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Study of Non Pressure and Pressure Foam of Bio-based Polymer
Containing Blend

Dong-Hun Han™**, Young-Min Kim*, Danbi Lee*, Seongho Son*,
Geon-hee Seo*, Hanseong Kim™*'

ABSTRACT: There are several methods for shaping foams, but the most commonly used methods involve the use of
resin mixed with a foaming agent, which is then foamed under high temperature and pressure in the case of
compression foaming, or foamed under high temperature without applying pressure in the case of atmospheric
foaming. The polymers used for foaming require design and analysis of optimal foaming conditions in order to
achieve foaming under ambient pressure. Environmentally friendly bio-based polymers face challenges when it comes
to foaming on their own, which has led to ongoing research in blending them with resins capable of traditional foam
production. This study investigates changes in the characteristics of bio-based polymer-EVA blend foams based on
variations in the content of bio-based polymers and explores the optimal foaming conditions according to cross-
linking. The correlation between foaming characteristics and mechanical properties of the foams was examined.
Through this research, we gained insights into how the content of bio-based polymers affects the properties of foams
containing bio-based polymers and identified differences between ambient pressure and high-pressure foaming
processes. Additionally, the feasibility of commercializing bio-based polymer-EVA composite foams was confirmed.
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Table 1. Cure behaviors of the EVA and EVA/PLA foams

Sample M, My ATorque T, Ty
EP-00 0.018 0.076 0.058 1.10 3.23
EP-10 0.017 0.050 0.033 1.12 4.45
EP-20 0.015 0.043 0.028 1.14 4.82
EP-30 0.014 0.032 0.018 1.08 4.69
EP-40 0.012 0.026 0.014 1.38 6.30
EP-50 0.011 0.023 0.012 1.50 7.20
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Fig. 1. (a) cure behaviors and (b) foaming ratio of the EVA and EVA/PLA non pressure foams
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Fig. 2. Physical properties of the EVA/PLA non pressure foams (a) strain-stress curves, (b) tensile strength, (c) elongation at break, (d)

density, and (e) hardness

7} 40 wt% 2853 wf QIS 30%Y wof Bl 53%
7kl A2 30%Y ol Bls| oF 37% FFasto]
At ¥skE Yepdth 7t 54 Aato| A PLAY} Sold
FE 7 E7F EolE0] EA gho] WolH oy A=
7} 37kt A2 PLAZE A AR o] EAS 7HR| AL 9lar 3
o] dopzl o= st A3 Hch

Fig. 2(d), (e)= EVA 2 EVA/PLA ARMFER|2] v]Z 2 7
T8 UERH ST PLA S=Fu7F Aol whet b5 E A=
7} Z7¥shH 30 wt% o] e F2% A7) WskE yERd
T} 30 wt% PLA 35fu]of| A= 20 wt%e] v]s) v]F 2 =
7} Z¥ZF 45, 44% 7P RS & 4 it o|& B9, EVA/
PLA AP A o] 4] 30 wt% o]/4F<] PLA ghegH|7F 24 ¥

SS00pum

Fig. 3. Morphologies on the cross section of the EVA and EVA/
PLA foams; (a) EVA, (b) EP-10, (c) EP-20, (d) EP-30, (e) EP-
40, and (f) EP-50. The scale bar is 100 um

sfofl 2 9akE 7130tk Weker 4 Qich. PLAZE 30 with
T BN B)F, A W AR} A SR ol
£ PLAS] WO WS HOR Qs fuEst 2 Eom b
shof Ao] A2 FAHEA| spob tmulgo] vrobxr] uj
gow grod,

Fig. 3 EVA/PLA AJQIRIER) vhro] SEM 2] A2, PLA
of kol A WAel WA g o 4= Irk. PLA G
o Lol s, b=l Zhao] ket AR Qls)A Al
o] 27|17k AR o] Ak AGE AL o] A P4
7] gpob AAbol o] We] FA7E £AA L Aol Lhet
sk olefgh ARz QI3 iFo] Frkeki Hwst 715
L %S Yehd

3.2 PLA/EVA 71¢} LZH o SN

ZhPrar o A= A2 e} w9 Aoldt AvE LER
t}. Fig. 4(a)i= 7FedhaE A o) auf &g et 1
g =zolw, EVA HrZ A= 203%2] a2 ulf&-5 vhebial, EP-
10, EP-20, A Z-2 203, 207%2] W8] & 714 A8 27}
sl ES Vb T1efuh EP-400] A= Alo] FA X
HA 133%9] W& 7HA 2A] dad daeS o
Efyich 3t =] vl sl A ek o = of Wz vl &
o] WA Gt et= g F YA W Qo ke
Zojxujgo] AU e AFE Hol= o=
= Y-S VRe R QS| tuaEo] Fol ME HE W
i &-o] o A8 E, PLA 3hefo] S7gte] whef 7tu 57



Study of Non Pressure and Pressure Foam of Bio-based Polymer Containing Blend

301

(a) (b)
250 20
200 c'g

e 15

£ )

2 150 =

& £

E g 10

‘E 100 w

c 5
50 hol

Elongation (%)
("]
o
(=]

0 10 20 30 40 0 10
PLA content (wt%)

(d)

1.0

0.8

0.6

Density (g/cc)

0.4

0.2

0.0

20 30 40 0 10 20 30 40

PLA content (wit%)

PLA content {wt%)

(e)

Hardness (Type C)

100

8O ¢

60 1

40 1

20 4

o 10 20 30 40
PLA content (wi%)

0

0 10 20 30 40
PLA content (wit%)

Fig. 4. (a) Foaming ratio, (b) tensile strength, (c) elonagtion at break , (d) density, and (e) hardness of the EVA and EVA/PLA pressure

foams

L)
e}
ri
Ko

o] ol wanjgo] &% ST Ao ¥
Ao g ypohdkz L Alordlszof v gl A HFZuj
WS stk /QPEEE YA Zlo] T
A wEs} ) shetel ot e
7tz 7L Jhsz A o] Ao oA Z o
Q=S sho] Yol B AE
FUuns opxd 5o YA o
3} olof w2 WEshre) &4 5

o

A -
o Ti i

L
flo
b
o

Toox 2 4 lo o &

Rloon -loi'
ox B 2 rlo

PHJ
o&
O
$0 1 opo
o off
i

2
&

L oo
= =

o >
AT
rlo
o
Hi K r
o dmt =

HU
s
<l
=z
e

N
N
2
UL

=
ofd
ox
i)

e
flo

2
=

b
)

2 tp

o ox
T o

i HfH

N I

£

o fH ¥ &
o

NI
—
2
=

ot o
A

Flg 4(b) (c)——
7w o AR tﬂg}— 1,}1:,}144 e zo
¥ ob= Witz I = PLA ﬂﬂkol | n
a5kl A& % tot= A3 i“zit}- NG ==
20%~45% A3 H, AR g_J L 34%~36%2] =
7}: = iﬁt} HI3Z J|oj A= PLA7} 30 wt% Z3HE Al

E5H AT BAIE Blo, 7P°*“P§J‘ﬂ°ﬂ/‘% 10 wt%
«l*“*LOﬂHTEigétHE}% A& =S A l WEP
2L 40 wt%o| A= Zhebd l
S A Abol gt ATHE Lhebych. ¢l %
Aol AuE HolFiy), *?—_._;a ufg-o
st gAlT ZtmE o] Holgo s

o]N -Q
=)
<l

-0,

Fl

o>~ Jlﬂ

o
=
0

l:l

)

ol

J‘#PFIH

]_

-

Ago] 271 A

i

go o= gk Fig 4(d), (= 7}
WA O vF W AEES Uebych 7HhE o
A= PLAY] ShaFo] Solub wishrl A o gl
Ho|u, 40 widkol A= A Thalof o] 4:Fo.x ]
%7} 27 Z71skech 1lEe) Wkt A9 gl of
H]Fo] & PLAS| ko] SofytoLt, W&ol
Ao QF Aitz pete.

Moo oy oY T ro
ofN

o e
T oM o

2 AtoflAs e RS A9l PLASE EVAS &
AE 3t T AFodb sz o} 7ot Z 2 B8 A &Sk Sz A 9
% HSHE dobE Qi EVAY| S/E= H= PLA

_L4

Lo} ulgo

Mol 37

| S7Hilct 53], 30 wt%‘é—' @%?‘iﬁ o 73
A% S71E gelskh 93 == PLA S
v7 ARDSE St et on AgES
S LERJIQI). £35], PLAZ} 40 wt% XJ%EI & Al
£ 30 wt%d woll Bl oF 28% 7+AdFSITh
EVA/PLA 7}z 4| 9] 7 9-of = %%“%Pﬁ?iﬂi}
ot AiE HFTE 10 wths A&
Holil o] IS Al QlF 249 Bﬂ@rﬂ EUﬂ Ho]
A FTt7E 40 wi%s 28RS ) Ao styjgoz Qg 4



302

Dong-Hun Han, Young-Min Kim, Danbi Lee, Seongho Son, Geon-hee Seo, Hanseong Kim

5

-PLA @u7F AL 45 A =
o Z7}ato] Aborat A o] Ao} vt = 2
B, BlSd} A Ao mha]E 40 wt%o] WA
£ A 2|51 PLAS] 3Heko] Z7}35to = & W3 E Hol
Al QLT

PLAE= Flold 2/} i =&l 74 o= lsf A 7t
Z}F kst A| AR5 = vlo] @ 7]dF 1 B2} = 9] sli}oltt.
IHU PLAE £ HEo e A48 183 §-aA 0]
ol & 7|A]= Ao 2 olste] 7w 9 uhz s} o vk
EH) §E| AT o] thi A o]k & R4 =
EVA9LS] SHl=8 534 PLA/EVA 53 A/ ES A=
3H9laL o] S o]-gsto] WEAS AP 4= gic). E3L, w
ZAE AP ohe ATt Tk 34
A YFAS v, BAE0 244 thokst 8 of 9= A
EZ AA7} 7 Aoz vdgiEh

X
Z}

o

TN
i o> o
X2 @

ju g

REFERENCES

1. Narayan, R., “Drivers & Rationale for Use of Biobased Materi-
als Based on Life Cycle Assessment (LCA),” Global Plastics
Environmental Conference, Detroit, Feb. 2004, Paper Abstract
#18.

2. Garlotta, D., “A Literature Review of Poly(Lactic Acid),” Journal
of Polymers and the Environment, Vol. 9, No. 2, 2001, pp. 63-84.

3. Bitinis, N., Verdejo, R., Cassagnau, P, and Lopez-Manchado,
M.A., “Structure and Properties of Polylactide/natural Rubber
Blends,” Materials Chemistry and Physics, Vol. 129, No. 3, 2011,
pp. 823-831.

4. Xu, C, Yuan, D,, Fu, L., and Chen, Y., “Physical Blend of PLA/
NR with Co-continuous Phase Structure: Preparation, Rheol-
ogy Property, Mechanical Properties and Morphology;,” Polymer
Testing, Vol. 37, 2014, pp. 94-101.

5. Pongtanayut, K., Thongpin, C., and Santawitee, O., “The Effect
of Rubber on Morphology, Thermal Properties and Mechanical
Properties of PLA/NR and PLA/ENR Blends,” Energy Procedia,
Vol. 34, 2013, pp. 888-897.

6. Grijpma, D.W, Van Hofslot, R.D.A., Super, H., Nijenhuis, A.J.,

“Rubber Toughening of Poly(lactide) by
Blending and Block Copolymerization,” Polymer Engineering
and Science, Vol. 34, No. 22, 1994, pp. 1674-1684.

7. Hiljanen-Vainio, M., Karjalainen, T., and Seppil4, J., “Biode-

and Pennings,, A.J.,

gradable Lactone Copolymers. I. Characterization and Mechanical
Behavior of E-caprolactone and Lactide Copolymers,” Journal
of Applied Polymer Science, Vol. 59, No. 8, 1996, pp. 1281-1288.

8. Gramlich, WM., Robertson, M.L., and Hillmyer, M.A., “Reac-
tive Compatibilization of Poly(L-lactide) and Conjugated Soy-
bean Oil,” Macromolecules, Vol. 43, No. 5, 2010, pp. 2313-2321.

9. Ljungberg, N., and Bengt, W., “Preparation and Properties of
Plasticized Poly(Lactic Acid) Films,” Biomacromolecules, Vol. 6,
No. 3, 2005, pp. 1789-1796.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Noda, L, Satkowski, M., Dowrey, A.E., and Marcott, C., “Poly-
mer Alloys of Nodax Copolymers and Poly(Lactic Acid),” Mac-
romolecular Bioscience, Vol. 4, No. 3, 2004, pp. 269-75.

Byrne, N., Hameed, N., Werzer, O., and Guo, Q., “The Prepa-
ration of Novel Nanofilled Polymer Composites Using Poly(L-
lactic Acid) and Protein Fibers,” European Polymer Journal, Vol.
47, No. 6, 2011, pp. 1279-1283.

Broz, M.E., VanderHart, D.L., and Washburn, N.R., “Structure
and Mechanical Properties of Poly(D,L-lactic Acid)/Poly(e-
caprolactone) Blends,” Biomaterials, Vol. 24, No. 23, 2003, pp.
4181-4190.

Anderson, K.S.,, and Marc, AH., “The Influence of Block
Copolymer Microstructure on the Toughness of Compatibi-
lized Polylactide/Polyethylene Blends,” Polymer, Vol. 45, No. 26,
2004, pp. 8809-8823.

Li, YJ.,, and Hiroshi, S., “Toughening of Polylactide by Melt
Blending With a Biodegradable Poly(Ether) Urethane Elasto-
mer;” Macromolecular Bioscience, Vol. 7, No. 7, 2007, pp. 921-
928.

Bioki, H.A., Mirbagheri, Z., Tabbakh, E, and Mirjalili, G,
“Effect of Crystallinity and Irradiation on Thermal Properties
and Specific Heat Capacity of LDPE & LDPE/EVA,” Applied
Radiation and Isotopes, Vol. 70, No. 1, 2012, pp. 1-5.

Lippa, N., Hall, E, Piland, S., Gould, T., and Rawlins, J,
“Mechanical Ageing Protocol Selection Affects Macroscopic
Performance and Molecular Level Properties of Ethylene Vinyl
Acetate (EVA) Running Shoe Midsole Foam,” Procedia Engi-
neering, Vol. 72, 2014, pp. 285-291.

Kim, M.S., Park, C.C., Chowdhury, S.R., and Kim, G.H., “Phys-
ical Properties of Ethylene Vinyl Acetate Copolymer (EVA)/
Natural Rubber (NR) Blend Based Foam,” Journal of Applied
Polymer Science, Vol. 94, No. 5, 2004, pp. 2212-2216.
Rezaeian, L, Jafari, S.H., Zahedi, P,, Ghaffari, M., and Afradian,
S., “Improvements of Physical and Mechanical Properties of
Electron Beam Irradiation-crosslinked EVA Foams,” Polymers
for Advanced Technologies, Vol. 20, No. 5, 2008, pp. 487-492.
Gajria, AM., Davé, V., Gross, R.A., and McCarthy, S.P,, “Mis-
cibility and Biodegradability of Blends of Poly(Lactic Acid) and
Poly(Vinyl Acetate),” Polymer, Vol. 37, No. 3, 1996, pp. 437-344.
Yoon, J.S., Oh, S.H., Kim, M.N,, Chin, L], and Kim, Y.H.,
“Thermal and Mechanical Properties of Poly(L-lactic Acid)-
poly(Ethylene-co-vinyl Acetate) Blends,” Polymer, Vol. 40, No.
9, 1999, pp. 2303-2312.

Ma, P, Hristova-Bogaerds, D.G., Goossens, J.G.P, Spoelstra,
A.B., Zhang, Y., and Lemstra, PJ., “Toughening of Poly(Lactic
Acid) by Ethylene-co-vinyl Acetate Copolymer with Different
Vinyl Acetate Contents,” European Polymer Journal, Vol. 48, No.
1, 2012, pp. 146-154.

Han, D.H., Choi, M.C., Nagappan, S., Kim, Y.M., and Kim,
H.S., “Ethylene Vinyl Acetate (EVA)/Poly(Lactic Acid) (PLA)
Blends and Their Foams,” Molecular Crystals and Liquid Crys-
tals, Vol. 707, No. 1, 2020, pp. 38-45.



	바이오 기반 폴리머가 포함된 블렌드의 상압 및 가압 발포 연구
	1. 서 론
	2. 실험 조건 및 방법
	2.1 실험 재료 및 시편 제작
	2.2 측정 방법

	3. 실험 결과
	3.1 EVA/PLA 상압 발포체의 특성
	3.2 PLA/EVA 가압 발포체의 특성

	4. 결 론
	References


