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Powder Separation and Its Suppression During Laser Cladding of Medical Ti/HA
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School of Mechanical and Electric Engineering , Soochow University, Suzhou, Jiangsu 215021, China

Abstract In this paper, the titanium (Ti)/hydroxyapatite (HA) powders collection experiment was designed using
the unseparated powders width value as the component evaluation standard to overcome the problem of deviation
between the actual composition and the designed composition after the two powders are mixed and sprayed in the
laser cladding process. Based on the response surface method, the mathematical model between the width of the
unseparated powders and process parameters of the laser was established. Through the calculation of the extreme
value of the regression model and determination of the reasonable process parameters, the powders composition
deviation in the laser deposition process was inhibited. The experimental results reveal that defocusing distance has
the most significant influence on the Ti/HA powder separation, followed by the scanning speed and powder feeding
rate. The unseparated powders width initially increases and then decreases with the increase of defocusing distance;
meanwhile, it decreases with the increase of the scanning speed. Moreover, when the defocusing distance is —3 mm
to —1.5 mm and the scanning speed is 0 to 4 mmes ', the width value of the unseparated powders is large, and the
process parameters in this range help to improve the inaccurate composition raio of Ti/HA biomedical materilas.
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Fig. 1 Morphologies of powders. (a) HA powders; (b) Ti powders
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Table 1 Main chemical composition of HA powders

Element Mass fraction /%
Ca 24.5
P 10. 8
Pb 0.0005
Ph(1.0% solution water) 6. 94
As 0.003
Cd 0.016
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Table 2 Main chemical composition of Ti powders

Element Mass fraction /%
Ti 99. 8
Fe 0.02
Si 0.0175
Al 0.0125
C 0.02
N 0.0325
(0] 0. 35
H 0.182
Cl 0.18
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Fig. 2 Schematic of coaxial light feeding technology
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Fig. 3 Physical diagrams of powders collection equipment. (a) Overall view; (b) enlarged view
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Table 3 Variables and levels of powders separation

Level of input variables

Variable

—1 0 1

hp/mm —3 —1.5 0
vs/(mmes ') 2 4 6
rp/(remin ) 2 3 4
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Mass Atomic Mass Atomic
Element o tion 5% fraction /% Element g ction % fraction /%

2.78 791 OK 2.20 6.22
0.27 0.40 AlK 2.11 3.53
0.16 0.18 PK 0.45 0.65
92.01 87.62 CaK 0.07 0.08
0.61 0.53 TiK 92.87 87.67
271 2.22 CrK 0.19 0.17
1.46 1.13 Fe K 1.26 1.02
Correction ZAF Ni K 0.85 0.66

Matrix ~ Correction ZAF

i Mass Atomic
fralgfnﬁ % fr:(t:;t(;)igzcl% Element g tion /9 fraction /%

0K 2.67 747

?% 228 ALK 2.28 3.78

0.31 0.45 PK 0.23 0.34

Y ! CaK 0.21 0.24
0.04 0.04 a

92.01 85.24 TiK 92.78 86.71

0.00 0.00 CrK 0.23 0.20

. i Fe K 1.24 0.99
1.63 1.30 e

0.86 0.65 Ni K 0.35 0.27

Correction ZAF Matrix __ Correction ZAF

Bl 4 FEATFREOEH 2T 90 % Ti+-10 2% HA B 45 2 30RE i 18 421 1 25 3 GRS R R Rl st BE AR IRD) .
(a) 400 W;(b) 600 W;(c) 800 W;(d) 1000 W
Fig. 4 Map scanning of single-pass cladded 90 % Ti+10% HA samples at same defocusing amount and scanning speed
and different laser powers. (a) 400 W; (b) 600 W; (c) 800 W; (d) 1000 W
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Fig. 5 Schematic of powders collection
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Fig. 6 Map scanning images of powders. (a) Ca element map scanning image of HA powders;

(b) Ti and Ca elements map scanning composite image of Ti/HA powders
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Fig. 8 Powders sample. (a)(c) Powders trajectory; (b)(d) powders partition region
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Fig. 9 Mass ratio distribution maps in the central region of Ti/HA powders sample.

(a) Random field of view 1; (b) random field of view 2

% 4 Box-Behnken 525 3% i HE 7 Fl 45 =

Table 4 Box-Behnken design sequencing and results

"Us/ "1-/
No. hp/mm Wp/mm W,/ mm
(mmes™ ') (remin ')

1 —3 2 3 15 2W,/5
2 0 4 4 16 0

3 0 2 3 20 0

4 —3 4 2 19 3W,/10
5 —1.5 4 3 21 W,/2
6 —1.5 6 2 18 0

7 —1.5 2 4 21 3W,/5
8 —1.5 6 4 20 W./5
9 —1.5 4 3 21 Wo/2
10  —1.5 4 3 21 W./2
11 —3 6 3 21 0
12 —1.5 2 2 18 AW /5
13 —1.5 4 3 21 W./2
14 —3 4 4 19 2W, /5
15 0 6 3 18 0
16 —1.5 4 3 21 Wo/2
17 0 4 2 20 W5/10
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Fig. 10 SEM morphologies of Ti/HA powders and map scanning images of Ca and Ti elements.

(a) Powders tube feeding; (b) manual powders laying
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Fig. 13 Powders trajectory. (a) vs=2 mme+s ; (b) vg=6 mmes
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Fig. 14 Schematics of pre-mixed powders settling process at low and fast scanning speeds.

(a) Low scanning speed; (b) fast scanning speed
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Fig. 16 Map scanning images of mixed powders at different defocusing distances.
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