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INTRODUCTION 

One of the first object of the Pesticides Development 
Programme for India (POPI), which is realised by Hindustan 
Insecticides Limited CHIL) under UNDP assistance. was to 
set up a Central R&D Complex at Dundahera. near Gurgaon 
in the State of Haryana. The specific aims of research work 
which are to be conducted in this complex are: 

i)Support the formulations industry(espe-.ially of 
that ones belonging to Small Sector Industry) in manufacture, 
quality Control, safety packaging and to develop new pesticide 
formulations and methods of testing: ii) to find and utilise 
the local raw matcriafs for pesticide formulations iii) 
scaling up and conunercialisation of new production 
technologies iv) train the staff of Indian pesticide Industry. 

As a part of its contribution, UNIDO in the period 
form 1. 7 .1981 purchased and delivered to POPI Centre many 
modern and sophisticated machines and instruments;organised 
a dozen or so fellowoihips for Indian research workers in 
leading foreiqn research centres and provide a nUMlber of 
experts, as short term consultants, for project. The range 
of activity of previous experts concern : marketing of 
pesticides, application of pesticides, environmental 
protection, method of pesticide analysis, direction of 
development of new PFs. One item of expertise which has 
to be performed by author ,being in the setting up of pilot 
plant and prototype formulation production facili~ies for 
imparting suitable training for the counterparts and trainess. 
According to the !-erm of Reference the foll owing programme 
was expected to be performed by author: 

1. Identify which items of equipement, machinery and 
other facilities will be requirad for the project; 

2. Recommend other infrastructure facilities requried 
for developing the production of sperialised pesticide 
formulations: 

3. Identify the manpower required; 

4. Train the counterpart in the area of specialisation. 

Because however, the term of reference had been 
prepared before 9.04.1982 part of the ;,bove programme 
( primerly point 1 and 2) has been already e~~cuted directly 
by the Indian experts working in the project. In relation 
to that, only that machineries and equipments which up till 
date were not purchas'!d and which according to tile opinion 
of author should be acquired had beer. identif. ied and 
recommended to buy. 

From the same reason the programme of co~sultancy 
has been expanded on the following subjects: 

5. To elaborate the proqramme for the m"re important 
research projects. 
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6. To take part in preparing training courses organi5ed 
for three groups of experts from Small Scale Industry. 

(In the scope of the last point the author gave four 
lectur~s.) 

The Technical Report presented is divided in three 
parts to fac~Jitate its perusal. The first entitled "Find
ings and Recom.nendations" contains nine paragraphs, whereas 
the second one twenty one of recommendations. Their arrange
ment is not according to the priority but rather i~ accordance 
with arrangement of tl~e first part of the report. In the 
third part, the autho! informs about his activity. 

Other data referred to in the body of report have 
been included in the Appendices. 

It is n~cessary to emphasise that the author is aware, 
that as the project is in realisation and has not been 
finished, it is not excluded that some of the conclusion~. 
suggestions and recommendations given by the author wuuld 
be achieved by the research staff of R&D Centre. 

I II 



.. FINDINGS AND CONCLUSIONS 

1.1 P E S T I C I D E I N D U S T R Y I N D I A 

P i n d i n CJ s 

P r o d u c t i o n a n d i m p o r t o f 'l'GP-s f o r a CJ r i
c u 1 t u r e a n d p u b 1 i c h e a 1 t h 

Demand of TGP-s in the years 1983-84 wa~ assessed, by 
Working Group on Pesticides, on around 1.13.000 tonne. 

As on April 1, 1984, the licensed capacity in the country 
for TGP-s was 99,155 MT. Out of this 97,765 HT has been 
installed. In addition to this, letters of intent for a capacity 
of 15,210 MT and DGTD registration for 16,980 HT have been 
issued, which are in various stages of implementation. 
Production achieved during the years 1983-84 was 58, 798 MT. 

Details for various kinds of TGP-s are shown in Table.I. 

Table 1 

P e r c e n t 9 e of c a p a c i t y 
f o r v a r i o u s k i n d s o f 
1984*) 

category of Licensed Installed 
Pesticides 

Insecticides 86,7 85 .. 4 
Fungicide 9,4 10.3 
Herbicide 3,4 3.2 
others 0,5 1.1 

Total ' 100 100 
Total MT 99,155. 97,765 

o f p r o d u c t i o n 
TGP-s (a s o n April 1, 

Letter of DGTD 
Intent 

66 .. 8 54.3 
13r5 2.9 
19 .. 7 39,.6 

3,2 

100 100 
16,980 15,210 

*Source: Min. of Chemicals & Fertilizers,Govt. of India. 

Data concerning production and import of TGP-s are shown in 
Table 2 and Table 3 

Table 2 

P r 0 d U C t i 0 D 

Production 

Import 

MT 

58,798 

6,978 

and 

' 
89.4 

10~6 

import of 'l'GP-s i n 1983-84* 

•source Directorate of Plant Protection,Quarantine and Storage~ 
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TABLt: 3 

I m p o r t of v a r i o u s 

Insecticides 
Funqicides 
Herbicides+PGR 
Acaricides 

Insecticides for 
Public Health 

Total 

k i n d s 
Mr 

1346 
265 

1576 
111 

3860 

6978 

0 f 'l'GP-s in 1983-84· 
c' ,-.. 

19.3 
3.8 

22.6 
1,6 

52,7 

100 

*Source : Directorate of Plant Protection, Quarantine & Sto=age. 

From the data regarding the import of pesticides it is seen 
thot in the years 1983-84 the import was smaller by 20, 0% and 
35,5% than that in the years 1981-82 antd 1982-83 respectively. 

TABLE; 4 

P o s s i b 1 e 
c a p a c i t y 

i n c r e a s e o f 
o f TGP-s in t h e 

p r o d u c t i o n 
c om i n g f u t u r e. 

category of :Installed Letter of :Increase 
Pest:icides capacity(MT) intent+DGTD(MT) in ' 

Insecticide 81,035 19,360 23.9 
Fungicides 9,795 2,550 26.0 
Herbicides 3,085 3,000 97. 2 
Others 1,050 550 52~3 

Total 94,965 25,460 26.8 

Demand forecast for TGP-s in the years 1984-1990 are shown 
in Table 5. 

TABLE 5 

D e m a n d f o r e c a s t 
1990* 

Insecticides 
Fungicides 
Herbcidies 
Others 

Total 

*Source : Working group for 
Vol,7, No.2 July-Sept, 1984. 

f o r TGP-s 

VII Plan 

i n t !1 e years l'.>89-

93,720 
19,182 
4,460 
1,810 

1,19,172 

Pesticide information 
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C o n c 1 u s i o n s 

i) Installed capacity of 94,965 MT in the years lq83-84 
for the produ~tion of TGP-s ~as only partly achieved. The 
production, amounted to 58,798 MT, was only 62% of the installed 
capacity. 

ii) Forecasted increase of installed capacity of procuctior. 
of TGP-s by 26, 8% will assure the prod:1ction of 1, 20, 426 MT. 
The latter is a little greater than that one of forecasted 
demand for TGPs, which in the yf:ar 1990 is expected to amount 
to 1,19,172 MT. 

;_ii) By com~arison of data in Table 4 and 5 one ci"n see that 
the installed capacity is fully achieved in the case of fungicide 
production. However, the present rate of production can not 
cope with the rise in demand which is expected to be 19, 182 
MT by thP year 1990. 

1.2 P R 0 D U C T I 0 N 0 F P E S ~ I C I D E 
I 0 N S 

P i D d i D g S 

F 0 R M U L A T-

A range of conventional formulations is being produced 
and used in India. It inc".udes seed dressing, often as WP
s and dusts: chiefly BHC and DDT as dusts and DDT and Carbar1l 
as WP-s. A high propcrtion of the fungicides is also formula~ea 
as dusts and WP-s. Besides these two common formulation EC-s, 

especially the 0-P insecticides and granules, for example 
carbofuran and phorate, are also produced. Most of the herbicides 
ar? liquid formulations. 

Manufacturing industry consists of a few firms who manufacture 
TGP--s which they sell on to the formulators. However, these 
manufacturers also formulate their own products. An unique 
feature of the Indian market is the very large number of local 
formulators

1 
to became est:ablished by virtue of the government's 

policy of encouraging small scale industry for promoting 
competition. The ?OSition of these formulators is strengthened 
by the fact, tha+_ manufacturers of TGP-s are compelled to let 
non-associated f~rmulators have 50% of what they make. 

There are approximately 400 such small scale formulators. No 
company is involved however, in producil'lq the. newer kind of 
formulations such as e.g. driftless dust {DD-s) suspension 
concentrate (SC-s), water dispersible granules {WOG) or Control 
Release Pesticide { CRP·). 

The compani~s engaged in the manufacturing of £~.emulations 
, of pesticides in India are as follows: 

Government Larg! House Producer of TGP-s or TGP-s and PF-s 

Private Indian Large House Producers of TGP-s and PF-s 

Pr1v~te Indian Large house producers of PF-s 

Multinational Large House Producers of TGP-s and PF-s 
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Multinational Large House Producers of PF-s 

Small Scale F~rmulators. 

State Agro Industries Corporations(SAIC) 

The largest volume of pesticide formulations are dusts f ollr.>wed 
by wettable powders, emulsifiable concentrates and granules. 

The production figures for formulations of pesticides are shown 
ira Tables 6 and 7. 

Table 6 

p r o d u c t i o n f i g u r e s i n MT/KL f o r 
v a r i 0 u s k i n d s of f o rm u 1 a t i 0 n s in 1982. 

Formulation Production Total S.A.I.C Small scale 
type capacity production sector 

Granules(MT) 90,00 17,083 
Ousts 10,80,00 3,98,248 
Wettable 
PowC1e~(MT) 2,25,000 60,788 
Emulsif iable 
Concentrates(KL) 2,70,000 26,713 
Others 5,407 

16,65,000 5,05,239 

Table 7 

P r o d u c t i o n f i q u r e s 
f o r m u 1 a t i o n s b a s e d 
ca te g or y (in 1982)* 

Formulation Insecticide 
Type 

Granules (MT) 12,773 
Ousts 3,91,340 
Wettable Powder(MT) 54,483 
Emulsif iable 
Concentrate(KL) 25., 2!::11 
Others(HT/I<L) 2,889 

900 
23,400 1,44,000 

11,500 

700 5,900 

24,100 1,62,300 

ln MT/KL f o r v a r i o u . 
on p e s t i c i d e 

Herbicide 

1350 

695 

1,302 
1,239 

Fungici~~'! 

6908 
5,~09 

160 
339 
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C o n c 1 u s i o n s 

1. The 
much lC)wer 
achievement 
PF-s was as 

producti~n of various PF-s in the year 1982 was 
than insta!led production capacity. The percent 
of install~i production capacity for particular 

follows: 

For total PF-s - 30. 34%, for granules 15. 6%, for dusts 
36.9%, for wettable powders 27.0%, for emulsifiable concentrate 
9. 9%. 

ii) Of the total production of PF-sin 1982
1

63.1% was produced 
by large industrial houses, including multinational sector 
and of the rest,32.1% and 4.8% were produced by small scale 
se~tor a;d S.A.I.C.respectively. 

iii) The installed capacity for the production of PF-s is 
quite enough not only to process the TGP-s, demanded for the 
year 1990 for d.:.fferent PF-s, but also to produce some of the 
newer PF-s. Some of the PF-s such as driftless dust, and water 
dispersible granules can be produced on the existing production 
lines with addition of some not too expensive local machines, 
for example: in the case of DD-s AIR SEPARAT0R for separation 
of small particles of dust and in- the case of WDG-s DISK, PAN 
or eventually FLUIDISED BED GP.ANUALATOR. For the work with 
suspension concentrates the CHANGE-CAN MIXERS and eventually 
(but not always necessarily) the BEAD or PEARL MILLS, the 
machines commonly used e.g. in paint industry. Similar mixers 
as above can be used for production of concen1 .cate emulsions. 
For production of microemulsions no special machines are 
necessary(see recommendation 1). 

1.3 S T A N D A R D S F 0 R TGP-s AND PF-s 

P i n d i n g s 

Indian Standard Institution ( ISI) has brought out more 
than 200 Indian Standards covering technical as well as 
formulated pesticide£.. These standards are generally formulated 
ba~ed on research and development carried out in the country. 
The specifications for TGP-s and PF-s are prepared by Pest 
Control Sectional Committee, AFCDC, which is composed of 
representatives of Ministry of Agriculture, Ministry of Defence, 
Ministry of Health and Family Planning, Several Research 
Institutes, and some of large house National and Multinational 
pesticide producers. The draft of the specifications elaborated 
by the above Committee is to be approved by the Agricultural 
and Food Products Division Council and the Chemical Division 
Council. 

In the preparation of standardf, due consideration has 
been given to the provisions of the Insecticides Act and 
the Rules framed thereunder. 

The Indian 
specifications for 
sampling, testing, 

Standards for TGP-s and PF-s decide the 
a required quality and suggest methods of 

packaging and marking of products, very 
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precisely. In this scope IS-c does not differ from international 
specifications as e.g. WHO, FAO or CIPAC. In contrary to 
international standards, IS-s allowed however the use of different 
simple analytical methods for quantitative determination of 
active ingredients, due to the fact that some of producers 
of PF-s are not equipped with modern analytical instruments. 

In some of IS-s, there is no requirement for testing 
of products after accelerated storage. To get however 
registration for a product, the accepted and required properties 
of product should not be changed during 2 years, and in some 
cases during one and a half 1 one or even half a year. The producer 
of TGP-s or PF-s can use on the packaging of products ISI mark. 
Such marking indicates that the product meets ISI specification. 
However, it can be possible that there is no difference ~etween 
the properties of products for which the ISI mark has been 
granted and of that ones which are not authorised to use it. 

C o n c 1 u s i o n 

Each producer of pesticides which are admitted to the 
market may use ISI mark only after an appropriate payment. 
These marks however do not point out as which product is better 
or the best one (see recommendation 3 and 6) 

1.4 QUALITY CONTROL 0 F PF-s 

P i n d i n q s 

For testing of TGP-s as well as PF-s the State Insecticide 
Laboratories have been set up. 

In each state of India there is at least one such 
laboratory and in some states there can be several such labs. 

The Insecticide Inspector is authorised to draw samples 
as well from the factory as from the sellers of pesticide. 
The analyst is obliged to check the conformity of properties 
of product with approved specifications. 

If it is found not as per specif ic::ttions the producer 
is called to account and the selling of this bad product is 
banned. 

It is happen that only the quantitative determination 
of active ingredient is done and not always the full physical 
parameters of PF-s are tested. There is no Central Register 
of factors responsible for not proper quality of pesticide 
products and for that reason it is very difficult to make out 
whether the amount of products of bad quality present on the 
market is serious, what of parameters most frequently differ 
from requirements and which kind of products and of which 
producers are most frequently complained. 
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C o n c 1 u s i o n s 

Lack of statistical data concerning the defects of 
pesticide products being in trade turnover on Indian market, 
will make serious hindrance in eliminating the bad products 
from the market and the same improve the quality of crop 
protection as well as sanitary of human being and domestic 
animals(sek recommendation 7). 

1. 5 Q U A L I T Y 
PF-s 

Findings 

0 F RAW M A T E R I ~ L S F 0 R 

In contrary to TGP-s and PF-s there are no IS-s for 
mineral carriers, organic solvents, surface active agents and 
other adjuvants used in the production of pesticide formulations. 
The adjustment of quality parameters for these pr\Jducts are 
mutually done (but not always) by suppliers and formulators. 
However these adjustments not always take into account all 
parameters which can have influence on the quality of PF-s. 

Some of the raw materials as e.g. mineral carriers, 
being of natural origin, are not refined or processed in other 
way, and their parameters may vary from batch to batch. 
Similarly, commonly used solvents used in EC-s production are 
technical. products and the physicochemical properties of 
particular solvent can be different from batch to batch. Also 
the emulsifiers, which are delivered to formulators as a mixture 
of anionic and nonionic components, can have different 
characteristics from batch to batch. The pesticide formulators, 
especially those from the Small Scale Sector, are not in a 
position to control all the important parameters of raw 
materials. 

c o n c 1 u s i o n s 

i) Variable properties of some of the raw materials used 
for production of PF-s such as mineral carriers, solvents and 
emulsifiers can cause serious difficulties in production of 
?F-s of demanded quality standards. 

ii) Uncontrolled properties of some of the carriers, solvents, 
em1.1lsifiers and other adjuvants, used in production of PFs, can 
reveal ·,heir harmful effect on quality of PF-s, only after 
some period of time, when the product is already distributed 
in the market, or when it is in the hands of farmers, or when 
it has already been used. 

These disadvantageous and harmful effects can be due 
to the deterioration of active ingredient, which results in 
its lower activity, higher toxicity, quick separation of 
f loculated suspension or emulsion and bad distribution of 
pesticide after spraying, phytotoxi ty etc. (see recommendation 
2) • 
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1.6 R E S E A R C H AND D E V E L 0 P M E N T 

1.6.l I n d i a n Re sea r ch Cent re s 
d e a 1 i n q w i t h p e s t i c i d e s. 

Findings 

The R&D work related to p e s t i c i d e s is being 
carried out in CSIR laboratories, ICAR laboratories, Agricultural 
and other universities and R&D Centres of Industrial Houses. 

In particular, R&D Centres of CSIR are engaged in the 
following areas of research. 

Name of R&D Cent~r 

Regional Research Laboratory 
in Hyderabad 

National Chemical 
Laboratory in Pune 

Regional Research 
Laboratory in Jorhat 

Central Food Technological 
Research Institute in Mysore 

Central Drug Research 
Institute in Lucknow 

Hopkins Research Institute 
in Bombay. 

Kind of R&D 

Synthesis, analysis & 
engineering(Pilot Plant) 

Synthesis 

Synthesis 

Residue analysis 

Toxicology 

Toxicity 

Much of the work on pesticides toxicology evaluation 
on pests is being carried out in !CAR laboratories and 
Agricultural Universities. In Indian AgricuJ~ural Research 
Institute, New Delhi, some research work is being conducted 
on new PF-s. All the large Industrial Houses, government and 
private, possess excellent infrastructural facilities for R&D 
work. 

The wide scope of considerable work concerning toxicology 
of pesticides, their residues and their quality control is being 
carried out at Central Insecticide Laboratory in Faridabad. 
The Center employs about 100 persons and is equiped with modern 
research apparatus. 

The main problems as concern PF-s which are put in the 
future plans of this centre are given below: 

i) Physical and chemical analysis of PF-s against ac-:epted 
standards. 

ii) Studies on deterioration of pesticides on storage and 
methods to prevent the same. 
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iii) o~·::::. ! opr:tent of ne...- analytical methods and critical 
eva:uation of the existing techniques. 

iv) Development, in collaboration 
of safer, cheaper and more 
pesticides. 

of other 
effective 

infrastructures, 
formulations of 

v) Training of analytical chemists for Regional and State 
Insecticides Laboratories. 

vi) R&D work on modern instrwnental methods for pesticides 
analysis. 

vi) Training of analysts in modern techniques of pesticide 
analysis. 

C 0 D C 1 U S i 0 n S 

There are quite a lot of Government institutions which 
are carrying ou. research on different aspects concerning 
pesticides. A large number of them are engaged in laboratory 
and field tests of pesticides, in analysis of pesticides and 
in toxicological tests. A few are engaged in synthesis and 
engineering problems and very few with the problems concerning 
production and testing of PP-s. The research work conducted 
on PP-s is however, fragumentary, and not comprise any of 
questions, solution of which would seriously improve the quality 
of PF-s as well as economy of their production. The more complete 
work is probably done by Industrial Houses Laboratories. 
Considering however competition between these companies it 
is normal, that the results of their researches are not always 
rendered to,and the same utilised by,other producers of PF-s. 

The SSF-s are in general using receipes of pesticide 
formulations elaborated and rendered to them by suppliers of 
TGP-s. But as already has been mentioned the raw materials 
used for production of PF-s have in general no standard quality 
and very often it is necessary to modify their properties. 
But this procedure is not possible without having properly 
equipped laboratory as well as good knowledge and experience 
in the scope of PF-s. 

Taking into account the above mentioned difficulties 
and drawbacks in production and development of PF-s, at least 
in some sectors, a new Research Center for PF-s development 
by Government of India and UNIDO has been called into living. 
Development of comprehensive research on PF-s in this Centre 
will fulfill the existing gap and would act as a guide in 
bringing improvements in quality and effectiveness of all PF-s 

produced by SSF-s and introduced on lhe market as new generation 
of P~s. 
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1.6.2 O r g a n i s a t i o n 
Gurqaon 

o f POPI C e n t r e i n 

Findings 

The organisation of R&D Centre as well as PF-s Laboratory 
is as follows: 

~R~&~D~C~e~n~t~r~~~.~~-..~- Central 

I 
Facilities 
Activities 

Chief POPI~ Pesticide Formulation 
1~~~>-~ Analytical Development 

1~~~>-~ Biological Science 

Project Consultancy 
at Engineering 

Administration 

PF-s Laboratory 

Group head 

i 
PHO Scientists(B) 
(Organic Chemist 
with experience 
with national 
product) 

J 
Scientist(C) 

l 
J.S.A 

Chief P F Laborator 

Scientist(C) 

l 
J.S.A 

jDocumentation 

rinstrumentation 

~Co-~r~ination at 
~·1ra1n1ng. 

Clay mineralogist 

! 
PHO Scientist(B) 
(Surfacl col. chem) 

Scientist(C) 

1 
Analyst Scientist(C) 

n 
Lab. Attendant J.S.A Physical 

Chem. 
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C o n c 1 u s i o n s 

i) The organisational scheme of R&D Centre mentioned above 
is rather general and is not giving idea about the tasks and 
scope of activity of particular Division, Section of Sub-Section. 
I~ is not clear as to which division the Pilot Plant is 
subordinating.Most probably it appears to be to the Section 
or Division of Project Consultancy and Engineering but in the 
Scheme it is not clearly shown.(See recommendation 9) 

1.6. 3 scope 0 f activity 0 f POPI 

Pindinqs 

There is no official docwnent yet in which the short 
and long range tasks for P~R Centre would be presented. From 
the discussions however with the senior scientists of the Center 
and from own considerations the following objectives can be 
precised: 

i) T~sting of PF-s which are distributed in domestic market, 
specifying those PF-s not meeting the prescribed quality 
and to find reasons of the same. 

ii) To give technical advice and assistance to the small 
pesticide formulatiors, localized all over the country, 
regarding improving the quality of some of their products 
and lowering their cost of production. 

iii) To investigate carriers, solvents, surface active agents 
and other domestic PF-s additives and to decide which 
of them are suitable for production of PF-s of particular 
technical pesticides. 

iv) To elaborate such simplified methods of testing of 
PF-s adjuvants which should be easily adopted by SSF..s. 

v) To elaborate the V a d e m e c u m (guide book) for 
P e s t i c i d e F o r m u 1 a t o r s in which 
the reasons for not being able to acquire enough good 
quality of PF-s should be clarified and conditions 
of producing good products should be presented. 

vi) To elaborate a range of new spray adjuvants which when 
added to the suspensions or emulsions, ~ould increase 
the effectiveness and economy of usage of PF-s. 

vii) To claculate the cost of production and cost of 
performance of new PF-s. 

ix) To elaborate data about the scope of usage of new PFs 
and their advantage over the ones being currently 
produced. 

x) To adopt elaborate chemical and physicochemical methods 
of analysis of TGP-s and raw materials used for the 
productin of TGP-s and PF-s. 



xi) To carry out the laboratory, green house and small 
field tests of the new PF-s. 

xii J To train the SSF-s in production and testing of modern 
PF-s. 

xiii) To produce some of the pesticides of high purity used 
as standards for analytical work. 

xiv) To carry out the laboratory work on technology and 
recipes of PF-s used in pressurised aerosol 
containers. 

Conclusions 

The scope of research projects presented above ought 
to be treated as a prospective one. Its full realisation will 
depend not only on the well equipped laboratories and highly 
qualified research personnel but also on the methodology of 
research posses by them and adopted for different kinds of 
problems. 

1.6.4 S p a c e u t i 1 i s a t i o n 
o n PP-s 

Pindinqs 

f o r w o r k 

There are two rooms already used for work with PFs, 
of the global area of about 60m 2

• In both of them the following 
short comings have been observed: 

i ) The floors, benches and instrwnents were covered by 
dust. 

ii) The apparatus for grinding, mixing and testing of powders 
were localised in the same place. The mills which, 
during work, create dusts were not placed in protective 
plastic boxes. 

C o n c 1 u s i o n s 

i) There are in PF-laboratory several instrume!"lts of high 
precision which were not protected against dust and 
dirt and because of that are subjected of faster waste. 

The origin 
same place 
installed. 

of dust can be the mills located at the 
or even openings where exhaust fans are 

ii) It seems that the space provided for PP-s research 
is not big enough for all the work which is planned 
to be done, and also that ones which are expected to 
be done in case of full operation of Pilot Plant. 
(See reconunendations 11,13 and 14) 
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l. 6. 5 Employment i n POPI Centre 

Pindin9s 

The R•D Centre in Gurgaon is in the course c-f 
organisation and only part of specialists are currently engaged 
in the work. All of them have full qualifications t" carry 
out research work or to implement its results to practice. 
The selection of people is very clear sighted and possiblity 
of selection of really good ones is very considerablt::. Each 
of scientific worker has docwnentary evidence of professional 
achei vements. Several research workers :1ave experience of 
carrying out research on practical problems in international 
research institutes. All of them are very enthusiastic in 
their work. The Research Center employes the following groups 
of employees - Ph.D-s-9; M.Sc-1; Engincers-3; B.Sc-s-4 

The employment in particular section of POPI is as 
follows: 

Division 

Chief of POPI 

Centralised Facilities 
' Activities, Bead 

Documentation 

Central Instrumentation 

Coordination & Training Cell 

Pesticide Formulation 

Clay Mineralogist 

A..~alytical Development 

Biological Sciences 

Project Consultancy ' 
Engineering 

Administration 

Abbrevations explanation 

Posts 

H and R&D.M (1) 

R&DM (1) 

L (1) 

I.S{l)+E.E. (1) 

G.L.{V.l) 

G.L{l) + A (3) 

G.L.(l) +A (V.l) 

G.L.(l Vacant) + 

G.L(l)+J.E(l)+F.S.(l)+L.A(l) 

G.L.(2) + S.S.A(l) 

O.S(l) + A.S(l) + C (2) 

A - Analyst; A.S. Accounts Superintendent; C-Clerk; C.E~Chemical 
Engineer; F.S~Field Supervisor; G.L.-Group Leader; H~Head; 
I.S~Instr'.llllent Supervisor; J.E~Junior Entomologist; L~Librarian; 
L.A. Laboratory Attendant; O.S.-Off ice Superintendent; R&DM
Research & Development Manager; S.S.A.-Senior Scientific 
Assistant. 



Conclusions 

1) The Pesticide Formulation Division is the basic research 
unit of POPI. In this division the following projects will 
be conducted: 

Elaboration of method of testing and criteria of selection 
of raw materials and adjuvants used for production of pesticides. 

Improvement of quality of currently produced PF-s. 

Elaboration of compositions and method of producing 
of new types of formulations as driftles dust, suspension 
concentrates, emulsion concentrates, microemulsions, control 
release gl'"nules, water dispersible grnules. 

Collaboration with Pilot Plant as well as with other 
institutions dealing with PF-s and their testing. 

Preparing lectures and demonstrations for training course. 

It is obvious that the above enumerated tasks will not 
be realised by such a small group of workers as is currently 
employed in this division. 

ii) Taking into account the range of work which will be 
carried out in PDP! as well as in R&D from one side and very 
good outfit of Analytical Laboratory from other, it is clear 
that the amount of employed peopl~ is absolutely not enough 
- not only to realise the tasks resulting from the work of 
different divisions but also not to the full and proper 
utilisation of existing very expensive, modern analytical 
instruments. (See recommendation 10) 

1.6.6 E Q U I P M E N T I N POPI C EN T R E 

Findings 

The equipment for lab·Jratory and pilot plant work , .. ;,ich 
already have been purchased are listed in table 8 and 9. 



-23--

Table f 

L I S T 0 F E Q U I P M E N T 
(Already purchased for POPI) 

1. PESTICIDE FORMULATION LABORATORY 

No. Description 

A. FOR PREPARATION OF PF-s 

1. 

2. 

3. 

4. 

5. 

Colloid Mill "ICM" 

Lab.Grinding Mill "!SIOK" 

Homogenizer 

Lab.Tumble Mixer "529/0" 

Micronizer 4 

6. Oyno Mill 

7. 

8. 

Extruder Type Granulator 
Mod EXK-1 

High Efficiency Lab.Kneader 

B. FOR TESTING PF-s 

1. Auto Fraction Collector 
"Linearri" 

? • 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Rotavapor Evaporator 
"RE-120" 

Selective 5000 Ton Analyser 
PM 123509" 

"Spectronic 20" Spectrophto
meter 
Redwood Viscometer 

Homogenizer 

Analytical Balance 
Mod.2434 

Top Loading Balance 

Moisture Determination 
Balance Mod.No.6010H 

Refractometer Abbe "3L" 

Automatic K-F Titrimeter 
Mod.392 

Pctentiometric Titrator 
Mod.DL 40 RC 

Supplier 

Alpine Ang, FRG 

Condux, USA 

Schott, FRG 

Netzsh G,6H,FRG 

Sturtevent Mill Co.,USA 

Oudji Paudal,Japan 

JKA-Werk,FRG 

Reichert Chemic Technik,FRG 

BUCH!, FRG 

Beckman, us 

Bausch and Lomb,US 

Karl Kolb, FRG 

SCHOTT, FRG 

Sartorius, FRG 

SARTORIUS, FRG 

Ohaus Scale corp.,US 

Bausch and Lomb,USA 

Fisher Sci.Co. USA 

Mettler, CH 

l~. Micron Photosizer Mod.SKN-1000 Scishin Ltd., Japan 

14. Pv~<l?r Characteristic Tester Hosokawa Iron Works Ltd.,Jap. 



Table 9 

L I S T 0 F E Q U I P M E N T 
(Already purchased) 

2. PILOT PLANT 

No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

Description 

Lab Grinding Mill LVlSM 

Lab.Blast Mill "CGMlOO" 

H:unmer Mill "LHM 20/16" 

Cone Crusher 

High Efficiency Lab. 
Kneader Mod. HKD 

Lab.Ball Mill "1226C" 

Ball Mill 

Universal Lb.Mixer 
Mod. NTHK 15 

Mixer "FMS0/12 

Ultraplex Universal 
Mill, Bl60 UPZ 

Micro-Jet Mill Mod 
8MJ 

Air Compressor 

Ribbon Blender, "M-20s" 

Ultrafine Mill, US" 

Filling Machine "AJ-232" 

Suplier 

CONDUX, US 

CONDUX, US 

CONDUX, US 

Siebtechnik, FRG 

JKA-Werk,FRG 

Guwina-Hofman,FRG 

Guwima-Hofman, FRG 

G.Papenmeyer GmbH,FRG 

Lodige, FRG 

Alpine AG. ,FRG 

Fluid Energy Proc & Eq.Co 
USA 

Champion, US 

s. Hoves,US 

Society Ultrafine,France 

Nat.Instr.Co.,USA 
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C o n c 1 u s i o n s 

i) C o n c e r n i n g 
m e n t s 

1 a b o r a t o r y e q n i p-

As it is seen from the lists 8 and 9, ~he list of 
laboratory equipments is considerably modest in compariso!. 
with the list for pilot plant. It is not in accordance with 
the rules, because the main parameters, essential for technology 
of formulation of pesticide should be mainly established on 
laboratory equipments, whereas the pilot equipments are used 
for checking the established parameters in larger scale and 
for preparing the large amount of products for field tests. 
To fulfill such a function the pilot plant equipn-:ents should 
have their equivalents among the laboratory equipments as e.g. 
in the case of air-jet-mill. However, some of pilo~ equipment 
like e.g. Ultraplex Universal Type 60 UPL, Ultrafine mil~, 
Lodige mixer, Ribbon Mixer have no laboratory equivalents. 
Ta' ing the above into account, as well as the fact that f0r 
~o~e efficient work some of additional equipments will be needed 
it is proposed to made up the existing laboratory equipment. 

ii) C o n c e r n i n g p i 1 0 t P 1 a n t E q u 
i p m e n t 

Similarly as in the case of laboratory outfit there 
is no equipment on which the technology of new PF-s could 
be checked or find out and on which larger amount of products1 
for fiE!d trials could be prepared. 

iii) 
u s 

C o n c e r n i n g t e s t i n g a p p a r a t 

There is lack of several, very importan~ apparat~s 
necessary for testing of PF-s. One of these i.s that one for 
determination of p~rticle size and stability of suspension. 
The existing Micron Photo Sizer is not the proper one. The 
procedure of testinq of sample is tedious and time consuming. 
Besides, the sc:ne required conditions for testing of samples, 
limited the informations only to the particle sizes where as 
more important are others like suspensibility a:id tendency 
to flocculation of tested suspensions, rate of desinte;ratic:i 
of WDG-s. Such i,formations can be easily however obteined 
by using Sr,dimentation Balance • Another disadvantage of using 
MPS- is, that only very diluted suspensions can be tested and 
some times the use of organic solvents r not water) are to be 
used to prepare suspensions. In the case of testing pesticides 
the use of these solvents is not advisable because of solubility 
of pesticides in the solvent. Also the dilution of suspension 
can not be recommenced in the case of P?-s, as a very diluted 
suspensio•1 of PF-s has a tendency to f locr11late. 

I~ the case of Sedimentation Balance the measurement 
is made in the range of Sl!spensicr. concer.tratio?: similar to 
that one used ~.1 practice and the water of differe::t "hardness'' 
and different temperature can be used for measure~er.:. 
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The other tes~ ing instrument·J needed for work with PFs 
are that one for quick testing o·: average pa:-~icle siz-e and 
~urface area of solid particles ~nd tha: c~e for separa~:o~ 

of particular fraction of particles.(see re=ornIL!endation 12). 

1. 7 E N V I R 0 N M E N T A L P R 0 T E C T I 0 N 

Findings 

There ~ "i no ventilation system both in the pilot plc..nt 
as in the laLoratory and there is no installation for sewage 
treatment. The electrical installations is not explosiv-proof. 

C o n c 1 u s i o n s 

All dust filters connected to the pilot and laboratory 
mills are localized inside the laboratory or pilot plant. Such 
system is dangerous for workers, because of toxic atmosphere 
as well as for workers and all equipment and c·1ildings, because' 
of eventual possibility of explosion and fire. { s~·:: recommendation 
14 l. 

1.8. S C 0 P E 
R A - 0 R Y A N D 

LABORATORY 

OF W 0 R K 0 N 
P I L 0 T P L A N T 

PF-s 

1. To find carriers, solvents, surface active agents and 
other adjuvants for particular PF for a chosen TGP. 

2. To find method and apparatus for getting the product 
of best quality. 

3. To assess the quality of product. 

4. To assess occupational safty while working with PF. 

5. To calculate preliminary cost of raw materials and 
packaging. 

6. On the basis of the results of biological testing of 
PF to calculate the cost performance of using new PF 
in comparison to the cost performance of the one which 
is already being used. 

7. To prepare a report of research for Pilot Plant with 
all data indispensible for check and eventual modify 
the parameters of process. 

8. To check eve~tual modification sugested by Pilot Plant. 

9. To test product prepared in Pi~ot plant. 

10. To prepare, in eventual coo9f!ration with other division, 
the paper for publication an~ if possible patents. 

11. To carry out some of j_nterwential work commissioned 
by other insitutions. 
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P i 1 o t P 1 a n t 

1. To check a method proposed by PF laboratory and find 
eventual faults of method because of scale up. 

2. To propose modifications (concerning parameters of m~thod 
or apparatus). 

3. To check proposed modification given by PF-s laboratory. 

4. To calculate the preliminary cost of production. 

5. To elaborate brief foredesign. 

6. To prepare biger amount of product for field tests. 

7. To prepare, in eventual cooperation with other division, 
the papers for publication and if possible patents. 

8. To carry out some of interwential work commissioned 
by other institutions. 

1.9 PROJECT P R 0 M 0 T I 0 N 

The lack of electricity in R&D Centre Gurgaon made, 
for nearly 4 months of my mission, impossible to begin regular 
work on some of more important projects, by PD:i?I personnel. 
After this period the research work also cannot be carried 
out by them in full scope, because they were P~gaged in 
organising three training programmes as well as preparL.1g several 
lect:ures. It is necessary to emphasise at this junction that 
all training courses were prepared very efficiently, what taking 
into account, very short intervals between succeeding trainings, 
was a result of organising capability of P.&D Centre management. 
This capability as well as very good disposition of scientific 
personnel to rather difficult type of research work, give hope 
that planned research projects will be performed equally 
efficiently. However for fulfilment of this hope several 
drawbacks, which will hamper quick progress, should be if 
possible, rapidly removed. These drawbacks are the following: 

i) Lack in PF-laboratory several basic 
made impossible to perform full cycle of ne· 
are Brookfield Viscometer; Sedimentation • 
Sub-sieve Sizer. 

"'Struments which 
ry tests: they 
.ce and Fisher 

ii) Lack of different raw materials and ready PF-s of high 
quality, which could be used as a standards for similar products. 

iii) To modest scientific personnel in PF-s laboratory and 
in Analytical laboratory. 

The faster the above main drawbacks will be removed 
the faster will be positive results of work and full utilisation 
of s;>ecialised, very modern, very sophisticated and very 
expensive instruments and machines with which R&D Centre in 
Gurgaon have been equipped. 
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Assuming however that after some, not too long period 
of time, R&D Centre will be equipped with missing research 
instruments and chemicals, as well as additional Scientific 
personnel will be recr~ited, can we be sure that the progress 
in research work will be fast and effective? I think that 
probably not if the next conditions will not be fulfilled. 

iv) Well constructed plan of research work in which the 
aim of particular projects would be precisely given. The tasks 
of the particular projects should be supported by full analysis 
of the problem. It would be desirable if such a plan could 
be ~ssessed by some of authorised Indian experts from institution 
of Ielated to POPI speciality. 

All experiments should be carried out in such a way 
that, when the project is over, the results be published 
or patented either partly or fully. This condition is obvious, 
but unfortunately very often is not realised. _It happens that 
because of use not improper research technique, specific for 
each field research, or lack of precisly planned experiments, 
the results, of often long-lasting investigations, can not 
be fully utilised. 

2. R B C 0 M M E N D A T I 0 N S 

2 .1 The laboratory and pilot plant studies on the methods 
of produ<..'tion of new pesticide formulations, more safe, more 
effective and more convenient to use, should be carried out. 

The higher cost of some of the new PF-s, in comparison 
to that ones currently prouced, cannot be an argument against 
production of the former. This may be explained as follows: 

The performance cost of the new formulations, i.e. cost 
of production + cost of usage can be lower, in spite of the 
higher cost of production, than the cost performance of the 
conventional PF-s. 

Moreover, production of new. better products is expected 
to be more expensive in the beginning of manufacturing, but 
after some period of time its cost goes down. The new PFs should 
be prepared in bigger amounts on Pilot Plant Scale and then 
should be distributed to different users for testing and 
assessment. 

2 . 2 Th.e intensive work in testing of indigenous mineral 
carriers, solvents, emulsifiers and other adjuvants should 
be carried out and criteria of selecting them for different 
PP-s should be worked out. 

It is recommended to collect samples of raw m"terials 
of high quality from different foreign countries. These samples 
can be used as standards for comparison of their properties 
with that ones of indigenous origin. By using the standard 
raw materials of high quality, the standard PF-s should be 
prepared and then, by using domestic raw materials, an attempt 
sno~ld be made to prepare products of similar high quality. 
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It is also necessary t: ~'-='·'elop simple r.-ethc 1s o~ testing cf 
raw materials and to f i::c out the relationshit:- between their 
properties and the quality of ready PF-s. 

2.3 Samples of the PF-s of the world renewed companies should 
be collected and their characteristic properties should be 
estimated. 

These mentioned samples should be used as developed 
standards for the new PF~s which will be developed by the workers 
at POPI. In general, the product of world renowned companeis 
is characterised by much better properties than required by 
internatinal standards. owing to that they are in general more 
effective and more purchased then other ~roducts of average 
quality. 

2.4 The process of unit operation which are involved in 
PF-s production like: milling, powders mixing, pao;te mixing, 
granulation, fine particles separation, spray drying etc. should 
be studied by using different types of pilot machines. 

It is suggested that the model mixtures of different 
carriers and some of the non-toxic substances of characteristics 
similar to pesticides, e.g. some mixture of natural waxes of 
d .... fferent hardnes and different melting points, should be used 
for this purpose. 

For preparation of model mixtures having different melting 
points and different hardness, a wax of high melting point, 
e.g. Carnauba Wax, can be mixed with the other one of low melting 
point e.g. paraffin. The complete results of studies will be 
getting by using factorial design experiment. The results 
of these studies will enable one to carry out pilot plant work 
on PF-s of particular TGP-s as well as to design production 
line for this products. 

2. 5 To get full information about the possibilities of SSFs 
to starting the production of new PP-s as well as about their 
difficulties with the current products, it is recommended to 
prepare and distribute the questionnaire with appropriate 
requires. The questionnaires should be annonymous. Informat~o~ 
such as, the kind of machinery and type of raw materials used. 
methods of testing of raw materials and ready products, and 
problems which the producer met with production and quality 
control should be selected in these questionnaires. 

2. 6 Por bringing out improvement in the quality, saf ness 
and effectiveness of usage of PP-s it is recommended to introduce 
the trade marks which would be put on the packing of PP-s. 

The •o• mark for products having quality similar to 
that of selected world best products and the •1• mark for 
products having quality better than what is require= by IS-s, can 
be used for this purpose. 
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'rhis grading system of products should however, not be 
a reason of increasing the price of the products. 

Introduction of 
competition between 
high quality PP-s. 

the proposed 
ccapanies and 

trade 
favour 

ma.rks may generate 
the production of 

2. 7 In order to monitor the quality of PPs. data produced 
by analysts of CIL. on quality of PP-s should be ccmpiled. 
preferably in C~uter Based Information Systea. and be 
distributed to tbe interested institutions. 

Taking into account that PDP! is obliged to find out 
the reason of bad quality of products, as well as the methods 
to improve their quality, it may be said that the most suitable 
location of proposed information system w~uld be in PDPI. 

2 • 8 'l'he procp-a 11 of colaboration of POPI vi th other 
laboratories of CSIR and ICAll should be developed • 

The colaborative work should be carried out on the 
following areas of research : 

Chemical and physical methods of testing of PP-s and 
their residues. 

Laboratory. greenfield and field tests of new formulations. 

Preparation of new formulations. 

Taking into account that same of the well organised 
laboratories are already carrying out work concerning the 
biological assessment of PP-s, as well as the residues analysis, 
this kind of work should be g.iven lower priority in PDPI. The 
scope of cooperation should be elaborated and accepted by both 
sides. 

2. 9. It is proposed to elaborate for each division of PDPI 
the general scope of tasks, in such a away, that prospective 
improvement specialisation specification of division and 
persepective growth of specialisation of people~ will be shawft. 
The scope of internal cooperation between divisins should also 
be encouraged. 

2.10. Both pestiride fonaulation laboratory as well as Analytical 
Laboratory shou. ~ be strengthened by appointing qualified 
personnel. To realise the ·. intertional programme of R'D 
the following workers should be recruited. 

!!!..:.!? ~ ~ 

For wor~ on granules 
dispersible granules and 
driftless dusts l 2 

Por work on Control 
Release Pesticides l 2 

Por work on microemulsion l 

Por analytical work 2 2 2 

For testing c,,! surf ace 
active a9eni.:i l 

For testin9 of mineral carriers l 
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The person who·. will be engaged in testing of surf~ce 
active agents should be trained in some of Indian manufacturers 
of these products e.q. in HICO in Bombay. 

These laboratories are very well equipped with very modern 
and sophisticated instruments (See appendice F). 

The work on Control Release Pesticides should be 
carried out in close collaboration with the specialists from 
Institute for Polymers and Plastics. 

2.11 The actual space for laboratory work on PP-s and 
for testinq raw materials should be increased ,to have at least 
three additional laboratory roc:as of full area of 60.2

• 

2.12 'l'he followinq instruments and machines should be 
purchased: 

i) 
ii) 
iii) 
iv) 
v) 
vi) 

vii) 
in the 

For laboratory work: 

Contraplex Labormill(Alpine) 
Laboratory lodiqe Mixer 
Laboratory Granulator {Aeromatic Co.) 
Minispray Dryer (Labor Co.) 
Erweka Agregate 
Aeromatic bath and continuous fluidized bed processing 
units for drying, spray granulations, agglomeration, 
instanization and coating. 
Zig-zag separator for separation of solid particles 

size range 1-100 micrometers(Alpine) 

Por testing of PP-s .• 

i) Air jet sieve 200 (Alpine) 
ii) Sedimentation Balance(Metler or Sartorius) 
iii) Sub-sieve sizer with accessories(Fisher Sci.Co.) 

Por Pilot Plant 

i) Zig-Zag separator for separation of particles in 
the size range 1-100 micrometers(Alpine) 

ii) The Pearl Mill, but the same or similar to that ones 
which are used in India e.g. in paint industry, most probably 
the domestic production. 

iii) The Pan Granulator 

iv) The Fludized Bed Granulator (Uni Glatt System) 
v) The Change Can Mixer 

2 .13 It is necessary to install in PP-s laboratory rooms 
airconditioners instead of fans. This will enable all the 
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inst::::-~-nents being protected not only againsts dusts but also 
against harmful humidity, particularly during the wet season. 
It is proposed to localise the set of apparatus used for 
grinding, mixing, granulation, separation and the like in 
separate laboratory room and all instruments used for testing 
of PFs is another one. 

2 .14 All points where the danger of dust hazard can taken 
place should be connected to Central Exhaust installation.The 
air polluted with dust of pesticides should flow through venturi 
absorber or column absorber sprinkled with circulated liquid 
agent e.g. the water solution of sodium hydroxide. The sewages 
from column or Venturi absorber together with the other ordinary 
sewages should be conditioned in the basin-container by 
alcalisation and then by oxidation e.g. with the water solution 
of hypochloride. The sewages treated in such a way will be 
filtered from sediment and then directed to sewage system. 
The laboratory and pilot plant should be equipped with the 
explc~ion proof electrical installations. 

2.15 The simplified easily understandable operational 
instructions about all the laboratory instruments and apparatus 
should be elaborated and placed close by. The personnel 
operating the instruments should have full understanding of 
the operational instructions. 

2.16 Taking into account that some of the already purchased 
analytical instruments such as Thermal Analyser fl Freeze Dryer fl 
Electrof oreses equipment, Aerosol Generator, Colloid Mill, 
Alpine, will be used rather very seldom, it is proposed to 
settle the possible scope of their utilisation (not necessary 
for pesticide work) and eventually to use them also on commission 
for other interested institution. Especially for the first 
two, very expensive instruments such an action is recommended. 

2 • 1 7 The procedure of getting opinion about the research 
plan prepared by PDPI, as well as about the results of particular 
projects, made by Indian experts from outside of PDP!, should 
be formulated. 

2.18 In the proqnmnes of training of research workers 
abroad, as well as in the progrmmes of consultancy of UN experts, 
more attention should be given to methods of planning ~Aperiments 
and to specific methods of con,.!':.!cting of experiments as well 
as testing of materials. 

The same recommendations concerns the training course 
organised by POPI for representatives of Small Scale Formulators. 
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2.19 It i~ recor. .. T:ended to one of POPI research worker 
to participate in training in HICO company how to test surface 
act.i ve agents. During his training he should also try to 
get full information ato~: two instruments used in this 
laboratory. 

Preparative Liquid Chromotograph 5000 assigned 
for preparation of highly pure compounds upto 
150 grams. This instrument could be eventually 
used for preparation of analytical standards of 
pesticides. 

HP/TLC scanner for quantitative Thin Layer 
Chromatography.This instrwnent,if not too expensive. 
could be purchased by PDPI arid later on eventually 
recommended for Small scale Formulators. 

2.20 Taking into account the important, leading position 
which in relatively short time the R&D Centre in Gurgaon 
should attain in India, it is recommended to send regularly 
the research workers of Centre on international symposia 
and conferences concerning pesticides, organised by such 
associations or organisations as CIPAC, FAO, WHO and the 
like. 

2.21 The R&D Centre in Gurgaon should enter in scientific 
and technical collaboration with some of related institutes 
from abroad. Such collaboration would be especially fruitful! 
in the beginning period of work. Author is convinced that 
such collaboration could be possible e.g. with Polish 
Institute. For Organic Industry in Warsaw, which from 35 
years is working on pesticides and have considerable 
achievements on this field of research and development. 

3. 

3.1 

{ see also p. ix en pa0e 38 } 
ACTION 

R E S E A R C H P R 0 G R A M M E 

Together with my counterpart Dr. Ramdas, the 
research progranune for the forthcoming period of time had 
been prepared. Within its limit the following investigations 
are proposed: 

i) T e s t i n q o f t h e f o 1 1 ow i n g p h j s i c a 1, 
p h y s i c o - c h e m i c a 1 a n d c h e m i c a 1 
p r o p e r t i e s o f c o m p o n e n t s o f PF-s. 

Mineral carriers 

particle size distribution; 
sorptive capacity; 
f lowability; 
compressibility; 
pH of water suspension; 
acidity CpKa) of surface; 
content of heavy metals; 
wettability; 
suspensibi 1i ty; 
compa~iti:!:y with pesticides. 
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Solvents 

ignition temperature; 
acidity; 
moisture content; 
refractive index; 
density; 
water nwnbers; 
solubility of pesticides; 
compatibility with pesticides; 
emulsification ability; 

Em.ulsif iers 

HLB (Hydrophylic Liophylic Balance) JY different 
methods; 

temperature and point of inversion of emulsions 
(TIE and PIE) 

surface tensions of water solutions of emulsifiers; 

critical molecule concentration (C~C) in water and 
solvent solutions; 

moisture content. 

Dispersing and wetting agents 

surface tensions of water solutions; 
CMC in water solutions; 
absorptibility on mineral carriers and pesticide; 

dispersibility, suspensibility and wettability 
of mineral carriers and their mixturef, with 
p·:!Sticides. 

Thickening agents 

dynamic viscosity of water solutions; 

compatibility with pesticides. 

i) METHODS 0 F P R E P A R I N G 0 F 5 0 M E 

N E W PF-s 

Suspension concentrate(SC) of carboxin 

Selec:ion of dispersing and wetting agents; 

finding of optimal parameters of milling process; 

selection of thickening agents; 

testing of f locculants; 

testing of viscosity and stability of ready product; 



iii) 

.., -- ~ ..... _ 

D E T A I L E D 
G A T I 0 N S 

_,, -

R A N G E 0 F I N V E S T I-

Detailed range of investigations have been prepared 
for the following projects: 

Solvents; 
Emulsifiers; 
Emulsions; 
Suspension Concentrates; 

Each of the above elaborations contains the 
following headings: 

Basic definitions; 

Kinds of materials 
characteristics; 

or products 

Methods of preparing of products; 

and 

Methods of testing of materials and products; 

their 

Description of some of physico-chemical phenomena 
taking place in products;(see appendix A, Pages 
39 - 52. 

iv) C 0 0 P E R A T I 0 N 0 N S 0 M E 0 F L E C T U R E S 

The consultation to some of authors about their 
papers had been given as well as some number of scientific 
papers had been afforded for reference. The list of papers 
furnished is presented in appendix E, pages 130 - 131. 

v) PREPARATION OF LECTURES 
0 N T R A I N I N G C 0 U R S E 

The following papers have been made by myself: 

Emulsion & Emulsifiers theory & practice; 

New Pesticide Formulations - flowables; 

Efforts to 
Pesticide., 

Increase Effective and save 
Liquid and Dry Flowables. 

use 

In the papers the following data are comprised: 

Basic definitions; 
Theoretical fundamentals of phenomena; 
Methods of preparing of products; 
Adiuvants used and criteria of their selection; 
Advantageous and disadvantageous of particular 
pesticide f orm1.lations; 

Methods of testing 
The main directions of investigations. 
(see appendix B, pages 53 ~ 118. 

of 
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vi) PRELI MI NARY EXPERIMENTS 

Owing to the incidental supply of electrical 
power some of the training experiments would be possible 
to perform. Together with my counterpart Dr. Ramdas the 
following of them had been carried out: 

Particle size determin.acion of 
employmerat of Micron Photo Sizer (MPS) 
functioning on the basis of light absorption. 

suspensions by 
an instrwnent 

Determination of moisture in some of emulsifiers 
and solvents by IC ..cl.rl Fisher method. 

Determination of refractive index of organic 
solvents. 

It was also intented to carry out some of the 
preliminary experiments in preparing d i s p e r s i b 1 e 
granules by the use of F r e e z e D r y e r. These 
experiments however, could not be performed, where it was 
discovered the lack of Dewar flasks. 

As a result of testing of particle size 
determination by using of MPS, it had been found that the 
procedure is rather tedious. Moreover, during the reading 
of OM of MPS it had been found several mistakes, as well 
as not quite clear explanations of some of mathematical 
relationships. Due to that it was necessary to make some 
of co~rections as well as commentary to OM. This entitled 
•s u p p 1 e m e n t D a t a F o r C o n t r o 1 P a 
r t i c 1 e S i z e D e t e r m i n a t i o n by u 
s i n g MPs• contains the following headings. 

Theoretical basis 
Applied calculations 
The relationship between particle size and rate 
of their sedimentation. 

The calculation of time of centrifugation 

The calculation of particle size determination. 

Supplementary determinations 

Operational Manual 

vii) C 0 NS ULT AT I 0 N S C 0 NC: S 0 M E 
0 F C U P. R E N T R E S E A R C H A N D 
P R 0 D U C T I 0 N P R 0 B L E M S 

a> 

The following problems had been consulted; 

The selection of carriers for b i o c i d e dust 
formulation: 



b) 

c) 

~

-' -_,,. 

Improvement of the quality of WP of Dosanex; 

Decomposition of Malathion in 25% WP-

c o n c 1 u s i o n s a n d P r o p o s a 1 s 

Ad a. The main objective of investigations was to prepare 
a formulation which would be well and uniformly distributed 
on the surface of water, and would be not floodable. 

During the consultations I proposed to use as 
carriers, hydrophobic ones. not wetted by water e.g. s o a p 
s t o n e or h y d r o p h o b i c s y n t h e t i c s i 1 i c a . 
The formulation prepared by Dr. Ramdas, my counterpart, 
who used soapstone disclosed good physic~l properties, bet'.:er 
than former formulation prepared by hydrophylic calcium 
carbonate, as well as good biological activity. I reconunended 
to use, in the next trials, also hydrofobic synthetic silica, 
or eventually its mixt11re with soapstone. The silicas of 
this type are commonly used as additives of powders to improve 
their flowability and their dustibility. 

ad.b The question was to improve the quality of D o s a n e x 
wettable powder which b e c a m e 1 a m p e d. Considering the 
nature of lamping the view was expressed that observed 
drawback would not be harmful if its water suspension would 
be properly prepared. Several experiments to determine the 
right way of procedure had been suggested. 

ad. c To stop the possible d e c o m p o s i t i o n 
of M a 1 a ~ h i o n, the reusage of s o d i u m s a 1 t 
o f c a r b o x y m e t h y 1 celulose had been proposed. 
This component was used as a suspending agent but its usage 
had been given up. I focused attentio:i on the fact that 
this product acted also as s t a b i 1 i s e r a g a i n s t 
d e c o m p o i s i t i o n o f M a 1 a t h i o n 
what was found by Tyler & Rowland. (see appendix E, Q. 131, No. 20. 

viii) P E R I 0 D I C A L S AND M 0 N 0 G R A P H S 
A C C E S S I B I L I T Y 

Shortage of essential scientific periodicals and 
monographs in R&D Centre can be a serious drawback in 
conducting effective research works. To overcome this 
disadvantages it will be necP.ssary to visit regularly some 
of other Research Centres where appropriate periodicals 
and monographs are available. To get some idea which of 
them can be obtainable in Indian libraries, two of scie~tific 
institutes had been visited and the lists of more important 
periodicals and monographs as well available as recommended 
had been prepared(see appendix E, pages 132 - 138. 
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ix) D U T Y T R I P S A ~< D V I S I T S. 

The two days duty trip to Bombay had been made. 
During the stay in Bombay I visited the CHEMTEC + ORT'85 
exhibition as well as some companies and their 
representatives. 

The all interlocutors showed a big interest in 
the POPI. 

In general, as most important direction of research 
in POPI Centre they see the following: 

Development works on the new and more precise 
analytical methods of PFs(Excel Co.). 

Development works on economisation and more safe 
production of PFs(Excel Co.). 

granules 
Co.) 

Development works on f lowables, slow 
and micro encapsulation technology(Excel 

release 
& Gharda 

Works en degradation of different pesticides, 
especially 0-P and carbamate pesticides and the methods 
of their stabilisation against deterioration in light and 
higher temperature (Excel & Gharda Co.) 

Works on utilisation of different vegetable oils 
for ULV formulations and to find their eventual synergetic 
effect on some of pesticides (collaboration with AGricultural 
Institute in Delhi) (Excel). 

Testing of different solvents and emulsifiers 
for ECs. 

The excel company is also interested to get training 
on instrumental analysis. 

The interlocutors like to have more information 
regarding the intentional direction of research work and 
about the analytical facilities of POPI. After getting these 
informations they will deliver the more detailed proposals 
for rasearch and for scope of eventual cooperation. 

During my visit in HICO Co. (the main producer 
of nonionic emulsifiers and surface active agents) I had 
the opportunity to be acquainted with the excellent equipped 
research laboratory where 80 scientific instruments, some 
of which very modern and sophisticated, are in full work. 
The scope of investigations conducted in this laboratory 
is very wide. Mr. Patil R~D Manager expressed readiness 
to train the people from RC-G (see appendix F, pages 139 - 14~. 



1. S C R E E N I N G 0 F S 0 l V E N T S F 0 R 
? E S T r C I 0 E S 

Solvents are selecte~ aC':-':~rfingly the foTTowing criteria: 

a) High solubility of active ingredient(a.i) 
b) No decomposition of a.i. (compatibility) 
c) No phytotoxicity to plants to be protected. 
d) Low volatility and inflamability 
e) Enhancement activity of a.i. 
f) No toxicity and irritation to eye and skin 
g) Economy 

2. T Y P E 0 F S 0 l V E N T S U S E D F 0 R F C - s 

a) Aromatic and aliphatic hydrocarbons, xylene, toluene, 
ethylbenzene, isoparrafin, Aromax, Solveot C IX. 

b) Halogenated hydrocarbons 

Methyl chloride, tetrachloroethylene, o-dichlorobenezene. 

c) Alcohols 

Methanol, ethanol, isopropanol, n-butanol, isobutanol. 

d) Polyhydric alcohols and their derivatives 

Ethylene glycol, diethylene glycol, propylene giycol, 
Polyethylene glycol. polypropylene glycol, methyl cellosolve 
(methyl glycol), phenyl cellosol ve, di ethylene glycol 
esters (methyl carbitcl). 

e) Ketones 

Methyl-ethyl l<~~on?, methyl i sobutyl ket.or.e i sophoror.e 
cyclo~exancne. 

01w~thylfonnanide (0MF), dimethyl sulfoxide (DMSO), acetonitile, 
' dibutylphtalate. 
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One of the above solvents may be singly used 1 or especic:!ly 
for less soluble a. i., as the main solvent may be used in ~i xt:..r~ 

with one or more co-solvents. The more often used are solvents grouped 
in aromatic hydrocarbons, which dissolve hiy est amount of a.!. 
and can be used non specifically with different emulsifiers. 

So 1 vents may have effects on stabi 1 i ty of a. i . Sarne of 0-P 

compounds are easily decomposed by highly polar solvents such as 
alcohols, polyhydric alcohols, cellosolve and DMF which are often 
used as co-solvents for dissolving a. i .s less soluble in aromatic 
solvents. 

3. . C H A R A C T E R I S T I C 0 F S 0 M E 0 F 
S 0 L VE.NT S USED F 0 R EC-s 

Mixed xylene(ESSO) 

Solvesso 100 11 

HAN 0.932 
SOLVENT 200 II 

DMSO 
Isophorone 

.. 
S(!.graw. 

0.872 

0.872 
180 - 275 
0,985 
1,1 
0,9229 

~ 
dest.r. 

oc 

137 ,5-140,5 

156 - 178 
67 
227 270 
189 
215,2 

fhE.. 
~ 

oc_ 

27 

40 
85,7 
108 
95 
96 

4. M E T H 0 D S 0 F T E S T I N G 0 F S 0 L V E N T S 

Ar.C. 
s 

99,9 

~7.5 

99 

It is often happened, that solvents used for production of 

EC differ in some properties from that one which was accepted as 

a standard. 

These differences can be caused by small variation in 
compositions of technical solvents which are not chemically pure 
and in genera 1 a re a mixture of severa 1 components as in the ca s~ 
of comnonly used aromatic solvents. Moreover solvents can be 
contaminated during improper storage or transportation. These small 

.. 

differences in snhP.nt compositions are i~ ~~jority even.s ~e!ninglass 

• Sp.graw. 
dest.r. 
fl.p. 
Ar.C. 

Specific Gravity 
Destilation range 
Flame point 
Aromatic cont·"?!i-: 
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but unfortunately they can have substantial effect on choice of 
emulsifiers for EC's. 

These characteristics of solvents which are given in p.3 :an 
be insufficient for exp1anation of their different e~ulsifi~ation 

ability. Moreover, some of these tests as destilation range and 
aromats content may be rather troublesome to carry out precisely 

or may be not enough accurate. 

For getting more infonnations about the quality of sol vent 
and for deciding if it is equivalent to that one which was accepted 
as a standard the following simple tests are proposed : specific 
gravity, refractive ir.dex and cloud numbers estimated in several 

different temperatures. 

The methods of established the first two characteristics are 
co11111only known but for getting the cloud numbers is the following. 

~.50 ml of solvent is solved in 25,0 ml of absolute ethanol 
and t~trated with destilated water or 2,0S water solution 
of chemically pure phenol. The titration should be carried 

out in 20°, 30° and 40°C. 

It is proposed to perfonn the above test also for some mixtures 
of solvents as well as solution of pesticides in selected solvents. 
The cloud numbers of solvents and pesticide solution s11 • i be 
correlated with cloud temperature and eventually HLB n1 ?· ~ of 

emulsifiers used for pre~~ring EC-s. 



E M U l S I F I E R S 

OEFINIT~Oi~ AND FUNCTIONS OF El41LSIFIERS 

The molecules of emulsifiers are composed of two parts, one 

hydro~hobic or liophylic and second one hydrophylic or liophobic 

According to the electric charge of the hydrophylic part the emulsifiers 

are classified as : anionic. cationic and nonionic. For the pesticide 

formulations mainly anionic and nonionic emulsifiers are used. Emulsi

fiers are used to enhance the stability of emulsions and to ·improve 

the wetting of leaf surface. 

They can also act in other ways, particularly when present 

in relatively large amounts efther initially in the spray solution, 

or through higher concentrations developing as spray drops dry out 

on leaf surfaces. 

Above the critical micell concentration they can have a solvent 

action, destroying the st.ructure of the wax on the leaf surface and 

removing fatty constituents of plant membranes. 

They m~y act as co-solvents or solubilizers thus allowin~ 

aqueous herbicides to penetrate liophylic bariers, or to remain in 

a liquid state on leaf surfaces. 

HLB CONCEPT 

Taking into account that emulsifiers are composed of hydrophilic 

and liophilic part of molecule one may assume that the ability of 

each emulsifier to emulsify particular oil will be depended on the 

hydrophiHty and liophility of the each part of emulsifier. In the 

case of nonionic emulsiffers,in wnich hyrophilic oxyethylene or oxypro

pylene groups are attached to the hydroph0bic aliphatic group, the 

cmulsifyinq properties of emulsifier is depended on the length of 
alifatic· chain ar.d a1so the length of OJ0/ethylene or oxypropy1ene 

chains. 
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The longer the aliphatic chain the more hydrophobic emulsifier 
is, and vice versa. The hydrophilic-lipohilic characteristics of the 
emulsifier mol~cule is a concept of so called hydrophile-lipohile 
balance or HLB, which quantified the properties of emulsifiers on 
arbitrary numerical scale. The larger the HLB numbers the more 
hydrophilic emulsifier is. These numbers practically are lying in 
a range between 5 and 50. HLB numbers may be determined experimentally 
by comparison with standard emulsifiers of known HLB or calculated 
in various ways. Their values are now quoted for a wide range of 
emulsifiers. 

It is also assumed that the HLB numbers are additive. From 
two emulsifiers of different HLB numbers, the new one of any HLB number, 
lying between, can be prepared by their mutual mixing. 

Because however, there are emul sififers which despite of the 
same HLB number vary considerably in their emulsifying abilities, 
the HLB system may be used only as a preliminary selection of 
emulsififers. 

M E T H 0 D 0 F l-E S T I N 6 

By emulsifying the oil phase with the series of standard 
emulsifiers the most effective one, of known HLB number, can be found. 

Emulsifying the same oil with others emulsifiers, of unknown 
HLB numbers, the one of similar emulsifying ability to the standard 
one can be found. It is then assumed that HLB number of unknown 
emulsifiers is the same as the HLB number of the standard one. 

The unknown HLB number of emulsifier can al so be found when 
demanded HLB number of emulsifier for emulsification of oil is known, 
as well as the HLB number of one emulsifier using for test. 

The HLB number of unknown emulsifier is then calculated from 
the follo~ing relationships. 

X(HLB)a 
100 

(HLB)b (100-X) 
+ - lOO 

( 1) 

(HLB) = (HLBolOO - (HLB)b(lOO - Xl 
a ( 2) 
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:1here {HLB) ~ - the demanded HLB number of emulsifier 

(HLB)a - the HLB of unknown emulsifier(a) 

(HLB)b - the known HLB number of emulsifier used for testing 

X percentage of eP.RJlsifier (a) in the mixture of emulsifiers 

Example 

if (HLB)o = 12.7; (HLB)b = 8; and X = 32 

then (HLB)b = 12.7 . 100 - 8.68 = 22.6 

The above procedure of finding HLB numbers of e:nulsifiers is 

troublesome and used rather sporadically. 

More important is a test which can ascertair. that the properties 
of emulsifier from. the new delivery are the same or very simflar to the 

standard one. The following tests are proposed: 

1. The cloud temperature of water soluti~n of emulsifier 

2. The Tanaka cloud numbers 
3. The water numbers 

Description of methods 

1. The cloud temperature 

100 ml of o.soo S (W/V) of water solution of tested emulsifier 
(or mixture of emulsifiers) is treated slowly in laboratory flask of 
capacity of 250 ml on water bath 11nti1 appearance of opacity. Then the 
solution is slowly coolled and the temperature by which the opacity 

disappears is fixed. 
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For preparing the solution of enaJlsifiers the following liquids 

are used: 

a. 
b. 

c. 

- distilated or deionized water 

- SS {w/v) water solution of Nacl 

- 101 (w/v) water solution of Nacl 

~thod B &: C for 
emulsifiers of high HLB 

numbers > 20 

For measuring the cloud temperature the standard thernrmeters with 

division of o.2°c are used. 

2. The Tanaka cloud numbers 

0,SOOg of emulsifier soluble in 5.00 ml of 981 ethanol is titrated 

with 2.001 water solution of phenol in temperature of 25 + 0.2°C. The 

titration is carried out until· appearance of opacity which does not 

disappear through 5 minutes. 

3. The water numbers 

1.000 g of emulsifier is soluble in 30.0 ml of mixture of benzene 

and isopropanol (weight ratio 25 :!_ o.2°c. The water number is that amount 

of water in ml wMch caused the appearance of opacity not disappearing 

through 5 minutes. 
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METHOD OF PREPARING ARD TESTING OP CONCENTRATED EMULSIONS (CE) 
OP PESTICID& 

1. CLASSIFICATION OF EMULSIONS 

Emulsions, which are defined as continuous liquid phase 
in which a second immiscible liquid is dispersed, may o~ 

classified on ~he basis of: 

i> Nature of the external (continuous) or internal (dispersed) 
ohase: 

According to this classification there are 
of emulsions, usually called O/W and W/O type of 
The letter •w• symbolized water and letter· •o• 
hydrophobic (or liophylic) non-polar liquid falls in 
category. 

two groups 
emulsions. 
oil. Any 
the •oi1• 

ii) Concentration of the internal phase i.e. based on the 
internal/external phase ratio (!.P.R) 

In low concentrated emulsions the I.P.R's <30\, in medium 
concentrated 30-70\ and in high concentrated >70\. 

iii) Structure of the system 

Accozding to the droplets of dispersed phase the following 
types of emulsions are distinguished, macroeaulsions, micro-
emulsions (or transparent) and •ixed emu1sions. 

2. SOME OF PHYSICAL CHARACTERISTICS OF EMULSIONS 

a) Viscosity 

i) Emulsions of low I.P.R(<30\) 

This type of emulsion shows newtonian reoloqical properties 
i.e. the viscosity of the system does not depend upon the rate 
of shear by the applied stress. 

ii) Emulsions of medium (30-70\) and high (>70\) I.P.R. 

These types of emulsions are characterized by high and 
very high viscosity and non-nevtonian reheological properties. 
The viscosity of the system depends upon the rate of sh~ar by 
the applied stress. 

b) Physical instability of emulsions 

Emulsions of type i and ii are thermodynamically metastable 
what 1neans that after some period of ~i:n~ separati.:>n of phase 
takes place. Drops of dispersed phase s~t~l~ out (sedimentation) 
o::- rise to th~ top (creamin9). As a r-:!:.;·..:.lt. there is a s'!para-:ion 
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of the system into two emulsicns of uifferent !.P.R. One richer 
and one poorer in the disperse phase than the original emulsion. 
Because of aqqreqation or floculation of drops the phenomenon 
of their coalesence can take place. The creaming or sedimentation 
process is primery governed by Stokes law. It is clear from 
this equation that the creaming may be reduced by adjustm~r.t 
of the specific gravity of one or both phases, by lowering the 
particles size and by increasing the viscosity of the continuous 
phase. 

Decisive influence on the stability of emulsion has 
emulsifier which protect the droplet of oil against coalesence. 
It also facilitate the dissipation of oil phase by lowering 
the interfacial tension between oil and water. 

3. EMULSIONS AS THE ~ORMULATIONS OF PESTICIDES 

The most popular emulsions used in chemical protection 
of crops are the diluted O/lf emulsions prepared from emulsif iable 
concentrates (EC-s). These emulsions are used as carrier· of 
pesticides. The same emulsions may however be prepared not only 
from EC-s but also from the COHcmr.rRATED EMULSIONS (CE) of 
•mayonnaise type•. These formulations are less eye and skin 
irritating, lower fine hazardous and for that reasons more safe 
in usage. In scme cases they also can be more economic, because 
of solvent which is used in the production of EC-s, is 
suibstituted by water. It is worth to mention that concentrated 
emulsions of •mayonnaise• type were already used before the 
EC-s had been introduced on the market. But that time the 
preparinq of stable concentrated ·emulsions was more different 
than today when we have to dispose a much larger number of various 
effective emulsifiers. Besides, the requirements of safe usage 
of pesticides were not in those days so critical as are today. 
The another emulsion type formulations of pesticides on which 
some research are now-a-days carried out are MICROEMOLSIOHS 
(MB-s). 

As their name pointed out they are composed of very small 
droplets. They particle size may vary in the range of 100-600A0

, 

a distinct from ordinary or macroemulsions in which the lower 
limit of particle size is probably O.lµ. The microemulsions 
represent a class of thermadynamically Rtable dispersions. The 
mechanics of f orminq them di~f er from that used in the preparation 
of macroemulsion. The most important is optimum composition 
of oil, emulsifiers and water. If it is reached the 
microemulsification occurs spontaneously and no mechanical work 
is required. 

4. METHODS OF PREPARING CE-s 

The combination of the emulsifiers hydrocarbon solvent 
and pesticide are slowly added in several portions to the water 
or water solution of some ad juvants ( ethyl-:ne gl;•:=ol, glycerol 
thickener. Such procedure is necessary to a?oid -:.:-.-: formulation 
of W/O emul3ion which CO:.lld be formed if :1igh .:::.cum:. of oi i 
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would be added at once to the low amount of water. Following 
that procedure a very coarse particle size of emulsion is 
formulated. Afterwards a very intensive stirrer with high shear 
has to be used. The relation of •oil• to water can attain as 
8:2 and it will deoend on the nature of •oil ohase• Ethvlene 
glycol or glycerol -act as antifreezing agent and as adju~ants 
which facilitate ·~looming• during pouring ~E to water. The 
water used to prepare CE is deionized: 

Before starting to prepare CE it is proposed to find 
the best pair of nonionic emulsifiers in the selection procedure 
commonly used for EC-s. 

These emulsifiers should be then used in d~ff ~rent 
concentration to prepare CE. It is als,., suggested to try to 
use one of selected emulsifier(more hydrophylic) in water 
solution, and the second one in the hydrocarbon/pesticide 
solution. 

5. SUGESTED EVALUATION TECHNIQUE· OF CE-s 

i) Visual inspection of stability of CEs 

The emulsion is observed for change which have occured 
after ~torage at different temperature for longer period C two 
weeks or one month). Changes in temperature may range from 
freezing to high temperature but should be applied very 
cautiously. 

ii) Cycling tests 

Preeze-thow stability. Samples are cooled to 10°C for 
8 hours and then thawed for 16 hours at room temperature to 
check if the CE fluidises spontaneously. After each cycle a 
suspensibility test should be carried out - F:r:eez thow elevated 
temperature test. 

Ist period 8hr. 40°C -10°C 50°C -10°C 40°C -10°c 
16 hrs RT RT RT RT RT RT 

2nd period 16hrs -10°C 50°C -10°C 40°C -10°C 50°C 
8hrs RT RT RT RT RT RT 

RT - Room Temperature 

iii) Centrifugation of emulsions 

In this case the amount of oil separation after 
centrifugation is used to predict shelf life. The results obtained 
for CE-s aged for some periods of time at variouF temperatures 
ar~ compared with the results obtained for accepted standards. 

i ~;) Flowabi li ty 

The CE should be easily poured from its container to the spray 
tank filled with water. The flowability is visually inspected and 
compared with that one of standard sample. 



v) Spontaneous dispersibility in water 

. The above property defined also as "bloom• is visually 
estimated and rated qualitatively on a three point scale -very 
good, good , fair and poor. If the CE does not disperse 
spontaneously then the number of inversion of cylinder for full 
dispersion is fixed. 

vi) Viscosity 

Some of the properties of CE-s can correlate with their 
dynamic viscosity. For that reason this measurement should be 
also performed. For this measurement the rotational viscosimeter 
e.g. Brookfield LVT viscorimeter is used using the cylinderical 
spindle 2 at low speed (6 RPM). 

vii) Stability of diluted emulsion oreoared from CE. 

This test is performed analogical as that one for EC. 

vii) Other techniques 

Other techniques to predict shelf life of CE-s include 
electroconductivity and zeta potential. 



ACUEOUS OR AQUEOUS/OIL BASE SUSPENSION CONCENTRATES(SC-s) 

Plan of work 

Collection of the following adjuvants or their equivalents: 

(a) Dispersing agents 

Atlox 4862 
Atlt.1X 1096 
Atlox 4868B 

I b ) Metting age&1ts 

Atlox 3002 
Atlox 4991 
Renex 36 
Atlox 4875 
Atlox 4853B 

Any others wetting agents may be suitable. Particularly 
successful are allkylnapthalene sulfonates, 
dodecyl benzene sulfonates. 

c) Thickening agents for aqueous based sc. 

i) Rhodopol 23 of Rhone boulenc. This product 
is an anionic polysacharide with weak 
sensitivity to temperature and has also 
shear thinning properties. 

(ii) Bentone EW (A) montmorillonite clay 
NL Industries USA. 

(iii)Actigum CS 6-CFCA, France. 

(iv)Kelzan-Kelco, USA. 

(v) Attagel 40 - Engelhard Minerals & Chemical 
Co,- USA. 

Cd) Biocide. 

It use is necessary if the thickener used 
is susceptible to microbial attack. 

Cf) Antifoaming agents. 

'g) Ploculants (Organic)· 

(h) For oil-based flowables 
Emulsifiers and Wetters 



Remarks 
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Atlox 104SA, Atlox 3366a, Atlox 4856B, Atlox 
4885, Renex 702, Atlox 4834, Atplus 300. 

Sulfated oils, short chain ethoxyloated alcohols 
or nonyl phenols and sulfosuccinates. 

Dispersing agents are generally short chain polymers 
with charged groups. Typical of these are alkayl naphtalene 
sulfanate I formaldehyde condensates and lignosulphnauotes. 

The choice of a dispersing agent is more critical 
and specific than the choice of wetting agents. Some 
wetting agents themselves may have some dispersing 
property, particularly if they create electrical charges. 

1. Viscosity modifying surfactants 

Some of surfactants have good viscosity increment 
effect and allow to produce stable flot11.. ·Jles without 
using an extra thickening agent. The following surfactants 
can be used: 

Atlox 1096 - Atlox 1086 - Atlox 48688 Atlox 33878, Brij 
76, Brij 78. 

2. 
b e 

0 f 

P a r a m e t e r s w h 
f o u n d o u t i n 

SC of V i t a v __ a x 

ich should 
p r e p a r a t ion 

( i) Parameters of pregrinding of Vi tavax Tech. 
grade in different type of mills. 

C ii) Preliminary testing of - different 
combinations of dispersinq/ (wetting agent 
on wet milling and on ~uspensibility of 
particles of Vi tavax ( tP.~~ts in small glass 
grinder). 

(iii)Influence of thickenin9 agents and polyol 
on the stability cf su~pension. 

C iv)Using the selected adiuvants, find the 
following. parameters of milling anu mixing 
of mixtures in Dyno-mill. 

The speed of revolutions 
the fine of milling 

The process will be moni taring by S;?dirr.ent 
Balance or MPSA. 
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3. E V A L U A T I 0 N 0 F PRODUCT 

Ci) Visc..,sity 

Measuring with Brookfield LVP type 
Viscometer, using a cylindrical spindle 
l and 2 at: low sreei { 6 or 12 rpm) 

Cii) Storage stability 

Bleeding 
Thickening (gelling) 
Sedimentation 
Redispersibility 
Bloom 
Freez-thaw stability 

4. I M P R 0 V E M E N T OF P R 0 D U C T 

!f the product, after some time of storage, will 
the hard "cake" then try. to solve the problem by 
floculants. The added floculants should create 
sediment, very easily dispersed after weak mixing. 

create 
adding 

loose 
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EMULSIONS AND EMULSIPIERS 

Dr. STEFAN MOSINSKr 
UN CONSULTANT 

DEFINITIONS AND CLASSIFICATIONS OF EMULSIONS 

APPEND:X B 

Having no .idea about your scope of !tnowledge about 

emulsions and emulsifiers I think it would be advisable 

tc remind some basic definitions and then to throw light 

on these problems of emulsions and emulsifiers which 

apper - in pesticide fo~ulations. 

·The classical definition of an emulsion as a d 

i s p e r ~ i o n 0 f o n e 1 i q u i d in a second 
-

immiscible liquid is far from complete. Por getting more 

knowledge about •!DlUlsions some of additional definitions 

have to be introduced. They are the following: 

o i s p e r s e p h a s e - the liquid which 

is dispersed in continuous phase in the form of 

fine droplets; 

c o n t i n u o u s p h a s e - the liquid 

in whi.~h one of two liquids is dispersed: 

Since~ the majority of emulsions contain water as 

one of the phases, it is customary to classJ.fy emulsion 

in two types : t. he o i 1 - in - water or O/W type, 

consisting of droplets of oil dispersed in water and 

t h e w a t e r i n o i 1 or W/O type in which 

the ph<.ses are reversed. The term •oil• is used to any 

h yd r o p h o b i c or n o n p o 1 a r l i q u.i d · 

not soluble in water." 

Present~d during the training course on Pesticide ?ormulation 
D-2·:'2lo;r.:-:!nt conducted by Pesticide Development P:-cg:-'1r.w1\e 
ir. :n~ia at th~ Management Development Institu~e, Gurgaon 
II.:..:-:..:ar.'1, l~di~., from 18 to 22, February t98S 
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Both types of emulsions in which water is used 3S 

c o n t i n u o u s o r d i s p e r s e d phase are 

u.sed in crop protection as carriers of pesticide, oowever, the 

0/\f type of emulsion is used mre camonly. In this type of 

E!!IUlsion "o l" is a oolution of pesticide in sooe of h y d r o p h o b i c 

s o l v e n t e.g. xylene, Solvent-napita or sane similar otbers. 

Besides the O/Vf and W/O classification of eml.sions they 

can be divided on the basis of concentration of the internal phase 

i.e. on the i n t e r n a 1 I e x t e r n a l p h a s e r a t i o 

(!PIO. The classification is as tmder: 

tJJw IPR-the anount of dispersed phase is <30%; 

MediU!l IPR-the aDDtmt of dispersed phase is 30-70%; 

High IPR-the anotmt of dispersed phase is)'70% 

The first type cf emulsion is prepared fran emulsifiable 

ooncentrate (EC) and the sect'~d aav be prepared in the fonn of 

concel!.trated anulsion wh.l.ch sim:i.la.r ly to EC is used for preparing 

diluted emulsion. The basis for the third way of classification of 

anul.sions is according to their structure. The following of than are 

distinguished : 

M i c r o - e m \\ 1 s i o n s,. M a c r o - e m u 1 s i o n s and 

lt i x e d e m u 1 s i o n s 

PHYSICAL INSTABILITY OF EMULSIONS 

Fm.ilsions be:ong to a system which is thenoodynamically 
unstable. This results from the high surface area of finely 
dispersed liquid, created during the preparation of erm.U.sion 
and accompanied by a large surf ace free energy. With tir . .e, the 
system tends to reduce this energy through a number of break
down processes such as: 
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- gravitional separation 

(creaming or sedimentation) 

flocculation or aggregation 

- c o a 1 e s c e n c e. 

The c r e a m i · n g o r s e d i m e n t a t i o n takes 

place when droplets of dispersed phase rise to the top or settle down 

to form layer of droplets. TIE systan is then separated into t:l'U 

emulsions, one richer and one px>rer in the disperse phase than thr 

original one. The both J,n"Ocesses, creaming and sedimentation. are 

primarily governed by the Stokes' law which states that : 

v 

where V - the rate of sedimentation of spherical };articles; 

r - radius of particles 

~ - density of disperse phase 

~ - density of continu::>us phase 

I\ - viscosity of continwus phase 

It is clear frcm the above equation that the creaming or 

sedimentation can be reduced by changing specific gravity of cne 

or both phases, increasing viscosity of continwus phase or lowering 

the droplets size of dispersed phase. 

The flocculation is a phenomenon in which the dispersed 
droplets of emulsion stick together to form clumps or chains. 
Such floccules are easily redispersed upon shaking. 
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ThP third undesirable phencr!lencn, for stability of e!!D.llsions, 

is c o a 1 e s c e n c e. It occurs \'.'hen the "interface" between 

the droplets and the oont inoous phase is "clean" and the droplets 

will then join to~ether, resulting in a oontinu:>us increase in 

droplet size and reduction in the nL1llber of droplets. 

Coalescence is in general i r r e v e r s i b 1 e p r o c e s s 

and a case of i n s t ab i 1 i t y o f e m u 1 s i o n. 

All of the above mentioned unfavourable phentJmena may be 

considerably reduced if the third canpJnent - specific anulsif ier 

in proper concentration is introduced to the systan. 

STRUCTURE OF EMULSIFIERS 

As already have been said tl:E practically stable emulsions 

can be obtained only wben an adequate emulsifier in proper concentration 

is used. 

The nunber of ctif f erent emulsifiers is vecy large but nearly 

all of the~ have similar structure. They are ooreposed of two parts. 

One h y d r o p h y 1 i c, which slx>ws a tendency to penetrate to 

water and the second one 1 i o p h i 1 i c o r h y d r o p h o b i c 

h a v i n g a f f i n i t y to oil. It can be said that tl:E llDlecule 

of ernulsif ier is ccxrp>sed of hydrophilic and hydrofobic part. \I/hen the 

oil is mixed with water in the presence of anulsif ier then latter is 

arranged in the interphase between oil and water. One part of anulsif ier 

will te joined with oil and the second one with water. Such orientation 

of emulsifier reduces the interfacial tension between oil and water, 

fa\'Our dispersibil ity of oil ph.1.Se and roreover protect the dispersed 

droplets against flocculation and coalescene. The more unifonn orientation 
of errrulsif ier in the interface the best emulsification and more stable 
erru.lsion. 
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The type of orientation of emulsifiers in tte interphase can 

a. 

0 
rm 

---"'.....,_~ ---
w 

(. 

L I 0 p,y "~I c 

On dra~i.ng a, the enulsifier is strongly pulled into oil phase \\herea.s 

on drawing c, inversly the err.ulsifier appears to have a stronger affinity 

to water. The balanced orientation is pictured on the drawing b. 

The type of hydrofobic and hydrophylic groups are different in particular 

group'iof emulsifiers. In water soluble s:>aps e.g. the hydrofobic is parafinic 

chain whereas the hydrophylic - a neutralized acid radical. In this case, 

the paraf inic chains of the s:>ap nDlectdes are concentrated in the oil 

droplets and their iX)lar hydrophilic groups are directed towards the 

oontinwus water meditm. The additional ef feet which takes place in the 

case of using soaps as er.ulsifiers is dissociation of their polar groups 

and formation of charges at the interface which prevent coalescence of 

oil droplets. 

The nDst COl'Tl!Dnly used anulsifiers are oowever, noniunic erulsif iers. 

Some of them are obtained by condensation of ethylene oxide - the COOij.:onent 

of hydrophylic group - with other hydropoobic comp:ment conta.i.nimz active 

hydrogen. 
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The general formula of these type of nonionic emul.sif iers 

is the following : 

The process by which this group of em.ll.sif iers is obtained 

is called the process of e t ho x y 1 at i o n. Acoorcling to 

the canponent which is ethoxylated and according to the annunt of 

oxyethylene groups in rrnlecule,. different types of emulsifiers can be 

obtained. 

The following groups, amng the others can be distinguished: 

etmxylated mnohydric alcolx:>ls; 
,,. 

" 
" 

" 

polyhydric aloomls; 

alkyl/phenols; 

fatty acids; 

esters of phosphoric acids; 

alkam amines 

The term nonionic emulsifiers refers chiefly to polyoxyethylene 

or polyoxypropylene derivatives but otmr enrulsifiers are alS> included 

to this category e.g. : 

anhydrohexitol derivatives (SPANS) 

or sugar esters 

The other group of nonionic emulsifiers is fonned by tlE 

sequential addition of one alkylene oxide to an initiator, follov.ed 

by the sequential addition of aoother alkylene oxide. This type of 

s11r!ac:ants are called b 1 o c k i o n i c c o p o 1 y m e r s. 

I I I 
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The rrost lmown products are PLL1R:NIC roL"YOLS (trade mark 

of Wyandotte Chem. Corp.) made fran ethylene oxide, propylene 

oxide and low nnlecular weight reactive hydrogen oonpomd (propylene 

glycol). 

Depending on the average nmiler of oxyethylene groups(x) in 

nnlecule of emtlsifier the various will be its affinity to wa.ter 

and to oil. ~re hydrophilic will be that enulsifier in which the 

m.mber (x) will be bigger. 

C R I T E R I A 0 F S E L E C T I ON 0 F E M U L S I F I E R S (HLB) 

Over the years, mmerous empirical and semi-empirical methods 

have been evolved to a..c;sist in the selection process of emulsifiers. 

One of the roost popular of these is the ooncept of h y d r o p h i 1 e -

1 i p o p h i 1 e b a 1 a n c e (BIB). 'lbis quantifies the balance 

of hydrophilic - lipophilic characteristic of the Emllsifier m>lecule 

on an. arbitrary nuneric scale. The HLB ntd>ers my be determined 

experimentally by ccoparis:>n with standard aoulsif ier of known HLB nmi:>er 

or may be calculated in vario\S ways. The BLB nlllltErs are now qooted 

for a wide range of emulsifiers. 

The smiler the (x) nuniJer in nonionic emlsi~iers the srraller 

is the HIB m.niJer. Fbr ettx>xylated nooylopbenol e.g. with ~ oxyethylene 

groups in rolecule the HIB • 5. 7 and for that one with 50 oxyethylene groups 

the m.B = 18.2. HLB can be calculated if the structure of t:mlllsifier is 

known or if not,it can be estimated experimentally. 

For polyhydric fatty acid esters - m.B = 20(1- ! ) 
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where : S - saix>nif icat ion mr.:ber of esters 

A - acid nU?Der of 3Cid 

..:. ~· glycol ronostearate with S=l61 ar.d 

A=198 will have HLB = 3.8 

If the emtlsifier oon'cains only poly (ethylene oxide) as the 

only hydrophilic group the BLB can be simply calculated fl"OOl the 

relation : HIB = ;. If other hydrophylic groups are also <:eq>rised 

e.g. polyhydric alooh:>ls then the following relation nay be used: 

HLB = P+E 
5 

where ~ P - weight percentage of polyhydric aloob:>l groups 

E - weiJ!;bt percentage of Eto-group.5 

Davies has devised a netb:xi for calculation of m.a directly 

from chanical formulas using a?pirically determined group nmiJers. 

HIB is getting from th! following E!!lpirical relation : 

or 

ma = 7 + I.hydrophilic group D.l.ldlers 

~philic group mni>ers 

m.s = 0936 1n Of + 7 
Co 

Co and CW are respectively, the equilibriun anulsifier ooncentra.tions 

in the oil and water phase. 

HLB can be detenn:ined also by a.c metbJd using enulsifier as the substrate 

and passing mbile phase (50:50 ethaml and he."'Wl) cbwn the oolum. 

HLB is then calculated from the relation : 

HLB • 8.55 Rt - 6.36 
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Takin~ into account the discovered proportionality between the 

HLB numbers d!ld sane of the characteristics of enrulsifiers, the 

HI.B nl&lber of enulsifier of known structure can be found fror!l 

this relationship. The following characteristics of emulsifiers 

can be utilized : 

- cloui points 

- water nllli>ers 

It is assmed that HLB nllli>ers are a d d i t i v e what means 

that fl'Ol!l tlliO emulsifiers of different mB ·nurilers, the new anulsifiers 

of intermediate mB nurbers, can be, by their mutual mixing, prepared. 

For calculation of the HLB nmi:>er of mixed anul.sifier the following 

equation are used : 

(HIB)m = (llLB)a.X 
+ 

(HLB)b (100-X) 
100 100 

e.g. 

(HIB)m = 10.5; (HIB)a=5 and (HLB)b = 20 

10 .. 5 = 5X 20 (10(}.X) 
100 + 

100 

x = 63•32 lO~x = 2e,67 

From the same relation the unknown HLB of enulsifier can be 

calculated. In ttat case the demmded HLB of enlllsifier for particular 

oil phase IJllSt be known as \\ell as HLB nunter of one of anulsifier 

While HLB m.nilers help to make prelim.inary selection from the 

wide range of emulsifiers the further rmre detailed testing is necessary 

before arriving at a ~inal f01'1'!1Ulation. 
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The selection of errulsifiers on the basis of HEL nmtlers is 

mainly recorrmended. in preparing of emulsions of medil..llTl or high IPR, 

such as oosmetic arulsions where nvnionic anulsifiers are used. The 

HLB systen is less lx>wever helpful for selection of enulsifiers for 

F.c-s of pesticides from \\bich enulsion of low TPR are prepared. The 

best effect is obtained by using the mixed emulsifiers - anionic and 

nonionic. The idea of using mi.'tture of different type of emulsifiers 

is old one. In 1940 Schull.mm and Cock:ba.in increased markedly stability 

of O/W anulsion of parafin oil by using anphiphilic caup:>unds (e.g. cetyl 

alcohol, clx>lestrol, etc) in cooi>ination with ionic surfactant such as 

cetyl sulphate. The enhanced stabili'ty was attributed to the fonnat:ion 

of i n t e r f a c i a 1 com p 1 e x e s at the O/W surface. This 

"oooplex" formation was assmed to be associated with the formation of 

"densely packed" interfacial layers. The max:innm effect is probably 

obtained when a water soluble and oil soluble surfactant capable of 

interacting topether at the oil/water interface are med in combination. 

Using the same idea.,Saribaan and ~t were the first to use the 

mixed emulsifiers for OC-s of ~stfcides. As an anionic the calciun 

salt of ckldaecylobenzenesulplx>nic acid (caDBSA) was used as nonionic 

some of already mentioned enulsifiers. 

The nnre effective relation of an.ionic E!Dlllsifier to nonionic one 

is dependent on the pro~rty of oil phase, it means on the property 

of pesticide solution in oil solvent, and on the m..B nuliler of nonionic 

emulsifier. 
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·_c component in mixture The higher the m.B number, the roore c 
;:ind vice versa the lower HI.B mr.:ber, the les:::; ::U."lionic component. It 

i~ in accoraance with the principle of additi~ity of HI.B nU?Ders of 

emulsifiPrs. However, the best effect of emulsification as well :is 

the spontanity of creation of emulsion and its stability is obtained 

when instead of one nonionic emulsifier a t\\O, three or rore in 

combination with CaDmA are used. J.breover the good O/W emulsions 

can be obtained in such a case for se~-eral- prop:>rtion of anionic and 

nonionic emulsifiers, whereas in the case of using a single nonionic 

emulsifier only one cad:>ination is giving satisfactory result. This 

is oontrary to a d d i t i v e n e s s of HIB. noreover, such 

a m u 1 t i c o m p o n e n t m i x t u r e of emulsifiers is 

less susceptible into snall differences in physioo-chemical properties 

of S>l vent or pesticide \\bat is canoon in technical product. 

SELECTION OF SOLVENTS 

In tm selection of solvents the following properties are taken into 

acoount : 

solubility of pesticide 

stability of pesticide and emulsifier 

lack of phytotoxicity 

volatility and inflam.inability 

solubility in water 

toxicity and ir~itation to eye and skin 

The following solvents are used for preparation of EX:-s : 

A r o mat i c and a l i p h at i c· h y d r o c a r b o n s 

such as : ethylene, toluene, ethylbenzene, rnethylna.phtalene, 

alkylbenzenes, naphta, isoparafins. 
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H a l o g e n a t e d h y d r o c a r b o n s sud1 J.S 

~-u1ylene chloride, tetrachloroethylene, <Hiichlorobenz~ne. 

A 1 c o h o 1 s : m e t h a n o 1, e t h a n o 1. i s o p r o p a no l 

n-butnanol, isobutnanol. 

Po 1 y h yd r i cla 1 coho 1 s and their derivatives 

such as : ethylene glycol, diethy~ene glyool, Cellcsolve, carbitol, etc 

K e t o n e s like methyl ethyl ketone, isophorone, cyclohexanone. 

O t h e r c o m p o u n d s : dimethyl f ormamide, dirnethyl

sulphoxide, acetonitrile. 

According to the solubility of pesticide a single solvent or 

mixture of uo or three my be used. The nnst popular sol vents which 

dissolve highest anDtmts of active ingredients are : xylene and that 

ones, which are rich in aromatic hydrocarbons as Solvent-naphta, 

.Arc:mls:>l and the like. 

The highly p:>lar S>l vent~:; such as alool:x>ls, polyhydric alrohols 

and CelloSDlve can be used as COS>lvent, but not in all cases. Fbr 

s:me of orgaoopl:x>spoorous conp>unds e.g. they caii not be used because 

0-P pesticides can be easily deo:Jn;x>sed by such solvents. Decoq:x>sition 

of sane of 0-P pesticides can alSD be caused by iSDbutanol which is 

used as a S>lver.t for CaDSSA or also for its mixture with nonionic 

emulsifiers. Therefore, for B:-s of these 0-P insecticides xylene 

instead of iSDbutanol as a s::>lvent of CaDBSA is cor!JOOnly used. 

The other aspects which should be taken into account during the 
selection of solvents are their solubility in water and volatility. 
As it is corrmonly !mown the emulsions prepared from EC-s are often 
very diluted ones e.g. around 0.2 or even 0.05%. In the case of some 
degree of solubility of solvent in water it C.'.lll h.3.~pen that part of 
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solvmt can be soluble in water \\hat cause t he r e d u c t i o n 

in volume of solvent and loss of total 

so 1 v e n t c a p a c i t y. As a result sooe annunt of solid 

pesticide !lily caJE out of dispersed phase in crystal fmm. 

Such a crystallisation can transform the active ingredient into 

less biologically active fonn and it l!BY lead to filter blockage or 

even sed.:im:!ntation and under dose. 

Such e.g. solvents like nethylisobutyl ketone and cyclohexanone 

are bo1:h better sol vents for many pesticides than aroma.tic hydrocari:xms, 

but ooth are around 2% soluble in v."3.ter and at the dilution used for 

preparing sprays both would lose their sol vent JX>wer a.lm:>st canpletely. 

Chloroform which also is good sol vent is about 1% soluble in water. 

Solubility of benzene is about 0.2% and rethylonaphtalenes a.rr;-uud 0.001% 

similar to hexane. 

SPRAY MODIFYING ADJUVANTS 

These criteria which have been discussed concern only the 

stability o~ Elllllsions. 

But bc3ide good stability of anul.sion sever.ti other factors must 

be taken into accomt in order to obtain the biological effectiveness 

of sprays applied to foliage. The iDpact of droplets, spreading of 

emulsion and retention of oil phase, wetting of the leaf surface should 

receive considerable attention. 

Because, however, the above phenomena are depended not only on the 
properties of emulsion but on the characteristics of surf aces which can 
differ from plant to plant, it is easier to adjust the properties of 
sprays by adding to them some Spray ~ifying Adjuvants than to 
prepare for each of proter~ed crop different composition of EC-s. 
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'ibis Spray Mod.if ier Adjuvant nay improve tre activity of 

pesticides by : 
sticking of P-F up:>n t:arget • s sm·face; 

spreadine: of P-F upon tirgets surface; 

increasin~ penetration into t:~et surf ace; 

increasing viscosity of spray t:o reduce drift; 

reducing evaporation of pesticide; 

reducing ooisture loss through plant surface; 

proDDting foaJDing of spray to reduce drift. 

Discussion of all trese problE!DS \\Ould require s~parate 

lecture. 

CONCENTRATED ~MULSIONS AND 

MICRO EMULSIONS 

Before ending my lectures SODE words a.bout the 1.,;oncentrated 

emu 1 s ion as well as mi c r o emu 1 s i o n. 

The both foI1!lllations of pesticide are yet oot in commn usage 

but DDre and DDre v.urk on them is conducted. 

Tbe principle of c o n c e n t r a t e d e m u 1 s i o n 

formulations or e m u 1 s i o n f l o w a b 1 e s is fairly 

siq>le. The oil solution of pesticide is emulsified in such a \\ay 

that concentrated emulsion of madium IPR is prepared. To get such 

emulsion mwever specially balanced emulsifiers combination aust be 

used and special procedure of preraring. 
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The advantages of this fomrulations lie in the fact that 

concentrated eculsior.s :1re : 

not flacmable 

less dereal toxic 

les:s costly becU3S€ vf lower concentration of solvent 

Ft>wever, it is rather difficult to get such emulsion of suitable 

properties. The main problem is to get the long term stability. 

It is mpsd that this problen will be oot so .important if oil 

solution of pesticide will be prepared in the m i c r o e m u 1 s i o n 

f o r m u 1 a t i o n s. As their name i.q>lies the size of the droplet 

in this type of anulsion is very sce.11. Indeed their droplet size rm.y 
0 

vary in the range of loo-600 A as distinct fran ordinary or 

uacI'OE!Jlllsions in which the lower limit of particle size is probably 
0 

0.1 micron or 1000 A. SooE other tezms are also used for this type 

of anul.sion like t r a n s p a r e n t or t r a n s 1 u c e n t 

em.Jl.sionaswellas swollen micellar solution 

or s o 1 u b i 1 i z e d s o 1 u t i o n. 

This .type of enulsion represent a class of themxxiynarnic.ally 

stable dispersions. 

In spite of the advances made in recent years on the theoretical 

basis of explaining physics and \,;.hemistry of micro€1JJU1sion fomw.tion 

the formulation of microenulsions i:.~ still an art. The mechanics of 

fanning a microemulsion differ sonewh. ... t fran that used in the preparation 

of rracroemulsion. 
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In the macroemulsion the more work put to its fonnation and 

higher concentration of emulsifier, the better its stability. In 

the case cf microemulsion this parameter is not important. Mkro

emulsion will be formed spontaneously if the specific interaction 
be~ween oil molecules emul.sif ier and water will be realisable which 
depends mainly on the type of used emulsifier. 

The O/W microemul.sions are prepared in four-step process which 

involves selection of a surfactant which is just barely soluble in 
the oil phase, adding this to the oil, and then adding this rrd.xture 
to the water phase to produce an emul.sion. A second surfactant which 
is more water soluble than the first surfactant is finally added to 

produce the clear microemulsion of oil in water. 

The crucial part in f onnulating a microemulsion lies in choice 

of err.ulsifiers. However, because of the lack of understanding of the 
complex interacting that takes place between emulsifier, oil and water 

there are yet not definite guide rules which combination of emulsifiers 

should be used. In any case however the knowledge of basic char:icter
istics of used emulsifiers as e.g. HLB, CMC their chemical structure 

and t11ethod of testing will facilitate the better understanding of 

creation of microemulsions as well as their structure. 

Formulating the bioactive materials in O/W microemulsions has 

many advantages. The rruch finer dr?Plet size of microemulsions will 
lead to a higher penetration ability, a rrud1 larger contact area of 
the active substance to treated surface, and a rruch more even distri

bution during application. The higher concentration of surfactants 

generally needed to formulate a microemulsion can also be ~n advantage. 
It had been indicated that a definite relationship exists between 

herbicide and surfactant structures and its concentration fur maximum 

herbicide penetration. Increased efficacy of the insecticices by 
applying "microerrulsions" instead of ma.croemulsions has aiso been 

demonstrated. Microemulsions have already found very wide scope of 
usage in ma.ny fields e.g. 

Tertiary oil recovery; 

Drilling fluids; 

Microerrulsion of gasoline with water 

Textile lubricants 
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Also for that reason yet it seens profitable to conc::::·t 

the research on this type of pesticide fonnulations becaU..'-'E' the 

p.ained results may be utilized also as mentioned above as well 

as othPr f iPlcis. 
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FLOWABLE FORMULATIONS 

DR. STEFAN MOSINSKI 

UN CONSULTANT 

Flowable formulations are comparatively new ones and therefore 

it seems advisable to give some basic definitions and general informa

tion about them. Then, on the example, of most popular f lowable -

suspension concentrates, (SC), the following problems will be discussed: 

The desired properties of SC-s 

The adjuvants and their function 

The production technique 

The quality requirements for pesticide and so~e of 

adjuvants 

The methods of testing of SC-s 

I think that it will also be proper to present some of thE 

phenomena characteristic for SC-s. 

Presented during the training course on Pesticide Formulation 
Development conducted by Pesticide Development Programme in India 
at the Management Devel~~ment Institute, Gurgaon, Haryana from 
18-22, February 1985. 
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l. G E ~ E R A L 

Flowable liquid formulations of different kinds have common 

appearance of a fairly liquid paste. A suspension concentrate is a 

dispersion of a micronised active ingredient in a liquid dispersing 

medium. This medium is usually water, however, if pesticide is 

sensitive to water, oil (organic solvent) can also be used. 

Based therefore on th~ composition of dispersing medium, one 

speaks about aqueous or oil flowables. In flowable emulsions or 

concentrated emulsions the oil solution of pesticide is finely 

dispersed in water. 

Suspenso-emulsion, as its name indicates contains disper

sion of micronised particles of pesticide and finely dispersed oil 

in water. Compared to conventional formulation types, flowables 

offer the following advantages: 

- more safe in handling (freedom of dusting); 

- ease of measuring by volume, which is more c0nvenient 

in the field; 

- low packing volume; 

- usually solvent free (no flash point problem); 

- excellent suspersion properties giving homogeneous 

distribution of the active ingredients in the spray; 

- possible improvement of biological activity (mainly 

fungicide) due to smaller particle size of pesticide. 

While many wettable powder formulations (WP-s) are today 

reformulated into flowables, it should be pointed out that WP-s 

still have the following advantages: 

- in general, nigher concentrations of active ingredient 

(a.i.) are possible; 

- unlimited cold stability; 

- li•.hter packaging is possible for toxicant with low 

~oxicity to humans; 

- problems with the chemical sto•age stability rarely occur. 
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2. D E S I R E D P R 0 P E R T I E S 0 F S C - s 

Similarly as WP-s a"c EC-s, the SC-s are u~ed t~ pr~?~re dilut~d 

~a~er suspensions or emulsions. Therefore some of their properti~s should 

correspond to that of former ones. They should be as EC-s easily measured 

by volume and easily poured into the spray tank. To fulfilll these require

ments the viscosity of SC-s must not be too high at the time of application. 

After pouring in~o water they must, similarly to WP-s or EC-s, disperse 

spontaneously and ensure very evenly distribution of fine particles in the 

spray, as well as, good stability of suspension. Equally important, but 

most difficult to obtain, is storage stability of SC-s. Ideally SC should 

be stable under severe conditions of storage and have a normal shelf life 

Of two years. Their particles must not settle or if some slight settlement 

takes place it is essential that the sediment will be readily re-dis~erse 

and form easily homogeneous suspension. The last requirement is not only 

the most important but also most difficult to obtain. 

It is obvious that chemical stability must also be accomplished. 

3. A D J U V A N T 5 A N D T H E I R F U N C T I 0 N 

In order to get SC of demanded properties the following two require-· 

ments must be fulfilled 

The particles of pesticide must be very small,much smaller 

than in the case of WP-s 

The SC formulation must contain several specific adjuvants. 

Some parameters which are responsible for desired properties of 

SC-s are noticeable from Stokes' equation -

2 V • 2r (d-d 0 )g 

s1 
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While the above equation is valid only for very diluted 

suspension and is more complex for concentrated suspensio~, the 
2 basic proportionality between V and d, d , e , g and q are also 

0 

valid for concentrated suspension. 

lt is seen from the above equation that kinetic stability 

of concentrated suspension, which means that it will not create 

hard sediment (caking) for some periods of time, is dependent on 

particle diameters (r), densities of solid (d) and liquid medium 

(d ), GRAVITY (g) and vi~cosity of liquid media (~). 
0 

From all of these properties only the density of solid is 

fixed, while the others may be changed such as 'r' by milling pro

cess and the others by introducing to formulations some of the 

specific adjuvants. Some of them are also used for good disper

sibility and wettability of SC-s as well as freeze thaw stability 

during storage. 

The type of commonly used adjuvants and the function which 

they perform are the following: 

D i s p e r s i n g a g e n t s (DA) 

These surfactants are used to facilitate the communition 

process as well as to stabilize the micronized particles in the 

dispersing medium against irreversible flocculation. The ionic or 

nonionic dispersing agents can be used as well as some of macro

molecules or polyelectrolytes. With ionic surfactants irreversible 

flocculation is prevented by the repulsive force generated by 

electrical double layer. 

With nonio•'ic scrfactants and macromolecules repulsion 

between the particles is ensured by the "steric" interaction of 

the adsorbed molecules on the partjcle surface. With polyelectro

lytes both eler.trostatic and steric repulsion exist. Dispersing 

agents are generally shortchain polymers with charged groups. 

Typical of them are: 
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Sodium salt o[ alkil naphtalene sufphonic acid; (Atlox 4862) 

Sodiua salt of naphtalene formaldehyde sulphonic acid condensate; 

- Sugar free sodkm-~.ised li&nine sul;>il0:1.:J.1:.cs ( POLYFO:\S, i:FGXA~~E5; • 

V e t t i n g a g e n t s (WA) 

The WA-s are used to facilitate the communition of solid ~esticide 

during wet milling process, as to make efficient milling the solid particles 

aust be wet and the air must be displaced from their surface. The most 

widely used WA-s are e t h o x y 1 a t e d a 1 c o h o 1 s and e t h o x y 

1 a t e d n o n y 1 or o c t y 1 p h e n o 1 s which should have very 

lov foaming properties. The mostly used are that ones in which the numbers 

of oxythylene groups (ETO) ranging from 6-12. The mixtures of the nonionic 

surfactans with some of the anionic ones can also be used. The recommended 

Atlas products are the following: 

Renex 30, Renex 36, Atlox 4991, Atlox 4853, EL 1026. 

T h i c k e n i n g a g e n t s (TA) 

As it is seen from the Stock's equation the kinetic stability of 

s~spensions can be considerably improved if the viscosity of dispersing 

medium (DM) will be increased. One common way to do this is addition of 

t h i c k e u e r s h i ~ h m o 1 e c u 1 a r w e i g h p o 1 y m e r 

n a t u r a 1 or s y n t h e t i c, soluble in water. Another way is to 

use of i n o r g a n i c s we l l in g c 1 a y s. Mixture of polymers 

and clays are sometimes most effective. The mainly used thickeners are: 

p o 1 y a n i o n i c p o 1 y h e t e r o 

s a c h a r i d e (X a n t h a n g u m) (XA) 

- m a g n e s i u m S i 1 i c a t (MAS) and their mixture. 
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!he following commerci~j ?r~ducts are recommended as TA-s: 

Rhodopol (Rhone-Poulenc, France) (XG) 

Bentone EW - (NL industries. USA) (MAS) 

Acti~um ~So - tl~CA, iran~eJ tXGJ 

Atta~el 40 - (Engel~ard Miner3ls & Chemicals Co USA)(MAS) 

Weegum (Vanderbilt Co Inc) (XG/~L\S) 

Some of nonionic surfactans have also a good viscosity increment 

effect and a!low us to produce stable SC-s without using an extra 

thickenir~ agent. 

From Atlax products the following are recommended 

Atlox 1096, Atlox 1086, Atlox 48688, Atlox 33878 

A n t i f r e e z a g e n t s (AA-s) 

lo make a good cold stability of SC (freez-thow stability) what 

is often desired, it is necessary to include into the liquid phase of SC 

an polyol which may be e.g. ethylene glycol, gliceryne, propylene, 

glycol, sorbitol. 

The polyol has also the other following functions: 

act as a humectant to stop drying and skinning. These 

features are usually noticed at elevated temperature. 

assist the wetting process before and during milling. 

A n i t f o a m a g e n e s. 

These adjuvants are sometimes necessary to reduce foaming durin; 

the production process and end use. Silicon emulsion types are cc::::nonl 

used (nonanol, silcolaps~). 

Biocide or preservatives (if necessary). 
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It has been found that worsening of stability and other properties 

of SC-s after some period of storage c~n be caused by deterioration 

activity of some kind of bacteria on some of SC co~ponents e.g. 

polysacharides. 

These deteriorations can be prevented e.g. by Proxel range of biocide 

produced by ICI. 

4. P R 0 D U C T I 0 N T E C H N I Q U E S 

A p p a r a t u s 

An easy method of preparing a SC would be to stir w1' in water. 

However, simple experiments show that SC made this way do not satisfy 

requirements made for chis formulation. 

Th~ reason for this lies in the relatively coarse and broad particle 

size spectrum produced by the mechanical and air mills. 

The most suitable method in predominant numbers of cases is w e t 

g r i n d i n g method and the most efficient milling by use of stirred 

bead mill. These are the s a n d m i 1 1 t y p e very widely used for 

the processing of printing paints. In these .. llls a mixture of grinding 

elements (Ottawa sand or specially prepared ceramic pearls) and product to be 

milled (grinding stock) is rotated by an agitator on which grinding discs 

are mounted. Tilis tec.bnique allows to obtain most particles below 5 microns 

mean diameter. The mill be v e r t i c a 1 or h o r i z o n t a 1 batch 

or c o n t i n 1.1 o u s. The vertical types of mill are exemplified by the 

M 0 L I N E X P E 075 and the horizontal mills are exam,lif ied by the 

DYNO.·MILL. These both mills are the closed type and therefore such disadvan

tages of milling ?rocess like air entrainment and foaming are eliminated. 

C o n d i t i o n s o f m i 1 l i n g 

The premixture containing all ingredients is prepared. The typical order 

of addition of ingredients during preparing the premixture is the following: 
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w a t e r + a n t i f r e e z e a g e n t 

d i s p e r c i n _ a g e n ~ 

~ e t t i n g a g e n ! ~ c t i v e i n ; r e d i e c t 

t h i c k e n i n g a g e n t 

a n t i f o a m a g ~ n t l:>iocide <! y e. 

However, in some cases it is advisable to prepare premix without 

thickening agent, dye and biocid which are a.-.led to the mixture after the 

milling process. 

The initial particle size of the grinding stock should be below 50 

~icrons. If it be coarser it is desiraole to ~crry out pre-grinding by means 

of an air or mechanical mill. Sometimes two wet grinding mills are placed 

in series to allow the formulator to start often with coarse grinding stock. 

As the energy of milling is dissipated in the form of heat, cooling 

by water is necessary. The aim of the milling process is always to produce 

a f i n e and n a r t o w p a r t i c 1 e s p e c t r u m below 

6 microns and if for biological reasons necestiary also below 2 microns. Care 

however, must be taken not to overmill by too long milling or milling at too 

circumferential speed. In the case of overmill to much surf ace may not be 

wetted and particicles not dispersed rapidly enough and re-aggregation or 

flocculation of suspension particles may occure. 

S. T H E Q U A L I T Y R E Q U I R E M E N T S F 0 R 

P E S T I C I D E S A N D S 0 M E 0 F A D J U V A N T S 

In principle, all toxicants which are c r y s t a l l i n e at room 

tell' ,Jerature "'"n be formulated into SC. However, due to t.he necessary storage 

stability at elevated temr~ratures, the m e 1 t i n g p o i n t of the a.i. 

should be above 60°c. It is obvious that only compounds which are chemically 

stable in the water can be forrrulated into water flowables. 
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Tha solubility of the toxicants is very important. If it is too high 

then crystal growth occurs particularly when there are any fluctuations on 

temperature of storage. For th3t reason the solubility of 40°c should not 

exceed 100 ppm. 

The solid pesticide should be as r·re ~s possi~le. Th: impurities 

adsorbed on the surface may cause wetting problems and eventually flocculation. 

Practically all commonly used surfactants may be used as dispersing and 

wetting agents. The choice of a proper one naturally depends upon the pesti

cide. The choice of a dispersing agent is more critical and specific than 

the choice of wetting agent. The wetting agent must not be too firmly 

adsorbed- otherwise the dispersing agent will be not enough firmly attached 

to tne surf ace and thus the repulsive forces between particles will be 

weekened. If the nonionic dispersing agents are us~~ they should have a 

sufficient h i g h c 1 o u d p o i n t (c.p.} usually above 10°c above 

the milling temperature and maximum required storage temperature. If the 

c.p. is to low the desorption of the surfactants from the particles may take 

place. Disadvantageous effect on some properties of SC-s may be caused by 

too high electrolyte concentration as well as wrong pH of dispersing medium. 

Therefore, the deionized water is recommended for their production. 

6. M E T H 0 D S 0 F T E 5 T I N G 

1. v i s c 0 s i t y 

The viscosity in relation to the shearing is measured using r.otary 

piskometer. It is measured in one day, one week and one month intervals. A 

minimum rise in viscosity is tolerated. The required property is low 

viscosity at high sheerin~ stress. 

2. S t o r a g e s t a b i l i t y 

In this test the physical changes of SC stored at S0°C, 40°C and 

room temperature are observed. The following changes can cake place: 
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bleeding - separatiotl of liquid on top of SC 

thickening or gelling or skinning: normally seen on 

the container walls. 

sedimentation or caking. 

3. S u s p e n s i b i l i t y 

Evaluation is carried out according to the CIPAC handbook. 

4. S p o n t a n e o u s d i s p e r s i b i l i t y (b l o o m) 

Assessment criteria 

good - practically no lumps 

fair - few lumps 

poor - many lumps 

After the SC is added to the tube, the number of inver3ions 

necessary to disperse the portion of the flowables, which do not dis

perse spontaneously, are recorded. 

From what has been said up to now it would be possible to con

clude that preparation of SC should be relatively simple. Such conclu

sion could be however correct only, when the following conditions prevail: 

The formulator has full knowledge about these physico-chemical 

phenomena taking place in SCs which can cause some disadvantageous 

changes of these formulations. 

The formulator has at his disposal indispensable assortment 

of surface active agents and other adjuvants needed for these kinds 

of formulations. 

The formulator has at his disposal appropriate research and 

testing apparatus and h~s good experience in research methods essential 

for carrying out the assessment and interpre,ation of observed phenomena. 
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Be~ause t~e time assigned for me for lecture is limited it is not 

possible to discuss in detail all of the above conditions.For that reason 

only some of the phenomena will be briefly discussed. 

Th~ first un~ is ch~ crease of small particles of SCs durin~ the 

storage ~·: suspension. The increase of particles may be caused by-

e x c e s s i v e s o l u b i 1 i t y of pest~cide in water. In such a 

case. when the surroundings temperature is lowered, the solubility of 

pesticides diminished and some part of it give off. The evolved pesticide 

bind the particles of suspension and increased them. Therefore, only the 

pesticides whose solubEity in water at t.40° C is <100 ppm can be used. 

Disadvantageous increase of particle size of suspension can also be caused 

by phenomen known as Oswald r i p e n i n g w h i c h occurs as a 

result of the difference in solubility between small and large particles 

as given by the following Gibbs Thomson (also known as the Gibbs 

Kelvin or Ostwald-Freundlich) relationship 

RT 
M 

sl 
ln ( S) 

2 
- 2/., 

r 

If the solubility of l~rge particles with flat surfaces (r.,.oo) is 

denoted by Sc 
Sr 

by : ln Sc 

the solubility Sr of particles of radium r can be expressed 
2M& - -l\tf.,.. 

Significant increase in solubility occurs when r <( 1 micron. 

If the particles suspended in a solvent are small enough, concentra

tion ~reater than that one represented by "n o r m a l" s· o 1 u b i 1 i t y 

can temporarily be obtained. 

dispersed particles, t h e 

e x p e n s e o f t h e 

If mass transport is posr .ole between puly 

1 a r g e r w i 1 1 g r o w a t t h e 

s m a 1 1 e r o n e s. 



-82-

Cryst.:11 growth can be controlled by proper choice of the dispersing 

agent or by rise of crystal growth inhibitors which will be 

adsorbed on the "active sites" on the crystal faces which prevents 

further depo3ition. 

However, it should be noted that if the phenome~1 of Oswald 

ripening is theoretically well elaborated the choice ot an inhibitor 

still rematns an art rather than a science. 

C o n t r o l 0 f s e t t l i n g 

The most common way to control settling of particles in SCs 

and hence to avoid the formation of hard sediments ("cake") is by 

using thickener~ which increase the viscosity of dispersing medium. 

Such a solution to the problem is however not always the best one. 

If the viscosity is nC"t high enough the creation of "cakes" can take 

place in too short a time and if viscosity is high enough to stop 

settling, the product can be too thick for the user to pour. 

There can be other drawbacks of using organic thickeners 

such as lack of dispersion spontaneity or the algeing of the polymer 

solution due to the degradation of the polymer with time. The better 

solution of settling problem is by use of mixture of some of clays 

in inorganic oxides with polymers. 

The polymer chains act as "bridges" or "links" between small 

inorganic particles forming by this way a "three dimensional str•1cture" 

which entrap all the particles and stop settling. This system which 

today is :ommonly used by formulators is usually referred as bridging 

flocculation. They are studied by measuring their rheological values. 

T~e rheology of these mixed systems is complex and the network 

structures not well understood. The most promising solution of the 

settling problem seems to be controlled flocculation. This system 

can ue used where the stabilising mechanism, electrostatic 
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i n n a t 1~ r e, is causeci by ionic surfactants which create 

~ _ e -.; t. ~ 0 s t a t: i c d o u b l e layer around each particle o.:: sus

pension. Ti1cse electrical charge of doubie layer counceract the always 

present van der Waals forces which by themselves lead to f 1 o c c u 1 a -

t. i o n and p ha s e s e p a r a t i o n. Only when the repulsion bet~ee: 

particles is strong enough, they do not flocculate and the dispersion is 

considered stable in k i n e t i c s e n s e. 

If the repulsive force between particles of suspension is not too 

strong the w e a k f 1 o c c u 1 a t i o n occur and the formation of 

weakly s t r u c t u r e d p a r t ~ c 1 e s throughout the system will 

take place. Such weakly flocculated suspension will show t h i x o-

t r o p i c behaviour. On shaking the container the floe structure can be 

easily broken down and a fluid system results. On standing the floes 

reform, preventing settling. 

Weak flocculation can be caused by alumini7m chloride or by synthetic 

organic flocculants. The use of the former one suffers from the complication 

of the likelihood of hydrolysis of Al+ions. While such hydrolysis may play 

a significant role in reducing settling by some mechanism other than w~ak 

flocculation, this could make the system less easily controllable under 

manufacturing conditions. 

R H E 0 L 0 G I C A L M F. A S U R E M E N T S 

1he viscosity is that parameter which is used to charact~·ise the 

rheological properties of concentrated suspensions or emulsions. 

Before entering on the practical problems the basic principles of 

'heology are sh~rtly summarised. 

Visc.or..ity ("l,) 

over rate of shear(O) 

is defined as :he ratio of sheari~g stress 

-'! . -
D 
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The two types of liquids an· distinguished: 

the ideal viscosous or Xewtonian liquids 

the non-Newtonian liquids, (to which concentrated 

suspensions and cone. emulsions belong.) 

For ~ewtonian liquids the "'1 is constant and fo~ non-Newtoni3n it is 

variable. The different relations between shearing stress ('1") and rate of 

shear (D) as well as between viscosity (q) and shear (D) are shown on the 

figure A ap.d B. 

curve N: represents NEWTONIAN flow, where the rate of shear is 

proportional to the applied shearing stress i.e. 

viscosity is a constant for a wide range of D. 

curve PP: p s e u d o p 1 a s t i c f 1 o w of liquid 

Curve P is characterised for p 1 a s t i c f 1 ~ w. The relation 

for this flow shows a certain value of shearing stress which must be 

exceeded before flow starts. The value of 1a is called y i e 1 d v a 1 u e. 

:urve D shows d i 1 a t a n t f 1 o w, whe~e an increase i n 

v i s c o s i t y i ·, observed with increasing share rate. (shear thickening). 

Since the viscosities of non-Newtonian liquids vary with the rate cf shear it 

is essential to know the viscosity, or better expressed it as :i p p a r e u t 

v i s c o s i t y, over a wide range of the rate of shear, D. 

It has been found that the stability of concentrated suspensions over 

a period of time of storage depends on the y i e 1 d v a 1 u e, the 

magnitude which gives an indicatio~ of the strength of interaction between 

particles in structured system. Therefore it is useful to follow the change 

of this value with time for stored systems. As it is seen from the showed 

curves for plastic flow the magnitude of yield va:ue can be measured in low 

share range. F0r these measurements some type of viscosimeters whict dre 

also called rheometers, are used •. One of the most common is 

8 rook f i e l d LVF. vis co s i me t er. 
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During the testing of some of SCs it has been observed that 

type of curve, plasti~ or pseudoplastic, it was dependent of the 

type of used dispersin~ jgent. When anionic on~ had been used, the 

curve was characteristic for pseudo plastic flow whereas for non

ionicplastic flow. It has been found also that while yield value 

increases stability, it decreases spontaneitv of dispersion of SC in 

water. The optimal yield value is between 0,) (minimal stability) 

and 1.5 pa (still good spontaneity). 



D 
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MEASURING OF VISCOSITY 

p pp 

" 

D 

[JJ 

pp 

p 

A. Different types of 
flow 

B. Viscosity n(nPa.s) 
dependina on the share 
rate DC 5' i 

VISCOSITY ~-r = '1 

Newtonian liquids 

non-New tonian liquids 

PP-pseudoplastic flow 
P-plastic flow 

] 
1 

YIEL VALUE (0,3 - 1,5 Pa) 

apparent viscosity 

Brookfield LYP. Viscosimeter 
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DR. STEFAN MOSINSKI 
U. N. CONSULTANT 

ABOUT SOME EFFORTS TO INCREASE EFFECTIVE AND 
SAFE USE OF PESTICIDE 

In a supplement of Dr. Pillai's lecture I would 
like to take up several problems concerning efforts aim
ing to mo~e effective and safe use of pest1 ~ide. 

As it is commonly known the ultimate activity of 
pesticide depends primarily upon its chemical constitu
tion and it~ capability of antering into a suitable 
biological reaction. Realization of this ultimate 
capability depends upon proper formulation and applica
tion, which primarily answers the problems of handling 
toxicant so that it can be distributed adequately to 
reach a specific part in a specific area. 

It is obvious, taking into account high potency 
of modern pesticides, that the particle size of pesticides 
must be quite small in order to be dispensed adequately. 

Assuming that the exposed foliage surface area of 

crops is in general four to five times of the soil surface 
it can be calculated that spraying 10 gallons of liquid 
per acre and getting droplets of 50 microns, we approximate 
300 drops per square centimeter. But the covering of 
treated zurface will not be complete even if we assume 
perfect distribution and no loss of drift. The degree of 
covering which will be obtained is shown on Fig. 1. 

If water, which is mainly used as carrier of 
pesticides will contain a wetting agent, the droplets 
will spread to approximately three times their original 
diameter whereas in the case of oil sprays the droplets 
spread over fifteen times their original diameter and 
thus compensate for inc0mplete coverage. 
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In the case of some number of dry particles, there is 
dis~nncerting portion of uncovered surface even under 
~hese assumed perfect conditions because these particles 
do not spread over surface. Distribution of 10 microns 
particles would increase the number 125 times and theo
retically would solve the coverage problem. But 
particles of these sizes are not good enough for deposit 
and adherence to plant surface. They should be > 30 
microns. Mathematical calculation and field experience 
have established that the old inorganic toxicant such 
as calcium arsenate requirP in average particle diameter 
of 40-50 microns in orde_ to obtain effective distribution 
at dosages of 20-30 pounds per acre in full foliage. 
This is also an optimum average particle size for carriers. 
Where more potential modern organic insecticides are 
used their dosage will of course be much lower. But to get 
good coverage using such amount of insecticides we must 
produce at least the same number of particles from the 
smaller quantity. This would be attained if their particles 
would be 13 microns. Preparing however and using dust 
having such particles would be not economical and very 
dangerous. Most of the particles would be drifted out 
of the protected area. The better solution would be to 
pre:are a powder of very small particles of pesticides 
and to stick them on bigger particle of carriers. To 
get however, even coverage of carrier with pesticide 
the particles of the latter one should be about 4 microns. 
The degree of covering of particles of carrier of diameter 
of 40 microns by insecticide particles of differ~~t size 
are illustrated on fig. 2. The dusts of such character
istics can be prepared by mixin~ carriers with concentrated 
dust containing high concentration of very small particles 
of pesticide mixed with a second carrier of similar size 
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of particles or by mixing the carriers with solution 

of insecticide and after mixing evaporate the solvent. 
It is obvious that such procedure is very costly and 
this is the main reason why the dust formulations 
which were used widely yet before World War II have 
been displayed by that formulations which are used 

for spraying. But unfortunately these formulations, 

however the best to achieve even distribution of very 
small quantity of the active ingredient over a large 

area, are also not devoid of several possible drawbacks. 

The physical and che???ica! properties of active 

ingredients may prevent their being 

in common solvents at any rate, not 

formulation. Several problems appear in 

what is related with the evaporation 

drifting problems. 

From the safety point of . view, 

easily dissolved 

without expensive 

aerial application 

of solvents and 

preparing liquid 

pesticide mixtures increases the possibility of exposure 

to concentrated, very often, very toxic materials to 

workers. ·The alternative to liquid sprays besides custs 

formulation are many and varied. Such can be mentioned 

like granular formulations,more popular for soil trec~ments 

because they poor retained on foliage. The granules used 

for soil application can be prepared as slow or quick 

release pesticide. The first one offer one way of extending 

the biological half-life of pesticide which as such is 

rapidly degraded. Pheromones or repellent chemicals may 

best be applied in formulations which slowly release 

the active ingredient over a long tim.e. Quick-releaset.i 

devices ar~ available which consist of wa~~r-soluble 

cap::rnles c.:r:in tn ining an insecticide which is its.; lf 
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formulated to spread over the water surf ace when the 
capsules disolves and releases it. Slow release 
formulations on the other side can be prepared if the 
foamed plastic is used. It may float on the surface 

of water and release the ir~secticide at a controlled 

rate over a long time. The rate of rel.ease depends upon 

toxicant and surfactant concentration as well as 

polymerization conditions of the plastic matrix. 

The mentioned examples of various non-liquids 

specific formulations are not so widely used as 

formulations for ~usting or spraying. For that reason 

the efforts are also taken to improve as well effectiveness 

of these formulations as their safe usage. 

Taking into account social presures now-a-days 

to prevent environmental pollution and to eliminate the 

danger.of inflicting injury on those who handle pesticides 

even at the sacrifice of some degree of effectiveness 

research and experiments have been aimed at finding a 

suitable distribution of particle size with respect to 

effectiveness and drift. From the same reasons cost of 

production of new pesticide formulations is less critical. 

The efforts aimed to improve dust formulations 

are twofold: 

by improving their deposition and distribution 

on protected plants and 

by reduction of their drift 

Unfortunately these two phenomena are interdependend. 

The smaller particle size of dust the batter distribution 

but at the same time the more drift. 

The first problem is trying to be solved by a 
method named as 'ELECTRJSTATIC DUSTING'. Observations 
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showed that there was an enormous difference between the 

behaviou.!" of one dust and another in the field. Close 

study showed, as was expected, that this could be ascribed 

to the nature of the filler used. It was further found 

that this efficiency could be tied down to electrostatic 

charges imparted to the filler by fric-cion while being 

passed through the machine outlet. Various fillers behave 

in different ways. Some charged negatively, some positively 

and others carry mixed charge. Others do not acquire 

any charge at all. It has been found also that different 

types of outlet varied in their ability to charge the 

p~rticles and that some were much more effective than 

others. 

On t)le basis of these observation the next step 

was to try to apply a charge electrically. 

The basic principles underlying electrostatic 

dus~ing are contained in the two axioms that "like forces 

repel, unlike forces attract" and that, an electrical 

force induces an equal and opposite charge at the ot:ier 

side of conducting surface. When a charge is placed upon 

a cloud of particles, if that charge is all in one 

direction, then the cloud will be prevented 

agglomerating by the mutual repellency exhibitied. 

from 

Normal uncharged dusts rely upon the velocity 

of discharge and the force of gravity, to deposit on a 

plant surf ace. In normal dusting there is enormous waste 

of material since not only does the speed of the dust 

overcome the force of gravity, but the existence of a 

barrier layer of a thermal nature of the pl."int surf ace 

directly prevents deposition of much dust that might otherwise 

be deposited. 
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When however an individual particle is charged, 

it creates its own attraction to the plant surface in 

proportion co its proximity to th~ surface, and whe~ 

sufficiently c-iose those force is sufficient to o·,,ercome 

the speed of particle and the resistante of the barier 

layer. Owing to lines of electrostatic force, which 

resemble lines of magnetic force the dust particles 
precipitated on both the surfaces. 

The method of electrostatic dusting is not very 

complicated. A probe at the outlet cf duster is charged 

with a very hiqh potential, in this case a pos·· · :~,e one. 

By passing dust particles through the electri~. field 

they are charged in one direction only. It has bee~ found 

that by using electroduster the overal increase of 

deposition of dust was over four and half times. The 

second direction of improving dusting aimed to reduce 

droft. 

These can be realized by using dust of closely 

range of particle size and without small particles easily 

drifted. Several need of such type of dusts called corse 

dust has been already registered in Japan• They are 

insecticide as well as fungicide dusts. Their range of 

particle size is narrower than normal· 

a little fine particles under 10 

flocculating agent is also added to 

dusts. They contain 

microns. A little 

this formulation 

for flocculating fine particles on the large particles. 

Similarly as in the case of dusts the new 

techniques are also introduced to improve the efficiency 

and safeness of using of sprays. The two directions of 

solving these problems are : 

by using special deviced spryers giving controlled 

Droplet Application (CDA) and electrostatic .charged ULV. 

The first technique. where spinning disc device 

is used will spray both oil and aqueous ~ormulations 

while th~ s~cond tgchnik by usin? da?i~a known as 

Electrodyne sprayer requires special oil based formula
t, ions. 
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Research into the relationship between droplet 

size and biological efficiency suggests that different 
droplet size are required f~r different types of target. 

CDA machines are designed to :>roduce a restricted range 

of droplets suited.to the pe3t target, thereby eleminating 

westage and reducing the volume of liquid applied and 

in some circwnstnces the quantity of chemical. The both 

machines enable chemicals to be applied at 0.5-1.0 litres 

per hectar compared to 2, 5-5, 0 litres with conventional 

ULV application. In the case of Electrodyn sprayer the 

better depositio~ ~! ~~cp!~ts is achieved by the use 

of high voltage 25,000 volts to atomise and propel the 

oil-based pesticide formulation. Electrodyn-sprayer is 

powered by four 1. 5 volt batteries which give 60 hours 

operation before they need changing. 

At the end of my lecture I think it would well 

to give a little more information about a new type of 

formulations DRY FLOWABLES. These formulations are also 

called, more properly, as D I s P E R S I B L E G R 

AN UL E S(DG-s). These are non-dusty pesticide granules, 

easily dispersed in water and similarly to WP-s used 

to prepare diluted water suspensions. The main reason 

of producing this type of formulation is mainly safety, 

for a farmer as well as environment, and of their more 

convenient usage in comparison to WP-s. In particular 

cases, better activity in comparison to WP-s can also 

be obtained. This formulation has advantages of liquid 

flowable or suspension concentrate as well as those ones 

of wettable powders -

DG-s may be produced by two methods: 

i) by spray drying of water suspension of 

fine particles of pesticide and 

ii) by agglomeration of solid fine powders of 

pesticide 
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The choice of method depends on economical factors 

of production proces~. 
The spray drying method is preferable in the cases 

when water suspension of pesticide in last step of synthesis 

is obtained or when smaller particles which can be obtained 

by wet milling, are demanded (e.g. for fungicides). 
For spray drying method special construction 

spray dryer must b8 used. It is installation in which 
suspension is splashed as droplets by hydraulic system 

and not by spinning disc commonly used in more common 

spray dryers in which the solution or suspension is 

atomized. 
For agglomeration the fluidized method often 

is used. 
It is obvious that in both methods special surface 

active agents and binding agents must be used. 
Surface active agents are added to the system 

to overcome the resistance of solids to wetting and to 
ensure ease of dispersibility in water and good stability 

of suspension. The binding agent must be easily and quickly 
dissolved in water. Optimization of the system bindergum

wetting agent-dispersing agent should result in disperible 
granule integrity, reduced dust, good disintegration and 

dispersion of end formulation. 
Beside the surface active agents and other adju

vants the parameters of processes are also critical for 

quality of products. In the case of spraying temperature 
of drying, size of droplet& type of nozzles and speed of 

drying and in the case of fluidised bed granulation. 

Such parameters as fluidising air flow rate, fl. air 
temperature, fl. air humidity, nozzle type, spray angle, 

liquid flow rate, atomising air pressure droplet size. 
The DG-s are today yet produced only by several 

companies but it is sure that this formulation will very 
soon be a dominant one as very safe, very convenient and, 
in many cases, very effective. 



-96-

Comparative area. 10 gallons in SO micron drops on 5 acres 
foliage _,ace 

TOXICANT 

A "T· ... .,. £ -. . . 
-:· •.. 
--·,·•I 1 

t. 

' 

· 370 r,~::SH 

TOXICANT 
DISTRIBUTIO~'J 

in 53 Dust 

20 MICRor:s 10 MICRONS 
' 

0 
DILUENT 

0 



Lloyd L. !s~r.hour 
George i.. Brown 

C.J. Endacott 

A.J. Gilbert 

Toshiharu Uejima 

Anonim 

Agricola plant Protec
ting Chemicals Ltd. 

-97-

LITERA'l'URE 

~Physical and chemical properties 
ot orqanic p~s~icides as Related 
to Formulation and l\pplication" 
J.Agricultural and Food Chemistry 
V.2.No. 16, August 4, 1954 

•pesticide Application in Practice 
Span 25,3. 1983 

•Applying Pesticides as NON
Liquids• Span 27.01.1984 

•on New Formulations of Pesticides 
i_n Japan• 

J.Pesticide Sci.B., 125-130 
(1983) 

JCJ Magazine, July/August 1982 
pp 79 

•Electrostatic Dusting. 



-98-
I. I •JU lO ANO iJtd fl,tj\;1\llLc 

( l-'t!W Formulations of Pesticides) 

Dr. STEFAN MOSINSKI 
UN COhSULTANT 

PESTICIDE DEVELOPME-NT PROGRAMME INDIA 
~DYOG VIHAR, GURGAON, HARYANA 122 016 

DEFINITI 0 N OF T E R M T ff E tJ E -·: 
F 0 R M U L A T I 0 N 

In my lecture I will discuss the problems concerning 

the two new pesticide formulations viz. s u s p e n s i o n 

c o n c e n t r a t e (SC), which belong to the group 

of 1 i q u i d f 1 o w a b 1 e f o r m u 1 a t i o 

n s (LF) and d i s p e r s i b 1 e g r a n u 1 e (DG) 

called also d r y · f 1 o w a b 1 e. Prior to ,however, 

it would be well to clarify what kind of products can 

be consideLed as the new fonr,ula "ti:>ns. I tnink that for 

further discussion the following definition will be useful. 

I f a s p e c i f i c a t i o n 0 f a 

Pr 0 d u c t i 9 d i f f e r e n t f r o m t h a t 

0 n e s, w h i c h a 1 rt!adya re c 0 mm 0 n 1 y 

k n 0 w n a n d us e d then we have t 0 

d 0 w i t h a n e w form u 1 a t i o n. 

Accepting such definition we can ask : are we to 

do with a new formulation of dust if a new product is 

produced in su\'.:h a way that very small particles, had 

been bl<>wn away and consequently a new product is more 

safe and even more effective· than other ones. We can answer 

yes, it is a new formulation because specification for 

this product is different than the specifications for 

other commonly used dusts. But if because of a change 

of composition of dust formulation, or change of some 

of t.he :)<l r.J!M?ters of their production process a cheaper 

Presented during the training course on Pesticide Formulation 
~anufacture conducted by Pesticide Development Programme in 
India at the Management Development Institute, Gurgaon, 
Haryana, India from March 18-22, 1985 
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product, or that one- of better quality is obtained then 

w: :;3:i say that it is an improved dust formulation b~t 

nc~ a new dust formulation. The quality para~e';ers f::;r 

the new product can be different but specification wi 11 

be ~he same as for others dusts. If e. 9. distribution 

of such insecticides as DDT or BHC amonq carriers in S'S 

dust will be better than in other similar dusts than the 

first one can not be considered a new formulation but 

only as an iliiproved one or better one. 

The difference in distribution of DDT in four dust 

formulations are shown on fig. 1. 

• 
TOXICANT 

DISTRIBUTION 
in 5% Dust 

0 
DILUENT TO XI CANT 

• • 370 M::SH 
l.f C !•i IC.~. 

Fi.:.l 

• • 
20 MICRONS IOMlCRONS 

• 
" • ~,, ... C'.'("\',1-.. , .... ...,,, . ..,' . .;;; 
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These dif f er~n=es betweer. the products can cause the 

different activity but if all of them fulfiled the same 

approved s~ecif ication none can be considered as a new 

formulation. 

And yet the last examp!e: 

If one of EC formulation is giving b-:!tter 

distribution of pesticide on leave surface and better 

its tenacity to it, than other EC of the same pesticide 

as the first one can not Le considered as a new 

formulation
1

because in specifications for EC such properties 

as distribution of pesticide on leaves surface and its 

tenacity to leaves are not specified. 

If, however, such EC formulation will be introduced. 

on ::he market which, in contrary to pre•.riously ones used 

is characterised by quick separation of emulsion, and 

this characteristic will be specified in new specification, 

then this EC formulation will be considered as a new 

formulation. 

L I Q U I D P L 0 W A B L E S 

C H A R A C T E R I S T I C 

GENERAL 

The new type of pesticide formulations which 

are characterized by different specification than others 

PP-s are 1 i q u i d f 1 o w a b 1 e s. 

There are three different types of them: 

s u s p E N s I 0 N c 0 NC E N T R ATE 

EM u L s I 0 N c 0 N c E N T R A T E 

s fJ s ? ~~ s I 0 E M u L s I 0 N 

c 0 N (; E N T R A T E 
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Because '.nany characteristics are similar for all 

of LF-s formulations only that ones which characterised 

SC will be discussed in more detail. 

What is SC, how it looks, what are its properties 

and what are its advantages in comparison with other 

formulations of pesticides commonly used? The SC is a 
mixture of fine particles of solid pesticide with wat£r, 

surface active agents and some other adjuvants. 

It can be said tr.at SC is a mixture of pesticide 

in which instead of mineral carrier as in WP, or organic 
solvent as in EC the water is used. SC is a water paste 
of pesticide easily to flow and the same easily pour to 

water and for that reason is called, "flowable". 

The main difference in compo~ition between EC-s, 

WP-s, and SC-s Lre shown on table 1. 

Table 1 THE DIFFERENCE BETVEEN COIFOSITIONS OF 
EC-s,WP-s AND SC-s(i w/w) 

t-eonents F 0 r • u 1 a t i 0 n s 

EC WP SC 

Pesticide 45 45 45 

Solvent 50 

Minenl carrier 50 

~.ulsifiers 5 

Dispersing & Wetting Agents 5 6 

Water 
30 

Other Adiuvants 19 

100 lCO ICll 



The concentration of pesticide in SC calculat~-d 

on the weight basis is about 45-50\, but it is hi ah ..... , 

if ~he calc~la~ion is made on weight volume basis 
what is caused by higher density of pest.icid~s in 

~omparision with the density of water. 

These differences in concentration are ilustrated 

for sulfur and copper oxychloride in table 2. 

Table 2 

COfl>OSITION AND CONCENTRATION OF PESTILIDE OF TI.'O 
SC-s. SULFUR (1) AND COPPER OXYCHLORIDE (2) 

1 2 

Sulfur 60 Copp.Ox 45 

Adiuv 20 Adiuv. 20 

water 20 water 30 

100 100 

l(w/w) 45 l(w/w) 45 

S(w/v) 85 l(tt!/Y) 67 

ds = 2.0 de :s 3,7 
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S P E C I F I C A T I 0 N S F 0 R LF-s 

Similarly as WP-s and EC-s the LF-s are used to 
prepare dil 11ted water suspensions or emulsions. The ref ore. 
some of their propert.ies should corresponj to that of former 

ones. They should be as EC-s easily measured by volume and 
easily poured ~P-to the spray tank. To fulfil these require

ments their viscosity must not be too high at the time of 
application. After po~.I'ing into water they must.. similarly 
to WP-s or EC-s, disperse spontaneously and ensure very even 

distribution of fine particles or drcplets in the spray, as 
well as, good $tability of dispersion. Equally important, 

but most diffic11lt to obtain, is storage stability. I<ieal 
LF should be stable under severe conditions of storage and 
shelf life should be at least two years. Their phases mus~ 
not separate in this time or if some slight separation taKes 

place it is essential tha~ the separated phase will be 
readily re-dispersed and form easily homogenous dispersion. 
The last requirement is not only the mc3t important but also 
most difficult to obtain. It is obvious that chemical stability 

must also be accomplished. 

All pesticide formulators know from their experience 

that the rate of sedimentation of suspension prepared from 
WP depends upon their partic· 3 sizes. The smaller the particle 

sizes the better stability of suspP.nsion and less amount of 
sediment after some period of time. It is also commonly known 

that "hard" sediment or "cake" created by settling down of 
suspension is often very difficult to redisperse, especially 

when suspension is standing for the longer time. 
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If a si.nilar phenomena - the creating of "hard" 
cake, could have taken place in the case of SC, then 
the following serious troubles may appear: 

If part of "hard cake" i<till not redisperse after 

mixing the SC, then the concentration of liquid spray 
prepared from partly sedimented SC, will not be high 
enough and the protection effect can be much worse from 
that one expected. If, after all, the redispersion of 
"hard cake" is obtained, it can ha:Jpen that this redis
persion is not complete and some amount of bigger 
aggregates have been introduced to the liquid spray. 
They can clog the nozzles of spraying machine. 

From the practice of work on WP-s it is known 
how it is sometimes difficult to get good stability of 

suspension of WP-s in spite of the fact that demanded 
stability is not too high, viz. 50-8~ suspension 

stability after JO minutes. 

But in the case of SC the required stability is 

much, much higher. The SC should be stable during at 
least 2 years and in this period the creating of "hard 

cake" is not accessible. 

B A S I C F A C T 0 R S A F F E C T I N G 

P H Y S I C A L S T A B I L I T Y 0 F s c-s 
T H E 

Now the following question should be clarify 

What are the basic factors affecting the physical stability 

of SC-s. They can be easily noticeable from the basi~ 

eq~ation of sedimentation of suspe~s!on 1.e. from thl 

~~c~es equa~ion, which is as follo~~= 
2 

v = 2 ( o d) ~ r 
( l ) 

9 11 
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While the above equation is valid only for very 

di l :1t~c s·.:s~.;.-nsion, and is :ucre complex for concentrated 

suspensi~l": ~h'!! basic rroportionali ty between V, 

q ~nd n ~r~ ~!so valid for concentrated suspension. 

I: i.:; seen from ti1e ·above equation that the stability 

cf suspension is directly proportional to the square of 

radius and to difference between density of solid particles 

and liquid and inversly proporticnal to the viscosity 

of liquid. 

Then the rate of sedimentation may be reduced by 

decrease the particles of suspension er by increase the 

viscosity of dispersion medium or by changing both of 

these quantities. 

The rate of sedimentation of suspension of sulfur 

and copper oxychloride of different particle size are 

given in table 3. 

Table 3 

RELATIVE RATE OF SITTLIN6 WITH REFERENCE TO 
PARTICLE SIZE AND DENSITY 

Particle s1ze 
.!!L__l!!(radius) 

0.1 

1. .~ 

!.O. S 

(HEAD HEIGHT= 40 Cm.) 

Sulfur 
(density = 2.0) 

210 days 

2 days 

30 ~ir.~tes 

Copper oxychloride 
(density = 3.7) 

78 days 

18 hrs 

ll minutes 



It is seen from the table l that even the particle 

size of 0, l µm, is not enough small to assure the needed 

specification for SC. This specificatitJn however, would 

be satisfy if as the same time the viscosity of dispersing 

medium would be increased. 

P R 0 D 0 C T I 0 N T E C H N I Q U E 0 P S C - s 

In qreater number of cases the millinq process 

is necessa.&.y in production of sc-s. The choice of method 

of grindinq depends on the physical propertie$ of pesticide 

(its hardness and meltinq point). Some times however, 

it can happen that process of millinq is not necessary. 

This will be the case when enough small particles of 

pesticide are obtained in the process of its synthesis. 

(:'ihat have taken place e.q in the production of copper 

oxychloride, atrazine or pyramine). In such a case, the 

process of production of SC consist of mixing of such 

fine particles of pesticide with water, dispersing and 

wetting agents and other adjuvants. The process of mixing 

is performed in such mixers which are commonly used for 

mixing of flowable pastes e.g. flowabie oil paints or 

enamels. 

If however., the pesticide particles are not fine 

enough,are not too hard and have not too low melting point, 

the dry grinding, by using one of the commonly used mill 

can be used. 

The choice of equipment for grindinq will dep•!nds 

Gn grinding capabilities of pesticide, on economy of 

grinding and what is most important on the particle size 

range that is required in the final product for assuring 

the shelf life stability. Good result of milling may 

be Jbtained already by the use of hammer or pin mill whereas 

for others m~terials even the using of jet -o- mi 11 :n3y 

3ppear to be insufficient. 
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From up to date expe=ience it is known that the 

best fine milling is obtained by the wett process and 

that the b~st device for this type of milling is 

b e a d o r p e a r l m i l 1. 

These a>:e the s a n d m i l l t y p e very 

widely used for the processing of printing paints. In 

these mills a mixture of grinding elel'lents (Ottawa sand 

or specially prepared hard ceramic pearls) and product 

to be milled (grinding stock) is rotated by an agitator 

on which grinding discs are mounted. The mill be v e r t -

ical o r h o r i z o n t a 1, b a t c h o r 

c o n t i n u o u s. 

The vertical types of mill are exemplified by the 

MOLINEX PE 075 and the horizontal mills by DYNO-MILL. 

Both are the closed type mills and therefore such 

disadvantage~ of milling procPss like air entrainment 

and foaming are eliminated. 

As the energy of milling is dissipated in the form 

of heat, cooling by water is necessary. The aim of the 

mil ling pi:ocess is always to produce a fine and narrow 

particle :.;pectrum below 6 micl'.'ons and if for biological 

reasons necessary also below 2 microns. Care however, 

must be taken not to overmill by too long milling at too 

circum speed. In the case of overmill too much surface 

may not be wetted and particles not dispersed rapi1ly 

enough and re-aggregation or flocculation of suspension 

particles may occure. Besides the efficient milling, the 

wett process in bead mills assure quick and good mixing 

of all components as well as good dispersion of solid 

particles. 

S P E C I F I C A T I 0 N F 0 ~ ? i:; ST! CID ES 

U S E D F (') R s c - s. 

In principle, all tox; .:ants which are c r y s t 

.:i l 1 i n e .Jt. rcom ~emperature (;an be for:'.':..:l.lt"?d 1s 
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SC. However, due to the necessary storage s-:.ability a-:. 

elevated temperature, the m e 1 t i n g p o i n t of 

the a c t i v e 

80°C. 

i n g r e d 1. e n t should be abcve 

It is obvious that only compounds which are 

chemically stable in the water be formulated into water 

flowables The initi~l particle size of the grinding 

stock should be below 50 microns. If it is coarser, it is 

desirable to carry out pre-grinding, if possible by using 

dry milling. Some times however two wet grinding mills 

are placed in series to allow the formulator to start 

often with coarse grinding stock. 

The solid particles should be as pure as possible. 

The impurities adsorb~d on the surface of particles may 

cause their wetting problem~ and the same efficie~t milling. 

For the same reason it is necessary to use for wet milling 

deionized pure water. 

The degree of solubility of pesticide in water· 

is very important. If it is too high then crystal growth 

occurs, particularly where there are any fluctuations 

on temperature of storage. In such a case 

.some amount of pesticide soluble in water in higher 

temperature can percipitate after lowering of temperature 

and small paxticle vf precipitate will be able eo combine 

the particles of suspension and create the biqer aqregates. 

For that reason the solubility of pesticide in water in 

40°C should not exceed 200 ppm. 
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A D J U V A N T S A N D T H E I R P U ~ C T I 0 N S 

The type of commonly used adjuvants and the functions 

which they perform are as follows: 

D i s p e r s i n g agent s.(DA). These 

surfactants are used to facilitate the communition process 

as well as to stabilize the micronized particles in the 

dispersing medium against irreversible flocculation. The 

i o n i c o r n o n i o n i c dispersing agents 

can be used as well as some of m a c r o m o 1 e c u 1 e s 

o r p o 1 y e l e c t r o 1 y t e s. With ionic 

surfactants irreversible flocculation is prevented by 

the r e p u 1 s i v e f o r c e generated by e 1 e c t

r i c a 1 d o u ~ 1 e 1 a y e r a r o u n d e a c h 
p a r t i c 1 e. 

With nonionic surfactants and macromolecules repulsion 

between the particles is ensured by the steric" interaction 

of the adsorbed molecules on the particle surface. The 

attaching compounds to the particles prevent from coliding 

them by the "tail" of the dispersing agent, which interferes 

in the collision. With polyelectrolytes both ~1ectrostatic and 

steric repulsion exist. Dispersing agents are generally 

s h o r t c h a i n p o 1 y m e r s with c h a r g e d 

g r o u p s. Typical of them are: Sodium salt or alkil naphtalene 

sulphonic acid; (Atlox 4862) Sodium salt of r.a?htalene formaldehyde 

sulphonic acid condensate; sugar free sodiw11-based lignine 

Slllphonates ( POLYFONS, UFOXANES). 

W e t t i n g a g e n t s (WA) 

The WA-s are used to facilitate the communition 

of solid pesticide during wet milling process. They displace 

the air from the surface of solid particles and make the 
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the milling process more efficient. The most widely used 

WA-s are e t h o x y l a t e d a l c o h o l s and 

e t h o x y l a t e d n o n y l o r o c t y l p h e n o l s 

which should have very low foaming properties. The mostly 

used are that ones in which the numbers of oxythylene 

groups (ETO) ranging from 6-12. The mixtures 

of the nonionic surfactants with some of the anionic ones 

can also be used. The recommended Atlas products are the 
following: 

Renex 30, Renex 36, Atlox 4991, Atlox 4853, EL 1026. 

The type of surface active agents depends upon 

the type of pesticide. The choice of dispersing agents 

is more critical and specific than the choice of wetting 

agents. The wetting agent must not be too firmly adsorbed 

on surface of pesticide particles - otherwise the film 

of WA will prevent the firm attache of dispersing agent 

to particle surface. 

The repulsive f~rces between particles will be 

then weakened and stability of suspension worsening. For 

the same reason the concentration of wetting agents should 

be not too high. If nonionic dispersing ag' nts are used, 

t~eir cloud points should be about 10°C higher than 

th.~ temperature of grinding stock during the process 

of milli1q and above the maximum storage temperature. The 

cloud or temperature point of nonionic dispersing agent 

is a temperature of their water solutions by which their 

solubility is smaller and part of emulsifier is emited 

from solution. For non-ionic surface active agents the 

higher temperature the lower its solubility. The cloud 

temperature depends upon the amount of oxyethylene group 

in molecule or upon the HLB of surface active agent. If 
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the cloud ~emperature of non-ionic dispersing agent is 

~ot higher than the temperature of stock during 

milling or temperature of storaqe of SC, then during the 

millinq or during the storage the dispersing agent 

. .,ill evolve from solution and the flocculation of SC will 

have taken place. 

T h i c k e n i n g a q e n t s(TA) 

As it is seen from the Stokes' equation the kinetic 

stability of suspensions can be. considerably improved 

if the viscosity of dispersing medium will be increased. 

One common way to do this is addition of t h i c k e n e r s 

- h i g h m o 1 e c u 1 a r w e i g h p o 1 y m e r s, 

n a t u r a 1 o r s y n t h e t i c, soluble in water. 

Another way is to use of i n o r g a n i c s w e 1 1 i n q 

c 1 a y s. Mixture of polymers and clays are sometimes 

most effective. By ~sing these type of thickeners the viscosity 

of dispersing medium can be easily increased many thousand times. 

Using e.g. a concentr-ation of 0,3-0.5' of some thic.kners, 

the viscosity can be increased from 1 cp to 11,000-16,000 cps. 

As a result the rate of sedimentation of particles 

will be considerably reduced. The mainly used tr.ickners 

are: 

- p 0 1 y a n i o n i c - p 0 1 y h e t e r o 

s a c h a r i d e ex a n t h a n q u m) (Xg) 

- M a g n e s i um s i 1 i ca t (MAS) 

- M i x t u r e s 0 f X G and MAS 

The f ollowinq commercial products are recommended 

as TA-s: 

Rhodopol (Rhone-Poulenc, France) (XG) 

Bentone EW - (NL Industries, USA) (MAS) 

Actiqum CS6 - (CECA, France) (XG) 

Attaqel 40 - (Enqelhard ~ine~als & Chemicals Co 
USA) CM.AS) 
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we~gum (Vanderbilt Co In~) (XG/MAS) 

Some of nonionic surfactants have also a good 

visc~sity increment effect and a!low us to produce stable 

SC-s without using an extra thickening agent. 

From Atlas products the following are recommended: 

Atlox 1096, Atlox 1986, Atlox 4868B, Atlox 33878 

A n t i f r e e z a g e n t s (AA-s) 

To make a good cold stability of SC (freez-tha~ 

stability) what is often desired, it is necessary to include 

into the liquid phase of SC an polyol which may be e.g. 

ethylene glycol, gliceryne, propylene, glycol, sorbitol. 

The polyol has also the other following functions: 

- act as a humectant to stop drying and skinning. 

These features are usually noticed at elevated temperature. 

- assist the wetting process before and during 

milling. 

Because some pesticide can be more soluble in water 

solution of polyols what is disadvantageous phenomena 

for stability of suspensio:1C0stwald ripening) as an alternative 

of antifreeze agent urea might be used. 

A n i t f o a m a g e n t s. 

These adjuvants are sometimes necessary to reduce 

foaming during the production process and end use. Silic~n 

emul~ion types are commonly used CNonanol, Silcolapse). 

B i o c i d e o r , p r e s e r v a t i v e s Ci f 

n e c e s s a r y). : It has beer. found that worsening 

of stability and other properties of SC-s after some period 

of storage can be ca~sed by deterioration activity of 

some kind of bacteria on some of SC components e.g. polyscharides. 
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These deteriorations can be prevented e.q. by Proxel 

range of biocide produced by I2I. 

~ E T H 0 0 S 0 F T E S T I N G 

v i s c 0 s i t y 

Because SC belong to non-Ne•1tonian liquid in which 

viscosity depends·upon shearinq stress, the viscosity in 

relation to the shearing is measured, using rotary 

wiskometer. It is measured in one day, one week and one 

month intervals. A minimum rise in viscosity is tolerated. 

The required property is low viscosity at high shearing 

stress. Very important characteristic of SC is Y I E L D 

V A L U E. It is a minimum shear stress which breaks 

a hydrogen binden structure of SC and cause its flow. 

P A R T I C L E S I Z E A N A L Y S I S 0 F 

S U S P E N S I 0 N C 0 N C E N T R A T E S 

Coulter c o u n t e r 

The principle of the instrument is as follows. 

The suspension concentrate is diluted with an electrolyte 

solution and suspended particles are passed through a 

small orifice, on either side of which is an electrode. 

As each particle passes through the aperture and displaces 

its own volume of electrolyte, the resistance in the path 

of the current changes. These changes in resistance generate 

voltage pulses whose amplitudes are proportior.al to the 

volume of the particles. Th·~ resultinq series of pulses 

are amplified, counted and classified in upto 16 channels, 

i.e. 16 size groups. The result~ are plotted directly 

as a histoqram or a cumulative distribution by volume. 

The median can therefore be read direct.ly off the plot. 



C e n t r i f u g a l 

t o r 

-114-

p h o t o s e d i m e n t a-

The suspension in sedimentation chamber can be 

rotated at speeds between 600-6000 rev/min. This sedimenta

tion process is monitored by measuring intensity of beam 

of white light of known initial intensity and this intensity 

is detected by appropriate resistor and recalculated on 

particle sizes. 

o p t i c a l m i c r o s c o p i c 

s i z e determination 

D R Y F L 0 W A B L E S o r W A T E R 

E R S I B L E G R A N U L E S (WDG-s) 

D I S P-

If some number of particles of wettable powder 

would be stick together to form agregates in such a way 

that dust free,small granules are formed1 which after pouring 

to water wU.l spontaneously, as WP, create water suspension, 

then such a new product can be called D I S P E R- S I B L E 

G R A N U L E S 

The process of sticking of small particles to form 

big granules is in general relatively simple and is commonly 

applied in pharmaceutical industry since a long time. 

Also in pesticide industry some type of granules used 

for combat pest in soil are prepared from fine particles 

of pesticide mixed with mineral carrier. 

But in the case of DG·-s the process is more complex, 

because it is necessary to prepare not only dust free 

granules but also easily dispersed in water. Such granules 

can be obtained if appropriate surface active agents and 

sticking agents will be used as well as well-chosen paramet

ers of the process 
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DG-s may be produced by two methods: 

i) by spray drying of water suspension of fine 

particles of pesticide and 

ii) by agglomera~ion of solid fine powders of 

i .:?sticide 

The choice of method depends upon economical factors 

of production process. 

The spray drying method is preferable in the cases 

when water suspension of pesticide is obtaining in last 

step of synthesis or when very small particles of active 

ingredients, obtained by wett milling, are demanded. 

For spray drying method special construction of 

spray dryer must be used. It is installation in which 

suspension is splashed on droplets by hydraulic sv~~em 

and not atomized by spinning disc as in more common spray. 

dryers 

For agglomeration of solid fine particles several 

granulation techniques are known, but the most appropriate 

for WDG is the pan or disc granulator. In this method 

dust is fed to a rotating shallow pan inclined to cause 

the dust to spread over the flat bottom as it rotates. 

A fin mist of water or solution is sprayed on the dust, 

causing aglomerates to form during rotation • These fall 

to the bottom edge and spill over to collector. Depending 

on the composition of the mixture, a drying step may be 

required. 

More commonly the fluidized method is also used. 

It is obvious that. in both method special surface active 

and binding agents must be used. Wetting agents are added 

to system to overcome the resistance of solid to wetting 

and to ensure good covering of particles by dispersing 



agent as well as to stick them by binding aqent. Bin3ergum

wetting agent-dispersing agent should result in dispers:i.ble 

granule integrity, reduced dust and good disintegration 

and dispersion in water. 

The wetting and dispersing agents are the same 

which are used in production of WP-s. As a binding agent 

most commonly P 0 L Y V I N Y L P Y R 0 L I D 0 N E 

is used. 

of 

Besides the appropriate 

process are also critical 

adjuvants, the 

for quality of 

parameters 

products. 

In the case of drying method the following parameters 

are critical. 

s i z e o f d r o p 1 e t s 

t e m p e r a t u r e o f d r y i n g, 

d r y i n g a n d d e g r e e o f 

of product, and in the case of fluidize 

method such parameters as : 

0 f 

s p e 

d r y 

bead 

s p r a y 

e d 0 f 

i n g 

granulation 

fluidising air flow rate, fluidising air temperature, 

fluidising air humidity, nozzle type, spray angle, liquid 

flow rate, atomising air pressure, droplet size of s9rays. 

The DG-3 are today yet produced only by several 

companies but it is sure that this fonnulation will be 

very soon a dominant one as very safe, very convenient 

and in manl' case very effective. 
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LIST OF LP-s FORMULATIONS 

Acc. ~o Pesticides Mannual 6th 1979/80 

and Pharmaceuticals Jan. l9ij4 

HERBICIDE FLOWABLE 

GESPAN 500 FW (CIBA GEIGY) 

MODOWN (Mobil Chem. Co.) 

FENERON Multi 500 FW(CIBA-GEIGY) 

FENERON COMB! 500 FW (CIBA-GEIGY) 

FENERON GB 500 FW (CIBA GEIGY) 

DIPOFENE 600 FW 

DICURAN 500 FW 

GARDOPRIN 

!GRAN 500 FW 

FUNGICIDE FLOWABLES 

BINAPACRYL (HOECHST) 

DACONIL (Diamond-Schemrock) 

Mil-Col (IC!) 

Milsten CIC!) 

THIRAM (RHOME & HAAS) 

ZINEB " 

BANISTIN FL (BASF) 

DEROSAL - Liq (Chafer) 

INSECTICIDE FLOWABLES 

CARBARYL (Union Carbide) 

CARBOFURAN (FMC) 

COL 4 00/L ( ICI) 

GARDONA (SHELL) 

contains ametrine 

contains bif enox 

contains bromof enoxim 

-do-

-do-

contains chlormethiuron 

contains chlortoluron 

contains terbuthylazine 

contains terbutrine 

contains drozoxolon 

conta-ins ethirimol 

contains Karbedazim 

contains Karb~ndazim 

contains o-p insec. menazon 



Th. F. tradros 

Th. F. Tad:-os 

B Vincent 

Chavau Virendra 

Th. •· Tadros 

M.E. Aulton 

M. Banks 

M.E. Aulton 

M. Banks 
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Addi. Secy., Hin. of Agriculture 

lb.20-17.15 K£Y NOTE ADDRESS by Dr. S.K.Hultherjee, 
Prof. of Eminence, IARI 

17.15-17.20 VOTE OF THANKS 
Hr. Munni Lal, CH(P), HIL 

TUESDAY, '.b APRIL 1985 

PESTICIDE FORMULATICN SPECIFICATIONS 

09.JO-I0.10 INDIAN STANDARD SPECIFICATIONS 
Hr. E. N. Sunder 

10.10-10.50 INTERNATIONAL SPECIFICATIONS 
Ms. Thelma Antazo 

ll.00-12.00 SAMPLING AND METHODS OF TESTING 
FOR PHYS'CAL CHARACTERISTICS OF 
FORMULATIONS 
Hr. D. R. Shacma 

12.00-12.30 SHELF LIFE OF PESTICIDE FORMULATIONS 
AND STATUTORY REQUIRE~ENTS 
Dr. K. D. Paharia 

14.15-17.00 PRACTICAL OEHONSTRATIONS 

WEDNESDAY, 17 APRIL 1985 

METHODS OF ANALYSIS 

09.JO-I0.30 CHEMICAL METHODS 
Dr. D. Sengupta 

CHllOMATOCRAPHIC METHODS 

10.45-12.00 GAS LlQUID CHROMATOGRAPHY 
Dr. D. Sengupta/Ms. Thelma Antazo 

I2.0G-IJ.OO COURSE FACULTY-PARTICIPANTS 
INTERACTION 

14.1~17.00 DEMONSTRATION 

THURSDAY, 18 APRIL 1985 

09.JO-ll.OO HIGH PERFORHAllCE LIQUID CHROMATOGRAPHY 
Dr. S. Mohan/Ms. Thelma Antazo 

11.15-12.45 SPECTROSCOPIC METHODS 
Dr. A. S. N. "iunhy/Dr. i. K. Ramdas 

14.00-17 .00 PRACTICAL DEHONSTRATIC.•S 

FRIDAY, I9 APRIL 1985 

O~.J0-10.45 BICLOGICAL METHODS OF QUALITY CONTROL 
OF PESTICIDES 
Dr. B. P. Shrivastava 

11.00-12.00 REQUIREMENT OF A QUALITY CONTROL 
LABORATORY FOR PESTICIDE FORMULATIONS 
Hr. H. L. Kumar/Ms. Thelma Antazo/ 

Dr. S. Mosinski 

12.00-ll.OO Discussions and Feedback from 
the participants 

14.00 DISTRIBUTION OF CERTIFICATES 
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SUPPLEAiENTED DATA FOR 

CONTROL PARTICLES SIZE DETERAUNATION 

BY usr:G MICRON PHOTO SIZER(MPS) 

elaborated by 

Dr. s. Mosinski 

Remark 

This elaboration should be read together with: 
OM - OPE?.A TIONAL 1.1ANUAL OF MPS 

MPS - MICRON PHOTOSIZER BOOKLET 
CST - Compiled Sheets of Tables 
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C 0 N T E N T S 

1. THEORETICAL BASIS 

2. APPLIED CALCULATIONS. 

a. T~e relationship between particle 
sizes and rate of their sedimentation 

b. Rapid measurements with centrifuge 

d.. 
bl The calcultion of time of 

centrifugation 

b2. The calcu1ation of particle size 
distribution 

3. SUPPLEMENTARY DETERMINATIONS 

3.1 Maximum particle size of powders 

3.2 Density of tested powders 

a. Individual po~dered substances 

b. Powdered pesticide formulations or 
concentrated suspensions 
("fl owab 1 es") ( CS-s) 

3.3 Liquid density 

3.4 Liquid viscosity 

4, OPERATIONAL MANUAL 
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:. iH~ORETICAL BASIS 

:~E medsurenents of particle size distribution by the use of 
Micron Photosizer apparatus (MPSA) are based on the two following 
equations: 

a. The Stokes' equation of relationship between the rate 
of sedimentation of particles in suspension and the sizes of 
suspended particles and; 

b. The Lambert-Beer equation of relationship between the 
intensity of beam light passing through suspension and the 
concentration of suspended particles in suspension. 

Ad.a. The tokes• equation is the following: 

2 V = 2g ~~'-d)r (1) 

Where- rate of sedimentation; 

d - true density of the particles; 
d- true density of the liquid; 
n- viscosity of the liquid; 

r~ Stokes, radius of the particle. 

the equation (1) can be written also as follows: 

2 
V = A (~1 -d} r (Z} 

Where A is a factor of value, which depends of the used units. 

For these used in MPSA method A=O. 03267 and the rate of 
se~imentation is given by the Eq.(3) 

V=0.03267(d'd) r2(J) 
n 

Where V in nm/min. 

d in g/ m13 

d in g/ ml 3 

n in c.p. 
r in microns. 
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Ad.b. The Lambert-Beer equation. which along with Stokes' equation 
is used to convert attenuation readings to particles size 
distributions. The Lamber-Beer equation can be written in the 

form: 

Where I - intensity of beam of light after passing through 

suspension; 

I0 - intensity of beam of light in the absence of obscuring 

particles. 

c - mass concentration of particles per unit volume. 

l - length of light path in the suspension; 

d - particle diameter 

k - a constant 

Equation (4) demands that for given pwder, log (10/0 should 
be directly proportional to the concentration of suspension 

and to the length of the light path. 

A modified fonn of equation usually used is: 

I= Io exp (-Acl) (5) 

and in the fonn (6) 

loge .!! = Acl (6) 

I 

Where A is projected area per gram of particles and Ac is 

projected area per unit volume. 

For a given sedimenting suspension, the ratio of Ac at a given 
level of time to the value of Ac in the oryginal homogenous 

suspension is given by the expression: 

~)_ 
log~li 0) 

( 7) 

Where It - is the intensity of the transmitted light at time.t. 
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The plot of these ratios against the values of the diameters 
calculated from Stokes' equation gives the cumulative undersize 
distribution area which can also be calculated as in HPSH 
booklet(on page 7) by equation(&). 

Where: 

n + m (log In - log Im) z- (8) 

log In - the value for particle of size n 
log Im - • • ~ 'fYl 

and n>m 

The equation (8) is glv1ng rigorous results only for bigger 
particles (e.g. in MPSA for particles >22,5 microns) 

*To get the rigorous results also for smaller particles a 
correction factor must be introduced. These factors are given 
in table 2 on page 6 of OPERATIONAL MANUAL (OM). 
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2. Ai-'F";..iEO CALCULATIONS. 

a. The relationship between particle sizes and rate of their 
sedimentation in suspension. 

From the equation (3) the following equation can be derived: 

h = 0.03267 ( d'- C:l_ ,>t (9) 

Because V = h · 
'l J 

Designating the expression tel~- ~)by Y 

we get the following equation: 

h = 0.03267.Y.1'2 .t (10) 

and t = h (11) 

~03267~Y.X2 
For calculation of the relationship between t and X, the 

path of fdlling of particles should be fixed. Because of the 
dimension of measuring cell in MPSA it must take a value 
IO<h<0.7cm. 

The value of h is also depended of the maximum particles 
size in tested suspension. 

Taking however, into account that first reading of light 
intensity (It} will have to be taken at 30 seconds after setting 
the measuring cell in MPSA, th value of h shouldbe such that 
the particles of maximum sizes will not settle down before 30 
seconds. 

The value of h is calculated from the equation (12) 

h = A.Y (12) 

and the value of A for different particles sf zes from the equation 
(13) 

' 
A= 0.03267.0.5 x -r 2 (13), 

• 
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Where 0.5 is a time in minute after which the measurement has 

been started (see also the equation (10). The values of A for 

some of particle sizes are given on page 5 of MPSA booklet, 

in table 1 on page 6 of OM and in table A of CST. 

b. RAPID MEASUREMENTS WITH THE CENTRIFUGE 

See p.10 of OM. 

The rate of sedimentation of particles in centrifuge is 

inversly proportional to the number of revolution per minute. 

The following relation can be written. 

Centrifuge force 

Gravity 

= T = f (14) 

T •. 
l~ 

Where: 

= the time under ~ravity 
the time un er centrifugal 
force 

N - number of revolutions per minute. 

f - multiplying time factor. 

Knowing the multiplying factor f and sedimentation time 

~nder gravity (from t-x chart on page 6 OM or on graph on page 

12 of HPSA) the time under centrifugal force can be calculated. 

The factor f for known numbers of revolutions of centrifuge 

(N) and known path of sedimentation (h) can ~ found from N

f chart (see page 7 of OM as wel 1 as page 13 of MPSA and inner 

cover of CST' 

b.l The calculation of time of centrifugation. 

If gravital sedimentation (for h=29.4 and Y=2) for particles 

~ 6u is finished after 12' 30" (see page 9 of MPSA) than the 
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calculation of time for centrifugal sedimentation of particles 

size <6u and >Ju will be 

Where_, t - the time difference between the time of gravi ta 1 
sedimentation of particles of Ju and the time of gravital 

sedimentation of particles of 6u. 

N - number of revolutions per minute 

Knowing the multiplying factor f and sedimentation time 
under gravity (from t-x chart} the time under centrifugal force 
can be calculated. The factor f for known numbers of revolutions 
of centrifuge (N} and known path of sedimentation (h} can also 
be readed from N-f chart on page 7 of OM as well as on page 

13 of MPSA and inner cover of CST. 

b.2 The calculation of particles size distribution 

Knowning the values of log In and log Im and the average 
value of n and m: n+m the calculation is perfonned as eqzample 

T 
given on p.7 of MPSA booklet. For more precise_ calculation the 
factors for particle size smaller than 22.5 microns should be 

used (see remark under * on page } 

J. SUPPLEMENTARY DETERMINATIONS 

J.l Maximum particle size of powders 

By wet sieving method. 

J.2 Density of tested powders 

a. Individual powdered substances(e.g) 
KaoHn, soapstone, inorganic or organic pigments and the 

like not soluble in dispersing medium) 
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5y picnometric method or can be find in specialistic guide 
book. 

b. Powdered pesticide formulations or concentrated suspensions 
("fl owab l es") (CS-s) 

By picnometric method but simultaneously the medium density 
must be determined and in the case of CS-s also the con~entration 
of solid particles. 

Both determinations can be performed after ~eparation 
of solid particles from liquid medium by centrifugation. 

3.3 Liquid density 

By aerometers or can be find in guidebooks 

3.4 Viscosity 

The viscosity of some liquids in different temperature 
can be find in specialistic guidebooks and also in viscosity 
TABLE attached to OM. 

For sma 11 amount of 1 i quids e.g. that one which wi 11 be 
obtained after centrifugation of supensions of WP-s or CSs the 
small glass viscosimeters e.g.(,'.bbelhode should be used. 

4. OPERATIONAL MANUAL 

Knowing the number h(orH) proceed according to points 
7-10 of Operational Manual. 
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LIST OF PAPERS GIVEN TO POPI SCIENTISTS FOR REFERENCE 

S. No. Author(s) 

1. H. E. Kingston 

F. E. Albus 

2. R. Nied 

). J. Peate 

4. Clive Taylor 

5. Stefan Mosinski 

6. G. Scheuber 
Chr. Alt. 
R. Lucke 

7. Max S. Peters 
Klaus D. 
Timmerhaus 

8. Andreas G. 
l'::im· l lopoulus 
Richard J. Wood 

9. Coulter 
Electronics Ltd. 

10. F. M. Fowkes & 
others 

11. Gotharol Syn-
natschke & 
Walter Guckel 

12. G. J. Marrs & 
M. R. Middleton 

Title 

"The Fluid Energy Mill'' 

"The Modern Fluid Energy 
Mill" 

"The Fluidized BEd Counter 
Jet Mill - Recent Findings 
& New Applic~tions 

"Grinding-Improving on an 
Ancient Art" 

"Size Reduction: This is 
Classified Information" 

"Some Data Concerning 
Grinding" 

"Investigation the Mixtu..-e 
Process in Solids Mixers 
of Varying Size" 

"Scale up in Design" 

"Particle Size An<ilysis 
Techniques for Suspension 
Cone" 

"Prinzip des Coulter 
Counter" 

"Cly-Catalyzed Decomposi
tion of Insecticides" 

"The Influence of the pK
Values of Carriers on the 
Storage Stability of 
Different Pesticides" 

"The Formulation of Pesti
cide for Convenience and 
Safety" 

Where Published 

British Chemical Engg. 
1956, Moly 

Chem. Engg. Progr. V.60, 
No. 6, 1964 

Aufberaitunsk-Technik 
Nr. 5, 1982 

Process Engg. May 1983 

Process Engg. May 1984 

Not published 

Aufberaitungs-Technik 
Nr. 2, 1980 

Plan Design and Economics 
for Chem. Engrs. 
McGraw-Hill Book Comp., 
New York, 1968 

Pesticide Science, 7, 
1976 

Leaflet 

Agricultural & Food 
Chemistry V.8, No. 3, 1960 

Not published 

Outlook Agri. 1973 



13. C.G.L. Furmidge 
T-Shenton 

l~. C.G.L. Furmidge 

15. Y. F. Yost & 
J. B. Frederick 

16. Marshall A. 
Malina 

17. w. F. Entney 
D. c. Blue 
H. A. Stansbury 
Sr. 

18. P. M. Heerties 
w. c. Witvoet 

19. Max Sobelman 

20. P. s. Tyler 
D. A. Rowland 
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"Formulation: Some factors 
affecting pesticide 
performance" 

"Pesticides: Trends in 
Formulation Design" 

"Formulation of Malathion 
Dusts & Concentrat:.es" 

"Flowahility of Dust 
Formulations" 

"Techniques used in 
Formulating Sevin" 

Some Aspects of the 
Wetting of Powder" 

"Patterns & Problems of 
DDT Formulating" 

"Sodium Carboxymethyl 
Cellulose as a Stabilizer 
for Malathion Formulation" 

Span 16, 2, 1973 

Span 23, l, 1980 

Fann Chemicals Oct. 1959 

Agricultural Chemical 
1960, Nr. 9 

Farm Chemicals, June 6 

Powder Technology 
3(1969)70. 

Workshop on Pesticides 
~i~nna, 28 May - l June 

J. Stored Prod. Res. 
1967, V.3. pp 109-115 
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LIST OF SOME SCIENTIFIC PERIODICALS 
AVAILABLE IN NEW DELHI 

Title 

Advances in Analytical Chemistry & Instru
mentation (US) 

Advances in Chemistry Series (US) 

Advances in Chromatography (US) 

Advances in Colloid & Interface Science (NE) 

Advances in Pest Control Research (US) 

Chemical Abstract (US) 

Chemical Abstract-Physical & Analytical 
Chemistry (US) 

Chemical Engineering (US) 

Chemical Engg. Journal (UK) 

Chemical Engg. Progress (US) 

Chemistry & Industry 

Chemtech 

Colloid & Polymer Science 

FAO Plant Protection Bull 

Indian Drugs & Pharmaceutical Industry 

lndi':ln Journal of .\gricultural Chem;stry 

1ndian Journal of Pharmaceutical Science 

Indian Journal of Plant Protection 

International Pest Control (UK) 

Library 

ADIALA/ADIMAI/ADIPIS 

ADISNA 

ADIAIAiADlEIT/ADISDS/ADISNS 

ADIMAI/ADISNS/ADIUDU 

ADIAlA.'ADlSNS 

ADIAIA/ADIEIT/ADISDS 

ADIMCC 

ADIECT/ADIEEl/ADIElT 

ADIEEI/ADIEIT 

ADlAFA/ADlAlA/ADlEEl 

ADlAlA/ADlECR/ADlEEI 

ADlAIA/ADlEEI/ADIEIT 

ADIE IT 

ADIAIA/ADIAIC/ADISIS 

ADIMCC 

ADIAIA/ADIAIC/ADISNS 

AIAIA/ADIMCC/ADIMNA 

ADIAIA/ADISNS 

ADIAIA 

20. Journal of Agricultural and Food Chemistry (US) ADIAFA/ADIAIA/ADIAIC 

21. Journal of Chemical Physics ADIAIA/ADIEIT/ADISOS 

22. Journal of Colloidal & Interface Science (US) ADlAlA/ADIEIT 

23. Journal of Physical Che, (US) ADIAMA/ADIEIT/ADIECR 
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25. 

26. 

27. 

28. 

29. 

30. 

)1. 

)2. 

33. 

)4. 

)5. 

)6. 
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Journal of Scientific and Industrial 
Research (II) 

Journal of Scientific Instruments (UK) 

Journal of the Society of Cosmetic 
Chemists (New York) 

Journal of Testing and Evaluation (US) 

Journal of Thermal Analysis (US) 

Pest Control (US) 

Pesticide Science (UK) 

Pesticides (II 

Pesticide Information 

Pflanzenschuteberichte (AU) 

Progress in Colloid and Polymer Science 

Progress in Surface & Membr. Science 

The Chemical Engineer 

ADIAIA/ADIAIC/ADIECR 

ADIAIA/ADIECR 

ADIMNA/ADISNS 

ADIECR/ADIEEI/ADIEIT 

ADIE IT 

ADIAIA/ADIEEI 

ADIAIA 

ADIAIA/ADIAIC/ADIEEI 

ADIAIA/ADIAIC/ADIAIS 

AD IA IA 

ADIE IT 

ADI SNS 

ADI EE I 
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ADIAFA 

ADIA1A 

ADAIC 

ADIECR 

ADIECT 

ADI EE I 

ADIElT 

AD IMAI 

ADIMCC 

ADIMNA 

ADlflS 

ADlSIS 

ADlS~S 
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CO~E~ EXfLANATlON 

Institution 

fertilizer Association of India 
Jear Jawaharlal Nehru University 
New Delhi - 110 067 

Indian Agricultural Research Institute 
New Delhi 110 012, Tel. 587438 

Indian Council of Agricultural Research, 
Krishi Bhavan, Dr. Rajendra Pradas Road, 
New Delhi 110 001, Tel: 338891 

Central Road Research Institute, 
P. Q. C.R.D.I., Delhi-Mathura Road, 
New Celhi 110 020, Tel: 632 173 

Research & Development Directorate, 
Technical Centre, Opposite Safdarjung Airport, 
New Delhi 110 003, Tel: 618 274 

Egnineers India Ltd., 
PTI Building (4th Floor) 
4, Parliament Street. 
New Delhi 110 001, Tel: 386171 

Indian Institute of Technology, Hauz Khas, 
New Delhi 110 016, Tel: 666979/209 

All India Institute of Meci~al Science 
Ansari Nagar, New Delhi 110 016, Tel: 661123/312 

Central Council for Research .~ Ayurveda and 
Siddna Documentation Centre, D-5, Green Park, 
New Delhi 110 016, Tel: 665759 

National Medical Library, Ansari Nagar, 
Ring Road, New Delhi: 110 016 
Tel: 661085 

Indian Statistical Institute 
7-SJS Samsarival Marg, New Delhi 110 089 
Tel: 220021 

Indian Standard Institution 
9, Bahadur Shah Zafar Marg, 
Manak Bhavan, New Delhi 110 002 
Tel: 272 166, 270131/223 

National Science Library, 
JNV Campus, New Mehrauli Road, 
~ew Delhi 110 Oo7, Tel: 050 431 
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LIST OF SOME OF PERIODICALS AND MO~OGRAPHS 
AVAILABLE IN INDIA BUT OUT OF NEW DELHI 

Title 

Analytical Methods for 
Pesticides and Plant 
Growth Regulators (US) 

Pesticide Abstract 

Advances in Colloid & 
Interface Science 

ACS Sympozium Series 

Surfactant Science Series 

Powder Technology 

Wissentshaftliche 
Zeitschrift Der Martin 
Luther Universitet 
Halle-Wittenberg 
Math-Naturwiss-Reiche 

Chemical Technology Review 

library 

l. Birla Institute of Technology 
& Science, Pilani-333031 
Tel: 92 

2. Kerala Forest Research Institute, 
Peecht-680653, Tel: 22375 

l. Industrial Toxic Res. Centre 
Mahatma Gandhi Marg, PB No. 80, 
Lucknow-226001, Tel: 48227 

2. University of Madras, Autonomus 
Pest Graduate Centre, 
Coimbatore-641 041, Tel: 34235-38 

1. Bhabha Atomic Research Centre 
Trombay, Bombay-400 085, 
Tel: 52331, Telex: BARC Oll-2817 

2. Calcutta Univ. Dept. of Zoology, 
35, Ballygone C:rcuiar Ruad, 
Calcutta-700 019 

1. National Chemical L~Joratory 
Pune-41108, Tel: 56451-3 
Telex: 0145-266 

1. Patent Office Technical Lib. 
214, Acharia Jagdish Chandra 
Bose Road, Calcutta-700 017, 
Tel: 444401 

1. Indian Institute of Technology 
Powai, Bombay-400 076, 
Tel: 58414/1, 581421 
Telex: 011-2385 

2. National Chemical Laboratory 
Pune-411008, Tel: 56451-3 
Telex: 0145-266 

1. University of Bombay 
Jawaharlal Nehru Library. 

2. National Library, Belvedere Road, 
Calcutta 700027, Tel: 455381, 
Telex: ca 7935 

Patent Office Technical Library 
(See p. 5 App. 4) 



S. No. Author(s) 

1. Salager, J. L. 
Anton, R. E. 

2. Kaler, Eric W. 
& others 

). Ramban, D. 
Dorle, A. K. 

4. Friberg, S. E. 

5. Tadros, T. F. 
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SOME OF THE RECOMMENDED PAPERS 

Title 

"Physicochemical Character
istics of a Surfactant. A 
quick and precise method" 

"Toward Understanding 
Microemulsion" 

Flocculated Emulsions 

Microemulsions 

Influence of structure 
& Chain Length of Sur
factants on the Nature 
and Structure of Emulsions. 

6. Chavan, Virendra "Physical Principles in 
Suspension and Emulsion 
Processing" 

7. Gilberg, Gunilla Practical use of 
Microemulsions 

8. Doerfler, Hans 
Dieter Kruger, 
Helmut 

9. Belloog, A. M. 
& others 

10. Tadros, T. F. 

11. Tadros, T. F. 

12. Brian Vincent 

Microemulsions Colloid 
Chemical Principles and 
Industries Application 
Properties 

Microemulsions 

Physical Stability of 
Suspension Concentrates 

Control and Assessment 
of the Physical Stability 
of Pesticidal Susp?usion 
Conc~ntrates. 

The Stability of Particu
late Suspensions 

Where Published 

J. Dispersion Sci. Techno
logy 1983, 3(3) 253-293 
(Not available in India) 

J. Chem. Phys., 1983, 
79(11) 5673-84, 5685-92 
(AIAIA/ADIEIT/ADISNS) 

Indian J. Pharm: Sci. 
1983. 45(4)' 172-5 
(ADIAI/ADIMCC/ADIMNA) 

Prog. Colloid, Polym. Sci. 
1983, 68, 41-7 (rlDISNS) 

ACS Sym. Ser. 1984 
253, 153-173 
(ADIPIS) 

Adv. Transport Process. 
1984' 3' 1-34 
(Not available in India) 

Surfactant Sci. Ser. 1984 
(Emulsions & Emulsions Tech. 
Pt. 3) 1-43 (see p.5 appx 4) 

Wiss z. Martin Luther Univ. 
Halle. Math-Natur. R. 1984 
(33) (3) 51-68. 
(see p. 7 appx. ' 

Adv. Coll. Int~· . ·i. 
1984, 20(3-4)101 . 
(ADINAI/AD!SNS/ADIL ;) 

Adv. Colloid. Interface 
Sci. 1980, 12, 141. 
(ADINAI/ADISNS/ADIUDU) 

Chemistry & Industry 
15 March 1980 

Chemistry & Industry 
15 March 1980 
(ADlAI/ADlECR/ADIEEI) 
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t3. C. G. Halliday Flowable Pesticide Formula
tions 

14. Peter Ciullo, 
R. T. 

Rheological Properties of 
Magnesium Alluminium 
Silicate x Anthangum 
Dispersions 

l c. 
Jo J. Th. G. lnterparticle Forces in 

Overbeek Colloid Science 

16. Norman Harnby Trend in Powder Mixing 

17. Douglas, N. Moir Size Reduction 

18. Rosoff Morton The Nature of Microemulsions 

A.S.T.M. 1983, 45-52 

J. Soc. Cosm. Chem., 32, 
277-285 (Sept/Oct. 1981) 
(ADIMNA/ADISNS) 

Powder Technology 37 
(1984)195-208 (see p. 6 
Appx. 4) 

The Chemical Engineer 1984, 
July No. v405 (ADlEEl) 

Chemical Engineering 
April 16, 1984 (See p.8 
Appx. 2) 

Prog. Surf. Mem. Sci. 
1978.12 (see p. 35, 
Appx. 2) 
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SOME OF THE RECOMMENDED MONOGRAPHS 
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Editor P. Becher 
M. Dokker 

Prince Leon 

Lissant, Kemeth H. 

Rosen Mil ton 

F. W. Mullin 

Voitech Vanecek 
Miroseav Markvart 
Radek Debohlav 

Karoly Remenyi 

Editors Torrey S. 

I. T. Davies 
E. K. Rideal 

Kozoshinoda 
& others 

Title 

Encyclopedia of 
Emulsions Technology 

Microemulsions Theory 
& Practice (1974) 

Emulsification: Indus
trial Application 

Where Available 

EDIEI1' 

ADIE IT 

EDIE:T 

Surfactants and lnterfacial EDIEIT 
Phenomena (1978) 

Crystalization (1972) EDIEIT 

Fluidized Bed Drying EDIEIT 
(1966) 

Theory of Grindability EDIEIT 
and the Communition of 
Binaxry Mixtures (1974) 

Emulsions & Emulsifier See p.8, Appx.4 
Applications Recent 
Developments 

lnterfacial Phenomena EDIEIT 

Colloidal Surfactants EDIE IT 

t 
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Na•e ot Inetrument 

I.R. Speotrophoto•eter 

rm - ~ Spt>Ctrophotomt"ter 

Auto Burette Titr .. e~er 

Syncbro Bleotrio Vieoometer 

Chloride Titrator 

Auto Aqua Ti trator 

Lovobond Tintometer 

Hitrogen Analyeer 

Carbon hydrogen Analyeer 

Digital Deneito•eter • vith 
thenmoetatic control bath 

Spectronic 20 

flPctronic Oil! Fat Te~~Pr 

Centrif'uge 

LIST OF INSTRUMENTS AVAILABLE IN 
HICO RESEARCH LABORATORY 

Make 

Perkin-Elmer Hodol llo, 2571 
Beckmann 

Beckmann 

Brookfield Model RVT 6 LVT 

American Inatru•enta Co. 

Precieion Scientltio Co •• USA 

Tintometer Limited 

Coleman Inat1-umenta 

Coleman Inati"Wlenta 

•·· PARR 

Bau•h 6 Lomb Co. 

Steinlit• 300 Loa. 

Damon/IEC Dlvi•ion 

APPENDIX F 

U•e• 

For qualitative analy•i• 6 
atructural atudi•• ot orgfnic 
compound• through ab•mption 
meaaurementa. 

For potentiometrio titration 

Far •eaaura•nta ot viacClll.ty 
ot liquid• 

For ••timation ot ~hlorid• 
content or any co~pound 

Det•rmination ot v•ter 

To ••••ure colour of oila, 
textile•, etc. 

For eatimation ot Nitrogen 
oo,.nt of compound• 

Bar eatimation ot carbon 6 
hydrogen content ot compound• 

For determination ot denaity 
ot liquid• 0 dirtereat taap•ra• 
turea 

For viaibl• range abaorption 
111eaaurementa. 

For e•timation or oil content 
ot oil bearing m•terla1• 

For aeparation 

I -~ 
-0 
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No. 

.... 
''· 
16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

21e. 

25. 

26. 
27. 

Na•o of Inetrum•nt 

Ato•io Oxidieer 

Flaek type oombuation Apparatua 

Batb • Circulator 

~quid (Gae) Cbro .. tograph with 
intesrater • recorder 

UV-Via Spectrophotometer 

Mak• 

Plaematice 

Heareua 

For.a Sclentltic Model 2160 

Perkin-Elmer Model No 910 

Varian Seri•• 634 

Ato•ic Abeorption Spectrophotometer Varian AA 575 

Ha•• Spectrophotometer coupled 
vith GC 

Molecular Weight Apparetua 

Aqua teat 

H.:ury Analyaer 

Lead Sulphur Analyeer 

Sulphur Analyaer 

Particle Sise Analyeor 
Hicroecope vith photomicro

graph arrangement 

Varian MAT 112 

Vee can 

Photovolt Corpn, 

Perkin-Elmer MA-5 

Tenelec Inc, 

LE C 0 

c.z. Inetrument• 

J Biovar 

u ••• 

For aeh d•t•nnination 

latimation ot chlorine, Bro•in•, 
Iodine, Fluorine, Sulphur, 
Phoeporoue in compound• 

Por gonatant 3••P•rature1 trom 
- 30 C to 100 C 

Por quantitative analy•i• ot 
11ixturea 

For radia Uon (UV 6 Viii bJe ) 
abeorption meaaurementa 

For elemental analy•i• 

To d•teiwine mol, wt, aad 1tr11• 
ure ot the compound 

Por determination ot molecullr 
veisht trom 100 to 50,000 

For e1timatlon ot moiature 
content ot •••Pl•• 

For ••timation ot mercury 

For eatimation of lead 6 1ulphur 
in hydrocarbon• 

For ••timation ot 1ulpbur' in 
compound• 

For determination ot particle 
•i•• ot emuleion• 

• 
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No. 

28. 

29. 

)0. 

)1. 

)2. 

)). 

34. 

35. 

- 36. 

37. 

N••• ot Inatru••nt 

High Pertorwance Liquid Chroma
togra pb v:lth Data a 10 ayate• 

Spinning band diatillation col. 

Hydrogen Generator 

Tenaiometer 

Mettler FP5 

Tenaile atrength teeter 

Zeno Teat Inatru•ent 

Statometer 

Sr.a •icroacope 

Sr.a Refractometer 

Make 

Perkin Elmer Sor:l•• 3 

P.i•kin-Elmer 

General Electric 

KRUSS 

Mettler 

w. Germany 

Hanau, w. Ger111any 

Herturth GmbH 

WARSZAWA, Poland 

WARSZAWA, Poland 

~-----------------------------------------

• 

Uae• 

For qu•nt:lt•tive analyldl ot 
mixture• 

For prepara~iv• OLC 

For generation ot R2 Cll• 

To determine interracial tena:l on, 
aurtace tan•ion. 

To determine •elt:lnc pt., b~:llin~, 
aotteninc point. 

To tind out tenail• atrengi;h or 
the cloth. 

Teating the textile, plaat:lc, 
paper, etc. tor tind:l ... colour 

For tind:lnc out atatic chars•• 

To t:lnd out retract:lv• index. 

I ,.... 
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I 



- - - - !!2:. _!!!me of the Instrwnent 

38. Cloud Point Apparatus 

39. Newport Analyzer 

40. Millipore water System 

41. 51CJIM 3 G.C. 

'2.; s1gma 1 a.c. 

43. K-1 Computing Integrator 

44. Rub. Fastness Tester 

45. Penetrori•ter 

46. Permeometer - 7017 

47. Flexometer 

48. Tensometer 

49. Tanning Drum 

SG. Adhesion of Finish Leather (Std.112) 

51. Leather Shrinkage Apparatus (Std. 114) 

52. WrinkleomE!ter (Std. 119) 

~ 

Wes can 

Newport Instruments 

Millipore 

Perkin-Elmer 

Perle in-Elmer 

Perkin-Elmer 

WERNER KUENY, Germany 

Bally (Swias) 

Bally (SwiH) 

Bally (Swiss) 

Bally' (SwiH) 

otto Specht, Germany 

Satra (U.K.) 

Satra (U.K.) 

Satra (U • K.) 

~! 

For determination of cloud point. 

For determination of fatty matters 
oil contents of the material. 
For high purity di•tilled water. 

For quantitative analy1i1 of 
mixtures. 

For quantitative analysis of 
mixtures. 

For chromatoqraphic data. 

Testing of rubbing ta1tness of 
leather finish. 

Testing ~f penetretion resistance 
of finish leather. 

Testing of pe1:1neability of leather. 

Testing of flexing strength of 
leather. 

Testing of tensile strength ~f 
leather. 

For tanning ~f leather in laboroto1 

Testing of finish on leather. 

T~stinq of leather shrinkage test. 

Testing •f wrinkle formation on 

~·~·~ 

• 
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!!2· 
53. 

54. 

55. 

56. 

57. 

se. 

59. 

60. 

61. 

62. 

63. 

64. 

65. 

66. 

67. 

Name of the ~~-lll. 

Lastometer (Std. 104) 

Atlas Fabric Streak Analyser 

Atlas Radom TUble Pilling Tester 

Scorch Tester 

Accelerator 

Crease recover unit 

Bursting strength tester 

Friction meter 

Static Vdllt Mater 

Bundesmann 

Water percolating tester 

Water repellancy tester 

Direct reading Conductivity Heter 303 

Microbal<1nce 

Electronic top pan balances 

~ 

Satra u.K. 

Atlas Electric 
Device, USA 

Atlas i:lectric 
Device, USA 

" .. 
Mettin, Hungary 

Hans Dieter Hummer, 
Germeny 

Rothchild-Zurich, 
Switzerland 

II 

Goodbrand & co.Ltd., 
Britain 

Metefem, Budapaste 

Metefem, Budapaate 

Systronics 

Mettler 

Mottler 

,. . 

~ 

Testing of lasting strength on 
leather. 

1''or fabric fault deterj,.mination. 

Fae pilling testing on fabric. 

For scort:h testin9 on fabric. 

For acceleration testing on fabrir. • 

ror crease recovery of fabric. 

For burstin9 strength of the fabric. 

For: fibre friction tester. 

For stat.ic ,.?large measw:ement. 

For water I'f:pellancy tester. 

For water repellancy tester. 

Fo·r water repellancy tester. 

For measurement of conductivity. 

For weighing upto 1 microgramne. 

For weighing upt.o 30 llqs. 

I ,...... 
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No. Name of the Instrument Make u ... 

... F T NMR Spectroscopy Computer Varian For 1tructural atudlea of or9anlc 
controlled compound a. 

H. Vtata 6000 Gaa Chromatograph Varian ) 
For quantttatlve analy1l1 of mixture., 

TO. Vlata 401 data atatton Varian 

Tl. 113 Infrared Spectrophotometer with Perkin Elmer For quantitative H well a• qualltatlve 
3600 data atatlon atudy • 1tructure determination by u1lnr. 

library. I -n. Melt eplnntnc Teater type C with Fujlfllter For preparatlon of •1"thetlc yarn. ,. 
I 

winder I 

"· Prepar•tlve Liquid Chromatorraph 5000 Wat era For preparation of ht1hl7 pure compoand1 
upto 150 1rn1. 

'4. H7droahear Equipment Holland For emul1lon preparation 

TS. Modular Llquld chromatorraph Wat era 
For determination of molecular wt, upto 

H. CMX Llgh acattertnc 1pectrophotometer Chromatyx) 20, 00000 1/mole. 

17. Petroleum Dlatlllatlon Ftaher ASTM dlatt\latlon equipment 
- - - -

TB. HP/TLC acanner Camo1 Quantitative thin layer chrornatorraphy 
uatn1 1canner, 

"· Fan Vlacometer . Vl1coalty determination 

-




