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[ Abstract] Deformation mechanism maps for binary Mg (8~ 9) Li( mass fraction, %) alloy at 423~ 623 K were constructed
in order to elucidate the internal meaning of mechanical experimental data at elevated temperatures. The models and data source

used for constructing maps and constructed results are presented. It is determined through comparison of mechanical experimen-

tal data with constructed deformation mechanism maps that the dominant deformation mechanism for such alloy at 423~ 623 K is

lattice diffusion controlled grain boundary sliding. The difference of such deformation mechanism maps from former ones is that

dislocation quantity inside the grains participates in the model calculation, which reveals the dislocation features of different de-

formation mechanisms.
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1 INTRODUCTION

Deformation mechanism maps are kinds of maps
disclosing the essence of rate controlling process. Many
mechanism maps in different forms appear abroad since

Ashby  put

1= 4 : : Y
maps[ I, no deformation mechanism maps appear in

up his first deformation mechanism
China up to now.

This paper constructs deformation mechanism maps
for two phase( a+ B)Mg-( 8~ 9) Li alloy and obtains ex-
perimental data on superplastic deformation at elevated
temperatures. The essence of deformation is expounded
through the comparison of experimental data with mecha-
nism maps. Dislocation quantity is also given at the
nodal points of each mechanism zones, which helps to
deepen the understanding of deformation process.

2 CONSTRUCTION OF DEFORMATION MECH-
ANISM MAPS

We propose to construct deformation mechanism
maps at different temperatures with Burgers’ vector com-~
pensated grain size as their longitudinal coordinate and
modulus compensated flow stress as their transverse coor-
dinate. Eqns. 1~ 8 list the eight constitutive equations

1351 Each of the mecha-
nisms can be described by a constitutive equation of the

used to construct the maps

following form.
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where  €is the steady state creep rate; A, n, and p

are materials constants, which have discrete values de-

pending on the deformation mechanism; O is the creep
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stress; G is the shear modulus; d is the grain size; b is
Burgers vector; and D is the diffusion coefficient and is
equal to either the lattice diffusion coefficient( D), the
dislocation pipe diffusion coefficient( D), or the grain
boundary diffusion coefficient( D) . Constitutive equa-
tions used for establishing deformation mechanism
maps[3’ > are:
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where K= 14
10°, K4= 5. 6 %

x 10°, K= 50 x 10°, K3= 6. 4 x
103, Ks= 3.2x 10", Kg= 1.7 x

10", Ko= x 10", Kg= x 10", Meanwhile, we let
dislocation quantity inside the grains n take part in the

model calculation

as
(= p)TgT
"7 17766h
where v is Poisson ratio; T is shear stress, equal to

half of 0

Constants used in generating maps:

G= 18. 4-

1.082 4 x 10" 2(T - 273) (GPa) is

obtained through the regression of discrete E ( modulus

)
data in Ref.[7] into E= 46— 2.706 % 10" >( T - 273)

and using G= E/

2(1+ v) formula.

0

b=3x10" "m
a=4, K= 1.38x10" 2 Jex !

Di= 0.25% 10" * exp[ — 103. 077 x
10°/ (RT) '™
106 (3) A-D sty (24)  (144) (2700) (30000
7=423K

Burgers vector
compensated grain size (db~1)

Dcformaiton mechanism map

(a+§)Mg-Lialloy

105
104 ¢
E Superplastic GBS
Dgpy a?
2)
103 (U] " (0) ) !
10-6 105 104 10-3 10-2
Modulus compensated stress/GPa
(a)
106 @) H-D sh (18) (150) (9 600) {30 000)
= ]
I Dya
l’g () ' R Dislocation sip  [T=373K
" o (@ + § )Mg-Lielloy D, ¢ 5
- e Deformaiton mechanism map ! .
8 .5 Disloc: lm? slip
B E oot Ao
=5 105
2 &
%
o] Supemplasiic GBS
5 .é 104 D, a? 38
g 5y
o T
g Dnﬂu;ronal flow Supe[l;p:?s’l:l;: uBs Disl{ -z:)alionJ slip
o ¢ o
103 Lo e, L) R
10-6 10-5 104 103 102
Modulus compensated stress/GPa
(c)

1x10" % exp(— 49.953 x 10°/ (RT))
when 190. 74 K< T< 364. 14 K!*
1x 10" * exp( - 67.394 % 10°/ (RT))
when 364. 14 K< T< 867 K

ng: Dp:

3 EXPERIMENTAL DATA

Our experimental mechanical data and data from
authors abroad are processed, collected, and shown in

Table 1'% 1 PI

4 ANALYSIS OF DEFORMATION MECHANISM
MAPS WITH EXPERIMENTAL DATA

Fig. 1 is the deformation mechanism maps for two-
phase magnesium lithium alloy constructed at 423~ 623
K. Various mechanism zones are divided by name, dif-
fusion coefficient, and stress exponent, i.e. dislocation
0 indicates that the dominant deformation
mechanism in such zone is dislocation slip; dislocation
pipe diffusion is its diffusional process; stress exponent
is 7 power. Data in parentheses at the nodal points of
mechanism zone is dislocation quantity.

It can be seen through the comparison of data
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Fig. 1 Deformation mechanism maps for
two phase magnesium lithium alloy constructed at different temperatures
a) —423K; b) —473K; ) —5T3K; d) —623K
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Table 1 Experimental data for superplasticity

of magnesium lithium alloys

Alloy T/IK  db~ /10" o~ Y100* E107% ' n
Mg8Lil ' 623  4.3~7.8 2.0~3.3 8.3 5~ 15
Mg8LilZr 623 6.5 2.22 8.3 8

Mg8. SLil'Y 623 3.3 2.5~ 7.8 8.33 5~ 15
Mg8Lil'2 573 3.3~6.6 1.6~4.4 0.8~17 3~16
MgoLil Bl 423 2.34 2.1~ 22.4 0.7~ 1800 3~29
MgoLil ¥l 473 1.94 6.5~ 44 0.7~ 1800 7~ 48
Mg8. 4Lil®1 423 1.2 - 167 -
473 3.29 5.7~ 21 1.7~ 167 11~ 39
573 4.93 1.6~80 L7~167 5~22
623 6.58 1.1~ 6.9 1.7~ 167 4~25

in Table 1 with Fig. 1 that our mechanical experimental
data and data from different authors abroad fall into su-
perplastic GBS Dy, 0 mechanism zone, indicating that
the dominant deformation mechanism for two-phase mag-
nesium lithium alloy at 423~ 623 K is lattice diffusion
controlled grain boundary sliding.

It can be seen from Fig. 1 that at lower deformation
temperature, i.e. 423 K, grain boundary diffusion con-
trolled grain boundary sliding has definite zone. As the
deformation temperature rises, the lattice diffusion con-
trolled grain boundary sliding zone increases gradually
and the grain boundary diffusion controlled grain bound-
ary sliding zone decreases gradually until the latter dis-
appears.

It can be seen from Fig. 1 that the dislocation
quantity at the nodal points of lattice diffusion controlled
grain boundary sliding zone and grain boundary diffusion
controlled grain boundary sliding zone is a few; the dis-
location quantity at the nodal points of diffusional flow
zone and above two mechanism zones is zero; the dislo-
cation quantity at the nodal points of dislocation slip
zones is large. Therefore, the dislocation feature of dif-

ferent mechanism zones is very obvious.
5 CONCLUSIONS

1) The deformation mechanism maps for two-phase
magnesium lithium alloy at 423~ 623 K are constructed.

Comparison of experimental data with mechanism maps

indicates that the dominant deformation mechanism for
two-phase magnesium lithium alloy at 423~ 623 K is
lattice diffusion controlled grain boundary sliding.

2) The dislocation feature of different mechanism

zones is very obvious.
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