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Mining and Processing Kaolin

A HISTORICAL VIEW OF KAOLIN MINING, 
PROCESSING, AND USES
Kaolin, a highly versatile industrial mineral, is mined and 
processed for diverse end-use markets. Its versatility derives 
from its naturally occurring range of crystal shapes, sizes, 
and layer structures. These attributes, along with desirable 
rheological, chemical, and optical properties, give kaolin 
its value as an industrial raw material. Kaolin has limited 
utility in its raw form, and the majority of end-use applica-
tions require a refi ned product derived from a combination 
of controlled mining and selective processing to engineer 
specifi c properties. 

Kaolin mining began in the Neolithic when early humans 
discovered that the material could be used as a white 
pigment for painting and decoration. These miners devised 
a simple process to transform the raw mineral into a form 
that could be more readily applied to surfaces. The process 
started with digging kaolin from river banks, drying it, 
grinding it into a fi ne powder, and fi nally mixing it with 
various binders, including animal fat, saliva, water, and 
blood. For thousands of years after the fi rst kaolin-based 
paint was placed in the hands of prehistoric artists, kaolin 
mining and processing barely changed. Small advances 
were made as new applications were discovered, but the 
basic process remained more or less the same. In some parts 
of the world, the same small-scale mining methods that 
provided clay for cave art are still employed today to extract 
clay for mud huts, earthenware pottery, and handmade 
tile. About 2000 years ago the Chinese exploited kaolin for 
higher-tech, small-scale porcelain production (Schroeder 
and Erickson 2014 this issue).

It wasn’t until the industrial 
revolution that the fi rst signifi -
cant technological changes took 
place and large-scale mechanized 
methods became available. These 
new technologies led eventually 
to the development of the most 
important commercial kaolin-
mining districts in operation 
today. They are in the southeastern 
United States, northern Brazil, and 
the United Kingdom (Cornwall). 
Kaolin from these regions is 
shipped worldwide. Many small 
kaolin mining operations can be 
found on most every continent. 
The vast majority of these small 
mines serve local markets.

Over the past 50 years there have 
been continuous advances in the way we mine and process 
kaolin. Much of this has been market driven as more techni-
cally demanding uses for kaolin have evolved. The most 
signifi cant markets today in terms of value and volume are 
paper, ceramics, fi berglass, and paint. Recently the use of 
kaolin as a raw material for ceramic proppants has emerged 
as a rapidly growing market that will likely surpass paper, 
which has declined over the last decade. In addition to 
these commodity markets, there are new highly technical 
applications such as specialty packaging, energy-effi cient 
building materials, and lightweight paper coatings. 

On the mining side, many of the advances have been 
driven by sustainable development and corporate social-
responsibility principles. These principles incorporate 
social, environmental, and economic considerations into 
each phase of the mining life cycle. There are many ways 
to defi ne sustainable development (SD); in the context of 
mining, however, its meaning is not always clear. This is 
because SD is a broad and complex concept especially as it 
applies to mining. The most universally accepted defi nition 
is “development that meets the needs of the present without 
compromising the ability of future generations to meet their 
own needs” (Brundtland Commission United Nations 1987). 

In 2003, the International Council of Mining and Metals 
took this concept and drafted 10 SD principles to provide 
a roadmap for implementing SD practices into mining 
operations (ICMM 2003). Since then many mining compa-
nies, including those that mine kaolin, have integrated SD 
into their business models and new management strate-
gies have emerged as a result (Boltin 2009). These include 
improving mine effi ciency and process recovery. Effi cient 
use of energy and water are also key aspects of sustainable 
mining operations (Kogel et al. 2014). 

Kaolin is used in many consumer products and as a functional additive 
and process enabler in manufacturing. It is typically extracted from 
open-pit mines that range from small to very large scale (tens to 

hundreds of thousands of dry metric tons produced per year). Ore processing 
consists of removing impurities, engineering particle size and shape, and 
enhancing certain properties through thermal and chemical treatment. In 
addition to the technical aspects of mining and processing, the social, environ-
mental, and economic impacts of kaolin production are managed at each 
stage of the mining life cycle. Discussed herein are aspects of the history of 
kaolin mining, the classifi cation of kaolin mines, the processing of kaolin, 
and the life cycle of mining.
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KAOLIN ORE DEPOSIT CLASSIFICATION
Kaolin ore deposits are classifi ed as either primary or 
secondary depending on their origin. Primary kaolins 
formed in situ through hydrothermal and/or weathering 
alteration of feldspathic rocks such as granite and arkose. 
Secondary kaolins are sediment-hosted, where materials 
transported from their point of origin were deposited 
as kaolinite-rich sediments. Some of the most economi-
cally important secondary kaolins were further altered 
after deposition by microbially mediated processes that 
naturally removed iron-bearing ancillary minerals (Hurst 
and Pickering 1997). The largest and purest kaolins are 
the fl uvial, neritic, and near-shore marine Coastal Plain 
deposits in the southeastern United States and the fl uvial 
and lacustrine deposits mined in the Amazon region 
of northern Para State, Brazil. The best-known primary 
kaolins are found in Cornwall, UK. 

THE LIFE CYCLE OF A KAOLIN MINE
Mining is a wealth-generating activity that creates signifi -
cant economic and social benefi t through the respon-
sible extraction of valuable mineral resources. A range of 
industry professionals skilled in the technical, business, 
legal, environmental, safety, and social aspects of the 
mining sector work together to manage each stage of the 
mining life cycle (FIG. 1). This life cycle applies to all mined 
materials, including coal, industrial minerals, metals, and 
precious metals. It provides a framework for implementing 
sustainable development practices at the operations level 
(Laurence 2011) and will be used here to discuss each step 
in developing and operating a kaolin mine. 

Exploration

Following Clues 
Exploration focuses on the discovery of new mineral 
deposits and typically takes place in two phases. The fi rst 
phase involves searching for a deposit on the surface. It may 
begin with a geologist using his or her training to identify 
promising areas and then searching them, sometimes on 
foot, for signs of kaolin mineralization. Prospectors rely on 
outcrops, stream beds, and road cuts for clues to subsur-
face geology. Stratigraphic position, topographic elevation, 
and geomorphologic features are also commonly employed 
prospecting tools. For example, the Capim kaolins in 
Brazil were discovered when geologists realized that the 
kaolin deposits form low-elevation plateaus. In addition to 
these simple tools, more sophisticated approaches, such as 
geophysical surveys and remote sensing, may be used to 
gather indirect information about potential kaolin deposits. 

Subsurface Sampling 
Once a kaolin deposit has been located, the second phase of 
exploration is to directly sample and test the deposit. The 
most widely used methods for sampling kaolin are rotary 
core drilling and auger drilling. Both methods yield good 
sample recovery and have become standard for sampling 
kaolin and other industrial clays. Typically a small number 
of test holes are drilled on a random or widely spaced grid 
pattern to confi rm the discovery. 

Social and Environmental Considerations 
Prior to drilling, access to the land must be secured and, in 
the USA, all required local, state, and federal permits must 
be obtained. Access to private land usually involves a legal 
contract between the landowner and the mining company. 
At this point the mining company must also consider the 
social and environmental impacts of exploration drilling, 
such as noise, water contamination, soil erosion, distur-

bance of wildlife habitat, disruption of land use for other 
activities (i.e. farming, hunting, timber, community recre-
ation), and the disturbance of culturally signifi cant sites. 
These impacts are important because, if mismanaged, the 
company risks losing its reputation and social license to 
operate. This license is not a physical document but refers 
to acceptance of the mining company and its projects by 
the local community. This license is earned by developing 
and maintaining good relationships with all stakeholders 
and is based on open dialogue, transparency, timely 
responses to community concerns, and ethical behavior. 

Resource Development 
The next step towards bringing a deposit into production 
involves drilling the deposit on an increasingly dense 
grid pattern. This close-spaced drilling is required for 
mineral resource estimates. A mineral resource is defi ned 
as a mineral deposit of suffi cient size and quality to have 
“reasonable prospects for economic extraction.” Based on 
this defi nition, which is used by most codes governing 
resource and reserve estimation, three pieces of informa-
tion are needed to evaluate the resource potential of a 
kaolin deposit. These are tonnage and grade, estimated 
from drill hole data, and economic viability. Economic 
viability is assessed based on deposit depth (i.e. overburden 
thickness), clay thickness, continuity, quality, distance to 
the processing plant, and other cost factors. The economic 
assessment completed at this stage is very preliminary 
and is not nearly as detailed as the economic assessment 
completed during the full-blown feasibility study typically 
done at a later stage in the project. 

Grade, Tonnage, and Classifi cation 
Methods used to estimate tonnage and grade fall into two 
categories. One is based on conventional approaches such 
as maps, cross sections, and spreadsheets. The other utilizes 
2-D and 3-D, computer-driven geostatistical modeling 
techniques (FIG. 2). Both methods produce valid results as 
long as high-quality geological and test data are used for 
estimation. Increasingly, 3-D models combined with GPS 
data are required to both effi ciently and selectively extract 

FIGURE 1 The mining life cycle
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the range of valuable kaolin materials that can occur within 
a clay deposit. Decades ago, it was not uncommon to mine 
only the highest-grade portion of a deposit. This practice, 
known as high-grading, increases mining costs and goes 
against the principles of sustainable mining.

Mineral resources are classifi ed as inferred, indicated, or 
measured using a common classifi cation system that has 
been adopted by most major mining regions, including 
Canada, Australia, Europe, South Africa, Chile, and the 
United States. The classifi cation is based on increasing 
geological knowledge and confi dence, which is generally 
related to drill hole spacing (FIG. 3). Once the resource 
estimation has been completed, the results are reviewed 
and the project may be abandoned or, if the results are 
promising, drilling will continue. 

Feasibility Studies and Reserve Development 
Feasibility studies are detailed engineering and economic 
analyses that include mine design, cash fl ow analysis 
(capital cost, operational cost, and revenue), mineral-
processing fl ow sheets, closure plans, reclamation plans, 
and plant design. Feasibility studies are used to delineate 
the portion of the measured or indicated resource that 
is economically minable. This is called the reserve. For 
kaolin resources to be converted to kaolin reserves, the 
deposit must not only be economic to mine but it must 
also pass certain other “modifying factors.” Any one of the 
modifying factors listed in FIGURE 3 could prevent a resource 

from being converted to a reserve. For example, if the site 
cannot be permitted for mining, the resource cannot be 
converted to a reserve. 

Mine Design, Construction, and Production 
Mine design and planning encompass a broad range of 
activities that are mainly concerned with determining the 
size of the mine, mine layout, mining method, produc-
tion requirements, and equipment needs. This stage often 
includes permitting as well. For example, the Georgia 
Environmental Protection Division regulates all mining 
in the state of Georgia in the United States, and a land-use 
permit must be secured before mining can begin. The 
permitting process requires the submission of a mine plan 
that shows the mine layout (pits, overburden stockpiles, 
roads, ramps, sediment ponds) and reclamation plans for 
the site. Local and federal permits may also be required.

Typically, kaolin is extracted from open-pit mines (FIG. 4). 
The mining process begins with designing a mine that 
takes into account the geotechnical aspects of the site. The 
mining engineer designs the highwall slopes to reduce the 
risk of wall failure and ensure safe working conditions. 
The next step is to remove overburden using scrapers, 
excavators, or loaders. Once overburden is relocated, kaolin 
mining begins.

In Georgia and Brazil, a standard cut-and-fi ll mining 
process is used. Overburden removed from the fi rst cut 
is stockpiled, and then the overburden from each subse-
quent cut is placed in the previously mined-out cut. The 
in-fi lled area is then sloped and graded in preparation for 
revegetation and fi nal reclamation. The active mine area of 
open-pit kaolin mines in Georgia and South Carolina are 
generally relatively small, with footprints of 1 to 5 acres 
(0.4–2 hectares) for individual cuts and depths typically 
ranging from 6 to over 30 meters. Open-pit mines in Brazil 
are much larger, with footprints of 10 or more hectares 
and depths averaging 12 meters. The much higher grit (i.e. 
coarse-mineral-bearing) primary kaolins in Cornwall are 
mined using wet methods.  The vastly different designs and 
production modes refl ect geometric differences between 
primary and sediment-hosted kaolin deposits (Pruett and 
Pickering 2006).

FIGURE 2 A 3-D geologic model constructed from drill core data

FIGURE 3 Classifi cation scheme for mineral reserves 
and resources

FIGURE 4 A typical kaolin mining operation in Georgia, USA
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Closure and Restoration 
Mining is a transitional land-use activity. During the 
mining operation, minerals are extracted and wealth is 
created for the local community through jobs, taxes, and 
royalty payments. After the mineral has been removed, the 
land is graded and revegetated (FIG. 5). Mined-out land is 
then developed for a variety of postmining uses that bring 
long-term value to the local community. Some common 
examples of land use after kaolin mining include wildlife 
habitat creation, community recreation areas, timber 
plantations, farming, hunting, and fi shing. Community 
engagement is important throughout this process because 
communities are left with the land after it has been mined 
and the best outcomes occur when communities have a 
role in deciding how to repurpose the land.

Companies focus signifi cant resources on this critical 
phase of the mining life cycle. They commonly employ 
sustainable land-management practices to ensure that there 
are no long-term environmental issues after the mining 
project has fi nished. Mismanagement at this stage puts a 
company’s reputation at risk.

PROCESSING
Kaolin ore is processed to enhance or control various 
properties within a specifi ed range as determined by the 
end-use application. Processing may be divided into three 
basic types: wet, dry, and thermal. Typically, wet processing 
is used to produce kaolin products for paper, specialty, and 

functional fi ller applications. Dry processing is commonly 
used for ceramic- and fi berglass-grade products. Thermal 
processing is used for specialty ceramic, paint, refractory, 
and paper grades. Chemical treatment after fi ring is used 
to make products that are suitable for functional fi ller 
applications.

Wet Processing 
Wet processing begins with the preparation of a dispersed 
mineral–water suspension that is then passed through 
screens, hydroseparators, or hydrocyclones to remove 
coarse mineral particles (grit). The degritted kaolin 
suspension is then classifi ed into specifi c particle size 
fractions using various types of centrifuges depending 
on the feed material and the desired fi nal particle size 
cut. After fractionation, the slurry undergoes brightness 
benefi ciation to remove discoloring mineral impurities, 
such as iron oxides, iron hydroxides, anatase, mica, and 
tourmaline. Typical methods for enhancing kaolin bright-
ness include high-intensity magnetic separation, selective 
fl occulation, froth fl otation, and reductive leaching. Wet 
grinding is used to engineer particle shape by delaminating 
stacked kaolinite crystals to create single particles with a 
high aspect ratio. Prior to shipping, the kaolin slurry is 
dewatered or dried depending on how the product will be 
delivered to the customer. 

Dry Processing 
Dry processing, also called air fl otation, involves fewer 
steps and is less expensive than wet processing. The crude 
kaolin is milled, air classifi ed to remove grit, and dried 
to reduce moisture prior to shipment to the customer. 
The dry-processed product generally has poorer color and 
higher grit content compared to wet-processed kaolin. This 

FIGURE 5 Stages of postmining wetland reconstruction starting 
with grading subsoil (upper left), planting trees 

(upper right), and establishment of fi nal wetland (bottom)
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is because the lower level of processing produces a less-
refi ned product. Consequently the properties of the crude 
ore are more critical for fi nal-product quality, and higher-
quality ore is generally required to meet fi nal-product 
quality specifi cations.

Thermal Processing and Chemical Treatment 
Thermal processing (calcination) consists of high-temper-
ature fi ring of wet- or dry-processed kaolin in either a 
rotary or a vertical kiln. Calcination increases whiteness 
and hardness, improves electrical properties, and alters the 
size and shape of the kaolin particles. Firing temperature 
and residence time are varied depending on the desired 
product outcome. 

Lower-temperature fi ring drives water from the kaolinite 
crystal structure to produce metakaolin, which is used in 
paint and certain paper applications that require a high-
bulk, optically superior aggregated particle. Products 
produced at this temperature are also used in PVC cable 
insulation to improve dielectric properties and in concrete 
as a pozzolanic additive. 

Firing at high temperature causes mullite formation. 
Products fi red in this temperature range are used in rubber 
compounds and may be coated with silane to enhance 
mechanical properties and chemical resistance. Silane 
treatment also improves rigidity, toughness, and dimen-
sional stability in polyamide moldings. High-temperature 
fi ring is also used to manufacture high-strength ceramic 
proppants for hydraulic fracturing.

CONCLUSION
Although at fi rst glance kaolin appears to be a simple 
material, sophisticated analytical techniques have revealed 
its complexity and allowed researchers to more fully 
explore its many novel characteristics. In parallel with 
this improved understanding of the material properties 
of kaolin, there have been advances in kaolin mining and 
processing methods. These advances have led to innova-
tive approaches for extracting and engineering kaolin to 
further enhance its commercial utility and unlock its value 
as an important raw material for many consumer products. 

Along with technical advances, there has been a movement 
towards adopting management practices that integrate 
environmental, economic, and social considerations into 
all phases of the mining operation. By adopting these 
practices, companies demonstrate a commitment to 
creating long-term value for all stakeholders, including 
future generations. Businesses also realize certain benefi ts, 
such as an enhanced reputation, improved operational 
effi ciency, extended life of mineral reserves, and a more 
secure social license to mine. 
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