Polym. Korea, Vol. 46, No. 1, pp. 101-106 (2022)
https://doi.org/10.7317/pk.2022.46.1.101

ISSN 0379-153X(Print)
ISSN 2234-8077(Online)

MESHM Poly(lactic acid)-MEZ2A CI2M S&tA|o] XM=

utolll - 0|53
Fopojaka gaheiat shebalaa)gota)

2=

o21d 9¢ 289 H%,

2021 119 29 =4, 20213 119 8L A&

Preparation of Biodegradable Poly(lactic acid)-Cellulose Composite Foam

Yejin Park and Jonghwi Lee'

Department of Chemical Engineering and Materials Science, Chung-Ang University, 84 Heukseok-ro,
Dongjak-gu, Seoul 06974, Korea

(Received September 28, 2021; Revised November 2, 2021; Accepted November 8, 2021)

E8: 2 dFoMs AEZo(FP) S99 W7 A3
acid)(PLA) &< ol IFAAN E3H 52 A=
FAFAIIE, 279e] FHOR JiEETh. PLAFP 53 ZolA FP Wt
g = AT 71FEE FP E°] PLA/FP B3] FH} £ FX5 EA,

Z5 PAI 3 AR TR poly(lactic

S 7R 2R oA TEA AR
W2} /)7
2] dAELA Folh

R al

=
ST

lo

24 542 3l
EER

< PLA/FP E3A &o] g% 5t ek 7.2 84 I = FP ZHT} PLA/FP S3HA Eo] Holyit). PLA/

SEo °
2 =2

FP E-9H4]

7IAH 243 24 AR I GEA, SSAEA 7

548 7 Ze = Z|diEh

Abstract: In this study, a cellulose foam was formed by the melt crystallization method of cellulose (FP) solution, and
poly(lactic acid) (PLA) solution was then infiltrated into the foam to prepare a PLA/FP composite foam. When PLA is
infiltrated into the cellulose porous material with a hydrophilic surface, the surface is transformed into a hydrophobic one.
The PLA/FP composite foam showed a higher density and improved mechanical properties than the FP foam. In terms
of porosity, the FP foam showed a higher value than the PLA/FP composite foam, but the PLA/FP composite foam had
better thermal insulation properties as seen in through-plane thermal conductivity. Thermal stability at a high temperature
was better for the PLA/FP composite foam than for the FP foam. Due to its high mechanical properties and thermal sta-
bility, the PLA/FP composite foams are expected to have the potential as insulation and cushioning materials in the future.
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Tt} PLAS] global warming potentia(GWP)+<= 500-800 kg
CO, eq/ton®E ZH4F|o] AR IFAERTE ¢ W2 3t
< 2] wiiol A 233t FA O e & AUk

2 AlMe AER 20 7IAR ArE Asksbr] S8l
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dl=lo] XA e AEZ 27} opd AR QXAE
ARESE7] wiEoll HI7E Sd o] 918783 Al Falido] glo
2% TAZ AREs7ol oS A gtsi.

4

Alek. PLA[Luminy L130, Total-Corbion, 3%, W|gd&=,;
>99%, L-isomer, 9= 1.24 g/cm’, melt flow index 10 g/10
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min(190 °C/2.16 kg, ISO 1133-A)]Z AA| §lo] AF&3I L,
AE2 Q 2~(FP)= ZE|#©]¥ Whatman 41(ashless, 273 185
mm)o|A] AT} Urea= Alfa Aesar(PIASAHIZ, w]=)elA],
NaOH, dichloromethane(DCM)3} o eh2-2 g (AL, =)
oANA Faj i3t

MEZOA 2o M=, NaOH:urea:E=7:12:81(2 )=
o T AIZF E<k 300 ipmoE wHkE|q AEEOA &
E THRI R Ag2 o gujjo] 22E -12°C7H] W5

JEFH ) HE 1.2 wi% B2 F 400 rpme] FE=Z 124]
Bt wksith AEE Q2§48 5°C, 4000 rpmelA] 10
B AR E Sl S ARESi)
FP & N=. 28]& E=(IExAEx50]: 5 cmx5 cmx6
mm)E A2}Z o3 (@7 : 100£0.2 mm, ] 525425 mm,
ElY): P, 2% wilgwdE: <100>, dopant: boron; PlutoSemi, 33
A5, S=hell 220k W 2730] 11.5 em8l HA 24 B
W 5 s yets] Bolar, 9ol 1 mm FA19] FElvs &
< gk A dlojud AEZ e g |5
mLE 7N2H3EkaL |3t flo] & A dlo|HE &
A ke Zo] A AL Beogt A ALE R A
ERQ2 goo] AAHL} 7k FETE d7] AlEbst
A, AAHALE F-& B2y fof 0 HE dolHg &
FtHAA £ 0.05 mmys). =3 glo] o} I
-30°C2] 500 mL oflghEell 3 UF<QLt 100 rppm 2 WRFSA
A e AASY A2 dgkgolr] AES AU
2] 600 mL Eoj AES ¥ 100 rppmoZ wHlsl &2 3
3] WA (5, 15, 304)3F T, F 244|7F 59 WolEr) EollA
AES 7AdA] AA4 MES SEA 3] 30 &
&<t 155 35 & 524 71x(-85°C, 10
Pa)(EYELA, FDU-2200, Y34 AEZ  ~(FP) 2 A
Z3h}

PLA/FP S8t £ MZ=. PLAZ DCMo| 5 wi%® o]
A 2ol A 200 rpm O 2 12A]17F F9F wWHkEl PLA &4
S DED AER oA ES PLA £99] Be H, 747
I 12A17F FOF Aol 80 rppmO.E wHFEITE PLAS A
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LB 12A7F BRF xS

2o RERX Y. F9] 57 ¥ EHS scanning
electron microscope(SEM, S-3400, Hitachi, Japan)Z 473}
ok WFPHOE 120% B<F 15 mAR ZHFCH ©HA ARl
< @71 9I8l, 8% F HEFAE AAF 20l 307 5t
@13 cryo-fractures ¥ F, 52 713X(-85°C, 10 Pa)
(EYELA, FDU-2200, ¥&)g- 3},

SEA F 59 stetd ZE 24, Fourier transform
infrared spectroscope(FTIR, Nicolet Summit, Thermo Scientific,
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STAE S8t &9 ¥X =S4 24 High temperature
simultaneous thermal analyzer(STA, STA449 F3, NETZSCH,
=)= o]83A] thermogravimetric analysis(TGA)S %13] &}
3 derivative thermo gravimetry(DTG)E AT}, Purge 7F>
2 airs AR, 30°ColA4] 800°C7HA] 10 °C/min®] &=
2 225 SR 340 AH-E FP #3} PLAFP 534
Z9o FAE 72} 18.59 mg, 19.97 mgo|th.

= EHoM Sel MEZ BY. B3 Fo HEE =
F 5 uLe AH8-31 2™, Drop Shape Analyzer(DSA100E,
KRUSS, 59)o2 43t

EZo| 7[AH M B4 4=A1"-S UTM(Universal
Testing Machine, 3344 A|2]=, Instron, P]=1)S ©]&34 =
ek AZe] A 2= FP #0] 5x5x4 mm’, PLA/FP &
A Fo] 5x5x3 mm’e|t}. &% £+ 0.8 mm/min®] 3,
oA | kKNS AMSEITE FP E2 ale) AEE 349,
PLA/FP 53| &2 5708 AEL S48l LApels =
A3t

Eo| 713z 2= A, FP F9 7I¥== 4 (DS &

3 7 = ek’

p=1-£2 (1)

pe 9 71EE(%)eH, pe Fo] dEEUe] ZeFHiR
volumeS A3, FAE A2 54), p& AEZQ29)
ZAUE(1500 kg/m)o|th.

PLAFP 53] &9 715=E 4 (D9 poll 2 92 4
gate] 7Yk
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_ Deellulose a)polymer
Ps = + (2)

Pellulose ppolyme

a)cellulosej\_:_ /%]%iqo_.ég] @_%hﬂ], a)polymer% 1‘5‘ 11_94 @_%H]
OItHA] 3, 4). Puiise= AEZ 20 ZAUE(1500 kg/m?)
o]:l—’_ ppo]ymer%:‘ PLAQJ ‘?"—'—]—]J:—(IZSO kg/ m3)0]1:].'

m

Dceltulose — (3)
m;+mg
a)polymer =1- Dcellulose (4)

m= FP E9] ¥, me= PLAS IFA1Z 32| PLAFP &
A &2 FAloltt

E R & diMer BN AR 42 Laser
Flash Apparatus(LFA467, NETZSCH, 54)& & ,
oM e] 2 IH %% (through-plane)S =43t AZ9)
F7= FP &°] 1.73 mmo| 3L, PLA/FP 234 o] 1
mme] T},

MEZQA J|Z X, AEZ A g9o] Ax|d o) ¢
3l A Uiitell G5 Aol st ARE de2 A
29 ofgk&e] o3 AAE F, Aol EAYE FLHE ol
ego] tjalslA] "t ASE QA o ekl gajEA] &
3, AR E 7] wiel 71eS IUE AT ATk o
©e-S E2 wiklE ¥ $A1%E S3 =2 AlAs A
P AER Q2 Fo| FI7t Ao WslslA]| ot 718
717 FE T S AP ] T Bgoa] AE2 o
NS B8l FAE 71ES ER1E o Uk(Figure 1). T
He FsiA B AEZ QX W Afo]Afo]d] 2R 41
So] &9 Stk AEZ 2 & PLAS N © 5 7t
< dFH, PLAS Y] F 5= A5d & Qo $44
PLA/FP E3H #-2 7153 ¥ 22 1HE fA3ch
(Figure 1(b)).

FTIR M. PLA/FP 3} FP ol FEZ 0= Yehlhe=
YA AEE Q20 9§ A o] thFigure 2). 3330, 2892,
1648 cm'= 7}z} A2 9 »~0] O-.HAE# A C-HAEH
A a8]3 AZ2 2ol F5E B 93 O-H WgdS el
ATk 1360, 1010, 894 cm'S <SH TR AEZ 0 9] C-H
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Figure 2. FTIR spectra of FP foam and PLA/FP foam.
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HlY, C-O-C pyranose® 1§, AEE 020 R332 T
Atel @] B-glycosidicd 35 WERATEY PLAS] C=0 A9<]
1750 cm™= PLA/FP ol A%k YERaL FP EolA = gl
& <= QIth?! wEbA PLA/FP B3H4 2 o] A2z e
Hol| PLA7F =43t} PLAE A2 292 o - i
g =] 7]F& FAE F UTH(Figure 1(b)).

T2 oM. FP Z3} PLA/FP B3k £2¢] 100 °C ¥-2¢
5 AEZ Q 27} F43E Bo] Subala] st
Fth(Figure 3). PLA/FP B3] F9] F3of 9
A -0.44% 2, FP £9] -1.32% Hr} @& #s)
t} ol AEZ QoA o] PLA IH oA &
gA Ho i FE W £ 30= Y9 PLA
toll oJgt AEE 2 S| 4] 71E2 contact angle
3l = Blo] 7Hs3ltH(Figure 4). FP &2 311 °Co]
-15%2] & Ao FAE HolH AER 7} FallES o
Z=thFigure 3(b)). ¥F' PLA/FP E3HA] Z& 311 °CollA]
-7.6%% FP Eof vls)] 42 A7 7445 HAth o= PLA
o] oJgl AEZ e~ JHal7F AsllE AoZ HRlt ol&
%3 PLA/FP E$H4 .o Fp ZHU} 1.8 eFgAdo] Erhe=
2L g8 4= It} o]3 PLA/FP B8H] E9] 356 °Col|A]
-16%2] 2 A 2442 Ho|ed ol IHFY PLAY B
A Y5 AER oA I Halg AoE HQlT)
HEA SR FP &2 548 °CollM & A©] 1.1%, PLAFP &
A F2 525°CoA F A 1.8%E 1 A FalEnt
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Figure 3. (2) TGA; (b) DTG results of FP foam and PLA/FP foam.
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—

Figure 4. Contact angles of water droplets on (a) FP foam; (b) PLA/
FP foam.

(Figure 3(a)).

& EHe| HEZ =3 HF7bo] 90° o]ste]d o]
2l 8l N2 90°% Yo AAolglal dit). FP &3}
PLA/FP £3H4 &2 =l tigh HJF2H 22t ~0°, 93.9°0]
ChFigure 4). FP %2 AER 0221k o] Fojx] 931 o]2
sl 7k M-S 2oL ) mekA] AEEe S 5 FW
of &g "ojxmaH wWEA HA WWhHA ZHoE FoE
o WFH PLA/FP 5313 9] 73 o] PLAZ SR E o
7] wFol] AEZ e AHTE PLAZF vlX|= Ggko] t] At}
PLAE &4 EAteln, PLAZE S Afolle 3¢ A
=702 A 96°5 Zh=t}? wjZol PLA/FP 53] &<
HHE PLAR I8 &54dS 28, &5 Hoj=g|H FP
#9919 B vEA A SEA geTh

E9o| 714X 4. FP Z9] Young’s moduluse 0.63+0.06
MPa, yield stresst 0.035£0.004 MPa©|T}. PLAS ¥ 3
PLA/FP &3] 2] Young’s modulus®} yield stress& 2+t
3.82+0.78 MPa, 0.44+£0.15 MPa®|T}. PLA/FP 534 &2
FPZXt} Young’s modulusi= 6Hll, yield stress= 128)] =2
g 7HIth wEbA PLAR Q3] FP 9] E4 S402
ddE ok

Stress2] 0 MPacll4] 0.05 MPa 77+& Shhsia] HH, FP
E3 PLA/FP B3| &2 Young’s modulus X}e]7} B8 =
HoHA Blth(Figure 5(b)). St 77kl A FP &2 yield
point’} ®&s}A Ho|A| 9k PLA/FPE strain(mm/mm)ol] wh
2} stress7| AlSs S718= P Bl 0.2% offset A2 A}
831 yields stress& AATE PLA/FP 53] £9] 0.4 mm/
mm B stress’t 543] Aot LEESE Foo] A
Hr} ol 79 gFo] dBTFE o Tt HE 7E
o] A9 Azl A FFEE RS T
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Figure 5. Compression test results of FP foam and PLA/FP foam
[(b) is a magnification of (a)].

o]u]-;(%_qi 7]71];(4 EAQo drol Z ARAde 7x_‘]jr FP
EL& 31.17£1.70 kg/m’e] v S& Uwl| t&H PLA/FP
%?Ml o] W= 132024542 kg/m’ Oi ZHT} 4u)
F2 UEE 7=t} PLAS] UE9} 73] £590= I8l PLA/
FP E¢HA¢] Hrr) S71ek o= g€ é:l‘ééOﬂ ARE-E
PLAS] ¥xx AEZ Q20 Hlg] =& 1240 kg/m’o|T}. &
3t PLAZ 57} 4 mme] FP o) AFA7) 5 Az 3
mm=Z F55= @] BAYst} =, PLA/FP
=W PLAZ Qlal| A7Fo] F7lslal FP FRT F-37} A
-?5]_1:1r w}a}/\i PLA/FP Eé‘]—jﬂ Ei_o] FP ;—Eﬂr o =
ZHl, 5 AlfellM B =
£ z= Aol
A GNETe} JIBE. 4 FHEEE FP FelA 0.075
W/mKe]3Z, PLA/FP 53] A 0.037 W/mKe|t}. FP %
7 PLA/FP 53] & BT &2 984S Ho|=d| ol &
o] 71l %%‘ q&S 37| wjEoltt. A= FP 3} PLA/

g Fol

2 Young’s modulus®} yield stress

FP 53| £-2 97.92+0.11%7 90.09+0.44%2 2 =2 7|F
L= AU r:} PLA/FP 23] Z9] 71257} o @ o]

= PLA 59} PLA/FP B3| Z o] = Ao g QI3
71 8=} %‘i@ ﬁi F8E

FP Z¢] 423 €d=%7} PLA/FP &%}

A FHE M %5—8— OH%*— AZZ 2~} PLAS] EHEA 2}

olo] <J&] ArET}. CN
I} A7, AHHel 03‘?2 e B34 7130] glE CNC 2
29 £ GAETEE 0.6-2.5

FEAE 0.1-0.5 WmKe] W GHEAS Zheth® o)
IEA U] FAY o9, A%, AR E, AHeEt, AREY
B f9J¥ o]lEdo] AR wjgAdS Asisle] dHge

Wl al7] wfEo]th® PLAS] SAEAL 0.193 WmK 2 &
dAdo] Hojd EAPeItE =, PLA/FP B3l PLAZEH
o2 Q& FP Xt T/l %%PEA_E}.
Zd %
2 AP Y7t AAsler SANZXE B3 AERE &
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o F£ES WEATH A5 ABZO2 Fol PLA §US
HAFAAN E ol PLAZ

Bl apdoR 4“40]
NAEe] 23 HE2 o 93.907} Ft}h. PLA/FP B34 &2
FP XU} 47} 4u)] =20 o|2 <3| Young s modulus9]-

¥zt ¢l 12HH =2 S 25T FP 32 98%
F o)2 Q8] 44 GHEETF 0.075 W/mK
JE} PLA/FP E9] 7|12 EE 90%=
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