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scCO:

(scCOy)
(Tg)
1)
(PE) scCO:
scCO:
MMA
PE
PE
(LDPE) SCIENTIFIC POLYMER

PRODUCTS,INC. LDPE  #042(Mw=198,000)
(HDPE)

HD F184(Mw=890,000)

MMA
UHMWPE
MMA
(UHMWPE)
150M (Mw=1,573,000)
26nm 185 83.6nm
PO-WAX H-10
MP-WAX
L-996
KBM-1003
MMA
(AIBN)
G-12
PE PET
150 200 5 10
40MPa 5 10
0.3mm
0.05mm UHMWPE(150M)
scCO:»



SUS316 50ml PW725 PE
100ml
311 0.29
7.38MPa
17 18
CH_CH2
\
Oo=C C=0
0]
DSC8230 10 min
(CTE)
TMAS8310 5mm
15.0mm 10 min
2
66.7mN/mm 90 110 2.0ml  2viv
_OCHy,
CH, CH S OCH,
OCHj;
5mm 1mm KBM-1003
10mN
10 min 550
PE
5569 PE
4mm scCO:
20.0mm 10mm/min
PE
supercritical reaction
PE supercritical ___additives melting point ~ heat of fusion
02 Sample  conditions  yawax st amo O (degreeof(;r;/s;alllm(y/ )
emp. pressure time H-J 5 2 g
<9 T e ) o o 2o 0
1LDPE - - - - - - - 1112 110.2 (38.4)
g:coz 2.LDPE 40 20 3 - __—_0__0° 111.7 134.1 E46,7g
3HDPE - - = = = = = 127.3 197.4 (68.8)
PE 4HDPE 60 20 6 O - - o 128.0 195.6 (68.2)
5.HDPE 66 20 6 - O — O 126.9 206.6 (72.0)
6.HDPE 9 20 3 - - - o 127.6 214.7 (74.8)
BURMWBE st T T e e 13 VR
. —press - - - - - - = y . .
9UHMWPE-press 90 20 3 - - — o 132.1 169.2 (59.0)
10.UHMWPE-press_40.___ 20 3. . —_ __—_0 0O 132.1 174.0_(60.6)
11.UHMWPE-sheet - - - - - - - 134.7 178.0 (62.0
12UHMWPE-sheet 60 20 6 © - - o 134.0 170.3 559,4;
10.UHMWPE-sheet 60 20 6 - o - o 135.2 184.0 (64.1)
14UHMWPE-sheet 0 20 3 - - - o© 1354 168.7 (58.8)
15.UHMWPE-sheet 40 20 3 - - o o 134.7 162.8 (56.7)
PO-WAX H-10 2R WPE - prees fim ot Sheotof OLMWIPE 1501
*3)H-10 : Shin—nihon sekiyu PO-WAX H10 modified with maleic acid
*4)L-996 : Chukyo-yushi M P-WAX modified with maleic acid ester
65 *5)KBM —_1003 : Shin-Etsu S!an coupling agem
*6)nano SIO,, : Kanto Nanosilica(average diameter 26nm)
0.2g9
PE
MP-WAX  L-996 99



PE
UHMWPE 141
LDPE

scCO: PE scCO:
PE MMA

PE

supercritical reaction elastic  1styield point necking  breakpoint
supercritical additives modulus stress drain stress  stress strain PE
Sample  conditions yawax s o (MP3  (MPa) () ate =2 (MPa) ()

—————— ———— kBM SO, (MPa)
temp. pressure time H—10 L—996 ~1003

() (MPa) (hrs) 02g 02g 2.0m 02g
1LDPE - - - - - - - 1534 81 217 8.9
2. DPE 0 20 3 - - _0_0 107.3 7.6 225 84
3HDPE oo 637277 721.3777108 162 PM M A
4.HDPE 0 20 6 o - - o 6090 217 108 165
5.HDPE 0 20 6 - o - o 6602 219 108 158 Int et at. I N k
6.HDPE © 2 3 - - - o 6330 222 125 158 Pol etwi
7.HDPE 0 20 3 - _-_0_0 5462 209 133 156 n erpen rati ng ymer or
8UHMWPE—press — - - - = Z7Z77773806 187 217 176
9UHMWPE—press 90 20 3 - — — © 4344 189 217 16.9 PE
10.UHMWPE-press_ 4020 3 = _=_9_ 0 3994 174 200 154
11L.UHMWPE-sheet - - - - - — = " 78l5 - - -
12UHMWPE-sheet 60 20 6 © — - o 639.2 - - -
10.UHMWPE-sheet 60 20 6 - o — o 785.1 - - -
14UHMWPE-sheet 90 20 3 - - - o© 669.6 - - -
15.UHMWPE-sheet 0 20 3 - — o o 560.8 - - -

*1)LDPE : Scientific Polymer Products,INC. #042
*1)HDPE : Asahi—kasei chemicals suntec HD F184

*2)UHM WPE : press film or sheet of UHM WPE 150M

*3)H-10 Shin-nihon sekiyu PO-WAX H10 modified with maleic acid
*4)L-996 : Chukyo-yushi M P-WAX mocified with maleic acid ester
*5)KBM~1003: Shin-Etsu Silan coupling agent

“6)nano SI0, : Kanto Nanosilica(average diameter 26nm)

PMMA
Molecular Chain

40 60 80 100

Entanglement with
PE amorphous chain

LDPE HDPE UHMWPE /
PE
60 CTE Lamellar Structure

80
UHMWPE

PE UHMWPE-PMMA 1PN
supercritical reaction

supercritical additives Coefficuient of thermal expansion (CTE)
Sample  conditions wawax s o 40 60 80 100

S0,

T B
temp. pressure time H-10 L-996 ~1003

MMA

() (MPa) (hrs) 02g 02g 2.0ml 0.2g
TLDPE - - - - - - - 228 235 240 -
2.LDPE W 0 3 - - o o 174 256 290 -
SHDPE ST Do 160 189 Te4 = (l) (2)
4HDPE @ 2 6 o - - o 133 164 196 -
5HDPE @ 2 6 - o - o 126 170 203 -
6HDPE w 2 3 - - - o 121 165 204 -
7.HDPE 0.0 3 - - o o 151 193 212 e (1) 4 PE
SUAMWPE press = 72 DT ITTITITT 200 208 500 156
9UHMWPE—press 90 20 3 - — — © 142 1.89 222 252
10.UHMWPE—press 40203 _— - o o 147 179 192 193 5 5 50ml
1LUHMWPE sheet — - - = = Z7Z 051 068 061 114
12UHMWPEsheet 0 20 6 o - - o 038 036 017 -150
10UHMWPEsheet 0 20 6 - o - o 031 042 041 076
14UHMWPE-sheet 0 20 3 - - - o 015 012 026 025 MMA 2.00ml A|BN00339 0.2mol
15UHMWPEsheet 0 20 3 - - o o 0.29 0.40 042 065

*1)LDPE : Scientific Polymer Products,INC. #042 H
*JHDPE . Asah ke Chemicls e H Fisa 40 MPa CO: 0.05ml/min. 21
*2)UHM WPE : press film or sheet of UHM WPE 150M

*3)H-10 : Shin-nihon sekiyu PO-WAX H10 modified with maleic acid

*4)L-996 : Chukyo-yushi M P-WAX mocified with maleic acid ester
*5)KBM~1003: Shin-Etsu Silan coupling agent 80 7M Pa 24
*6)nano SI0, : Kanto Nanosilica(average diameter 26nm)



(@) 4 PE
10 10 100ml
MMA 5.00ml
AIBNO0.082g 0.5moal 40 10MPa CO:
0.04ml/min. 25
60 10MPa 36
100— , . , . ——100
% 80 Porimerization 1% «
- 80 24 hrs. 188
) 70 *702
S eof {60~
© sof . 1502
ol 40 Impregnation
i I T 1%
% 30F 430 o
= 20 120
10} 7MPa_ {10
=010 20 30 40 0 & °
Reaction Time/ hours
100— . : ‘ . . ——100
90} 190
3 ol
8 eol 60 Porimerization —602
% 50 ’ s6hrs —5o§
o ,.| 40 _ mpregnation |
g 0 24 hrs. 40
g 30F 430 o
=2 10Mpa 12
10} 110
S 10 20 0 0 50 60 °
Reaction Time/ hours
MMA
MMA 0.3mm HDPE
4)(6) 0.005mm PMMA (Scientific
Polymer Products, INC. PMMA#037B)
HDPE+PMMA 1720
1730cm™ PMMA
PMMA

1.7mm

0.3mm MMA
surface of film center of film surface of film
100} i ! 1
|
|
-~ |
O 80t |
S 1
— |
)
X ol !
o 60 |
|
= |
~ i
|—| 401 }
—
N—r ‘
|
20r thickness=1.77mm 1
-l i
i
|
0 ———— ——————
0 -05 -088 -05 0
supercritical reaction meltin int  heat of fusion
Sample Impregnation polymerization €lting po (degg‘g‘o,%ys}g‘ﬁ‘"‘.{y, )
temp. pressure time  temp. pressure time () J/9)
() (MPa) (hrs) () (MPa) (hrs)
1LDPE 1112 110.2 (38.4)
2LDPE 40 7 24 80 7 24 109.5 84.9 (29.6)
3.LDPE 4010 24 6010 36 112.8 103.9 (36.2)
4HDPE 1273 196.4 (68.5)
5.HDPE 40 7 24 80 7 24 128.4 180.5 (62.9)
6.HDPE 40 10 24 60 10 36 1283 196.5 (68.5)
7.UHMWPE-press 1314 169.77(59.1)
8UHMWPE—press 40 7 24 80 7 24 134.0 148.0 (51.6)
9.UHMWPE—press_40__10 24 60 10 36 132.8 150.0 (52.3)
10.UHMWPE—sheet 1347 178.0 (62.0)
11.UHMWPE-sheet 40 7 24 80 7 24 1355 165.4 (57.7)
12UHMWPE-sheet 40 10 24 60 10 36 136.3 145.8 (50.8)

PE

€ =2

HDPE UHMWPE

*1)LDPE : Scientific Polymer Products,INC. #042

*2)HDPE : Asahi—kasei chemicals suntec HD F184

*3)UHM WPE : press film or sheet of UHM WPE 150M

*4)MMA : Wako Pure Chemical | ndustries, Ltd. analytical grade
*5)AIBN : Wako Pure Chemical I ndustries, Ltd. analytical grade

MMA

LDPE
UHMWPE



€

LDPE
PE

MMA

MMA

PE

supercritical reaction elastic 1t yield point necking breakpoint
Sample Impregnation  polymerization modulus stress strain  stress ~ stress strain
Temp. prossure time_temp. presswre time. (MPa)  (MPa) () ate =2 (MPa) ( )
() (MPa) (tvs) () (MPa) (hrs) Pa)
1LDPE 1534 81 217 8.9 163 601
2LDPE 40 7 24 8 7 24 1727 95 225 9.2 151 584
3LDPE 4010 24 60 10 36 1249 80 217 9.7 154 585
4.HDPE 637.2 213 108 16.2 259 671
5.HDPE 40 7 24 80 7 24 7194 242 117 175 261 648
6.HDPE 40 10 24 60 10 36 7496 234 100 175 29.0 715
7.UHMWPE-press 380.6 187 217 176 29.8 444
8UHMWPE—press 40 7 24 80 7 24 5334 198 208 187 345 480
9.UHMWPE-press_ 40 10 24 60 10 36 5268 198 192 _ 19.3 357 482
10.UHMWPE-sheet 7815 = = = 1626 92
11.UHMWPE-sheet 40 7 24 80 7 24 9605 - - - 167.0 90
12UHMWPE-sheet 40 10 24 60 10 36 8333 - - - 1633 93

12.6

&)

229

PE

PE

PE
PMMA

HDPE
40.1

HDPE

384

PE

PMMA

12.9
UHMWPE

LDPE : Scientific Polymer Products,NC. #042
HDPE : Asahi—kasei chemicals suntec HD F184

MM A : Wako Pure Chemical Industries, Ltd. analytical grade

1
2)
3)UHM WPE : press film or sheet of UHM WPE 150M
)
5)

)AIBN : Wako Pure Chemical Industries, Ltd. analytical grade

€y
UHMWPE

PE

17.6

UHMWPE
PE

LDPE

229

UHMWPE

MMA

PE

PE

PMMA

L DPE #042

Stress/ MPa

=
(=]

= (1)nontreatment LDPE
——  (2)LDPE after Impregnation porimerization of MMA scCO ,0n40  7MPa2dhr ~.80  7M Pa 2ahr
e=mm== (3)LDPE after Impregnation porimerization of MMA scCO ,0n40 10MPa 24hr~60 10M Pa36hr

@D (3
A

Stress/ MPa

=
(@)

w
(=]

Stress/ M Pa

10r

0 0.1 0.2 0.3 0.4 0.5
Strain/ €
= (4)non treatment HDPE
e=e=  (5)HDPE after |mpregnation porimerization of MM A scCO ,0n40 7M Pa24hr ~80 7M Pa 24hr
eseeee  (6)HDPE after Impregnation porimerization of MM A scCO ,0n40 10M Pa 24hr .60 10M Pa 36hr
0 0.1 0.2 0.3 0.4 0.5
Strain/ €
UHMWPE150M pressfilm
— (nlll:nlrom UHMWPE pr‘esshlm j j '
= (8)UHM WPE after Impregnation porimerization of MMA scCO ,0n40 7MPa24hr~80 7M Pa 24hr
wenmee  (9)UHM WPE after Impregnation porimerization of MM A scCO ,0n40 10MPa24hr .60 10MPa3shr |
—_ |
0 0.1 0.2 0.3 04 0.5
Strain/ €

UHMWPE150M stretched sheet

UHMWPE(pf)

180

u u T T
= (10)noN treatment UHM WPE sheet

—— (11)UHM WPE after Impregnation porimerization of MM A ScCO ,on40  7M Pa 2dhr .80  7M Pa 2ahr
e=m==  (12)UHM WPE after Impregnation porimerization of MM A scCO ,0n40 10M Pa 24hr~.60 10M Pa 36hr

1

01 0

01 02 03 04 05 06 07 08 09 1 11 12

Strain/ €
UHMWPE(s)



Penetrated ratio /

B

Penetrated ratio/ Penetrated ratio/

Penetrated ratio /

|
i
o

Y

LDPE before  after scCO, treatment

w
o

T T
== (1)non treatment LDPE
=== (2)LDPE alter Impregnation porimerization of MMA  scCO,on40 ~ 7MPa2dhr 80  7M Pa 24hr

(3)LDPE after Impregnation porimerization of MMA  scCO,0n40 10M Pa 24fr .60 10M Pa 36hr

n
o

=
o

mp=111.2

—— R
T

Y

o load pin diameter: Imm
static load: 10mN

thickness of film: 0.3mm
20 40 60

o

80 100 120
Temperature/

LDPE
HDPE before  after scCO,, treatment

——— (4non treatment HDPE
——— (5HDPE after Impregnation porimerization of MMA ~ scCO,0n40  7MPa24hr 80  7M Pa24hr
emeeeene (6)HDPE after Impregnation porimerization of MMA  scCO,0n40 10M Pa 24hr ~60 10M Pa 36hr

140 160 180 20C

30,

20

=
o

mp=127. .’3‘_

A

———————— .

vaswnsenss?

— "

Y

o load pin diameter: Imm
static load: 10mN
thickness of film: 0.3mm

20 40 60

o

|
LN
o

Y

80 100 120
Temperature/

HDPE

300 140 160 180  20C

UHMWPE press film before

——— (7)film from UHM WPE pressfilm
=== (B)UHM WPE after Impregnation porimerization of MM A scCO ,on40 7M Pa 24hr .80  7M Pa 24hr
emeeeene (9)UHM WPE after Impregnation porimerization of MM A cCO ,on40  10M Pa24hr —60  10M Pa 36hr

after scCO, treatment

30,

20

=
o

o

|
=
o

o load pin diameter: Imm
static load: 10mN
thickness of film: 0.3mm

Y

80 100 120 140 160 180 20C

Temperature/
UHMWPE(pf)

UHMWPE stretched sheet before

300 20 40 60

after scCO, treatment

30, T T T T
——— (10)film from UHM WPE sheet
=== (11)UHM WPE after | mpregnation porimerization of MM A scCO , on 40

(12)UHM WPE after Impregnation porimerization of MM A scCO ; on 40

M Pa 24hr ~.80  7M Pa 24hr
OM Pa 24hr 60  10M Pa 36hr

20
mp=134.7

=
o

——

fffiim ]
load pin diameter: 1mm |
static load: 10mN
thickness of film: 0.05mrp

140 160 180 20C

80
Temperature/

60 100 120

UHMWPE(S)

PE

LDPE D
60
MMA LDPE
@ (3 40
HDPE
4
MMA (5)(6) 100
100
PE
PMMA IPN PMMA
UHMWPE HDPE
10
UHMWPE
(10)
MMA (1) (12) 40
40 60 80 100
LDPE
HDPE 100
PE



PE

supercritical reaction

Coefficuient of thermal expansion (CTE)

Sample Impregnation polymerization
P o e ime e presaretime 40 60 80 100
() (MPa) (hrs) () (MPa) (hrs)
1LDPE 228 235 240 -
2.LDPE 40 7 24 80 7 24 2.80 322 354 -
3.LDPE 40 10 24 60 10 36 258 3.01 353 -
4HDPE 1.69 1.89 1.84 -
5.HDPE 40 7 24 80 7 24 1.86 211 2.36 -
6.HDPE 40 10 24 60 10 36 1.55 1.76 197 -
7.UHMWPE-press 2.00 2.08 2.00 1.96
8.UHMWPE-press 40 7 24 80 7 24 214 242 2.65 291
9.UHMWPE-press_40_ 10 24 60__10 36 1.74 1.94 214 221
10.UHMWPE-sheet 0.51 0.68 0.61 -1.14
11.UHMWPE-sheet 40 7 24 80 7 24 047 0.69 0.56 -0.17
12UHMWPE-sheet 40 10 24 60 10 36 0.52 0.65 0.55 -1.58
*1)LDPE : Scientific Polymer Products,|NC. #042
*2)HDPE : Asahi—kasei chemicals suntec HD F184
*3)UHM WPE : press film or sheet of UHM WPE 150M
*4MMA : Wako Pure Chemical Industries, Ltd. analytical grade
*E)AIBN : Wako Pure Chemical Industries, Ltd. analytical grade
x 107 L DPE after scCO, treatment
v 5. : . T . : : T T .
=
o
o
g
5
©
€
o]
<
=
=
=)
-
T 1.0r
'S
= . (0)NON treatment LDPE
ho] e = (5)LDPE after Impregnation porimerizationof MMA ~ scCO,0n40 7MPa24hr .80 7M Pa 24hr
o 0 ====sn=r (6)LDPE after Impregnation porimerization of MMA  5cCO, on 40 10M Pa 24hr - 60 10M Pa 36hr
0 30 40 50 _60 70 80 90 100 110
Temperature
x 107 HDPE after scCO , treatment
5. T T T T T T T T T
X e (0)ri0N treatment HDPE
= = eme= (5)HDPE after Impregnation porimerization of MMA ~ scCO,0n40  7MPa24hr ~80  7M Pa 24hr
aeeeeee: (6)HDPE after Impregnation porimerizationof MMA  scCO,0n40 10M Pa24hr 60 10M Pa 36hr
= 4.0f
(=]
5
5
©
IS
&
<
=
kel
5
‘S
2
©
8 O L I L L L L L 1 L
0O 30 40 50 _60 70 80 90 100 110 120
Temperature
x 107 UHMWPE pressfilm after scCO , treatment
X > JR— (O)non(rlealmen( UHMWPE ;;ressmm " ' j T ' j "
:| === (5)UHM WPE after Impregnation porimerizationof MMA ~ scCO,0n40 7MPa24hr 80 7M Pa24hr
-+ (6)UHM WPE after Impregnation porimerization of MMA  scCO,0n40 10M Pa24hr ~.60  10M Pa 36hr
< 4.0f
o
2
] 100
o8 ———
3 3.0 e
©
e meemeee”
o]
g 20
=]
B
-
o 1.0p
‘G
2
©
8 O 1 L 1 1 L 1 1 L 1 1 L
0 30 40 50 60_ 70 80 90 100 110 120 130 140

Temperature

UHMWPE(pf)

UK

al expansion

Goefficient of therm

|
o
o

x 107° UHM WPE sheet after scCO , treatment

T T

40 60 8 409

o
o

N
o
o

=
4]

= (0)non treatment UHM WPE sheet
e (5)UHM WPE after Impregnation porimerizationof MMA  scCO,0n40 7M Pa24hr ~.80 7K Pa 24hr

+ (6)UHM WPE after Impregnation porimerization of MMA ScCO on40  10M Pa 24hr 60 JpM Pa36ir
! . . . . . h A " s

20 30 40 50 60_ 70 80 90 100 110 120 130 140

Temperature

UHMWPE(s)

LDPE @O

CTE scCO:

HDPE UHMWPE
&) ©(© 60
CTE
UHMWPE

(10)(11)(12) % CTE

MMA

MMA

PE 300

LDPE 150

HDPE  UHMWPE 200

UHMWPE 120
200



20°C

I
IE

HOPE II l'ﬂ”

8

\\

LHNNFE
sneel

scCO:
UHMWPE

MMA

MMA

PMMA
scCO:
scCO: PP PA PET PBT POM

PPS PLA

scCO:

IPN
1
p.230-p.231 (2004)
2)
p.77-p.82 , Vol.55 No.2(2007).
3)
p.133-p.136, 3 (2007).
4)
,  p.5-19,
Vol.34 No.8 (2005).
5)
, p-42-44, p.218-p.220, (2003).

6) , (2002).
7 (2001).
8)

(2006).



PVA / PAAM
140 150 2
30
PVA
PAAM
pH
DMSO/
PVA
/ DMSO/ PVA PAAM
(@)
<100ppm Au

@

Au

PVA/PAAM



Au

PVA/PAAM
DMSO/ PVA 10wt%
PVA 2000 98mol
EVOH E171 L171 PVA
F171 PAAM 15000 EVOH 10wt% PAAM
20wt%
AZ-204
Au
SA10A
PVA 90
PVA PAAM PVA/PAAM 500mg
PVA/PAAM 100ml
PVA/PAAM=100/10 TOC TOC-5000A
10.6wt%
Au
100 180 = lwth 100
0.5 3 HCI aq. pH 5
Au
150 6 100mg 24
PVA/PAAM Au
100mL 60mL 6.6mL ICP ULTIMA2
129 20wth%
11._4mL 120
170 2 PVA/PAAM
10 60
PVA/PAAM 100mg
Au 1 Au 100ml 24
PVA/PAAM ] 0.1IN NaOH ag.100ml 10
PVA PVA 10wt% JO.0IN HCI ag. 1
PAAM

PVA

PAAM

30

EVOH

40ml
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Fig.1 Fig.2
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Fig.3
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Fig.7 PEG
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5 5 SEM
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Fig.8
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Fig.9
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Fig.11

Au
10ppm
Fig.12 EVOH
PVA/PAAM
PAAM PVA  DMSO/H,0
3.8 mg/g
(7.2 mg/g)
PVA .
Fig.11 gy m
PVA/PAAM
PVA
PAAM
PVA/PAA
100p m
3mm Fig.12
Au
Fig.13 Fig.14
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Fig.14
PVA/PAAM
Au
Fig.13
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