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Effect of Laser Power on Microstructure and Hardness of Ti40 Flame-Retardant
Titanium Alloy Deposited by Laser Cladding on TC4 Surface
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School of Materials Science and Engineering , Chang’an University, Xi'an, Shaanxi 710064, China

Abstract Laser cladding deposition is used to fabricate the Ti40 (Ti-25V-15Cr-0.2Si) flame-retardant layers on the
surfaces of traditional TC4 alloys. Further, the composition, microstructure, and microhardness distribution of the
cladding layer are subsequently investigated. Subsequently, theoretical methods are established for predicting the
dilution rate and composition of transition zone of cladding layer under different laser powers. The experimental and
analysis results show that there is a transition zone with respect to the composition and microhardness at the
interface between the TC4 matrix and the Ti40 laser cladding zone; in 300-350 pm of the transition zone, significant
composition and microhardness changes are observed under four laser powers. Among the four laser powers, the
laser power of 1800 W results in the most substantial changes with respect to the microhardness and element
contents of Al, V, and Cr. With increasing laser power, the size of the transition zone gradually decreases.
Furthermore, the results of composition analysis of transition zone and Mo equivalent calculation show that the
direct transformation of a+—>f causes the sudden change of microhardness at the cladding interface when the heat
affected zone transfers to the cladding area.
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Table 1  Average components of TC4 substrate and Ti40 powder (mass fraction, %)

Material Al A% Cr Si Fe C N O H
Ti-6Al-4V 6.3 4.5 — — 0.28 0.09 0.06 0.155 0.015
Ti-25V-15Cr-0.2Si — 24.8 15.2 0.21 0.25 0.1 0.05 0.07 0.02
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Table 2 Experimental parameters of Ti40 deposited by laser cladding on TC4 surface

Laser Scanning Spot

Parameter

power /W  velocity /(mmes ') diameter /mm

Powder feed Carriers gas

AZ /mm
rate /(gemin ')  flow /(L+h™")

Value 1800-2700 10 5

11 480 0.3-0.4

2.3 SR
B O )E T BUR AR U AT T H O ) (R
D E R SF R 20 mm X 10 mm X 5 mm 141

ORE, X AT FT B L6 S L B Kroll 385 (1%
HF+3% HNO, +100% H,O, i & 4 %0 #1718
mh, % H OLYMMPUS-PM3 4 M 5 i 85 F1 Image
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Fig. 1 Laser cladding samples with laser power of 1800-2700 W. (a) Macroscopic morphology;

(b) changes of heat affected zone depth, cladding layer height, and columnar grain width
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Fig. 2 Composition evolution trends of laser cladding sample under different laser powers.
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BEAb L B A X ) ALV Cr TG & 748
Pl s 52 O Th 3 0 35 R L OB Th R MR
ALV .Cr TR G RAMBHRBmERE, L CrtE R
fi,1800 W Tij 28T By A4 26 fe Ko W43 2o Y 58 748 78
BAR,.2100 W K 2, 2700 W I % F 4 o I & %
/N
33 AEABAVERTEEIENEREES S

K3 R 1800~2700 W % oh 3 F 3K 15 A 4%
B RE 25 DI W R RE B A A BT, 3 TR L A%
i AU 1 SRR B A A A 4 A BT OB,
FEAR X 0 208 15 2 310 HV, i 3 2 A% i [X
JaAd PR T MY B YR E LT E
350~355 HV; &l i 8 A A BOLIE B X 5,
b R AR IR B A 2R 0~300 pm BY IS BBl A&
TR REAR 2 275~ 280 HV, 1 J5 B & 4% 8 2 5 E 1
T, 0 GRORE FE A B A3 ok DX PN 38 MBS OK, O AE E
A4l Tido KB 58 TR E 24 335 HV, /5K
ENES R ERA =R NI b5 ool 3 o MO R G- T
8 B AR AL R S A A TE] . AE 1800 W Ih
RN B I X RS SN S 3 ) e R L A
B gk 9 DX RS R B /DN, O HL W ARORE B o 5 B
IKASEH, BR E H PR FFTE 335 HV, 7E 1800 ~

2700 WHOL DI HRT , W o B 1 9 XA R 5
gyl P XA 2,

SRR e

4.1 BERESW
TEARBEGE BT R 0 T8 &0 T GBI % A
1800 W B M2 2700 W)H B 3K15 T 1R 4 B it B 4F L AL
Syl PSR B . B AR T A RO
R SR SR & R 55 M OB RE A 3 5T TR
B PR A A 3 2O T O P 0 IR BE 3 4 A
B RAT A SR R A R I S
BT FR BT s VA T OB B e R
THEEEOE N B A, AW ST b i Al R Y
TCA FHebg Ko Tido J5 A BHRy K ¥ 50 8K & 4 R, R
H Jmatpro #8477 2% 43 M B AR H B R B, —F AR N [
G4, AW D S 8L (S
HOUREMZEX/NT 10%0), H 3 R B0 22 8 /0
(1800 ‘CF TC4 K& & MR B RECH 2.35 mPa-s,
1M Tid0 BK& 4 0 6 B R BN 2.8 mPa-s) , T,
FEHE I N 5y F 530 3 4 X L S5 B R A A AR Ok
S 0 T8 AR A R A Ak ARSI 4 i R AT
I G 3 VB V) W s TR

1102011-4



h 74 it
400
| |
E 360 | e LCDZ E 360 LoDz
e —_— § 320 .f' ‘
£ AW L 14 5 f“ﬁl i’ :
3 3
'!5; 280 : - % 280 I | | Ti40 zone
B WSZ |BAZ | TZ | Ti40 zone § WSz | HAZ I Tz |
= 240 f I : = 240} : : :
A | |
200 N : : l 1a 200 . Ao .
—4500 -3000 —1500 0 1500 300() -4500 -3000 -1500 0 1500 3000
Distance /um Distance /um
400 400
© | (@ :
|
E 360 F o | LGDZ E 360 vo’m‘w | Lobz
% 320 oot £ 320 A
0 s
FR IRV [ o 2P A |
= | =
£ 280t | | | 2 280 : | I7i40 zone
S wsz | owmaz | 7 : Tid0 zone g 2 3 HAZ I |
S a0t : : : So0f : |
! | ! [ | |
00 1 i 1 1 il 1 200 1 1 1 P 1
_45()() -3000 —-1500 0 1500 3000 -4500 -3000 —1500 0 1500 3000

Distance /um

3 AN [l ol B AT SO e e R S T S A

Distance /um

(a) 1800 W;(b) 2100 W; () 2400 W;(d) 2700 W

Fig. 3 Microhardness evolutions of laser cladding sample under different laser powers.
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Fig. 4 Typical morphology and labeling method for

different zones of LCD Ti40 on TC4 substrate

RN R B e R

Height and width of LCDZ, depth of RZ, dilution rate and theoretical height of first layer in single

layer laser molten pool with laser power of 1800-2700 W

Laser power /W H /pm h /pm W /pm 7 /% H, /pm
1800 401 416 4994 50.92 294
2100 438 627 5004 58.87 298
2400 453 795 5100 63.71 309
2700 489 942 5130 65.82 351
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Fig. 5 Comparison of measured and calculated
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