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Grain refinement effects of titanium added to
commercial pure aluminum by electrolysis and by master alloys
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Abstract: The grain refinement effect of titanium added to commercial pure aluminum by electrolysis and by AFT B
and AFTi master alloys was investigated. The grain refinement effects of electrolytic low-titanium aluminum with boron,
which was added to the alloys through AFB master alloy, were also studied. The experimental results show that the grain
refinement effects of titanium added to pure aluminum by different methods are all very obvious. The grain refinement ef-
fect of titanium added by electrolysis is better than that by AFTi master alloy when the titanium content is the same.
When the titanium content is low, the grain refinement effect of AFT B master alloy is slightly superior to that of elec
trolytic low-titanium aluminum alloys, but when the titanium content is high, they have almost the same grain-refining a-
bility. If AFB master alloy is added into electrolytic low-titanium aluminum alloys, the grain refinement effect can be fur-

ther improved, especially for the alloys with very low titanium content.
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Fig. 1 M acrostructure of

commercial pure aluminum
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Table 1 Chemical compositions of electrolytic low-titanium aluminum alloys( mass fraction, %)

Alloy Si Fe Cu Mn Mg Cr Zn Ti Al
AF0.08Ti < 0.100 0. 106 < 0.010 < 0.030 < 0.100 < 0.030 0.011 0.082 Bal.
AFO.15Ti < 0. 100 0.121 < 0.010 < 0.030 < 0.100 < 0.030 < 0.010 0.159 Bal.
AF0.20Ti < 0.100 0.145 < 0.010 < 0.030 < 0.100 < 0.030 < 0.010 0.207 Bal.
AF0.25Ti < 0.100 0.075 < 0.010 < 0.030 < 0.100 < 0.030 < 0.010 0.252 Bal.
AF0.30Ti < 0.100 0. 084 < 0.014 < 0.030 < 0.100 < 0.030 0.021 0.305 Bal.
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Fig.2 Macrostructures of pure aluminum with different titanium contents and
different addition methods
(a) —Direct electrolytic method( 1 —0.082% Ti; 2 —0.159%Ti; 3 —0.207% Ti; 4—0.305%Ti);
(b) —AFT#B master alloy(w (Ti): w (B)= 5. 1; 1 —0.068%Ti; 2—0. 161%Ti; 3 —0.210%Ti; 4 —0.284%Ti);
(¢) AFTi master alloy( 1 —0.083% Ti; 2 —0. 134%Ti; 3 —0. 198% Ti; 4 —0.280%Ti):

(d) Adding AFB master alloy into direct electrolytic low-titanium alloys( w (T1): w (B)= 5! 1;
1—0.071%Ti; 2—0.135%Ti; 3 —0.181%Ti; 4—0.289%T1i)
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» — Direct electrolytic
method

4 — Al-Ti master alloy

¢ — AIl-Ti-B master alloy

¢+ — Adding Al-B into

electrolytic alloys
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Fig. 3 Curves of grain size versus titanium
content with different Ti addition type

Eehn AFTEB Hria] & 4 B AR S &4 n AFB o
B8] 4T B AR R AR R ok R~F, 9 B EL A id
I AFT FE] A 4 .

3 S

B 4 1) ARORE K /NIRRT TEAZ B B R0 kL AR
KA. faifEm s, TR i odEs L,
K B RRE R Had AR OB I EZ IR Sy, HIM i
B BRI AR Rk A 1) .

MR &5 AT DUE H,  CARLAR I 07 Nk i 44
BIERILH T RIFp) ki gifb/EM, 5 H /Tl B
F AT B i) & i A AE H ZEAA] [ . 76 i A
APERERR A SRR, T KA R R T
P RHE NI BRIV, H TR & AR, 10 HLSZ L
FLI = A2 R 3 R0 AR SR B s O VE FH, BB T
MERZE 2T, RouRHNERE, GERIE
WA, SRR 1 T 2 A s . 4R
W Ti & KR AR (0. 15%) MIIRER
a4, TEpethdfEt, AR TR, EhE
AR ALTi BRI SR SRR AT, T
fEINEK R i, BRFEERW P A 35, Rk, i
IALT iAH VR 82 A R BN SR v, TTALTiI R A 14
OV E G5 T RO T SR a( Al) B
AR ASILECOCR, Pl KEH/NTHA S
AT AT AH T BOA TEAZ R R, A8 A 4 1) ok 7S 2
Ak . AN, AlTi AHRIR A ER 2 A) 76 W AH 28 5
ZERAE MR RNERE L+ ARTi ~

(Al) FZERE BAMEA K, XA R g ik . X T
BRERMT 0. 15% WIKEKA £, T REEBEEE
) ALTi S8 AR, AELERFUEZ O, A
SRR RN, A sIEREE AR A% UK
BRI EX f R R A HIVE FH T R 2 ik & & B A 4
/N eoRL IR B L SRR L 3] 23 A I ARAE e i i R
ST A5 d kL i AR K L R kL R S T RE SR AT
R, WA, T FE A P H AR RH B A AT 2 F A SR
PR R, AEr R, F AR LR e B B AR R
WHAFEDRR C JRT, i 8 H0E 5 R g i 72
FE A BB 43 K R 76 T RE AR FLARAE 960 CH AR
JETF 51X C R RN TiC, 13 BA AW+ &
H—EHER TiC K7, TiC KT o] BB AR i
TEAZAH, f4E M kigitk, B 2JLF5 AFTEB A4
48R (1 3) .

STFRBCINER, #F A2 AFTi FE & £,
RIHER S BB, BRI ALTi A0 2 LU K I A
WERBORESFAD, IMABEEEN, FE—
ALTi AR R, 3& s R AT AH B IR 80RE
AR BRI A &), BRI T AR AR X e b, A
-t ) X ¥ T B DR A b R KA FH 7 2R AN )
s, T PR T BRI AN 4 RE 3 WS IN AFT B 4i
HeFE, PR TAEAE ALTI K T-4h, &H K&K
TiBy AH, TiBy AH A N T7 G AA, AhA& o £ 5 58 1 A1
I, MEH RO KCR, T H TiB, & Mm, 1
IR BEORREAEAR, B4 M AR
AUTDL 5k AFTEB HE AYT R &4 B A 1T
AiLEE ) . H AR ER AR B 4 K LAV T B R AH
MR35 A, RS R AR AR I U 32 202 DAV R
JRF R AR o W R KR & S AR AR A
AFB A &4, BRT AFB R & &P A KER
AlB; A4k, 4 AFB %EH B TR IE & 5K
B & BV B RN, AR BRCAH /)N T R B 43 AR ) T B,
M, XFE, R B F RS A% R 1 2
i bt 1k Be 77 B 3 0, AR L T Lh s
AFT B B GF A ARR .

TR —Fmek 7 =, RS BRAKK, BE
RS B IIG I, A Bvs BN A AR AR
R 80, FERILE A IE 2, W SR SR
KRV 3G a8, 44k ae 38 nius, JF B 7 ik
DAERE ESIER . DS E g — ek
B, WS TE R AR RO L K
B AR RIRAERKK L U, XA, BT



. 254 ¢

b E A 8RR

2004 FE 2 H

IR, A B2 AR T IR A TR
RO, B CA, i 4 S50 B Bk A B B 3 Tk 1o

%, NABSRE(E3), £

EEAEIE 0. 30% i

RIERAH R A ROR .

[9]

REFERENCES

Guzowski M M, Sigworth G K, Sentner D A. T he role
of boron in the grain refinement of aluminum with titani-
um[ J]. Metall Trans, 1987, 18A(4): 603~ 619.
Mohanty P S, Gruzieski ] E. Mechanism of grain refine
ment in aluminium[ J]. Aluminium, 1995, 87(5): 2001
~2012.

PR AR, 0 G G R 4040 AL BE IR )
BRBEEES, 1997(3): 4145,

HUANG Liang-yu. A brief review of Al and Altalloy

. FE R

grain refinement|[ J]. Special Casting & Nonferrous Al-
loys, 1997(3): 41 ~54.

Granger D A. Practical aspects of grain refining alu-
minum alloy melts[ A]. Refining and Alloying of Liquid
Aluminium and Ferro-Alloys, Proceedings of the Interna-
tional Seminar [ C]. Trondheim:
Technology, 1985. 229 ~ 245.
Schneider W, %EE AL AR Sk AFTEB WAl & 4
FREER[]]. BAESMTEAR, 1989(2): 26~ 32.
Schneider W, ZHANG Zheng guo. Qualities of AFTFB

Light Metal Forming T echnology, 1989

Norwegian Inst of

grain refiner[ J] .
(2): 26~ 32.
Murty B S, Kori S A, Venkateswarlu K, et al. Manu-

facture of AFTtB master alloys by the reaction of com-

plex halide salts with molten aluminium|[ J]. Journal of
M aterials Processing Technology, 1991, 89 = 90: 152 ~
158.

Venkateswarlu K, Murty B S, Chakraborty M. Effect of

hot rolling and heat treatment of AF5T+ 1B master alloy
on the grain refining efficiency of aluminum][ J]. Materi-
als Science and Engineering, 2001, A301: 180 ~ 186.
PR, ARTEC ARORE A0 A H o 18] 5 4 i S 2 B D]
BAEEMIHEAR, 1998(10): 5-11.

GAO Zesheng. Recent development of AFTrC grain re-
fining master alloys[ J]. Light Metal Forming Technolo-
gy, 1998(10): 5~ 11.

XA, AT 5, FAAE, % AFTi P & g TiAls
TER BT AACR I J] . #uin T2, 1997(1):
9~ 11.

LIU Xiang-fa, BIAN Xiufang, ZHOU Sheng cun, et
al. The morphologies of TiAl; in AFTi alloys and their

effect on refinement efficiency[ J]. Hot Working Tech-

[ 10]

[11]

[15]

[17]

nology, 1997(1): 9~ 11.
R, FRPL AR AR A E(D [, B
%@, 1991(2): 52~ 55.
MA Hong tao, XIAO Yun-zheng. Grain refining mech-
anism of AFTrB(1)[J]. Light Metal, 1991(2): 52~
55.
EWE, MEH, KRRME, 5. Eﬁﬁﬁﬁifxﬁffiﬁ%%ﬁ%
bR B B 7™ b P Bk A S S D] B
J&, 2003(4): 41~ 44.
WANG Ming-xing, LIU Zhryong, SONG Tianfu, et
al. Industrial test for electrolytic low content titanium a-
luminum alloy and the analysis of the uniformity of tita-
nium distribution in the test product[ J]. Light metal,
2003(4): 41 ~44.
L, ZFEE, KA, 5. AFTEB & K4HL5)
LI, HEA EEER, 2001, 11(5): 801~ 805.
MA Hong tao, LI Jiarrguo, ZHANG Barqing, et al.
Analysis of microstructures in AFTtB alloy[ J]. The
Chinese Journal of Nonferrous Metals, 2001, 11(5):
801 ~ 805.
FEY, UWHh, %E%‘TE AFTEB 54 TiB, A1 AF
By MIMGKEBIR[I]. &8 %k, 2001, 37(3): 235~
238.
LI Xtzhen, BIAN Xiuwfang, LI Xiwrjun. AB initio
studies of TiB; and AFB, in the AFT B alloy[ J] .
Metallurgica Sinica, 2001, 37(3): 235~ 238.

Chengte Lee, Sinn-wen Chen. Quantities of grains of

Acta

aluminum and those of TiB; and AI3T1i particles added in
the grairrefining processes[ J]. Materials Science and
Engineering, 2002, A325: 242~ 248.

Jonas Fjellctedt, Anders E W. Experimental analysis of
the intermediary phases AFB,, AFBj; and TiB; in the
AFB and AFTTB systems|[ J].
Compounds, 1999, 283: 192 = 197.

sRAESE, XIAHIE, iﬂ%‘}*. TiB, 43 #ii J &5 %t AITi5B
TEMREER ML) SR E LA A,
1999(5): 12~ 13.

ZHAN Zuo gui, LIU Xiang-fa, BIAN Xirfang. Influ-

Journal of Alloys and

ence of the TiB, distribution morphologies on the refin-
ing characteristics of AITi5B master alloys[ J]. Special

Casting & Nonferrous Alloys, 1999(5): 12 ~13.

FaM, GFEF, BREK. AFTEB B AE &+
WA BEZA]] . TEEAEESIR, 1997, 7(3):
137 = 139.

XIAO Yunzhen, MA Hongsheng, LU Gurmin. Ef-
fective nucleation particles in grain refining of AFTrB
The Chinese Journal of Nonferrous

137~ 139.

master alloy[ J].
Metals, 1997, 7(3):

(H B )



