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ABSTRACT

India’s acrospace and defence sectors critically depend on advanced materials such as titanium,
nickel, and other superalloys for the production of forgings, castings, billets, and complex
components. While the nation has achieved significant progress in machining and surface
treatment technologies, it remains heavily reliant on imports for these raw materials. This
dependence represents a strategic vulnerability, particularly in the context of the current global
geopolitical environment marked by conflicts, sanctions, and disrupted supply chains. The
Russia—Ukraine war, for instance, highlighted the fragility of international supply as major
aerospace companies—Airbus, Lockheed Martin, Dassault Aviation, and Boeing—pre-booked
raw material mills to full capacity, leaving limited access for other players.

For India, the challenge of sustaining indigenous aircraft, engine manufacturing, and long-term
serviceability is magnified by the absence of domestic industries and infrastructure capable of
producing titanium and nickel alloys in usable forms and shapes. Presently, only select
government organizations such as Mishra Dhatu Nigam, AVNL, and DMRL are engaged in
limited developmental efforts, with recent participation from private firms like PTC Industries.
However, broader industrial engagement remains constrained by insufficient information, high
capital requirements, and technological barriers.

This research emphasizes the strategic need to establish indigenous capacity for titanium alloy
production, a material indispensable for aerospace applications, where a single aircraft engine
may require more than 1,000 material variants. The study seeks to assess demand, identify
infrastructure gaps, and provide a roadmap for domestic production. By enabling local
availability of titanium alloys, India can progress toward true self-reliance under the Atma
INirbhar Bharat initiative, reducing external dependency and enhancing defence preparedness.
Moreover, the study will serve as a template for extending similar approaches to nickel alloys
and rare earth materials, strengthening India’s long-term material security and industrial
competitiveness..

Keywords: Titanium Alloys, Aerospace Materials, Indigenous Production, Atma Nirbhar
Bharat, Supply Chain Disruption.

INTRODUCTION:

Titanium and nickel alloys are indispensable in aerospace
for their strength, corrosion resistance, and high-
temperature performance. India, despite advances in
machining, remains dependent on imports for these
materials, creating supply vulnerabilities. Geopolitical
conflicts have worsened the situation, as aerospace giants
like Airbus and Boeing monopolized production capacity
during the Russia—Ukraine war. With more than 1,000
material variants needed for a single aircraft engine,
reliance on external suppliers poses long-term risks for
indigenous manufacturing and defence preparedness.
Limited domestic production by MIDHANI, AVNL, and
DMRL cannot meet demand, while private sector
participation is constrained by high capital costs and lack
of infrastructure. This study explores the challenges and
opportunities in building indigenous titanium alloy
capacity.
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LITERATURE REVIEW

Titanium alloys, due to their strength-to-weight ratio,
corrosion resistance, and heat tolerance, are critical for
aerospace and defense applications such as compressor
blades, casings, and landing gear (Williams, 2020;
Campbell, 2013). While countries like the U.S., Russia,
France, Germany, and China have established robust
production infrastructures ensuring supply chain security
(Veiga et al., 2012), India remains dependent on imports
despite advancements in machining and surface treatment
(Antunes et al., 2018).

Global disruptions, such as the Russia—Ukraine war, have
further exposed India’s vulnerability as major aerospace
firms secured supplies for themselves (Crossley, 2012).
Domestically, initiatives by MIDHANI, AVNL, DMRL,
and private firms like PTC Industries face hurdles of high
investment, limited infrastructure, and complex
regulations (KPMG, 2020). Moreover, research in India
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has been commercially focused, with limited academic
work on strategic implications.

This study aims to address these gaps by proposing a
framework for indigenous titanium alloy production to
strengthen India’s aerospace, defence, and other strategic
sectors.
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RESEARCH METHODOLOGY

This research adopts a mixed-method approach,
combining qualitative and quantitative techniques to
provide a comprehensive understanding of the challenges
and opportunities in establishing indigenous titanium
alloy production for aerospace applications in India.

Research Design

The study is exploratory and descriptive in nature. It
explores the current dependence on imports for titanium
alloys, identifies infrastructural and technological gaps,
and describes the business potential for domestic
production. The focus remains on titanium alloys used in
aircraft and aero engines, as these constitute critical
components where material reliability is paramount.

Data Collection
Primary Data:

Expert Interviews: Structured interviews with industry
experts, scientists from DRDO/DMRL, engineers from
HAL, and representatives of public and private sector
manufacturers (e.g., MIDHANI, PTC Industries).

Industry Surveys: Questionnaires distributed to
aerospace OEMs, tier-1 suppliers, and defense production
units to capture insights on material demand, feasibility of
local substitution, and perceived challenges.

Secondary Data:

Literature review of academic journals, technical papers,
government reports, and industry whitepapers related to
titanium alloys, aerospace material production, and global
supply chains.

Data from international organizations and aerospace
companies to benchmark global production standards,
grades of titanium alloys, and supply-demand trends.
Sampling

Purposive Sampling for qualitative interviews with
subject matter experts.

Stratified Random Sampling for industry surveys across
aerospace and defence firms to ensure representation from
both public and private sectors.

Data Analysis

Qualitative Analysis: Content analysis of interview
responses to identify key themes (e.g., infrastructural
gaps, certification challenges, policy requirements).

Quantitative Analysis:
Descriptive statistics to assess demand patterns.

Hypothesis testing (Chi-square, t-tests) to validate
availability and feasibility of indigenous production.

Comparative analysis with international benchmarks for
alloy standards.

Scope and Limitations

The study focuses exclusively on titanium alloys in
aerospace applications, though its framework can be
extended to nickel alloys and other strategic materials.
Limitations include restricted availability of sensitive
defence-related data and the high capital-intensive nature
of alloy production facilities.

Results

Although the present study is exploratory in nature, the
anticipated results are expected to highlight the following
key outcomes:

Assessment of Demand:

The study will provide quantitative estimates of the types
and volumes of titanium alloys required for aerospace and
defence applications in India. For instance, it is projected
that a single aircraft engine requires more than 1,000
varieties of raw material forms, underscoring the scale of
demand.

Identification of Gaps:

Findings will reveal the absence of large-scale industrial
infrastructure for producing titanium alloys in India.
Current capabilities are restricted to limited initiatives by
organizations such as MIDHANI, AVNL, and DMRL,
with minimal private sector participation.

Supply Chain Vulnerability:

Results are expected to demonstrate India’s heavy
dependence on imports of titanium alloys, making
indigenous aircraft and engine programs vulnerable to
global  geopolitical  disruptions, sanctions, and
monopolized supply chains dominated by aerospace
giants like Airbus, Lockheed Martin, Dassault Aviation,
and Boeing.

Roadmap for Indigenous Production:

The study anticipates proposing a structured roadmap for
developing domestic titanium alloy production. This
includes identifying necessary capital investments,
infrastructure development, and technology acquisition
pathways, along with potential policy interventions such
as Production-Linked Incentives (PLI).
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Strategic Impact:

By establishing indigenous titanium alloy production,
India is expected to significantly reduce foreign
dependency, lower procurement lead times, and enhance
self-reliance in aerospace manufacturing. Additionally,
the results will serve as a template for extending similar
initiatives to nickel alloys and rare earth materials.

DISCUSSION

The study highlights India’s urgent need to reduce
dependence on imported titanium alloys for acrospace and
defence. Reliance on global suppliers, as seen during the
Russia—Ukraine conflict, exposes India to supply chain
disruptions, delays, and rising costs. Currently, domestic
production by organizations like MIDHANI, AVNL, and
DMRL is limited in scale, while private sector
involvement remains low due to high costs, unclear
demand, and weak policy support.

Technological and regulatory barriers—such as
inadequate R&D, lack of testing facilities, and complex
certification—further restrict indigenization. However,
opportunities are significant, as a single aircraft engine
requires over 1,000 material forms, offering strong
potential for Indian industry. Policy support through
incentives, specification rationalization, and collaboration
between governments, defence PSUs, and private players
can boost domestic capabilities.
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