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Biocides: Industrial Application & Preparation
Chandran Udumbasseri
Technical consultant
chandran.udumbasseri@gmail.com.
Introduction
The demand for industrial biocides has increased due to changing perception
towards hygiene in everybody’s life style. Biocide is a microorganism or
chemical product that is intended to render, deter, and destroy or exert
control on harmful pathogens. Biocides are widely used in manufacturing
personal products owing to its dual characteristics. It is used as preservative
and antimicrobial agent in manufacturing soaps, face wash, and cleansing
conditioners. They are non-toxic to humans and bear good cleansing action.
Consumers prefer high quality ingredients with cleansing and sanitizing
properties to protect themselves from skin infections, a factor which is likely to
boost the biocides market share. Cosmetic industry is adopting high quality
biocide solutions in manufacturing cosmetic products owing to rising
competition Manufacturers are engaging in new product development and
R&D activities are sponsored to market their products with antimicrobial,
cleansing, and sanitizing product efficiency.
Biocides market size exceeded 11billion USD in 2019 and is estimated to grow
at over 5.4% CAGR during 2020 and 2026.
Asia Pacific Water treatment
Coating and paint industry
Middle East Application in oil and gas industry.
North America Food and beverage industry
biocides are used to kill or inhibit the growth of living organisms in
industrial and consumer products
There are five classes of biocide:
 Bacteriostats: To control bacteria on skin and surfaces
 Bactericides: To protect from bacterial spoilage
 Fungicides: To protect from fungal attack and spoilage
 Insecticides: To protect against insects
 Algaecides: To protect against algae
The value ($M) of the speciality global biocides market by application sector is given
below:
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Industry N
America
Europe Japan Asia-
Pacific
South
America
Total
Personal care 130 110 50 20 20 330
Household items 50 60 25 10 10 150
Coatings 150 100 60 40 20 370
Metalworking fluids 50 40 30 20 10 150
Paper 50 40 30 20 20 160
Wood 300 160 60 80 60 660
Plastic 50 20 20 20 10 120
Disinfection 100 60 40 40 20 300
Textiles 20 10 10 10 5 55
Water treatment 280 130 70 30 20 530
Total 1180 730 495 290 195 2795
Figures are ib millions of dollars
The biocide market is likely to experience a boost with the rise of demand for
products which can perform quickly and efficiently in bacterial and viral
infections. In the case of food safety, cleaning solution with abovementioned
disinfecting power for utensils will be in demand.. These solutions not only
help in reducing food related contaminated diseases but also prevent cross
contamination.
Water treatment segment is likely to surpass USD 4 billion by the end of 2026
owing to increasing awareness on water quality standards. Common halogens
used in water treatment consist of chlorine and fluorine owing to its non-toxic
nature. Halogen compounds are widely used in water treatment industry as it
aids in removing organic and synthetic impurities which is likely to augment
the market.
The behaviour of consumer totally changed after the Covid 19 infection which
can continue to affect the market in long run period due to the psychological
and environmental changes. Homemade food will be more preferred one and
with working from home will be a future option in the industry. These will
boost hygiene in household items.
Increasing application of natural gas in automobiles, electrical, general,
manufacturing, and water heating applications is likely to boost product
demand. Industry players in this region are trying to capitalize on emerging
trends in market by boosting environment friendly and sustainability measures
to strengthen brand image.
The global market is consolidated, and key players include in the biocides
industry are AkzoNobel, Lonza, BASF, Solvay, Sigma – Aldrich, Dow Chemical
Company, DuPont, Lanxess, GE Water and Process Technologies, Lubrizol,
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Baker Hughes Incorporated, Thor Group Limited, Troy Corporation, Clariant
AG, and Buckman Laboratories International. Companies are rapidly engaged
in new product development and acquiring firms in an attempt to broaden
their strengthen brand image & equity and geographical presence.
Biocide application areas are:
o Food & beverage
o Paper industry
o Water treatment
o Wood preservation
o Paints & coatings
o Personal Care
o Swimming pools
o Plastic
Water
The microbe, Legionella Pneumophla in water causes potential health hazards
The use of on-line treatments has therefore been adopted in many instances
as the means of minimising the risk of Legionella proliferation. The injection of
chlorine (usually in the form of hypochlorite) into the system is the more
secure treatment for killing such microbes. It is maintained at 2ppm free
chlorine as excess and proved very effective. .
The use of chlorine at such relatively high concentrations may give rise to the
production of chlorinated by-products if the water supply contains traces of
chemicals which can react with chlorine. Such trace chlorinated chemicals are
known to be Carcinogenic and their consumption should be minimised
Paper Industry
In paper industry microorganisms like slime formation in paper manufacturing
processes can cause major technical, economic and hygienic problems. The
nature of microorganisms present in each process varies widely based on
physical and chemicals conditions of the system. Resistant strains are
produced when the same biocide is used repeatedly in one process and the
biocide becomes nonperforming. The choices of using biocides are becoming
more limited as the government regulations become more stringent.
Usually in wet end process biocides are added to control slime formation. As
the paper making process changes from acid sizing to neutral and alkaline
sizing, introduction of closed water circuit and use of recycled paper compelled
for searching biocides that can be applied to control wider range of microbial
population.
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Biocides also function as protector of processing materials in paper industry.
These biocides act as preservatives and function different from other biocides
used in this process.
There are two types of paper fibres, virgin and recycled. The virgin fibres has
less microbial population while recycled paper fibres are contaminated with
foreign materials and the microbial population is very high
Usually virgin fibre has less microbial problem, but fungi spores are present
that has come from timber used to make the pulp. Biocides used in virgin fibre
are fast acting bactericides to prevent anaerobic activity which causes foul
odour.
Biocide Status
Chlorine dioxide Significantly reduced due to AOX
Halogenated hydantoin Increase in use due control in halogen
reducing AOX
Quat,QAC Low foaming type in use. Fast acting
bactericide
THPS Fast acting bactericide
Glutaraldehyde Fast acting bactericide
The additives used in paper making bring in different sources of microbial
contamination. The additives that are frequently used are:
 Fillers: e.g. calcium carbonate, kaolin, titanium dioxide
 Sizing agents, starches
 Natural dyes, brighteners
 Retention aids
The biocides used along with additives are preservatives as the materials need
long term activity as much as 1 year. The preservative should function during
storage.
Preservatives:
 Thione
 Glutaraldehyde
 1,2 Benzo isothiozolin-3-one
 Bromopol
 1,2 Dibromo-2,4 dicynobutane
 5 Chloro 2 methyl 4 isothiazolin-3-one
The Slimicides are used to reduce the build-up of slime deposits within the
water phase of the process.
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1. Halogenated hydantoin
2. Quat, QAC
3. THPS
4. Glutaraldehyde
5. 5 Chloro 2 methyl 4 isothiazolin-3-one
6. 2 bromo 2 nitropropane 1,3 diol
7. 2,2 Dibromo 2 cyanoacetamide
8. N Octyl Isothiazoline 3 one
9. Methyl bisisothiocyanate
But the halogen hydentoin is not in use now.
fungicides such as dichlorophen, carbamates, thiabendazole and more recently
octylisothiazoiinone are also used as a surface fungicide. But such products are
used in specialised paper making, like hygienic paper, mould resistant
packaging, etc. food contact approval is required if the paper is used in food
packaging.
Paint & Coatings
For most modern water-based paints, the raw materials used provide ideal
conditions for microbial growth.
The pH of most formulations is in the range 8 to 10. They usually have plenty of
sources of carbon and trace elements and oxygen is dissolved in the water on
which they are all based.
During manufacture or on storage of the paints, the temperature reach to the
ideal temperature for the growth of microbial organisms.
The effects of microbial infection on the property of paint:
o Viscosity loss
o pH changes
o Gassing in the can
o Foul odours
o Discoloration
o Visible surface growth
o Enzyme Production
Obviously contaminated products exhibiting one or more signs of microbial
infection should not be used and any doubtful materials should be checked by
the user, the supplier or a third party
Water quality is very important and, as this is so variable, routine monitoring
of microbiological contamination should be carried out. If necessary, water can
he treated with the biocide used during manufacture, formaldehyde or a
formaldehyde generator, or be passed through a UV sterilising system. Ion
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exchange columns and storage tanks are particularly problematic and these
needs to he kept physically and microbiologically clean at all times
Property of biocides used in paint
 Broad spectrum antimicrobial activity
 Stable over a wide pH range
 Temperature stable
 Water soluble at “use concentrations”
 Compatible with wide range of paint typeshaw materials
 No effect on colour
 No effect on rheology
 Acceptable toxicology/ecotoxicology
 Cost effective
Paint formulation
1. Thickener
2. Defoamer
3. Coalescing agent
4. Dispersing agent
5. Extenders/fillers
6. Pigment
7. Polymer emulsion (binder)
8. Ammonia
9. pH =8-9
10.water
Isothiazolinone Biocides
2-methyl-4-isothiazolin-3-one/1,2-benzisothiazolin-3-one combination for
paint formulation
There is no single microbial active agent that can meet all the requirements of
the ideal wet-state paint antimicrobial. Isothiazolin based biocides are found
very effective when used in combination.
O
C
C
CH
CH
C
H
C
H
C
NH
S
2-methyl-4-isothiazolin-3-one (MIT 1,2-benzisothiazolin-3-one (BIT)
The combination of 5-chloro-2-methyl-4-isothiazolin-3-one (CIT) and 2-methyl-
4-isothiazolin-3-one (MIT) was described as probably the most cost effective
O
C
H
CH
S
C
NH
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biocide for industrial preservation. This combined product, along with the
benzyl derivative (1,2-benzisothiazolin-3-one - BIT) either on their own or
combined with other actives comprise the majority of modern wet state
biocides currently in use.
When CIT used in the combination wuth MIT the results are very promising wih
good biocide performance. But CIT is less stable. MIT alone was found
nonperforming as bactericide but when used with BIT the combination gave
good synergistic effect. This combination showed several advantages over the
combination of MIT with CIT.
The combination of MIT/BIT blended at equal active agent concentrations
derives its activity in three main ways.
Firstly, it is intrinsically more active than either compound alone
Secondly, it has a much wider activity spectrum than the two single actives and
thirdly, by its enhanced stability when compared with CIT. Initial addition levels
are often similar to those of CIT/MIT blended products
The MIT/BIT based biocide has a number of important advantages over both
CIT/MIT and BIT alone.
Advantage of MIT/BIT combination
 AOX free
 Solvent and VOC free
 Unaffected by labelling restrictions on CIT/MIT
 HCHO/aldehyde free
 pH stable (8-9)
 Food contact approval
 Temperature stability
 Reducing agent stable
 Emulsion free
 Lower skin sensitization
 Low salt content
 Lower toxicity by comparison
 Broader microbiological activity spectrum
 Heavy metal free
 Nitrate free
 Biodegradable
 Bivalent metal on free
 Synergetic activity
 Long lasting efficacy
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A wide range of bacteria, moulds and yeasts can infect and cause the
deterioration of water based paints and they may originate from a number of
sources. By proper production, quality check-up of raw materials and hygiene
practices the microbial problem can be avoided. Such procedures, allied with
the use of effective broad-spectrum biocides, will enable long-term
microbiologically trouble-free, production to take place.
Although the "ideal biocide" for the wet-state protection of paints still waits to
be discovered.
The recent development of the methyl benz-isothiazolinone blend offers many
advantages over currently used preservatives.
Plastics
All thermoplastic materials like PVC and foam materials like polyurethane and
silicone based polymers are attacked by microorganisms. In flexible PVC
plasticisers are added which is prone to microbial attack. The main organisms
on the surface of these plastics are fungi and actinomycetes. So in the
formulation fungistat must be incorporated to protect the final product.
Pathogenic bacteria is causing problem to plasyic on the surface of the final
product.the added bactericide or fingistat should not affect the final
performance of the plastic for which it is intended.
Some selected fungistats that are used to protect plastic materials against
fungal attack are listed below:
o 10, 10'oxibisphenoxarsine (OBPA)
o 2-n-octylisotiazolin-3-one( OIT)
o 3-iodo-2-propinylbutylcarbamate (IPBC)
Surface active
o 10, 1O'oxibisphenoxarsine (OBPA)
o Zinc pynthione (ZNP)
o Triclosan: 2,4,4'-trichloro-2 '-hydroxy-diphenyl ether
Metalworking Fluids
Metalworking fluids are used to reduce heat and friction in metal machining
and grinding operations. The fluid also removes the machined or grinded waste
metal particle from the processing surface. So machinery manufacturing and
fabricating industries use this fluid.
Fluids that are used:
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1. Base oil: (contains mineral oil, synthetic ester and polyglycol (all
lubricants)
2. Surfactants: metal surface cleaning (fatty acidsoap, petroleum sulfonate
and ethoxylated alcohol (emulsifiers))
3. Corrosion inhibitors: organic acids and amines (film formation to protect
metal surface)_
4. Extrme pressure additives: lubricating metal surface to avoid friction,
(chlorinated paraffin, sulfurized esters (lubricity agent))
5. Biocides: preserve metal surface from microbial attack, (bactericides,
fungicides (preservatives))
6. Metal passivators: triazole (yellow metal protection)
7. Couplers: organic alcohols (increase solubility)
8. Coolants: glycol solution
Any process where water is used as a medium, the microbial attack is always
present. Most of the metal working fluids are exposed to atmospheric air and
moisture. This promotes microorganism to grow in the fluid.
Sources
a) The air around the industry
b) The skin and hair of machine operators
c) Make-up water used to prepare the emulsion
d) Extraneous organic matter such as food, cigarette ends, etc.
f) Residual microbial slimes in machines improperly cleaned out
a wide range of problems result from microbial growth..
Example, :
a) Fouling of coolants on stagnation causing bad odour...
b) Discolouration of the product
c) Drop in pH and corrosion of metal surface.
List of encountered Bacteria, fungi and yeast
Citrobacter_Feundi
Desulphovibrio sp.
Enterobacter cloacae
Escherichia coli
Klebsiella pneumoniae
Proteus mirablis
Pseudomonas aeruginos
Alcaligenes qloxidans
Burkholderia pickttii
Clavibacter michiganese
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Enterococcus faecium
Gordona rubropertinctus
Methylobacterium mesophilicum
Methylobacterium radiotolerans
Pseudomonas saccharophilia
Fungi
Cephalosprium sp.
Fusarium oxysporum
Fusarium solani
Yeast
Candidl sp.
All manufacturing processes are susceptible to microbial attack. In metal
working fluids, both bacteria and fungi can grow. So it is necessary to use
bactericide and fungicide in such systems.
While selecting both biocides the performance and cost should be balanced.
One of the best know examples of this chemistry is hexahedron - 1,3,5-tris(2-
hydroxyethyl)-s-triazine
It is bactericidal and is typically incorporated into metalworking fluid
concentrates at between 2.5 to 3% by weight. Good antibacterial performance
is seen at between 1200-1500 ppm
The main drawback of Triazine is thermal instability and release of
formaldehyde. Another class of formaldehyde release biocide is the
oxizolidines.
An example of a typical oxizolidine would be bis-(5,5’-dimethyl- 1,3-0xazolidm-
3-yl)-methane
This material like Triazine is relatively cheap and compatible with most metal
working fluids. It provides reserved alkalinity similar to Triazine. But it is noy
thermally stable. .
Oxizolidines also need to be co-formulated with a fungicide to provide
complete protection for a product
Phenolic biocide
Para chloro-m-cresol is most commonly used phenol based bactericide. It is
slightly soluble in water (0.4%) and used in metalworking formulations to an
extent of 3 to 4%.
It has a number of advantages, having a broad spectrum of activity against
both bacteria and fungi. It does not require co-formulation with a separate
fungicide, exhibits good thermal stability and is free of formaldehyde
isothiazolinones
Another major chemistry often used are isothiazolinones. There are a number
of different varieties of this chemistry, probably the most common form used
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is supplied as a mixture of isothiazolin-3-one, most common form used is
supplied as a mixture of isothiazolin-3-one, This chemistry has many
advantages. Firstly, commercially available preparations are formaldehyde and
phenol free. It is broad spectrum and rapid acting in terms of the biocides
available to metalworking fluid users.
They are incompatible with most metalworking fluid concentrates and cannot
be formulated in to these. They are used principally for tank side addition.
Usual treat rates are between 12 and 25 ppm active ingredient, being
economic to use and efficacious at these concentrations. As they are unstable
at the pH range commonly found in metalworking fluids, they are rapidly
degraded and can disappear from a formulation in as little as forty-eight hours
post addition.
These materials induce skin sensitization. Benzisothiazolinone, is a chemically
more stable isothiazolinone. This material can be incorporated into most
metalworking fluid concentrates, overcoming the stability problems seen with
other isothiazolinones.
Phenoxy alcohols .
Phenoxyalcohols are a relatively new chemistry in metalworking fluids, halogen
free, having good thermal stability. They have many advantages; they are
formaldehyde free and have good skin compatibility. However, it demonstrates
no anti-fungal activity and requires co-formulation with a dedicated fungicide
to give a broad spectrum of protection. Phenoxyethanol also has very high “in-
use” levels, requiring between 3000ppm and 7000ppm some two to three
times higher than more traditional biocides.
3-Iodopropargyl-N-butylcarbamate (IPBC)
IPBC, finds useas a preservative in wood industry.. It has an excellent toxicity
profile and is extremely efficacious against fungi. This material is sparingly
soluble in water and cannot be used in the water soluble synthetic
metalworking fluids. Good long-term anti-fungal performance in metalworking
fluids is seen at “in-use” levels between l00ppm and 200ppm of active
ingredient. However, IPBC can be very difficult to formulate with and it is
thermally unstable
Sodium Pyrithione
Na
S
O
H
CH
C
CH
N
+
C
H
C
H
Sodium pyrithione is a fungicide and freely soluble in water. It can be used to
provide fungicidal activity in water soluble synthetic metalworking fluids. It
provides good protection at concentrations of l50ppm to 250ppm of active
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ingredient “in-use”. Its main disadvantage is its tendency to chelate with
metals. Sodium pyrithione has a very high affinity for iron, leading to the
discolouration of the metalworking fluid in the presence of iron. This can be
overcome by co-formulation of this fungicide with a suitable sequestrant.
Swimming pools
The water in swimming pools is not sterile all the time. A few living, but
normally harmless microorganisms will always be present, especially in open
pools. Disinfection aims to keep their number to an acceptable minimum and
to ensure that any harmful organisms entering the pool water are rapidly
inactivated and eliminated so that the water will not transmit infection to the
bathers
Chlorine gas is a very effective but dangerous bactericide. Chlorine is less
effective on algae
Algea grows in outdoor swimming pools where enough sunlight is available.
Algal growth is a big problem in pools. Even just after a thunderstorm we see
that algae bloom. The longer it persists the more difficult it is to remove. So it is
important to act immediately when there are signs of algal growth
The treatment should be followed regularly with s managing team because
otherwise the pool becomes useless due to large amount algal growth.
Available algaecides in the market:
 Quaternary ammonium salts
o Normal quats or benzalkoniumchlorides
o Polyquats (polymerized quaternary ammonium salts)
 Silver/colloidal silver
 Copper sulfate
 PHMB
The overall advantage of quaternary compounds is that their dosages are very
low: 1-2ppm per week only
Quaternary ammonium salts are organically substituted nitrogen compounds in
which the nitrogen atom is pentavalent. Four of the substituents are alkyl, aryl
or heterocyclic radicals and the fifth is an anion (a cationic charge). This
anion is mostly chloride.
Quaternary compounds attack the phospholipid material in the cytoplasmic
membrane of the microorganisms, causing deterioration of the cytoplasm and
death of the cell. The benzalkonium chlorides are very foaming and can cause
severe foam problems in spas and pools
Polyquats, is a non-foaming algaecide.. The number of carbon atoms per
nitrogen atom is influencing the tensioactivity of the product. The lower this
figure is, the lower the foaming effect has on it
Polyquats have the advantage, due to their extremely high cationic charge, that
they are excellent flocculants. .
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Polyquats when acting as a flocculant, have the intention of forming big porous
flocs, so that the filters will not be blocked easily. Moreover, these quats are
extremely efficient against ‘Pathogenic Bacteria’ like Shigella, Pseudomonas
Polyquats, showed an interesting synergism with oxidants like chlorine,
chlorine dioxide and peroxidessulfate. It can cause considerable blackgreen
staining on certain liners and even on tiles and marble. Polyquats showed a
synergism with copper ions when used against the very severe black algaea..
The market product WSCP (polyquat) show a 99.99% kill at only 1.5-2 ppm in
demineralized water and 5 ppm in artificial pond water. Benzalkonium chlorides
are also effective on these bacteria, but at higher dosage the killing rate reduces
considerably.
Personal Care
For use of preservatives in personal care products, the cost effectiveness rules
the choice. From that point preservatives like methylchloroisothiazolinone /
methylisothiazolinone, bronopol and DMDMH tend to find acceptance in
toiletries.
The personal care products have pH range 5.5 to 7.0. In such case
preservatives like organic acid find little use as the antimicrobial activity
appear only in dissociated acid that is at acidic pH.
Sometimes the added ingredients in the personal care products inactivate the
anti-microbial activity of the preservative.
 Microbial nutrients
o Aloe
o Dipmpylene glycol
o Plantadracts
o Sodium hyaiuronate
o Vitemins
 Preservative inactivators
o Cellulose gum
o Lecithin
o Non-ionics eg. Polysorbates
o Xanthan gum
 Preservative adsorbers
o kaolin
o Sillca
o Talc
o Titrvrlum dioxide
Above mentioned nutrients, inactivators and adsorbers deactivate the anti-
microbial activity of the preservatives.
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Leave on and rinse off products
Items like conditioning creams and night creams are considered as ‘leave on’
products while products like shampoo and bath gels are considered as “rinse
off’ products.
Preservatives such as parabens, phenoxyethanol and organic acids tend to be
used in ‘leave on’ products. Preservatives such as DMDM Hydentoin, methyl
chloro isothiazolin-one, methyl isothiazolin one, etc are used in ‘rinse
off’products.
Preservative blends
 Parabens/bronopol/phenoxyethanol
 Parabens/diazolidinylurea
 Parabens/benzyl alcohol
 Methyldibromo glutaronitrile/phenoxyethanol
 Methyl dibromo glutaronitrile/bromopol/parabens/[henoxyethanol
 Methyl chloro isothiazolin-one/Methyl isothiazolin/benzyl alcohol
Combining parabens with phenoxyethanol may reduce the inactivation, whilst a
liquid combination of parabens,phenoxyethanol and bronopol provided the best
preservation
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Preparation of Biocides
1. Halogenated hydantoin (dichloro alkyl ethyl hydehtoin)
Cl
Cl
R
1 CH2 CH3
O
O
N
C
C
C
N
Recipe
1. 5-methyl-5-ethylhydantoin 500g
2. Distilled water 1769 mls
3. 20% solution of NaOH 1408 mls
4. Chlorine 626/75 g
Procedure
1. Take 5 liter glass beaker and fit a mechanical stirrer, pH probe and
thermometer.
2. Add items 1 &2 and stir. Cool the beaker to 10o
C by ice cooled water
3. Cool NaOH solution to 10o
C.
4. Add cooled NaOH solution to the beaker under stirring.
5. Purge chlorine gas slowly over a period of 2.5hrs.
6. The pH is monitored , initially 9 which went upto 13.9 and then declined
to 7.2
7. Reaction complete is noted as pH reaches to 7.2
8. Vacuum filter the content, wash with water and dry. Material weighs,
685.5g
9. Analysis for chlorine shows chlorine content as 33.4%
10.The product is a dusty powder with the smell of chlorine.
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2. Benzalkonium chloride
R
1
Cl
CH3
C
H3 N
C
H2
CH
CH
CH
CH
C
C
H
1. Dodecyl dimethylamine 5.39 kgs
2. Benzyl chloride 3.04 Kgs
3. Butyl glycol 33.3 lts
4. MIBK 66.7 Lts
Procedure
1. Take all the above chemicals in a reactor (250Lt)
2. Mix well to dissolve. If not dissolving heat to 80o
C for making a
homogenous solution.
3. Continue heating for 10hours
4. Cool to room temperature
5. The product will form as crystals and filter off
6. Recrystallize from Butyl glycol + MIBK mixture
7. 99% pure product can be separated.
3. THPS
8HCHO+H 2SO 4+2PH 3 ＝ [(CH 2OH) 4P] 2SO 4，
Sodium hypophosphite decomposes to phosphine. .
2 NaH2PO2 → PH3 + Na2HPO4
The sodium hypophosphite is decomposed to give phosphine gas. This gas is
passed to a tower where a mixture of formaldehyde, sulphuric acid and water
are sprayed down. The PH3 gas is absorbed in solution to form tetrakis
methylolphosphonium sulphate solution. The temperature of tower is
maintained at 50o
C. The mole ratio of formaldehyde to sulphuric acid is 8.2:1
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4. Glutaraldehyde
C
H3
O
CH
CH
CH2
O
C
H2
CH
+ O
H2 O
CH
CH2
CH2
CH2
CH
O
+ OH
CH3
Recipe
1. Methoxydihydropyran 1140g
2. Water 570g
3. Catalyst KSF 50g
(Montmorillonite clay catalysis).
Procedure
1. Take a 3liter 3 necked flask, fit a thermometer
2. Add items 1 to3 under stirring.
3. Heat to 50o
C. and maintain this temperature for 5 hrs
4. Cool the mixture and filter of the catalyst.
5. Distil off the side product methanol
6. The glutaraldehyde is left as >90%
5. 1,2-benzisothiazolin-3-one
O
C
C
CH
CH
C
H
C
H
S
NH
C
Method 1
Reaction
O
C
C
CH
CH
C
H
C
H
CH
S
CH3
+
O
H
NH2
O
C
C
CH
CH
C
H
C
H
CH
S
CH3
O
H
N
C
C
CH
CH
C
H
C
H
CH
S
CH3
NH
O
C
C
CH
CH
C
H
C
H
C
S
Cl
+
Cl
+
Recipe
1. 2- (methylthio)benzaldehyde 500.0 g (3.29 mol)
2. Monochlorobenzene 2.0liter g
3. 24.6% of hydroxylaminee-1/2 sulfate in water 1206.5 g (2.96 mol)
4. 30% aqueous solution of sodium carbonate 673.6 g (1.9 mol)
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5. Chlorine 297.5 g (12.8 mol)
Procedure
1. Take 500ml four-necked flask equipped with a stirrer, a thermometer,
and a condenser
2. Maintain a temperature range of 20 to 25o
C.
3. Add items 1 to 3 under stirring
4. Add drop wise the aqueous solution of sodium carbonate. Maintain the
temperature for 2hrs.
5. Heat the content to 40 to 50o
C. Two layers separates.
6. The upper organic layer contains 538g product. (yield 98%)
7. Pass chlorine gas through the organic layer at 10 to 20o
C.
8. After the addition of chlorine allowed the temperature to rise to 90 to
100o
C for 1hr.
9. After the reaction completion coolthe content to cool to room
temperature. White crystals separate.
10.Whita crystals filtered and washed with monochloro benzene.
11.White crystals weigh 447g.
12.1 ,2-benzisothiazol-3-one (melting point: 157 to 158°C), yield 90%
Method 2
1. 2- chlorobenzonitrile, 27.5 g (3.64 mol)
2. Monochlorobenzene 1820 g
3. tetra-n-butylammonium bromide 41 g of 50% aq soln
4. sodium methylmercaptide (30%) 1020 g (4.36 mol)
5. water 64.4 g (3.64 mol)
6. monochlorobenzene 1820 g
7. sulfuryl chloride 491 g (3.64 mol)
Procedure
1. Take 5liter four-necked flask equipped with a stirrer, a thermometer,
and a condenser
2. Purge nitrogen gas
3. Add items 1 to 3 under stirring
4. Preparation of sodium methyl mercaptide
 


	19. Page 19 of  24
4.1. 174.5 g (4.36 mol) of sodium hydroxide and 636 g of
water were placed in a vessel under nitrogen atmos-
phere, to which 209 g (4.36 mol) of methanethiol was
added at room temperature for 1 hour
4.2. Add sodium methyl mercaptide solution under stirring
5. Reflux the reaction mixture for 2 hrs
6. Allowto separate as water layer as bottomand oil layer as upper layer
7. Cool to 40 to 50o
C. Remove water layer
8. Add to Upper layer monochlorobenzene (1820g) and water (64.4g)
9. Cool flask to 10 to 15o
C.
10.Add sulfuryl chloride under stirring at 10 to 15o
C
11.After addition of sulfuryl chloride, heat to 70 to 80o
C
12.Allow reaction for 1hr at above temperature
13.After reaction completion, cool to RT and product crystals are
precipitated.
14.Wash with monochlorobenzene, and dry to get 532.6 g of 1 ,2-
benzisothiazol-3-one (melting point: 157 to 158°C).
15.The yield of the product 97% against the starting 2-
chlorobenzonitrile
6. 2-methyl-4-isothiazolin-3-one
1. N, N '-dimethyl-3,3 '-dithio dipropyl acidamide 100g
(Prepare from NaSx, methyl acrylate and methyl amine)
2. methylene dichloride 500g
3. potassium iodide 0.2g.
4. chlorine gas 135g
5. Dichloro methame 300g
6. Sodium bicarbonate solution 10% to neutralize to pH 5-7
: Procedure
1. Take 1 liter RB flask fitted with stirrer, thermometer and place in a
cooling bath operated at 5 to 15o
C
2. .add items 1 to 3 and stir. Maintain temperature
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3. purge chlorine gas for 1hr time and maintaining the temperature.
3. Keep the assembly over a weighing balance to know weight gain
4. Maintain at the temperature for 2.5hrs
5. After 2.5hrs, filter the solid cake.
6. Wash with dichloromethane
7. The solid MIT HCl.is neutralized with 10% sodium bicarbonate
solution to a pH of 5 to 7
8. A 50% MIT aqueous solution is obtained
9. CMIT = 50ppm, yield = 80%.
7. n-octyl-4-isothiazolin-3-one
Recipe
1. 3,3'-dithiodipropionic acid 20g(0.095M)
2. Chlorobenzene 200ml
3. Pyridine 0.25ml
4. Thionyl chloride 24.9g (0.21 M)
5. Chlorobenzene 50ml
6. Chlorine 6.8g (0.096M)
7. n-octyl amine 24.6g (.188M)
8. Triethyl amine 19.2g- (.188M)
9. Chlorobenzene 100 ml
10.Chlorine 13.5 g, (0.1 9M)
Procedure
1. To a 500 ml flask fitted with a mechanical stirrer, nitrogen inlet, and an
outlet to a 10% sodium hydroxide trap, charge items 1 to 3.
2. Take item 4 in addition funnel and add drop wise.
3. The mixture is heated to 45o
C and stirred for 2.5hrs and stir overnight.
4. Reheat the mixture to 45o
C and purge for 15 min with nitrogen
5. Remove unreacted thionyl chloride under vacuum for 1hr.
6. Add chlorobenzene and cool to -20o
C
7. Add chlorine in 15 minutes
8. Stir half an hour and heat to 0 to 5o
C.
9. A solution of 24.6g (.188M) of n-octyl amine and 19.2g- (.188M) of
triethyl amine in 100 ml of chlorobenzene is added drop wise. Maintain
temperature below 5o
C(addition time 1.75 hr).
10. The solution is allowed to warm and then heat to 35 °C.
11.During this time the reaction thickens and then thins out.
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12.Chlorine is then fed over 40 min at 35° C and the mixture is stirred for an
additional 1 hr.
13.The reaction mixture is washed with 3x400 ml of water and then the
solvent is removed under vacuum to yield 36g of 3-n- octylisothiazolone
as a dark oil.
14.Analysis by capillary gas chromatography indicating a yield of 21 .8g 75
(53.7%) of 3-n-octylisothiazolone.
8. Bromopol (2 bromo,2nitro 1,3 propane diol)
OH
O
H
Br
N
CH2
C
CH2
O
O
Reaction recipe
Water 200g
Para Formaldehyde 189g
Bromopicrin 290g
Nitromethane 122g
0.5N NaOH solution 100g
1. Take a 1 liter RB flask fitted with, mechanical stirrer, condenser,
thermometer.
2. Add water, paraformaldehyde, bromopicrim and nitromethane and mix
by stirring
3. Heat the mixture to 45o
C and add dropwise 0.5N NaOH solution in over
135 minutes. Maintain the temperature at 45 to 48o
C.
4. Check pH (changed from 8 to 6)
5. Stir for 1 hr and maintain temperature 50o
C and then cool to 14o
C. The
crude bromopol crystals separates
6. Filter the slurry and wash the crystals with water (150g)
7. The product is dried at 70o
C under vacuum (30mm Hg)
8. Bromopol received 459g with purity >99.5%
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9. 2,4,4 '-tri chloro-2 '-dihydroxy diphenyl ethern(Triclosan)
Cl
Cl
Cl
O
H
C
CH
CH
C
C
H
C
O
CH
CH
C
C
C
C
H
A. Preparation of 2,4,4 '-tri chloro-2 'nitrodiphenyl ethers
1. 2, 5-dichloronitrobenzene 100g, (0.52mol),
2. 2,4-dichloro-phenol 85g, (0.52mol)
3. Potassium hydroxide 30g (0.52mol)
Procedure
1. Mix items 1 to 3 in a reaction vessel with heating facility.
2. Heat to 125 to 130o
C for 4hrs
3. Cool to RT and add water (500ml) and mix
4. Filter by suction and rinse to get washing pH 7
5. Weigh the product (161 g, 99.7% purity)
B. Preparation of 2,4,4 '-tri chloro-2 '-amino-diphenyl ether
1. Product A (100g, 0.314mol),
2. methyl alcohol 200ml
3. Nickel powder 1-5g
4. Hydrogen purging
Procedure
1. Mix items 1to 3 in a flask
2. Heat to 35 to 40o
C and purge hydrogen gas for 1.5hrs
3. Cool the mixture and filter off nickel powder.
4. Distill out methyl alcohol
5. Product 89g, purity 99.5%
C. Preparation of 2,4,4 '-three chloro-2 '-amino-diphenylethers diazol (C):
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1 Sulfuric acid 100g,.
2. Sodium nitrate 12g (0.174mol),
3. Product B 50g, (0.17mol),
Procedure
1. Take sulfuric acid and sodiumnitrate in a flask.
2. Mix well for 30 minutes, and heat to 65 to 75o
C
3. Add slowly product B under stirring in 2hrs duration
4. Product is diazonium salt.
D. Preparation of 2,4,4 '-tri chloro-2 '-dihydroxy diphenyl ethers (D):
1. Sulfuric acid in 60～65% (100g)
2. cuprous acetate 0.1 to 0.5%,
Procedure
1. Mix items 1 & 2 in a flask and heat to 160 to 170o
C
2. Add product C slowly in drops in 1.5 hrs duration.
3. Dilute reaction mixture with toluene.to extract product
4. Allow the layers to separate
5. Separate toluene layer and distill out toluene to get the product (D)
Purification
1. The product D from above
2. Charcoal 5g
3. n-Hexane 100ml
.
Procedure
1. Items 1 to 3 is taken in a reflux distillation unit
2. Reflux the reaction mass for 30 minutes
3. Allow to cool to crystalize the final product
4. Dried product, 38g, content, 99.85%
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10.1,3,5-tri-(2-hydroxyethyl)-hexahydro-s-triazine (MEA TRIAZINE(
Reaction
Recipe
1. Para formaldehyde 1106.5 Kg
2. Mono ethanol amine 566.24 Kg
Process
1. Paraformaldehyde is reacted with mono ethanol amine at a low temperature
of 10 to 25o
C. Para formaldehyde is taken as 96% pure and mono ethanol
amine >99% purity.
2. Mono ethanol amine is taken in the reactor and cooled to 10 to 20o
C by
jacketed cooling.
3. Agitate with anchor type agitator at 40 to 60 rpm.
4. Cool the MEA to below 15o
C under agitation.
5. Start adding paraformaldehyde powder slowly keeping the temperature at 10
to 20o
C.
6. Continue addition of paraformaldehyde with control on the temperature
Complete the addition in 3 hours’ time.
7. Stop cooling towards the end of addition and allow the temperature slowly to
go up to 40o
C.
8. Continue the stirring for additional 1hour.
9. Stop stirring and draw a sample for testing
10.Discharge the product
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