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Table 1 Chemical composition of IM1834 alloy (/%)

Al Sn Zr Mo Si Nb C Ti
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Fig.1 Dimensions of specimen for in-situ SEM tensile testing

(mm)
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Fig.2 Microstructures of as-cast (a) and forging (b) IMI834 alloy; X-IPF (c) and BC (d) images of forging IM1834 alloy

3 RTER KL EE R s HIH S IMI834 & &1 A 21
Fig.3 Microstructures of IMI834 alloy after annealing at different temperatures and cooling rates: (a) fast cooing, 1000 ‘C/2 h, AC+700 C/
2 h, AC; (b) fast cooling, 1020 ‘C/2 h, AC +700 ‘C/2 h, AC; (c) fast cooling, 1030 ‘C/2 h, AC+700 C/2 h, AC; (d) slow cooling,

1000 ‘C/2 h, AC+700 ‘C/2 h, AC; (e) slow cooling, 1020 'C/2 h, AC+700 C/2 h, AC; (f) slow cooling, 1030 ‘C/2 h, AC
+700°C/2 h, AC
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Table 2 Proportion and size of phase in IMI1834 alloy after different annealing heat treatment

Heat treatment Cooling way op proportion/% op size/um as colony size/pm p size/um
Fast cooling 41.4 29.3 12.2 -
1000 ‘C/2 h, AC+700 ‘C/2 h, AC
Slow cooling 32.3 28.6 14.9 -
Fast cooling 19.3 25.6 12.7 168.0
1020 C/2 h, AC+700 ‘C/2 h, AC
Slow cooling 20.8 27.0 15.6 -
Fast cooling 10.1 23.8 135 170.2

1030 °C/2 h, AC+700 ‘C/2 h, AC
Slow cooling 19.2 23.8 15.8 -
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Fig.4 Engineering stress-strain curves of IM1834 alloy at differ-

ent annealing temperatures and cooling rates

#z3 IMIB3 S EARIBEEIR AL FER HIHIERE

Table 3 Room-temperature tensile properties of IMI1834 alloy after different annealing heat treatments

Heat treatment Cooling way Rm/MPa Rpo.2/MPa Al% Z1%
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Fig.5 Large size as colony in IMI1834 alloy under fast cooling (a)

and slow cooling (b)
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Fig.6 In-situ tensile load-displacement curves of IM1834 alloy
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Fig.7 In-situ SEM images of the tensile specimen of slow cooling at different controlled displacements: (a) 0 mm, (b) 0.1 mm, (c) 0.15

mm, and (d) 0.2 mm
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Fig.8 In-situ SEM images of the tensile specimen of fast cooling at different controlled displacements: (a) 0 mm, (b) 0.1 mm, (c) 0.15 mm,
and (d) 0.2 mm
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Table 4 SF determination of slip activities <a> in grain A at the

displacement of 0.2 mm

Slip system/<a> Slip plane/slip direction SF Theoretical 6/()

(0001)/[1120] -0.194 108.8
Basal slip (0001/[1210] 0.352 108.8
(0001)/[2110] -0.077 108.8
(1100) /[1120] 0.098 19.2
Prismatic slip (1010) /[1210] 0.018 6.40
(0110) /[2110] 0.038 55.4
(0111)/[2110] 0.1084 70.9
(0111)/[2110]  -0.077 77.9
(1011)/[1210] -0.271 46.0
Pyramidal slip

(1011) /[1210] 0.226 141.6
(1101)/[1120] 0.169 53.6
(1101)/[1120] -0.056 164.6
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Fig.9 IPF maps of initiating microstructure of slow cooling (a) and fast cooing (c); IPF maps captured at the displacement of 0.2 mm of

slow cooling (b) and fast cooling (d); (e) statistic orientation rotation of grains before and after tensile testing; (f) legend of IPF
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Fig.10 Slip transmission between adjacent a grains (grain A, B, C): (a) IPF map before tensile testing and (b, ¢) SEM images at the dis-

placement of 0.2 mm
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Table 5 Computational m’ between grains A and B for

6 EEEBALZHT A, CBABMLMMALEEF m’

Table 6 Computational m’ between grains A and C for

basal slip basal slip
Grain A Grain A
Grain B Grain C — — _
(0001)/[2110] (0001)/ [1210] (0001)/[1120] (0001)/[2110] (0001)/[1210] (0001)/[1120]
(0001)/[2110]  0.975 -0.054 -0.651 (0001)/[2110] 0.42° -0.17 -0.18
(0001)/[1210] 0.037 0.971 -0.713 (0001)/[1210] 0.37 0.52 0.63
(0001)/ [1120] -0.716 -0.649 0.965 (0001)/ [1120] -0.57 -0.25 0.57
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Fig.11 Slip transmission occurrence as a function of the m' value and grain Schmid factors in Fig.10: (a) grains A and B; (b) grains Aand C
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Fig.12 KAM diagrams of IMI1834 alloy under slow cooling condition: (a) initiating microstructure and (b) captured at the displacement of

0.2 mm
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Fig.13 Room-temperature tensile fracture morphologies of IMI834 alloy after annealing under fast cooling: (a) macroscopic fracture

surface, (b) crack initiation region, (c) radiation region, and (d) shear lip region
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Fig.14 Room-temperature tensile fracture morphologies of IMI834 alloy after annealing under slow cooling: (a) macroscopic fracture

surface, (b) crack initiation region, (c) radiation region, and (d) shear lip region
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Fig.15 Morphologies of the a/f interface of IM1834 alloy under fast cooling (a) and slow cooling (b) conditions
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Effect of Heat Treatment on the Microstructure and Tensile Properties of IM1834
Titanium Alloy

Wang Ning*?, Jia Weiju?, Mao Xiaonan"?, Mao Chengliang®, Zhang Siyuan?, Zhou Wei? Li Silan? Li Qian
(1. School of Materials Science and Engineering, Northeastern University, Shenyang 110819, China)
(2. Northwest Institute of Nonferrous Metal Research, Xi’an 710016, China)

Abstract: Effect of three heat treatments and two cooling ways on the microstructures and tensile properties of IMI834 titanium alloy were
studied. An optical microscope was used to analyze the evolution of the microstructures of the alloy. The Image-Pro Plus v5.1 (IPP) and
Nano Measure image analysis software were used to calculate the size of equiaxed o phase (ap) and secondary a (as) clusters in the micro-
structure. The crystal orientation and the deformation behavior of the alloy in situ before and after deformation were characterized using
in-situ SEM tensile test and EBSD technology. The fracture morphology of the alloy in the different cooling ways was analyzed using SEM.
The distribution of second phase was analyzed by TEM. The results show that in the double annealing test, with the increase of the first
annealing temperature, the content and the size of a, gradually decrease, but as clusters increase; the strength of IMI834 alloy first in-
creases and then decreases. The elongation and reduction of area do not change significantly. When the first annealing temperature is
1020 <C, the strength of IMI1834 titanium alloy reaches the highest under the two test conditions of rapid cooling and slow cooling and the
strength of the sample under rapid cooling is higher than that under slow cooling by about 50 MPa. In the early deformation stage of
IM1834 alloy, the crystal rotation angle of fast cooling is generally higher than that of slow cooling. The existence of the g phase between
the apand a5 can ensure that the slip transfer can still be carried out under low geometric compatibility factor. The quasi-cleavage facets of
the fracture surface under fast cooling conditions is ellipsoidal or polygonal, and under slow cooling conditions, it is elongated. The dif-
ference of the distribution of second phase in the o/ boundaries is the reason for the different morphologies.

Key words: IMI834 titanium alloy; microstructure; heat treatment; geometric compatibility factor; quasi-cleavage
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