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Relationship between Fracture Toughness and Second Phase

Particles in Extruded High Strength Al-Zn-Mg-Cu-La System
Alloys with High Stress Corrosion Cracking Resistance

by

Yoichi Kisur*, Yukio Hirose**, Ichizoh Tsukupa***
Shigekazu Nacar*** and Kenji HicasHr****

Extruded Al-8 wt.%Zn-1~2.5 wt.%Mg-1.2 wt.%Cu-4 wt.%La alloys with high tensile strength
and good stress corrosion cracking resistance were developed and their fracture toughness was investi-
gated. The effect of metallurgical parameter on the fracture toughness value was examined. The main
results are as follows ;

(1) The fracture toughness values of the extruded Al-8 wt.%Zn-1~25 wt.%Mg-1.2 wt.%Cu-4
wt.%La, which were about 20 MPayv/m without anisotropy, were not influenced by Mg content.

(2) The second phase particles in the extruded alloys, which consisted of Zn and La, were esti-
mated quantitatively. The mean diameter was about 4,7 4m and the volume fraction of the particles
was 1.6~2.3 vol.%.

(3) The second phase particles consisting of Zn and La in the extruded alloys cracked easily, and
became the nucleus of voids when the matrix fractured. The fracture toughness of the extruded alloys
was affected by the particles. The fracture toughness value, K., was related to the volume fraction of
the second phase particles, f, and the mean diameter of the particles, D, as follows:

Kie=[§00,E(n/6)'/°D]"/* « f3'/¢ oc (DEgo,)'/* + f3'/°
where ¢ is constant, g,, is 0.2% proof stress and E is Young’s modulus.
Key words : Fracture mechanics, Fracture toughness test, Al-Zn-Mg-La system alloys,
Extrusion, High strength aluminum alloy, Second phase particles
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Fig. 1.
7075T6 alloy.

Typical microstructure of commercial
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Table I. Alloy code, chemical composition and mechanical properties of Al-8 wt.% Zn-
z wt. % Mg-1.2 wt. % Cu-4 wt. % La and 7075T6 alloys.
Chemical composition (wt. %) Mechanical properties
Code - o . E
H B 0.2 1
Zn Mg Cu Cr Mn Fe Si La Al (MPa) | (MPa) %) (GPa) v

10Mg 7.80 1.00 1.20 - — 0.11 0.06 3.80 Bal. 448 389 14.4 71.5 0.307
15Mg 7.40 1.50 1.20 — — 0.11 0.06 3.80 Bal. 495 450 11.6 69.8 0.305
25Mg | 8.00 | 2.50 | 1.20 — - 0.11 | 0.06 | 3.70 | Bal 568 516 8.2 68.9 | 0.311
7075T6 5.14 2.52 1.50 0.18 0.05 0.15 0.07 — Bal. 614 563 8.4 66.7 0.311

g5 Tensile strength.
v : Poisson’s ratio.

E : Young’s modulus.
& : Elongation.

00z ¢ 0.2% proof stress.
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Fig. 2. Shape and dimensions of CT specimen.

AT CT #ABH (KIE W =36 mm, /¥ B=4.8
mm) ¥V TER L. REEF RIS, BHH
M 2SARE 75 18] (T) T & AR GIaHHHE LA (L) ©
TL J7lal, 8L EMHEA L HTERERFMA
ﬁTﬁW?}TﬁmmiﬁWTbé.ﬁ%%éﬁm
JSME #itg 2§ 2&M TR EEH LD 5mm
BALZ. EBIIAMNERE 8.33X107° m/sec TITWV,
éﬁﬁiﬁwmmuuﬁﬁﬁgﬁﬁéﬁmbt.ﬁﬁ
OFABIE AN K iRV EH L.

P
Kxc=§.W—l/2 - Fla/W) (1)

ZCZT, PI3MWE, BIEHEBARE, W IR #K
I8, ol FEREE, Fla/W)IXMBIEHETH 5.
3 EBRERBSLUER

3.1 FETHENTFOEBMBIFER

Fig. 313, 25Mg M % kT oIhEigs GR
BRFARE R gEt) CTdh b, Fig 3(a) i 0.2% i HD
20% DEMEGX1GETHLY, SHENBELT
WAHETHRT (MARRED) PEEIN. ZORTT
EIZBWCI, FTMHAT EEME DR BIRRD S
Nadoiz. Fig. 3(b)i20.2% WD 80% D&M %
BRIHEETHAED, H MR THBE LR 0B
ENA. ZORIE, RERF & BUE R COIR LETE
L7zB1, e & OFREITI  BEAE U7 % Mk T
WHREL-OIEE SN EEZONA, Fig. 312
RLZE ) RBIE LS MR F% EDAX ICX 0 &
WM L7-e2s, ZOERSIEZn E LaThHb 2
EDBHOhE R ST Thbh, it SCC HMm LIz
G L7 THRLTAS, BEEERRICIOR A N O &
LTHERT A DEEZLNS.

25Mg #HICBILC, B LR T O%MHoOBERE
WAEE (BIEHTHRABENR & L2 TFHRTRL
7:78) L OBR% Fig. 4(a) BX ) IIRT. HLH
BEROBFBNEME OB L 2.00~2.50 4m O IZH
D, 150 um LLF OB AR FIZIZ LA LHEEL T
BV, ZOEMAE, 10Mg, 15Mg B & U8 7075T6 (2
BOTLIRIIFEBETH -7, Thbb, LadsiimL
THbH 10Mg~25Mg #HZH LT, #DRKIERIC R A
FREBOZE UCTRERT 28 "MK T, ZO%MmM
DEZEHN 15 wum LLET, Zn & La 2 EFHRISHESR S
NN Wz %,

Fig 4 ORICEDSWT, JIENSE L2 N
FOEMHOERT 15 m e L, # 1000 0
B AHKLF A EHE L7z, Fig 5 (&AM 0% Mk
FOEMMOBEE O R E/RT. 10Mg~25Mg
MIZBWT, —ROREFREAN TEHI S bR T
13 140~190 MEAZEE T, Mg iSMEAHM T HIZ L7
POEHIE B T AEMICH - 72, T 72 Mg

NI | -El ectronic Library Service



The Society of Materials Science, Japan

1574 B B, AR, M H=, kg, KO

Loading direction

(a) Applied stress=g,,X0.2. (b) Applied stress= g,,X0.8.
Fig. 3. Scanning electron micrographs of fractured second phase particles of
Al-8 wt.% Zn-25 wt.% Mg-1.2 wt.% Cu-4 wt.% La.
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Fig. 4. Relation between heywood diameter of the second phase particle and Nc/N; (N, : number of
fractured second phase particles, N, : total number of second phase particles).
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10 Mg 20.00 20.08 0 N 1 L i L m
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7075T6 26.63 28.57 (b) 7075T6-TL.
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Fig. 6. Load and electrical potential change
versus load point displacement.

EIEPRICIIBECHNFAFELTEY,
BRI o EZ NS,

WE, BEEUAMBE IS, SEMLOREREAER
b, FORPILEFF IR EEMRBIEL OBIZ S
wmmmdhm>&tfﬁhmﬁﬁ?5.szmm
ﬁ@%pW%mwfm@EAﬁﬁiﬁﬁﬁbzaé
T&%. Fig. 7(a) ([Z/RY 25Mg #icB W Tid, &k
SZ BB SN AEBICE MW TF EiEE L L-F 1
TNVHRALTEY, SZ FHEEICHET A2 &
T%&#ot.:mﬁmu,mMgﬁﬁiwwMgﬂ
KWBWTHEAMTHo 2. —F Fig. 7 (b) ITRT
7075T6 M ALIIBWTIE SZ RSN (M
D, ZOMRIEBLIF5mBETH- 7.

T4 TN

NI | -El ectronic Library Service



The Society of Materials Science, Japan

1576 B F—, REk, M H=, ke, R

(a) 25Mg-TL.

(b) 7075T6-TL.

Fig. 7. Scanning electron micrographs of fracture
surfaces for fracture toughness tests of Al-8
wt% Zn-2.5 wt.% Mg-1.2 wt.% Cu-4 wt.% La
and 7075T6 alloys. SZ is shown by a space
between arrow marks (crack growth direction

is from left to right).
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Table II. Experimental parameters obtained from
fracture toughness tests and metalographic pa-
rameters of Al-8 wt.% Zn-x wt. % Mg-1.2 wt.
% Cu-4 wt. % La and 7075T6 alloys.

E imental dat .
xpenmen aa Metalographic

parameter

Code TL direction LT direction

Ki. |CTOD* K. |CTOD*| D i Jo 3

10Mg | 20.00 6.5 20.08 6.6 4.69 | 1.59 8.33

15Mg | 20.58 6.1 20.46 6.0 4.64 | 1.75 7.97

25Mg | 21.43 5.8 20.50 5.3 4.88 | 2.33 7.63

7075T6| 26.63 8.5 28.57 9.8 5.19 | 0.329 | 15.6

K. : Plane strain fracture toughness value (MPavm).
CTOD*: Critical crack opening displacement (um, given by Eq. (3)).
D : Mean diameter of second phase particles (xm).
fo: Volume fraction of second phase particles (vol. %).
&: Center to center spacing of second phase particles (um).
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Fig. 8. Influence of the volume fraction of the
second phase particles on the plane strain
fracture toughness values of Al-8 wt%
Zn-x wt.% Mg-1.2 wt.% Cu-4 wt.% La and
7075T6 alloys.
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