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Summary

This is a book of applied science and technology.
The new technique of water purification technique of
manganese compound is mainly introduced in this book,
especially research achievements and productive appli-
cations of the pollution removal technique of drinking
water by potassium permanganate and potassium per-
manganate composite. The form and the physic and
chemical properties of manganese compound under
natural and artificial condition are briefly introduced.
This book explains systematically technological princi-
ple, removal effects, influence factors, applicable
conditions and technological parameters of potassium
permanganate, potassium permanganate composite
and hydrous manganese dioxide on enhanced coagula-
tion for turbidity removal, organic matter removal,
precursor removal of chlorination disinfection byprod-
uct, microorganic pollutant removal, phenol removal,
organic phosphorus pesticide removal, acrylamide
removal, algae removal, odor and taste removal,
enhancing disinfection of chlorination and chloramina-
tion, enhancing arsenic removal, iron and manganese
removal with contact oxidation by natural manganese
sand, and color removal of dye wastewater by manga-
nese dioxide. Productive experiment and application
examples of the pollution removal technique of drink-
ing water in Beijing, Daging, Harbin, Zhengzhou,
Shengli oil field, Hefei, Panzhihua, Shunde and
Dongguan are introduced. This book gives reference
to engineering technical personnel, and teachers and
students of colleges and universities who are engaged
in water supply and sewerage engineering, environ-
mental engineering and water treatment engineering.
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Preface

Nowadays water crisis has already occurred in range of world, especially in China. The
indications of water crisis are shortage of water resource and pollution of water environment.
Pollution of water environment may cause pollutants to enter human body by food and drink,
bathing, spray and so on to cause damage to health, The first victim is human itself from the
pollution of water environment caused by human. Economic loss because of damage to human body
health and ecological environment caused by pollution of water environment is not second to flood
disaster. Therefore it is called water quality disaster.

The environment pollution produced by human society can be eliminated progressively only by
introspection of human itself and sustained development. The government initiates idea of scientific
development, getting on harmonious for human and nature, establishing economizing society,
exploiting green technique and developing circulating economy, which can lead us to the way of
sustained development.

Water treatment is an important method to eliminate the pollution of water environment. It is a
major developing direction of water treatment to study and develop new water treatment techniques
which are accorded with the idea of scientific development.

Manganese compound is applied to water purification from the end of 19th century and the
beginning of 20th century. Natural manganese mineral sand was used for iron and manganese
removal. Potassium permanganate was applied to iron and manganese removal, and taste and odor
removal of drinking water too. Potassium permanganate was applied to drinking water treatment in
more than 125 plants in USA in 1963, and up to 400 plants in 1970. Until 1999 up to 36. 8% of plants
had applications of potassium permanganate with surface water source which served over ten
thousands people, which was about 21% of the population.

Natural manganese sand is applied to iron removal in groundwater in large-scale in China from
the 1960s of 20th century. The research group lead by the author developed successfully the iron
removal technique of aeration contact oxidation with natural manganese sand from groundwater. The
technique was popularized rapidly to replace the former aeration method of iron removal. The
manganese removal technique of aeration contact oxidation with natural manganese sand in
groundwater was developed successfully in the 1980s of 20th century, and also popularized widely.
The iron and manganese removal techniques above mentioned have been become the main techniques

of iron and manganese removal in groundwater, typically representative in China.
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The research group led by author applied potassium permanganate to pollution removal of

drinking water in the 1980s of 20th century, and developed a series of pollution removal technique,

including ;

Enhanced coagulation for turbidity removal by potassium permanganate and potassium
permanganate composite

Enhanced coagulation for organic matter and chlorination byproduct precursor removal by potassium
permanganate and potassium permanganate composite

Enhanced coagulation for microorganic matter removal by potassium permanganate and potassium
permanganate composite )

Enhanced coagulation for mutagenic substance removal by potassium permanganate and potassium
permanganate composite

Enhanced coagulation for algae and taste and odor removal by potassium permanganate and
potassium permanganate composite

High stability iron and manganese removal by potassium permanganate and potassium permanganate
composite

Sterilization and disinfection effect of pre-chlorination and pre-chloramination enhanced by potassium
permanganate and potassium permanganate composite ’

Arsenic removal in groundwater enhanced by potassium permanganate and potassium
permanganate composite ’

Color removal in dye wastewater by potassium permanganate and potassium permanganate composite

The potassium permanganate composite, applied in the water purification technique abové
mentioned, is made compositely by main agent of potassium permanganate, and subsidiary agents of
various compounds. The subsidiary agents inside the composite can enhance the efficiency of water
purification. Better pollution removal effects can be achieved compared with applied potassium
permanganate individually.

Various combination processes with other water purification technique are developed by the research
group, for example;

Removal of organic polluents by combined applications of potassium permanganate and potassium
permanganate composite and powder active carbon

Removal of organic polluents by combined applications of potassium permanganate and potassium
permanganate composite and granular active carbon

Removal of organic polluents by combined applications of potassium permanganate and potassium
permanganate composite and biological active carbon

Removal of organic polluents by combined applications of potassium permanganate and potassium
permanganate composite and ozone

Color removal in dye wastewater by manganese dioxide

In addition, the techniques to catalyze and oxidize high stability organic matters by ozone with manganese
compound as catalyst, to remove heavy metal with manganese compound, and so on. are developed in China,

The research group cooperates with the Beijing High-Precision Uni-Tech. Water Engineering Ltd in
the water purification technique of manganese compound and successfully transforms various techniques

into production. Up to now, complete sets and series products convenient for application have been
8



g5 Preface

developed , including equipments of manufacturing, solution preparation, dosing, automatic control and
parameter online monitoring of potassium permanganate composite,

The water purification technique of manganese compound has been applied successfully to many
water treatment plants in every major river system in China. Lots of operational experiences are
accumulated to keep the technique developing in the practice.

This book is the major research achievements and productive application experiences of the research
group of the author and the students in the aspect of water purification technique of manganese
compound in fifty years, especially in recent twenty years.

The whole book adds up to thirteen chapters. Chapter one of introduction mainly introduces the
harmfulness to human health of poor social circulation of water and water crisis caused by human
population explosion and society development. Water quality standard of resource water in China,
drinking water quality standard, wastewater discharge standard and so on, and development of the water
purification technique of manganese compound are also introduced. Chapter two mainly explains the
manganese compound and its physical and chemical properties. Chapter three to Chapter twelve mainly
explain fundamental rules, treatment effects, influence factors, technical conditions, technological
processes and technological parameters of the water purification technique of manganese compound,
within the aspects of turbidity removal, organic matter removal, precursor removal of chlorination
disinfection byproduct, microorganic pollutant removal, mutagenic substance removal, phenol compound
removal, organic phosphorus pesticide removal, acrylamide removal, algae removal, odor and taste
removal, enhancing disinfection of chlorination and chloramination, iron and manganese removal, arsenic
removal and color removal in dye wastewater. Chapter thirteen gives some examples of productive
applications of the water purification technique of manganese compound, including river systems of the
Songhua River, the Haihe River, the Yellow River, the Yangtse River and the Zhujing River. Finally,
the dissertation of doctor’s degree and master’ s degree students and published academic papers of
members of the research group, and parts catalogue of literature of science and technology related both at
home and abroad are listed.

Chapter 1, Chapter 4, Chapter 5, Chapter 6 and Chapter 12 are written by Li Guibai. Chapter 3,
Chapter 10, Chapter 11 and 13.1, 13.10, 13.11 and 13.12 of Chapter 13 are written by Li Xing.
Chapter 2, Chapter 7, Chapter 8 and Chapter 9 are written by Yang Yanling. 13.2, 13.3, 13.4, 13.5,
13.6, 13.7 and 13.8 of Chapter 13 are written by Li Hong. The draft of whole book is united by
Li Guibai

This book is for reference to technical personnel, design personnel, technical management, and
teachers and students of colleges and universities who are engaged in water supply and sewerage
engineering, municipal engineering and environmental engineering.

I express my heartfelt thanks to members of the research group and my students to make efforts and
contribution during research and development of the water purification technique of manganese compound
for many years, and thank to colleagues of water profession to give support and assistance.

The authors have made greatest effort to the book. Comments and opinions are welcome and very
much appreciated.

Li Guibai
February 2006
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