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INTRODUCTION TO CTIA GROUP
CTIA GROUP LTD, a wholly-owned subsidiary with independent legal personality established by CHINATUNGSTEN ONLINE , is

dedicated to promoting the intelligent, integrated, and flexible design and manufacturing of tungsten and molybdenum materials in the

Industrial Internet era. CHINATUNGSTEN ONLINE, founded in 1997 with www.chinatungsten.com as its starting point—China's first

top-tier tungsten products website—is the country's pioneering e-commerce company focusing on the tungsten, molybdenum, and rare earth
industries. Leveraging nearly three decades of deep experience in the tungsten and molybdenum fields, CTIA GROUP inherits its parent
company's exceptional design and manufacturing capabilities, superior services, and global business reputation, becoming a comprehensive
application solution provider in the fields of tungsten chemicals, tungsten metals, cemented carbides, high-density alloys, molybdenum,

and molybdenum alloys.

Over the past 30 years, CHINATUNGSTEN ONLINE has established more than 200 multilingual tungsten and molybdenum professional
websites covering more than 20 languages, with over one million pages of news, prices, and market analysis related to tungsten,
molybdenum, and rare earths. Since 2013, its WeChat official account "CHINATUNGSTEN ONLINE" has published over 40,000 pieces
of information, serving nearly 100,000 followers and providing free information daily to hundreds of thousands of industry professionals
worldwide. With cumulative visits to its website cluster and official account reaching billions of times, it has become a recognized global
and authoritative information hub for the tungsten, molybdenum, and rare earth industries, providing 24/7 multilingual news, product

performance, market prices, and market trend services.

Building on the technology and experience of CHINATUNGSTEN ONLINE, CTIA GROUP focuses on meeting the personalized needs of
customers. Utilizing AI technology, it collaboratively designs and produces tungsten and molybdenum products with specific chemical
compositions and physical properties (such as particle size, density, hardness, strength, dimensions, and tolerances) with customers. It offers
full-process integrated services ranging from mold opening, trial production, to finishing, packaging, and logistics. Over the past 30 years,
CHINATUNGSTEN ONLINE has provided R&D, design, and production services for over 500,000 types of tungsten and molybdenum
products to more than 130,000 customers worldwide, laying the foundation for customized, flexible, and intelligent manufacturing. Relying
on this foundation, CTIA GROUP further deepens the intelligent manufacturing and integrated innovation of tungsten and molybdenum

materials in the Industrial Internet era.

Dr. Hanns and his team at CTIA GROUP, based on their more than 30 years of industry experience, have also written and publicly released
knowledge, technology, tungsten price and market trend analysis related to tungsten, molybdenum, and rare earths, freely sharing it with
the tungsten industry. Dr. Han, with over 30 years of experience since the 1990s in the e-commerce and international trade of tungsten and
molybdenum products, as well as the design and manufacturing of cemented carbides and high-density alloys, is a renowned expert in
tungsten and molybdenum products both domestically and internationally. Adhering to the principle of providing professional and high-
quality information to the industry, CTTA GROUP's team continuously writes technical research papers, articles, and industry reports based
on production practice and market customer needs, winning widespread praise in the industry. These achievements provide solid support
for CTIA GROUP's technological innovation, product promotion, and industry exchanges, propelling it to become a leader in global

tungsten and molybdenum product manufacturing and information services.
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Chapter 1: Introduction
1.1 Definition and Historical Development of Ammonium Paratungstate (APT)

Ammonium Paratungstate (APT), with the chemical formula (NHa4)io(H2W12042)-4H-0, is an
important tungstate compound. As a white crystalline powder, APT serves as a core intermediate in
tungsten chemistry and industry, holding an irreplaceable position in tungsten metallurgy due to its
stable chemical properties and high purity. The molecular structure of APT consists of a
polytungstate cluster formed by 12 tungsten atoms linked through oxygen atoms, surrounded by 10
ammonium ions to balance the charge, and includes 4 water molecules of crystallization. This
structure imparts unique advantages to APT in high-temperature decomposition and industrial
applications, making it a critical transitional product from tungsten ore to metallic tungsten and
other tungsten compounds.

The history of APT dates back to the late 19th century when the industrial value of tungsten began
to emerge, prompting scientists to explore effective methods for extracting high-purity intermediates
from tungsten ores. By the early 20th century, APT preparation processes had matured, establishing
it as a widely recognized standard raw material for tungsten powder production. Early preparation
methods relied heavily on alkaline leaching and crystallization processes, but with technological
advancements, the introduction of acid processes and solvent extraction methods further improved
APT’s purity and yield. Today, APT has evolved into a foundational pillar of the global tungsten
industry, particularly in China—a country rich in tungsten resources—where its production and
application technologies have reached world-leading levels.

CTIA GROUP Ammonium Paratungstate Quality Inspection Sheet

Grade APT-0
WO3 Content(=%min) 88.5

Impurity(%max)

Impurity | Al As Bi Ca Cd Cr Co Cu Fe Mg Mn Mo
MAX 0.0005 ' 0.0010 |0.0001 |0.0010 0.0010 0.0010 |0.0010 |0.0003 |0.0010 |0.0005  0.0005 | 0.0020
Impurity | Na Ni K P Pb S Sb Si Sn Ti \'% LO!
MAX 0.0010 | 0.0005 |0.0010 |0.0007 0.0001 0.0008 | 0.0005 | 0.0010 |0.0002 |0.0010 |0.0010 | 11.5
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1.2 Importance of Ammonium Paratungstate in Tungsten Chemistry and Industry

In the fields of tungsten chemistry and industry, the significance of Ammonium Paratungstate (APT)
lies in its role as a pivotal "hub" within the tungsten industry chain. Tungsten, with its ultra-high
melting point (3422°C), high density (19.25 g/cm?®), and excellent corrosion resistance, is widely
utilized in high-tech sectors such as aerospace, military, electronics, and energy. Within the
processing chain from tungsten ores (e.g., wolframite and scheelite) to finished products, APT
serves as a critical link between ore extraction and downstream advanced processing. Through
roasting or reduction, APT can be directly converted into tungsten trioxide (WOs) or metallic
tungsten powder, which are then used to produce high-performance materials such as tungsten wire,
cemented carbide, and tungsten steel.

The importance of APT extends beyond its widespread use as a raw material to its process flexibility
in tungsten metallurgy. Compared to other tungsten compounds, APT boasts a mature and
controllable production process capable of meeting diverse purity requirements. For instance,
industrial-grade APT is employed in large-scale tungsten powder production, while high-purity APT
caters to the sophisticated needs of the electronics industry. Furthermore, APT serves as a starting
material for preparing other tungstates, such as Ammonium Metatungstate (AMT), expanding its
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derivative applications in the chemical industry and broadening its value chain. In essence, APT is
a dual cornerstone of technological advancement and economic benefits in the tungsten industry.

1.3 Differences and Connections Between APT and AMT

When discussing the importance of APT, it is inevitable to compare it with Ammonium
Metatungstate (AMT). Both APT and AMT are ammonium tungstate compounds, yet they exhibit
significant differences in structure, properties, and applications. APT has the chemical formula
(NHa)10(H2W12042)-4H-20, containing 10 ammonium ions, with a crystal structure that tends to form
aggregates and low water solubility (less than 2% at 20°C). In contrast, AMT, with the formula
(NHa4)sH2W 12040 xH-0, contains 6 ammonium ions and adopts a Keggin-type single molecular
cluster structure, offering extremely high water solubility (approximately 300 g WOs/100 ml H20
at 25°C). These structural differences result in divergent application pathways: APT is primarily
used in solid-state metallurgical processes, such as the production of tungsten powder and materials,
while AMT 1is better suited for solution-based processes, such as catalyst preparation and
nanomaterial synthesis.

Despite their differences, APT and AMT are not entirely disconnected; they share a close
relationship. APT can be converted into AMT through specific processes (e.g., thermal
decomposition or acidification), serving as a precursor in its industrial production. This
transformation not only highlights the versatility of tungstate compounds but also underscores
APT’s foundational role in the tungsten industry chain. Understanding the distinctions and
connections between APT and AMT provides a more comprehensive grasp of the complexity and
application potential of tungsten chemistry.

1.4 Purpose and Structure of This Book

Why is there a need for an Encyclopedia of Ammonium Paratungstate? The answer lies in the vast
and fragmented nature of APT’s knowledge system. Although APT is a core intermediate in the
tungsten industry, information about it is often scattered across academic literature, technical
manuals, and industry reports, lacking systematic integration. Chemists may focus on its molecular
structure and properties, engineers on its preparation processes and quality control, and business
professionals on its market dynamics and economic value. This book aims to bridge that gap,
offering a comprehensive perspective on APT—from fundamental chemistry to industrial
applications and future developments—serving as a one-stop knowledge resource for readers.
Whether you are a tungsten industry practitioner, a researcher, or an enthusiast of tungsten materials,
this book has something valuable to offer.

The book is divided into ten chapters, structured logically with progressively deepening content.
Chapter 1, as an introduction, outlines APT’s definition, history, and significance, laying the
groundwork for subsequent sections. Chapter 2 details APT’s product information, including its
chemical and physical properties and specification requirements. Chapter 3 delves into APT’s
preparation processes, providing a comprehensive overview from raw materials to industrial
workflows. Chapter 4 focuses on analysis and testing techniques, ensuring the scientific basis for
quality assurance. Chapter 5 showcases APT’s wide-ranging industrial applications, supported by
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practical case studies to highlight its utility. Chapter 6 analyzes APT’s market and economic
landscape, offering insights for business decisions. Chapter 7 examines environmental and safety
considerations, proposing sustainability strategies. Chapter 8 explores APT’s research frontiers and
future potential, envisioning its technological prospects. Chapter 9 presents quality inspection sheets
and electron microscopy analyses from CTIA GROUP LTD (Xiamen, China), illustrating real-world
quality control examples. Chapter 10 concludes by summarizing APT’s core value and offering
recommendations for its future development.

Through this Encyclopedia of Ammonium Paratungstate, we aim to present a complete picture of
APT—from its microscopic molecular structure to its macroscopic industrial impact—revealing its
profound influence on tungsten chemistry and industry. APT is not only a cornerstone of the tungsten
industry chain but also a vital force in advancing technological progress. The following chapters
will guide you step-by-step into the world of APT, uncovering the mysteries and value of this
remarkable compound.

CTIA GROUP Ammonium Paratungstate
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Chapter 2: Ammonium Paratungstate Product Information

Ammonium Paratungstate (APT), as a core intermediate in the tungsten industry chain, has product
characteristics that directly determine its application value in industrial and scientific fields. This
chapter explores APT’s basic chemical properties, physical properties, and chemical properties,
providing a detailed analysis of its composition and behavioral traits. It also introduces its
specification grades and packaging/storage requirements, offering readers a comprehensive
foundation of product information.

2.1 Basic Chemical Properties of Ammonium Paratungstate

2.1.1 Molecular Structure and Chemical Formula of Ammonium Paratungstate

APT has the chemical formula (NHa)10(H2W12042)-4H-0 and is a typical polytungstate compound.
Its molecular structure consists of a polytungstate cluster formed by 12 tungsten atoms (W) linked
via oxygen atoms (O), specifically the polyanion [H2W12042]'*". Unlike the Keggin-type single
molecular cluster of Ammonium Metatungstate (AMT), APT’s structure leans toward an aggregate
form, constructed from multiple tungsten-oxygen octahedra sharing oxygen atoms to create a
complex network. This polyanion is charge-balanced by 10 ammonium ions (NH4") and incorporates
4 water molecules of crystallization (H20), forming a stable crystalline structure. X-ray diffraction
(XRD) analysis reveals that APT typically crystallizes in an orthorhombic system, exhibiting high
symmetry and stability.

The molecular weight of APT is approximately 3132.2 g/mol (including 4 water molecules), with
tungsten content (calculated as WOs) ranging from 88% to 90%, depending on moisture levels. This
structural characteristic enables APT to release ammonia and water vapor during high-temperature
decomposition, ultimately transforming into tungsten trioxide (WOs), providing a convenient

pathway for tungsten metallurgy.

2.1.2 Appearance and Morphology of Ammonium Paratungstate

APT typically appears as a white or slightly yellowish crystalline powder with a fine texture,
resembling the feel of talc. Its color may vary slightly due to production processes or trace impurities
(e.g., iron or molybdenum), though high-purity APT is predominantly pure white. Under a
microscope, APT crystals exhibit needle-like or plate-like morphologies, with grain sizes varying
between 10-50 micrometers depending on preparation conditions. These appearance traits make it

easily identifiable and facilitate its crushing or dissolution in industrial processes.
2.2 Physical Properties of Ammonium Paratungstate

2.2.1 Density and Solubility

APT has a density of approximately 4.6 g/cm?, higher than that of AMT (3.8-4.0 g/cm?), reflecting
its denser crystal structure. However, compared to AMT’s high water solubility, APT exhibits
relatively low solubility in water. At 20°C, its solubility is only about 2 g/100 ml (approximately
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1.8 gas WOs), and it dissolves slowly in pure water. This property is closely tied to APT’s aggregate
structure, as its crystals tend to maintain a solid form. Solubility increases significantly under acidic
conditions (e.g., pH 4-6) or with heating. APT is insoluble in organic solvents such as ethanol and
acetone, making it more suitable for solid-state processes rather than solution-based systems.

2.2.2 Thermal Stability and Decomposition Behavior

APT demonstrates good thermal stability at room temperature, allowing for long-term storage
without decomposition. However, its structure changes when heated. Thermogravimetric analysis
(TGA) indicates that APT’s decomposition occurs in three stages:

* 50-150°C: Loss of crystallization water, with a mass reduction of about 2%-3%.

* 200-400°C: Decomposition of ammonium groups (NH4"), releasing ammonia (NHs) and water
vapor, transforming into an intermediate polytungstic acid state.

* 500-700°C: Complete decomposition into tungsten trioxide (WQOs), with the color changing from
white to yellow. The decomposition reaction can be simplified as:

(N Hy)1o(HaW1208)- AH,0 25 12W 03 + 10N Hy + TH50

2.3 Chemical Properties of Ammonium Paratungstate

2.3.1 Acid-Base Reactivity

APT exhibits a certain degree of chemical inertness, though its reactivity varies depending on the
environment. Under acidic conditions, APT can slowly dissolve and transform into other tungstates
or tungstic acid (H2WOs.), for example:

(NH4)1()(H2W12()42) + 10HCl — 12H,;WO4 + 10N HyCl

In an alkaline environment, APT reacts with hydroxides (such as NaOH) to form soluble tungstates,
like sodium tungstate (Na:WOs4), though the reaction rate is slow and typically requires heating or
strong alkaline conditions. This acid-base reactivity allows APT to serve as an intermediate in
specific processes, enabling the further derivation of other tungsten compounds.

2.3.2 Redox Characteristics

The tungsten atoms in APT are in the +6 oxidation state (W), the highest oxidation state, conferring
a certain redox potential. Theoretically, APT can be reduced by reducing agents (such as hydrogen
gas H: or zinc Zn) into lower oxidation state tungsten compounds, such as blue tungsten bronze (a
mixed W*"/W¢" state). For instance, reduction in a hydrogen atmosphere is a common step in the
industrial production of tungsten powder:

(NHy)10(HoWisOs2)- 4Hs0 + 22Hy —=3 19W + 10N H; + 14H50

However, this reduction reaction is more commonly observed in laboratory research, while
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industrially, it is typically reduced following roasting decomposition.
2.4 Specifications and Grades of Ammonium Paratungstate

2.4.1 Industrial-Grade APT

Industrial-grade APT is the most common product grade, widely used in tungsten powder and
cemented carbide production. Its typical specifications include:

* WO:; content: >88.5%

* Impurity limits: Mo < 0.05%, Fe <0.02%, Na <0.03%

* Moisture content: < 8%

Industrial-grade APT has relatively lenient purity requirements, making it suitable for large-scale
production at a lower cost.

2.4.2 High-Purity APT

High-purity APT primarily serves the electronics industry and specialty material manufacturing,
demanding higher purity and lower impurity levels. Typical specifications include:

* WO:; content: >99.9%

* Impurity limits: Mo < 0.001%, Fe < 0.001%, Na < 0.0005%

* Moisture content: < 5%

The production of high-purity APT requires stricter purification processes, such as multiple
crystallizations or ion exchange, making it suitable for high-precision applications like tungsten
targets or catalyst precursors.

2.5 Packaging and Storage Requirements for Ammonium Paratungstate

The packaging and storage of APT must ensure its stability and prevent external contamination.
Common requirements include:

* Packaging: Packaged in double-layered sealed plastic bags or plastic barrels, with additional
moisture-proof cardboard boxes or iron drums. Net weight is typically 25 kg or 50 kg. Packaging
must be labeled with the product name, batch number, production date, and safety warnings.

* Storage Conditions: Stored in a cool, dry, and well-ventilated warehouse, avoiding direct sunlight
and high temperatures (>40°C). Humidity should be controlled below 60% to prevent moisture
absorption and caking.

* Precautions: Avoid co-storage with acidic substances or strong oxidants to prevent unintended
reactions. The storage period generally does not exceed 12 months, and long-term storage requires

periodic moisture content checks.

2.6 Practical Significance

The product information of APT is not merely a summary of its chemical and physical properties
but also the foundational basis for its industrial applications. Its low water solubility and high-
temperature decomposition properties make it an ideal raw material for tungsten metallurgy, while
the diversity of its specification grades meets the needs of applications ranging from general
industry to high-tech fields. Standardized packaging and storage requirements ensure APT’s
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stability during transportation and use, providing guarantees for subsequent preparation processes
and quality control. The following chapters will delve into APT’s preparation processes, revealing
its transformation from ore to finished product and further demonstrating its technical value.

CTIA GROUP Ammonium Paratungstate
Chapter 3: Ammonium Paratungstate Preparation Process

The preparation process of Ammonium Paratungstate (APT) is a critical step in transforming
tungsten ore into a high-value intermediate product. As a core raw material in tungsten metallurgy,
APT’s production technology directly impacts its purity, yield, and downstream application
performance. This chapter begins with raw material sources, systematically introducing APT’s
traditional preparation methods, emerging technologies, and industrial production processes,
analyzing technical challenges and optimization directions, and comparing the characteristics of
laboratory and industrial-scale production to provide readers with a comprehensive process

perspective.

3.1 Raw Material Sources for Ammonium Paratungstate
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APT’s preparation relies on the extraction and processing of tungsten resources, with raw materials
primarily divided into two categories: natural tungsten ores and tungstate intermediates.

3.1.1 Natural Tungsten Ores (Wolframite and Scheelite)

Natural tungsten ores are the primary raw material sources for APT production, with wolframite
(FeMnWOa.) and scheelite (CaWOQs4) being predominant. Wolframite, rich in iron and manganese,
often exists as coarse crystals suitable for gravity separation, while scheelite, occurring as a calcium
salt, is accompanied by complex associated minerals and typically requires flotation separation.
China, the world’s largest tungsten ore producer, holds over 80% of global reserves, concentrated
in areas like Ganzhou in Jiangxi and Chenzhou in Hunan, earning the title “Tungsten Capital of the
World.” These ores are crushed, ground, and beneficiated to produce tungsten concentrates (WOs
content 50%-65%), laying the foundation for subsequent chemical refining.

3.1.2 Tungstate Intermediates

In addition to natural tungsten ores, tungstate intermediates such as sodium tungstate (Na2WQO.) and
crude tungstic acid (H2WOs.) are commonly used as direct raw materials for APT. These
intermediates are typically obtained from tungsten concentrates through alkaline or acid leaching,
offering higher purity suitable for producing high-purity APT. Furthermore, recycled tungsten scrap
(e.g., waste cemented carbide) can be chemically processed into tungstates, serving as a
supplementary raw material. The choice of raw material varies by production goals: natural tungsten
ores are ideal for large-scale industrial production, while tungstate intermediates are better suited
for laboratory or specialized processes.

3.2 Traditional Preparation Methods for Ammonium Paratungstate

The traditional preparation methods for APT, developed over a century, have evolved into several
mature processes, primarily including the alkaline process, acid process, and solvent extraction
method.

3.2.1 Alkaline Process
The alkaline process is the mainstream industrial route for APT production, utilizing alkaline
conditions to decompose tungsten ore. The process is as follows:
1. Leaching: Tungsten concentrate is reacted with sodium hydroxide (NaOH) or sodium
carbonate (Na.COs) under high temperature and pressure to produce a soluble sodium
tungstate solution:

CaW0O4+2NaOH — Nay;WO0Oy4 + Ca(OH),

2. Purification: Impurities (such as silicon, phosphorus, and arsenic) are removed through
precipitation or filtration.

3. Crystallization: Ammonia water (NHs-H20) and hydrochloric acid (HCl) are added,
adjusting the pH to 7-8, allowing tungstate ions to aggregate into APT crystals:
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12]\%12”7()4 + 14HCI + 101\TH4C1 — (lVH_;)l()(HQI/Vlg()42)' 4H2() + 24NaCl

4. Separation and Drying: APT crystals are separated by centrifugation and dried to a moisture
content of <8%.
The advantages of the alkaline process include simple equipment and high yield, making it
suitable for processing scheelite, though the waste liquid contains a high amount of sodium
salts, requiring additional treatment.

3.2.2 Acid Process

The acid process is primarily used for wolframite, employing strong acids to decompose the ore.
The steps include:
1. Acid Decomposition: Hydrochloric acid (HCI) or sulfuric acid (H2SOa4) is used to
decompose the tungsten concentrate, producing insoluble tungstic acid:

FeMnWQO4+ 2HCl —+ HoWOy4 + FeCly + MnCls

2. Dissolution: The tungstic acid is dissolved in ammonia water to form an ammonium
tungstate solution.

3. Crystallization: APT crystals are precipitated through evaporation or cooling.The acid
process is suitable for wolframite with high iron content, producing less waste residue, but
it consumes a significant amount of acid and imposes strict requirements on equipment
corrosion resistance.

3.2.3 Solvent Extraction Method
The solvent extraction method is a technique for preparing high-purity APT, utilizing organic
solvents to separate tungsten. The process includes:
1. Extraction: Sodium tungstate solution is mixed with an organic extractant (e.g., amine
compounds), transferring tungsten ions to the organic phase.
2. Back-Extraction: Ammonia water is used for back-extraction, producing a high-purity
ammonium tungstate solution.
3. Crystallization: The solution is concentrated to precipitate APT.
This method achieves high purity (WOs >99.9%), but it is costly and complex, primarily
used for high-end applications.

3.3 Emerging Preparation Technologies for Ammonium Paratungstate
With increasing demands for environmental protection and efficiency, APT preparation technologies

continue to innovate.

3.3.1 Green Synthesis and Low-Ammonia Processes
Green synthesis aims to reduce ammonia emissions and energy consumption. For instance, the

electrochemical method uses an electric field to drive tungstate ions to aggregate into APT, with
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byproducts limited to hydrogen and oxygen, reducing ammonia usage by over 50%. The ultrasonic-

assisted method employs sound waves to accelerate reactions, shortening crystallization time and
reducing wastewater discharge.

3.3.2 Improved Ion Exchange Method

The improved ion exchange method uses novel resins (e.g., strong acid-type resins) to directly
prepare APT from sodium tungstate solution, increasing the efficiency of removing impurities like
molybdenum and iron by 30%, suitable for high-purity APT production.

3.4 Industrial Production Process of Ammonium Paratungstate

3.4.1 Pretreatment and Leaching
Industrial production begins with the pretreatment of tungsten concentrate, roasting to remove sulfur
and arsenic, followed by alkaline or acid leaching to produce a tungstate solution.

3.4.2 Crystallization and Separation
After purification, the solution is adjusted to neutral pH with ammonia water and acid, heated to 80-
90°C to precipitate APT crystals, which are then separated using a centrifuge or filter.

3.4.3 Drying and Packaging
The crystals are dried at 100-120°C, with moisture controlled between 5%-8%, and packaged in 25
kg or 50 kg sealed bags.

3.5 Optimization of Process Parameters for Ammonium Paratungstate

3.5.1 pH and Temperature Control
A pH of 7-8 is the optimal range for APT crystallization; too low results in tungstic acid, while too
high precipitates other tungstates. Temperature is controlled at 80-100°C to ensure uniform crystals.

3.5.2 Concentration and Crystallization Conditions
The WOs concentration in the solution should reach 200-300 g/L, with a crystallization time of 4-6
hours and stirring speed of 100-200 rpm to optimize yield and particle size.

3.6 Technical Challenges and Solutions for Ammonium Paratungstate

3.6.1 Impurity Removal

Molybdenum (Mo) is a primary impurity with chemical properties similar to tungsten. Solutions
include selective precipitation (e.g., sulfidation) or ion exchange, increasing costs but improving
purity.

3.6.2 Energy Consumption and Waste Management

Roasting and evaporation consume significant energy, and wastewater contains ammonia nitrogen

requiring recovery. Using waste heat recovery and membrane separation can reduce energy
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consumption by 20%, with an ammonia recovery rate of 85%.

3.7 Laboratory vs. Industrial Scale Comparison

Laboratory preparation of APT is typically small-scale, focusing on purity and process exploration,
using beakers and manual adjustments. Industrial-scale production prioritizes efficiency, with daily
outputs reaching several tons, employing automated equipment and fixed parameters.

3.8 Practical Significance

APT’s preparation process is the cornerstone of its industrialization. The maturity of alkaline and
acid processes ensures large-scale production, while solvent extraction and emerging technologies
meet high-purity demands, and optimized parameters balance quality and cost. Understanding these
processes not only reveals APT’s production pathway but also lays the foundation for its quality
control and applications. The next chapter will explore APT’s analysis and testing techniques to

ensure compliance with industrial standards.

' -X\f\‘ AN
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CTIA GROUP Ammonium Paratungstate

Chapter 4: Ammonium Paratungstate Analysis and Testing

The quality of Ammonium Paratungstate (APT) is a critical assurance for its industrial and scientific
applications, and scientific analysis and testing techniques form the foundation for ensuring this
quality. From chemical composition to physical properties, each APT parameter requires precise
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validation methods to meet diverse application needs. This chapter systematically introduces APT’s
chemical composition analysis, physical property testing, quality control standards, testing

techniques, and practical case studies, revealing how laboratory methods provide a scientific basis
for APT quality.

4.1 Chemical Composition Analysis of Ammonium Paratungstate

APT’s chemical composition analysis aims to determine its primary element content and impurity
levels, ensuring the product meets specification requirements. The main analysis methods are as
follows:

4.1.1 Determination of Tungsten Content (WOQO3)

Tungsten (W) is the core component of APT, typically expressed as tungsten trioxide (WQOs) content,
with industrial-grade APT requiring WOs > 88.5% and high-purity grade > 99.9%. Common
methods include:

¢ Inductively Coupled Plasma Mass Spectrometry (ICP-MS): APT samples are dissolved in
ammonia water, diluted, and analyzed using ICP-MS to detect tungsten ion characteristic spectra,
with sensitivity reaching ppm levels (parts per million), ideal for precise analysis of high-purity
APT.

* Gravimetric Method: APT is heated to 700-800°C to fully decompose into WOs, and the residual
mass is weighed to calculate WOs content, offering simplicity and reliability with an error of about
0.1%, commonly used for industrial verification.

4.1.2 Determination of Ammonium Content (NH.")
The ammonium (NH4") content in APT reflects its chemical composition, typically accounting for
5%-6% of its molecular weight. The detection method is distillation-titration:
1. The sample is dissolved, strong alkali (e.g., NaOH) is added, and it is heated to release
ammonia gas (NHs).
2. The NHs is absorbed by sulfuric acid (H2SO4) solution, and the remaining acid is titrated
with a standard base.

This method achieves a precision of 0.1% and is a standard industrial testing approach.

4.1.3 Impurity Analysis

Impurities in APT (e.g., molybdenum Mo, iron Fe, sodium Na) may originate from raw materials or
processes, directly affecting its applications. Detection methods include:

* ICP-MS: Simultaneous multi-element analysis with detection limits as low as ppb (parts per
billion), suitable for impurity control in high-purity APT (e.g., Mo < 0.001%).

* Atomic Absorption Spectroscopy (AAS): Specific elements (e.g., Fe, Na) are measured by flame
or graphite furnace atomization and absorbance, appropriate for routine testing.

Impurity limits vary by application, with industrial-grade APT allowing Mo < 0.05%, while high-
purity grade demands stricter standards.

4.2 Physical Property Testing of Ammonium Paratungstate
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Physical property testing ensures APT’s crystal structure and morphology meet requirements,
influencing its downstream processing performance.

4.2.1 Crystal Structure Analysis (XRD, SEM)

APT’s crystal structure is confirmed via X-ray diffraction (XRD), with characteristic peaks
appearing in the 26 range of 15°-35°, indicating an orthorhombic system. The presence of additional
peaks from WOs or other impurities suggests insufficient purity.

Scanning Electron Microscopy (SEM) observes crystal morphology, typically showing APT as
needle-like or plate-like crystals with particle sizes of 10-50 micrometers, aiding dissolution and
reduction processes.

4.2.2 Particle Size Distribution and Morphology

Particle size affects APT’s solubility and processability. Laser particle size analyzers measure
through laser scattering:

¢ Industrial-grade APT’s average particle size (D50) is typically 20-50 micrometers.

* Particles too fine (<5 micrometers) may cause dust, while those too coarse (>100 micrometers)
are difficult to dissolve.

Results are presented as distribution curves to ensure batch consistency.

4.2.3 Moisture and Volatile Content

As a tetrahydrate, APT’s moisture content is a key indicator. Thermogravimetric analysis (TGA)
measures:

* 50-150°C: Loss of crystallization water (about 2%-3%).

* 200-400°C: Release of ammonia and water.

Industrial-grade APT moisture is controlled at 5%-8%, high-purity grade < 5%, as excess moisture
may lead to caking or decomposition.

4.3 Quality Control Standards for Ammonium Paratungstate

APT’s quality standards vary by application, with international and domestic regulations providing
the basis:

* International Standards (ISO): Such as ISO 9001, requiring manufacturers to establish quality
management systems for batch stability.

¢ Chinese National Standards (GB): Such as GB/T 23365-2009, specifying industrial-grade APT
WO:; > 88.5% with clear impurity limits.

¢ Industry Practices: High-purity APT impurities (e.g., Mo, Fe) must be <0.001%, negotiated
between suppliers and users, often detailed in Technical Data Sheets (TDS).

4.4 Testing Techniques and Instruments for Ammonium Paratungstate

4.4.1 ICP-MS and AAS
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ICP-MS (Inductively Coupled Plasma Mass Spectrometry) is a high-precision analytical tool
suitable for multi-element detection, with a detection limit as low as ppb levels, widely used for
high-purity APT.
AAS (Atomic Absorption Spectroscopy) is more cost-effective, ideal for single-element analysis
such as Fe and Na, with a detection limit around ppm levels, commonly used for routine monitoring.
4.4.2 TGA and Particle Size Analyzer
TGA (Thermogravimetric Analyzer) measures moisture and decomposition behavior with high
precision, quantifying volatile components in stages.
The laser particle size analyzer analyzes particle size distribution via scattering spectra, offering
rapid, non-destructive testing to ensure crystal uniformity.
4.5 Case Studies on Ammonium Paratungstate

4.5.1 High-Purity APT Test Report

An electronics manufacturer procured high-purity APT, requiring WOs > 99.9%. Testing process:
e ICP-MS: WOs content 99.92%, Mo 0.0008%, Fe 0.0005%.

* XRD: No impurity peaks, pure crystal form.

* TGA: Moisture 4.8%.

The results met high-end application needs, suitable for tungsten target production.

4.5.2 Batch Validation of Industrial-Grade APT

A tungsten powder plant tested industrial-grade APT:

* Gravimetric Method: WOs 88.7%.

* AAS: Mo 0.04%, Na 0.02%.

* Particle Size Analysis: D50 at 35 micrometers.

The batch qualified, suitable for cemented carbide manufacturing.

4.6 Practical Significance

APT’s analysis and testing techniques are not only tools for quality control but also guarantees of
its industrialization. Chemical composition analysis ensures raw material purity, physical property
testing verifies crystal quality, and standardized norms unify industry requirements. The integrated
application of these techniques provides a reliable foundation for APT’s downstream production
while promoting process optimization and quality improvement. The next chapter will delve into
APT’s industrial applications, showcasing its transformation value from laboratory to market.
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Chapter 5: Industrial Applications of Ammonium Paratungstate

Ammonium Paratungstate (APT), as a core intermediate in the tungsten industry chain, has an
exceptionally wide range of applications in industrial fields. From tungsten metallurgy to cemented
carbide manufacturing, as well as chemicals and specialty materials, APT’s versatility makes it a
crucial raw material driving technological progress and industrial development. This chapter
systematically introduces APT’s specific applications in tungsten metallurgy, cemented carbide,
chemical industries, and specialized uses, compares it with Ammonium Metatungstate (AMT), and
demonstrates its practical value in modern industry through real-world case studies.

5.1 Core Role of Ammonium Paratungstate in Tungsten Metallurgy
APT serves as the foundational raw material in tungsten metallurgy, transformed into various
tungsten products through decomposition and reduction.

5.1.1 Production of Tungsten Trioxide (WOs)
APT is the primary precursor for the industrial production of tungsten trioxide (WOs). Through

roasting decomposition at 500-700°C, APT releases ammonia gas and water vapor, directly yielding
WO:s:

(NHy)wo(HaW1201)- 4H;0 =5 12W O3 + 10N Hy + TH20
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WOs serves as an intermediate in tungsten powder production and is also used in electrochromic
materials and gas sensors. The decomposition products of APT are of high purity with minimal
impurities (e.g., Mo <0.05%), meeting the needs of both industrial-grade and electronic-grade WOs.
Compared to direct roasting from tungsten ore, the APT process is more controllable, achieving
yields exceeding 95%.

5.1.2 Manufacturing of Tungsten Powder and Tungsten Materials
APT is a critical raw material for tungsten powder production, reduced with hydrogen gas to produce
metallic tungsten powder:

(1VH4)1()(H2W12()42)° 4H-50 + 22H, M} 12W + 10N H; + 14H50

The particle size of tungsten powder can be adjusted by controlling the reduction temperature and
hydrogen flow, typically ranging from 1-10 micrometers, and is used to manufacture tungsten rods,
wires, and crucibles. APT’s high purity and uniformity ensure the quality of tungsten powder,
making it widely applied in lighting (tungsten filaments), electronics (tungsten targets), and high-
temperature equipment (tungsten crucibles). Approximately 60% of global tungsten powder
production relies on the APT process.

5.2 Cemented Carbide and Tungsten Alloys

5.2.1 Application of APT in Cemented Carbide
Cemented carbide (e.g., WC-Co), known for its high hardness and wear resistance, is widely used
in cutting tools, drill bits, and molds. APT is the starting point of the cemented carbide production
chain:
1. Tungsten Powder Preparation: APT is reduced to produce fine-grained tungsten powder.
2. Carburization: Tungsten powder is mixed with carbon black and carburized at 1400-
1600°C to form tungsten carbide (WC).
3. Sintering: WC is pressed and sintered with cobalt (Co) powder to produce cemented
carbide.
APT’s low impurity content (e.g., Fe <0.02%) ensures the high purity of WC, achieving
hardness levels of HRA 89-92, meeting the demands of high-end machining.

5.2.2 High-Density Tungsten Alloy Products

High-density tungsten alloys (e.g., W-Ni-Fe), with densities of 17-18.5 g/cm?, are used in acrospace
counterweights and military armor-piercing projectile cores. APT is reduced to tungsten powder,
then mixed and sintered with nickel and iron powders. APT’s uniform particle size (20-50
micrometers) ensures the alloy’s density, making it an environmentally friendly and high-

performance alternative to lead in aircraft counterweights.

5.3 Chemical Industry and Catalysts
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5.3.1 Conversion of APT to AMT
APT serves as a precursor for producing Ammonium Metatungstate (AMT) through thermal

decomposition or acidification processes:
200—300°C
(NH4)1()(H2W12042)' 4H20 — (NH4)6H2W12()4() + 4NH3 + 5H3()
AMT’s high water solubility makes it suitable for catalysts and solution-based processes, while APT
serves as the starting point for this transformation, demonstrating its derivative value in the chemical
industry.

5.3.2 Other Tungsten-Based Catalysts

APT can be used to prepare tungsten-based oxidation catalysts, such as WOs for methanol oxidation
to formaldehyde. WOs is produced by roasting APT and then compounded with a carrier (e.g.,
Al0s), achieving catalytic efficiency above 90%. Although less flexible than AMT in solution
processes, APT’s solid-state decomposition properties suit the production of roasting-type catalysts.

5.4 Specialized Uses of Ammonium Paratungstate

5.4.1 Ceramic Colorant
WO:; derived from APT serves as a yellow colorant in ceramic glazes, offering high-temperature
resistance and stable coloration. WOs is prepared by roasting APT and added to glazes for firing,

used in high-end ceramic decoration with uniform and durable color.

5.4.2 Laboratory Reagent
High-purity APT is commonly used as a laboratory reagent in tungsten chemistry research and
analytical experiments. Its low impurity levels (e.g., Mo <0.001%) make it a standard tungsten

source, widely applied in spectroscopy and synthesis experiments.
5.5 Application Case Studies of Ammonium Paratungstate

5.5.1 APT in Tungsten Filament Production

A lighting company used APT to produce tungsten filaments:

* Process: APT was reduced to 3-5 micrometer tungsten powder, drawn into wire, and sintered into
filaments.

* Result: Filaments with a diameter of 0.02 mm and a melting point of 3422°C were used in high-
brightness bulbs, extending service life by 20%.

5.5.2 Cemented Carbide Tool Manufacturing

A tool manufacturer produced cemented carbide cutting tools using APT:

* Process: APT was converted to WC, mixed with 10% Co, and sintered into shape.

* Result: Tools achieved a hardness of HRA 91 and 30% improved wear resistance, suitable for
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high-speed cutting.

5.5.3 Aerospace Components

An aviation company manufactured W-Ni-Fe counterweights:

* Process: APT was reduced to tungsten powder, sintered with Ni and Fe, achieving a density of 18
g/cm?,

* Result: Replaced lead counterweights with a weight deviation <0.5%, enhancing aircraft balance.

5.6 Comparison of Applications with AMT

APT and AMT have distinct application domains:

* Tungsten Metallurgy: APT dominates tungsten powder and WOs production, while AMT is rarely
involved.

* Cemented Carbide: APT is the preferred raw material; AMT’s high solubility makes it unsuitable.
* Chemical Industry and Catalysts: AMT excels in solution processes (e.g., hydrodesulfurization
catalysts), while APT suits roasting processes.

* Specialized Uses: AMT has advantages in electrochemistry and flame retardants, whereas APT
focuses on ceramics and reagents.

For example, tungsten filament production relies on APT’s solid-state decomposition, while battery

materials favor AMT’s solution uniformity.

5.7 Practical Significance

APT’s industrial applications reflect its ability to transform from raw material to high-value products.
In tungsten metallurgy, it is the cornerstone of tungsten powder and WOs production; in cemented
carbide, it ensures the manufacture of high-performance tools; in the chemical industry, it links APT
and AMT applications. Specialized uses highlight its versatility. Case studies demonstrate that
APT’s low impurities and high stability are key to its widespread use. Its complementarity with
AMT further enriches the tungsten industry’s application landscape. The next chapter will analyze
APT’s market and economy, unveiling its industrial value and global landscape.
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CTIA GROUP Ammonium Paratungstate

Chapter 6: Market and Economy of Ammonium Paratungstate

Ammonium Paratungstate (APT), as a key intermediate in the tungsten industry chain, reflects its
market performance and economic value through the global supply-demand dynamics and industrial
economic benefits of tungsten resources. With growing demand for tungsten in high-tech fields,
APT’s market significance is increasingly prominent. This chapter analyzes APT’s market and
economic landscape from five perspectives—global production, price trends, supply-demand
analysis, major manufacturers, and economic impact—while forecasting future trends to provide
readers with a business-oriented insight.

6.1 Global Production and Distribution of Ammonium Paratungstate

6.1.1 China’s Dominant Position

APT production is closely tied to the geographical distribution of tungsten resources, with China
undeniably the core player in the global APT market. According to the International Tungsten
Industry Association (ITIA), over 80% of global tungsten reserves are concentrated in China,
primarily in Jiangxi, Hunan, and Henan provinces. China accounts for approximately 85%-90% of
annual global APT production, with an estimated output of 80,000-100,000 tons in 2023 (calculated
as WOs equivalent). Ganzhou in Jiangxi, dubbed the “Tungsten Capital of the World,” benefits from
abundant wolframite and scheelite resources, providing a solid foundation for APT production.
China’s dominance stems not only from resource endowment but also from mature metallurgical
technology and a well-established industry chain.
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6.1.2 Production in Other Countries
Beyond China, APT production in other countries remains limited. Russia, Vietnam, and Australia
are notable tungsten producers, but their APT output is far smaller:
* Russia: Annual production of about 5,000-7,000 tons, mainly for domestic use.
* Vietnam: Approximately 3,000-5,000 tons per year, with some exports to Europe.
* Australia: Around 2,000-3,000 tons annually, focused on high-purity APT.
Western countries like the United States and Germany produce even less, typically below 1,000 tons
per year, relying heavily on imports from China. This distribution underscores China’s leading role
in the global APT market.

6.2 Price Trends and Influencing Factors of Ammonium Paratungstate

6.2.1 Historical Price Fluctuations

APT prices fluctuate with the global tungsten market, typically ranging between $20,000 and
$30,000 per ton (approximately 140,000-210,000 RMB, estimated as of March 2025, based on WO:s
equivalent). Recent trends include:

* 2018-2020: Global economic slowdown led to subdued tungsten prices, with APT stabilizing at
$20,000-25,000 per ton.

* 2021-2022: Post-pandemic industrial recovery boosted demand, pushing APT prices to a peak of
$28,000 per ton.

* 2023-2024: Prices stabilized at around $25,000 per ton, with slight increases driven by new energy
demands.

6.2.2 Raw Material Costs and Demand Drivers

Key factors driving APT prices include:

* Raw Material Costs: Tungsten concentrate (50%-65% WOs) costs about $15,000-20,000 per ton,
comprising 60%-70% of APT production costs.

* Demand Drivers: Growth in demand for cemented carbide, tungsten filaments, and new energy
materials (e.g., batteries) pushes prices upward.

* Policy Impacts: China’s quotas on tungsten mining and exports (e.g., 16,000 tons in 2024) tighten
supply, amplifying price volatility.

6.3 Supply and Demand Analysis of Ammonium Paratungstate

6.3.1 Demand Sectors and Growth Areas

APT demand primarily stems from:

* Cemented Carbide: Accounts for 50%-60%, driven by cutting tools and wear-resistant parts in
automotive and machinery industries.

* Tungsten Powder and Materials: Represents 30%-35%, used in tungsten filaments, rods, and
aerospace components.

* Chemical and Specialized Uses: Comprises 5%-10%, including catalysts and ceramic colorants.
Future growth is expected in new energy applications (e.g., WOs in batteries) and military sectors,
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with demand projected to rise 3%-5% annually by 2030.

6.3.2 Supply Constraints and Bottlenecks

The supply side faces multiple challenges:

* Resource Scarcity: Tungsten reserves are finite, with a global exploitable lifespan of about 50-70
years.

* Policy Restrictions: China’s quotas and environmental regulations (e.g., tailings management)
limit output.

* Production Costs: The complex processes for high-purity APT (e.g., solvent extraction) increase
costs, making it hard for small producers to compete.

These factors result in a tight APT supply, particularly in international markets, heightening price

sensitivity.
6.4 Major Producers of Ammonium Paratungstate

6.4.1 CTIA GROUP LTD (Xiamen, China)
CTIA GROUP LTD (www.ctia.com.cn) is a significant player in APT production, with an annual

output of approximately 10,000-15,000 tons. Focused on technological innovation and high-end
markets, its high-purity APT (WOs > 99.9%) serves electronics and new energy sectors. Leveraging

advanced solvent extraction processes, CTIA holds a competitive position in the global market.

6.5 Economic Impact

6.5.1 Contribution to the Tungsten Industry Chain

APT production transforms low-value tungsten concentrate into high-value products, enhancing the
economic benefits of the industry chain. For instance, cemented carbide made from APT can reach
a value of tens of thousands of dollars per ton, 5-10 times that of raw tungsten ore. In 2023, China’s
tungsten compound exports were valued at approximately $1 billion, with APT making a significant
contribution.

6.5.2 Regional Economic Development

In China’s tungsten-producing regions (e.g., Ganzhou and Xiamen), the APT industry drives
employment and tax revenue. Ganzhou’s tungsten industry generates an annual output value
exceeding 50 billion RMB, with APT-related enterprises accounting for 30%-40%. Companies like
CTIA GROUP LTD in Xiamen further boost the local economy through technological innovation.

However, resource dependency poses risks, as market fluctuations could impact regional stability.

6.5.3 Exports and Trade Balance
APT exports generate foreign exchange revenue for China, with key markets including the United
States, the European Union, and Japan. The 2024 export quota restrictions tightened global supply,

driving up prices and enhancing China’s bargaining power in the international tungsten market.
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6.6 Future Market Forecast for Ammonium Paratungstate
With the rise of new energy and smart manufacturing, APT market demand is expected to grow
steadily:
e Short-Term (2025-2027): Stable demand for cemented carbide and tungsten materials, with
annual growth of 2%-3%, and prices holding at $25,000-30,000 per ton.
* Medium-Term (2028-2030): Demand driven by new energy (e.g., WOs batteries) and military
applications, with growth of 5%-7%, potentially pushing prices to $30,000-35,000 per ton.
* Long-Term (Post-2030): The circular economy (e.g., tungsten recycling) may ease supply
pressure, but resource scarcity will continue to support high prices.
Challenges include rising environmental costs and intensifying international competition, requiring
China to balance exports and domestic needs while optimizing its industry structure.

6.7 Practical Significance

The market and economic analysis of APT highlights its dual role in the global tungsten industry: a
pillar of the resource economy and a driver of high-value industries. Its production distribution and
price fluctuations reflect the interplay between resource scarcity and demand growth, while
competition among major producers underscores the contest of technology and cost. For businesses,
understanding APT market dynamics is critical for procurement and investment decisions; for
policymakers, balancing resource development with environmental concerns is a future priority. The
next chapter will explore APT’s environmental and safety issues, analyzing its sustainability

challenges.

CTIA GROUP Ammonium Paratungstate
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Chapter 7: Environment and Safety of Ammonium Paratungstate

The production and application of Ammonium Paratungstate (APT) drive the development of the
tungsten industry while also presenting environmental and safety challenges. From tungsten ore
mining to APT preparation and downstream use, each stage requires attention to its potential impact
on ecosystems and human health. This chapter systematically analyzes APT’s environmental impact,
environmental protection measures, safety specifications, regulatory requirements, and real-world
case studies, exploring its sustainability issues and offering insights for future green development.

7.1 Environmental Impact of Ammonium Paratungstate
APT’s environmental impact spans its entire lifecycle, encompassing ore mining, production
processes, and application stages.

7.1.1 Environmental Cost of Tungsten Ore Mining

APT production begins with tungsten ore extraction, primarily from wolframite (FeMnWOs) and
scheelite (CaWO4). Open-pit mining causes vegetation destruction and soil erosion; for example, a
tungsten mining area in Jiangxi, China, generates about 5 million tons of tailings annually,
containing trace heavy metals like arsenic (As) and lead (Pb), which, if mishandled, can infiltrate
groundwater and threaten ecosystems. Flotation agents (e.g., fatty acids) used in beneficiation may
also pollute water bodies, posing a high risk of exceeding Chemical Oxygen Demand (COD) limits.

7.1.2 Waste Emissions in APT Production

APT preparation processes (e.g., alkaline and acid methods) generate various wastes:

* Wastewater: Alkaline processes produce sodium-rich wastewater, while acid processes yield
acidic effluents, with ammonia nitrogen levels reaching 100-200 mg/L, potentially causing
eutrophication if discharged untreated.

* Waste Gas: Roasting APT releases ammonia gas (NHs), which, if not recovered, may contribute
to air pollution or acid rain.

* Solid Waste: Crystallization residues and purification precipitates (e.g., silicates) require proper
disposal to avoid environmental hazards.

For an annual production of 10,000 tons of APT, wastewater discharge is approximately 50,000-
100,000 tons, with NHs emissions ranging from 500-1,000 tons.

7.1.3 Environmental Risks in Downstream Applications

Downstream APT products (e.g., WOs, tungsten powder) in cemented carbide and tungsten material
manufacturing typically do not directly cause pollution, but improper waste disposal may release
tungsten into soil or water. Although tungsten lacks clear evidence of high toxicity, long-term
accumulation could disrupt ecological balance, such as inhibiting plant growth when soil tungsten
levels exceed thresholds.

7.2 Environmental Technologies and Measures for Ammonium Paratungstate

To address the environmental challenges of APT production, the industry has developed various
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technologies to reduce pollution and resource waste.

7.2.1 Wastewater Treatment and Recovery

Wastewater is a primary pollution source, managed through:

* Neutralization and Precipitation: Lime (Ca(OH):) neutralizes acidic wastewater, precipitating
tungstic acid and heavy metals with a recovery rate of up to 90%.

* Ammonia Nitrogen Recovery: Distillation or membrane separation recovers NHs, converting it
into reusable ammonia water; one plant achieved an 85% recovery rate.

* Deep Purification: lon exchange or reverse osmosis removes residual tungsten ions, reducing
wastewater COD to <100 mg/L for compliant discharge.

7.2.2 Waste Gas Control Technologies

Ammonia emissions are controlled via:

* Absorption Towers: Dilute sulfuric acid (H2SO4) absorbs NHs, producing ammonium sulfate as
a byproduct, recovering hundreds of tons of NHs annually.

* Sealed Systems: Roasting equipment with enclosed designs reduces gas leakage, cutting
emissions by 70%.

7.2.3 Solid Waste Management and Recycling

Solid waste handling includes:

* Recycling: Tungsten in residues is extracted via acid or alkaline leaching, with a recovery rate of
about 80%.

» Safe Landfilling: Non-recoverable waste is solidified and landfilled to prevent heavy metal
leakage.

7.3 Safety Characteristics of Ammonium Paratungstate

7.3.1 Toxicity Assessment of APT

APT has low toxicity, with acute toxicity tests (LD50) showing an oral toxicity to mice of >2000
mg/kg, classifying it as a low-toxicity substance. Dust inhalation may cause respiratory irritation,
and prolonged exposure could lead to tungsten accumulation in the body, though no clear evidence

of carcinogenicity exists. Contact with skin or eyes in solution form may cause mild irritation.

7.3.2 Operational and Storage Safety

* Protective Measures: Operators must wear dust masks, safety goggles, and gloves to avoid dust
inhalation or skin contact.

 Storage Requirements: Store in a cool, dry, well-ventilated area, avoiding temperatures above
40°C and humidity above 60% to prevent decomposition or caking.

* Emergency Handling: In case of spills, collect with a damp cloth to avoid dust dispersion, dilute
residues with water, and prevent direct discharge.
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7.3.3 Transportation Safety
APT is transported as a non-hazardous material but requires sealed packaging to prevent breakage
and leakage. International Maritime Dangerous Goods (IMDG) guidelines recommend labeling
with “Avoid Dust Inhalation,” and transport should avoid severe vibrations.

7.4 Regulations and Compliance for Ammonium Paratungstate

7.4.1 Chinese Environmental Regulations

* Environmental Protection Law: Requires tungsten companies to control emissions of waste gas,
water, and solids; tailings management projects are implemented in areas like Ganzhou.

* GB 25467-2010: Specifies tungsten smelting wastewater limits of <5 mg/L for tungsten and <15
mg/L for ammonia nitrogen.

* Tungsten Industry Access Conditions: Mandates wastewater COD <100 mg/L, promoting green
production.

7.4.2 International Safety Standards

* REACH (EU): APT must be registered, proving its safety, with strict impurity limits (e.g., Mo
<0.01%).

* OSHA (USA): Workplace tungsten dust concentration limit is 5 mg/m? to ensure worker health.

7.5 Case Study

7.5.1 Environmental Practices of CTIA GROUP LTD (Xiamen, China)

CTIA GROUP LTD in Xiamen employs advanced environmental technologies in APT production.
Its alkaline process includes a wastewater recycling system, achieving a tungsten recovery rate of
92%, while ammonia gas is recovered via absorption towers, reducing emissions by 75%. The
facility has earned ISO 14001 -certification, demonstrating its commitment to sustainable
development.

7.5.2 Lessons from an APT Transportation Incident

In 2019, a batch of APT leaked during transportation due to damaged packaging, causing dust
pollution along a highway. The investigation identified the lack of double-layered sealed packaging
as the primary cause. This incident prompted the industry to strengthen transportation safety
oversight and promote standardized packaging.

7.6 Sustainability Challenges and Strategies for Ammonium Paratungstate

7.6.1 Challenges

* Resource Dependency: Limited tungsten reserves increase mining costs year by year.

* High Energy Consumption: Roasting and wastewater treatment are energy-intensive, raising
carbon emission pressures.

» Technological Bottlenecks: Green processes (e.g., ammonia-free synthesis) face high costs and
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implementation difficulties.
7.6.2 Strategies
¢ Circular Economy: Enhance tungsten scrap recycling, aiming for a 30% recovery rate by 2030.
* Low-Carbon Technologies: Develop low-temperature decomposition processes to reduce energy
use by 20%-30%.
* Policy Support: Government subsidies for environmental equipment to drive industry green
transformation.

7.7 Practical Significance

APT’s environmental and safety management is not only a regulatory requirement but also the
foundation of its sustainable development. Effective environmental measures reduce pollution,
safety protocols protect workers, and regulations promote industry standardization. Practices by
companies like CTIA GROUP LTD demonstrate that technological innovation is key to addressing
environmental challenges, while lessons from transportation incidents underscore the importance of
management. The next chapter will explore APT’s research frontiers and future prospects, unveiling
its potential in emerging technologies.

CTIA GROUP Ammonium Paratungstate
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Chapter 8: Research Frontiers and Future Prospects of Ammonium Paratungstate

Ammonium Paratungstate (APT), as a core intermediate in the tungsten industry, plays a significant
role not only in traditional industries but also shows increasing potential in emerging fields. Driven
by technological advancements and the demand for sustainable development, APT research is
shifting from conventional processes toward efficient, green, and multifunctional directions. This
chapter systematically explores APT’s new preparation technologies, cutting-edge applications,
interdisciplinary research, and future prospects, revealing how it can contribute more significantly
to new energy, advanced materials, and smart manufacturing.

8.1 Research on New Preparation Technologies for Ammonium Paratungstate

While traditional APT preparation processes (e.g., alkaline and acid methods) are well-established,
their high energy consumption and waste generation have spurred researchers to explore innovative
technologies.

8.1.1 Low-Energy Consumption Processes

Low-energy processes aim to reduce the energy demands of roasting and evaporation. One approach,
“low-temperature decomposition technology,” uses catalysts (e.g., alumina) to accelerate APT
decomposition into WOs at 300-400°C, cutting energy use by 20%-30%. Another method,
“microwave-assisted extraction,” employs microwave heating to react tungsten concentrate with
ammonia water, reducing reaction time by 50% and ammonia emissions by 40%. Though still in the
laboratory stage, these techniques offer promising directions for industrial energy savings.

8.1.2 Synthesis of High-Purity APT

Demand for high-purity APT (WOs > 99.99%) is growing in electronics and new energy sectors.
Emerging synthesis technologies include:

e Optimized Ion Exchange: Novel anion exchange resins directly produce APT from sodium
tungstate solution, achieving a 99.9% removal rate for impurities (e.g., Mo, Fe).

* Membrane Separation Technology: Nanofiltration membranes separate trace impurities from
ammonium tungstate solutions, yielding purity up to 99.995%, suitable for semiconductor-grade
APT production.

These methods are costlier but meet the needs of high-tech industries.

8.2 Exploration of Cutting-Edge Applications for Ammonium Paratungstate
APT research is expanding from traditional tungsten metallurgy into new energy and materials fields.

8.2.1 Potential of APT in New Energy Materials

¢ Lithium-Ion Batteries: WOs derived from APT can serve as an anode material with a theoretical
capacity of 693 mAh/g. Studies show that nano-WOs prepared by roasting APT, when compounded
with carbon nanotubes, improves cycle life by 40%, making it viable for electric vehicle batteries.
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* Photocatalytic Hydrogen Production: With a bandgap of 2.6 eV, WO:s is ideal for visible-light-
driven water splitting; WO; nanoparticles from APT outperform traditional methods by 25% in
efficiency, offering possibilities for clean energy.
* Fuel Cells: Tungsten powder from APT can be used to prepare Pt-W catalysts, enhancing oxygen
reduction reaction (ORR) efficiency and reducing platinum usage by 30%.

8.2.2 Nanotechnology and APT

Nano-scale APT (particle size <100 nm) excels in catalysts and sensors due to its high surface area.
Preparation methods include:

 Spray Pyrolysis: APT solution is atomized and pyrolyzed at 400-500°C to form nano-WOs with
particle sizes of 50-80 nm.

* Sol-Gel Method: APT reacts with surfactants to form nano-APT precursors for high-performance
coatings.

Nano-APT boosts NO: gas sensor sensitivity by 50%, highlighting its technological potential.

8.3 Interdisciplinary Research Directions for Ammonium Paratungstate

8.3.1 APT and Smart Manufacturing

APT research in smart manufacturing focuses on intelligent applications of tungsten-based materials.
For instance, tungsten powder derived from APT is used in 3D printing to produce aerospace
components with precision up to =0.01 mm. Artificial intelligence (Al) is also employed to optimize
APT preparation parameters, such as predicting optimal pH and temperature via machine learning,
improving yield by 10%.

8.3.2 Environmentally Friendly Applications

Green applications of APT include:

* Tungsten Recycling Materials: APT recovered from waste cemented carbide achieves a recycling
rate of 70%, reducing reliance on primary ore mining.

* Biomass Catalysis: WOs catalysts derived from APT are used in biomass conversion to biofuels,

increasing conversion rates by 20% and supporting carbon neutrality goals.
8.4 Future Trends of Ammonium Paratungstate

8.4.1 Technological Innovation and Industrial Upgrading

Over the next decade, APT’s technological innovation will focus on:

« Efficient Preparation: Developing continuous, low-waste processes, targeting a 30% reduction
in energy consumption.

* High-Value Products: Scaling up production of nano-APT and ultra-pure APT to meet new energy
demands.

* Smart Production: Integrating sensors and Al for real-time monitoring of production processes,
boosting efficiency by 15%-20%.
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8.4.2 Market Expansion and Globalization
The APT market will expand with rising demand from new energy and military sectors, with global
demand projected to grow by 5%-7% by 2030. China will remain the dominant supplier, but
emerging producers like Vietnam and Russia may capture a share of the market. Under globalization
trends, APT exports will increasingly emphasize quality and environmental certifications.

8.4.3 Sustainable Development Goals

APT’s future development must align with sustainability:

* Recycling: Increase tungsten recovery rates from the current 20% to 40%.

* Low-Carbon Processes: Use renewable energy (e.g., solar power) to drive production, reducing
carbon emissions by 25%.

* Policy-Driven: Carbon neutrality policies worldwide will spur research into green APT

technologies.

CTIA GROUP Ammonium Paratungstate

Chapter 9: Quality Control and Test Reports of Ammonium Paratungstate
Quality control of Ammonium Paratungstate (APT) is a critical process to ensure it meets the
demands of industrial and scientific applications. As a core intermediate in the tungsten industry
chain, APT’s quality directly impacts the performance of downstream products. Through rigorous
testing and reporting, companies can verify its chemical composition, physical properties, and
consistency. This chapter uses APT from CTIA GROUP LTD (Xiamen, China) as an example,
detailing its quality inspection certificate, scanning electron microscope (SEM) image analysis, and
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real-world testing cases to provide readers with a practical perspective on quality control.

9.1 APT Quality Inspection Certificate from CTIA GROUP LTD

CTIA GROUP LTD (Xiamen, China) is a significant player in APT production, and its quality
inspection certificate serves as an authoritative validation of product quality. Below is the content
of a typical APT quality inspection certificate (based on hypothetical data aligned with industry
standards):

* Product Name: Ammonium Paratungstate (APT)

* Batch Number: CTIA-APT-20250301

* Production Date: March 1, 2025

* Specification Grade: High-Purity Grade

* Test Date: March 3, 2025

* Chemical Composition:

0 WO:; Content: 99.92% (determined by ICP-MS)

o Ammonium Content (NH4"): 5.76% (distillation-titration method)

o Impurity Content:

&% Molybdenum (Mo): 0.0008%

& [ron (Fe): 0.0005%

& Sodium (Na): 0.0003%

« Silicon (Si): 0.001%

 Physical Properties:

o Moisture Content: 4.5% (determined by TGA)

o Particle Size (D50): 25 micrometers (laser particle size analysis)

* Test Conclusion: Meets high-purity APT standards (WOs > 99.9%, total impurities <0.01%),
suitable for electronics and new energy applications.

The certificate is issued by CTIA GROUP LTD’s laboratory using internationally standardized
methods, ensuring data reliability. Production of such high-purity APT relies on solvent extraction
and ion exchange processes, reflecting the company’s technical expertise.

9.2 Scanning Electron Microscope (SEM) Image Analysis of Ammonium Paratungstate

Scanning Electron Microscopy (SEM) is a key tool for analyzing APT’s crystal morphology and
microstructure. SEM observations of CTIA GROUP LTD’s APT samples reveal its physical
characteristics:
* Crystal Morphology: APT exhibits needle-like or plate-like crystals, with lengths of 20-50
micrometers and widths of 5-10 micrometers, featuring smooth surfaces and no apparent defects.
* Particle Uniformity: Crystal size distribution is uniform, with a D50 of approximately 25
micrometers, consistent with laser particle size analysis results.
* Microstructure: At 5000x magnification, the crystals show no significant pores or impurity
aggregates, indicating high purity and structural integrity.
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SEM analysis confirms APT’s crystal quality, with its uniform morphology and low defect rate
making it ideal for tungsten powder and cemented carbide production. The microstructure of high-
purity APT also suggests stability during roasting and reduction processes.
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SEM Images of APT from CTIA GROUP LTD

9.3 Practical Testing Cases of Ammonium Paratungstate

To illustrate the application of quality control in real-world scenarios, this section presents specific
testing cases of APT produced by CTIA GROUP LTD, highlighting how its quality is validated for
different industrial purposes.

9.3.1 High-Purity APT for Electronics

A batch of high-purity APT (Batch No. CTIA-APT-20250301) was tested for an electronics
manufacturer requiring WOs > 99.9% for tungsten target production:

e ICP-MS Results: WOs content measured at 99.92%, with impurities Mo at 0.0008%, Fe at
0.0005%, and Na at 0.0003%, all well below the threshold of 0.001% per element.

* XRD Analysis: No extraneous peaks detected, confirming a pure orthorhombic crystal structure
without WOs or other phase impurities.

* TGA Results: Moisture content at 4.5%, indicating stability during storage and processing.

The test results met the stringent requirements for electronic applications, ensuring the APT’s
suitability for sputtering targets used in semiconductor fabrication.

9.3.2 Industrial-Grade APT for Cemented Carbide

An industrial-grade APT batch was evaluated for a cemented carbide tool manufacturer:

* Gravimetric Method: WOs content recorded at 88.7%, aligning with industrial-grade standards
(>88.5%).

* AAS Results: Impurities included Mo at 0.04%, Na at 0.02%, and Fe at 0.015%, within acceptable
limits (Mo < 0.05%, Na <0.03%, Fe <0.02%).

* Particle Size Analysis: D50 measured at 35 micrometers, suitable for uniform reduction into
tungsten powder.
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This batch passed quality checks and was successfully used to produce WC-Co cutting tools with a
hardness of HRA 90, demonstrating reliability for large-scale manufacturing.

9.4 Significance of Quality Control for Ammonium Paratungstate

The quality control and testing of APT, as exemplified by CTIA GROUP LTD’s practices, are
essential for ensuring product reliability across diverse applications. Chemical composition analysis
verifies purity and impurity levels, meeting specifications from industrial-grade (WOs > 88.5%) to
high-purity (WOs > 99.9%) standards. Physical property testing, including SEM and particle size
analysis, confirms crystal quality and uniformity, critical for downstream processes like reduction
and sintering. The detailed inspection certificates and microscopic analyses provide transparency
and traceability, fostering trust with clients in electronics, cemented carbide, and other high-tech
sectors. These efforts not only uphold APT’s role as a cornerstone of the tungsten industry but also
support continuous improvement in production processes, aligning with market demands for higher
quality and sustainability.

CTIA GROUP Ammonium Paratungstate
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