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WE: RPBFREBENAEEHE TGNPs (AEEH ) 18582024886 % , IRFARIGNPs
NINEXT20248B 5 HMUALR . BHIFEREREEAIST . 5RFEH: GNPsHYRINAK
T20245 B EMEMELR, TBEEIRMIIER TGNPsIISHETE2024E/K4, GNPsAIAN
NEBRHEIES T ASEEMMESE . GNPSHIRERINEH0.8wt.%, SR &E
EEINZEHV122.81, 520244 &1BELIES T730.94% . LETE & B EIREREIR A HIY
NERAK, $55090.672x10° mm* (N-m)F10.328 1, 520244218 BIRRE T 62.71%70
10.87%.

Kigia: A=, 024REE T, ERERMRE, ERILE

PEERERER. WESEMNRESSMSW ZHNBETEAENE. mMhX
MEBFENESEYY . BHZMMERE ., TLE, AERMARKIE
EMmARaE. WHEERIITANEHEEE RS A SRR TR EEESNES
HERERS, Heh, AREMEERRMKIE BTN —R, REIRISH _HER. 1)
SHEREFINE . ASAEREREFKERSESH A5 R T AMNZFES, wu
105 B ZSIE AN T 25155 7 Ni@GNPsIZIRAZ3IEE S &K . 55R%8:
Ni@GNPsHIOM DB FEMAF, SEFEMEELL, SAVMENEREE. it
EHBR4ENEEERS . GNPsEEERFMERMEENEZERE, GNPSIIAZ
EESMHNERRMERREHIRE. KIEYRANESEFRETIZHET
GNPsiEa7075iB B E &, R T AREERE L ZXNESM RN EmEF =t
BERUS/IM . 45530 EESIRESERT, GNPS/T075E MBI R HIEERES
70755%, GNPS/7T0758 &M RINEIREFIERZIUHRT0756, XEZFETF
GNPsEAIEAZ IRELESKLF, FTEGNPsEERIITNE . L& BT & ssiEf
LIS ARFIR TAI-GNPSIRESE &M%}, 55R5EE: fEHEBSMT, Al-0.2wt% GNPs
HORLR E L AR R AIREIRS 7 36.8%, XFEZITETFGNPsHIEIREH
FETEHE RIS [RERIRIR o

REAEHRHMANERESEVHINMRTILFME, EREIBEREN
T ZHIZBGNPstZRAI-Cu-MgR & SR NZMRERIATRIEER D, TTERGNPSXIAI-Cu-
Mg&EMERMRIIREE L., b, (FEXRABFHFENTIZHE T AEE21
GNPs/2024tBEE &1, FRCNPsEETIBA SAERILEEHISN .
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FEEFENE, ARBMANEEIEL20E, HEES-20 ymZ)d, RENHA
Fos%, EHOMFRMELRTR . AEHRAIEHIEA-GNPshETHILR, &7
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Table 1 Chemical ingredient of 2024 aluminum alloy wg /%

Al Si Mg Cu Mn Ti Cr Zn Fe
4| 012 155 471 062 012 001 015 0.17

(a) AEBENAKR
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Fig. 1 SEM morphologies of the GNPs and pure Al powders

(b) 4iAlf}

50~150 um, JRESHAT99.5%, FAKAEIKE, H
SR ANE 1bF7 o

B7CRM SGNPsZBERLL A ( GNPsHIBEERIAY
6wt.% ) BFC, BERHERNEGINERAIERERES, BX
L7 @ 1, BREEIERSR300 r/min, BFE)3 h, FEREEHY
IREREENRERES, 1£300 MPafilEN FER G
PARAI-GNPsR[BJFUHITR, HEFRHIREIAER /N FAERE
EEIF ., FRELI100 92024558 %, AFIBESSHEE
SERBIFAINRIIAN200 CEZEFIEFMEFTFIE30 min,
Bi20245EMAEEFHEZETS0 CRBEINFRIE
30 min, MWREETEBWL. IBEARBITFI/NREE
MINBIRS, FHES2NTZEVHEIERES min, Bt
B RIRED, IEBEHENGRF, BETRsI15 min,
BEMERAL kHz, IHEA1 000 W, [FiEZfE, X
R R EEMARINIEEF, 1527 GNPs/2024E 5+
¥,

BB A EGNPs2024E &R EI RO EE R
H, RIETEREOEITE. M. BEENgT. E
REREINMERN45S N, EENHRC52, THEET
FiBohEEERIL IOV EXT it gt T E B, 40
HAar 930 N, RS 9150 rimin, EEERATIE) /910 min,
I EI S A IR R IR A KB PEE10 min,
FEFABEFXF ($5£0.000 1 g) REREIXKEIG
MEE, TEERREEE, BN (1) aikER
FERIBEIRE

P=Mlp (FxS) (1)

N PRAEBRE; vABRIIEXAFNREEE; F
FIMNETT; SHERRIEES.

KEAZFEMES T AR S EGNPs/20242 517 %}
AIHARLR, FEIEEBFEME T~ D 5IMEGNPs5AI
FIFARAIFZSR . GNPs/2024E &M RIAOTMWERR SR . B

585 /'='

BERIL Z BN EREFR . RAHXS-1000Z
SREEITEMSENEREEE, TAENEmn T
MBS, KFE, FEITHINE0.3 kg, AFEL5 s,
KAZ S IWDW-10PCIzHl B et eyl #ia0=
RADFMEE, REEREIL mm/min,

2 ZR51Me
21 E5MHEREESHWAR

ARESEN20245 S HE MRS ININZR 2R
o HFRAH, 2024EAREENMARE . HERER
RMEENSR/N, BEGNPSEERENIEIN, S
BITHGRE .. MRKEREMBEEZNIHS, EIEE
MEREEK. HGNPSHIEZE2H0.4%0], EGMEIIN
FHEHESABE, XEFEAGNPSEERY, @t
RN . MIZHGNPsRIE 21XE]0.8wt. %A, E5HF
N ZMESRZIEE, FEDBI240.7 MPa. 5.6%7%]
HV122.81, 520242 A5 EHBLLS BT 7 34.09%.
40%%130.94%, RiEHall-PetchIBic™, S&M k%
MBI S T E 2 F NGNPSTEE KRR E) T AL SRR
RIERS, BERSAIRMRAIEKK, NMAZEIT M2 HY
MR, FEGNPSEHEAIEARF S HRATIE, GNPsA
SEFIFERENNFMEE, SJIMIEEIERTER
KBS, s R mEB IR I NEAREIBLEGNPsIG S
H, AR RAIGNPSE AR I E RS E, N
mikKiES 7TEGME I NZMEE. KM, HGNPs
BENL2%AT, MR HZMEEBERE, XA
GNPsTEEMRFEI TERISR, 51 THENERFLE
FIERPEMIE S, BEMRNBEESRIEE, S
KR9SS ERERR AR .

El2a. bH2024E(KEE50.8wt. %GNPs/2024%5
HEAGVHEMNESHRALRER . BahERGEVER
FAAR, ULEHUEREAE, 20 RN B8R
HiZE, TRFAEEETASE HTE. WNE2LFR
™, IN0.8WL%GNPsZJ5, EEEEART XS EEHE
BERALDE, BEEASEIIY, REHERARN
%, FEMBEGNPSHINNAN, 4RI/, KGR
I B MU RRAAIN . EOGNPSIELERITIEF
RAEREZINZL, B8 TEZZ0, 1BRTFEZ

®2 MR EMERE

Table 2 Mechanical properties of materials

Es) WPRGTHERAE/MPa A% B EEHY

2024 1795 4.0 93.79
0.4wt.%GNPs/2024 199.1 45 105.53
0.8Wt.%GNPs/2024 240.7 5.6 122.81
1.2wt.%GNPs/2024 2187 5.1 101.67
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Fig. 2 Optical microstructures of the 2024 alloy and 0.8wt.% GNPs/2024 composite
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Fig. 3 SEM microstructure and local element surface scan of
0.8wt.%GNPs/2024 aluminum matrix composite
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2.2 BERESEERRHY
GNPs/2024f5 EE M HHBE ERERNMIASE
HIE IR R M E R R EEGNPs S BT INE4R .
El4aNMEGNPSERE D AL, EAMENERE
BN . NEFETE], 2024 E K EEHNERRKRER
X, HEN1.802x10° mm* (N-m), EFEEEHIMN
EHgERE, X5aARTHEANRNNEEEN
HRENBEERX . HGNPsHIFRE D H0.4%0T,
BIREGH TR, MEMEREREESERES.
0.8Wt.%GNPs/2024 E5MHNERE R, HENRN
0.672x10° mm¥ (N-m), SEAEEMEIRFIEL
BRE 762.71%, S5 K Z AR AR ERLAIT
BEIREREFE B2 R IGNPsEME B A REN5 7 BRI
WREREEBNIER, WO EREE S BERIE
RERR, HmmEN D@, AT, HGNPsHUE
IENL.2%ES, BEIRERFEA LT, XMNIZ2GNPsE
EXZMEMESM R FFIGIERIENIEE, HimkE
KT MHRBOMEMSRE . E4bHBEGNPSRE D HAIE
mn, EEMHRNFENERRHTNER. BEEGNPs
[REHEMO0.4%F1.2%, MHRIVERRZIEIITHEE
BRSO, Eh2024EKESNERRYRES,
0.8Wt.%GNPs/2024E G HIVER R &M, FEN
0.328 1, SEMAESEHIEEREE (0.368 1) tHELRE(E
TREZ ., HBONPSFEREDH H1.2%T, EAMEIRIER
RYERS, UREEREVENMELEEERE

RIERTS
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Fig. 4 Wear rates and friction coefficients of the GNPs/2024 composites with different GNPs contents

HIEEREEIRSEMZR A ) EDS AT AEIE . TEESarh, (a) (b)
2024 B A EIRAREERE P, BTN EN
KPR, ERHESFVERBNT, 20242F5 2RI
AR EERIE . FEESb, DEGNPSH
MA20245=HfE, EEMHAIERSEMERET
T, REBREMNPENSR, HEBEFAREM
BEBEE), EEVHRNTELEEMES,
ERS E SRR AR E ERAOHLE . EEIScH,
0.8wt.%GNPs/2024E M R ERFER T #5
W, MONEREBSHTERL. FEHEER
FE LB T OaEENERSONED, 29K
FERRAXNEH ERMOAEERERE L
M BIFNEIRMA AR ARREY, ESEE
HNEEEE EMRIBMNESHEEFE, AT H
EEEARMNS, WHEFHTTEDSIGN, EDSKNLE
EBZRAF: 60.73at.%C, 3.21at.%Mg, 33.95at.%Al,
2.11at.%Cu. FILETHN, FEERFREB KRR
Pk, TEEARFE BB MRIEEEREAIGNPsED
TEESHBHNEMER, 25 7 EA0ME
g, LT EERMEN™, TS aEE
ERANEZERIE] . EESdF, HCNPsEEXL
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E, HMEERIRERIE AT Fig. 5 SEM morphologies and EDS analysis of the wear surfaces of
GNPs/2024 aluminum matrix composites with different GNPs contents
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Fig. 6 SEM morphologies of wear debris of the 2024 matrix alloy and 0.8wt.%GNPs/2024 composite
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(2) 0.8wt.%GNPs/2024E S FIHIBEIRZRFNEE R
EHHB790.672 x 10° mm* (N-m) F00.328 1, 52024
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Effect of GNPs Content on Friction and Wear Properties of 2024
Aluminum Alloy

ZHANG Shu-wei, WANG Lin, PAN Xu-quan, SONG Bao-cheng
(School of Mechanical Engineering, Jiangsu College of Safety Technology, Xuzhou221000, Jiangsu, China)

Abstract:

GNPs (graphene micro-sheets) reinforced 2024 aluminum alloy was prepared by ultrasonic casting method,
and the effects of different GNPs addition on the microstructure, microhardness and wear properties of the
2024 aluminum alloy were explored. The research results showed that the addition of the GNPs refined the
matrix microstructure of the 2024 aluminum alloy. With the help of the ultrasonic vibration, the GNPs were
evenly dispersed in the 2024 matrix. The addition of the GNPs also improved the hardness and wear resistance
of the alloy. The optimal addition of the GNPs was 0.8wt.%, and the microhardness of the composite increased
up to HV122.81, which was 30.94% higher than that of the 2024 alloy. At this time, the wear rate and friction
coefficient of the composite were the lowest, which were 0.672x10° mm*(N - m) and 0.328 1, respectively,
which were 62.71% and 10.87% lower than those of the 2024 alloy.
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