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Effects of High-Aspect-Ratio Nanofillers on the Structure,
Properties, and Functional Development of Polyamide 6
Composites

Seira Morimune-Moriya, Ryusei Shibuya*

In this study, PA6 nanocomposites filled with graphene oxide (GO) or organically
modified clay were prepared using in-situ polymerization. GO was well-dispersed and
aligned in the in-plane direction, whereas the clay formed aggregates. The incorporation
of various nanofillers significantly enhanced the mechanical and thermal properties of the
composites. Notably, the nanocomposites filled with GO exhibited the greatest
improvement. In addition to dispersion, interfacial interactions between PA6 and the
fillers were suggested to have a substantial impact. Furthermore, the intrinsic properties
of the fillers themselves were also found to play a significant role.
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INETETAXRI MEERET L7 47— X RERHRMEZRT Z k?ﬁ%&ﬁtéﬂ@/\é 5 THIH T
ERALESNTEZES T T/ BEMEYL, BT AT MEEFTDEZ7 LA (clay)dz 7 47— LTHWED
DTHoT=. [3]Clay LT, ¥it#EHO LMy THY, —ZICIE, TErEVurA bERELTIERD
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RBANC S F M, WEEB I ONY TR EOEMERM ELEZ ERRES TS, [4] BIED,
H—=RF ) Fa—TRF ) T7ANRN—REOEHT AT N EBET DA TFT 77 407 —1220T
TOREEIEN LTS VEEMB O ERERLL < IThILTWnD
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#iPH 200 nm ~ 900 nm, /N2 FiE 2.0 nm, AEAHE 400 nm/min & L7z, X REIPTEEE BRNSE0 H 7,
MiniFlex600-C)IZ X ¥, X # (CuKa #f ; A=1.5418A, FE/E 40 kV, FEI 40 mARF ZITV, 7u 7
FANEEE, EEHE 3 /min, AT v Y F V70010, EERGME20=3°"~60"L7. HEY
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Figure 2. X-ray diffraction profiles of PA6, (A) PA6/GO nanocomposites and (B) PA6/clay nanocomposites.
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Figure 3. FTIR spectra of PA6, PA6/GO nanocomposites and PA6/clay nanocomposites.
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0.433nm TH o7z, THiE, GO D(100)D L d-spacing (20 =42.9°, 0211 nm) O 2{ETHY, <~ F
YIZLTWDHEWRD., ThabbL, WATICESI L GOIZLD, PA6 DT E X ¥ ¥ v L 7efid ] AMEiE &
Nz Wz s, £72, PA6 TiE20=21.5°1C PA6y ®ICHEKT I E—7 BRBENZ L DD, PA6/GO T/ 1
BB TIEBRN R 2> [I0]GO BNy IV ZERFEREE TCHD am~DRELFHFRLIZEHMI N
5.
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7272 L, PA6/GO F /BEMEIE thigd 5 &, %@i%j]llé IZAE VY. Clay @ £ 45 CTd % Montmorillonite
HekORIPrE— 7 28 20=20 (T &L —H L TWVWDH I N6, clay ICBW TS d-spacing D~ v F 72 &
HIEEXVr ARENELC TR EEZLNS. LL, 1 D SEM &6 6207 K 51T, clay i
IR E RBEREZIER LTV Z 0D, HNICBT2ESNbDLTNTho7z), BHEOZED
INEpoltbnwzx b, Fo, yREAXROEL—7 b FHIEFEL TSI EM D, GO LHEL T, clay i
X2 PAG fEEE ~DREITE N ERHA LN E o T,
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4 T =R TCACLDIEFREE~ONREA N T D70, RTARITEFETHD 10 wth& LTz,
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ZEAHEFHB L CH P NIEEITIFRBE SN D . [11]PA6 NO T 2 FEEAHKEOWILIE, 1632 cm! (C=0
IR E) (Amide I)), 1533 cm™! (N-H i iFfEEh & & O C-N ##FEIEE) (Amide 1)), 1261 cm™' (N-H fifi fi5
IRE, C-H M#E#EE (Amide 1)) 3 X 1835 cm™! / 684 cm™! (O=C-N ZJEIEH (Amide IV)3 X O N-H &
NEBIEE (Amide V)) 128z, [12] ERLAERBOFRBEEN —ETHDHI &5, PA6 D N-H il
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O amide I OFREIZD T A L LTZ. GO i%ﬁ CEEICHINVAXFVEERLTWLDICX L, clay
IXPA6 LHEATEAFREENDRNVWI L, SO, BEAKERICEVIEERERES/ NS hofZ &

b, PA6/GO F / BEME Ll LT, PA6/clay T/ EAMENICBT 2 AWHEAEFEHZHVWEZ XL
na.
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WABIK ST 2 MR, BIORRGIICHIET 28 BREE, WIhbcay xR TALEST / EHE
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Figure 4. (A) Stress-strain curves, (B) Young’s modulus and (C) tensile strength of PA6, PA6/GO

nanocomposites and PA6/clay nanocomposites.
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ISHBEPEZ o2 eFZxOND. £z, Lo XBREHF 7o 7741050, GO L TAIZED PA6 D
FEmLERRESHEMLEZZ D, F/EAMBAO~Y MY v 7 ZOHERBIEINL, GO DAHHRZ)
FEPFETEVEERERB IO RBELZER LZENZD.

GO #RTCALTET VBEAMEIE LT, clay 2K CTA LT BAME OBMERE X OS5 5EHE
DOEWEMEBIT/NE ol ZORRIT, B LEOHMBLHINTLE2I D, v U v 7 2OBMERY
MARELSEBELTNDEEZLND. PA6L GO LDRAETIET 2 FEABLUOAZ/BAICLVAVRA
HAAEERBNIZ bW s, ISHEEICEY GO OIS HHEEERLE L ToMELZ 5 #E L, #
NI RN I LT, —F, PA6/clay I TOFMEMERIZZ LroTclc®d, AL—XRIEBENE
U9, clay HROMHMEN+DICREA Lo 0wz b, 51T, GO OBMESRIL 200 ~ 250 GPa[13]
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Figure 5. Thermal gravimetric traces of (A) PA6/GO nanocomposites and (B) PA6/clay nanocomposites and
thermal decomposition temperatures at (C) 5% weight loss and (D) 10% weight loss of PA6, PA6/GO

nanocomposites and PA6/clay nanocomposites.

X 5(A) BELUB)ITIE, TNZEH PA6/GO T 7 HAMEHES X O PA6/clay 7 / A M ko B & i 4} %
RLTE, Wb 150~250 °C (25 — B, ¢ 350~450°C (25 “EEoEEHI AR O, F—BEED
BEEADIE, FICHAKBIORSG FREBRDOSGBICED O TH Y, HEHOERMA 21 FEIZ PA6
FTHORSMRERTHOTH S, [15] K5 (C) BLUMBITIE, TREN SUEEBVIBELS LU 10%
BEBEAOEREZ ey L, WTFhoF JHEMEBHIZBWTY, BTARDINICHE > T 5%E &K
HEBICI10%ERBAVEEIZES L. £ <IZ, PA6 LHEL T, GO TARKOS wthD )/ EAM
BECIE, S%EEMAEEIL 21 °C, 10%EERDIREIL30°CEELL EF L. GOBRH oLz
T, REEAEML, KE/HABLIOT I FEAICK2IEFHRBEEEARRLS 2otzlcd, FiR
WZfE D PA6 Y THOEBZ KRS SIBILIZEEZOND. SO, GORXFEMMENEZET DL 0D
B 2 VX —DIEBNERICAET, REFTHREEPIC L 2B MOR AR Lic HERI S L5, Clay
ERCALIEF 7EGME TR, REREERRR+STHIICHLEDLLT, GO 2R TCALET
BB RBEDENT-THEWEE R L2, GO 1E, FiRICX Y, LBWEERIC TREOSMETRELD Y
AR Z2—HT, ZOREBETIZ clay BEOSRITET W, L7eh->7T, 7/ 747 —BHDMmE
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Figure 6. DSC thermograms of (A) PA6/GO nanocomposites and (A) PA6/clay nanocomposites.
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(002)/202)D B — 7 L a fh, Y BOFELREICEB T, M7 4 TR TCAILIVE{LNIAROR
722 DD, PAGFEMIBEICEERNH o7 PRI L7z, BT REEICHRT2HIETHDIZ D
THNZER RN E WD Z LiE, BERMICE, BB EoZERNenns Z ik m+ 5. LaLln
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Bt L fpo TRERILIEZ EIF D LWV i3l bx &, BiEZ B CRiMbZ2ET 2 L WO KT 2
BENEPLIREBLEARY, 2oL RBRICA-TZEEZLND.

4 W

ARBFFECIX, in-situ BAEZ VT GO £72id clay 5 CTA L7z PA6 T/ EAME 2 1ERL L 72. GO I
EOEL, DOEANFEICES LZ—F T, clay (ZEEREZMERLEZ. BT/ 740 7K TAICLD
BRI L OB ERENSHEMUZ. Clay 2B CA LT VEBEAMB L HEL T, GOZETCALET /B
BB R E AR BMEZ R L2, PA6/GO RHEIZTT 2 FHEAB L OKEMENELTE—F T, clay
ERCALETFT VEAEMB TR+ REHEEEABE DN o2 &0 D, IENBRZEICENE LT
EEZ b WEAMEIZB W TIE, PA6/GO T/ EEMEHR L O PA6/clay T/ EEMEBHIW T EN
To BN R & 7k LTz, ZhEEAYIC PAG oy FHEBY I S 72 2 LTz, GO DEZE MR clay H &
DOMEPEREE LI ENRBINT. 70 7 —BH WML, S E/EHRO®RS o0 BbEn
JEEMBHCRBIT AiMEIC KREREBEEX DL LB RERT.
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