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SUMMARY

The agricultural industry is being specifically divided, specialized and
mechanized. As a result, a nursery industry has been greatly advanced. At
present, there are generalized seedling raising factories which utilize
containers(plug trays and pots) in producing the seedlings of garden trees or fruit
trees. As process seedling raising factories, batch seedling raising factories, and
pot seedling raising factories for woody landscape trees rapidly flourish, the
demand for seedling raising materials, such as pots, plug trays and sheets, are
highly ' increased, requiring quality seedling raising materials. One of the biggest
problems in producing seedling in plugs is exemplified by the overgrowth of
plants or abnormal growth in a rhizosphere. While the overgrowth of plants is
easily solved by physiological, chemical and/or physical techniques, the growth
control in a rhizosphere has extensive fields to be researched.

In many cases, the seedlings raised in conventional pots, which are utilized in
vegetable cultivation, are not constant in quality and not substantial in rhizosphere
growth. After transplanting, these seedling are diseased or show poor initial
growth, so that a significant reduction in quantity occurs. Within conventional pots
and plug trays, the roots of the seedlings are curled up and twisted. In addition,
matted and kinked roots are generated, causing growth inhibition after
transplanting. Particularly, few rootlets are grown while main roots are lengthwise
grown to the extent that they get all tangled up. Thus, after transplanting, the
seedlings suffer from rooting delay or root cavitation, having difficulty in nutrient
uptake. Further, they are apt to be infected with root diseases and to be damaged
from drought. The root entanglement within conventional plug trays makes In
difficult to separate the seedling from the tray cells, so automatic planting
machines are not used with ease.

Where the roots of the conventional plug seedling undergo circling at the walls



of tray cells, they are liable to suffer from low temperature or high temperature
stresses so that they cannot have substantial rhizospheres. If the plug seedlings
whose roots get tangled up and matted are transplanted in high altitude cool
regions, the rhizosphere system becomes narrow. In addition to being poor in
nutrient uptake, the seedlings come out easily or are overturned In rainstorms.

When the seedlings of fruit trees or garden trees are raised in conventional
pots, only their primary roots actively grows while few lateral roots are produced,
so there are problems caused in thetr rocting and being separated from pots. As
for the rice boxes in which seedlings are raised, their roots are extended so
deeply into the soil that it is difficult to lift up the nursery boxes.

Besides, plant farmers want durable and reusable seedling raising materials.

Therefore, it is needed to upgrade seedling raising materials, such as pots, plug
trays and sheets. The seedling raising pots, plug trays and sheets in current use,
however, are merely simple-processed products made from plastics. Extensive
research has been made on various high value added plastics, such as engineering
plastics, but little is done on the pots, plug trays and sheets for nursing seedlings.
Particularly, no seedling raising materials containing agents for the regulation of
plant root growth systems are found.

Conventionally, seedling raising plug trays are manufactured from high-impact
polystyrene resins themselves or by coating high glossy styrene resins on
high-tmpact polystyrene resins in a co-extrusion manner. Alternatively, they are
manufactured from olefinic resins themselves or by coating one olefinic resin on
another. The resins are formed into sheets or films or vacuum molded. As for
farm household sheets, their desirable shapers are obtained by mold processing at
high temperatures or pressing after sheet production.

The intensive and thorough research on agricultural materials for regulating
plant Toot growth systems resulted in the finding that seedling raising containers

prepared form a plastic resin in combination with a growth regulating agent for



plant root systems allow the seedling to have substantially developed and healthy
rootlets. This process was a co—extrusion type, while bottom layer was made of
polystyrene resin and a top layer was a polystyrene resin having root-control
agent. For the coating layer, polystyrene resin mixed with copper compounds,
known as root growth controller and the amount of copper ion was investigated
periodically.

In the present study, the seedling raising containers, such as pots, plug trays
and sheets, are tested for the growth and development of various plants, including
tomato, pepper and cabbage, chinese cabbage. The results were as follow; The
objective of this study is to investigate the effect of copper-coated plug tray on
growth of cabbage, chinese cabbage, pepper, tomato and to develop the optimum
concentrations of copper for regulating the root circling caused by container
cultivation and promoting the growth of whole plant. Seeds were planted in plug
tray coated with componding chip containing different copper concentrations and
non-treated plug tray. Growth responses of seedling such as fresh weight, root
weight and dry weight were investigated every 10 days until transplanting.
Growth responses showed that there was significant difference between seedling
grown in copper—coated plug tray and in non-treated plug tray. Especially the low
content coating of copper was the most effective treatment for improving seedling
growth, inducing a lot of fibrous roots which play important roles for nutrient
uptake. The plant height seemed to be significantly retarded by copper coating
concentrations, showing the shortened plant height compared with non-treated plug
tray. In the plug tray cell number experiment, the 105 cell plug tray coated with
copper increased fresh weight and root weight, compared with 162 cell plug tray
coated with copper. Morphological characteristics showed that the copper induced
the serious damage for root structure with the increasing of copper content. The
root growth was severly affected by the high content of copper content, resulted

in delaying root growth in soils after transplanting. The low content of copper in



plug tray was the most effective for controling and improving root growth. As a
result, the optimum concentration for coating plug tray with copper to prevent root
circling and to promote growth of chinese cabbage appeared to be the low copper
content I compounding chip processing. materials such as drug release system,
coating materials. Other researches usihg seeds of bedding plants such as flowers
showed that the root systems seriously damaged, resulted in causing the retard of
growth. Therefor this tray was not recommended to bedding plants such as
flowers, but only useful to vegetable crops. The present study has been doing for

developing plug tray to be applied to bedding plants.
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o FAA FYA7F JAFHA Fovd, BFI2 AFE FEXYFAA Ao
£H e A8 YEUAHTable 1, 2). 3094 2olA CHel79 A Fo] 212g02
7t =95, BHE 7 1.76g, ARE T 16722 F89 ¥ 57 2242 Q8o
Tt tHTable 1). ol FEAGTAAN 27 AT EL FAW AFo] 1Y
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PFoA FEA FA7F e 2270 JAHE Aol FAHAN(Fig. 3). NdF A

F& 109 HolM FAg 79 ZFo] 01gez FAHATY 008gel Hla A et
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Table 1. Effect of copper-coated plug tray on fresh weight (g/plant) of Chinese

cabbages.
Days after seeding
Treatment — - e
10 20 30
A’ 052 f 0.80 e 1.67 b
B 061 f 098 d 176 b
C 0.62 f 1.00 d 212 a
Control 057 £ 105 d 1.599 ¢

“A: Plastic sheet coated with compounding chip containing 20% copper (v/v)
B: Plastic sheet coated with compounding chip containing 15% copper (v/v)
C: Plastic sheet coated with compounding chip containing 10% copper (v/v)

"Mean separation within columns by Duncan’s multiple range test, P=0.05.

Table 2. Effect of copper-coated plug tray on upperground part weight (g/plant! of
Chinese cabbages.

Days after seeding

Treatment B T
10 20 30
oA 041 f  o07le  143b
B 053 f 0.85 d 152 b
C 054 £ 0.84 d 1.93 a
Control 0.46 £ 0.85 d 1.34 ¢

“A: Plastic sheet coated with compounding chip containing 20% coppe; (v
B: Plastic sheet coated with compounding chip containing 15% copper (v/v)

C: Plastic sheet coated with compounding chip containing 109 copper (v/v)
*Mean separation within columns by Duncan’s multiple range test, P=0.05.
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Table 3. Effect of copper-coated plug tray on underground part weight (g/plant)
of Chinese cabbages.

Days after seeding

Treatment “*ﬂﬁ—i-(;—“ 20“—‘——‘_"@ 20 "
- A* _mWﬂ’Nﬁ.“O.O? ¥ 0.08 ei?“ B 0.23 a B
B 0.08 ef 0.12 d 0.25 a
C- 0.08 ef 0.16 ¢ 019 b
Control 0.10 de 0.16 ¢ 019 b

“A: Plastic sheet coated with compounding chip containing 209% copper (v/v)
B: Plastic sheet coated with compounding chip containing 15% copper (v/v)
C: Plastic sheet coated with compounding chip containing 10% copper (v/v)

"Mean separation within columns by Duncan’s multiple range test, P=0.05.

Table 4. Effect of copper-coated plug tray on root length (cm) of Chinese

cabbages.
Days after seeding
Treatment e —
10 20 30
A* 3.26 h¥ 537 6.26 e
B 549 f 8.12 cd 833 ¢
C 408 ¢ 8.64 ¢ 10.50 b
Control 7.46 d 16.21 a 16.93 a

“A: Plastic sheet coated with compounding chip containing 20% copper (v/v)
B: Plastic sheet coated with compounding chip containing 15% copper (v/v)
C: Plastic sheet coated with compounding chip containing 10% copper (v/v)

"Mean separation within columns by Duncan’s muitiple range test, P=0.05.
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Table 5. Effect of copper-coated plug tray on fresh weight (kg/plant) and root
weight (g/plant) of Chinese cabbages after transplanting. Seedlings
grown 30 days in plug trays.

Days after planting

Treatment S —————
30 60
D Fresh weight(kg) o
A’ 0.83 de” 3.05 ab
B 0.82 de 289 b
C 090 d 325 a
Control 0.66 e 264 ¢
Root weight(g)
A 860 ¢ 30.08 a
B 6.07 d 2852 a
C 6.90 cd 2882 a
Control 6.35 d 2484 b

A: Plastic sheet coated with compounding chip EBHEming' 20% copper Gy

B’ Plastic sheet coated with compounding chip containing 15% copper (v/v)
C :Plastic sheet coated with compounding chip containing 10% copper (v/v)

“Mean separation within columns by Duncan’'s multiple range test, P=0.05.
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- i # x |} -
Control Treated

Fig. 1. Effect of copper—coated plug tray on root morphology of Chinese cabbage
after transplanting. Seedlings grown 30 days in tray coated with
compounding chip containing copper 10% (v/v).
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Fig. 2. Effect of copper-coated plug tray on root morphology of cabbage seedling
and after-transplanting, Seedlings grown 30 days in tray coated with
compounding chip containing copper and then transplanted A, B, C

increasing copper concnetrations, D: control



Non- Treated
Treated

Fig. 3. Growth responses of Chinese cabbage seedling grown in plug tray coated
with compounding chip containing copper 10% (v/v} and grown In

non-treated plug tray.
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Fig. 4. Effect of copper—coated plug tray on root morphology during Chinese
cabbage seedling growth. Medial and longitudinal section of root tip
grown 30 days in plug tray. A, Plastic sheet coated with compounding chip
containing 20% copper (v/v); B, Plastic sheet coated with compounding chip
containing 15% copper (v/v); C, Plastic sheet coated with compounding chip
containing 10% copper (v/v); D Control.
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A

B
Epidermis Epidermis
of Seriously of Damaged
damaged root cap
root cap
C D
Epidermis Control
f Inhibited
root growth

Fig. 5. Effect of copper-coated plug trav on root morphology during Chinese
cabbage seedling growth. Cross section of root tip grown 30 days in plug
tray. A, Plastic sheet coated with compounding chip containing 20% copper
(v/v); B, Plastic sheet coated with compounding chip containing 15% copper
(v/v); C, Plastic sheet coated with compounding chip containing 10% copper
(v/v); D, Control.
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buffer(pH 5.2) 235m¢, 1% H:Oz 10mf 28] 32 guaiacol 0.5mS &3 whg ol 29pid
TAFEE 01nE 74etd 500mol A 1877 $3 =5 SAsAh IAA oxidase &4
FAE 933 29 25m EA4AFEY, 28 350ue/ 2 IAA £ 2m¢ 0.1M phosphate
butfer(pH 6.2), Im¢ 10°M MnCl: 283 25m 32 FFFS £Fsd £ 10ME 4
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19679 Atd AnE dEdYdh olE 94 SEAST F4ge et el
o] Yol sAsie] dd Felst A o Al BEF] Y Ao Bpod
o 209 29 308 B ZFFNA FARLTY EFF FHYTA v dA
3 we AL WeBo] FANYH Edols) Huld wowy T Yy P

O

O

Table 1. Effect of copper-coated plug tray on photosynthesis rate during Chinese
cabbage seedling growth.

Days Light intensity( z mol/m*/s)
after Treatment ——————— —— e
seeding 100 500 1000 1500
10 T* 2.04 b¥ 5.16 ab 571 ab 590 ab
Control 224 b 523 ab 243 ab 554 ab
20 T 111 b 339 b 360 b 365 b
Control 233 b 326 b 401 b 358 b
30 T 442 a 742 a 773 a 799 a

Control 216 b 473 ab 5.09 ab 5.13 ab

Plug tray coated with compounding c}up containing copper 0% (vAv)

"Mean separation within columns by Duncan’s multiple range test, P=0.05.
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Fig. 1. Effect of copper-coated plug tray on respiration rate during Chinese
cabbage seedling growth. T, Plug tray coated with compounding chip
containing copper 10% (v/v).
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2o} vlFAALY F5FS AU Aozt vEdA gtk 309 A FEA
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Table 2. Effect of copper—treated

plug tray on nutrient uptake of Chinese cabbage

leaves.
Days 7N P K Ca Mg Na Zn  Fe
Treatment after
seeding (% of DWY) (ppm)
Control 10days 306 029 30 14 02 012 85 273

30days 2.39
Treated 10days 3.39

039 20 15 024 013 108 678
039 31 14 023 013 123 458
032 17 14 024 010 103 578

“T-N: Total Nitrogen
YDW: dry weight

Table 3. Effect of copper—treated

Chinese cabbage root.

plug tray on copper concentration (ppb/plant) of

Treatment
Days after seeding — _
i Control
10 755.2 3899
20 902.8 580.2
30 670.6 450.9

Plug tray coated with compounding chip containing copper 10% (v/v)
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Table 4. Effect of copper-coated plug tray on [AA-oxidase and peroxidase activity
during Chinese cabbage seedling growth.

Days after seeding

Trement :
10 20 30
Peroxidase activity’ h
A’ 78 138 669
B 108 95 o956
C 91 101 204
Control 129 125 194
IAA-oxidase activity”
A 254 154 79
B 204 177 91
C 229 169 102
Control 161 103 100

“A: Plastic sheet coated with compounding chip cortaining 20% copper (v/v)

B: Plastic sheet coated with compounding chip containing 15% copper (v/v)
C: Plastic sheet coated with compounding chip containing 10% copper (v/v)
YPeroxidase activity = unit/mg protein/min

"TAA-oxidase activity = % for control of 30 days seedling
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FEE FYUANYTY dAol ¥ $Es € 7 UAJH(Fig. 3). AAFTL 139 4
T F FFY AYF AxFig. 5L FHAAHTS FAYFAA W BEE UE
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}E JeErdY. EntEE 1F39E g FEAe AN ASFrE deE Q4R
o} AeF-o Aol BF fosted AAFe] A TN & Fow FIHF AL
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Fig. 8. Effect of copper-coated plug tray on rbot morphology of pepper seedling.
Seedlings grown 70 days in tray coated with compounding chip containing
copper and general plug tray without copper. 1: control, 2: control after
transplanting, 3: treatment with copper, 4! treatment with copper after

transplanting.
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Fig. 11. Effect of copper-coated plug tray on root morphology of tomato seedling.
Seedlings grown 70 days in tray coated with compounding chip containing
copper and general plug tray without copper. 1: control, 2: control after
transplanting, 3: treatment with copper, 4: treatment with copper after

transplanting.
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139 F£8F MEuk$e Table 1, 29 v ttig& FAE 7o 23 688cmol
) 2E FEiAa T BA Jelyd. 338 T TS FHEYFNY 2 oA

AL AAE T A St T34 119emell Bl 0.8em B 2 A YElwtth F3 2
A= T2 0902 7P =4 dEbsal, AR 376702 H A A dEers
ot #a 3 AR AFo] ANF T 141go® P BA, FA T A @A o
Bt A AR S v st S W Ao TR vl o 6.3% ol Tt
g Aoz YElGt(Table 1). 533 T 79 240 Ao vla HFHo=
A vetda, 3R A3 BAR s b st 77 AdsEs SRy
260700l v AxElFE LIAE MR s, 3 3 Aw AFEL AT 149
of ®lal AMeETE 135g0 2 07g A% © A vElsth ey dAASsge 33
o] AZAE EFsta FF AAdF7E M e AXE Y Aso] s g-reha
ok 85% °1% F7HaFATH Table 2).

EvtEe) #3%F LSS Table 3, 45 Rtk AP FF A= AdeTE
Aojsa TAeT 1004 M BE FeA Tl 2 A% Ak A @ A
F BAFe A HYTF FAAM FAEYFrE 273.2g02 b k5, DA T 260.1g
o8 FEAgTFAAN 7HE A ded, dAFFS FA T 4050keel s DA
2T 4500kg© 2 oF 111% o]0l FrbetAdnh 3k T A FolN FA ol v
sl 7183 FARo)l dAsE Aol AAHUTHTable 3). NFe) FFHA5E F2
T 13002 BART 134 wsd 2as dedon 4 @ AY #HEe
Al 77t 2163gel Hlsl BA e 7 2373go 2 Ueht AAFFEL BTt FA
Fol wlE o 107% FFEHE UEdch 71 F3 2Aee B PN FA2 T
Ala] e @A dehgoy e TR oA FA e wsaAY 24 e
Y thH(Table 4).
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Table 1. Effects of plug tray coated with different concentration of copper on
growth of pepper culivar ‘Dabotop’.

Plant Fruit Fruit Fruit Fruit
Treatment height diameter length ght  dry weight 00
reatmen eig lameter leng weig weight
(No./plant) 5 (ke/10a)
(cm) {cm) (cm) (g/each)  (g/each)
Af 787 2.2 12.7 376 14.1 2.7 795.3
B 70.6 2.1 12.4 39.1 126 2.4 739.1
C . 82.3 2.0 11.7 383 125 2.5 718.2
D 736 2.0 11.9 396 127 2.4 754.4
E 68.8 2.1 11.9 409 12.2 2.5 748.5
ZA-D: Plug tray coated with different concentration of copper
E: Control

Table 2. Effects of plug tray coated with different concentration of copper on
growth of pepper culivar ‘Nokkwang'.

Plant Fruit Fruit Fruit Fruit )
T height  di length T ght  dry weight 00
reatment eight lameter leng weight weilg
{No./plant) (kg/10a)
(cm) (cm) (cm) (g/each)  (g/each)
A” 75.1 2.0 11.9 31.1 135 25 832.4
B 74.1 2.2 12.5 239 146 2.8 742.4
C 69.7 2.1 115 29.0 12.9 2.4 754.7
D 75.7 2.1 12.3 26.4 13.6 26 7425
_E 709 2.1 12.2 26.0 14.2 27 766.8
ZA-D: Plug tray coated with different concentration of copper

E: Control
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Table 3. Effects of plug tray coated with different concentration of copper on

growth of tomato culivar ‘'Youngkwang’.

Fruits Fruit weight Abnomal fruit Yield
Treatment ‘

(No./plant) (g/each) (%) (kg/10a)

A” 8.0 258.8 2.5 3,150

B 114 234.3 1.7 4,060

C 11.8 228.5 10.2 4,050

D 114 260.1 53 4,500
E 10.0 273.2 14.0 4,050

ZA-D: Plug tray coated with different concentration of copper

E: Control

Table 4. Effects of plug tray coated with different concentration of copper on

growth of tomato culivar '‘Suekwang’.

Fruits Fruit weight Abnomal fruit Yield
Treatment , . )
(No./plant) (g/each) (%) (kg/10a)

A” 12.3 222.3 49 4,050
B 13.1 237.3 3.8 4,650
C 146 2095 4.1 4,650
D 12.6 209.3 6.3 3,900
E 13.0 216.3 46 4,200

“A-D: Plug tray coated with different concentration of copper

E: Control
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AES 2Rt FAZAEA SUEHA 2A, Az & FAAME o)FF

25 oj73 3oy AA tF & FEVIEE 7E3F o] M A4SV E AEEo

ot o] A= ¢E7] 7HF0] 433 AW AXUE golNER S ¥
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ATt A dF FEFHL Ao & AN JFANERLE FE3 24
qF

A5 dF B, AFAE, FAXE, HEAH 2 WFEA Tol dAFEY 7IE
o] Edol g ANES FF5H EAS AASHA ] doie ZAxHAE EY2Ed
S 48t staR g Yo SHo2(FA ¢ 1A 2000 ZB)THE A A EA
o} 7VIARAEREGE FAZAFZH JFAEE SRk &8 FdFo FAZEA
9 Z2HAFAE E45t 2 olfE ZAXAA A2 B S
oz wE ¢ fu E2AEAFLAE 9o ugFd AbgstE w9 TSt
stebyel Auie AudAe AU JEAEFo] HasH $F NE BHE
Uetd)7] wield, o] 33L& 7E9 @ Zeja Eo|BNTAR Tt ¥
A HHgago] Folatn] HPF e 2HEWUSY wE NESAHE At nFEF
o] NEEZ Mests Aol o] dAdME T2 AEAZAC Hdid 2L 29
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FFHon FAW ;Y] oJgoT K] AaHA ATk Wb B Ao
2340l F71E1 HEF AEY BHE 45F d3vel v 9
JMuE o o4 AT FAsA st

2) AW ZRAEEA S AT
-1 CuAl AE ZAZEA
Aesh vhe} Zo] B AFsddA Azstuxsis $u471= 71&9 =HAdEY
zxgo] e el §7|AA AEZAAAE 8
€9 ol&dl &olste®E st FHFEE FAG M YA EUARFTAHL
A Ze]a2XAFRE 200 - 400 ‘CHES] T2 &

§
9N 2 eEAH ZAxF sel Ush: LFS BE 7 AA) Wb mepd, 294

2
Ry
ol
iz
lo
fo
X
2
rII
&
o
2L

I & 539 A3 Cud 2ARAAE HAFG
AE FA 2AARZE g Cudl SEEEC 284 JdEU 45 o CulOH)2,
Cul, CuBr, CuC03.Cu(OH)2, Cu(QAc)2, CuS0O4, Cu20, CuQ 2 CuCl o] ¢aA

GEFANA EFsdolated $ET ol
THY o2 HPE FYL A=A B Ao £8¥ow ud mdHs
Exyoz uey FuE ASsd d¥e AASAT Ny LEE 200 - 4009
A1 - 10087 £88 F B42 Al
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® 1 E84F1

CAgds [ PSFEA | 2AzAA = T
o | I V. S VR - |
1 ‘ 20 80 - |
- I R —
‘ 9 ( 30 ‘ 70 - |
‘i 3w 60 - |
4 50 50 -
i{ 5 60 / 40 ; - :
B 70 30 | -
L7 80 20 -
- L
L 8 80 20 K-165) |
9 70 30 K-1(5)
10 60 40 K-1(5)
/L 1 50 %0 K-1(5)
12 80 | 2 K-
13 0 30 ST
N S S ] I
14 60 40 K1)
S ,.,4% S S — !
15 50 50 ! K-1(D) !
TR 20 K25
v w ] ke
[ R N =
18 60 | 40 . K-20%) |
S ‘ S —
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BT PS%=x| L RAIRAx E&A
(A-2) .
24 50 50 -
% 60 40 - B
% 70 30 - o
27 80 20 - ‘
3 80 20 K-1(5) "‘
29 i 70 30 K-16) |
g & | 0 K-1(5) *
31 50 | 50 K-1(5)
% 32 80 20 K-1(1)
— 70 30 K-1(1)
2y &0 40 K1
| 35 50 ) i K-1(D
" 80 20 K-2(5)
3 70 30 K209
—® w 40 K26
. 50 | 50 K-2(5)
S 80 20 K-2(1)
a1 70 | 30 K=2(1)
% % 0 | 40 K-2()
B 5 | 50 K-2(1)

x ZFEZEZ 1200 - 300 °C
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4 24 2EA2 3Yd 28 Feja Efeld A =3 7le Aw

AE 24 2AAE TR/ FA(resin)E AMEF EFolst 24 28 AHAE g
W7 JaidE A Z2AN £ BAAN A3 @A =Hojowt 24 zdags
s & Yo BEd dRAEEE 24 23 5%E U & I "4 Eo]
o gAo] YB =AY dojux god 28 EFHV A9 JAHT Aol Y§
wed 27l 2dA Fxo A2 Rt gSo] AXHAY xrT ZHY
Yetdn a%de A 2AE g THHRA Rd A vk ﬂaﬂt}. B A o) A
2abak7) sl 234 HAS B8] 2AAEY wHe A3

3
i

= A
Fel gol YT 2A 2AA} FHE £ NGBE FANY T FLAA 97
N7 A% Fol gho BESE FAFEE S4%9 A T3 RS AQ gt

HA7bAl 2 A x40 92 g3 54

(4 2284 A-1€ AL 45 A 4%)

28 2 A852A 23 24 2AEA A-12 Aol $539 Edo AxFH
e & Aol AY douA F& Ao R HrtE A-18 <A 2HAER
o ZelzgAsd dFd MEzANN Jtd E4d F YL SASHCL
43 ZAUbAY FR0 we agd gA 5A4E veEddsH PRoY A A
2 24 244 gy 0194 10wt%E A7HsIRE ASdE AbA e = G
o] gAEAs 3 vFagn FAAE AEHA F& A HAHNE EHE
AR LAY ¢ JAAJAT(FI) "W E o2 A9 AVAQ L, C T8 R T22LE
A7AAE A8 8 23 AFE ge) ST PAERL UBART 10wkeld o2 4
&89S Afdle gFP UF AN 238 EodoF & Az JAPol A dE
o B 24 2249 AP A FFHG Pl wd A
2ol PALEEE 24T F AN oo diFF AL AFPS dAe A 2 g E

dA AR e £2F e YRFES Axd 7 AAR(ED)
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E 3 24 244 A-19 341

g PSR | Z2A AR gﬂzﬂ 44
(gram) (gram) (gram) 13 o3} 33}
1 35 35 0 1.36ppm | - -
|
2 25 45 0 525ppm | 6.28ppm -
3 35 35 0.06(PR) 1.11ppm - -
4 35 35 0.25(PR) 606ppb - -
5 35 35 0.5(PR) 1.68ppm - -
6 35 35 L.O(PR) 1.46ppm - -
!
7 35 35 0.05(A) 1.35ppm E - -
8 35 35 0.25(A) 2.98ppm 2.4ppm 2.85ppm
9 35 35 0.5(A) 257ppm | 3.33ppm -
10 35 35 1.0(A) 3.32ppm | 4.16ppm 4.2ppm
11 40 30 0.5(A) 1.69ppm - -
12 45 7 0.5(A) 700.6ppb - -
13 475 45 05(A) | 119pm & - -
14 35 35 5(A) - -

. 2.08ppm ;
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¥ 4 24 =44 A-19 P2

- o n
' R 1‘ PSFA | 2AZEA| HE7HA g3 49 |
A | (gram) (gram) (gram) 13} J 23} ' 33}

& \ I
L ) B B L) | 6%7ppb | - -
| | -
2 35 35 5(L) | 11.19ppm | 11.99ppm | 17.74ppm
! 3 | 35 35 (@ 158ppm | 1.45ppm | 1.54ppm 3
| ¥ | i
oA 35 35 5(C) | 10.40ppm | 11.78ppm i%ppm[
N I P P
5. . 40 | 3 50 l 9.85ppm | 11.70ppm | 16.56ppm |
e | 47 ‘ 51) | 695lppm | 896lppm | -
B | T
s |
7 45 | 45 | 50 142 68ppm | 47.19ppm -
S N I R S
8 35 \ 35 1(TR) 2.66ppm { 2.46ppm - |
T | T | |
9 H | % | T8 | Tisem ) 750pmm | 13500m |
10 35 35 1(T2) | 4.17ppm ' 228ppm - ;
L _— __—_}__f — : —
I 35 35 5(T2) | 11.34ppm | 1253ppm | 1597ppm
S R } . | — _f.{!
| 12 45 7 l 5(T2) 11.77ppm | 13.71ppm | 16.52ppm |
— —
13 515 | 45 5(T2) | 394ppm | 4.39ppm | 6.93ppm J[
: - J o R R

I R R H ‘ | 1

S O A & l 35 ‘ 1(PG) | 3.80ppm i 228ppm | -
| ! 1I__—___—J
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¥ 5 @A 22®A A-19) 43
. i
A=A A7 23 49 |
A PS/CO Az A A 1A |
(gram) (gram) (gram) 12+ 23} 33 |
1
1 475/0 45 08(T8) | 732.5ppb | 1.68ppm | 193ppm |
T |
2 475/0 45 1(T8) 728.6ppbl 1.71ppm ‘4 1.59ppm |
04(T8), | o N
. 4. ‘ ’ . 21 2 !
3 475/0 | 5 04(A) 1 430.8ppb | 1.21ppm l 1.21ppm ]
0.5(T8) I |
47, 4, 126ppb | 1.44 1.4
}—‘ 4 5/0 5 05(A) | 612.6ppb | 1.44ppm | 4ppm
i; 5 475/0 45 0.8(T2) I 5009ppb | 1.25ppm | 1.29ppm |
I, 6 47.5/0 45 08(L) 556ppb | 1.31ppm 1.46ppm |
— - 04(L) ‘r |
7 475/0 45 | 269ppb | 980ppb | 1.12ppm
| 04A) ] w
— - | R o
8 | 400 30 | 378 | 127ppm | 2.10ppm | 25ppm
‘** { —— -
9 40/0 30 A(T8)  262ppm | 390ppm | 3.19ppm
B R | I
’ 2(T8) _ | -
10 40/0 30 1 3/75ppm | 3.76ppm | 7.08ppm |
] 2(A) L
11 | 475/0 45 0.8(T8) 519pph 999ppb 851ppb
i il . ;
| | | x
12 4345 | 45 | 08(T® | 862ppb | 143ppm | 139pm
| | ; ? : |
| 0.4(T8) | |
’7 13 ’ 43/45 4, ‘ 1 1.57 1.3¢
‘ | 3/ 5 | 04 \ 34ppm | ppm | 9ppm
h 1 | ! | |
4 i 43/45 45 | 08(A) | 103ppm | 13%pm | 127ppm |
L i l | J )
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(@A 2AA A-1,2 3, 4,5 & A8 29 83 49
24 z=4Ae) £Rs B 92 YL 2RI A5 BE WIHl $5
340l F Aoz dSHE 2A 2BAS AYs £ L NS 83

27 2349 HE ZRhe 2ASAL 24 224 A-12 4

|

€3 Agde Ae7tA 293 FHE g os st HAHs AYS AAGA=H
Adg gy £5& 2t MFES AT F AW = & 24 244 A-229

9
A4e 2Q Bast QAR 7 oAe A4 AL AH8F A-3 49 7B
7] wgolt WA, 2A ZAAR A-1, 3 4% A 8@
A2 F 934E B sk AL A-3 49 B

g 2A 2AAN A-3 49 2L FFQA A5 FUtste 24 244 e BFA-
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6. A £2A A-1, 24 9 €

; . )
PS% X A-1 A7) 94 44 |
(gram) (gram) {gram) 12} 23} |
40 30 5(T2) | 13.17ppm -
40 30 4(T2) 9.31ppm -
40 30 3(T2) 17.72ppm 24.36ppm
4(T2)
40 30 A 17.04ppm
2(T2)
40 30 2A) 9.33ppm
3(T8) .
40 30 LA 11.34ppm
40 30 4(T8) 5.58ppm -
|
40 30 3(T8&) © 6.3ppm -
40 30 3(L) 4 96ppm -
PSF X A-2 A 7)) g3 4
(gram) (gram) (gram) 12} 22}
40 30 4(T2) 771 -
40 30 5(T2) 5.49 -
40 30 5(T8) 2.98 -
|
25(T2) |
40 30 : 2.93 | -
25(A) | |




¥ 724 2AA A-3 49 9@ FPAA
| | 1 ] |
‘ QaHs } I(Z‘S'rzl (A-S) (7‘57]'11]) g3 A4¥ |
{ ‘ gram j gram gram 13 J o3t
% J 1 { |
1 40 ; 30 4(T2) 36.11ppm J 9.68ppm |
- ‘1 | | “JI
J 2 4 ( 30 5(T2) 38.1lppm | - |
( | | |
3w 0 sm8  | eem | -
. | | ;
H | i
I B T ; T
4 o ® 30 25201 o6 64ppm | - |
| 25(A) | UERm |
— | | ] EE—
| | :
50w s 5w smsem | -
_ ‘ i | | I
e | PSFA | A4 ] A LA A 49 :
awes | g | Gram o
j gram ‘ gram | gram ‘ 13 | 93}
" S— | — |
3 1 j 40 | 30 |  4T2 | 11355ppm -
— — —
| : |
2 0 30 | 3T2 | 109%%8ppm -
] | | —
I 40 % 30 |4 [ 17692pm | - |
- 212 |
30 98.35 -
L 4 | 40 2A) 8.35ppm { |
— T fr \
5 I . 30 3(1) | 15444ppm 5 - |
L 1 ] !
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¥ 8 <A =AA A-1, 3, 49 o3 gAA
ggws | PSTA A-1 AAA | 93 4
- (gram) (gram) (gram) 12} ! 2z}
1 40 30 2(T2) 3.62ppm -
2 40 30 4(1) 467ppm | -
3 40 30 3(T2) 5.00ppm -
. N 2 AF
gaws PS4 A-3 A7HA 43 24
(gram) (gram) (gram) 13} 23}
1 40 30 3(A) 20.18ppm 26.34ppm
2 40 30 1(A) 49.27ppm -
2(T2) !
3 40 30 . 61.21 -
BN bpm
4 475 45 0.8(T2) 16.29ppm 17.62ppm
0.4(T2
5 475 45 0 4((A)) 18.69ppm 19.71ppm
- ] 4 | DERL
agws | o7 A S
(gram) (gram) (gram) 12} 2z}
1 40 30 3(A) 17.76ppm 25.42ppm
2 475 45 08(A) | 894ppm -
3 40 30 1(A) 31.72ppm -
4 475 45 1.2(A) 14.38ppm 15.81ppm
5 475 45 %Ail((’l‘f)) 11.25ppm 11.18ppm




® 9. 24 Z2AA A- 3, 4, 59 g FAA
| x| - A 2 A8
Cagws | Do A8 B H3 49
| . (gram) (gram) | (gram) 12 o3 | 33}
1 — { i
l i | ‘ )
‘ 1 : 40 30 3(P)  1802ppm | 20.57ppm | 22.36ppm
‘ — ! |
g 2 4 130 15(P) | 225lppm | 24.50ppm | 22.98ppm |
- | —F 7
| 3 40 30 15(0L) | 44.17ppm | 42.81ppm | 4552ppm ‘
i ‘ f ;’ 1 |
i - ] ~ A o X ‘\r y4 S l
J P, , Pb-r?l A-~4 A7} A SN |
| | #(gram) j (giam) (gram) T T 2w =
i l : . i i \ \
S T B0 30 3P0 | 2592ppm ‘ 25.5ppm | 30.06ppm |
' : ;’ r =
T ! ! - |
o2 W 30 | 15(P) |2668ppm | 2653ppm = 30.83ppm |
S — l |
3 | 475 45  12(®  1643ppm | 19.05ppm | 19.83ppm |
e P—
, 4 40 i 30 1.5(L) | 41.71ppm | 46.05ppm | 55.08ppm
R ——— |
5 . 415 | 45 0.8(L) | 12.72ppm | 1655ppm | 14.00ppm |
L — ' i 5 ! j
Qs | psx A-5 A7A g4 23
| - (gram) | (gram) (gram) | 13 oz} ? 33} ;
o N T ] ] | |
A O - 3(P) | 2667ppm | 28.06ppm | 28.13ppm |
| v . f —
| f ; l | l
2 40 : 30 . 1.5(P) ! 33.64ppm ‘ 3892ppm | 42.64ppm |
k- 1’ | - T | i |
3 . 45 45 | 12 | 98%ppm | 946ppm | 9.74ppm
L‘-\ 0 ; . % | ;
4w | 30 | 150 ! 5870ppm | 64.40ppm | 79.45ppm |
e ; ; ‘ |
5 | 45 45 | 08ML) |1217ppm | 154lppm | 1596ppm |
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F 10. 35 =23 3 54

I, PS4 %] A-3 A 7HA 2|y 4%
(gram) (gram) (gram) 12 | 2% 33}
1 40 30 3(P) | 1802ppm | 20.57ppm | 2236ppm
2 40 130 1.5(P) 22.51ppm 24.50ppm7§ 22 98ppm
3 40 30 1.5(L) 4417ppm | 42.81ppm | 45.52ppm
aans PS4+ A A-4 A7} A g3 28
(gram) {gram) (gram) 13 o3} 33}
1 40 30 3(P0 ' 2592ppm 1 25.56ppm " 30.06ppm
2 40 30 1.5(P) 26.68ppm | 26.53ppm 30.83ppm |
3 475 45 1.2(P) 16.43ppm | 19.05ppm | 19.83ppm
4 40 30 1.5(L) 41.71ppm | 46.05ppm ; 55.08ppm
5 475 45 0.8(L) 12.72ppm | 16.55ppm | 14.00ppm
N s PS4 A-5 A7HA gy 49
(gram) (gram) (gram) 12 9} 33}
1 40 30 3(P) | 2667ppm | 28.06ppm  28.13ppm
2 40 30 1.5(P) ' 33.64ppm | 3892ppm | 42.64ppm
3 475 45 1.2(P) | 9.88ppm i 9.46ppm 9.74ppm
4 40 30 1.5(1L) 58.70ppm | 64.40ppm | 79.45ppm
5 475 45 0.8(L) 12.17ppm | 1541ppm | 15.96ppm
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o FAFHE EYaEe] A BE2EE FYa Efe] ALNAFE A2
1) AR 7 A+

FA} 2A 22A L AMATY HAS wigE A s AdLe 245 ANE
AEzFAANY FAY §o)28 Y5ty & P33 FAHoY HF A Fo B4 24
Al dgg nAug YPAdAre AL FastA I AF7AY Rd4dge
Z A48 g A wgdd £270& FEAYR 2F S5 HFHE BAE W
GEES scale-updte] B3 e F£YHAT(F 10)
AR ARrAd By et Fudson 4% 2R wFEdAE 2ol Hof
AAG 7tege BAZ BEo)dd o o] AUey AwrAeor 5% EA¥
gAAHE BodFEAY AFREE 200 - 400 °CoN A twin screw extruderg A&

BZEA 295 cutterE FHEHEA L AxaTh

04.:

r(

(U

ANE & 22 Az FFL A AN A AzxdA H=d gAM A=

st AYg Ay E7Y FEF FEE 48 FPLHAFAE I F &
Jate] FREWA R EstA o]F ANEZ AxstATh JhE2kE 200004 400
‘2 wa AEe) FAL AN 17 @ YEEEL zRaADT. 309 T
C 05 ImmATE R 4EFe FAL 044 100280 7 WEE Fu
A Eudd 2 gy A BRI QeRoz 43T FAL FHESS
dAEA Hol P AvHe FUYHE $EHYT s AZ FAES Az
NES 2e ATEEAA Y AT AWele E¥a =AY §71% AxsE
A AEAzA FA7 glod &riAzdE & EA A2 HAAFHE B
Fefel A $FEE 1 BAS AEY B Efo] AHAME 21dE fXEs B
st

o 8.°F
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A54dd FAFE F2EH] AR A4S

e

1. A

AAFE e TejaEdol AY /e WOz stel FIH4E
& bsa mdol Ayl dstd 3F L WG BH o AFS YA
A7) Aol AUA B HERA 2AZEL] BADT UehtE E7E
Holu 71zt Agde 47zt AR 2AzAYo) AN AEHo Ve
obgoz Wi W TR 438 Fot ava AE L EH Edo] AE F
AYe QAT A9} BASA AF ARTAL A glo] JIE9 HuE A=

r o

Qe G 2 dFH AE AxHE 248 2zoly HAE A

[e]

o
i)
:5‘4::‘
]
oo
2
2

s
T
e Aold AeeAe] 9 BYEe 37k A AT AR A7 WFE @

Ark 2AZAEA € HAGo ANSAA dEe] ZAZEH A FFE

HEA0) vAE dRe ZASHAT ohed AFH FBAYS A AANFE
NAEE ARt AZE
stol H=starel e AR,

&
S

B
e
tjo

[\
2
-
=
oo

A gz TA 93 AEAZIL A FolA

Ag A5 E FA87] Yt ojFwhon FAHE GFAES T AAL
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-2 A EA) ZHEA
NEA AL dAFE U3 AEAZTAY 53 2o

=
soldAES ~HAFAE AE5a ool FelAH A% o

0/190 2Z A 100-150rpm 2.2 A EAFAT. 23 4E719 F&5Fd = dlo

JAE Ze2gALAE FUaka AEFE PN Axd ARedHE FRAR

N
-
[o%]

SSANEALEY L GIANESE de FAsd Hod3ues UIANEES
Holtt. vt == 180-250%, BHAHLEEE 30-70%E2 3 F dojg} 2
ZAu) 7} 30/190 2ZFAA 100-150mmo 2 FE A8 stg ol

2
iZi
gll’
rir
of

3) 2= go] 4 HIAE FH

BAR7E e Hn Ede] EWY FXTFEE AFHA TL FZHo] offA "o
gy B il o
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FRFL o] GAFE EdfolAAst FLSA 2AxEHo] e FAASTH
E, 2AxEAS e 45 2 2AxEEE wolv d¥E€E = L
A 283 ZRES 23 SAAAY GAELLE F e edEd L E=

gagz FAH ot ZAZEAE 1AEdE d7dA HYd dvg 29
A-5(CS)S ZAXHAZE A4 EdEd £& ZY2gHALAE AT
2 83 g HUMACdAY AL ZAMSUA 2Azdde A9y &
4282 Hakke Mixers AH&3dtod 180-250E oA 20-60E37F &83 H EA4E A+
FAH. BANELS EEES YAANNF dAEE YRR REN FHRFA F
AN F FEHE SAREAFEN2)Y FE AN FAxLEE ST
71E9 EYaEHole EY2HAFE JtEatd AERGCEALY F Y L5d
Azeed dF Edols AUx FHALAFAT IS EY NE=
28td EdolE ¢E F aL=ZqHAFAR A 9o go] Edo] 7tAA
sadet ATELE Foli FHLEE ¥E F Ade e HeE A4 AAF R
AR AFEol FAHD Ytk mEbA B dAFoME AT AREEFHAEIFAE &
&8 Bgo)Age] &A48E WE gnsid ZedEAFAdM SAxEEES 4
& oo mimistazat e Fe2EATAdME FAFAEeZ FAZEA
A8 Z7I1 £28 5 YEE 24229 23 aXE AP AAFE A
3 FAzAYES AFadd AL=EdLA(LDPE low density polyethylene)&
ZAZEACS) ¥ gUd FA7AE EFEFAA Azxd oz 2AzAEYE 24
t 23 A AR Ag-olx - GHAEA] e oW FAERY e
= ZEgagdntg 28 e 25N A Th(E 11-13) EAHAS vz
i SAXAA, FHALCES EFEFAA 2AZEEE 243= 859 7
ZQagded FHsts Feloley %ol A=AdRYS olFE Holok
Uelgon A7 E 5 HAEAL S UEHAHE 14, 15).



¥ 11 249 2 HAAAA) 27

]
27 gAdd }
qgus | LDPE CS A7} A] ]
(gram) (gram) (gram) 15 23} 3 |
1 475 45 2.3(A) 2038 26.47 29.4
2 475 45 2.5(A) 25.11 26.90 33.69
i
3 475 45 3.0(A) 2016 3522 | 3909
1 |
|
4 475 45 35(A) 29.19 3632 | 3992
L ﬂi_g
415 45 40(A) | 30.14 3l 4078 |
T ]
6 475 45 45(A) 48.22 505 | 6056 |
—————— s
7 475 45 50(A) 7098 | 9022 108.11 {
| ;
| | | |
8 475 45 55(A) 956 | 11021 | 1304 '
\ i
‘ ]
9 45 7 2.3(A) ( 29.17 4493 | 4630 |
| I
10 45 7 2.5(A)J 30.11 4799 5531
| \ -
11 45 7 3.0(A) 38.45 58.42 63.82
:f — \
12 45 7 35(A) 4498 | 6297 71.24
T’i
13 45 7 ' 40(A) | 502 i 70.42 82.33
1 B | —
14 45 7 i 45(A) 54.98 ' 6022 | 7067
L 1

-.85_



#F 12, 248 2 FH7HAAS) 529

- } LDPE } ’;S fg;zﬂ | SRR | J
- (gram) ] (gram) (gram) 14 W‘ 23} ! 33} :
D | |
_ 1 J 45 \L 45 J,2.3(As—1) 2398 ‘ 28,22 35.73 |
i 2 E M5 | 45 25(AS-D) | 2467 ; 28.17 36.21 J
L— 3 | 415 j 45 | 30(AS-1) | 30.78Ti 38.75 4211 J/
% z
4 3 45 1‘ 45 | 23(AS-2) | 2169 | 2598 3350 J
5 ’ 475 [ 45 ] 25(AS-2) | 22.09 26.11 3399 '
6 | 4%.5 : 45 —L&O(AS—Z) 26.77 3560 33, 411
| ;

g 5 475 t 45 | 23(AS-3) | 20,67 22.99 3148
S . - f
w 8 47.54 45 |25a5-3) | 2109 2476 32.50j
SR N ) y
f s | 5 L7 :.3(As-1) | 3367 j 4698 50.21 ‘i
J l T W\ ! !
{ 0 % 5 7 25(AS-1) | 4218 i 63.16 L 75.52 ‘
,-*T; } 45 / 7 J30(AS 1 | 45.89 2 74.56 ’ 80.83»4;,‘
ﬁrﬁlm:;* 7 ; 2.3(AS-2) } 32.45 ’ 5189 | 6126 ﬂ{
| L | | ! | .
T 3 % T 3 25(AS-2) 3 34.48 ) 55.89 62.29 J}

;M;;‘ 75 ‘ 7 { 30(A'S 2) ‘ 36.98 5856 65.80

|
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E 13 244 2 HA7AAP) A

A

g A A
Lwi LDPE S A/P |
(gram) (gram) (gram) 4 2% 33}
i : -
‘ 1 475 45 0.3/2 37.89 52.21 60.18
2 475 45 0.5/2 38.24 4956 59.37
\
3 | 475 45 1/1 30.90 46.33 4662
% |
4 J 475 45 1.3/1 29.32 4321 45.11
! ;
5 475 45 15/1 27.24 41.18 4369 |
6 | 475 45 2/0.5 27.15 37.31 40.18
|
|
7 45 7 05/25 59.87 81.37 8396
|
8 | 4 7 1/2 55.43 80.73 8389 |
Ir :
9 | 45 7 15/15 5357 | 7943 80.95 Jﬁ
|
I~ | |
' 10 45 7 2/1 50.12 61.79 70.53 ‘
!
11 | 45 7 25/0.5 49.82 52.17 8233 |
. — ;
12 45 7 3/0.5 39.46 51.98 76.51 .
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% 14 249 2 Arkx £

[
P PS | cs A 7}A) SERL
e (gram) (gram) (gram) 13 23} 33}
|
|

o 415 45 2.2(L) 9.51 12.47 1322 |

2 475 45 | 28(L) 1197 15.78 16.22

3 475 45 3.2(L) 1567 17.24 18.08
! T
4 475 45 2.2(C) 8.98 10.59 11.64

5 475 45 28(C) 10.85 1643 | 1721 |
] 7 ‘e
s 475 45 32(C) | 1537 1699 | 1917 |
— :
7 4 7 | 25 | 1854 19.11 23.76
| —
, 8 45 7 i 35(L) } 20.01 2547 | 2831
9 | 47T | 50 | 7B 29.11 32,60
10 45 7 250 J 17.65 2011 | 2543
I E— N |
i nooos 7 350 | 1987 | 2631 | 3031
B | | | z
| ‘ | | |
| 2 | 4 7 5(C) 26.87 30.23 3195




£ 15 24v € H7MA &%

i |
A7} A934 |
I PS cS HA | |
(gram) | (gram) (gram) = 2% 33|
\
1 485 35 2.1(L) 141 147 155 |
2 485 35 22(L) 211 210 212 |
4}
3 485 35 23(L) 2.14 2.14 215 |
1
4 485 35 24(L) 2.17 2.19 311 |
5 48 4 28(C) 6.21 651 6.97 1
— | |
6 48 4 3.2(0) 7.14 7.19 8.07 t
|
7 48 4 25(L) 876 9.02 978
|
8 48 4 35(L) 901 9.76 10.03
9 415 25 | 25/25(L/A) | 257 3.89 412
10 475 25 | 25/35(L/A) | 152 \ 167 2.14
11 475 25 | 35/25(01/A) | 333 487 531
| ]
12 415 25 | 35/35(L/A) | 178 2,01 2.22
} B

_89_



T W o TR o
A - S UL - T
I T [ A N B S ST
.5L .Ul ..Mll S iy K ﬁo .u|u| Z-# ~ X _l_m.L Lo}
ﬂﬂm%%%%# @ﬁﬂ%%%@
= ® T+ 2w 3N N I B
Torw s TS, 9N o
Xomoa N o L T ( = ¥ BT e = &
T _ s B T < B o
R T oo B
= 2 2V N a7 o Mg
_aw ww % T ﬂ - L S m?u 70
= i o °© = Irv
- = o X4 A~ % wjr
= 2 = B N w XN m o W
uaﬂl%%m&M&uu%i;__%
Ao EE g ;‘MH LA —_ ~, poag [1¢ < ;om 0
z_ ‘a.e —_ iy = T i ,mxl )
drﬂﬂmoﬁli oo %wﬂm oo
AN 0 = ~— il :
T = b o] e T 3 = = o
ﬁém%raﬁ@M%MAfK%M%#m
o Ny A T L iy MM N HNI No U w.mr WM//WW
TR T B oo B ® 4
BEFTEE RS SRR S E Y
P ﬂ#.ege%%aiﬂo@qmo
Foboa g w B R T iﬁ.éi%iﬂi
ianaalav%mﬂﬁaﬂndr.a‘i LW N T
x = A A R A
ST ~ oIk o o S =
@#ﬂ%aﬂx@@ﬁiﬂ%r@% e
PR o P EdExsR T op 2P T
SRS P A RS AN
S SRR L M
e = 1] R = fy oM T ne —_
M%yﬂﬁxfﬂpno“z oo F O s
£3 3 1; IHW_ B N~ w B 1_mu a i <
ENEE S P i T Y
M AR N S I L
m%ﬂ&ui%ﬂmiﬁ%émﬁmégﬂﬁﬂ
i oo o T A . I
oy W N T G oW R
& R of MW B oo M oM T [ DS
&ﬂ@g%ﬁm%mﬂﬂAi - W3

(b)

(a)



SEM images of the surface of

PS/CS/TW20 = 90/10/2.5,

(a) before (b) after 24hrs dipping in distilled water

PS/CS/Pre

90/10/2.5,

(¢) before (d) after 24hrs dipping in distilled water
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£ 16. @3zt =4 @ 54

SR N R

[ 7
Qs PS4A A ZAH A (CS) A 7HA A3
(gram) (gram) (gram)

1 1940 80 10(L) ok
| | }
) 2 | 1920 | 100 12(L) ok
| 1 | ]
| | |
'[ 3 BT 100 oL | ok

| |

1}——“—__"__}[»_&”“#7 1 1
| ! |
| |
1 4 i 1920 ‘ 100 10(C) ! ok
| |
| 5 j 1900 % 300 30(L) ok
l ] } l i
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g 2xge] & FHJER AYZYE

2xHo] 4 HUIER IPEAHEL 7Ie2AER APried] & 2 FHeP-
Hje) e For ZVATAM At ey ZeS4% AP FHlE Tt
A4S At A old e v 2AAE AT 2xold e BAgolng 2
AzAAE &AL JAFoz AbESojof gt 29 FA Y YA FLdE T L
of & AMgEol Hol oy & AF9 HF FAO] ofYRE Jjeor §olstn
2zgolgdor W 5d HAEFH T IFHZYEY dig A7E AASAY =

AEZE WA gd2d ZAZEAA-5E THst HE Efold sJeLH o=
%

=

1

o
2
&
lo
(d
[t
o
N
2
i
R
ojp
2
e
-z
2
%
ol
38
o
2 3R
b
o
lo
i
=
o,
i
s
olo
R
=
re
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1. 38 Eg29 54

LDPE(low density polyethylene), HDPE (high density polyethylene),
PP(polypropylene), PVC(polyvinyl chloride), PS(polystyrene)€ 5t HE&EF 2B (s
Ayeolgtm &, olEL BF ArtAdFA ot drtadFAE do o3 ol o
oji} st BFo T AYT T IAANA ARgsHEH YA E& teid & B
2 Ay 75EA 99 & A8 E(recycle)o] 7hEd Aotk w3 HEFA2 T2
7}Ao] A7tojw WE o Wo] HojE FAFE APk i Ed e 1 dxd ©
2} HDPE(0.941¢14), LLDPE(0.926 - 0941), LDPE(0.926v|ThH& F & 5™, Zgis
- Homopolymer, Random Copolymer, Block Copolymer® T#¥th 23, &g
zzgae ZAAAMEHE Hol Isotactic polymer, Syndiotactic Polymer, Atactic

Aoz AWHI g+ PP Isotactic polypropyleneclth. &€

4
=

o
*

polymer® =3
ndazgoelns FAERY HEA staAZt SR stoAe el wet B2
PVC 3¢ 937 PVCE A2 & th 7FaA2E DOP(dioctyl phthalate)d ol Ab-&
Hu] 50 uwat thekd HIbAsE AbgET Zelag A dut HE3Y G E3
o2 FRYW Z+E 47 2 9d9AR v £55 e ok a2u s
Qo) 23 uvjeksted ZEAvjde] TS A7 HIPSChigh impact polystyrene)©]

{250 Abgol 3

&=
78 BARFgE) e (PRI 7tEH A Y = 2
o] ExS onsb M, Viscosity, Density, NNI, II'5°] it}
1) MI(Melt Index), ©@% @ g/10min
#2108 52A(H%9)S YElE FAZH A LE (PP 230k, PE & 190%)

ol A 5tZ(2,160g) N4 &§A7F 74" Orifice(H7% 209 mm, ¥°] 8 mmE 3t
057 AE=HE £29 (g TID = MIZF S8 550 F7siH, ol

= polymerd ExtaFo] Ads RS njghot

—

..94-.



= Decaline)d] &&iAIAH AFATAZ 135
o}

A & (powder’H)E Tetraline(PEY 7

o3
3o
TN JUHAEE SAHSA IFHFEE F

r‘i‘:

3) 2% (Density) , &9 : g/cm3

e #A R B @l o W, 95 F4E AYBE, 4,
EWAE 59 71AY Yol FrAsy $A%E, BESCRYS Badh 45y 574

He ATy, B Fd 98 ¥R, FEAEAY Fol Aok

4)  NNI(Non Newtonian Index)

Polymers #xAZ%EE(MWD : Molecular weight distribution)& 7}x5 MWD
ZRAWPAE GPC, 294% S dew, MWD Hi §& A= &5 A
© 2 Capillary Rheometryo)] 91§ &§f 3 FXge] Ut o] AL shear rateol] W&
shear stress®3E 1 ZZ FAES NNIE F3t= W o= NN} 245 MWD
7 8e AL gridt MWDE A3dd APA 92 Foh 5 MWD7E ¥
Aol Aol Fo

5) l(Isotactic Index), T :
AR nEAAEL FA Isotactic, Syndiotac, atacticelel= 3FFe i
7F A AT 1% Isotactic, syndiotactic Polymers A 7aA & 2= AAA 1E
zboli} Atactic Polymere F2AX 3 JAsld2 st WaxAte] vl 24 uExzto]

t}. n-Heptaneo] *3% 3= Isotactic Polymer®l w|&<& IIztx %o},
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¥ 17. HDPE ¢} 7]& 24 (M], D, NNDo| B& 54

ot
)
iR
o
s [o4
N
Rl
—

U EEAEY 23 24

22 BAolgtEe YRFAE AES AP Fo E4& EIH 2HEHLE FF
ozt & e 738 AEHE 4359 FA

Alde] 4% %2 Annealing

z83 Azxd 988 71x32 739 Al¥(Press &2 Injection) g A 2std
Annealing g A1ZIth. Annealingol& X7 £§5Hol 4242 v AV WHIHS
AAG= 2How gt dAHE L3t} Plasticd T/, 74, 84, ZEde
nodo RArd wet HPdFHLE G2y BE YR EWPSEEY 5-10%E *&
FAFANA FHAEANM FAZE FXET Had g AFPLAE A8t ATE ALE
33 Z71FAA Ag, AAEE AL 8 e dREFAA AgEn

£
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2) 71AH 44

2-1) 91347 % (Tensile strength) @ 4148 (Elongation)
TAE AZAS AAAFE7IZ AZANREHY FE

l

gl 32 (Tensile Strength) 2 4

% & (Elongation)% X

A 249 (Yield Strength)7}t

Asd thest 2o

EL
.;____\\
Stress f/ TS
w9
TS : Kg/em2 EL : %
=4
( | 1 wﬂ ] o 1
| 3= | PE | PP | 2®%A | Film | Monofilament
| I O D i
| | | | |
in) | | |5 20 |
| Cross}fadd spe;d((linr)n/nun) | 20 ( 20 ,‘ - | \1)88 | 5(§) |
;= oad cet tka 100 | 100 | 500 0 }
| Full scale(kg) ’ - 25 | 2-5 ,
N R N |
2-2) 2ZEAETEM) ¥ 233 E (FS)
ANdAL F AL FHIA T3 AFHY TS SFS vt AEHS
W o] gdojdr} ol ©ASEUANA Hook'se Ao AHstnzg stz A9
HZ Flexural Modulus 331 Z3F3lF e 9 AjgdHAe] gt wrzpx]e] Ho-§3 S

Flexural strength#}i &t}
Al Ak
FM(kg/cm?2) = L3/4bd3.P/Y

_97_

FS(kg/cm2) = 3QL/2bh2



ojuf, L @ AAZE Agl (10 cm), b @ A1HY £ (cm), d : A1FY %4 (ecm)
Y ¥E8AY (em), Q : HAUWStF (kg), P : 8tF (kg)
2-3) 3A%E
* Du-pont 4745 (kg.cm/cm)
7= Du-pontAtell A e Aggyon #4dd ¥ #4dE B nAsn
e 499 woldA F MRS W Aol AuHEY PR U te

A
ol

=S
ek

2

* [Z0D $ 44 % (kg.cm/cm)
TAE AEe dag nAsta IZOD FAANEVIZR 4 4adle of Afsd E59
duixel &g FAdE AlPolth olFAANYOE SAHT diE YR AYE
i1 g8l ofye} Bk g doyl=d Had oxe] o)t
2-4) 8978 % (R)

h}

ox
1
rif
o
-
i
)
[
LN
o
=
=2

3 Ao HErl HE ACZ Shored s,

Durometerd =, Rockwelld =, MohsA % S¢] 9tk Rockwell 2T+ ASTM D7859

B A Z Fg2E AAY #AE X5 FFE DAY H Lo FHE 5F
=

}%(60kg) & Fo} 15% Fo $59) 2ol

12
&
m
T
g
ﬁ

* Heat Deflection Temperature

TAY AEE F A ¥ AdA 46 kg& 78t 22F 120=/A7H0 &
0

2) |34d (VICAT Softening Point Temperature)
¥zt L= ASTM DI52524] EAIEE VICAT Alge = ZAdT. o] AJdy
o AREANF R A S E S0/ vleR2 AeA7IHA AHEg 1kg o 3t
& Fo ¥¥3°] Imm2 ¢ EFHsol AEd Imm I FEdd 2EE FHS =
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INER A8
FAH QAAHE geer ovend =FAF 7)) B 13052 FAAAA AAIZH}
o} A Ee AlASS H2ESte AALET} 10%0]5t2 A4astsE AIZHE Ele Al g9

2 W34

FepaElo]l SQolx] AREE AS(dFoly nHluige] F) oj:AE 2 AR
F AE7E 4= AP 2E Weather-o-meterd o] 9lil, ¥o o d3E A
st ofl == UV-Conditionery o] gtk
Weather-o-meter® 2 A @ #o| carbon-arce] %& HoWA A 18837 &=
spray @& 102872 arcaks S £ cycled] MHEHE =5 AlgHE AARAIL 2 AU

o] AFNEE 3 A&o] AFHET 10%0]3t2 FAHE AHE SHAH g

UV-Conditionersi & AEE 40-6-% He F57]F9 #¥Ae9 Xe almp® cycle
programel] Wl Mg wEAZIHA AdAATT Aol ABARE st A
Bt 10%0lstE ZAiHeE A7HE SATY. Weather-o-meterg ol A1 &= 20047

UV-Conditionerf ol A 67A17F A&k AL S4Fz 1de adsh= Agkeld.

A dry iceZ %8 Wiy 3" $48&
7ha) Aol 50%7F B EHE &5 FAsE Aldold.

=1
o
i
>
e}
r 4
o
i}g
—O:L
r

Frt
>
o
N
2

2) ESCR(Environmental Stress-Cracking Resistance)
fAEFIAgolgnEs e GSHAFNEZRH 78" AAE dEo HHS
et Mg F3 FHE Yg AlH holderd 28AZ T A)AY stress cracking
e 2177 Y3t 5059 AWEHA Lol BXA S 60047 HAH 24A| 7t
o AlEe] dEddR s S 2 AlRe] 10%, 50%, 100% &= bS5
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2. Ee2Y ARA, AAAA
oAy AhAY B8 hEe goldART AFAEY YT S5

BES fotel JhEot FEAR AAHE ARBIR HYA ATL 159,
25 240 B OF A & Yok

2

AABYY, GABANE Aa, F2Ee) FA s Bahstr] Aok Ay
AL oY BEH 482 WA TaE WG Fhrgy Az s

AATE ZAAINAY AASE ZAL-S st A7MA ddgAAAE gRE Aeiol
w EFAo] Qi FAge e FJEAoR LA FHHO &F5H 1718 o+
S FUY AEFE FAT
t}. &4 (Slip agent)

e BE AT £¥AH L AT
g}, 884 ( Nuclear agent)

Zgv o ARAAYE AASY FHA S FHAA
ol A, A D A

HdAE ZgAaged GARHE Foaste Add sl g vt o] s <
Qe Zelxgaze) AHEEY A= EEgad JHFA @tE FE719e o ARE

g= #H7}A 2 Tale, calcium carbonate% ol oW ZstAle Eefagd FE=g $7

1=}
N77) Akl RPAFES AR AT T AEE IUSAY @ Agste 2o
Al o] e
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ANEYEFAL powder =5 Pelletdo] ¢t

3 871 olWEY Wehz 4T + vk

g FAL AEZ WyPAIH F

U} R

FE719) dEFe a9 979 gste] 23

Aol 40 - 150 mme) Atele] WHE Zn Ach

old) =&ty Ad &§, EH, 23 °lFTHS

ANEY F2E 248

- 101 -

dek dyEEe 4Ud AAE A
7 2359 z%e Bz o



(G271 24 483t 2]

{ , TS N T

%7 A (mm) | FEEAMHP) GEFkgh) | e e (kw)’J

‘ 40 12-20 _ 25-35 7

S *_m__,\—‘.,_.,l‘.ﬁ._wv__‘.__—_,‘_% ——— ey
60 25-40 50-75 20

| 90 50-90 - 110-180 45

—_— | |
120 95-150 180-320 75 ,
150 165-255 350-550 140

N | 1

2 | 380-600 | 650-900 | 225

(NE ¢& 4 AFgE]

Extruder

Roll Stack

winder
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dE7l= WAZAE screwd Folutel single stage screw$} twin stage screw® Ut
Fol A= single screw®] ARMH A AFLE oo} )

dFH] 1 25 - 35
ol¢t A AH «(I/D) 28-32 : 1

s

HEFHE screwd] L/DEIg #AZ Qo AdE7e & A4, 3% EAE,
gL AMAANA Fo v o2 L/D7F 24 11 ByH o R f53 &
FAEHE 7|ds7IPg@E 36 1 2ot ZAHHE GE7[HA M 2] FFAZe] 7t
st Zeuo] dsahe] o] & £ Uvd. A, 7]1EY single-flighted, square
pitched screws YZEFTZAA Aoz ALEHY IAFOZHE &F poolZ +
250l A= barrier screws EEESE NHY + Ut Barrier screwe UEVIE
et g2 2F 98 RAFHAZ FAHAXNE melt films AAToEZAN AdAd
W e daxgor uAESHAY ETHIAE HA2Y £ Juh FAV &EHo
TAs 7 A HY §£8EL die head® T3t AEFHZ AFdth 1 o AESQ
& AT diefHFEE FASAT 2 R bkl 2ol AES diet AWbH O
2 choker barg ¥&3l+ d o]A die head?] FTAHFEolY 7HAxgE B3t =
2 FAE 2467 st ESstAY 253 FHE XY Hol du #A9] A
$o) oJ&3t) ANEo FAZRAHL die slotd] U= flex lipdl o8t 2AHT Died

o] $HE 349 ol o8l WAHm Fdo] wyHL $5

il

offt
QL
2
mﬁi
i
et
>
m

9l= chrome rollE¢ &5 ztzt 243 4 9t} chrome rolis
3! =

GE7I) LEEEE 7B screw b8 F £A9 Hmol ojEate AR
dutdo s v 4EVIY AV, screwd H, il T V| AEA S drbHl =4
of oJE3tn, 190- 25059 EHAA LA
Adaptors} die &£Ei 180-250% Atelel ggevE avad dd gen
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ol A thermocoupled A}&3te} &3 st
HEEe] AEHPEE FAELS §§ AU Eo] e A, Tedy. Y, 4
Addle 7hEs AEAF A% T Qis TAHE F7) Astd GE7) E9EY
BREoR Arrt2E FFIE AAI HE Ager dAHo . o= YrlF
FEEELEE Hisstn ARFEYS AP o2M T dabE
o REd dHAATN FEEEY A€ TV HAstd 94 filters
coarse screen packe] AR&@TH AW oT o gEel YEHUA #xF 20 - 100
mesh®] screeng A&t ¥E7l= 4EUE 100 - 200 bard] HejoA 44
die liptt AL 9ste ANE FARYG dgF 5 - 10 % 2A RS & 9 4AHL
%= 60-80%, polishing roll®] &% A2 70- 11052 74z =A%}

o
o)
kS|
5]
~
i
i
e
oo
do
fob
1]
L
22
rir
b

ki

4. 44 % (Thermoforming)
7t 3R A3

gd48e aA4 YA (solid phase pressure forming)? |84 E4H(melt
phase thermo-forming)® ¥ #/® =2 FEEC. 7124 FTAL FHaH AEe

clamping, heating, moulding, cooling, 283 trimming 2% F/3 %} o}

YL AET HAS Lo EYRS W AF FE F/9 dPE A&

off
>
2

st AEE §7]|FdHE e FE g g0 ¥
Heot BA Zeja ATEEE AFTAEFY £ & %S & F v 582
W7z} cycle time, $AE EW, AR 29 AF AP dFS FR=2 T

~

G moulds) &5+ 30 - 905 Abelelnt.
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(B4 F An A=x]

Sheet
Stock

Trimming
Station

- 105 -



3. Container is Fully Formed
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4. Plug is Extracted &
Container is Demoulded
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4. NEGEARFEY EAAA g H

. N 1
=3 oju R
™ M +
ST ez
(5] o = Moo
e 5 aet rm < w0
™~
% g =2 = oy oo Mo w
i RO 23! LR Nd T N BN o owow
o N g A IPAR i~ o o i
& A TR W o 7
g 9% B oz o Wy W S a_“a o 8
3 T & —_ ® & g W L 3 N &
2 5 O o T e g o Kol N of N
= o w 2 BRI op = o X OE Y
2 Rz W £ of Ho & db B d P om
_ LT R R R |
Yy
~
w —_ =0
W ﬂoﬁ e 50
i 2 Ho 5 .m
8 7] — A =
TE = E2 & A
A o 5 el @
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g o dr w ® i
I K T o 23
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2
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S

214 | 24 |
'~ Sheet Stretch7t £ stth - Plug A7 W7 I
| - Sheet €% %7}
| !— Polymer A3 #9 g
- A2 Mold 2¥ - Mold Clean |
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