
                                                                                     

 
 
 

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

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

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

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

 

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

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


2)0/9 3</ 
United Nattons Industrial Dtvttopmtnt Orfanteation 

Ili 
Distribution 
LIMITED 

ID AJO. 80/5 
18 August 1970 

ORIOINALt    ENGLISH 

wrao MMUac 
on the Development of the Fertilizer ana Pesticide 
Industriel in Latin America 
(in Collaboration with SOLA and the Government of Brasil) 

Rio de Janeiro, Brazil 
15-19 September 1<Í?C 

lappar or :m TSCHUOLCOY ON TIPS PEVELOPìEHT of THE 

»ríRTTM^E» INDUSTRY IN LATIN AMSRICA * 
1/ 

by 

A.B.  Phi 1U.ne 
Assistant Manager 

Offioe of Agricultural nnd Chemical Dovelongent 
Tennessee Valley Authority 
Muscle Shoals, Alab-v-a, USA 

"he view3 and opinions evoreaaed in this rirer uro tKo:?e of tiio author 
and do not necessarily reflect +•:». viov.-a of tie seorotiirtite of UNIDO. 
1'his document has boor, reproduced Without fornii editing. 

id.'^0-4^56 



I * 
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copy vat uaad for praparing tha mattar ficha. 

\ i 





Ix 1« naturai and vis« for a country in the early ¿ta¿eg of d« valet- 

ing a viable farti liier iiidustry for support of needed expansion in iU 

agricultural base to look around at vhat the vest of the world has dona 

and prosit froa this expérience.    Kany Latin American countries are in 

tais position.    They hav^ re&ttMd the point that the a«ed for higher 

rualiv fertiliteri. in increasing quantities is apparent.    Tuey find that 

the ••aren for the optimum tx providing these needs is indeed a compli- 

cated process that involves consideration of aany factors.    Because of 

vast differences that exist, it le dangerous to assuae that the optiaua 

cas be achieved by a imple transfer of technology froa one country to the 

next without careful com lucra ti on of the»e differences.    Yet optimiza* 

tlon 1» essential became even when the resource hase is large, capital 

is usually lin~te¿ end there is always »ever« competition for thie 

capital for other phases of development. 

Many decisions .cust he mad« iu structuring projects that will fit 

into an optiauta pattern for a fertiliser industry.    Son« of then aar« the 

•cale of the operation, whether the higher analysis fertiliser aade 

possible by never technology vili le advantageous, whether the iaport of 
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certain interniate. 1» preferable, and what procer routes ahould be 

consider*.    Also, the petti, effect of <** fertilizer« being developed 

«u.t be ttóen into consideration in yreaent Perming.    The task assise* 

to this paper U to «iiscuec in a general vay some of the factor« that 

«ut be taken into consideration in arriving at these decision*.    It 

cannot make the decisions, of course, became they can be «te only t/ter 

intensive study of local situations. 

Th« Effect of Scale 

The question of hov large to build a project is foremost in the 

planning process.    Any engineer who ia to become involved in cheeleal 

processing learns early in the course of hi. education that the 1ortet- 

^nt coat in processing planta per unit of capacity get-rally decrea.ee 

a. the capacity of the plant increases.    Tfcus, from the point of viev of 

low «¿t investment coat there la an incentive to increase the .i*e of 

plants to the greatest extent po&sible. 

One general rule for the relationship between investment coat and 

capacity la that the investment cost increaaes exponeatially a« the 0.6 

powr of the capacity.    A study by Guthrie (l) attests the validity of 

this old rule of thumb, giving date that averages 0.6» for * different 

chemical process planta.   Honra», the range varied videly fro« Q.kù to 

0.83, so the average is not very u.e'/ul.   These relationships for 

specific procedes of Interest to th« fertilizer industry arc available. 

A convenient compilation may be found In a »anual published by the United 

étions Industrial Development Orsaniaation (UNI») in 19*7 (2).    9*"** 

HÜ 



er these are reproduced in the charte, figure« 1 and 2.    Qfoey vere pre- 

par«! with the assumption that the plantB vould be located on the Gulf 

Coast of the United State» of America and cover only "battery Haiti" 

co»ta.   Since they were based on costa that prevailed in about I9&, they 

are subject to an escalation factor of about 1.2."^ 

The relationship of investirent cost to aize is subject to influence 

by new technology and the »tate of development of the given process.   I1M 

Impact of new technology ia nzen aoöt often xn the availability of larger 

sic« unit* vhich penait the expansion of capacity in a »ingle train 

rether than th« generally «ore expensive option of aulti-train design. 

la« most drsmatic example of this in the fertilizer industry of court« 

is the adaptation of th« centrifugal compressor to aaraonia «ynth«sis plants 

put into practice during th« past few years.    Us« of these compressors mad« 

passible the desila of much larger single-train plants than were possible 

with conpressore of the reciprocating type.    ïfcey require lass floor 

cpace and piping end do not introduce oil into the gas stree*.   The «ff«ct 

on investment coat can be seen clearly in figure 1 in the form of a break 

in th« curve at about 600 ton« per day, the sise at which centrifugal 

compressor« becco» feasible.    Work ¿* uider way to adapt centrifugal 

compressor« to omeller size plants. 

Other important technological advances also have been «ad« to reduce 

th« co«t mad improv« ta« efficiency of ammonia plante.   These include 

improved agents and simpler systems for gas purification and arrangement« 

for a large Increase in heat recovery (3). 

* Calculated from Chemical ISuinsering Index for Plant Cost«. 



Itoholttl broakthroujto »d procer refln«mu .a« hav* peraitu* 

Ur^-acl. .I«1.*»U Phosphoric «id plr-nv,   *t their i^lop^nt 

i». u. place mr » ).on,-.r perl« or tM, « *bc* i» *• following 

tabulation. 

Period 

1920 - 1951 

1952 - 19& 
196?. - 1CÓ5 
i960 

Type plr.nt 

Multiple reactor 
¡Multiple reactor 
Mai tipi« re AC-cor 
Single reactor 
Single reactor 

Capacity oí largest single- 
train plant - tous P^g/agy 

ko 
lOO 
250 
B50 

1,000 

The »Ost imports d^lop^t. contributing to the feasibility and 

resulting «conoay of IarSe single-train phosphoric acid plants were 

improve* .ingle-unit reactor system and the very Urge tilting pan 

filter*.   Ih« lare, number of v£t-proceö3 «.eld planta built in recent 

yt*rS speeded these develop»..*, and lent the confidence needed to pu.* 

the nftxiiuuffi Rise units h i ¡¿her. 

Another fertilizer procesa influenced considerably by better tech- 

nology that ha, perete* economy of sUe 1. urea manufacture.    Ita «Ott 

significant advances have been improvements in the design of reactor, to 

give better heat reruoval and contact between reactants, development, in 

«ateríais of construction to cope with corrosion problem, and refioe*.«U 

of methods of separatio* of reacts »on product.    Design, that feature 

internal .tripping of reactants have made once through process« »ore 

attractive.    A. a consequence, the technology has advanced to the extent 

that the upper li-lt of aingla-train plant site has been puehed rapidly 

«pwrd to about 1500 tons per day.    Investment cost of these very !**•• 
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plant« i» as much as 50 percent lover per ton of capacity compared to 

plant« of the unximua size available 10 to 20 /ear« ago. 

The aaaa ¿onerai rule hold*, for mor« modeat projects as for xho large 

ceaplexes. An example that i* of interest to mfiny is tho continuous 

aaaoniatlon process for producing granular fertilisers using a rotary drum 

granulato*. This process, which is diacuased in aore detail later, lea 

fco the wide spread of granuler fertilizers throu/fcout the United Statea 

during the 1950's ana early I960's by providing a route by which saall 

manufacturers could supply the growing decMid for high-analysis granular 

fertiliser* in their local area. Since the process vaj introduced in 

about 1950, iaproveaenta in the design of the granulator and accessory 

•Uttipaent and in techniques for control of vhe process have led to at 

least a threefold increase in the maxinu capacity of a aingle-train unit. 

Increasing the seal« has substantially decreased the investment cost p«r 

unit of capacity a. shown by the following tabulation which giva* recent 

quotations for the f.o.b. price of the equipment only for three sises of 

pUata using the TVA continuous amoniation process. The equipment 

includes a rotary drua aaaoniator-granulator, a dryer, a cooler, and all 

the accessory equipuent needed for the plant* but does not include freight 

or oreetion. 

Capacity, 
tons Air. 

10 

20 

30 

Equipment cojtt $ 

1^9,000 

107,000 

237,000 

#1,000 per ton/hr. 

14.9 

9.3 

?.a 
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«» «~r  jelt OMÄClt» BO 40l*t VCHÌA »• ««llM* SUlUr ««vla> 1» cost PW J"11 <«•"" 

t, «*>tl.» CO«« « th. «»1* of «w pi«* «• I«»»*- 

tt. ..». th.t tt« <- -t my «th th. .el« oí *• OP"»««- 

«i,,, ^ «.« do »t i,«--««. « T^m« t. a. .i« of . 

MV«.«»!- •? -t -» •* ^orecUU« inoren»* of 1«*« .«t..    B- 

«««»«. «1 «ill» =o.« -» "* *- " vr^ortl« to *«* -MM» 

„wn, « i»..t~nt «111 4.««.. M~ «. i»—> »•* -* " 

». m0u^, of «mu« «»IM. «»t «in 1» —n+ - «- '»- 

*.,!•« 1. l«r«„d .u,t T» rtrtUi -*«r f« -* »-1«*-1 

„.. ».««. »14« «rUtl— 1« Ubor «a •*> »«'^ «o.f fro. — 

„„^ t. «w, «.. Urso «WW— « «» «•« of fl»« « «rt- 

AU «.«•   Hcvvr, ch.rtS «1WIU to th. *«•» « «• *»** 

»tat», «»i» «• «*-• -* «*""» * *—^ "* ** *** rt" 
for wv.fl pro«»»., lrvolw* l» f«rtlU«* »rotaetl«, «. *o» 1» 

fi«jr.i J «ni * to t.rvt v. «topi«»- 

M .MM««. « it .« M. « d..lg» pUat. M «• **-* »—»* 

«m* u -*- t. «»lev. .co*« .f ^ u i—«— - *~«* 

„„*, ^r«. «ti» «t * t*~   U U -t ««-t t. — «. 
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•-hat tha capacity is auppor** by a mliittc aases^nt or th. aarket M 

that ti» piast caa be operata at or near it« desigû capacity.   Ciaarvico. 

•M»' of the *** factor, --bat =uke it i^vanta^ou. to lB!mM tÀ* sia, 

vtU werk la revers* to eauue ifer neater <i i *i<l vantai when too large 

* plant i* operated lignificanti/ below it» inteudod rate. 

a« «acûitudc- of thwe reiaUonahips can be ueeu fro» an illustration 

frou a yet uapubli.Ua study **• in a tattn Arican country.   Äe »tucy 

included «atlMtlo* of too coats at v*riou» levels of Operation in two 

different size« of amorfa and urea plants. 

Assoata plants having capacities of 1,000 and 600 ««trie tone per 

dey vere coapared.    Ite capital coa ta ver« e.tiwated to be $29.7 «tille* 

for the total cortex of the larger pi** and $19.8 «iUion for the ^WOXT 

one.   ïfce parejee of 400 «etra ton» of oapecity for lets the* $10 «ilUoa 

incremental coat nay appear to b* economical, but obviouely it i» a lo«. 

if «te oapacity i, not ueed.   funtemort, the «ajori* of the lœ. vouM 

be in forelgA «whanse. 

a» relational? of oporatinß co«u to operatic lévele for the two 

aaaonia plaatt i. .hova in figure 5-   A etudy of the.« curvea reveal, a 

•tartliag penalty for low operatic level.,    fe «x^i., tfc, a*«^ 

due to .cale of producing 1,000 ««trie ton* per day over 600 vhen teta 

plant, are operatine at 100 percent of capacity (B - A) 1» about $4 per 

«»a.     However, tao disadvantage of producto* 6CC nvttric tosa per day la 

tie 1,000-ton plant (60* of doai«n) rather than in the éoo-tœi plant (lOO* 

of ¿Mi4n) vonld be «bout $13 por ton (ö - 3).   ir tte deuart «houli drop 
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to jw to« *« *•» «°' " . to, (e - i , 

*t if thl. ***** "« """ u ,0., „ 

»^ 6 .*» «. — «* <* «*"°-W»" r" "* 
* 1. th. 60S ««le to, p~ <V »»•»» »• *«* * "* 

*• rr. r~ r «~.— -—— 
m.». — -——- - jr." :« 

.«, — i-Ut!«  « «^— MWB ^ '^^     ** 

.,«*. »«.» .f - *- -u «e ^-t —«» W~    — 

,      *Ä «—Militar to tur« do» * Pi««* * • O^cductior., VhtUr du. to l-*i±ity to tum 

»». te di«*»trotti la * coititi*« 
¿.»ire to *** ««it co.f *»m. «• * "—^ 

•UH 
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¿Ittt&tion when it leads to unrealistic price cutting aaong competitors 

a* euch tries to capture a larger ¡¿-.are oí" the mariât. It vas the root 

of the disaster that befell ths Ü. S. fertiliser industry in the lite 

I960»j vhea an ovöroptii-istLc projection oí the fertilizer aarket lad 

to grosu overbuilding of capacity vithin the country. 

In suoaary, advances in technology have created opportuni tie:, for 

substantial increase* in the Ecxiaun sise of plants, giving saving* in 

both investment and opt-ratír¡¿ ?.ost¿. However, theue opportunities can 

be abused, áevere risks can result from overbuilding capacity before a 

aarket for a substantial part of the capacity Is  assured. This 1B a 

lea ton that can be learned clearly froc expérience» ir jforth Aatrica 

duri a j the past few years. 

Higher Analysis BartlUier« 

Another of the questions that face.', planners of fertiliser produc- 

tion is taov suob empharlu to place on the erade of the product. Orar 

the long range, perhaps tho noct effective contribution that improved" 

technology has ande toward lowering the cout of fertiliser to the farmer 

has been in incrcaein^ the plant food content. Because of the large 

portion of the total cost that is incurred in handling and transporting 

fertilisers, there are few greater opportunities to reduce costs than by 

adding aore nutriente per unit of weight. IK SOW countries where 

facilities for handling and transporting fertiliser« are limiting factors, 

the response to fertilisers is high end the need for greater food 
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. incr- - e« i» a«aîy.i« my xeer. that Kcpor- 
P^ion i« W    «ore, incr^ ^^ 

tio.w-ô-^ „r entries depurilo« 
*v„ -A-An-.-  i¿ handily costs.    I- -^JIi 

My tax exes«, t&e ***»«- 
, «nl,v¿-i ^rfcilü.^«. inadéquate ï— i«*- 

+ ,,... ^r*ili«• ueed-    Obviously, ai*«1 

- v-in ii-ov'ate this probità. analyst can her —- ß0uutrUo 

, ^—ucr= **» iocreus-û sharply.   *««*« 
that are ke«y reducer» of -tr^lw 

y i/s> "oarc^Bt p^r year,     lac- UYg4'L 

„. ril H»«n.    Ä» K„[tlw proc..«. «It« » 

,,,„.. »cil fU«« * th. ««««-" - «'"u 

• t~» of tr.,1. «Tí«!«-^.». •»** r"lUM* 
^^«U. *»»-~ ,tt5elvHo„Mtes.   ». *—•• 
a -cvoiolÄ i^refi.s« ia ar.a.y-3 ow o 

,      ,,«,.-  -o-i-j» phosphate fro» tût 
^ of ta. .echnolc^ Tor ,ro**tl<* «f d,~ — 

- , iv o* wot-procees acid au-¿u «.n-tßc-   x   r* 

, „„... *,-t had i>een narlieUuß «*!* 
,    ,«      T ••*•••-» ûv;-:.- pry J"^r» J"AX* "* 

10 th* ,. „ -, ,,;.0 apj. to their 11« of products-    A* 
phosphate as O-Ub-u .- 

-n frtili«r u«e that rc.ultea can o« «eon V fW 

,      „Efe in ¿he protuuUoa of more concntrat«! 

«tuMnfaatt aattriala coa^uea ro u- 
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oltrate suitable for fertiliser use.   3fci» involved lnproveaents in produc- 

tion, such a« resulted la the videly used prilling method, and in methods 

for conditioning the material so that it could b« readily and safely 

handled in fertiliser channels.   Otfs five an opportunity to Inert**« the 

If content to 33-5 percent compared to aamoalui sulfate at 20 percent or 

nitrate of soda at lo percent. 

The Mxt inpartunt e ivano« came with a succession of laproveaenta in 

the teehaologjr of producing urea.    These, over a period of year», have made 

the cost of urea competitive vita that of eaeonium.nitrate and yielded 

another eubstantlal inorecse la the nitrogen content coopered to asnoniua 

nitrate.    Between 195? and i960, aueonlun nitrate production in the United 

States Increased by a factor of about 8. J, valle anaonium sulfate shoved 

only a modest gain due to increased byproduct production.    Between 1957 

end 19Ó6, urea production gained by a factor of alaost 5-0 (k). 

Undoubtedly the greatest technological development influencing the 

Increase in analysis of mixed fertilisera has been granulation.   Until 

satisfactory aseas for granulating nixed fertilisers vera developed, it 

vae not possible to achieve high analysis because the material» needed are 

toe hydroscopic to be used in nongranular fertilizers.   The auch higher 

surface area of nongranular foras exposes these «ateríais to rapid absorp- 

tion of veter frota the et&osphare, causing caking in storage and sway 

problems in distribution.   Trie effect of the practice of granulation on 

the grade of compound fertiliser earn he seen froa exemplee In the 

following tabulation. 
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Orades before 
granulation 

3-12-12 

5-iO-iO 

Ô-8-8 

Average concentration    25^ 

Grades after 
firaffulntion. 

6-2*»-2fc 

10-20-20 

15-15-15 

Vf* 

lb. .ccnoaic advantage of incre*.!«« e»aly»i. can * illuatrafd by 

data fro* » ^Wi.hed .tea, «d. at WA to evalúate I^P^ "* 

urea - «•«*» P*o.pU*., a nev ««erial of exceptionally bid« «**•** 

under devaxoprennt on a pilot-ylant acale. 

8torage aod preparation for »aipeent 

Bagging 

transportation 

»»tail distribution 

Total 

A .i*H* calculation ate« that tteN oosta vili vary fro* tte* #76 

„* *»-«-•»*•»* food li.tte toUl nutrient content (« «* Vj> *• * *"' 

oent to *# p~ ton of nutrient» if the *r«*e 1-60 pare«*.   ÄU ~** 

tea« oo*ei«*r*bl. «argl« for « i«• in production ccet te **i~ 

the Utft« fr^e.   Ho^r. in thi. ca.. the «tutte* prodotte, eo* 

aUo dee*emM4 about $11 par ton of nutrient, a. cne grade VM in*****. 
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lt must b« realized, however, that while as A general ruis Incrcao- 

in¿ th* analj-bld of fertilisers ciecreaaes their delivered coatu, there 

are exceptions to this rule.    In Latin American ccuntri«* exception n*y 

occur, for example, where the cost -*f capital may mak'i production oí" 

triple superphosphate exceptionally high and the availability cf byproduct 

sulfuric acid suitable in quantity or quality only for ordinary superpnos- 

pbate cay make it exceptio:tally cheap.    Then tho higher coït of distrib- 

uting the ordinary ôiiyerphocphat« any be u»re tiian off act by the lower 

cost of producing thi j material.    Likewise,  the avalliO-i lity of low-cost 

ioportcd aanonium sulfate iß sotas locations tend» to lover the optimum 

grade o¿ finished fertili tars when all coste ai-« considered.    In any cea«, 

it ia most important to cor.^ider tie overall syst«» of producine the 

fertili see» and distributing them in order to be able to ¿elect tha 

optimum alternat«.    Care should be taken to make buch evaluation ovar a 

sufficiently long tin« spaa to allcv fur variation* that often occur la 

the availability and cost of byproduct aaterial-i. 

One of th« disadvantages of higher antiy*ls fertiliser is that ir 

thé process of reducing th« impurities that dilute the nitrogen, phoe- 

phoni* and potassluri eempounde, other nutrients «mential to plant growth 

aay be reduced or elimina tod.   An obvious example IK the elimination of 

th« ¿«oooaary outrl«nt, sulfur, when triple superphosphate is used la 

place of ordinary.    In the »ame manner, addition of a number of th« 

micwmutrlentsi/ might be eliminated by th« change to higher amalysls 

Ü If e lamenti, B, Cl, Cu« Na, Fe, No, and Za, ¿re considered 
microoutrienta; Ca, Kg, aad 8 ars elasslfl«* as secondary nutrieses. 
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fertilisers. Unfortunately, tht need for adaition of these element, is 

not often well delineated, even vhere the agriculture is reasonably well 

developed. It should be recognised, also, that alternative ways of 

ßupoiyins *econdary and aicronutxl« A» «l«ht be a bet .er choice thao 

relying on low-analyst« material*. 

la «ome area« vhere the grade of fertilisera used traditionally Is 

lsw, farmer« are slow to accept fertili*«» of increased analysis and, 

for this reason, nanufacturers are reluctant to produce the». Hovevar, 

the benefits of uigher analysis usually are BO greet that it pays to 

sake every effort u> educate f anaer » to their use- 

Another question very basic in planning to provide the fertilità* 

need« of a country is how «räch empiiamo should be placed on importation 

and how much should be placel on ujanufacturing in the country itself. 

Aaong the mcuiy important fectora that affect the uivar are the availa- 

bility of indigenous raw materials, the aaount of foreign exehange 

Available, and the aaount of techa;- sal talent that i» on hand or can be 

developed. 

In situation* where factor» do not favor the development of a basic 

fertiliser iadusxry there say be another alternative that it «ore attrac- 

tive than importing finished fertilisa». îhia alternative is the 

importing of intermediates that will be ueed to produce finiehad 

fertiUsars within tie country. It may be the way to utilisa Halted 
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re .-¡curcas or" moacy and technical wanpcver to cake the earliest '¿trista 

tovard developing an independent fertilizer supply-.     It car. avoid vhut 

cay be a pre^-.tui« ccj-.ititTr.eut to the uae of mau^inal inaile nous; ictericia 

tîi&'j vould   ijt ¿upport a fully devt-opcd industry.     I\. can previa^ a 

country with a stepvl:^ approach that vili portait,   the develo;**»»--, er t.clh 

th* íirancial and technical ability needed for a fully Inte^c^d i neu.-! try. 

During the past i'cvr yeirs, advanceá lu technology have ciado the 

proapect* for ^rld trade in fertilizer interaeùliite» »uch «ore i'easlblt:, 

Dévelopítent of the technology ox' very larga, efficient plants für the 

production of aiaaania, phosphoric f,cu», anc other producta, au discute«! 

earlier, ha» lowered coato because of the economy of scale.    Location of 

auch plants near tne source cf raw Raterial:» oari v&.t<»r transportation hu3 

¿Teatly enhanced the pocsibilitiöö fer world trada in Intermediate«, 

technical advancer in ¡»hippirig, wiinly the development of larger v^^elB 

and n..ire efficient üyüteü* lor loading and unloading, have made a con- 

tribution.   Also, constantly improving technology for the production of 

finished fertilizer« opeaa, and vili continue to opea, new possibilities 

for use of intermediates within the receiving ccuiatry. 

Scao of the posaifciiiile« for fertilizer interagiate* of lawdiate 

inarcane« or that r-ay have future potential ax* s 

1. Attuoaia (6j> iî) 

2. Phosphoric acid (ortho or auper - 5fc to 33* PgOj) 

3. Ultronea ¿olutiom» (32 to 37* fi) 

*•.   llemental phoaphoru* (équivalent te 2£9> *g3j) 
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5.    AIüMUIUö phosphates or polyphosphates (12-50-0 to 15-6l-0> 

ó.    .kwaltsn polyphosphate aolucioas or suspension« (13-3^-0 to 14-^7-0) 

Liquid uúydrous i-xicnnl» i», tí-.c only fertiliser i:itamedl»¿i.e that ¿a 

zhoroughly provea it interrai ional  trade.    After ¡socio early problems, 

largii plaûti. loe-ited ai the sovree of lov-co&t gas produce omaoala Et very 

lew cost.    Shir-tat lu ocean vereis ia voll established end àepecdable. 

Inaoviticasi are cjín^r laaà.;. In toarle aud pipeline transport valen Bight 

hai:, di a tribut i or. vit&in tu ranortiag country,    atoruj/a or lar¿e pianti- 

ties of anhydrous aranoaia la relativwly inexpensive and presents co 

difficult technical probità:;,    Atocia it, of cours«, the prlaary building 

bloc* ci all nitrogen fertilizor&. 

The zraiu cechnica.1. aía&dv&ntn.¿a of importation rather thaa local 

production of aoßoai*. U that carbón dioxide, a byproduct of acaonia 

production., in at avaixaole for tue production of urea, a particularly 

useful product in r.-.r$» iaittaces.     While alternative aourcee ocf carbon 

cioxide ere posible, they are usually too expensive to be attractive. 

Imported aironi*. wold be useful in producing nitric acid, aanooiua 

ai trata, ani nitres» solutions for the production of ccatpounà fertili tars 

or for oirect amplication.    It also vould be useful for aEnoniating phot- 

phoric acid or superphosphate in the production of compound fertilizara. 

In. a study atdfc last /car ax TVA for the Agency for International 

Development, tfc« economics of Bsumfacturing vareuc iapcartiag asaaonia 

vare oosspared for several countries, including 00a South Aaarlaaa 
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«-ont. «uxd * import* « . J«,,. Mî «,» tt .^ w MKlftctartd/ 

.Uh«* «,. «„„.«. «, ^ gr-t ^ ^ capMity ^ ^    ^ 

«•• th. rtudy .!„ „^ th„ ^ ctMtl0B chMgM ^^ ^ the 

«Utiv. «J,» „ forelgn «xcUsae u con>1<lered If fortUa ^^ ^ 

«laed .t »or. th„ *« x.a « 1>6 tlMU ^ wluc of ^ ^^ 

It *«**. «r. «t^uv. to produc. r.th.r th» l^r* «... «•„„ *, 

»*. «. ft» 1,9» t. 600 WW, „.^„v^, ^ tt, ^„^ 

a.»us»d la th« otudy. 

Althou* th«« ^^sp ,U{* ihl58Mût.# «^^ ^ ^ 

WW« nuao«. toluuoo. of «.*. la cotólo.tloa ^ ^ ^ ^^ 

Htm. or both **t ho* polliti., for oc.ua ahip^*.   *iU th. 

«tt*»' coat.* (3a to 3T*) i. co^tiv.* low, progr... b.b«»«, 

vlxh c«ro.ioa inhiw^, ^ wu ^^ in ^^ ^^^ 

Soiutlo«. of thi. tw. for yaM.. ^ .0Mfl $hlpptd ^^ throuatout ^ 

«Ut* »Ute. for u.. ia forw^ti^ both .olid «a lU«u **»* f^uUa.r». 
a#y .*. «*. ^^ for ^ purpo-ô thaa ^^ ^ ^ ^ 

**"*» coat«* of th. ft*** p^ riqwirM ^ ^^^ ^ cfcÄ 

* fix* lv r*0tl»g ««la with th. «id ia«r*U.ttt. of th. fomdatioa. 

mm 
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7hoarhar.lc Acid 

Faoaphorio acid is the etartina point for ell phosphate fertilisers 

except ordinary superphosphate aal ¿sow types of nitric-phosphate.    It 

cay be aasc^aUd alone to produce anaonium phosphate or used in coabina- 

tion vith other fertilizer mataríais to yield a wide variée of ccapouad 

fertili «ort;. 

dince phosphoric acid is produced in several different concentration» 

and ¿agree* oí parity, possibilities for -sport are varied.    However,  the 

«it ecoaoslcal and prevalent asid vroduotion is i a the for« of ^ percent 

(?205) xsrehant-grade, vet-proce*s acid and this is the only concentration 

that has thus far found a place in ocean transport.    Even this hua been 

rather Halted acá it wist be recognized that thare are prooleas reaftiniog 

to be solved before it become* at routine aad trouble-free as ocean trans- 

port of Sidydrous acapnia.    Föreaest aaons those problème it the presence 

of solid iscritto*, la the ecia and the further precipitation of solids 

durine ehipaent.    Tue*« create a difficult probl«a of residue deposit* in 

the vesteU.   they aleo increase the viscosity of the: ucid and to «one 

extent liait the u¿aa to vhiüh tac» acia can be put—for example, in liejiid 

fertilisers.   In« other problem iü the corroaiveaeao of the acid, but 

this can be solved,, of course, by the proper selection of materials of 

construction. . 

Ike probleos involved in transport of vet-proe«*» acid arc reduced 

by purificatioo of the acid by settling or other mean», by »election of 

the rocíe used in tne tiauufacturö, or by calcination of the rock.   AU of 
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tbMt t*»i to lucres« the coat of the acid, and purification &y awttfie, 

leave*, a lov-grade „i^o t^ „,..* u vtiiiacd ty g0ffle a(SÄas>    ^^^ 

auch pro¿reea was sade la techniques for producid- clean?- v^-procea« 

acta during the Uit decade ro suppôt a greatly expanded cosäerce la L>* 

acia within vhe U. 5. end elatere, and progrès no doubt v.'.U continue 

wixli the proepsctc of empandad ovuraaea ehipaent.    Also, BOT* *coacaical 

«orre» lob rea latins ayateab for *cid-c¡irryin2 veeselo will he developed 

a« acre experience U ¿<»iaed. 

2be development cf vet-proceaa «upurphoephorie acid (TO to 7V* PO.) 

hold* sene prœi*e of advance far ocean ehipa*nt of the acid, but noue of 

fue eche**« for produel eg it for the world trad« have yet materiali sea. 

Sai* acid 1« cade by further concentration of merchant-crade acic.    Start- 

la* at about 63 percent conoentratlca, »one combined water is reaoved 

fomina polyphosphate!, nalnly pyrophosphate.    Tha polyphoophates tend to 

aequeiter the imparities in tue acid, preventing precipitation.   Eoiwter, 

a disadvantage that teed, to counteract this beu*m li a sharp increase 

in viscosity of the acid,   While the viscosity, UJce alad,;* foraation, 

caa be controlled soaevhat by Controlling the impurities in ta* acid, it 

prcbaoly would ©e high enough la en/ event to require heating of the acid 

to facilitate unloading a ve«a«x at a reasonable rave,    aupar add It less 

corroelve than ortho acid, tut tha difference prdiaiily u not Sreat 

eaoufh to give It an advantage m ocean ¿hipweai since the rink of usin« 

•aythiac UM than corrosion resista»! materiale iwld be too greet. 

2he coat of clarifiaatlor, of J* parce-nt vet-process acid ia about 

15 P*r »«trie ton of PpOj, and eooventraUtg the clarified acid further 
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„ *•* 70 I«1»'      ' u ^^ of ^ xe^ tad«, th. 

» e oecer.tr* ti°Ä w** 
^1. a «o»14er«U «aouBt of vet-proc** **?«* 

M^? ^ 4U^- ov^rUod in Or« Alt* 8ft-, it *» 
*    .  «fri»«»* i3T ** ** ** • 

^pfco*--- .,•r*iu*<*is acid without 
* - o    ar *¿ '•" *~   " ' *" " - ? 

7b f>«?«*at -ÄJ5 
Ai JO to o3 percent ^¿0- ..-.Q*»jft<MFIwr. 

-       o* ***** «** 0:W *# *" ^^ 
»rt io.^ ^,iU'i'4*,'' ,        .   .,OB     pt-MfttXy, it ift coititi*! 

viti v.r. *•       ^ ^^ fw;Ul«r.   It «1U «* l*»c o-pttlt«. 

tetf^*E*2***" C.'"     u,. » i«w « »"» ^-c" r,Mi* " **" *" 

„ *» ^îtui* <* •"»"* <l-'-t41 *"9M~ " 

** ,    • *. «»t eo«u»t«*t4 x*t«Ul »v^iUttU.    Co. to* Of 

MÔt ,       d~l-* « M 7 ^ of ~cx cr 5 to- f «»*- 
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hwallisç It,  it, h¿» Ueu chipped ty rail awi a tarai routínviy /or ye.-. 

¡U-vscntJy,  tvü vtì*c,il«: for ocean trau.jpo.-w have been c^truc^a to .,;.;,, 

phospnorw for industrial IM« fro« a lar^e aev pluat in SnwfoucàlMd. 

Aâata to joavwrt phcwpharuä» to phc¿phorio acid are relatively ir&xpx&ivû 

ani tha inv«*t*ent coat for producine for tili »ers could be leapt low. 

a« tfcipaant o.» elemental pho¿¿Iioru3 a« uu interoediat« appoart-ci to 

fra a coabiti v* alternativ» to aaaufacturing fertiliter-grade :*.o*¿fcacaf 

within ti« coustry or isportia- fertili aera in -¿OB» circuitane e¿ stvaral 

yaara ago (7).    Ecw ar, sharply d«era*«ic5 sulfur pr3c«d ami an ovtr- 

»ttpply of v«-prw*ia acid havo ci>aa*ed this situation,   A* t rssult, it 

is probailt that olaewital phospiioruo vi 11 not find a placs of any «if- 

nificanc» in ovar«#st yhipaent of fertilisers in the next 10 y aar».   It 

«ay later, but oecy factors cio* this pdcturs.    Son« of th«s« art te« 

nacértela direction of pever o oat* a* influtacad by incr«esia* fwl 

coat« la «oatrast to praaìaed eost-reducin«  in^rovetaeot in the tecanoloey 

of suelear tfcaaraUoa, and the Influence of poilwion control on byproduct 

•ulfurlc Mid supply ana on the «count of phosphates uttd in dateront 

production. 

Other rats^ef jpw^f.^ 

Tacnaoloalcal advances during tha past fe* year« nava resulted ¿a 

»everal othar acteriaia the* say warrant coiisiueration a« fertiliser 

lateraedletes for overuse* ahipaatt.   Aanoni« polyphosphate solutions 

» svapeasioa« any hart IM potential.    Thay aro cad« by aattoolatioo of 

»upeTpfco*pooric aelù and ara shipped and need «xteneively in tha Ü. 8. as 
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aa internate lu to« production of cioor liquid und SUQ«»ìCJ torti- 

itaaw.    Rao» of production fxora ordinary vet-procc« acid have l*eu 

develop^ and vili »o* oe in circuì pratico.    ».«« seriale are 

of «derate to hl J. .:*ace«tr.tion ltt-34-0 to 1^7-0,, can be readily 

loaded and unloved by puai«, aud can *• aaiaped and atorod in =110 «^ 

aoaprüsaura vc¿¿t.'l«. 

Aaotfcer relatively iw natcrUl that has «toru ^otoaUal a* a farti- 

iiwr interceduta i» porrei ^no^ooiun pho-^te <;»?>.    Sevaral 

yluat« W it« p.-oductic* eve uadt-r .obstruction c.r ir oration.   With 

a ^ada oí «out 11-53-0, it coot**, «-«fior ** =u<* P20, aa vei-proeaa. 

aaid and llkaly could be shi^et ia wore«, traaaport with greater coa- 

vo*ic*c. »ni 1«. cost.    Its paction I« *<*«*•* *iu»Ur and ttertfort 

should ba Uti cortly thma ¿radiar diaoaoal« paovphata, the a««»!« 

pfcospiutu cotaorily found in world trade. 

Ponderad MA-? i» * vacatila aatarial, «tfol as a t*¿or conpoaaat 

ia tba reduction or araauiar fertilizar*.    It caa be eo-crwiUUâ vita 

urea aad «oar cc^nly used uatartala to produco a variety erf higA-arada 

fertili*««. 

O* avalueUoc or the potential  for iataMtdiate* 1» Ui*M* depetdaat 

OB a lex» nufci«r of facto.-» i^ludii-.3 prie«, saippiûî distane**, iajcrt 

tariff*, the typ, of fertili*», sederi, the qaaatitias needed, aud tfc* 

ifcdiicnou» »tortai» »vallatola.   E*s« ara «o variai« vítala aa area 

•«A « Utta Africa tfcat it la spossiti« to make; generali zatico«, 

¡tovaver, ttudia« bave ba*a putlUhad that evaluate a vida raag« of 
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a.lt«í.-a.;tiVA¿, i.ucludiaj ¿apart of intars-ediateti,  ur.dcr specific ecws.- 

tioc;.—oosw includi:^ tuca« fousd ¿a Lati» .oocrica (5, 6, 7, fc>.    n*.wo 

ci>5«a be uceful as a ¿aide to -hose w¡o vi.ih to r.*ke »traiIti- c-vaiuutior.:; 

ror tiieir cv¡i «audition-. 

Ov«r ccj la*t tvj iocftàev,  «¿roa ûi.titiaet &ysí«a¿ roi pruvidiag the 

l&rjtf variety cf «i*ei C-rtiiizer ae^deò far the feu-sMu hav* Éevâiep«d In 

thì Vr.it.oi State::.    Ti;«?* syatcrjg are quitó ¿ifí'ereat iron each other io 

Das/ rMpof!«¿ êjarl ara BOT« or 1**3 ia cwpotitioa vith e¿ch other,    a« 

thr*a £/3t*x» cu*«; 

1.    Co-griiûui^tios ci' intevaaÄia*«« la aaaìl plants to produca 

h«3Ca¿nocju» çrunrùar fertilizar iu tfos ¿rod'?* aaadod. 

2-    Production of bl«ud« of the various gruûa:; ¡ay «lxintf 

clroady graaulttcd Inturaadiatc*. 

3»    Cuïpi/iûfc tlio cti«ieu ¡ybxxM in liquid form blacdod or 

auuf «sture* iftrçely noe liquid latere-eaiate*. 

ïha projwasatt* of each of xhe t.fcr*o «-/etwa claim a dUUcct adv*a- 

t&i:e, »o m it ¿at ¿ïurprioiug tao* tüsre is «acati»«-* coa*» confusion in 

wjiîag to tranciata the U. 3. ixperieaeo to help pion ¿cvolspoKat;* in 

©i&or coattriw. 

gr*wlatlya 

toll* granuUr rtrülizoru h»ve toon bw aa* mod for a 1OL>¡ tiaa, 

it vt» «ot until tte ôarly 1950'» that ¿ronular fortlllaara bo&ut to 
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rc^e early Pulverig form, in a lar* a** irrorai*!* <*y.   ÄepUc«- 

w» ai tac pulvcrunt prc-áurt* took place IA * surx-luia^y *h.n U*.. 

Ä, :ii-^ tai prct^ly M* owx Important rw» «* Ve itçrov«*» 

or pvav*«*- calúr* ;a •**:** ax* it facilitate, aUtributiou U tt. fitU. 

». ««cosi i^-x^ rcasou for sn** v« scoile    It la*««i ^ «ort» 

«y ¿iiowiaï tì>* ur.« of cheaper 5.iw.-tóieat3 wri, as discus*«* earlier, ay 

parait^«*; the promotion or »,<* *i&** *.•*«* tau: ^,lc U predace 

vlsfa ouxisfactao' :^y*ia«3. coperti«* ia pui^zad form« 

^liw. ***** for «*1»S *«**.««:* í¡r*»ui*r rerUlUar* l«**l~d 

,«tiag tA, i^-odlcat. to ça** th«* to *r>aulaU a*ü then oxyir« ttt 

erpice te r«*y« ^ aioeâ «tor.    Kuw*«r, u *ucs *t«r «tfcod to« 

6Wiv,d iu vhicU tfao IKialu jbe». required fe,- sciatica va. »reauotft 

ânri^ «rabica l,y hignly ¿c^ie .alt. dlaaolvi* in a lis*.* «ou* 

of **ter « * bi* temperatura,    ft* Uat required va* fiworated *7 the 

reaction of .«Main via -upx&ou&mU {orcUnry er triple) and, in um 

io.^laxioa., -ulforie er V*»jterte aeM.    flw cuendoal ^fo•ití«. 

«i" the «yitattiaatiuu o* coolly «** proùuct« usât geuaraUy vere «tifc 

.tronar sua «o.-c sod« oar tt* voi aa* dry «etaci, «od 1«. drylo* u.uaUjr 

va* r*^<a.    i«rw«m«*, ti« r*v trials for »a» fanuiUtl«. ver« 

la*, ox^iv* o«au.« * i«*«" V**• * ^ ni^^eû """ * "** 

a¿ «awnia or aMoalaili*: solutlow cowaiai^ afonie, «aoni^ aitata, 

«bù urta or tooa coniai aatioxi of th«öw. 

Vldie .everal differ«** ad^U-tlon» of tale tfrcuwlatlon priaaipU 

•volved, the usai vUely uaaà OM ¡K« *e«a a proceae ¿«veloped *y WA (9). 



-'¿>- 

Slu-;.ca tv: a typisai 7l?.-VP3 ^WUIIA-ìOL piunr; U sic« In ri-cru '.*.    Tie 

uü-.uj feature uZ the- TVA prase-;: i»  the roiaiy itr^.-. tracomi.t¿r-¿voi^¿.ií or 

/I:.', ti fcfc:*:f¿ as a udx«:-r a:vi u. reactor asci ..¿¡.o ptr^/Lcc.» ? r.»:..lic¿ uc.ïc.a 

r.eecaa fo;- ti;* far:-.:«.tí0:1 of ^-«r^alci; atìd ¿lüi^i^^ö^aV o:   ,v.i.£.' vripo.. 

C¿¿:*r ¿qui-px^ní. i-, A ^pl-** 1:/-'i-w*» ?î*s' tr<u-j-,ls. ¿ retar,- c^vr, 

Cä ::liy *Iíí.¿ Al»-tct.'iy by ^.i ¿:r ¿Vol ci.; c rot^-y jwo'ur; mrej:: -.o 

j«V"-"^«» a-al r^úum- *i pr.:.i'--:t frac i.xoa oí* ^ZBXüú-.I of t:-*t ^.-circa i*iri:cx% 

:• Lz*; * ftr4i;\cr -:c  rvúws«  L.« .-f.Lv* c;' .:vô."iy It» •:•*:• ??•&.:jl-j.,,  .-.id ucavtyj^g, 

¿'.•üj./pai'*.* r;;.v i¿vt«?r1.4»i¿. for 4..ho ¿av^í: » »r*  -.?ri;u&ry ^--;*r;-;..o.:;*;hj.i» 

JOt«ic*c jirjúucd£ r.t :h* »it«, ari u.-¡:;-tly »IRUS.- «aaly«^ ¿&ttt*«M¿lKt es- 

tri t'A xinfc_-]2jscA¡>fc*to> fc-^aai.cii ,,to„:»fc;,te»# -.u- ï:îw-sjlarlc aelu.    ílifcr.*g«a 

ié ívi-pliíi \¿y ."nimacta,  .:.ii¿íi;lAt*.r.f; ; oiutxorv., f.o."   J!t»n «ta>« adii 

W.../T?—ur*a or ..2r.0nr.ue. /.¿¡..flftv*.    ¿V^.-«aun aaus¿l¿  ti ft-j>;>H#à mu ta« 

ericviüc,    -i':** r..arnia u.d :caí-.R,.*tla;-. i.oIui.icr^ aro r«¿ túr«a,?% .. ¿a» 

ri.-o-.ii p:.::;ô v.fiu*.- ti* acv.'T« teu j;' ¿jì;ja  >¿ th* v.voaliktu;.    A&6 *v 

Us 3v.g-*i :>ca sbfrw«.    Surtir« 3 «. rca^ir-a i*nk, :sf&rr*I -o «Mí • pr»- 

.....\„-*iu«r, ì» *-..-.if:ù w fc../t: w^-fe fi.tex.T:i:J.1:..V/ ¿a faraulAtiuc.    IT. peralta 

u-í.r.v ¡¡ara lí.L.y.1 ir.Veclíín*-» ¿-na uiiowa fu;- :,.•**•* ¿¿»»ijcation ^' fcuat oí 

~;,:-.c ce:..;.oi.I;' u.sc<i j\*r-.iii*<. \.ír..i: íor -<*.»« IVA ecati;v¿a;a «•« „atioa 

VOCM* nvf .-I.ei.-a la ttóle S¿.    ïfc» íC¿'AU '**tlca far » airea ¿rai* ;<-.y YMT 

ir-;.-.? pi'sxt 1W ~'.«re, ßttp«Ddta,j iw¿«^ M -Jbn aost ôf iiaei.vi.-kca»» A« ««uh 

lec-v-ioa.   Hcvii^r, -Aí fott*iiatio¿ cru»v parc/i¿t tit ^roj..." «awAt ©í 
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aalKu?« «i« heat of rwetlco l'or w^uaüatioa end the free noonia auat 

not exc^c the levale tüat can bo ÍUed by reuctica  #iïh ti* ~cic- aaà 

«^•^»-Vatc presort.    Tixa araouata of ^ooaia that aca -vrdicarily to 

rcastái vitb ti,e ího&ptate Lunedi eat s without exce-isJ.v» iüse :vr<* &b 

foliCV*. 

 Matev^. Lbe. «ÎI3 per lì. I^> 

i'Ti?2.« .-»upariiiAttplxsJittf 0«i*> 

ï'À.iiohoric «¿cu •J,-,,J 

MD^ià3ïï»riiur-. p¿io:-p*xtfi O«-5-2 

?&cr« 'Jive tu«a #5 or asar e ^aKilatl.v:. pi~w* uaiua t»;e TVA coa- 

V-»» awwisHHtar teli* la xh* WaiW State».     A tyjicil jlaftt VCA*W U*vt 

a c^u'iity «tf cr«i.A 15 MO 20 +.*xi p*r hour.    It would aerw. a& an* lu s 

«eiurf nbcat ljû râle* *y produfcitti ï*rtaft* 30,000 «oac per yew, apatia* 

Cûiir t. part ••>? tl.e yea:.-. 

tbe vorii.    Hww^r, icrju-Uri« *u*t be OtfrerwA la ^ouat^i** «oh a« tte 

for-,    hers it ¿rf i»c*bSiuv to lirlt «¿J «tító. oí aatu&Atí-M «f auperpiwe- 

3bat4 to aauu-sU^ a*w tfc* BWCI a»--nt. or íVco ipta*;::-Mrtc acid 3o*uaiE«» 

tbir«Ju.     .**•*<» wac^l^.ion.-wouii .'•>«* v*t*r-iz*c.li*i.« ILCíICíVA :>to¿- 

phnAa.    Tu *ûfii-. íM*J, iiltfi-atUy-»;» /rades TT^' ¿O o»a* *' oc-pp«JtuU-«iB£ 

acid to «srcOy h«*i o.* r«-ctlon ¿o? .•.¿w.auUtii^.    8t«ws *• s** fl«5<* •!*« 

si ¿a "o* Mi for ad¿itiot*i fcoai.    »o 5MKKU.CU ¿«M-ralAy t&r* ¿cod 

S«y«i6&l prop*rtit» »ú«a voü ¿.-i«4 *c4 ¿catad «ita a «ull awus: «f ¿lay. 
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Another approach to ciupliried gr.4xu.l2.ticn 1» the tas» typ* or 

*íuije». la throußU the uae of a nongranular form ci* ownoaanoniw:. p..o..- 

phate (li*?) ruw available íroa avverai ucwcss. The HAT Bay bo UüC¿ to 

upgrade foraulation* coataising ordlr.-ry superphosphate or to replace it. 

eatirely. Stesa or aaooaiation or both cay bo u*ed to supply heat for 

¿raaulation. The MA? i« produced by simple methods (10, 11, 12) at lev 

coat and does sot have the problem* associated with ¿hippins phosphoric 

acid. 

Bulk Blending 

In the late 1950'• another ayate» va» developed that i-ivaled and in 

aaay area« replaced tha saall granulation plaits. la this system jpranu- 

lar intermediate« arc produced in large plant« located near the aouree 

of rav materials rather than in the far» areaa. Ofcô*e iateraeàietee are 

then »hipped in bulk to relatively saall bulk blending planta diaperaed 

tarauühout the farming areaa. Here the aateriala are atorad in bulk, usually 

for only a abort period, and siaply nixed together aa needed to fill orders 

fro» individual fermera. While & smell portion of bulk blended m&terial 

la bagged for delivery* it ¿a usually delivered in bulk. It may be taken 

to the ¿"arm in the blender'a truck or in the farmer'a track. In wore 

eophièticated »yateas it is delivered to the farà in a hopper that ia left 

at the farà temporarily to sake it convenient for the farmer to fill hie 

distribution equipment. In many cases tfeo blender say apply xhe blend on 

the fieli, fer the faner. He may alec take aoil staples, nave them 

analysed, and use the results to raoomaead a fertilisation program for 

the farmer. 
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Bccausc bulk blending plant» are simple and inexpensive, they need 

not be large to be profitable, »tost plants serve an aree, having a radius 

Of only 25 to 30 alie« ar¿ have outputs in the range of 2,000 to 5,000 

tone per year. There are vail over 3,000 suoli plants in the Ü. S. They 

My be owned by the baule manufacturer that supplie» the intermediate» 

or they My be independently owned. It has betn estimated that they 

aarfctt about U0 percent of the granular fertiliser produced in the United 

»tate«• In *aas local areas the proportion iß ouch higher* 

litrogen intermediato« cotsaonly uaed la buJJc blending are aamoaltta 

nitrate, amaoniua sulfate, urea, anù amnonlua phosphato nitrate. Phos- 

phate materials are granular triple »uperphosphate, ordinary superphos- 

phate, and dieanoniu» phosphate. Kitric phoephate 1» «chetine« uaed. 

The u»ual source of potassium is coarse or granular potassium chloride, 

although the sulfate sometime« le used, Secondary or mici-oautrleata art 

added In some areas. 

Plants very in cocaplexity. Some are very simple, provlAiag «rudo 

mixing equipment and very little rav material storage * «taiga fairly 

typical of the better plant« is show in figure 10. 

Incoming material» or* unloade* 'oto a conveyor and elevator far 

transport to several Intermediate at wage bins. Prom the»« they •*• 

i ecover ed by a motorixed «hovel and fed to a velghlag device. B* mata- 

ríais are weighed batchvise and dropped into a rotary dru« mixer. 9M 

«Uter mil handla a batch of 1 to 6 toce, dependlag om the slat of the 

plant. After a short mixing period, usually mot anea more than 8 alante», 

the batch is elevated to a temporary storage bla or delivered directly 
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to * highwcy truck. When aicronutrienta are nseued they may be added in 

granular fora also, or preferably aa a finely dlvioed dust to coat the 

granules in the bleed. 

¿iapler plant c?t»*ign* are possible by coabining the function« of the 

elevators, for exemple. Many different types of mixers are available and 

arc describee ia the literature (13). 

Bulk blending has several aav&ntager.. It places aoat of the manufac- 

turing proceaa ir. lwge, efficient plant* that can be operated throughout 

the year. It shorten* the aarketint; channel by combining the ï*unctions 

of the nlxer and tie dealer. Shipping and handling costa aro lowered 

for this reason and because the rav Materials are shipped separately fro» 

their various sources to very near their point of use, rather than being 

detoured through a common manufacturing facility. The mixer-dealer, 

coverlag only a small are«, is close to and therefore can be more readily 

responsive to the needs of bis customers, the farmers. Ime flexibility 

of the system helps him meet these needs. 

The meet serious technical problem associated viti» bulk blending is 

the tendency for materials to becoae uamixed when they are handled. This 

segregation may cause vide variations in analy*i* from one part or sample 

of the batch to another. It may result in y%ry poor crop response in some 

parts of the area fertilized by the batch and thus lead to customer 

dissatisfaction. 

Ihm primary atme« of segregation la blends it mismatching of the 

pcjrttelm site of toe ingredients, rather than difference« la the shape 

or density. Sven torn variations found in a relatively narrow sise range 
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„„^»oftUon unless additional 
sucn « 6- to 16-sh con M»" «10» «e««»«• * 

t«»     One pr«auUUn that »t ». t— 1» « "0iâ 

,  -,    •- finished product UW conical ?Uo» 
^plns Iti« r.v «««1 - or ft-*- • 

. «*. lar-cr portici« ti « -11 to th. •«• of ,*h PU« «* 
because the larger ,w „.,.«—.«tv 

i ^ in the center.    Therefore, aevere nonua-form-ty 
fine particle* accuaulate in the center 

v       +.r»al is recovered from the edge of ti» pli--    **» 
can result as the material la recov 

.dia« ft*tili--* 1*o result* la .e^tion 0. the 
•nuipaent uied la spreading fertile 
«xjuip»*» .^¿iriaual nutrient» «re 

^M to lije.    If to* «arriera of tüe .ndiriau&x 
field according to siz* dliitrll*tloa 

* .v    aa»e »tze, tHera obviously will to noaun. formi-y in «A* of the saae BI*««  *»*»•*»' ... . 

„ wtrl«t..    «-- —• - - -J to rtMly ^ ^ 
„ M***U. or -«—»» — *• « - _^ 

„t b. »i in the MM Mend boaus. th. WM «*•*. 
.upon*o«ï!»*-e cannot » »•" lu * 
«Worv     » ,-„1«, th* alxtur. to bac». 
„wr or hydration from th. „up.rphc.ph»«, «M «- 

.     »«rat. «d ur« in th. .a» M«* w>¿* 
«M «at «tletar-   Klxine «-o»lw oltr.t. ««1 UXM 

.   .v.» am blend vouM ¡x uniiumi—M»- 
MM It to ta » hydroscopic that th. Mend 

^^ ^pUt. and «IPX« —*"*•" - * — -*       ** 

» ». h.» «««.» «• — ^^ "olutlw w - * 
.     i«, bulk MMling) 1. f— I» "-" fruii«».   *U. jrMulatlo» («M hulk WM»»»< 

- ,« th. r.,1* n.. u--» - «^ -"• "rttU"" "J" 
«...   Co--*—<----*- — "**   ^* 
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tons in l°ó5, 1-6 aillioa la 196¿f and 2.5 ml II Loo IB 1967 (1*0. BUî 

quantity la 1967 aecountad for about 12 pareant of ail atoad fartili*«rs 

consumed. 

Ine cala advantage of liquid fertili Mr that ha« beea responsible for 

tola growth la Ita coavtnlaxica. It can ba handled by pi»?» aad boa es with a 

nlalnua of labor. Oil« la an important advantage in the U. S. vhcra far« 

labor la acarea and expensive. Liquids axa not affactad by high humidity 

that sonatinas cauaaa problems In storage and application of aolid 

fartilitara. 

Por tba producer, liquid fartlllaar baa tha advantage that it oaa ha 

and« by limpiar pro oes ses oarrlad out In lower coat equipment. Control 

of composition and segregation lis not a problaa «a long »• **• limita of 

aolubillty aro not «xcaadad. 

Tba mala disadvantage of liquid fartlllaar la low analysis comparad 

to solid fart i Usar«, especially in mixed fartlliaars that oostaia potash. 

Another disadvantage la that distribution equipment for liquida la not a« 

widely avallatola amone tonara as for aollda aad It tands to ho »omavhat 

mor« complex. 

roroalatlon of liquid mixed fertlliaara alnoat always starts with 

smmo&lua phoaphata solutions, either purchased by tha formulator or anau* 

facturad by aia durine tha nixing process from phoaphorle acid aad aamoale. 

If ha uaas as alraady praparad basa solution, hla oparatioa la simply ana 

of blandlBg aad ala plant la kmown as a "cold mix" plant. If ha 

sold aad amaoaia ha aparatas a "not nix* plant and ha aarriaa out a 
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       antica.   A «tart* of a cold -ix »1** 1. ho« to »••• U' 

y|fM» VTM^ oMd storci* for fcCld •**     «»**«•   ' 

of Boutraliaatioa of the **i¿- 
M«, «olutioa. u.«d u th. p~paratioa of U*uid fertiliMr. 

„^ octal» ,oly*o.*.t. rathar than ortha^aphaf M», th. for- 

tuit. U «r.at*r »ol^lity (hex., M0» ***M) and ha. th. .hill* 

« ,^,wr a crtain -ou* of l^rttU. that «ml* oth«*.. Px.cip4- 

utllldlMM MUi« P«M-i.    A ha., -étatio. h*vi»g « -^ * 

13-3*-0 «ad. with v«t-Froc-. .u?«*0^horic acid or 11-37-0 ««d. vltfc 

tkon^l (l-trtc furmo.) ^n*^orio acid i. «« by «Id «U »1«U. 

loll* «Ml« itìnlwiWU (I5-6S-0) »ay U «*•* rathar tha» a haa. 

MMi«.   It 1. HiiUtti from WA a*arla«utt» hut U oct yt 

.vallati« from ca—irnlal aourooa. 

Io« «U mlaatt uaually «a. a>g>«rjtooaphorlo add rath« th« tht 

om« for. la ord« to ohUin tho Wit. of polyp*»*«" 1. th. 

few*«, th. t^haology l. advawiae to th. pot* that aooa th. polyp*»- 

+»» will » for«d diMotly *y th. ration of ortho add with 

*. «.ual »itrofa* «atrial, for U<*Xà ni«d fartlUaar. ar. 

iua aitrat. (UAl) «olutioa. coating 28 to 32 p.roa«t i.   Solid 

U *o**i— —* »ut It 1. «ra «p.n.1".   »• <*» »*"«» ** 

aoluhiUty th- aolutloo. that aontaia oaly a***l» «UraU. 

¡fcUah 1. al»»t al~y add* a. a aolid u a r^U-4 f o» tht ^Ui- 

6t tc 63 par*.** KflO. 

^-•••j^j--- -..i-..'*.^.,-.-. •,.,... - — 



-33- 

Che diaadvnataga et low graia can te evercese aouevhat by exceed!;^ 

solubility Hait* aad ouicìag fluid fertilizara in tbe for» of a juapwsioa 

of solid* rath«" than sleur liquid.    If tìila la done ir¿ a properly con- 

trolled aanner, the :-íAíás are in Wit fox-» o? fu-f.iy ai/idei cryntalc 

vhica Cää be hela in suspension for lor*, periods by the addition of & 

•call aacuat (l to 3>) of ft gelllng-type ci*y.    Popular ¿radei* of suspen- 

sion fertilizare in the U. S. are ¡'-21-21,  3-10-¿0,  20-2O-30, «od 15-15-15. 

"nest arc close to the mayiuua produce in granular f-rtlliaer* *a¿ are 

•bout Urico as hi gii as cap te awae in clear U<juid fora.    They AT« tide 

in tha case typer of plants oa clear liquida.    Th9 ease euepencicn far 

use io cold mix plants has a grade of 12-40-0. 

Unfortunately, soca of the advantage of liquid fertili*« is loet in 

substituting uu»pensions for cleur liquids.    Storage, handling, and appli- 

cation become »ore difficult and for that reason auspcasion» have not 

gained vide popularity.   liovever, thty have au added advantage of loins, 

suitable1 carrier* for nicronutrients and paatieiitas In eaouats» in excels 

of these that could be dissolvati in clear liquids.    Tfca advantage, plus 

their hi#i aoalysis, givea consicoracle incentive for continued vork vita 

suspensions to overcome aoae of their chortcomi 03a. 

Like bulk blende, liquid fcrtiiiiera are usually nude in snail plants 

producing, on the average, atout 2,000 to 3>000 ten» ptr year.    Bu1.Bg ««U, 

taey serve aa area of a relatively anali radius.   Ifce proprietors öfter, 

offer custoa mixing and caste« application to their customers, aad perfora 

other servie«« auca as soil sampling aud testing.    Sotsetlmes ooe hot six 
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courtly involved, awi no cea* cu. ge^ 
,    ^.id «o* be vril suited in awi* &ituaticm* vb«r« 

rertiUwrs probably vould no. be v«ui 

^ ^ .3,^ U*l* — - - -*» "^ - """ 

». ««lit *. -«- f - —-   *- —" 0t ^ U"U 

«Ul-r products «. ** U-l« «f *"*• ^*' ^ * ' 

.    .      »v- >M,»V fox-till Mr t«Ä**on.    Faciliti« for 

«.*•«* u*». « W-* «- ^-* *«"~  *~""1 ** 

ù-^-» « WW ti- «M. »y.t», ft» p~«—* * r» -til 
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The C&ao for Si trie Phosphat« 

A large nuober of processes th&t use nitric acid rather then phos- 

phoric or sulfuric as the primary acidulating agent for phosphate rock 

have been developed during the past JO year».    The product« are kcovn a« 

nitric phosphates (or nitropho*>phates).   They wake up a major part of 

fertiliser production in Europe) hut have not been widely used in the 

Western Hemisphere. 

The potential advantage of nitric phosphate production is that the 

used for sulfur Is eliminated or reduced.   The nitric acid serves two 

purposes.    It solubilises the phosphate and provide« part of the nitrogen 

content of that fertiliser.   The) potential disadvantages of nitri o phos- 

phate production are lov vater solubility of the PgO^ in products nade by 

SOM processe«, the problea of dealing with the hydroscopic calcium nitrate 

formed, and the limited range of ratio of V to P¿Oj in the product (usually 

shout 1:2 to 2:1).   The nitric phosphate process Itself is complex coopered 

to acme alternatives, but In emees where it replacée a sulfuric acid plant 

and a phosphoric acid plant, the overall system may be lese complex.   In 

•cet nitric phosphate procéseme, dissolution of the phosphate rock takes 

place in m slurry-type operation ¿u *eoordeooe with, the following reaction! 

O*10,*<VV6 • 20BXO3 —->    6*3*01, • 10Cm(B03}2 • fitr        (1) 

If the solution obtained le simply aneomiated, the following reaction 

occurst 

omyOj, • ]fiCa(»3)2 • tt? • hmj^ »   aCnftft^ • 

lMs\»3 * 30m(IO3)2 • 0mf2 (t) 
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tti. reaction produces insoluble dicala phosphate and hygroscopic 

oalctua nitrate.   Store are a«v procos« Ration* de.ign*d to aodify 

tni. reaction or cope with the probi«» it 1-po.e..    ^<* •* * dlvided 

luto three a-\lo types. 

MM« ritrate moral:    A portion of tn« calcivm nitrate «y be 

reeved before «Ration by cooling cry. talli nation, and centrifuge • 

Tbl. approach i, generi* town as tto Cala preceto (15).    The calci* 

nitral «ay be prilled ana .old « a produce (15* ») or coasted to 

«ml« nitrate by traataeat with «fe to precipitate calci« carenata. 

Sto remaining notóle» la .«onUteâ and «relatad or prilled to pro*«« 

rertiliaer. containing awoub» nitrate, dicelciu» phosphate, end «ou« 

pnoaptot*.   Oto ratio of «nraonlxa to dlcalciuc pfc»pteto depends on tto 

proportion of calci« that was re*** a» nitrat. and teundiN tto wat« 

solubility of tto F205 la the product.    Ccnaercial produce rang* bott 

25 and 60 parent water aolii&UiV» »Itbough 00 perçant ia feasible. 

Typical product grade* are 2Q-«M>, 13-13-21, aad 15-15-15; or with 

codiata calci« nitrato remai, 23-23-0 «au lb-36-O. 

clciu» thru* tto additior of soluAt rifate «alt to precipitata ooloii 

mat«*.    She addition «uy to «*» before or during aroiaoaiatic« of tto 

txtrtotion ilvxry.    The onici« rifate oay be left in the product but 

ttta reoalt. in low-ouaiy.i. *«*• •** as 1MÂ-0 or 1T-13-0-   *"•»*- 

tiraly, it «y be vejaml by flit»*©*, produci*? a grade tuch M 25-15- 

vith toorly collate water «olubliity of the P^ (16).    aorerai diffa 

«Ofata aalte nave ba«n uced in taie type of procès, but tto e« 

litoly to be attractive i. ansoniu» sulfate, »lece it i« n widoly 

«ymilable byprcduet. 



•37- 

Still another adaptation of this basic approach it the sulfate 

recycle process (17).    la it the calci» sulfate 1. reacted vitb Maoni« 

acù carbon dioxide to regenerate ainnoniue sulfate *nd precipitate 

calcita carbonate, which is, retoovcd   s a byproduct or * uste. 

Mixed acid procesa:   Tae third basic type of nitric ptoaphate process 

¿a one in vhich either phosphoric or sulfuric acid iB added to the extrac- 

tion step to react vith caouah of the calcium to prevent the presence of 

calcita nitrate in the product.    When phosphoric acid is adùed in »uffi- 

cent quantity the aamoniation reaction yield* «¡monium phosphate, and a 

part of the PgOj in the product is vater soluble.    The usual practice 1« 

to formulate to give *0 to 50 percent vater solubility. 

The nixed acid process l« the only one used in the Veste» leedspbere, 

and there are aererai of this type la Atrope.   Tfcera are aererai different 

designs used but the aaln variations are the P.I.C. process (18) vhioà in 

the latest version uses a special «ranulawr-dryer to convert the ninni 

ated extract to solid fora, and the TVA procesa (19) vfaleh uses • rotary 

Arm for the final state of anmoalatlon and for granulation.   A flovabeet 

of the TVA alxed acid process la shovn in fiiure 12. 

The Mixed acid process ha» the   ¿rentage of greater flexibility la 

the Mtfjpj ratio than the other processes.   Qradee euch ae tt-13-0 and 

»-»-O can be made without the need for producía« a altro«eaous 

The phoephooitric process usually is preferred because of the 

jerade it produoee.   Iovevcr, aoaa of the adrante«» of uitrie phosphate 

is lost because la effeet only part of the I»¿0. la the) ft aitati 

lie solubiliaed by nitric aoié. 
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fcfltt. th, lo» IM »i *>*» ««. - —«** *~ tB 

UtU «rica *» th. nitric .«.^U »~— «— «•»- í°°- 

.^tiou » tu« P« or ^lU» „*«u.   o-t «ti— »— 

« .««tat hi^r «3*» P*«« «-. pr.v»U to** *~ « •—«» 

*,«»» í» M t* —. «i* - «•» —- r<!BWl »"""" "" 

írwM„. *.- «>««* on ^.Pbori. «U (»>•    - <*" *— » 

*rt„ v,«. lav imlfur prie« i» w»u»ed.    ft» «ilÄt» adv*nt*\a»ou« «ven vfcen verj  íov »UAIUT y* * 

_   . «av fev. «ood •conoce« vh«re byproduet .woai* «ÜÄU 

is avsilible- 
Tn Cval«tl„ tt. *»»••» for nitric *»*»* ««»roa to -col- 

^.^U caaoc «11«., th. ««luatlon — i— t—K-— 

„ «. product, te t* P*»t o, - — - —— * ""^ ,"a^t" 

«tro*. 1. 1» mtrnt. for» »Mon i. not MUtt «* — •*••• 

particularly riet. 

*. to *»t toft«*., tb* «o «lati«* «v, tk«. U » oo-t«t 

fl» of 1-ov.tl«. and -v ****./ •««*•» «"•»*"•» ««• wM la 

tt. (Muto. Ufert«.   *. «-O« «K- «*~ -tt" ' —"* *" 

U i» «- -r» .U«. « <«~*»« «• »^UUy f0r ,,rU1Í,,r K°dtta' 

ti« MI «*K *•«*» «-»• »"*- "* "^ *r°~* t^0l°*ir 

U ordo- »o b. «put-, * to dat., « «Mb. « U *«~ « *o- 

•1, V.U pro«. prod*t» a»d I««"»« - ««** «" »mUjr * •""^ 

«Itti a toawafeat old faahion»! induatry. 
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Whlle this i» partly « matter of philosophy, la general the latter 

cours« probably la th« mo^t prudent unless th« country has an exceptionally 

large pool of technical eJcills.   Ine problem involved in building and 

starting new plants arc difficult at test; they are compounded if a strong 

»upporting service induit** --¿- -*•*    •• .Manicai u.-3iet:^ce are not avail- 

able.    Ihey should not be compounded further by bavins an ele&ent of experi- 

mentation in the project.    ?he penalties for not achieving axpeeted 

operating levels promptly and baring to make extensive changes are too 

greet. 

However, it la important for those in the planning function to know 

vhat nev technology is eawrging so they nay become prepared to take 

advantage of it at th« propar tic*.    SOB* of th« new products that appear 

to have potential for th« near futur« are discussed belov. 

Aaxonlum Polyphoanhat« 

Th» tern "polyphosphate" la used to describe materials that cottala 

Phosphat«* io a «or« condensed fera than the orthophosphate found in eoa» 

ventional fertilisers.    They are foraed when sufficient water is removed 

from orthojho¿phatc te «.-.-.• c liaki,iT cf iaoi«cule£ iato longer chain com- 

pounds having »ore than r.nm -trr. **   ^«phoros.    Ccapcv^ds coatalnlaf 

atom sjay be foraed in this »anner, but th« shorter chala ceepouads sua« 

as pyro- and tripolyphosphate vith tve and thro« atoms «re of 

I practical interest. 

Ammontai polyphosphat« fertiliser may be mad« by «maonUtlag s 

Iphosphorlo acid, or directly from orthophoephoric asid by a 
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«un«, o. kHt «f «•t•a-u«i of tJ» «1* vlth —1. to «ri« .« 
„t~.   fcmí«-»»u*ií-W-.   „» «d. *tb a-r-1 

^.^ic «Id, tb. «nule t. 15-6M-   *- —• -» -**•— -* 

th. ,»*. 1. «*** 1«« â'^"11»« " ** "OU"t * «"artU" U **• 

•014. 
*j*r« 1MB ba.a ao eoauflrelil productioa of grumi« «»ottim pol/P** 

^ a. ,*, tat WA produces 15-62-0 for axpariaeatal «M fro. tbor-l 

acid in * deao-trition pl*at.    It i. «pect* tb*t cca-rei.1 prodartio* 

fro* wt-procoss acid will t« r»Ul«od »oon. 

A. MrtioMd «*iur, polyphonst, to* * «Pedi *" i« '«»UtU. 

hl*or «alyi. li^uia fetilii«. It 1»o a* b. u*d f or dir«* tfpU 

«atto« to tb. .oil •« it» balk bit*. +m* M* .****• — *** ***« 

propertlt* Mb« It attractive. 

Tb. agroBo«*io proporli., of poJwto.ph.tee hare ** yet boo« «til 

atfttH, «d th«t U «** to be im* »bout their rowtio. U tb. «13 

i^oomic »tudi.. 1» tbe Unit* itete. iodieate ttet «-a*« polyp*** 

„wall, U equi or .«prior to aoa«-«**!«. pboeptete.. **•*»•*• U 

,*•*» ItflNM liquid polypbo-pbau. to be .uperior to otber p**P**to 

Plaid .t«di« 1» *»» «~ed «re.tr x-po— to «Ml« polypbo^UU 

tfea» to «BOVI« ortbophoapbete. Ibere ~. »<*• •«•§••**» tb*t bettor 

«UUutlo. of «iorowtrient. aay bure bo« » ftwtor. 

laaetio» pro*i«U of the pò**»**« la tb. .oil •« dlffero* ft 

tfceao of orttopbo.pb.to..   There i. M iodicatioa ta.t forrnUo» of 

l«»ol*lo palpitate. -/ be UHMM aid *.t pol/pbo^te. -V b# 

aale to extrert iaiolablo aierooutrie*. ft» *• »o41' f»**1*1* * 

forali« »oluhle attal 
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Tfcese possibilities, plus the high analysis «ad versatility of 

•ODonlun: polyphosphate nahe It aa interesting prospect for the not too 

distant futurs. 

Urea - ¿anonima Phosphates 

Tiia production of a aerie* of cc.jpound fertili aera containing urea 

asd aanoniun Ortho- or polyphosphate bas been developed cu a pilot-plant 

scala by TVA.   Easy are interesting because of tbôir high ansjysis— 

approxiaately 2£ percentage points higher than can be aade with asnoniua 

nitrate rather than urea.    They not o.*üy are excellent general purpose 

fertilisers, but also hare propertiee particularly well suited for rice 

fertilization. 

aererai processes have been studied for the production of urea - 

aaaoalua phosphate . lb« preferred process appears to be co-granulation 

of nearly anhydrous «alts of urea and asnoniua phosphates usine; a pug aiU. 

Granular products haying satisfactory storage and hanalinj properties were 

produced la this Banner without drying.   ïypioal grades are 38-26-0, 

34-17-0, and 19-19-19. 

fccteaslve field tests throughout the world hare shorn the agrononle 

value of tare*. - SSSBOMUSI phosphate. 

Controlled, »elesse Pertil^er 

fertilisers that release their nutricate «lowly throughout the growing 

season or over several seasons would have amay advantages,   flkey would 

iaereeae efficiency of uptake, avoiding luxury ooneuaptioa by the plants. 

They would nlniniae leases by leaching, which night be particularly 



-1*2- 

atasco«. U hl^-ralnfaU trcpic-1 ««loa*, «* * *—•-«»- « 

T,* w*. »*« .^«Uco cet oy «*»«. tt. -« - .»Ueatio» 

na-esssry. 

Wtroí.n f«rtlll»«lo* «~~- - »— «- —» P*"*" «* W" 

rxor, ,1». «lea...    3ov.rul auch nitron «V*» 1— »— •"*•»•*• 

but »m are «awalcml. for iterai *¡jrlcult>ir.J. u.a. 

A ^ develop en t pilotât .«1« *y m f« coati». »«>• 

•.„* to produc. «tarlai for ft» —    * «« *°«»" «"""^ « ""* 

„. tPW.d vltn «It.« .ulfur in a rotati.« a«, to for, a ««« * W 

„ » »rent »ulfur, dep-ndl«! on th. rat. of r.Ua.. MM»-   **• »• 

MM * a 3 >«««* ooat of v»x to «.1 t». «dft. «.tin«.   A ~U 

.«* of «oa! f, u -*» t. tb. «« » « icrotlci«..   Itati». *«t 

1.5 >mrt of . condition« .»c» « cal*«d Ml^. -r» U -o* t. 

itsprov« handling 
w varyms the anount of rotiti or hy »landing th. *-odu* wit» 

„»coated »a. it 1. »o•i«- » produc. u vld. ran,« of rti.»« »«... 

Ih, rat. »tint 1=0 vari«! fre» ratear qui* r.l«» »"•* » «•" M 

r^ulrad for corn, for ax&npl.. « .*» «1.«. o*«r >.«rti /-*• '« 

forest f«%Uixa.tiou. 
K 1. «ttatl that th. «os* of .utf ur-=o.W« um «ill M 25 to 

90 p«..« hi*« v* «It of nltrog.» than »no«.«* —   **«**• 

MU», «at. «Ul .hov that Ate •* ••»•» —V- * l-«*"4 * 

th* »ddtd t«wfit» for «any crop». 
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In the paat decedè or au, tao aùvanco of technology hat brought 

naay nev fertiliaeri. to the front at a aurprialnsly fast rate.   A little 

sere than twenty yesra ago as.\:oa.kuB nitrate vai, cot ytt established as a 

i*3~w i il zer ,    fev ¿reuied that .¿iva -'aula tver be economica), er ou*!, to 

find a place in açricultu.^, diaciiw.aua >-:o«p¿;^u.- vus» rarely krowc, aú 

the oost popular phosphate fertilizer contains- ouly 20 parcent P-OL. 

The paca of technology has cot uininiuhaa,   ..o it iu certain that the 

riaxt decìde or two Mil brin»; their share of dituges.    The limit in 

analysis oT »ertiliaers has by no &&.us Wea reached.    Laboratory i.n4 

srevnhOtts« to¿t« are beiße; ars.de with compounds that contain twice au auch 

plant food a* the hlgh.-su ¿.only;» i 3 fertilizers u¿ed today.    There is much 

room for iaprovenent in the vary liaited efficiency of recovery of nutrients 

by plant« that can be realized vith tcaay'd fertilizers.    New coapounds 

that are »ore reaciily available to plants r.-r Ions, readiîy fixed in 

unavailable ¿'oro by soil reactions ¿re belr.3 sought and vili ba found. 

The production of ele.uentil pcos:phoruii is In about the saa*; technological 

•ta¿e as ausonie prc-ucwioc VCE ¿'j year* ago.    Possible breakthroughs in 

the production of elesental pho»7>horu3 aro uiKier stu¿y and could sake it 

aore compet .tive vita wat-oroc^s 1 id,  uroodeaiu^, th;  basa for the 

production of new and lietu.:- i'cx-iiizer*. 

Whatever the ít-rtiltaí-rj of tomorrow art,  it is certain tnat they 

vili be better, cere convenient, and aor« economical than those used 

today.    IT. I3 hoped that the whole vorld vili be in a position to take 

advantage of their use. 
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