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Project: DP/IBD/80/037/11-65 

Duration : From 22 Jane - 21 September 1986 

'lbe ~ mainly deals with the research and development activities 

in the clay mineralogy laboratory of the Pesticide Dnelopment Programme 

in India (PDPI) Raef.:~ -h Centre, Udyog VU..Z., Gurpon-122 016, Haryana, 

J:ndia. The PDPI is a UNDP/UNIDO executed JrOF'Ulme in cooperation with 

the Gcwernment of India through the public enterprbe Hindustan lmectiddes 

Limited (BIL), with head office in Ham Bhavan, Bahadur Shah Zafar Marg, 

New Delbi 110 002, India. 

A number of suaentona and recommendations t. made with respect 

to testina f acflities, communication of teat reaults and JtOR-Fadual traini4g. 

Prapaula are made for the aucceaful continuation of the on-goiq routine 

..-.ey of tndlpnom pestickte carrier materia!a. for imminent raurch topics, 

u well u fer medium to Jona term tub in enJmiPna the choice of minenl 

canien and diluents for pesticide formulation. 
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My task has been considerably eased by the existing attitude at the 

PDPI Centre that clay mineralogy studies are an integral part of pestidde 

research and development of activities. 

Far from being regarded as a necessary nuisance to concentrate on 

c:anier properties also, the spirit of the Centre mirrors the understanding 

that meticulous carrier studies off er the pestidde industry on oppc:a tualtY 

to dnelop superior brands of a variety of toxicants, both in quality and in 

efficiency in use. The centre is to be congratulated with the adopted concepts 

of integrated research units within its framework. 

I wish to express my gratitude to all thoee, who have made my stay 

at the Centre a fruitful one. My thanks are due to Dr. s..P.Dhua - Chairman 

of BIL, and to Dr. K. Huaein, SIDF A, UNDP fer keen interest in my work. 

The scientific, u well u the technical staff of the Centre I am indebted fer 

hamg !Ude my jo~ that pleasat. Dr. S.K. !Oletan, Dr. P.X. Ramdas, S.Khattar, 

M.SC., and Mia. Mani have in all poaible ways been at my side. 

Dr. S.K. Khetan is acknowledged fer animated cfUc1mions and for 

accompanying me in the field. 

J:adeed, e•erybody at the Centre has accepted me u one who belonp, 

ad that have made me feel at home from the very first day. It areatly 

cantributed to Ii•• .ne a Oytng start in the job. 

Mr. Sat Pal from the UNDP office in New Delhi bu pvvicled me with 

all poeaible ..tatance whenever needed. To M:-. R.R. P.llai I extend my thanks 

fer tJPina the dnft report. 

A concludin1 word of appredation and a friendly thoupt aoe• to the 

at&ff of the entomoioaY laboratory of the Catre, Dr. N.R.Bbatelhwar, Dr. 

Y.P. R11mdev ud Mr. S.P. Yadav, M.Sc. for helpins me to 1et 101De inafpt 

iD beekeepina iD India. I will turely communicate the little bowled1e I acquired 

durin1 my stay to my fellow hobb)Ut beekeepen In Denmark. 
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1. tl..in<'n! caniers and diluents in "FUtidde formulations are inert mater-ala, 

whid aUc-,.,• t?le tozicants to be prepared in a convenient and effective form 

f« u:se w the fields. 

To c.ibt:rln the desired effect it is essential that the mineralogical, 

chemical and phyrical properties of the canier material ha•e been determined 

in ord!!!" t~ facilitate a proper choice to be made. 

~,. ~ most chc:ces will be baaed on price and performance, coupled 

to avaiiP.biUiy, a surprising number of carrier choices continue u a result 

of habit a."d estsblished formulation practice. Replacement of a carrier er 

cliluent in pesticides frequently requires some sort of redressing of the 

formulatkl.Ds~ a ~ the industry is not likely to embark upon unlea cost or 

perfcnJ?ece in::rovements are apparent. 

To -th.iit ad_ an institution like the recently established PDPI Centre 

ill Gurpoll :s_viewed u a main imtrument fer the pesticide industry, 

.. 
to f.af(2'm: tile formulators on the propei ties of marketed carriers and 

dilnellts, -- _- -

· to latraclu.::e the proper uses of carriea and diluents, 

to ..-c1r,. _the destred grades or qualltie• to the qplien of carriers, 

~~a:~ of comumer auarutee. 

2. It · ~ 1::-e;(n in the aboTe sense that the content of the project job 

descriptioa-~~:o:idertt* to be interpreted, u a continuation and de•elopment 

of the mitt&£~ -~aluation of a numb.- of indi1enou. clay mineral carrien, 

UDdertakc lty_ ~ PDPI Centre so far. 

>..fte ~~ta~ion with the manqement, it wu decided to proceed 

ill the ~e v:i&w · w!th the routine determinatiou of canier J11 operti•, and 

to make tbe rmdu anilable to "Jotb the pesticide industry Uld the tupplten 

of mineral r.vr!~::.. .,ft data ueets that are to be Fouped acCOl"dtna to a 

m~c~ r.hi.i:Aif'L:.J.don. 
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Simultaneously an approach has been made as to what topics of mineralogical 

rnearch are likely to contribute to better applications of indigenous clays 

and other mineral caniers and diluents in pesticide formulations in order to 

improve perf crmance of the active ingredients in field use. 

2. In Annex I; a short ezp!ana.tory desaiption is given of the Tarioaa mineral 

c:arrien and diluents CUITeJltly in use in the pesticide industry, and their 

anilability on the Indian market. 

· Anne: U is a brief manual in the use of simple quality control tests 

on clay calT'iers, preferably to be carried out by the supplier. 

The ultimate aim of this ezercbe is to gradually introduce unifarm, 

comparable standards for canier materials on delivery, which can be utilized 

tn quotation.. 

Annex. m is an actual example of a ready data sheet on a lump china 

clay from Gujarat. 

4. Recommendations made in the nmzdng text of the report, are marked 

with a (R) in the m8J'lin. Subsequently these recommendations have been 

collected and summarised in a separate concluding chapter. 

Remmb of particular interest are denoted with two strokes,- -, in 

the mazipn of the test. 
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CLAY MINERALOGY STUDIES AT THE PES11CIDE DEVELOPMENT 
PROGRAMME IN INDIA (PDPI) RESEARCH CENTRE IN GURGAON, 
RARY ANA 

The general scope of work in any research institution like the PDPI 

Centre is always of a dual nature. 

The main objective, to sene a particular industJ1' by caJTYing a..1t specific 

R&D tub on contract is backed by a certain volmne of internally genanted 

Kientific research on partic:ularly chosen subjects with a pot'1ltial for acquiring 

advanced knowledge useful to that industry. 

For carrier technology a well-equiped day mineralogy laboratory has 

been established at the PDPI Centre. It was rightly seen as a priority to initiate 

a stll"9ey of indigenous c:aft'iers used in pesticide f ormulatiom in India, in order 

to gain a firsthand knowledge of these materials with the obj~---tive to be able 

to advice potential users in making ptoper choices. 

The evaluation of carrier material is done on a routine basia, which 

is more than adeqwr.te !or that purposew This survey must c:ertain1y be contfuued, 

as it will create data on which more •cific studies cu be baled, and. further 

(R) material specifications worked out. To create files with material chan.cterittia 

for different c1&IHft of carriers and diluent• available from indigenous 10urces 

must be looked upon as a priority task for the PDPI Centre. The routine l'Ule 

of cmTier analyta will always be wanted for contracted ttudies on pestidde 

formulations anyway. As to the second prer'Ol&ti-ve, pnerated research, no 

particular advanced ttudies are being undertaken as yet. Howner, a number 

of research subjects is &!zoesa"y in sigh·.•. To reach such target• the laboratory 

hu to adopt a broader range of research methods and tools. In the followfna 

chapters, the pouible ~•ya for future clay research at the PDPI Centre will 

be outlined in detail. 

Particular physical properties inherent to claya are ,,_., much dependent 

on the chemical and mweral compoaition, on the crynal habit and on the dqree 

of c:ryatalinl ty. 
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The physical properties of impcrtance for the use of clays in the pesticide 

industry are particle size distribution, surface area per unit weight, sorptive 

capacity, cation ~zc:hange capacity, uettability and suspensibility. Important 

technical parameters aze the aizeated and «>IDpacted bulk density of the canier, 

as well as the now characteristics or prepared dusts and powders. 

Jn order to determine the mineral co111poeition of the clays, use is made 

of X-ray diffraction (XRD), infrared spectroscopy CIR) and of thermal analytical 

methods (TGAs DTA, DSC). Chemical ~ is mainly caiTied out to the 

extent u to determine compositional elements which are of infiuence on the 

interaction between the clay cmTier and the tozicant, and secondly for mineral 

identification purposes also. For a proper understanding of the interrelated 

combi!lation of the above mentioned physical ..nd chemical characteristics 

of a given clay product, it is e1H21tial to have a good insight in the minenl 

nature of the days and their crystalline stl"1c:tUre9. 

To reach that stage the PDPI Centre baa initiated a systematic evaluation 

of clay products and other mineral canien from all the states of the union. 

and to that avail received samples from different producen and suppliers of 

clays and ftllers, and collected aamplea in the field u well. An array of 

determinatioaa of the physical and chemical propel ties of theae samples hd 

been curled out on a routble bam. Plll't of the on-going analytical work hd 

been completed and the N9Ult1 have been communicated in a number of repons. 

A peater part of these analysed clay samplea couiat of kaolinitic clays. 

This group of clan it linaled out for a c:loMI' 'liew of subjects inherent to the 

study and evaluation of clay carriers in the pesticide industrJP and problems 

encountered in thit conten. 

tt.olWtic C~ (See aJ.o •••• w I): 

The group of kaolinitic clays have Ritable propel tia to which many 

pesticide formulations have been adopted, in J)U'ttcular for wettable powder1. 

For this reuon the use of bolinitic clays in the pesticide indmtry m India 

and el9ewbere, ta well-entnncbed. A~other reuon for the indutrJ'• adaption 

to these read.fly available clays ta the fact that kaolin er cJdna clay ta UMd 

in quutity ta the paper industry, and in ceramic •orb. The aploitation of 

the prfmm-y kaolin depotits ln India ta therefore well Ol'laniHd and J"'OCe•in1 
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of these clays is canied out in such a way as to meet the standards tet by 

the majar consumers, either for use as a paper filler, or u an integral part 

of the body used for making, china ware, !lanitary ware and technical porcelain. 

The desired physical properties for pesticide caniers cannot however, be deduced 

from the specifications for filler use or from the stanchards set for ceramic 

purposes. 

On the other hand, kaolinitic clays which cannot be used as a paper 

filler, or in whiteware ceramics, may very well be applied in pesticide 

•- ~ulations where specific brightness of the encl-p'Oduct is not required. 

(R) 111e pesticide industry ia bound to set its partic:ular set of guidelines for the 

use of kaolinitic clay caniers. To this encl, a fint aPJrO&ch is to continue the 

work initiated at the PDPI Centre, to get an overall view of available kaolinitic 

clays in India. These includes clays used to produce terracotta ware, 

ceramic from potteries, or glued tiles. 

Since kaolinitic clay canien are an ingredient of wettable powders, 

the cazrier behaTioar in clay-water suspensions ia cru.clal for the suspensibilit} 

(R) propez•ties of the end-product. A study of clay water system using the indigenous 

kaolinitic clays is considered to be an important subject for further research 

at the PDPI Centre. 

To a pat utent the teadency for fiocculation depends cm the aurface 

vu of tbe kaolinitic c:lays. Other subtile clay proper ties such u ltack!ng 

order of the partic:la and their cryltal habit esert 101De influence on the 

behaviour in clay-water systems. Flocculation of aqueous kaoltnitic _,_.tons 

ia due to the prnence of looeely adhered cationa on aurfaces ad qes of 

the clay particles. Fer practical purpose the balac:ina of the flocculation 

by addition of diapenina er peptizing agent• can only be meuared emptric:ally. 

A• wat• suspended kaolinitic particle• are 8llahtly llydrolls9Cl by ab8arbed 

water molec:uiea •ftlCJl can enter lites of crysta1Une tmperf ectlon, the .te.,.. 

of c:ryltallblity become- a characteristic parameter for hJdrolyU. Resultfna 

diaoc:tation of free radical8 in tbia proc:ea conf en with the pJCa (er pH)of 

the &qUeOWI ~on. 
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The degree of crystallinity of the kaolinite material species is probably the 

single n.ost important cC11TelatiTe indez for the physical proper ties of the clay. 

Unfortunately no univocal scale can be established. especially not because 

the crystal habit of kaolinite minerals is not related to c:rystallinfty. Moreover 

kao~te zinerals can extend different le1·els of hyderation. only partly related 

to c:rystallinity. Whatever method is used to designate a degree of crystallinity 

to the kaolinite speciH. as deducted from XRD or IR diqrams. no uniformity 

can be expected in expressing the-physical pi OPft ties in tenu of ., determined 

c:rystallinity alone, unless one uses a rather crude 8'Jbcli't'i9ion well crystallised 

kaolinite. not hydrated - intermediately cliscniered fraolinfte, partly hydrated 

- hijhly diaordered kaolinite. hydrated. 

This means that any cCll'Telation of the physical property in st'-ady with 

the degree of crystalline order of the kaolinite species must be bued on 

mmultaneous c:o:a:.pariaons between a number of mineral characteristics, including 

the results of thermal analysis. 

Only in this way a particular kaolinite speda can be pt operly c:Jumfied 

~ erratic values of inter related Jll""" ,,ertia of the clay ccin ect1y Interpreted. 

It is imperatiTe to note that in order to 8tudy the stractan1 natuN of the 

clay minerala, the analytical procedures must only be c:crlt!d out on the clay 

fraction belt,w 211 obtained from tJwrouehly dispenecl lampla materiala. It 

fa DOt d8*able to Find the ump1ea to a finene19 u pncttwl ID the lndaatry 

before aalymla u pindina may uert influence in the tat raalta, tending 

Summarbina, the followtns topics of .......a - - mftlle8d leYel, 

are worth while to punue with N8peCt to the pbymcal aml mta...i paopwti• 

of bolinitic cla,. foaad ID IDdla. A Mlected number of d&f ....,..., nnatnl 
from well ~. and addle cbym to poGl'ly c:ryltaliMd ncl hydrated 

oaa lbould J!4 choleD ad compancl to aftllable naadanl day lample8. n.e 
America Al9ociatioD of Petl'oleum GeoJosista (AAPG) hu prepvecl a atandard 

Ml'i• of cla'9t which ta aftilable OD order. 

a atmy of clay water interaction, with lpeda1 Nf.-.ce to cllfferat 

typa of nat1ral water oeearlna in "11'111 .,... la Wla. 
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a study of the thermal propel ties of the clays in relation to the infrared 

abe:ll'ption characteristics, under rigidly controHed experimental 

conditions. 

a series or studies of the dependency of the sorptive capacity on the 

following physical parameters: pKa (pH), surface area, cation exchange 

capacity and particle size distribution. 

It ii emphasised that the selected clay samples should be checked for 

miner impurities, and mixture with other clay minerals, oxides aDd h~es 
ad carboaates. For that f'eUOD the scope of chemical analysis muat be 

brMAllll*tl. 

As the PDPI Centre fs not fully equiped for the advanced clay studies, 

it will be necessary to enter into scientific cooperation with other public 

research institutions with respect to X-ny difiraction and election mic:ro8Copy, 

and to enlarge the range of own f adlities for analysis in order to be able to 

determine surf ace area and cation ezc:hage capacity of the clays. 

(R) Furthermore the atomic absorption spectrophotometer ought to be 

equipped with lamps to determine the contend of alkaJia m clays, and if desired 

of a number of trace elements often present in clays, such u Ti, N;, Pb a.o. 

Analysis radlities for the determination of the silica and alumina content 

of mineral c:a'lTiers ought to be a•ailable also. 

The uae of attapulgite u a carrier for toxicants In th• pesticide Industry 

(R) bu certain &dvanta1H which are ciiauaed in detail in Annexure I. Since the 

occur~enceof attapulgite in indta bu been conftrmfsd by teats made in the 

laboratory o{ the PDPI Centre, and XRD carried out at the Potach Re.earch 

Institu-ce, Gurgaon, it may be worth wbfle to initiate a further study of 

attaJNlllte occu:rrencn in the field, with the 1oal to develop viable exploitation 

in c•..se sufficient lqe deposits can be diacovered and identified. It la clear 

that such 1twlle1 ba•e to be undet" taken in cooperation with other state or 

1cw.ernment qncln, which are concerned with the development of lndu.atrial 

minel"al nnourc:ea. 
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In a recent paper, Gerstl and Yaron (1981) have presented a good summary 

of the use of attapulgite as a pesticide carrier, and of the factors affecting 

its use as such. 

Mineral reviews on attapulgite and related sepiolite are by Benin and 

Calleree (1975) and Zelany and Calhoun (1977), both reviews were made available 

as photocopies. by the potash Research Institute. A comparison of attapulgite 

with sepiolite is cited and reproduced in white and HemCl 983). 

References 

1. Gentl, u'ev and Bruno Yaron: 

Attapulgite - pesticide interactions. Residue Reviews, Vol 78, 7099, 

Springer verlag New Yark Inc. 1981. 

2. Benin. S. and S.Callere: 

Fibrous Minerals, Ch. 9 in J.E. Giesekfnq (ed.) Soil Component.. Vol. 

JI, 335-349, Springer Verlag, New Yark 1975. 

3. Zelany, Lucian W and Frank G. Calhoun. PalJloraldte (Attapulgite), 

Sepiolite, Talc, Pyropbymte, and Zeolltes in J.B. Dizon ud S.B. Wffd 

(eda.). Minerat. in IOil en.tronments, Cb. 13., Soil Soc. Amer. Madi80n, 

Wbconsln, USA, 1977. 

White J.L. and S.L.Bem: Pbarmaceutiar upecta of clay-osganic 

interactions. Ind ancl Eng. Chem. Prodi;ct Research and Dnelopment, 

v'll. 22, p.665-6'11, 1983. 

All the named pcblicati:ms are available at the ~}PI Centre, either 

u reprints or u photocap'&es. 

The data 1heet has been compiled in such a way, as to Ml"V!9 the following 

u a record of the available dtta on curl..., ueful to die far.:1ulator 

of pesticides, 

u a file for curi• propertin, which, in ca.'8, can euily be trwf ormed 

to an edp f ormR.t, 
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u an entrance to additional records of scientific oriented inTestigations 

noted on the back sicle of the sheet. 

(R) Furthermore, it will be feuible to reproduce the front aides and distribute 

thelie among formulators and canier suppliers, accompanied by an explanatory 

note, u •communications from the PDPI Centre•. In that cue the "remarks 

and recommendations• could sene u guidelines for the conaumer - the pestidde 

formulator, u well u for the producer, the canier supplier. This could be 

done at mOl"e ar lea regular intenall to start with. At a later ataje the iaue 

of data meets, coa1d be naluated afre9h, bued OD the gained ezperience U 

to the Talue and the me of the diaemiDated information, and ultimatively 

reTi8ed if necesary, ad compiled. The data lheets moaJd ireferably be iaaued 

fer each c:laa of mineral canier. As an example of an actual data meet is 

giTen in Annuure DI. 

A .wt to the baltn w•• '• plmat of EkJera Cldaa Clay Wans 

Fer a eftluation of particular clay materials ft ta often adnntageoue 

to pin 80llle Jmowleclge of the way the raw1 are t.reated in order to be able 

to -.-i poaible improRments in the treatment technology, to obtain the 

deaired clay quality for ue in pesticide f crmulatiODI. Repeatedly it is a quation 

of further removal of abrulTe finegrained quartz which will greatly im,,.o•e 

tbe pwte of the treated claJ8 • 

In the cue of kaolinitic clays wubing of the raw m .. terial to remo•e 

the ccmse ~eel lize fractiona and IUbeequent filler JX..tna of the separated 

clay fraction ii the refining method un!Yenally applied to primaJl kaolin raws. 

A Tildt bu been SITUlled to a small primary kaolin depomt in Gujarat 

State. The locality ia called E1den in the Sabarbntha diatrtct near taluka* 

Idar lituated about 80 km ncrth of Ahmedabad. 

The ~Un deposit at the lite of the •uhtna plant is an eJonaated 200 

m wide zone of ira-litu weathered c:rynalline basement rock, probably along 

a zone of down-faultm1 er a nexure type of cltaplacement. The depth of 

kaolinizatfon i1 between 10 and 15 metres. 

The primary kaolfn is a bud coane p-ained rock wfth corroded quartz 

pina, no NcOFiaable alt.-.d feldlpu9 and no Nlidual mica. The run of pit 

raw• ntqUires ~tna tn order to fNe the clay material, prior to wubing. 
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A. T ..... f-=Dities 

As pomted out in this report the proper testing for canier material 

propet tlet1 ia c:rudal for pesticide formulation. To that end the clay mineralogy 

laboratory is reuonably well equiped. To be adequately equiped it will be 

nec:eaary to enlarge the scope of lnatrumentation as follows: 

for meuuring the cation uchange capacity, specially desipecl columns 

must be acquired, 

for determination of the IUr'face area per unit weight suitable methods 

ought to be introduced, such as the BET-method utilising liquid nitn>gen, 

for chemical aalysia, the choice of lamps for use in the aiating atomic: 

ahecrption spectrophotometer should be gradually enlarged. 

for determination of zeta-potential. in cue clay-water systems are 

to be studted, micro electrophoresias apparature must be purchated. 

FUl'thermGN the Centre has to secure admittance to an X-n.y 

diffractometer : the etltimated need for XRD clay ic!entification will be of 

the order of SO to 100 determinations annual. 

There will alao be a need for ~isslon images in particular in a 

atudy of. kaolfnitic claya. The number of TEM, SEM exposures will not exceed 

50perwmum 

The first priority in clay studies must be af•en to the already initiated 

inYentory of lndl1enous mineral carriers and diluents, as a basis for furtb_. 

clay studies. 

The p-adual acquisition of data on mineral cani_.. should lead to efforts 

to Mt p-ade standards, in ord_. to imp o•e the cwerall quality of the 

f crmulations. 

The fqllowin1 topica for more ad•anced bulc rneuch are propoted. 
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The further treatment at the plant is the usual for low level ref"mement, 

sufficient for obtaining ceramic grades of refined china clay. The sand and 

silt fractions of the slurry settle, in 50 cm wide concrete gutters, over a total 

length of approxmiatley 50 m. The f"mes are subsequently settled in slun-y 

tanks; the water is siphoned off and re-used for wuhiDg. No fioculants are 

added. The settled clay slUITJ is pumped to the filter presses in order to bring 

down the content of water to approximatley 10 weight per cent. The ruter 

cakes are dried in the open air, lowering the moisture content to about 29' 

• Sut.equently the cakes are broken, bagged and weighed, remly for Ale. There 

are no milling facilities at the plant. The washed china clay bas a.tisfactory 

ceramic propet ties though of late the content of CaO of about 396 hu rightly 

been considered too high by a number of consumers. 

The annual output of the plant hovers vound 6000 metric tonnes of 

china clay out of a &Dined tonnage clolle to 25,000 m.t., which gives a yield 

of 229'. The employed wuhing procedure is appr op late for the ~t end 

me but does not permit ~ production of high quality ceramic clay or filler 

clay. Buically this washing technique is still the same, as utilized since the 

end of 1ut centyry, when filterpreaing was introduced as a means of removing 

water from the clay slurry. It is ltill widely ued for ceramic clay refinement. 

F_or more ad•anced uses of china clay as a filler or u a coatiag clay, further 

refinement is adamant. 

Thia china clay bu been tested for its poaible UH u a pestidde CUTier, 

the result. of the teats ce ·,Pven on the data sheet ch. Annezure m. 

The nature of the kaoline deposit at Eklera, the mapitude of overburden, 

the depth of the exploitable bed and the Vf!r'f hard conaistena of the raw kaolin, 

does not wunnt expansion or further improvement of the wuhing facilities 

improved drying facilities, nor in mechaniution of the winnfna of the raw 

booat outr-ut. In fact, the selective way of exploitation by hand di11ina• paired 

to lcw capital costs seems to be the most sensible way to operate the pits 

and works economically \dlder th~ Bf ven circumstancea. This type of kaolin 

deposits c:an only be exploited on a small scale wit~ comparatively low 

09el"beads, or not at all. Softer kaolin deposits of comparable 1eologtcal settin1 

.,.. mmed in a .tmilar way in France, Japan and Portugal. Where more 

tnt..,.ted, capital ln~enaive treatment of kaolin la applied, l&J'le tcmmi1e 

kaolin deposits are a pre• equi1lte for economic exploitation. 
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Studies of clay - water systems, using indigenous clays, simulating 

realistic conditions in the field. 

compatibility studies with different classes of tozicants and different 

mineral c:ani4!rs and diluents. 

studies of the physical p1 operties of indigenous clays as related to the 

mineral nature. 

It is advised to single out the group of kaolinitic clays fer the above 

research subjects. 

Fer the following medium to long-term tub-the PDPI Centre is urgently 

adYised to seek cooperation with other goftrD!Dental institutions, in order 

to enlarge the range of useful indigenous c:aniers for the pesti~e industry. 

the occurrences of attapulgite in India, 

a 1earch f cr deposits of diatomite in India, 

the application of mic:ronized mica and vermiculite in peaticide 

f crmulations. 

A topic of very particular nature, which only will emerge after a period 

of routine testing of available calTier clay.-, is the enc:irclement of kaolinitic 

clays with a minor smectite content. Only a few per cent smectite in the natural 

clay greatly enhance the sorptiYity of the kaoline ca."Tier. 

C. Commmdcatioa of RIED resalts . 

It is not advisable to seek results of clay studies canied out at the Centre 

publlahed in scientific journals only. 

The forum to which these results are to be communicated is not a general 

academic audience; they have to be directed to the profe..tonall in industry 

in the first place. 

An independent leries of reports and communications from the PDPI 

Centre will fill this need. With obtained permi..tcn, reports of contracted 
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studies can thus be ~P9-1;atedin the series as well as reprints from 

contributions to journals. 

D. ~etniNDg 

Post graduate training of young staff scientists is generally seen as 

advantageous for the quality of applied research, and as a rule stimulated 

by the man&Rement. Without any doubt a number of research establishments 

in India mainly centered in and around New Delhi, wil1be in the position to 

offer advanced training facilities and ccurses, which could be of benefit for 

the research staff in the clay mineralogy labcratory. 

Participation in fundamental courses such as clay mineralogy eel 

crystallography, spedalcnalytical procedures, like X-ray diffraction, X-ray 

flourescence, infrared spectroscopy and electron microscopy, but in physical 

chemistry and statistics, ought to be in .integral part of job training at the 

Centre. 

As the PDPI is in its infancy, it is advised that managerial staff is 

given the opporNnity to get acquainted with the present level of clay research 

in other laboratories. 

There are ••eral outstanding clay sdentista in the warld, who each 

in their tune contribute to the advanced knowled1e of claJ8. -

The ID&jority of these scientists ae apedaliat1 in their field, and follow 

a restric-ced coure of clay rnearch, uaually with only one tingle application 

in view. 

For that reuon, it becomes more complicated to point out integrated 

centrea of day raearch in which a team of scientists is COY..tna a broad 

spectrum of NNarcb topics related to appllcatiou of clay studies. Rlpt now, 

only two of such centres come to my mind : there may be tome others. The 

intepted Centrea U"e: 

1) Sektion Geologische Wisaenlchaften, 

Ernst-Mcritz-Arndt Univenit¥t, 

Friedrich-Ludwls-J ahnatrule 17 A, 

DDR 2200 Grei£1Yllld, DDR, 

{Prof. Dr. Manfred Stoen-) 



2.. Department of Arronomy, 

Purdue University, 

West Lafayette, 

Indiana 47907, USA 

(Prof. Joe L. White) 
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The firstnamed institution is in particular med as a state research 

establishment for the utiliu~on of kaolinitic clays in general. It covers a whole 

range of activities. from explcration in the field to minenlOlf of the clays, 

and testirag of clay pl"Oclucts fer irdiuatry. The activities of th.e aecand named 

inatitution are centered around detailed studies of the hlteractiom of clays 

with O!"pnic compounds. Much use is thereby made of infrared spect:roKOpy. 
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Annex I 

Mineral ca.nien and diluenta used in pemdde formulations 

The mineral carriers are grouped u follows: 

1. Clays and clay ~~ts, 

2. Other JDiM:ral parrien and cliluenu 

3. Synthetic minnt ·,poducta 

The clays are subdiTided int,.,: 

1.a. Kaolinitic clays 

l.b. Smectitic clays 

1.c. attapuattic clays 

1'bele clays consist predominently of structurally related minerals of 

the kaolinite group. MmeraJoaically speaking the kaolinite IP"JUP of clay minerals 

.. c:Jamftecl u nan-espanding phyilo9ilicates w!th a 1:1 type of c:rynal lattice. 

Tbe lattice la e1ectl'Oltatical neutral became iaomarpbic mbatitution doesnot 

occur. In the natural state inten:hanaeable cationa adhere to particle ecl1es 

u a rnult of c:ryatal imperfection. Jo'ar that reuon pwticle size affects the 

phy91cal propmtiea of the kaolinltes. Scrpd•e capadty. u well u cation 

exchen1e capacity will tncreue with decrease in particle size. 

In nature kaolinitic clays oceta" u primary kaolin deposits, a residual 

weatbered rock type - and u naturally outwubed. redeposited day ..Uments. 

1'te latter are •..tOUlly named ballclay. flreclay. underclay. if related to coal 

m......., and ftntclay. 

Kaolin. ar china clay, the proc:....ct. Le. wubed product obtained from 

qu&n'ylns primary kaolin depostu is mainly med u a nu.. ar in qaallty pwle 

u a coatin1 clay in the paper lndU8trf. Secondly it la med in the ceramic 

industry u a major component of the body of china ware, unitary ware and 

technical pcrcellain. 



- 18 -

It bu found lesa dominant applicatios as a f"tller in the manufacture 

of rubber goods, in paints, in pharmaceuticals and in pesticides. 

Tbe me of kaolin and kaolinitic clays in pesticide formulations is well

f Jltrenched in India. A number of good grades are aftilable for that purpose. 

Priority must be given to further studies of indigenot'3 kaolinitic clays, as 

diacuaed in the report on page.6. •• 

l.b.. S•ectitic Caya 

SJllCJllJIU are montmorillonite, bentoaite and Fuller'• e.rth, f!l!" natural 

claJ9 predominantly CC>DSismg of smectites. 

The smectites are a group of pbylloailicates with an expanding 2:1 type 

of crysW lattice, which means variable spacing of the basal lattice planes 

andv nrying conditionL Due to isomorpboua subatitution in tle crystal lattice, 

the .mectltes di:;play interlayer cation adsorption. 

Consequently on account of the large surface area, found in sm~tes. 

mcJucHng the ao-caJled internal surface between the bual planes the claJ9 

of thia p-oup uhfbit a high cation exclwlge capadty, while polar liquidea 

of low molecular weight may enter the mineral structure in mono-molecular 

laJen, canahlg swelling of the claJ9. The:"efare, moatmorillonitic cla19 maally 

swell in the pwnce of water, and will euily flocculate lf electrolytes are 

present mo. 

Tbe natural occum!Dce of esploltable smetitic clays ta mainly restricted 

to environments in wbicb bulc volcanic rocks have been 1Ubjected to weatbaing 

Jll'OCesMS. 

Bentonltas are used In many fields of induatrial applications u a binder, 

a stabiliser ew u an extender. Pretreated clays are the UIUally available 

commercial grades. 

So called Ca-bentonite, treated with a caldum c:hlcrtde 10lution, la 

In 1enenl of a non-swellin1 type and few that reuon preferred few the use 

u an lnlectidde du.t diluent. 

In India tbe UH of betonlte in pntidde formulations seems to be 

Nltricted. 
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Attapulgite also named palJICll'Skite, is a non-expanding clay miLeral 

which structurally can be described u being an intermediate pbue between 

the layered phyllosilicates and the chained iraosilicates. In this respe~ 

attapulgite ezJu"bits a unique crystal lattice, only encountered in a clo.ely 

l'e!ated mineral spides, called sepiolite. Isomorphic substitution in the crystal 

lattice of attapulgite is a common phenomenon. 

The filrous nature of attapulgite with structural mlc:roc:bann--la. of 

the arder of 4-6 A in width, pYes the attap,i!ptic clays their characteristic 

colloid.atl •M =rpti•e P'operties, which allows for h1gh percentage mixes with 

liquid tozicants. The clays are equally well suited for the formulation of wettable 

powders and concentrated dusts. 

The use of attapulgitic clay as a carrier er diluent in the formulation 

of pesticides in preference to more commmly aftilable clays suc't u china 

c:l&y and bentoaite, stems from the fact that it is not eully flocculated in 

the p1aence of electrolytes and it does not cake at high rel&ti•e humidity 

but remains ~fiowing. 

In nature attapalpte occurs In a nriet}· of different weathered rock 

types. BoweYer, exploitable depomts are inT"'..riably fauad in adent lacuscrine 

iDarlne en.tronments, often UIOdated with calc:aroua sediments. 

Occurreni:es of attapulgite in India have been identified. Further attention 

oupt to be paid to these occurancer, u well u to the pol8lble occur4Dce 

of 8e?folite. 

An elebcrated Yiew on atupulgite u a preferred mineral c:mTler fer 

pesticides is presented in this report on pqe i-.A number of rec:ent rrriew1 

_.. dted u well in that chapter. 
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Only a few cumiDoruy used mineral cuTiers and cliluents will be diac:ussed. 

These are 

2..a. diatomaceous earth or diatomite, 

Z.b. pyrophyllite and talc, 

2.c. mica and vermiculite 

2a. Diatomaceam earth er diatomite 

Diatomaceous earth is a ime grained lediment predominantly composed 

of the skeletal remains of diatoms, unicellar arganisims which mainly thrive 

in slightly acidic waters, in both marine and fresh water environments. 

The individual skeletons consist of opaline silica, and measure only 

a few micrometres in diameter. 

Jn nature diatomite may occur mixed with qanic matter in recent 

deposits, it usually carries clay minerals in minor quantity. 

Due to the open texture of the diatom skeletons. diatomac:eous earths 

me of a highly porous nature, which IP•• a low dry balk density, aDd a high 

percentage of voids er pore space. couequently diatomite ~its a high 

ICll'ptive capacity as compared to precipitated silica. See page •• -in thia umexure. 

The fact that cliatomite mainly comist of silica, in ~e range cf 80-

95 per cent, the remaining chemical constituents being moisture, alumbul 

and ferric oxide, makes it an attr•cti•e alternative carrier in fcrmulatiom 

in vhlch precipitated silica is prescribed. 

uae parucl.e nze cuamDunon is aucil mat it can be uuiweci in •ettao.i.e 

pow den. 

Dtatomite find9 other industrial appllcatiou u anti-c:aldq coating 

in NKP-fertilizer, as a titer-aid agent, as an inert filler, and finally it is util'ted 

as a raw material in the fabrication of low deuity, tmulattna fire bricks. 
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Its occ:un-ence in India is unknown to me, but it is well worth to search 

for economically viable deposits. 

Z.b. PllJl'CllPlayllite ad talc 

Although str.ic:turally being phyllosilicate:s, these isomorpbous minerals 

are not fr·.md in natural clays, but do occur in cryStclline rocks, from which 

they are concentrated and milled fer further use u an industrial filler. An 

often used trade name fer the raw material is soapstone, on account of its 

softness. 

Contrary to the la}'t!l"ed silicates in clays, the indi'liciual :nineral particles 

of talc and pyrophyllite are structurally dense and ncm-porous which affects 

the p';lysical properties. It meant that surface area, cation ezchange capadty 

and sorptive capadty are low as compared to clays. 

As in kaolini~ic clays, particle size bu a marked effect on the sorpti•e 

capadty. In ge!M!ftl howenr, the melll! particle size of -milled talc p'Oducts 

is an crier of magnitude Iaraer than that of clays, fer which reason t&c cannot 

mbetttut• kaolinittc clay:. tn wettable formulations. 

The main application of tal= and pyrophyllite is as a filler in the plastics 

industry. Further mare tt is med as an anti-stick duatmg powder tllroughut 

the rubber indumy. 

The me in pesticides is mainly l"fttrict'!d to dut f crmulatiom, as a 

diluent. In India talc filler is readily a•ailable from indigenO\:I IOUl'CeL 

Z.c. Mica amt VermicaBtr. 

Structurally mica is a phyllosilicate, which commonly cccurs u a mineral 

these names desipate aroupe of mineral species which are ltrUCtm'ally and 

chemically di!f erent, bat related. Dlite ta JMTer found in a monomineralic 

clay: it is al••JI prnention a misture of clay minenla often u SOCllled mtsed 

layer mineral species of •U"Yhli compo.ltlon. 

On account of it• denH, rip! C1"J9talline 1t:ruc:ture, mica lacks mtenal 

pcrolity, and hence the tcrpti•e capacity ta rather low, compared to the other 
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poup of 2:1 silicates, the smectites. Ground mica hu found application as 

a filler in paints. As a diluent in dust farmulations m1.:a is occusionally use! 

in the pesticide industry. 

India is the worlds largest producer and eXp«Wter of mica, accounting 

far approzimately two-thirds of the total trade volume. However, the world 

market far mica is shrinking. The Mica Trading Corpcra.tion is c:umently engaged 

in an EEC sponsored research projects, to find new mes far mica. Mic:roniaed 

mica powder, one of the available products, could in this contezt con't'eniently 

be tested far its applicability as a carrier far polar toxicanta. 

Vermiculite is weathered hydrated biotite and may thus conveniently 

be inclw:led in the mica group of phyllosilicates. Like mica, vermiculite has 

a platy cryatal habit. Contrary to the true micas, its !attic eA,"lands on heating 

due to dehJdr&tion. This property is utilised far making r4epr00f insulating 

materials. The fines residue of this utilisation is Wied as an eztender in paints 

and as a dilwmt in pesticide dusts. Its IOl'ptive capacity is better than that 

of true mica. Vermiculite la liltely to occur in quntity in India. 'lbe use of 

indigenous vermiculite as a pesticide diluent is wort!Mrhile to be tested. 

lftc:ipitated Silica 

Prei:ipitated h}'drated silicon dioxide and p1edpltated caldum silicate 

are synthetic p-oducts deri-r'!d from gr'O\ 'Del quarts and quarts sand. The fines 

are cher.dc:ally treated with add and lime in autoclaves, after whlch the reaction 

product is predpitated and dried. 

It ls Ulfld in high value pestidde fcrmulatiom in which the tcnicant 

is not •err compatible with other mineral carriers. 

Due to the very hi1h price of peeclpitated qurts as compaed to clayw . . . . . . . . - . . . . .. . . . . . . 
a&IU v.._- IU&&IC&"&& '--"&C&• ..... U.C a&I ·-·&U-~- .. U&UI~ CMM1 &UV.• VI.HI&& 

combined with the me of da19 u dlluents. 

The tarptive capadty of both tlMtee tynthetic c:uri9l'I ts pod. Tbe 

products have moreoT• anticaldn1 propertiea, c:ompmnble wttla thole of 

diatomaceoua earth. 
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Annexn 

Qaality Control with Spect.1 :refa EKe to clay Cllftien ad dilamts. 

The pesticide industry, as a consumer of carrier clays, bu a vital iuterest 

in sources of supply, from which clay grades with near constant pt'OPel'ties 

can be delivered over• long period of time. This is essential in order to ensure 

an even production, not hampered by shortages, shutdowns !or cleaning and 

repair due to fluctuating carrier grades, other from different suppli~ ~· and 

resulting end-product powders of varying quality. 

Preferably ch09ell limits could be adopted far physical proper ties of 

clay carriers l\lch as IOl"ptive capacity, wettability, suspensibility and particle 

size distribution. In addition to these properties abrasivenea is considered 

to be an important parameter, as canier clay with a high abrasion index may 

came excessive wear and clogging of plant machinery as well as losses in the 

fields, due to abrasion of pipes and nozzles of spr&')ing or dusting equipment. 

By demanding a minimum of quality control, executed by the clay supplier 

the pesticide industry will gain a better control of itl own operations. 

It will hardly be conceivable to obtain unif Ol"1D grad" without treatment 

of the crude claJ9. Se•eral processes are in me, depending on the nature of 

the clay. The main paoce ... though are washing and b!endfng er homoge11tsing 

of the crude cla.19 in order to eliminate miner natural. variations in overall 

composition in the clay piU. Sc:reening and grinding after drying of the clays, 

u well u air., floating, may further imrcrove the grade. 

Nckoline clay ia an eumplr: of a well mixed uniform clay product obtained 

in the coal wubing plant of the Neyv1tli Lignite Corporation Ltd., in Tznil 

Nadu.. 

bub at any clay prcductn1 site are wet screening tnts, the determination 

of the lNlk density er volume wet1ht, u well u the moisture content of the 

clay product, all three bued on wetpin1 of umples. 

Pref.,.bly tbne tests muat be demand~ in order to certify the clays 

u pe9tidde cmriers. 

Accmttns to recommaded WHO standanl, the .11 .. '• of p!t ma~ 
__ -~ ___ ---~ _ _L-._ I ,,I • I I-· _.____ __ ......._~-----~---_.-.i_ __ ~-..JL....- -------~---.!!9..L-.- ___ . _ 
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(=200 mesh) for reaaom of health risks (silicosis) for f actary workers in day 

consuming industries. 

However, refening to above mentioned 21.brasiven<..111 of the clays as 

an undeairecl property, thE: pesticide industry is well advised to lower this 

standard considerably. An upper limit of 0.59' residue on a 74 µm screen can 

easily be obtainK fur most natural clays. It is good practice also to weigh 

the rasidt.ie on a 44µm (=3ZS mesh) wet screen. It will not be unreasonable· 

to demand a maximws residue of 29' on the 44 µm screen. 

~ balk de!llllities vary fer different t,pes of clay. While kaolinitic 

and attapulgitic clays have approximately the same bullt density, bentonites 

are heaviel" by a factor 1. 7. 

For kaolinitic clays the mllan bulk density is 0.57 kg/I varying between 

0.48 a:id 0.65 kg/I. Far bentonitic clays the mean bulk density is around 0.96 

kg/t it is well known that the moisture content of the clays on delivery has 

inilwmce on the mixing iroce11es in the comumtng industries.. On economic 

FOUll.ia, it is an adnntage for the da7 consumer that the wpplfor delivers 

a clay produ.;."t with a low molstwe c:aat~ which ideely may not exceed 

19' in weight, at a relative air l<.umidity of 609'. As kaoUnitic cla.ys, in particu!u 

ball cla~ are hygro9copic, higher moisture contents in dry cla'f'i can be 

ezpected. At 609' relative air humidity a ball clay may contain 49' moisture. 

In u far u hJF09Copity is a inherent propet ty of particular clays, no denf.fite 

limit can be set. Bygrosccpity is infiuenced by p9rticle size distribution u 

well. 

ID the following chapten, 1, 2 and 3, methoda for rapid determinations 

of the above mentioned, aadertiDed clay parameters b given. The buic: 

procedu:·w are all bued OD weipiq only. 

1. The proper technique for wet ICl'eeDin1 analyma 

A 1t;ADdudiled method for the determmation of ICNen ....tdun on 

74µm (•ZOO mesh) and +&JUD (•325 mah) lriet'es, wbir.h only to a miller ct.,.. 
is dependant on the 1ktllt of the labora~cr)' operatcr i9 dac:rlbed for boliDltic 

clays in particular. A pnrequilite for the method ta that a pepttsiac ••t 
ta ldded to the clay 8'11p9Uion. Tbe preferred qent l8 tetruodiamp71upholl>hate 

(Na4P207), which can be prepand by dislolvfnc 20 pm• of anb,vou. Na4P207, 

er 33.5 pama of Na4P207.10 820• Cl"J9Ul8 in 11 diattlled .1•t•. Tbe procedure 
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1. Add 100 grams of clay to 375 cc water added 25 cc peptiser solution. 

Stir thoroughly,- preferably in a mizer at high speed-, for 10 minutes. Lump 

pde clays should be pulverised in a mortar prior to testing. 

2. Pour the clay suspension slowly onto the screen, which bas been wetted 

before, and wuh the container with care, pouring the washing on the screen. 

Generally, the treatment with the peptizer is sufficient to pruduce free 

IC!'eelling. In cases where the 44µm 1c:reeD becomes clogged because one deals 

with a high 'risc:oaity clay suspension or with ezc:essive residue, the screening 

can be facilitated by a stream of water, directed againlt the screen. from 

a rubber hoee, with which the force of the water jet can be regulated by 

1qUeezing the end of the hose. Do not rab die material thraaP die Kreea. 

3. W uh the clay thrcugh the screen until the water is clear again, and 

free of clay particles. This ope:ration, can be completed in the course of one 

minute. 

4. Transfer the residue from the screen to a SO ml or 100 ml preweighed 

beaker. Dry at uo•c, and weigh the beaker with the raidue after cooling 

to room temperat\lre. An evaporating dish can be U8ed u well, instead of a 

beaker • 

.!2t! : Tap water may carry 1ame grit or other foreign matter and tbould also 

be pused through a 44µm screen before use. 

Tile above method inaures that each clay particle is wetted by attrrtng 

and by the addition of an eff ecti•e peptiling agent to th'! clay water mixture. 

2. 

Tae .. rifiy 01 commerciaiiy avaiiaoie te•i equipment £or the 

detm"Dination of moisture content 'n materials bu in common that a weighed 

sample of the material to be teated is subjected to a Jn.determined period 

of heating to 105-US•c, after which the sample is ccoled and wetahed once 

more imm~dtately after. The difference between the weiptnp, the weipt 

lou-, i• then ezpre..ed u a percentage of the initial wetpt u a measure 

for the moiatun content of the te1t sample. The procedure i1 simple and can 

be employed after a lhort instruction. 
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A common way of obtaining the desired temperature is by utilising 

the heat which is diasipated from an infrared heat source, usually a bun>. Care 

sh~ be tabn that the test sample is truly representati•e fer the batch or 

load of day. This can be done by extracting se•eral omples, which are 

thcroughly mized. 1k final test sample is then again eztracted from the sample 

m~ Extracting four samples at a time is usually suffidat to obtain a 

reliable measure for the moisture content of the entire clay lead. 

3. Tiie det& mimtfclu of campac:te4 balk demity 

1be bulk deras.ity, er •olume weight, is meamred by weighing one litre 

of dry clay mat .. -rial, thus expreaed in kg/I, which is equiT&lent to t/ml. 

Fer all practical purposes it will be sufficient to follow the simple 

procedure described :,eJow: 

i) A p-e-weighed container with a marked wlume of oo litre, available 

u a kitchen utensil-, is filled completely with clay. 

ii) The clay material is compacted by bouncing the container on a bard 

table top, ten twenty times, while turning the container betwffft the 

two band.I. until the IUl'f ace of the contained clay remains in the u.me 

pmition nen aft• ~ontinued compattng. 

iii) Mere '!lay is added upto the 1 litre mark, after which compacting by 

bounchina is repeated. 

i•) Repeat~ filling and compacting multimati•ely produces a tiptly packed 

litre of clay material in the container. 

w\ Th• rnw.f'•i"-' r1•• ••"'"1• fe t1'- • .-tohM. •'•- •'-t,..lt t'-• •111fa)if' 
- • W' - v 

of the container ii substracted. The final weight flpre obtaiued i1 a 

.direct meuure for the compacted bulk demity. 

The compacted bulk density i1 aometlmes referred to u tbe apparent 

denlity. 1'he specific density of claYJ is the true deulty of the millenl tpedes 

ucluaiYely; i.e. without accountin1 for the Yoids between the tndiYidual clay 

pU'ticles. 
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Another density parameter used in context with indmtrial applications 

is the areated er fluffy density. which is determined by weighing one litre 

of the powdered material without compacting it. 
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DATA SHEET FOR MINERAL CARRIERS AND DILUENTS JN 
PES'l1CIDE FORM1JLA110NS 

Brand Name I Gradfl! : 

Name ad mldra9 of the 
mpplier/producer: 

Mealfication : 

Moisture content (11 o• C): 

China clay - ceramic tp"ade 
E!dera China Clay Works Ltd.. 
1. RaYi Chambers. 5th Floer, 
Alunedabad-380001.Gujarat 

Washed boJinitic clay 

Balk Density : 

Wet Sc:reea Allalyaia : Remue Gil zoo Mah (74 pm) : 
Grit Matter : Remue aa 325 Mah (.'4 pm): 

CRDGCAL DATA: 
Lem an ipidan 
AcidityfpKa) 
Acldity(pB) 

14.0 " 
+1.5 to '95 
8.8 

.~-~<r.ERl4* • 
Plll"ticle Ilse diatributiaa : 
Metlaod med: 

.AAS PE'l'ERlllNA110N: 

Fe " 
... n.cL " 

Ca " 

" " 
i.e. than 2 pm 
From 2-10 pm 
From 10 - 20 pm 
OYer 20 um 

Wettability/Wettiq Time/Wat• : eec. 
SalpenllbiUty (Additift med): 
MuimmD ICllptift c:apadty (Malathioa): 
OtMr pmuaeten: 
CadoD ezch•np c:apadty: 
Spedftc IUl'fac:e: 
Metbocl med: 

Remarb ud recommadatioaa: 

Tbe clay product fa~ for me in the ceramic induatry: 
ita application m patidde f arm-.:!ctiou hu not been tested yet. 
True demity : 2.28 al cc. 

P!S'ntilil bEV!LOPUIAf PROGRAMME IAblA 
Udyas V!Ur, Guraaoa-122 016, Rarpaa. India 

0.653 Ka/I (=t/m 3> 

510? 
A120J 

" 1.69 " 

" " 
" " 

31.77 " 
35.34" 
30.19" 
2.70" 

" n.cL a/1001 

n.cL meqT/1 
n:ct. mz/1 

a.d. • DOt determined 
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MJKERALOGICAL DATA 

Sharl description of tl:e natural OCCU1Tence/deposit: 
<Paraaenems, parent rock, sediment character, geological enTironment, etcetra> 

The kaolin deposit is situated in Sabarkantha district, taluka Jolu- in Gujarat. 

This prUnU'f kaolin deposit, deri•ed from a pnitic parent rock. occurs in an 
elonpted zone of disturbance in the aystalline buement, about 200 m in width. 

The kaolin is a bard rock, which is p1ecrmhed before wubinf. The residue after 
washing is predominantly quartz, mica nor feldtpar ba•e been detected. 

The yield is 229'. 

mENTD1CAnON RECORD: 

X-ray diffractiaa (XRD) 

X Infrared Spec:traec:opJ (IR) 

X 1bermal ADa1J'lla (TGA, DTA, DSC) 

:sJec:traa Mic:raKGpe (SEM, TEM) 

Optical Microecope (OM) 

CRYSTAUJNITY AS CALCULATED FROM: 

XRD 

IR 

Other Methoda 

COMPA'l'DIUTY TESl'S ON DCORD: 

Tozicant 1 

Tozicant 2 

Tcmcant 3 




