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Abstract

This study investigated the effect of different mass fractions (1 wt%, 2 wt%, 3 wt%, and 4 wt%) of
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Al-3B master alloy on the melt purification of recycled A356.2 aluminum alloy, under the conditions
of a casting temperature of 770°C and a holding time of 90 min. Metallographic microscopy, X-ray
diffractometry (XRD), scanning electron microscopy (SEM), tensile testing, Brinell hardness testing,
and direct-reading spectrometry were employed for comprehensive characterization. The results
show that Al-3B reacts with Fe in the melt via boronization to form stable Fe,B phase, which is then
removed by sedimentation. Meanwhile, the addition of Al-3B significantly refines the grain struc-
ture and modifies the morphology of brittle iron-rich phases. With increasing Al-3B addition, the
tensile strength and elongation of the alloy first increase and then decrease. The optimal compre-
hensive mechanical properties are achieved at 2 wt% Al-3B addition, with a tensile strength of
161.1 MPa and an elongation of 3.71%. Additionally, the iron removal efficiency reaches a peak of
7.71% at the same 2 wt% addition level.
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1. 5]

mE AN LR R NI . PUR s SO0 R PR REL], £ TV AT 2. H A,
T B OO BRI R AR [E[2], (R A AR IR R AE FEAT) ik 30% 28 50%. IXFh B3 YRS Ak
B SRR RS TR SR, OO [ RETT R IR EHIA[3]. Bk, KkEEERE & LAE
e | FLA AL E A A S BRI AR AR SRR AR O 0 SRR, AR T AR B R A R A K
T E S ARHA] JEER, FAE PR K, [ DU 40 D0 BB A 7 (R B A < il o B B R 3R i [5]
SR, JRERRIRE A, Wafrihys . g, 2Rk, Yok, BRETSRMIR I, X SV e S AL 2 E N
EERG SR, SEURATREMSCR S BT, BRI A SEREE A H A, TR
KRG em R STERE6]. Fit, FIREERES SMEE AR IRTHEER G S mR. HERa
T EEMRE 7] FHERE SRR CHOR EEASIERIELB] [9] MARE0]. W IEVESE[11]. 1E
FNERARAEAL & SRR, KA AN AR R P30, S B EEAL 2 S BR SRR A I T 2595 AT
FUAE A356.2 i e R I N Il & e LA INE G E 3 R E A RS I B AR & eonf i AR AR i 21 21
gik J1EEVERE . BRERRCRISENT .

2. SKhu
2.1. KHRHE

AR A 4 R IS B 7 2 SEU RV R A X084 . TRAR R, iR AN ] B35 BRIk & & ek &
o HBREHHIET: BRI cE SRR BRI B, ARSI EY . BT Z D% 5
ISR PRI NI, AT SEIER TR I B 5 £ B, X R Rk iR 0 J5 BE[12].

ARSI [ AR AR T I SE5S B FH & 1) Al-3B IRl G 42, RN BRI AR BT E ) 1% 2%, 3%. 4%, 1%
Fl| FeoB, RABIAESHSERIL, FIRERA TR N A :

2Fe(1)+B(s) = Fe2B(s) (1)

Tk
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FHN F

SNIREE 770°C (1043K), it g2, 8L AN R, RINZ S N =) 5 A e Re ] Bt A
AG1043K = AHO 298K — T*@1043K 15, Hrb @1043K 45 5 A7 ) FHBERR 2, AHO 298K AbRifEBE RS -
Cp.m (FE/RIEJE#UE) B = 12.24 J'mol K™, ] @1043K(B) = Cp.mBIn (T2/T1) = 15.338 J-mol K1,

A REE A0 1 Fros[13]:

Table 1. Thermodynamic properties of various substances

*® 1 BYMRHNANFRE

TIK B Fe Fe:B
?1043K/J-mol K1 15.338 42.160 92.226
AHga 0 0 71128

AD1043K = £ A (ni@’1, 1043K) — £ KM A(nid’i, 1043K)
= 96.226 — (2*42.16 + 15.338) = ~3.432 Jmol LK !

AHO 298K = = 4 B4I(niHO i298K) — = % S 41(niHO i298K)
=0-71128 = -71128 J-mol -K*

AG1043K = AHO 298K — T*@1043K = —67559.158 J-mol *-K™?

AG1043K <0, FTLATHRAESEEN], 1£770°C (1043K) F, B AEAITHAESR A356.2 Hh it 2% i Bk S i AR 1
Fe:B L&), MBS A356.2 tr iR BRI It T FAS ARHE «

2.2. KSR

ASEEG P JER A A356.2 FHEE. Al-10Fe 1Al A4, Al-3B Hill & 4. A356.2 A& — ML)
Al-Si-Mg & =705 4%, RA B IRshME, Zllcdd /s, ToRRMEn) , n] 35 e AR &% (184 11 . A356.2
FIEAR R W2 2 fizs. Al-10Fe HH & 445 2N 10%, Al-3B HH 44 B 58N 3%, K1 2TEE
0.6% AL AR X SHZRATHT S, IS T DUE BRI oAl B JL e DL E BE R ML A
AlgsFesSios (Rl g-AlFeSi A1) FIRFEATE & . AlosFesSios FIATHHIE N EHAER T & Fe S EEASR I &
BRARMAFAE . X5 IR E PATERIE AR A S R TR, &/ R R B A e S, TER il 2
BRI BRI S S 5.

Table 2. Chemical composition of A356.2 aluminum ingot
= 2. A356.2 SREELFER S

TLE Al Si Mg Fe Cu Zn HAh
B 5 (Wt%) 92.398 6.53 0.427 0.272 0.217 0.0547 0.1018
18000 N
16000 - *= Al
o—Si
14000 [ *-Al, Fe Si,
~ 12000 + '
5
& 10000
E. *
g 8000
& 6000 [ ’ e
4000 + ‘ N l .
A
0 PRl ek S S| LA
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Figure 1. XRD composition analysis of recycled aluminum with 0.6% iron content
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2.3. SEEe{YA%
SKIRAAR UL 3 TR :

Table 3. Experimental apparatus
2 3. LWUER

& E RS ARl

K4 B4 B Rt s 46 K 4/13 il ] A T AT BR A W
Ei AT G IE200M P B LB RL 2 A R AR BT BR A 7]
AL LN WDW-100 EINTE H B A R A F
i TR T HB-3000C MRS B ACRA IR A F)
B GHEAX PDA-5500S BN
X BHEATHMX STAMRT LAB 9 H A 2k et
=k ik SU5000 B VA% /A

2.4. KBSHTE

1) A48 %A 180 H. 400 H. 800 H. 1200 H. 1500 H. 2000 H fIrb4CHEATHLER, B 5 A
SR B EFEATI0ON, B51EFIRE 0.5% ) A SRR /K VA MO RE EAT I P (A% I 4E 15~30s), firll
SREIRMIVEHARES, SERIFE KPP RN R Kl 4 4 1) AR R B T S A0 A T
%<, 43 nl7E 50, 100 A1 500 F5 UK fEHC N BT EMECR R Sid 5% 45 T WS AT 2R AE, Wik — 8 4E 1000
&R AT IE R

2) XRD 43#fr: R X S EATHAC S AR A AT YDA 5 0 AT, DU BE A o I A S s
50K Cu-Ka fiT4f, UK 2 =0.154157, MR AR A #8100 kv, HEE 100 mA, 676
N 0°~100°. iz Jr K5 B HE A A MDI Jade 9.0 Origin 2584354743 Hr i P

3) SEM-EDS 3#fr: HFIFH L7 IRITAE AR AT R 2E— RVIMER, B8 k7. BB T4,
XL HL 5 St RS T AL BT AATEOR ALAIE 5, UGS TSR e R f5 1)
PR FEAT R T 204, SR CUESR, b BRAH AR A 2 75 2 PR R T 2 R R 3R

4) J1%E5r N TS SRR IG R A ECAE ARG o OB B U IR U B R S K R R G i, AR AR
GB/T28.1-2010 (& J@ Ak} 2 iR H A i3 7R PR HEREAT, 15 2RI JE IR GREE . PrhrsmPE . ZE {28 A i
WedE e A [RIEFE 28 Jy 2 Fahn,  CAMSR O Wi FERR R AT S 7124 R RE R AR Ak

5) JEHLEEOGHHCT: JEH EESOEIE OCR O B BRSO IC S & T R RHE TS 2o, HEI
B HILWON TR IR R E ZAERE T 20 R N8, B o Eg. SuaE . RENER
FRE . TEARRSER R, BRI 2GR E SR R R B AT 5 B e R I 4L, DLV BRERASR

3. SLIRHER KA
3.1. &RELRIH

K] 2(a)~(e) &~ T A356.2 FREE B AH A 2. FEAE IR 7T70°CHBaEY fRIR 1.5 HIRRED 12
h I T 2T, Al-3B M INE 78 0% 1% 2%. 3%F1 4%.

NI Owt%e (LK 2(2)), 320 & SoAl 2ECRFIROIR, TR, BRI E, Ak
IRIELLHER S . MIINEA 1 witve (ULE 2(b), B2 E A EBERER, ST ME W 3R ™
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FHN &

Ho MUVINEY 2wt (LA 2(c)), SRR E SAH 24N EHIR AR D, SRt RT3/, A HxS
B5y, BB T AERIRIRCR . IR 2 woelg InE] 4 wi% (LI 2(c)~(e)), #3EIH = BAHMIR 240
NEPIR LSS LR, (BECRIEHTIE 2, SRk R IZ AR /N, A s 2

(a) (b)

4%

Figure 2. Metallographic micrographs of aluminum alloys with different AlsB additions

2. NEAI-3BRMENEGEEHERMALRE

K 2(a) T U BIUT R B0 s B, RELHERIREUIOER, M AifEsR & SR . X Il 8k
RSO, FERAR R EONRIC, KEPIRBARAE I S REAR Z AR A, - R, R &
G SN S TEARIELLNE, X 2R RE P AR, P REFEMR & SR B EAINE. FE%E Al-3B i
IR LWt PR 2] 4wtde, Fthntd RIS/ Hop A 4%y, RO AL FRIER . [
I, AR D, AN LR SARR IR ETE AP AR, TRFANA IR, 98 R RSE RIERN, )%
KPR T = SARR R A e RE T .

3.2. Al-3B B MEMEE& & HFHEENTIE

PULOR B AR A0 3 o
XEARAIN AI-3B {40 & Sl AT R R, BRA5 17 H I AV RE SRR (W 3% 4 FoR) . KL S
I Al-3B AbFE 5 (1145 G e IR 45 R BT X LE M, 73 H BL R 45
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1) BEFE Al-3B A EEALE 3N, A356.2 555 & M h b g FaE{H R TH & 5 T . 24 Al-3B iNINE
2 W%, Fidy R E AR K RIA B, 58 161.1 MPa. 3.71%, FifiimfE i 146.54 MPa 4255
161.1 MPa, $&/& J 10%7/ 4, MK ERH 3.12%3E 2] 3.71%, N7 19%, ZEEMHLF, LR A356.2

a1 ERE R

—@— HiHEE (Mpa)
—o— kx| 375
160 [~
—1 3.60
£ "
S 155 [~ _ 5
% 345 %
B
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145
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Figure 3. Effect of AlsB master alloy on tensile properties
3. Al-3B Hi[a1 & & xR R4 REFZAT

Table 4. Tensile strength and elongation

=4 MAEE SHKR

Al-3B iR P o (MPa) K2 (%)
0 wt% Al-3B 146.54 3.12
1 wt% Al-3B 157.22 3.42
2 wt% Al-3B 161.10 3.71
3 wt% Al-3B 155.54 3.53
4 wt% Al-3B 146.84 3.25

2) TN AI-3B HHE A4, FTIRIEEE S SN AR RRRE ., R KR E AI-SB A
SRR 25 ETHE TR, 2N EEB A 2 wioolst, Hi {1 GE A i 76 BEIER B, H {5 i 146.54
MPa #2 =% 161.1 MPa, #&5 1 10%/ 4, fKZIGI 1 19%, H 3.12%5EmF 3.71%. {Edbial -, B
FL 0 & AR 25 T ) 2 R A P AR

HE— PR A AL-3B U T AR 1 T 3R T F 4 P B (SEM) 23 B (AN 1] 4 B« T8I BT 50
AT LA AT R W 2 7 O a2 o T 1 3R 00 AT LB~ 3E R R T SR S b, R & e
LA BEEN RN, R R R AW, Hi AR AR E Sk g b fE4R A |,
g T Ra YR, AR RN
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Figure 4. Tensile fracture SEM images at different Al-3B additions
4. Al-3B NEIARINE BT O33R iR E

AU A A E IR HB-3000C 2445 QB JE T, X ANIE] Al-3B s Iin & AT Aa 865 54 0.6% 1l
HEATIE o WA SR EAR 10 mm (A8 &S3RVE Rk, JEhn 1000 kgf & fir 3 O/%F 30 s. ik
INRZE, AERFANEARE AR X AT 2 SN, IR RSP IE N N IR A . PG Al-3B &
M 0% N2 4%, EaEIREARM 4.42mm B CE 475 mm, A FGEEE(HBS) M 61.03 74 F R4
53.07, R EIEE R FAHR K R

KB AIL3B B, A& mEEm Fe IWRCKEMNGEE SAH, L5 ZAHBRARIN & S e R = iE
FE, (HIERESMEY M EEI, WS EE . & AIL3B [N, Fe JLE UL FeB AU
B, & BAHECE RIRCD, 3 ARSI [FI SRR S o, B R 1iR T, S EUE IR
B FEE 0 I ARG O, DA B A PR o 88 X s S A i L% 5

Table 5. Hardness and indentation diameter
*=5 BESERER

Al-3B¥N N JEIR B A2 (mm) T (HBS)
0% 4.42 61.03
1% 4.47 60.40
2% 461 56.57
3% 4.74 53.31
4% 4.75 53.07
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3.3. AlI-3B R ME X8 & S MHERIR M

K 5 42 Al-3B RN N 1% 1 FRAEES XRD B 7, B AT LUE B R YA 4 Al Sis
AlosFesSios 55 . XKL AI-3B W R &S ACFL 5, FARER IR b i) 2 B AR R R A R B0 . 14 6
& Al-3B NN 1% [ FEAEE2 0P IV XRD B AT, ATCUR IS A Fe B, {HYTFREAE FfAE IR 14
JEFBHIRIE H FeoB A2, JEF AT R8P AE SRR AR BE R, 7 FeoB JERFEAVIR, X 2Rk
REARMRE 2 —. XU Fe JGHEM B LR KRN, ABEER . =% K FeB LAY, 1%
G PIBE I AR, AT SEIL T BT H R R H

18000
+ ¥k
16000 - *— Al
14000 - - Si
L ¢ AloAsFezsio.s
~ 12000
;:2 L
< -
< 10000 .
& %
= 8000
2
=]
= 6000 |- ¢
* *
4000 | ‘ |
L *
L]
2000 1 . . *
N vy S S S U WS
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2-Theta(degree)
Figure 5. XRD analysis of recycled Al alloy at 1% AI-3B addition
5. Al-3B RINE A 1%ATHIEE SR XRD 53 74T
28000 | &
24000 - w Al
- Si
20000
— A _Alo.sFeasias
=)
&, 16000 4 a-FeB
2 *
7] *
§ 12000
S
8000 ¢
% ES
| *
4000 . 1 |- » ( ) l ’
0 _'\—-'L_:/‘ UL L * J t_/h\ .. Al
1 1 " 1 1
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Figure 6. XRD analysis of furnace bottom slag at 1% Al-3B addition
& 6. Al-3B JRINE A 1%BTEI B4 XA RE XRD RS 534
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3.4. Al-3B RO TN & X1 BREL R KRN

% 6 NA[E AI-3B N INE T A356.2 FRAEA &M B E Sk, RIS AI-3B I, G441
Fe &8 0.638%, [REkF N 0. Pl Al-3B I INE MM O W0l N4 2wt%, &4 Fe & EIRHFEMC, B
BRRFFEARTE. MR 2 wi%l, Fe S REFEE 0.592%, BREkFRIAFEM 7.71%. X —BiLEY], &
NN AI-3B T SR A A Fe Ja 3R A FeoB TR DI 2Bk,  HERER AR BE A 0 &2 (03 b i 3 5

Table 6. Effect of different dosages of AlsB on iron removal rate
= 6. NEIRME Al-3B Xk RAIE M0

Al-3BS N FHE (%) k2 (%)
0 Wt% 0.638 0
1 Wt% 0.606 5.02
2 Wt% 0.592 7.71
3 wt% 0.612 4.08
4 Wt% 0.618 3.13

2 Al-3B IR INEE— PN A 3 w9l 4 wtvelt, &4 Fe SEMILE, FRELZEN T % 4.08%
A1 3.13%. XTI BRI AI-3B B, SEAHIEES B SR R, — Ui a5 BT R NI R I
IR, 55— 72 BRI ARRGE, ) FeB FRRLIIUIRE, HAE 51K FeB M AR mIT, &8
FRERREE T B

4. g5ig

1) £ 770°CHRBEIEE . 90 min fRIE41E T, Al-3B Hlal &4l SR 1 Fe R KAWL N, 4
BCRRSE 1) Fe B A E I TS B, SEOUAAREIL. Bl AI-3B IR INEIE N, &&&TaELRET, Bk
TENINEA 2 Wt ik B I%AE 7.71%.

2) Al-3B BRI LB T B E &5 EM, EEZML T &4 R, HEEE 7 E A,
L B R R A/ NEIR AR, RIR R T & BRAR G AR AR B2 E L, st 25e T4
ISR

3) B AI-3B WRINEIE I, & &RIPThiRE S K BRI ERE, 16 2 Wil I i iA B 45 A M fe i
i, HLhisBfEiA 161.1 MPa. K%K 3.71%.

4) GAEBRER . OMALINGE S R, 2 wi%el Al-3B N N BUA ek 5 A Sk
REMIIRIL LS5

EHEWHE

2023 4EE R AR AR E AR H . 2023106090055 2024 4F B T4 S 2 5 AR 0 TR
WH(MEIE A 2K): 2024)GA331; 2022 FFrh s S F Rl KR TS ST H : B 20224504;
2023 SEH B E A EEE NIUH : 230822271707279.
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