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FMARAMUTRIRRE AL, KA S BMER TR B 4. 450KV, Ta&SRBt£2 2 Ti-6A1-4V 48
B AR R AMNEE KRG AR, HEEROET MRS, &SRB AR 6T Bk 0 Fh G, EEBETEE 1600 W
BmE 2700 W, IRATCRIBEMEEZEIR Ti-6AL-4V & Sy BERE 2400 bR 56l S B 28 A ME AR AR, R
XG e BB HEREREUD. SR IEXTG S5 HER LT T iHE.

S WL EITR, WA TTRMA, TiGA-AV, A%, BEHAS

hEES$ES  TG146.4 XEERAE A XEHS  0412-1961(2012)02—0159—05

INFLUENCE OF MIXING ENTHALPY ON THE
MICROSTRUCTURE OF LASER MULTI-
LAYER DEPOSITED Ti-6A1-4V ALLOY

ZHANG Fengying
School of Materials Science and Engineering, Chang’an University, Xi’an 710064

TAN Hua, CHEN Jing, LIN Xin, HUANG Weidong
State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072

Correspondent: ZHANG Fengying, Tel: (029)82337340, E-mail: zhangfengying@chd.edu.cn
Supported by National Natural Science Foundation of China (No.51105311), China Postdoctoral Sci-
ence Foundation (No.201104679) and State Key Laboratory of Solidification Processing

in NWPU (No.SKLSP201102)
Manuscript received 2011-06—02, in revised form 2011-07-11

ABSTRACT XRD and OM were used to study the phase constitution and solidified structure of the
Ti-6A1-4V alloys prepared by laser multi-layer deposited pre-alloyed powder and blended elemental
powder. It was found that the deposited layer obtained by using the pre-alloyed powder consists
mainly of the epitaxial columnar grains, and the solidified structures change from the columnar grains
to the equiaxed grains with increasing laser power. Meanwhile, the solidified structures of the deposited
layer obtained by using the blended elemental powders change from large equiaxed grains to epitaxial
columnar grains with increasing laser power from 1600 W to 2700 W. Laser scanning velocity has
little effect on the morphology of the prior grains in the deposited layer obtained by using the blended
elemental powders. The influence of mixing enthalpy on the structures of Ti-6A1-4V alloy was discussed
also.
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NEBARREH — HIARIE — SRR AL B A
Trge .

SCHk [2—6] FFRE T LR A CEM A R ERL, Ot
Z R Ti-oV, Ti-zMo, Ti-2Ta fl Ti-8Al-2V(0<
x <25) HERSST . AR XM S ARHE, Ti-TiB # Ti-
6A1-4V-TiB F&41kH TiB Ui A 25 RHE L K
Ti-Nb-Zr-Ta & H 84, AEREREZ BIEER. 1/
e =81 Dem A EoR, BFE T HOLZ R0 Ti-
20Ni il Ti-80Ni & 4K BIMA L & S HERE.

TRA TR EBOCZ BB B9 R LR AR B A
iz 3 /NEs i P A G R A S R, XA R AR Y
PRI SN R R A . Fraser 45 9
EHRAITLEMA Ti-10%Cr #1 Ti-10%Nb #1801
FRSLES, BFSE T #1208 A TR LR RE 445 ST 1 B g
KRG A e % R, 4EIRERW, IREB AT (B
TCEBKRAE SN FEABER ) WA FF KRR
57, ML B a5 I A R B BRI TR AN IE (BT
FMARE A AT RN POT ) AR, BF5 10 %
B, WETCEEEOEZ BV Ti-6AL-4V B, Frfkigay
VIBUZ BE I A 2V RFIE 5 R Bl A S0 R TR, 48T
W, XEEOEM NS SIS B AENIRARE X 7]
W, IRATCEEROCZ 2R B, R
S UTRURRE A B S, RIRETRE X UTRZ /%%
[ 4 LR = A T BL RGN, B ST LR M AR A 7R A AL
H, SHFEHER G CRERICZ BB A SRR E 4R
FHIE A B L

A3k Ti-6A1-4V G@& RS, FEMRLZ%
TR ABIE S ARRIR A ITCEN R N T2
BYTR, X BRSSO TS50 6 4 0 21 4V EHE
R, e ZES RGBT, LA 5E
TR /5547 (columnar to equiaxed transition,
CET) B L Kot Ha it s B, He o et iy
B e 2 TR Ti-6AL-4V MEFE 4 SHHERY
.
1 LRAE

S Ti-6A1-4V Fi&E&MmARRZEY 150 pm,
O &iy (FRESH TR)0.13%; WG CEMAHLL Ti
¥ Chife 65.4 pm, O &k 0.069%). 4 Al ¥t (ki
83.5 um, O & 0.071%) Figh V ¥ (ki 56.8 um, O
& 0.085%) A ST ECH G ZRRER S 2 h fil5, 2R
BE{d AT B BRBEHIAE Ar PRI T AT,

Wt 22 2 VTR S0 76 T b Tl K 5 2 1 AR B 8
SR ERBOCLRRIE R G LR, %R % H RS-850

A 5 kW COy 068, LPM-408 DUREesh ¥ T8
&, GTV PF2/2 BIEkEEEANA . [ b s v A 4
WA T RS R, Yol Ti WEEHF %L E T
28, #1485 50 mmx (8—12)mmx 3 mm R~ Ti-6Al-
AV A EENREE, BB BAE 7T Ar IEHERANLE
PIREAT, LS50, WotTh® 12502700 W, WOt EHE
H2 3.0 mm, PEHEZK 4.5 g/min, FHSFE 3 L/min,
WOLHRH AR 2.5-7.5 mm/s. FIRL AR AR F G i
BEWEI R 55 YRR i B AT SR AN, L3RR
AR AL oA I I R St AR =X e i
AR SR SR A A, TR SRARAT R R 100 Hz, Yo
BRI ERHR 2 mm.

BT L2440 T AR RO TR R N SO
FEFTFRFFFE, KK 400, 600, 800, 1000 FI 1200
SRPA R E A THFEE IS, R Kroll &5 (5 mL
HF+15 mL HNO3+100 ml HoO) ST 2 18 #E47
S, A OLYMPUS PMG-3 440 B44% (OM) xt
DR R A 25 [ 4 2 A TR 2.

K X'Pert MPD Pro B X S4A75 (XRD) %¢
TESMAR., ZRRE)S TR G CEN R X TTBIXFER Y
AR AT AT

2 ZRER5HH
2.1 FELEBAZEAR Ti-6Al-4V FEAR

B 1 Rl T AR RA T RABIE S5 KK
HZ B Ti-6A1-4V SE&MEFAZR. WUEH, 78
v="7.5 mm/s B, REEECZEFZ M T HREE S EEE LA
BIRANEA: KB RCR S BEE BOCT R, HRREE A
TEEEE AR, WA RBOGTIEN 1250 W B 500—
800 pm HENF] 2700 W B 8001000 pm; FERAEAY
WOLTIE ST (1250 F1 1600 W), Fobk iy S 90 & T
HIANEA: K, BEZRURZE, REBHZX (H la
1 b); WOETIEEGE (2700 W) &4 T, RMEIK T
W0/, BUTRUREE T — B AR A S X, 45
T SR RS2 200 pm (] 1c).

2.2 RETEEBNZEAR Ti-6A1-4V FEALR

B 2 R T AR R AT RAIREGCEREK
Wt Z ZUTH Ti-6AL-4V SE&MEEAH. "WLEH,
WEE WO GRS, & @ [E 4L 2 el ML St i
AR HMEAE KRR G FEROGTIE Ry 1600 W B, PR
G4 R [ 2L R T B R ML R SR S AL, S B R R
SHAYEEY 5001000 pm, HIBRARBLN, [FedEEE
B, BT R —E N A K etk (B 2a); %
JETh&FRE R E 1850 W i, YIFUE AR T gk BBk
RE I ) St SR AL, T UTBUR A R 4k R S A
KRR, HAERR SRR B3 KT R Sl 5
schL R, AR FE A E] 10001500 pm(FE 2b); ¥
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Fig.1 Microstructures of laser multi-layer deposited Ti—
6A1-4V from pre-alloyed powder at laser powers
1250 W (a), 1600 W (b) and 2700 W (c) (scanning
rate 7.5 mm/s)

JETFIEF] 2700 W, BRI AEAE — B AR S5l
i XA, OB B BE R 20 215 Fh SNE AR K AR I B R
a4, AREELTE 1000—1500 pm, KEEREEK, H
FZRVRE (B 2¢).

B 3w T AR REREL G T RARGCHE
RBOEZ BV Ti-6A1-4V SE&RIBEE 4. TTLIE I,
B Y R T R pHLR AN L U St kL ZEL A, T B
PR ANEAE KA HDIRGA AL, &S 5EE S RFE2HE 1,
PaP 2GR R RE puz i DN i T R R R RN T TN
P FTIED, U0 i 2 AR S [ 4R S R
BN
2.3 XRD 447

N T R AR IR R AR AR AL, XTHiE et
R, IREGITCEBRLGIBUREEIT T XRD 5047, 45840
B4 grR. W, BiE e RATTRRES N o Ti(Al
V) EEA (AR tbal Ti fiT5tidery 20 ErsR), RS
TLEMARE o Ti, ALF V 45, BRBIRGHREFIHRE
et

Depositicn direction

2 RRBOCHEZM T RARSTEBRABOCE EUTR Ti-
6A1-4V & ERBER AR
Fig.2 Microstructures of laser multi—layer deposited Ti—
6A1-4V from blended elemental powder at laser pow-
ers 1600 W (a), 1850 W (b) and 2700 W (c) (scanning

rate 7.5 mm/s)

3 Sritie

EHOCZ BT R, WBOGIE MR TR, i
FEREBEZHTREAIS, T 06 [ S AT, SR SCk [12]
B AR /SR Sl L 5548 (columnar to equiaxed transi-
tion, CET) BB A4, 7EASCHIBOCE BUTRRRME
T, e R o AT S IR bl AR R AR, UAER T T
WAEAE CET BRI TIRE; TEROCTIRBAR. REMEK
KIZEMT, JE—BUTRREELS T — B IRE R %
B AR, R, G AR SRR B DO T 0 1%
SEAMNEA K FEROCTIRIR S, RO A AR, A
16 BE M A, TR Sl B A TR, £ —2iE
FEFE P SR SR B R AR B, VIR S S MEAE KA
HEGEE, (ERARR AR R R AR KISV, 2T 1
A2 AT, RATIE S ARBOEZ BT Ti-6A1-4V &
SRBEE AR SR TMLE R 2 MRARGICRER
JeZ EUIR Ti-6A1-4V B, BARHOETIH (1600 W) %&
T ARS8 & S B AR B RMLR A St (& 2a),
5 CET BIEIfINEERAR, 48l fE 2B ARG CE B
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Fig.3 Microstructures of laser multi-layer deposited Ti—
6Al-4V from blended elemental powder with laser
scanning rates of 2.5 mm/s (a), 5 mm/s (b) and
7.5 mm/s (c) (laser power 1850 W)
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Fig.4 XRD patterns of blended elemental powder (a), pre—
alloyed powder (b) and the Ti-6Al-4V alloy de-
posited by pre-alloyed powder (c) and blended el-
emental powder (d)

RAEFEICHE M R TEAE B S AL 7 A B RGOS .

K H Miedema A g THHAARL 254 Toop JUaH
B 13314) 3t Ti-6A1-4AV e MBS BT, 2R%E
B, Ti-6Al-4V 44 MRAR K —11.35 kJ/mol, Bl &4
A A R i, X G [ o R A S R AR B AE LA
T 2 F:

(1) ¥R B IR = Ve — A ARSI 1], AR L
THRUETEOCZ BT Ti 6A1-4V B, RHRESTER
RERHBESMAMEL, BFRIT — A g 20K,
S EIO b YL T R LA S R A TR R B A A, R R
W5 Fad CET A RMEamEss M xti
FALZAMTRARG CERRMBIGSHRECEZE
YU Ti-6Al-4V 545 5 EHe it =m0 B T
ToERE, ZERmE 5 PR, ATRLEH, BOGThEN
1850 W, FHH#Ry 7.5 mm/s B, Sk ATIFAS
J& s IRATCEB AR 1t T 535 B & Sk Rt 2y
& 50 K. i PREEEFE THMHEE, MEHRECHER
KB EEMABCZ ZVI Ti-6A1-4V SE&mHEE
T AL TR BERE B 43 31k 2.91x10° il 3.58 x10° K /m, 1§
WA AL RE P A IR A A T PR T IR
BEEERRAC. THE RSO R AR E AN 7.5 mm/s
B T R AR R, R CET Billoir, 4R %
B, EEOETE R 16001850 W B, B A TCER KN
B R0 & & E A S &3 AR ot EN
2700 W B, ViIRURDERS = AMRER S 2. MUk
8 SR U IR B 8 B A PR A R 9 ™ AR AR ST R IR R
FFREL AR S5t o 4 D A

(2) ¥R A IBIER R RIEE R, e T — 26, 5
TRATR Ak 25 B /W T R 2 1l A BRAS, RETT
FIRESPR M i A K 7 T A ECE, [RIEE, o R dihL 2 (8]
HITES AR, LIRS BEOELER 5 69 A KR, i %
N _E B SR R4S, B AR A P S BELIET 1 AR
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Fig.5 Variations of the temperature at molten pool sur-
face center during laser multi-layer depositing from
blended elemental powder and pre—alloy powder
(laser power 1850 W, scanning rate 7.5 mm/s)
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EIANEA R, ST RIS SRR B AL, R E 241
LR ERSRDE S AR RoFARES

WG A —E Y, SO AT S A M A T AR
TR, 4 Hh P9 X O ISR A, VLR o A 2R T B AR
A, RTRIERHEVE S, B, MESOCTRAEE,
EaBEARZY S CET SERNERET 8 i
B 2a, b fl ¢ WAL, HREHEER 7.5 mm/s FHTF,
ThEA 1850 W i, th TEA MR HIER, VIRETILZAT
HIBOE A BRI A, iR AR, BRI A SR E 414
51600 W Bt#)—3; FEE VIBUZ BRI, Wotks iz
WA AR, MR B EA RIS, EHREM G
BB R B IMEE K AR, ST
TRy R & CET BORIRIM 25 R —2 $otsh A
A B, WURAHF R FEAT 50, AL
RFR R BT RE 30 RISt R 3t
B & BEE L SR AR
4 #p

FHBIG &M AN ER, LRI Ti-6A1-4V
B ERBEE AR hAMEA KAHEAR ALK, FEOETR A
E5, G aBEASE AR SRR B 7
WL RN, RARACENREAELZ EITH Ti-
6A1-4V & HBEE A5 BORUR SRl L AL, FEE B0
R R, MRS FEAR AMEA KA HR . Ti-
6A1-4V M &S BT R, RSB PEER S
B /WA T R AR T 1R A RACAR, T ELDST TR S Y
INEAE K, BT RIS THURSE SR G BE
HROCH AR, PIAEEE B WSS, BIE 4
Vi T ZH BB W 78 S AN A R AR
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