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RIEA BN . T4 48 5E(=99.70%) i
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AL-STi-1B e & 4 B R A AR w:
2KBE+3Al=AIB,+2KAIF,, AH=—688.8 kJ/mol (1)

3 K2TiF6+1 3A1=3 T1A13+3 KA1F4+K3A1F6 ’
AH=-575 kJ/mol ©)
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B PR = AN RS E S AR (AH) [ R
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KA R TiB, F1 AL T W AEERIEA 8. Rk,
Al-5Ti-1B A& 4 (5 A F 5 TiB, Al ALLTi AH.

WInHt La J5, TiB, Ml AL Ti MHZkSA7A4E, B H!
LT AlyTi,La 11 . %F e ALTi AH 39.1 4L HRT S (A
Bl 1(b))AT A, AI-5Ti-1B-1La 8] 4 4 6 50 I A
T AL-STi-1B (), IXEWEINM L La JEIHFER 7 —&D
oy ALTI Ao VRS s 1A+ La R AR A4 1 [
WA, A TH AR La tR 4SS ALTI KA
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4 [f) XRD
Fig. 1 XRD patterns of Al-5Ti-1B and Al-5Ti-1B-1La master
alloy with different holding temperature time #, during fluorine

salt reaction

14A+2TiAls+La==Al,Ti,La )

SR AlyTioLa AR, BEAE A RSN e — b
17, AlyTiLa MRAR D ECAWIEZ, ALTI MK
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A, T TiB, N5t La e, & UM SR E R K
I La BA5 . Ak, Al-5Ti-1B-1La Fal& 4005 — A
Igﬁ\j TiB2\ A13Tl & AlonizLa *H o

2.2 WMLBL S

Bl 2 Bl 5 AR AR 5 R R IR [H] £,=20
min ff] Al-5Ti-1B 1 Al-5Ti-1B-1La H1/a]& 4 (4525
WAL, £ 1 4 EIRPIF A A SN A
EDS M4 B, 454 XRD %A %1, Al-5Ti-1B Hja]&
G AR TR (T RS 20°8 30~40 pum). A I &
W IR B HA g ALTi A, e L 3 A7 56 40 /N 1) TiB,
AOSF/NF 1 pm), 40 2@)Fw~. BT TiB, #R
BN, H EDS 23 2 G I B4R I AR S B B AT 4

. TiB,

\P ol
AL Ti, NP -~ .

N

2 AISTi-1B # AI-STi-1B-1La Hi[a] & 4 A 00 4 41
(£;=20 min)

Fig. 2 Micromorphologies of Al-5Ti-1B(a) and Al-5Ti-1B-
1La(b) master alloy (¢,=20 min)

#F1 Al-5Ti-1B #1 Al-5Ti-1B-1La H1 iR 454 P 55 —AHIK EDS 431
Table 1 EDS analysis of second phase in Al-5Ti-1B and Al-5Ti-1B-1La master alloys

Average chemical Mole fraction/%
Sample
formula Ti B Al La Totals
ALTi 75.28 - 24.72 - 100
Al-5Ti-1B
TiB, 23.28 64.20 12.52 - 100
ALTi 75.01 - 24.99 - 100
Al-5Ti-1B-1La AlyTi,La 8.01 - 87.67 4.23 100
TiB, 23.56 62.08 14.36 - 100
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R AL 1), AN, AL-STi-1B-1La Ha &
SR T ALTI FHK )R TiB, FI(E ) oh, BT LA
FKABYURE) AlyTi,La /1, 1E 2(b)Fi. X EHHFH
)& S O AR, AT 0, 5 e () 42 PR G TiB,
A, RAFERAK, FEART TiB, HHF R EH]
P, {2 AL-5Ti-1B-1La [ & 4 W &0 ALTI A
AlyTiLa 55 Ak 7 RSP R /N T AL-STi-1B A4
1, Wil 2 PR, XRWAH L La JGRIBII ALTi H
[F1) A 2138 o A A F

2.3 & RZAE) X LR A9 RN

KETFFUESE, R A S 40 8UR 5 3 5
1 Ti WREEE TiB, BRI R SF o AR A& %A
SN BRI, Ti 76 2R R FE BRI 25 %R (Recovery rates)
LB 5 T 1) H TR S AR Y AR AR (B AR T
A, B 3 s Rmsa s st xRS, R
X B ETEU(XRE) AT EI AL-5Ti-1B il
Al-5Ti-1B-1La A& &M Ti & wEEE RN E ¢ 1)
AEDL. I 3 AR, B RS (A e, H ]
A& T B EE WG N, JCHR AR R BFTET 20 min,
Al-STi-1B A E A4 1) Ti 75 Bl I R ) S K 4 25 3
fe MFERRL 30 min J5, FEEENE T SEET
Fasg, XU 20~30 min I, SR SN A AT
FEGY s FIR ) B AN o B 1) KRG AN . SR
WINFEEICE La J5, HIEIRS S0 SO 8 R I
W, FERT 20 min AR SAECE G ST AN AR S L
NI TR A O T B E K, 30 min J5, WS ONFR
XF TR SR P ) e B KR o Wi LG La

5.0

=
(9]
T

w(Ti)/%
S
(=)

—s— Al-5Ti-1B
—o— Al-5Ti-1B-1La

30 10 20 30 40
Holding temperature time, #,/min

& 3 AL-STi-1B fil Al-5Ti-1B-1La HAl&4W Ti & EFEE

SN 8] 1y (A AT DL

Fig. 3 Ti concentration in Al-5Ti-1B and Al-5Ti-1B-1La

master alloy with different holding temperature time #, during

fluorine salt reaction process

(AN I 2 I S SR S B (R T, A8 T U o 26 AT
e, Ml RE mREHEBRPEHEEFEHZ —&R
MAYEGR RIEETER . A BT RA R
EETE RE SR ESEIA A SR 2 M 5 g R A
EUHALKIMER], 1813 Al. Ti. KBF, 2 I8 53 ¥ hn7e
4%, MIIHEHN Tiv B AR,

Bl 4 B NI S SR R B E] ¢ 4308 10
min A1 40 min [f] Al-5Ti-1B 1 Al-5Ti-1B-1La 1 [i] & 4=
(AT O TS . w50, MR S S 1] £,=10
min ~, Al-5Ti-1B-1La * a4 4 P 5 AR AR 4 4L
R =T ARG LM ALSTI-1B &40, WK 4(a)
M) . Hr, Rissm LK) Al-5Ti-1B HE& 4
P BB R L A A D B ALTI BRI RS 79 10 pm)
AN ) TiBy UKL A XML, WA
Al-5Ti-1B-1La H[a] &N MEHERZ . RF4h
HI¥EIH AlyeTiLay AT & TiB, ki, 1XFRHH#+
JGE La BIUSINE IS ES A S aEh R BLIREA T, 1%
ZE 5P 3 (RS AR — B 24 [ SR 7] £, E K 2 40 min
IF, A T < A B AR RS AT RT H E R
HRIME, wE 4o Md)Fr. Hd, REINF LR
AL-5Ti-1B A& <e: 4 &6 AT BLWL S 3 ALTi AHAE R #FIX
HHIMEINS, HRSPHERT ALSTi-1B-1La
&40, M Al-STi-1B-1La Al &4 A 5 58 —A
NN, RSE 43 A S350 o IX R WM 1 La W INXE ALTi
FHBRAN B B o A A BB R0, mT DUA ot i
ALTi AHAEREE . UUUE, AT 52 5 —AHMURL ) SR T3
FERIMER . H 3R BRI B AR SR SRR oo
% RE 7ER A EVA BEARAG, &6 50 #6 Lo /A2 58 —AH
WL FIESHE R I S b5 4, SEANR T RshiG,
TICER S AR R A S RS, R R
HE L2 AP, oo R IX R /R 38K
THE MR SR ER A, A5 AR
TIE a(A)FER N 25 5 B R TT oK, BHAS S8 A Bk 2
() (R A EL e fl, R AT SRR T B, 45 38 — AUk A
Gy A B A8 ST/ N R

24 HUHRMLES S

e BUER JA AR 5 G I B TR £,=30 min
Al-5Ti-1B 1 Al-5Ti-1B-1La i) & &5%F Tk alisa it 1T
YA AL ER o FEAR R 2R INEN 0.1%(F =750, 14
I A HEIRFE N 700 C)F, 2 i) 48 i AL FRL AR IR
8] £, 43 %) >4 20 min. 40 min. 60 min. 90 min. 120 min,
A G IR SR L M S, il s k. Al M
B S aTCUR I, JRUGARZ AT 440 AR B ¥ Tk 245
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B4 AFEREE R ALSTi-1B Al Al-STi-1B-1La 1) & 4 o 4 2
Fig. 4 Micromorphologies of Al-5Ti-1B((a), (b)) and Al-5Ti-1B-1La((c), (d)) master alloy with different holding temperature time:

(a), (¢) 10 min; (b), (d) 40 min

Al-5Ti-1B

Al-5Ti-1B-1La

&5 AI-5Ti-1B 1 Al-5Ti-1B-1La H [ & & 400X E(0.1%, 700 °C)
Fig. 5 Effect comparison between Al-5Ti-1B and Al-5Ti-1B-1La refining pure aluminum with same addition level of 0.1% after

holding temperature at 700 C

XFTIA%E. Al-STi-1B HAIGE&RNE, B 20
min J5& 7] DLLEE S 525 AL R, 2 AN R T
YERFTE 120 min LAPY, ZREEAE-KARFRARER ], Aok
FRUA BRI, 24K FRR 1] £,=120 min B H 0B B A%
WX, SRR, A HO Ok LA/ . Al
S, 25 AL-5Ti-1B-1La HE] & 428 R4k AL BE 5
PAFLNE ST S AL, HHAE £=20~120 min
P GRS NI Ty b e Sl Ao S e N AT A
Al-5Ti-1B-1La H[a] & <5 & A 78 73 4R AL A I 1] G

Al-STi-1B A & & Bk —2, RO B R4k &
Rtk

TR AN AL F R R rp,  Hp ) 44k ) S5 7E R
AR A RETBCH DR S 4 /N TR U 5 AT AZ R (B
Al-5Ti-1B H AL Ti Ml TiB,; Al-5Ti-1B-1La ' ALTi.
TiB, } AlyTiLa), HT FIRTEAZ R IAEAE, (E1545
FERI B AT R R AEAR A, (AR IAAE i T A iR
TR AT R A= e ], o H T R AR BT . 4k )
FITRE TS HE R K B T AL 2 TE b A= K 1 T BGHT it
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L, T I T (1 b 2 LA SR 1 AR RE A IR i 1) A2
K, WO H] & 4738 AL B 545 240 /)N R 25l
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I (8] G AE AR AR A HEAT A8 T AL AL FRIN
ALTi TiB, 2 FUR 2 3 Z W SR gi 4k 1. 5t L
Al-5Ti-1B &4, Mi Lo &= B INess 1 Al-5Ti-1B-1La
HHIA G &I ALTi TiBy S M0 T A Ao At
FEARILRSE RN, 45 58 AR T RERS TR K T P
RAESIRIEAZIIER, A 8RELE T & S 40105
R R R AR, BLooRE T RIEEYR,
AIEASE G IR AR IR, AT S R A XS TiB, AH
EREME . BRAK T TiB, MORL SRS, PHAS T TiB,
WKL A RANGTIE ,  REE DRAE F (8] & 4 40 A0 AL B I
B2 XL TiB, BURLR AR, 3T 2 K AL 3R i
(22, [EwE, B TR La 5t ALTI A A 2E 5 40
AEH, BIT# LR MAZIERRE ALTI A4,
/N AT ARG, SGE HARETEAS, (A AR i /)
SREUT AR IR AlyeTioLa #H. BFFLR BT AlyTiLa AHH &
SEMBUNE R, ERIBIA N R ALTL A1E.
K, FE4EMLIEREd, AlyTiLa b ALTi HI7E I I E]
K, RUBEWET7E K AIW M RAETEAZAEH, 15
AlL-Ti-B-RE  [i] & 4 B 4T 4iAb Ko™ 7E40
i FE A, Bl DRI (A R AE K, Al TioLa AN
BRI LR, IBDINER AR, M
Mk —BWEE MM T, &g
Al-5Ti-1B-1La " [A] & 4 5 A 0 7 4 K e ) X —
B,

FEAF [F) 264 AR NN 0.05%, JEsAAid i 376 75
N 630 C, LRGN AN £,=20 min) T, XF Lt Al-5Ti-1B.
Al-5Ti-1B-1La H1[A] & 4 S Hi -t La 5t Al-8Si &<
L, k6 fian. WIS, ALIAT gk b E
(1) Al-8Si & ZH AR R, A1 XA S5 it X
J B B G AR B AR X, Wl 6(a) . W
Al-5Ti-1B il AI-5Ti-1B-1La /1 [a] 4 4 5 AT AW %2 3] B
TR SRR IR, FEIRADXE I, SRAGAH/ NS0
Sl A, B 6(b)RI(C) TR, BRI 0.05%1)
Wit La J&, SSRLAEAGSCRIEAIIE, W 6(d)Fis.

Bl 7 B AN [F 44T AL 3 AL-8Si A & R ROM 20
2, TLLEH, RETMULEE MR Al-8Si &4 N
AT LA SR BRI R d b, Ferh SRR B Al
Tyt i, W 7(a)Fis . Al-5Ti-1B B i) &E G,
Al FERR A BRI G, AR EPIRAEIT PR R AR
1k, K 7(b)Fi. Al-5Ti-1B-1La H1ja] & &G,
AL FEOR s ]S AR5 B A/, TR SRR A 0 R
WA, Wil 7(c)Fin. SR, FAARIN 0.05%La

g0 mm|
BEl6 AR Al-8Si &4 AL RIS EE(0.05%,
630 ‘C, 20 min)

Fig. 6 Comparison of different kinds of refiners’ capacity in
Al-8Si alloy with same addition of 0.05% master alloy after
holding temperature at 630 C for 20 min: (a) Without refiner;
(b) Al-5Ti-1B; (c) Al-5Ti-1B-1La; (d) La element

Joi, FEAHERRT AI-8Si A& IR fhgE e, EPREE
JSFAR/N, AH AL JEAA ok R SRR A R B AR,
WE 7R B 8 s A A & B F L La T naift
Al-8Si A& R MMMAL. ATH, RAUH E A REE
s R, Fod sl R BOR 24 FR, WKl 8(a) Al
No UNAN0.05%La J&, SHIREERST/N, HE &%k
MLRCRAIIE, & 8(b) s . ARSI Inih 5 &,
BEOIRBRRBRAN /1N, ABR/NIUIR, 4480 0.2%La
Lif, AERRANGEOR, SRR AR T — R
FEAE. XEWM L La B EIFK AI-8Si 54
HHEE RS
FEXT A1-8Si & 4 #EAT A8 T 4H 4k b #E i A2

Al-5Ti-1B HA & &AL RESAI1L Al 24K, TR RERS
BEUERERRSFAIEA: Mitot® La WINESRGE

ARt R, (H AL-8Si & &R A1 BUR A 2
AR FHAEL, FHXT HL, A1-5Ti-1B-1La i) & 4 7] 5 %+ A1-8Si
Ha Al EAARAIIE ST AL, R AR AR 4H ik
R o Al-STi-1B-1La H A& 45 T o0 250 L ft (1
RAERA AL-STi-1B A R S0 88 =44 416 /8
RS EXT AL-8ST A @ #t AT AL A AL B . HAkHL, 7E
AL-8Si & AAN, Al-5Ti-1B-1La F1A] & &SRR
YN IREUN S AR (AL T TiB, & AlyeTioLa),

UFRIEALAER, o DU SO fR A k. 7R
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(b),

E7 AR AL-8Si A4 MR 21(0.05%, 630 C, 20 min)
Fig. 7 Microstructures of Al-8Si alloy with different refiners under same addition of 0.05% master alloy after holding temperature
at 630 ‘C for 20 min: (a) Without refiner; (b) Al-5Ti-1B; (c) Al-5Ti-1B-1La; (d) La element

B8 ARG EM T La isIn4ifl Al-8Si &8I ROWALZ
Fig. 8 Microstructures of Al-8Si alloy refined by varying La element contents: (a) 0%; (b) 0.05%; (c) 0.1%; (d) 0.2%

JER P, B85 AlyTioLa A4 K AR L HT IS MR V.(4)), it La JCERSXT Al-8Si &4 N HF 3L Sl i (1) R ~F R
BT ALTI AT AL AR 6L 5 s 4k s 4m A ok, [) AR, BEX ALST &R RER, AR
i, AlyTi,La MFA RIS SR — € BRI+ La, % I AL R SR AR VE G, T A S A I SRR G
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Influence of La addition on reaction mechanism of
Al-Ti-B-La refiner by halide salt route and
its grain refining performance

FU Ying', FU Lian-sheng', ZHANG Yu-bo?, GUAN Xin®, GUO Ji-ning', MA Zheng', ZHANG Peng'

(1. School of Engineering, Bohai University, Jinzhou 121013, China;
2. School of Materials Science and Engineering, Dalian University of Technology, Dalian 116085, China;
3. Inspection and Inspection Certification Center, Jinzhou 121013, China)

Abstract: The Al-5Ti-1B and Al-5Ti-1B-La master alloys were synthesized by the fluorine salt method. The effects of
rare earth La addition on the reaction rate and microstructural characteristics were investigated. The refining effect of
Al-5Ti-1B-1La master alloy on the commercial-purity aluminum (CPAl) and Al-8Si alloy was also studied. The La
addition can improve the fluorine salt reaction, as well as the Ti content in master alloy. La element is beneficial to refine
the Al3Ti grains, by means of forming homogeneous TiAl,)La compound, and also to reduce the agglomeration of TiB,
particles. Hence, the grain refining effectiveness for Al-5Ti-1B-1La master alloy could be maintained for a long time
during the CPAI refinement process. The Al-5Ti-1B-1La master alloy has a refinement effect not only on the Al matrix,
but also on the eutectic Si. The rare earth atoms released from the master alloy can inhibit the growth of Si in Al-8Si
alloy.

Key words: rare earths; grain refinement; master alloy; Al-Ti-B-RE
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