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Abstract

In this study, mechanical properties of nanocomposite materials, graphene and Polyvinyl Alcohol
(PVA) are investigated. In the first part, the fabrication procedure of synthesizing graphene is
discussed. Basically, we use Modified Hummer Method to oxidize graphite powder into graphene
oxide (GO), and reduce graphene oxide back to graphene, also known as reduced graphene oxide
(RGO), using hexamethylenetetramine (HTMA). From the result of XPS, Raman and AFM analysis,
we’ve successfully demonstrated that graphene oxide is reduced back to graphene. In the second
part, the mechanical properties of composite materials were discussed. We can extract stress and
strain curve and Young’s modulus from tensile test. From these results, we’ve concluded that the
ductility of Polyvinyl Alcohol has been decreased and has turned into brittle material while in-
corporating additional graphene. In comparison with Young’s Modulus of 714.3 MPa and the av-
erage tensile strength of 15 MPa for pure Polyvinyl Alcohol, the Young’s modulus has increased to
11290.3 MPa (almost 16 times of pure Polyvinyl Alcohol) and the average tensile strength can
achieve 37 MPa while incorporating additional 3% grapheme oxide in Polyvinyl Alcohol. However,
the tensile strength merely achieves 27 MPa while incorporating excess reduced graphene oxide
in Polyvinyl Alcohol as a result of non-dispersive clusters of graphene.
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AN ARIFERZBEREZZKREMIBER, BIESRFESBRBE NG, F—BOEARE
#Hl& 7, #HModified Hummer Method ¥/ B8 R UR BB B, FMHEHSTHFZEIEKFEL
ARIFERFERARE, WACFRENAR. FHNE. OLLETREUEETFTHEMERN TSR,
B BRI HE B R SR B B EN R B R AL BE. SRR ARG SER
ARBFTRZFEZ ARRNMESNZAEMVRERZ . SRR SRR B - R ImER
KEMFATRMRE, TENA - NEHLZEHREE, ERENFRERNERSEN, SR HE
AR O B AT R, AR 2B T R AR BZ M KR E(714.3 MPa, BIN3%ENARIEZ
RZIEBEMMIKRZEFIE11290.3 MPa, 1 IKREIEHE T 165 . R ZIFEAHAHEE Y415 MPa,
BIN3%EMNARIFZ R ZIGEEM PR BBERTTRAZZ7MPa, HFINEFRAREZRIEES
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SEMERZ 1R MBI A L EAFE MR E S S, VMBS R FEKAMNE, SE A FEME
R R SR, BETT RO A RERPLEEE IR BH LT [2]. EEMEIRT 20y “Hp” (Matrix) 5“4 ”
(Reinforcement) ANy s JEMANESEAR, S E GBS A 8O, 2R AR
e GNP g E G, BRI AR ARCGEA) I 1 B LT 4R HS), 38 9B A T 1
M, E T AN S A AR T SRR — AR R, TSN R P R A R (L e B
BB 75, 2. B PUBEAE. TR, MI6SE) [3] [4]. EEMEITZ O ARKEE LR, &itEE
AR 2R E GG, SRR AR, B ETORE AL H SRS, smiEi. sk,
EHL E M @ BT R IRIEESE .

MR 2 TR A BONDRLAS RS 46 /N T34 I B A4 5 23 BOM Rz TR AR, ST PR Y 0 AR 2 AR 1 5
HETT 7754 SEIN BA RCR 2BR R, A AR TR B LA S U SR O R 5 . 24 B 2 6
BERLAR R/NMEFORRBE, RIFCAZKRE SR A KEMHIFE 75 R B R B R =, o
AP B 5 b 2 T S 25 1 5 ) R

HBIGIE TS SRR T 2K, & 4RI RH5]-[9]. ARSI BTSN A 8800 B A2
M E R HZ A SBEIT A R, HEEM 0.34 ZK 8550k, HAENZEM 05 8 20 2K, MEFAEEE
PE T IR T4, 1 HLIC A R G5 M T 3 (ORI R T AUVE R TS 20m, M7 & 1 A B R 4 B
B mARARGH AT 2N RWENER, o AT 2K S G AR A Morh st ot R4, ST+ JE A4
FIAURR . 6 B FAHE A5 [10] [11].
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21 SHAEHBNEFEAEHHE

H 10 g I B ER B0 A2 10 g i TR AL RN 50 mL IR BT RR LIk . NN 12 g 5940 8285 2K (>100 mesh,
99.9%, Sigma-Aldrich) T RiAVER T, HINEZE 85CHtsk 45h, MIAN 2L LB F/KEE ¥, 4/ 0.2
pm IBE4R, AR SO S ORI o B A S8R R NN 460 mL FIBR R Lok B+, I 60 g
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TN 2.8 ATH 2 817K F1 50 mL XUAEK, S 68 2 38 B B €8 o 3 FH 5 0o WL S A 380 20 B HAE o
I JiR 7 148 FH %o B B8 AUl R T 2 1 IR ) 7S S B DU g [12] 0 T4 S AR I In NG B Ve 50, T
OS5 CHEAR N 12 /MY, BER B 270 Bk B, P O LR S5 Ay B84 23 B L o

22. SUAERKTERARKRIKREBEESMHZHZE

¥ 5 2 )G AR (BP-05, 27,000~32,000 MW, KF A L) RN 60°C 2588 PRI FE 1R G, TRA TR
Je TN B LI ATL P 980 A A A S0, B S e A 0 KT e B AL L R T R
FE, BONBEREHET . ZORE AR, W S 3805 500 7 A S 05 KK ISR R LGB
B A LL A A L witves 2 Wt Je 3 Wi Z VR ARV, NS SR A . BS b BRIN 5 RTA i FEAH
] o A8 S BG4 ) MTS Tytron 250 fchz S B AL, B 20 444K F A 38 A, A R<F 48—~ 5 mm x 50 mm.,
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4 R i B R, AT A A S I RS 40 A KZITE 1~6 TOK TG L. PR 52
BMERETR, TG A S G AL 50 5805 5 T SRR MR Y BUZ ARG, HAAA S0 1 R T3
B, Ak e A BRI A . PR E T R ENLS R, Wk 5, B
INRMA SRR R RZITE 0.8 KA AT . IRIEEIRIRIE TR E L) 0.2 FoKMAREL N 0.3 20K, EfA
SAE MR T BN S R A, HERREEA N 0.8 50K, WRXUZLL ERIRT 1 50K E,
o AT I R B2 ) A A B A
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Figure 1. Reduction of RGO from GO with adding 300 mg. 900 mg. 1500 mg HTMA
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Figure 2. Raman spectrum of GO and RGO
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Figure 3. XPS spectrum of (a) GO and(b) RGO, respectively
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Figure 4. (a) SEM morphology of GO, (b) and (c) cross section of stacked GO and RGO, respectively
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Figure 5. (a) 2D and (b) 3D of AFM image of GO, respectively
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Figure 6. Typical stress-strain diagrams for (a) pristine PVA and GO/PVA nanocomposite with adding (b) 1 wt% (c) 2 wt%
and (d) 5 wt% GO, respectively
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Figure 7. Typical stress-strain diagrams for RGO/PVA nanocomposite with adding (a) 1 wt% (b) 2 wt% and (c) 5 wt%
RGO, respectively
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Figure 8. (a) Tensile strength, (b) Young’s modulus and (c) rupture strain of nanocomposites with adding variousamountof
GO and RGO in PVA
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Figure 9. SEM morphology of fracture region of (a) pristine PVA, (b) GO/PVA nanocomposite with adding 3 wt% GO, (c)
GO/PVA nanocomposite with adding 3 wt% RGO (the arrow in point out the cluster of RGO)
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