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This handbook is an in-depth guide to the practical aspects of materials and corrosion engineering in the energy and
chemical industries. The book covers materials, corrosion, welding, heat treatment, coating, test and inspection, and
mechanical design and integrity. A central focus is placed on industrial requirements, including codes, standards,
regulations, and specifications that practicing material and corrosion engineers and technicians face in all roles and in all
areas of responsibility. The comprehensive resource provides expert guidance on general corrosion mechanisms and
recommends materials for the control and prevention of corrosion damage, and offers readers industry-tested best
practices, rationales, and case studies.
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Taking a big-picture approach, Piping and Pipeline Engineering: Design, Construction, Maintenance, Integrity, and Repair
elucidates the fundamental steps to any successful piping and pipeline engineering project, whether it is routine
maintenance or a new multi-million dollar project. The author explores the qualitative details, calculations, and t
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This is Volume 1 of the fully revised second edition. Organized to provide the technical professional with ready access to
practical solutions, this revised, three-volume, 2,100-page second edition brings to life essential ASME Codes with
authoritative commentary, examples, explanatory text, tables, graphics, references, and annotated bibliographic notes.
This new edition has been fully updated to the current 2004 Code, except where specifically noted in the text. Gaining
insights from the 78 contributors with professional expertise in the full range of pressure vessel and piping technologies,
you find answers to your questions concerning the twelve sections of the ASME Boiler and Pressure Vessel Code, as
well as the B31.1 and B31.3 Piping Codes. In addition, you find useful examinations of special topics including rules for
accreditation and certification; perspective on cyclic, impact, and dynamic loads; functionality and operability criteria;
fluids; pipe vibration; stress intensification factors, stress indices, and flexibility factors; code design and evaluation for
cyclic loading; and bolted-flange joints and connections.
Effective process safety programs consist of three interrelated foundations—safety culture and leadership, process safety
systems, and operational discipline—designed to prevent serious injuries and incidents resulting from toxic releases, fires,
explosions, and uncontrolled reactions. Each of these foundations is important and one missing element can cause poor
process safety performance. Process Safety: Key Concepts and Practical Approaches takes a systemic approach to the
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traditional process safety elements that have been identified for effective process safety programs. More effective
process safety risk reduction efforts are achieved when these process safety systems, based on desired activities and
results rather than by specific elements, are integrated and organized in a systems framework. This book provides key
concepts, practical approaches, and tools for establishing and maintaining effective process safety programs to
successfully identify, evaluate, and manage process hazards. It introduces process safety systems in a way that helps
readers understand the purpose, design, and everyday use of overall process safety system requirements.
Understanding what the systems are intended to achieve, understanding why they have been designed and implemented
in a specific way, and understanding how they should function day-to-day is essential to ensure continued safe and
reliable operations.
This book contains the proceedings of the sixth in a series of interdisciplinary conferences on safety and security
engineering. The papers from the biennial conference, first held in 2005, include the work of engineers, scientists, field
researchers, managers and other specialists involved in one or more aspects of safety and security. The papers
presented cover areas such as: Risk Analysis; Assessment and Management; System Safety Engineering; Incident
Management; Information and Communication Security; Natural Disaster Management; Emergency Response; Critical
Infrastructure Protection; Public Safety and Security; Human Factors; Transportation Safety and Security; Modelling and
Experiments; Security Surveillance Systems.
Provides comprehensive coverage on using X-ray fluorescence for laboratory applications This book focuses on the
practical aspects of X-ray fluorescence (XRF) spectroscopy and discusses the requirements for a successful sample
analysis, such as sample preparation, measurement techniques and calibration, as well as the quality of the analysis
results. X-Ray Fluorescence Spectroscopy for Laboratory Applications begins with a short overview of the physical
fundamentals of the generation of X-rays and their interaction with the sample material, followed by a presentation of the
different methods of sample preparation in dependence on the quality of the source material and the objective of the
measurement. After a short description of the different available equipment types and their respective performance, the
book provides in-depth information on the choice of the optimal measurement conditions and the processing of the
measurement results. It covers instrument types for XRF; acquisition and evaluation of X-Ray spectra; analytical errors;
analysis of homogeneous materials, powders, and liquids; special applications of XRF; process control and automation.
An important resource for the analytical chemist, providing concrete guidelines and support for everyday analyses
Focuses on daily laboratory work with commercially available devices Offers a unique compilation of knowledge and best
practices from equipment manufacturers and users Covers the entire work process: sample preparation, the actual
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measurement, data processing, assessment of uncertainty, and accuracy of the obtained results X-Ray Fluorescence
Spectroscopy for Laboratory Applications appeals to analytical chemists, analytical laboratories, materials scientists,
environmental chemists, chemical engineers, biotechnologists, and pharma engineers.
A Practical Guide to Piping and Valves for the Oil and Gas Industry covers how to select, test and maintain the right oil and gas valve. Each
chapter focuses on a specific type of valve with a built-in structured table on valve selection. Covering both onshore and offshore projects, the
book also gives an introduction to the most common types of corrosion in the oil and gas industry, including CO2, H2S, pitting, crevice, and
more. A model to evaluate CO2 corrosion rate on carbon steel piping is introduced, along with discussions on bulk piping components,
including fittings, gaskets, piping and flanges. Rounding out with chapters devoted to valve preservation to protect against harmful
environments and factory acceptance testing, this book gives engineers and managers a much-needed tool to better understand today’s
valve technology. Presents oil and gas examples and challenges relating to valves, including many illustrations from valves in different stages
of projects Helps readers understand valve materials, testing, actuation, packing and preservation, also including a new model to evaluate
CO2 corrosion rates on carbon steel piping Presents structured valve selection tables in each chapter to help readers pick the right valve for
the right project
Applied Engineering Failure Analysis: Theory and Practice provides a point of reference for engineering failure analysis (EFA) cases,
presenting a compilation of case studies covering a 35-year period, from the 1970s to 2012. This period spans the era from the time when
slide rules were used routinely for engineering calculations, and when hard-copy photographs taken by film cameras were pasted onto
typewritten sheets to make reports, to the present time when all these functions have become much less onerous through computer
assistance. The cases are drawn from such diverse fields as mechanical engineering, metallurgy, mining, civil/structural engineering,
electrical power systems, and radiation damage; the last two topics are quite scarce in current publications. It includes theoretical content that
deals with useful topics in basic theory, material properties, failure mechanisms, EFA methodology, and applications. It provides high-quality
illustrations throughout, which greatly helps to promote the understanding of the failure characteristics described. This book offers an
integrated approach that serves as a useful first reference in the above topics, for undergraduate and postgraduate students, as well as for
practicing engineers. The book provides a hands-on approach to EFA, which helps the user to develop an understanding of potential failure
situations, to explore the consequences, and to better understand how to solve similar problems; it also helps users to develop their own
techniques for most other engineering failure problems. The authors include a section on technical report writing, which will assist failure
investigators in getting their findings across. They also present simple engineering calculations that may serve as illustrative examples, and
typical problems and solutions are included at the end of each chapter.
In the process industry, shutdown and turnaround costs are responsible for an excessive amount of maintenance expenses. Process Plants:
Shutdown and Turnaround Management explores various types of shutdowns, presents recommendations for better management, and offers
feasible solutions to help reduce overheads. Because turnaround management is the largest maintenance activity, plant turnaround is the
focal point of this text. The book details a plan to lengthen the interval between turnarounds, and curtail costs in process production
management by at least 30 percent. This practical guidebook provides a thorough study of shutdown management, discusses different types
of shutdown and managing events (emergency, unplanned, planned, and turnaround), and covers all aspects of plant turnaround
Page 3/10

Where To Download Positive Material Identification Pmi 1 0 Introduction
management including startup, shutdown, and maintenance. It describes the five phases of shutdown management—initiating, planning,
executing, controlling, and closing. It contains specific principles and precautions for successful shutdown planning, and highlights many
aspects including turnaround philosophy, planning and scheduling, estimation, contractor management, execution, safety management,
managing human resources, and post shut down review. Process Plants: Shutdown and Turnaround Management also includes topical
information that readers can successfully apply to future shutdown projects. It is suitable for industry professionals and graduate students.
Completely revised and updated to reflect current advances in heat exchanger technology, Heat Exchanger Design Handbook, Second
Edition includes enhanced figures and thermal effectiveness charts, tables, new chapter, and additional topics––all while keeping the qualities
that made the first edition a centerpiece of information for practicing engineers, research, engineers, academicians, designers, and
manufacturers involved in heat exchange between two or more fluids. See What’s New in the Second Edition: Updated information on
pressure vessel codes, manufacturer’s association standards A new chapter on heat exchanger installation, operation, and maintenance
practices Classification chapter now includes coverage of scrapped surface-, graphite-, coil wound-, microscale-, and printed circuit heat
exchangers Thorough revision of fabrication of shell and tube heat exchangers, heat transfer augmentation methods, fouling control concepts
and inclusion of recent advances in PHEs New topics like EMbaffle®, Helixchanger®, and Twistedtube® heat exchanger, feedwater heater,
steam surface condenser, rotary regenerators for HVAC applications, CAB brazing and cupro-braze radiators Without proper heat exchanger
design, efficiency of cooling/heating system of plants and machineries, industrial processes and energy system can be compromised, and
energy wasted. This thoroughly revised handbook offers comprehensive coverage of single-phase heat exchangers—selection, thermal
design, mechanical design, corrosion and fouling, FIV, material selection and their fabrication issues, fabrication of heat exchangers,
operation, and maintenance of heat exchangers —all in one volume.
The majority of the cost-savings for any oil production facility is the prevention of failure in the production equipment such as pressure
vessels. Money lost through lost production far outweighs expenses associated with maintenance and proper operation. However, many new
engineers lack the necessary skills to effectively find and troubleshoot operating problems while experienced engineers lack knowledge of the
latest codes and standards. The fifth book in the Field Manual Series, the Pressure Vessel Operations Field Manual provides new and
experienced engineers with the latest tools to alter, repair and re-rate pressure vessels using ASME, NBIC and API 510 codes and
standards. Step-by-step procedure on how to design, perform in-shop and in-field inspections and repairs, perform alterations and re-rate a
pressure vessel How to select the appropriate vessel specifications, evaluate associated reports and determine allowable stresses
Calculations for stresses in pressure vessels Select the appropriate materials of construction for a pressure vessel Design pressure vessels
using the ASME Code Section VIII, Division 1 and 2 to best fit the circumstance
Incidents That Define Process Safety describes approximately fifty incidents that have had a significant impact on the chemical and refining
industries' approaches to modern process safety. Events are described in detail so readers get a fundamental understanding of the root
causes, the consequences, the lessons learned, and actions that can prevent a recurrence. There are exhaustive investigative reports about
these events, allowing you to apply the resulting safety principles to their current operations.
Covering both upstream and downstream oil and gas facilities, Surface Production Operations: Volume 5: Pressure Vessels, Heat
Exchangers, and Aboveground Storage Tanks delivers a must-have reference guide to maximize efficiency, increase performance, prevent
failures, and reduce costs. Every engineer and equipment manager in oil and gas must have complete knowledge of the systems and
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equipment involved for each project and facility, especially the checklist to keep up with maintenance and inspection--a topic just as critical as
design and performance. Taking the guesswork out of searching through a variety of generalized standards and codes, Surface Production
Operations: Volume 5: Pressure Vessels, Heat Exchangers, and Aboveground Storage Tanks furnishes all the critical regulatory information
needed for oil and gas specific projects, saving time and money on maintaining the lifecycle of mechanical integrity of the oil and gas facility.
Including troubleshooting techniques, calculations with examples, and several significant illustrations, this critical volume within the Surface
Production Operations series is crucial on every oil and gas engineer’s bookshelf to solve day-to-day problems with common sense
solutions. Provides practical checklists and case studies for selection, installation, and maintenance on pressure vessels, heat transfer
equipment, and storage tanks for all types of oil and gas facilities Explains restoration techniques with detailed inspection and testing
procedures, ensuring the equipment is revitalized to maximum life extension Supplies comprehensive coverage on oil and gas specific
American and European standards, codes and recommended practices, saving the engineer time searching for various publications
In recent years, process safety management system compliance audits have revealed that organizations often have significant opportunities
for improving their Mechanical Integrity programs. As part of the Center for Chemical Process Safety's Guidelines series, Guidelines for
Mechanical Integrity Systems provides practitioners a basic familiarity of mechanical integrity concepts and best practices. The book
recommends efficient approaches for establishing a successful MI program.

This handbook has been produced by the European Construction Institute (ECI) Benelux. It is a handbook for use by those
engaged in the engineering and construction industries and offers a straightforward system for estimating, progress follow-up and
administration of the project up to final re-measurement and pricing.
This book discusses the fundamental skills, techniques, and tools of auditing, and the characteristics of a good process safety
management system. A variety of approaches are given so the reader can select the best methodology for a given audit. This
book updates the original CCPS Auditing Guideline project since the implementation of OSHA PSM regulation, and is
accompanied by an online download featuring checklists for both the audit program and the audit itself. This package offers a vital
resource for process safety and process development personnel, as well as related professionals like insurers.
Provides complete and up-to-date coverage of the foundational principles, enabling technologies, and specific instruments of
portable spectrometry Portable Spectroscopy and Spectrometry: Volume One is both a timely overview of the miniature
technologies used in spectrometry, and an authoritative guide to the specific instruments employed in a wide range of disciplines.
This much-needed resource is the first comprehensive work to describe the enabling technologies of portable spectrometry,
explain how various handheld and portable instruments work, discuss their potential limitations, and provide clear guidance on
optimizing their utility and accuracy in the field. In-depth chapters—written by a team of international authors from a wide range of
disciplinary backgrounds—have been carefully reviewed both by the editors and by third-party experts to ensure their quality and
completeness. Volume One begins with general discussion of portable spectrometer engineering before moving through the
electromagnetic spectrum to cover x-ray fluorescence (XRF), UV-visible, near-infrared, mid-infrared, and Raman spectroscopies.
Subsequent chapters examine microplasmas, laser induced breakdown spectroscopy (LIBS), nuclear magnetic resonance (NMR)
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spectroscopy, and a variety of portable mass spectrometry instrument types. Featuring detailed chapters on DNA instrumentation
and biological analyzers—topics of intense interest in light of the global coronavirus pandemic—this timely volume: Provides
comprehensive coverage of the principles and instruments central to portable spectroscopy Includes contributions by experienced
professionals working in instrument companies, universities, research institutes, the military, and hazardous material teams
Discusses special topics such as smartphone spectroscopy, optical filter technology, stand-off detection, and MEMS/MOEMS
technology Covers elemental spectroscopy, optical molecular spectroscopy, mass spectrometry, and molecular and imaging
technologies Portable Spectroscopy and Spectrometry: Volume One is an indispensable resource for developers of portable
instruments, civilian and government purchasers and operators, and teachers and students of portable spectroscopy. When
combined with Volume Two, which focuses on the multitude of applications of portable instrumentation, Portable Spectroscopy
and Spectrometry provides the most thorough coverage of the field currently available.
This book is intended for engineers and related professionals in the oil and gas production industries. It is intended for use by
personnel with limited backgrounds in chemistry, metallurgy, and corrosion and will give them a general understanding of how and
why corrosion occurs and the practical approaches to how the effects of corrosion can be mitigated. It is also an asset to the entrylevel corrosion control professional who may have a theoretical background in metallurgy, chemistry, or a related field, but who
needs to understand the practical limitations of large-scale industrial operations associated with oil and gas production. While the
may use by technicians and others with limited formal technical training, it will be written on a level intended for use by engineers
having had some exposure to college-level chemistry and some familiarity with materials and engineering design.
This book is a compilation of selected papers from the 3rd International Symposium on Software Reliability, Industrial Safety,
Cyber Security and Physical Protection of Nuclear Power Plants, held in Harbin, China on 15th–17th August 2018. The symposium
discussed the status quo, technical advances and development direction of digital instrument control technology, software
reliability, information security and physical protection in the process of nuclear power development. Offering technical insights and
know from leading experts, this book is a valuable resource for both practitioners and academics working in the field of nuclear
instrumentation, control systems and other safety-critical systems, as well as nuclear power plant managers, public officials, and
regulatory authorities.
Containing a collection of 29 papers presented at the 2002 AlChE Ammonia Safety Symposium, this volume covers safe
manufacture, transportation and storage of ammonia and other chemicals, as well as actual case histories and industry needs.
This collection features papers presented at the 148th Annual Meeting & Exhibition of The Minerals, Metals & Materials Society.
The successful preservation of an historic building, complex or city depends on the continued use and daily care that come with it.
The possibility of continued use depends on the adaptation of the building to modern standards and practice of living, requiring
changes in constructional or structural features. Conservation engineering is the process of understanding, interpreting and
managing the architectural heritage to safely deliver it to posterity, enhancing private or public utility vis a vis minimum loss of
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fabric and significance. These two objectives are sometimes conflicting. With increasing global interest in conservation engineering
it is essential to open the debate on more inclusive definitions of significance and on more articulated concepts of safety by use of
acceptable and reliable technologies, integrating further the activity of all the professions involved in conservation.
Despite the length of time it has been around, its importance, and vast amounts of research, combustion is still far from being
completely understood. Issues regarding the environment, cost, and fuel consumption add further complexity, particularly in the
process and power generation industries. Dedicated to advancing the art and science of industr
This book is an update and expansion of topics covered in Guidelines for Mechanical Integrity Systems (2006). The new book is
consistent with Risk-Based Process Safety and Life Cycle approaches and includes details on failure modes and mechanisms.
Also, example testing an inspection programs is included for various types of equipment and systems. Guidance and examples
are provided for selecting and maintaining critical safety systems.
Presents an introduction to the processes of portfolio management, discussing how to identify business goals, develop strategy,
evaluate environmental and risk factors and successfully complete project objectives. Original.
Handbook of Engineering Practice of Materials and CorrosionSpringer Nature
The API Individual Certification Programs (ICPs) are well established worldwide in the oil, gas, and petroleum industries. This
Quick Guide is unique in providing simple, accessible and well-structured guidance for anyone studying the API 570 Certified
Pipework Inspector syllabus by: Summarising and helping them through the syllabus Providing multiple example questions and
worked answers Technical standards covered include the full API ‘body of knowledge’ for the examination, i.e. API570 Piping
inspection code; API RP 571 Damage mechanisms affecting fixed equipment in the refining industry; API RP 574 Inspection
practices for piping system components; API RP 577 Welding and metallurgy; API RP 578 Material verification program for new
and existing alloy piping systems; ASME V Non-destructive examination; ASME IX Welding qualifications; ASME B16.5 Pipe
flanges and flanged fittings; and ASME B 31.3 Process piping. Provides simple, accessible and well-structured guidance for
anyone studying the API 570 Certified Pipework Inspector syllabus Summarizes the syllabus and provides the user with multiple
example questions and worked answers Technical standards covered include the full API ‘body of knowledge’ for the
examination
A Practical Guide to Geometric Regulation for Distributed Parameter Systems provides an introduction to geometric control design
methodologies for asymptotic tracking and disturbance rejection of infinite-dimensional systems. The book also introduces several
new control algorithms inspired by geometric invariance and asymptotic attraction for a wide range of dynamical control systems.
The first part of the book is devoted to regulation of linear systems, beginning with the mathematical setup, general theory, and
solution strategy for regulation problems with bounded input and output operators. The book then considers the more interesting
case of unbounded control and sensing. Mathematically, this case is more complicated and general theorems in this area have
become available only recently. The authors also provide a collection of interesting linear regulation examples from physics and
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engineering. The second part focuses on regulation for nonlinear systems. It begins with a discussion of theoretical results,
characterizing solvability of nonlinear regulator problems with bounded input and output operators. The book progresses to
problems for which the geometric theory based on center manifolds does not directly apply. The authors show how the idea of
attractive invariance can be used to solve a series of increasingly complex regulation problems. The book concludes with the
solutions of challenging nonlinear regulation examples from physics and engineering.
The Practice Standard for Project Risk Management covers risk management as it is applied to single projects only. It does not
cover risk in programs or portfolios. This practice standard is consistent with the PMBOK® Guide and is aligned with other PMI
practice standards. Different projects, organizations and situations require a variety of approaches to risk management and there
are several specific ways to conduct risk management that are in agreement with principles of Project Risk Management as
presented in this practice standard.
Micro-X-ray fluorescence offers the possibility for a position- sensitive and non-destructive analysis that can be used for the
analysis of non-homogeneous materials and layer systems. This analytical technique has shown a dynamic development in the
last 15 years and is used for the analysis of small particles, inclusions, of elemental distributions for a wide range of different
applications both in research and quality control. The first experiments were performed on synchrotrons but there is a requirement
for laboratory instruments which offers a fast and immediate access for analytical results. The book discuss the main components
of a ?-XRF instrument and the different measurement modes, it gives an overview about the various instruments types, considers
the special requirements for quantification of non-homogeneous materials and presents a wide range of application for single point
and multi-point analysis as well as for distribution analysis in one, two and three dimensions.
This book covers execution of mega industrial projects especially in oil and gas industries covering engineering, procurement,
construction, commissioning and performance testing. It enumerates various tasks and deliverables under each discipline and subdisciplines to define the detailed scope of work, supplies and services, as per level III of Prima Vera Schedule developed from the
contract-based schedule. It gives an overall idea of how a project rolls out from commencement date to initial acceptance and
executed practically with total contractor’s scope of work broken down into tasks/activities at level III platform, while highlighting
that support for fool proof project execution.
More Incidents that Define Process Safety book describes over 50 incidents which have had a significant impact on the chemical
industry as well as the basic elements of process safety. Each incident is presented in sufficient detail to gain an understanding of
root causes for the event with a focus on lessons learned and the impact the incident had on process safety. Incidents are grouped
by incident type including Reactive chemical; Fires; Explosions; Environmental/toxic releases; and Transportation incidents. The
book also covers incidents from other industries that illustrate the safety management elements. The book builds on the first
volume and adds incidents from China, India, Italy and Japan. Further at the time the first volume was being written, CCPS was
developing a new generation of process safety management elements that were presented as risk based process safety; these
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elements are addressed in the incidents covered.
Each engineering task is described and illustrated with a sample document taken from a real project. -Pressure vessels are closed containers designed to hold gases or liquids at a pressure substantially different from the ambient
pressure. They have a variety of applications in industry, including in oil refineries, nuclear reactors, vehicle airbrake reservoirs,
and more. The pressure differential with such vessels is dangerous, and due to the risk of accident and fatality around their use,
the design, manufacture, operation and inspection of pressure vessels is regulated by engineering authorities and guided by legal
codes and standards. Pressure Vessel Design Manual is a solutions-focused guide to the many problems and technical
challenges involved in the design of pressure vessels to match stringent standards and codes. It brings together otherwise
scattered information and explanations into one easy-to-use resource to minimize research and take readers from problem to
solution in the most direct manner possible. Covers almost all problems that a working pressure vessel designer can expect to
face, with 50+ step-by-step design procedures including a wealth of equations, explanations and data Internationally recognized,
widely referenced and trusted, with 20+ years of use in over 30 countries making it an accepted industry standard guide Now
revised with up-to-date ASME, ASCE and API regulatory code information, and dual unit coverage for increased ease of
international use
Conference proceedings covering the latest technology developments for fossil fuel power plants, including nickel-based alloys for
advanced ultrasupercritical power plants, materials for turbines, oxidation and corrosion, welding and weld performance, new
alloys concepts, and creep and general topics.
This book covers recent advancement methods used in analysing the root cause of engineering failures and the proactive
suggestion for future failure prevention. The techniques used especially non-destructive testing such X-ray are well described. The
failure analysis covers materials for metal and composites for various applications in mechanical, civil and electrical applications.
The modes of failures that are well explained include fracture, fatigue, corrosion and high-temperature failure mechanisms. The
administrative part of failures is also presented in the chapter of failure rate analysis. The book will bring you on a tour on how to
apply mechanical, electrical and civil engineering fundamental concepts and to understand the prediction of root cause of failures.
The topics explained comprehensively the reliable test that one should perform in order to investigate the cause of machines,
component or material failures at the macroscopic and microscopic level. I hope the material is not too theoretical and you find the
case study, the analysis will assist you in tackling your own failure investigation case.
The Light Metals symposia at the TMS Annual Meeting & Exhibition present the most recent developments, discoveries, and
practices in primary aluminum science and technology. The annual Light Metals volume has become the definitive reference in the
field of aluminum production and related light metal technologies. The 2019 collection includes papers from the following
symposia: 1. Alumina and Bauxite 2. Aluminum Alloys, Processing, and Characterization 3. Aluminum Reduction Technology 4.
Cast Shop Technology 5. Cast Shop Technology: Energy Joint Session 6. DGM-TMS Symposium on Lightweight Metals 7.
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Electrode Technology for Aluminum Production 8. REWAS 2019: Cast Shop Recycling Technologies 9. Scandium Extraction and
Use in Aluminum Alloys 10. Ultrasonic Processing of Liquid and Solidifying Alloys
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