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. MFR Density Melting
Materials Grade Source (9/10 min) (kg/m?) point (°C)
J-700GP .
PP (Injection anePE%nerOH 8 900 166.0
molding grade) '
FX201A Keiyo Polyethylene
HDPE (Film grade) Co., Ltd. 13 962 1314
3540N UBE-Maruzen
L-LDPE (Film grade) Polyethylene Co., Ltd. 4 931 1233
F522N UBE-Maruzen
LDPE (Film grade) Polyethylene Co., Ltd. 5 922 107.7

cEBRFEL —EET A VAERFTE—

MBRLIE A B = RN BRI 5720 OFLMBENFITIL, 7 U AR L7ZEE 100um O~ ¢ L A
T L7z, PP ®%A 1L 210°C, 25Mpa, 2min O 54T, PE OHAIXIRE 2 180°C & L7 4N T
F&METH D, MEASMIT, BETHET S Z LK 5% (Slow Cooling:SC) & kKIZ X 54K
(Quench:Q) ® 2 TH D, FT-HAMBIR: E&2 52 2R OMME L ORI G L LT, R—T
Ny Fb bR T 4 )V AEER LT, B, BV L 28T HMM-10HP-A, (Baldwin) Z flV 7=,

- EBRFE 2. —FAMBERBHMERSTE—

B AW B & FE O BHER D =iz, a—r - 7L — ML 4 X — % (Rheosol-G1000, UBM Co., Ltd.)
ZWR L, SHEEZER Lz, ZOEEIC, BT ¢ L S EREE & [F UM TER L72EZ 2 2mm, E
BE20mm O % 7 Ly MUIOREZAEE L, PP O%413 210°C, PE O5H 13 180°C O 54 TH AKrE
EabH 272, 5258 AMEET 0-100 st & L, HAMBERERRIL 10min & L7z, L TZDXHIZ
LTHELNEAMBERE 2L, ERFELIICTHLTWARMETHEREZ L L ELEZ, 2D
ODRE OV T a— RN, G- AWEEZ Lo, #lxiE 10st o8 AKEERIEE 5 2 THRIB L
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A L 72 30BHT 10-SC, AmalkHE 10-Q & L7z, £72 PP OBEDO K, HAMIBIEA RO 7 4
N EHEMAEL, BV AEEAER L, ZOMERHMES ER L7, ZoHGor T ra— NiE
10-re-SC L 41T 72, Fig.2 (21X, ARMFEICKIT 5 FEROEN L R~T,

e 210 °C for PP 210 °C for PP aﬁ
-J,;}*ﬂ (180°C for PE), (180°C for PE) | B
93 _':",«A‘b‘. 25 MPa, 2 min, SC 0-100 s, 10 min |
@& f", |
3 WP r - ¥
b\ ra 3-‘ &
E’,k\%l g Hot compression Shear treatment
AW
1. Vi lasti llet 2. Tablet
irgin plastic pelle avie Shear-treated products
(20mm of dla.mete’ Steady shear treatment
and 2 mm of thickness)
by cone-plate rheometer Cut
Only for PP

210 °C, 25 MPa, 2 min, SC
(180 °C with SC
or Q for PE)

210 °C, 25 MPa,
2min,SCorQ

2" Remolding Remolding

4. The 2" remold thin film 13- Shear-treated thin film Cut samples
(xx-Re-SC or xx-Re-Q) | (xx-SC or xx-Q)
A (100 um of thickness)

Fig. 2 HAWEIEREH e & I PERHMECEHER T 15 (xx 135 2 78 AW )

O—1—2 WHEFMmEE

FV T, EAWEREZ RO L L3E (Fig.2 @ 3. Shear-treated thin film) B X T, H 7
L AR L2k (Fig.2 @ 4. The 2M remold thin film) % 52008 MERIE . FE S0 EE SEA 722 & QNS D
I REAM L i L 7=,

FFR R E (X, TEIRTEE SR (25 °C, {BJE 50%) (2B W THIEABRIC XL v 1T >7= (LSC-02/30-
2, Tokyo Testing Machine) ., 5l3E# (X 5~10mm/min THEfi L7-, B X, 7V AREERE Y L
LB Z o ~ULTER (IS K-7113-2-1/3) (24 >~V » % —(SDL-100, DUMBBELL) % fl\ THk & Bt >
Teo —OOFREHIR L, 5BEIFEBRZITV., TOFEHHEZ KD,

At dn b 1X WAXS (Shimadzu, XRD-6100)(Z X | 25 °C OARRECREM L 7=, HKELA 1T 10~500, &
X VL 2°min THDH, XHPEIEL Cu THY . 711 40kV-30mA Th 5, fEdufbE (Xc) 1145
H 26 OBCELRIAE (A) & FEALFER b OBGELH A (Aa) B (1) KW EH L7,

X, = —2¢ A (1)

€ Ac+A,

WNEHEE R SAXS I LB EEM (Lo) T 21T o772, AV E TN > 7 v ke v bt
78k % — (SAGA-LS) @ BL11 Th % (b — LR 2.1-23Kev, ¥ 7L — e #3 f BREE X 1140mm) .
7 — Z LT Fit2d (version V18.002) TiTo 7z, BEL TR 7 7 A LD E— 7 OFEE (gmax)hH R (2)
> T LoxEI L, EBICHMT ATER (L) ETENLT 7 AEEA (La) X (3) 12XV RD
76

Ly = —= x (2)

Amax

Le=Ly*X, . Ly=Lc.+1L, X (3)

DO—1—-3 EREBE

PP DS

Fig.3 IZI1X PP AU v (org) &, Fix ORHAWERELZ 527070, BXOZEALO/FT L
ARIEY o TN OBIEFFEO T T, i bIEMER 72 D NS RE CH A M REB O E L v VR
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T, TIT, BIR—V U EZFOEESLVALEFY VT, FREAMBEZ 52760, FiX
ZORBZHE LR - HRHBELELDO, RIIHE LA - AHBLELDOTHD, Fig.3(A)5Hik, 210 °C D
BT 10min fREFL 72720 0 @E AWERERE CH D 0st IZB W T HHEMEFRVCOKTAREZ S Z
L. T Rhbb, BBEBELERVMESLE LT TRTFTHLEBEZX DL RS, EHIZ 2081 D
FAMEEIC X0 HREEMONAY O L0 {8 F L, 508 C—E 72O % R348, 100s?
LW RERBAMBRENGEZ6NDZET, AV TFTNLED G 53 EHEMEHRORIMET L, X
XRMEANEE LD ZERNSDND, FTEES VAR - HREARE T, TR TOMERE RN S
BIZKRELIETARLTEBY, 100st TEA U PF LD 10%FREDHRULIEI R RD T LENgh
D, —HEABESLIOHE L X - REREO Y ZRiT, BAMBRICKEES, 21 EDHEE
RLTNDZENFig3B)NHLN D, ZiLdOFERIT, PP IEHAWIEEIC L BRIz E A EE
LWL 2528, TRLbEMLILETDHZEEZRLTWD, EAGBLIICIY ., (HEMEH
ORIFIREL A=V WARICEET L0, Y ZVRMEFLTEY, 2O T TlImaimil
BANHEE LN ERREINT,

2000 600
1800 | A B
<1600 | Esoo [
x< 1400 | =
g n 400
51200 | 3
T =]
T 1000 | g 300
o =
g 200
g‘ 600 g,
o =]
2 | o
w 400 > 100
200 |
0 0
Org 0 20 40 50 80 100 Org 0 20 40 50 80 100
Shear treatment rate (s) Shear treatment rate (s-)

Fig. 3 AU YT VRO 4 & AW RIEE - BV IRIE 2 5 2 7= PP K~ 4 /v KO 5l aR KM
(A) flRMEWHOEE, (B)F /%

W) S ARE B EANEERE. B LA GRARE B T L2 AR e
Fig.4 1213, Fig.3 1R LAl ofEdbE 2 R4, Mot AMEREZ 5 2 2334 Y o v X
DHSWREERALEDE T LTWD Z L3005, £OM, 7 L ARG EEHIE AW 5506
CIFERSREERTLTWDZENSND, LrLINbOREHCBW T, TAKBROEEITIZIER
WIERDND, —HBTLVAZWRRBHIZA LY b0RREMEMEEMETL TR, Zhigeik
80
75 |

70.6

70 67.7
66.2 65.3 65.3 66.1 66.0

64.5 65.0 64.0
65 62.9 63.2 63.2 03

58.9 60.8 60.9
60 -

56.2
51.6

Degree of crystallinity (%)
(3]
(3]

Org 0 20 40 50 80 100
Shear treatment rate (s™)

Fig. 4 & U U F VK OH A~ & AWBIE - (BRI Z 5 2 72 PP #IK~7 ¢ /L L DR db b E
W)Uk, B EAWEERE, B B LA RGRE,. B 5L R AGRE
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DEABLHENEELTVWLILDEEZLND,

WHE., Yo 7RI EECEGFET I EEN TS, L LD, Fig.3 B XU Fig.d OfER % g
T2 &, AmAREHIR L TixE o BB EMERICIERR Y SEo28, R\ REHCE L TIEERSL L7220 2 & A
OnD, FMEBEHEORICE LT, BELSLTERIVEAZNZELHONTHD, BILEEANE
JEIZ & 2 R O 221X, WAXS TR T = 2 BALHKE dl kg 1 L~V OIS L TIXF 3 R Al T
b EZORFRITRLTND,

Fig.5 21X SAXS [ L v Epn - RAM & B OMEBRBHORL Y 7R EDRAKRERT, =
DN, AV VT LOEBBN 14.4nm TH LD L, SAWNERELZ 52 % & 12~13nm (2D T 5
TN, THTBBRED D N EZEARBREICE ) ERASICRESNANTHEENER LD L
RLTWD, —HRAmREEIT) Z &I THORBAMITEM L, 8~9nm £ THLI 2D Z ENmhD,
B omHIT, FUHEY L AMICBWT, BB EAEBICLDNEREE & )R & O BR % K/ 5%
ECHEBEE LR TH D, Fig.5(A) 2 HIx, M EMEH ORICE L TIFAOBBRBKNL L Tnd Z &
DD, B, WERALIC L 0 BB HOEMET L2 EHCBE LT, SmAmic L BEMN
B 72D EHORHERRIET S Z EAREN TS, — 5T Fig5B)H, YU 7RI L TiE, 4V
TN AMBRERLEORE L GO CIEORBBRAKY o TWD Z ENDnD,

2000 600

1800 A A ® (B)
$ 1600 | - .: |
x ik a fes O

1400 F 0® 0 e, ) = b
% ........ » 400 | e
® 1200 f 0 el S -
© ‘. 3
E 1000 § 300 A
© 800 ® -
= - |
S 600 | @ 200 A
= 5 AA
w o

400 > 100 } .

200 A A

0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1
7 8 9 10 11 12 13 14 15 7 8 9 10 11 12 13 14 15
Long period (nm) Long period (nm)

Fig. 5 flix ® PP i BT 2 EAM & MEMEHOER (A) BLOVY 7% (B) & OEE%
®: U, @ HAMIERERE CHT VARG, A BT LVAAR

- X7 PE DBRE

WAL A T = X NZBT 2 EEBEE Tix, PP UAMNC by T8I E O R 72 5 PEICBI L, 1R
PR I O AW B IR 36 L ORI G40k DA A7 & 5FAf L 7=
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1. #E3C Abstract

Research of Creation and Practice of High Value-added Recycling Technology on
Waste Plastics

Principal Investigator: Shigeru YAO

Institution: Fukuoka University
8-19-1 Nanakuma, Junan-ku, Fukuoka-City, Fukuoka
814-0180, JAPAN
Tel: +81-92-871-6631 / Fax: +81-92-864-6031
E-mail: shyao@fukuoka-u.ac.jp

[Abstract]

Key Words: Aplastic Material Recycle, Physical degradation Physical Regeneration,
Pelletize, Extruder, Toughness

Recently, the extremely large amount of plastic waste becomes a serious
environmental problem. The best way to reduce them is recycling process. Currently in
Japan, most of waste plastics are collected and recycled by one of three methods:
thermal, chemical, and material recycling. An ideal approach is mentioned on material
recycling, however, the ratio of material recycling has still remained about 30%. This is
because the mechanical properties of material recycled plastic are inferior to those of
products made from virgin plastics. Therefore, material-recycled plastics are only used
in low-value-added products and have limited applications.

The poor mechanical properties of material-recycled plastics are believed to be
due to chemical degradation. Such a chemical degradation is thought to be irreversible
process because it is associated with the breaking of molecular chains.

However, at the previous Environment Research and Technology Development
Fund project (3K143013), we have clearly shown that the poor mechanical properties of
material-recycled plastics are not caused from chemically degradation, but caused from
the change of inner structures. This change can be namely as “Physical Degradation”.
We also shown that by choosing a suitable remolding process, we can change the poor
physical properties to a virgin level.

In this research project, we did three themes, 15t:basic research about the physical
degradation mechanism, 2"%:practical development research about a pelletizing process
to produce high performance pellet, and 3":spreading the research results.

1st theme; We could find that heated or sheared sample shows poor mechanical
properties. That means, heat and shear are the source of physical degradation. We tried
SAXS measurement and Imaging IR measurement for the investigation of inner structure
change. By using these measurements, we could analyze the change of inner structure
and influence of heat and shear.

2"d theme; We made a new taper shaped molten resin reservoir and investigated
its performance. And we could shown that the new type molten resin reservoir is very
effective for filler compound. We also made new twin screw extruder at Fukuoka
University and estimated the ability. From this investigation, we could extremely change
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the tensile property of recycled plastic. It elongated as long as virgin plastic. This result
shows that the new extruder is very good for the regeneration of recycle plastic physical
property.

3" them; We had published 4 papers, 7 reports, 92 presentations (including 4
keynote presentations), 13 lectures, and 2 prize.
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