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Abstract

Magnesium (Mg) is the lightest structural metal with potential use in the automobile, aerospace,
and electronics sectors. However, a major problem in developing products is that their low
formability at the ambient temperature restricts their use. Changing alloy chemistry and
optimizing the process routes are two primary ways to enhance mechanical properties. Addition
of rare earth (RE) elements in Mg has proved to improve its properties. Yttrium () is the most
effective option among other rare earth elements because of its high solubility in Mg. Thus,
detailed information about the deformation, recrystallization, textural behavior and optimum
conditions of processing binary Mg-Y alloys is important for developing new Mg-RE based
alloys. Therefore, in the present dissertation work, thermomechanical processing and
deformation behaviours of binary Mg-Y alloys with varied Y concentrations were investigated.
Firstly, the effect of Y addition on the deformation behaviour of the magnesium alloys was
investigated using compression tests (room temp.) and rolling experiments (420 °C).
Solutionized binary Mg-Y alloys (5 and 10 wt.%Y) were selected for the deformation. The
addition of Y resulted in a tremendous increase in yield and ultimate strength. At room
temperature, it was found that increasing the Y content switches the dominant twinning mode
from {1012} extension twins and {1011} — {1012} double twins, to less commonly observed
{1121} extension twins. Whereas at high temperature, Y increment appeared to enhance
{1011} — {1012} double twinning. Annealing of deformed samples suggested that increasing
the Y content substantially retards the recrystallization kinetics due to enhanced grain
boundaries pinning. During annealing, weakening of texture was more significant in the Mg-
5Y alloy. After recrystallization, Mg-5Y alloy could have better grain refinement than Mg-10Y
with basal texture. Hence, Mg-5Y has emerged as an optimum alloy with adequate balance in
terms of strength and cost factor. Therefore, further investigation of processing and

optimization of the parameters was only done on the Mg-5Y binary alloy.



The effect of rolling routes and rolling strains on the mechanical properties of Mg-5Y binary
alloy was examined. Samples were hot rolled with varying rolling routes (i.e., unidirectional
rolling (UR), cross rolling (CR)) and rolling strain (10 % — 60 %). The results suggested that
an increment in rolling strain increases the dynamically recrystallized (DRX) grains in both
UR and CR specimens. Alternatively, CR samples showed finer grain size with a higher
fraction of DRX grains than UR samples at fixed strain. Further, the mechanical properties of
CR samples showed significant improvement over UR samples due to modified basal texture
and more refined grains.

Lastly, the constitutive equation and the processing maps of Mg-5Y binary alloy have been
generated using high-temperature compression tests at different strain rates. The results show
that flow stress increases with decrease in temperature or increase in the strain rate and vice-
versa. An Arrhenius-based equation was used to model the high-temperature flow stress of the
alloy. Processing maps were further generated for two strains, 0.25 and 0.45, representing the
strain near the peak stress and steady-state region, respectively. The strain rate and temperature
range for the safe region were found to be 0.001 s* — 0.1 s and 623 K — 723 K (350 °C — 450
° C), while for the unstable region, they were found to be 1 s* — 10 s and 523 K-723 K (250
° C —450 °C). In the safe region, characterization of deformed microstructures using electron
backscatter diffraction (EBSD) showed that the prominent deformation mechanism was
continuous dynamic recrystallization (CDRX) and discontinuous dynamic recrystallization
(DDRX) with the manifestation of twin induced DRX and particle stimulated nucleation (PSN).
However, the unstable region consisted of cracks, voids, and deformation twins with little

evidence of DRX.
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JfCIHIETSd, TIRIRUN 3R Sade-ay &3 & JHIfad SUaT & ard HiREd (Mg) T4
o] IRATHD YT §| TTaifeh, bR IdGl H U Jof 99T I8 § & Ukl &
AU TR 36! HH WA 3% SUTRT &1 Ufaafdd & g | 7 arg Tumaq fagm
B e 3R Ufehar AT B 3B ferd BT T3 U Y I & o Ui afied B
Mg T ¥R 31 (RE) Il ! Fam & 39 70N § YUR 3T 8 | Mg T 30! 3= ga=itad
& HRUN 3G gaH Gl i § VYitrium (Y) Te9 gHTd! fdwed 81 39 ISR, 9T Mg-RE
3t iy arqgef &1 fawRia e & o faequn, g: fhediianrun, sHTae @8R 3R
TR Mg-Y e erqaft o TRienRur &1 3paw fufaal & aR # favgd STHeR! Heaqul 8|
2O, IdHE MY &Y H, YHHG e TR 3R d13-R1 THoll-arg 1y argsft &
fa=uur HagRI o1 faft a1 Figdl & 91y &g &1 15 |

Tl U5, DR iy ergsit & fGeuu asR R a5 ois & UG &1 oid duied
TR0 (BHR BT ATIHT) 3R AfRT TAI (420 FSH o) &1 IudiT aves Bt 115 A
Tiegss 2RI Mg-Y eTgsit (4 3R g0 Il %Y) P! faeuur & g g1 Tm o1 Y & Se
T I 3R TR Wfdd H TTeRe i g3 | HAX & dIAM IR, Ig U 141 fb v qrht
de1 ¥ v fgfH Al (1012} TawewA fg=u SR {1011} — {1012} S&d fg=0 q &HH
TG 0 9 49 OF aTd {1121} TeRIe e fg=0 H 9¢d oTdT 8 | STafd 3= arodE W, Y
gf& {1011} — (1012} S&at fgfHT @I Fardt g3 fawrs <t fagpd Tl @1 ulvon 3 gea
fean fop ars armeht & gfs @ oM & TH1eh & dgM & HRU GALEHT drciad § HIw]
HH 318 B 1 I & IR, Mg-wy 7 41 H -1a¢ BT HHSR BT 31 Agcayu T
U fope iRl & d1E, Mg-WY Y 41 @ 99 S1aT & 1Y Mg-10Y Bt ga-T 8 98’
TS TMeH B vl § | STFY, dTehd 3R AR HR& & A § YaTd Idad o a1d Mg-
WY T VA Y 41 & ©0 T SHRT | | ST, ATUCS! o TRRBRUT 3R SH e &1 3T
DI A had Mg-KY TSI g e1g R o1 775 ot

Mg-WY ST3<1 iret g o Tifaies T UR AT AN 3R AT a1d & THTE Bt ST !
TS | T SITT-SET ATTHT AN (@0, FASTARaRd RATCHT (IMR), o1 AT (IT3MR))
3R AT TG (30% - &%) P ATY Bl s A | URUMHT = g fean i Afein e o
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3G T gIIR 3R R ! AT & Tia=id U 9 G: fohedlipd (S13RUE) 3 96
ST | dobiede U 3, SR 7! - FiEd a1 IR 3R A1 &1 ga-T H SI3Ruay
(TS & I 3R o 1Y TG G BT SMBR [GET | b aTal, WHR TG & AifAd
Tl 3 TN Sd §1ae 3R 3ifee URsHd ST & HRUT YR THA H Ag@yul JUR
fezmar|

3 ¥, faft a1 R IR 3= dIHE JUte TRIEfUT &7 STINT B Mg-WY SIE-T 1y
oTd & AT THIBRUT 3R TR0 A oH O T 7Y € | IR §ard 8 o araa=
o FHA a1 a9 &R H gia & 1Y TaT8 919 Jedl & IR 39% [auRid| iy o41g & 3=
AU YdTg d-1d &1 Aigd B o ol Uh sReRag-snumia i ur &1 IudnT fdbar
T T | TRIRHRUT AR S & SUHaT, 0.34 3R 0.¥4 & oY TOR fohy 7Y &, S Hw:
TRA TG R FRRITT &7 & U d19 &1 Ui avd & | R 89 & o aa &)
3R ATIH T 0,008 51 - 0.8 51 3R €I K - VI K (340 ° C - ¥4o ° C) TTE TS, Tahp
SRR &7 & forg, I UMY 57 - 20 51 3R UII K - WRIK (RUe ° C - ¥Yo ° C) | FRI&T &
T ZAae ddhireR fadad (3a1uda!) BT START Hd gU fagd AT ReaaR o @&l gui
 UdT Il § fob T faeur o fARaR fa=ia 1: freeciior (fiSiemuay) ik Jedi
O STRuay 3R w1 I1foTd gfaeex () &t sifiyeafad & Iy sridd fasfita
TR (SISIRTE) UT| . gTdidh, SRR &F H SIHRURT & 9gd HH Jgd & 1Y &Y,
fefaaat SiR faqur fgfm wnfire 31
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