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StffV\RY 

The Indian requirernen,t of pho~phatic ferti l i7ers 

by the end of 90's is iu the order of J.2J rnillion tonnes 

of P 2o5 per annwn. Indigenous rockphosphate can provicie 

about 0.41 million tonnes of P
2
o

5
only, the balance P

2
o

5 
is to be imported each in the form of rock-phosphate, 

phoephoric acid or finished phosphatic fertili7sr. This 

requirement is likely to increase further when measures 

to correct the present imbalance in the r.oosumption of 

phosphatic Certilizers fructify. The balanced use of N & P 

is essential not only for crop production but ulso for 

maintaining soil fertility. 

India has huge reserve• oC low grade rockphoaphate? 

amountin& to over 165 million tonnes (excltJding t8 million 

tonnes of directly uaeable high gra•le ore oC JOS P
2
o

5
). 

The beneficiation of low grade rockphosphate to produce 

concen.rates suitable. for making phosphoric acitl/SSP ur 

directly use them as fertilizer either in the same/mo,fifie•l 

form as non-conventional tertili%~ra, assumes great in~ortance. 
The paper de•cribe• the effort• made by India in thiw regard for 

utilising two major low grade rockphoaphate deposit• at 

Jhamarkotra (67 million tonnea) and Mussoori~ ( ~5 million 
tonnes). 
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1 .o.o BACICGROUNO 

Phosphorus is an essential requirement for balanced 

use of fertilizers. In the production of phosphatic 

fertilizers, we require rockphosphate, for which certain 

quality of rockphosphate is essential. This quality is 

rletermined both in terms of P
2
o

5 
anJ "'lso other gangue 

minerals like Silica (not exceeding 2 - J~) Iron anJ Alu­

minium oxide (not exceeding 2-J,~) with minimum content of 

chlorine, organic matter anJ carbonates. 

At present, our food production i.s aLout 150 million 

tonnes per a; .. ,;,a,,. Cor which our consumptionof phosphat ic 

fertiliz•r• is of the order of t.87 million tonne"> or P
2

0
5

(R'1-05'. 

The consumption of phosphatic fertilize2·s is going to 

increase to J.2) 1nl.1li~n tonnes of P.,01'! uy the enrl or 8o•.C89-?0} 
~ ;J 

to meet the ! r.creasl111; demand of fooil. This i :1 going to 

increase further by the on.I of the cent:.1r)·, to nwt.·l tlie 

increased cfemand of food required f"or 111aintm11tnc1• onil survival 
of incrP.asing population. 

The essential raw material required for the product­

ion of phoaphatic fertili7.e-rs is rockphosphate. Our 

indigenous production of' rockpho11phatP. is o.llJ 1nilli>n tonnes 

which may increase to about t.)7 million tonnes by theend of 

80 1 a. Our indigenou• re•ources will provide o.~1 million 

------------------------------------------------------------
• (t) Chairman cwa Managing Director, Pyrites, Phosphates & 

Che1nical• Ltd. 

(2) Pre•ide"t• Mining, Geological & Metallurgical In•titute 
of India. 

(J) Cha.lr1Un, '-'•rtilizer A••ociation or In.Jia(Northern 
Re1ion) 
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tonnes or P
2

o
5 

per annum only and the balance P~o 5 require­

ment of about 2 •. 8 mill ion tonnes of P205/year has to be 

met by either using imported rockphosphate, phosphoric acid 

or finished pho•phatic fertili7.ers. 

Our consumption and use of fertilizers at presentis 

not balanced. The present consumption of rd. trogenous fert­

ilizers is 5.65 million tonnes"'1ereas phosphatic fertili-
(NP: ): t) 

7.er is t. ~7 million tonnes P205/year I The huLmce propor-

ti.:.n of N:P is 2:1. It is well known that if the balance 

use is not done 
1 

it will reduce the crop pro1luct i vi ty An•I 

also make soils poorer in phosphate content. Soils thus 

become infertlle an<I are not able to give proper cro11 yiel1l:t 

unless hi!;h application of phosphorus is done alougwith nitro­

gen. Ou1· Indian soils have low to 111ecliu111 phosphorus status. 

Thus our requirement of phosphatic fertilizer ;_s going to 

increase further in future years for mAintaining proper crop 

productivity and soil fertility. 

2.0.0 INDIAN nESOURCES OF ROCKPllOSPllA'rE 

India does not possess largo reserves of high grade 

rockphosphate, which totals to only tR million tonnP.s. On· 

the other hand there are si7.coble r~serves of low gra.te rock-

phosphate amounting to about 165 1nillion tonnC?s. Table 1 

gives the position of reservP.~ of Indian rockphoitphate along-

with P205 content and major impurities. ·rnt·le 2 ah.>w~ typical 

::hemical composition of some important rock phosphate occurance 

oC India. Most of the rockphosphate ole,Poaits arti in the l'1nJ 

lock a•eas as given in figure I. Thu• if they can be p~t to 

use, it will reduce the co11t or phoaphatic fertilizer., anti 

encourage the farmers to use the same. Thus it is in this 

context that optimi•ing the use of lo"' grade rockphoaphate 
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assumes great importance in Inell a, which can be •lone 

either by upgrading/beneficiating the rock tu improve 

its quality for using it in the pro•luction of phosph.atic 

fertilizers or directlyuse in the soil or in tttP. 1110,lifie·I 

form to provide a cheaper source of P205 in lhe country. 

J.O.O BENEFICIATION 

The beneCiciation of low grade rockphosphate con­

si:tts in removal of impurities, which is commonly practise•I 

in the world. The technique and process however depend:i 

on the nature of ia1purities, 1aineralogical prope-rties 

of both apatite and &angue mineral present in the low Kra.le 

rockphosphate. If such rockphosphate contains apatite 1nine­

rals associated with the silir• or calcite as ganguc,these 

present no difficulty in beneCiciation. Even low grade rock­

phosphate containing J-#t" P2o5 are Leing upgraJed to over 

J5" P2o5 • Such co111111ercial size plants are working in Bra:r.il, 

Finland an1l other countries. 

J .1.0 BENEP'ICIATION OP' INDIAN LOW' GRADE ROCKPllOSPllATE 

A glance Crom tables t & 2 brings out the fact 

that ::.hief impw·itiea in moat oC the In<lian phosphorites 

are carbon.ites and silica beditles hydrated iron oxi•le. 

A<l<litionally, pyrite shale and carbonaceous rnaterial are also 

fuw1d in some caaes to occur aa major gftngue material. 

It may not bo out oC place to mention that the association 

of . carbonates, •iliceous and Cerruginoua im1>uritie• with 

pho•phorite i• a r;lob11l phenoiaenon and to that extent, most 

or the Indian deposits Jo not •how any departure from t~e 

observed trend. However, each and every phosphorite occur­

rence ha• •~•• pecul•ritiea ot ita own in reapect to the 

•tate of di•peraion of phosphate (apatite grains) in the 

phoaphate bed •• well aa in regard to its textural character­

i•tics. 



Loe at ion 

Rajasthan 
I. Jhamarkotra 

2. t1aton 

). Kanpur 

•. rtiacbacie-ka-Cucha, 
tnk•ntotre, Sl~arin& 
.... ...ch Hllt.11, 
... on. 
Mnohecpura •tc. 

5. Plr•n1a 

tM4hy.a Pradesh 

'· Jhabu• 

7. Hlr•pur 

'· ~aaoocle 

West .. ll')al 

JO. PUruUa 

al Mr 

I 1 , S ' n(Jhb:iua 

4dr• Pr•de•h 

12. ICGUpacna• 

- 6 -

Table 1 Rock Phosphate Resources in India 

Reserve 
mil lion 

tonnes 

11.00 

1 l.CIT 

10.oa 
l,t'O 

e.ao 

8.00 

10.00 
s.oo 
) ,I)() 

6.00 

45.00 

s.oo 

1.00 

1.00 

Grade 
P205 
percent 

Main impurities Remar'.<s 

+lO 

12-l!I 

10-1~ 

+lO 

s.2s 

10-12 

29 
u.s 
17 

U-25 

20 

About ur.; 
( • ('Orel on 
25.>2") 

u .. 19 

J0->5 

Slllcn 

Doloir-..!. ta 

s111c.:i a 
~loalta 

DolC111.1tc I. 
calcite 

carbon.ltc 
.tllca 

~xrlnratlon by ~aj4~th;in s~c.o Ott;. 
lndlc.-ated reserve has bean placed at 
7S -1.lllon tonnes under cxploitoatlon 
i>v A£tl4L (PruJ...ct bc1n') sold aa ACM) 

EJ19lor.at1'>11 by CSI. Un1.:r ex!'lolution 
by HZL (ual'd ftft.,c t>r.n<.fu:1;at1on ln 
!JhOS~tc acid) 

Ex~lor•t1on by CSI, ~a.;ilncd unexploited 
Be 1 ntJ ia1 ned by "5tUlC 

bplocation by C51 " Dr-:G. ~on-cur.c:cptil'IQ 
ltarborlil and Dlkankotr.l br.inq ca;:>lolted 

Slllc.a ca:DOnlte Elqlloratlon by c:;s1. unexpl01ced 
Iron 

Slllca r. p.'lrtly bi;>lorat.1on by GSI, bclng minod by 
d->loialte K.P. Klnlng CorpocaUon. 

SUlca, c.irt;onate rxv1ocauon by GSI, 0.1119 lllnc:d bf 
1 con M.P. Mln1n<J cor~rauon 

Silica, 
cubonau lr-

Cacbonau. 
chert. •hala 

Jron 

Iron 

"'OftOtl t.I 

Exp1ocat1on by GSI. being alMCI by u.P. 
Mineral ona1as--nt cori--auon. 
e.38 llllllon tonne• lnfocred by on. lile1~ 
explolUd bJ Pl'l:L" according to u-_ th• 
tot.al n••rv• of inferred " lncucac..d 
cate;orl•,. l• placed at 45.00 •Ullon conn• 

Apatlt.e on belft'J axplore4 br 051 " 
qplolted by WKIDC 

Expl01ted by *pco. 

&aplolc..d by ~1. A.P. Mlnlng local Urm 
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J.2.0 ECforts 11nJertaken f'or beneCiciation. 

J.2.1 Singhbhum Apatite. 

The initial eCCort towards beneficiation oC phos­

phatic ore in India was conCi-ned to preliminary lab/Lench 

scale beneficiation tests for the Singhbi1um ttpat ite "re, 

the existence oC which was known for a pretty long time. 

Subsequently, the low grade mixed apatite sample from this 

area was tested in the pilot plant scale as hack as in 1')66 
in National Metallurgical Laboratory (NHL), In·I ia. Minernl­

ogically besides apatite, the chief impurities are magnetite, 

quartz, Celspathic and micaeous material, Magnetic !§eparation 

followed by flotation of non-magnetic fraction an? rP.sorteJ 

to. The flowsheet developell in11icate the poi1si1Jility of 

producing a concentrate assaying 'tt'' P2o5with les~ than 

It% total oxide. A general flowsheet based on the above tests 

was reconvnencled, by NML and which in turn, could be clevetailed 

for a plant to upgrade 150 tonnes per day of npatite ort:. 

Unfortunately in the absence of any serious firm. evaluation 

of the reserve/grade ch.:iracteristics and apparently small 

pocl;ety nature of the deposits, NHL' s above investigation 

could never be t.ranslated into reality. 

J.2.2 Purulia Phosphate: 

Similiarly for the neighbouring Purulia (Deldih apa­

tite) ore the Project and Development India Ltd. (Planning 

anC: Develop1nent Division of FCI) is unclerstoo•I to h~1e Joveloped 

a process, 1'hich be aides reducing the P205. content/the saill 

ore, could also reduce ~he higher chlorine content oC the ore. 

The Project and Development India limited contemplates to 

un<.le1·take pilot plant inveatigationot the Purulia c.ro on the 

basis ot the result• ot their lab-scale finc1i11~. Further 

devolopments in theae re~~rd are a1'aited. 
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J.2.J Jhamarkotra Hockphosphate. 

Jharnarlcotra low gracle rockphosphate contains on 

theaverage t6" P2o
5 

and have the reserves of ove1· 50 million 

tonnes. This is metamorphic in origin anti lJelongs to 1>re­

camhriara age! 570 million yt~r D.C.) contl.iuins 

silica, calcite and dolomite a"I gangue minerals. In the 

metomJrphic stage, the collapl~ne.pho~phatic mineral has 

crysti.lised to form apatite crystals. These can thus easily 

be CloateJ in the beneCicialion process. 

The typical mineralogical iomposition i1lllicates that 

texturally ore is in intimate interlocking arrange111e11t of 

rnlnute phosphate grains with axphallised grains of cnrborliltt? 

and for fair liberation a fine mesh of grind i~ e~sential. 

The benoficiation of this low grade rockphosphate has bet 

been done by artopting simple rnethod by subjecting the grounct 

Jeslimod product to flotation (Silica oleprcssion) I selective 

lfisorption oC collector on phosphatic grain i11 the floated 

proctuct s nnJ further removal of <lolomi te in froth by rtepre-
(2) 

ssing phosphate. The typical fee•I and c :>ncentra! e aualsyis 

is shown in table - ). 

Jamarkotr·a roclcphosphate concentrates hove bean tostecl 

and found suitable for protJ,ac t ion of phosphoric aci1l an•t 

SSP. A pilot plant of -200 t.t>d hns been set up at Jharnarkotra 

for establishing the above proce!lit on large-scale. 

J.2.4 Maton Rockphosphate. 

In thecase of siliceous Maton ore, a proce.s.tt of' 

straight flotation of phosphate using sodium oleate as 

frother cum collector and 11011iu1n 1tllicate na ile1Jreseant 

has been JevelopeJ. The above proces:1 for float.in~ tho 

apatite hul'I been succesJfully translated into inJustrinl 

practice anti a plant is smoothly working at UJ;dpur. 
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J.2.5. Hussoorie rockphosphntP. ,-feposi.t. 

Another major rockphosphate deposit in In1lia is 

at Mussoorie, Distt.llehraJun, situate•J in the outer 

sub-flimalay1tn mour;.tains ranges. The Jeposi t occu1·s in the 

Corin of syncline which is about t:!O Kms. in length an•J 

1J kms. in width, situated between the altitu.te of t000111eters 

to 2000 metres, UetaileJ exploration has est1tblishe.J ;ul 

ore reserves oC 45 million tonnes qto a rlepth of 100 metres. 

The vertical cross section of therloposit shows that the 

ore body extenilsto depth., as no borehole nt depth has tou­

ched the bottom of the syncline, the ore' reserves in conti­

niity at depth cannot be ruled out. l.f so, the ore resurves 

will rise to over 10~ million tonnes. 

J.2.5.1 Mineralogical characteristics of Hussoorie Rock­
phosphate. 

The deposit belon&s to cretaceous geological age 

( 1)6 million year)ac>and fa very young. It has not been 

subjected to metamorphosim. The phosphate mineral is 

collaphane, which is massive and is amorphus tu rnicro­

crystalline. Calcite and pyrites are heavily disseminated. 

The broad mlneral qualities are ~s below:-

Hiner~logical characteristics. 

- Low to mec:tium grade with 15-18" P205. 

- Economic Mineral - Carbonate fluoapatite having 
e1npericeil formula Ca 9 .ao Na o. 1'1 Mg. o .oG (PO'•) 
5.~2 - (COJ) 0.58 F ~.2J. 

- Major diluent - Carbonates (higher calcite ,inarginally 
high dolomite) pyrHee, silicates in form of quartz with 
minor amount of clay. 

- Textural description: i) Coarse grained sprr carbonate 
and phosphate clasta. 

ii) Fine grnine•l intcrgrowth of 
apatite, qunrt7 Hnll carLonotc 
gtmgue. 

The .fig. 2 to I) shows the 1nict'o11cop.~c ·~tructurc of thi!-4 
pho•phate. 
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lloclc rf"activity 

·Natural .\uunoniu1a1 Citrate (N.\C) - Lower values by 
2.0 - 7.5;~ NAC - Sol uh) e P::!O.'.) a.:; comp<u-vd t•> ~•·•ti•1<-ntary 
np~tite. 

J.2.5.2 Oeneficiation 

Various attempts hn e lu~en made t•> h~11eficiat.~ 

the? run of mine rock1>hosph11te (UOH l~P ) conlninin~ l:'~~ P~05 

to proJuce concentrates containing 28-JO~~ P~05 which arc 

suitable for chemical processing for production of phosplu1tic 

fertilizer. Earlier tests establi!1hed the l.one!'ic iation 

process of upgrading 28-JO% P205 Ly calcination anJ .lesliming 

of the lime. This method of rl•moval of mineral gangue gives 

a P205 recovery of 68 anci that too involving high cost. 

Atte10pts were madP to upgrade Mussoorie roclcphosphate by 

flotation dicl meet the success. Extensive experiments were 

made in various Indian laboratories namely; National 

Metallurgical Laboratory, Jamshedpur, Indian Bureau of Mines 

Nagpur & Indian Institute of Science, Bangalore, sam1>les of 

~ussoorie Rockph~••hate were also sent abroad for testing in 

Drazil, USA, Sweden & Italy, but with little success. 

Recently PPCL sponsored studies with M/s Sala 

International, SweJen with the assistance of UNOP/UNIDO. 

Sala was aasigneJ the job to produce concentrate for 

Mussoorie nockphosphate containing 17~ P::?O,'.j incrtta11i.ng 

::?8-JO~~ P205 suitable for making phosphoric acirl/~SP. 

After conducting bench scale •pilot plant ecAle 

test~·on o 100 tonnes samplo, Sdla concluclP.il that Museoorie 

rockphosphate can be UJ>l(raded in two eteps: 

1. Pre-concentration of the Mussoorie rockphosphat~ 

fr-:>m 17'~ P205 to 2.)-24" P205 hy heavy media principle, usiu& 

Dyna Whirl Pool equipa1ent. The anain advantage is t11at thu 

beneficintion is possible on the coarse ore s!ze from 1.0 ~~• 

to 20 •Ma. ·n10 product bttlow t .o mm i• upgra1ht•I by <lu•li1nin1 

the slimes with Hydr,cyclone. The concentrates produced 

both by DWP ond llydrocyclone are 111.ixed whiclahnve "" 1tvern1e 
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grade of 20-22% P205, which is the present marketali le gra1le 

of Hussoorie Rockphosphate. There is high P205 recovery of' 

08 I t th t I' • • 1 I Cl 7) ~ an' - e cos OL processing is a so very c ieap. 

2. T~,.~ pre-conce.1t rate proJ;.1c t obtained is up~ra•le.I 

further. The pre-concentrato oro groun.1 finn't, Bo" 1u1ssing 

through ltJ micron an.I suhjected to f'roth flot:itio''· Pilot 

11lm1t trials con.::luctc•l by }1/s Sala Intca-nl'ltio11.1l, Swf'.lc11 

showo.J that this concentrntes can be upgraited to :!7-:?8~~ 

P205 with P205 recovery of 65~~. hut the re-a.gent ..:onsu .. 1pt i.111 

is very high, which makes the step t-:u.~ as un-econoinic. 

In vie, .. ol: this economics of heneCiciation of step 

No .1 am.! production of coucentrl'tes which nre 111.-,c!~etahle 

it hns bean decided to set up " pilot plant at 1lehraclwi fu1· 

fir111i11g up the pre-concentration l'roce8s, usin& Dl/P equipment 

011 a large number of sa111ples which 1dll lie obtained Crum 

various uaineable blocks oC ~lussoorie synclirw. This will 

thc:i estnblish the process on Hussoorie Ilockpho~philtc ev1~n 

with different mineralo!rical co111posi tions. The cost of s·:?t ti­

ng up of the P.ilot plant under UNUP aRsistance is US S 0.2J 

million and Government of India lts.A.8 1r1illion(US $ 0.75 mill­

iou). The pilot plant is ell.pee te•J to be cornmi ss ione<l by 

April, : 985. 

4.0.0 DIRECT APPLICATION OF ROCKPflOSPllATE. 

'1.1.0 Chnracteri•tica of nuckplu.>aphate for •If rf'Ct applic1ttion. 

Various camtries in the world are using Cinely 

ground rockphosphate as straight phosphatic fertilizer for 

various responsive crop and _uils. The ecouomic efficiuncy 

of the rock depends on various fActors such Al:I: 

a) Rock Re-activity - which is <.Jependent un the type 

of rockphosphatc. 

i) nature ot crystalline ~tructure. 

ii) presence of carbonate substitution in the ... ry­
atal lnttice an1I 

iii) a11aociation of other nutrient!'.; l ikc sul11hur 1111.cro 
nutrients, or&anlc mnttcr etc. 

iv) it~ physical properties 1 i!<e Amoq>l111'1 structu1·c 

v) Jegr~e or fineness i.e. particle ~lze etc. 
vi) porosity or particles. 
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L) Soi1 factor'!!. 

i) pll status 01 the soil 

ii) P-fixin~ capacity of' the soil 

iii) P status oC the !!Oil - soil low in phosphorus 

incroase the di1i.SOlution OC p from the rockphosphate. 

iv) calcium: statu!'I of 'ioi 1. 
Study ~r calcium in the soil also is o drawing force. 

v) Organic status of the soils: Soils 1W"ith high 

organic matter provi.lo acid environment Cor 

diss.:>l•.1tion or phoapha.to rock particle. 

c)i)>lant f'actors: plants with long an.J Cibrou• roots 

provides large surface area Cor acit.lulation ~r the 

rockphospha~e particles, by the organic a~idpresent 

in the root systems. (lR) 

ii) Crop duration: Long duration crops require 

slow and steady supply of phosphorus. 

l'hus in order to obtain acceptablu ecunuwic efl'iciency 

from the use of phos~hate rock for direct applicntion, 

\oic hnve to study not only tho type of rock being usc•I but 

also the soil a;·uJ plaut C.actor~ a::1 well. On the basis of 

these factors, it is found that in many situ-.tions, the 

ground phos~1hate rock provi<lo tho same agr1Jno111ic cfCir iuncy 

a!t that of water soluLle phusphatic fertilizers to many long 

duration an•I a6riculture crops in ncit.lic s'>i ls. 

'• • 2. 0 Evaluation of Indian Rockphosphato for direct 01£lpli­
cation. 

The chemical characterisn·:ion or some of the Indian 
(£) 

rocks have been evaluatod by various institutions. The 

soluLility of Mussoorie roc1< in a.~utral solution or 11111monium 

citrftto is about 10-12~' an•1 UJaipur, rock 2-4~;. Tim solubiHty 

of rockphosphate from Mussoorie, Urlaip~r, Jhahun, JorJon in 

acid ao'.ution has been teate<I hy G.D.Pant Univoraity or 
Agricul\.ure and Tn~hnology and the result• in•Ucate that 

hehaviou• ot ~r. ... ssoorie and Jorclan rockpho•phate i • more or 

l••• similiar in rogarrl to calcium and P concnntration vherea• 

Jhabua rock 1ave loweat Ce & P concentration at 1llft~r•nt 
pll value. Udaipur rockphoaphate •tooil in h•twoen Mn••ooria 
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and Jhabua. P and Ca in solution a Ct er 211 hrs. have 

been shown in fig. .9 & 10 Cor above rocks .c 18 ) 

,. • .3. 0 Suitability of Rockphosf>hates Cor •lirect application 
in acid soils. 

The agrcnoniic evalun ~ions of ind igt?nous rockpl•osphate 

have bean l!one for Mussoorie rockphosphate en a large scale 

(Tab:..e 4). In roapect of 'Pho ... phatc ·Rock some limite<l 

work has been done,,whilst f'or other practically little work 
ha~ heen .tone. 
4.'l.O Rockphosphates in neutrrtl and alka~ine soil~. 

In slightly acidic-neutral soils. the phosphate 

rock will be effective if the P status of tht? 11oils is low 

and sonie amoWlt of 1 P 1 is present i!'l the availahlt! form. 

The principal advantage of ground rockphosphate is 

its low cost, i~s production require low capital invest­

ment, less technical skills, ovor-all energy requirement is 

s111all and can utilise the low grade rock not' suitable 

for production of conventional water soluble phosphatic 

f t ·1· (tJ) er 1 i.zera. 

The use of direct application of rockphospllate 

is OCCOWlted for only about If% Of ;;:ausphatic consumption 

in the world during 1982-8) (FAO 198)). Out of thi11 only 

about 20 - 25% was usect in Asia mainly in Inclia, Indonesia, 

Malayasia, Sri Lanka. PAO statistics for Chind 1fo not 

include the eat imate of about 2 mill ion tonnes of phosi.'hate use 

for direct application. The use of direct application of 

rockphosphate has not progres!ed substantially as the 

reactive phsophate has not been identified for 1lirect use. 

When the un-r<iactive rock finds it:s way to the f<trmer 

and the farmers does not get a proper agrono111ic €:ffici~ncy. 

loese11 the faith in t.he use of rockphoaphate for diruct 

application. 

Further the uae of finely ground 1·ock h.:u the 

1lraw IJack of difficulty in hanJling and application. Those 

difficulties can be minimiaeJ by gr1rnulating the plio11phnte 

rock with water soluble .binlI.,r.1J which 011 application in the 

11011 will J.ls· intogr1tte tho sranules tu <l111perite the fine 

rock p1trticles in the soi 1. 
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The soil!! and crop require water soluble source oC 

P205 for its initial root development ftnd other inctaLolic 

activities which is needed specially Cor hig:. !'ielJing 

varieties oC crops grown in the neutral to Rlkaline soils. 

Thereafter, the cropa furthe-r require P205 artcr about )0 

days at the tillerings stase mul then the _1:1ojor requirement 

of P205 comes at the stage of grain format ion which is at 

the cnu o.f aLout 60 <lays. 

A.gronomical experimonts have bean conJucte•I Ly various 

Agricultural Universities viz. G.D.Pant Univer:Jity o.f 

Agriculture I Pantnagar I cs Azad University or ,\gri. &. Tech. I 

Kanpur, Haryana Agricultural University, lli:ssnr, ll;mar"s 

Hindu University and UP State Ueptt. oC Agriculture in 

which partial substitution of water soluble phosplliltic 

fertilizer has been Jone to pro,ide about 10~, 20~ ~nJ 50~ 

substitution oi water soluble r1'1nr·• the IJa.£.ancc 1'205 through 

Mussoor.ie Rockphosphate powder. These experiments have Leen 

conducted in various crop rotations for a period of two to 

three yeors and finally reco1w11emled by the Stale Uirecturate 

of Agricultur-. that the Carmers in the State can replace 50~,; oC 

their P205 requrements by using Mussoorie Rockphosphute 

po~der (tables 5,6,7). 

4.5 Limitation of Direct Hpplication or nochphO!'fhate. 

The limitation of use of Mua•ooric Rockphoaph•te as 

powder have noticed as: 

1. Long distance of haulage of about J000-3500 Kms • . 
to Acid soil area• involve• lot of tranaportcost 

and constraint on the transport s)lten1. 

2. Difficulties of the farmer• in using the powder and 

applying in the eoil. 

). Losses of material in handlin1 and application. 

4. Bulk of ore deposit ia low grade (16-18~~ P205) 

and thue it will not be costly to uee this ore after 

transport over long di~tance. 

In order to OW'orco1oe the Jitticultiea of direct 

use of Musaoorie Rockphoaphate tu fertilizer, PPCL apo11so1·ed 
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stu•lies with the assistance oC UNOP/UNIDO. UNI;)() commissioned 

IFDC for conductins the stuJy namely: 

5.0.0 Protluction of modiCiccJ phosphatic fert il i zc1· 1lirec tly 
from low grade Mussoorie rockphosphate. 

The aim of the study is to find out th<? proco:is of u11i.n• 

low graJe roclcphoaphate itself as a phosphat.ic fertilizer . , ) 
with or without processing.( ·I 

5. 1.0 Developmental atuclies by IFOC, USA. 

The aims of the studies of IFOC are As below:-

a) Improve physical properties or diroct upp!ication 

product through 'mini-granulation' using suitable 

binders without impairing the agronomical properties. 

b) Develop suitable process of Partial Acf,lulation of 

rock to convert the phosphnte containe•I to more soluble 

form for plant availahi lity. 

c) study the agronomical efficiency of 1levelope1I prodt1cts 

i.e. mini-granulation with different water soluble 

binders in the green house and laboratory soil incu­

bation followed by field trials in India undor different 

agro-climatic conditions, soils an•I cro1>s. 

5.2.0 Mini-granulation studies. 

Studies were done using dif'f~rent water solui.Jle 1,iimlera 

so that on the application of mini-granulation inthe ~oil, 

to Prt particles revert to originAl for111 af"ter the water 

soluble binder is disaolveJ .Ln the soil. 

The flow diagrana of process aclopted is •lepictetl in 

fig. ·11 

'the various steps adopted are granulation, drying 

screening, crushing and re-cycling of under-si~eJ 

material to process atrearn. 

The varioua binders used are: 

i) Sftturated Potaaaium ChlorJ.de solut iun pre1u1red 

from comn1err.iftl KcL. 

ii) Urea - '°" aoln. at 10~0c. 
iii) Sulphuric acid -5°" aoln. 

iv) Phusrhoric oci..t -''~' •uln. 
v) )Uxtur• or 40~' urea soln. and 2~,nitrtc aci•I. 
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The Vllrious parameter stuclie:t ar-: 

a) Pinuaix speed 

bi Product characteristics anJ handli1'.g problem 

<luring various process steps anti r~,cyc le? ratio for 

good mini-granulation. 

Size of the mini-granules produce•l - ( -) tie -t 100 1nl'sh 
or 1-) 0. JOO-tO. 106 hkU 

5.2.1 Results & Discussion: 

Swm1ary or operating data correlntin& process para­

meters like 1.Jinclf!r type, temp. recycle ration etc. shown 

in Table 8. 

Physical properties of' product shown in 1'ablc - 9. 

Ilysical & hamlling properties (especial ly-1..lust iraess) 

can he considerably improved throu~h 111ini -~ranulntion 

with difCeront bincfers (Urea, Kcl, rr
2

so
4

, 11
3
Po

11
, 

Urea+ HN0
3
). 

From operational/•aintenance view point hin•fers like 

Itel, H2 S011 , n3P04arc most attract i vc. 

1lirtually no change in available P205 of pro<luc t 

with respect to original rock irrespective or type of 

binder. The binders such as sulphuric acid and 

phosphoric acid increases the available P205 substan-
(11) 

tially. 

G.o.o Pnrtial Acidulation/Granulntion studies (PAPR) 

6. 1.0 Principle. 

The basic principle of process is control lttl 

acidulotion condition, which selectively Attnc!-; the calciua 

phosphate -minimising dissolution oC un•lesiraLle ele1nents 

like iron and aluminia, resulting in product with 

lie sired level Of available ph'18phate 1 ·low fJ•ee AC id Alld 

good physical properties. ~1,J,7,A,15,1G) 

The ehemiatry or PAPR u•in~ sulphurlc/phosphuric aciJ 

is sirniliar to SSP,frSP pro1lucticm. 

Like SSP/rSP water •olublo cu111puwa.I ha P.\PR la 

mono-calcium phoaphnte mono-hydrate, the other compounJ• 

inclucJe di-c.dcium pho1phate, 1Jihy<lrnte, cnJcium 1mlphate, 

cnlcium/iron/alwninium phoaphatn• an<t inort 11mtorial• •• 
C 9a) 

present in the rock. 
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G.2.0 ~"..ll 
The flow diagram and process f'or prulluc tior1 or 

PAPR is depicted in Fig .. 12 

The studies were conducte.t on three di f'ferant type:t 

of following material: 

1. ROM 

2. Attrition scrubbed UOH in acid meJ.iuin to rc:.iove 

carbonates ( a step by beneficiatiian proc~ss) 

J. Pre-concontr.1.tos produced by Sala lutcrncttional, 

Sweden basetl on heavy rueJ.i.a separ;1 t ion. 

- The reason for these stu<lies are to .:0111parc the 

properties of product and economics of processing. 

Different type of granulators like pin mixer, pug mill 

were tried to see the operational/maintenance problem an•I 

physical properties. Pug mill have an edg•~ ovP.r pin mixer 

in case of Mussoorie Rock. 

Various parainoters studied are : 

1) Various types of binders i.e. 
a) Pot chloride 

b) phosphoric acid. 

2) Granulation speed 

J) different acid• and their conceptrationi.e. 

a) H2SO't - 7'.3%, OJ~'' 9J% b) Phosphoric acidi 5't~~ 
%) Re-cycle ratio and 

5) physical properties of product. 

- 6Size of product produced - Oet. J.)5 anJ 0.212 111111. 

) Analysis of Vftrjous PAPR products is show~ i~ T."ble 6.J.O Discussion oC resul.ts. • 
• 0. ". 

1. lli?!! 
SSAG proces• using ROM Hussoorie rock and Sulphuric 

acicl of 7J%, 9)'9 are difficult to conti·ol at 50~' pro­

duct wa~er solubility due to sticlmess consisting 

build up in different process steps. AciJ quantity 

reduction improves operation \Jut Jetcriornte:; phys.ic<al 

properties. (/J) 

Acitlulation with Phos.acid ia smooth aml ei111ple. 

To 1t.:hieve 50~' produc·t water suluhil ity 1 "'buut ·56~~ P205 

to be derivoc.I rrona Phos.aci1J, which is "'"inly i111portoc.I. 
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Attrition-Scrubbe•I 111at .. rial. 

Attrition scrubhe.1 uratArilll with 5~~ nitric aci1l 

soln is wel 1 suited fo1· ~SAG process either using 

sulphuric or phoa acid. Acid consun~tlon is 

comparatively lot.: due to lo"er carh<>nate content. 

water solubility of total P205 is '•J.~7; an.I '10.2% 

respectively with phos anti sulphuric acid with ~nlumc­

erl physical properties. 

Pre-concentrate from SALA Intern<1ti<>nal. 

Pre-concentrate produced using heavy media technique 

is reasonably easy to ncidulate with R )"~ sulphuric 

acld for a product containing 50,.; water sol•1bility. 

Operation control is difficult in higher acid con­

centration,the physical properties of produced 

material are excellent. 

This heavy media pre-concentratA iA al~o suitable 

for probction of PAPR in ROP (Rur. of' Pile) froua 

which is semi-gr:anular and non dusty with 59" avail­

nble P205. This ROP, PAPR proces~ is reiatively 

simple an<! product is likoly to hB cheaper. Detailed 

parameters for investrraent/production cost are needed. 

7.0 Ae;ronomical 11tu1lie11. 

The above expe-rimental material prepared ware 

agronomically tested for its efficiency. The fol lowing 1>ro­

ce1iure was adoptort for conilucting these tests. 

1) Laboratory soil incubation stuily. 

2) Green house studies at IFDC. 

J) Field agronomic trials in India. 

7 .1.0 Laboratory soil incubation study. 

The objective ot the laboratory incubation atudy 

was to invedtigate the effectiveness ot various PAPR for­

mulations (frona Muaaoorie Phosphate rock) ( 1) to provide 

ftVailable 'P' in aome typical Inttian 11oils an1I (2) atuily 

soil an1I product 1·ropertie1 as related to the available 'P' 

provi<lecJ hy the >lu••oorh Pho~phate rock rro.lucta ln the 1oil1 

In the aoila incubation atucty, co1n1nercial TSP waa al•o 

inclu1te1l for compariaon.(5) 

-·---·--- -----
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In addition to above incubation -.tu.lies greon house 

evaluation was done .in equivalent HS. soil~. 

The laboratory incubation stuciy showed thnt the 

amount of' Bray P-1 extractable P f'rom various Hussoc-rie 

PAPll prorlucts compared well, with that obtainP.•l from the TSP 

TI1e details are givon 1:1 tables 10,11,1:!. It will lie 

seen Crom the results ·~•at the Mussooric P.\PR products 

are ef.fective in provi.lin,g nv1lilable P ns COfl.'\l"alJle to tl•.;-,t 
o'f TSP.{5) 

7.2.0 GrPen hou•e stu~ies. 

The specific! a~cctives or the grePn h..->use stu.lies 

were: 

t) to determine the relative cnpacity of thn ~cqrces 

of Mussorie PAPR in question to supply pl&tnt available 

phosplu>ru:1 under stressful growing con.tit ions an.I 

2) to •leterrnir>e the relatiunshi11 between this Ci.tpctcity 

ant.I soil test measui"f!mcnts as a mt.-11ns of pre.l.icting 'i0111·ce 

potential in different soils. 

In eacJ1trial, procJuct efficiency was measure<! by 

(J) plant response to P, (2) uptake of P Ly t.he 111.'\i2e plant, 

(J) chemical extraction to estimate plant ..sv&tilahle I' in the 

soil following cropping}5l 

It can be observed (Table 1 J) that,,there w1u no 

significant difference between TSP an.I of the 50~' 11
3
P0

11 
pro.fuct formulation. The n2so4 PAPR was both signific11ntly 

less effective than TSP or 50% llJPo
4 

PAP.R hut again shoved 

potentiatl to poait1vely increAse crop proJuction with 

increasing ratea of application. To preJict the RAE values 

or the Mussoorie products on the In Ji an soils, the rel at! ve 

Oray P-1 extractable P in an Indian soil treateil with a given 

Mussoorie Product after " ) weok incubation period wa~ first 

calculated. Table 14 show~ the preclicto•I nAI:: valueit of 

various Musaoorie PAPR pro,iucts on four Jn.Jian soil•. 
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It may, therefore, be concluJetl from thP. Green hou"~ 

trials and laboratory incubation studies that p~rtial 

Aci<lulationof th~ Mussoorie PR at 40%-50S with either 

H:!so4 or H
3
Po4 seem!' to have proc.luce1l goo.I P-fc1·tili2er~ 

fer the lnc.lian soils. In Srin~ketan (West Oengal) '30il, 

the pre.-ti.cted RAE values of Mussoorie P.\Pll r•uage·I from 

approximately 75~~ to 96:' as compare.I with TSP. For 

llanchV.,oil, the preJicteJ IL\E values were all equal or 

greRter than 100~ as compared ,.ith TSP. 

7.J.O A· ronomical trial~ in India. 

In order to evaluate the agronomic efficiency of 

Mussoorie PAPR, it was deciclerl by PPCL to unJertake 

Cield trials "'ith the various PAPll products in the nuutrnl 

soil areas to northern and eastern region of' In,lia wider 

the zsupervision of the following Agricultural l'"tiversities 

(1) GD Pant University of Agriculture and Technology, 

Pdntnagar (U.P), (2) C.S.Azad University of Agriculture & 
Tcclmology, Kanpur, (J) Orissa University of' Agriculture 

& Technology, Bhubaneshwar. Tht1 typical soil characteri­

stics are given in Table 15. 

1) Dhubaneshwar. 

The field trial was carrieJ out in a soil havin& 

pll 6.2, the soil has low in available •p• anJ high •p• 

fixing capacity. It was observed thatthere '"u no signi­

ficant difference betweotn various source of P ;u compare.I 

to TSP the variation bein1 !' 2~~. lii&her yiel.ls we-re, 

however, obtained with 50~ II Jro4 , 25~~ 11
3
ro,

1 
gi vns :t lightly 

less yieLI 111 1lirect crop (Table - tG). 

:?) C.S.Aza1l University of Agriculture, X;anptu·. 

The tests wer¥!one in thl? !toil k'ith pit itt 7.P.5 

with lo"' 'P' status an1I low P fixing capacitr. Tha 

re~ults show that aa compared to TSP, t11P. VlU'al\ti.:>11:1 with 
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5C.'~ H
2
so

4 
i'.lre superior to all tho pt·o1luct!i, fo.>l lo,,re.I hy 

501' H
3
P0

4 
(C). The results of 25~~ 11 3Po1• (C) ar~ also 

very promising (Table - t7). 

J) G.n.Pant Univer"ity of .\griculluro~ &. T,,.;i1., P."\ntn,"\jar". 

The fiel•l trial results whow '.jO~~ 11 3ro 11 J>,\PR is 

at par with TSP. Even 25~~ llJPOlt PAPR prepnrc~•l is c.:>1npar."lhlo:? 

with TSP. These results huvc becnobtAined with ·lircct (J,n,"\rif~ 
resi.lual (Rabi) crop as toell as also with c.lircct llabi crop 

(Table t6). 

6 .O Production oC other rorn•s of f'ert i l i zer f1·om lo" ~ra.ie 
rock. 

R .1.u Pro.tuction of 1 iqui•l form of nitro-phosphatP.s, 
directlL from low gracle Mu .. t'OOrie noclqlhosphatr. 

This process envisages the soluhili7ation of low 

grade rockphosphate, with we;~k nitric aci.1 pru.luce.1 in the 

nitrogen arc-reactor which oxidises the nitrogen and c.xygen 

from air. This has been developeci by M/s Uattelle C.F .Kettering 

Research Laboratory, USA. This weak nitric acid is recycle•l and 

pumped over a colunin containing bc•l of low gra<te Rockphosphate 

Chips ( 12 rn111 size). The part of nitric acic1 is fi>1:0.t with 

calci.u;;! carbonate as calcium nitrate an<I the la.1Li11co nit1·ic 

ac iii converts the roclcphocphate to Mono-calc lne phosphate. 

Doth calcium nitrat~ & Mono calcium phosphate are soluble in 

water. This liquid fertilizer is cyclari anol re-cycled over 

the bed of rockpho•phate to concentrate the fertili7or con­

tnint-ct in the liquict. This liqui1I N.P. fertilher a" pro.1uced 

is slore<l ttnc.1 applied to the crops. 

Studies have been commiesionecl for the ~nethoJology 

of application of this Certili~er and its agronomical 

efficiency. The stu1lies hAVe sho1m that NP liqui•I fc~rt i­
lizer is as agronomical e•"ficient •~ the soli~ f.rtilize-ra. 

The above small ElectlicArc Reactor rtHluiru 1.rnly 

'•-5 Klil tor alectrical energy. 1'hi" !lrnal l qu;rntum ,,,· 

olnct1·icnl eur-rgy can he etutily gen~r."lt~•1 in 1nini-hy.lroeJ r.ctric 

!:Anentors, winc.1 mill genorittor, 01· !'lol;,r pluHu .~tP.ct1·lc 
cell generators. Th~ocatlon of !IUCh 11nit:t in rc>111ote arca:J 

will provirlA a reliable and 11open•lablo !'10\&rCrt nf foa·t iU7.or 

which l\VOill the transport uf N.l'.fertilizflr over long 

.Ii 
11
tnnce 

1 
<!xccptlng sonw roc:lq.>lun1phat~. Thi:. on• 11111 t 
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i:5 suffic.i.•~nt to produc«' fertlli:zc'r rr.qulremenl ,,r al.out 

:! hec toe farm. 

9. Econo1r1ics 

The economic u~e of ther·111nl p11o~phal1• hn~· ni.>t }.,,•en 

critically evaluate1l hut in view of rt•quire111e,,l uf ~11er~y 

wJ,ich is very costly an'l the low Vttlue of flit.· 1~1·u.luct, thr. 

cost effe,tiveness of use or thi<J thermal pho~p11i1t•· i., not 

expec t.-.1 t.:> be attractive. 

·rhe cost of' utilising the groun•1 r<>1;!iphu 'ipla.1t <' hf the 

fdr111ers i!:I about GO% as that of P205 froni wat ... .- ... ulut.le l' 

fertilizers. ·rhe use of this groun•J Mussoorit;A-ock r~4uire"i 

tr1msporlation over a long •li!'ttnnce to the nci•lic soils 

In view 

of the low efficiency of utili~ation in the Iwlo-g;u1get ic 

neutr<ll to alkaline soi 1 areas they can be uti li st?•l to tlat. 

exlent of 50S of the requirement if they are g1·anulatc.l alon~­

with the water soluble P fertilize1·3 :50 that th~ f,'\rml!r:1 can 

make large-scale application. 

The use of MuesooriA PAPR has been teste.I an·l this 

provlcles a satiitfactory alternative to 100~' wato..·1· ,.,olubl e P 

fertilizers. The use of tl1e ~cl~ in purtially cdnvertiug 

the P
2
o

5 
in the rock;in the available foru' c.-.n fetch c!~tra 

sales realisation, which may be almost sufficient Lo look 

aftf'r the extra cost oC aci•I an•l the cost of the pc-ucess. 

However, 1letaileil economic atu.Jy is being .Jone. 

10.0 Conclusions 

Phosphorus is an essential nutrient ti.> he supplied 

through balance1I re-tilisitt i.on for <'chieving a successful 

crop pro1luction. Our reouirement ot phosphoru"' ls expecte.! 

to come to '.).2lnillion tonnes P205 bythe en1l of 90' ~. Exploit­

ation of ou1· existing indigenous rockphosphate wil 1 provide 

only O.ftlmillion tonnes of P205 per year. Thus th~ b1tlance 

:Brnillion tonnes of P20.5 will have to be imported. 
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We have over 165 million tonnes ot: low ~ra.J~ rock­

phosphate (16~ P2o
5

) i.e. nbout :!6 million tunnes P 2o
5

• 
The use uf' suitable low gra.le rocl.:phospl{at<? as a !fourct~ uf 

r 2o
5
requirement can provi,fe sulJst"lnllal iu·-1.ic;eHous rt!:.our·ct!s. 

The lo'" grade i·ockphosph;ate can be u~~.J in powder 

form rui· •lirect application. This is possihle unly "'i.th 

these rocks which are re-ftctivc and <1grunu111i.c,,lly sui l..il1lt! 

an•l us~ of' which hos beell cstablishe.J. In_c,,se of 

other .ruckphosphates, tht>y can b~ ul i li !:l•!•l t.y pn:~pari11~ 

non-conventional fertilizer~ Ii.lee P;,1-tl,1l \jl~1 .. ~i.lulnto1: 
Pho>iphatl! R<•ck (PAPh) ()r l iquirt f'ertill7er. \~.-,,no1o1i&:.t l 

t!fflciency of PAPR prepare.I from t-lussoorie 1lock uy IJl'DC, 

USA t.as been testetl \Jy lnborat.:>ry incul1at ion itu.U e~, 

green huuse stuclies 1m1l al.t..'.> fi·~l·l trial;. un-1 ;11 l the 

results have shown that this is able to 1o1F-t?t tlic 'l" rel1uirP.­

mt>nt <>f tlae crop & even ::?~% P..\PR cor11purc:1 f;.i.-ly well with 

the &l~l'Ol\0111ic )efficiency of Watc?C soluble J)laO:iph;1tic f,.,,rti-
\ '). 10' 11 

lizttr. Thus by adopting tl.e above approach, 1.-.~ can provide 

not 011ly cheapest source of i>
2
o

5 
for qur crup, hut ·also 

be able to provide indigenous resource for reJucing our 

req'*'einent of imports. 
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Table 2 - Ciani.cal carp::>sition of sarc ir.q"ort.ant roci: fiiosphatc 
oa:::urrence!: of !n:lia 

Plloavlloritt Apalh• 

Raju&llH UuarPradcaaa Madb1a Pradull Wal B!hu Bcn11I 

i - --
Jbamarkotn ...... 1 Eoo ... M~-· I Jhabua Putu/11 Slnsla· 

-I .. .. b~111m •• I M~I~ ' l ---c: 
Hip I Low Hlalt Low : HIP Hiib Low a ... :: 
p..t. .,.. isr-de .,..... ii .3 = sncs. .,.,. sn• 

P.~ ~17· 14-11. »-JI IU& IZ.Qt.. ll.ll .. IU~ 1.'-lO ·. 17~~ lt.rit JU01: 17.:M& 
(ZZ·Zf 11>: 

\AU -.n . -Jl.46.. 4J .•. 0.1! 26.it .. ~ ·~ Cl.I' 43.D ..., 
Ms0. o:,.; ·. 6li a.1-.: 9Z .... .. .. ..... 0.7J uo 2.JO 

Si()j S.lJ :,;1~ I~ .... 21.11 1.21 I.II ·1u1- Uf ZG.f 1 
R,O.. l·I .... 11.u.:· o.j.. JUI "' ,.. . UI 2.UI 2l.Oll 

F z.s: J.s.J.J 1.22 l.C. "' I.OS 91 2.'JI. J.04 ••• 
a. l()Qppm ' toa,ocn c: ~ od. ... .... ad . 0.06 : Dd. 0.0! 

~ .. 
LO& I·~ »-U· l.6Jt u~ ,, °' "" 14 °' r.s~ '·" .. 4.U 

lld--1"'01 dli.aabta : 
ls-Lo• .,.,-. 

1-ll•lll! .ol a typical Ul&l~ia.-

.. 

Andllra 
Pradcalll 

K_. 
p11na• ---
Hip ,, ... 
36.p:sf 

47.6J: 

1.12. 

s..n.. ,_,._ 
z.JQ;. N 

U1 
O,G 

I.al 
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·rable 3 - Typical Chanical Analysis of Jhanerkotra lb::k PhosFhate 
ard Coocentrate Sal!ple 

----- ---- ·--
From Blocks 

Feed (1\vercsgc) 

Concentrate 

ORE TYPE.~ TES·r1m 

D 

16 - 17 

2 - 4 

12 - 13 

34 - 36 

4 - 6 

18 - 20 

2 - 4 

a - 10 

34 - 36 

4 - 6 

1.4 

B 

11 - 13 

2 - 4 

13 - 15 

34 - 36 

4 - 5 

1.B-1.9 



Area/State 

No .. of trials 
demonstrations 

1. Assam 82 

2. Chottanaqpur (B ihar) 40 

3. or issa 9 

4.0rissa 78 

5. West Bengal 119 

6. western Ghats 
3B1 

Table No.4 - Results of filed trials/demonstrations 
conducted with Mussoorie Rock on padd~ 
crop in acid soil (1975-76 & 197&77) 

Average grain yield in q/ha 

Without P205 P205 from water P205 from Muss-
soluble sources oorie rock 

phosphate 

46.45 63 •. 85 56.05 

N.A 37.15 J9.56 

29.86 31.17 31.24 

N.A. 33.20 35 .. 23 

N.A 34.13 36.46 

N.A 40.14 42.~J 

- E f flclency of 
Mussoor ie rock 
phosphate as corr. 
pared to water s 
soluble phosph-
ate tasken as 

100 

104 

106 

100 
N 

106 -· 
107 

105 

------------------- --------------------------- ----
N.A. Not available 

Note A.P.K. have been ap~ at the dues recommended by concerned State Deptt. uf Agricultu:e. 
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Table - 5 Results of the agronomical trials 
in wheat in neutral soils 

Lxations 

Pantnagar 
(UP) 1974-75 

Patharchata 
(Pantnagar) 

University Farm 
( Pdntnagar) 
(tlP) 1974-76 

No. of 
trials 

2 

Doiwala (Dehradun) 
(UP) 1975-76 7 

Test demonstrations 
(UP) 1975-80 ~+10 

Regional Research Stations 
(UP) 1976-77 7 

Yield 0~La in '1/h~ 
Control SSP 
(NK alone) 

SS~HP 
(Mixture) 

29.5 48.4 50.S 
(~esidual aft~r maize) 

20.~ 51.3 41.0 
(Residual after maize} 

22.0 53.1 so.a 
(Mean of t\-10 c;<9eriments) 

43.2 

34.6 
(Large scale trials) 

34.64 39.36 

36.1 

39.26 
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Table 6 - Results of field trials at Bihar, U .P. a.rd 
M.P. in Paddy in nwtral soils 

I...oc l tit'.>n Nt'.>. n#'. Yi~ld d·1ta in '1fha 
trials 

~ont.I'ol SSP SSPtMP 
(HK alone) mixture 

Nagina 22.57 33.77 33.07 
(UP) 1974-75 

Patharchata (Pantnagar) 21.3 36.4 36.l 
(UP) 1976-77 (Residual aft~r \·1heat} 

Tes~ Dem?nstrations 36.l 63.8 62.2 
(UP) 1977-91 (Residual after wh"'at) 

28.80 47.03 47.33 
(Residual after potato) 

93 32.39 34.13 

Regional Research. 7 35.32 40.46 40.17 
Stations (UP) 
1975-76 

Test demonstration 
(HP) 1979-80 2 20.89 40.35 39.05 

Motipur (Muzaffarpur) 
('Uhar) 1982-83 1 18.20 21.20 21.80 



Table No. 7 

Location 

Doiwala 
(Dehradun) 
UP 1975-76 
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Results of tne trial on sugar cane 
in neutral soils of U.P. 

No. of 
trials 

10 

I 
I 
I SSP 

957.6 

Yield of cane g/ha 

SSP+MP 
Mixture 

996.0 

(over a basal of H & K) 



- 31 -

Table 8 
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t~..!..! ,, p,.,,. .. rt1r.1 <>f thn15r;t:1ulJlCJ l'roducls rrep1red Fro• Run·of·Pl1ne~ .. '.:.:J!.c_i:_r!...v.~~!.. 
~!..O~~!!.!!.~"!!'" Ph~~:!~~ 

d 
Abruion 

c llu I k Dens 1 l:z'. ,\ni:le Rrs i stance, C Q.i~i I! l es fJ t 1 nu In IJ,n,• ~ 
Binder Type k;/111 3 11.J/fll of llej•C~e 

e 
Porosit:z'. '.t Degr11l•t1on 5 .. lllUlCS I~ 1nt1111lt!~ 

(olci:ree) (1) -:-·:-:-:-: (ll ·=- --· -
L1re.> I, I II 6'1. 4 30.0 4.) ·11.0 1J Ill 
Pol~ss1u• chlur1dc I, 122 10.1 211.S 4.) ll. I 84 8~ 
Sulfuric ~c1J I, I l2 70. , )2.0 S.9 6.S 18 ~7 

Phosphoric 1cid I ,076 61. 2 32.0 2.S 11. 3 3 ) 
Ure~ plus n1l~1c Jcid I ,06S 66.S . 32 .0 4.) 6.8 89 89 

Table 9 

·" l'orosily Jntl tlts1111c,;rJt1on 1n w;,1cr vcrc d.•t.:r•1ned .>ccorJ1n1 to the procedure Jevclo11c~iti'Y1Foc';--.1-l----­
uthcr tuta ~·\!re pcrfor-•I .Jccord1n1 to the proce•lures outlined in the TVA Special Report :lu. S·444 (~) .· 

c. Rder to' Table e for bindr.r COh~entr1t1on in tne product . 
• 1. Bulk Jt'111ily o( finely around Hussooric phosphlte rock• ·I ,290 k&/•3 (80.6 lb/(tl). 
r.. An&\<' of repose of finely crounJ Hussoor1e phosphate rock·-42•. 

Under 11•ul1tcd ll.'lndhna. 

!!Yt!:!!~•·r~~.~n1i;nnuhtr1I 1'1uJun~ l'rt'CICC'•I t'ro• llun·ol•l1iuc, As·llt·rciYt'd, Crnun•I ""'so1ir1l' 
l'hn"l~~.!.L 

--~8"-i '-'""" .. r T)'t'e c 

Uree 

Pot111iua chloride 

Sulfuric 1cid 

Phosphoric 1ci.d 

UrH plu1 nitri •Cid 

llnroscooicity (72 Houn' Exposure T~ 

lloisturc 
Absorption 
(•a/c•2) 

96.5 

61. 7 

24. 1 

5.4 

123.3 

ttoisture 
!'~net u ti on 

(ca) 

1.0 

0.0 

0.0 

0.0 

2.6 

tlo i 1 turc· Ho i stu re~ 
Holt1in& lleildi.na 

CapacitJ C1p1city 
C•a/c•3 li) 

96.S 1.6 

e e - -
e e 

~ -
e e - . 

47.4 .... 3 

80'% Relative H11111idit)' .Jn.? 30°Cl 

Phv~1c~I Cond1t1ond 

• 
(A) Dap wi ~h li.1ht· to·•ed i u1~ 

set after 41 hours 
(8) S1•e .n A 
(A) Dry with very li&ht ~et 1(ter 

41 hours 
(I) SIN 11 A 
(A) Dry ind Cree ()owina 
(8) Sa..e 11 A 
(A) Dry ind free flowina 
(B) Saile 11 A 
(A) D11111 with .. di1111 1et 1(ter 

41 houn 
(8) Sa .. 11 A 

1. Determined 1rcordin1 to the proce~ure outlined in TV~ Spec11l Report No.-1~44~\!1. 

b. Refer to tableB •~• binder concentration in 0th; product. 
d. Condition: (A) periodac1lly checked dur1n1 the te1t period; (I) checked 1fter test period. 
e. tloa1ture·ho1din1 c1p1city r1nnot be r1lcul1ted with~ut some evidenct' o( 1111i1ture penetration. 

.... 
N 



Type af 
"'•terial 

4 :}.( H 2s 0 4 PA PR ( AR ) 

5!1$ H3Po4 PAPR (AR) 

2~ H3Po4 PAPR (AR) 

s~ H3Po, PAPR (C) 

SO!( H2so
4 (C) 

Aciduletian 
!.'Le.!. .L. 

H2so4 40 

H3Po4 50 

H3Po4 25 

H3Po4 50 

H2So4 50 

Table·- t A 

Total 
112°5 

13.9 

32.6 

26.5 

30.l 

17.6 

An•lyaia of v•rious ~A~R Producta prepar•d 
from Mussooria Rock Phosch•ta 

w.s. 
P205 -
4.5 

15.5 

3.6 

13.1 

a.s 

c .s. 
.. 0 _.e 

2 5 ,. 

0.2 

4.' 

8 .1 

4.3 

1 .9 

•• Indicate• percentage of acid required to produce SSP. 

AR •• - received rock. 

C Concantrate 

e Neutral ammonium citrat aoluble P
2
o

5 
(AOAC procedure). 

""" """ 



Pit.PR 

PAPR 

PAPR 

PAPR 

TSP 

Check 

PAPR 

PAPR 

PAFR 

PAPR 

TSP 

Ch~c;.: 

Table 10 

Treatment 

(4~; H2so4 ) (AR) 

(SO:; tt
3

Po
4 ) (AR) 

(5~·~ H
3

P04 ) (C) 

(SO';~ H2so
4

) (C) 

(:io P) 
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Bray-I Extractable P in Windthorst Soil Treated with 
200 ppn P dlri.RJ In::ubatioo (ppn) 

6 
Incub~tion Tirae, iLcks 

1 3 16 

1.16 1.13 1.09 1.13 

2.41 2.36 2.67 2.50 

1.69 1.84 1.85 2.03 

l .. Ja 1.28 1.39 1.24 

2.91 2.83 3.18 3.85 

0.02 0 0 0 

--

Table 11 Bray-1 Extractable P in Ranchi Soil Treated 
With 200 ppn P During Incubation (ppm) 

Traatment Incubation 'fi:-;ae, rlC~!'s 
lS 1 3 Hl 

(40;~ :-1 2so
4
), (AR) 30.6 22.4 4.75 4.11 

(5~~ H
3

Po
4
), (Aa) 62.4 20.4 4.07 C.70 

(5~~ tt3Po4I, (C) 52.1 27 .5 6.'10 •). 4:: 

(5~ H
2
so4 ), (C) 41.0 23.0 14.0 ).{,:, 

66.5 20.s 2.14 2. ·l:; 

(!JO p) 0.03 0.06 u._09 .;;, 
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Table 12 Bray-1 ~xtractaLle P in Srinik~tan 
Soil Treated with 200 ppin P 
During Incuilation Cpp1l) 

T rao t.;ie nt Incubation 'l'i .. letli ~leeks 

0 1 3 

?APR l4~: H2SO~) I AR 40.7 :!5.2 18.7 

PAPR cs~:. H3P04) I AR 65.0 46.4 2G.7 

P.APf< (50;~ H3P04) I (C) 53.3 37.2 il .6 

PAPR (50-n tt
2
so

4
), (C) 40.3 2~ .3 22.0 

TSP 97.) 53.6 32.9 

Check (No P) o.oa 0.02 0.02 

10 

6.73 

3.23 

2.72 

4.3S 

19.5 

0.01 



Traatment 

P.l\.?R-40\ lfiS04 
(AR) 

p.;?R-50\ tt3Po4 {AR) 

PA?~-50% H3P04 (C) 

PJl.:>R- 50\. H2so4 {C) 
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Table !.3 - Predicted Relative .Agrax:Jnic Effectiveness 
(RAE) of Variws M.Jssoorie· PAPR Prodicts on 
Ird.:ian SOils 

Prelicted RAE 

Allepey Coor-g itanchi Sriniketan 

":> 100 90 -
~ 100 96 

~ 100 75 

~ 100 ~3 

A.q - .l\s Recei v~d Rock 

c - Concentrate. 



- ~ 

Tr~u. t.~cnts 

Cheek 

T~P 

40 J. H 2so4 ~R 

50 :t t-: 
3 

FO 4 ,;n 

so·-,: H
3
Po4 c 

50.-l. H 2sc4 C 

Table 14 - Dry Hatter Proc1iction of Maize frar, lltlsscx:>rie PR Products Dlrin; 
TwoCroppin;J Per~iod~s~(g~/~pot~)~~~~~~~~~~~~~~ 

Windthorst Soil (pH 6.32), U.S.A. 

crop I 
Ra~e of Aoelication <eem P) 

Crop ~ 

_JL_ so 100 ~ 400 ~ 0 ~ lCO 200 -
2 .10 2.10 1.50 

10.44 12.ll 13.42 12.se 12.14 4.69 10.oa 20. 25 

s.oe 8.30 11.11 11.90 9.30 3.94 7.'12 10.60 

7.97 11.6~ 12. 39 14.41 11.61 7.37 12.52 15.67 

9.46 10.26. 12.09 13.00 11.20 4.26 7.83 12.99 

7. 20 10.35 11.52 l~.23 10.33 S.39 9.07 12.65 

AR--As received rock 

c--cc:-:c~nt:-•te. 

400 Mean -
1.50 

23.83 14.il 

1e.s2 10.20 

21. 78 14.34 

22.70 H.95 

21.14 12.06 \..> ..... 



.. 

Soil 
Characteri­
stics 

1. Classification 

2. Texture 

3. pH 

4. p status 

s. P Sa9tian 
Ca.paci ty 

- 38 

Table 15 - Typical Soil dlara&..eris :ics of varioos 
locations un:ler the aqrcn:mical trials 
in Irrlia 

c.s.A.tJ.A.T. 
Kan:;:>Ur 

T-fpic-
ustrochept 

Sandy-
loam 

7.85 

Low 

G.B. Pant 
t:ni v. .:>f 
Agril. f,,, 

Teehn., 
Pantnagar 

Molli sol 

Silty­
Clay-Loam 

7.4 

Mediwn 

M::!di\!m 

o.u .. ~.T. 
Bhubaneshwar 

Inccptisol 

Clay­
loam 

6.2 

~I 

High 



solT charac-tltris-tics 

1. Soil rexturc-c!,\~'-loam 

2. Soil classification-
Inceptisol 

3. pH - 6.2 

4. Av. P2o5 
5. P - ~o~~tion C~!'.\aci~J 

- !li')h 

6. Ra";.~ of Applicattnn 

0,40,80,120 kg P2 05/.~ci 

Table 16 - AVERAGE YIELD mTA OF 'mREE REPLICATICNS AND THREE I:X:SES 
CF P205 OF 'niE 11GR:N<:MICAL TRIAL AT ORISS1\ l.N~IT'i OF 
11GRIL. AND '1'EX::HNOI.(X; I BHUBANESHW" ~. 

Phosphate treatments Mean yi~lds (KCJ./hci) -----i .. ;.c:::. --··-

1. Check 

2. T.S.P. 

3. 40~'. H2so4 PAPR (AR) 

4. so;~ H3P04 PAPR (AA) 

S. 25~~ H3Po4 PAPR (AR) 

6. so:~ 112so4 PAPR (C) 

7. so·;~ H3PC'4 i'APR (C) 

Kharif'84 Rabi 198~-35 

Direct: 

Test Crop: Paddy 

3103 

3931 

3922 

3990 

3742 

3881 

3876 

RciHtlunl: 

Test crop: Gr~cn 
Gram (Phaseolu!: 
aur~u:;) 

795 

920 

949 

921 

931 

934 

951 

1C2Y. 

102~~ 

103~' 

98~·~ 

101 :;. 

1()2 ~~ 

I..> 
..c 

-- - .. - -·-----------··. ·-· --· ------------ ·-- ----- ----· 

......__----~----------~--------------------------...... ----------------" .... -----------------------------------~~~~~~~~ 



TABLE 17 - AVERl\GE YIEI.D DA.TA OF 'I1iREE REPLIO.TICNS AND THREE OCSES OF 
P205 OF 'IliE AGJUDllCAL TRIAL AT C.S. AZAD tJNIVERC;IT'i OF 
AGRI L. AND '1'EDINQL(Xi'{, KANPU~ 

------- -·- ---
Soil Characteristics Phosphate treatments Mean yielas ( J<q .jha) 

Kharif '84 

-----··--· ·--·-·-· - ---* 
~~: RF?s ic'lua.!, RAE 

Test Crop: Paddy Test Crop: x 
Wheat ---- -···-- --

l. Check 43~0 2900 86.6 

1 • Soil texture-Sand~l''- · · 
loam 2. ·r. :>. !'. 4997 3347 100 

2. Soil classification- 3. ~.P.R. (AR) 4610 3445 96.6 

Typic Ustrochept 

3. pH - 7.85 ~ • :~ • p • R. (C) 4699 3367 ':-J6. 7 

4. Olaen p-6.s· ~!lnl 5. 40:~ H2so
4 

PAPR (A.R) 5030 3223 98.9 

5. p' - sorption capacity- 6. ~O . H
3

Po
4 

PAPR (A.q,) .:<:w 4806 3307 97.2 
low 

6. Bate of Applicu.tion: 7 • 257~. H3Po
4 

Pl,PR (AR) 4723 3362 96.g 

o.30.60.90 Xq P2 o 5/ha a. 50·~ H
2

-;o
4 

PA.PR (C) 4951 2502 101. 3 

9. so~' H3Pc, .. PhPR (C) ,. ... ') 2 3223 98.5 

10.~5: ~ 3Po4 PAPR (C) 4937 31~6 97.4 

--~--- _ .. __ 

* This is the cur.t~llative o~ Kharif '84 ilnd Rabi r.~:Jiclu'!! cror> 

*; R1\E of Rabi crop only. 

·----· 
-·---··-·· 

Rabi 1994-85 

Dir .•ct: RAii: 

'r'e~ t. c:rop: % Wheat 
---·--

3775 as 

4274 J..00 

~· 
c 

4217 98 •. 

3925 'Jl.8 

4151 97. 

42?.5 100. 



TABLE 18. AVERAGE YI=:L:> DATA OF THREE REPLICATIO?l!S AND TREE 
DOSES OF P 0 OF TH~ AGRONOMICAL TRIAL AT G.B. PANT 
UNIVERSIT'l

2 Ot .\GRICULTURE [1,. TECHNOLOGY, PAN'!'NAGAR-! -~?...!. 

--------·· --- -------------· ----· - - _ .. ·------···--~--·----··--·-··--
soil characteristics 

• Soil classification 
Soil texture: Silty­
clay-loam 

pH --7.4 

Olsen P M~dium 

P - sorption capacity­
Riqh 

~hosphate treatments 

1. Check 
~. T.~.P. 

3. 40'~ n2 ~o4 P.'\Pll (A.q,) 

4. 50~-; H3Po4 PAPR (AR) 

s. 25:·~ tt3Po4 PAPR (AR) 

6. so:; H2SC74 PAPR (C) 

7. 50'.:' H3Po4 PAPR (C) 

8. ?.5:' H3Po4 P~PR (C) 

Mea~Lrlelds _ _IB_glha.1_ __ . 

Kharif'84 RAE Rabi 190-4-85 RAE 

--
~c~: Residual Dire,£S 

Te•t Crop: Test crop: Test crop: 
MQize Whecst l1heat 

6044 42~2 88.7 4209 ~7 

7321 4248 100 4308 100 

6719 4696 C)8. 7 4250 98.6 

7148 ,~491 100.s 4485 104. 
I 

7171 4?.53 98.8 +:-- -
6377 '1?. 07 91.S 4374 101. I 

6090 4462 CJl.2 

7469 4638 103.~ 4458 103. 

---- ··- .. ·--------------------------------------------------~·----------·~-------------------------------------~---
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Figure 2.Polished Rock Fragments. BIJJCk Areas 
Arr. Apatite; Lighter Gray Areas Are Carbonate. 

':., . . ~ 
=-~·-~7 

Figure 3 .Plane Polarized Light View of Apatite 
Clasts (dark areast in a Matrix of Calcite (light arus). 
Apatite Cant.aim Small Quartz Inclusions. 

F 19ure 4. Plane Polarized L 19ht View (left I of Ap<t11te Pellets m Carbonate MatriM I 11 CroHt.'tl Polarized l ·~h 1 

(right). Apatite Appears Isotropic (dark) With Birefringent lnclusiom of Calcite and Ouaru Endogangue. 
Carbonate Matrix Is Birefrin~nt (white to gray). 



Figure 5 .Plane Polarized Light View ot Apatite 
Grains (dark) With Thin Overgrowths of Secondary 
Apatite. Matrix Is Calcite. 

Figure 7. Plane Polarized light v· N of Phosphatized 
Fossil fragm'!nts (dark, angular) in Carbonate Matrix. 

- 44 -

Figure Ci .Plane Polarized Light View of Pyrite 
Grains (black, an!J,llar) and Apatite (larger, rounded 
dark grains) in Carbonate Matrix. 

Figure 6 • Plane Polarized Light View of Equigranular 
lntergrowth of Apatite, Carbonate, and Pyrite. 
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