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Microstructure and micro-hardness of laser deposition repair
Z1.114A aluminum alloy
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Abstract: To study the process and properties of laser deposition repair (LDR) ZL114A aluminum alloy
samples, the basic process experiment of multi parameter combination was accomplished by laser single-
pass process, on the basis of analyzing surface features, the reasons of gas porosity, a set of optimized
process parameters were obtained, and defect-free block specimens were prepared, microstructure analysis
and hardness testing of the samples were carried out. Results show that the repair area and the substrate
form a good metallurgical combination. a—Al columnar dendrites took melt pool edge as a starting point at
the bottom of the deposition layer. The primary dendrites arm spacing was 18.38 wm and the distance
between dendrite crystal was 9.55 um. On the top of the deposited layers, a—Al dendrite columnar crystal
was changed into equiaxed dendrite microstructure. Si phase was precipitated and tended to be spheroidize
in the layer band of the repaired zone. Due to the function of grain refinement and solution strengthening,
the micro-hardness of the deposited area was 25.8% higher than that of the substrate.

Key words: laser deposition repair; ZL114A aluminum alloy; microstructure; micro-hardness

W B #1:2016-09-06;  f£iT H #1:2016-10-10
ESTA 15 MR 4 (51505301, 51305280, 51375316) ;15 T 44 [ 2k B 2% 3£ 45 (2015020118)
EE B N2 = (1977-), o, B T+, = N FROCTURBUE & & 77 1 (9 B 5¢ . Email:ginly @sau.edu.cn

0506004-1



ok TAR

% 514 www.irla.cn % 46 B
0 51 § 1 XWigESHH

ZLIMA SR & hmm EHEE S8, BA BRI
A B 3 VR U S P AR R T R A A R AT AR R B
J7Z BT A R L R BT Ml A R e
RE AR ) &5 F 1 vh an RBL IR A R S PL A 58 S R 2
BT A o F 3 2 A b 5 R AL KD D (AR AL
23 3l A R B, L A R b R B R R 22
BHBT PR ARRE , HXEa & amrEE
PSR R A IR R B A RE R
& AR P11 FE (Metal Inert—gas Welding, MIG) 4™ X Tij
e IR LB AR L GG, 508 il <AL R
B4 R R KR N R By 3 U AR R R A
P 57 5 R[] IR 4 1 Sk By B A A R) R O
LA &2 4 AR (Laser Deposition Repair, LDR) & H: #4
AR AR NSRBI AR T TR
SRER , MEKEGE BESESS BHE8 BKES
& MERE A E AR A S &S AR R, OB BT
1& 52 o AR T T8 52 A T AR 25K i 2 1w Bk b L HL
16 SR 5 A 40 A0 JE IR 6 30, el 2 i 8 n 4k 3
K.G Watkins 5 A F| OGS BEB AR BESE T8 & &
TE 45 BE I 1Y 2 G2 R0 ol R Y, R A WL
Zhuang 25 ANBFFE LW, BOGIEE 7075-T651 55 & 4
HA R AP 9% 95 P fE'' . Ehsan Toyserkani 45 A .75
2000 4 F) IO E R T BB 2 T 1075 556 & i
TR AR TR, LA e L ol v R B AR DT
W2 E X TG & N EOC TS W3k 1 8 5%,
PG b Tl 2 /e 25 AIF 5 0O OB 18 &2 7050 45
B4, WAL ZS 5, PR B R R A SR
AE I BR 1B S R b ™ A AL A B AL RAL
SRR A, B TR A ORI T O BOE A& &2 HR X ZL104
RA & R SLEL R (6L 55 55 0 0F E AT 7B A, IR X
HHALMERRHAT T 08

B A Bt BOL B9 SO R A 97%M, HRAA R
SRR S A AR R, RS BRSO
3 Jry B, R ) A X T 48 A RO TRV iE Y
il 38 AH R TR A 4 S Ml R R A AT R, b
MG L LT Taxx Al dxxx 86 4 B, SO id
A BOCTIAE I ZL14A & & T2 240, IFX)
&5 5 W Al L HEAT o3 B AAE B2 DN, DU Oy %5 38 4R
B & A RO TG R S I B S %

WOLULRRME & ZL114A 556 4 55 50 J2 76 0 B AR
25 it KA 2 ) LDM—=800 £ %5 I 52 i, 1% & %0
6 kW [ IPG JE4F JOL 88 B TAE & OB K ik &
S W AR Rt B 2 T A Nl ol e W A ]
AR S R HIAE 0.01% LT .

SCG R R SR AR R ZL114A 88 A &,
RStk 100 mmx70 mmx 10 mm ., %4 B bR}y B 23 4
B e R TR R A Y ZL104 48 A 4 3RO B oK
KL B2 73 Al O 40~16 wm, 5 R R (5T 70 %, %) 2l
Si:8.0~10.5,Mg:0.17~0.35,Mn:0.2~0.5, Al:Bal , i
KRG, ¥ ZL104 88 4 & ok AR AE 60 CHE %5 p b g+
6 iy BE K TE T RD 40T B DL BR A AL 2, JF TS R
Hk. RIZSEAGHOCHIRBE B T2 %R
X VO Ty R R AT AR, Rl T 2 E S
218 AR, RSF R 40 mmx30 mmx5 mm,
wmE R

B 1 ZL114A & 4 &\ 15 2 ik

Fig.1 Photo of surface repaired sample of ZL114A alloy samples
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Tab.1 Parameters of single pass single layer

sample test

Laser power  Scanning speed

Sample number Surface features

P/W VJ/mm-s™'
1 1200 3 Spheroidization
2 1500 3 Spheroidization
3 1800 3 Good
4 2000 3 Good
5 2200 3 Good
6 2500 3 Good
7 2500 5 Good
8 2200 5 Good
9 2000 5 Good
10 1800 5 Good
11 1500 5 Spheroidization
12 1200 5 Spheroidization
13 2000 7 Spheroidization
14 2200 7 Spheroidization
15 2 500 7 Good
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Fig.2 Surface features of laser single pass sample repaired with

different process parameters
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Fig.3 Porosity defect photo of laser deposition single pass repaired

sample
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Fig.4 XRD patterns for the LDRed ZL114A alloy
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Fig.5 Microstructure of single pass by LDRed, (a) Macrograph,
(b) Bonding zone, (c) Middle of repair layer, (d) Top
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Fig.6 Microstructure of LDRed ZL114A alloy, (a) Macrograph,

(b) OM image, (c¢) SEM image
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Fig.7 Micro-hardness distribution of surface repaired sample
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