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FY2019 contracted operation for evaluation, etc. of performance of
recycling cellulose-nano-fiber
(Development of high-speed sorting and high-strength-imparting

processing methods for cellulose-nano-fiber composite resins)

Results report summary

The specific targets for this fiscal year are as follows.
(1) Sorting Process

By using the light color evaluation samples (CNF composite ABS resin
(CNF-ABS), CNF composite PP resin (CNF-PP), and PP, ABS, PS extracted
from shredder dust), resin detection verification is executed with an infrared
ray applied at a conveyor speed of 3 m/s. The targets for this test are a resin
collection rate of 60% or higher and collected resin purity of 80% or higher.
In addition, for dark color resin, detection performance verification is
executed by using a near-infrared ray and middle infrared ray.
(2) Recycling Process

We intend to examine and validate the possibility of recycling the physical
properties of CNF composite PS-HI resin (CNF-PS). With 5 repeated
moldings, and a physical property retention rate of the molded unprocessed
material set at 100%, the target for the end-point average is 80% or more.
We also intend to execute verification to determine the recycling methods

and processes.

The following achievement was obtained as a result of executing the
operation.
(1) Sorting Process

Light color evaluation samples of CNF-ABS, CNF-PP, and CNF-PS were
mixed with PP, ABS, and PS extracted from shredder dust, and a verification
of sorting CNF composite resin was executed at a conveyor speed of 3 m/s.
After achieving the target value using the conventional mass-produced
sorting equipment last fiscal year, we achieved a resolution four times
higher than conventional ways in order to further improve the accuracy and
then executed verification. Although the algorithm needs to be continuously

improved, it is assumed that higher resolutions will eventually improve the
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collection rate to around 80% and the purity to around 90%. In addition,
spectrum detection performance was evaluated with a middle infrared ray
with less decay of spectrum intensity applied to dark color resins. Although
determination of resin types is possible for dark color resins as well,
detection of the presence of CNF is extremely difficult when its content is
around 15%. Regarding the detection of CNF composite resins in dark color
resins, there is potential to identify them if the CNF content is about 55%.
(2) Recycling Process

Prevention and suppression of cohesion, expansion, and tearing, etc. of
CNF that have become composited during the fabrication of recycling pellets
are issues. Due to the high temperatures during the melting-kneading-
extrusion process accelerating the carbonization of CNF, verification was
conducted using an extrusion-molding process that appropriately suppressed
the melting temperature during the recycling process regardless if additives
were present or not. The preferred temperature for CNF-PS was found to be
150 degrees C at the material supply unit and 180 to 200 degrees C at the
material kneading area in the cylinder. After 5 repeated moldings, the
mechanical property retention rate was 95% or higher on average. Effects of
antioxidants on CNF-PS was also verified. As a result, no difference was
seen in effects with or without them in thermal oxidation/degradation.
Verification and evaluation were also performed to determine recycling
methods and processes and adequate specifications of screen mesh sizes to

be used during kneading-extrusion were discovered.
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A 7Y 2 |8 5 rpm 200
7 A kg/h 8
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2.2.3. B RH 2 5 B

2.2.3.1. WMA - ZBEAILF O KR IE

No— 2 s O BB Sk 2 W T D 720 O BRALBL L F - %2 E F S AR F o
BB L DWHERELBIRMWLT EITHOWTHEEL -,

HHIRMA O SHIE, #AZa~ 77 78&0H(GC/MS)iE, @Rk s =
~ N7 7 7EESH(HPLC/MS)EIZ LV EMESHTIC LD IMAIFEZ 5 E L7k,
EESNICEIVBMATAEZELZNEL =,

FT. A=V ULy FEAR=T ULy b 100%IC TH M KRE L7
Z® 100% Y 774 Rk, £ LT CNF-PS#I#IM CORMAEGHEE2WE
L. 1 HBABELYY ORMAEEEZHE L, BNAIE Y = 7 — V2B Ik
HlTdhHo, N—T XLy MIKkT 5 CNF-PS #I I ERE: OB &K LT,
ITNUBOBRK LFETORDEIIESRETCH D, o THMMICXT 245 &
Wxt LT 2EIBLBEOBEIK LBV y MERIKITIXZ O 5018 E o RIn#Al L5
L Lz, 23T I2H 570 —DFTREROBFBANLZ A X(U XLy MEFIZEWN
THA1HEBOLLERIZ L, B4 2B B LRI EE F & ORI 2 8 73RN E
L. G HEYOREREL TSN - ABREZERLZ, Zhicx L, RINA % B
WMUZ2 WAL FHELOMEKEL TR FEmL, LFHFEL - HY OLBKKRGEL EE L
7=,

PS #ffE. CNF-PS fflsh o> 7 =/ — /L RERALBIIEH OHER 2 X 2-38 (2T,

CNF-PSH D7 x /) —VREBEALH EAIZ, A=Y XLy N OEGEHFEICH L,
M T L TWwa s, ImRMLGFZ2L T Th, Z0%OEERTIXIZ
LAERD LT RN, "=V XLy LA ~OE T~y k
TAZ =Ry FHECLDILDEZZON, TORDVEEMBET LD RAH
— Ny FERAERED, WM T L RIS, BRI ZRNMT 246 EN S D &5
bbb, £, ERLEZX A BIORMALT &EIZO>NTIE, BEXXL v b
ERL 1 EC &, FTHREARERE L, XLy MMERHRIERREE O 2 [ o 2 E
JEBESZT DR, TOWHRERILZEX100ppm 072D, TbxEFEEL-EBRNE L
L7,
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2.2.3.2. HBERLBEBRERICL 2L L 2 0mE Rt

AE O YE, WEEWME, S SEOBETME LT TFTROW MM E2 I E L
77

- BlIRBERIS D (BlER E), SRR O T A IR SIS 7,5 Rk E O3 4
- Bl oE M R

<o R Sl M R

C VY LY — B RE

- MFR(A /v F 7o —1L— })

- fof B 72 o AR (A IR )

By bR kIR

InoEmYYE, EDE, HREEEZRBRUEL., EABEOREES -
BETEAZMLUZ, WEAEEE L TO MFR(A /L b 7o — L — b, ik,
G OB kR L L TR S N2 28, BIED o F8H UM To &K T 24 Uit
NWHEREMT 220 BESTOLMESGLELTHLIAMONLLEEZIOND,
Fl, BRBRERICI 20 TFREBIO S FESMAOFMMRIEEL EM L 72,

X 2-37TIZaR LIk Hic, MELKREABEL 5 B L., WIk%Eo % x il
E Lo, & 260 b &R 2-1110, RBREME. WESRME. W EMEEZRT,
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* 2-5 BIEMBREABER LOXME

BRIk JIS K 7161-2 (ISO 527-2) #E#L

il = 92 H BIAERR & . BIAR M N, 813 B %

B AR JISK 7139 % A4 7 A1 K % A Wik A (L=175)

BRI E ; 50mm/min(FR & « B V)% . Imm/min (5P 2R ) X
X H#fih O'E+ AUTO-X f# A

) F v 7B ; 115mm
B 4

122 R D B ; 75mm

R B R ; 23C

) E K ; n=5
i B BR B 23C+2°C. 50%RH =5%RH
I 4 TTHEM B BR B 5966 B (A > R b otk
1 B B () DJK

# 2-6 FRHBREAB XOCSEM

N RS JIS K 7171 (ISO 178) %L, 3 s h 1f R B
W H H P R Xl B R R
WA RN JISK 7139 # 14 7 A1 ¥ % BB (L=175)
N S AEBREE  ; 2mm/min

B IR ; 23°C
I E 5 ; n=5

23C £2°C, 50%RH =5%RH

JIREM BB 5966 BUI(1 X b AR

1% B (F)DJK
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#* 27 v APE—@EBERBREAEL LOSMHE

Bk 5 A JIS K 7111-1 (ISO 179-1) #EHL
7 E B VN —BER (/) v Ff)
B AR JIS K 7111-1 (ISO 179-1)/1eA(= v ¥ U 4 X)

XEZHAMRBRA PATEH 2 LR B A (/) v FHM) % 5 K {ER
Sy F o7y = B A-4((BR) RS B AR )

R S 1 b bR . 150 J&
NFHRIEY = F X — ; 0.5d
R OR ; 23°C
) E 2K ; n=5

B 5% 23°C+2°C. 50%RH *5%RH
[ 7 VA VR B DG-UB T ((bk) 37 K5 b B 1F Fr fd)

1% B (Bk)DJK

# 2-8 MFR & &1

B Tk JIS K 7210-1 (ISO 1133-1) ZEH#L A V=

W7 80°C X 12h

A B 4k Bt A

AREBRILFE  ; 200C (CNF-PS)
fof T ; 5kg(CNF-PS)
W E £ ; n=3

4L & AN A T 7 —F-FO1 ((BR) 5 A B B AF T )

% Y (#)DJK
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* 2-9 i E D AR E N E &M

i B 7 1k JIS K 7191-2 (ISO 75-2) ¥#EHiL
R A Tk 80%X10xt4 (mm)
N SRR REBAHH; 77 v T A X
WERIS S 0 1.80MPa
HE#EE  : 120°C/min
HE DA 0.34mm
B (R v a—rFd A
I 7E % ; n=2
W 2 & HDT 7 R % —3M-2V ((k) 3 ¥ K 5§ 5 i 1)
I 7 H B (¥R)DJK
# 2-10 © v b#EAGIR E R E &
i BR 77 1A JIS K 7206 (ISO 306) =4l
G A N IR % A e B A HE 28 t4(mm)
BN L B50 % (GA B fif 50N, H- A& ¥ 50°C/h)
AR BH AR TR B . 30°C
BLERARS : 1lmm
I 7E # ; n=2
I E 2 HDT 7 R % —3M-2V ((Bk) 3 ¥ K 5§ 51 pr #4)
I E B B (¥k)DJK

58




# 2-11 PSHEIEDOL &, 7o F&EmoAmllEREHE

GPCHF V@ FE /7 u~ T T 7E)NCEDRY AF L o HES

+ B E

W E 05 ik

Ve BiE R THF 1.0mL/min

P2 UE SR RY ZAF L

0 7E B B (— W) b= ¥ Al oF 22 44 (CERID)
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2.2.3.3. CNF#HA PPEIEICKITIRIERE

2.2.3.3.1. #WRWHE., B0 FAE

CNF-PP W) I sl 3 B 0 51 RSB R O BIRIE -0 F A MK &2 K 2-39 12,
TS -0 T A A K 2-40 128 T,

BARBRAFOJIERBREROKZKN 2-41 05X 2-46 12777, 2-41 ¥ 0 Al
L7 L FRAE 1 ENHE 2-42 IRINAI G A D FE4E 1 BH 2-43 RN Al 5
LA 3 EHE, 2-44 IRMAIR TS H 0 F4AE 3 HH, 2-45 WAL T L
B4 5 EH ., 246 IRMANLF H Y A SFEIHORRETH 5,

Flo, HTFHABREROMEZN 2-47 06K 2-52 127”77, 2-47 U0 A AL 5 1
LA 1HE, 2-48 INMAIL A Y B4 1 FH, 2-49 WAL 5 L FE
A4 3 [\ AH 2-50 IRNAIL S A Y A 3 | H . 2-51 IRNAIALF LA 5
EINEEN 2-52 IRMAIL T AV FAESHEIH, OFRETH D,
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Wiz, Bk o BAERKIC X DA EREEL T,

#2122, MEBLLOAREOHBAERE - ULy FEUBREREIZ L 2HB %,
260 ICZFDHRFFROWHEB Z, £ 2-131C, By FHKALEBEEOFERE VU 2
Ly FAVBREREIEIC X DHER & 2-61 ICZ OIRFFRMEB 2T, BRMED
AFEBICEDZETIZIEEAERLS BRUNOE TIZMA 6N TEY HERFE 95%LL
kETH 5,

# 2-12 WMEELZDLDABEOHARE-Y XL v FEAVERERBHIZLDHB

(A2 . C)
CNF-PS 7 [0l 0 1 3 5
ULy b L 78.15 79.15 78.95 76.70
UXLvy MFEDY 78.15 79.25 78.10 76.75
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£ 2-13 vy MKAGIEE L FAERE Y XLy FAEEER (BAL:C)
(B A S 1mm)

CNF-PS 4 [0 % 0 1 3 5
UV oy b5 92.85 92.85 92.6 92.35
UV FATTHD 92.85 92.35 92.3 92.05
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—o—slbwh ML —O-UsLvh ILEHD

ArF—————g %
100 I:T"ﬂ:{ffﬁ —
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2.2.3.3.2. T EB IO TEDAEFM

MO FEBIOS FESMAFMICONTS EM L7,

#* 2-14, 2-62 |2, EERYEHSFEMwWORFEERICLS2EMERL, &£
2-15, 2-63 12, Mw & H V-5 & Mn)o o Z % 5T,

WAL FHEMLOLBELEHFVOHETIHE.TOERFTIFEAERNI &L 5 H
EFTCOHAERFBERTIT. 2 FEBLP. ZO0MIL % REDOEEBICE £ > TW
HZEBNDbND,
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£ 2-14 HEFHSFEMw)ONE

CNF-PS f E [\ 0 1 3 5

U~y bRV L 199,000 197,000 192,000 188,000

VXV vy MALEARDY 199,000 197,000 193,000 188,000

210,000 PS(HI)+CNF1 3%

205,000 O ULk AL O UsLy kRN
EEGDJGGG -
195,000
190,000
135,000
180,000
175,000
170,000

0

FETPHSTE

0 1 2 3 4 5 6
B FERE ALy HEIE (F1HIERE=0)

2-62 HEE Y8 Mw) O LA

79




* 2-15 Mw & #FE¥ 5 8 Mn) o e (Mw/ Mn)

CNF-PS 4 Bl % N— 0 1 5
U~y b LG EL 2.54 2.51 2.48 2.44
U~_Xvy NALFEAEDY 2.54 2.52 2.48 2.42

3.00 ESLHI+CNF1SS:

O Uik ATTEL O ALy 7580

< 2.80
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< 560
£ 0
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H 2.40
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2.2.3.3.3. RABRFWE SEM B8 X 285+ CNF RE DM
MR LEEIE - ULy MicBIT 28 AL CNF ofkies SEM I THLZ L
T BLERRMEIT, £ 2-16 DBV THY , BIRWEHOKAK %X 2-64 12537,

# 2-16 SEM #2241

N K 8 kV
SEM & {4 SEI(— & &E1+#)

40 % ~1700 f%
JIS K 7139 1A £ HMREBR A (¥ v L3R A7) b Je i 43
O BRE 7 e RO & Wim (B 2-64)
Gy B 4% & EAE M JSM-6510LA(H A + (Kk)HL)
1 B B (Bk)DJK
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2-64 Wrim SEM 8l %% f
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B RIL 40 5. 100 f5, 3005, 7005 TH Y, Th T hoBEE B Z, £
2-17 b, £ 221 12T, BLEME 100 fficB VT, WEFm(EEGO LT 5
)% 4 0B CTHETETCBY, 1264 F3ENETNREELOXAME~ 455D 1
WERBICBZL TWD,

100 fi5 (£ 2-18.% 2-19)FB LW 300 5 (£ 2-2000 FHE B THHLMND K ) IT,
WAL b 2 LIcHb T, £, HAERKICHADH$ CNF IR ICRET
L2l gMEINTHEY, £, TENCHLEABEBRERICELY REJZEMLKLTEDL
T ABRMATO, REBEOBBEMP»POEFESL Yy hEEY RKETRET S Z
LT, ERLTEMBEMEEOMFERIIATEBY, U A7 VHRBAHR T
D2 & ZMEETE I,

Fo. BT 300 (R 2-2000 B CTHEMBEETH LN, EHFRMOHFRREFH
ML bHEIAEEL TEBY, £, EELhEt 0 EWAMBEEZ, LT M
WEM LTS EI2ICb AR5, WHMEESIT, @HEITES LN E W I
fgii B HFmCTHLHETFFHMICEM L TWDA, EEEICEMAZ CNF-PP IF X
ETE2W, o T, CNF-PSIZHBWTIE, @Al - HE LA 2 & o%E - il
kB MEEZZOND,

— 75,700 f5 (£ 2-21)OWBEIZIB VT, CNF & _X—2 L v & o RfEiE ks
MRTEL2HLDODO CNFOEMHEALETOREE TITHW T2 LITRETH D,
RERIZ2FICHEMICBZE TE 5 TEM B4 FE R @ o 8 2 1 F % o R
BREDHNTFTEDODRIEDLETH DL, TNOLEZEML T A4 7 VIRICHEE
PERICHBELAFEOME - il THICHMHEORTEZMH TE L LEE X LN
AN
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# 2-19 CNF-PS # B A Wi SEM 8 &6 R (EFHm. 100 /%)
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# 2-20 CNF-PS B A Wrm SEM # £ 3 (300 %)
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# 2-21 CNF-PS & B A Wrm SEM # £ 5 3 (700 %)
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2.2.3.3.4. ABFAFWE TEMBRICLS2H8EFT CNFRERS LUK E O M
MLV XLy MZB T HEAE LT CNFBIXUORm OWKIEEZ TEM |
THIZ L7, Ao SEM B 2 Wim & FARICH 2-64 o < AR 2 U1 L, #BIE
MBI AWM THLREFHMO TEM B S 2 EH L7, BIERMHFIT. X 2220880

Th b,

# 2-22 TEM #2241

i B 100 kV
BEE R FHEAEZHR 5,000 1%, 20,000 £, 200,000 £
B 5 fE Py JIS K 7139 1A £ HWRE F (X > )Lk F) o Je i fF i

OEFFHFMOEWEH(X 2-64)
TEM ¥ & % E A BE 85 (TEM) H-7650((kk) B 7 54 {F Ay )
W E F% B BR) = HbE=notrtv v & —

BERBER 22312737, RTORBITHB VT, 5,000 fFDEBRICH D K IHIC
THE VT UEMAE PSOBHEOMEEMEENSBIE I, CNF-PS X, HI-PS #JE
MR—ATHDHOT, 77XV UVBHNPEEINTVD,

— . B um~F+ ym ORER2EME LT CNF A#E %2 S, CNF % B v
LoICHBLAIBIEIND, i~ LA UBAENERE PRI, CNF & &
SHEBELLTWDZ ERNbDd, —FTiE, HELA & PSSy & @ m<. CNF

EPSHAEDREBICOWVWTEXLTLLEEAEL TN EOICERARY, ZAIZ

. KMEALA E PSESY. D5 WVWiE CNF & PSSy o m st - 50 [ k-

CEEICRFAZER TS LERbLLIEEZ 2L, 5% OBETH S,
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2.2.3.3.5. XL v MMEREPE TRKRAE

CNFHEAIBIEZHETLI2LE6. RMBREDO—D>DHiEL L TNV XA XFEOD
RERBMHRIEREFICA 7 ) = Ay v aTdZ gV E—2HA0WDI8BE8080 5,
T, KBOREZESORNMIEZHEHA LW, CNF15%% #H 41 L7~ CNF-
PS #IE O WEIBHMIFHKE COFE Ly MMERBORX I U -2 XAy a7 g
WV Z = A XDORRF - MGEE A FE LT,

- >

#£ 2-241C, "R OMFBHEE L, £ 2-25 ITEMSEMF, £ 2-26 12 fhiR
B, £ 227 CBASTt, RBREHLEERZ T,

# 2-24 THHIR MG fE N EEE
[ J7 1) [a] i ol R 4 H % HK-25D(41D)
1 B
¢ 26mm,

L/D=41 (#R) X —Hh —a—K 1L — g #@l)

HEXN 227 Y 27 0 —4% K-CL-24-KT20(K- b = > )
5 it % BE (#k)DJK
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# 2-25 EBLEAM

T fi W 80°C X5h LIk

R E K Y Ay a7 g H— 3K 2 KR
O HBE 1mm/#60 (HPB X 250pm 72 )
@ HBE 1mm/#150 (H B & 100pm £ /%)
@ HB X 1mm/ #200 (H B & 74pm &)

XA R ®» 3mm X2 X

A NTZ v RHA | KE

TR B S5 # 2-26 LK 2271277,

# 2-26 EhIRSHL M
R % E ®~© @
(C) 190 150
A7 Y a bl 0 150rpm ks & @ 5kg/h
* 2-27 FAEFEM., R LR
K # No. O ©) @
H A AL #60 #150 #200
ffiA & kg 3.1 3.1 3.2
TR A B C 190 — —
[B] #is $ rpm 150 — —
1B AE 1k fe & kg/h 5 - —
gy | Ay a7 g H— lmm / Imm /
(2 ¥) 1mm / #60
1R R #150 #200
52 180 A8t I R C 207 212 213
kv N:m 29~ 33 30~ 36 31~39
BHAE I 71 (3 & i) MPa 0.9~1.0 0.8~0.9 0.8~0.9
NGRS %7 E R %7 E R @ E B
VAR kg 2.8 2.8 2.9
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X 2-65 ICAKMDOTOERMEERBEDOA vy a7 4 VT —DREEZRT, X
266 IC3KETORBRK TREOA Yy a7 4 V2 —DRELRT,

MRELT, BKRELLLERGRIEMBOERBEBICLY., CNFO A v =
~OHFEEV LR, BlF vy MR E LRz, X 2-67 12 3 KT
AELEZEXVvy bEaZEhEhrd, KEQ~Q@TAy a7 v Z—HBREIX.
100~T4pm RE TH Y HBABBETORD G A O RBIEORETH 5B E
AETHLIEEZLNDLIN., A%IT, EEOBAEV YA 7 VTR TOHKMZ OHE
FELZRMEETHEHEL TS MERNDH D,

2:65 A v a7y —0REE (F)FEBRE  )FEBREQ)

(a) 7k %D (b) K %@ (c)KHE®D
X 266 3K¥ETOEBRBLDOA Y a7 4 LF—DIREE

(a) 7k %D (b) Kk %@ () K HED
2-67 3KMETORIEIL v b
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2.2.4. A5

HfE RO CNF-PS @ 100%H ALy MMER - S HE 4 5 R L, 5k
PEZp E o R E ., BVRr k. o ERIE. BHIER O CNFIREBLE & F e L
UH A 7 VIR OFM A £ L7, F72. ﬁ%ﬂ@ﬁ:iéﬂﬁm%m%mﬁ?
LHIRMABI OhREZ MER Lic, HAEMSL Yy MMERBEOSM L L CHEIRESRMG%E
BREMCTEBHR LNV A XTDHZLEICED, CNF~DX 2 —URb | Wk
DHFFOHD Z &N TET, WHEARFRLE LTI, WTFNRL b H4 5B F T 95%LL
FERFFTEL,

BEH D CNF O #RESHBERKICILIZLFTELEALERNI ENDI-
oo —FH. WEMERLE T T2, CNF EX—XBEORmoEEME - HIEMEIZSOW
T TEMBEICLVHLIBEFMTETL 2B o7c, PSHEIARICTK L TlX.
CNF E sk T 6~ A4 VBEMNRE PSEBEOMEBEMZR LESE 52 & NEHE
Thy, %I EFEAUL ORI ICK T 25 CNF 28410 L7 /A B o
HBREPEERETHY , FHEHFAEBIE~D CNF OMEEM - 7 M %2 M GE 52
GEL TWSMERH D EBZZHND,

F.CNFHEAGBIELZHBAET 256, BUWKREO -2 HiEL L TRV A
AW ORMBHFHEERHICAZ Y =~ Ay v a7 g E =200, A v
2P A ROV THMAEE FEfE L, BERICEEG O TlREDO X v v a2t 1 XD
WTHER T&E I,
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BEIWEDLLEY . CNFEAEBIBEORMICHTIZEEY VA4 7L b ORREB X
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- BB KROFMY 7L (CNF 4 PP #iE. CNF 54 ABS #f 5. CNF & &
PSHIiE. BLW®, valb v X=X A ML HH L7z PP #AE,ABS #fJi§,PS
Tt ) & U 72 v R B 32 GE O E i
c R B CRBHE T RSB T AR AN R T K D B AT AR R R RE O 3 i
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- BRI L o R B R GEE T
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< fil R >
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E)EHWTa v _"7 2 —F 3m/s THHERNZFE L., BFILE : 60%LL
A1 U & A EE  80% LA B & Rk L 7,
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L EMR LI, £, FRABREBICEVWTIE, ARICED2AXZ M LD
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