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Grain refining mechanism of Al-B master alloy on Al alloys
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Abstract: Through investigating the grain refinement effect of Al-B master alloy on pure Al, Al-0.5%Si, Al-1%Si,
Al-1.5%Mg and Al-4%Cu alloys, the grain refinement mechanism of boron on aluminum alloys was discussed. The
experimental results show that Al-B master alloy has very poor grain refinement effect on pure Al, and exhibits a weak
grain refinement effect only if B content is above 0.04%. For Al-0.5%Si, Al-1%Si, Al-1.5%Mg and Al-4%Cu alloys,
when B content is about 0.02% the grain sizes of the alloys decrease significantly. And with the increase of B content, the
grain sizes decrease continuously, but the decreasing rate is smaller. By analyzing the experimental results, it is believed

that AIB, phase can not act as the heterogeneous nucleation site of aluminum alloy melt, and the eutectic reaction

mechanism is the main reason of Al-B master alloy grain-refining aluminum alloys.
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Tablel Chemical compositions of pure Al and testing aluminum alloys (mass fraction, %)

Alloy Si Fe Cu Mn Mg Cr Zn Ti Al
Pure Al <0.100 0.0719 <<0.030 <0.030 <0.100 <<0.030 <0.100 <0.100 Bal.
Al-0.5%Si 0.488 0.094 7 <<0.030 <0.030 <<0.100 <<0.030 <0.100 <<0.100 Bal.
Al-1%Si 1.090 0.1020 <<0.100 <0.030 <0.100 <<0.030 0.134 <<0.100 Bal.
Al-1.5%Mg 0.110 0.1020 <<0.100 <0.030 1.510 <<0.030 0.129 <<0.100 Bal.
Al-4%Cu <<0.050 0.114 0 3.840 <0.020 <<0.050 <0.015 0.214 <<0.100 Bal.
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Fig.1 Schematic of mould (Unit: mm)
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Fig.2 Macrostructures of pure Al refined by Al-B master alloy with different B contents: (a) 0%; (b) 0.01%; (c) 0.02%; (d) 0.04%
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Fig.3 Macrostructures of Al-0.5%S:i alloys refined by Al-B master alloy with different B contents: (a) 0%; (b) 0.01%; (c) 0.02%; (d) 0.04%
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Fig.4 Macrostructures of Al-1%Si alloys refined by Al-B master alloy with different B contents: (a) 0%; (b) 0.01%; (c) 0.02%; (d) 0.04%



55 18 425 6 U] 97, 55 ALB G SR B R AL L 977

2000 ¢

1800 1

16002 =

400

Average grain size/pm

200

0 0.01 0.02  0.03 0.04 0.05 0.06
B content/%

5 Al-0.5%Si {3 idn i) TRl B 5 B 224k
Fig.5 Grain size changing of Al-0.5%Si alloy with B content
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Fig.6 Grain size changing of Al-1%Si alloy with B content
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Fig.7 Macrostructures of Al-1.5%Mg alloys refined by Al-B master alloy with different B contents: (a) 0%; (b) 0.01%; (c) 0.02%;

(d) 0.04%
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Fig.8 Macrostructures of Al-4%Cu alloys refined by Al-B master alloy with different B contents: (a) 0%; (b) 0.01%; (c) 0.02%;

(d) 0.04%
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Fig.9 Grain size changing of Al-Mg alloy with B content

1400

[ 4]

(=}

=
T

Average grain size/um

0 0.01 0.02  0.03 0.04 0.05 0.06
B content/%

10 Al-Cu &< diki RSB B & e ik
Fig.10 Grain size changing of Al-Cu alloy with B content

B FAERR AR R RAEAERS . JEARBERCN BRI O
Ry, B R e 5 VR AS R IR SR TR AE A3 ) 3R 1T
RETTAEAA AATRE I (1 3 A At 1) fobEIA 7o HH T ALB,
5 TiB, AN E R, ek Nz A RAT
i, Ak, AR AIBy R 1] DUE AR FEAZ ot
B NMEEM . 4 B F A H] 0.04%K0, A Il
T B MR R (] 2~4), 3% 0] -5 18 TG £ 10 R0y
AVERA G ARSI PR B 99.80% Tlk4l
B, HrPAT2) 0.20%%% 5T, WERIIA 0.04%11) B 7o
%, BB S 0.24%M S FE ot s, R
PRI B D R Y, 3K SO T 35 4 7V ] S T ) AT
— M, M5 R A AT A, SR
BNk o H RS VA 1R AR A A A FHOE 5 2 AR 5510
K, BRI AL 0.24% M FUCE, (HAER
sk SRR 4B 2~4).

B 11 fich ALB e &AEPL, Wi L H,

0 0.025 0.050 0.075 0.100 0.125 0.150

B content/%
11 Al-B —Jt &K

Fig.11 Al-B binary phase diagram

B SN 0.022%RE N 659.7 CHRAFAE—A AL-B
RN L =a(Al+AIB,.

afoL, LR AR T o ADFHAT AIB, A Qi
Frik, AlB, ARAENBASEREZ O, 2 a(A)H
Al RERCA R BRI A KRR . 6Tl T, LA
LRAER 660.2 °C, w3 i ROV 659.7 (C o Ui
Al-B FA &SI B 2ia sk i, B TR BT R
H I AIBy AR WS TR EAZ L, BAREOR
JE e 38 G o ] U I, SR S N AN RE R A, PITLL,
SR AEAE A R AL T s, SRS A TR e 1] 3 2
WA I8 5 RS (s AR ek v sl T e 25 5 iR A e ik
Ao K, Al-B rpE &4t aiih i e fass. =
BTS2 8 A4 A0.5%Si. Al-1%Si. Al-1.5%Mg Al
Al-4%Cu I 5, ARYEAR AR IS, 4 Phsih 454
FITBAR 2L 43 73] 2 655+ 650+ 650 A1 634 C. Al LA
F i, EIEMET ALB 5 R NIETE 659.7 C. 243t
Al-B HAIG &I G SRR, dhia &4 s sy
FEREIA B IR 75 B o UK HIEAEI K4 Al-B
LA SOV ) Ry SR INE, JRd N ANRE R A, B A
WA AR TEAZIE RS, DAL T 4 A 35O AN B X
M BEEBNAEGLT ALB L RNV S 0.02%
I, B R TR B B R Ol AL-B 3 5
B KB a(ADMIAT AIB, K1, AR A2
ORI, ARSI ER A IS
XEETREAFLEN a(ADAH B HBAMNEAE K, A it R A
Flgifk. Fk, M BEEA 0.02%0, Al-B Fa&4:
SXoF it ] 2T R PEEAR M O s I 8 P () S B R S A W
SIAMEAE o 1) &SRR AL 21 AL-B Hra &
&, PTRA A 2 B IR A, (HF 0.022%B nlhl
I R VA G a(ADAR, I B R I RE LA R



18 455 6 B

J5, A ALB NI A B G

<tk A0 AL LR 979

T BB LD AIB, AR AT A AE T AT, BARXS T
$eim AL-B A& AR A — & PR, (E AR
AR Dk, 2 B Sl de e 5 Pk s
i, BE B SR NSRS A BT R R, H R
i T V52,

1) Al-B H &S0 AR AR g9, 104 B &
Y 0.04%I8, AR —EWALECR, WUTHR
5 L R 73 3ok ¥4 1T A2 IX P A0 AL 1 D AL

2) AP TAHZG IR BT ALLB 3l s 3 il BE 1)
Al-0.5%Si. Al-1%Si. Al-1.5%Mg H1 Al-4%Cu &4,
I ALLB &4, JLFERAAAMERER, 1Y
B M T 0.02% 0, A4a sk Sant, sk
SR N D ¢ B LY 1 AN 7 5 N P (E R Y 5
WL .

3) K H Al-B HAIE 4 1) AIB, R FANAE B A
FRITERZAR, XTI EAR T AL-B St d s B il

Ry <, JLii SONALEDE AL-B AR )£ o SO ki
AMEAE I EZE A
REFERENCES

[1] LIMMANEEVICHITR C, EIDHED W. Novel technique for
grain refinement in aluminum casting by Al-Ti-B powder
Injection[J]. Mater Sci Eng A, 2003, 355: 174-179.

[2] WANG Chun-lei, WANG Ming-xing, LIU Zhi-yong, LIU
Zhong-xia, WENG Yong-gang, SONG Tian-fu, YANG Sheng.

The grain refining action of fine TiB, particles in the electrolytic

low-titanium aluminum with Al-4B addition[J]. Mater Sci Eng A,

2006, 427: 148—153.

[B]  #Fadl, s, BEOTR, Qb ALTi-B fokigife & &
AROCZAD]. PEA GEER, 1997, 7(3): 137-139
XIAO Yun-zhen, MA Hong-sheng, LU Gui-min, LIU Jin-bo.
Effective nucleation particles in grain refining of Al-Ti-B master
alloy[J]. The Chinese Journal of Nonferrous Metals, 1997, 7(3):
137-139.

[4] SPITLE J A, SADLI S. The influence of zirconium and
chromium on the grain
inoculants[J]. Cast Metals. 1995, 7: 247-253.

[S] MOHANTY P S, GRUZLESKI J E. Grain refinement
mechanisms of hypoeutectic Al-Si alloys[J]. Acta Mater, 1996,
44(9): 3749-3760.

[6] LU H T, WANG L C, KUNG S K. Grain refinement in A356
alloys[J]. Journal of Chinese Foundryman’s Association, 1981,
29: 10-18.

refining efficiency of Al-Ti-B

(7]

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

YAGUCHI K, TEZUKA H, SATO T, KAMIO A. Grain
refinement of cast Al alloys by Al-B[J]. Materials Science Forum,
2000, 331/337: 391-396.

SIGWORTH G K, GUXOWSKI M M. Grain refinement of
hypoeutectic Al-Si alloys[J]. AFS Transaction, 1997, 85:
907-912.

WH, EVLA, RER, MGk, SRR
BRI BR R T A B A 48 A R ],
224, 2004, 14(2): 250-254.

FAN Guang-xin, WANG Ming-xing, LIU Zhi-yong, LIU
WENG Yong-gang, SONG Tian-fu.

RRA. RN
A )

Zhong-xia, Grain
refinement effects of titanium added to commercial pure
aluminum by electrolysis and by master alloys[J]. The Chinese

Journal of Nonferrous Metals, 2004, 14(2): 250—254.

MG, SRR AR, R, WA, XEH, SN Rk
& I LR AR S AR AR D], TR AT B e AE R, 2003,
13(5): 1257-1261.

LIU Zhong-xia, SONG Tian-fu, XIE lJing-pei, WANG

Ming-xing, LIU Zhi-yong, WENG Yong-gang. Production and
grain refinement of direct electrolytic low-titanium aluminium
alloys[J]. The Chinese Journal of Nonferrous Metals, 2003,
13(5): 1257-1261.

LIU Zhi-yong, WANG Ming-xing, WENG Yong-gang, SONG
Tian-fu, XIE Jing-pei, HUO Yu-ping. Grain refinement effect of
Al based alloys with low titanium contents produced by
electrolysis[J]. Trans Nonferrous Met Soc China, 2002, 12(6):
1121-1126.

W)H, EUIA, KSR, WGk, RRAR, KW A5,
AR, BRI 5 2Ok S ) Aok 2 16 A FLE IR AT
IsZma], FEAT (8RR, 2004, 149): 1557-1563.

FAN Guang-xin, WANG Ming-xing, LIU Zhi-yong, LIU
Zhong-xia, SONG Tian-fu, WENG Yong-gang, ZUO Xiu-rong,
XIE Jing-pei. Effects of ways for adding titanium and boron on
grain refinement of aluminum alloy and its fading behaviors[J].
Transactions of Nonferrous Metals Society of China, 2004, 14(9):
1557-1563.

MURTY B S, KORI S A, CHAKRABOYT Y M. Grain
refinement of aluminum and its alloys by heterogeneous
nucleation and alloying[J]. International Materials Reviews,
2002, 47(1): 3-29.

GUZOWSKI M M, SIGWORTH G K, SENTERNER D A. The
role of boron in the grain refinement of aluminum with
titanium[J]. Metallurgical Transactions A, 1987, 18: 603—619.
MOHANTY P S, GRUZLESKI J E. Mechanism of grain
refinement in aluminum[J]. Acta Metall. Mater. 1995, 43(5):
2001-2012.

PR, e A A REREM]. R RERREEEAR AR,
1987: 35-43.

YU Jiao-qi. Handbook of binary alloy phase diagrams[M].
Shanghai: Shanghai Science and Technology Press, 1987:
35-43.

(4RiE  (FE)



