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The Surface Modification and Low Cycle Fatigue
Behavior of N*ion Implantated 7050A1 Alloy

C. W. Lee, S. I. Kwun.
Department of Metallurgical Engineering,

Korea University, Seoul Korea 136-701

ABSTRACT

The surface microstructure modification by N'ion implantation into 7050Al alloy and its low cycle
fatigue behavior were investigated. lon implantation method s to physically implant accelerated ions to the
surface of a substrate. High dose of nitrogen(5 x 10"ions/cm?) were implanted into 7050Al alloy using
current density of accellerating voltage of 100KeV. The implanted layers were characterized by Electron
Probe-Micro Analysis(EPMA), Auger Elecron Spectroscopy(AES), X—Ray Diffraction(XRD), X —-Ray
Photoelectron Spectroscopy (XPS), and Transmission Electron Microscopy(TEM). The experimental results
were compared with computer simulation data. It was shown that AIN was formed to 4500 A deep. The

low cycle fatigue life of the N'ion modified material was prolonged by about three times the unimplanted

one. The improved low cycle fatigue life was attributed to the formation of AIN and the damaged region

on the surface by N'ion implantation.
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Table. 1 Chemical composition of 7050Al alloy in
weight percent.

CulMg|Z2n| Zr | Ti | Fe | Si | Mn | Al
2.2712.1316.20|0.072]0.012(0.041]0.051 10.0056| Bal

Table. 2 Conditions of N'ion implantation into
7050Al alloy.

Specimen name Case 1 Case 2
bﬁﬂ)n dose(ions/cm?) 5% 10Y 8x 10"
Curren density (um/cm?) 23.1 23.1

lon energy(KeV) 100 100

Implantation time 62min 32sec |100min 15sec
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Fig. 1 The shape of specimen for low cycle fatigue.

|

S

Photo. 1 Three demensional optical micrograph
showing the grain structure.
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PHoto. 2 TEM micrographs showing matrix structure.
(a) PPT(peak aging condition) (b) PFZ(peak aging condition)
(c¢) PPT(over aging condition) (d) PFZ(over aging condition)
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Fig. 2 Each element energy measured by EPMA.
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Fig. 3 Three demensional AES depth profile for N'
-ion implantated 7050Al alloy.(8 x 10"ions/
cm?)
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Fig. 5 AES depth profile for N*-ion implantated
7050Al alloy.(8 x 10'ions/cm?)

450074 Zolol AAA GaussianB L E 3t AL &
4 k. ¥ 5x10ions/cn’e] Fo.2 o] FYF
Ae¢x 99 4T Aug Aoj(Fig. 6) o}29 A
5 Zole o) o FAQe) 71 R
AL & 4 YAtk XRDEAMNE AINe =&
gelsta) wgtth, XRDA#AME AlNo| 3 ul4
A BE¥sia Ui 2 B o] B§ e FHolx
Aukz ¢l WHsle 124 43) A4 scanningslty] 1
X0z VEPd peakEo HYEE wo ZAEY
o 1 A3z AINg ERE AT = Aden o
Fig. 79 vehd Qlch

o]4e] A WoA AINg AL I AL
71&9] o]2FQF AAHE TR FLE HEEo|
HAebxoz Ry s gl 7hed A 24 (AIN) 9] 3

[}

N~———

r»

-

> -z
~.a(31)

Al tnitrice) Al (elonants))

Sputter Time (min,)

Fig. 6 AES depth profile for N'-ion implantated
7050Al alloy.(5 x 10"ions/cm?)
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Fig. 7 XRD pattern for the N'-ion implanted and
the unimplanted 7050Al alloy.
(a) N*-ion implantation(8 x 10"ions/cm?)
(b) unimplantation
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Fig. 8 Hardness values for each condition.

PHoto. 3 TEM micrographs showing damaga area.
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nter7} SHHAM 9] AINEX S damagegd g &
Fated Axgho] mAel oz ZHARUY] W Folat
AZbAc. ol ol Al AR npe} o] AINg] &9
oF 4500A 0ln g o] 50g Y AL indentero]
ol Lumel] vl 7] wf&ojuh

A7l A7 Ao dEAM= peak agingiilel

e — SRR UPREEE THR, 4%k 1994/313

7050A1E&o] AF7] g Ao HIFAZL
0.7%, 0.9%, 1.1% 2 2z} d¥s A7} Fig. 9914
Fig. 11744 vpebd Qlvk. Fig. 9+ ¥¥8&2%& 07
%% A¥stdeuel g2 W2 el #gt LMo
ool 52 A 7] v RBEdnis) 2

stel . A g dovs wgd 324 BY¥

A} o] 25 4lo] Az FHol 3MPE F7}

G600
r Ae/2=0.7%
~ 600 |-
3
£, L
E )0 O —0 QOO0
400 F 73__...:&1!’*
Y N
B L
£ 300 -
[0
a‘ﬂ; L
i} 200 - o-ee-oo [JNI
o i S 8'134?
100
0 L
Lo v v anaegd ¢ ¢ aggand 1 o arsepal 1.8 1140
1 10 10* 10°
N (cycle)

Fig. 9 Stress response curve for each conditon at
Ne/2=0.7% (peak aging)
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Fig. 10 Stress response curve for each conditon at
Ne/2=0.9% (peak aging)
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Fig. 11 Stress response curve for each conditon at
Ne/2=1.1% (peak aging)

& ® 4 Ak ol Photo. 414 ol FUg A
"ol &Y A% ol FYsA Be AAY £ A
§9 Pl MKHL O e SNFHNN e 2
7o) whE Zstst x3), 1F FAW B olm:

Fol FUste] M2 A v WEAHE A= A
o2 AR F, A& e AlHe 49y 7z
7F A9 gle ARY BE5g Kooyt #E2E A7ty
HREAAM 25 A7t A JAAJAERAA 449
olFAl A 7Hgd g/ o] 7l Hyld] EE¥En UAs
AEg sl ol AFL 7] 7k At M
Bl o8 vtE Agsur} & 42 B (5)E0] £30]
£ Aol ofa ddsio) A7 gsiEEAMY dglslo)
of sht 7bg A FEu AddEol ¥3E o) F
2 2 F4% w3 olzys Aoz AHzdr. os
Photo. 5¢l & vheli} ok, whepA olidt Wz 9
o] spyto] ¥R Aslol 9%t Wz o] dgolzt &
4 F Uen ol #HEE] 0.9%, 1.1%9
A BE e ugg vebdh

H AAAE AW #2 AFo] Fig 12¢} Fig.
139 el dck Z7)el wkE A= gyt 2315
32 oAl dAztd Foll Bdo o]2& AFE peak
agingZ2A#% {ASHA T 28888 peak agingell B
MY ydol M2 st GAd driz] Fedtes
A = peak agingw7} R F& & 5 AU o]

(a)

(b)

PHoto. 4 TEM micrographs showing dislocation structure.
(a) Unimplantated 7050Al alloy
(b) N*-ion implantated 7050Al alloy(5 x 10"ions/cm?)



— SRR Gk 74, 49 1994/315

(a)

(b)

(c)

(d)

PHoto. 5 TEM micrographs showing dislocation structure.

(a) Before fatigue

(¢) After fatigue(Ae/2=0.9%)
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(b) After fatigue(Ae/2=0.7%)
(d) After fatigue(Ae/2=1.1%)
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(a) (b)

PHoto. 6 TEM micrographs showing dislocation structure after fatigue.(over aging condition)
(@) Ae/2=11% (b) Ae/2=1.3%
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PHoto. 7 TEM micrograph
structure at PFZ

showing dislocation
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