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2.2 B
221 CF5#fk PP (PP/CF)

AWFGETIE, D PPICF (Z2#L A3 (KR, SA a7 41Xy ) &
W=, CFIZAR U 727 U=k UL (PAN) % CEELS 7 um O RFEMHETH
%. CF&A &I 10wt% (PP-C-10A), 20wt% (PP-C-20A) LT 30wt% (PP-
C-30A) @ 3 fliL L, i< PPICF10, PP/ICF20 3 X O PP/ICF30 &itd . 4%
PP/CF OWPEAE (7 % v 7fE) % Table 2.1 (TR

Table 2.1 Material properties of PP/CF (Catalogue value).

Properties Unit PP/CF10 PP/CF20 PP/CF30
CF content wt% 10 20 30
Density glcm3 0.95 1.01 1.06

Melt volume rate

3 :
(230°C X 21N) cm®/10 min 36 20 11

2.2.2 CNF 3{t LCBPP (LCBPP/CNF)

CNF #5& 2 —H 75, LCBPPICNF XL v ~ZA L7=. f4f0 LCBPP (H A
AU 7 (KR, WAYMAX™MFX-3) O%#E X 090g/cm®, AL k7ma—1LA bk
1% 9.09/10 min T& %. LCBPP & CNF OARIE LA MAPP (=27 2 v (BE),
MODIC P908) #% M\ 7-. LCBPP, MAPP }3 L UNCNF Z &L T85:5: 10 O
BET, TEAFRHSEZ O TR L, CNF IRIED 10 WD EEM B L v K
PERIE 7= (LR, LCBPPICNF10 L503). &6, B#fTHSD LCBPP &
LCBPP/CNF10 ®~XL » ~% 50:50 TRZA 7 L> KL, CNFHIIEE 5wtk k
L7288t (BLF, LCBPP/CNF5 L529) & HW=.

2.3 HBRA OfEH
231 EBEAREHEEE (MIM)

AWFFE T T BB R STt OB D S Bl & Figure 2.1 (277, A8 RE S F T
SRR, SRR (R SHIE T2 (BK), NEX-180111-25E, 7Uji /7 : 180t)
& SCF /4 - #2572 (Trexel Inc., WFETL T AT 7> (#R), SCF
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Delivery System SII-TRJ-10A) THERL 40T 5. SCF F4E - il 2 7 A,
SCF ff#h4E#E, SCF A > ¥ —7 x2—AFX vk, SCF A V=7 ¥ THERINT
W5,

SCF interface kit g \;\'
SCF injector

= -

g
n -

SCF deliver
system

Figure 2.1 Appearance of (a) MIM machine and (b) SCF injector unit.

ARFZETIE, NpZB3JaAlE Lizva—bhya vy bRUC kY, #iHETRIL PP S
MBI DIV R 2 ERL L 72, MIM @ 7 ot 248 % Figure 2.2 |[ZRk$. 23—k
va vy PAMIMITEL, BITDO5 SO TRTHEIND.

O BIEORE : F¥Y ET A FHEIVDRVEERZFETS.

@ NoD7EA : SCFHEREEE TRIEIC SHT-N2ASCRA Y = 7 & xR AR
IZIEASND.

@ Nz OEEREIINE~ DM N I TR & 2/8IRTE, 2J8RE L ihe Tt L,

SERTRERIREE (M) 1275,

@ S BRI ) KD BTN S, BIREIC LD TR B

RL (RIEEARK), BaLleBNbXy BT 0 2 KHl T2 (KIakE).
® WHE AR X mEIEN, EERET T2 ERMEkEMEIL L, Fiaks
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Figure 2.2 Schematic of short shot MIM process.

232 HBRATR & RIEEM

AR THWZ&M DX v © 7 1 JBIR% Figure 2.3 (2”7, 1 A R —h
ThHY, JSIATBZ VB 2 4K L, JIS 1B MR 4 A% [FRFHARK
BT&E 5. FEiEERA OS5 2 KE, PRENCIS K 7144 [ZHERLLIZA / v F
REHT 5.

PP/CF F1aikix, A7 N—E T v —aGeEEAIEL, RFAE (solid)
IZxF 9 533k (foam) OEEEALZ (Weight Reduction ratio, L F WR &F29)
D) 10% & 72 D KO IZRFRAEZ R L=, WR [%)id3 (2.1) Ik v EH L.

WR = % x 100 (2.1)

N

72721, We loR B A D EE [g], WHERIAKDOEE [9]TH 5. N2 (FiE 99.9%,
KBRS (BR)) OIEANER XOHHEE (V) 2283 TRIBERES-. 1P
0% Table 2.2 (277,
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( +— Flow direction

J:)

Ck

20 mm

Figure 2.3 Cavity geometry.

Table 2.2 Molding conditions of PP/CF composite foams.

Conditions Unit PP/CF10 PP/CF20 PP/CF30
Melt temperature °C 230
Mold temperature °C 60
Back pressure MPa 5 (solid), 13 (foam)
Injection speed (V) mm/s 50, 100, 150 50 50
N2 content wit% 0,05,0.7,1 0,1 0,1

LCBPP 5 X U' LCBPP/CNF RIaADRIE ML, 7 A/REDS 190 °C, 4%
JEFEDS 40 °C, S HEEEA 30 mm/s, SCFJT /)73 16 MPa T 5. M3 1Al I3
J£99.9% D No CRFEM (BR)) Z#MHHL, WIEIX 08 wthd Lz, A7 L—
£ T U —EETIEIRO WR 280, 7, 10, 15% & 72 Z2RRICEHEM A2 L.
WR ® 15%13F v E7 4 Z B TE 5/, KO WR ThH 5. LCBPP, LCBPP/CNF

DORIEAR Y A k% Table 2.3 12779, 728, WR0O, WR7, WR10 B X O*WR15 i%
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TN, RIEAED WR 2 0% (solid), 7%, 10%3 X O 15% % E4 5.

Table 2.3 Sample list of LCBPP and LCBPP/CNF.

Sample name CNF content [wt%] WR [%]
LCBPP-WRO 0 0
LCBPP-WRT7 0 7
LCBPP-WR10 0 10
LCBPP-WR15 0 15
LCBPP/CNF5-WRO0 5 0
LCBPP/CNF5-WR7 5 7
LCBPP/CNF5-WR10 5 10
LCBPP/CNF5-WR15 5 15
LCBPP/CNF10-WRO0 10 0
LCBPP/CNF10-WR7 10 7
LCBPP/CNF10-WR10 10 10
LCBPP/CNF10-WR15 10 15

7z, Table 24 AT N—L T —%UVEELT, Sl oRELEE

A~
Table 2.4 WR of tensile, flexural and impact test samples.
Tensile sample [%] Flexural sample [%] Impact sample [%]
WR 7 10 15 7 10 15 7 10 15
LCBPP 7 13 21 7 9 10 7 9 11
LCBPP/CNF5 7 13 20 6 8 11 6 8 11
LCBPP/CNF10 6 13 19 6 8 11 6 8 10

24 BIEFE
241 WNEEESLE

FRB A ORI EZ 5 mm @IV L, NEsEEOREHRT T v E L
(Figure 2.4). BRI X ORI A 129 o 70 ey, s 1/
v FEROWNEEE 2 B2 LT (Figure2.4 O 7 L—57).
¥ HZIT=2> hr—L 27 A (BR), TOSCANER-32300uFD-Z) % H\Y,

24
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Figure 2.5 {2k K D ICREHEICY o VAR E LTz, OfREEN Sum, B 2 —%
A3 1200, FEFACHEAS 4 B S THise L 7=
o U T2 MG, IR ARAT - 510 Y 7 b D =7 (=48 (BK) , WinROOF2013)

ZRAWT, BB AIT, 5lHRR X O TRER T oW Eh 7 i (Machine
Drection : MD) 33 JX OVE & J7mlrifi (Thickness Direction : TD) 1235 1) 5 &iu 4K,

SIARB JOWE gL FH0 L7z, Zds, SUSfRIEMES RS LCEHIIL, Zfifne
N5um THDHI LD, ERERXKIEEFEHOTOIZ10um LTI A X & 72
L CHIBR L7, KB EITHEAmfEY -0 oxyasz 22) Itk B L.

Cell number

Cell density = [cell/cm?] (2.2)

Surface area [cm?]

F7-, MDIZBIF B AXfE, HilE, a7EOREE BB AENT - Y 7
Fy=7IZXOHIEL, XS5 R EITH- 2.

(a) (b)

10
10

5

Figure 2.4 X-ray CT scanning sample geometry of (a) tensile and flexural test and (b)

Charpy impact test.
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Figure 2.5 Schematic of X-ray CT observation.

242 FIRRR

FIaAABRIT IS K 7161-1 ([ZHERL L, J7REMBHAUEREE (Instron Corp., 5967 %) %
HAWTiTo 7z, BB I OEN 10mm, JE XA 4mm, 2 HEE2Y 80 mm
Td 5 (Figure 2.6(a)). SI15EFHE X 10 mm/min, =R 23°C +2°C DLAMT 5[]
HE LTz, BIRIM ST RIS & L, GIRIESRITOF 723 0.05%7> 5 0.25% D
& E DS — OFT BB D E 22 B3R Tz

24.3 3 JHITRER

3 IR IT JIS K 7171 12 HERL L, T RERTERERIE (Instron Corp., 5967 %)
ZHWT T o7z, BB IIIES 10mm, &2 80mm, E X228 4mm OFHE T
&% (Figure 2.6(b)). RERSAEIIS A FEEEDS 64 mm, FBRHE DS 2 mm/min &
L, i 23°C+2°C T5MMIE L7z, #iiFmMmS i3 KIS L L, dhiF i
O 73 0.05%75> 5 0.25% D & & DJi ) — O BRI O & bRk 7.

244 %)L —EEEER

AL, vy e —EEREBE () EERER, U-FAD) ZHwv, JIS
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K7111-1 IZHEL L THT o 72, N ~—0 0 k ) &iT 2 ZH\, =R 23°C+2°C
THEHIE Lz, RBRAIT IS K 7111-1 IZH¥EL L 7= A / v T2 F 9 DRIk
T 5 (Figure2.6(c)). £7=, v/ E—EEMEE an[kI/m?iE= (2.3) 12XV
B L.

Ay = ;—CN x 103 (2.3)

722U, EclImBRT 2 E T 5 2 LI Ko TN S iz =k 0% — [J], hiEak
BRATE S [mm], by 3B 0V iE [mm]Z257. 77, E 3R (24) 12LY
HBHL=.

E. =WR [(cosﬁ — cosa) — (cosa’ — cosa) (‘Hﬁ )] (2.4)

a+a’
2T, WiEgny~w—0®EE [kg], RIZEHERfH LB N~ —F TOREBE [m],
BIXER W% OIR Y FOIRY LR AE [°], ddfRY +OFFL BT AE [7],
VIR T2 EIFAENDEIRY SEZEEOEY ERVAE [°] THD.

(a) Flow direction
=X H
rL 0 T
170
(b)

Flow direction
A——

= U
® ] e

(©) Flow direction
‘—

2] «] i J D4
80 %—*e
- [mm]

Figure 2.6 Geometries of (a) tensile, (b) flexural and (c) Charpy impact specimens.

245 REMTEHEE
SR, #iF R LY ¥ L v — R BR % ORI 2 = SEM ((BR) HNioNA
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77 ) uY—X, Miniscope TM3030Plus) % fWCHEIZZ L7-. @ D SEM I3
HZERREE T (10°~10%Pa) ThHH7=®, BIIEOBIEZICHES LXK E L TR
KEERATOON R THD. —77, ABFFETHWIZE E SEM [ ZMRE 22888 T

(F~%1 Pa) CBIET -0 ENRRIND Z Lol SEAEETD
T A BlES LT,

246 PM=ERAE
BV E ARG GUE T T (R, QTM-500) & MW\ T, FEEHBWRIET
HE L7e. FEE R BGWRIEIE, SBRA IR 7o &JEMsR 2 I L, AlsR o InEL &
& Z DWBEISE D D BMRERZNET 2 HETH I, BYRER] [W/mK]IE
X (25) TRDOHND.
5 =2 x o) (25)

4T (T,—T1qy)
L, Qe —T7 e —XOHMNE I YD OFREE [Wim], | 1ZINEE
[A], t BE O XERZEML TOOHORH [s], iBIO T3t BLUtL, T
DOILE [K]TH 5. HIEIX LCBPP/CNF D5 |sERER & W C, &40 3 =l
E L7,

25 HEE

AW I D FRD 7 v —F ¥ — k% Figure 2.7 |2/~

| peicF | | LCBPP/CNF |
| |
| MM |
N, content *+  WR
Injection speed (V) *  CNF content
*  CF content

\ J

Y Characterization

Mechanical, morphological and thermal properties ‘

Figure 2.7 Experimental procedure.
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3% PP/CF BISEDNIEE L 5 REE

31 ¥E

PP/CF J&iaiki%, HENEH, MiZEFH, =17 hu=7 R/ EOEESIFITB N
T, BEMELFF OB ERMELE U THIRF S 4, WS & EXBRREICEI T 250
wNfTbn TE =M Wang 521X, CO, Z2RiaAI L LT, Ny FRIEEICE
D PP/CF FiakZEHL L, CO ik A& & CF IRINEN KIaEE I I T 2%
L7z, COyEARE CRIRMEDHEIMZ XY, K[IaBORE B L OKIaEE D
BN Z 0, KYatEENSE L-HmE LD, Ameli BB, N2 258785
ELTya—hvay b MIM 2LV PP/ICF Jiafk a2 ER L, BwRAFRHE L
EMI > — /L REFEZRAE L72. MIM 2LV CF OBELRAFER S, AXF @R
B35 L cHBERR ELZE®ELTWAEL 512, MIM X PPICF
DEEEZFDLSEDLZ LT, EMI — L FERMEES NS Z E2HLMNITL
7=,

—J7, WHEIEARIIA X 8, THE, a7 o =JgE 2T 5 2 &3
BTV D. EiBBONE, =@ Stk oA K& =T, JIEREN
BT LZ2HEL TS, £72, MIM IZBWTHBEEENIEMRIND Z &
PAHN T | S, MESEMEARY 2AF L (HIPS) O a— kv
g v PR MIM 2170, HHEROHEMC LY 25 ENED L, a7 B4
DLW LTV, Kastner BB, =273y 7 MIM C PP/GF & 7a ik % {EHL
L, X# CTEgE2 MW T MD ICKIT DJgtEz ot Lic. a7 /3y 7 EBIER: ]

SRLRE ORI, AXENEDTHZ L2500 L7z, Dong 5
X, 77U NV= R N—T 2V —ZF Lo EASR (ABS) /AT, v=
—hr¥ay FAMIM TRERF Z/ER L, A% @R IR TE D &if~
TW5.

va—hvay FRMIM TYERL L 7- PPICF Z7aik b @& 2Bk L, T
TR ELEZ T ETHRIND. TO=J@8HEDEKA =X LE2H 5T
L, PRI B2 A3 5 2 & 1%, PPICF Y@Kk Om@EHILR D721
VETHD. £z, XHECTH{EEZHNT, MDEBXIOTD O&RaEDE %
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AT LT BlZ7 <, ZORGELFHIT 2 2 L ITEEI & D.

AREETIL, PPICFRIAAEZY a— v ay FAMIM THER L, # U ~ULEiR
B & AW, ZEHEEDIR A I = XA E ST L, SN RIE T
AMAETSH. Fio, FTHSME, NERESE, CFIINIENGRFEIC I T 2%
5. 51T, X R CT B2 L5 MD 3 L O TD O ATl O il 2 72
5.

3.2 HFUNNVERBRR OWNEEEDE
321 NeWIMEDOHE

Figure 3.112 %72 2 N iR I &2 35 1F D PPICFR A DOMDE X O TD DO XHRCTH|
% #7~9 (PPICF10, V : 50 mm/s, LATIELC). #EiGOEMB SR 2
W, AIASEIE R R Cd 5. @ OF R & REEIZEE MIMIZE W TG
SRR BRI —EEEN R TE 5. &M L AT SRR D
23, TRENT IR U7 RIS A E Y 2 T RE, BRRKEDH 5 a7 g T
H5.

MIMIZ BT 5 =@t Ok A 71 = X A% Figure 3.212773. Dong 5%, ABS
OMIMIZIBWNT, FEHHFITE S VD A% gk, EOEEEE (frozen layer) &
JE W ARFEV)E (solid-like layer) D DX BIIT & B4 LT 5. AHFFEDOPPICF
FIOBICHBNT Y, AFVEOERILRAE L B2 i, RO XS IHIITE 5.
NSRBI IR IZTEA S LD &, @il « mEIC &0 N faFniR & 1272 5. No v i
fift U7T- IR S SRIPNICH I S 5 & RIBEIZ LV, KVaZAERE Z D, FEn
BRLAT 2. HHEN-BETX 7 e —T oy ML eRBEmIcRIaa L L
NOREIT 5. 2O UH S ZRI8035, 28005 ORMmIC X0 Bk LiE g
J@n R E 45 (Figure3.2(a)) . BHIEOERIEILS — MEARbEL, 77—
7y MImro TERLS 725, fafES XV IR Ro/c7m—T7mr binb, K
JAMR U S CTHREN A ISR L2 67— MBIZWm 9 28, ZOmWEER
JENZ Ko TRIEP M L CREIET 5 2 & T, BEWRERWENEEINLD
(Figure 3.2(b)) .
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Figure 3.1 X-ray CT images of PP/CF foams under different N2 contents: (a) 0.5 wt%,
MD, (b) 0.5 wt%, TD, (c) 0.7 wt%, MD, (d) 0.7 wt%, TD, (e) 1 wt%, MD and (f) 1%, TD
(PP/CF10, V: 50 mm/s).

AX VIEOWIZ, BNV IR L RIaNFET 2 EER A SN S.
MEIZFE PR ENIBTHY, 7o—Tuar b L EnZ&KB0
55, BAFIEILL T TR L2 0v> T-K@nmH, Bie L COERESNETh
% (Figure3.2(b)). Ff2IC, FETE TRICATEREHR I, HERIZERROK
TRFAET D (Figure3.2(c)). 2 7T MO OHEEEN i bim\ 72, @ik
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RBZHERF C &, IRBI D L. 20720, KasERIcE L, BT 5.
ZO=JEREER, MBORELZMZITAMDIZEBWTEHE ThH D (Figure
3.1(3) ,(c), (). E7z, MDIZHEWT, SCHEAEDHIMZLY, HHEOHESR
WAHERIBD LD XL THD. EiUL, SCREAZEOMC XY, ERlEHED
FENMER T 57080, HABDBMET L, KiaffERmlsheBZxb6nd. —
Ji, TDIMBIOREZZ FIZ Wiz, FRIBOMBRIGIZBE T 20
(Figure 3.1(b), (d), (f)) . =BT, FHEOXIERERMIZ=Z TR LV EWTD,
FREEOKIAEIT T LD /NS WERTH 5.

E

Mold

(a)
Mold
Thin frozen skin layer
Mold
Skin layer =
Intermediate layer
(b)
Intermediate layer
Skin layer
Mold
Solid-like skin layer
Skin layer
Intermediate layer
(c) Core layer

Intermediate layer
Skin layer

Figure 3.2 Schematic illustration of formation of three-layer structure.

MD & TDIZ 1T B KIS Aii & Figure 3.31277 9. MDDE, W ILDNIEA
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BB W TH RN 20 umD A IZHEE 13 20~35% D #iH T b <, T D&,
LIBE DN > THEEE IS T Lz, NaE A O LE > T20 pmDO#EFE 1T
EBL Y, TSI ¥y —7 o=, TDHREEOE 2R L7z,
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Figure 3.3 Cell size distributions of PP/CF foams under different N2 contents: (a) MD and
(b)TD (PP/CF10,V: 50 mm/s).

N2iE A B3 PR RIS L ORI E BRI K AF T 58 2 Figure 3.41271k 9. MD®D
Y, N2dEAEDH05, 0.7, 1wt% ¥4 5 &, FEKIaftiI4l, 37, 34um
EW L, RINEEITLIx10% 1.3x10% 1.4x10%celllcm?tEEinL7=. TDHIZ
ERBRZRBM 2R LT D, PPICFITEARD XYEAERR 7 1 & A%, NSt Lz
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PPIBWTCRAEE R & 72 » TRIA Z LR L, KIEPRET D, £D70H, Nk
ABRZVNEE, [IaEH £ <0, [IABENEMLT-EEx bbb, £z,
ARBFFEDZAET T, FHl LR/ TH 520 umiC KT M O ¥ — 27 BIFA(E
L, IR LZIERT 52 LN TEERBOOLND. S 6T, K[JufE40 umlh
FIEHsEOAELL ETHLZ D, [IEMEICL > TREDOE—0NELE Y
DEBEZBND. WMEDOHIFETIE, MllIaEIl X0 JPRtErm L35 &0
WMENH D Z 0D, RWFFEIZEIB W TIEINIEAR O K - TR O 81
JEREEINL TR Y, GIRREICHEL 525 Z LRI,
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.
o
T

Average cell diameter [um]
(]
o

Cell density % 10* [cell/cm?]

0 : : : : : 0
0.5 0.7 1

N, content [wt%]

Figure 3.4 Average cell diameters and cell of PP/CF fomas as a function of N> contents

(PP/CF10,V: 50 mm/s).

F7o, FHEIPIZRENT, BEOES b FPRIEICREZ LT Enmbh
TV BB Figure 3.51Z N7 E A B2 JEE & EFTRELRT. 2B, FEE
SIFEESAEICEHDDEAETRL TS, KEY, mHEPICER S D HHEE
ENRIEOKIB%E HHTND. AFXFUEELE AT EIZZONEFOESTHS.
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N2V EAEAN0.5 wt%2> 51 Wil 25 &, HEEIEKI5%IEA 3 2 ol L,
a7 JETIE2%, A JETIT3WEIN L, TRHEES OZE(LRIIMORE LV RE
UV Nt EABEDSHEIINT 2 &, ERSTIE OREEEAMETS U CiE R M 5 2 &1
KV, CABINIR T T 5. FERIER S D FREE, S 0RELE K
XL ZT D70, NoEAEDEINZ X > THAW B35 2 & ¢, FREN
B LT-EEZBND.
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Figure 3.5 Relative share of layers of PP/CF10 as a function of N, contents (PP/CF10, V:
50 mm/s).

3.22 HHUEEDKE

Figure 3.6/ %5 HEEFE (23551 2 PPICFR AR DOMDE L ' TD D XHRCT #i 4 %
9 (PPICF10, N2iEAf : 1wt%, LAFEIL) . 73, HHHEHES0 mm/siz-own
T, Figure3.1(e), (IR L. IV, WFROHHEEZ BT LB O
DB FREERIZ T T, RBIADO A X U, RKIEd 5 RE R L OBk &E
DoHHATEEWD ZEEENRO NS, Eio, FHEEOHEIC LV FfEfE
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Figure 3.6 X-ray CT images of PP/CF foams under different injection speeds: (a) 100
mm/s, MD, (b) 100 mm/s, TD, (c) 150 mm/s, MD and (d) 150 mm/s, TD (PP/CF10, N2

content: 1 wt%).
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Figure 3.7 Cell size distributions of PP/CNF10 under different injection speeds: (a) MD
and (b) TD (PP/CF10, N2 content: 1 wt%).
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Figure 3.8 Average cell diameters and cell densities of PP/CF10 foams as a function of

injection speeds (PP/CF10, N2 content: 1 wt%).
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Figure 3.10 X-ray CT images of PP/CF foams under different CF contents: (a) PP/CF20,
MD, (b) PP/CF20, MD, (c) PP/CF30, MD and (d) PP/CF30, TD (N2 content: 1 wt%, V-

50 mm/s).
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Figure 3.11 Cell size distributions of (a) MD and (b) TD under different CF contents (SCF

content: 1 wt%, V: 50 mm/s).
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Figure 3.13 Tensile stress-strain curves of PP/CF composites under different (a) N2

contents (PP/CF10, V: 50 mm/s) and (b) injection speeds (PP/CF10, N2 content: 1 wt%)
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Figure 3.14 Tensile strengths and Young’s moduli as a function of (a) N2 contents (PP/CF:
10, V: 50 mm/s) and (b) injection speeds (PP/CF10, N> content: 1 wt%).
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Figure 3.15 SEM micrographs of fracture surfaces of tensile samples at skin and core

layer. TD and WD represent thickness and width direction, respectively (PP/CF10).
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Figure 3.16 Effects of layer thicknesses on the tensile strength and Young’s modulus: (a)

skin layer, (b) intermediate layer and (c) core layer (PP/CF10, N2 content: 0.5, 0.7, 1 wt%,

V: 50, 100, 150 mm/s).
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Figure 3.17 Tensile strengths and Young’s moduli as a function of (a) Average cell
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Figure 3.18 (a) Tensile stress-strain curves of PP/CF composites under different CF

contens; (b) Tensile strength and Young’s modulus of PP/CF composites as a function of

CF contents (N2 content: 1 wt%, V: 50 mm/s).
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Figure 3.19 SEM micrographs of fracture surfaces of tensile test at skin and core layer.
TD and WD represent thickness and width direction, respectively. (N2 content: 1 wt%,
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Figure 4.1 X-ray CT images of PP/CF foams under different N2 contents: (a) 0.5 wt%,

MD, (b) 0.5 Wt%, TD, (c) 0.7 wt%, MD, (d) 0.7 wt%, TD, (€) 1 wt%, MD and (f) 1 wid%,

TD (PP/CF10, V: 50 mm/s)
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Figure 4.2 Cell diameter distributions of PP/CF foams at (a) MD and (b) TD under
different N2 contents (PP/CF10, V: 50 mm/s)
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Figure 4.3 Average cell diameters and cell densities of PP/CF foams as a function of N2

contents (PP/CF10, V: 50 mm/s)
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Table 4.1 Layer thicknesses under different N> contents (PP/CF10, V: 50 mm/s)

N2 content wt% 0.5 0.7 1

Skin layer thickness um 882 + 14 976 + 18 798 + 12

Foam layer thickness um 3017 +10 2899 + 20 3145+ 7
Figure 4.4(a)lZ, NofsHNED #hiTF IR T) — O AR IXZ WEZTRT. No%&

HEAL THEZICEBIT 0D, s ST L7z, Figure 4.4(0)12, N2iEA
EASENT IR & 3 KOV I PRI RIF T A2 R T, RAIa R o dhif iR X 13129
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Figure 4.4 (a) Flexural stress-strain curves of CF/PP composites under different N>
contents; (b) Flexural strengths and moduli, and (c) Specific flexural strengths and moduli

of PP/CF composites as a function of N2 contents (PP/CF10, V: 50 mm/s)
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> B OHEEZ R 25T 5%, MIMTHERL L 72 PPICFIETAAR D A & U Jd 1 3R T
ThiI Enb, NEEEOREZZ I W tBEx b5, Eiz, #if
PER TR O WIIZETEZE TR ARFFET D DT, BRI OIS D28l e
WD hol- B2 b5,

Figure 4.5 SEM micrographs of the fracture surface of flexural samples under different
N2 contents. TD and WD represent thickness and width direction, respectively (PP/CF10,
V: 50 mm/s).
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(c) 150 mm/s, MD (d) 150 mm/s, TD

Figure 4.6 X-ray CT images of the flexural specimens under different injection speeds:
(a) 100 mm/s, MD, (b) 100 mm/s, TD, (c) 150 mm/s, MD and (d) 150 mm/s, TD
(PP/CF10, N2 content: 1 wt%)
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Figure 4.7 Cell size distributions of PP/CF foams at (a) MD and (b) TD under different
injection speeds (PP/CF10, N2 content: 1 wt%)
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Figure 4.8 Average cell diameters and cell densities of PP/CF foams as a function of

injection speeds (PP/CF10, N2 content: 1 wt%)

F 72, Table 42125 R E NS R SN AT T RE A R T. S HIEEE A350 mm/s
225150 mm/sE THEAINT 5 &, AF 2 EIE798 umH 5596 umiZi#E< 72 5. 2D
fim s &2 ~VERER A LR CHA TH Y, FRERHEAEL 220720 ThH 5.

IEXY, FHEEOHEIMC LY, KIaEoHn, KyusE oD B LU *
VIEOWWOPEZ Y, NEREENZT D Z Lo Te.

Table 4.2 Layer thicknesses of PP.CF foams under different injection spseseds (PP/CF10,

N> content: 1 wt%).

\% mm/s 50 100 150
Skin layer thickness um 798 + 12 641 +11 596 +£5
Foam layer thickness um 31457 3240 £ 22 3251 + 37
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Figure 4.9 Stress-strain curves of PP/CF composites under different injection speeds

(PP/CF10, N2 content: 1 wt%)
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Figure 4.10 (a) Flexural strengths and moduli, and (b) Specific flexural strengths and

moduli as a function of injection speeds (PP/CF10, N2 content: 1 wt%).

Figure 4.11 SEM micrographs of the fracture surface of flexural test under different
injection speeds. TD and WD represent thickness and width direction, respectively

(PP/CF10, N2 content: 1 wt%).
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Fig. 4.12 X-ray CT images of the flexural specimens under different CF contents: (a)
PP/CF20, MD, (b) PP/CF20, TD, (c) PP/CF30, MD and (d) PP/CF30, TD (N2 content: 1
wit%, V: 50 mm/s).
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Figure 4.13 Cell diameter distributions of (a) MD and (b) TD under different CF contents
(N2 content: 1 wt%, V: 50 mm/s).
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Figure 4.14 Average cell diameters and cell densities of PP/CF composites as a function

of CF contents (N2 content: 1 wt%, V: 50 mm/s).
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Figure 4.15 Flexural stress-strain curves of PP/CF composites under different CF contents

(N2 content: 1 wt%,V: 50 mm/s).
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Figure 4.16 (a) Flexural strengths and moduli, and (b) Specific flexural strengths and

moduli as a function of CF contents (N2 content: 1 wt%, V: 50 mm/s)
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PP/CF20

PP/CF30 |

Figure 4.17 SEM micrographs of the fracture surface of flexural samples at different CF
contents. TD and WD represent thickness and width direction, respectively (N2 content:

1 wt%, V: 50 mm/s).
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Figure 4.18 X-ray CT images of the Charpy impact specimens at different SCF contents:
(a) 0.5 wt%, (b) 0.7 wt% and (c) 1 wt% (PP/CF10, V: 50 mm/s).

o

Figure 4.19 X-ray CT images of the Charpy impact specimens under different injection

speeds: (a) 100 mm/s and (b) 150 mm/s (PP/CF10, N2 content: 1 wt%).
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(a) PP/CF20 (b) PP/CF30

Figure 4.20 X-ray CT images of the Charpy impact specimens under different CF contents:
(a) PP/CF20 and (b) PP/CF30 (N2 content: 1%, V: 50 mm/s).
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Figure 4.21 Charpy impact strengths under different SCF or CF contents or injection
speeds: (a) SCF contents (PP/CF10, V: 50 mm/s), (b) injection speeds (PP/CF10, N
content: 1 wt%) and (c) CF contents (N2 content: 1 wt%, V: 50 mm/s).
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N, 0.5%, 50 mm/s, PP/C F10

N, 1%, 50 mm/s, PP/CF10

N, 1%, 150 mm/s, PP/CF10

N, 1%, 50 mm/s, PP/CF30

Figure 4.22 SEM micrographs of the fracture surfaces of Charpy impact test at different
N2 or CF contents or injection speeds. TD and WD represent thickness and width direction,

respectively.
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(a) LCBPP (b) LCBPP/CNF5 (c) LCBPP/CNF10

Figure 5.1 CT images of tensile specimens of (a) LCBPP, (b) LCBPP/CNF5 and (c)
LCBPP/CNF10.
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WR7-M

WR10-M

WRI10-T

WRIS-M

(a) LCBPP (b) LCBPP/CNFS (¢) LCBPP/CNF10

Figure 5.2 CT images of flexural specimens of (a) LCBPP, (b) LCBPP/CNF5 and (c)
LCBPP/CNF10.

82



WR10

WRI5
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(a) LCBPP (b) LCBPP/CNF5

500 um §

(¢) LCBPP/CNF10

Figure 5.3 CT images of Charpy impact specimens of (a) LCBPP, (b) LCBPP/CNF5 and
(c) LCBPP/CNF10.
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Figure 5.4 Cell diameter distributions of tensile specimens under different WR ratios: (a)

LCBNPP, (b) LCBPP/CNF5 and (c) LCBPP/CNF10
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Figure 5.5 Cell diameter distributions of flexural specimens under different WR ratios:

(a) LCBPP, (b) LCBPP/CNF5 and (c) LCBPP/CNF10.
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Figure 5.6 (a) Average cell diameters and (b) cell densities of tensile specimens as a

function of WR ratios.
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Figure 5.7 (a) Average cell diameters and (b) cell densities of flexural specimens as a

function of WR ratios.
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Figure 5.8 (a) Average cell diameters and (b) cell densities of tensile specimens as a

function of CNF contents.

89



(a) WR7 —a— LCBPP-M —&— LCBPP/CNF5-M  —&— LCBPP/CNF10-M
oo e o~ LCBPP-T &~ LCBPP/CNF5-T 0O+ LCBPP/CNFI0-T

Frequency [%o]

Cell diameter [pm]

(b) WRI10 —&— LCBPP-M ~—&— LCBPP/CNF3-M ~—&— LCBPP/ICNF10-M
60 - Qe LCBPP-T e LCBPPICNFS-T -+~ LCBPP/CNF10-T

Frequency [%o]

Cell diameter [pmn]

{c) WR.15 —&— LCBPP-M —&— LCBPP/CNF5-M —8— LCBPP/CNF10-M
&0 gy LCBPP-T -ty LCBPPACNF5-T O LCBPP/ICNF10-T

50

30

Frequency [%a]

Cell diameter [pm]

Figure 5.9 Cell diameter distributions of tensile specimens under different CNF contents:

(a) WR7, (b) WR10 and (c) WR15
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Figure 5.10 (a) Average cell diameters and (b) cell densities flexural specimens as a

function of CNF contents.
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Figure 5.11 Cell diameter distributions of flexural specimens under different CNF

contents: (a) WR7, (b) WR10 and (c) WR15.
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Figure 5.12 Tensile stress-strain curves under different WR ratios; (a) LCBPP, (b)
LCBPP/CNF5 and LCBPP/CNF10.
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Figure 5.13 (a) Tensile strengths and Young’s moduli, and (b) specific tensile strengths

and moduli of LCBPP and LCBPP/CNF composites as a function of WR ratios.
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Figure 5.14 SEM micrographs of tensile fracture surfaces of (a) LCBPP, (b)
LCBPP/CNF5 and (c) LCBPP/CNF10.
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Figure 5.15 Flexural stress-strain curves under different WR warios; (a) LCBPP,

LCBPP/CNF5 and (c) LCBPP/CNF10.
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Figure 5.16 (a) Flexural strengths and moduli and (b) specific flexural strength and

moduli of LCBPP and LCBPP/CNF composites as a function of WR ratios.
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Figure 5.18 SEM micrographs of Charpy impact fracture surface of (a) LCBPP, (b)
LCBPP/CNF5 and (c) LCBPP/CNF10.
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Figure 5.19 Tensile stress-strain curves of LCBPP and LCBPP/CNF composites under

different CNF contents; (a) WRO, (b) WR7, (c) WR10 and (d) WR15.
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Figure 5.20 (a) Tensile strengths and Young’s moduli, and (b) specific tensile strengths
and Young’s moduli of LCBPP and LCBPP/CNF composites as a function of CNF

contents.
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Figure 5.21 Flexural stress-strain curves of LCBPP and LCBPP/CNF composites under
different CNF contents; (a) WRO, (b) WR7, (c) WR10 and (d) WR15.
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Figure 5.22 (a) Flexural strengths and moduli and (b) specific flexural strengths and

moduli of LCBPP and LCBPP/CNF composites as a function of CNF contents.
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Figure 5.23 (a) Charpy impact strengths and (b) Specific Charpy impact strengths of
LCBPP and LCBPP/CNF composites as a function of CNF contents.
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Figure 5.24 Thermal conductivities of LCBPP and LCBPP/CNF composites as a function
of (a) WR and (b) CNF contents.
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