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1. Nylon
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Nylon< Lactams®] ringopening polymeri-
zation(7}8 Z3H) o]u}, Amino acid, diamine,
diacid®] condensation®g-9l 2J3] 34 HF
o I FFZE 6, 66, 6/9, 6/10, 6/12,
11, 12%°] deH olF 7FgAe]l §ol3H
Packaging®oF AlZ9] 85% & XA =
Nylon69] thsfA
AvEd.

(38 1) Nyon2) BH442H

nNH-(CHz)s CO ——® (NH-(CHz)s-CO)n

coating3ld A|E2] shelf life&
o] 7bssld, ged} e EA

om,

Cataylst

A Thermoformability

(I 1) Typical properties of Nyion fims

thickness, mils J
= Density, g/cc 112 112 115~1.16
1253 Melting point, C 215~221
gy o= Nylon Tensile strength, psi
. . MD 17,000 50,000 28,000~38,000
films& castinge|th TD 15,000 10,000
blowingBhHd) ¢l Tensile elongation, %
g‘f del <l MD 300~400 60 80~120
Az Hed, v TD 300~400 450 80~120
A—]l,:— meatt} cheese Tensile modulus, psi
= MD 90,000~150,000 30,000 200,000
RN aFEHE TD 90,000~150,000 30,000 200,000
thermo-formability Elmendorf Tear strength, g
o MD 50~90 40 10~16
& FEA)= cast- D 50~90 100 10~16
ing Y2o0) & ¥ Water vapor transmission _ . _
g‘ 2ol B (g mil/100 in’ 24Hr, 9% RH) 19~20 11~13
"3l Ho g Permeability at 25C
Nylon% 2o Ax (cc mil/100 in® 24Hr atm)
e Oxygen 26 - 13~23
2 FE AP o] Nitrogen - - 0.65
$+4% PVDCE co - - >3
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* High tensile & tear strength

* Resistance to puncture, abrasion &
flex cracking

» High burst & impact strength

* Resistance to oil, fat & grease

* low permeability to gases

AR o] W NG EAL (F D} 2ok

13. £ 59 587

v]=9] 79 Nylon¥E9| 80% 7 HEE%
o o] &5 o]F UIF-ELE meat ¥R, (R
2)FWdM e @, AR T S AFE 2
A, 9RA5 ZE AT g 452
L=

4 AAENE 5%
Nylon6 ZF<] Ho g S B¢t
& Semi-aromatic Polyamide film<] 9]

[E 2] 2e a 20 F'_k/é-_rLA-I R 0:”

APNE TS AHER
1) Mitsubishi gas chemical
7128 polyamide(Nylon) & =& MXD6
(Poly-m-xylylen adipamide)2A] th&3 72
< 78 E4E 28 ok
A 7]Z Nylon6 ti¥] 10~20u] 4 Ak
AP
A 2% H3 E E2
A fA
£3 PA(MXD6) 9] 382k multilayer
structurest 29+ o}2}, polymer blend o=
2 &7Fs3hH,
FAA I59) A5 (9E, F3olAN st
5o} U=
@ : PP/PA(MXD6) multilayer film
PE/PA(MXD6) multilayer film
® : PA(MXD6)/PA6 blend film
AA HE] A (HEA 4P} =]

FEANE Ao e

Meat 22 8 30
Processed 12‘ 5 17 Nylon / PVDC / ionomer
Nylon / EVOH / ionomer
Ground 5 15 6.5 Nylon/EVA
Fabricated 5 15 65 Nylon/EVOH/EV A
Cheese 2 12 1 Nylon/PVDC/EVA
EVA/Nylon/EVA
Nylon/EVOH/iomomer
Nylon/EVOH/EV A
Frozen Food 05 35 4 Nylon / PE
Bakery Products 05 05 HDPE/nylon/EVA
Total 25 265 515
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U
@ : PA(MXD6)/PA6 multilayer film
@ : PA(MXD6)/PA6 blend film
o A&, g 1&
2 EAE B3 Qo
2) Mitsubishi chemical(Mitsubishi Kasei)
FAR= 19943 AFZW SUPERNYLo)&}
% st

¥21% Morphology

£ aromatic polyamide film-< 7§

od A% sgded, PVDC coated ONy-
lon(K-ONY) thH] 93t 84 2 873 31314
S ARHeE AL AZE-‘I] RAe BAS
(& 3), (=¥ 2)¢% 2tk
A K-ONYjH] 938 Ak 21, EVOH
o] $xo whE 4 A FA
A K-ONYHH] 9% ] ©34, ONYS}
AR 71418 24

(32 1) Gas banier propertres of PAMXD6) / PAB Multialyer film and blend fim

= : PP

£ s0f
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NE 'E-
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£ [ PET /
g 1E pa6

g  05f

5}; L

g Ol PA(MXDS)

g 00k,
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Relative humidity (%)

(I) Humidity dependence of oxygen permeability
of various monolayer films, at 20C
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0 [ Multialyer film, .,
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PA(MXD6) content (wt%)

Oxygen gas permeation (cc/m’ day-atm)

(I) Oxygen permeation of drawn films(thickness 15¢m),

at 23°C, 60% relative humidity
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(1) Oxygen permeation of non-drawn PA(MXD6) /PA6
blend films (thickness 20 #m), at 23°C, 60% relative
humidity

(1 PA(MXDS)
9 PA6

Drawing
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(IV) Morphology change of blend film by drawing
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(222! 2) Oxygen barrier property of supemyl fim A K-ONYtJH] 9<%} thermal resistance
' — AL foil §lo] barrier heat packaging
7V

A Q2A] chlorine gasZA 1 =

15 A%

471 (& 1)3 2] Nylone EZo| 275
= AY BE EAE 9IS, dA7R S
JME S7H AFE L A AFA2A g
£ Nylone2 thalsled ARSI Y AFo|
o} 2ev ASFEY] PR ARt A7
o g YT Fol F&3] FUHHL = A

TYIY

Ozxygen gas permeation (cc/m’ day-atm)

) Gojmg AEY AHEE A7)+ §A57) 4

0 20 40 0 s 100 $MEEVOHY % Nylonst $5718 A&

Relative humidity (%) 8} g 2R A FYAEH FAY

B Supernyl A1E HME N Bt AE AW/ F
0 ONY (biaxially oriented polyamide film) Lo 35 PoH) EMay By

A K-ONY(PVDC coated ONY film)

(3£ 3) Properties of Mitsubishi Chemical's Superny! Film

Thickness (#am) . . 150

Tensile str.(MD/TD) (kg/mm?) 25.8/332 223/291 254/34.2

Elongation(MD/TD) (%) 139/85 129/98 120/93

Impact strength (kg cm/mm) 1023 K823Ny806 1120

Piercing strength (kg/mm) 312 K30Ny287 323

Pinhole resistance-Gelbo flex test 6.0 110 23

(number of pinholes) 23°C, 3000cycles

Oxygen gas permeation (cc/m*day atm) 96 98 70
25C, 80%RH

Water vapor permeation (g/m’* day) 108 14 300
40°C, 90%RH

Haze (%) 37 29 26

Shrinkage in hot water(MD/TD) (%)

95°C, 5min 18/17 11/15 1.1/15

127°C, 5min 53/73 Cloud . 40/76

Hot water resistance 130C 95°C 130C

ONY : biaxially otriented polyamid film, K-ONY : PVDC coated ONY film.
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2.PVDC

21.71&
7R 4U3ke PVDCE Vinylchloride,
acrylonitrile, acrylate®] copolymers® 4]

(E 4) Typical properties of SARAN wrap film

Density, g/cc 117
Ultimate Tensile strength, psi 8000-16,000
Ultimate Elongation, % 60
Clarity, % 88
Gloss, 45% 120
Haze, % 04
Heat Selaing Temperature, F 275~300
Water Vapor Transmission Rate, 0.2
(g - mil/100in’, - 24Hr, 90%RH at 100°F)
Gas Transmission Rate,
(cc - mil/100in* 24Hr atm, at 73°F)
O 038-11
CO: 38-6.0
Ne 0.12-016
Air 0.21-044
Film Yield, 05mil Thick, in’/Ib 33,700

(I 5) Typical barier properties of fims

suspension, emulsion polymerization®) ¢J8] ¥
Ased AR extrusionf 02, Ixle
Latex 9} solution coating-&22 AME-E 7 gJch

22. &4

PVDC+ Chroline group?®] F#4Z%e=
ekl 2 A 259 Y Ay
& 27 W2 SEAWY £ S5O, ((F
4322 (8 X3) 71l ﬂﬁwo =

(& 4)9lM+= PVDC fim3} ZAAENE UE
2 A BEH] EQUTE RoF

23. £5959%

v ¥ fHoME Coating/Multilayer
filmso] M8 FELE ANEHT Jou, ?—~l
BolXe ool coating§20.2 AMSER
on, A4 ANdEZe T 2 F2 L&
50,000ton& &HlSt $lew (& 6)ATA &
71 obd wrapEE9] &M% J 35000ton
Eolt}

SARAN# 7+& monofim &} 7-$ol= 714
& wrapZFo 7PE®ol AMEEH, coex-

Saran warp 08 28 02
EVOH 0.01 04 13
Nitrile 038 NA 4

Nylon6 05 12 10

-biaxially oriented

OPP 160 500 04
HDPE 170 NA 04
LLDPE 300 6000 05

48 =7 - 1996, 9




AP R F7t &8

trusion g E-& meat ¥4, latex 2 solution

coating2 &/ A|FFol| o] &5 Ut
74Zke] AR gz wE AL (F 7
~10)3} 2t

24. A FNE 53
Chlorine gas®] #7342 <13l EVOH
4 NylonZ2E tiH] AAE Adeso] vf$-

o) & 4oy

(3 6) Worldwide consumption of PVDC for barrier

application 9] : ton/year in 1992
Coating 10,000 7,000 9,000 | 26,000
Multilayer films 1,000 8,000 7,000 | 16,000
Total 11,000 | 15,000 16,000 | 42,000

1) Asahi chemical
XK= Dow chemical# joint venture”]
olgleyt 19829 =AY, A o=
e AES N Y3 S sl
A FAX F4E A9 9
Barrialon-CX (LDPE/PVDC/LDPE)
A 3N F4E AL E
Barrialon-LF(PP/PVDC/PP)
AY953(heat shrinkable) 393 94 F
€ bag :@ Barrialon-S (LDPE/PVDC/
EVA)for chilled beef packaging
AY3 PVDCHEE | Saran¥E

T 9) Usage of Latex coating

{(F 7] Usage of SARAN monofim{Dow2| PVDC wrap Processed Meat 3 3
AEY) Cheese 53 54
Snack foods 8 10
Bakery 2 23
Meat 15 6 15 7 Confectionery 3 35
Household wrap 10 27 95 30 Totals, MMLb 25 26
Comestics/Tolletry | 02 | 052 | 02 | 059 $MM 31 38
Totals 117 | 335 | 112 | 376
F 2549 (F 10) Usage of Solution coating

(F 8) Usage of Coextrusion specialty fims

Snack foods 08 05

Bakery 11 1.0

Meat 17 17 Confectionery 14 L0
Cheese 6 7 Condiments 07 06
Medical packaging 12 13 Dried fruits 01 01
Snack foods 0.6 06 Others 11 11
Totals, MMLb 25 26 Totals, MMLb 52 43
$MM 31 38 $MM 92 83
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(FE1)E-EETYHEY

Meat Packaging

Boxed Meat EVA/PVDC/EVA coextrusion shrink bage
Nylon/PVDC/EV A non-shrink bags(either coextruded or
PVDC latex coated on nylon

Ground Meat EVA/PVDC/EVA

Processed Meat Tonomer/PVDC nylon coextrusion
Tonomer/PVDC-coated polyester
EVA-PVDC-EVA coextruded shrink bags
EVA/PVDC/nylon casings for sausages

Chees Packaging

Bulk Cheese Aging

Aged Cheese

Mozzarella

Processed Cheese

EVA-~-PVDC-coated nylon
EVA/PVDC coextrusion

EVA/PADC-coated biaxially oriented nylon
EVA/PVDC-coated oriented polypropylene
EVA/OPP/PVDC-coated polyester
LLDPE/EVA/PVDC/EVA/LDPE coextrusion(Saranex)

EVA-PVDC coextrusion
Tonomer/PVDC-coated nylon

PBDC-coated OPP
PVDC-coated cellpphane

Snack Foods

PVDC-coated glassine/LDPE/adhesive/OPP
PVDC-coated OPP/LDPE/OPP

PVDC-coated polyester/LDPE/OPP

PVDC-coated OPP/PVDC-coated OPP
PVDC-coated OPP/adhesive/PVDC-coated cellophane
LDPE/EVA/PVDC/EVA/LDPE/(Saranex)

Confectionery

OPP/adhesive/PVDC-coated OPP/print
White OPP/PVDC-coated OPP

Metallized polyester, two-side PVDC-coated
Polyester, two-side PVDC-coated

Bakery

Oriented PP, two-side PVDC-coated
Polyester, two-side PVDC-coated

Single Serving Condiments

Polyethylene/PVDC-coated cellophane

Dried Fruits

Polyethylene/adhesive/PVDC-coated cellophane

Lidding

PVDC-coated polyester

Sandwich Wraps

Cellophane, two-side PVDC-coated

Household Wrap

PVDC monofilm

Industrial Bags

LDPE/PVDC/LDPE coextrusion(Saranex)

Tabacco

Cellophane, two-side PVDC-coated

Miscellaneous Nonfood Bags

LDPE/PVDC/LDPE Coextrusion(Sarnex)

Medical Packaging
Blood Bags, Solution & Waste Bags

EVA/PVDC/EVA coextrusion{Saranex)

Cosmetics Tolletry

PVDC Monofilm

50 =317 - 199. 9
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25. A} (¥ 12) Worldwide demand for EVOHresin -~ @91 : ToN
PVDCE BAEZ9| Chlorined X33t

QA7) Q) BAFAE HsHA 2L e 44 S.
ol el Ol olEo] AREO Food use 7300 8000 | 11400 | 14400
| (& 7~10)904 2 slRel A& A0 e | 10 00 | 600 | 1200
ol 0% 2 7ZAAAEQA EVOH 23l 43 Total 7400 8300 | 12000 | 15600
A2 e FAHolh Europe
= Food use 3400 4600 | 6000 | 7300
YoM 714 E<l Nylon, PET, OPP Non-food tse 100 00 s0 | 1500
o] PVDCE coating3t AlEo] dF =] Total 3800 5300 | 7000 | 8800
ARLE T 9101} 7 oke o)< mm|3t AAo Japan :
53 glovt 2 2wk PRl Agelnt Food use 3200 3800 | 4500 | 5000
Non-food use 300 400 500 600
3. EVOH Total 3500 4200 | 5000 | 5600
Other markets
Food use 300 400 600 800
31 7l Non-food use 0 0 0 0
EVOHE EVA(Bthylene Vinyl Acetate %‘j 300 00 | 6o | 8
copolymer) ¢] hydrolysiso] 23]l FAEER, | Food use 14200 | 16800 | 22500 | 27,500
BA}o| Ethylene segement$} Vinyl alcohol ~— |Non-fod use | 800 1400 | 2100 3300
) Total 15000 | 18200 | 24600 | 30,800
segment 7} random 3P4 X =] 3, PEpS
=

(E 13) Typical properties of EVOH films

i
— (CH:-CHz2) x — (CH:-CH) y —— Film thickness, mils 0.6 06
Ethylene Vinyl alcohol Tensile strength, psi
Segment Segment MD 30,000 12,000
TD 28,000 6,000
Elongation
= MD 100 180
3257 TD 100 140
ARFo=2 E4¥ 7153 Ethylene Tensile modulus, psi
MD 520,000 300,000
] - 9/ 0 s )
content 25-50mol% ©|t}, ™ 190000 270000
Ethylene content7} ZAgrE A% §4, Tear strength, g .
Tg, 242 AYE F7kspt 48 Jge s o oo
Zrag, (B 12)3 728 BAS 753 qlch Water vapor transmission tate 26 65
S
= 3 olsl == A (g mil/in* 24Hr at 40°C)
EVOH= 197_2“ Kuraray o <3 ﬂﬁ 3 Oxygen Transmission rate
A3} FQ7, A= Kuraray, Nippon gosei (oc mil/in® 24Hr at 23°C)
- 65%RH 0.01 0.02
el m ulo L
kagaku, Evalco(Kuraray®] v &}3hA})ulo] S504RH aod 008
AL 3L ek 100%RH 023 11

1096. 9 - =&A 51



EVOH ¥8& 4= 37l meh 42
Aol F43 dasuz FUE BEos

o] AHgo] HFE, SlFAANA ST 39
2 295 9o

33 $E9 583
EVOHE tF- 4F THE2E ARHL
9o, o]F Meat$} cheese’7} FHE o2t}

34 AAE N EY

olQlo] Teijin, Toppan Printing, Sumi-
tomo chemicals oJ2gAdA EVOHES}
UE # Ziedel &3 Yo

35 A}

EVOH¥EL W #Ha 10%°13<¢ 2 A%
& 718312 Qo 53] PVDCHA 5
o2 73S vy JE Aol

A FelMe 7GR st AF
A Ago] ulg A AP o,

(I 14) Kuraray

82 Wbt 94 5 oY A%elE
WEEDE F9 AU EVOHERYEY

Argol 4 seleh AgHn, $F £55Fe

spol weh Fe) 91 Aohd moh Ak

Aegol $4% HgUBoE tAZt ool
Az)et BeEn,

4. SIOx depositedHE

4£1. 71

PET 59 Wg D5 SIOxE S 7Ie
ol oA, @R 7R]= Vapor deposition®hy
3} Plasma chemical vapor deposition
(CVD¥ES] T2t Yo, FAke] 97}
M 2 B4 gFel e oz LA
ek

Fupae) 98, 7R 2 BYNEe &

16)o vrehfit.

42. 5%

SIOx deposited ¥E-2 1980d0)
URE 24 47, 49skEf e
Ay g8o2A, EVOH
e AP Y] el o 9§

8k 7+ PVDCHH) no chlorine,

AL foilth] F4d R A=A

AHe7F5e FHOE R4S g0

Retort type EF-RT Retort food packaging
Heat sealable type EF-HS No flavor absoraption
AL vapor deposited type | VM-XL Ultra-high barrier
Adhesive coated type | HF-FILM stain resistant sheet
}7 o)& AN type EF-XL 3-layer laminate
FAA type EF-E 3-layer laminates(deep draw-§)

(15} Nippon synthetic chemical industry

G 74 A3 BE o @A) o)
Zo] 2~3¥] Fo|H, Bending,
shringkage®o] ¢kdo] Qx <F7re]

o ST130, ST330, ST435 colordAle] wgo g Jeh}z ¢t
Thermoforming ST110, B3505 123
EVOH solution for coating 16D, 30L e zH 7H o) g—HEl—-.‘s] 2 sg::,]_,—r_ 9l
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(I 16) A Comparison of Vapor Deposition Method and Plasma CVD Method for Silica Deposited Fims

Raw material
Raw matenial yield

Electricity

Process temperature

Deposition speed

Film thickness

Applicable base material

Oxygen permeahility

Color

Crack resistance of deposited film

Si0/Si0:

Less than 25%
Several handred kW
Over 500C
140m/min
1500 &

Thermally resistant film(PET)
1~3cc/m” « 24hrs
Yellow brown

Weak

Organic silane gas
Over 50%

Less than 100kW
Less than 100°C
90m/min
Less than 500 A
PET, ONY, OPP, LDPE
Less than 1 cc/m’ - 24hrs
No color

Relatively strong

T dE9 7+ JAE Productd E4-¢ (&

17)ell YeRiict

43. 459543

714 "E<¢] PETO) silicon oxideE vapor

Z3A71 ‘GL 9&" & 19890l A3} 31
o™ Nylon based®l ‘NY ZE"2 1994'd0j)

dleiisy

SIOx deposited 2 &2 7|&9] Ay A2
¢l EVOH, PVDC, AL foilAAe] g & ¢
std SErfdte] & AP Qe DA
o, FA7RE 3dst 27 |AEN ZEs 5
2L 9ota}y] ol 2 et

GL R type : PET base fim
AT T S8 ALY FA

GL N type : PET base film

R type tH] color¥s, HE

NY type : polyamide base film

CLBE o¥l 5% 242 Aoy 2 37

4.0 AF N 53
1) Toppan Printing

(F 17) Japanese Makers of Transparent Barrier Flms with a Vapor Deposited Layer

701—_1,:_

GLEEL polyolefin ¥ sealable polymer

Toyo Metallizing alumina VM-PETI1011 30 50
Toppan Printing SiOx GL film 08 0.7
Oike Kogyo MOS 17 18
Mitsubishi Chemical ” Techbarrier 0.3 03~05
Toyo Ink GT film 25 25
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9} lamination3d}] AR glom, LT =
Heat treated foods, Dried bonito shavings,
Dried, salted sesame seeds, Crackers%o

g8 4 9o

2) Mitsubishi chemical

AR 199200 AFEW ‘Techbarrier film’
< Mg 3sdst sk

ol9lo] Oike Kogyo At MOS film’,

(I 18) n|ArH|A| 8}8}2] Techbarrier Fim

ULVACAK] EWK series = oizjia|olA
Aol A3 BelgT Y= Aol

45. Av}

SIOx deposited ZES AHE B whd
HHE QMo ol9] AR wel &F 4%
MY/ AZEAL 87 BolE ¢ FeE A
g, S #AA8GA ASA FAe] 87H
= Aol

Grade H U T S
1AL E PET PET PET O-PVA
A4
O permeability (cc/m? 24Hr atm) 03 10 10 01
H: permaeability (g/m® 24Hr) 05 10 10 02
Boiling Retort Ultra-high
o= B Packages Packages barrier

54 zx - 19%. 9



