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Physical Properties of Shock-Absorbing Materials
Made of Pulp Fibers for Packaging
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ABSTRACT

Styrofoam as shock-absorbing materials for packaging has been regarded as one of
non-biodegradable products leading to soil contamination at a landfill and release of diox-
ine during its incineration. For avoiding severe burdens on our environments by styrofoam,
it must be replaced by environment-friendly materials. In order to evaluate availability
of pulp fibers as a substitute for styrofoam, various extrusion processes were applied
for making optimal biodegradable products. Then thermomechanical pulp fibers made of
Pinus radiata and Pinus rigida were uniformly mixed with other additives such as starch
and polyvinyl alcohol prior to expansion. The physical properties of the final products
were examined by measuring expansion efficiency, compression strength, and elastic
modulus. Wheat starch played a key role to maintain optimal flowing conditions within
the barrel of the extruder irrespective of addition of soluble starch and polyvinyl alcohol.
However, as the amounts of wheat starch in raw-materials increased, the elastic modulus
of the expanded materials greatly increased. High elastic modulus is not suitable as
shock-absorbing products for packaging. Thus the wheat starch must be added at a mini-
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mum if possible, that is, below 20% based on oven-dried weight of pulp fibers. the elastic
modulus of the expanded products was decreased as their moisture contents increased.
For the products containing 20% wheat starch, the lowest elastic modulus, 844.64 kPa
was obtained under 10% of the moisture content. This was similar to that of styrofoam.
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Fig. 1. Photograph of experimental apparatus.
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Table 1. Specification of experimental apparatus
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Description Specification Remarks
Screw dia.(mm) 40
Screw length/dia.(L/D) 5
Screw revolution(rpm) 150(Max.) Variable
Outlet capacity(kg/hr) 50 Variable
Barrel temp.("C) 0~150 Variable
Inlet capacity(kg/hr) 100(Max.) Variable
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Items Adding amount

Remarks

TMP fibers 600 g

Expanding additive

(%) (Wheat starch, soluble

and PVA)

10, 20, 30, and 40% respectively

The addition ratios were based on OD

starch, pulp weight(g)

Water 600 mL

Table 3. Experimental conditions of expanding additives

Items Adding amount

Remarks

TMP fibers 600 g

Expanding additives | 404" With  10%  of

Wheat starch(10, 20 and 30%)

The addition ratio of wheat starch was
based on an oven- dried weight of pulp

soluble fibers.

(%) . The addition ratio of soluble starch and
starch and PVA respectively PVA were based on weights of wheat
starch respectively.
Water 600 mL
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Table 4. Extrusion status of pulp fiber mixed with expanding additives
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) N Added weights(%)"
Expanding additives Remarks
10 20 30 40
Wheat starch O O O O
" extruded
Soluble starch X x X x %+ not extruded
PVA X X X X

* based on oven-dried weight of pulp fibers
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Fig. 2. Elastic modulus & expansion ratio of
pulp fibers extrudates.
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(a) Wheat starch 20% (b) Wheat starch 30% (¢) Wheat starch 40%

Fig. 3. Photographs of pulp fiber extrudates mixed with wheat starch.

(a) Wheat starch 20% (b) Wheat starch 30% (c) Wheat starch 40%

Fig. 4. SEM photograph of pulp fiber extrudates mixed with wheat starch.
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Table 5. Extrusion status of pulp fiber mixed with combined expansive ingredients

Combined expansive ingredients Remarks
Material WS : wheat starch
WS +SS WS + PVA | SS + PVA SS ! soluble starch
PVA ! polyvinyl alcohol
. O : extruded
Pulp fiber © © ) x ! not extruded




Table 6. Extrusion properties of pulp fibers mixed with wheat starch and soluble starch
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Material Wheat starch Soluble starch E)S(;;ugﬁ:e Ce(izl;lfciicci(el?l;a())f Er};lic)f(l)rzi/io)n
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Table 7. Extrusion properties of pulp fibers mixed with wheat starch and PVA
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Fig. 5. Elastic modulus of pulp extrudates mixed

with wheat starch.

™ A AR E FE

A& PVAE 33 4%

kPa, B4&

oAt

9le o
Y ==1

A
L
go| B

5w 4

)

ig.

ek

Al
0. 181.40% 2 L3-8
Aenc BT A7 ey o)A

THTTO AdT B2

zjgo

il =

Aoz veiy 9
+= 115519
A7Vt

2 YAEgo] A

HAASE P2

ofn)sty] wjRo] PVARTH: 831§ 2
BEAE o AP Ao uehich
b 2NN 2 ARE Lehd Aplo]

- ABH O
— T E

A A7)
opRlz 2 At obEEE Abolo] 42

Y 22U SE
AEE 106+3T o} 2704 3AI7F A=2AIZ &
A2 glo] HhE 2 groloh AwrHoz o
2RO AR BAAE

o
q&2e

o] ofutul s et ZolArk. webA A%

Y RANATA ¢

Fepoll aglol 9% 52

o EE LEES D

2 B4T 5k 95



B
3
o~
£
[T
o
mz‘J_!'
o
o
tok
v
o
of

WS WE Yo L BE 20, 30,
40%9& H7kska, W AR A71eEe] 1006 3
s g AE U PVAS 27 Hauzdz
A e FE AR Wagol BE wHAS
£ vbehd Aolch BZ M fol Mt o] Fgol
Z7hel ke gAY G Bolmk A
2 4 qlow], P48 %ol BARZA Y
74l BAGlo] MR BAASE tehhalck

o 10%4 BT 49l B AE 20062 A
8% 29 WAL 122200 kPa, §31§ AL
EUste] ALGT B9 WAL 84464 kPaz 7}
3 A7 drebgek whebd olAbEel SR e
Yat A I dgo] 20% FEO] W AEL
W7t of7lel B AR ArNFe) 10% HES §
e AR BUFE 292 BRI

w

2

3
T

1000

Elastic modulus (kPa)
w
E-3
o
-3
T
H

Moisture content(%, wt)

Fig. 6. Elastic modulus of pulp extrudates mixed
with wheat starch and soluble starch.
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