PREFACE

Kelton (2023) has recently commented, “Metallic glasses have the potential to become
transformative materials, but this is hindered by the lack of ability to accurately predict which
metallic alloys will form good glasses. Current approaches are limited to empirical rules that
often rely on parameters that are unknown until the glasses are made, rendering them not
predictive”. The research work carried out as a part of this doctoral thesis shall revolve around
such a hypothesis. The thesis has two distinct parts. One of them relates to evolving parameters
of metallic systems for empirically predicting metallic glass compositions. These parameters
are: electron to atom ratio (e/a), Volume ratio of total volume per mole of the alloy to largest
atom volume (VRr), and radius ratio of the larger atom to smaller atom in alloy (Rr). In addition
to these, the concept of Fermi energy (Er) and Fermi vector (Kr) will also be computed. Further
the interaction of Fermi surface with that of Pseudo-Brillouin Zone (PBZ) boundary has also
been explored. Based on these considerations four iron based alloy compositions have been
chosen for experimental investigations. The thesis has been organised in seven chapters and

one appendix.

Chapter 1 gives brief introduction of various reports by researchers on metallic glasses (MGs)
and bulk metallic glasses (BMGs). The historical background of MGs shall begin with first
report by Pol Duwez (1960) followed by seminal contributions made by T.R. Ananthraman
from this department. Majority of MGs compositions investigated since their inception refer to
exploring the properties related to transformer core application as soft magnetic material. Such
MGs was having iron as the main alloying element. It has recently been shown that Fe-based
MGs compositions can also be useful for structural application. Several researchers compared
hardness to density ratio (H/p) of Fe-based BMGs with that of maraging steel. They have
concluded such a ratio for BMGs is around four times more than maraging steel. This
investigation has kept in mind this aspect while choosing four compositions based on the
empirical criteria studied for around 1000 alloys. A series of Venn diagrams were constructed
for each of the categories of metallic alloys for MGs/BMGs. The thesis will present the detail
computational steps for all of them. The data utilised for this purpose will be given as an
Annexure-l. Essential steps pertaining to these will be explained in (chapter 2). The four
compositions chosen as a part of this investigation along with relevant empirical parameters
will be given at the end of this chapter as a part of conclusion. This chapter will emphasize

only details of MGs/BMGs compositions with iron as a main alloying element for the reasons
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explained above. The alloy compositions selected as a part of this investigation has been
synthesized by Cu-mould casting. Such a synthesized alloy will be designated as Cu-mould

cast alloy in the thesis.

Chapter 3 deals with experimental part along with details of raw materials utilized for alloy
making. These four alloys were subjected to further processing. The processing methods relate
to (i) melt-spinning and (ii) high energy ball-milling followed by compaction through spark
plasma sintering (SPS). The characterization tools employed for Cu-mould cast, melt-spun
ribbons, ball-milled powders as well as their compact will be briefly discussed in this chapter.
They refer to optical and electron microscopy. Extensive uses of X-ray diffraction (Rigakuu
Miniflex 600, EMPYREAN PANALYTICAL HR-XRD) have been done. Melt-spun ribbons were
examined under transmission electron microscope in diffraction and imaging modes for
conformation of glassy nature. The hardness of samples of as-cast alloy as well as after
processing was measured through instrumented hardness tester (make: Anton Paar MHT?3). The
stability of the alloys under processing different processing conditions was studied with the
help of DTA (make: NETZSCH DSC 404F3).

Chapter 4 begins with discussion on the evolution of structures/microstructures of Cu-mould
cast alloys. The phases evolved in these alloys were having structure hP20, oP40, mC28,
cF112, cl58, cF116, and oP16 type. Most of the phases are common in them. Alloy-A has
shown dendritic features in their microstructure. Alloy-D exhibits minimum density (7.23g/cc)
and maximum melting temperature (1418K) among all. This chapter also deals with relation of
hardness with alloying additions. Alloy-D (3 at% addition of Co) exhibits maximum
microhardness (~13 GPa) and Young’s modulus value (~240GPa) at 100g indentation load.
The hardness to density ratio for all as-cast alloys are higher than maraging steel.

Chapter 5 deals with synthesis, characterization, thermal stability and indentation behaviour
of melt-spun ribbons. Alloy compositions A and D in ribbon form exhibits X-ray amorphous
structures. Transmission electron microscopy (TEM) observations confirm that ribbon MS-A
and MS-D are indeed amorphous. In contrast MS-B and MS-C consist of very fine
nanocrystalline phases are distributed in the amorphous matrix. These nanocrystals are one of
the two phases or both (a-Fe and FeiiMosCs phases). Melt-spun ribbon MS-D also exhibits
maximum melting temperature (1433K). Melt-spun ribbons MS-A and MS-C have clear glass
transition temperature at Tq 923K and 882K respectively. The reduced glass transition
temperatures Trg of these ribbons are found to be 0.55 and 0.53 respectively.
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The next synthesis method, | have used high energy ball milling technique. This is discussed
in chapter 6. As-cast alloys when processed through high energy ball milling retain only two
phases at the end of 100h of milling. They are a-Fe and Fe11MosCs phase. These phases are
present under all processing conditions. The average crystallite size and average strain were
calculated. Further, 100h ball-milled powders were consolidated through SPS technique. Spark
plasma sintered samples (SPSed) give rise to additional crystalline phases Fe23Cs (CF116) and
FeMoB: (tP10). Phase transformation takes place during the process of SPS in addition to
consolidation. The densities of sintered powder samples are same as those of as-cast sample
except SPSed-A and SPSed-D. The hardness to density ratio of SPSed alloys are also better

than maraging steel.

Chapter 7 summarizes the outcome of entire work. It also has a section on the scope of future

work.
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