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Abstract

The microstructure of Al203 reinforced A170Fe10Cu20 alloy with different Al20s additions was ob-
served by optical microscope and super depth of field microscope. The mechanical properties, fric-
tion and wear properties, density and conductivity of Al203 reinforced Al70Fe10Cu20 alloy were
detected by X-ray diffractometer, tensile testing machine, Vickers hardness tester, friction and wear
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testing machine, density meter and conductivity meter. The results show that the addition amount
of Al203 particles and the distribution uniformity of Al203 particles in A170Fe10Cu20 alloy after vac-
uum melting have a great influence on the microstructure and properties of the composite material.
The optimal addition amount of Al203 is 0.1 wt% based on various performance indicators. Compared
with Al170Fe10Cu20 alloy without Alz203, the density and conductivity reduction of AI70Fe10Cu20 com-
posite material with 0.1 wt% Alz203 was very small, while the hardness, compressive strength and
wear resistance were significantly improved.
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1. 5|8

(AR Ry Cep =i b SN ARy v iR NS 1 2 7R N = N ke 8 = W =R et = B =
W RHAS ey i B R BRIV PR RE R (2], HAE TR MR AN e R SIS )2 (3]0 AR N 7 S AN R, <6
JEM R R R R R Z . BEGES R T RN EIREEE . Whrkse, HARIIEIL. Bk
BNHLEE F AR AT B, B B MORL A I N A4S e i B R v Rtk — 2P R 4] AR SRR H
HA BT B ) N T s E R E R (5] SmEEAME R T RAREE. mltinE. $H
PEUF SRR AR FE I s VRZE R T 50 DL S M 7 B 3 MR R FH R [6]. Al-Fe-Cu & & AN F T4 4
FRE4:[7], i8I Fe M1 Cu BN, JFREAUY Al-Fe #1 Al-Cu &4, B GELER T4 AR 8],
PR AR RS, A AIRO3. TiC. SiC. WC %, i AI203 B mibfbfae . Pimina
terERe EMAEAKER, 5 Al BAAR G KA F IR M9, TiC PRI & NI S L, 40t
e P, (R AT G N BB B A AS FE AR B R 2 [ 10]0 BBAMEE il & &1 1 3G 5
G B EARRR IR, R SRERIN T, (H2H& T8RN, AR E12].
ARG SR Al-Fe-Cu Sa M BHHI & ITEIR 2, ARIIRATIE[13], BHEEIE14]. MIARIGEIES,
A EE & R IRE AR 2 R, 25 Dt N B (9] T SR AL i 4 P B Y n AR BE A b4
BIHEERERAF T4/ A ¥ ST RRL, (HA P A [ 10]. FAERRRLTE AR & S/ B S
W) B R 4 JeB AR M R T R A AR 2 R . A FEIUG AV B A S itk kRS
FCHLRENCHE T R T LASR TP BRI 0 A 3 501, B Mt Bl Tk Sl T L 240 N 91 RS
N TR TR A S I RS B ) Ve RE, AR SCICR A 3 28 FR IS IR 1) 5 AR 3G 558 Al-Fe-

Cu &4,
2. M KT
2.1. R
RIGAT RN = 2187(99.99%) =2iH1(99.99%) = 4i4(99.99%) LUK AR Ky R (434l . L2251
ToIK ZEE(Sy 4l Al Keller JiE (2.5 ml HNOs. 1.5 ml HCL. 1 ml HF. 95 ml H,0).

# BB EHZ R A170Fe10Cu20 (JR 1L at%)FREL, 5. EAIER 43 708 25.335 g+ 7.506 ¢ A1 17.158 g,
3£ 50 g 1) AI70Fel10Cu20 JEM L. KRR A RN 41, 5et P IINGE & 107K R % i 5
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PORLER T, e bl B T8 75 BaF Te L i b 30 708 5 B I T /5 & H .

ALOs B R IR I E A2 IR _F IR AI70Fe10Cu20 JEFENTR &0 501 0 wt% 0.1 wt%. 0.3 wt%- 1 wt%-
1.5 wt% PR HL . ALOs 43 7R 75 56 F e o BL I e HOIRARE, 2805 F U0 DI 25 73 50 ALOs 4 Rk
N Al70Fe10Cu20 JEFH R,

2.2. BB

W RIS 1 S LS ADRE - O B A s AT I, A R R SE AR A S T R F B R
TREMRE DI 4~5 3 JE B o K AR Ze D) BIPL DI EI AL 10 mm* 10 mm*S mm /NIRRT 4
FI A BEEREEHIA XRD WIAH AT T3, BN, FAMNRINA [ ALOs i & 7> B 5l 75 2k
PIEIHLDI B K 3 BREAE N 3 mm. & 7.5 mm [ 7724 IR IR FE (R 460 -

KA BESE LA ORI AT B e 0 Hlt, F keller SRIXT 06 J5 BORE ST T 1, 2
Ji K A 8t 2 BB IR AT A SO 5% . UG JE RS TGRS S AT XRD PR, &N
TD-3500 X S ZeAiTH X « X S AT B ST, B M RN 107, ZikMER 80°, B TEM AL 0.02°,
SREEWSTA] 0.5, B 30KV, B 20 mA . B 65 FE &R A HV-1000 A 4 PG GO RE T 3E 47 A3 B2,
SR GF-12Y e il A 52 R4 B 5 B AT LT 85 0 5 AR iR AT R B A0 o S 400 2R A 30N X S AL
BARE. HALEEIE 250 rpm. I 1A) 10 min, BESRIALE WS K H MT-500 $R%EE 20 HE 2 1B IR & A3k %
JRAATIAR . SR AR-150ME 2 ) 68 %5 5 DRSO SR RHEAT 25 B2, T Sigma2008 £ i L
PO AR ST, R TSE-105D Jj iR ISAL 45 aRE AT 4R e e, R4 Ie N 11
10 N FINEGEE 0.2 mm/min, RIS A KA FLIREE 40%. Al A=H1E /N /1 100 N,

3. LR RO
3.1. XRD 15

K 1 NASE ALOs HINE R ALO; H58 AI70Fe10Cu20 &4 XRD ¥IAH T, ALOs KIS &2 5N
0wt%-~ 0.1 wt%- 0.3 wt%- 1 wt%- 1.5 wt%. B 1 5[50, A ALO; Y INE A ALOs H#45%E Al70Fe10Cu20
AaHHIL T ALCu A, W0 0.1 wt% ALO; Al 1 wt% AlLO; i) AI70Fel0Cu20 & 4 ANV ALCu ik
HILT AlCuo M.
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Figure 1. XRD plots of A170Fe10Cu20 alloy with different Al2O3 additions
1. NE ALOs FRINEAT ALO; #38 Al70Fel0Cu20 &4 XRD
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3.2. EHEEREELR

] 2 AAE ALOs BRI K ALOs B 58 A170Fel10Cu20 & 4 M4 SR, 14 2(a)~ 14 2(e)H ALO;
BRI IR B0 E0 7 N 0 wt%. 0.1 wt%- 0.3 wt%. 1 wt%- 1.5 wt%. H1/E 2 A S04 IAS [5) 5 &40 2 ALOs
1) ALO3 58 Al70Fe10Cu20 &< A 2 AR & A RAT O K IIFHIRA S, HBE%E ALO; it & 4 1)
whn, A&PARAL RS ZHEN . WS ALOs F RN, 4T F LM S A XK.

454 XRD WIAH T AT F1Z AR L AT BB ALCu. E8 1 0.1 wt% AlLOs (& 2(b)FIE N 1 wt% ALOs(&
2(d) A KRN 1.5 wt% ALOs (4 2(e)) ) ALOs #4558 Al70Fel0Cu20 &4 Sl Bl T A a5 kR K
RASFECNH/NIEZ, A g 1.5 wt% ALO; i) ALO; #4538 A170Fel0Cu20 & 4% Sk s 4 /N H 21
BEA D, RO EE gl . 454 XRD PIAH 1T ol FHZ A 2 0] B2 AliCuge IEAMAIN 0.3 wt% ALOs
[ ALO; 558 AI70Fe10Cu20 & 4:(1 2(c)) Bl g B 1 5 Sk Fon FEAL LI O B I

Figure 2. the organizations of Al2Os reinforced A170Fe10Cu20 alloys with different Al>O3 additions: (a) 0 wt% AlLO3; (b) 0.1
wt% ALO3; (c) 0.3 wt% ALOs; (d) 1 wt% ALOs; (e) 1.5 wt% ALOs

2. AR ALO: FRIMER) ALOs 358 Al70Fel0Cu20 &&4HLR: (a) N 0 wt% ALOs; (b) FRAA 0.1 wt% ALOs3; (c)
NN 0.3 wt% AlOs; (d) A0 1 wt% AlOs; (e) AR 1.5 wt% ALOs3
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33. BE

K 3 BAFE ALOs IR ALO; H3% AI70Fel0Cu20 A4 25, MEH I LIE 24 ALO; IRINE N
0.1 wt%- 1 wt% 1.5 wt%lf, A B AR AR, (HEIN 0.3 wt% ALOs I % B /NMEFEFEAC. 24 ALO;
ISINEN 1.5 wi%olht G PRV E B2 & T AR ES I ALOs ) A170Fe10Cu20 & 4% 5 .

T 0.1 wt%Fl 0.3 wt% ALOs IS /D, HT ALO; BURLAT A170Fel0Cu20 &4 A i i 5 2 1
SEAELBERIN, EAEMENEEREH FE. Ha ALO; IINEN 0.1 Wl BARIREIER N, JTUFAL.
EX ALOs B INEN 0.3 wt%l] AI70Fel0Cu20 &4, Z5A S, ZHEAMEEREPAERZ
FLIH, BORFRAR T AR5 R

BEE ALOs W& HE— I E 1 wt%h, ALOs FUKLA HIZRMiH . ALOs FUKLAI Al70Fe10Cu20 & 4>
G R 1 2 3 B 45 A AN R 5 1 LB, H ALO FURL & &34 vl LA 78 LI, RN 1 wt% ALO;
LA MR B ARG IR A6 AI70Fel0Cu20 £ 4% A 1R /IMEE K . 24 ALO: TR INE N 1.5 wt%H, AlLOs #il
L EHIH AL S ECE ER S £, AR /Mg R4S AI7T0Fel0Cu20 &% % .
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Figure 3. Density of Al2O3 reinforced A170Fe10Cu20 alloy with different Al.O3 additions
3. FE ALOs SRINE A ALO; #8538 Al70Fel0Cu20 & &HZE

34. HE

K 4 ZAFE ALOs BN [ ALO; BE9 A170Fel10Cu20 &4, MEF R LLEH, BEERIN ALO;
FREERIIEIN, ALO; #45% Al70Fel0Cu20 & 40 @b, (HAF g EAZE. W 0.1 wt%-
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0.3 Wt% ALOs FIA & B INR LR, IR 1 wt% ALOs & & B BAMRIREE, RN 1 wt% ALOs il 1.5
wt% ALOs A& Y . ALOs BURAE A EE MR T IIAZF] Al70Fel0Cu20 &4, REW i IS A
IEFNE R AR . (HIE 2 ALO; BRI BRI IN 2] 1.5 wi%lt, ALOs FRiA F R M, ALOs FikL
A1 A170Fe10Cu20 &4 Rl X B HIIE 22, R EON Jy 86 R ALER ARG I, FRAREE ARSI BUR , & &8 b
ALOs N5 2 B I R AN &2
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Figure 4. Hardness of Al2Os reinforced A170Fe10Cu20 alloy with different A12O3 additions
& 4. TR ALOs FHMEH ALO; 38 Al70Fel0Cu20 & &R

3.5. fEERE

5 EANE ALOs UNINE I ALOs 58 AI70Fe10Cu20 & & HiE5RE . KA LLIE H 2 ALO; s
BN 0.1 wt%lt, EAMRIPUEIREM LRI AI7T0Fel0Cu20 444 W ERTl, BEE ALO; I & K —
TR, ALOs IRINEA 0.3 Wty 1 wt% 1 1.5 wt%lhf, A MR 3 2 5 35 FRA%, 17 HOxX =Ff ALO;
MENE SRR BEAZEA K. BT ALOs IRINE N 0.1 wi%hf, ALOs BURIIESE &M BHEAK 1
A AR RS R 2 B AR SIR . B ALO; IR 0.3wt% 8 INE 1.5 wt%, FURLiZ A [ i
i HALBR = BT, 25 5 51 R 1R oS B giEiE . [ BT ALOs BRI Al170Fel0Cu20 &
SRR R ZE, BIMNEA TR N R 577 A RS ALO ININE AN 0.3wt% 1wt%. 1.5 wt%
I 52 A Rk 5 B AR BB F I, 4N ALOs BURLTE —FA kL 3 A3 1 %, B ALOs NN &E
N 1.5 W%, ALOs B 53 #0351 S MEAE = MR RL b SR ACGE
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Figure 5. compressive strength of Al2O;3 reinforced A170Fe10Cu20 alloy with different Al2O3 additions
B 5. T[E ALO: SRIMEM ALO; #4358 Al70Fel0Cu20 & &HEEE

3.6. EEEHRIEEE

K 6 JEANE ALO; IR ITE I ALOs B 3% AI70Fel10Cu20 & 4 EE#E R BUME K] 6(a)) FlBEHE 22 B b I
ARG (] 6(b)), MIEL 6 HETLAE H ALOs IS IIEN 0 wt% Ml 1.5 wt% i f ik, ik ALOs IRINE A 0.1
wit% 1 wt% K, ALOs UsINEA 0.3 wt%h Fim. H ALOs IS IHE N 0.3 w5 AHZH 2 &2 vl 41,
A & T B A MR R e B A RN & JE AR VR S B LI 2, T LI AR AR 2 5 3 R
B MR TARE B2 (8 4k, R FLIRAL 32 777 A 80T BUM R 75 55 J5 3R T BH BE R R 8. ALOs i
RN 1 wt% il 1.5 wteltt AR S H B2 1) ALO; Jiki, AEdE BB Hhia g RO, A 30 PR %
FE AHR ALO; WKL/ A M35 SV S 1 5 2R 2 A A BRI BE AR . ALOs BRINE N 0.1 wt%ME &
MRHB R ALOs MURLER Ay 351 5] 43 B5ES BIAR e b Vi PRALC R #82 R BCHUR . TR VS I ALO; 1] Al70Fe10Cu20
HEAYBEBEABBAL, 564 F Fe RS Cu i RLHATLW 1 EAH %,

040 - —— 0 wi% ALO,
 lwe
0351 0336 0.1 Wt% ALO;
0312 —— 03 W% AL,O,
030} = I —— 1 Wt% ALO,
. 0272 0.275 035 —— L5 Wt% ALO;
025
W K
i 020 % 030
& E
015}
0.10f 025

020 b
0 wt% 0.1 W% 03 W% 1 wt% 15 W% 0.002

ALO TR I [8]/min

1.729 3.47 5213 6.958 8.705

Figure 6. Friction coefficients of Al2O;3 reinforced A170Fel0Cu20 alloys with different Al2Os additions: (a) mean friction
coefficient; (b) friction coefficient variation with time

6. TG ALO: RINER ALO: 1838 AI70Fel0Cu20 & & BEEARY: (a) BEAKINE; (b) EERBERETL
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K 7 B ALO; T INE M ALO; B3 A170Fel0Cu20 A 420 ek BE 35 A5 S 06 I 76 8 S5 R S Al o 1k
AR 7(a)~E 7(e) AR ALO; IRINER ALOs H58 AI70Fel0Cu20 &4 & E(4 7(H). MK
T A LA H ALO; HNINE A 0.3 wt%H] AI7T0Fel0Cu20 &4 BRI ik, IR IR RE P 38 LI S5 Bk e e
245 by 18 BN BRI AR SUE A 55, IR T A EHI RS . ALOs W INEA 1 wt%. 1.5 wt%[H)
Al70Fel0Cu20 &4 B ET, FER M T ALOs BN & B 2 i& SO 1 5 3 2 ALOs Bk 4 A A3
SIVEINE] . ALOs ROk A S IR 22, 52715 45 5 R 1 B RLE BT, BB R . 1 ALOs i & A
0 wt%H] Al70Fel0Cu20 4 4 BARAS 5 BEER R AU, H 2 T4 E B B AR UK, BB RE /1
72, MBI BN Z . ALO; IMINEAN 0.1 wt%) AI70Fe10Cu20 & 4 T ALOs Bk s in & 1/ e 2|
T URERACCR,  [RIIN R G ORERURL [ 3R FEAS I A i 2, HARPUBS B e ) B Bt o

0wt% 0.1 wt% 03 wWt% 1 wi% 1.5 wit%
ALO, I

Figure 7. Microstructure and wear plots of Al2Os reinforced A170Fe10Cu20 alloy with different Al2O3 additions: (a) 0 wt%
Al203 added; (b) 0.1 wt% Al2Os3 added; (c) 0.3 wt% Al2Os3 added; (d) 1 wt% Al203 added; (e) 1.5 wt% Al203 added (f) Wear

plots
& 7. G ALOs RIER AlLOs 138 Al70Fel0Cu20 4 & ERUBLEEMEBIRERE: (a) M 0 wt% ALO3; (b) M
0.1 wt% ALOs; (c) A0 0.3 wi% ALOs; (d) A0 1 wt% ALOs; (e) AN 1.5 wt% ALOs; (f) BIREE
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3.7. BER

K] 8 EAF ALOs BINE T ALOs 158 AI70Fel0Cu20 &4 H 5%, MEHE LA HEEE ALOs BN
BN, SR RHUR S, (HEIN 0.3 wt%ALO; ] ALOs #55 A170Fel0Cu20 & 4 HL 5 F N 4
WE. MTHZ% ALO; KIS ALO; HE58 Al70Fel0Cu20 & &R L SR R, 1 ALO; fEE &4
BEe N B R 23 A5 B 25500 DA K. ALOs JBURLAT AI70Fe10Cu20 &4 B 45 & KPR A . EA R FLBR 56k
B R AR S 5 R A AR R 1) T i o 5%% ALOs TR INE R, BAEMEE SRBMGEZ . BT
N 0.3 wt%ALOs 1) ALO; 58 A170Fe10Cu20 &4, 456 1 2 Fin et B 2 DLAGZE SRR DIE)
A SRR EE AT, A M BHH SR AR E SR B 2 AL, RN ALOs 35 MURL/E A Mk 4 A 35 5]
PR E, PIRMREN™E, FEESE NRFREEEK.
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Figure 8. Electrical conductivity of Al2Os reinforced A170Fe10Cu20 alloy with different A12O3 additions
& 8. R[E ALO: RINEHR ALO; 38 Al70Fel0Cu20 A& SHE

4. &5ig

AIRT T AT HREH 4% ALO; 38 A170Fel0Cu20 &4, FEHEF 7 AR ALOs BIEXT AlLO; 1
3% Al70Fel0Cu20 &4t SAHEMAL. B, SR, WA, JURMRE. BEAN. BHRESELE
5 T LA

(1) ALOs #5% Al70Fel0Cu20 & &I S A LBEE ALOs I INE A1k, Al70Fel0Cu20 &4
R TAFIR ALCu M2 AME HIL T 48/ AlsCuo #H, EEMELSAHH RS AlLOs W I & 38 hiniz i 48
1t

(2) BEE ALO; IR INE R I, ALO; 58 AI70Fel10Cu20 &4 55 FE AR AS K, (H H 5 3 Ak B2 AR
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&, Hort ALO; U INE N 0.3 wt%H & 4 H T R RN 2 - B EPPRME R BE ALOs Vs & 39 Iz i 7t &,
PUERE R 0.1 wt% ALO: IR INE & & T Mok, HREEME IR EIK T KRB ALOs 1)
Al70Fe10Cu20 & 4.

(3) ALOs T INEN 0 wt%Al 1.5 wt%] ALO; 458 AI70Fel10Cu20 &4 FEE ZEURIK, ALO: IRINE N
0.1 Wt%Hl 1 wt% )5 & MR EE I R EUAR, ALOs ININEL Y 0.3 wit% 1152 & 4 K} EE 5 R AU BE 451 fe K
ALO; TR INEN 0.1 wt% I B S RHEIR BN, ALOs INITEN 0 wt%. 1 wt%. 1.5 wt% M= A+ KL EE 45
A,

A LA R Y ALOs TR INEN 0.1 wt%, & MRISE G MR . LB E A S R B A N
ALO; [f] Al70Fe10Cu20 & 4 /IME B FEAK, (RIS A RS2 R0 s 8 B AN B 1R 406 & 52 . AN ALOs ¥
TN 0.3 w4 11 BEAFF 78 R I B B MR L 2RI = 1 e ALOs 3 5% A170Fe10Cu20 4 43 JFH
ALOs 7 B 23 I R R 7 43 B35 511 DL LR R 2 A X & S MR RE R R o Ja S200F 98 vl DAL L 2S5 4 T
2, FEHEASETE ALOS FALAT Al70Fel0Cu20 4 &gt LA ALOs Bk 7 B S T2 51k, ik
— 3B TF ALOs H5% A170Fe10Cu20 & 4 HITERE

e HE

B Tl 22 Be R AV U H : 2 70 CuFeAl &40 % S PEBE 75 (2022ZR026), PY)1148 K 22441
FrADLIIZRitRI: TiC 35REEIEE SRR 8 S M BERF 70(S202311116063),  BRAR Tk 2 it 51256 = FF 1
By WERAEFRXS 7075 55 Gk RESL AT 4T .
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