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Abstract

In this study, Taguchi experimental method is applied to optimize the
process parameters of PlII technology for surface treatment of AA7005
aluminum alloy. The effect of post heat treatment on the surface
characteristics of Pl treated specimens is also studied. Total nitrogen
implanted is used as quality index to conduct Taguchi analyses. PIII
process controlling factors analyzed in this study are treating time, bias
voltage, RF power and working pressure.

Experimental results show that total nitrogen implanted and surface
hardness is strongly influence by bias voltage. The penetration depth of
nitrogen ion is increased with increasing bias voltage and treating time.
Analytical results indicate that a combination of large bias voltage, high
working pressure and suitable RF power are essential for PIII process to
produce nice modified surface layer. The optimized PIIl process
parameters obtained in this study are: 60 min. of treat time, 30kV of bias
voltage, 350W of RF power, 3x10%torr of working pressure. Experiment
results obtained from confirmation experiment are in good agreement
with the expectation value. Experimental results also showed that post
heat treatment can enhance the surface hardness of test specimens. TEM
observation indicates that the modified surface layer is of continuous

form with thickness of 100~125nm.
Key words: PIII, AIN, aluminum alloy, Taguchi’s method
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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 0.2 008 04 0.06 035 001 01 Bal.
-50 -18 -0.7 -0.2 Max -0.2 Max -0.06 Max

measured 458 143 0.38 0.19 0.14 0.13 0.06 0.03 0.01 93.05
(wt.%)
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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
300W 100%Ar/  0.26 Pa 5kV 200Hz 20us 5 min

50 sccm

2.3 9 v @kt

B3 E A NIRRT R S F A S Wl AR 4R
i g 2R R T e % 3 A et T L AR % e
A FF 2 2Bk B E e AR RS BRe BFFFAER
IR 2 F Ik At FIRE Y LyBNE R A A AL E LA

Yok 4 & AT oo

Table 3 Control factors and selected levels for Taguchi techniques

Level
Control factor
1 2 3
A Treating time (min) 30 60 120
B Bias voltage (kV) 10 20 30
C RF power (W) 250 350 450
D Working pressure 0.13 0.26 0.39
(Pa)




Table 4 Lo(3*) orthogonal array

Trial No. A B C D

1 1 1 1 1

5 1 2 2 2

3 1 3 3 3

4 2 1 2 3

5 2 2 3 1

6 2 3 1 2

7 3 1 3 2

3 2 1 3

9 3 3 2 1
REERY CARRT R R FRE T P AIT I rE kR

» % % (GDOS) #7172 § ~ A4~ % ¢ £ 5 & F4p #(quality index) »
830 1k (SN Ratio) s 3 % #h1 2 f be 13 B > % B e 37
(ANOVA)?;; ’é’ﬁﬂﬁx }\—g‘,‘p—;gbf’f EL\;':\.LF o Bis S C¥ ET-\;':\.LF

B2 AR ELTE R ERRN o

2.4 #:k22F & 47 (GDOS)
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Fig.2 lllustration of FIB process to prepare TEM specimen; process

sequence: (a)—(c)—(d); (b) is part of the side view of (a)
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Fig.3 Typical nitrogen depth profile of PIII treated specimen
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Table 5 Total nitrogen implanted and calculated SN value for each trial

Exp. | Yi(at%) y,(at%) y3(at%) y(at%) S/N + (dB)
1 3588 4139.85 3560.33 3762.73 71.45
2 5165.46 5040.05 5639.79 5281.77 74.26
3 7477.59 7276.12 7330.42 7361.38 77.34
4 4936.35 | 4697.78 | 4926.73 | 4853.62 73.71
5 4955.94 | 5071.76 5501.33 5176.34 74.25
6 6749.67 7303.66 7591.86 7215.06 77.13
7 3078.26 3637 3332.45 3349.24 70.44
8 5434.89 5485.03 5386.71 5435.54 74.7
9 8216.44 | 7900.63 8247.09 8121.39 78.19

AVG 5617.45 74.61

L9322 BT EEFE REeR R4 2 SN w2 £ RBloF k%

T T i o ki

MTEF AR RN R - gl FS 0P bk Tov e R
m
_ 2
F =X
m

AP LA A PHFS Ak o n AT PR A0 kS {2
Bl yidon F e iREATEL 2 B SN B i S
fOF sray s b £ 0 5 T R F F4 2 ki (effect, A)
AF = max{l_:1 F2 I_:n} — min {|_:1 F2 l_:n}
P on & F FlR2okaEE o

BB A F Rz kBT or RE A RSB RES LT
2w o TR E d B8 TR KT S R G S
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Bei AR TR RN R F 622 H AR T
S r N e ik 2 v BeSN B F A 2 F B RIATT
Table 6 Response table of SN ratio
Control factor
level A B C Wofl)(n
Treating time | Bias voltage RF power ng
pressure
Level 1 74.35 71.87 74.43 74.63
Level 2 75.03 74.40 75.39 73.94
Level 3 74.44 77.55 74.01 75.25
Effect 0.68 5.69 1.38 1.31
Rank 4 1 2 3
78.00
77.00
76.00
ﬁ 75.00
ﬂz A
% 74.00
73.00
72.00
71.00
Al A2 A3 Bl B2 B3 Cl c2 3 D1 D2 D3
Fig. 4 Response graph of SN ratio
F AR ORT R EEFRETT R oD B 4 o FREFT R 30KV 2§ 3]%
Fie £ 2 3B0WE > F > 2 5538 01 Tg BRESIEHP Of
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3 m AR > 2 039Pa i o Tt Pl ®W Az ik PWAr Sl & 3
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3.2 ANOVA % 8 #ics 47

v AL
=R

ANOVA ~478m v ;N SNt Ead72 3 £ 8 > H Ao w &

ANOVA th3 & P ehs o 2t 4k T 3 k75| & 24 75 @ 8
2| 2R B ¥ R W AT

ek PR ?‘}gkfi kAT R v N R E R A
PR 2FABAEZE S 03 Lo ANOVA £ 45 4 p Bt eh g
Sl 15 B A W) - L 4ot U
(1) &% 2 # (T, Sum of all observation)
(2) FZ (e error)
(3) &L 3 4o(TSS, Total Sum of Squares):
TSS = iyf ~CF
=
H ¢ 2 i+ #(CF, Correction Factor) 3
CF = (i y;)?IN
i
N % #75 Bp|E2 P o
(4) »x% T 3 {(SS, Sum of Squares):
P m 2
(5]
~CF

85, ="
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WEAFF AL G POk TR ROEE m B E -
(5) #FA T > 4e(SSeror, Error Sum of Squares):

SSerror =TTS =SS,

(6) p o A (df, degrees of freedom):
df=32#1 7]+ 2 R Ef-1; Tehp d B 23085 E BB Je
pd B TERLERPIFFpd RZEE -

(7) 32 (MS, Mean Squares):
MSa=SS,/df

(8) Frt & (Fratio):* v PRt R RALTHF -
F=MSA/MS¢or

(9) A% ET 2 4e(SS’, Pure Sum of Squares):
SS, =SS, —(df xMS

error )

(10) tﬁ‘)gui B 4+ (P, percent of contribution, %):

P:%xloO%

I P SN gt B S S T4 %R B 1T & o 1R A ED
RPEATL o HTE AR R R TR T R(A)
i£ 81.46%-d »>* A~C-D F]3 a9 %7 17;’?},?%&% %5353 10% -
L RBEA2ZTFF > AT ASCD FF A FRF L P
A i AN 2 B I G o T R At ANOVA & 45 7 AR 5
FA 0 FFE G & B ankd (pooled error) o B E i8I ren® R

16



BT d o Ao sk T 4577 o

Table 7 Summary table with pooling error of ANOVA analysis

Source|  df SS MS F SS’ P (%)

A* 2 356435.59

B 2 158969185.21(29484592.611110.83|58437092.67| 81.46%

C* 2 3097124.82

D* 2 1693021.81

e* 18 | 1238528.30

Pooled
e

24 1 6385110.52 | 266046.27 11173943.40] 15.58%

T 26 |71739406.24

*represent insignificant contribution

33 mFE &

B BARGE 2150 F e B 0F 22 SR AT R AR %
e ORI 2 R R B B IR AR T e B0 AR B PIERIE
B8 T A 483 i 2 % B (CI, Confidence Interval) 2
(1) HEiEET 2 gpTaE Cl

(2) rmgekz Hpy TEECl

TN T AT

- (2.13)

a;lv,

.
i

V
r

17



F. —ElF»xkz k#aaoFiE

o =EEEORE S BHEOKE 1-a

nef‘fzjs t;:g"/?]&

Ny SAE S BALHP BT T R ]
r=FEF %2tk ~dc
o

ok ALY NS TR T OEE A8 AL E 2 B R

F@%%]P\(’—‘“rigﬁﬂix W% AT 5 9500 #F T AF ) R 2 o1 4u i B3t = 2 )
F2 P& B2 {82 22 (F AL 7o P 2 24 715 &K
BTG REE-32 FHAHT

FERRF BB EZRES T F 8 RfpmindHiEEr 2 f
Pl S A IR AT 2 LT R R 15 FREP 2FHRE
TRRE R 94T R & A A3 F2 s A7 fp4e  F]F FFen 3
T4 § 7 pkens A7 F| 3 B2 4o N2 2 o

Table 3.5 /e B2 F o BB IF R B2 v &

FER B FUEE | FRRE Cly Cl,
PR R
8431.03+ 8431.03+
8877.27 1 8431.03 1546.24 3092.49

£ (at %)

18




EPIM e folicie £ AR TH R 2 A REUEA T3 E 5
Blo AR (s 2 & kA B A 5 10Gpa 1 13Gpa*# i =t iE4 & ~10
nm e FIA RGRA GBS %> &2 2703 H > WEEHF -
B2 B B EPRFES GRS F SR o d LA RS G
BT ety 82 AIN K Z @ 84 s A & Mot E - AINAp2
AR 6 (14Gpa)? i i 3 R F1 G A KA R B Rl X Rtk B

REHEZPHREEMNHE - AINApH B 8 o

—Test 001 -::--- Test 002 e Test 003

= 10
S 3
A
c 6
2
T 4
2 —
O i i i i 1 i i i i 1 i i i i ]
0 100 200 300

Displacement into surface (nm)

Fig. 5 Hardness depth profiles of specimen after optimized PIII treatment
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Fig.7 Effect of T6 treatment on the hardness depth profile
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