan Sientific
Co., Ltd)oll A= FFAIFTE L o 25 ume] ZH &
o] (#4, Whatman)E ARE-3te] AejA] Y& 25 um o]’de] 9
A7} A A= 0] MCC25 um<¢<75 pm)7F A A A3} Z2
< BE At} A3} )& BE AR €l 60°CellA
2407k o) FE8] AE7E T ARSI

HIO|2 PU &2l MI=. Table 19] A3 2713} 2Fo] 0.41-
3.75 g8 43} ZE]& A TE B, 2.5 g9 PEG 0.1g¢] t]#
g3 tERegolE, 02-04 g2 SHF 2 0.1¢g9] AHE
AE 7R 3200 rpmell A 20% B wRkste] EEl&
Z A AFh EEg T AE Folfd &4 '
2 Fol PMDIE E33lal 15-25%2] wuk A7 F<F 3200
rpmoll A wHbEla B ST PMDIS] WS AEEEL A
EE B, PEG 400 % S/l THAUE OHS T
o} PMDIC| Z3HEo] & NCO B#59] indexE 1.002
&to] gt

HIO|2 PU Z9| Y= 24, ASTM DI1621(standard test
method for compressive properties of rigid cellular plastics)
o me} oo PU £ AlHe] UEE 2453

HIO|2 PU Zo| &HZE 24, WHeAIEAE7I(UTM)
(AGS-J(10 kNJ), Shimadzu)Z ©]-&-3}o] nlo]Q PU & AJH

o YIS S,
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HIO|2 PU ZE9| M(Cell)o| CLHEt SEM 24, nlo] Q. PU
F A1 ¥He] A8 SEM #4(SU8220, HitachiyS- 3] 5}
o] CCD Az e 4 I Fx, A He] 53, 4]
A7) 5 AT

HIO|2 PU &2 FTIR £4]. vle]2 PU & A]He] FTIR
-4 (Frontier, TA Perkin Elmer)S 53} PUS] 54712
NH(3299 cm™), -CH,(2941 2 2866 cm™), free N=C=O
(2275 em™), C=0(1708 cm™) 5] #5715 A3} &
H, vlol 2 PUS| C=0 A5XF Fa= A £ 9 had
segment2] 7d-$-= hard domainol|A] 4243 dle] 1708
em'o|A] 3 =7} E2)}, hard segment”| A EE] 7T FA]
S3A soft domain®l] A well= 1730 cmol| A F] =7}
EAIgIcE, A hard segment T4 “d E2]%¥ hard segment
o] E-&L FTIR H40A] 1708 em™ol|A2] C=0 415315
3 =S 17087 1730 cmol|A ] =3 Fxe] oz y
FolE &= e 4 U

HIO|2 PU Eo| TGA EA. njo] PU £ A|He| TGA
(thermo gravimetric analysis) 43(Q500, TA instruments)<
Fotd €4 Fl AEY 548 A6l

An =2

HIO|2 PU Z°| Cream Time ¥ Rise Time. %3} 2]
< A = BE ARE3SI, Lee 59" vlo]Q PU & A7l
A 2% HZ 249 Run 13 9 2 Ao Hi =717} 7}
Z & Run 139] Ao 77} 55151 vlo|Q PU Z9] cream
time Figure 13} 7t}

2 AgoA A3} Fgle AR ol 95} E2]E BE
A3 799l = cream time Lee 5°]' Bk ule} vzt
7FAZ Figure 1914192} ZHo] Run 92] Z 7oA cream time
o] 7P¢ Zick. Hgk A} e A e 93l E2E BE A}
g3to] zbzb 38 nlo] @ PU £9 rise timeS Figure 29}

2.
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Figure 1. Cream time of bio PU foam, in triplicate, polymerized
according to Run 1, 9 and 13 in the study of Lee et al.' using lig-
uefied polyol A or liquefied polyol B: (a) liquefied polyol A; (b)
liquefied polyol B.

Zay, Al4548 A35, 20213

A3l & AE AHESF A -9l = Figure 2(a)9t 2]
cream timeZ} PEREA|Z Run 92| Z70lA 7 2 rise time
< 7= Ag BESH. 28y A3 F2& BE ARSS
7ol & Figure 2(b)e} 72o] & A4 polyol:PEG H]7t
7F A& Z7A¢l Run 139] Z7A 71 £ rise timeS 7}
A= Ao] FA= S} Rise time residue} MCCE A A3}k
A L Tee 590 AR}, residue T2 F7FE MCCE
AAG 2 AollA Zhzh H3L 50% E= 200% o7 S
7tgto] HAZE AT

HO|2 PU &9l Y. o3} Ze|& A e 93} &
BE ARgate] ZHzt F§tst vlol e PU &9¢] Wi Figure 3
I 2t} Lee 52" Hs} glaxAdRRs &S o] &3
Hlo] @ PU £¢] U7} polyol:PEG Hloll XF3] frol3h A
HAAE BT Bt v AR A3t 28 A
AREste] A|lzgt vlo] @ PU #<1 Figure 3(a)2t A3} 2]
BE ARE-SF Figure 3(b)ollA4l polyol:PEG H]7} 322 71 &
Run 99| A-ollM 7P & A=E 7= 2345 230 Run
1 ¥ Run 139] 9= HEollA H8 3k 7= o=
A=, 2y d3) ZEs A e A3 Z78 BE At
§3 A9olx, EE residuet MCCE A A3 22 o
3} £21&5 o83 Lee 59" A-FHT, oF 70% == 2
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Figure 2. Rise time of bio PU foam, in triplicate, polymerized
according to Run 1, 9 and 13 in the study of Lee et al.' using lig-
uefied polyol A or liquefied polyol B: (a) liquefied polyol A; (b)
liquefied polyol B.
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Figure 3. Density of bio PU foam, in triplicate, polymerized
according to Run 1, 9 and 13 in the study of Lee ef al.'"’ using lig-
uefied polyol A or liquefied polyol B: (a) liquefied polyol A; (b) lig-
uefied polyol B.
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Figure 4. Compressive strength of bio PU foam, in triplicate,
polymerized according to Run 1, 9 and 13 in the study of Lee et al.'
using liquefied polyol A or liquefied polyol B: (a) liquefied polyol
A; (b) liquefied polyol B.

agto] #FE ATt

HIO|2 PU 89| EZE. A3} I8 A = 3 &
2]e BE ARSI AZS PU E9] 5= B2 7= 7
7} Figure 4(a) 2 4(b)e} 2t} A3} Z2]L A9l A3} Z
€ BE AMESE F ¢ 25X 78 2 polyol:PEG H|E
711 Run 9 2704 714 2 =7 272 B3 ol
g A3, A3} g AR 2 FeES o83 vlo]e PU
E9] 4=AEE polyol:PEG Hlo| A F3] F-2]8h Aa2A
£ HYth= Lee 59" Bael AXs18th A8l E2]& A
273 A3} Z2& B UM g2 249 Aeole F=
23 Z zol7t gl oy, 5= e A3 F2e
A Z7ART A3} 218 B 2794 Run 9 © 13914 Awk
ZOFZ oF 20% BENHE st L o= H3 E
< A9} BAllA 3-f MCCe], T34 7% A8 Ao 3] 3
’d(nucleation) Aol #HAsh= 715l 711kt L8k
Run 1 79| Afole d3} Z2]& BE AT wrr o
st EE1& AS ARSE o)l SAETE Q58 O Wkt

M(Celloll CHEH SEM EMZ 3}, A5} Z]& AS AME-S
Run 132} Run 92] 7390 nje] @ PU Ee] Ao Alee} Z7]
£t Z+7} Figure 5(a) 2 5(c)2b 7Zol, Lee 50| B3
residue?} MCCE AASHA| 22 A3} Z2]&-8 AME-gl vlo]
2 PU F<] A AJejet 7)o Ay oz fARITh. 18
U 13} Z2]8 BE AHE-3E Run 13 Run 92] 7o wlo]
2 PU %9 Ae] JHie} A71=, 212} Figure 5(b) 2 5(d)2h
7ro] M35l Zg]& AE AME-EH Run 13 Run 99] 7-¢-Rt}h
A A717F &A3] F7Fseel #EE A olHe A
o] Wsh= 2 MCC7F Aol &) 3748 Aol #edalr] wii
olth!! A3l ZF& A £ BE AFEE Run 13} Run 99]
7A5-2] Zzte] vlo]Q PU & A Z7|E Table 20 VFERHSITE.

N3} glaweAFRA 28] I MCCE°] 72t A9
3 P4 siteREA] A AJA] FHofste] Af MCCE AlASH o
3} Fe]&9 A9els @Ry T AAEE A 571 HoiA
HA A Z7)7F S7FsEAThAL a2 2T 0] A rise time©]

Figure 5. Bio PU foam cells, developed using liquefied polyol A or
liquefied polyol B according to the experimental conditions of Run
1 and 9 suggested in the study of Lee et al.,'” observed on the sur-
face of the bio PU-foam samples by field emission SEM (scanning
electron microscope, SU8220, Hitachi): (a) Run 1 using liquefied
polyol A; (b) Run 1 using liquefied polyol B; (c) Run 9 using lig-
uefied polyol A; (d) Run 9 using liquefied polyol B.

Table 2. Cell Size of Bio PU Foam Prepared Using Liquefied
Polyol A or Liquefied Polyol B according to the Experimental
Conditions of Run 1 and 9 Suggested in the Study of Lee ef al.

(unit: pm)

Untreated liquefied
Run Polyol A Polyol B polyol”
1 140.8(+9.9) 331.6(+13.8) 212.5
9 196.9(x13.5) 268.2(x18.0) 146.6

Cell size: Each cell size was estimated as a reciprocal of the number
of cells per unit length of MCC-bio PU foam and was averaged in
duplicate.

N3} 2] BE ARES 9o, Lee 59" A1 & A
A AIZH0 ZA rise time©] 200% O TR F7Vek Ak A
HAZE ZAc). g Wt A5t FEE A e A3 TS

S AR 73900l Lee 591" 73-FHT} oF 70% A== 7H
A%k AL AFABA 7Y Zick

HlO|2 PU &2 TGA E4Z%}. TGA w44 7= Figure
6 Zth AlHES] A WA ARAhE 257 FSsiEA
°F 300°Coll A -8 A3t F2]& AE AHE-$ Run 1(Run
1(A)), 93} £8]& BE AH&-3F Run 9(Run 9(B)), A3} Zg]
< BE AF&-g Run 1(Run 1(B)) ¥ 913} Z2]& AS AHE
3l Run 9(Run 9(A))] =42 3=tk DTG £42] A
HA] 9]39] $AE Tkt ol2s DTG A HA 1]

9] A7) M E B 350 °C AFollA] @AYk
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Figure 6. TGA and DTG curves on thermal property of bio PU
foam polymerized according to Run 1 and 9 in the study of Lee et
al." using liquefied polyol A (A) or liquefied polyol B (B): lique-
fied polyol A, Runs 1(A) (---) and 9(A) (-); liquefied polyol B, Runs
1(B) () and 9(B) (—-).

o} o]H 4L Lee 5" Aol residue B MCCE A|
AsA] B A3t fasdFEY &S AET kel
PU #¢] Z-ell, A3} Fe|&o] F&0] 7Y FobA Fiet
MCCS} residue?] #-&°] 74 2 Run 92 DTGS] A ¥
¥]=9] =717} Run 1B §ASHA 29k 33t i =|3d
o} R, AlRES] 7 WA A e 257t AE st
HA] OF 600 °CoAlMFH A WA Ao} 5U3 A=
Y=t DTG 49 7 HA 13259 4% 3 1A
352 =Mt FYEIITE DTG £42] F WA v3E59)
=7]%& Run 1(A), Run 9(B), Run 1(B) & Run 9(A)2] <=4
2 AL, Z7te] thgsle A 5= 660 °CollM 700 °C
7] F=olATh

HIO|2 PU &F2| FTIR 24 1}, i3} Z21& A &= o
5t 22 BE ARESte] AlxE vlo] & PU E9] FTIR 234
= Figure 73 7+0] 2860-2940 cm™o|A C-H I 3ZE Xt}
Hlo] @ PU & A A4 FJH free isocyanate= LFEF

= 2260-2280 cm ol 9] T A s, & Aol =
A7t #FEA] GAY FAY Fxe] FA27t et ek
Al st ZEE A e 3 F2& BE AREshe] Alxd
PU #¢] AZZA224, NCO index2] 748l 1.0 T=EA17
o} 3, ek A% £ =0 22| 3=} 1630-1750 cm’!
oA, N-H 2] 1520-1540 cm™ 2 1590 cm™ol|A] B AT},
oo wjg} A3z} 2L A Tt A3 ZE]L BE ARl

Az PU FollM pelet Age] & F=EE Slsiint.

TESF Run 1(B), Run 9(A) 2 Run 9(B)2] A9+, C=0 2!
7% A3t F2AT JEI] 1708 emollA d A7 #F
A3, 1730 em'oA 9] T Z= BEER] Ut weba] vt
o] PU ¥ AJ#9] hard segment= 72 B5F A 2|7} =
o]A] hard domain®ll A2 100%7} A3t} 2L} o<

Zay, Al4548 A35, 20213
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Figure 7. FTIR spectra of bio PU foam specimen polymerized
according to Run 1 and 9 in the study of Lee et al."’ using liquefied
polyol A (A) or liquefied polyol B (B): (a) spectrum to define PU
foam in this study; (b) spectrum to show the peak of C=0 stretching
vibration at 1730 cm™(Run 1(A)), and 1708 cm™((Run 1(B); Run
9(A); Run 9(B)) indicating the phase separation of hard segment of
PU foam without the existence of C=O stretching vibration at
1730 cm’™.

2O 2 Run 1(A)2] A4 C=0 A=3F v37} +424F
oA AHFER 1730 em oA #HZ=ACE Wb Run 1(A)
A= 2 BE7 HA SeoR At 45 Ee A
£ AME-g Run 1(A) 499 2f MCCe] EAl9 = B3}
7 2e7h HA o, 3 EElE A5t E8]E BE AHE
} Run 1(B) 75T} Figure 49} 70| &7 w7t @ A
o2 4=t

ro ko

o

2 B

a3} Zge AS ARESE 3ol cream timedt RRRVEA|
2 Run 99] ZANA 71 £ rise timeS 7K = AL Az
stk 2y A3t 228 BE AMES A9olE Run 139
ZAA 71 E rise timeS 7= Ao] FEE AT} Rise
time residue?t MCCE A AR %2 A3} Z2]&-8 °]&
3t Lee 59" Z¢-Hr}, H3) Z2]& A E= 93} Z2& B
S AR B AgellM 77 FHAL 50% S 200% O3]
Z7lste] AALQYTh A, Lee 510 A3} gl AFEA
Z825 0]§3 vlo]lQ PU <] UX7} polyol:PEG H] o]
A 3] Folg dAAAE BIvka BT Lee 52"
Aol v R, A3 F2)E AE ARSAY A3 E1)
< BE AREslo] A3 ule]Q PU o] AlZR27 FollA
polyol:PEG ¥]7} 3:22 7}¢ & Run 99| A-olA 7 &
Ao 2 /e 2342 29 28y 93 Z28 A T
A3} Zg]& BE ARES A9, D Lee 59" 1
o} oF 70% == Ao #AHAT g} TP A X
A3 A5t & B 24 tE 249 Aeols & A
o7} g, EAES] gl A3l e A 2R
o} A3} 228 B 2704 Run 9 2 1304 ukzoz oF
20% AE=REE ARSIt 2 o) fe A3t EeleollA] A




3 MCCE AARE 2]z vlo] el s} Z2

MCC9] 7= e ke S 715 G de]
B3 FGol Fosh= 71wl 718 281y Run 1 &
A2 9ol A3} Zee AS A3 ZANA ) g
< BE AMES 2E FEETE 251 o Wttt st
Z7)& AZ ARE3F Run 13} Run 9¢] 7-$-ol Hlo]e PU &
o] A4 Aeje} F7]=, Lee 5o Hargh nlo]e PU #<] ¥
o Ao] e 2 =)o ARkt o g fARsIg o, s
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