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SUMMARY

1. Title
Development of Manufacturing System of Degradable Packaging Materials

using Rice Straw

II. Purpose of the study

The Predominant persistance of plastic packaging materials based on
petrochemicals in the environment has resulted in a wide range of pollution and
waste disposal problems. Consequently, world-wide environmental limitation and
regulation on packaging materials based on petrochemicals plastics are of really
sensitive problem. Especially, environmental regulatory standard in ISO 14000 is
already prepared and to be carried out by WTO. Degradable packaging materials
based on annually renewable biological products, for example, starch and paper
sources, are considered as a solution to environmental problems, and the research
and development using those materials have been intensively conducted during last
several decades. Pulp moulded container made of recyclable papers and paper
sludge, ones of these degradable materials, are expected to replace conventional
plastics currently used for many packaging items, such as egg plate and fruit
cushioning tray etc.

In this study, rice straw or agricultural by - products as substitution for paper
sources, abundant resources in Korea, were used to develop the pulp mouled

containers environmentally benign and small - scale manufacturing system.



. Content of the study

1. Domestic and foreign pulp moulded container market and manufacturer
survey

2. Development of the techniques' on producing the moulded pulp trays and the
foared pulp cushioning materials from rice straw

3. Techniques to remove lignin from agricultural by - products and to develop
pretreatment of rice pulp

4. Development of pilot - scale equipments for pulping, the press-moulding
trays and the foamed pulp cushioning materials.

5. Comparison of physical properties of the rice straw pulp goods and the

recycled paper pulp goods.

IV. Results and suggestion
The interest of the many industries in packaging materials arise from the need
to minimize environmental pollution for the plastic packaging
To evaluate the possibility of rice straw resources as a environmentally-
friendly the packaging materials, which the paper sheet, moulded pulp trays and
foamed pulp cushioning materials were manufactured from rice straw through such
~a series of process as Chemi-Mechanical pretreatment, Thermo-Mechanical
pretreatment, mechanical fiberizing, moulding, foaming and drying,
The results are as follows :
1. The'rmo—Mechanical rice straw pulp had economical profits as a production
method of pulp from rice straw, it has simply processing of manufacture and not
waste water. '

2. Thermo-Mechanical rice straw pulp made under condition of rotating digester



temperature 170°C and heating time 30min. Moulded pulp, press-moulding tray
and foamed ©pulp cushioning materials were  manufactured  using
Thermo-Mechanical rice straw pulp had not different physical properties from
recycled paper pulp.

3. Traditional moulded pulp products have lower productivity than plastic
products, the press—moulding method and the foaming method as the efficient
moulding processes had higher productivity than traditional method as the
vacuurm-moulding method.

4. We obtained a pulping technique, to manufacture technique for a moulded pulp
container and the foamed pulp cushioning materials. Also, we had developed of
processing a manufacturing and a pilot-scale equipment for pulping, the
press—-moulding trays and the continuous Microwave dryer.

5. From this study, it is recommeded to utilize agricultural residues such as rice

straw as a fiber source of the environmentally—friendly packaging materials.
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SEAF M2 t33 o] Fojdn

e
FEAT M= =qae = ¢ T (19)

el i f, ol M o oo, f, = f, o]® FWHAto] Yoluit},
BARE S EBE FEARNN doldidl AT ALY Avked

[<]

SEAGE ARE AL A3l A AAFAEs} FAFAFTL LD R



AF3e EAE 7H98] H5H Aee A3A o ofE Al2Fe §94 6y
AR Qs %ol oAt vt AL B3l F, PHolde AYE ¥l AF 43
Ha gk AEYH-HAF A2FLE Aoz AlxE alaedn pdEE )
F A4 (damping coefficient) C&} 3pW A 747} S=(critical damping coefficient)
C.ot #8A0] 5% + Ut

—o9, KW _
C.=2 e £=

£=1: HARE
£>1: A=
£<1: HaPE
£<X1 & W 2ZFY-FAF A2g2 $Fo] AAHA dAFHER A
ZAaEE AZE Jehid, o] i A% Fue S

._1[K
fa=s7\ w =€) 7 =n
fr=ff (1—§)  —rmmmmmmmmm oo (21)

ZHEA 7 oA 282 AEe) WYPLE

AZ9) Z2E WA HA AEAFE & & JAu AFo] 23 §L AN

& Atk AFe FALE AAHAE FFL WAL, FA AXRE0] T
weh FEASE S AR AA =

l

4
Zage TFARAAE Mgto) A4 4F 2
= AEo] EASERZ AAPH b A7t G Ae & 5

ol AF] AE AL AFUY 24u AFS FH T2 vTHEE)E

e
lo
Y
fr
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oft
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ol
2
X
of
o
ftlo
nn‘.
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2
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FEIFANAN Aok AAFASFE Fobsta AA, FEARANA Yol AE
wlizel] AFo] AET A5 vhtol Youh=A <lig wetay,

wep AlEe) AdFASTE FEF ok FRss AN AL AT )

T AEE Al dAjstelol gtk AFAIR Y B AL AFo] xSy Ay
AEER0E W EFR-E5 ZANS] falAel AFo] £4L vE A o uwlo
Fartl S SA43e AEFE o TS P BET £ JrE ¥4AAS 5
=A oA FEFN dolve Foolo] FPA FEE 2XE Hslojo} 3
12

AAZ F&F AEFH 34 7FlA= A% d(vibrational force)2 T F3l4
U Sind JERt dojuAE geth o3d AR MR TE Fose AX

& A4 Sind AFol TR FuF B 4 Ak kA 9L Fuse] g ¥

AAF AGozE B Fee Ao FREA Roth Yree) A

i

TGl o FIAE AEM TAAE FYHo| Ag) YRSz BE BAlL

Fe Aga FYstexe] oz ved 4 .
A =A% x g (g=9.8m/sec?)

Gae 247d0] olFoAE FaolrME W3 79 Q7] uiie TAE 94
3ok Agdel EAsE SA7F B okl B 3L “1G78 k. 1GTE A4
Fo] SR QlE EAl9 AV AAE AL TS Sooln). ojw Zae n
N7 10kgoldt Eufl o] Z2A7} “10G"Y] 7F&ES o) A= 100kge] A= AlZ2HY.
7HE Y Fhe FEVIEXEIE W] g ol Ao] ollm EAZF A
71 A 0l7] Wige] doluA H. EFAE oleg WSyl AE, 2 5o 3
T2 Ao A "Hrh

“‘l

by

=31 -



Vf=Vi+at s Vf=v Zgh —————————————————————————— (23)

%at2

W Ve 3245, Vi 32E% a1 7FEE, t Az

Xf: Xi +Vlt+

X; 0 AZE ol 249 912, X, =0 A @ EA 91X

FEFY FoE TRFIEL HomYAY BAE Fo RALY HFE ¥ -
itk ol @ A9 EATL nigtel}t ELFAR, RYE T2 o xFsE
22357 =Hn o] 22 F= EA AR 2L JoIA ok

o]AL ZYHQ WA A JAAY FAL BAY A, &% T sMEwst
A7) 98 W dojgtia 2 5 gl o] AL JMEES) F&5F Tl ol
e @A o] F&4F @S5 MR E §Aol AUk Aoz xHsE 7}
HAE 24E 0022 B¢ A&HT ok 150Ge] Z7] FL& Eol9] FAEL W
gk |

tee] a9 2-59 2L TRA2YL /1A 2l JPgs Bah oy1A Az

BRolgte AL A YRAA /b sl A FELS T A 34
ol o8 714 4A sS&dE RYgm 28 £ Qo

M 7HE Uz 22

Mz
B x
L ]
244 ™
a9 2-5 A9 ERA 2T a9 2-6 Bestd 2xY 2AF 2

o] g T3l i 1g2-63 2t
M; : E’lz:]'_g__}m‘_'o’] “:I"ﬂ]



Mg @ AlFS FA

M; @ &% 238719 A

K : 914845 Jehle 22y FAF A2de] AF 2y

Ky @ $5A2"e Ay 228 dF
z o 43 sl g8 AR £F47] FAS FASE FAE 2w I
WEER ety AR IFANAEL GusA g uieter HE FAS
wvim PSR, AR e AFe AFe AFd] HlF FAE F A= Ax
T 5k o

a3 2-7o1A EFZAEFE Fol holA] o] =& wf Adlx ] R oA PE=

PE= Msgh = Woh ~  —————=—=——=———————=——m—— e (24)

CAANAM2] 23 ¥487e wgEde B frh o] A AFo] &5
Aol ke 7o 24 4FA oY W X5 A & U+

CARNA A28e] Fix KEx thad 2o

KE=1MV? ——oev e (25)

2
ﬁ g B C D E
S
h 244 HULE Yo

-

%on iy ij
wTTE TR L
ECCE S T Y 533% Heleg

a9 27 2% Axde) %7

o] AANAL EFAUAE &7] A ¢uA g AL,



TA4-8717} vpete] Wol
Az Aol FHE A e
——————————————————————————————— (26)

E= 4 KX,?

&, KXo 0 F A 28 Aefle AFY ol 8

DA AN 4FA = A2E ] 5dUiAg AR FsA Ha AFe ol W

L

FEEE 0ol A2A Ak ol 4FAE AWAA(dm)E e Hi)

AUE dme Xpo! WAV} At
Emax'_—%szm2 ——————————————————————————————— ( 27 )
(28)

KE=Wh=Epm=+Kgm? oo

) _ | 2Woh _
. drIl - K2 - 2h55t (ﬂ-, ast_ Kz )
.‘_E—ﬂl Pmaxx_ XZ = dm Il]]

Aol 23 fFA 7t ol AgFsts HAdl vk

E

o ojue},
ub}x]
TWih
p K,X = Kdm Kz\/ 1.0 —— (29)
AL HgEE AWNEE Gue THeT go] Aaldn
P K Woh 9Kk
Gn= 7, =\/ W, =\/ W, (30)
2h
- dm=&"
wabd A gEEe J9 MEEst detzels] 4s xdF 4 gt

g oA 2FE2 7l Imsell Al 50ms Altojel Al 420 71A4 7S

rtan)2 XAAT FF3A] S A+

A v

uA g} o] 24 A&HAZLe okolm
2] W9 Xor= Xolt)=dm Sin(Wat) = HdAT. I3 2-8d4 W,=2xf, ¢



o SFA K2 XA AFM.e A Fula

X2

/ /2

i

Wa'=(2nf2)"

O 2-8 FAAFAH H U4
F XFAEFY AFZAF AL Tee 18 2-99049 o] FAAEAZ
o s g}
1

f_ =T2=2f _____________________________ ( 31 )
2
n 1 KZg o - -
2] (31)9) fzz’é}; W, < st Aeshd
_ W,
Z'—ﬂ'\/ Re ~TTTTC -—= - (32)
i'—r '_"‘i‘"\ ."l ]
=0,
YL E




FAVYE AU Hisa H5F FAORNE AFE uEse 344 A
Fol AL FASS vlas) Holol o WaLe) Lok Austsw

Ge= AZEEE Gue Huo 2 ZZA 4 (Amplification Factor © Ap)E g3t

Ge
m= G’m ____________________________ ( 33 )
N84 UG ANNEE Gz AFY SEAF An¥ Gnol 22 Fojdr)
Ge=AnGy  ———mmmmmmmmmmmmm e (34)
374 25A%5E Gt Yo| LAY & Ak
_ 1/fz : 2N;z _______________

® NS £ ARese) AAFRE, £ FAFAS

_ 2(fy/f)cos(fy /b)) )
An(t=20)= 1= (£, /f)" (36)

2] (35), (36)elA Aol Anel AU 4 (34e AT F SU=wl, AL |
3 o] @A o3 2

1 f,/f,K1, fy/fy or %Tl 5 %T2=r o uj
2AALAz0] 8L AAANE7|7re] Aun L 2 JUYSEZe
270] Bu & dojubA Hn A,=A.(t> D7 Bk

9. f,/f, > 1, £,/fy or %Tl < —%—T2=z )

i

Z2AAL7|to] W8 A0 AAAFTZEe] Auing & 2% JUTFe
FAAL712F B doluA Hoy A=A, 0<t<)7} "ok
£,/£,9) Hlgo] ARAFE Ane 1o FZatedl oA F7o] WFks i) AF
How ATPe dujgth AT 4L WA AAME uHLast AL
gl AYIIAEE oolo} Frt HZe AVt HEHA %u AW & = Al @



ARE Gseb 3k AZFR &) Gs o9 FAZIEET AAA Al Fol &=L

Aol H7MEE Gme Y3kl h, AEFF Wy, &FAs 387 2 A
A7 At FAAEZAGLE AFFFH GF5A w
Z Wigth §5%F 40 B A8AFE W] YaAMe EZAEFTL AFEAX
a8al HelEe] T2 @obok gtk BE AFY {EAAL A bdE EAE
71 Qoug FEgg Halxels 49 Ax F& 7 4A & A
Fo F37F AAAY FA BALSFE il GlEolrl RolAA wldolt). A
Flel U8 s AsAE F4L F3 pulse AHAT A78 40 AAFH
Fol ue gAY WA AF gGE2 AF JMEIAE ANFET FHAEA
ol 7 Be 9%E vt AA=Z AFY HEEAL AUFEAAE(Gw),
pulse AEAIZH 7)), £EHUIH AV )9 371K 84 F 27144 23] AA A,

% 2-109) half sine pulse 2T £EH3HE= thE3) o] Aeojdr]

ot

.
hon
.
i

l

N=LGug ¢ i (37)

©, 2 : half sine pulse®) WHol B@ 4K (shape factor

Gm ' g : AP FA7IEE m/sec’
r @ AFAIZH sec )

2 3N FARAE o83y ﬁP—f':—%“"—E,'—ﬁ(Damagé Boundary Curve)& 24
W FAe A7 A&AZE nBste] 19 2-113 o] yEHE AFAFANE
L, x5S §eWsEFo s 3o mAgh a2A AXNFL ZHVMEES} 4%
Wslgol 2% 3EE dodlE JHo &3 o] WFe W AlFo| wiH) B

 SEESFo) JriAo Hol FAYA A%

£ X
2
x
r]r
ﬁ
0
z
i
offt
0
ey
n:
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oo
o
N
52
O
E
ly

Aztel w$ gk wEA ol
SR A Gtk CAHES FAAEANES 2AW AL} AFe] s do7
W A4 ZaT old AFol el FEdlTHe EAGk] Bl o) e

FAA AF SFARE T @ £ AU
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X &AZHrrs) -t

HER EZ0 ReR
DX} A9 30| Ut
1 YBHeT
2. A
3 45

a9 2-10 54 Pluse

A Ao
B

2 L sodod C e

5 s

7t

S
w
b

% (m sec)

A 3 A ZF=H 4FXAA

salay TAAYE AR ARR Ae AREstE el T AR 1920 ~
193047401 19650974l LDPE EAA 2ol $388A & sheetsh fimel 7
32749 vt 34 PP(Polypropylene), Nylon, PS(Polystyrene) 52 A7t <
348 A =R

S

T AAREA Aol Soldti & o] ojulr] W ElAiset A
ool @e A1E VSR AHRE 93A} AP ASFEAR WA B e D
AR T FEIA AHAEE AV wjFolc} AR 2o A= PSE EA 0|

TR



EPS(expanded polystyrene)®} AH8-= HAIBIAY £ AH8-2 §33l5 o] &
dAolal AR e A APl MLERA e ARG A ol
A ok Tl A Fet2EA 4F5AE dAE] 9% Yies F9x, shiF
HxsE 5o Foli 4FAt #2 5o AEA X @5A9) /o] M F4
o= FAF Uk

o] d7taA ESAEAIEFY YAFe 199D 71E 6225k EoIle ] ¥4
719F XA T AaFol= & 2-29 2rh 19959 718 3044709 2 Fyay
A AzdAz FE AL DX 2" G A8 adA Y ¥ALF (RS
82 oF 30%)2 Fate] of 840,000€e] olEth AR T dIF A A7} 2k
A AskAl Fd 1980 dlelE wlid 30%0l/de] EPS AH|E71E-S HolwA Ay
AllX= 582 DAY T2y Fdo dME AN dAlst iy idIAE B
o] #7384 A7} 71438 HEA oF 6% wTre] 49k F71E Holm Ut

¥ 2-2 FEh2E AAAF ] £ F0)
(99 AE g
wn '88 '89 90 ‘91
K AAF | 5 9 | ANF | F A (ANF F A AN o
4 87 26 | 30821 9 | 29631 | 542 | 64,498 | 628 | 74,732
E 0 A | 411 | 48909 6 | 48314 | 388 | 46172 | 453 | 53907
3]

2 Al 671 | 79730 | 655 | 77945 | 930 |110670| 108.1 | 128639

ZH2EH IAE AEAYS IR AzRET Y, A e] ZasE
A4HE82  Resin(P.S) — Extrusion — Sheet — Rolling — Heating(2} 3007C) —
Pressing moulding(2F 200C) — Cutting — Product®] &=olv dif o] &3} 2R
Al=glor YA SFEZAE Resin® 2 ~ 30ul2 LEsfe] AFOo T A, AL

oK

G55 ek F, 2 BEAFL 2 2-129) AAF =4 L7112 5 45 9 10
Wl ERAFoRE SATAY 4] auix 30WE died AT Aol
B EaaE A AP dds X 235 7,

39—



2% 9-12 Eakay Eo)

¥ 2-3 @¥ ZFot2d AL F -9

2 & s 3|
1. 94340 Hojuvlxn Aol AFE |1 B¢ FFT FIrt 282 287]
9 AE9) AAFE REAA BE | TAFo] AdFHeR g
2. 2717142 wEO A AT FF |2 AR o=z w@A Ayers) 3
o] §lol $14) Aot 9 @734sle)] 92 A
3. gdAo] ¢4l 714 - BEAE | 3 Ryt AAHLR AX I,
o] R HFsirt A ZA A o) Aol F5Tt olfH T
4. AN A AH|Fo] FulFH

o7 A3 AGHURE FHol Ao
=t

5 37t 23 Fol 4A Hel 57t
A4 AFgol §ol3itt.

Z Ado] BN BrlE 3 @l FHD A A3 AER FHI|A ] 24

7] wAo] AiA o YolAm HA evhs AL @A A 2AdE I4



sto] 2l £8FE-S 9 ¥ oohdst AnkE gEAE F e diem A HA
B3, 53] By}t Avks Ze] g ojA AAAY SHelA fbyolnt. vt
Fo] ~EZE AR ARYA 670 A (Ah I 2E WA -89 S(KFRA)7T
EPSe] £itof lol A HELZ AT A= #HEIIE AL, s AgH
HAEZEE 3] o5 ATl Wte] FAF Y. I ARAE
9%y 149 19 28 2d7] FHFAE AAPEA ASERE dislei 28 i
FEo2 96 39 19 YH dFARA AABAL 973 1€ 19 HE= dxde

2 S ZloF He| FEiaE gFAe] e A=RE I WA HU4.

A 42 Fd SSEZA
27 A4S TFLARE FolAFS JATEA £2AFE B F Yok TAFE

AFTPAE QB FHIA BIEE, IRA 2 2RHH 59 FU2 A

o] ARET glen, AR AEAE LAZFE AFLS FHe] BR I7bA A7

Lo

7 Aol AR Y ARolt B4 AAF 8@ SFTAANE AT
# 934, F £54 Edol, F2 B 434, 93 THA, TRA 939, ¥
2 olg@ HRANTE AL 018 Y2AY A Fol A

 BERE, 9G4, 54 B0 95

Q1 Pad Pack, Fol5 95A o] Al8-8l= AXAIE2] Eco/Sizzle pack, AF= H 2

Az22] Honey Al8]l2 XZA 5% Utk



A APAE T3 Je WM e B438HH olnAE UiAle AFAA
of & =¥& 3t vk 53 AAGANA FER S Holn Qe ole
@8] AFY ouAE = ZRIL ope ExEre 2 #3AsALAE A4
o2 AMgslEE w82 Holu vk #7e) ik 14e] ninjgdd 90 &y Flx
ZE|RER AT I8 FAQoU §F A 96 dRE HAA R HEA

Fol 2ERE ALE-E AFehs Bt A 2EEZE A9 0%E AxEEL

X

Fr 59 ¥EAZ RAES & vk ok o2t ERE) A B EE ANAACNA
 AFY AL dujSde) wRtE sl AT 22y 979N E A2ERES AE
FEOR = AAEAe] oA HEETE AMAdAE ofHE FHe &
A=At
Y FE 19360l glal=tox] Alfddztel AR oR AL AMEsl] A48
o, nx3 YEE 1950t EolbA AR AlFstT sElviehe & 2-49
o) ul=, dB FACA v oF 19 5HTEXE FY3FL 19939 EHE ¢4
Fo] Z7] AlFSEY AA A4 19936 P} et 2 RE J]ES =5)5) o]
g7k Efole] AR ALEIIH o, TAET HAAEFS 19949 5K #-8-3817]
A& sk
H 2-4 ¥x¥ Pulp Mould ¢ 8%

a4 = Z Fke) T FHHD) = A(USP = A=)
1989 65, 450 18, 487 129, 476 103, 580, 800
1990 75,936 486 176, 671 141, 336, 800
1991 160, 839 1,220 285, 364 228,291, 200
1992 80,812 1,005 199, 769 159, 815, 200
1993, 2 24, 500 324 43,745 34, 996, 000
TOTAL 407, 492 21,522 835, 025 668, 020, 000




=S|

2-5 Zule) WZBE AzAs] PAE2T A5 (19965)

8 A 7 FRANFDT | QAYF| & A A
@@ 9 Awds, ggedel | Lton | A% PAA
(FRARY | ARAAE, FUSLE3A | 0on | Q¥ P
(Fz R AR, FYSLEA | DVion | FH 24
e A4 NRAE, BUESEA | Stn | AV N AFTY
(FloguAlE |F1AAE, FGEAEA | 2ton | A7 A4
AYRATY | HAAE BUEYEA | Dtn | 3] B
ERFRA  |AAE FIERFA | Stn | A7) B
FEgEEe A% FGEREA | Vtn | 39 WY
BgatolBE | JLRAE BYESZA | Stn | A7 #F
7194 NBAE, BAELEA | Ston | A7) A AFTY

#® 2-5¢ FHe HZEE AAAA g ANEED e Jehd Aoy,
. 2-62 Y pulp mould AlAFR T F 2-75 FUdA YIEEE g3AR
-8-31aL JE AEFFE YETh e B EE A 107] Aol o)F 2
~ 3 GAE FAED AT LS QAT YR gAISe BAELoY JHAAE
S F2 Al glon Az AsEe o 5etEe R =T ok 2 AL
HAES] ZIAdHE 48, Wiz, olol&ds B FF FTA A 19939 o)F 9
AAzgeH, AEFERE 1A AFFe B9 Addst AARE e} 732
olz1 Q, FAEToRE AXE 25y A7), 2% TV, AL
5o AAAFI AT

¥ 2-6 =l Pulp Mould A173-d3-1992)

to
v}
lo
™
oK
ot

4 = T8 (ton) | BIE&(%) | FAHY | - L1t
Aol 270 62 324, 000 A AT Az
118 27 243, 151 Eﬂu}ﬂ FER-AAE
A Al 338 89 567, 151
A 7 & - - -
T H4 & 50 11 312,000 FA G-I 2
=3 Al 438 100 879,151




# 2-7 FllolA BZEES SFAR AN e FEF .

A8 dAd

-

[kl

L
= —

i
>
o
of
rO

A F

IR

AR EF(3071-8), AR (670,1070-8), ATHE (ALt Ew o)

R -
SHYER, FAEFERT, SEAEAE)

a4 4 A HF)

14 2 15912 #HFE 2UE, IFE 24, A2, VCR,
A8EFA7], 4SS, A7, A TV, FAvrL

14R12] FFE 2UE, VCR, AL, 1494 TV, A&,
3713371, AL wiwm, AFH47]

1491%] AFE 2, VCR, HA|24g,

L G A AHF)

g A AHF) FA437, 7 2HL

71 & o Al

BEAPZ|(Axds), FHLH(d4), 7ter (1)

Qo] I ET AL I 2-8% o] 19929 A 520 ol FH WAL
QA= AEAY, dRE=TYE, HEY, P4, JaokEs, ARHIAE, dR3}o)
9, KAMI “3AL EFAA, 48 TEXFS, AMAA, dE TECH, KLE14), 72
AF4, SANWOO, 9 SEKISOFY 5 1741 o olE YAVl Aiksh= £&
= Tulet fARIa T AdbeE 2 dzt oF 109%HE #EolH gAY JesdEe
AEg FFd TEE FEHds F33 Lelo]lX| ol 52 oA} Htel FAE £F
SAld Aok FEAGe] EFHY FIES YAdAlE 599l  HARTMANN
-SCHWEDT GMBH, dlrl=e] BRODRENE HARTMANN, ™a#=e] ENSO
~GUTZEIT, 2#¢l¢] CELULOSAS MOLDEADAS HARTMANN 5 ¢} 300 ¢
7} flow ulFEAYH Fdol 181 FEAATAE ¢ 604 AAY) 7HsH Ak

F 2-8 94X Pulp Mould A13-33H1992)

FE | g o (o 2 o
8 =2 % (ton) H] (%) o ¥(l9) L] A
AdE 24,000 40 32(208) A 29
3 3 & 18,000 30 24(156) 2 ¥ MOULD
T AL 18,000 30 24(156)
Z A 60,000 100 80(520)

44—



ERo] Wire mesh7} #&2A=05 38 2 A48t & ga4x AFAES 445
= 3o JFELS devh A wE 1% 253 Press B8
o] 3t} AFESE Soft Mould9t Hi-Mould®] F7HA17} glth. Soft Moulds A 3HE,
A 8 w48 AAE T 2ol Fo] v AFo HEH Zv)= 1 ~
SKg Wit} i Hi-Moulde F9-40lv 7HAAE 53 o] dao] Bas A
ol A8HM A7e 1 ~ 0kge] W9olth @3 Press @AW HE 10 ~
100kg®] =H, A, A&z L& T2 FFE AFsich

2. Hx=gco| §Y

°o. T 34 HEEE=E RE FUIE YAHE @ 5 Ytk HERib)TR
ofsjo] HIXXE|ZE AFAo] £A oA 43 yelEAe zhet

°. ®%9] Down Sizing : 77} ¢ ¥ Fo] 8L ZAA & 4 g17) wEo)
E77u e} Azto] rhssitt

°o. 73 AYA : HEET9] 8L AEX, TUA, AREA] Fo| FAMFoE
2 A 39 FF, AR} 7heE A48 AeE f57120 HAE g
SRR YY) W &7t28 &3 97} itk B3 o) ujPEd Azke) 7
o} tlEo] EajE

aeht Fe2Y $Ad Hlsle] 9871Fe] uiRm A4 e] oF 3~ Ax= W

o]x] EPS #Fol wldte] of 50 ~ 100% A= H|4& o] Zolm, FuEri- EpSel

A

K
fr

2ol 24l I AAe] AFHE AT YA G x| 3 FEs}t $F2AS e}
viat glorne AAF $421 € 1@2AT vt T2AAE slojol ). =3
AAAA NN 2] g Aoz FAA ] we vgrgte] =2, §E7A o)A

Ao WA FHo 2 FrAste] te 247 ST gk



HxEro AzxFIYPS a9 2-137 2ok &, 1Ay FAE Pulperd] ¥x i)
EFEUA olBe AAT T Wr: przAs FASS s 39 FEz
A az oA FE ARG AHZAS SRR 5L o] T

Aleln 93¢ 420 JHINTE o 5%AE 2AFY. 2

H Z2FAL AZAY7[AN FUAF(RAFTEIAL : 3 ~ 5 sec, IFE : 160torrF
)@ the 4¥E B ®9e) &32@sANY ¢ 15 ~ Wse0)E AR TS
2 ol&slel AFAAZ 2E oldHr). o]¥H WA 150C~200C W9

o] AFolA 25min A= Aol e] AHAXIE T3 AFLRE VEAL

. — 46 —
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A 3z Halg=o| A= U o|Z7|=0] &

A14d A &

AALAE B4 FAAH THAZ AgelEe Avedol LT e
EAAZ FAGEA ol gHL Ye Aol AFE 2otk x| REY =
yel AN A Ak BYRNE BEAEE u¢ wlRAT Row
PoEn NEE 4299 WIS TR ol g BHRE W ohlz A}
2 Hulzo] AYLE FL2AHY Ao A B 47= A/ 7IRE A
Ui e 93de AR B84 & AES I ARVled ol87le aFx
AAZA o) MLATE FHFAT

¥ 3-1L 2] nAFY] A% vebd Zeloh 19946 FAEL 1607 5HE
o] =T AAE 145% 67E] YA

4

e

E 3-1 29 2ASSIF (PPL July 1994)

(29 1 A\
Ut A= | A
= 4
- e% | qe |23 |de | 2% || S0 W= | 0| oo
Fol - ¥
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it 3-4 The component of rice straw and rice hull.

Component Rice straw Rice hull
Moisture content (%) 9.88 6.25
Ash (%) 1425 17.98
Cold-water solubles (%) 0.94 2.08.
Hot-water solubles (%) 11.83 578
1 % NaOH solubles (%) 35.59 28.91
Alcohol-Bezene extract (%) 173 0.61
Holocellulose (%) 71.12 73.67
Klason lignin (%) 25.21 38.90
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Fig. 3-4 Pretreatment yield and screened yield of
rice straw.
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Fig. 3-5 Holocellulose and Kiason lignin content of
rice straw pulp.
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Fig. 3-9 Effect of drying temperature on Hunter
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Fig. 3-10 Effect of drying temperature on whiteness
of the tray.

250



L(EE)E2 F3 #Zasla aghe 9zt I7kehe %S Byon, 20T/ &
E57te] et FEHeA & FS A ggton) 250Te 2xdlA] :xg =1
ol WxAM tlFdA EFF AxE JePlIoh 3 Whitenesst 2folo] W)
AR B 2Egvbd wE FAske AYE IR FULEdAE AR
Whiteness7F B A Uelgth E=AFAdME @3 wdle] $8% dAolmg
B A0 283 180T 220T e XY= 3% NaOH= IR A
& 93 AL HEel A WEGE vehiie] Fxgrlo] WAE o] A A
A g Ao vyt Iy 250CaA QRAZE F%E Wikgkol 60 migt
< Bol Fxgy] o] 14Y vk HAEE 4 $ YUk

2t g oo A=ME

RAZAZ WE B 872 3F5E W3lE Fig. 3-11¢ Ytk dxzo=
HE 3ReA 58 BHA ARk uE F4-&ol Aol HnA FA Jelg 6
Eelol] 1I80TE AL BE 2=dA o] 10% wigte] ==3lgich dwtao
R Ex AYIGA Q] Azoe 4FAR, 2F9HAZ Fol FE AMEHT et
B AfoMye gadz=gAe A8sd X478 ARG e ARz

AZLE 200Codoln] AR 68 AX7 2882 & 4 ULk

el

g AN AxeEdo] BE Wrgrle) £38L Fg. 3-122 e
, o) W, E e B AzAZ) A3l ue FAleke YL

& 3o 53 ol HuH AT FHFEL RYk &

b
s
38
oy
It

i
X8
l
Kl
rlo
e
4
i
-
A

5] & el £580] do] W F5& Hu} o ¥ A= IA vEych d=E

= FgA e ARE ARELAE TUELE AR AT Ay A5 ¢

o

e e FLF QAT A45Y] WEol P Ax2AL PR WY 2 &

2 PAZE 7€l sydrh
2. A1 wPE=| AEWEY ASY B



Moisture content(%)

100

Time(min)

Fig. 3-11 Effect of drying temperature on moisture content
of the tray.
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Fig. 3-12(a) Effect of dfying temperéture on shrinkage
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Fig. 3-12(b)' Effect of drying temperature on shrinkage
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Fig. 3-13 Pretreatment yield change of rice straw pulp.
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Fig. 3-14 Klason lignin change of rice straw puip.
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Fig. 3-17 Tensile strength change of rice straw pulp.
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Fig. 3-19 Elasticity change of rice straw pulp.
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Fig. 4-1 Effect of mixing ratio of rice straw pulp on
density of foamed pulp cushioning materials.
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Fig. 4-2 Effect of mixing ratio of rice straw pulp on
| specific volume of foamed pulp cushioning materials.
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Fig. 4-3 Effeét of mixing ratio of rice straw pulp on
bursting strength of foamed pulp cushioning material.
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Fig. 4-4 Effect of mixing ratio of rice straw pulp on
compressive stress of foamed pulp cushioning material.
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Fig. 4-5 Efféct of mixing ratio of rice straw pulp on
absorbed energy of foamed pulp cushion material.

- 102 —

100



AEE 02g/cm’, M4 A £ Z1AA AHe AR wFgEgie 7 S

I o8 Az® WA AP89 2% 0303g/em’® 53 vlms] 2 o® B A
A AzE X 43A9] dxEe JIE 3EUA RAEx 4FA) v A W
35K %A T Table 4-29] A-33+= 2}o]E Ko A2 Know-HowE 5381
AxzHe] 7HEdAch

HRAYzol TP S F7}e] ©E AE AFA 9 AIPEE Fig. 4-39 2t
t}. CELLCOM-F, F@¥Ae] 7Z¢ FxPds F HIPx9 %éﬂl%"] 715kl
el FdAEE FAHeR 78U 100%7F HAA 3t gihse FAS B
gom WI¥A ADstE AHS-3F A9-£ RFAIZLo] FAu|E&o] 100%e] 2 w7t
A AAFET ALHoE FUMHE %S s, 2¥A ADstE A3t
Az A A3 ESu]EC QoA B SXxAG vld] HLdP=7} v F A
eI AR 24 EE EFT AR AEAT B8 Ao F ¥
E AR & A9t A € HEAEE Ze ALE AN HFEAT
Ayt 2RF =7 HEAE AHSF ATRY % o2 FHrhE A

Pzl UL Zvle] wE ¥ 4Ee] ¢=3= HE Fig 4-49
el Atk AlEHe] 50%ANE FE GEANEAA, ¢5EH S LA B¢
HFIE 50% ZANA 71 =A ek, Az ez Fu¥A|, CELLCOM-F,
ADste] £02 &30l 7 Ueytth 4 0012g/cm’S! ¢¥ Zg2"d &
& 9% 0037g/cm’Q) HE ZYPogAe] Fg A 50%Y wW ¢HgHL o
lkg/cm® AF2A YRAWTE A=Y E¥ 434 F /3 4EA=} B2 34\2.
2 39 "HIIYEZ 50% EFSFEEOAN FLEA Ae gEgHol <of
062kg/cm*E JElRenz Zare WY g3 vF) Axr}t 22 FL F
Aol aeld o iAoz w32 QhE3ES ZE AoE SAHJU

R Yol T Lo WE LX fZAd N FAAE A= Fig. 4-59
2. &% E£ZA ¢ 3 F4E FTuAs Avidoz FayAe A4l

= 103 —



B} MEAE AMES AR dwd Egoen 75% THHE RIFEZ AFA A
Ee FHouAE Vel A}t 53], CELLCOM-FE AH8-3te] A= 45
75% EFFFAA EFAUAIL 713 ZA JeEgth dutdez FAAE LS Aw
o siete] @ T7HE FLOUAS %?gﬁ}%‘: Aoz B¥ Ey2dd gFAe F

sigro] Brlsta e A0 Uiy AP T2 A" FFAEE S3¢k=
Wi o 2 Algstged 2 A $XxAL FHA JAE FEIAV} vaHy F
g AFE Jehigles ARuX S 82 ARESe] Az FF LXA
Zole gl Aoz FAHU

L AE WEASNo R=AH

HAYTE AA2F SFXAAFE] EF 4AF A¥ALL 1A% FARE
Ao 2 Yelgy LESFARY FEAE 2 AR AGHAY. I TxHY
of FF ARTAF Wil EAder HE & & ANk A58 Exgh
272 Car stereo® AT F 19 4-63 2L AFE=9 09 4-79 4¥ES
Az3H

ok

H
fnt

3

ofl




% 4-7 Car stereo®] W¥ 2437

WEQFL 99 BEE T

Microwave oven elX] XAIZ] & AZIAHAA HlEFA o] Wo] doju}s 4
E&F HA7A Microwave dryerdlA] A%E 488193, 883 35% o]s) =
B 327144 agAazsigo

Az FJFEL ABF22 FAFTHo] 95391, AZRIINE T2 A
o2 AaHAT. 53 AxFAHol @idlu AMuE NHY AzrEE 7|
Hrxee AzPdel niste] A Ao ugy. F AYgee) wIUE Aze
Rd — o]EAA — Cutter M/C —Rotating digester — Pulper — Beater(®%£:
Refiner) — Filter — Separator — Pulp®] 0.2 Ax3Fto] %1, d¥HYPS
A AMzdd e RFIAZ(FRFF 83%) — A7/ TF > Zoo) 29 - &

oA Wde] A4 B AYE elste] PES]

A AAEEE - 1ARR > ol¥ - 24A% - HTAF Lok

— 105 —






4. KA Microwave dryer?| M Az U Ys4H
(7H) Microwave dryer®] A A&
Hxggor AzFAN WE FLAXNZE EFJVY ARVE £ £ A F
1€ 7189 7I8EFS 74, AT 4 Aev ARVIE ARF wdel ¢
X7F dold & Ae &7 7tEdolojo} Hrl watA 7tEY0F Microwaves
AEPI o]l F o83 A% AxV|E A A HeAPE FPSArh
7Y 4-82 Ax79] diEen 19 4-9= 944 Microwave dryer?] <3
< Yeld a2l

123 1539 APLEA, =37 system, Cavity system, ZHjo]o] system

o

2 Main control2 FAHACE vIIVEEE OM7ESE  2set AX AL,
2450MHz¢] AARE A& & Y=F I Cavitys A7F 73 28w
AZRE FASIA, SHlololE Rl X ste] Fvlolo] =2 A&7} Eol7haA
AZHEE ek old AAHr} Wro g FAHR] G2 i AR F54)
E FFAT B IHAZREC] d4For TH, M1E9E F UEE Flelo 9
ot w7189 £% a3 Az S Y] 2EE 4 U=E AR

(\}) Microwave dryer®] A543
AAEZe} HFETE 100:0, 5050 © 0:1008) W &2 EFRGE 3% 2= 43
A8E 7] 10cm x 10cm x 25cmE Z7} A F AREAL B2t

AZAAA L conveyore 0.25~03m/ming] £%:2 olfEHon, Microwavegl.
YL FFAFE 01~015A9 PHHdA =233aA AzHJAG. B SEAA

£ S3te wi7]8E JHEAIZER ARAIR ] Evolo] SHAIZHE 680t

Fig 4-102 3%2] 434 Al59 AZIJHE Yekd Aol

&, 77 25cm, Z7I14E 71~73%9 &5 ANE= A% 308 Fd <o PH~
42%2] FEFFES BRI HIAFFol B24E ARLEEE wMEALZ Yy
100%2] HAFUx Algo|A] AR 308 Foll 35%9 FEFIFE 4L & A

- 107 -



TRB [P oAemonIN 87 BT

©0O°

N

@)

s it B

XX -

AlddNS ¥3IMOd
¥00da

W3LSAS HOAIANOD
(ALIAVD) &%

S AW 0

— 108 —



a3 4-9 Microwave dryer?] 913 %

g BE GFANA AxHAF WHYAFETFE o 3B5%UAA Aoz A
Aol A & & AT B QT2 FE AW 592 Microwave dryerE

W $EAY 14 AR olg R AR 30%e] WIAAAFEGF o5






—&— Paper P. 100%

70 - —— 50:50
—aA— Straw P. 100%
< 60
b=
[}
c
O
(&)
o |
§ 50
0
(o)
=
40
30 | i | | I
0 6 12 18 24 30

Drying time(min)

Fig. 4-10 Comparison of drying time on various foamed
pulp cushioning material.
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