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Abstract: The poisoning mechanism of zirconium on the grain-refining efficiency of Al-Ti-C and Al-Ti-B based grain
refiner was been studied by observing the phases distribution between Al3Zr, Al;Ti, TiC and TiB, particles in the
Al-Ti-Zr-C and/or Al-Ti-Zr-B alloys using X-ray diffraction(XRD) and scanning electron microscope (SEM) equipped
with energy dispersive spectrometer (EDS). The results show that Al;Zr particles are easy to combine with Al;Ti particles
both in Al-Ti-Zr-C and Al-Ti-Zr-B alloys, the potency of Al;Ti performed as nucleation centers is impaired and results in
the poisoning phenomenon. While TiC and TiB, particles seem not to integrate with Al;Zr particles though the
agglomeration of TiB, particles. The calculation results of edge-to-edge matching model (E2EM) indicate that Al;Zr has a
better crystallographic matching with Al;Ti and o-Ti solute than it does with TiC and TiB, particles, which implies the
quantities of the orientation relationships (ORs) between the matrix and precipitate can be used as a crystallography
theoretical consultation in designing grain refiner.

Key words: grain refiner; Al-Ti-C; Al-Ti-B; Zr; poisoning mechanism

B < AR AL AR REAR AP i 5 B2 TP AR AR X A2 bERE, BLC/ER S S R G2 1) 2
R, BRI RS, BRI SGEsEsE(h o Y, H AT R 2 12 ALTi-B R0k 1o )P

BEEWEB.: EEESSEAMTOL I B H (2010CB731700)
WimBH: 2010-12-09; &iTBHA: 2011-06-27
WIEEE: Widk, @EEE, Wt Wik 0731-88830265; E-mail: dengylesu@126.com



372 A G A R

201242 H

SRIMAE LA g i R I, TiBy R A 5 I R v &)
HIZE. Uive, SPUEFLHAR . EM R s, 5
HEE 2 ALTI-B 25 SR Ze, Si ATV S50 s
KA, IR R T EE IS, e
TR AL ARLAEAAE -, 3 iR RS, 5
EE (M) e B PERER ) H AT 25 0K
A5 HH 1 22 Bl Ry R A5 4 (0 7050+ 7150+ 7055+ 7085
GEVEEA BRI Zr JUE . XA AR S A
KAPUBNE, TR RMREGE JZ R ED, T e &
GbEfe. ik, AARHATELRA ALTI-C &40 4k
YA E G Ze TR, A Y ALTI-C dckzgiif6 75
TiC BL 148 AL-Ti-B ") TiB, ki1 A 8 /N ) SR A fhi
i, HXTZey Si MV &g HA R < ERY,
SRTM DING 258019 R, Zr SR MRS ALTI-C
akL AR . ATPFTPIE M ALTI-B 5 ALTI-C
o AL AG I Ze ThaE e AN A A R RS A R AR R
PR ORIR IS [R] L SRS 2 A o0, midlrh i 2
JE TS SR AAAE RS Ze S AAEF Y ALTI A
B SCAH(TIBYTIC) KA T R S N, H AT 24 Zr
R T ALTi LU TiBy/TiC " Ti JC & AL (Ti ) Zr) Al
HI(Tiy -, Z1)Bos (Tiy o Zr,)C A K Zr JC & AE TiB,/TiC
Fi R M H A B ZeBy/ZeCB X RN B G  B2 A 4k
(1) Zr JCEARLAAR B s8> ) 2 AN A A
FU, O Zr A AN R DA AR B AR N AR
JRE AR AR SR, — BEARE HHEGEE SR
XPAERS . AT P R Y ORI A e I
s AL AAG P T RN I E A SIS Zr B Z D%
B, AR T Ze i, b BRI G
o (RIS H LG T S 19 J7 2 BA B A A2 £
JERIAANAET] Ze TR EEHLEE TS IRIE o BT IR
W ASCHEH EHIR ] AL-5Ti-1B A1 AL-5Ti-0.2C (i 5
IIEL Yo)i A 4 iR AL 71 3 B IR AL-3Ze ]
Gaie et 11 BehK Al-Ti-Ze-B F1 AL-Ti-Zr-C 7
PRI A4, DM SEprid B B Ti/Ze 42
X, TSRS S KR ALTi. AlLZr.
TiB, Ml TiC 2558 AR, TS AR 1R 1)
FHEAE R 5o At ol, R R T B B SR P ok
AT Ze HEERIHLER ;s IS AR A BER T Foh BEAL
PRI SR ] ZHANG 5 KELLY!MO I 232 DG g 3
12 (Edge-to-edge matching model, E2EM), AL+
RS EIRTT S, ZIS A OLBENS JUIT 5 A AHZ 18]
R TCTE IR /N, T HLIE BEDUHR 5 b A 1 ks 2 $ iy
S8 (TN YAH 2 TB] AR5 AH DG 2R

1 R

1.1 SEIedHd

SIS TG I S B G R RO A % L I B SR
A FHEE] AL-STi-0.2C dhr i fb ) ot 2 2 w4t
(1) Al-5Ti-1B a4 LASOB R TS0 B D ReAS
BHF ST Al-3Zr Salirh (i &4, fiimth 1:1
2 W ALSTI-0.2C . AL-STi-1IB 5 AL-3Zr HiE 1 Ak
AL-Ti-Zr-C(A 454 A1 AL-Ti-Zr-B(B 45 42) W 4 S AR
Gro HHATANSZIR VTR, RN R R A A
AN ABRLAIAE T 20 min 2 51, SR IE TiC 76 i 5
R R A P KAk ALCSM I S i ok i 4k
MR, DRI, FEASSEI Aok PR A & 6 2 i T
PRSI AR P NI 730 CHa ks  FFIUAN RIS I AR i
IR 2 P AL, 35— ALORR N TR R 30 min,  ARid A FE
mi A30 A1 B30; 5% 20 ORI (] 24 60 min, FRid A Hf
rit A60 F1 B60 . H4 55615 <p PRI AN [A] IS T J= T~ 680 °C
BT T 45 SMBETEELE, JE% 2.

1.2 SKWHZE

M EIR TS S50 A G 1 5 BE EAIOARE P AT
&2 )5 & NI B PG EA T IR 5, W0AH 2 #
IR Rigaku D/Max 2500 %Y 18 kW BHEATEHY X
WEATHHMU(XRD), HHEMARL A 200~80°, KA 2°,
O ZRAE 70K HIECH Gensis60 HEREA(EDS)H)
Sirion200 37 & A H FEE (SEM)ZEAT

2 IEER

2.1 KERRILELR S

1 B4 5l Al-5Ti-0.2C. Al-5Ti-1B DL K&
Al-3Zr ThAIG G R R A 2Bl ) EDS At
il MKl L@ el LG H, AL-5Ti-0.2C dfkidifb i
O E AR RAL a(Al) ALTI il TiC, K45
ALTI BAER, D ERE /N ALTi R34 75K
JUTRGERI R, TiC WP AR oA . Ik
U, 1(b) B[] Al-5Ti-1B (ITHOMA L T
HALERAR a(Al). ALTI Al TiB,, 1H1Y AI-5Ti-0.2C A
[F], AT T Al-5Ti-1B FEAR ) ALTi AH 246K, 1
TiB, Fi - FE AL A T ah A Ak, A S At



H22 %5 2

T, . ALTI-C 5 ALTi-B SSRL4H4L 10 Ze hagh L 373

Al-5Ti-0.2C ' TiC FiF. Al-3Zr H1jE442 1 SEM 4
S EDS 73 Mg & 1c)iin, H B a(A)F
ALZr PR, KB ALZr ARG, KRk 3
200 pm, TEfELY 3 um AT . KA HIER AlsZr FH &
AVEL AT, Wi B, I s KRR
AlLZr RIS A /D& Al Zr /NRLF

2.2 TWBEEFEHELSH
K H X BIERATI O %A 4 AT 408, e gs B

& Element  w/% x/%
C 11.52 2375 4
Al 76.14  69.87 %
Ti 1234 6.38 HS

Element__wi% % _
Al 6551 T7.12

N Ti 3449 22.88 [0
trix_Correction ZAF [

Element  w/%  x/% &8

Al 64.63 7644 &
(5 Ti 3537 2356
4 Matrix_Correction ZAF 8

Element  w/% X/% _ B
B 3353 58.14 ®
Al 5224 3629 B8
Ti 1423 557 K

Element  w/% x/%
Al 4780 7559 |@
Zr 5220 2441

Element  w/% x/%
Al 88.18 96.19 B
Matrix_Correction ZAF

1SRRI S P a] &< ) SEM 15 K EDS 452R
Fig. 1 SEM images and EDS analysis results of grain refiners
and master alloy: (a) Al-5Ti-0.2C; (b) Al-5Ti-1B; (c) Al-3Zr
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Fig. 2 XRD patterns of alloys: A60—AI-2.5Ti-0.1C-1.5Zr, 60
min; B60— Al-2.5Ti-0.5B-1.5Zr, 60 min; A30— Al-2.5Ti-
0.1C-1.5Zr, 30 min; B30—AI-2.5Ti-0.5B-1.5Zr, 30 min
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Fig. 3 SEM images and EDS analysis results of alloys: (a) Al-2.5Ti-0.1C-1.5Zr, 60 min; (b) Al-2.5Ti-0.5B-1.5Zr, 60 min; (c)

Al1-2.5Ti-0.1C-1.5Zr, 30 min; (d) Al-2.5Ti-0.5B-1.5Zr, 30 min
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18 FH 21 — 120 DG A 2 S 2R S P AT £ J ] 56
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Table 1 Crystal structure, atomic positions, close-packed rows and close-packed planes of phases may presenting in alloy

[23-24]

Compound  Structure Space Lattice Atomic position CP row dps CP d2)
group  parameter/A  Atom x y z A plane A

Al 0 0 0.5 (110)  2.7250 {112} 2.300
ALTi  Tetragonal 4/mmm Z’i?éi ; Al 0 0.5 0.25 (201)  2.8840 {200} 1.9268
' Ti 0 0 0 100y 3.8540 {004} 2.1460
Al 0 02 ‘ (110) 28270 {114} 2.3660
ALZr  Tetragonal Wmmm ¢ o203 Al 0 05 0-25 (401 2:94; 0 ioosi 2.160 0
c=17.283 Al 0 0 0.375 (100) 3.9930 {200} 1.9997

Zr 0 0 01189
100y 21641 {200} 2.1641
a=4.328 20 TCI O(')S 0(')5 0(')5 110y 3.0605 {220} 1.5302
_ _ (11 37485 {111} 2.4990
Tic Cubic  Fm-3m (100) 23 {200} 2.3000
a=4.600 0 TCI 065 065 065 (110) 32530 {220} 1.6263
(11 39835 {111} 2.6558
110y 3.0280 {101} 2.0350
1B,  Hoxagonal Pommm ©>0310 B 03333 0667 05 (001)  3.2280 {100} 2.6220
¢=32377 T 0 0 0 (113)  10.1460 {001} 3.2280
(100) 3.028 {110} 1.5140
100y 2.9510 {010} 2.5560

2 )

o-Ti Hexagonal P63/mmc ‘C’Z:zggg Ti 03333 0.6667 0.2500 { 1<11(>)°1'>’ T izzz 2 ig?ﬁ ;jiig
001y  4.6840 {112} 1.2485

1) d,,. 1s space between close-packed or nearly close-packed directions; 2) d; is space between close-packed or nearly close-packed

planes; 3) (1 11y, q; is zigzag arranging row.
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15 (114) 5 7, SHTHT 115 AT IRLAH DGR A W1 R JLAL:

A14) 51,z /(1 12) pri: [ZOI]AI3Zr l [501]A13Ti
a 14)A13Zr at 12) a1i 0 [ TO]A13Zr l [ 10]a1,Ti
1471,z /(1 12) pri: a1 TO]A13Zr l [501]A13Ti
14 70/ (112) o i : (401, 7, /I [T 10]a1,Ti
(008) p17¢/ (004) pygi 2 [1T0] a7 [1[1 10T

B/ (VRGO S BRI TCA 1] 4(a) F1(b)
IHN T MM ALZe 7611101 5 1 LUK (114)65
Tt /MR C B AR T B4 R

G55 A IS SR DL AR HE A ) 60U T4
ZAPR R T LR EESK, AT LA ST T AL SR A
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Table 2 Interatomic spacing mismatch along possible matching directions on (114) ALz and the directions of Al;Ti

, [110]a1z/ [401]a1,2:/ [110]a1z/ [401] 1,22/ [110] a2/ [401]a1,2:/
A13T1/A13ZI' — — — _
(1 10]A13Ti [1 10]A13Ti [201]A1]Ti [201]A13Ti [100]A1]Ti [100]A1]Ti
Mismatch 0.037 4 0.080 0 -0.019 8 0.020 5 —0.266 5 -0.236 4

F3ALZr B (114),,, 5 ALTi 8T K HER RO B

Table 3 Interaplanar spacing mismatch between (114) ALz and close or nearly close-packed planes of Al;Ti

ALTi/ALZr (U14) 570/ (112) 5y (114) 5,7/ (200) 5,7, (114) 5,7,/ (004) 1
Mismatch 0.028 7 0.2279 0.1025
01415 (170746 007 (100

0.12 1

0.10F

0.08 [110]/2.328 2
0.06 -
0.04 -

0.02 -

Interato mic spacing mismatch (f;)

ALTi TiC TiC TiB, a-Ti
Phase
4 MRS AlLZe FE(L14) 5 s MEECEETHE 255 @ FHT B A ALZr 761 10] /b 1) L s/ M ECEE T 545 R (b)

Fig. 4 Minimum mismatch between (114) ALz and precipitate(a) and minimum mismatch between [110] ALz and precipitate(b)

0.06

(111)/2.328 2
0.05r

0.04
0.03+ (200)/4.6
0.02 H

0.01F

Interplanar spacing mismatch (f3)

ALLTi TiC TiC TiB, a-Ti
Phase
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Table 4 ORs satisfying condition needed for judgments between matrix Al;Zr and precipitates contained in alloys

Matching phase Lattice parameter

Orientation relationships (ORs)

Al3ZI'/T1C aTiC:4'6 A

None

Al3ZI'/T1C Ll'[ic:4.328 2 A

(008) 51,7, /(200)ic: [110] 51 7, 101 Iric

Al Zr/AlTi

¢ 14)Al3Zr / « 12)A13Ti : [ZO 1]A13Zr l [EO 1]A13Ti
¢ 14)Al3Zr / ¢ 12)A13Ti A 1 O]Al3Zr I [T 1 O]A13Ti
(114) AlyZr / (11 2)A13Ti 1 1 O]Al3Zr l [EO 1]A13Ti
(114) 570/ (12) 17 2 [401] g £ 1T 100, 1

(008) z1, 7/ (004) 5,7 [110] 1 111 10D

Al;Zr/0-Ti

(1) 2 /002), -3¢ [401], [100],
(114) a1z /(002),.5::[110] ALZr [I[100] .1
(114) a1z /(011),.73:[40 alze [I[100] .1
a 14)Al3Zr /(011 gm0 [T 10]A13Zr I1100]¢-7i

(008) 5,7 /(01 1)y [110] 7, I[100]c7

Al3Zr/ T1B2

(200) o1,z / (101) 1y, 3[T10]A13Zr 1[100] 15,

ALTiv o-Ti 5 AlZr Z [BI{EAEAE R 5] BE A LA 1]
SKFR, AR [ 40 BE SRR 5 M 5 ik o ok R P 2
5 ALZr B 5 —i . TiC 5 ALZr Z AN 2 arc=4.6
A WA ME—— B AT BERIILASAT [ C R, 1M TiB, 5 AL Zr
HAT (200) 51,7, /(101 3y, < [110], 7 [|[100]3y, 3% — 4
LHOCR, REHESERIEGS BRI 4R Y& .
FE ARG P 1 =120 DU 5 R 24 B R A 4 TR 5 50
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