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Abstract

This study utilized A356.2 alloy and Al-10Fe master alloy as raw materials, employing a composite
addition of Al-5Ti-1B and Al-10Ce to refine and modify recycled aluminum. Metallographic micros-
copy, X-ray diffractometry (XRD), and scanning electron microscopy (SEM) coupled with tensile and
hardness tests were systematically employed to investigate the influence of varying Al-10Ce addi-
tions on the microstructure and mechanical properties of recycled aluminum. The results indicated
that when Al-5Ti-1B and Al-10Ce were added at 0.65 wt% and 0.5 wt%, respectively, the grain size
of iron-rich phases was reduced by 53.87%, achieving optimal comprehensive mechanical proper-
ties. The alloy exhibited a hardness of 54.11 kgf/mm?2, an ultimate tensile strength (UTS) of 167 MPa,
and an elongation of 5.57%. The findings demonstrated that the synergistic addition of Al-5Ti-1B
and Al-10Ce effectively refined and modified iron-rich phases; however, excessive Al-10Ce addi-
tions diminished the refining efficiency. This optimized process parameter provides critical guid-
ance for iron reduction in recycled aluminum alloys.
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1. 51§

BN RS EREENEE AR —, | ZNATEN. WA iR SR 1], R, H
FRERAE PR AAAE ST RERE . R AR A, COp HEE A B 3% (P EEE 5%), 5 XK BARERL
RETJE[1]. FASR UL AR, @ S HIER R, RO HARERT 5%, BRHEBUIFR 90%, HeH
ST SRR [2] (3] HH B SR Z (A5 423k 3.5%), FRER= A8 B b A ER S8% A & FE MKt
BEC, R FE AR RO S R M A0 1) S R AR (3] AR, FHZEAR P Fe. Na 244 (JCH S Fe)™ il
Z)HAIERE: 24 Fe BB 0.5%0F, &Mt p-Fe MH(IN p-AlsFeSi), BIRILMRIEL:ME, 5 kN /14
HORR I TR RE, SR AR B SRR ERIE[4]. a0 BRPESR IR E DU B E) R
I H T AR K, TR AR (A Sry Ce 55) U AT I8 1 4% & Bk AR TR A5 SL 0 iy A Pk, TR1 bk RO T
FA[5]-[7]-

FHECT A48 ALLTi-B EFHEER) TiB UM “Hh&EMER” , MtIic®k Ce. Y SMAB BT E
BRARAS W E T RE, HLGWRABRIG, 7EFA ORI A g ) B8], B AR INE o E n e A I
WM. Al-5Ti-1B 55 Ce WrEMEHE f-Fe MR TR a-AlSiFeCeMg #3578, H. Al-5Ti-1B/Y 414785 2R
BTN ALSTi-1B [9]-[12], ESEZ 7o &R P [E R A AL AR SR SUE RE A Bk A2 . ASHIE 50
A356.2 45 Al-10Fe H1[A] & &AL £ 0.65% Fe Bk AR G4, KA AL-STI-1B &&#H7 88 i b
B, JFRFEHI Al-10Ce F[A1E LRI &AL SR RST A A s b, 5 R R
+ Ce 5 TiBo/a-Al SERLHIYRFEFE A, AR S RS M R IR THR LR kR 5 T 248 5.
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2. LRI R FE
2.1. LRI

Al-Ti-B A & diohr 20 AL DLEL & RS B r TRV DA% O B0 S B BRAB R B, A
>665C H Ti ikIE >0.15%K, TiAl SEE KA R N(TiAL + L — a-Al), AR TiAL 75 7%
Az ORI a-Al SR 13] [14]; BIMEAERR AR H, TiB BURL(E AU > 3000°C)FE - 3ok F et
Ak o-Al TEAZ S %2, JE— DAk kL[ 151 PIRLEI T FAE P AN AR /NGl TR X3 PR & B AR AR
RIGFRR) TIAL A5 TiBo K F-IE AT VRN & Al 3 U AL s, SR RS 5 2 A0[17]. #ik Ce B0
N A% AR R % B ERARTEAS . Ce 55 Fe RE T 4225 57 K, FESL ARG BV BE MK (Ce Fe 7E o-
Al F135<0.05%), i1 T 5 5T 5 S oFd N & BoA , i 2 1 B ol Ak e B SELAS & BRARC R, RIS ek
BS540 A0[16] [17]. AL-Ti-B 5 Ce (& G 1EH AT SO RLANAG 5 & AR I RIE 2L, A4
e R SR AL AR -

2.2. LW E

KRWFKH A356.2 &4 Al-10Fe H1[a] & G RHHI & S ELE N 0.65% M ARG S, WidE &N
Al-5Ti-1B 4i1k77(0.65 wt%)FIASF LI 1) Al-10Ce ] A 4:(0~2.5 wt%) AT 4L AR AR FE . SEIG AR
FHJGRHIACEE . W5k AR AN EE . bedh S REAT I . Bk A356.2 645 Al-10Fe. Al-5Ti-1B Al Al-10Ce
BT AR IR ST P, T EBR R IR 7 KB . WS IAE B 2 b TR ogh AT, e WG
HEER 600°C, Ffiéa4seamb/EFHE S 800°CHLRIE 30 %h, BE/GPEIEE 750°C NN, Mk
Wi 5 AR EIGE, BRJEHEIRRE R TE 370 CIRIR T 30 /80 45 AR Y . AR iR A
CX40M Y622 s, @Al 22 R oW e & AT s X ST S (XRD) 7 S A 4L, % B e
(SEM)4hi & R R (EDS)RAEWT FIE S KA X s 27 Rt 6045 A [CAE B (HB-3000C) Al 2 3 F A 058
(WDW-100 J5 B8IRIEHL), FLAHRFE RT3 hrdEn T, InEEE%R N 1 mm/min. SEIGFTH & 055 1 R .

Table 1. List of experimental equipment

F 1. LHRER

WA 4R A TR
HLBELA SK-5-13 W T = B AERA R A
FL AL I B8 X TR A GZX-70-3 P AR B A A IR A ]
I T BB (SEM) SU5000 ERA=T 7 A
X AT (XRD) & BE%) SmartLab H AR bk ot
JREREE L WDW-100 RINTITH B A 3 WA PR A A
1 R R HB-3000C RS WA PR A
S A SHHSMEE 5 Gk R & FEFEICERH AR AR

3. SSWERS S
3.1. RS R 4

W 447 AL FRET G I A356.2-0.65% Fe &4:4:HH XRD 4041, X SR AT E W& 1 frs. B 1 7740,
AR AR S SR AR5, AV EM AL M. Si A AloFe,Six AHRIATHIE . 4328 7
WH ) FASE ST RGN EH Cev Tiv BILEY, REANHAEETHXEYFTRSERD, &
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Figure 1. Comparison of XRD patterns
1. XRD Eli&xfEL

AR JE 1) Fe 24 L LA AloFe;Six LB AAEAE, J&E T 5 8AH f-Fe (—F. Jvidt— Wt Fe i
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Figure 2. Energy Spectrum (EDS) analysis of metallographic samples
2. SRFERAEIE S HTE

B ] 2 o] WS BN [F LR RO, L 4 A i TR SRR T, SRR 2 Fos. A
JCRMAMA ALAT ST, Al & EEIA 98.79 wt%, AN Al RAH I, fi B MnERARy AL I Si, Si
TR ER S, ATAHOIE AL, BRI S C A D T ERARN AL Fe. Al JETLE
#L N 9:2:2, FHALE B-AloFerSiy & BhAHl, RIUAKEHIRF IR

KA AL G4, B-AlsFerSix B P DU KK EIRFI Ao 32, S RIRR IR &5 &8k
UG, AARI B AE R, 2 EBRAR AR B 2 PR, D AR A 3 S E R AR R ST
A A BOBTAH S I o
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Table 2. Energy Dispersive Spectroscopy (EDS) analysis of metallographic samples
2. SEEFGEESTR

A B C D
TR wt% wt% Sigma wt% wt% Sigma wt% wt% Sigma wt% wt% Sigma
Al 98.79 0.1 20.06 0.13 60.01 0.22 57.8 0.21
Si 1.21 0.1 79.94 0.13 13.26 0.17 14.26 0.16
26.73 0.21 27.94 0.22

Fe

3.2. SHERNER S

3 4 A356.2-0.65% Fe && AR Al-10Ce && N INEFIAE A356.2 A& BMAL, HEW LA
R, RAKOGIRAILE SitH, BASTERICN g AH, B ERARZEIL S St AHZ AN 34 . Si fEAR A
Wz oA, ARAAR T A e AR R SiAHE SR IX, IIANBAGAR BRI S al Si AR & 4R X B ek,
HEiE Al-10Ce G4RMMERIGEM, L& SiAHRSTHER/DN, HAMmEEI s, MismEHN 0.5 wt%lt
ol Si ARSI, A3 .

(a) A356.2-0.65% Fe 545 (b) 0wt%; () 0.1 wt%; (d) 0.5wt%; (e) 1 wt%; (f)
1.5 wt%; (g) 2.5 wt%.

Figure 3. Effect of different Al-10Ce additions on the metallographic microstructure of recycled iron-rich aluminum alloy
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Figure 4. Effect of different Al-10Ce additions on the grain size of iron-rich phases in recycled iron-rich aluminum alloy

& 4. [E] Al-10Ce SRMEX BEERBEEHNEKERNR TR
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RISIMEATAZ G AOFE o, AEE R STAHE X, B YA 2R KEPRTT P 040, BT 24> abki
IR 0.65 wt% AL-STi-1B [IRER, Si @ HEXAFRD, &% EA—gaib, A FEERZERM:
M ARI Al-10Ce J&, SiAHRSHE— 500 B @ #i5], B er i as a2 2 sl. mE 3
AIRIE -GN AL-5Ti-1B F1 Al-10Ce X & SR G& &2 BUE & YAl RT3 /N, i3 2 S dErsioE, S
WEEREZ AN AR XIS AHZIE, FIF Imagel A0 & BAH R~ HEATIE, 75H A356.2-0.65% Fe
EEMAFE Al-10Ce T INEFA A356.2 &S PR RS &L Wikl 4 s, BT, REET4040
B ARG SHKE TS NRZE, SRRSFEMEN 44.53 pm, AL E AN Al-5Ti-1B #
Al-10Ce 204078 57 b B2 5 1 B AR 0 4 AR OR B R AR 20 AT B sl SR 2R 404k, BEE AL-10Ce HIRIG
SR BN, ACBURBE, YR INELE] 0.5 wi%lt, &4k s D, SRR P
BB N 20.54 um, X— RSO RZEFALFEA R 46.13%, BAHIN AL-5Ti-1B AL (32.68 um)FR/»
37.15%, H & BAH M S S A N B S SR B AT, A RS TR R TR AL AL BRI AR R AL
PR A A356.2-0.65% Fe &4 dibi N ~HE/N 53.87%, AL Hoh. 24 Al-10Ce H 8] & &M IR &
T 0.5 wt%oltf, &4 BAH AN R R LR B g

3.3. NEMERNEROH

% 3 ¥ A356.2-0.65% Fe & & AIANFE Al-10Ce ININEE &R AL BEF A A356.2-0.65% Fe & & HET
i B DL e Fr A 5 3, R vl A, A RACEES AR S SN E N, 1B T A SN hihinE A
R, T BAEES S 1.

Table 3. Mechanical properties test results

3. NWFMREMIRKEER

eSS Al-5Ti-1B 730 &#(wt%) Al-10Ce 7N (Wt%) T EHBS)  HihsEE (MPa) K ZR (%)

#1 0.00 0.00 61.03 120 4.13
#2 0.65 0.00 60.14 157 6.78
#3 0.65 0.10 59.57 165 7.17
#4 0.65 0.50 54.11 167 7.31
#5 0.65 1.00 54.48 159 6.50
#6 0.65 1.50 56.83 159 6.01
#7 0.65 2.50 60.48 140 5.57
65 200 8
—A— Bih R
—m— fiikR
180 1
60 |
o 2 16
é E 160 [ ;\;
g" 55 é Is i’_
= SOMo[
& % 1.
s0
120 13
45 1 1 1 1 1 1 1 |00 1 1 1 1 1 1 1 2
#1 P # 4 45 46 47 41 P 3 P #5 #6 7
B FE

Figure 5. Hardness test results (left) and tensile property test results (right)
B 5. BEEMRER(E) RARIEREMINER(E)
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TPy XA R WA 2 SR AN R AR P E R R 2 SR ] 5 W, AR AR BE (1 PR AE AR RE D 61.03 kgf/mm?, I
Al-5Ti-1B Il Al-10Ce #EATAR AL S5, FRAEERMIAERE RF%E, 4 AL-10Ce MIIRINEN 0.5 wi%hf, & &
FEIEB AR, N 54.11 kgf/mm?, BARDBFACEE G ERKT 11.34%, SiINERT 0.5 wi%lt, A4
MORERE & EFHass . mbrmbE RIS BT an, FAAEESMPThsR R, MERERK, R
H P AR R R FE A SRR AR, AR AL B S R IR B B o h i FE A K 2R . BEE AL-10Ce U
s, FAERRYUR R AP R 28 BT S TR, 18 Al-10Ce RN 0.5 wi%eHf ik F|
AR, PLRLHRIE Y 167 MPa, K 2N 5.57%, BORAL ALK ARG S 3G 1 39.17%F1 78.29%,
RN KT 0.5 W%, P o B R K Sz B I

3.4. BRORH 4R

(a) A356.2-0.65% Fe &4; (b) 0 wt%; (c) 0.1 wt%; (d) 0.5 wt%; (e) 1 wt%;
() 1.5 wt%; (g) 2.5 wt%.

Figure 6. Effect of different Al-10Ce additions on the tensile fracture morphology of recycled iron-rich aluminum alloy
6. N[E] Al-10Ce RN E X B EKIRE SAVRLFRET OFH ST
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PR AR S, R 4 B B AT T DO SOW 82 X Re i 40 AT, TBOK 100 A5 T I F B SRZH 21
s 6 fizs. {E SEM W TSR MEEH, B At vt 38 2RI AY I PE T 2LRe AR, RPN KT A BRI . 5T
RFR G I M S B . RAINZE BRI A356.2-0.65% Fe & 47 11 s T AL TS AE - TP~ 1] R <)
IAEHL, SAVRITIL R R, Wi 2 Wy XA . & AL-STi-1B/AI-10Ce EAZFAE )5, WO
TR R E NG R RN T H510, S mATRE FERRAIG, B et B Y5 . 24 Al-10Ce ¥
RN 0.5 wi%lhf, fRFEH R R PR, HAOWA LT a-Al A SRR 7040 39 S e F BBk Ab 3
MR TR, RUR & &R 0H 7R ER .

O LI HTR A, BRERFEXT A 4 )15 M RE AT Ve MR RE A o AR 57 AL BE 1) 34 A7 76 K SRy
AERTEALIR, XS FLBIE S ) R N S 3 PR R Sk . @B GBI E, FLBREE R,
JGT4E/N e 2 AL-10Ce IR 0.5 wt%hf, FLERAAFR 0 B B 5 MAE . 4R2E15 D1 Ce & B 2 1.0 wt% L
DL B, FLERECE IR s, X 58 L n R & BUERAT AR UG XA LA IR 5 8
FHTR 25 5 A2 (1) S 36 UL 45 SEAHW) &, 22 W] Ce T0 FR AL A AH AL I 5 14 [7] I 75 71 A% 428 i VA8 o & DA 38k B 471 1
RN o

e ST LA AR TSR R, A G EROK 500 15 (RO A3 47 0 Hr, sl 7 B o
ZBEFE R T WA AR A ORI « B DXCIU(A )3 45 R B AL & 98.57 wi%, Si & iy 1.43 wt%,
HESEHOA AL BERE L TS P X IB SO B AR XX IR Al Siv Fe TTRARK, SEDHIN
60.51 wt%- 14.26 wt%-. 25.23 wt%, JET-ELZIN 9:2:2, 5 p-AloFe,Six M IFRUE RS> (AloFeSin) B JE W & .
AT R E AR ) B AN 3 PR B S 2B, BORRAY R R E AT

A
Tt Wit% Wt% Sigma
Al 98.57 0.11
Si 1.43 0.11
Total: 100.00
B
JLE Wit% Wt% Sigma
Al 61.51 0.22
Si 14.26 0.16
Fe 2423 0.21
Total:  100.00

Figure 7. Micromorphology of iron-rich phase at the fracture

7. Wi O ESRERRFER

4. &Eig

HEUIN Al-STi-1B 5 Al-10Ce TG AL FFAEER Y B-AloFerSiy & R AH,  [RIET4H Akt ket AH H 2
BHAMY M, BERAFEBEENLGE JIEITER.

2 AL-STi-1B M INEN 0.65 wi% Al-10Ce IRINEH 0.5 wi%olt, AR &R e, & B sk~ A
44.53 pm FEZ 20.54 pm, /N 53.87%; LA & &8 5 54.11 kgf/mm?, Hidi 585 167 MPa, i3 5.57%,
BARAR AL B LR R EIETE 39.17%, K RIET 78.29%.

Al-10Ce IR INEHEIT 0.5 wi%lf, EERAHALRCR N, G& 1R c B, X5mtooRidE
P 5 S AL R e i 28 DA O
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