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le INTRODUCTION

1. During ithe Internctionc] Symposiwe on Industrial
Developrment hold in Athens during Hovembor-loceember 1947
gcontoots were epionblished between tho Indenesion Covernment
Delegntes wrd WIDC, During the discuseions an interest woo
axpressed that INIDO undertake o fortiliser miseion to Indonesio
4o study certnin specific problems related te the industry.
Subeequertly an officiol roquest was received through the
Rosident Representative and the terms of roforence woye oo
follows:

The fortilizer miosion chould study und mak.
rocorrendations for the Soverrmont 4o take zotiorn and nlso for
future WMI assistence on

1, the Tiilotgep phosphate plant in south contral Jova,
?e  the dmnaradia salphur plent in west Jova, ad
3o  the Cresik ~eeonis ploant ot Surobajs in enst Javao,

To undertoke the ‘abovy, WWIDD organized an expert mission

under the Special Industrial Services (815 mmwtmg of

Mr, K., Verghese, leader (nitrogen expert), Mr. F.T. Nielsesn
(expert on phosphates), ond Prof, R. Kiyouwra (eulphur expert).
The firet two members of the mivsion were briefed by the
Industries Division of ECAFE on the 184h and 19th Jcteber and
the visit to Indonopia wrp oarried out betwsen 19 October and
17 Wovember 1968,

Ze ’Pw@xﬂiwim wap greatly aosiated by the valuable guidance
of the Resident Representative in Djoknrta, Mr. Aly Ahmed Gritly,
and the Deputy Resident Represcntative, Mr. Ovidc Orisogonc. The
siseion was received by the Director Goneral of Chemical Indus-
tries, Col. Eng. Agus Sujono, ond the Deputy Director CGeneral,
Eng. Anwer Ibrohim. After disocussing the overnll aspects of

the miseion an itinerary was droawn up and three counterparis
were sssignod:

Ire Nico Kuneil ?i%&m‘ and nitrogen expert)

Ir. Bupratignje 8&&&%3@3} piont manager and phosphate
Ire me 8aarin (sulphur expert) expert)

#  The mission io cxtremely thankful to the abow officiale
for sssisting and guiding them in carrying out the mission
sucocssfully. A detailed list of the officiale with whom the

sseee  Mmission had disoussions is given in Appendix 4.

" 4




-l

11, PACKGRCUD INFORMATION ON THE FERTILIZER INDUSTRY
IN INDONESLA

A The ~equirements of fertilizers in lndonesia (NFK) have
been estimated by different suthoritise ne followet

1o Wiw Jo Mahan ond Mr. J. Maee, both FAD experis, have
entimoted that peguirements of fe:diliser in Indonesia
ir. the form of bapic elemmie are ns follows:

i 749,941 tons
P ?{ r, 7i@ ¥ 7422 tone

K0 318,467 tone
I1 should be noted thot these ere culy roquirements,.

2o Profe Go Ban Heong of the Deprrtmont of Agrioulturs,
catimnter ng follows:

For 1970 - I 225,000 tons
P ;?Qf; 183,000 tcns
K0 58,000 tons
For 1975 - N 480,000 tons
P-«”‘% :if}”}’,z}ﬁag) tons

K0 230,000 tons
3. The Department of Agriculture, going by trendse es
cxisting in 1963 and 1964 and disregurding the
reduction in consumption in 1965 and 1966, estimates
the following consumption of nitrogen, sxpressed in
metric tons:

Wet Season 1968/169  1969/%70  1970/*71  1971/'72

Dry Beason 1969 1970 1971 1972
Poddy 101,200 108,100 124,300 140,400

Hénﬁp&dﬂy A 36,&)0 39,;% 4}»,% %’m
Eetates  _40UM0  _441890 ,
Total 178,30 192,090 212,00 234,370

SO St f L ]

*
Exclusive of nitrogen in compound fertiliszers which are imporded
for special reasong.
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4o Using o different approach, numely multiplying totnl
ares of fertilized padly land by nitregen ~pplic tizn
per heotare, the nitrogon congumption in 1369 - 147
18 expressed in retric tone as follows:

Wet Scason 1468 /v 6 1365/ 70
Dry Bcason 1964 197
Jova 124,636 168,583
Sumatrn 1,905 27,430
Rept of Indonesic 10,764 14 4420
Total 154,310 212,813
RN 1 e R B i

To this sust be dded conmumption on non-paddy lond
cad by the Betates sptimated ot 90,000 tons per nrum.

% Mogpesrs, John Van der Volk and Asscoi.tee recently
eptimited that with the production {rom the existing
Fusri 1, namely 48,5 tons per year, and the
Fotrokemin rlant st Gresik now under construction
producing 59,500 tone of nitrogen per year by 1973,
the above two totalling a figure of 105,000 tons,

s pessible production by 1973 from the expansion of
Pusri (Pusri 1I) with 600 metric tons of ammonir per
day and producing 115,000 tons per your of N, the
total evailability in 1973 will be 223,000 tone of
nitrogen, Proo the above 1t can be seen that this
indigenous production will not be sufficient to meet
the projected nitrogen consumption in 1973 of about
0,000 tons per year, Van der Valk came to o
different conelusion than the above,

B Existing unite.

le There is an wworis and wrea plant in Polembong
(Puari 1) produecing 100,000 metric tons of urea per
yenr using natural gee as roaw moterial.

2. The Fetrokemia at Gresik, which is under construction,
is expecied to produce by 1970, 45,000 tons of urca
per yoor and 150,000 tons of ammonium sulphate, using
indigenous fuel cil and imported sulphur.

3, The phosphate project at Tjilatjap, obtained with
bilateral aid from the USER, is designed to produce
100,000 tons of cimple superphosphate per year, using
® tmported phosphate rock and imported or domestic
sulphur., Thle piant is 30 ¥ erected but construction
has been at a stond still sincs 1966.
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4e The Wanaradje sulphur plant ie producing 3 tons of
gulphur per day from veloanie sulphur muds.

Ce The World Bank and IFC have boen involved in the
Indonesian foertilizer scotor in varicus waye a8 followss

le In comoperation with USLID, IFC wrote the terme of
refercnce for o study of the feasibility of expanding
the Fusri fertilizer plant in Sumstra, UBAID has
| engaged a -onsultant, John Van der Valk and Assccictes,
who are presently in Indonesia completing this astudy.

2o AFC bee aleoo completed o study on naturnl gae reserves
i in Indonesin and furnished o report by IFC consultants,
| JeC. Sproule and Associates Ltd., to the Government of
Indoneeiz,

34 At the roquost of the Covernment of Indonoesia, the
World Bank Group has undertsken to do a Naotional
Fertilizer Study for Indoneeia covering all sspecte
¢t this scetor of the Indonesian economy.

The present WIDO furtilisor miseion therefore did not
visit Fusri but concentrated »n the Tjilatjap phosphate
project, the Wonaradja plant, and the Gresik ammonic
plzmt.

111, TEITATIVE CONCLUSIONS AND RECOMMIENDATIONB

le Since in the Tjilatjap phosphate project 92 % of the
equipment hus been delivered and 3 % of the plant hae been
erected, and a total of about US$ 8 million has been invested,
the mission very strongly recommends the Covernment of Indonesia
to take immedintec action to complete this pro ject either by
continuation of the bilateral assistance or, failing this, through
other assistance. This plant can use the sulphur from Manaredja
when it is developed and can use imported rock phosphate to start
withe This plant can produce triple superphosphate at a later
stage utilizing imported phosphoric acid, which is being supplied
in ocean going ships to India from Mexicc. The plant oan also
use excess ammonis from Gresik to maxe mj.aw phosphate m

produce a NoP 2%420

of S5~ 0= 0

24 We recommend assistance from WIDO in the form of an expert
on phosphatic fertilizer production for one year to aseist this

] project in ite speedy complotion and start-up. 4 draft Job

1 esees Description is attached (Appendix 10),




o

Yo We rocommend that WWDE and WO ~seaet tne Indanesy o
GQovernment in putting up o pilet plont ot Woneradge v dewve b g
s procoss to economiconlly rocover aulphur,

Ultimotely sulphur nceded both by the Toilat np nd Srosix
plants (50,000 tons per anpuge ) sheald be produced oo crmrercy
plent based on the pilet plont results. Toe pilet plont wis
use the sulphur muds from the Telaga Bodas crtur. L ourafe

vesss Spucinl Pund request is - ttached to our report, This prict
project will estatlish the most cconomic and gurtable jrrcess
for the commercial unite (Appe 11)

4o ¥or the Oresik fortilizer pregect, an oorler Yo se&ist an
suitably disposing of the 6,000 tong of «XCeSs WMMONLA pel YO T,
which te most vital to the ceonomio ruwwung of thie plant, we
suggest o Special Pund project for the circct cpplicotion of
ammonin for paddy end sugor onn ertates clise o the Dresix plonts
eesse A draft request for this project is ~t4ched to ur repori, Capie

e The Gregik fertilizer plant hos facility for muking thelr
product mix flexible, nomely, they can produce within certain
1imits more urea and leoss ammopium sulphate, or less uroa and
more ammoniwm sulphate, The requirements of the rarket have still
not been fully sesessed, We recommend thot WNIDO zssist this
project with o murketing oxpert to assist the plont with cnrrying
out n market survey and t¢ assiet in determining the proper

cesss product mixe. & draft Job Deseription is attached to our report,
(App. 14)

IV, TJILATJAF FHOSPLATE PLANT, SOUTH CENTRAL JAaVa

The plant s located 3.5 km east of the city of Tiilatyap
and 100 metres southenst of the villege of Kerangtalung. It uns
sold by Technopromexport, Moscow under o bilatcral agreement
betweon the Covernment of the USSR ard the Covermment of Inlonceoia.
Fart of the contract invelved o geological survey by Ruseion
experts of the phosphote and sulphur deposits of Indoncsie which
was ourried out in 1961-1963, Construction of the plant was
begun in 1961 and terminatcd in 1965 with the cessation of
Russian aid agreemente, Ninety two per cent of the equipment
was delivered and thirty per cent of the plant was ervcted when
the project was stopped, Currently there nre 420 persons on
the plant payroll with 191 employed and the remeinder on uncertain
leave, The repair shop is operational as a small industry
utiliging the foundry and the carpenter shop for industrinl
contracts,




|
|
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The initial contracte were for JS§ 9,380,500 of Ruseian
Letters of Credit (L/C) and US$ 2,117,000 of Crechoslovakian L/C
for o total of USE 11,497,500. Fart of the Russian L/C have not
beer. ureds None . f the Czechoslovukian L/C have boen opened,
g0 the current L/C inveetment in the plant is US$ 6,115,000,

The figure is necessarily cpproximate due to variaticne in the
vxchange rote of the local currency, the Rupiah.

The housing (or cxpatriate personnel, some 4§ dwellings,
im complete, seme of it row being cccupied by local preject
pergonnel.

The equipment moterinl storage and repair maintonance shop
are vpsentially complete,.

L2 x 6000 Xw powerplant is part of the projact, Lne boiler
is cesentially comple tC, the cther is about 30 % finished, The
plant power requircments will be 3500 Kw duraing operstion, The
power system 15 ticd into thoe Tiilatjnp systom which upes
1000 Kwe At prescnt the power for the project and for the
housing development is supplied by portable dissel generators,

The sulphuric acid plont is about 60 € complete with
buildings, sulphur mclter, blowere, converter shell, m3 covler
and acid ccolers in place,

The phosphate cperation 18 the least advonoed with only
the gtecl ptructure for the building in place,

Except Sor storage tank scctions, squipment i8 cither
vrected or in erates under cover, The erceted eguipment ie
painted and in excellent shope.

Surprisingly, the erveted equipment appears to have been
put up yesterday instead of three yuars agoe. The project
manager 18 trying hie best to keep erected equipment in good
ghape, ceg+ he keeps tht piping filled with rain water to
minimize corrosion. How long this newly-erected lock will
continue is quustionnble in view of the climatic conditions
in the area.

One of the questions that was cxplored at great length
was that "formers do not want to use single superphosphate
and prefer triple superphosphate®.

Investigntion reveals that the single superphosphate
in 1962 was powdcred matcrial that apparsntly set wp into
hard lumpe while in transit overseas and kept getting
progressively harder in storage in Indonesia. It is under-
standable that such a ,roduot would be deomed unsatisfactiory.
On the cther hand, the triple superphosphate being imported
is granular and remains frec flowing over a long period of
time,




‘ Orie 7 the me ot ampo vt ont coant e S e T ol
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the product will e Jrogular n Foy otoas oo "y
: wio bioliove thet the {omer will coept o1 nue oy
superph Bphote o oroudily @ T onwl or vz oo sl Tl npns toy,
empaoiadly of the rroco oL f v live
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megpufseture L L0 1 VP SR ST SRR TVIS S N <HE A T The s *
indaeate thet with lrporte Dor kR oaphoote ot oomperto ! muanury
the pr o duction o oot c1.s e TG TR, ot A e LS AN
row moteriales Xo by smsewshiple YL i oL e H
ton 3 the raw s tori ls e L irvetly v Taia .
Thie com,ares with o Colaf. ! i

Bingle suporpheaph o TG0
CalaFe imported [rice ¢ 7T nulor
USS 1740 jor ten 11 el

The terbour f Toalotg o e oxo Lty
¥

Wowreoke ! shive 1o ' orbour oo vt Lt ; Ceieult

wwl lerov ships i 4 ernt. Cle.rang  f ol S Wi YW
snd shoull te o 1 . TSR T .

enanct to finiehe! ro 1 Thaor oy, hout

the plant e findshal, th WP W UL L rlore s o areot
phipmente coull rrives  Sb 0 romulty we tofoons 0 P Jurty o
cost f USL 13807 per ton of Paile aw o ovoolivtie oot baoWb
piant in b Tor gronulor single vuperph spbh 1t [ L

A preblom with rew pints or Inlonesis o th 4 4y rure
be self-suf{icient ccoriinge 0 0 vernm ot ot ndor @,
megng they smuet provide nousinge §r woreern nd Dl rvie ray
have thoar own soures 0 lootrie powery thiir own sewer,
farilitics and their wn pource  f widors Ar o roeult, th
totnl plont cost i fantnstio e o mprod otteory limite

ploant in a developed countrv,

It ~ppenrs —s if ~ finnd cost £ U0 11,00 :
norealistic Qi for the *ctnl plont anvestoents One nd
ono=hnlf million Dollare con pe nesimed Lo the rulphuric Lo
plant beeruse thie o sl oortoans D Tooil tye.  Sulphuric

enese 0oLd comts on this basis ore shown ir Abpendax 5. H wever,
we do not know how to nlloeate the probable rovenuss fror the
powar plont or the probable income from the housing freilitive.
Therefore, the romaining USE 10,156,000 of capital has been
aesigned to the superph sphite cperation. Sueh o fipure puts
a tremendous doprociation burden on the cost of production
beosuse normally o grosulor superphosphate plant could bo
erected for well wnder one million Dollare, in which cnse ‘he
production eoet of gronular single superphosphnte under
Indonesian conditions would be US3 127.0 per ton of Fo0s.
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sl oy af the supor; hepphate rporation woere isclatedy
O yoar lepreciation puricd eoudd e oepumed. Howsver, when
re sonsyiers the Lares nusber of permenent conerete bulildings,
gowere wel wotoer trostment froalitivs, o 40 yeor depregistion

rothe opre gty cxelusive f the seid plant, appenrs

Th. amportant thing 4o romesbor regrrding the Tiilatlis .
yhrophat porotion s thot Lecouse 1t hoe a granubation moction,
infinitte varintione ir plont ©00 smanufocture are possible,

y

Onee tae plent e findshed, o wdditional investment of
bout 0 VU0 medeeg possible the produetion of granular
smenyots D osuperphe ephnte of n 5l prade.  The nodition

£ ures v the suporphosphiote feed plus ammonistion sould
reguit in o lEel0<0 prade of granular mixed fertiliser, or
inoony cther Twaired oredts with an ondditiconal investment o f
bout Usd 10,000,

ancther amportont fauetor jo that tho plant equipeent can

2o v protuce o owide veriety of phosphetes rowing fros

20 %P0t 46 % Foley nll in grapuler form, by using sulphurie
~rya, phosphorie neid, or o combination of the two nelds an
ogoribel dn Appendix G.

The trede Jouwrnals have had srtiédles indiesting thnt the
Towernment of India has sioned o contract with o Nexiesn
rroducer o Sbtoin wteproocss phosthorie acid, C.l.F. India,
1 USS 12940 por ton of b, We con aseume that o ship could
timchargy et of ite noid oarge in Indin and discharge the
remmindar ot Tiilotiop for an additionnl USE 5.0 por ton F"g(}ﬁ)t
r 4 ocpt ot the plant of US$ 130.0 per ton Po0s.

Te utilize importe ! phosphorie rois would require about
US3 50,000 additional investmont for etorage tanks, piping
and metors, With USS 130.0 per ton Pplg noid and directly
shipped yphoephate rook, triple mmrm‘p?mw sould be produced
at Tjilatjap for o cost ~f USE 130,0 per ton of P05 (Appe 7).
Thies comparce with the 1967 import C.I.F. price of ?m 17240
per ton P'j)g.

Thercfore, we rocommend that the phosphate plant at
Titlatisp be finishoed ne quickly as poseible, even at the
cxpenge of & Colay in the Pueri 11 oxpansion.

Egtimates indicnte that the capitel needed to finish the
project will bes

For construstion: Use 2,117,000
Por equipment: ‘ ‘

TOTAL  USS 3,540,385 at o DJF, rate of Rp 360 «
- —— usg 1




We recompond slec thot the HDE provide the suervices f
one phosphote furtilizer cxport €r ne yowr unler the Technicul
Apeistanc. progroeme Y

le Awsist the Covernment in working cut “ctails fr
sumond ~ting phoeph o using oxcess e nie nveiloble
from Gresik,

twly the fensibilaty  imp riing phosphoric cold 4
moks double or twiple superphosphate,

adwipe and cwelet in the spoedy roopleticn of the
project and (48 oounomio Blorteup.

Frojoeot Date Bheets ond Job Descriptions are attach.!
fer O:vernmunt approval  (App. 5 & 10)

Although pheeaphote doposits arc widely scatteresd throughout
Juwva, the depoesits are smell o net sufficlent 4o sustain an
soidulation cperation frr suporphosphotes {(c.ge in Kogon
Grobogan there are 12,000 tore of phosphate scattered among
14 Zistricts). The few kmown lnrpe deposits hove been
exploited so that they are no longer coonomic,

Ve WANARADJA SULFHER |LJT - WEDT JiVa

The situation is Jifferent repgarding sulphur.,

The Bussian survey toam, sontioned previcusly, congisted
of 29 persons inoluding 11 geologiste. Although their data
indionte about 1.% million mctric tone of sulphur reserves
throughout 10 distriots im Indonesia, the deposite of real
intereet are nt Telagn Bodns, Yawnh Putih and Telogn Torus,
Dute regarding these Cepcsite arc shown in the following
tabulations

Beonomic Sulphur
reserves,

Type of Depesit metric tons 8

Muddy clay 846,771
Kawah Putih 137 Muddy olay 132,008
Telagn Terue 132 Lunp ore 49,463

A factory used to exist at Kowah Putih .nd 133,400 tons
of sulphur wore shipped from there in the period 1925 - 1941,
In 1944 the sulphur factory was destroyed, The reserves were
deemod insufficient for reduilding the factory.
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g
lipe 1g o osmell foetory ot wanaradja built initially

1o rocess Tolugna Bodas claye It used 10 produce o4 tonp per

Loy f sulphur before the Japanese invagion, but after the war,

portinl rehabilitotion nee resulted in o factory that 1o

cpoducin, 3 tons of fulphur per dage

Ll Moda@ i the orotor of an aanctive yolonnocs The
oy tao 4 dare Cortoanine 016,000 cubic metres of o muddy
sioy=sulphir rixture ron, ine in sulphur acntont from o low of
1l el b 1o~ hich of 70 AL, 00t of o total sul shar content of
000t trrg, 1t s cetimatce thol there are HAT 000 tons of
ceonorie pesorves with .o overage sulphur contont of 48 or
it r. The ceonomic reserves inolude asbout 617,000 tons with
roooviroee pulphur content of 9% 4 oor buliure

dor bt foeotery oeroted tefuroe the wary the cluy was
tr neportel na oo oslurry taouch 14w of pipe from the lake 1o
the feotorye bort of tho oipe line wis rubtber, part ceramic,
and purt w open wooden flume, ow only the ceramic underpround
portion ig .n existonce and could btecome part of o new pipe line
gystor,

New the mud ie broucht to the factory from the crater Ly
trucks. At the factcry the mud is wnahed and treated in two
strees in stenn autoolaves. The firet gtage encourafes the
Jrowth of the sulphur particles which are found in the originel
sre ns minus 375 mesh particleo,

In the sceond stose the clay is steamed long enocugh to melt
the sulphur ‘nd scparcte 1t from the cley partiocles which also
are of 4 minus 30% mesh sige. The molted sulphur is cnst intc
viceks and ~hipped cut in bage.

Only ~bout 40 % °f the sulphur in the olay 1@ being
recoverad,

At the same time the foetory ie processing some lump
ores (65 o = 70 % 8) from diposite at lapandajan (90 km) and
Tangkuban (150 km) in a sincle stage melting ~utoclave step,
However, the latter two deposits have a total reserve of only
16,000 tons of sulphur.

It has been sucpested that the Telaga Bodas clay could
be burncd directly at the site in a plant to yield sulphurio
acid. However, the water content of the olay, and the fine
particle size of the sulphur interspersed within the fine
particles of clay make a combustion process infeasible. At
the same time, o recovery of only 40 % of the sulphur from the
clay is an ceonomic tragedy which Indonesia can ill afford,




1t is resommended that the WD provide o Specinl Pund
project for o technical pilcet plarte Thie pulot plomd would
gtudy the beept menne of uperading the ore through flotstion
¥ Lther meane, pnd of recovering the sullhuar frorm the o
using varicus types of sutocleves, [t e believed the -
provess oah bo developed which will rooover wer 0 % 1 b
sulphur present in the ore. If we jssurc thot W0 1§ 4
aounomie Feperves onn be vesowved fyom the crater, thoon the
cvornll sulphur roecowvery from the oroter weuld Yo o0 % L0l 1
Te d o BLT,000 or cver A00,000 tene of sulpour f 0% % purity.

The phosphote plant ot T ilating will regquire buut 45 tors
per ouay of sulphur, while the Jregik plant will require beout
L0 tone per day of sulphur, Tor 1 totol reguiremont of
50,000 tone per anmume At this rote, the Teloge Bodas depopit
would lawt about twolve yesre, r long enough 1o Justify the
5 million Dellar ipvestment requirel for o 160 tene of sulphur
per dny oporcdtione

If wo saeupe the lower prace for sulphur of USE “4.60 per
ton CelaFe Indooosin, . subtroct USE 5.0 por ten for
smortization and interest chargom, then we hove o foregm
axchange soving of USS 4%.60 per ton or US§ 2,280,000 sovirg
in foreign exchange per yesr with o new pulphw: oper-tion
nt Wonaradio.

However, bufore anyome will invest in suoh =r oper-tion,
there nust be enginsuring date avrilable for designing = lorge

soale plant, The present cperstion with 1ts 40 T recovery
asyster comot supply euch dato.

Por that reason it is necessary to build the pilot plant
mantioned earlier,

A Government requeet for such o projoet i ottached. (Appel)

Vi, ORESIK AMMONIA FL/™T, (SURABAJA), EAST TAVA

The Fetrokemia plant is cbeut 30 & complete nnd 35 ¢ of the
squipment is ot the sit.., About 1700 workers are busily
engoged in bringing the project to completions It is expected
that the plant will be commissioned carly in 1969,

The plant is des to produce 200 tone per day, ammonia
(70,000 tons per annum) of which 6,000 tons are for sale with
the balance tc be converted into wrea and ammonium sulphato,




sede s

-1~

The ylont is based on the partinl oxidation of fuel oil and
e hog 2 ligquid air plant in connection.  In addition there
1e . 35C ton per doy sulphurice acid plant on the sita,

L 200 ton per oy plant using partial oxidation of fusl
11 18 not a low ccet producer at below design capacity, =0
cvery offort must be renliged tc maintain full enpacity, arud
o find o morket for the excuss cagnoniae

The tentotive product mix will bes

Argsonia 6,000 tons per annum
Uren 45,000 " noo»
arrontua Sulphain 150,000 " woon

Our recommendation regarding Grosik is that it be brought
4~ completion os rapidly as pospible under the original design
conditicne to yicld the tentative protuct mix listed above,
using imported sulphur initially for the producticn of sulphuric
acide

We suggest two olturnatives for ready disposal of the
6,000 tuns per annum of exoess capacity.

1. The plant has acquired 140 high pressure eylinders
capable of holding about one toh of liquid ammonin
2t ntmospheric temperatures, These vessels could be
used %o transport 20 tons of ammonia per day to the
phosphate plant at Tjilatjep for producing ammoniated
superphosphate of Gboul a B Xl g0l

2, The excoss ammoria could be used ag a direot applicntion
fortiliger on eutate srops and for irrigated paddy.
Since thig woulu be a novel use of ammonia in Indonesia
(55 % of the ommonia in the Unitod States is applied
directly tc the 301l), mome Dreliminary field testing
is noeded, We roeommend that the MDP provide a
Speeial Pund , “oje.. 0 devermine the feasibility of
sirect application of ammonin under the agricul tural
conditions provailusg 1. snconesia. A Government
roquest for such a project io attached. (App. 12)

Although the tentative produst mix shows 45,000 tons urea
and 150,000 tons ammonium sulphatc per annum, the proportions
can be varied as dictated by market conditionSe Howover, onoe
the worehousesare full of a scertain product mix, it is too late
to determine whether the farmers' preferemce is for the same
ratio of products as that found in tho warehouses, Therefore it
is necessary that o market study be made impediately to
determine just what ratioc of urea and ammonium sulphate is
necded to satisfy consumer demand so the plant can operate at




full copacity. We reoommend that the WDE jrovide o morketing
expert under the SI3 programeme tc essist plont managemont in
doetermining the most profitnble product mix for operrtiong.

& Project Data Shoot (App. 13) and J b Deseription lhvp. 14,
for the 518 programes 18 ottoched for Government approvel,

[t Taad ek Sl Sk 20

In conclusicon, we repest (uwr recommond.tionss

1.
2

3

Finigh the Tiilntjop phosphate plant ne planncd,

Pinish the OGrosik seeonis, ures, ammonium sulphe te
plant os planned,

Request 'HIF aseistonce for:

{a) & technienl pilct plont f r sulphur recovery
st Wanars. jo.

(b) A pilot prcject to study the applienticn of
anhydrous ammonis ddrectly to the B8oil, Bc ae
to utilise the oxcess wemonis capecity ot Gresik.

(¢} Technionl amsietanoe t¢ ai’ ir the Btarteup -f the
plant a1 Tiilatiap ne well ae oid in the study f
smponintion, sad the monifoeturs of triple or
double maperphoaphate thare,

Marketing assistance for determining the best
product mix ot Orveik.
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Pllet Plant Data fer Preducing High Grade Superphosphates IARC-—Mareh 1983

Becnnse the prodduetion of phosphorie sed 1o the oot provma nimy b i smed s rthenntly to permgst
the recovery of urmtssnirn anlte as 8 by-product (rom phospdiate rock. thers 19 omme b rale dterest 1n the feas-
bidity of using wet-proeess sesd for the peodue o of enviehed and conernt rgted super phosphates i1 eosting
ordiry superphosphiate cqupment  This paget de oo o0 seade aid oot plant studies of the acwbuls.
tion of phoaphate roek with mistures O wolfure ol wrtprooese phosgphors ol and with wotegrorsss gond

Information was oftamed o Ue pidet plant oo the mooung denming )l ourmg ol wrstes of
enrwhed and comcentented sgerphosphotes, and gt g condieons 1hat shoukd be satada tory Tor g of
et aed mowversl types of onlmary superphosphate spupnent weee slentidied  The phrsphorus pent -
axwle comtents of the snnched and concentesti] supe rphosphates were as v ailsble as those 1 srd ity
suppwrpdimplate, nind the prodist weee s wmenable 10 bamdlng i bagr snd fo o Gon ge o ordinge
wagpwer phimplite

The superphespbuntes prodused woith mised soid o pdesphiore so sl are of bugh gesde mid - on b g on
the prodirtom of hagh anslyms brtbaers for vl there 1o grow g demsnd
ENRECHRD AND CONCENTRATED 8008 RPHOSPI 4 1§

LB Yot and 7. 7. Winieoen; K 1. Fon snd B M. Magees. . .
To Valley %oenks Wikson Toaon %ip U0 Dyt orwnt 4 hgre dc e Beiteeil | 4

Reprintedt froos ENDUSTRIAL AND ENGINEERING CHEMINTRY, Vol, 45, Page 681, March 1054
Copyright 1983 by the American Chemioal Society and mprinued by permission of the eopyright o ner
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Enriched and Concentrated Superphosphates

LD YATES amp F T MIBLGSOMN
Tanomamen Volley Actharity Wisen Dum Ao

A

EoJ FOX wwic B o MAGHESS
§ Deguortwmes of Agrwutiure Belfowite Wt

ENG BN F By s hompt ot o the o oihmr gm0
we chabntponn o plow Rate rowon aotd phowsdore gesd v

waads  wioowe e cBoubde topde o Cvedsie wgeer gl t e

£ humi waperpde epboate e beos s tuge of  wedinars gl con
eadyed sy ple s en o The Db 0 e wldateer of gl
peboats sk owithow vt o ok [ TRRR BT AR VL T T T e
bagh
et rmiend wogwerpbeompohotes  appeer B be i
corshitumr v sy pliowgib e

Pige tact wam ovwdeos sl Ly the large attesulanee of rdumtry

vame of the e veasing e i wisniyes feetiipers
veo gt apel o ow
vematie s i e e 1o porwhiprers of

Catiees al det pwtrabios tests of the pralustios of

Ccbund st evst et rnteed paguerpdc mgibus o n ordinagy ey e
b e smgasrietst b b ! Hatbosboarg, Mo last spring 17
Fact b

prhganwd or The peart o suppeerprbieng b Lo s nal e taeees

Caa s Lapgehs e sdesne nueione boss plespleen arel s neod
Thus gove -
Lare however s be subgeet te o g i Ube e Tature s the
Sromice Foeegs o has bevome wteeewtod @ beroneing
e prosbaetin o wet e phospleore aewd o order Lo rmover
sensin snite me o bovoporodhiet from phosphate roek (7 Conme
jaer il the VL m eweodoagieg the espmeston of peent feedh

Ao s Lo ke weet procss pliospiliors:

greernily svakleide at prwes sftrsetive to thom

cww atesd ot frm

woni doame of e dmereped produetion of phosphorie seud ey
o arlabde D wme 1 s ting ardiary sapeeplosphate pante to

sfiee LTS T tod wupwepbiomphton

D LI w pratonnt on the production of sariched superphosphate
woow vl s Lavison (10, the eopipment and details of the
provess were wot speeifisd  The rowaits of Inborabory eupwrs-
ments with mostures of phosphorie sl sulfurie sobds are suns-
nonrvemd by Heidgor () A recent pagrer by Fox and Tl (57 pre
swntl & theowetionl soslyees of the probloms that would be
coronintered in the produstion of sarieled superphosphste.  How.
ever, anly very bited nformation b sesilable on e echnigues
ol produetion of swriched sl conosntrated saperphosphates in
sopanprment geed in the wamsiveture of ordinary saperphosphate
(18 Thewelors, the Atomic Unergy Comusleion waggested
that conmirluration be gives W procuring the technival informa-
tum recguivsnt B onery out these apeestions sffectively.  To ob
tam this information, the U, B Deopartment of Agrieultare and
the Tennmsese Valley Authority apdertook s joiot experimental
progrom.  USDA cwrviod out sundl sosle tets, and TVA did vhe
pilot plant work, ¢ is recognised that the equipment in crdinary
superphonphote plaots vl consideenbly (7). Some plaents
five batob-mwabanien! doos, some bave bon-type dens (bateh ),

siof otbare €

Fiisshokpl revineds ¥
Faans siamr o] thow
nll Thee st that

g RGP

casig | of hmd b e [ R Ui

aagh oo ot rye e
prox b oafpewed b e g lend ‘m;wvﬁ.i sowiey oF g Lo
st it 16 ar PN i AT ST
W i % ST BTl T g woegled &
any phent

1 e alige: e il
vt the vobaine o

prigrd Rewbe comeag b oo mmwaly P By

aprh tranmton  The scam bosoale femts wore bagreed b sypnly

sl on povh phowphate moeoverspac Y g mialie v
stder stasedard swewdifeons wral G oreiate heme resulte Co T he
phymaeal comditeom ot the

chargs i st g miv] Toms faol

ternpwant yres ate G reiate Tafs b teiage ralure ool onsmletn s o

thie expiemrtpapon coapromtl e and B perstare the wenly
lant  The pedet plant svpmriuents were ntendmt e

dotermane the mus g, devaang, amd - aring chsrac termties of Tyll
wime Dot of sagptakede nyrsimd wesd e phospbotem o order o
provide data for gustanee i the seleevon of appeospriste cond
toom fonr thesr canala ture

e biiaings des i avedes s et ment coa b ferred Droan the

[h prowssbstiotion o one ope o

bbbt praalts o revent Tastorvoseal e perimmenis 12 e
compme entwhad apd comeentrated sgperphosphiates nay le es
pected 1o be ameed mainly o meved fertilizers, the bebiavior of the
pilot plant products on ammontem was  dan atudied
woopge of the more comeentrated suporphonphates are ikely 1o be
amoed for divect appliestion 0 the mil tests were msde to Jeter.
e thear caking pooqeries o bag storage oud ther dnlling
Ry e LT s s,

T

P’?Gh ¢ w!
GO

Plorida band-pebide phosplate o s ased i all e epmriments
The rompositions amd sereen analeses of the racks are shown
Fabde | Viegn 9% salfure skl was used 201 tests The
phosphorie aride thot wore used had besn sude Dy e wot proe.
o their compumibions are gives in Table 11

Fu the rock-nekd resctions, | mobe of solfur diovide or plos.
pharus pentoxide s aquivalant to § mole of ealeiam ovide.  The
weilulating vaiows of the phospharw awids were determined by
titentioe with sodivem hydrovide to the methyl orange end point,
whiels thteatos the first hydrogen ion of pure phosphoric ackd e

Acidulstion - Mole Retio of
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Table I. Compenitions and Screen Analyses of Phosphates
Lgmation

e pmitanm, 9 0
“

”m Poltg 1 i ¥ Fouldy Al 0k Wby lus Lt p———
Honmiisowie X1 T 47 3 B #Y L 35  B3 3% 17 a8 5oy
Pl plamt B4 7 49 5 2 6 13 1§ 28 63 44 E]

Beronn Apaiyes
Wot Cumulative % thimugh Indieatad Bwes S U 4
L] 1 L8 o0 o Eis
Hanmii soaiv e Ll ¢ | S “ " %
Pl plnas s [ ] LA ] i
* Alrdry buse

preparsng mived acus sullurie soul was replaced with an spava
it amount of wet-process phosphoric avid on the bwas of 2
meee of titrstable phosphorie seid per mole of suifurie aeud
Hinog the wet.provess phosphorie seids eoutainmd spprecialle
araounts of ron snd abwminum phosphaten s well as other
impurition, the total phosphorus pentoxide in the sod in s
comen wxoomded the pheosphoras pentonide aguivalest of the titrst.
shle acid by an appeseiabie smount (Table 11

Table & Compositioms of Phosphoric Acids

‘ Guckmwm -
Haltit P Oad F Festn Righhy s, Mo

] # P Y 0 o%en 7
5 o6 1 3 i @8 o7 FSan )
& % 1 BT Bw 1w
L= te TR e
* Aebbity determined by Gitratiwn woib standacd NaliH e othy | sesnge
#i
*‘ by Karl Fanbr motiod ae Soverdmd by Torban and Satiber
' o
B

et

Mié«‘&h w ol ’::z«om ?mm mw‘:wsphv

ing soid A ueed b tewte
“ i “ ,x' g & s

gred optonn of v s

In the small seale tests the amount of meud used was squs] W
57 B pounds of sulfuric seid per 100 pounds of rock The degres
of wesdulation was 0 985, axpremsed socording 1o Eaguation 1

Mol POy | Mabw H A0, ivalent o Moles B0, from
¢ i~ " eifunc aeid )

ﬁmdww Rmt
Molos (a0} {rom rock
Thie equation aleo wan usel for sxpressing seidulation in the
pilot plant work. For the purpose of simplifieation the ratio
shown on the right side of Equation | is referred to in the text
; POy + By ,
sod i the Whles ae the el " maole ratio
Acid mixtures see dmmoribad in terme of peresntages of suifuric
svid roplaced with phosphorie setd. Sincs 2 moles of the istter is
reqguired to replace | mole of sulluric skl and the molecular
wuights of thene neids are sensibly the sanie, it is evident that their
sombined weights may be exprossed as

Wa = 81 + 2)

Acwduintion « from rock

w hove

;a-m&%ﬂ%%ﬁ%ﬂﬁ% bt

s -mnd' mv&&m
Thus, with ondinery superphosphate r « 0 and Wa » 5, and with
concentrated sugmrphosphate £ « | snd We = 28 —that is, the
weight of phospharie ackd required is twics the weight of sulfuric
seid.  Conssquently, the weight of the charge par unit weight of
roek se well 4 the parcentage of phosphaorus pentonide in the
peoduct incressed with the peroantage replacement.

The total waight of the acidulant, W4, Is obtained by dividing

the acid weight, Wa, by the combined seid eoncentration.
Amuming water ss the third component of the acidulant, the seid

eonean ration snd 8 compemition mas be bt v terme o I3
eent whler sl per cent seplecermnent e gven o Taldes [1)
through Vi

Phosphate roek ronvormon o nvmilnhle ©orme & owe =k iniaed -
Giffeguncn et ween Uhe st imngtei pbeompherian e tounle oon Ut
ntend by the rock and The ~itrate amohuble Pl Lo phe
foand by snalywes f the product o semall soale towts cxiculs
wone wers bhased on e moakeeap of the acwibetes PG et
sualysen were not obtasned (o pelot plant products the ealeuin
tht wore basmd on the chenionl aomlvees of the feodueta for
ad P, and 80,

Small Scole Experiments Covered Wide
Renge of Ac ond Opereting Conditions

The changeantvpe miver 8 umed i the small seads oste was
epiarpipmed with of ainows stew] indes arsd cans | b inehes o dusrmeter by
18 ko deep  The off conter stirrer nameny | o tae b to & bowwd
type oever, resalved 5t @ r pom o opgeeite Jiseetaon L the ean
rotmted at 44 1 pon bvodvsd geses wers o bausted Through w4
e b dismmeter Lelemo gt vent papw & ached to Uhe cover % b b
comphed b rmamed and bowermd by s vk sl moon gesr 4 drag
#t ek CPWERTING RN T RIS TuBOT WOLE e Loy [ AT el ]
& cniitrsteed some to messure e ronsstenc, of Uhe charge snd &
thermoroupie Wl were wmeetsd throagh and aftarked L the
cover which slae bl 8 Joanch dinmeter operong through which
the neud wais added  The junetion of the iron constantan @ berme
ool was mbver sobdereed G0 Lhin sbasrdens stom) Ligs whee triendiy
and thermaily wwlntod from the staunbm stoel weil v 4 stewgt
bawrd rabbwr shieki  This haghls senmtive couple Junctin s
prmt o] stmagt 3 st biem awas
shove the bottom of the oan

A T hpound chnrge o phomphate rock was weaghesd b can
the latter placesd on the cuwer  wnd the rover bowared  The
recgsa e simount of prebeated seat was then peaeed rapidls anto
the rewk while the misture was lwgng stirrad  Time ronsare
mes:te startend wheo 3! the seul had been sbded  %stematie
olwervatinme on the conmetency nd tenperatiare of the harge
ware recorded. and the comree of the ramctin m terms of sed son.
siagmed was (ol lowsd by the ttratem of remidus free acsd i wayghnd
grals samples, asually taken &t 10-minute -
wrva't during the first 30 minutes o one
serion of ox perinvents, mivng was eontinasd yntil
the mds ture thickened 11 another the mixing was

et o 7 Utes or lems, 4 dinig on the rate of set  Tem-
peratare messurenents were continised for 30 manates o untl
the terupernture genernted by the et of renction resched & maxi.
mm and started to deehine  The sover of the misug markine
then was raised, and the sdhering mstenal sns sernpad from the
mining bindes and other parts of the squpment  The ran with
tta charge then was coversd and transfrrred o an ebetroally
heated oven of at 155° 178° o 1R3° F | usualiy the
intter, for curing overnight  Ahwust 24 hours later the chargs was
roweigheod and samplot by cutting & rore from top to bottam of
the charge about midway hetween ite conter and cireamlorence
In o fow instances the produet wis too erumbly to parmit & solid
sore being taken, in which cose reasonable precautions were ob.
sorved to seeurs portions of the sample from various parts of the
charge  These samphes wove grovnd. screenml woll mived hy
rolling on paper, and analysed wmmedistely  Uther pertinent
details of the procedure are noted m the ation and disous-
sion of the results gives in Table [ and shown in Figure 1.

Avid conmpmption by resction with the rock during the first 20
mingtes in mistars mde with 75 79 and 657 wesd solutions
{approximately 28, 30, and 8% water respectively 8 plotted
sgainet scbdulant somposition in Figure 1 i whaeh the curves for
initinl seld tempwratures of 104° 140 and 1T6° ¥ for esch of
the three acid conventrations sre shown  The aeid ronmpnption
during the 20- and minute periods did not greatly exoned the

corps the apde aned 10 inehew
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Tabie . Choracter of Acidulates and Guck € ured Superphosphate Prepored i 20 to 30 Pownd Lok
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comimdsangtaoan obweorved diaigg the et MY sgniiten s that 1 e
sitbta forr the B mapute porvs i sl gy to ilhuste oo the reagtea
wil thrwe

Wothe wabfary wewnd () sephaenct the oflpeta of o aving thee
ok eomeenstend i wind Uhe wstdand ool ters s ratare were relaiey o 0y
stall beemtase the Jwnt of pomstion s sl ames rored the bt b
temperatibre G, or near to the Doiling et of the selation & B
large hest fommes by svaperntonn twadod to ool off Ui panet s
frenperaturs. With iooroassng replaremwnt of suliure wwl 11
offoots of weid conveniratee ahd gt ue oereasel s e
v lientod by the spresd of Vi ewrves st W9 voplaceoaont. Witk
wit initind ackd temperatare of 1000 F | setd comsumption st
threw cesmeantentions deor saeed (ron s et A7 at 0% replivs-ee-
mend o about 309 o WY reydnesient, then increnserd sgai wt
tigher veplacoment to sbhout 077 of the tat ) acid

seatest s Pable T Ll o o t vttt wath
servasing replacement of sulfurs Gth phood e Wl g )
pe sieomm praafiied Lo corrempond iy beerease i daet 1, Dordee o tigre
cobiyrng 4 Lo U Table 1T and o prodongati e ol the perieal of

thadity ms donboated Lo the muang tinee ool 3 Larsatang

the agitatuay to 2 nuntbes or dess geser o reoelted bgher

batrh teropwrstore dus G sbinietiod bt Do oo by
the agitation of e charge 5 corpeepenshing ed o the ot tagn
went of the neesunal len b1 Bipecr sre e coegremd,  ge s
shawn by the restalts for G0 190 rondacomant G the othes Fosand,
pronowneed segregation of the sedud and hgunl phases was noted
i wvernl instanres where sgitaton w e stoprwad before the i
ture stilfered

The phvsical charmetermtes of the aven.cgred products Prrement
o patiers wnabgous ot of the septulates ot the sod of 2

Progresive inetonses in  aeil emEpiion  with e ®
replecerment over the e © 15 W% were satserd by rosing thee
tumperntiore of the weid,  Bocause of the rapid set of mixvtares
e with TH% send ot KUT wmd HO0Y, replacoment, proper i -
g wi mot obtabne! o acid consamption was not determined |

The ahemion] bebinvior of the sridulates as shown i Fignie 1 in
reflee tond i the tommporatare ot o plvssies ohuras teristioe papen

tow | oo Boand 5 Tal o 11D iligh tempersture wnd
water content mproves] the tractabaing of the prochuets of the
wined seidulonts, vepectnlly thos dormoad from the stichy jrastes
wt A% roplacenent
Roek phosphite conversion to svaibable forms «f the i of 24
hosurs {eoduran 13 Table 111Y wnder the shipnehotd conditions of
strsty iy ot show orsitent dhvensdens o o any ol the %1 i Liemd
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fwetors.  Burh vurietems os did et gt fa dors o s
wamocintont with the lack of wolormary of rannang odue 1o GiF wpen ey
in the setting rates than 10 any of the «onieoilesd wurinbbes o wewt
temperatisre, P w, ar wnteation  Howeesr whes o)
the towts are conmidersd together the trend s Wwwunrd bigher < on
version with 88% seid a1 140" ¥ With respect to allact of

i
:

s L3

g

AG0 CONDUMED ™ 20 WPRNTS, PERCENT OF TOTAL

L —

[
667 LT L

,.;ﬁ,w Wmm:‘wi.,s, — M,ﬁm o
PRRGENT OF HySiciy MEPLAGED WHTH Myt

Figme 1. Efect of Replecement on Acid Corsumption in
10 Minwtes

tetnprrnture of the sokd, thew ralts agroe o 1ih fhase obigined 1
the pilot plans.  However the meentr oo of the oo bt Bt
offert on  oonversion of ok phes

phorus pestaxide in products th bad

twen cured fow 14 duyve or newe

In Piiot Plant Tos, Aciduletion
0.97 (60 Lb. HSO./
100 Reck)

The pilot plant tests wore made
with 0. 30, 33, and 1007 replacement
soid st 110°, 10°, and 180° ¥
0%, replacoment correepands 1o 8 1:7
woight ratio of phosphoric to sulfurie
sold snd 30% replacement to 8 11
weight ratic. The wrier rontenis of
the sckle were waried fram X 4o
1% The ordionry superphinphoies
(0% replucement} wore ade with
TOR wifurie acid st 1W° V. und
ware carviod  through the towts ws
standards for comparison. The de-
ored scidulation for all tests was
097, which is squivalent 1o the use
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ietur1og L tetnper atiire f e metal of the pan and o The
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cetrlanirieed eomde 1o stemin dw o woaker G perit wlpawtoneor 0 mesd
temmperature  Phosohate fork wan ad L the goger Phreggh
weagh B gt ] ogleowe the ngoger

Fho sggrer phicmphinte (041 Trom the mies thorogh & 12 v b ppw
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Brameter Ty 87 wwhon oade bagth) that cout | e motated  The
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& hea
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Lo e

ders was rotate b othe Dlade e medvam sd inte the den oo thst it

Pdade wan atta dued £ 5 b drsabesib oprrntod puston

retesvet e L g b laver of supeorplosphate Ve o wae gl From
Tl bess Sl eyt ditle cramd bed s Bl ot the low ey e
Homs New gt ah comnves 0F, b st o0 w oo b 10 W e by gt
sowd shuprmpmed vocten fea s vigmerth- bogr Piprang Lina The bins, which

aerr LR, b o T paaeduee by 1O feet fewps gl wore o
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ver lairge pouben

W hbers et oecdiomr s o s s bued crperpde mpsloate woas buweinig

T 0 i

sonashe Cla i proe odare @ s foddoms The eow of poboom b te

ree b to the e @ o ot rted g Tea sewde tatome Che Bom ol aead







March 1983

renhs g %o contaned Dor aleengt M seorsmnds af Lor s ristiens §ibeant
bgd o orprred after wha b the s wn Fawe bonrget 0 hoa ging
s wind dibchirging recgiiessd abeogt 2 munuies

This mexing procmbire »ws not satisfuctory for mshing ovstsee
troted  suporphosphate, whon it was ueed, the concentrging
sperphomplnte in the den rontamed miany Jumps partiail,
romcted phiwphate 1t wan (o that by sbding 81 e rorb sl
shwmat halfl of the seid simultaneously  follosmd 1 5 fow seronds
by the sddition of the remaider of the seid, 8 wellmmomd 5o
inte voubd be praducnd  The romemsiratsd superphospbo s st
mewrw rupaedly than these of ather Cypes and ®hes type B ophos
phorse sond (Table 1) %o amed aodd the water ontent of the newt
was in the lowar part of the ronge snvestgated, the allowabde o
g tisre woas only shout 45 seeoeds  Whes tyge O aepl e oach
coavimitvend mure st than Cype B, wos aed 1he sper b
plinte renwmmed find wnd ooubd b retasned i the pan o s wast
W eeeonds. 1o making  eoecen
tratoel superphosghste, i appenre
tht buwt miving wes obtained » hen
the  tempmtstare of the sewl  wos
50" ¥

Batch Temporstws Decressed
with increess in Replocement

Figure 4 shows timw tompmrs ture
curves  for siperphosphates w the
miner aoud in the don. The tompwrn
ture of the mived srid wsed 10 the
temts wan 190° V. evcept that 1507 F
phomphorie seid war used L The
romemntratond siperphosphate  The
wuter sordenia of the seade were n
the rangs 374 1 1229 The bweak
m wweh curve reprosents the traneior
of the superpbmsphate from the wover
o the den.  The fust rendings for
the den temperstures were low he-
auee of the time required for the
thermovouple 1o resch the tempers.
ture of the superphowphate

The curves show, as do the peo
wihta of the smnll senle tewts ( Tabsie
T, that ae the replusement of sul
farwe newd with phosphoree sod woms
mevensed Uhe maxinti bernperit s
atiaimd by the superphosphate de.
croamd and the rate of emperature
rive alwo decresmed  These obwery s
thoem mre i agresment with presdieted
tmnperstare responm Yo sallere sead
repdnaemnent (4. The higher achbalant
tomperntaee (10" F 1 oused in the
vame of YOO replacsmsent » partly
responsible for the position of this
cigrve pelutive 1o the one for W9
replacement,

Other tosts shorwed that when re-
placenient was bold constant de-
cromeing the water content of the
seid incremsed the moovinsam  teos.

perature.
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Minimum Time in Den end

Rete of Hardening Esteblished
Denning Cheracteristics

The sty of denrang b terwtee it el the deternang
Poons b i deoong Line. m b b % el dsfam] gs Lhe
wrgth of e thatl the wipmrphosphate bl to be retsined s the
den b0 weord sharecs g and fo sngire mmtamd aetory dimiritogration
s froe few g eramidm sl 7 U pute of hurdenimg of the
wng ) wtebicmyibin e Al mroihum derivang roe bad been procbund
§ o wishmratpor woam gt the sERARE 1 s e s o oo b
e el Lo ovhe denget o e that oedinars weagamr [shos ey by e
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Tabie IV, Demnng Characteristics of Supsrphowphotes
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trivwe alter thow bl ress band o o ditgon sinithide for Toant gra-
Banrn sl ot appsmerond daabtfarl o0 of phey coghd b Forea el e e
fretortiy Troum the den s 3 me o st onal eveav g e

it §t wus conmsdenmd i1 wtapwer b wphate maght le re
v ed fan o den ol w gives 1 po xtimtuetonle if 88 were ot age
prerbstidy barder thaee orebin o v stapwrpdiongdiote of the el
Lo of vocntntien for The o,

The mmsmim deronng 1o wrd the e of hapdening were
deterininmt through e of 11 e wig cutter shows i
Frgure 5 This cuttor was o sionf o1 Ghr o by o ser ebeotrie
visertenr which wing onnses st o0 the ot throgh a apeed resduoer
B el bt taebimd b th barge cut tes montioned previously md
acdvnnend o the byodragbio o ey Fhrough e of v desghile.
Wi cutter w hobe 15 uelies i B meber ami sbont 1 inobes doop
exsighl be b od boater the superphospbite 1w the den The rate at
w bbby this cutter wis advinesd w ax ibe ks that cack blade conting
onimdy imvid off & Iayer of siperphiespdiate ) nch thick  The
coirvent drawn by the cuttor motor whilp u et was bewng made
wus rocorded.  The differse edrrent roquiresl to turn the
euatleor in the air and 1o oyt the cupmrphoaphite was tuken as g
vovespmtire of the bordioess of the abg)worpedienerhia e







Mazch 1983 INDUSTRIAL AND ENG

I testing » batedt of supsrphonphate the foow ol the dos waa
kept clomed axospt whens cuttng was o progress | he sarbest
tme st whioh the saperphospheie o ubd sot slame snd o et
fnevory out sould be made with the dongdihe » ing cutter was onlied

the mirimunn denning tme  Othesr cuts wors mode later th dotor

Figwe 3. Doubie- Wing Cutter Amembiy

mine the rate of hardening  the Dime beiwoon e
the Lype of meperphonphote Lo towteel
shown in Tabde IV

For ordinary seperphosphate the oo oooum
varied from (8 to 30 munsites and averoged B2 oonimutes
6 shows n smoothed curve Tow hardnmse o
motor bomid, versus desining Lipe for
made st soidulations 1 the range O 94 1 oM Treroa g e
seidulation s this range bad no ueeforo et o
derming time or oo rate of hardening

Wmv Operation

Y21 B Bt 1]

Blomigite of the jwata o5
i o i
Frgure
prompatproe] foo cutien

frromy s b bt

hMﬁ

For enviched superplumpbote mecie witl
W n ‘m replaceoment was J9L (T atie IV the maramun
donning time did not vary wnforaly with sedulatom or with the
toriperstare of waler content of the seud tis 44
minutes sl svernged 31 minutes which @ onet very hifferent
from the svernge for orden o super phiosgshate
the superphomphate hardecal w the o
sfected by aetd temspersture  Figure 7 sbows the ofoct of time w
the den on hurdrens far erirn bed wiiper phums b tos made with aends
with different water contenitn  The curve Tor orhinary superplios.
phate is shown for compmroon  Soetbel curves are shown
As the water vontent of the sonl inerense] the rale of hardom.
ing in the den decrensed W heithe water content of the aenl
was lowe than about 259 the enrebmd superyhomphate hardened
more apidly than ordisary superphonpbate  When the ooud
contained mwe than sbenit 289 water the rate of hardening » us
lome rapid than that of crdina

st rasaged Do 14

The rate st whuh
woad ol appeecialiy

setggreer byl 1o
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Figwe &. Effect of T thMﬁM
% Roplasoment
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The dsts wuhente that o o continsows den 1n whiek Uhe super.
phosphate w retsmsd Lo oy whoa! B minites the waler eng-
temt of the wewt songld e we ow as U Aewd of L waler son-
tent probably weuid 0ot be setadectary for use with s badeb-
oewhmtien] don o which the denving tme w15 1o 3 bogrs be
catime ot the end of suck » long perisd the superphosphste would
b apprecably harder than crdinery superphosphste for which
the exsmvating eg ig With such » hatob-
mwebianical den the deta 1m0 cnte the use of sead ~ontaining 22 W
Y, water  Sumilarly, B use with box dens i whieh the sune
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~iupy tinang 25
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otsrietion] stper phow bt es maals wot]
[FES VORI E T warl menle ewtastang 19 o 229
wuter the superphospbistes baedenal wore mpmdls than ordinan

wiaprer phosphiate W hen 1 wde 179

# »‘Aiﬂu‘ e BPR  g LeE .

W hen meamede
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water  the superphonpliotes bardessd 50 abeat e swie
Vivwer vate than oo,

coptasmg §7 8% water

s wl &
with aewd
the puricled superphosphate was no

sipper ple pdiate Inoa test
e Chan ordinary superplomphote o/ter 270 gingtes i the den

In the production o eorn bed suerphosphste soth acid i
whirk replacement w 417, cotatng 19t W0 water
probabdy would be st for g with g contingous den,
siul ofie ronteining 7L water probably would be satisfactory
for wee with a box den 0 e bhach the sigerphosphate W retaned
overtight 11 appears that aesl containng sbout 229 water
woaghd b best for use with o betebomechaoien] dew, but the
periosd between the minssum  deoning time and the tune st
whivh the superpbosphate twonmes appreviably  harder  than
archnsry superphosphiate wosild be short, and shorter than usaal
4 f eycles produbly wiosthd have w be used 4 wadl chosnge
in water content of the woud n thin range made & big difarence in
the denning characteristios of the superphosphate.  Thersfore
elose contral of water sontent would be necosery

No tests were made of the ofset o purity of phosphorse acid on
the denning charsetorsties of pnrichiod suprephosphstes.

Concentrated Superpbosphate. The lata o concentrated
wuporphosphate  (Table 1V show  tha when type B
phosphorie acid wae wsed the mmiun denning  time was
shorter thus when the more impaie acul, type O, was used.
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