G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

RESTRLCTED ! 6 8 O | | 1S apeid 1968

ENGLISH
PESTICIDE DEVELOPMENT PROGRAMME IN INDIA

DE/IND/80/037

IND1A

Technical report: Findings and recoemendations*

Prepared for the Government of India
by the United Nations Industrial Development Organization,

3cting as executing agency for the United Nations Development Programme

Based on the work of Dr. Stefan Mosinski
expert in pesticide formulation

Backstopping officer: B. Sugavanam, Chemical Industries Branch

United Nations Indusirial Development Organization
Vienna

* This document has been reproduced without formal editing.

V.88-23965

|




CONTENTS

ACKENOWLEDGEMENTS

SUMMARY

INTRODUCTION

RECOMMENDATIONS

PROBLEMS CONSULTED

STABILIZATION OF EC MALATHION
DETOXIFICATION OF TECHNICAL MALATHION
EXPERIMENTS

FUNGICIDE FORMULATIONS OF SULFUR
DISCERNMENT OF THE PROBLEM

EXPERIMENTS

PREPARATION OF WATER DISPERSIBLE GRANULATED
SULFUR

MILLING OF SULFUR

ADDITIONAL CRITERIA OF CHOOSING EMULSIFIERS

RELATION BETWEEN HLB NUMBERS AND SOME
OF CHARACTERISTICS OF EMULSIFIERS

PHASE INVERSION TEMPERATURE (PIT)
AND PHASE INVERSION POINT (PIP)

PROBLEMS ENCOUNTERED TO ELABORATE NUMERIC
SYSTEM FOR DISPERSING AGENTS

TABLES
REFERENCES

14

16
17

88 &




1. ACKNOWLEDGEMENT

I wish to take this opportunity to express my great satisfaction for baving privilige
to come, ugain, to this hospitable and interesting country and to work on in PDPL

In particular I would like to express thanks to Dr. S.P. Dhma, CMD, HIL, Dr. .
M.A. Slam, UNDP, SIDFA, Mr. M.Lal, HIL, (GM(P), Dr. S.K. Khetan and Me. Satpal
from UMNDP for their activity which allowed me to come to IMNDIA and take a part

in the project.

I would like to express my appreciation for PDP1 Scientists and Techaical staff
for their devotion and dedication work, especially to Dr. S.K. Kbetam, Dr. P.K. Ramdas,
Dr. R.K. Khandal and Eag. V.N, Dutta asd Eng, S. Kumar with whom I had pleasure
to collaborate directly. To all of them I wish many success in the ambitious work

in which they are engaged at present.

1 thank slso Mr. Vijey Gandhi for his patient typing of my draft report.




r R SUMMARY

During the present mission my consultancy concerned several problems which
at present are worked out in PDPI project or which will be dealt with in the near
future. ' )

_ After the discussion with the research workers the following of problems have
been consulted by myself:

1 METHODS OF STABILIZATION OF MALATHION FORMULATIONS AND
DETOXIFICATION OF TECHNICAL MALATHION;

Z METHODS OF PREPARING DIFFERENT KINDS OF SULPHUR
FORMULATIONS;

3 VERIFICATION AND INTRODUCTION OF THE NEW METHODS OF TESTING
OF EMULSIFIERS;

4 PROBLEMS ENCOUNTERED WHILE USING HLB SYSTEM FOR TESTING
OF DISPERSING AGENTS:

During the consultancy concerning (o the above problems same of experiments
had been done, and for some theoretical papers, patents as well as samples had
also been transfered to the concerned people.

During conducting of some of experiments unexpected resultes were
obtained . The main causes of these were lack of the proper equipment as well as

necessity of using those ones which were not in laboratory possessicn.For that reason
several proposals concerning the outtii of laboratories in additional instruments had
also been given.




3 INTRODUCTION

Having the privilege to work. as a consultant in PDPI at the initial period of
ihepvject(theyeuléwwthuhmceﬁnymuptoneartheendofthe
project, I would like to express my opinion about the progress during this period. In

] general, one could say that "much® has been done. This "much® is composed of the
following elements: ' ) .

- outfit of respective laboratories in apparatus and instruments for research work;

- to train the research workers in different subject of pesticide formulations
in the foreign research centei's with eminent scientists;

- to organise several workshops as well for domestic participants as for foreign
ones from Asian and Pacific Region; the majority of lectures bad been prepared
and delivered by the research workers of PDPT and R&D Centre;

- to gain thebasic know-how about the methods of preparing the various modert
pesticide formulations e.g. suspension and emulsion concentrates, microemulsions,
water dispersible granules and biocide formulationss

- to gain know-how ébout the methods of testing of the emulsifiers, dispersing
agents, carriers and otber adjuvants and choosing the proper ones for pesticide
formulations;

- 'topupm and communicate several papers for publication;

- to prepare of compendium containing the main lectures delivered during the
workshops and sending it to UNIDO Haqrt. for the purpose of publication.

The Research Centre for Pesticide Formulation which has been orghnised during
the period of UNIDO project is now quite well prepared to take up and solve some
of physicochemical and technologiczl problems connected with pesticide formulations.
This can be done exclusively by the team of the Centre or by its cooperation with
other specialized Indian Research Centers.

It is evident that much has been done and no doubt that the progress has been
satisfactory towards achieving the targets. However, in my view this is not all and
bence, I would suggest (rather recommend) the extension of this project so that what
bas becn done till now can be realised in true terms i.e. translated into practice.
For that I present here below some of the arguments in favour of the extension.




Pesticide Formulation Research Centre in Gurgaon is at present a unique center
ofR&DinuholeAm&PndficRegionmdfc:rthtmmeetheleding
and guiding center. To get however such position the further financial support from
Indian Government and from UNIDO is indispensable.

Incuewhenthepusent PDPImecti:exteuledthemmtuhwhxchlsee_
for it would be the following:

- the supplementation of PDPI Center with additional modern instruments which
) are highly essential for the research work concerning thé application technology,
biological tests, development and standardization of botanical and microbial
. pesticide formulations. '

- taking into account very good outfit of Research Laboratories with umique,
i veryoophisﬁcatedandexpendnraurchmdtuﬁngmenu.thestep
fortheh'funuﬁlintionnhouldbemdertakm. Became.unyofthueimtrmner.u

are also used in rescarches in other branches of industry e.g. pharmacy, cosmeucs,

paint and paper etc., it _is proposed to widen the scope of use of the above

mentionqd instruments and apparatus also to solve some problems in which -
the mentioned various industries are interested. If such direction of research

work would be cmried on, it is not excluded that the present Pesticide
Formulations Research Center will be changed in Multilranched Research Center
d in cochemical research and test me used in hi ipated

ems as : em ders aerosols etc.

Such R&D Center wc'suld be very important fcr'impravement of standards and
economy of production of many- commercial Indian products and to help the other
countries from Asian and Pacific Region in the same.




4. RECOMMENDATIONS
Concerning the future activity in PDPI R&D Ceater:

Taking into account very good outfit of PDPI Researth laboratories with unique
very sophisticated and hikhly expensive apparatus, the steps for their full utilisation
should be undertake. It is recommended to widen the scope of use of the above
mentioned instruments to solve the problems in which various industries can be
interested. : .

The present Pesticide Formulations Research Center should be after some time,
be changed in Multibranched Research Center specialized in physicochemical research
and test methods used in highly dissipated systems as: suspensions, emulsions, powders,
aerosols etc. To get however.such position the further financial support from Indian
Government and from UNIDO in indispenible ( see pp 4)

mewmqmm:

- to elaborate method of selecting disperssing/wetting swrfactants for WDG-
s of sulfur ( see pp 10-11) .

- to conduct full pilot process for getting WP of sulfur ( see pp 12-13 )

- to characterize the Indian emulsifiers by such characteristics as : phenol index,
water number and cloud points ( see pp 14-16)

- wmthPIémewodecﬁngammWﬁulwmmzedmm
( see pp 16-17)

- to check the difference betw=en the stability of EC of Malathion prepared acc.
to presently used recipe and the one prepared with new typs of emulsifiers as wzll
as stabilizers ( see pp 7,8 )

-  to check the proposed mathod of detoxification of techmical Malathion ( see
Pp7,8) '




M&Wofmmmhmm

- tocheckandimprovetheeompmvbichisvwkingvithS'uicmnizer(
see pp 13) )

- to cut off the smaller 4 Micronizer from the smaller compressce and connect
it to the installation of 8 * Micronizer ( see pp 13 )

Concerning the purchasing of additional isstrumests : The following instruments
should be purchased '

- small labxe atory Lodige Mixer, (see p 13)

- small laboratory mixe= (to 15,000 rev/min){ see p 17)
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PROBLEMS CONSULTED
MALATHION.

Stabilization of E.C. of Malathion.

As it is commonly known, pure Malathion is an insecticide of relatively low
mammalian toxicity (LDgq rats) 12.500mg/kg. It is the reason why it has found the
broad usage in crop protection all over the world.

The detailed examination however, which had been undertaken after the tragedy
in Pakistan in 1976, disclosed in Malathion WP some very toxic compounds created
from Malathion by its decomposition or isomerization. The one of them of high toxicity,
(LDsg rats) =120mg/kg, is isomalathion. Some other impurities, also very toxic,occur
in general in much smaller amount than isomalathion.

In Malathion formulations the decomposition and isomerization is accelerated
by some carriers (in WP-s) or by polar solvents (in EC-s) which induce hydrolization
of Malathion,

The most stable EC formulations are the ones which do not contain polar solvents,

For that reason the one of the emulsifier components-calcium salt of DBSA solution—
should be used in hydrophobic xylene and not hydrophylic butanol. (The last one is
commonly used for EC-s of other pesticides.) The other condition, to get stable EC
of Malathion is as small as possible amount of water in EC. The main origin of it
are nonionic emulsifiers. The quantity of water in nonionic emulsifiers should not
be higher than 0.5% (w/w) and in mixed nonionic/anionic emulsifiers not higher than
0.3% (w/w). Unfortunately, very often however the amount of water is higher. For
that reason to improve the stability of EC of Malathion some stabilizer binding this
water must be used. One of them is epoxidized soja oil, popular plasticizer.

Detoxification of technical Malathion.

The other problem,which, sometimes can require the solution is the problem
of detoxification of technical Malathion by removal from it the toxic impurities,
eg by bydrolysis of isomalathion. In this procedure, the decomposition parameters
should be s0 selected that the rate of hydrolysis of jsomalathion should be faster
than isomerization of Malathicn.




%1.3.

Experiments

1. lthnbeenpopooed;omtheemplaofECfnuhﬁuotm&iou.
Oncamdhgtoﬂmdpemﬂymedinpﬁucﬁmandthetvoothem

according to the following recipe:

% (w/w)

A B
Malathion tech }95%) 52.6 52.6
CaDBSA 3 .3
Rokafenol N-14 2 . 2
Epoxidized Soja Oil 0.5 1.0
Xylene 419 414

100.00 ' 100.00

" All three samples has been kept in temperature 55°C for 14 days and after
the quantitv of isomalathion will be determined.
2. SMWMMMQtdmthh:M
Malathion bave also be given.
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5.2 FUNGICIDE FORMULATIONS OF SULPHUR
52.1. DISCERNMENT OF THE PROBLEM

Because HIL has been interested in different fungicide formulations of sulphur
the discernment (insight) as well as some of the expériments had been carried
out.

The discernment had been devoted to the types of techn’cal sulphwr which
are available on Indian market and which conld eventually be wed for production
of some of fungicide fromulations. We were jnterested in the following types

of sulphur:

1. The "colloidal" sulphur of very fine perticles occwring in the form of water
paste, recovered in the process of desulfurization of different gases such as ;

natmlgu.reﬁnaryguwcodgm

2. mmg@uwm.crmmm«mmo,m
hndbeﬁerifithmaﬂerthuwm)whichismnymedinmbbemdmu-y

for compounding and vulcanization processes.

The first type - "colloidal® sulphur is obtained in the process used for

recovering of hydrogen sulfide or sulphw from coke or producer gases, including
the Thylox, sodium phenolate and related systems.

The Thylox process utilizes an arsenical solution to obsorb sulfide from the
gises. The impregnated solutionis oxidized to release elemental sulphur in very fine
particles (1 pm) as a froth which is removed and washed. the concentration of
sulpbur in paste is about 50%-60% (w/w).

This "colloidal sulphwr” can be used without the process of milling to production
of;

- -Suspension concentrate, by mixing with other ingredients and adjuvents.
-Wettable powders of a about 80% of sulphur, by mixing the water paste
of sulphwr with dispersing and wetting agents and then spray drying of the
suspension. if for spray drying the fountain spray dryer is used, the granular
form of WPs can be obtained. However to get such granules the choice
of proper dispersing and wetting agents as well as sppropriate temperature
of spray drying must be appiied.




5.2.2.
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Unfortunately according to the accessible information this type of "colloidal®
sulpbur is not available in the Indian market., Ther= is only that one which is
obtained from refinery gases. In this processes, different from the previous ove,
the hydrogen sulfide is obsorbed in an alkylamine. On being beated the pregnant
amine solution gives up its hydrogen sulfide in concentrated form, which is then
fired in conmbustion chamber and burned in such a manner that one third of the
volume is converted to sulphur oxide. After cooling, the products of conbustion
mpaudthmghammpackedwithuulpt.hwhichthehmensﬂfﬁe.
and sulpbur dioxide react to produce sulphur vapor and water vapor. Sulphwr is
condensed by washing with liquid sulpbur. The end product is liquid sulpbur or
solid sulphur in the form of bigger pieces or lumps.

The second type of sulphur, which can be used for the production of fungicide
formulation is that one -which is primary ground. Such as sulplusx can be prepared
from natural sulphw obtained from its deposits by various methods as well as
from sulphur recovered from refir .ry gases.

The primery ground sulpbur can be used for all type of fungicide formulations
but the most econoniical process is one which is used for production of WP-s.
Such a sulphur formulation is called. micronized wettablesulph
u r. This type of sulphwr can also be used for the production of suspension
concentrate and for the WP-s or granulated WP-s, but in the last two cases the
process will not be economically favourable because it is necesary to grind sulphur
in water and then to evaporate the water from the shury.

In case of using "dry” process for preparation of micronized WP-s of sulphur
the degree of finess of primsry ground sulpbur is very important. In cases where

rigid top particle specifications are set up e.g. below 15 pm for micronized product
(as for WPsulphur), pregrinding to the range of 200-325 (74-44 um) results in more

economical operation and. improved quality. The sulphwr of same finess which
is used in rubber industry would be the best.

EXPERIMENTS.

1. Preparation of water dispersible granulated sulphw by flvidized drying
method, '

The concentrated water supsensions of sulphur which were prepared in Dyno-
Mill bad been dried and granulated in AEOROMATIC LABORATORY UNIT. AS
a dispersing agent Local Tamol were used or ICI product AthloX......and as a wetting

agent Arkopon T of Hoechst Co. However, in order to counteract the excessive
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foam of suspension the process of milling was operated without wetting agent.
It was added to suspension aiier wne process of milung. Using different amount

of dispersing and wetting agent several samples had been prepared.

The temperature of drying and granulation was about 75-80°C and as a seeds
fine particles of sulphur or lactose had been used. The suspension of sulphur,
prepared from Russian water dispersible granules of sulphur (80% in small cylindral
shapes), was used as a comparative sample,

From all of the tested samples only the comparative one gave granules
spontanously dispersed in water and creating stable suspension. It is necessary
w swess here that the main difficulty to get WDG of sulpbur is caused by the
high hydrophobicity of sulphur surface. The proper types of dispersing and wetting
agents and their proper weight ra*’; must be chosen. It must be remembered
that the main condition to get the good WDG-s in process of spray or fluidized
granulation is to counteruct the individual particles to join together through their
"clean” surfaces. This will be reached if each particles will be covered by protective
layer of dispersing and wetting agents, strongly adsorbed to the swrfaces of
particles. '

The proper ways of finding the efficient dispersing and wetting agents are
by testing of their adsorptivity on particles of pesticides (3) as well as by testing
of their spreading characteristic (4,5).

In the next experiments which will be carried ot it is proposed to prepare
small (10-20 grams sulrhur) samples of concentrated water pastes,using different
combination of dispersing and wetting agents and some of humectants and dry
them in three different temperature : 70,80,105°C. After drying the pastes, the
dried cakes will be crushed and the particles of about 200-500 pm separated and
then their dispersibility in water tested. '

It would be of course very desirable to conduct parallely the tests of
_ adsorption and wettability.

Remarks : The puwpose of the above proposed tests is not only to find the right
recipe and parameters for getting WDG-s of sulphur but also (and this is probably
more important) to get experience how to solve the problems in cases when
hydrophobic, not easily wetted, pesticides will be used for preparation of

WUG-s by spray drying method.




. Milling of sulfer by wsing of Microaisers

To find the right composition of WP- of sulfur the best procedwre is to prepare
“blank” finely milled sulfur or the sulfur mixed with some amount of mineral casrier,
and to test different dispersing and wetting agents to get the best swspensibility.
To get such blanks the following procedure has been planmed:

- to mix 100-200 g of sulfur (after primary grind, having particles of less than 80 sm)
with synthetic silica and kaolin (10% w/w)

=  to mill premixes in small (4") Micronizer.

The planned experiments could not be performed ia the desired manmer because ‘

- lack of small size efficient mixer (the best Lodige type) which could be used
for homogenisation of powdered mixtures. The one in pilot plant has a bigger capacity
and much more product must be used;

- the efficient pressure which should be used to get the good milling is about
7 atm. (105 psig), but by using the small Micronizer, the pressure fluctuated between
7 and 5 atm. Undesirable fluctuation of pressure was caused by the lack of swrge
presswre tank which should be installed between the compressor and Micronizer.

From the above mentioned distiwbances the bigger Lodige mixer and bigger
Micromizer as well as bigger amount of sulfur had been used for experiments.

But again, because of some faults of compressor of too low presswre (5.5atm
instead of 7.5atm) the efficient milling could not be obtained. Good effect of milling
was obtained only by two-fold milling.

The particle size of communited blanks had been checked by microscope. They
were same as that one of Excell WP sulfw.

The both blanks, one with silica and the second one with kaolin were then used

for testing of various combination of dispersing/wetting swxrfactants, by the commonly
used method and to select the most efficient ones. As a standard the Excell product
was used,

The {urther planned experiments are the following:

1 ~to mix carriers (silica and kaolin) with surface active agents in Lodige mixers
2 ~to mix sulfur with premixes, prepared acc. to point Lin Lodige mixers
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3 -to mill premixes prepired acc. to p.2.in 8" Micronizer, using the precswre
of air of 7.5 at and dosing the premix at a wifortas rate to the mill;

4 -to homogenize the preducts after milling in Lodige mixer.

Damgelie The very impurtamt condition for getting micronized sulfur of goed self-
Giapersilility and suspensibility is t> we, as much 3 possible,of good carriers which
will protect the particles of wilfwr, against aggiowtration. Much better results are
sbtained when synthetic silica cmvier is wsed fasteid of kaslin. The second comdition
to get goed pirbluct is to we sidface active agawits in dry powler form.

The followiag revomméndations are given for further experiments of mixing
powders and fine milling of products:

1 -the compressor which is werking with 8° Microniver must be checked and
imiproved; .

2 -the smaller (laboretery) 4" Microniser should be cut off from the compressor
and commected to the presswre air pipe geing out from the pressure vessel installed
with 8" Micronizer;

3 -to get a miform feeding to Micronizers the vibratory feeder must be installed;

4 <-the small laboratory Lodige Mixer for bhomogenizing the mixtures of
communited materials should be purchased.
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6 ADDITIONAL CRITERIA OF CHOOSING EMULSI—
FIERS

6.1, Relatish betwesn HLS sunibars and some of characteristics of emulsifiors.

The well known and commonly used criteria for choosing emulsifiers are
the ones based on HLB system.

In case of EC formulations the efficiency of emulsifiers is tested by
cheervation of physical stability of emulsion as well as spontaneity of its creation.
It is susumed that the t .t effect in emulsifying a particuler oil phase can be
obtained only when emulsifier or mixtwes of emniliifiers of definite HLB number
we wmed. In othtr worils, cvery oil phase reyuires cisulsifiers of ene HLB number
which is known 8 “reqguifed” HLB ammber. The ncsicnic emulsifiers of kmown
HLS ssmber (which can be calculated from the known structwe of emulsifiers)

" mre cheructerised by. various perwineters, relatively easy to check such as: cloud
point, water numbers or phenol indemes. For some of the emubsifiers there is
a rectilinesr depenfence between HLB and the sbove characteristics, at least
in some range of their HLB numbers.

The cloud point charact:ristics of emulsifiers can be checked in the
whole range of HLB numbers if three test solutions are used.

1- for lower HLB numbers eg for polyethoxynonylphenols (PENF) up to HLB 12.5
the solution of 5g emulsifier in 25 ml of aqueous butylglycol (25%);

2~ for medium HLB number (HLB,12.5-15.0) eg for PENF-s, the solution of 1g of emulsifier
is made up with distilled water to 100ml, in graduated flask;

3- for higher HLB numbers (HLB 15.0) eg in case of PENF-s, the solution of 1g
of emulsifier dissolved in 100 m] aqueous common salt solution (10%).

The cloud points for several types of noniouic emulsifiers of Hoechst Co.
are given in tables 1-3

Very useful characteristic of noniomic emulsifiers, which can also be used,
in wide range of HLB numbers, is their phenol index. For some of nonionics there
are also rectilinear dependance between their HLB numbers and phencl indexes.
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The phenol index characteristic can also be used for checking of quality of mixed
eﬂW&dMMnMthﬁud
EC-s.

Amother characteristic "water number”, is obtained by titration of solution
of emulsifiers in the mixture of organic solvents with water. The water number

} Wanlhqhmdfwm&modetyofoih
(e.q. solution of pesticide in arganic solvent.) '

All of the above described cheracteristics can be used for checking the
quality standsrds of various emuhifiers of different HLB number. It is proposed
to use these characteristics (cloud peints, phenol indexss and water numbers)
to test the quality of emulsifers used in India for production of different pesticide
formulations and to supplement the studies writtea already in the form of a paper
entitled:

"EVALUATION OF SOME EMULSIFIERS SYSTEMS FOR USE IN PESTICIDE
FORMULATION" AUTHORS: P.K. RAMDAS & S.K. KHETAN.

. 62. Fhose inveriien temperstwre (PIT) sl phase iaversion point (PIP) &= sa sliditional
charactevistic of emlsifiers. '

The PIT and PIP cheructeristics are also recommended as additional criteria
as a guide of choosing or testing of nonionic emulsifiers. In both cases, the inversion
temperature on inversion point of emulsion from W/O to O/W type or vice versa,
can be fixed by measuring the conductivity of emulsion. The W/O emulsion show
very small conductivity while the O/W much higher. When nversion takes place
the change in conductivity follows.

There is relation between HLB numbers of some of nonionc emulsifiers and
PIP. It is depicted in fig. 1. A general tendency for the PIP value is their
decreasing with an increasing of HLB of emulsifiers. In required HLB value for
an O/W emulsion PIP reackes a minimum (1).
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The selection of suitable emuisifier by the PIP or PIT systems is similar
to their selection on the basis of HLB system. As, however, FIT and PIP are
experimental variables they have the advantage of reflecting all experimental
variables. A peculiar utility of PIP system seems to be in chonsing emulsifiers
for concentrated stable emulsions. For such emulsions selection of emulsifiers
on the basis of their stability ( as in the case of EC-s Jwould be very trouble-some.
The choosing of proper emulsifier for concentrated emulsion by using PIP
measurements, can be combined with microscopic observation of the sizes of

emulsion globules.

In table 1 the values of HLB at which the minima of PIP occur and required
HLB for studied oil, calculated by Griffin procedure are give (1).

Table 1

Emulsified Griffins Required HLB
oils required HLB from PIP
Paraffin oil 11,5 11,8

Rape oil 9,0 9,8

Methyl silicon oil 11,0 - ’ 11,5

Olive vil 13,0 - 12,5

Soya been oil 12,0 12,5

Oleic acid 17,0 16,3

The cited above resuits were obtained according to the following method:

The emulsion inversion point was determined with an electrical device by
adding increments (1 ml) of water to a measured amount (50 ml) of oil. Emulsifiers,
or their mixtwes of various HLB, wmdinolvedordhpmedintheoilpﬁue
(2 or 4% w/v)., After adding each portion of water the emulsion was mixed for
15 8€Cecsscssscesseesin mixzer of 6000 per/min. After mixing the conductivity of
emulsion was measwed. The sharp increase in emulsion conductivity was due
to phase inversion from water -~ in - oil (W/O) to oil - in - water type (O/W),
emulsion. |




63. Experiments

The follwing runs of experiments have been carried out:

Emulsification with tap water of the following solutions.

1- solutions of Span/Tween mixtures of different HLB in xylene;

2- solutions of PENF-s of diffetent HLS in xylene;

3- solutions of mixture of Span/Renex 650 of different HLB in parafine oil;

4- solutions of mixture of Span/Rokafenol 8 and Rokafenol 8 and Rokafenol

l&(pdyuymylpheuoho.fmnaandlkﬂinmﬁnicoik

. The: PIE- topk:place only inexperisent 24 and. results, similar to.that. given
in literature (1), had been gained. Some difficulties in carrying out the PIP
experiments were caused by nomavailability of proper mixer. There were culy
two types in R&D Lakoratory. One of them (the part of Metler titrator DL 40
RC) appeared to be too weak for PIP experiments and the other one, the Silverson
Mixer, which was too big. Using the last mixer the smaple of volume at least
100ml! must be used. For that reason it is recommended to supply the laboratory
in more adequate and versatile mixers equipped with different type of stirrers
and with regulated speedes us to 15000 rpm.

The inportant . problem in the case of concentrated emulsions is the method
of testing their stability. Since such emulsions are usually opaque, the study of
creaming in such systems can be tested by determination of droplet-size
distributions in smapies taken regularly from the same level of region of emulsions
stored over some period.

Droplet-size distributions can be determined using Maivern -Laser particle
sizer e.g. 2600 HSD type. Other method which lastly also had been used for testing
stability of concentrated emulsion depends on measurements of creaming profiles

by using technique of propagation of ultrasounds through an emulsion (2)
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Problems escountwed while trying to elaborate of system (similar to HLB) for testing
disparsing agents.

During my previous, as well as present mission, I had been asked of the possibility
of elaboration and using of system similar to HLB system by which the dispersing
agents could be elassified and on the basis of which the proper one could be selected.

Taking into account simplicity and utility of the HLB system, but omnly useful
for emulsifiers, such a question is entirely understandable. In case of suspensions
mmmammmwmwumfmtm
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As it is known the different emulsitfiers used for preparing water emulsions
are mostly noniomic, composed of two parts, a hydrophobic and a hydrophylic.
Depending upon the weight ratio of both parts the emulsifier will be less or more
hydrophilic or hydrophobic. For known hydrophobic grouy the degree of hydrophilicity
can be easily modified by extension or shortening of the change of Eto groups.

Such various nonionic emulsifiers when added to the mixtwe of water and oil
will show various affinity to these two phases. Those of more hydrophylicity will
be "pulling” to the water and those of more hydrophobic character to the oil phase.
Some of them will have the emulsifying effect. But the best one will be shown by

_the emulsifier which is characterised by the optimum affinity to water and oil and

which will be, well orientated on the interface.

It has also to be found that if nonionic emulsifiers are used to disperse some
pigments in water the best effect is obtained for the one of specified HLB numbers
(6,7)

In case however of anionic dispersing agent the mechanism of their functioning
is different though they also are composed of two parts; one contains less water
attracting groups and the otber more attracting toward water, The particles of
suspension thus become coated with a sheath of water-attracting groups. On close
approach of two particles, due to random kinetic motion, the energy of transiation
can be opposed by the energy with which the water attracting groups tend to draw
water into the ‘small element of volume between particles. In such a case the
suspensions are "stabilized by solvations’. The other stabilization is by "electrostatic
repulsion” between like charges, In most cases bolh stabilizing mechanisms are
present, bowever, one of them may be more dominant.




Contrary to the nonionic emulsifiers, which belong to the exactly defined
chemical groups, the anionic dispersing agents belong the many various chemical

groups. The affinity (adsorption) of hydrophobic groups of individual dispersing agents
to various solids is much more differentiated that the affinity of hydrophobic groups
of emulsifiers to different ocils.

It seems that for elaboration of some of numerical system for characterization
of dispersing agents, many physico-chemical phenomena have to be taken into
consideration eg tnainly: wettability of solid surface by water solution of dispersing
agent; their adsorption on the solid surface; the electro-kinetic potential quantity.

I think that easier task would be to collect and order the literature and patented
data concerning the efficiency of dificvent disperzing agerts and put them in osrder
according to the choosen system.

It is hovever not excluded that system similar to the HLB one would be possible
to elaborate to the new class of dispersing agents invented and introduced om the
market by ICI company and which belong to the block-craft-polimeric dispersing
agents (8). They are steric stabiliser of dispersions and are composed of two parts
a bomopolymer that is nominally insoluble in the dispersion medium whereas the other
polymer is soluble in the dispersion medium.

Typical stabilizing moieties and anchor polymers for these type of steric
stabilizers are given below (9):

Typical stabilizing moieties snd anchor polymers for siesically siabilized dispersions
dispersions
Aqueous St bilizi L
y(oxyethylene)
mmyl acetate) , ”l!('iﬂ!l_lz:;')
poly( itrile) , poly(nuhaaylac) acid)
poly(vinyl chioride) poly(vinyl pyrvolidone)
poly(ethylene) poly(cthylens imine)
poly( ) poly(vinyl methyl ether)
poly(lauryl methacrylate) poly(4-vinylpyridine)
Nonsqueous displrsions .
poly(scrylonitrile) polystyrens
poly(oxyethylene) poiy(leuryl methacrylate)
poly(ethylens) poly(12-hydroxysieasic acid)
poly(propylene) poly(dimethylsiloxane)
poly(vinyl chioride) poly(isobutylens) |
methyl methacryists) ¢is-1:4-poly(isoprens)
poly(szrylamide poly(vinyl scetats) , ‘
poly(viayl methyl ether) |
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