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Applying PIII process to study the Growth Mechanism of AIN layer on
the surface of AA7005 Al Alloy

%5t L JER S 2 oo ?
W.K. Chang Y.E. Wu C.F Ai W.F. Tsali

PO B R 2
PRy e

*om T4 e-mail : albertwu@mail. ntust. edu. tw



i &

rEY AR T ch 2L 3 e H(PI, Plasma Immersion lon
Implantation) % 35 34 7% =7 B % {5 4 47 1) £ 802 9 47 ¥ AAT0054F &
E A A ) . R é‘ﬁ&’*‘]‘}g—}iﬁ iﬁtﬁ‘g‘p’f’fﬁﬁ”’%%o%w 2 PII
% e w R 5 10kV I 30kV o &S B R (120min.) J\/l,%z it £ (350W)
211 0% § & (0.13Pa) 353k 25 FH Az Sk o %‘,f‘:iPIIIE‘@E%éX%’%

2 5 B A 3FE 5% 8 (nano-indentor) &2 #h.5k 2% § 5k 2§ 4 47 ik (GDOS)
BEIFEY MBI E F v E (N)GSFmA o 5@ » & 12 Flat-on-Flat= 3t
BELA G BEGERZER PN EPHEKRES Fh R RS
(SEM) i;ﬁfﬂ%‘ftﬁﬁﬁ#ﬁﬂﬁ%oiﬁf%? Ears & B E 3 (DB-FIB)# i+
TTHENTF HMETEM)EY RS T2 4206~ B2 it
BB -

FrEXlro§f ~EE 0 aHEEPIZ TR LI VM G
WMEETRAEF F CRREAELA 0 AR ENFREF DEE
AR EFRBTRL A R AR ARG M e o Bl G

BRIReng L F e bR R
HEE AR H R o o BB HELER
BEm {0 B RIL T AR Pé B4 2@ § L 4EAINE -
PUIASE 2 15 F# bR F 7 F soents (G385 eh T 30 B i -

ke TR AP TR ¥ MR AR AR 2
F A2



Abstract

The objective of this study is to investigate the growth mechanism of
AIN layer on AA7005 Aluminum alloy using Nitrogen Plasma Immersion
lon Implantation (N-PIII) surface treatment technique. Effects of bias
voltage, 10 kV, 20kV and 30kV, of N-PIIl process on the thickness,
growth rate and microstructure of the modified layer was studied. The
influences of post-process heat-treatment on the microstructure and the
surface characteristics of the modified layer were investigated and
analyzed. Nano-indentation test and Glow Discharge Optical
Spectrometer (GDOS) test were conducted on the treated specimens to
obtain the hardness depth profiles and the nitrogen depth profiles from
the surface of specimen, respectively. The friction coefficients of the
modified layer were measured by Flat-on-Flat method.

Specimens being N-PlII treated were subjected to post heat treatment.
Then, nano-indentation test, GDOS test, Flat-on-Flat test were conducted
on these heat-treated specimens to examine the effects of post-process
heat treatment on the surface properties of the modified layer.

Experimental results showed that the penetration depth of nitrogen
ion is related to the bias voltage. High bias voltage would produce large
penetration depth and extensive nitrogen ions dosage. When the
penetration depth reaches a critical value, the nitrogen ions are piled up in
the surface layer. High bias voltage can significantly increase the surface
hardness of treated specimens.

During the heat-treatment, specimen internal nitrogen would diffuse
to the surface reducing the width of modified layer. This phenomenon can
promote the formation of aluminum nitride, and to get better surface
property. The microstructure observations showed that post heat treatment
can promote the formation of continuous AIN layer on the specimen
surface. Both PIII process and post heat treatment can effectively reduce
the average friction coefficient of treated specimens.
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Table 1 Chemical composition of AA7005 Al alloy

Composition Zn Mg Mn Zr Fe Cr Si Ti Cu Al

Specification 4.0 1.0 0.2 0.08 04 0.06 035 001 01 Bal.

(wt. %) -50 -18 -0.7 -0.2 Max -0.2 Max -0.06 Max
Measured 458 143 038 019 014 0.13 0.06 0.03 0.01 93.05

(wt. %)
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Fig. 1 Schematic illustration of PIII process
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Table 2 Process parameters for argon plasma pre-treatment

RF Gas flow  working Bias Pulse Pulse Working
power rate pressure  voltage frequency width time
350W 100%Ar/  0.26 Pa 5kV 200Hz 20us 30 min.
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Table 3 Process parameters for Plll process

RF Gas flow  working Bias Pulse Pulse Working
power rate pressure  voltage frequency width time
350W 100%N,/ 0.13Pa  10kV/ 200Hz 20us 120 min.

100 sccm 20kV/
30kV
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Fig. 2 A typical load-indentation depth curve generated during a
nano-indentation experiment
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Fig.5 Hardness depth profiles dor specimens after various bias voltages; hardness

depth profile for untreated blank specimen is also shown for comparison.

Table 4 The maximum hardness values for specimens after P11 at various bias

voltages
Sample code Hardness(Gpa)
7005-blank 2.0
7005-10kV 3.0
7005-20kV 4.6
7005-30kV 5.0
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Fig. 6  Nitrogen depth profiles for specimens after PII1+T treatments
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Table 5 The maximum values for specimens after PIII+T treatment

Specimen code Hardness(Gpa)
7005-blank-T 3.0
7005-10kV-T 4.6
7005-20kV-T 7.9
7005-30kV-T 9.3
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Fig. 7 Hardness depth profiles for specimens after post treatment; blank
specimen is also subjected to T6 treatment
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Fig. 9 Cross-sectional SEM image of AA7005-30kV-T specimen
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Table 6 EDS analysis results of the marked region inside the diffusion layer

Element Weight% Atomic%
N 0.53 1.06
) 0.59 1.02
Mg 0.68 0.77
Al 91.73 94.36
Mn 0.48 0.24
Zn 6.00 2.55
Totals 100.00
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Fig. 10 TEM image of the diffusion layer obtained from
AAT005-30KkV-T specimen
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Fig. 11 Blow-up of fig. 10 to show the existence of bubbles
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Fig. 12 Lattice image of the white layer shown in Fig. 11
Table 7 JCPDS DATA OF AIN

d(A) (hkl) Intensity | 260 ( A=1.5418A)
2. 6950 100 100 33. 218
2.4900 002 60 36. 039
2.3710 101 80 37.925
1. 8290 102 25 49. 801
1. 5559 110 40 29. 358
1.4133 103 30 66. 045
1. 3475 200 5 69. 734
1.3194 112 25 71.424
1. 3007 201 10 72.622
1. 2450 004 1 76. 441




d=2.749/11=0.2499nm (002)

Fig. 13 Lattice spacing measurement for (002) plane
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Table 8 Average friction coefficient of all specimens

Specimen code average friction coefficient (p)
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