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Summary
1. Business Purpose

Film materials used for food packaging can achieve multiple functions such as
airtightness, pinhole resistance, and heat resistance by laminating materials with
different properties, making them indispensable. However, from an environmental
perspective, laminated films are difficult to separate by material, leading to the problem
of disposability. Gunze Corporation manufactures plastic films in which multiple materials
are laminated into a single layer using co-extrusion. However, an issue has arisen where
the waste materials generated during the manufacturing process cannot be recycled. To
address this, the company aims to develop a separation technology for laminated films,
first realizing the recycling of in-house waste and eventually expanding to post-consumer
recycling (PCR) in the future. Specifically, the project seeks to demonstrate the feasibility
of recovering for nylon (NY) resin and polyethylene terephthalate (PET) resin from
NY/PET laminated films and to demonstrate that film production using the recovered NY
resin is feasible. Furthermore, based on this knowledge, the project will explore the
recovery of NY resin and polyolefin (PO) resin from NY/printing layer/PO laminated films
and verify that film production using the recovered NY resin is possible. Additionally, by
proving that the solvents required for the recovery process can be reused, the ultimate
goal is to propose a commercially sustainable recycling model.

2. Business Activities and Results for This Fiscal Year

(1) Study on Methods for Reusing NY/PET Laminated Film

Using the heterogeneous separation pilot equipment installed in our facility, we
optimized the recovery conditions for dissolved NY resin last fiscal year. This fiscal year,
we measured the molecular weight and purity of the remaining PET resin residue to
evaluate the degree of PET resin degradation. Although high-purity PET resin was
recovered, a decrease in molecular weight was observed.

In addition, we produced film (recycled NY film) using NY resin recovered from NY/PET
laminated film. We found that both the mechanical and optical properties were equivalent
to those of virgin materials. However, yellowing was identified as an issue.

(2) Study on Film Production Using NY Resin Recovered from NY/Printing
Layer/PO Laminated Film

Using the heterogeneous separation pilot equipment installed in our facility, we
optimized the recovery conditions for dissolved NY resin last fiscal year. This fiscal year,
we produced recycled NY film by containing the recovered NY resin. It was found that
films containing 3% recycled NY resin exhibited mechanical and optical properties
equivalent to those of films made from virgin material. When 10% recycled NY resin was



added, some deterioration in properties, as well as ink-induced discoloration and
yellowing, were observed.

(3) Study on NY Resin Recovery Methods

To increase the yield per distillation cycle for waste liquid reuse, we evaluated a “poor-
solvent-free” process in which no poor solvent (water) was added. Furthermore, we
found that by using the poor-solvent-free separation process, the solvent could be reused
up to 10 times without any issues, without the need for special treatments such as
distillation. Additionally, as equipment to implement the above method continuously, we
attempted continuous solid-liquid separation using a vertical decanter. We confirmed that
continuous solid-liquid separation of PET resin and NY solution is feasible.
(4) LCA

In the LCA verification, we evaluated corbon dioxide (CO:) emissions associated with
implementing continuous processing in mass-production facilities based on the following
measures.
First, we assessed the increase in CO: emissions resulting from the introduction of
vertical decanters, which are necessary for continuous processing. We calculated CO.
emissions based on power consumption measurements from vertical decanter tests
conducted in 2025. Second, we evaluated measures to further reduce CO: emissions
from mass-production equipment equipped with vertical decanters compared to the 2024
assessment. For this, we evaluated the following two measures aimed at reducing the
energy required for repeated solvent heating. The first measure involves reducing energy
consumption by improving solvent circulation efficiency through continuous processing
of mass-production equipment and preventing heat loss due to heat dissipation. The
second measure involves reducing energy consumption in the cooling process—which
precipitates NY resin from high-temperature solvent—by recovering waste heat with a
heat pump and reusing it for solvent preheating and distillation heating. Through these
continuous processing measures, we estimated that CO. emissions for the evaluated
product would be reduced by 368.6 t-CO:/year compared to the baseline.

3. Future Initiatives

This project is a three-year initiative. In fiscal year 2024, we will establish the
fundamental technologies for this process; in fiscal year 2025, we will examine
improvement measures to address challenges; and in fiscal year 2026, we will propose
an operational model for this process. In fiscal year 2026, we will proceed with the
examination of specific equipment conditions and the waste liquid recovery process in
order to model the equipment and conditions verified in fiscal year 2025.
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FLCHRAET DI D7 L L GER] 200-300 £) D95, WAETHFHIFEREA %1

NY/PET FH/@ 7 4 /L A DOW T OER A e, L7z,

18 (ZE)NY/PET R~ /L A ()W

2.1.1. BBV 2O

INFETORBSEEOHFETIEZ K 14 O7a—0@0G I TROZAI 7 TEH
BTHLKET oL 7V a— L ERIEO R, AL T, BESBEO 7 n R
BOWTHEHESNDBERIL, IFERA_TmENFEHL b KkETrEL T a3—)L
JEELEn2ole NY BRSO E IR EDIRGIK THY, il DIZFEA L I3KE
a7 Va— L ThDh, EEEOWIREEE T, B SO AR O
—OLUTHE A (BEHR) O BRI T IEEREEL Tz, BARRZ2 BRI kL LT
BEWR D& FRAIE LT, WEAE S50 L 7= 78 ) ilBk ClE L L 7= 7 me'L > 7)o — 1
DOFIEED 98% Hiif: THY, A SAEDOME D7 ae’ L 7V a— L3RI A HETH
HZEERUTZ, LnL, BEIRO 03K THHIENLERYE 1 BHT-VIEIMEL, &
FXNR D NS NE W FREN Do T, BARRIZITRA LR =L, 7 rEL
7V a—) VAR 40%RE THY, 788 TR TOZ /¥ —aXh B LT CO, HE
HEHINARBEE 2T,
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PG+ +Eibnki sy (NYEE)

/ 1pass\.

B PR
7K PG+ = Ak sy
/ 2pass \
B R R
7K PG+ =Bk 5y
/ 3pass\
B R R
K PG+ & iRk oy

19 REHABRT7o—

ZZ T, MHOBRIZERAL TWLEEE OK) 2 T2, Ao AH T e
V) 3— W ZEREL TS NY B O S FTREDERRGEL T2, ZOHFIEIZED, 288
1EIBHF-DD T ae’L 7 a— V& RS-,

FFNET =7 VBRI W T, AR S TITmAIO L TNY BHEHTHIL
NY BHIE DB 2N FTRE TH DD EMEEL 7= NY/PET FE 7 /)L LD HEih % 2.4 g &
BL. Ry MIAN Clijiai-7-, 7o'l rZVa—1 80 mL A 7Ll o8 —
T —IZ ARV, 1TOCITMEL 7oA ANV S ANITERE LT, £DF%, e’y )a—
V% 300 rpm THREFELZRAD, 20 9 INBALT=, 7235, RGO —h— L&
T NIRANTEE L, 7V LG E Ry e me L 7 a— |l &AL,
LU 7230 10 Sy S 7-, PET ZRiEZ2 2y R EBW L, AR DY 120°CIL272
HETHHEILZ, 7at’L 7 Ua— L% 500 rpm CHEFRLIZIREE T 60°CETHAILT-,
A% . NY BRI L7272 A7 AWMRICED WoEE L7, 1EiE TRE% .
LIOCITIMEANL T2 2287 — 7 AT b RF[H R LTz, H25 A —T7 U b L, 73
r—2—NTHEIRETHANINL, EEaflELx,
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#* 3 B AREEARR (T — 7 L akER)

NY/PET f&/&
) NY H1H & NY [V
AV IY T4V =
25 (g) NY %45 (g) (g) (%)
Ry 2 7= 2.400 1.574 1.409 89.5

7 3 X0, BIREEL AT NY/PET F&JE 7 4L 2005 NY OBz B LIz & | IVRIT
89.5% Chr oz, MEEEDHEZLY BIEEERNTOT—7 VR BRD NY [LHE)N
89.2% THHZELIND, ZOREFIFTIER DA TEBERINE Ll U TH IR A2 EVNY [F]
WEERL T, LIeDi> T, BIRBL R8N TH, IR E M E 3528 T, K
BN DL NY BHEIT 22808 bdoTz, — 5T, BIESAETIML2
ZEIZIY A TRRIZB W TR RIR DR EE DS BA- 328V BEN A LT, /M=
> MER A IXAL G D33 | I EIE D DI O B O R IR ICPHZE D RN D b o T2, 2
TRy M TR A EHT 2881, BRI REObIRELZ KL T,
RATY RRIBICEB W THOEREEL 2 TO NY DRI AT REN A MEELTZ, 7S Ty
B2 T FRESRM (R D ITTREELTZ,

4 AL ARRGERER (S Ay MAER)

BRI T = s 251
YRR T R (‘C) 190 190
FEMF IR EE (%) 2.6 1.5
EHE NV - 1 1
7 B FF ] (min) 60 60
BRI - HY 72l
BRI R (‘C) 119.5 -
NY Iy 2 (%) 90.5 89.3

x1 IRFREER I UK &I LT A NY/PET BiiED NY B &
*2 FacE R TR

(%) = (I NY Tk x (100 — K535:(%) ) + B A NY/PET #iflEo> NY k)

x 100

BRI G Tl NY O 90.5% Th Tz, — 5T, BIABL 2Tk, NY
BHIE DU 89.3% THY, Ay M 2B W THE BB AT NY #EA R
THZENTE, £lo, BWEERINMOA BEIZZAIRICK T2 BT Ao o
720 L. ¥ 22 1R T IO EIEL A THEIN U NY (XA BRI T 2 g L
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T, HAELTOWDZEN BRI,

22 Bl NY &Rz (72) BEEERIND7 B NY - OF) B A EI NY

WAL A7 TR L= 7 'L o 7 a— L A 7R B TR O LR 28972,
RSB ODZENATRENE T — 7 VBRI TRGEL -, 3137 ey
JVa—nos5alfEHZ2 B BEE LT,

ATy N TR ZAZ R L7212, IR L= e L 7Y a— L4 18 H
LT, 2~5[F HZT —7 /ViRBRICTRAEL -, A AV 2% 1T0°CITIEL , 7' re’
L7 a— v Ao — 21 —% 300 rpm T 20 38R LT, IEMRIRFEDS 2.0% &7
HINT, M EF R, FHELIEME R 2 2B AL, 300 rpm T 10 >8R, &
FRSHT-, VRS . E— I —FF AN NRZNLIY L, P TEM ARG, Bl
DY — B — TR AR LR 2 72, 300 rpm TIBHRLAR NSRRI 60°CIC T35 E
THARBHESE T2, NY BHIREOHTH U2k 77 APERRIZ XD W51 EE L7, 100°C
DF—7 L T2 RS2 . 110°CITNENL 7= 22 4 — 7 L T2 [ B 42 7 1
L7z,
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K b BB ARAI R RER (7 —7 1 aliR)

i No. o i e
(%) (%)

1 A 2001 H 2.0 91.0

2 A RIENE 2.0 91.0

3 fek A 4l H 2.0 398

4 fek A 515 H 2.0 90.7

1 VAR LTI A IS L To# A NY/PET gD NY HE&
*2 FrRE I TR
L5 (%) = (I NY #R O Rz T + B A NY/PET HiE 0> NY H) X 100

AR AL O 70 L 2 a— U3 RS OB  NY BIRET 5
ZENARETH T, Fiz, BRI UE L THIRICIZE AL BN/, 90% 12
FED NY IURZAR S TWNAIEN DD T,

T—7 VIR CITE L 2 U TR L= 7 vy 7 a— )V BE iR & BRI £ T
IR UAE L Ch R E R W2 b o7z, T2 T8y M Tb [FAE O ff 5
NELNDNERER LT, M3 F 6 17,

K 6 BB ATEAIFAHRUBR (A NlR)

T A EE 1 2 3 4 5
TR e R (‘C) 190 190 190 190 190
TR A (%) 1.3 1.4 1.4 1.3 1.4
EFR =T - 1 1 1 1 1
7IE B ] (min) 60 60 60 60 60
NY R %+ (%) | 84.7 83.7 86.9 77.9 91.3
FRA A =R (%) 91.2 91.7 97.1 94.6 93.0

x1 IRMRER I UK &I LT A NY/PET BiiED NY B &
PRI A LTZIRAIL & T
*2 FacE R TR

(o) = (I NY Bkt x (100 — AZ(%) ) + B A NY/PET ##fflso> NY k)
x 100
3 VERARIELC P L A A1 56 L C D [ 7 7 B
7T RO R, 7 B L 7Y L A SEHE UL T, NY i
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DEULFRE CTH DN oTz, Eio, 7 re'L 7 Ua— Lo BIEH N5
HZENZEDIRDAL FIIfERE N2 o7, M2 T, 7e’L 7 Ua— LI oW Th,
90%LL EONFRERLTZ, ZNHOFERNG, e’ L7 Ua— L% 5[al#0 K LA
LT, NY BT oL o 7V a— L ORI E N 2NN 2D,

Wz, %O T v Lo T a— Ve Ara~ 57 &5 HTE (GC-MS) 12
FOREL, 7reL o Va— L OMEAZRIE LT, o7 g 6 FolE], 3[E]
SEER L% ORI’y w7 U a— L ak W TN & Ei LT, o8 B4 X
23 BLOX 24 1271,
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[7ovps° 741 TIC : 20000000 - 0
. OE+073 M ]

(5

@ FoELr>SY) a—)LiREER#E

-

. 5E+07

—

. 0E+07

5. 0E+06

FETRTRTRIRTRTRTRTRINTRTRRTINA FRTRTRTRT]

0. 0E+00 T T
R. T--> 05:00 10:00 15:00 20:00 25:00 30:00

[2792}2°34]  TIC : 20000000 - 0
2. 0E+07 — M

—_— @ FoEvryyY)a—L3aER%

1. OE+07

5. 0E+06 1 ?
1

0. 0E+00

R.T--> 05:00 10:00 15:00 20:00 25:00 30:00

[7ee})"3A] TIC : 20000000 - 0
2. 0E+07 3 — M

1. 5E+07 @ ZoEL ) a—)LsaEiERE

1. OE+07

5. 0E+06

ITRTRTET INTRTRTATARTRTRIRINI RIRTRTRIN]

2
iy
S

R.T--> 05:00 10:00 15:00 20:00 30:00

23 GC-MS 3 5

30




2~ 244]

1301-1316 BP = 43[259311]
48

TIC = 411786 R.T = 07:42

2. 0E+05
1 )OK/
OH
1. 0E+05
74 MW 74
(4
0. 0E+00 20| y . . . . .
m/z—> 100 200 300 400 500 600
[2~"2b4] 1870-1877 BP = 43[41726] TIC = 123017 R.T = 11:01
4.0E+04 4
2. 0E+04 - 101 2 Lo
| 58
0. og+00 LIt b7 88 o LT 193 . ' . MW 132 '
lw/z—> 100 200 300 400 500 600
[2~ 7hw]  2873..2879-2881..2904 BP = 45[11669] TIC = 32714 R.T = 16:52..16:55
1. 0E+04
- 3 2 RN
5. 0E+03 (PGHIZED 1Y)
1 o 104
4 76 89 1 95 207 287 98
o_omo-'lll ,I [ 76 s 1123 141 207 287 380 ' '
w/z—> 100 200 300 400 500 600
[2~ 2h#]  3028-3050 BP = 55[99808] TIC = 665259 R.T = 17:47
8. 0E+04 3
] 113 Q
6. 0E+04 NH
E 85 4
4. 0E+04
2. 0E+04 3 67
E Lo es | MW 113
0. 0E+00 3 - v : . ' .
wz—> 100 200 300 400 500 600

4
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FERHZIZER L= e L 7V a— L HiZid 7 e L o 7 a— L DIENZAFEEE
DA DR ST, BIEEAIEX 23 BEIOK 24 D1-4THY, #NE LU
TOWE THD,

x T BEERT O
v'—7 No. |{b&EM4
1 eRax 7tk
2, 4= AF N~1,3-T A X T2 A )— )
PR (T re L ) a— L RO 53 E)
VA=A /L N

W

v’ —7 No.1-31X7ue'L 7 Va— ) LHETHY, B°—27 No.4l% NY/PET f&fE 7«
IVAZEEND NY BIlEHE ThoTz, TNENOY—JmEiELVEiELZ R DT,
RAEE IR,

# 8 RO — g

[yt
t'—Z7 No. | 7mvL o2 Va—)v | a7 Va—)L | ae’L o/ )a—u
1[alf# F#% 3l 7% 5[alfsE 7%
1 0.0076 0.0097 0.0239
2 0.0017 0.0026 0.0045
3 - - 0.0036
4 0.0159 0.0354 0.0535

x1 ol Va— Lo —7mEICxt 3o mE

HEOHNZ, e L7 Va— /WIS A720, SS aksy (FilEy) - i) 1 X
EENTNRV, OFY JEIR TREEZRDLZET, e’ 7 Va— U E ENHAH
MEIEZRLIZON, EE T e L 7 )a— a2 TEHIENDI-T-, LA
LOFERNG, BEIETITEREL AT NY #E4RMEREI TELZEnbroTz,

PAAE A E %A 10 [ENSHEINLC, 7 — 7 ViR A 32 L 7=, Fieo Aoy b
D5 [EE0 R UAE FH# D FEIR & AL, 6~10 [0 H 27— 7 /L ak BRI CThERR LT=,
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* 9 APV ATRAIFA

AR (T — 7 L aAER)

B No. > A NY g2
(%) (%)
1 fifi 6 [E H 1.5 38.9
2 i 716 1.5 90.2
3 i I 81m] H 1.5 90 8
4 f# F 9lEl H 1.5 912
5 {10 [7] B 1.5 89.4

1 VAR LIS A Bl L To A NY/PET B0 NY B &
*2 FriR IRz
I (%) = (11X NY O#L#ER#% & + B A NY/PET #Fo> NY B &) x 100

25 PAIFR R (BRI L 727 re L 7 a—r
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300n
HARIO

26 10 A0 IRLEH T O veL 7 )a—1

X 9 &0, EH6EING 10 [FIETIZHBO TS, NY QUL 90% FE A HERFL TV
770 LTERS T 10 [\ ae L 7 )a— L a0 iR UfE I L Ch IR I TR N2 b
Nhiot-, BEINL7- 7 me Ly 7 Va— L o4 25, [ 26 1277, i AR
RHEEINT L0, a7 ) a— LR IBE L COAI LN,

o7 erL e 7)a— iUz O 7 a7V a— @ pH Z#IEL ., pH
DHER AR LT,
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8.0

7.0

5.0

4.0

A H 145
27 'L Ua— Lo pH HIERE R

FLFESY B NN 2281 pH X ES- LT, ZoBIG0E, #R0 iR UAE T
(Z&D A OEFNIRR EZ 2 DD, 72720 pH O_EFIE NY B DOIRITIE
R b2 2otz

Fo EHBEOT e LTV a— VE T A7 a~ T 7 E &5 AT (GC-MS) 12
JORIEL, 7et’L 7 a— L OMEZRE L, Y7 uidEk 9 Foakii No.2,
5OZENZNTIEL, 10 BIfE L7z OEIN 7 v’ L 7 a— & FIW Tt Ef L
720 IMTHE R 28 BLOK 29 1TRT,
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[2e=})° 4]
2. 0E+07

1. 5E+07

1. OE+07

5. 0E+06

pavv v beyv s by s sl aaaaag

TIC :

20000000 - 0

@ ZaELryy)a—)LiRERE

0. OE+00
il=—>

[70v})° 74]
2. 0E+07

1. 5E+07

1. OE+07

5. 0E+06

NIRRT NI RN EE NI RN A RN AN RN

TIC : 2

2 LJU 3 I

@ ZoEvr 7Y a—)LI0EERE

0. OE+00
Ril=—>

05:00

10:00 15:00 20:00

25:00 30:00

28 BRI ASH o ATt R
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[z~ 2h#] 1301-1316 BP = 43[259311] TIC = 411786 R.T = 07:42
4
2. 0E+05
; 1 )ok/
] OH
1. 0E+05
] _— MW 74
"
0. 0E~001| 21 . . . ; ; ;
n/z—> 100 200 300 400 500 600
[2~"204] 1870-1877 BP = 43[41726] TIC = 123017 R.T = 11:01
4.0E+041 4
] O"k\OH
2. 0E+04 101 2 /K/O
] 58
1 - o y MW 132
0. 0£¢00-|L|L-|" II. 74 88 ). 17 193 . ' ,
m/z-=> 100 200 300 400 500 600
[2~" 7hw]  2873..2879-2881..2904 BP = 45[11669] TIC = 32714 R.T = 16:52..16:55
1. 0E+04
3 SR
5. 0E+03 (PGHIZED 782
] we oo 104
1 6 89 123 141 207 287 380
o.owo-“l' b, [ ul el L . . .
n/z—> 100 200 300 400 500 600
[2~" 2h#]  3028-3050 BP = 55[99808] TIC = 665259 R.T = 17:47
8. 0E+04 3
E 113 o
6. 0E+04 NH
] 85 4
4. 0E+04
2. 0E+04 3 67
E AL 98 MW 113
0. 0E+00 - - . . . .
n/z—> 100 200 300 400 500 600

29-1 BEWE AL o3 AT A
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[2~"7h0]  5409. . 5422-5344. . 5396, 5432. . 5458 BP = 300[21874]

TIC = 113243 R.T = 31:41..31:45

2. 0E+04 3do
HO
/N\
1. 0E+04 315 \N,N
cl
o
%5 91,93 'V 154 _l|2 [L MW 315
0. 0E+00 J_|..|.l it sgtle il i |J‘| Lo {3 e e 175 194' 1 I y ; ;
n/z--> 100 200 300 400 500 600

29-2 BRI T o3 AT R
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7EIBION0 BIfEHZICEI L7 e’ L oV a— Lo ii 7 ae’ L7 )a— L
DIIHNTSFEFEDO R D HER ST, X 28 BLOK 29 D1-51FZFNFNLLTFD
WE ThHb,

= 10 BER oK)
v*—7 No. |{b&W4
1 [ N S SNy e

2 2,4- AT N~1,3-T A XS T -2 AK ) — )
3 AR (Fee L T a— L RO 53 RY))
4 VA=A /L N

5 UV-326

v —27 No.1-4i3FHBEI B E THOFat’' L 7 Va—LibaEh Tz, B —7
No.5DOE I A 781 THID TR EA72, No. 5O E T A HF O EHZ B RL T
B FEAEEDINT HZE TR 2 ISER LA RIR SN2 ENE R bID, ©
NENOY —7mEEIVE 2RO, e 11 BIOX 30 (2R,

# 11 RO — 7wk

AL (%)
v'—Z No. | Fut’LrZVa—i | e’ Ya—iL
7 [alfdE % 10 [=1fsE 7%
1 0.1387 0.1598
2 0.0045 0.0052
3 0.0100 0.0145
4 0.0829 0.1412
5 0.0138 0.0288

x1 ol Va— Lo —7mEIC st o mE
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0.5

mt—7No.5
£’ —7ZNo.4
0.4 = t"—7No.3
mt—7No.2
_ mE—2No. 1 ]
§ 0.3
%
ﬂ I
i
ﬁ@ 0.2
I
B
0.1
0 I— | -

LEfEHE SRt S 7RIEMA®E 10 A%

*1 ol Va—Lor—7mEICxtomE
30 RO — 7 imEE L

AR TITBIBIL A THIN L7 ut’' Ly PV a— LR O R E 2 T ELT
BY, BRI L S TR R pH 210, B ENETUIERIRS DO E T 5,

RIZEL L7 NY BHRE DR AT 72, EH6~10 Bl H EREICHIET, A 11 [
Ho7 'L 7Va— a2l LU TNY BHEZ L, NY 85D 5 - E5 A 2 1l E
Lz, % 6 OFBROM 18] B TR LU /-NY#HE 2 et L U CTRIE L,
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(#5353 701iE] (#5530 iE]

100.000
0.200 -
0.100 - -~ 50.000
0.000 : 0.000
1 2 3 4 5 6 7 8
[LogM]
WY, \"Ji' =3 Y
31 EVABL A8 H D431 8o Ah i
(#8553 ] (#8653 5371l )
100.000
0.150
0.100
-~ 50.000
0.050
0.000 . 0.000
1 2 3 4 5 6 7 8

[LogM]

32 BRIV A 11 [8] B D4y 8504 dhifk
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0.2
AV S G|
— BRIl 2 11]8] B
0.15 -
0.1 1
0.05
0 ] T T T
1 2 3 6 8
[LogM]
33 I fESAAMROENRES
# 12 HfESHOY—7
| Mn Mw Mw/Mn
BRI 21 H 1 23,000 65,800 2.9
1 15,600 77,400 5.0
B2 11 B H 2 120 120 1.0
ALL 2,000 73,500 36.8

a7 Va— v 11 8 H TREIRLUZNY S, B/ 1 EH Tldsms
NI TR+ EOE — I N RSV, 2, B —2Z10OMnMEH 1 H & ki
L. 11 [\ TIHME FL QW BLEORERS, BINNY S OIS 7L T
HIND, PEROZAREIZEY | BEUYNY G DRy 113 A 11al B [R5 £ TR

SNDDNEFHET 2,

2.1.2. [ NY IR ZAE H L7277 1 /v 2MEORRES

NY/PET &~ (/L LB RN LT NY #5424V A7 NY 74 /L LD KA
U A7 VAT REME(FT E W IN LT RE ISR B ME | R P IS R RE D 720 D) 2 e 3R
T D20, FBET7 VLD NY FEET RN, X7 4/vh 10%DVHA27/L NY §f
HEZ RN CREIEL . 2B UT-, Yo 7 TR A TR L7Z NY #ifiEZ
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fERLUT-, £/, BT MXDNY Z&Tei=h, /X—0 @ MXDNY #HEZRINL .
MXDNY O & H &N T D LI LD E LR LT,

3 um IN— UNYHH AR
15 pum 4 9 um a7 E
3 um IN— 2 UNYHHIR

34 FEE 7 4V DAY

NY 7V IE T ZAEER IRAEM Az IO TR L -, BIREEZ X 35 1R
B

INB‘AD
o - REm (Kwt=)

CNNN A o

i

35 AR M AR B AR 2L
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36 ExfmIMEL (A7 3—)
O P HIM CRING RN 2 1R85 (X 37)

@ 74—=F7ryNTHIEZETRSE, T A THE$ % (X 37)
@ HLHENTMIEEZT Y AT 7L, v —MRICHA 2 (11 37)
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\ /

NN\

' &

37 FRHH TR

@ B Oa— bR S ILAHE (MD (Machine Direction) ) fE{fA&IZ XD m— /LD
JE R FEA OIFHZETIE T2 (IX] 38)

'

38 HMELES T A%

® T4V AWRE IV T TR I, T oA — LRI N D B IR N TR &2 IR O
(TD (Transverse Direction) ) ZEff 925 (X 39)



39 BRAE(R T A2

© BEMETESRRETD

FAE BTN L. NY #HEZ &Rz 8L b7 4V 251%., 3%, 5%, 10%IZ
RHINT BT VA (K 34) D=7 BIZEMYNY BHAEZ LTz, b7 4L 15%
DVH A7V NY T4V RRIEZ R AT, RN XD NS R UAREIZ X E SR
o7y FRIELTZUY A2 L NY 7 4L AOSNE AR 40 12577,
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ERIR

FTNIAE AN TOELRE L, ZOREICED, VAL NY 74V A0
B R b E E BIICEL . ERMEOHIM LT 222 BELT, VAL
NY TNV P IRERT 10 ERT, PIEL T L, O EREEX
42, 1 43\ RT, A (AR X TR TRHLE,

AE = \/(AL #)2+4(Aa %)% + (Ab %)2
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1.5

1.0

-1.0
-1.5
42 VA7V NY 74V o BRI EfE
5.0
14 10%¢
20 | . \
3.0
%
2.0
1.0
0.0
< 0\0 0\0 o\ o\o < 0\0 o\o o\o o\o
~ ~ S N
I I RO Ry S . RN CRPN
J & &S & TS &S
Sy Y e S g &
T @\ @ 3 @Q_ N @ @& @ <<§'

43 UHA27)L NY 7402 b E I E il
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# 13 UB A2/ NY 74V D7

B NY | B NY | B NY | [EYNY
1% 3% 5% 10%
AE 18 0.09 0.14 0.12 0.11
Gt R—T U NY) | 10 # 0.22 0.46 0.68 0.62

B NY BHEDOFNEZ P T, a"EICkT 288 3H £ RoN2h o7, a* il
SRR O ERTIEECH S, —J7C bMEIXEIYL NY B OASIIE ORI LE
ST, EAT2ZER o7z, bEITE-FOOMEZRTIHE ChDH, b ED FF71X
OO EZRL TS, AE fEIX 0.2 L F CILl A RREfEIE CHHZ LA F 2
He, B NY BRI 7 4V A1 % EINNIREE CThAHZ EnioTz,

PRI L 7-A8 8 7 v OO RNE ik L PIERE RAE LT IRT, ZhooflE
WZEY, U ATV NY 70V LOBERAVRRE 3 LOOE RO R EZ R L, 52 AR
AR DA HIE LT,

(NAX(BEE) )
MD JFAIZHI5 ecm X TD FANCHT 10 cm OV T IVEVERR L, ~A X552 W T
HIE LT,

0008 HAN
a0 ozeH

'
&
e
-
=
=

44 ~ARHNELS

NMOHSN3A 3

OEREE)
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MD FFEIZHT 10 em X TD FENZS5 em OW L2 /ER L, SR 2 AW THIE

L7,
45 FERPE RS
(B FLsREE)

TDH IR TV 7L, T — T Dbl 8.5 cm [ZRDI5CTF— 7%
Aoz, ARRZ T\ E LR I E F Ot & TV EE R BA RO T A
IS TN ATITH I LN —% EBIfE 2 THEEL ., JIELT,

~

T

7 —

8.5 cm MD

46 BEALsmEHIE Y7 v
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AT ESLFRERE R A

(FETEEERFE)
MD FTAITKT 10 em X TD JFAIZH) 10 cm OV T IVEAERRK L. 7 AV AL 73T R
T AL e W CTRIELT=,

A8 TAILAL INT T AR
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(TNRT Ly A (I - FeikiE) )

MD JFTAIZHT 35 cm X TD JFAIZH) 36 cm DY T V&b iz, 74V ADWNH
Al Lz&bE MD FEIZy—L, Yo7 NVEER LT, ZIVR T LI AT AH —
T Ay L, JIELTE, 1000 [B#& T, 7 V2RO L, #E#% 10 cm
MR TAN RO R a2 — N Ue, Yo P AOFUIZ— NV F =y I —%REDT
2RI D R OBER E LT,

« 10cm —»
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(FIBRTREE - 5| AR B E 7 1)

TERAIRE4 cm, 18 10 mm OB/ DI o T N EAER LT, fERRLT= Y
TN AT ZT7 OF 7L, HEE 200 mm/min (ZCRRERL 72, MWT AR
FE% 5 [ BRFREE AR OSSR A 5 IR EE OFRIE L L T2,

I 10mm
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F 14 VA7V NY 74V LR ESL O YR

e o ot MX?NY ) %4%» NY U %4%» NY ) %4&\» NY ) %42» NY
0.6 % N 1% 3% 5% 10% AN
HH =X (A THIE A MD | TD MD TD MD TD MD TD MD TD MD TD MD TD
NAR % 15= 2.46 2.86 3.28 2.98 3.36 3.04
IR % 150= 171.58 169.33 168.60 169.70 168.15 169.20
-5C - 10.24 12.98 12.82 11.70 12.85 12.22
AL | N 5C - 11.58 12.09 12.64 12.40 12.76 12.89
HiR 5.0= 13.20 13.44 12.85 13.66 13.79 12.19
-5°C - 0.44 0.48 0.83 0.60 1.17 0.86
E TR L J 5C - 1.39 1.35 1.78 1.00 1.64 0.70
=i 0.5= 1.06 1.20 1.32 1.28 1.26 1.41
FIVIRT 5°C X 1000
Lo & - - 10.33 5.33 8.67 8.33 6.00 11.67
FloRIRE | MPa 100= | 150= | 274.14 | 426.85 | 215.86 | 296.43 | 269.01 | 398.51 | 251.82 | 367.32 | 234.45 | 353.73 | 249.23 | 386.68
FIORMEE | % 100= | 50= | 126.90 | 66.70 | 107.40 | 40.40 | 130.40 | 56.40 | 122.50 | 49.50 | 123.50 | 54.10 | 122.80 47.50
Yo/ % | GPa - - 4.44 3.40 4.61 3.61 4.45 3.48 4.53 3.54 4.55 3.31 4.40 3.54
BUGHEER | % 4.0= | 3.0= | 3.88 7.50 3.88 7.63 4.00 8.38 3.50 8.00 4.25 8.63 3.63 8.63
FIGRE | N/cm - - | 1407.44 | 1554.44 | 2781.68 | 2123.55 | 1764.01 | 647.58 | 2018.96 | 1416.62 | 1556.60 | 806.03 | 1105.06 | 1132.85
Hl1ZU5RE | mN - - 50.78 | 32.78 | 50.23 | 26.38 | 49.63 | 23.13 | 50.35 | 26.53 | 53.58 | 32.00 | 52.23 24.75
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L EOFERD G, BAE S BEIC LD B NY B 5% 7 /L AZHINT 511X, [EINY
BHE DO WA ZMETHZENNETHLZ LN Do, ZOEBH G RGO A8
IZH- 2 BT CE T, FENRRAICB W CREE 2> TNND, E7o, FEERE
DOIRBEFITTHE LD B SEEERIIEAO NY ZEINL T, #3508
AT HEVORED DT, 22T, WERFOEE DR N FEH AL LT,

WADREGEA DT | B NY B ISR U TR MR RIE IS L D0 R Z1T V., 35
LSRRG B RAR DDy U AT IVKER DT 4V N E ENDEINAN K72 D772 it
L7co SBIT, B RO A I L0 E AR AR K DN R D00 E ]~ ekl
T2, BEAREL ACIX BRI T N el U CE AR Emcdh 7=, 2k
D, 7oA WA G ORRMEE LT 52 BRELTE,

[ NY Z ViR Bt | iR a L CAREE Sy (BTRE) & a4y (BSnAl, A V=~ —%%)
BTz, BTN D Wil AR D& B 1212, F AOF BE 2 E ik
RBLTz, o7 OB BRI Rk > TR LA RO NY, @QBIEHL R
IVENR L EED NY, @BEEEL 2 X0 EIR L 825 L= NY 2=, &Ry
NY OB D& gk Ra R 15 17,
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EHY Bl
@ | AL A 13.55

TARTOV TNV TREEFCE AV RERINIZ, LTeD3o T, AT kT
HOLZEDNHEES T, T N O TIEERESICOTDRE G RONTZN, 7
IVHDORESEA BIZADRETHY, AR OEAIIA VI~ —H Kk THHAHE
PENEWNEE 2 BT,

WA, B O EZEMH D7- 0122/ R—% L C, [\ NY BHE D A2 F A L7
T AN BDBEE R I T, Ry R —HEEFR TR HIL T NY BRI ZHIL .
BUEAL DT ANV LD EEDOFREZ MR LT, BBIZIXX 54 @ T X AL
AV, BIEAVER LT, BUBESHHIT LA T 0F 16 (TR, o 7 VIR R IEaINJ5
AUz LBEN NY #HFEFE L=,
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54 T XA H A%

16 HET VLRGSR

) Vo7 HAR | THETH | 757 | C1 c2 | C3
P | B

{®) (C) (C) (C) (C) | (©) | (O

1| N=2u | &Y 260 260 260 260 240 | 260 | 260
2 NY 7L 260 260 260 260 240 | 260 | 260
3 260 260 260 260 240 | 260 | 260
4 | [\Y Y 230 230 230 230 240 | 230 | 230
5 NY Aol 230 230 230 230 240 | 230 | 230
6 260 260 260 260 240 | 260 | 260
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x 1T BRANA—VOFEIIILEGE FBFETER 16 1T

IN—D
[FY NY
NY
1 vs 2 4 vs 5 3 vs 6
AE 0.059 0.437 0.097

FRIEL 727 4 )V AOSMBLE X 55 12T, B NY #AEA 22 R O M0 51
ZHELUTHEZ I LA, B CIIEAOREICEIT RSN T, — 7 Tl
SRAFITTR—V 0 NY TR 6 L C7 /L A UL = 8 3281 RO o T2,

BUEL T BT 4L D2 B A EFHT T AEZTIE LT, B NY #E2EHL
727 4V AD MEITBEIRE DS ERDIEE WA THIEN DD -T2, L, EHE/X—
COFMEL aMEICHEII RSN T, DT EFE S — DO I DL R
ST, BRI LD B ISEWIZHDHLOD | BHEAA—VICLDHEOM
PN R N DHDHETF 28D o7,

SV —NERBIIRA R T HERC, FU NY BRICEDINDDZ L3 B I w b
LTCWDDTIHRWINEARE LTz, ZORGERIZE D E, BRI D 5084 e/ MRICH 2
DML EZATIZ L LTz, 22T, B2 L ABRIT TN [ 4 AR > C U
R, BZET VAL T, PR & Hei U CRTAR 0 i B IRF R 2 T L 09 7<
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1 vs 2 3 vs 4
AE 0.535 0.863
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1 vs 3 2 vs 4
AE 1.930 3.154
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