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Abstract

The effect of graphene on microstructure and mechanical properties of 3003 aluminum alloy were
studied by Raman Spectrum Analysis, Electron Back-Scattered Diffraction (EBSD) and room tem-
perature tensile etc. Results show that, by adding graphene the skeleton like phases containing C
will precipitate in the material, which is tough and hard to be broken in rolling. The phases make
the deformation uneven, thus, the crystallization is improved in the following annealing process
and the crystallized grains are also refined. Hence, graphene addition improves both mechanical
and electrical properties. In the same processing condition, the ultimate tensile strength is im-
proved from 95.7 MPa to 116.3 MPa, 21.5% higher than the metals without adding graphene; the
conductivity is improved from 33.2% IACS to 34.7% IACS, also 4.5% higher.

Keywords

Graphene, Aluminium, Microstructure, Mechanical Properties

AZHX30030 8 SHASERERIFNT

FuaF", RER, K AV, FER, EFAR

TP AR AR R IR A, T
PR RER G SRk, W K

Email: ‘lijiangyu@alzco.com.cn

ks HiH: 20199F6 H6H; M HEM: 20194F6H20H; KA HM: 20199F6H27H

HE
ASCH ST @A BT HEBSATH (EBSD) M B A METTHE, IR T HMAREXT3003556£
DERER

NEEIH: LT, BAERE, sk, WiEK, #RHE. A RIExT 3003 484 &AM SRR mN]. M REE, 2019, 9(6):
625-631. DOI: 10.12677/ms.2019.96078


http://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2019.96078
https://doi.org/10.12677/ms.2019.96078
http://www.hanspub.org

HASHEEREN. ERRY, ABBESEPLSER “BER” HECH, XMEKNSCHEERR
FtE, FEEBISEAS TR, FHABRNERIEEARSS, N KBRS T %4 &EF8HE kit
B RES RER, AT ESSSR. Bk, S RET RN KIERF30034 &K 1% tgnS
HiEEE, HEIMIZAHET, HABREMNIS.7 MPalkFE£116.3 MPa, & 721.5%; HEEMN33.2%
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1. 51§

BRI G R B A PR MMC) T DL I [ A V2 BB AR VA TE &8 8 v i SO SRk ok 3Rk A% . TEd R m+
e, BRPUKE S BRAGTI Sz PR BRI SEsmARE, DA & H 23 30 K A0 285 M) 5 B2 R e B3R [ 1] [2] 3]
SRR R 52, 2004 4F7ESE [E S A1TE K24 K. S. Novoselov 1 A, K. Geim & VGBI HL
PRI B & R A5 M1 T 58 R A B8 IR (4], A0SR0 A IR IR B . SR AR R 2 BE (5], HoAA &8
K FR T B AN KA A T EL A SRR I A 72 AR R B i ) S R (6] A SR AR R 9K s i B )&
et DUISRAS 8 8 1 M B RO I 4 SR MBI AL

Mk 25 [ 7R FIERBEIR R + HREZSBEA IS 0.5 wt% i BI5/7075 a4, SREY, HBIB9K T
BILIH A BUERIAR T, 5RIB I SBIGH 7075 A4ME, B & PRI 50T 48 E BTt . 1 g4
RIFEA RN . Khodabakhshi 45[8]5R FH 2 18 U HF BE 5 T 21(FSP)¥s A1 5845 LA AT 8245 4K J1(GNPS)
MIERAE Al-Mg B4t . SEREY, ARGIKAE 5 BB S 0 & &SRB X A,
HAMEHBEEE X AR AR T FF T2 AlMg A& ER R T 53%, EARRFEMRIFEE, J&RE
FEFEE T 3 5 LA . Zhang ZE[9R R RIAE(PM) + BB T2 (FSP)fil &t 1 wi% ¥ S8 lifi & 4.
ZERERH], 1 BIEGK A (GNPS)E B RIS, GNPS i s) SIS & RiF, E&MEIYTHR
J5E R R 58 5 0 B i T 23.3% 1 30.5%. P. Bhanu 5[ 10]7E it BEEE & 701 4% A0 B8 A/7075 #5654, 45
RRY, ARG SEERRIE RGO RELS S, ARSI R B X s R A ARG R A
SR DR T TR S48 ARG, R L v R P R v e R P

PRI, HRTH & A B R SRR, MR ERE, T2ER, HiESERm s/,
M T SEIL T A A = o ARSCEZERF ST T R =PSBl A1 220 BRI 2 3003 £56 &b A 215 M
RErIRZm, DA M B AR & & H I I SR 03 RIS R R PE AR SR A RELRE , X il 46 KRR A 220 1 5
BESMEHETIRE .

2. WIEM MG E

ARILLL 3003 G4 NI A S, BE WA 1 BTN . B SRR M B 7S Te R AR R I PR A
RIRBERA SBIEAK . 1B 1 RIS T F TR A A SR AR AN K A R

AR 3003 454 & S INA S IE 0 A5 & S AU RE e M, SR =R v 4 SR A I 5
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Table 1. Chemical composition of 3003 Aluminum Alloy
= 1.3003 A e HUFERS

RFE S Fe Si Cu Mn C Al

3003 0.28 0.097 0.066 1.20 0.0002 R

1 'L S—

v mode wD
M | 500kvV | SE | 10000x | TLD | 5.7 mm Nova NanoSEM

Figure 1. Scanning photographs of graphene
E 1. AEHNEPERA

3003 #EE 4, Hil& T2 RS SWE 1 . Hrb, 0Z NI 0G4 A S A =151 3003 564,
SRNHECRE o R SR BRI A B S IE(1Z) A (L) FIAS [ 2 B SR (1 wt% M 2 wt%) ()
BB ER(1Z AN 2Z) 5507 & A SR R RS S 5 0Z FEREEAT X LL, DA AN [ 75 250 4 o B 1)
FmR S AL SR . BRI T 2R T Fros:

0Z: MRS — A — FL —iB K

Z: FORHE & — B FLIA 70 f S8 0 — BRI HE — IS I R — FLH — R K

1P: FARHAE & — 5 18 I ok — FL I — R K

1Z: PR — B R — L —~ 1B k.

2Z: MBHES — B~ L~ 1R K

$7 2 1% (Raman) /3 BT 7E Lab RAM HR-800 B! & o 614 Fdkar, B TS &6k
HBE AT REEMSE— P RIFABIGENAAIE. AfMERESHE. HE. PSS RA
ZEISS-EVOMI10 FAHfi L% 25 AT FI4i. EBSD FESZAHEE . K5 EE . MU G AN s A dl e (H i o
THC L A i SR (HC10,): £ (C,HSOH) = 1:9, HLJE 25 v, KAl 10 s)J5, 764768 fss oh R A i 7 15 Bt
(EBSD)MLZLAFE (MO 4 VR . = IR SR IGE DDL-100 73 RE L R EGHL B BEAT R b REINR, 56
TR R R A2 N 2 mm/min.

3. REEHRE R
3.1. WEHIRLS S

I SR S AR VRUE] AR RS, SR BRI o LR A S N e, K2 N
JURHRFE S 8 7 i A 22 3, AT L, SR EREIE R AN 1 wiol4q 880, SEPRalE Nn & e
1 C EEAEFAC, 10.0005 wt%. RABFWERITE, BEHNK & C HREAR, A 1 wt%
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BT %

2 wt% A7 SRR 0 C St 0.009 wt%F1 0.026 wt%. T S FH JBE B4 P P04 B A I 1 7 V1) 4%
(A BRI 3003 8440 C S BIIL 021 wi%, T, S%H BRI LR & B2 ) 4 A S 47 1 os
BEEMTETLT.

Table 2. Chemical composition of samples (wt%)

= 2. IHBLE RS (Wt%)

Wk 5 Fe Si Cu Mn C Al
0Z 0.28 0.097 0.066 1.20 0.0002 R
1z 0.30 0.083 0.065 122 0.21 RE
1P 0.29 0.090 0.065 123 0.0005 o
1z 0.28 0.085 0.070 1.19 0.009 RiE
27 0.27 0.088 0.063 1.24 0.026 RE

3.2. AERHHEE 3003 HEEHNBNE

LB RAA SBE F Bz —, Bk, BASESIEAREEN, 58l th BRIt & 82
BEEORIGHAERT B —. B2 NI E6E, "0, £ 1Z B 5P A7E7E A BB A RHE
e, VAR 23 S T80 1320 em ™' R 1600 em ' /iAo IX T ANEAR 5 A SRR (K I AN RFE M B A — 3, R
B, LIZ $65EREm b S A A S8, AR, BT C &EEUR, HAMEEIER AR, HERP oS
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Figure 2. Raman spectra of the samples

B 2. AERR 2 SiE

3.3. AEEX 3003 A& SR ELSHRN

e 3 R R & &SR SEM 4141, 3003 & 443 510IR K G = 228 — A N (FeMn)Al6 #H, 41
Kl 3(a) & &2 G, 3003 5564 WAAE KE TR (FeMn)AL6 AH, X EEAH 3 Z 4 [B] JE A
B . BEASSEINAN, fEEASEH UZ f T, HBUKE S FeMn)Ale HESAFME C #, Xl
5 Mn. Fe MHZEZE/E—ilL, X885 C AR/ BIRELD A, RIS AHIFER B 2R .
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20 ym EHT = 20.00 kV Signal A = HDBSD Date: 21 May 2017 ZEISS 20 ym EHT =20.00 kV Signal A = HDBSD Date: 21 May 2017 ZEISS
WD =11.0 mm Mag = 200X Time: 18:28:01 WD = 11.0 mm Mag = 200X Time: 18:52:24

Figure 3. The SEM microstructure of as homogenized alloy, (a) 0Z; (b) 1JZ
3. #RHEKESE SEM LHE (a) 0Z; (b) 1JZ

FERIGTE 3003 BT IES S A BG YA X, ASEYPK T AR RE90R, A R
I H AR i TSR, S ASEASE TR A S, HIERA &P HA R EARD M,
FEGIRAS, 76 SEM B G 2ILH “F 4R .

3.4. ARIEX 3003 R SHERELSKE M

K 4 P& a2t B KGR0 EBSD 2. HE 4) 50, RIMAABER 3003 544, 4B
KACER, AURAFS LS, B &P IRIRTR B RS R ELH 7 7 o0 A B AR T AR o T ZE NN A 58
SR 1JZ A SR IE 8 3003 S8 G4, Wil 4(b)h, A4 SIR KACH, A5 L4 23 1856 A0 R JE B Iv) 1R 55 il s
RAET EEHE . Nk RSRE, WInT A 841 3003 854 &1 f ki R ~H /N £ .

Figure 4. The EBSD photographs of annealed alloys. (a) 0Z; (b) 1JZ
E 4. 54 HIRBAZSH EBSD 4H41 (a) 0Z; (b) 1JZ

RO, A SR RN AT BLAERE 3003 A e LR G RE I A S BISIR R BRI £ S e
KE AT A SIEARRUR EACRBIE, AR R th A 2 Se il 70l ISR KSR — AR ) Bl A2
TERANY ST, A5 R 5 2 P e s 7 8 0 RS RO oRE, T8 M0 R E R 13485 i TEAZ O 0 [
IS A0 SR P 0 5 BT LR SR RO KRR Aok RN TEAZ . AR R T &M i 45 R R
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3.5. ARBNEENFHERBSRARM

3 PR ARGV ER A VERE . AT SR, WL, AN SR 3003 R BRI LS
HMGERE RIS . BEA S A S AN, B FERRORERE . AR AR 2RI ETHE S

Table 3. The tensile mechanical properties, hardness and conductivity of metals

3. ARRASHERRAMEE. EEMBESE

F g 5 T /HY HLT H%IACS PLhL 5L/ MPa i FR 55 52 /MPa SR
0Z 35.8 33.2 95.7 73.0 26.4%
1z 39.1 34.7 1163 92.8 22.9%
1P 359 332 103.3 82.8 26.3%
1Z 377 343 108.2 85.7 25.7%
2z 385 343 111.2 85.8 25.4%

ANEH BRI 0Z BER PRI SRE N 95.7 MPa, [MiA S0 & s i) UZ B PTh st s is 8] 7
116.3 MPa, &5 H 7 tLiE 2] 16.1%. [FEF, 3003 fIHL- S35 33.2% IACS, 1A S48 5% 3003 264 1JZ
(1 3 2R 5 Bl 34.7% IACS, I T 4.5%. AT UL, 78208 M7 D mT DRI 48 & & 4 00 1 = e A 5
PERE.

BT B R R AL ] . B T 23 AE ], fir DL O 2 1 BE R 5 H P e 1 [ B 3 v A 280K B T SR A
ISINIEEN . B FR BT a0, A SR I AT LAAR B OB SR SR A AR I HLER B e SR G AR R )
ShERAREE . PRISTRSE iR RSt T, A BRI VAN DT SR A 4 iR AL 2 4 8 3003 A4 ) F MR I R
o [, BT e e s mdt— PR 1A RIEiG, SR R A SRR R — PR AIK,
T S ORS ER A

4. &5t

1) WA SRR 3003 8564, J15- M ReAN T R AR A 4 =, PrhusmEnT A 95.7 MPa $2 512 116.3
MPa, #2%H 1 21.5%; HLFHRM 33.2% IACS $2H ZE 34.7% IACS, 5 T 4.5%. KBS FERE 5541
GEA IR LUB A SRS NE] 3003 SR A &b, 1E 3003 SR A a, ALK S CHE “Be
wR” .

2) FSRIETER R AR AR B ELHI AT AR R A5, AT B I 5 2 e R T
B B 1R A 1 i BB SO IR T 45 e R B o SR FH R P 1 R AN 5 AR 45 6 1R VR T LR A B2 M 15\ 31 3003
BEaed, 13003 8648, ASBIMATERNE CHE “B2UR” .
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