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Studies on the Physical Properties of Molded Packaging
Material Using Rice-Straw Pulp’

Seung-Won Oh” and Chin-Ha Kang”

ABSTRACT

To use the agricultural residues as the raw material of molded packaging material, the packaging
trays were manufactured from rice-straw pulp. The physical properties were measured to compare
non-treated trays with the addition trays, such as the addition of starch, rosin size, carboxymethyl
cellulose(CMC), polyethylene glycol(PEG), alkylketene dimer(AKD), polyacryl amide(PAM). The results
were as follows :

L.

In the addition of starch, air permeability at addition of 5% was highest. Bursting strength and
tensile strength were smaller than non-treated trays.

. In the addition of rosin size, air permeability, bursting strength and tensile strength were smaller

than non-treated trays.

. In the addition of CMC, air permeability was higher than non-treated trays. Bursting strength and

tensile strength were similar to non-treated trays.

. In the addition of PEG, air permeability was higher than non-treated trays. Bursting strength at

addition of 3% was the highest and tensile strength was smaller than non-treated trays.

. In the addition of AKD, air permeability at addition of 1% and 5% was higher than non-treated

trays. Bursting strength and tensile strength were smaller than non-treated trays.

. In the addition of PAM, air permeability at addition of 0.01% was the highest. Tensile strength

at addition of 0.01% were higher than non-treated trays.

. The water absorption of the trays decreased with increasing adding of natural additives.

Keywords : Packaging tray, starch, rosin size, carboxymethyl cellulose, polyethylene glycol, alkyl-

keten dimer, polyacryl amide
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ZYME Ol A=Y wz Z2|AEMEPS)0l HAZsHel Aolol =22 ol hx3l7| 25t sYRAS
ol WEe TN AER o|BstuA HBPHEZ MHEZEYE H =5t HIIHQ ML, rosin sizeM, CMC, PEG,
AKD, PAMS HJIrd2 Holslol O E4HstE 2A7IAIY BlWaldct HIHEIIAl T2 24 ¢ FHHS
HolM AKD 1%8 HItste Zol 7t &atxel ez molsin E5EE L& HIMWOM Moo S| of
2t R ZdaHo HIHIL S22 &5F AFs Lol Boksixct

.M B

AAARCE BHHEBFA g AXe] FelAH
A o B TANZ go| AEHol fw EPS
(Expanded polystyrene)7} @733 8]e glog %
Tl wet o]E diA3y] Hited A dEZeA
ALE o] &8 X EE YU #4F AF EZA
T 84233 A g dfAge] g A
e JcKMcDonald et al., 1988; Vincent, 1995).
o] Bz ErIPAe Addd, AfFLE EFo],
£F 2 oF Edo|, AAAEL AT By
AetA &9 Aot £ FIF-FEY 4T A
o dgg Z+E xFo AuFEe oid Frlsln 9l
o} $Elvete] A¢ FZo] AFEo] Y EAA
of FHUER ALRE 49 uAALY FHY e
7t & oA AAE = 9 I Y84 A
FAdy gre odH Fgo) WE Fasitn &
F itk old uwet v BAANEE HEAYPLE
ol&3tele d77t FAAHIL Yo (Alcaid et al,
1993; Ernst & Clark, 1960; Nederveen & Hel~
lenbry, 1956), 1 % ¥9 FAUAEEAN FFE o)F
o g&o] uAsty YA 7pR| 7} Bl F&(}S
AENE A7, 1996) WAL JIETFA 982
ol &3t o] REXLY EE£H HERTY 29
oA ol$ vigAEGn BT}

P g A7 28 JinS(1988, 1990a, 1990b)
ol ¥y VAo Az ro|ENY ZAEA Z
EAY didled Bag bl Qe FudiMe A
A(1962)0) =4 WiZEFWHEE BAULE 73
g2 Eee NFE 2AE § 1 EAE TH
3t QA ExZAM 9 AL 74EAEE AL E
g AZde WAL o AIEFAY AL ¥
ol& 7teAdel tiEiAM AFE dF Lok, 1996;
orub ¥k 1995a, 1995b, 1995¢; ¢t 5, 1995 &=4
L A9, 199%6) HZEc B4 9 g4

g BE&F 257 glan, o8 AisiEy] A
v AFAE ksl WE AYEAARY dHE B
gdjor & o=z AzZbdrhels) vl 1995c).

Tt B dFiMe FURAERA ol£E7)
Hud Ao MEAdll HAS olfstd Fysis
AE, rosin sizeall, CMC{Carboxymethyl cellulose)
PEG(Polyethylene glycol), AKD(Alkylketene dimer),
PAM(Polyacryl amide)3 H7MAIE 715 AR
4 Efolg Axsn Hrlgd wet BHE FAE)
of HIAHY aRsAA S} EFARTEAM o] &
7beAdell uiste] A Eekeh

2. Mz W gy

2.1 3AM M=

2.1.1 %H

2 AN A8E B NEE A% AFA 4
AEIN AUE ROZH Fheadd AAT F
AR(stem)® 279 AZY F Agaen R3e
887 ZYRS Table 13} 2o,

Table 1. Chemical components of rice straw

Components Content(%)
Cold water extractives 15.7
Hot water extractives 21.0
Alcohol-benzene extractives 8.5
1% NaOH extractives 51.2
Holocellulose 74.0
a -cellulose 38.8
Klason lignin 214
Ash 9.9
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2.1.2 #IHA|

A7MAENE AlYE AR(HAGETY AF), A
oF8- carboxymethyl cellulose (Kishida 38 #%),
TUE rosin size(F&E3 ANE) AFE poly-
ethylene glycol # 400(Yakuri 33tHE) Fg&
alkylketene dimer(3+&38% AE), Y4 polyacryl
amide(§&3818 AE)E ALgslgo)

2.2 HY Y

2.2.1 gFHEEN=

HASL o 2 em 2712 Adsly gdA7 £ 5
L &%9 3Ad4 Z35 Wolx gA4gze](NaOH
+ NaxSOs) 20%9 GEZA+= 005%E s &
Juj(dF:Fd A= 111022 alkaline  sulfite-
anthraquinone pulp® 150X 6087 Z&)std
A z3t A

o]9} Zo] A|ZF FZ = F480] 50.1%, Kappa
No.7} 9.1, A% 7} 40.20191

2.2.2 ZRE0|2 M=

A7)0 A dojzl Wy HEZ 9 gof B& H7}Elq
HEF® 06%2 FEF 3 mesh’t 38 7Z9e
F Aol FA3L vacuum pumpE o) &3 oF
3027 B5AA HolE Yelo] fEE Azaiqn)

Zek Azl dENH] AEE Edo) e
Bosb Rad Ao AEAA (A7 R(FE AR
2 &A 302 59 30 ke/erd] AR A
I 135TCAAM 1A 5% FAAA EZEDE A
Z3H .

BBEZA ] EA B3

A7

ol AT AU YA wEES &7
H7tA Y R %ol wet 10 ml £do2 s
£XZdolg o]43le vlE2 Fu il
et

2.2.3 ZHE:0[2 4 &Y

Azd Edole 24 WIS 27 s
Efo] 958 FAH3H2 FxE KSM 65184 =
Bto] AZ YA (Shore AVFETIE AMR3t 243
4ok WAz E KSM 70269 &3l #HE WA
Ald7](Hunter reflectometer)E Abg3ld 23 3
Hom, E7Er KSM 702000 #38}9) Gurley's
Densometerg AH8-3te] Wel 645 i F7] 100
ml 7} B33 A sec) o2 EH s o397
== KSM 70829 F3te 60 mnx60 mm 2719 A
AL Mullend FIAY7E o]kt 2Hsq
O AFFE+= KSM 71049 3t 953 Al
712 AR en, AdHY EAHY dol: 155
me, head speedt 10 mn/min, span® Zol&= 100 mn
g 3o Z2H¢ ¥ AgEs S wedes s @
oz A Y FFEE KSM 70940 &34
15 mx155 me AEH 30z Fot Eo] F5¥
ZAol2 A&}

2.2.4 Z¥E 0|9 HujAY mE

FAME WHAE WY TAEdH|Y xS
Hla #2387 Y3t A 85 8|5} Fine coater
(JFC-1200, JEOL)Z =2®& thg FArHa@w) 7
(JSM-5200, JEOL)2.2 Z} X Eolo FH ot
Hg BEslgd

Eu

al =
EE

Table 2. Properties of EPS packaging tray

Hardness (H.S.) Brightness

Density (g/cm)

Bursting strength (MPa) Tensile strength (MPa)

0.03 13.3 89.2

0.14 0.51

Table 3. Properties of molded packaging materials made from rice-straw alkaline sulfite-anthraquinone pulp

. Air Bursting Tensile Water
Density Hardness . - .
) (H.S.) Brightness permeability strength strength absorption
(go > (sec.) (MPa) (MPa) (mm)
0.67 95 303 1.3 309 11.2

447
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21 o

3.1 Z¥E# 0|9 24 wst

3.1.1 EPSE&|0]

A5 Al#EE EPSE#HCE T3t
ALgt A3E Table 29 vhebich

AEE 003g/cm’, AEE 133, HAEE 892,
AAEE 014 MPa, AAZEE 051 MPa 24
W3 g Ade A oka B 4 Qo

3.1.2 H7tH| 2871 ¥ Y= =30

ANAE Arletx g TAEG)E A2l
A& ZAE 23S Table 3o vehich

FoA HE utel Ze) ARE 067 g/on BA
(1996)0] B3 034 g/ewth A Jehged
T EZ Azwyol tE23 EAzle] 1A7tez
A7) YRoz Ay T3 AjRR w¥ Zx
gd Egole] WEQ 0073 g/en(Sr, 199%6) BT} o
< A Vet HAEE 47 olflen FrEE
303 sec., FLAUTE 1.3 MPa 24 <¢K199%6)¢8] 2
I 2o o9 =4 dEigen AFRE=E 309
MPa 24} ota} ¥K(1995c)e] B.1g 10.2 MPa Xt}

[e]
B8

o

?l.

o

A Jebded ols YRS xpold) 7A€ Hoe=
AEHE, F5EE 112 mmE Jehgt

3.1.3 MEA7} HAEZ Ejo]

st g4A17l dEE A A¥AAA &7 F,
HEE 1%, 3%, 5% 4 Aslsle] x4 Edo|E A
Z3gh dE9 H7}l Fxo] BE EFolg EAW
3= Table 49 Zth

FoA HE bie} Zo] A= HE 5% o7tz
718 A9 AU 8 o] gk AxE
939~949, WATE 453~4672A4 T H A 9
Aol& BHolx ¥th FIZE % IAREE HE
A7beol Z7lgel wet FUhle Age ByEd),
olg AEol MRty AYAL F9 NA7 YEL
2 AEgt % Rrse AR 3% #0hA), 39
AEe QAT E AE 5%8ME urt RHAY
¥]3 Zh& Jehdch 22y AR Hrte gg
Zeg FAFEE AMsEd d a3 Uee
a4 AT FFEE HE Hrto] Z715to) mal
Fasle 4%g Jebden F3s4 B ve @
€ YehidiEd ole ARy H7tE usAdel oA
e 719 RHez Alg€.

Table 4. Properties of molded packaging materials made from rice-straw aikaline sulfite-anthraquinone pulp

with the addition of starch

Addition . Air Bursting Tensile Water

i Density Hardness ) i .
quantity of [ (HS) Brightness ~ permeability strength strength absorption
starch(%) o o (sec.) (MPa) (MPa) (mm)

1 0.63 93.9 46.7 260 1.2 244 10

3 0.67 94.7 455 318 1.3 29.7 84

5 0.67 94.9 453 564 1.3 304 8.2

Table 5. Properties of molded packaging materials made from rice-straw alkaline sulfite-anthraquinone pulp

with the addition of rosin size

Addition . Air Bursting Tensile ,
) Density Hardness . - Water absorption
quantity of [ (HS(5) Brightness  permeability  strength strength (mm)
rosin size(%) o > (sec.) (MPa) (MPa)
1 0.65 93.6 434 217.6 1.0 271 6.4
3 0.64 93.8 430 2304 09 249 6.2
5 0.65 933 42.5 2328 1.0 24.8 6.0
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3.1.4 Rosin Sized 7| HAH= Ezo|

AggE A7l dEE I HEAAS &1 F,
rosin sizeAE 1%, 3%, 5%4 H7}sld TAEF o)
£ AzsYh rosin sized HF7lEEd we Eg
o]8] EAM3lE Table 59 vhebsich

oA Be e} Zo] BAxE 064~065 g/
HE Uehdol B B e ghe Jedth
AxE 933~938 HWHE Hrlgkd o} W@ A
o glen EHA Huhe o7t @ ;e yEr
o}, WAEE 425~434 Y2 Holgo] Z71gH
el ZraghE Agolglon), FAsA W) v g
& Vel R7%e Yriske] Suigel uiel ot
7tete A4S BHRov TN B e
Uetdc}h std7EE 09~10 MPa ®9g T3
7hA Bk @2 ghe Jehley, AR EE A7
Zotef wel ot BAde AEgE Yelid =
FrEE A7tEo) FAMgel wel o Zase
A3e veiyen EH5A B we
ol rosin size# 9 H77F U4
JEoz e

o o

[]

L.

% 1o
b

=

o

N

24 a8 a7

fucd)

3.1.6 Carboxymethyl cellulose(CMC) A
71 HiFE= Eagjo|

g Azl EE d9t A¥AXY &7 F
CMCE 0.1%, 0.3%, 05%% 7l TAEH S
AZEHHT. CMC #H7bskel W& Edole 24
W= Table 63 2t

HollA BE npel go] Ax:= 066~067 g/cnd
HZ CMC 7l wel ¥ zol7) glled 3
7t vk Axg @AxE CMC H7heg
F7tel wher d o7t glslem FHAA BT okt
vt Bl AaAzEE CMCH7Mgel 03%Y
g 7 ey, B3 BErEE 01, 03% A7
ZA7A Bo ug 2e e dehded, o#HE
AFE CMC7t Adfrateld R 379 388
AAEH7] HEY Aoz AgHt T3 05% 3
7t E TA] Zase 3Ee 2ded, o 2

He #F CMC H7Ph ARAleld 33¢ 24
RHEol 233 ¥719 £&E wEA A7) WEL

2 ARG FEEE CMC 37Hg] Z7hg
g gashe ARe vehien, Rz uoh
&g ehlol Mol F7hET

a}

Table 6. Properties of molded packaging materials made from rice-straw alkaline sulfite-anthraquinone pulp
with the addition of carboxymethyl cellulose(CMC)

Addition . . - Bursting Tensile Water
. Density Hardness . Air permeability .
quantity of (e/en) HS()) Brightness (sec.) strength strength absorption
CMC(%) a > ' (MPa) (MPa) (mm)
0.1 0.66 93.7 43.6 536 1.3 30.0 9.4
03 0.66 93.4 43.8 572 1.3 32.0 9.2
0.5 0.67 93.4 43.9 312 1.2 29.9 8

Table 7. Properties of molded packaging materials made from rice-straw alkaline sulfite-anthraquinone pulp
with the addition of polyethylene glycol(PEG)

Addition . Air Bursting Tensile Water

) Derisity Hardness , . .
quantity of (e/er) HS(E)) Brightness ~ permeability strength strength absorption
PEG(%) ‘ > (sec.) (MPa) (MPa) (mm)

1 0.64 94.0 455 420 13 289 10.6

3 0.67 94.8 45.8 502 1.5 27.5 9.2

5 0.65 94.4 45.6 391 13 289 9
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3.1.6 Polyethylene glycol(PEG) &7} ©i&
HzEeao|

a4 g EE 949 HEAAY 37 ¥
19, 3%, 5%9 PEG#00)E #7leld T E3)
ol Alx34ch PEGY #7l ko] WE Egol9
EAW3le Table 73 2t

FolA B vlgl o] ARE PEG #H7lgke] &
7heell wet 3%0lM 4 Frhele AL Holn
5%AXE ZAastdn FAEE 940-~948 WALE
455~4582 A FH7IAS ¥ zojr} ATk F7I
E¥ PEG #7bgo] F7tgel wel 3%elM 718
Fou 5%oME T gastgen A 1o
=7t & Aoz yegud ddAEE d7E 3%
A 15 MPa 2 F#71A ot 34 ey 39
BEE E7A7)7) YelME ArhEks 3%E zds)
T o] F&7oz #AvEd AAREE PEG H
7heke] Frtol @ g WA ghgrow EATLA
Hobe o @2 @g Jehlle] PEGY #7179
AT 4L AR ¥ AeE vewdg F
TEE PEG A7) gl g}t Zidls AT
S yeldon BHbA BT 2 e uEhge
Aol F7tE AT

3.1.7 AKD(Alkylkentene dimer)&7} &=
HzEzo|

e g9 EE I A¥AA 271 %
1%, 3%, 5%9 AKDE #7lsled % Egolg A
Z34t. AKDY 7} 5Xo) m& Egoje] £4
$3l= Table 8off Vebsich

T BiE upg}l go] 2XE 065~066 g/erd
#HE vehllo] FH7IA S} ¥ ol7) figled, Ax
£ 936~942 W2 Hslgko] Fnghe] wal okzt
ZAashe Aot BALE 408~415 MYE A
7tge] F7tel wek YA Agko] filen, #HL
Al B we gE Vel §rEE Hobge] o}
2t dAS Aol YINew, 1% 7 FHIA B

=& & Uit 392 =E 09~11 MPa |
AR HvleFel FMg ot Tashe Ago|Urh
ARZEE HrtEFe ZFilel wa Y-S Ao §
Aem 1%H/MA7E B 9 vled e dehy
o wad AKDY Hrte B4R AFREY
ZRg F/MFEH 9%E Az g Ao Y
Bttt F4EE dAvbdo] FuMdel el okt Aa
e A%E VYeidon TAHA B #X3 we
g Uepdt} o)l AKD As7h URA S F71 A
71e 89102 43597 W Agdn

Table 8. Properties of molded packaging materials made from rice-straw alkaline sulfite-anthraquinone pulp

with the addition of alkylkentene dimer(AKD)

Addition . Air Bursting Tensile Water

) Density Hardness . - .
quantity of (e/er) (HS(5)) Brightness  permeability strength strength absorption
AKD(%) € e (sec.) (MPa) (MPa) (mm)

1 0.66 94.2 40.8 455.2 1.1 30.5 6.6

3 0.66 94.0 41.5 220.8 0.9 245 6.4

5 0.65 93.6 409 3384 09 25.6 4.6

Table 9. Properties of molded packaging materials made from rice-straw alkaline sulfite-anthraquinone pulp

with the addition of polyacryl amide(PAM)

Addition . Air Bursting Tensile Water
. Density Hardness . - .
quantity of (/e (HS(5) Brightness  permeability strength strength absorption
PAM(%) : > (sec.) (MPa) (MPa) (mm)
0.005 0.66 93.8 44.6 408 1.2 314 10.3
0.01 0.69 94 442 434 1.3 373 9.7
0.015 0.64 94.1 454 294 1.2 30.6 9.3
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c)

Fig. 1. Surface and sectional view of molded tray observed by scanning electron microscopy.
a) The tray manufactured without additives
b) The tray manufactured with addition of starch
¢) The tray manufactured with addition of PAM
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3.1.8 Polyacryl amide(PAM)&7} %3 E
g{lo|

A g4AZ HEE I A¥FAA &7 F,
0.005%, 0.01%, 0015%¢ PAME #H7istd %
Efo]E AzsEt. PAM #7)t ko ©E Ed
o}e] A= Table 99} Zth

Bl BE ule} o] WEE PAM #H7tEe] &
7Hgel wt 001%elA Frkske AgE Beln
0015%e) = oA #Aastged, 001% H7HA e
gyt £37bA) Bk A Jedth AEE 94 W
sz BAzpET 4 FHed, #WARE F37L
Ag g olrt gtk s, $E7E, ARBE
= PAM #7bol 001%¥ # Z75td24 0.015%
e Basigon 53 PAM 001%Y4™ 37}
ARt ZRe Pxo Aol 7| & AeE AE
gt} F4EE PAM #H7bgkol F7hgel wel #a
e A% vggon R/ EYG 3 g o
A WAdol Z7h HA

3.2 HAY= Edjole =3

A7AE Hrkel e Efolst FAARMAE
ksl Azd Edold FUH wHEIE FA
A& Z (SEM)E ol 83t #3% ¥4& Fig
19 Jepdch #7HAE dArkehA @ FAZAS
gFde ggdanos FUdsA FAHANE WY,
A7A(AE, PAM)E #7H8 Edold AL I7t
A7b g@e] 2ago 2¥ole) B F¥& vlA
= Aoz fugt E£F FAHA Edold @i
PRMfSo] uny FadshA WEHUlE B¥E
Beol W, HA(AE, PAMZL E¥E Edl
A9E PRl HrhL s ge A
o] BEetn FFo] YT REe2 UEHTL
Agdoa AztAe EA §F9 clEe A=
A% Edols yrzd 7z WStk EdlY 24
of dEg U Aoz ' F Ut

olae) AdelH RIAWEE o] &F HIXIA
AzA 2R A BAAE A EFA
24% Hng o, @9 g7 7tFo] 73 & AKD
AIAE 1% Bohste Aol A B4 R 7
AR ZHAME 7 ZRA7t & A2 dd
=g

4. 2 B

FYEAEQ HFL IFAY YRZ o &3}uA
gAgzs AYTPHE ARtz HZHQl RE,
rosin sizedl, CMC, PEG, AKD, PAM &3713l4
0 EA4¢ WzE TRV Hlastq 2 Ade
o3 g

1) A2 A BrEe A7 5%Y o HoX
g Jehon, 3d3sg AFREE FA/MRG
ozt st

2) Rosin sizedl #7W 7%, #9735, 93%
EE A7 2o 9 Jeiitd.

3) CMC @7 E7l8e 37 2o A Y
ehton FdRES 3R EE FH/IAG v
3%g Yedd.

4) PEG 37N Er7EE FH0H] 2o B4
ehtor HARTE ¥rigo) 3%Ud HhAE Y
Bhou QRAEE FHE/MNED ot A A
o},

5) AKD 37} E7xE #7lsko] 1% 9 5%
duj 2A/ANEG A dehtod, #A7Ee 9
ARee SN R % #4 ATk

6) PAM A7l E7izE dvlgke] 001% A
AYxg Jehdon, ARAREE 001% 4o FH
7HA Btk ¥A UEbgeh

7 F4EE RE HAAA Hrlge] F7hR
wa} 72A5%n, A Bg 3A veht 37
7 £B F4E AAsd WAl FrMEAT
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