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REBREE . 4 — /T 7 AG-10kNXplus ((FR) & B BLVEFT)

* AR R E (JIS K7136 YEHL)

R E L o 34 (ZRH
I E 2 : No.619 Digital Haze Meter ((1%)%2 H 5 1% BB FT)
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#3-3 2EAFHIEEIC R D ERIE L2 BE  — b oM R E A R

FL 2 S —FNo. RIRE Elﬂﬁii . fa‘cﬁﬁﬂi[%]
[%] [N/mm°] BIEE JE & [mm]

151222-1 2.5 76.8 80.6 0.534
151222-2 0.5 74.9 87.7 0.581
151222-3 0.5 72.9 89.8 0.550
151222-4 0.5 80.7 88.3 0.568
151222-5 1.0 72.0 83.8 0.579
(77');1,10?;2:2752;&7px) _ 822 924 0545
160128-1 1.0 83.5 83.0 1.188
160128-2 1.0 79.0 84.9 1.121
160128-3 1.0 78.8 86.9 1.055
160128-4 1.0 721 87.5 1.206
160128-5 1.0 80.5 85.1 1.083
(77';»0331:(5;‘2%2@;2?&@&@» _ 724 90.6 0970

+HITRE . 2HRBBEDAEEHE VB EN-30 FHEERT .
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#3-4 2K — /WEIC KD RE LRG> — b OWPERNE R R
RIRE £ IR F[ %]

LAY —No. %] AT (B & & mm]
151118-1 0.08 88.5 0.501
151118-2 0.21 90.0 0.675
151118-3 042 820 0.716
151118-4 0.84 82.9 0.787
151118-5 B

(FHOYILDH: EHIEETLA) 923 0.831
151119-1 1.0 85.0 0677
151119-2 1.0 86.2 0.686
151119-3 1.0 84.0 0637
151119-4 _

THVNDH: BEEIZKPEEREHY) 927 0.627
151209-1 1.0 894 0.505

*ERMBBEE I VEH [EIN=-83DFHEZTRT,

BHZMZTWARWT Z U L(F L AT — bk No.151222-6) & Hilge4
Ll 2R HIE CORMOMBREIZL Y  RENE TR T LTV,
772U, CNFOfEH, REOEEBIZHEV EZFTRWWED Th D,
T, BB RRIL, RBAOELNBE LD, ZNENOE
ZHMIZHET D2 L TE vy, 1R I D CNF OEREILCH
EOEBIZELY, CNF LR LT 27 U AEIRIZ., CNF EHNo 7
JIUNEDEHEFETFTLTWS 2 Ke— B EfELZv— |
ICBALTH, CNF iRNC X 2B EFEOETOR TR RN, A
EIEIC LD 2RI NE D TH D,

—J5. 160128-6 k160u81 T 5 & TR EE K 15%5E 0
LTEY, CNFIZRTA 7 — vz, K LERE ZHRNT 2
ZElitkoT, PMMA&E@*ﬂEWDLtk%%a%ﬂé

AlEl, BT L2 LR A A ER U722y, XLy b E BB
JELEZbDTHEH720, BBAF DO CNFEEICKELINRNTDERH D
ElbNhs, A%iX, IMTHEE EHIC, REFIECELTH RN
VETH D,
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(4) WETROKRFBRARDONLE (BRKTF)

TERMBHT KT 5 COL IR R 2 5k 3 2 7= BURREEIC L - TIRERLS
=B E RIS EoERE 2R Lo, BEREO CO RO E (CNF
BEBRERERCR M OREN TR, F7-EMEHEREZZET D, ) B
TERKEF L 0 D72y CNF B A BHE R 0 FEBLELE O TR OAKER 56 % 3K % 37
®T 5,

ARAEFENL, TERMELE REBE TCORETRICEIT D CO P& DR &% H
L. AEBORIE TRRIZ L D COy MR F DO FEAM & AR B 3 55K D LI
7oA A R L 4-1 OEXRICH D EHICTA TV A INTEARX
r (LCA) DML TR L 7=,
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-

| ERATEHRER EZoE

BRI \ 8= BEE-UH AL

o
=l
Ao
g
(73

BEEHN

FHRBAFE
F—IZ#%
Bl S
[E— . CNF-PMMA
— v —> CNF —> nE
TR
N2 hnl T3
TR | v —> CNF-PMMA  —
IFEVI 1 I H)L—7 #A5L
.%jj IR &
¥ Ak > O =
T TN
TR T

) S EE DS T A )L — B R & 0D L - TR B 0D MBS 1 T A

X4—1 TFA4 TV AT LT AR MESK
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PR LV HIHE =R —DD T THREE S L7z CONF i1 PMMA %
HEVEE (T4 b, P ob—7) [T 2830 COy HEH EHIERh T 4 3
T 5,

P E H
A. TEREAIZ LD CNF-PMMA #3124 5 CO, HEH &
B. FHEMHIC X D CNF-PMMA $EIC4R 5 CO HEH &

C. NERHAN & e L il X415 CNF-PMMA H B OREF S
& O LR

FEAT P & FEATL S
A. PEREAFIC X D CNF-PMMA #5& 12625 COr PEHE:

FEAMEEFH (S AT A5EH) A2 X 4-2 1R T,

KR L 72 5 7OV 7 2 il L C CNF KD IREREL, 77 A2AF v
JFEHE 72D PMMA Z R L C CNF-PMMA XL v b % 8E3 2 TR & 3
#HiH LD,

VT E PMMA, BIXOKLSMIBEA SN D & DOIER, £z, FLED
SR ORE X220, PERIE 100%AKRTH TH D720, 1 A5 L EEFEIEY)
JLER & TR 5,

B. HHEAIC LD CNF-PMMA £5&1242 5 COx HEH &

FHAMELFH (S AT A5EH) A2 X 4-3 1R,

ARMIEREE 225 7OV 7 2 ffdik L C CNF Ky Bk 2 B L7214, FEIEAD
AR EEZAT 72 BT, T AF v 7k 72D PMMA L iE# L T CNF-
PMMA <L v b % 8lE4 2 TR 23 & 32,

AR TR TIEER T Vv a— Va2 BT 208, ZUIAA A~ AHROH D
ThHHID, BEFRLHAOBEIZBEINOHRAET D COLTT T LRV,

sSVTE PMMA, B R OKUSMIBEA SIS S DI, K TR &R T v
a—) (K7 /=) OHZRTHD, [FLENGREIEOEE TRV, =R
1 100%ATM T D7D, 1B A3 X EEFEREY IR & U CRHIiT 5,
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C. TEREAN & HREANC & 0 FEE SN D CNF-PMMA H B AT OBE (7R
& DHEHi
CNF-PMMA (2L W TGS 2 HE A (T4 b P 2b—7) ORGES

. BIOHBBEOMNY TRICOW T, BEFO&RE (KU 7 —Rx— Ml
i) EAEETH D EEUE L. BlRE R CTOLREEENIT CNF-PMMA 1kg O filik
T AZONWTITHI 2k LT 5,

WA M OMRTREZ T 5 &, fERkEIX, CNF fIE TR SIBEHM IR TH
D HTREIT Z SR TR b 5,

G LT, AR 3 SR E LT,

*CNF DT T AF v 7 IZHT 2GHAEN 1%DHD L 10%DH D

s K TRIZER T L a—LinBEASNL5GH L. BASNRWGG

- KGT D\ CNF KR BR % T84 O 2 SRR k% o A4 PERE

HH. WK D CNF KB WA 0 12 L5888, 1/10 &

To5%E

T —Z N
UTFo7atAZo0T, T—XNEET-T2,

A. TEREIC X D CNF-PMMA #2422 CO, PEH &

- CNF /KO HREE TROFMEME R L On 238 4E 8, =L &

- CNF-PMMA $45&E TREOFAMEHER S L O 234 R, =L F—HE &
1~10kg/hr F2EEDAEFERE N 2 FF o Toak i A L T, FEBRITEFELZITV,
F—BEE LT, EHEEEICOVWTIT, ERENICE A4 E T
B L=,

B. B IZ X D CNF-PMMA 8% (24825 COr HEH &

» CNF /K HURO K TRROFEAMEME e LU 23848, =3/ —fi &

- CNF-PMMA $4&E TROFEMEMEH R L On 254 &, =X —HEE
0.5 g/min FREDAEFERE) A FF o e 2 M L T, FEERITAEEEITV,
F— R FR LT, BHEERICOWTIT, ERE IR A3 T
BH LT,
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C. PEIHIMT & FHLEATIC L Bl XD CNF-PMMA A EhHE & o BE A7

i & O LEHE A

+ CNF Kok a W56 & Bik% O CNF K HR = R\WT2356 0,
ZIEID 2 TR A D AL PERE T 0D 72
CNF Ko 8k 2 A T2 3556 0 2 BRI OB O EPERE 1T, Bk
@ CNF KB &2 W26 0 12, £ 1710 ERE LT,

J AL
ZTRRICHEASNDEMEOBHICOWTIE, Z 0 FFilla & 7= AT &
2O D74 7% A7V GHG P& (JRHEAL) Z, LCA Y 7  IMILCA] %
AT, 7—%~_X—2 [IDEA] NHROTHEH L=,
7T ATy VEHOBEHNIROBRI YL T T AT > 7 OBRBEZ XV RET S
CO, &L, BT DT T AF v 7 HORFEEA TN 80% & AE L T
BH L,

(EES

A. TERFMTIC L D CNF-PMMA $#5&12/% % COx HEH &

PERFITIZ XD CNF-PMMA 1kg DA X2 b U ik R %2 4-1~4 (TR
T BRIZLUTOOITFMORRZRLIZHLOTH S,

F4-1 : CNF B H & 1%, R4 FERE T 1 kg/hr

#4-2 . CNF B H & 1%, R4 FERET) 5 kg/hr

# 4-3 1 CNF 5 H & 10%, TRMHEERE T 1 ke/hr

7 4-4 . CNF 5 & 10%. R4 PERE T 5 kg/hr

WFTIDFRMFITIHNT S, CNF KB ORE TRIZOWTII AR LT
%7128, CNF K53k 1 kg 3729 0 GHG HEHEIZF UM & 72 %, 1R# T
FETIE, APERRAIDMEWIE EAEPEENITR D AM AR E < 2572, CNF1%D
CNF-PMMA #fh 1 kg 720 OAFTIEL, 10.5kg-COx/kg & 5.6kg-COxe/kg T
HO | EERDOENFERICKRELSEET L ENboTz,
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CNF 23 10% D85 TlE, FEHE 72 % CNF K HUK OPREE N E W= % &
MMELIRY | ZOMSOAMPRE S EETLMR Lo, CNF10%D
CNF-PMMA #8454 1 kg 720 DAL, 16.3 kg-COze / kg & 11.8 kg-COze / kg
Thh, CNF EABEOENFERICRESEET L LD oT,
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F 4-1 WERIEIZ L D CNF-PMMA (CNF1%. lkgh) #lEA > R Y

GHG FE{L GHG
A=E (100 £F35%%, IPCC, 2007) HEh=
(kg-COe/EfiT) kg-CO,e
[CNF &3i&]
7K 1.23 kg 0.002 | fliK, A ZHEE 0.00
JULT 0.025 kg 0.882 | /UL 0.02
HEED 2.75 | kg 0.554 | RiREH 1.52
BEK 0.25 kg 0.02 | ITEHKNEY —E X 0.01
EEARY 0.005 | kg 2.708 | BEAQB(ER)H—EX 0.01
&5t) CNF2%7K 1kg &i& 1.57
[EAR]
CNF2%?7K 0.50 kg 1.57 0.78
7K 0.50 kg 0.002 | flsK, A ZMfEE 0.00
PMMA 1.00 kg 3.507 | A5 0V)LiERE 3.51
EESN 11.0 kg 0.554 | XHEEN 6.09
B’ - TSRAFYD 0.01 | kg 2.708 | BEAQB(ER)H—EX 0.03
BEK 0.99 | kg 0.02 | TEHpKUBH—EX 0.02
TSRFV IR 0.01 kg 2.933 | CEBX 80% & L THE 0.03
A5t CNF-PMMA XL w 1 kg &i& 10.46

F 42 HERIEIZ L D CNF-PMMA (CNF1%. Skg/h) #lgEAf =2 R Y

GHG [REfiL GHG
RA=E (100 £F45%%, IPCC, 2007) HEH=
(kg-COe/EiT) kg-CO,e
[CNF 8&]
7K 1.23 kg 0.002 | fliK, A ZTHEE 0.00
JULT 0.025 kg 0.882 | /UL 0.02
HEED 2.75 | kg 0.554 | RiREH 1.52
FEK 0.25 kg 0.02 | ITEHKNEY —E X 0.01
EEARY 0.005 | kg 2.708 | BEAQB(ER)Y—EX 0.01
A1) CNF2%7K 1kg & 1.57
[EAR]
CNF2%?7K 0.50 kg 1.57 0.78
7K 0.50 kg 0.002 | flsK, A >ZMfEE 0.00
PMMA 1.00 kg 3.507 | X5 0V)LiERE 3.51
EESN 2.20 kg 0.554 | XHEEN 1.22
A - TS AFYD 0.01 | kg 2.708 | BEAR(ER) Y —EX 0.03
Bk 0.99 | kg 0.02 | TEHKLIEH—EX 0.02
TSRFv IR 0.01 kg 2.933 | CEBX 80% & L THE 0.03
&31) CNF-PMMA RLw K 1 kg B 5.59

70



F 43 PERIEIZ L D CNF-PMMA (CNF10%, 1kg/h) #li&E( X2 R

GHG [FE{L GHG
KA=E (100 £F45%%, IPCC, 2007) HEH=
(kg-COe/E i) kg-CO,e
[CNF &3i&]
7K 1.23 kg 0.002 | flK, A THEE 0.00
JULT 0.025 kg 0.882 | /UL 0.02
HEED 2.75 | kg 0.554 | RiREH 1.52
BEK 0.25 kg 0.02 | ITEHKNEY —E X 0.01
EEAY 0.005 | kg 2.708 | BEADAB(ER)H—EX 0.01
&5t) CNF2%7K 1kg &i& 1.57
[E#R]
CNF2%?7K 4.59 kg 1.57 7.19
7K 4.59 kg 0.002 | flsK, A ZHEE 0.01
PMMA 0.92 kg 3.507 | X5 0V)LiERE 3.22
EESN 10.1 kg 0.554 | XHEN 5.60
AR - TSRAFYD 0.01 | kg 2.708 | BEAQB(ER)H—EX 0.03
BEK 9.09 | kg 0.02 | TEHpKUEBH—EX 0.19
TSRFv IR 0.01 kg 2.933 | CEBX 80% & L THE 0.03
A5t CNF-PMMA RLw 1 kg & 16.26

# 4-4 PEKRIEIZ XD CNF-PMMA (CNF10%, Skg/h) #gA =2 R Y

GHG [REfiL GHG
A=E (100 £F45%%, IPCC, 2007) Hrh=
(kg-COe/EfiT) kg-CO,e
[CNF &i&]
7K 1.23 kg 0.002 | flK, A ZHEE 0.00
JULT 0.025 kg 0.882 | /UL 0.02
HEED 2.75 | kg 0.554 | R#REH 1.52
BEK 0.25 kg 0.02 | ITEHKNEY —E X 0.01
EZEARY 0.005 | kg 2.708 | BEAQR(ERE)H—EX 0.01
A5t CNF2%7K 1kg ®i& 1.57
[EHR]
CNF2%?7K 4.59 kg 1.57 7.19
7K 4.59 kg 0.002 | flsK, A 3ZHfEE 0.01
PMMA 0.92 kg 3.507 | X5 0V)LiERE 3.22
EESN 2.02 kg 0.554 | XHEN 1.12
AN - TS AFYD 0.01 | kg 2.708 | BEAR(ER)H—EX 0.03
Bk 9.09 | kg 0.02 | TEHKLIEH—EX 0.19
TSRFvIRZR 0.01 kg 2.933 | CEBX 80% & L THE 0.03
A5t CNF-PMMA RLw 1 kg &i& 11.78
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B. HREAMTIC L D CNF-PMMA H& 242 5 CO, HEH &

POREANIZ XD CNF-PMMA 1kg DA X2 B U SHfERZ £ 4-5~8 |TR
T BRIZLUT OO FMORRZRLIZHLOTH D,

F4-5:CNFEHE 1%, RTFH/—1LHY

#4-6 :CNF &A%, KT H /=72l

F# 47 CNFEH R 10%, KTH /) —LHY

F#4-8: CNFEHE 10%, RTH /) —N7ixL

BHUEIZE L TH | ONF K BUR O RGE TRRITZE D 6720 28 CNF K5y
Bk 1 kg 720 O GHG JEH&EIZF CEE 705, BAKTERTIZ, FTFh ./ —
NOBEANRKE AR EHZTWDH, CNF B 1%DEE, KT8 —1LdH 0o
CNF-PMMA #4h 1 kg H72 0 OBALIX, 6.82kg-COx/ kg THLHM, KT/
—/L72 L CIE 5.33 kg-COze / kg & A EIZRDT 5,

CNFE 28 10%(272 % &, K5/ —/L& D & CNF-PMMA B8t 1 kg 720 @
AN 28.2kg-COze/ kg TH DM, KT/ —)L72 L TlE 14.5kg-COze/ kg & .
K TRROAMNBRKESFELTL 2, RTH/ —ARRWEAETH, kL
RICKE L RS 2B OARMPERCE R VWEER L o7,
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7% 4-5 FENEIC LD CNF-PMMA (CNF1%., R 7 —ud0) g s o R Y

GHG 8 i1 GHG
KA=E (100 #4524, IPCC, 2007) HrH=

(kg-CO,e/E1i1) kg-CO,e

[CNF &3]
7K 1.23 | kg 0.002 | fliK, A THEE 0.00
JULT 0.025 | kg 0.882 | /UL 0.02
HEED 2.75 | kg 0.554 | R#REH 1.52
BEK 0.25 | kg 0.02 | TEHEKNEH—EX 0.01
EZEARY 0.005 | kg 2.708 | BEAIIB(FERE) Y —EX 0.01
&5t) CNF2%7K 1 kg &i& 1.57

[CNF BiisK]
CNF2%?7K 5.56 | kg 1.57 8.70
7K 5.56 | kg 0.002 | fliK, A ZHRE 0.01
R>H_—IL 3.33 | kg 4.461 | ERI7ILI—IL(ETT, ZEB) 14.87
EESN 4.63 | kg 0.554 | XHEEN 2.56
BEARKD 0.01 | kg 2.708 | BEAIAIB(FERE) Y —EX 0.27
Bk - 7)LI-=)L 13.43 | kg 0.02 | T#EKUIEH—EX 0.03
PILI—ILikZR 3.33 | kg 0| CEBXB0%ELTE 0.00
A1) CNF10%7K 1 kg 845& 26.45

[EAR]

CNF10%7K 0.10 | kg 26.45 2.65
PMMA 1.00 | kg 3.507 | X520 VU)LLERE 3.51
EESN 1.10 | kg 0.554 | XHEEN 0.61
B’AY - TSRAFYD 0.01 | kg 2.708 | BEADAMIR(FERE) Y —EX 0.03
FEK 0.09 | kg 0.02 | TEHEKNEH—EX 0.00
TSAFvV IR 0.01 | kg 2.933 | CEBX 80%&L L THE 0.03
&31) CNF-PMMA RLw k1 kg 8 6.82
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7% 4-6  FHENEIZ LD CNF-PMMA (CNF1%., R 72— L) g o R Y

GHG 8 i1 GHG
KA=E (100 #4524, IPCC, 2007) HrH=

(kg-CO,e/E1i1) kg-CO,e

[CNF &3]
7K 1.23 | kg 0.002 | fliK, A THEE 0.00
JULT 0.025 | kg 0.882 | /UL 0.02
HEED 2.75 | kg 0.554 | R#REH 1.52
BEK 0.25 | kg 0.02 | TEHEKNEH—EX 0.01
EZEARY 0.005 | kg 2.708 | BEAIIB(FERE) Y —EX 0.01
&5t) CNF2%7K 1 kg &i& 1.57

[CNF BiisK]
CNF2%?7K 5.56 | kg 1.57 8.70
7K 5.56 | kg 0.002 | fliK, A ZHRE 0.01
R>H_—IL 0| kg 4.461 | ERI7ILI—IL(ETT, ZEB) 0
EESN 4.63 | kg 0.554 | XHEEN 2.56
BEARKD 0.01 | kg 2.708 | BEAIAIB(FERE) Y —EX 0.03
Bk - 7)LI-=)L 10.1 | kg 0.02 | T#EpKUIEH—EXR 0.21
IV I—ILikzR 0| kg 0| CEBXB0%ELTE 0.00
A1) CNF10%7K 1 kg 845& 11.51

[E#R]

CNF10%7K 0.10 | kg 11.51 1.15
PMMA 1.00 | kg 3.507 | X520 VU)LLERE 3.51
EESN 1.10 | kg 0.554 | XHEEN 0.61
A - TSRAFYD 0.01 | kg 2.708 | BEADIR(FERE) Y —EX 0.03
FEK 0.09 | kg 0.02 | TEHEKNEH—EX 0.00
TSAFvV IR 0.01 | kg 2.933 | CEBX 80%&L L THE 0.03
&31) CNF-PMMA XL v k1 kg 8% 5.33
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#4-7 FHNEIC XL D CNF-PMMA (CNF10%., KT 7 —dh 1) filhEL o~ R

GHG 8 iz GHG
KA=E (100 #4524, IPCC, 2007) HEH=

(kg-CO,e/E1i1) kg-CO,e

[CNF #3i&]
7K 1.23 | kg 0.002 | flK, A THEE 0.00
JULT 0.025 | kg 0.882 | /UL 0.02
HEED 2.75 | kg 0.554 | R#REH 1.52
BEK 0.25 | kg 0.02 | TEHEKNEH—EX 0.01
EEARY 0.005 | kg 2.708 | BEAIIB(FERE) Y —EX 0.01
&5t) CNF2%7K 1 kg && 1.57

[CNF BiisK]
CNF2%?7K 5.56 | kg 1.57 8.70
7K 5.56 | kg 0.002 | fliK, A ZHARE 0.01
R>H—IL 3.33 | kg 4.461 | ERI7ILI—IL(ETT, ZEB) 14.87
EESN 4.63 | kg 0.554 | XHEN 2.56
BEARKD 0.01 | kg 2.708 | BEADAIB(FERE) Y —EX 0.27
Bk - 7)LI—=)L 13.43 | kg 0.02 | T#EpKUIEH—EX 0.03
IV I—ILikzR 3.33 | kg 0| CEBXB0%ELTE 0.00
A1) CNF10%7K 1 kg 845& 26.45

[EAR]

CNF10%7K 0.92 | kg 26.45 24.3
PMMA 0.92 | kg 3.507 | X520 VU)LLERE 3.22
EESEN 1.01 | kg 0.554 | XHEN 0.56
B’ - TSRAFYD 0.02 | kg 2.708 | BEAIIR(FERE) Y —EX 0.05
BEK 0.83 | kg 0.02 | TEHEKNEH—EX 0.02
TSAF v IR 0.01 | kg 2.933 | CEBEX 80%&L L THE 0.03
&31) CNF-PMMA RLw k 1 kg 8 28.16
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# 4-8  FHNEIC XL D CNF-PMMA (CNF10%., RF4 7 —i7e L) filgEo o~ R

GHG [ GHG
KA=E (100 #4524, IPCC, 2007) HEH=

(kg-CO,e/E1i1) kg-CO,e

[CNF 5]
7K 1.23 | kg 0.002 | flK, A THEE 0.00
JULT 0.025 | kg 0.882 | /UL 0.02
HEED 2.75 | kg 0.554 | R#REH 1.52
BEK 0.25 | kg 0.02 | TEHEKNEH—EX 0.01
EEARY 0.005 | kg 2.708 | BEAIIB(FERE) Y —EX 0.01
&5t) CNF2%7K 1 kg && 1.57

[CNF BiisK]
CNF2%?7K 5.56 | kg 1.57 8.70
7K 5.56 | kg 0.002 | fliK, A ZHARE 0.01
R>H—IL 0| kg 4.461 | ERI7ILI—IL(ETT, EB) 0
EESN 4.63 | kg 0.554 | XHEEN 2.56
AR 0.01 | kg 2.708 | BEAIAIB(FERE) Y —EX 0.21
Bk - 7)LI-=)L 10.1 | kg 0.02 | T#EKUIEH—EXR 0.03
PILI—ILikZR 0| kg 0| CEBXB0%ELTE 0.00
A1) CNF10%7K 1 kg 845& 11.51

[R#R]

CNF10%7K 0.92 | kg 11.51 10.57
PMMA 0.92 | kg 3.507 | X520 VU)LLERE 3.22
EESN 1.01 | kg 0.554 | XHEEN 0.56
B’ - TSRAFYD 0.02 | kg 2.708 | BEADAIR(FERE) Y —EX 0.05
FEK 0.83 | kg 0.02 | TEHEKNEH—EX 0.02
TSAFvV IR 0.01 | kg 2.933 | CEBX 80%&L L THE 0.03
&5t) CNF-PMMA XL v k1 kg &i& 14.45

C. TERBMy LRI L v & S5 CNF-PMMA A Bl in o0 BEAF 5

i & O Ll AT
X 4-4 |2, PERER X O ETHLE L 72 CNF-PMMA @ GHG #EH &% 7=
L7z,

SEOFHETIE, KDL WIGEITHE L 72 D i L — AR
Mz BTN, FHIEDAY v FRHED A RVFERE 2> T
L EBbohg, BHOBROEEE D, WK LD CNF KOGEIEO%E & .
fii7K L 7= CNF /Ky B D856 O 7 CTRIBRIC T — 2 IE T X uX, kv 5k
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(EWOHTRERDE O D Z EnIfFSh D,

A A OFETIE, BiAk TROAFEIC L HEE TROAMOE N E, 2 Hhif
ST D AL PEMEREIC L o TGRS L 72, DK TR 2 WERIE TR, KD
FEFIZZWREHE & 72 D T2 EFEWENE L D08, Tk, Hilliko 12 Th b
Yr (K A) &0 110 TH L% (K B) & T L7z, CNFIREDN 1%
D& X GERIEOMREN 12 FRETHIUL, FHEO A v MIbHEY Abh
IRVDN 1/10 DEFETE, FRE T2 W95 2 & 3o 7=, CNF
REED 10%I2725 & MK TROZENEH TERIRY, FTA/—1%
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4. gL~ —

Production of cellulose nanofibers for use with polymerized resin by non-heating process —

Development of a water-removal and solvent-exchange technique for cellulose nanofibers-

1. Purpose of this project

Cellulose nanofibers (CNF) are made from plants. CNF have excellent potential
as basic industrial resources because they have high mechanical and elastic strength
from the large specific surface and pore rate. In addition, CNF are carbon-neutral
materials and may be candidates for the reduction of carbon dioxide (CO2) emitted
in waste combustion processes. Therefore, numerous researchers and companies are
currently developing applications for CNF in automobile, house, and electrical
components.

In this project, we propose a plan to reduce CO2 emissions through the

development of new polymeric materials containing blended CNF.

2. Contents

Genetically, CNF are commercially available and used in the form of
dispersions in water, because they are prepared in wet processing with mechanical
shearing. However, the water retained by CNF inhibits uniform mixing of CNF with
hydrophobic polymer resins. It also increases energy consumption in the preparation
and transportation of materials. Therefore, removal of water and exchange of solvents
are desirable practices before working with CNF. However, most typical solid-liquid
separation techniques, such as filtration and centrifugation, are inadequate to remove
water in CNF because the fibers are extremely fine and highly hydrophilic. Although
evaporative water removal techniques are simple for concentrating CNF content, the
process require large energy consumption.

Cloud point extraction is widely used to separate dissolved components in
solution. A typical collection process by cloud point extraction includes the
transference or adherence of target components to an extraction reagent, which is
insoluble with the solvent with a melting point near room temperature. Since the
extraction reagent is easily dispersed in solution above its melting point and is
solidified below this point, the solidified reagent is easily collected by filtration.

Wire filtration of fibrils is usually utilized in papermaking processes. Though
filters with ultra-fine pores are generally used for CNF filtration, the process is time-
consuming process and inadequate for large-scale water removal of CNF. Thus, we
use a multi-layered wire for CNF filtration to simplify the water removal process.

Thus, we proposed the continuous operation of a multi layered wire system for CNF
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filtration and water removal.

We have developed a water removal and solvent exchange method through a
non-heated process. Cloud point extraction was optimized as the target for obtaining
an efficiency of 90% for water removal of a 1% CNF solution. The CNF collected by
cloud point extraction were characterized by analytical instruments and observation
devices. The operating conditions of the multi layered wire filtration were also
optimized, and a prototype multilayered wire filtration machine was designed. The
collected CNF were mixed with poly-(methyl methacrylate) (PMMA) resin in order
to prepare high-transparency, high-strength plastics. The target transparency for the
CNF-mixed PMMA was set to 90% total light transmittance.

3. Results

I-dodecanol was selected as the cloud point extraction reagent, because it has
a melting point of 29 degree C and is insoluble in water. In the experiment
establishing the multilayered wire filtration method, it was found that the number of
layers and mesh size of the wire affected the efficiency of CNF collection. We
accomplished the target 90% water removal efficiency for a 1% CNF dispersion using
the cloud point extraction and multi-layered wire filtration techniques. The
prototyped multi-layered wire filtration machine was successfully designed. We
tested three mixing techniques, including a two-roller mill machine, a twin-screw
extruder, and casting to prepare CNF-mixed PMMA. The resulting CNF-mixed
PMMA had a bending strength and total light transmittance of 83 N mm™ and 83%,
respectively. The CO2 emission for the production of the CNF-blended PMMA
developed in this project was estimated and compared to that for conventional
techniques. We concluded that blending 1% CNF with PMMA contributes to the

reduction of CO2 emission compared to that in the production of neat polycarbonate.
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