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1. The Fourth Consultation "eeting on the Fertilizer Industry convened 
by UNIDO at New Delhi on 23-27 January 1984, strongly reco••~nded that 
co-operation a•on~ developing countries in the field of fertilizer 
industries should be strengthened through elchange of ~xperience and 
infor•ation, and technical assistance, in order to help the developing 
countries to select and acquire appropriate technologies, as well as to 
i•prove the operation of their existing fertilizer plants. 

2. Fertilizers play a funda•ental role in the production of food 
needed for the survival of 1ankind. In addit1on to nitrogen and potash 
fertilizers, phosphates assu1e a great i1portance in this role because of 
their basic and co1ple1entary function as plant nutrients. 

3. "any developing countries have natural phosph~te resources but do 
not have appropriate technologies suiting the co•position and/or quality 
of their which Kould suit the quality of indigenous raw 1aterials and 
fulfil specific require1ents of their agriculturP. 

4. On the other hand, 1any industrialized countries have developed 
opti1u1 fertilizer production technologies, but are dependent on the 
de1elooing countries' supply of high-grade phosphate rock. 

5. With the depletion of high-grade phosphate resources world-wide, in 
both the developing and developed countries, de1and is growing for the 
develop1ent of new benef iciation and conversion processes, in order to 
enhance the utilization of easier available 1ediu1 and low-grade 
phosphate rock, and to assure that the up-graded raw •aterials would •eet 
the require1ents of existing phosphate fertilizer plants. 

6. In addition, the devP.loping countries' govern•ents realize that for 
tconoaic reasons phosphate fertilizer plants should be established near 
the source of raw •aterials. In doing so the countries would be in a 
position not only to 1eet their own fertilizer de•and but also produce 
value added products for exporting and thus i1prove their national 
econo•ies. 

7. Efforts have been 1ade in so•e of these countries to produce 
non-conventional/non,.traditional phosphate fertilizer products based on 
low-grade phosohate 1incrals, which contain i•purities beyond per•issibl~ 
liuits ~rescribed by the traditional processing 1ethods applied in the 
existing fertilizer plants. 

8. In general, the developing c~untries' future prospects in this 
field are f~vourable. There is constant need for establishing new 
fertilizer plants to satisfy the growing local de1and for fertilizer 
which for 1ainly econo1ic reasons cannot be fulfilled through i1porting. 

9. Thus, with a view to pro1oting the exchange of infor1ation on the 
subject, and wit~ the intention of disse1inating relevant knowledge which 
has accu1ulated in 1any 'ountries, as well as for co-ordination of 
approaches, and identification of areas of further research, UNIDO in 
co-operation wit'• the Tunisian 6overn1ent, throug~ the Co1pagnie des 
p~~~"h!tes de Gafsa decided to organize Round-Table Discussions on this 
extensive subject of interest to the developing and developed countries. 
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10. Tunisia ranks sixths a•ong the •ajor phosphate producing countries 
in the world. Her phosphate industry also faces the proble• of 
decreasing quality (P205 content) of phosphate •ineral r~sources. 
Considerabl~ efforts have been •ade to i•prove the efficiency of •ining 
and benef iciation, and to utilize •ediu•-gr1de phosphates and off-grade 
•aterials to produce concentrates of P2o5 contents below conventional 
standards, bv applying ~ppropriate, specifically for this purpos~ 
developed technologies for the production of sta"dard phosphate 
fertilizers. 

11. In supporting the progra••e of the Round-Table Discussions the 
Tunisian phosphate •ining and processing co•panies have offered to •ake 
their technologic~l experience available to the participants through 
organizing plant visits and facilitating the exchange of views between 
their plant engineers and the foreign specialists attendiny the •eeting. 

12. In su••ary, for the purpose of arring at a consensus on i•portant 
tasks and for defining constructive reco11endations, the following 
objectives of the 1eeting hawe been proposed and pursued: 

i) To exchange infor1ation and experience in planning, engineering 
design and operation of phosphate 1ines and fertilizer plants. 

ii) To identify proble1 areas and to discuss possible solutions 
concerning proper exploitation of phosphate resources and the 
phosphate fertilizer industry. 

iii) To pro•ote contacts between specialists of the phosphate ind~$trv 
with a view to furthering co-operation a1ong countries and co•panies 
through long ter• arrange1ents, such as joint ventures, technical 
assistance and raw 1aterials supply agree1ents, and joint •arketing 
accords. 
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13. Extensive conclusions have been drawn fro1 the contents of papers 
presented to the 1eeting, and fro1 the ensuing discussions. They reflect 
the views of participants, and highlight the proble•s faced by the 
developing countrie3' phosphate industries. 

14. 49 detailed findings and 31 related reco11endations have been 
for1ulated and grouped by subjects under co11on headings, in congruence 
with the · progra11e of ~he 1eeting, in order to facilitate their 
correlation with the proceedings. Because of their co1prehen~iveness 
they are presented separately in Chapters II and III of this r~port. 

15. In general, the consensus of the Round-Table Discussions was that 
close co-operation a1ong the developing countries has beco1e a 
deter1inant factor in their efforts to develop their phosphate industries 
on the basis of new technologies for appropriate utilization of 
indigenous low-grade phosphate resources. 

16. Future develop1ent trends of p~osphate fertilizer production and 
use call for new concepts and attitudes, backed by extensive industrial 
and agrono1ic research, in order to overco1e the technological and 
co11ercial barriers presently po~ed by the tradit:onal standardization of 
world-wide traded phosphate raw 1aterials, inter1ediates and fertilizer 
products. 

17. UNIDO, in co-operation with govern1ents of the developing countries 
and appropriate internatiunal organizations should continue its 
catalytical role in strengthening the co-operation of all parties 
concerned, through initiating joint progra11es and technical assistance 
projects. These progra11es are expected to enhance the developing 
countries' awareness of each other's patential in fields of 1utual 
interest, and to establish a fir1 basis for increasing their 
self-reliance in phosphate fertilizer supplies and technological progress. 

18. In practical ter1s, as a 1atter of i11ediate attention UNIDO should 
assist the developing countries in ascertaining the feasibility of and 
developing 1ethods for the exploitation of s1all deposits (isolated 
pockets) of 1ediu1 and high-grade phosphate 1inerals, with the ai~ of 
utilizing the1 for the production of SSP or otherwise by applying si1ple 
processing 1ethods, if loc~l condition~ would warrant favourable econo1ic 
results of invest1ent and appropriate agrono1it efficiency of the various 
new products. 

I~_QBG&MIZ&IIQ~_Qf _IHE_~EEIIMG 

19. The Round-Table Discussions and plant visits took place fro• 17 to 
23 Nove1ber 1995 at the GAFSA off ice of the Co1pagnie des Phosphates de 
Gafsd, the underground 1ines at SEH!B, the open-cast 1ines at KEF 
SCHEFAEIR, the adjacent rock washing/~eneficiation plants of CPG, the 
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Research Centre of CPG at HETLAOUI, and the fertilizer plants at GABES: 
Industries Chi•iques Haghr~bines (ICH), Soci~t~ d'Industrie d'Acide 
Phosphorique et Engrais (SIAPE) and Soci~t~ Arabe des Eng1ais Phosphates 
et Azotes (SAEPA). 

20. The •eeting was attended by 
govern•ent bodies of 21 
organizations, professional 
associations, universities and 
fertilizer industry. 

117 participants fro• industries and 
developing countries, international 

institutions, fertilizer industry 
co•panies of the industr1aliled countries' 

21. The Round-Table Discussions on the Develop•ent of Phosphates and 
Phosphate Fertilizer Industries were inaug11rated by Hr. Hoha•ed El-~adhel 
KHALIL, President Director General of the CorJagnie des Phosphates de 
Gafsa. 

22. In his opening state•ent he e•phasized that the fertilizer 
industry, in general, and the phosphate industry, in particular, is of 
vital i•portance to the developing world which faces food shortages and 
fa•ine, and strives for hither efficiency of agriculture. In reverting 
to the favourable exa•ple of Tunisia, the hnst country of the •eeting, he 
drew the attention of the foru• to the develop•ent policies of the 
Tunisian Govern•ent which strongly supports th~ growth of the phosphate 
•ining and fertilizer sector of the national econo•Y. He elaborate~ 
extensively on past achieve•ents and future tasks and exhibited the 
extensive experience accrued by the Tunisian fertilizer co•panies and 
their success in transferring indigenous phosphate processing 
technologies to other developing countries. Further•ore, he e•phasized 
the existing potential of Tunisia for beco•ing a substantial contributor 
to the technical develop•ent in this field, while ranking high a•ong the 
•ajor phosphate producers and exporters in the world. 

23. In referring to the co-operation between CPb and UNIDO for 
organ1z1ng the •eeting, he expressed his appreciation of the arrange•ents 
•ade jointly which strengthened its int~;national character. 

24. The welcr•e address on behalf of UMIDO was presented by Hr. Tariq 
AL KHUDAYRI, Chief of the Arab Unit, Policy Co ordination Division, in 
his capacity as special representative of the Director General of UNIDO, 
Hr. Do•ingo SIAZON. 

25. He welco1ed the participants and stressfd UNIDO's appreciation for 
the ge~erosity and efforts of the Govern•ent of the Republic of Tunisia 
and CPG in joifiing UNIDO to prepare for and convene the Round-Table 
D1scussiuns. He gave a brief account of UNIDO's 1andate and objectives 
as a specialized UM aqe~cy, wit~ specific reference to its functions and 
activities. While referring to UNIDO's efforts in pro1oting industrial 
de\Jlop•ent of developing countries, he displayed the principles of 
UNIDO's progra1•es on technical assistance and pro•~tion of co-operati~n 
a•ong the dev~loping countries the5~elves as well as between the 
developing and developed cruntries, with pa~ticular reference to projects 
s~pporting the progress of fertilizer industries. 
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26. "r- "ohsen ZERELLI, Director, "ines and Geology, "inistry of the 
National Econo•y of Tunisia, was elected as chair•an of the •eeting_ 

27. Further elected were to serve as Vice-Chair•en: 

i) "r- J.A.S. KATTOS, ~lanning Manager 
PETROFERTIL, Brazil; 

ii) Hr. Tariq Al KHUDAYRI, Chief of the Arab Unit, 
Policy Co-ordination Division of UNI~O; 

"r- B.K. JAIN, Technical Director of the 
Fertilizer Association of India 

acted as Chief Rapporteur. 

28. The progra••e of the Round-Table Discussions announced by the 
chair•an co•?rised seven working se~sions: The intro~uctory session for 
presentation of country papers, five technical sessions dealing with 
technical and econo•ic issues prop~sed for the deliberations of the 
•eeting, in accordance with the ~genda delineated in the Aide Hl•oire, 
and the closing session for presentation of conclusions of the 
discussions and for•ulation of reco•1endations. In detail, the five 
technical sessions covered the following subjects: 

i) Phosphate rock •ining and its current and future technical proble1s; 

ii) Proble1s related to phosphate beneficiation and up-grading of low­
grade phosphates as well as their use for the produttion of phospho­
ric acid and phosphate fertilizer; 

iii) Research on i1proving t~~ production of phosphoric acid, - new types 
of phosphate fertilizers lo be produced on a s1all scale, and the 
production of liquid fertilizers; 

iv) Econo•ics, pricing policies and •arketing of phosphate fertilizers, 
and review of the world supply/de•and situation, and future develop-
1ent trends; 

v) "anage1ent of aaintenance services and utilities supplies, ~nd 
environaental proble•s of phosphate fertilizer plants. 

29. Each s~ssion was followed by discussions fro1 which the findings 
and reco11endations presented in Chapter II and III of this report 1ave 
been collected or deduced and co1piled by the drafting tea• of the report. 

30. At the outset of the working sessions of the 1eeting an 
introductory address was presented on behalf of Hr. Anatolv VASSILIEY, 
Director of the Division of Industrial Operations of UNID1. 
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31. The Director's 1essage highlighted UNIDO's views on the econo1ic 
constraints wh~ch world-wide i1pede the develop1ent of the fertilizer 
industry, slow down the gro~th-rate of consu1ption of phosphate 
fertilizer, and deteriorate the developing countries' national 
econo1ies. He indicated that at present the fertilizer industries face 
1any adverse factors instead of full1 utilizing their technological 
potential to satisfy the world-wide increasing real need for fertilizer. 

32. In dwelling on UNIDO's role and activities for pro1oting fertilizer 
industries in developing countries the presentation su11arized UNIDO's 
experience in this field, drawn in particular fro1 the i1pl~1entation of 
technical assistance projects requested by govern1ents. In this 
connection, as a guide to the deliberations of the 1eeting, the 
introductory 1essage indicated 1ajor proble1 area~ which call for 
involve1ent of international organizations and assistance supported by 
international, regional and bilateral aid progra11es. 

33. Participants fro1 developing countri~s who wished to elaborate on 
the status and future outlook of develop1ent of phosphate 1ining as well 
as fertilizer production and use in their countries presented su11aries 
of their experience and views. Concise abstracts of country papers 
sub•itted to the 1eeting are given in ANNEX A of the report. 

34. Presentations were 1ade by the 
Brazil, Chile, China, India, Niger, 
only), Tanzania, Turkey and Viet Na1. 

invitees fro• Bangladesh, 
Pakistan, Poland, Senegal 

Benin, 
(oral 

35. The First Technical Session was inaugurated by H.E. Abdel Azis BEN 
DHIA, Hinister of Higher Education and Scientific Research of the 
Govern1ent of Tunisia. In his speech, the Honourable Hinister stressed 
the i1portance of fertilizer in agriculture and the need for assuring low 
costs of fertilization to reduce the c~nstant threat of fa1ine in the 
world. He drew the attention of the participants to the historical 
d~velop1ent of the phosphate industry of Tunisia, dating back al1ost one 
hundred years, which consequently has reached a high level of 
technological develop1ent and is now ranking sixth a1ong the largest 
phosphate producing countries of the world. While indicating that rock 
processing technologies developed in Tunisia are now ~eing applied in 
1anr developing countries, the "inister confir1P.d the 6overn1ent's 
co11it1ent in supporting the research and develop1ent work of the 
indu~try and continuation of co-operation with other developing countries. 

36. Co1prehensive abstracts of the technical papers delivered to the 
1eeting have baen prepared by UNIDO and included in ANNEX B of the report. 

37. The plenary sessions of the Round-Table Discussions were co1pleted 
on 20 Nove1ber 1995. The conclusions and reco11endations prepared by the 
draf•ing tea1 in provisional for1 were announced at the closing session, 
without having been discussed or for1ally endorsed, however, with the 
understanding of the foru1 that the edited final version will appear in 
the report and pfoceedings of the 1eeting. 
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38. The closing ~ession was givEn a high standing by the host 
authorities of the •eeting w~o invitad high ranking persons to preside 
over the clcsing cere•ony. 

39. The session was chaired by the Hinister of the Natioral Econo1y, 
Govern1ent of the Republic of Tunisia; the Vice-rresirlent of the General 
Asse•bly; the Governor of GAFSA; the Secretary General of the 
Co-ordination Co1•ittee of the ·Parti Socialiste Destourien· in GAFSA; 
the President Director General of the Tunisia E1irate Develop1ent Bank; 
the A1ba5sador of the Socialist People's Republic of Ro1ania; the 
President Director General of CPG; the Director of Hines and Geology. 
Hinistry of the National Econo•Y of Tunisia (Chair13n of the Heeling); 
and the Representative of UN:oo. 

40. Closing state1ents were presented by the Chair•an of the Heeti~g. 
the President Direc:or General of CPG, the R£presentative of UNIDC, and 
H.E. Rachid SFAR, Hinister of the National EconQ1y, Govarnaent of the 
Republic of Tunisia. 

41. The Chair1an, Hr. Ho~sen ZEREtLI express~d on behalf of the 
participants as well as the co-cperating and host organizations, their 
appreciation of the great i1portance gi~en to the ~~eting by the Hinister 
of the National fcono•Y who de1onstrated the Govern1ent's particular 
interest in the develrp1ent of the phosphate and fertilizer settor of the 
Tunisian econo1y. He underlined its funda1ental linkage ~ith 
industrialization and pro19tion of agricultural develop1ent towards 
enhancing the food security of ~he country. 

42. In su11arizing the deliberations of the Heeling 
aaong the large nu1ber of issijes discussed d~ring the 
~ays' progra11e of technical sessions, the participants 
the presently pressing crucial proble1s relating to: 

he indicated that 
very lo1pressed two 
gave priority to 

BeneficiatioJ of low-9rade phosphates to 1ake the• suitable for 
the widest possible and ~ost straightforward utilization; 

- I1prove1ent of phosphate up-grading and conversion 1ethods; and 

- I1prove1ent of energy consu1pticn and •aintenance of plant5. 

Solutions to these proble1s are expected to serve the co11on ai1 of 
reducing the production cost of fertilizers and thus 1ake the1 easier 
accessible to all those in need all over the world. 

43. The President Director General of CPG Hr. Hoha1ed El-Fadhel KHALIL 
introduced the conclusions arrived at by the Round-Table Heeling, and the 
1eco11endations proposed for consideration and follow-up by the parties 
concerned. In his closing address he e1phasized the ulti1ate gcal of 
rock phosphate and phosphate fertilizer production which, as a source of 
indispensable agricultural input 1aterials, substantially helps the 
developing countries in reducing their food supply proble1s. He 
reiterated his conviction that persisting food shortages, 1alnutrition of 
the growing population, and recurrent fa1ine encountered in 1any places 
of the developing world are the 1ost basic and crucial p~oble1s which 
cause econo1it backwardness. 
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44. The representative of UNIDO, Hr. Tariq Al KHU~AYRI, presented an 
overall r~su1~ f the concept, contents and outco~e of the Heeting_ He 
appr~ciated the participants' keen interest in conttnued learning about 
the potential of knowledge existing in the o,velop~~~ countries' 
phosphate industries, and 1ade particular reference to the high level of 
competence of the Tunisian engineers who have extensively contributed to 
the discussions by displaying their experience. 

4~- With respect to the draft report prepared for the closing session, 
and the presentation of conclusions and reco11endations which covered a 
large nu1ber of subjects des~ite the short ti•e available for their 
extraction fro• the discussiGns and for1ulation owing to the extre1ely 
co1pressed ti•e schedule of the 1eeting, he inti1ated that the report 
needs to be expanded and edited in accordance with UNIDO's standard 
practice. It shall thus beco1e fully representative of the e1erging new 
trends and co11on proble• areas, and for• a valuable background 
infor1ation for all the organizations and co1panies concerned when 
initiat:ng pertinent follow-up work and co-operation on the 1ajor issues 
raised and substantiated by the 1eeting. 

46. In concluding, he thanked for the excellent hospitali~y accorded by 
the Tunisian Govern1ent, CPG, the phosphate industry in g~neral, and all 
the contributing organization$ and co1panies, in particular. While 
assuring the foru; of the i~proved new role of UNlJO as a self-reliant 
Specialized Agency of the United Nations syste1, he reit~rated UNIDO's 
preparedness and readiness to provide technical assistance and organize 
or participate in co-operative progra11es in all the areas of interest, 
if a~d when requested by govern1ents of the developing countries. 

47. The closing speech was 
National Econo1y, Govern1ent of 
all the participants of the 
welco1e to Tunisia, and thanked 
designation of Tunisia as venue 

held by H.E. Rachid SFAR, Hinister of the 
the Republic of Tunisia. He conveyed to 
Round-Table Discussions his best ~ishes of 

UNIDO for the choir.e of the subject and 
of the •eeting. 

48. He ~tressed the i1portant role which phosphates and ph0sphate 
fertilizers c~r play in the national econc1ies of developin~ cou11iries, 
ir. general, and in Tunisia in particular. He pointed at the wid~ range of 
possibilities offered by this se~tor for the develop1ent of te:hnical and 
co11ercial co-operation a1ong the developing countries, whi~h in his 
opinion could surely successfully be pursued between countries pos5essing 
large resources of raw 1aterials an having thei~ own 1anufacturing 
technologies, while on the other hand, their de1and for fertilizer is 
constantly growing at an accelerated rate because their consu1ptio~ ~t 
fertilizer is presently still very low and thEir growth rate of 
population re1ains high. 

49. The co-operation should cover such areas as studies and r2searth on 
the utilization or low-grade phosphates; strengthening of vertical 
integration in the phosphate producing countries; co-ordination of 
industrialization progra11es; 1aintenance of and training in fertilizer 
plants. 

50. The e1tensive experience in exploiting phosphate resources of 
1ediu1-grade quality, gained in Tunisia over a long ti1e, has resulted in 
mastering the phosphate extraction, beneficiation and conversion 
techniques, and in developing appropriate technologies, which are now 
openly available to all the ~eveloping countries and thus 1odestly 
contribute to their food security goals. 
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51. The Hinister underlined the co•prehensiveness of reco••endations 
1ade by the Round-Table Heetiog, the necessity of following-up on the• in 
a consistent way, and the i1portant role to be played by UNIDO in connec 
tion with the follow-up action. He reiterated his congratulations on the 
success of the Heeting addressed to UNIDO and the Co•pagnie des 
Phosphates de Gafsa, and wished all its participant~ a pleasant 
co•pletion of their stay in Tunisia. 

52. The Chair•an of the Heeting Hr. Hohsen ZERELLI closed the session. 
In his Votes of Thanks he conveyed the feelings of gratitude to H.E. 
Rachid SFAR, for the valua~le reco••endations given in his speech 
relating to the present and future work, and the develGp•ent targets of 
the Tunisian phosphate indust~Y-

53. Further•ore, he thanked the Vice-Chair•en Hessrs. AL KHUDAYRI and 
HATTOS, the Rapporteur "r. JAIN and the UNIDO staff, as well as all the 
persons involved on part of CPG and the contributing organizations, 
institution£ and co•panies, for the efficient and s•ooth co-operation 
which led to the successful co•pletion of the Round-Table Discussions. 
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S4. The following list of conclusions represent a r~su•~ of views 
expressed and co•1ents •ade by the participants of the Round-Table 
Discussions during their deliberations on the •ain topics, ar.d reflect 
the highlights of papers presented to the •eeting. 

SS. The cost of underground •ining aperations and the depth of •i~es is 
incre~sing. A study carried out in TUNISIA shows the econo•ic benefits 
derived fro1 changing the traditional •et~ods to •echanical •1n1ng by 
using the following techniques: Longwall Face Cutting (LFC: e•ploying 
ar•oured chain conveyors, cutter loaders and powered roof supports), or 
Sub-Level Sloping (SLS: using scrapers and Load-Haul-Du•P •achines). 

S6. The exploitation of phosphate ore 
increased at larger depth with a higher ratio 
can be achieved by 1erhanizing the work and 
with suitable •achines, .uch as drag lines, 
will •ake possible to increase the depth 
costs and lead to higher recovery of phosphate 

by open-pit •ining can be 
of overburden to ore. This 
equipping the open-pit •ines 
whereever feasible. This 
of exploitation at bearable 

ores fro• the deposits. 

S7. Beneficiation of low grade phosphate ore of •etaphoric origin, 
containing :6-17% P205 and 12-1S% HgO, with i1purit!es calcite, dolo1ite 
and silica, fro• the Jha1arkotra Phcsphate Deposit in the State 
Rajastan/INDIA, has successfully been carried out. The rock has been 
upgracied to 32% P205 with a HgO content of less than 1.5%. A pilot plant 
set up at the 1ine has conf ir•ed the benef iciation process which has 
indigenously been developed in INDIA. The reserves in this deposit are 
60 1illion tons of low-grade ore. The concentrates are suitable for the 
production of SSP and phosphoric acid. 

S8. A low-grade co1plex ore fro• Hussoorie in the State Uttar 
Pradesh/INDIA, of sedi1entary origin, containing 15-18% P205 and pyrites, 
organic •alter and silica as i1purities, could not successfully be 
beneficiated to the intended level of 28-30% P205, although several 
trials have been conducted in INDIA and abroad. The te;.ts, however, 
showed that this 1aterial can be pre-concentrated to 22-24% P205 by the 
heavy 1edia 1ethod using the Dyna Whirl Pool equip1ent. P20s recovery of 
88% has been attained. The reserves of the Hussoorie deposit a1ount to 
45 •illion tons. 

59. BRAZIL disposes of huge reserves of low grade phosphate ore in the 
range of 3.9 billion tons, containing only approxi1ately 10% P205 . The 
ore has been beneticiated by using indigenously developed processing 
1ethods which can successfully be applied to ores of a P205 content down 
to 5.5%. The ore is igneous by origin, whereas the 1ain i1purity is 
silica. The concentrates obtained are suitable for 1aking SSP and 
phosphoric acid. 
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60. CHILE has low-grade phosphate ore of 6% P2o5. It rontains silica 
and carbonates as 1ain i1purities, which are present both as exo-gangue 
and endo-gangue. This ore could be benef iciated only up to 24% P205 as 
it is highly substituted with carbonates. The concentrates are not 
suitau!~ for producing SSP or TSP. They are, however, suitable for 
direct 1pplica~ion to the soil. On acidic soils their agrono1ic 
P.fficienc, is the sa1e as TSP (or even better}. 

61. VIET NAH is endowed with large deposits of phosphate rock. A new 
technology has been developed indigenously for converting it into SSP. 

62. !he phosphate orP. r~serves of 
~ith iron ore 1ining and beneficiation. 
7.1% P205 and 27.5% Fe. They have 
yielding concentrates of 34% P205, with a 

ARGENTINA are only those connected 
Tailings of 1agnatite contain 

successfully been beneficiated, 
recovery ratio of 55%. 

63. In CHINA studies are being conducted for developing suitable 
1ethods of ben2iiciation of indigenous phosphate ores. 

64. TANZANIA is using indigenous low grade ohosphates. Through 
beneficiation they are 1ade suitable for the production of TSP in the 
existing fertilizer plant which had been designea to use high-grade 
i!ported raw 1aterials. 

65. Th~re are vast reserves of low-grade phQsphate ore in TURKEY. 
Sedi1entary deposits contain 320 1illion tons (II-12% P~o5 ). Ther~ are 
also large reserves of 1ag1atic ores (100 1illion tons) but of very low 
grade (4-6% ~205). The quality of concentrates attained so far is not 
high efiough for producing TSP. Therefore, the Turkish phosphate 
fertilizer industry still uses i1ported rock for its phosphoric acid 
plants. 

66. TU~ISIA has succeeded in developing benefici£lion 1ethods for the 
utilization of low-grad2 1aterials containing 16-22% P~05. The 
concentrates obtained contain 28% P2o5 at a recovery yield of 90%. The 
ores treated are taken fro1 various sources and hence contain different 
i1parities as exo-gangue i~ for1 of (a) carbonates, (b) 
silicio-carbonates, (c) silicious 1inerals. The quantities of a1ines and 
phosphoric esters used in the beneficiation process depend on th2 nature 
of i1purities. As exa1ples, quantities in the order of 200 g/ton of 
a1ines and 100-200 g of phosphoric esters per tJn of the rock treated are 
being applied in the flotation circuit. 

67. In TUNISIA it has als~ been found feasible to recover phosphates 
f ro1 fines rejected by the phosphate ore washing plants. The fines 
treated are above 40 1icrons granulo1etric size, which constitute 9.8% by 
weight of the run-of-1ine 1aterial fed to the washing operation. They 
contain 22-24% P205 and can be upgraded to 27-29% P205 at 90% yield of 
recovery. Concen,rates thus obtained have been tested and found suitable 
for the production of phosphoric acid in the existin~ fertilizer plants. 

68. Low-grade phosphate ores containing agglo1erates of dolo1ite as 
exo-gangue which is closely attached to the phosph~te 1ineral have also 
successfully been benef iciated in TUNISIA. A two-step flotation 1ethod 

' 
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has been applied: the first step under nor•al pH to re•ove the 
carbonates, the second step under acidic conditions which increase the 
reactivity of the flotation collectors and thus effectively separate the 
agglo•erated gar.gue •aterial. 

69. So•e low grade phosphate ores originating fro• Northern and Western 
African countries and Hadagascar have been evaluated for P~iablishing 
their phosphate solubility and availability cc-efficients, and then 
applied to the soil as phosphate fertilizers. Agrono•ic studies 
extending over several years have shown that the behaviour of the 
phosphate rock depends on a nu•ber of factors such as: (a) 
characteristics of the phosphate rock, e.g., substitution of carbonate in 
the crystal lattice; crystallography; solubility in various che•ical 
substances; (bJ reactions ~ith soil co•ponents, in particular its 
acidity; (c) utilization conditions; water regi•e; phosphate particle 
size; •ode of application. 

70. Further studies have shown that the application of phosphate rock 
together with fertilizer of 10-20% water solubility i•proves the 
availability of the phosphate nutrient co•ponent to the crops_ 

71. Investigations ha~e been conducted on partially acidulated rock 
whic~ showed that partial aci~ulation i•proves the physical and handling 
properties of the product. Agrono•ic test further confir•eJ the 
i1prove1ent of phosphate nutrient (P205) availability to plants, which 
reached al•ost that of 100% water-soluble phosphate fertilizer, even if 
acidulation was carried out to the er.tent of 29% only_ 

72. Extensive experi•ents and agrono•ic field trials have ~een carried 
out on direct application of Mussoorie phosphate rock as phosphate 
fertiliier to acid soils. It has been demonstrated that this type of 
rnck when ground to 100 1esh powder is agrono•ically as effective as 100% 
water-soluble phosphate fertilizer, for all crops and plants. It has 
further been shown that a •ixture containing Hussoorie phosphate rock and 
water-soluble fertilizer of 1:1 ratio (nutrient basis) applied to neutral 
or alkaline soils agrono1ically equals the effect of all the 100% 
water-soluble phosphate fertilizers. 

13. In order to overco1e the disadvantages of handlir.g and use, and to 
reduce losses of ground rock, the effect of •ini-granulation of Hussoorie 
rock powder with water-soluble binders has been studied. The agrono1ic 
efficiency of mini-granules has been tested in the sa1e way as testing of 
ground rock by the Int1rnational Fertilizer Develop1ent Centre (IFDC), 
under a UNOP/UNIDO SPOPSOr~d project. 

74. Studies have be~n conducted on the application of Hussoorie 
phosphate rock to neutral and alkaline soils in the area near t~e 
deposits, in crder to enhance the value of th~ low-grade ore. For this 
p~rpose a Partially Acidulated Phosphate Rock (PAPR) has been prepared by 
u;ing sulphuric and/or phosphoric acid. The products had acceptable 
physical and chemical properties. Agronc~ic tests and field trials 
revealed that a 50% acidulated rock (PAPR) is equal in effect to TSP, 
whereas a 25% acidulated PAPR proved only 2% less effective than TSP. 
These studies have also been conducted by the International Fertilizer 
Development Centre (IFDC) in USA under the UNDP/UNIDO project. 
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75. Agrono•ic studies have shown that dissolution of the pho;phate 
rock, through which the nutrient co•ponent (P205) beco•es available to 
plants, i•prcves when the soil is acidic, low in phosphorus, and contains 
organic •alter 

76. Further research also showed that acidic soils rich in Fe and Al 
are very inefficient in utilizing water-soluble phosphate fertilizers, as 
in presence of water the phosphatir co•ponents react with Fe and Al-ions 
and are converted into Fe and Al phosphates which are unavailable to 
plants as nutrients. Under these conditions water-solub1e phosphdte 
fertilizers should not be applied. 

77. Applied research has been conducted on using the low-grade 
Hussoorie phosphates for producing liquid NP fertilizers. For this 
purpose renewable sources of energy have been applied, na•ely 
aini-hydro-electric generators, or wind•ill-driven electric power 
generators, or photo-voltaic cells as source of electricity to provide 
electric energy to an Electric-Arc Generator of nitric oxides, developed 
by the Battelle Kettering Re£earch Institute, USA. The pilot unit 
required an input of 5 kW electric power and phosphate rock chips (11 •• 
size). It can produce a quantity of liquid NP fert:tizer per year 
satisfying the neeos of a far• area of 2 hectars. 

78. In NIGER th~ utilization of low grade phosphate rock fro• two 
deposits has been studied. (TALHUA rock of 22-26% P205, and PARC DU W 
rock, 20-30% P205 in Alu•inu• Phosphate). The 1inerals have been applied 
directly to the soil. The Govern~ent ~as encouraged their use by 
subsidizing the price. However, owing to low agronoaic respons~ the 
fertilizer has not beco•e popular. Research of IFDr. provided an 
indication that partial acidulation would i1prove the agrono1ic response 
of the rock. 

79. The nature of i•purities of the phosphate rock plays a very 
critica~ role in the he1i-hydrate process cf 1anufdcturing phosphoric 
acid. I1purities such as carbonates, silica, fluorides, organic •alter 
and 1etallic co•pounds should not exceed certain li1its, because 
processing conditions of the he1i-hydrate technology lead to higl1 
viscosities and densities. This is not the -~~e when applying the 
di-hydrate process for the produ~tion of phosphor~ acid. However, the 
grade of P205 content in the phosphate roL~ rloPs not ?Ose a li1itation on 
the application of the he1i-hydrate processing 1ethod. 

30. Proper testing of phosphate rock and eval11ation of the quality of 
the •green· phosphoric acid produced is necessary in order to decide on 
the suitability of the he1i-hydrate 1ethod for processing. Phosphate 
rock of high co~tent of i1purities should nor1ally be processed only in 
plants using the di-hydrate 1ethod fo;- production of phosphoric acid. 

81. In FRANCE a new type of phosphate fertilizer has been developed (by 
tradena1e called HE"IFERT). Low grade phosphate rock 1ixed with organic 
1atter is digested by reaction wit~ nitric acid. The acid is obtained on 
a s1all scale by oxidation of a~1onia in a traditional ~ay. Tree leaves, 
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cane lrashes, straw, peat, etc.~ can be used as organic •alter. The 
nutrient content of the fertilizer product in ter•s of N:P:r. is 5:7:0 
when using phosphate rock of 25% P205. The production ccst appears to be 
attractive, but the fertilizer should be consu•ed in the area near the 
plant, as it is a low-analysis product entailing an unfavcurable 
transportation to production cost ratio per ton of nutrient co•ponents. 

82. In ARGENTINA considerations focus on the develop•ent of a new type 
of nitre-phosphate fertilizer of low water-solubility but high solubility 
in weak acids for use on acidic soils. For its •anufacture phosphate 
concentrates rich in Fe, available fro• beneficiation of iron ore 
tailings, shall be utilized. The concentrates have been found not 
suitable for the ~roduction of SSP, TSP, HAP or OAP. 

83. Res~arch continue~ on ways of increasing the availability and/or 
solu~ility co-efficients of un-reactive phosphate rock by using as 
reagents 9aseous SD3 or •icrobiological •eans. 

84. CHINA is producing fused 1agnesiu1 phosphate. Hany scattered s1all 
plants 1ake up for the total production capacity of 70 000 tpy. Locally 
available phosphate rock, serpentine and coal is fused in s1all shaft 
furnac~s built by own 1eans of the far1ing co11unes. This product 
represents approli1ately 30% of the country's total consu1ption of 
phosphate fertilizer. 

85. A new co~pound fertilizer product is being developed in CHINA. It 
shall contain 10-12% N and 40-42% P2o5. A new phosphoric acid production 
•ethod is beifig tested. It will be suitable for processing phosphate 
ores of hgO and R203 contents up to 10%. The innovative 
neutralization/concentration process has been tested in a pilot plant, 
and a nu•~er of s1all plants based on this technology are under 
construction. 

86. Stadies on processing of low-grade phosphate rock of the LAGARBAR 
deposit for the produ,tion of phosphoric acid have been carried out in 
PAKISTAN. It is proposea to set up a pilot plant based on Tunisian 
phosphoric acid technology for !ow-grade ore processing. 

87. A new aet~od has been developed in TUNISIA for production 
phosp~ate fertilizers using a11onj., solution and super-phosphoric 
feedstock. The two liquids are 1ixed in a tubular reactor 
poly-phosphates which for1 stable liquids. The nutrient analysis 
product is 10.8:37.0. 

of liquid 
acid as 
yielding 
of the 

88. SIAPE of TUNISIA has developed a process for producing 
super-phosphoric acid containing 70-74% P205. The •gre~n· acid is 
processed in two steps, first fro• 28 to 54% P205 then in the second step 
fro• 54 to 70-74% P205. In this wa) the concentration of i1purities is 
reduced, and the final product, the super-phosphoric acid (SPA), is less 
corrosive. SPA of good quality 1ust be low in 1etallic i1purities, in 
particular 1agnesiu1. The conventional 1ethod of re1oval/recovery of 
1etallic i1purities applies controlled cooling of the SPA at the outlet 
of the evaporator. Under controlled te1perature conditions the 1etallic 
i1purities crystallize and precipitate, and can be re1oved by 
filtration. High losses of P205 in the filter-cake render this 1ethod 
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unecono•ical. A new •ethod cf re•oving the •etallic i•purities has been 
developed which ~ffers favourable econo•ic results. It uses the 
ion-exchange onPration. Diluted phosphoric acid is passed through a 
colu•n fille~ with ion-exchange resins which retain the i•purities and 
can periodicllly be re-generated. 

89. In order ~o •aii•ize the econo•ic advantage of a country's 
fertilizer raw •aterials endow•ent the •ost favourable type of fertilizer 
to be produced •u$t be chosen. E.g.: A study has shown that if both P 
and I nutrient •aterials are indigenously available. but i•porting of 
sulphur ne~ds to be avoided, the best a•ong the various technically 
viable options is to produce nitro-phosphate NPI co•pound fertilizer 
(using locally available K2S04), whereas the second option would be urea 
based NPI (also usihg 12S04). The study has further shown that the 
reco••endable type of fertilizer to be produced very •uch depends on the 
indigenous availability 3f ~aw •aterials. 

90. An econo•ic study has been conducted by STA"ICARBON on the 
production of nitro-phosphate fertilizer vis-A-vis phosphoric acid based 
products. The general conclusion shows that the econo•ics of the 
Nitro-phosphate process are independent of sulphur and phosphoric acid 
prices, and setondly, Nitro-phosphate fertilizers are cheaper to pro~uce 
than P.A. based products. The new process yielding a NP~ foraulation of 
28:14:0 is report~dly •ore favourable than that of 22.5:22.S:O ratio. 

91. The econo•ics of exploitation ~f phosphate rock by underground 
1ining vs. open-cast •ining have been studied in TUNISIA. The study 
concluded that if the underground 1ined, Qbviously 1ore expensive, raw 
1aterial could directly be used for conversion into pho$µhoric acid, its 
cost would beco1e attractive. Treat1ent of 1ixed ores, fro• unterground 
and open-cast 1ining, c~use unjustifiable losses of phosphates in the 
washing plants. 

92. Laboratory and pilot plant tests have been carried out on the 
run-of-•ine phosphate ores of the H'DILLA and HFTLAOUI underground 
deposits in TUNISIA, for producing phosphoric acid by the SIAPE 
technology which is suitable for low-grade ores. It has been found 
possible to obtain acceptable conversion para1eters such as: reaction 
te1perature and ti1e; losses of P205 in phospho-gypsu1; consu1ption of 
sulphuric acid, etc.. Further research is, however, necessary for 
solving foa1ing proble1s, scaling of equip1ent, and controlling the level 
of i1purities content in the phosphoric acid. 

93. Fertilizer prices in BRAZIL are controlled by the Govern1ent. 
Through this 1easure the consu1ption of fertilizer and agricultural 
production has i•proved in the country to the benefit of the national 
econo1y. It has also resulted in 1ax1•1z1ng the use of indigenous 
phosphate rock and attain•ent of self-sufficiency in this field. 

94. In 
prices. 
prices 

TURKEY phosphate fertilizers are sold to f ar•ers at subsidized 
The difference between the ex-factory prices and the retail 

is rei•bursed to the producer as subsidy. The ex-factory prices 

: I 
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are deter•ined on the basis of the iaport substitution effect bv 
providing the producer with a bonus in relation to the savings of foreign 
exchange attained through indigenous production. 

95. In INDIA phosphate fertilizers are sold at prices fixed by the 
Govern•ent, which are identical throughout the country. The ex-factory 
prices of phosphate fertilizers produced is deter•ined on the basis of a 
nor•ative costing •ethod established by the Govern•ent. The cost of 
transport~tion fro• the factory to the field is rei•bursed through an 
allocation •ade by the Govern•ent for distribution costs. The difference 
between the est2Dlished sales price and the actual production cost 
(ex-factory ~lus equated freight cost) is rei•bursed to the producer as 
subsidy. This •easure has sti•ulated the growth of phosphate fertilizer 
consu•ption by the Indian far•ers. 

96. In PAKISTAN the sales prices of fertilizers are fixed by the 
Govern•ent which thus has encouraged the use of phosphatic products. 

97. The review of world phosphate fertilizer production and consu•ption 
over the past years shows a favourable constant growth. In 1984 the 
production reached 34 •illion tons (in ter•s of P205) 1 while consu•ption 
lagged behind at a level of 31.8 •illion tons. USA and TUNISIA are the 
largest exporters of phosphate fertilizers. The •ajor i•porting 
countries are CHINA, FRANCE, IRELAND, F.k. GERHANY. Price trends reveal 
a decline of both TSP and OAP prices, down to USS 110 and 158 per •etric 
tun of •aterial, respectively. Projections for the next 5 years indicate 
that production •ay reach 42.6 •illion tons P205, while consu•ption will 
follow at a lower growth rate, attaining an esti•ated level of 40.2 
1illion tons only, thus leaving a surplus of at least 2.4 1illion tons 
Pz05 per year in the crop year 1989/90. 

98. The International Fertilizer Industry Association (IFA) 1ade a 
survey of the supply/de1and situation for the co1ing 3 years up to 
1987/83, taking into account data produced by the UNIDO/FAO/World Bank 
Working Group on Fertilizer, and infor1ation furnished by IFA 1e1ber 
countries. The survey reveals a potential surplus of about 2.44 1illion 
tons f205 in for• of phosphoric acid production capacity. Further, North 
A•erica, and Northern and Western African countries will be suppliers of 
surplus P.A .. Hajor i1porters wiJl be Asian countries, Europe and Latin 
A1erica. IFA has nevertheless observed that the oversupply situation 
should not be alar1ing as it a1ounts to only 10% of the de•and 
projections, which 1ay be narrowed down by 1any factors. In particular, 
there are opti1istic prospects of i1pro~e1ent of the developing 
countries' econo1ies which is bound to sti1ulate the growth of phosphate 
fertilizer consu1ption in view of their !arge potential needs. At 
present the consu1ption of phosphates in the developing countries is far 
below levels reached in the industrialized world. 

99. Proper 1aintenance of che1ical fertilizer plants plays a vita' role 
in controlling their technical perfor1ance and econo•ic efficiency. 
Various syste1s of 1aintenance 1anage1ent have been evaluated (e.g., 
breakdown 1aintenance, causing sudden unexpected shut down and high 



,...------,-~-~~------~---~ ---~ -

- 19 -

•aintenance cost, as well as high consequential losses; shut down caused 
by deterioration of equip•ent owing to lack of syste•atic •ainc~~ance 
procedures; preventive and predictive •aintenance syste•s). The need 
for applying proper •aintenance •anage•ent •ethods has been highlighted. 
Heasures to be taken should focus attention on the organization of 
inspection services, control of •echanical operating para•eters of 
equip•ent. adequate inventory of spare parts, use of co•puters for spare 
parts inventory control. and consistency in following established 
•aintenance procedures and techniques under control of the •aint~nance 
•anage•ent syste•. It has been assessed that the cost of spare parts 
needed for 1aintenance a•ount~ to approxi•ately 5% of the total up-dated 
capital cost of a phosphate fertilizer plant. 

100. The SPP~ific consu•pt1on of utilities should constantly be reviewed 
and co•pare~ with the engineering design data of the plants, and those 
attained under n'r•al oper1ting conditions. Through consistent 
•onitoring it will be possible to identify areas in which savings of 
stea•. water, electric power, natural gas (fuel), and instru•ent/service 
air tan be •ade by taking ~orrective •easures in ti•e. 

In phosphate fertilizer plants i•prove•ents can ~e •ade in: 

The waste heat recovery syste• of the sulphuric acid plant (in 
order to save electric energy); 

The consu•ption of stea• for concentrating the 
(through precise control of specific consu•ption 
parameters); 

phosphoric acid 
and operating 

Recycling of stea• condensate (utilization of all potential 
sources); 

The consu•ption of electric energy (through i•proving the 
power factor and co-ordination of planned shut downs of the units). 

101. In order to opti•ize the consu•ption of utilities it has been found 
necessary to review periodically: 

The energy balance of each unit of the plant, 

The influence of operating condition5 on energy consu•ption, 

The production cost of the utilities, 

Progress in technologies which tend to beco•~ 1ore energy 
efficient. 

102. Efficient recovery of fluorine is necessary both fro• SSP and TSP 
plants. I1prove1ent of the absorption efficiency has been achieved in 
POLAND. The recovered f luosilicic acid can then be processed into 
various fluorine co1pounds, inclusive of synthetic fluorspar needed in 
other industries. In particular, countries which have no sources of 
natural fluorspar 1ay benefit fro1 the application of such fluorine 
recovery and processing operations. 
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103. The Phospho-gypsu• by-product of the TSP plant which hitherto was 
disposed in BANGLADESH as waste •aterial is now being used in agriculture 
by direct application to the soil for reducing its sulphur-deficiency. 

' 
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104. With a view to the necessity of containiog the costs of phosphate 
rock 11n1ng which increase when exploitation proce~~s tcwards depth, il 
is reco11ended that 1ining operations be 1odernized through e1ploying new 
1e~hods and 1achines of the latest generation. 

Feasibility considerations on choices sho~ld take into actount: 

(a) The geological disposition of the phosphate deposit over the useful 
life span of the 1achines. 

(b) The different phosphate dilution factors which will be introduced 
by using the new 1ethods and new types of 1achines. Not only the 
decrease of P2o5 content but also the addition of previottsly not 
present i1purities needs to be taken into account. 

(c) Training of workers who are expected to operate and 1aintain the 
1achines properly. 

105. It is reco11ended to develop special 11n1ng 1ethods for exploiting 
very s1all phosphate rock deposits which have been discovered in 1any 
countries, while opening of 1ining operations had so far been considered 
not profitable. Phosphate co1panies and govern1ents should be encouraged 
to undertake the necessary develop1ent work with the ai• of 1aking 
possible the utilization of suitable phosphate 1inerals trapped in s1all 
pockats in various locations. 

~~D~f i~i~!lQD ~ 

106. Under the pre1ise that low-grade (or •poor·) phosphate ores of any 
levEl of phosphate content can suitably be upgr~ded for use as fertilizer 
raw 1aterials provided appropriate beneficiation technologies are chosen, 
it is reco11ended to undertake the fc!lowing investigations: 

(a) ~io@r!lQ9l~!l __ to~ __ ebQ~eb!!~_li~@r!!iQD_~!Y~i@~ to better understand 
the nature and behaviour of g~~;~~ ~aterials; 

(b) L~~Q(§!Q(l_§D~-~@O£b_~£!lt_rr~@!r£b on the separation of 1ineral 
i1purities present as endo-gangue, by applying various available 
technologies; 

(c) eilQ!_elto!_!ritl~ to confir1 the r~sults of the bench scale tests, 
and to obtain adequate quantities of concentrates of acceptable 
grades (P205 content) and per1issible levels of i1purities, and to 
establish fir• para1eters and design data for engineering of large 
scale benef iciation plants. 

(d) Cbtli~il_teeli,ttiQD_~tYdit~ for deter1ining the suitability of the 
concentrates for the production of SSP and phosphoric arid. 
Further, the co1position of SSP a~1 PA should be analyzed to define 
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acceptable lia1ts of their quality para1eters, and to identify i1purities 
which 1ight cause difficultie$ in the end use of these products and hence 
would need to be eli1inated. 

107. Low-gr2de phosphate or~s which contain i1puri~ies in for• of 
endo-gangue should 1arginally be i•proved by re1oving or decreasing the 
eio-gangue content only. The beneficiation 1ethod chosen to this e~d 
should be tested as indicated in paragraphs (b), !c), (d) above, with the 
ai1 of 1axi1izing the recovery of P205, even if not obtaining standard 
high-grad~ c~ncentrates. 

108. Agrono1ic studies s~ould be carried out on direct application of 
concentrates obtained through benef iciation of-low grade ores. The 
studie~ should take into account the followin1 reco11endations. 

109. The usefulness of ground phosphate rock for direct application to 
soils as fertilizer should thoroughly be assessed by investigating: 

(a) Rock characteristics, origin, age, substitutinn (co1pounding or the 
P-co1ponent); 

(b) Soil factors, pH, phosphorus content, organic 1atter; 

(c) Utilization conditions, water regi1es of soils, particle size, etc. 

Once these para1eters are known, it is reca11~nded to conduct agro1onic 
tests in laboratories, green houses and in the field in order to evaluate 
and co1pare the agrono1ic effectivenes~ of the fertilizer under different 
soil conditions and for various crops. 

110. It is strongly 
concentrates for direct 
those 1aterials which 
and tri~ls. 

reco11ended that the use of phosphate rock and rock 
application be encouraged or per1itted only tor 
have successfully passed the afore-1entioned tests 

111. Phosphate rock and concentrates which have been found ~ot 
responsive under given conditions of direct applicatio1i or. the proposed 
soils and crops can be 1ade reactive through partial acidulation with 
sulphuric or phosphoric acid. In such cases it is reco11ended to conduct 
detailed studies on the physical and che1ical properties of ti1e various 
types of Partially Acidulated Phosphate Rock (PAPR) pr~duced, followed by 
agrono1ic tests and field trials along the lines indicated above in 
paragraph 109 for establishing their agrono1ic effectivene$S. 

112. Phosphates of high wa:er-solubility are not reco11ended for 
application or. soils of high Iron and Alu1inu1 content becuase of their 
high Phosphorus-fixing capacity which deteriorates the fertilization 
effect. However, the use of non-c~nventional fertilizers, such as: 
ground phosphate rock, PAPR products and Nitrophosp:1ate ferti~izets is 
reco11endable, provided the fertilizer 1aterials are low in water-soluble 
P205 but highly soluble in acids. 
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Ill. Ca~e should be exercized in choosing a suitable process for the 
•anufacture of phosphoric acid. The phosphate rock or concentrate •ust 
thorou~~ly be analy~ed for i•purities. It is reco11ended to apply the 
he•i-hydrate process for conversion of raw 1aterials which are free fro• 
interferirag i•purities. For processing of phosphate rock or concentrates 
containing such i•pr1rities the di-hydrate technology would nor•ally be 
reco11endable, particularly in countries which do not possess the 
prer~~uisite higher developed technical infrastructure and experience. 

114. Phosphate rock/concentrates which contain i1purities above the 
nor1ally acceptable li1its, but having P~05 contents not below 25%, 
should thoroughly be investigated through bench scale testing followed by 
pilot plant trials. I~ is reco••ended to take a consistent approach so 
as to assure that the results obtained are representative for the 
•aterial used and really prove its suitability for the •anufacture of 
phosphoric acid. The use of phosphate rock containing vaguely defined 
i1purities, without conducting all the afore-•entioned tests and trials, 
and without de~er•ining all the critical operating para1eters has led in 
the past to disastrous olant failures. 

115. The choice of appropriate phosphates and phosphate fertilizers to 
be produced in a country should be based on co1prehensive surveys of all 
the influential factors and evaluatinn ot the econo•ics involved. The 
surveys should take into consideration the quantity, quality and 
technological $uitability of indigenously available ~aw 1aterials, the 
level of e~isting infrastructure and the cost of its expansion, and the 
potential 1arket de•and. It is further reco••ended, for proper 
assessJent of ~he potential do•estic fertilizer de1and, to take into 
account the agrono1ic require1ents ~uch as crops, soils, cli1atic 
conditions, etc., of the areas where the fertilizer products are proposed 
to be used. 

116. In developing countries, where technical infrastructural support is 
li1ited, 1anufacture and application of si•ple fertilizer products ~hould 
~e chosen. It is reco11ended to select a 1anageable nu•ber of types, 
avoid confusing 1ultiple grades, and chose less sophisticated production 
1ethods. Quality standards should be specified in co1pliance with local 
require1ents and conditions. Particular attentio~ in this regard is to 
be pai1 to the useful exa1ple of •any developing rountries, which have 
d~velor-ed their phosphate fertilizer consu•ption and industry starting 
with the 1anufacture of SSP. 

117. When considering the production and application of liquid 
fertilizers, it is reco11ended to investigate the technical and econo1ic 
para•eters of •anufacture, transportation, stGrage, Jistribution to 
e~d-users, and handliig by the far1ers. Field trials need to be carried 
out in order to deter1i~e the cheapest and easiest distribution and 
application 1ethods which would offer the highest econo1ic benefits to 
the f ar1ers. 

118. The conversion of phosphoric acid, obtained fro• processing of 
•ediu1 grade phosphate rock, into super-phosphoric acid has been 
investigated and found feasible. It is reco11ended, however, to continue 
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research on deteraining proper quality paraaeters of the phosp~oric acid 
used and on i•proving the purification aethods t~rough pilot plant trials 
in order to establish fully reliable data on operating conditions and 
cost of cheaicals for transferring the results to the industrial scale. 

119. The new lo~·analysis NF fertilizer product ·HEHIFERT. deserves 
attention. It is recoaaended to continue research on its che1ical, 
physical and handling properties, and to deter1iPe the agronoaic respDnse 
to crops under soil c~nditions in locations where it is proposed to be 
used. 

l~O. It is further reco11ended to pursue investigations on saall scale 
1anufacture of a low-analysis NP fertilizer by using renewable s~urces of 
energy, such as: aini-hydroelectric generators, windaills or photovoltaic 
cells. The new technology utilizing low grade phosphate chips and nitric 
oxides generated in an electric arc 1ay prove useful in re1ote areas and 
provide far1ers with a selfreliant source of fertilizer. 

121. The production of Fused Hagnesiu1 Phosphate in a1ni-shaft-furnace 
plants using low grade p~osphate rock, dolo1ite/serpentine and coal aay 
of fer a reco11endable source of phosphate fertilizer in locations where 
raw 1aterials availability would render such plants feasible. The 
suitability of the product should be investigated for crops and soils in 
countries in which the prerequisite raw aaterials and technological 
conditions can be fulfilled. 

122. Each country should 1ake its own choice of the type and grade of 
fertilizer to ~e produced, in particular for do1estic consu1ption, taking 
into account the indigenous endow1ent with basic raw 1aterials (P, K, S, 
and energy) needed, and the appropriateness of their quality. 

123. Countries which do not possess local resources of sulphur should 
consider the Nitro-phosphate route for producing NP or NPK co1pound 
fertilizers, which aay offer a favourable option, in particular if neN 
energy saving technologies could be applied. It is reco11ended, however, 
to coaplete the agrono1ic research before a f ir1 decision is taken on the 
type and grade of fertilizer to be produced. 

124. The experience of 1any cou~tries has de1onstrated that subsidizing 
of sales prices of fertilizers has sti1ulated their consu1ption, and has 
increased the agricultural production. It is r~co11ended that other 
dPveloping countries which strive for self-sufficiency in food supplies 
should take advantage of this experience and follow a si1ilar policy, or 
adopt one of these viable syste1s, adjusted to suit their local 
proOJction cost and pricing conditions. 

125. Preventive and predictive 1aintenance 1anage1ent syste1s should be 
ap~lied in phosphate fertilizer plants. Haintenance work should be 
organized in a syste1atic 1anner covering sufrici&nt details, and be 
aided by a co1puter for keeping record of schedules, proc~re1ent and 
inventory of spare parts, 1aintenance cost, etc .. The syste1 facilitates 
keeping track of 1aintenance ti1ing and cost saving 1easures and has a 
direct positive bearing on plant productivity and overall econo1ic 
perfor1ance of a co1pany. 

' 

• 
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12b. It is rec~••ended to conduct regularly surveys of energy balances 
and consu•ption of utilities and evaluate the• in order to identify 
viable •easures to reduce production costs. Attention should be focussed 
on i•proving the waste heat recovery, decreasing the consu•ption of 
utilities, and updating of the che•ical process technologies through 
plant •edification and replace•ent of inefficient equip•ent. 

127. Recovery of fluorine fro• rock processing operations should be 
applied with the substantive ai• of improving environ•ental coPditions at 
and around plants. The recovered fluorine •ay then be utilized for 
•anuf acturing salable fluorine co•pounds. 

128. Reconversion of Phospho-gypsu1 for sulphuric acid recov~ry and 
production of ce•ent should further be investigated. The process •ay bP. 
feasible in situations where the disposal of the waste-product of 
phosphoric acid production entails expensive ~echnical and environ•ental 
pollution proble•s, and where ~here is a pot~~tial •arket de•and for 
ce•ent. Countries in which this is the case should take up pertinent 
research and related econo•ic feasible studies as a •alter of priority. 

129. The Phospho-gypsu1 which is being used as soil conditioner and 
nutrient on sulphur-deficient soils should not contain free f luosilisic 
acid. Fluorine co•pounds have been identified as poisons affecting the 
vegetation of plants and health of ani•als. As the effect of fluosilisic 
acid is cu•ulative, even s•all residual proportions in the Phospho-gypsu• 
•av be detri•ental in the long run if it is regularly applied. 

130. Developing countries dependent on i1ported sulphur should search 
for indigenous resources of sulphur-~earing •inerals in order to beco1e 
•ore self-reliant in raw •aterials supplies. It has been de•onstrated in 
a Jeveloping country that these •inerals can profitably be processed to 
produce sulphuric acid er ele1ental sulphur. Proven alternative 
lechnoiogies are available. 

131. There is growing need for i•proving and/or strengthening the 
co-operation between the developing and u~veloped countries and a•ong the 
developing countries" the1selves, in the field of phosphate and phosphate 
fertilizer industries, for the benefit of the developing countries' 
producers, exporters and users derived fro• 1ax111z1ng the exploitation 
of local raw 1aterial resources. It is reco11ended to establish 
appropriate co-operative arrange1ents a1ong the countries concerned to 
induce or facilitate: 

\a) Exchange of experience and infor1ation; 

(b) Joint considerations on econc1ic aspects of phosphate fertilizer 
production and use; 

(c) Develop1Pnt of production and application of non-conventional 
fertilizers, by types and grades of nutrient content, i~ countries 
which do not possess phosphate rock of the traditionally standard 
higl1-grade quality, but are endowed with large or s•all quantities 
of 1ediu1 and low-grade phosphate ores. 

' 
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132. It is further reco•1ended to establish a standing Co-operative 
Phosphate Fertilizer Develop1ent Group, co1posed of specialists of the 
developing co~ntries' phosphate industries. The Group should be expected 
to 1eet at regular intervals, review the pertinent research and 
develop1ent progra1•es and take initiatives on co-operation along the 
lines indicated in the preceeding paragraph. UNIDO should take •easures 
towards organ1z1ng this Group and enlist the necessary support of 
interested govern•ents and fertilizer co1panies with the a1• of 
successfully initiating the work of the co-operative progra11e. 

133. While e1phasizing the •andate and role of UNIDO in providing 
technical assistance and pro•oting co-o~eratio11 a1ong the developing 
countries, the Round-Table Heeting reco•1ended in gEneral that interested 
govern•ents and co1panies/institutions should take advantage of the 
services offered by UNIDO such as: !he Industrial and Technological 
Infor1ation Bank of UNIDO (INTIB), Advisory Services on technical a~d 
econo1ic issues, Technical Assistance Projects, Training Progra11es, anJ 
Techn;ral Heetings on all relevant industry related topics. 

134. The Heeling further reco1•ended with a view to UNIDO's function as 
the proper international specialized agency of the UN syste• and its 
invclve1ent in pro1oting and expediting the develop~ent of the developing 
countries' phosphate fertilizer industries, that UNIDO should convene 
se1inars on specific topics to assist phosphate fertilizer producers in 
finding solutions to their technical proble1s. The se1inars 1ay 
separately deal with such issues as: technological progress and 
develop1ent target~. surveying results of pertinent !dboratary research 
and pilot plant work, 1aintenance •anage1ent and spare parts inventory 
control, invest1ent planning for plant 1odernization, safety, corrosion 
in phosphate fertilizer plants, environ1ental aspects, etc.. It was 
further suggested that fertilizer producing co1panies (through their 
proper govern1ent channels) 1ay officially request UNIDO's technical 
assistance in fora of expert services and UNDP funded country progra11e 
develop1ent projects, for solving specific probie1s, e.g., establish1ent 
of pilot plants, updating o~ technologies, plant de-bottlenecking, energy 
saving and other specific 1easures ai1ing at i1prove1ent of plant 
operation and econo1y. 

• 
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~~S!B~C!~_QE_CQ~~!Br_e~~EBS 
Subaitted and prese~ted to the ~eeting by UNIDQ Invitees 

~~hi@¥@t@n!~_2f _!b~_e2!i~b_eb2~~b~!@_E@r!ilii~r_Ingy~tr1 
by Pawel Rozwadowski 

The present production of phosphate fertilizers in Poland is 0.9 
aillion tonnes P20s per year. In the second half of the eighties it will 
increase to 1.0 aillion at P20s per year, thereafter from 1990 onwards it 
will further rise to J .2 1illion at P205 per year. Poland produc2s 
various grades of NPK's and TSP. 

Poland has no phosphate rock deposits and i1parts 3.5 1illion 
it/year. Phosphoric acid production capacity a1ounts to 450,000 it/year 
~f P205, based on the dihydrate wst process. The Polish phosphate 
fertilizer industry has the capability to set up single strea• phosphoric 
acid plants of capacities up to 200,000 it/year of P205. 

Poland is one of the world's leading countrie~ in the production of 
sulphur. Presently sulphur production is 5 1illion at/tear, out of which 
4 1illion it/year are exported. 

Research, design and construction specialists 
in setting up phosphoric acid, sulphuric acid and 
available. The largest single streaa sulphuric acid 
built by Polish enterprises has a capacity of 500,000 

who are experienced 
fertilizer plants are 
plant designed and 

it/year. 

Environ1ental protection is being given high i1portance by the 
Polish phosphate industry. E1ission levels of fluorine and 502 gases 
have been considerably reduced. However, the problem of proper disposal 
of Phospho-gypsu1 is still pngaging attention. This proble• 1ay 
possibly be solved by applying a new originally in Poland developed 
1ethod of non-wast~ conversion of phosphoric acid into coaplex 
fertilizers in a nitroger.-phosphate fertilizer plant. 

!b@_D~YilQ~!@n!_Qf_eb2~eb~!@_E@E!ilil@[_lodY~!(I_io_Yi@!~~­
by Vu Ta Hai 

Vietna1 is rich in phosphorite deposits but until 1962 had no 
phosphate fertilizer plant. The principal raw materials for the 
presently operating fertilizer plant are local phosphorites and iaported 
pyrites. The plant has been constructed with aid received fro1 the 
USSR. The plant produces single super phosphate by a new tethnolo~y 
using sulphuric acid ~f 100% concentration, based on fluidized bed 
roasting of pyrites. Future plans have been drawn to change the product 
to TSP and to construct a large scale Nitro-phosphate plant. 

' 
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by Jorge A.S. Hattos 
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Brazil has •et her de•and for fertilizers by i1porting large 
quantities until 1970. The international price increase of agricultural 
co••odities in 1971 sti•ulated the develop•ent of agriculture and the 
growth of its export potential. However, in view of the increasing price 
of i•ported fertilizers, the Govern•ent was urged to draw up a National 
Fertilizer and Agricultural Li•estone Plan with the ai• of •oderniziPg 
the fertilizer industry and developing its export capability. Thus, new 
capacities for phosphate rock beneficiation, phosphoric acid and 
phosphate fertilizer production had to be set up. 

Reserves have been esti•ated at 3.8 billion •t equivalent to 380 
•illion 1t P2o5, which are about 2.5% of the world reserves. The 
phosphate ore is of igneous origin with a P205 content of about 10%. 

Brazil has developed a special technology fer benef iciating I 
upgrading their-low grade ore of P20s content as low as 5.5%. The total 
installed capacity of the beneficiation plants is 4.9 1illion it/year. 

The installed phosphoric acid capacity, after so1e i1prove•ents 
have been •ade, is 715,000 It of F205 per year. 

The installed phosphate fertilizer capacity is 2.5 •illion 1t of 
P2o5 per year. This consists of SSP 4.8, TSP 4.4, HAP 1.7, DAP 0.86 and 
PAPR 0.50 •illion mt/year, respactively. 

Phosph~te rock production has reached a level of 1.5 1illion tons 
of P205 in 1985, leading to self-sufficiency. 

Phosphoric acld produ~tion will reach a level of 690,000 •t P205 in 
1995 and there wilJ be no i•ports. 

Phosphate fertilizer production will reach 1.157 1t of P205 in 
1985, reaching the level of self-sufficiency. 

Future prospects of the fertilizer 
favourabl~ picture. New capacities will 
benef iciation plants a1ounting to 540,000 
acid: 300,000 it/year of P205, A11onia: 
•t/year. 

industry in Brazil show a 
be added to phosphate rock 

it/year of P205, phosphoric 
300,000 it/year, Urea: 360,000 

Further, there is increasing need for boosting food production in 
the country in which the population reaches a level of 130 1illion. 

The Brazilian industry is taking steps to i1prove its productivity 
and utilization of inp~ts, and pro1otes technological research with the 
ai1 of attaining hi~her production levels in future yP.ars. 
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fb2~eb!!g_fgr!i!i!gr_H!rkgt_io_~bi!g 
by Pedro Pavlovic Zuvic 

Doaestic production of phosphate fertilizers is liaited 
in Chile. ·coapania Sudaaericana de Fosfatos S.A., COSAF. is 
coapany aanufacturing 15,000 at/year of SSP (22.5% P2o5 ~ 

originally designed for TSP of 100,000 at/year capacity (it did 
owing to technological probleas). 

at present 
the only 

in a plant 
not work 

The consuaption of phosphate fertilizers in Chile was approxiaately 
82,000 at of P205 in 1984. On top of the saall indigenous production of 
SSP (approx. 3,200 at P205), the balance was entirely iaported at a 
foreign exc~ange expenditure of about USS 30 aillion. TSP and OAP 
account for 70% and 26% of the doaestic consuaption, respectively. 

The price of phosphate fertilizers on the doaestic aarket follows 
closely the trend of international FOB ~rices. 

A recent study has estiaated the potential deaand for phosphate 
fertilizer during the period 1985-87 at 180,000 at P205 per year. 

Indigenous rock phosphate deposits at Hejillones and Bahia Inglesa 
are being investigated and evaluated for establishing a doaestic source 
of P205. Studies are being conducted on direct application of phosphate 
coacentrates as fertilizer or alternatively to use the• for aanufacture 
of ~artially acidulated phosphate rock, at an annual rat~ of 20,000 at 
P205 equivalent. A feasibility study is under evaluation in this regard 
on the exploitation of the Hejillones deposit. Ways of utilizing the 
Bahia Inglesa deposit are also being investigated. It is intended to 
produce TSP fro• this source. 

fb2~eb!!g_!o~Y~!r~_io_~!D9l!~g~b 
by Hesba Uddin Ahaed Chowdhu;y 

Bangladesh has one TSP factory, situated at the sea port. of 
Chittagong (160 •iles fro• Dhaka). It has a production capacity of 
152,000 at/year, but has been producing only at the rate of 50-55% of its 
capacity, due to various factors li~e shortage of raw aaterials, 
breakdown of equipaent, shortage of electric power and low aarket 
off-take, etc.. This plant is using only iaported rock phosphate and 
sulphur as the country has no indigenous resources of these raw 
aaterials. Its output targeted for 1985, aaounting to 100,000 at TSP, is 
expected to be attained. 

Recently coapleted studies show that the deaand for phosphate 
fertilizers is 300,000 1t of TSP per year. Plans have been drawn to 
i1port tvncentrated phosphoric acid and thus further increase the 
indigenous TSP production capacity. A phosphoric acid storage tank of 
10,000 at capacity is under construction and shall be co1pleted by June 
1996. lhe balance of the require1ent a1ounting to 200,000 it/year will 
ho~ever be i1ported. 
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By-product Phospho-gypsu• is being disposed by sales to the far•ers 
as a source of sulphur for sulphur-deficient soils. Reprocessing of 
Phospho-gypsu• and •anufacture of ce•ent clinker is under c&nsideration. 

fbQ~eb@!~-E~r!iliI~r_!Q~Y~!rl_iQ_!Yr~~r 
by Bahattin Aygun 

Turkey has a nu•ber of phosphate rock deposits. The deposits at 
Tasit, lasrik and Akras are of sedi•entary or1g1ns. The deposit at 
Bitlis-Unaldi-Bingol-Avnik is of •ag•atic type. The sedi•entary deposits 
represent a co•pounded reserve of over 320 •illion tor.s but are low-grade 
(11-221 P205), and arpear to be econo•ically exploitable to a li•ited 
extent only. The •ag•atic deposits contain over 100 •illion tons and are 
also low-grade (4-6% P205) . 

. Present producticn of phosphate rock is 45,000 •t/year. A 
benef iciation plant will be put into operation in 1986 and shall produce 
750,000 •t of concentrate per year. The use of indigenous phosphate rock 
is ha•pered by difficulties owing to insufficient quantities or quality, 
i•proper prices and also unti•ely supply. 

Turkey started the use of che•ical fertilizers in 1928. First 
production facilities WP.re set up in 1944. The product was NSP (Nor•al 
Super Phosphate). The facilities were expanded in 1954 and 1961. Later, 
these plants were converted to TSP, reaching a capacity of 185,000 •t/per 
year in 1970. 

Since 1980, a •ajor expansion progra••e on fertilizer production 
was taken up, and in 1984 production reached a level of 655,000 •t of 
P205. 

The consumption of phosphate fertilizers also grew si•ultaneoJsly 
and reached a level of 684,000 1t P2o5 in 1984. The gap in the 
de1and/supply balance was •et through i1ports. 

The phosphate industry is undertaking several develop1ent 
projects. A joint venture fertilizer co•plex is under construction, 
financed jointly by Turkey, Tunisia, Kuwait, Saudi Arabia and USA. It 
will produce 450,000 1t of a11oniu1 nitrate (33,5% N) and 420,000 1t of 
OAP per year. Farther, the capacities of sulphuric acid and phosphoric 
acid plants are being increased to i1prove the overall capacity 
utilization of the existing fertilizer plants to 851. 

The pricing policy adopted by the Turkish Govern1ent is to sell 
fertilizers to the far1ers at subsidized rates. The difference between 
the selling price and the cost price plus 10% profit is subsidized by the 
Gover n1en t. 

Since 1980, the Govern1ent is deter1ining the ex-factory prices of 
fertilizers on the basis of providing a bonus for savings in foreign 
currencies resulting fro1 indigenous production. 
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!b~--V~Y~lQe,~o! __ Qf __ !br __ fbQ~ebt!~ __ !!!~ __ fbQ~eb!!r_E~r!iliI~r_l!!~Y~!rl_io 
~bi!!! 
by Zhang laiyan 

There was no phosphate fertilizer production 1~ China before the 
founding of the Republic of China (1949) .. The first SSP production 
started in 1955 using indigenous phosphate rock. Later, in 1960 China 
developed a shaft furnace process to Ran~facture Fused Hagnesiu• 
Phosphate. The production has reached a level of 700,000 at of P205 
annually which represents approx. 30% of the total production of 
phosphate fertilizers in China. At present the Chinese phosphate 
fertilizer production totals 2.5 aillion at P20s per year. There are 
about 500 phosphate fertilizer plants in China today_ 

China has large phosphate rock reserves aaounting to 12 billion 
tons. The present production is 14.2 aillion •t/year. Further, the 
Chin1~se cheaical industry is developing indigenous technologies for 
beneficiating low-grade phosphate rock close to its source. 

China is developing a process to use high-iapLritv phosphate rock 
for •anufacturing phosphoric acid. A neutralizing-concentration process 
has been tested in a pilot plant. The phosphate rock used contains HgO 
and R203 up to 10%. The product obtained contains N 10-12%, P205 40-421. 

China negotiated a joint ventu~e project with Tunisia and Kuwait to 
construct a plant of 1,500 at/day capacity_ For future years it is 
planned to: 

( 1 ) 

(2) 

(3) 

Benef iciate all the phosphate rock. 
plant project is under consideration. 

A new large beneficiation 

One 3,000 at/day Nitro-phosphate project is 
Two •ore Nitro-phosphate plant projects based on 
are also being i•ple•ented. 

under construction. 
Chinese technology 

using do•estic raM 
produce A••oniu• 

Soae of the• are 

A nu•ber of phosphate fertilizer plants 
•aterials or i•ported phosphoric u'id to 
Phosphate, TSP and OAP are being considered. 
already under construction. 

(4) A feasibility study is also being undertaken on the production of 
ele•ental phosphorus or phosphoric acid utilizing local rock. 

S!i!Y~ __ Qf __ tb~ __ DfYilQe!tD! __ Qf __ fbQ~ebilf~ __ !!!~ __ fbQ~eb!lt_Errtililf(~_iD 
hDUDi! 
by l.L. Haule 

Phosphate rock deposits have been discovered in 1960 and tried out 
for direct application. A nu1ber of feasibility studies were carried 
out, and in 1984 a phosphate aine was co••issioned at Hinjingu in the 
Arusha region by the Hinjingu Rock Phosphate Coapany. 
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There is only one fertilizer aanufacturing coapany in Tanzania 
which is located in Tanga, a port town in the North-Eastern part of the 
country. The plant was built in 1970 and produces Aaaoniu• Sulphate. TSP 
and NPI coapound fertilizers using only i•ported raw aaterials. The new 
phosphate aine will now supply the phosphate rock to this plant. 

The supply/deaand balance of phosphate fertilizers in Tanzania 
shows that the existing fertilizer plant will not be able to •eet the 
growing deaand. I•ports of fertilizers are therefore increasing. 

The aajor proble• facing the fertilizer industry is lack of foreign 
exchange in particular for iaporting spare parts and aaterials required 
for repairs and aaintenance of the plants. 

The Hinjingu Rock Phosphate has opened a good prospect for 
Tanzania. It can aeet the phosphate rock requireaents of the existing 
fertilizer plants and also supply rock for direct application. For this 
purpose soae saall additional processing plants (granulation and bagging) 
aay need to be set up close to the •ining area. 

In the future, Tanzania •ay also exploit another phosphate rock 
deposit reported to exist in the South-Western part of the country, in 
the Hbeya region. A second fertilizer plant at Kilwa in the 
South-Eastern part, in the Lindi region is expected to be established. 
It will utilize indigenous resources of natural gas for the production of 
nitrogen fertilizer (Urea). Through successful exploitation of 
indigenous •ineral resources and their local processing the country aay 
be able to alleviate its foreign currency proble•s and thus enhance 
agricultural develop•ent. 

Ih~--~~~~lQe1~o! __ gf __ !h~--~hQ~eb~!~ __ §od __ ~bQ~eb1l~-E~r!iliI~r_!odY~!rr_Qf 
B~oio 
by Jean-Harie Houssou 

The phosphate and phosphate fertilizer industry of Benin is in its 
early stage of develop•ent. 

Investigations are 
country ("ONO Province), 
deposits continues. 

being conducted in the Southern region of the 
where the geological structure of Togolese 

Investigations conducted ir 1976 and 1980 resulted in the discovery 
of a deposit in the region of HEKROU, bordering with Burkina Faso and 
Niger. The P205 content of the ore is around 261, whereas the reserves 
are esti•ated at 5.5 •illion tons. 

The possibility of establishing a SSP plant of 33,000 at/year 
capacity has been considered, which would favourably be located in the 
aost iaportant agricultural zone of the country. However, the local 
consu•ption would only be approxi•ately 15,000 •t/year, while the 
production cost would exceed the cost of i•ported products by 151. This 
recognition has halted the i•ple1entation of a project. The utilization 
of these phosphates needs further to be studied. 
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A fertilizer plant project has been initiated in 1978. when various 
difficulties connected with the iaportation of fertilizers had been 
encountered. It appeared necessary to establish a bulk blending plant. 
because the quantities of fertilizer needed have increased considerably. 
The plant should have becoae operatio~al in 1980. By then the deaand had 
been estiaated at 90,000 at/year. The capacity of the plant is 50 t/h or 
240,000 at/year in l lines of 80,000 at/year per line. Soae delay 
occured, but by the end of 1984 the equipaent was installed. The 
start-up and guarantee test shall take place in Deceaber 1985. The 
investaent cost is high (1.720 billion F CFA). The recoaaended 
coaposition of the blended product is NPISB 14-23-14-5-1. It shall be 
produced fro• iaported OAP, AS, KCl and Boracine, or other sin9le 
nutrient fertilizers available on the aarket at favourable prices. 

The delay in starting 
aainly been caused by lack of 
aaterials and bags. 

plant operation experienced since 1984 has 
foreign currency to purchase the input 

In connection with the intehtion to use the plant 
necessary to renegotiate the financing conditions with the World 
other lenders. 

it wi 11 be 
Bank and 

Present deaand for phosphate fertilizer in Hali is ll,000 at/year. 
This represents only 51 of the capacity of the plant. However, it is 
necessary to increase food production. It aight then be possible to 
attain a consuaption of at least 90,000 tons as had been forecast in 1978 
on the basis of the planned local deaand. 

In order to increase the consuaption of fertilizer in the country, 
the following requireaents should be fulfilled: 

The price of the product aust be subsidized by the Governaenl; 

Funds should be available for awarding credit facilities to the 
far1ers if and when needed; 

Continuation of providing the faraers with technical advice and 
guidance on advanced cropping patterns and fertilization. 

Qe!i!i1iog_B@~PYr£@~_fQr_!b@_~@~@!Qe!@ot __ Qf __ !o~i!o __ ~bQ~eb!!@ __ E@rti!i1@r 
I!l~YHrl 
by B.K. Jain 

Agriculture is the 1ainstay of the Indian er.ono1y. and within this 
co~text fertilizers hold the key position. Various technologies are 
being ~pplied using various raw 1aterials and producing a variety of 
products. 

India has set up a phosphate fertilizer production 
1.722 aillion at of P205 pef year and ranks 5th/6th 
Coapound growth rates of capacities are 10.91 per year. 

capacity of 
in the world. 
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Phosphate fertilizer products are in the 
0.308 •illion •t, NP at 0.634 •illion •t, 
•t/year. 

form 
and 

of SSP and TSP at 
NPK at 0.375 •illion 

Productivity of the industry varies. SSP and Nitrophosphate 
production has achieved a capacity utilization of 75%, NPK-co•plexes run 
at 100%, but Phosphoric Acid and TSP is at only 31%, owing to various 
equip•ent proble•s, such as corrosion and failure of rubber lining. 

Under the Govern•ent's Resource Optiaization Prograaae it has been 
atte•pted to use indigenous raw •aterials. Rock Phosphate fro• 
Jha•arkotra with over 30% P205 and 7-111 silica has been used although it 
has poor reactivity. However, reserves are liaited to 18 aillion tons 
only. 

Low-grade rock fro• Jha•arkotra, where reserves ?•ount to ov2r 60 
•illion tons has been successfully benef1ciated fro• 18-20% P205 to ov£r 
32% P2o5 and "gO levels below 1.5%. A pilot plant for beneficiatiln of 
200 •t/~ay has confir•ed the viability of the process, and a co••ercial 
size plant of 0.30-0.35 •illion •t/year will be set up. About ~.70 
•illion tons/year of indigenous rock are being utilized by the industry. 

Sulphur is entirely i•ported, except for a s•all quantity f~o• 
petroleu• refining and sulphur recovery fro• fuel oils. Huge reserves of 
pyrites, containi~g 300 •i~lion tons of sulphur are proposed to be 
exploited by applying a proven technology which has been developed in 
India. S•elter gases also contribute to the balance of sulphuric acid 
production to the extent of 70,000 at/year of sulphur equivalent. 

Throu9h consistent pursuance of growth strategies India has 
achieveo a co1pou~d growth rate of consu•ption of 15.6% per year. In 
order to aeet the growing de•and, a 1ixed strat~yy of indigenous 
productio~ supple•ented by i1ports of finished fertilizers has been 
adopted. The i•port co1ponent is 1aintained at around 0.50 1illion 1t of 
P205 per year. 

In order to 1eet the needs f~r sulphur and ot~er secondary nutrient 
r~~~ire1ents of crops and soils, substantial new capacities have been 
planned for 1anufacture of SSP, which will increase to 0.80 1illion 1t of 
P205 per year by 1989/90. 

Further new capacities are being planned to reduce the dependence 
on sulphur. To this end Nitro-phosphates shall be produced by appl~ing a 
new process which consu1es less en~rgy than the conventional •ethods. 

For the future the production of DAP is being encouraged. 
advantages in production, handling and storage. Capacities 
increased fro• 3.68 1illion tons to 11.30 •illion tons per year. 

OAP has 
wi 11 be 

Direct use of phosphate rock is being increased fro1 the present 
level of 80,000 it/year to 120,000 - 150,000 it/year. 

In view of the constantly increasing prices of sulphur, production 
of sulphur fro• pyrites and/or phospho-gypsu1 is being considered. 

' I 
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The tasks ahead of the Indian Fertilizer Industry are various. 
Hany fertilizer technologies and capabilities in engineering design are 
available. Latest technologies like pipe reactors, pressure neutralizers 
and fuidized bed granulation •ethods are being adopted. 

For pollution abate•ent, total recycle of effluents needs to be 
considered, with particular attention focussed on fluorine recovery and 
utilization of by-product gypsu•. 

Sche•es for i•proving the capacity utilization, especially that of 
phosphoric acid plants, along with i•prove•ent of energy efficiency and 
overall plant productivity need to be i•ple•ented. 

Since the co•fortable availability of 
expected to end by 1994/95, efforts need to be 
the use of indigenous raw •aterials. 

phosphate fertilizers is 
intensified to opti•ize 

For achieving food production targets of 195 •illion •t 
per year by 1989/90, a fertilizer consu•ption of 14.0 •illion 
nutrients has to be ai•ed at. Keeping in view the soil 
require•ents, suitable production patterns •ust be evolved to 
balanced fertilization in ter•s of nutrient ratios. 

of grain 
tons of 
and crap 
achieve 

In order to encourage the far•ers to use •ore fertilizers for 
achieving higher food production targets, it is necessary to evaluate the 
cost/benefit ratios of fertilizer use and to take •easures well in 
advance towards i•proving the efficiency of fertilizer production, 
distribution, and utilization, and to adjust the pricing policies 
accordingly. 

f r2dY£!i20_2f_fb2~eb!!~-E~r!iliI~r~_io_f !~i~!!D 
by S. Shaukar Kaz•i 

Pakistan is producing at present 90,000 •t P205 per year in 
phosphate fertilizers, whereas the consu•ption is •ore than 250,000 •l 
P205 per year. The balance is •el by i•ports. 

Assess1ent by the National Fertilizer Develop•ent Cell of the 
Pakistan Planning Co••ission has esti•ated that by 1989-90, the de•and 
will increase to 396,000 nutrient tons, while production will not exceed 
92,000 nutrient tons. The gap will continuously have to be •et through 
i•ports. 

Fertilizers are distributed to far1ers through public 
organizations. The distribution cost is borne by the Govern•ent. 

sector 

The National Fertilizer Corporation (Govern•ent Co•pany) is 
exploring the possibility of using the newly discovered phosphate rock 
deposit for production of phosphatic fertilizers. In this regard in Hay 
1985, a contract has been signed with SIAPE, a Tunisian fertilizer 
co•pany, for supply of a phosphoric acid pilot plant. The plant will 
have a capacity of 100 kg of P205 per day usin LAGARBAN phosphate rock. 
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Feasibility studies have shown that with a new project for the 
1anufacture of phosphate fertilizers, the sales price wou!d range between 
USS 310 to 330 per 1t, when a 20% ~eturn on invest1ent is assu1ed. This 
does not 1ake new investaent attractive at ?resent because the prires of 
phosphate fertilizers are quite low en the international 1arket. In the 
particular case of Pakistan it should be kept in •ind that large 
quantities of p~os~hate rock and ~ulphur have to be i•p~rted. 

Ib!_~i!Y!!lQfl_Qf _~~!Y!!l-~bQ~ebt!!_B!~QY[~!~_Qf _~is!r 
by Issa Harouna 

The policy of Niger is to beco•e self-~ufficieht 1n food 
pro~uction. The prerequisite iaportation of fertilizers in order to 
increase the output of agriculture represents a financial burden on the 
econo1y. HowevP.r, the country is endowed with 1odest indigenous 
resources of phosphates. 

So far two saall deposits have been disc~vered in r~~ions lotated 
North-East and South of the capital Niaaey. 

EJploitatio~ of phosphates at Tahoua has just begun, but the size 
of the deposit has not yet been er.tiaated. The P205 content of the ore 
varies between 22 and 16%. 

The second deposit located at Pare du W is ra1posed of alu11nu• 
phosphate of 23-301 P20s content. The reser~es are esti1ated at 208,106 
1t and are considered aore i1portant than the Tahoua deposit. 

The Govern1ent decided to establish a grinding plant in order to 
1ake the phosphate suitable for direct application. 

Hi~ing is being conducted ir. a rather si1ple way, par~l~ 1ec~anizcd 
and partly 1anually. The grinding •ill h3S a capacity of 6000 it/year. 
At present the plant is not operating because of cea1ercial pro~le1s. 

Two obstacles have been ide~tified, which have causad the ~hut-doMn 
of operations: 

(1) 

(2) 

The high cost of production 
subsidizing the ;ales of 
29 F CFA/kg. 

at ~2 
ground 

F CFA/k~. The Governt~nt is 
rock to the f ara~rs who pay only 

Although the price of the product is low, 
Its solubility is low and application 
since it is carried away by the wind. The 
beco1e visible only after two years. 

it does not sell well. 
of the powder is difficult 
effects of fertilization 

It appeared advisable to establish a plant for partial acidulation 
of the phosphate. To this end a pre-feasibility study has been carried 
out by the International Fertilizer Developaent Centre (IFDC), USA. 
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~l~IB~~I~_Qf _IEC~~IC~L_r~rEB~ 
Presented at the Heeting 

!h~ __ ftgl~ __ Qf __ !!eYri!i~~-io_D~!~r!ioiog_!h~-e~rf Qr!90£~_Qf _ehQ~eh~ri£_~£id 
~~oyf ~£!Yr~-~r_!b~-~~!ibrdr~!~_erQ~~~~ 
by Nor•an Robinson 

Phosphate rock is usually associated with i•purities such as silica 
carbonate, •inor and trace •ineral ele•ents. These i•purities affect the 
process characteristics of •anufacture of phosphoric acid. In addition 
to the enrich•ent of P205 content the beneficiation process chosen •ust 
give due consideration to i•purity levels in the vari~us beneficiation 
routes. 

The i•purities of phosphate rock have a particular effect on the 
He•ihydrate process of •anufar.ture of phosphoric acid o~ins t~ reaction 
conditions. The effects of the •ore i•portant i•purities are: 

(a) Carbonates These produce C02 off-gases which get •ore entrained 
in the process acid owing to high density and viscosity of the acid 
as co•pared to the acid produced in the Dihydrate process. High 
gassing of the acid affects crystal growth. 

Presence Lf organic •atter reduces the de-entrain•ent of gases and 
affects the effectiveness of the defoa•ers. 

(b) Silica The reactive silica deter•ines the extent of fluorine 

(c) 

(d) 

evolution whose ionic reaction invol~ing alu•inu• affects 
he•ihydrate crystal properties. The unreactive silica if present 
in fine particles reduces the filterability especially with the 
viscous he•ihydrate acid. 

Fluorine As 
process a larger 
because of the 
This also favours 
with Ca and Al 
he•ihydrate and 
f ilterability. 

co•pared to the Dihydrate process in the He•ihydrate 
proportion of fluorine evolves in for• of Sif 4 
higher reaction te•perature and P205 concentration. 
the deco•position of Sifi-- to r- which reacts 
ions for•ing co•plexes which are re•oved with the 

thus influences its crystal properties and 

"etallic I1purities Apart fro• alu1inu1, 
have little effect on crystal growth but they 
of the acid. The i1purities precipitate 
affects filtration and storage of the ecid. 

iron and 1agnesiu1 they 
affect the viscosity 

and for• a sludge which 

• 

' 



Alkali •etals co•bined with SiF6-- ions produce co•rounds which can 
for• scale. In the He•ihydrate process, the solubility of Na2SiF6 is 
very low. It reduces the tendency of scaling which occurs in reaLtion 
vessels and pipework. rhe degree of scaling depends on the 
concentrations of alkali •etals present in the rock. 

Test procedures for evaluating the phosphate rock for the 
•anufacture of phosphoric acid have been elaborated. They co•prise the 
deter•ination of physical and che•ical properties of phosphate rock, its 
reactivity, foa•ing properties, and crystallization tests. Pilot plant 
trials are perfor•ed for co•paring the behaviour of different types of 
rock under a given set of defined operating conditions. 

In 
a nu•ber 
corrosion 
(density, 

order to obtain further essential data required for plant design 
of other tests are carried ~ut, such as settling tests, 

tests, and deter•ination of physical properties of the acid 
viscosity and vapour pressure). 

IPL~~~4~Jli 
~~~IB~~I 
Q[l9lO~l~-~D9li~b 

~~!i,iI!og ___ !b@ ___ ~b~[@ __ Qf __ pQ,@~!i£ __ B~~--H~!@ri~l~ __ !n __ P@Y@lQe!ng __ !b~ 
~bQ~eb~!~_f@r!iliI@r_!n9Y~!rr 
by Hatti Sinne•aa 

The raw 1aterials required for phosphate and co•pound fertilizer 
production are very seldo• found all in one country. Careful planning is 
thus needed to identify for each country the 1ost suitable productioi 
sche•e for utilizing its natural resources. This is necessary, as the 
international prices of raw •aterials for fertilizers vary 1uite 
independently of the final product prices. Thus the increased use of 
do~estic raw 1aterials will not only decrease foreign currency 
expenditures, but will also guarantee an econoaical fertilizer production 
irrespective of the fluctuations of international price~ of raw 1aterials. 

The raw 1aterial cost-co1ponents of various fertilizer products: 
TSP, DAP, NPK based on KC1/K2S04 have been evaluated. If phosphate rock 
is the only do1estic raw 1aterial, it for1s 51% of the raw 1aterials cost 
of TSP, 31% of the raw 1aterials cost of DAP and 11-14% in the case of 
NPK. 

Si•ilarly, if P and K raw 1aterials are both available 
do1estically, they constitute 58% of the cost of tne raw 1aterials needed 
for phospho-nitric (KEHIRA) NPK using K2S~4, or 44% if using KC1 followed 
by 54% in NPK-urea based with K2S04, and 39% with KC1. 

If sulphur i1ports are to be avoided, ther. the best option is the 
Odda CAN process, which will however require an input of a11onia at a 
share of 66% and 51% respectively of the raw 1aterials costs (with k in 
for• of k2S0 4 or KC1). Therefore a good source of a11onia 1ust be 
available close to the phosphate fertilizer plant. 

If sulphur i1ports shall be reduced, the phospho-nitric (kEHIRA) 
NPK (using k2S04) appears to be the 1ost attractive process followed by 
urea-based NPK (using K2so4), although in both cases the use of sulphur 
is not co1pletely eli1inated. 

' 
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frQ~~£!lQO_~Q~!--~Q!e~ri~go __ ~@!~@@o __ ~i!rQebQ~eb~tg __ ~O~--fbQ~ehQri£ __ ~£i~ 
l~~g~_Egr!i!il@r~ 
by "arcel A. Tanke 

Staaicarbon has developed an iaproved version of the Nitrophosphate 
process based on crystallization of calciua nitrate. A production cost 
co1parison has been 1ade between each of the two grades of NP products 
(a) 28:14:0, (b) 22.5:22.5:0, both obtained by using the new process, and 
the phosphoric acid route using phosphoric and nitric acid, and a1aonia. 

With the production of grade 28:14:0, all of the NH 4N03 produced in 
the Ca(N03)2 conversion plant is recycled to the Nitrophosphate plant. 
No additional (Calciu1-) A11oniu1 Nitrate CAN is produced. During the 
production of grade 22.5:22.5:0, a proportion of the NH4N03 solution (801 
concentration) produced is recycled to the NP plant while the re1ainder 
is concentrated to 991 and prilled. 

The following assu1ptions have been 1ade for the cost co1parison: 

eb2~eb~!g_oY!ri@o!_£~e~£i!1 
(tons P205 per year) 

E@r!ililgr_er2~Y£!_£~e~£i!1 
(tons 1aterial per year) 

Phosphoric acid 
Nitrophosphate 
NH4N03 (801 solution) 

Phosphoric acid: USS 375 

Sulphur U:3$ 125 
NH4N03 US$ 119 
(operating cost 
credit) 

70,000 

500,000 

$ 22 1illion 
$ 37 1illion 

per ton of P205 

per ton 
per ton 

70,000 

311,000 

S 16 1i 11 ion 
s 32.3 1illion 
S 6 1illion 

(purchased fro1 external 
sources) 

The annual fixed cost has been assu1ed at 351 of invest1ent. 
rock co1position has been assu1ed at 321 P205 + 501 Cao. 

Phosphate 

The cost co1parison showed that 
nitrophosphate based product 28:14:0 is $ 
phosphoric acid based product. 

the production cost of 
110 less than that of 

the 
the 
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In the case of grade 22.5:22.S:O the nitrophosphate oased product 
s cheaper by alaost S 80 per ton, after g1v1ng credit for the NH4N03 

by-product of the process. Further in both cases the variable cost of 
P2o5 of the Nitrophosphate process is about S 250 per ton lower than that 
of the phosphoric acid based route. 

IDL~§.:.~~~H 
~ftSIB~CI 
Qrigin~!~_Eng!i~b 

~Qr!~-~bQ~eb~!!_E!r!i!iI!r_Syee!rl~~!~n~_It~n~~ 
by Gene Harris 

World phosphate production, consuaption, tradin~ prices, trends 
over the past decade have been reviewed, and the tuture outlook of the 
supply/deaand 3ituation over the next five year period ending 1989/90 has 
been assessed. (All annual figures are given in teras of P205.) 

~[Q~Y£!lQD~ World phosphate iertilizer production aaounted to 34 
aillion at in 1984 as coapared to 25 aillion at in 1973/74. In the USA 
prod~ction increased fro• 6.9 •i~lion •t to 9.2 •illion •t, while in the 
USSR the production increased fro• 3.0 to 6.1 •illion •t. Further, the 
a~alysis showed that developed countries increased their production 
•eagerly fro• 21.5 aillion 1t to 25.6 •illion •t (annual co~pound growth 
rate 1.8%), the developing countries increased ·~~ir production 
considerabl~ fro• 3.5 to 8.4 1illion •t (annual co•pc· J growth ~at~ of 
9.0%). USA, USSR, China, France and India are •he five a~jor proo~cers 
of phosphate fertilizers in the world. 

CQD~~!e!iQD~ The review showed an increase fro• 24.2 in 1973/74 to 
Jl.8 •illion tons in 1984, g1v1ng Jn annual co•pound growth rate of 
2.9%. In the developed countries the consu1ption increased fro• 19.4 to 
21.5 •illian tons as C'•Pared to the developing countries where it 
increased consid~rably fro• '·9 to 10.2 •illion •t, giving an ar~ 
co•pound growth rate of 9.91. The consuaption in the developed count;!eS 
suffered a set-back caused by over-production, fall in prices of the far• 
outputs, whereas the prices of inputs increased. The developing 
countries on the othe~ hdnd encouraged the consuaption by g1v1ng 
subsidies and taking other 1easures towards attaining 3elf-sufficiency in 
food production. 

World average us£ of phosphate fertilizer was 21 kg P205/ha while 
the average in the deveJoped countries aaounted to Jl kg P205/ha. The 
level of consu•ption in •any developing countries is low, e.g., in India 
it was 7.1 kg P205/ha, in Africa 6 kg P205/ha. 

Ir§dt1 USA continues to be the leader in exporting finished 
fertilizers (J.95 aillion at}, followed by Tunisia (0.495 •illion at). 
The to~al world exports were approx. 8.12 1illion 1t. 

The aajor i1porting countries in 1983/84 were China (l.O •illion 
1t), France (0.56 aillion 1t), followed by Iran, West-Ger1any and !taly. 
The total of iaports a1ounted to 6.7 1illion 1t. 

' 
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eri£~~i TSP and DAP prices declined during the last 2 to 3 years. 
However, the review over the past decade showed that TSP prices increased 
fro1 1970 to 1981, reaching a peak of S 206/•t in February 1981. In July 
1985 the price dropped to its lowest level S 110/•t. DAP prices followed 
a si•ilar trend. A peak of S 206/•t was reached in January 1980, 
thereafter the prices started declining, reaching their !owest level of S 
158/•t ir. July 1985. 

~Yee!r __ §n~--D~!~O~i The FAO/UNIDO/World Bank Wor~ing Group on 
Fertilizer has 1ade a supply and de1and forecast for the next five year 
period ending 1989/90. The capacity of phosphoric acid is expected to 
increase fro• 33.5 tJ 36.9 1illion 1t fro• 1985 to 1990, representing an 
increase of 10%. This increase will 1ainly take place in the USSR fro• 
5.4 to 6.2 1illion 1t, in Africa fro• 4.l to 6.2 1illion •l, and in Latin 
A1erica fro• 1.2 to 1.9 1illion 1t. The phosphate fertilizer supply 
capability has been projected to increase fro• 37.5 •illion tons in 
1984/85 to 42.6 1illion tons in 1989/90. 

The Working Group's esti1ate of consu1ption has shown an increase 
fro• 34.0 to 40.2 1illion 1t P205 for the period 1984/85 to 1989/90. 
This constitutes a growth rate of about 3.5% annually. 

The above projections reflect a potentially large surplus of 
phosphate fertilizer availability throughout the next 5 years. 

IDL~§~4~~l~ 
~~~IB~~I 
Qrigin~!i_Eng!i~b 

B~~~~r£h __ ~n~--~~~~!Qe!~n! __ fQr_ebQ~eb~!~-B~£Q~~rr_~n~_ebQ~eb~!~-E~r!iJir~r 
frQ~Y£!iQn_frQ!_!rQn_Qr~_CQn£~n!r~tiQn_J§i!~-~!-~i~rr~_§r~n~~i-~rg~n!in§ 
by "akoto Kuwabara and Hector F. Pastorino 

Agriculture is the key sector of the Argentinian econo1y. It 
contributes about 13% to the gross ao1estic product and about 75% to the 
total of exports of the count;v. Consu1ption of phosphate fertilizers in 
1964 was 47,000 tons o. P2U5 and is projerted to increase tc 
100,000/150,000 tons of P205 per yP.ar by 1990/95. 

Phosphate fertilizers wit~ nigh wat~r solubility like SSP, TSP, 
"AP/DAP are rreferred. The use of othP.r fertilizers like ground 
phosphate rock, fused ta, Hg ph~sphates is limiteo to acidic soi~ areas 
of the Hescpota1ic area in the North-East. Co1pound fertilizers are 
generally used. The use of nitrophosphates has not been widely ac~epted 
by the fa.r1efs. 

In Argentina, tails of iron ore concentrates produced in the Sierra 
Grande, Rio Neyra 8re~ are the only source of ~hosphatic raw 1aterials. 
The use of this 1aterial is being pro1oted. 

Sierra Grande iron ore is a se1i1entary magnetite, containing 54.8% 
Fe and 3.5% P2o5. Beneficiation of this ore by crushing, grinding, 
1agnetic separation, and floatation gives an iron ore concentrate 
containing 68% Fe. The tails fro1 the above benef iciation process have a 
P2o5 content of 7.1% with 27.5% of Fe. The tails are finely ground to 
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SS% under 400 1esh, fro1 which phosphate 
floatation. These concentrates contain 
and 1.5% Fe. The recovery of P205 in this 
results of concentration tests a plant 
of 100,000 of phosphate concentrate with a 
considered feasible. 

concentrates are recovered by 
36.0% P205, 6.0% Fe, 44.3% Cal 
prL~ess is 56%. Based on the 
of an annual production capacity 
P205 co~tent of 36,000 tons is 

The possibility of 1anufacturing phosphatic fertilizers by using 
this concentrate has been assessed. It ~howed that the Pz05 content in 
the concentrate is satisfactory, re content is high, which is 1ostly in 
the ferrous for1, reactivity with acids is very l~w. organic eatter and 
carbonates are low, producing no foa1 during digestion with nitric and 
sulphuric acids. 

An evaluation of different fertilizer products has 
fro1 the physira~, che1ical and end use point of view. 
are 1ost favourdole alternatives. 

also been 1ade 
HAP/OAP and NP 

Studies oa the opti1ization of the fertilizer product 1ix are being 
carried out, in order to assess the econo1ic feasibility of production of 
fertilizers with low water solubility, ~ut with high solubility in weak 
acids for application in acid soils and pastures. The application of new 
technologies (e.g., reaction ~ith gaseous S03 and 1icrobiological 
methods) is being considered for econo1ic use of indigenous phosphate 
resources of Argentina. 
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~~io!@o~n£@_Qf _E@r!ili1@r_el~n!~ 
by Fehti Abdelkef i (ICH) 

The co1prehensive account of functions of the 1aintenance and 
repair services of the fertilizer plants belonging to the Groupe Chi1ique 
de Gabes (GCG) presents a practical exa1ple of a successfully operating 
1aintenance syste1, which serves a nu1ber of large plants and production 
units. The syste1 has been developed indigenously and is capable of 
coping with a wide variety of 1aintenance probl21s enrountered in the 
plants, which apply 1any different technologies, 1achi"ery and corrosive 
media. 

On the basis of this experienr.~ g&neral conclusions have been drawn 
and presented in for1 of listings of topics which should be taken into 
account when intending to i1prove an existing or to establish a new 
viable and cost efficient 1aintenance 1anage~ent syste1 for a phosphate 
fertilizer plant or co1plex. 
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The general presentation of activities of the co-operating four 
co•panies of GCG, na•elr: 

Industries Chi•iques "aghr~bines (IC"), 
Soci~t~ Arabe des Engrais Phosphat~s et Azotes (SAEPA), 
Engrais de Gab~s. and 
Soci~t~ el Ki•ia 

provides an account of the large size of •anufacturing operations and the 
extent of •aintenance and repair services required. 

The plants of the Group produce: finished 
TSP, DCP, "AP, DAP and NPK (as alternative 
inter•ediates (sulphuric, nitric and phosphoric 
technical products (STPP, explosive grade AN). 

fertilizer products: AN, 
to OAP); fertilizer 

acid); and other related 

The listings of production capacities of the plants belonging to 
the Group, and data on the throughput capacities of the raw •aterial 
processing units and technologies applied give to understand that the 
Group represents a highly developed co•plex of the Tunisian •inerals 
processing and fertilizer industry, which is of great i•portance to the 
country's national econo•r. 

On the basis of ICH's experience an outline of principles of 
functioning of a well organized •aintenance syste• has been presented. 

The issues of particular i•portance derived fro• this experience 
•av by su11arized as follows: 

There are a nu•ber of prerequisites to attaining an appropriate 
lP.vel of effectiveness of the syste•. However, the assurance of proper 
functioning of the plants and their safety are the •ost i1portant fattors. 

The level of 
tasks perfor1ed •ust 
to the quantified 
calculated and kept 
possible. 

effectiveness of the syste1 and of the particular 
be known. To this end the ratio of •aintenance cost 
function of the plants or services rendered should be 
under control. The ratio shouid be as low as 

Other i•portant contributing ~actors for consideration are: the 
age of construction •aterials used, availability of spare parts, proper 
lubrication of •achines and surveillance of their perfor•ance, plant 
•odifications ai•ing at si•Plification of •aintenance procedures, 
evaluation of direct •aintenance costs in order to decide in ti•e on 
necessary replace•~nt of equip•ent, etc .. 

As regards the age factor, the engineering concepts of plants play 
a 1ajor role, because they •ust ensure the 1axi•u• operational readiness 
of the equip1ent, the cost of which 1ust be co1patible with the expected 
return on the capital invest•ent •ade. 
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The description of the historical background of developaent of the 
various types and •ethods of aaintenance organization snowed the 
coaplexity of probleas involved, in particular as regards the planning of 
work and costs. 

The following classification of •aintenance •ethods has been 
presented and discussed: accidental (break-down), preventive, diagnostic 
(on-line, non-destructive testing during Flant operations), directed, and 
predictive •aintenance, and the inforaation systea for •aintenance 
planning (survey of life tiae of •aterials and arrange•ents for their 
repair). The new •ethod of directed aaintenance systeas considers aainly 
the econoaic requireaents and classifies the breakdowns in relation to 
indirect financial consequences: erigri!I group causins coaplete 
shut-down of plant operations; i!e2rt1nt group, causing decrease of 
output; and ~~~gn~trI group, not affecting the production. Spare parts 
for the priority group aust be on stock, for the iaportant group they 
should be available, but for the secondary group only those spare parts 
are considered essential, for which the procureaent tiae is long_ 

An extensive list of issues to be considered for planning and 
execution of aaintenance work has been provided. They follow the logic 
of iapleaenting given tasks: basic knowledge and awareness of the 
technical proble•s involved, the physical aeans (tools, aachines and 
adainistrative facilities), and the functional aethods of iapleaentation 
(huaan factors, distribution of responsibilities, organization and 
control), and the prerequisite qualifications of the aaintenance 
personnel. 

The innovative nature of new aethods of aaintenance aanageaent and 
control has induced a nuaber of specific functions and tasks. The 
proposed classification of these tasks covers the following areas: 
organizational aethods, inspection, speed of iapleaentation, 
engineering-design, and safety aspects. In this context the 
co-ordination aaong the different services/professions engaged fro• 
within and outsjde the coapany; codification, coaputerization of the 
entire systea, studies on likelihood of accidents, legal aspect, and 
accident prevention call for particular attention. 

The eleaents of the systea, which need to be considered in this 
regard, coaprise the control of direct and indirect costs, inclusi~e of 
assessing the aagnitude of consequential losses caused by plant 
breakdown, and their i1pact on the unit 1anufacturing costs of products 
of the plants concerned. The 1aintenance cost/service ratio should De 
calculated as a 1eans of keeping the cost-related factors under ~~ntrol. 
The definition of t.he services rendered should be understood in broad 
technical teras as they 1ay relate to working hours of the 1achines, 
plant output or product quantity as well as to other para1eters, which 
are rep(esentative for expressing cost/effect relationships (e.g. cost of 
1aintenance per unit production cost, or per ton of product, etc.). 
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The co•prehensive description of the •aintenance syste• of IC" 
provides an exa•ple of the practicalities of •aintenance organization of 
a large phosphate fertilizer co•plex. "any of the details which have 
extensively been elaborated upon •ay serve as guidance on the functions 
to be perfor•ed and the physical facilities required to •ake a 
•aintenance •anage•ent syste• effective and cost efficient. All the 
f~nctions of ICH's existing syste•, earlier indicated in this abstract, 
have been displayed with practice related co••ents, e•phasizing the 
services required, the areas servi~ed, the facilities available, and the 
tasks perfor•ed (e.g. the Central Workshop and its equip•ent, the 
preparation of work, preventi~e •aintenante procedures, sub-contracting 
of jobs, •echanographic control, a"d spare parts •anageaent). 
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by La~•adi Ka1el and L. Yakdhane (CPG) 

The structure of aggregates of carbonated phosphates of the 
deposits of the Gafsa basin poses certain difficulties in separating the 
phosphatic co•ponents. Studies have been undertaken by CPG to reco••end 
a viable beneficiation 1ethod for the top-sea1 phosphates of the Jellabia 
deposit. 

As regards the structure of these phosphates, petrographic and 
1ineralogical investigations have shown that the phosphatic ro•ponents 
rese1ble those found in the principal series of phosphate 1inerals. 
However, the predo1inantly dolo1itic carbonates differ and are present in 
for• of aggregates of irregular surface. Eli•in~tion of these aggregates 
by flotation has not been as easy as it would have been for the 
separation of carbonates of regular structure. 

The results -0f quantitative 1ineralogical assays led 
conclusion that the phosphate is of low grade type, which appears 
suitable for beneficiation by flotation. The average CaO/Pz05 ratio is 
1.55 while the P2o5 content ranges between 30 and 31 percent. The silica 
content is relatively low. 

to the 

Various wa1s of treat1ent have been considered and tried out. 
Pretreat1ent by abrasion in a neutral environ1ent under different 
conditions did not lead to an i1prove1ent of the flotation behaviour of 
the aggregates. A proportion of the phosphatic co1ponents, however, is 
separated in a nor1al way. These have been na1ed "free" carbonates. 
Abrasion of the re1aining carbonates called "aggregates" in an acidic 
1ediu1 has led to encouraging results. This 1ethod has further been 
developed in order to increase their reactivity vis-A-vis the flotation 
collectors. The irregular surface structure of the aggregates i1pede the 
adsorption of the collector. 
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The finally reco••ended benef iciation •ethod co•prises two steps: 
first. flotation in a neutral environ•ent for the separation of the so 
called ·tree· carbonates, and second, under acidic conditions for the 
recovery of ·aggregates·. 

Only this •ethod has been found suitable for producing a •arketable 
concentrate fro• the top-sea• phosphates of the investigated deposit. 
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by Hitiwech Ali (CPG) 

The phosphates contained in the discarded 
various types of phosphates extracted fro• open 
•ines represent a valuable source of raw 1aterial 
phosphoric acid. 

washery tines of the 
cas~ and underground 
for the 1anuf acture of 

The treat1ent of the 1ined crude 1inerals by washing for obtaining 
co••ercial grade phosphates of ho•ogenous quality for the fertilizer 
industry leaves large quantities of off-grade •aterial behind and causes 
considerable losses in ter1s of wasted phosphate 1ineral resources. 

Investigations have successfully been carried out with the ai1 of 
recovering these valuable 1aterials fro1 the coarse and fine rejects of 
the separating operation. 

The •aterial balances and granulo•etric classification of the 
wastes suggest that the proportion of tines larger than 70 •icrons in 
size is an i1portant source of phosphates, qualitatively and 
quantitatively. Through •ore precise control of operating conditions of 
the existing washing plants, wastage of this fraction could be reduced. 

The proportion of fines larger than 50 1icrons a•ounts to 7.5% of 
the total tonnage of crude 1aterial processed. This a1ount is also not 
negligible. Research has therPfore concentrated on the utilization of 
this 1aterial. 

The 1aterial balances calculated for the throughput 
of four washeries which process raw 1aterials fro• 
sources, and the results of che1ical analyses confir•ed 
of the reprocessing concept. 

of phosphates 
four different 

the feasibility 

While the total a1ount of rejected 1aterials contained rather a low 
average percentage of P205, the fines of over 50 1icrons size represented 
a valuable source of phosphates, with P205 contents ranging fro1 21.5 to 
27.6%, and CaO/P205 ratios fro1 1.69 to 1.95. 

Two possible beneficiation 1ethods have been considered: abrasion 
by agitation (turbulence), and flotation. The first 1ethod provides a 
proper feedstock for the second 1ethod, which then has been pursued. 
Extrapolated results based on a series of tests reveal a hypothetical 
potential for recovering 204,500 tons of co11ercial phosphates, taking 
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into account all the 
a processing cost of 
phosphates and thus 
reprocessing of fines. 

existing sources. A rough cost estiaate arrived at 
5 Tunesian Dinars per ton of the recovered 
proves th~ feasibility of undertaking the 

Nevertheless, it ~as been recoaaended to carry out aore precise 
operating and opportunity cost studies to arrive at fully representative 
results. 

As regards the beneficiation of fines of granuloaetric size above 
40 aicrons, which has been encouraged by the aforeaentioned favourable 
results, soae trials have been carried out in order tc quantitatively 
assess the difference of gains between t~~ results achieved by 
beneficiation of the two types of waste aatcr1als (40 and 50 aicron cuts). 

The 
technically 
be possible 
aaines) and 

beneficiation of the 40 1icron cut has also been found 
viable. Through opti1izing the beneficiation aethod it aight 

to reduce the consuaption of flotation agents (esters and 
thus reduce the production cost of the recovered concentrate. 

In su11ary, the results of investigations led to the following 
conclusions: 

The losses of phosphates in the discarded fines are considerable; 

Recovery of a large proportion of phosphates contained therein 
is technically possible; 

The cost of reprocessing by flotation is acceptable; 

The infrastructure required is not coaplicated. 

There are also other favourable technical factors which 
concept, such as: the potential for utilizing wastes 
granulo1etric size; the reduction of sli1e content and 
f locculants; i1prove1ent of the quality of recycled process 
reduction of the erosion of piping and 1achinery. 

support the 
of lower 
saving of 

water, and 

The research work on converting the recovered phosphates into 
phosphoric acid has been coapleted with positive results. By deter1ining 
the consuaption of sulphuric acid, the yield and losses in ter1s of P205, 
the rate of filtration, and the quality of the phosphoric acid produced, 
it has becoae evident that the behaviour of the reprocessed fines does 
not differ fro1 that of the regular aaterial. 

On the basis of nine tests the recovered concentrate has been found 
suitable for phosphoric acid production by the Dihydrate process. The 
concentration of the final acid attained in all the tests was close to 
the atteapted level of 30% with an overall yield of 94-95% and 
filtrability of gypsu1 equivalent to 4.4 tons P2o5 per day per sq 1. 
Foaaing 1ay be encountered without causing unresolvable probleas. 
However, precautions against chloride corrosion will have to be 
considered. 
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The Tunesian phosphate industry processes presently on 
approxiaately 9 aillion tons of crude phosphates per year. 
into account the potential for reprocessing all the fines of 
40 •icrons granuloaetric size the o~erall turnover of the 
increase by Ill. 
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by l.F_ Isherwood 

The UNIDO/FAO/World &ank Working Group on Fertilizer aakes 
forecasts of the supply/deaand balance of fertilizers for five years 
ahead_ The International Fertilizer Industry Association (IFA) 
concentrates on the supply/deaand situation of phosphate fertilizers. The 
aethod applied by IFA differs fro• that of the Working Group. It aias at 
establishing the phosphoric acid supply/deaand balance, which does not 
take into consideration the non-H3P04 P205. However, the end result of 
the assessaent is usually siailar. 

IFA has cooducted the above surveys since 1973. The presented 
forecast relates to the three year period ahead, i.e., 1987/88 or 1988 
with the base year of 1985. (~ctual figures of 1982/83 or 1983 were 
taken as the base year for the forecast till 1985.) 

The validity of the IFA aethod depends o~ the predoainanre of 
phosphoric acid P205 in the developaer.t of use of phosphate fertilizers. 
On the world basis (inclu~ing centrally planned econoaies) the quantity 
of non-H3P04P205 has increased only fro1 13.9 to 14.2 aillion tons P205 
between 1974 to 1983, but has fallen as a proportion of the total of P2o5 
produced f roa 531 to 451. 

The assess1ent of the develop1ent of phosphoric acid supplies shows 
that the potential production capacity will increase fro• 21.299 in 1983 
to 27.388 1illion tons P205 by the year 1987/88. Further, it shows that 
the announced na1eplate capacities of the plants will reach 36.690 
1illion tons P2o5. The wide gap is explained by the fact that 1any 
plants work at low capacity levels due to various factors or are 
te1porarily closed c·idle•) but could restart as soon as the econo1ic 
conditions would warrant profitability. 

The Je1and forecast of 
that by the year 1987/88 it will 
P205. 

phosphoric acid 
reach approx. 

for fertilizer use shows 
24.946 aillion tons of 

The world supply/de1and balance shows a surplus of 2.442 1illion 
tons of P205 which will be available in any for1 of phosphoric acid (e.g. 
liq~id H3P04 or a11oniu1 phosphatts). Further the analysis shows that 
North A1erica and North West Africa will be the potential suppliers of 
surplus acid to the world 1arket. The 1ajor i1porters will be Asia (both 
South Asia and Socialist Asia), East and West Europe and Latin A1erica. 
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The critical assess•ent of results of the survey indicates that 
•any uncertainty factors •ust be borne in •ind when drawir.g final 
conclusions on the continuing surplus situation. These factors are: 

(i) The surplus is •arginal (10% only). 

(ii) The output of the new plants in developing countries will 
take tiae to stabilize. 

(iii) China, USSR and soae other countries could iaport aore P2o5 
if applicltion rates of P2o5 would be raised to the desired levels. 

(iv) There are indications tha! soae large plants •av peraanently 
close down. 

(v) Present international prices of processed phosphates are low 
and thus not conducive to new investaents. 

(vi) An i•proveaent of the econoaic situation of the developing 
countries could push up the deaand for P2o5, while little 
additional capacity is due to co•e into operation in the aajor 
i~norting countries. 

(vii) The deaand esti•ates are optiaistic, while unforeseen 
factors could possibly also increase the surplus. 

(viii) If fertilizer prices increase, idle plants 
again into operation and thus would increase the supply 
investaent. 

could be put 
without new 

(ix) So•e additional capacity of P205 could be constructed during 
the period, especially by producers wishing to add value to their 
rock resources. 

However, in suaaary, IFA esti•ates that the situation towards the 
end of the 1980s aay not be as bad for th~ producers as it seeas at 
present especially if so•g i•prove•ent in the econoay of developing 
countries takes place. 
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by Neffati Hedi and Lazhar Yakdhane (CPG) 

It has ~ecoae necessary to search for •ethods of utilizing 
phosphate ores (considered low-grade, if the P205 content is below 25%), 
because of the continuing depletion of high-grade resources. Methods of 
upgrading the higher grade •aterials have been found not suitable to this 
end. Horeover, physical 1ethods are not selective enough to eli1inate 
the i1purities, which disturb later the conversion of phosphates into 
phosphoric acid (e.g. calcite, dolo1ite). 
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Beneficiation by floatation, though expensive, has been considered 
as providing the only useful option for processing those ores for which 
the other conventional 1ethods (Mashing and air sweeping) prove 
inefficient. 

No industrial plants see1 to 
phosphates containing carbonated 
are available on the subject, 
beneficiation 1ethods. 

exist, which would process sedi1ental 
exogangue. However, a nu1ber of patents 
which deal with laboratory scale 

The known floatation 1ethods 1 though representing a progress 
vis-A-vis the calcination of ore, do not solve all the proble1s 
encountered with the presence of siliceous and carbonated exogangues. 

The research centre of CPG conducted extensive research on the 
develop1ent of a new floatation 1ethod (under patent application). The 
results indicate that there is no essential difference between sa1ples of 
phosphates of different 1ineralogical and che1ical co1positions 1 taken 
fro• various sources in Tunisia, as regards their behaviour vis-A-vis the 
floatation collectors. 

The 1ethod, which has successfuly been applied for the Floatation 
of predo1inantly carbonated phosphates (in presence of phosphoric 
esters), has further been developed for the treat1ent of other 
phosphates, containing silico-carbonate and predo1inantly siliceous 
exogangue. Conclusions have been drawn fro• the su11ary of results of 
research, derived fro• 11 laboratory test series. 

Tabulations of the co1position of the processed 1aterials, the 
percentage of P205 recovered, the quantities of floatation agents, their 
co1binations and conditions of application, prove the viability of rhe 
various 1ethods by which phosphate ores containing exogangue of different 
co1positions can be beneficiated to a re1arkable extent. 

The favourably low quantities of collectors needed play ~ 11jor 
role a1ong the advantages of the finally proposed new •ethod, in addition 
to the si1plicity of its application, and adaptability to 1inerals of a 
range of proportions of exogang~e co1ponents. 

A particular advantage of the 1ethod is 
1ulti-stage treat1ent (such as anionic floatation, 
followed by washing). Two additional tests have 
corroborate this state1ent by co1parison between 
single-step floatation 1ethods. The tabulations of 
virtually identical results of concentration have 
applying the two 1ethods: 

the avoidance of 
desorption by H2S04, 
been conducted to 

the 1ulti-step and 
results show that 
been obtained by 

Preconcentration by using anionic collectors in presence of 
hydrocarbons in an a11oniated environ1ent, followed by a second 
floatation after having the preconcentrate heated with sulphuric 
acid and three ti1es washed. The collector of the second step is 
an a1ine with kerosene. 

Single-step floatation of two 1inutes duration, by using a 
cationic collector and phosphoric esters. 
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Secondary advantages of the new •ethod which deserve •entioning are: 

The floatation agents used (a•ines and esters) are not sensitive 
to the hardness cf water. Identical results have been obtained 
~hen using wellwater of 210 deg TH or sel water of 700 deg TH. 

The •ethod practically requires no control of pH of the •ediu• 
in which the floatation is conducted, except for particularly 
different conditions (e.g. acid water). 

By co•~ining the conditioning and floatation operations, 
recycling ot the •aterials is reduced, the flowsheet is si•Plified 
and the output of operations increases. In consequence this leads 
to lower invest•ent costs and •ore econo•ical operations. 
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Despite the efforts aade to i1prove the operations and ~urking 
conditions of the underground •ines of CPG it has not been possible to 
reduce the •ining costs and to 1ake the product prices co1petitive to 
those attained by ope~-cast 11n1ng, although the P205 content of the 
underground 1ined phosphate, at approxi•ately 27% is relatively high. 

However, the upgrading operation by washing the underground 1ined 
rock is not cost efficient and ~~nee hardly justifiable. This situation 
call2d for a new approach to utilizing the ROH (run-of-1ine) phosphate in 
a 1ore econo1ical way. 

The processing technology of SIAPE appears particularly suitable 
for the treat•ent of low-grade phosphates. Laboratory and pilot scale 
research has been conducted for studying attainable conversion para1eters 
of two types of crude phosphates, 1ined at H'Dilla and Hetlaoui, by using 
the dihydrate process. 

Batchwise (discontinuous) trials have been carried out by treating 
the phosphate with sulphuric acid at 79oc, in presence of the phosphoric 
acid and phospho-gypsu1 recycled fro1 the preceeding batch. After 
filtration under vacuu1 the filter cake is washed with increasingly 
diluted portions of phosphoric acid. The treat•ent ti1e of each batch is 
2.5 hours. ThP. results recorded show a relatively large difference of 
filterability between the two types of phosphates (in favour of the 
1aterial 1ined at Hetlaoui). But in general they are low as co1pared to 
filtfrabilities of the upgraded 1aterials obtained fro1 the washing 
plants. Consequentiy the losses of P205 are high (0.19 and 0.18% of P205 
in the gypsu1 vs. 0.1 and 0.15%). 

Further trials concantrated on 
concentration of H2S04 an~ losses 
unreacted or syncrystallized P205 vs. 

the relationship between the 
in ter•s of Pz05 (i.e. the ratio of 
acidity of the pulp). With the 
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increase of acidity the proportion of unconverted P205 increases, and 
conversely, syncrystallized proportion of P205 decreases. By analysing 
the cause of this pheno1enon and the influence of i1purities on the 
behaviour of the phosphates in the presence of H2S04, it has been found 
that the best results of the sulphuric acid treat1ent are attained when 
its concentration ranges between 12-15 and 16-18 g H2S04 per liter for 
the H'Dilla and Hetlaoui phosphates, respectively. 

Trials have been conducted to iaprove the filterability of 
phospho-gypsu1 obtained when processing the H'Dilla crude phosphate. It 
has been concluded that the crystallization of phospho-gypsu1 of this 
particular 1aterial is very sensitive to the para1eters of phosphoric 
acid production. It is necessary to aaintain optiaal conditions in order 
to attain an acceptable level of filterability. 

In principle the crude phosphate produces very fine crystals. 
However, it is well known that the solubility of calciu• sulphate under 
conditions of producing phospho-gypsua is influenced by •any factors such 
as: te1perature, concentration of the sulphuric acid and P205 co1pounds 
as well a.· the iapurities which pass into the solution (fluosilicic acid, 
1agnesiu1 salts, iron and aluainu• oxides, etc.). The relationships of 
so1e of these paraaeters have ~een st~died and led to the following 
recognition: 

The increase of sul~huric acid conc~ntration decreases the 
filtration ti•e of phospho-gypsua. 

Contrary to this, with concentrations up to 30 g H2so4/liter the 
losses of unconverted P205 increase. This proble• aay be overcoae 
when using the SIAPE technology and its particular concept of the 
reaction vessel which allows processing of the 1aterial in two 
parts subsequently at concentrations of 30 and 13-15 g H2so4 per 
liter. 

The concentration and hence the viscosity of phosphoric acid 
considerably reJuces its filterability (in ter1s of o~tput in tons 
P205 per day per sq. • vs. percentage of P205 in the phosphoric 
acid, or filtration velocity in cu.• per day per sq.m vs. viscosity 
of acid in cps.). 

The thickness of the filter cake decreases the filtration 
velocity, however, at 45 11 it still pro1uces acceptable results 
(3.5 tons P205/day/sq.m). Flocculation cf the pulp helps to 
considerably increase the filterability. 

Continuous pilot plant tests of phosphates from both sources have 
been conducted by using a reactor of 5 kg capacity, at te1peratures of 
78-aooc, reaction ti1e 3.5 hours and 240 l/hr recycling of the pulp. The 
results de1onstrated that: 

Losses of P205 are within acceptable li1its. 
possible to attain a conversion rate of 96-97%. 

It appears 

The attained 
re 1 at i ve ly good. 

filterability 3.5-3.7 tons P205/day/sq.1 is 
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Consu•ption of H2S04 
econo•ical if taking 
not been beneficiated). 

can be considered satisfactory (or very 
into account that the processed •aterials had 

There is a re•arkable difference between the viscosities of the 
phosphoric acids produced fro• the two crude phosphates, owing to 
largely differing contents of i1purities (•etallic co1pounds). 

In suHary the 
of processing ROH 
unsolved issues are: 
of i1purities in the 

results of the research work conf ir1 the feasibility 
phosphates fro• the two Tunisian sources. Re~aining 
foa•ing, scaling of equi~•ent and the high content 
fin al product. 

Therefore, •ore precise research is 
difficulties. A pertinent project •av also 
proble1 of restructuring the econo•ics 
Contributin~ ~ositive factors would be: 

needed 
off er 
of 

to oterco•e possible 
a solution to the 

underground •ining. 

Reduction of transportation costs per to~ of P205; 

Possibility of partly using the existing infrastructure; 

Utilization of the existing beneficiation capacities for 
upgrading cf phosphates fro• the open-cast •ines; 

Feeding of the existing che•ical plants exclusively ~ith the 
open-cast 1ined phosphates. 
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Phosphrrus is an essential ele1ent in the balanced use of 
fertilizer nutrients. With presently attained fcod production levels of 
150 •illion •t/year, there is a consu•ptioo of 1.37 1illion tons of P205 
per year. This will increase to 3.23 1illion tons of P205 per year by 
the end of the crop year 1989/90. The Indian indigenous rock phosphate 
will provide only 0.41 million tons P205 per year for the production of 
phosphate fertilizers. T~us by the end of the present decade, India will 
i1port 2.80 1illion 1t of P2o5 per year in for• of rock phosphate, 
phosphoric acid or finished phosphate fertilizers. As Indian soils are 
low to 1ediu1 in phosphorus, ~~lanced fertilization of a N '. P20s ratio 
2 1 is necessary for 1aintaining the soil fertility and crop 
productivity. 

India possesses only 18 1illion tons of high-grade phosphate rock 
(above 30% P205), and hence in order to attain self-reliance, low-grade 
rock •ust be utilized either through bcnefitiation or direct application 
to the soil in straight or 1odif ied for•. 

' I 
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Various atte•pts have been •ade to beneficiate Indian low-grade 
phosphate ores. Singhbhu• Apatite conta1n1ng silica and •agnetite 
i•purities has been beneficiated tu a concentrate of 41% Pz05 and above. 
Si•ilarly Purlia phosphate ore has also been beneficiated, but the 
concentrate is not suitable for SSP prod~ction. 

Jha•arkotra low-grade ore of 50 •illion tons reserves, have been 
successfully beneficiated from 16% P205 to 34-36% P205 w~th HgO below 
1.5%. 4 pilot plant of 200 at/day has confir•ed the suitability of the 
process. 

Haton rock containing silica as i•purity has been beneficiated to a 
concentrate of higher than 36% P2o5 content, and a co••err.ial size plant 
of 600 •t/day is in operation. 

The Hussoorie rock phosphate deposit has a reserve of 45 •illion 
tons. The various gangue •inerals present are calcite, dolo•ite, pyrite 
and organic •atter. These i•purities are evenly substituted in the 
crystal lattice. The ore is sedi•entary, with 16% P205. Atte•pts to 
benef iciate the rock have not yielded favourable terhno-econo•ic 
results. However, pre-concentration of the ore to 22-23% P2o5 by 
~pplying the heavy •edia principle using Dyna Whirlpool and Hydrocyclone 
equipment has been found very attractive. A de•onstration plant is being 
set up at Hussoorie to confir• the process on a large-scale usi~g 
varieties of phosphate ores available at Hussoorie. 

Direc! application of rock phosphate which is dependent on the tyr~ 
of rock, its physicai propertier various soil and crop factors have been 
evaluated for so•e of the Ind.Jn phosphate •inerals. Hussoorie phosphate 
rock has been found suitable, as it gives the sate agrono•ic efficiency 
as water-soluble phosphate fertililers in acid soils. In neutral and 
alkaline soils, a •ixture of Hussoorie rock and SSP (1:1) has been found 
to co•pare well agrono•ically with SSP alone. 

In order to overco1e the difficulties in the use of Hussoorie 
phosphate rock powder, like transportation over long distantes, 
difficulties in its use, and handling losses, certain develop•ent studies 
have b~en undertaken. The studies have been conducted by the 
International Fertilizer Develop1ent Centre, USA, under a UNDP/UNIDO 
sponsored project. The aims of the studies were: 

(a) To i1prove the physical properties by 1ini-granulating the powder, 
using water··soluble binders; 

(b) To develop a process for Partial Acidulat1on of Hussoorie rock to 
convert about 50% of the P205 content into a •ore soluble for1 of 
nutrient availability to plants; 

(c) To identify the agrono1ic efficiency 
1ini-granulated phosphate rock 
Laboratory Soil Incubation Studies, 
Agrono1ic Trials in India. 

of developed products, i.e., 
powd~r and PAPR products in 
Green House Tests and Field 

~ioi:9riOYliliQO tests on the Hussoorie ptiosphate rotk powder using 
KC1. H2so4, H3Po4 binders have produced granules of the range between 300 
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•icrons and 106 •icrons. These have good physicll and 
properties. T~ere is no change in the available PzOs as co•pared 
origi~al Hussoorie phospha!e rock powder (90% through 100 •esh). 

handling 
to the 

f~r!i~! ___ ~£i~Y!~!jQQ tests Jone with Hussoorie phosphate rock 
poNder, using H2S04, H3P04 to the extent of 50% or 25% of the nor•al acid 
require1ent for co1plete digestion, have produced acceptable physical and 
handling properties. The product is in the tori of either Run-of-Pile or 
granules having sizes between 3.35 to 0.212 ••- Che1ical analyses of the 
products show that 50% I 25% of the P20s is in the water-soluble 
available for• and the balance as phosphate rock P2o5. 

~grQOQ!i£ __ I~~!~. 
studies, Field Trials in 
Partially Aridulated 
Hus£oorie Phosphate Rock 

consisting of Soil Incubation studies, Green House 
India for both mini-granule products and various 
Phosphate Rock (PAPR) products prepared fro• 
hav~ been carried out. 

Agrono1ic tests show that mini-granule products have the sa1e 
agrono1ic efficiency as the powder. 

Agrono1ic tests with PAPR products of Huss~orie rock powder show 
that these are able to provide the P205 require1ents of the crops in 
neutral soils as efficienctly as the 100% water-soluble P2o5 fertilizers 
like TSP. It was also noted that even 25% acidulateJ products have an 
agrono1ic perfor1arce which coapares well with that of TSP. 

The econo~ic evaluation of the PAPR produc~s prepared with 
phosphoric acid sho~s that these products are 1ost attractive as the 
extr3 cost cf processing can be 1et from the additional sales proceeds of 
water-soluble P20s in the product. The cost of the phosphoric acid used 
is also met from the additional sales proceeds, as the use of this acid 
upgrades the P205 content of the PAPR product. Further1ore the 
marketability of the PAPR products becomes feasible if the products are 
sold near to the Hussoorie area, t~ereby pr~viding a benefit to the 
national economy in cutting the cost cf the fertilizer product at the 
far• gate. 

I~£bOi£g!_egE~r-~Q~!~ 
~~~IB~~I 
Q[i9in~!~_Er~n£b 

~go~g~m~n!_Qf_~!i!i!i~~-in_fbQ~Ebg!~-E~r!i!il~r_e!~n!~ 
by Houldi Alouane (ICH) 

Fertilizer plants are 
consumption of utilities, such 
gas, instru1ent and service 
levels of plant output and the 
units. 

~nown as large consumers of energy. The 
as steam, water, el_ctr1c power, natural 
air, varies considerably with the different 

•~tually interdependent operations of the 

The specific features of the coaplexity of ICH plants, established 
in 1972, 74 and 82, pose 1any difficulties because of the aultiplicity of 
types of equipment serving identical purposes, the co1plicated 
distribution network and the ti1e differences in aging of the equip1ent. 

' 

I 
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Although in principle the energy balance of the coaplex is ha~ed on 
the self-sufficiency of steaa and electric power supply of the sulphurit 
and phosphoric acid plants, supported by auxiliary boilers, in reality 
the daily requireaents differ c~nsiderably in particular whe~ all the 
plants of the scheme are not operating siaultaneously at design capacity. 

The fundaaental concern of the utilities aanageaent is to assure 
steady supplies and optiaization of costs, suiting all possible 
coabinations of operating conditions. To this end a plan of action and 
procedures has been established, which enable the aanageaent to control 
the cost of utilities supply and to optiaize its relation to the 
production costs of the final products. 

for suaaarizing the positive or 
of all the essential paraaeters and 

A foraula has been worked out 
negative factors (in aonetary teras) 
external/internal production cost 
consuaptions, prices of raw materials 
depreciation, spare parts consu,ption, and 

coaponents (i.e.: specific 
and energy, p2rsonnel cost, 
other financial charges). 

Practical examples taken fro1 ICH's experience desonstrate the 
logic behind and use of the optiaization progra1aes applied for reducing 
the consuaption of natural gas for steaa generation in the auxiliary 
boilers, while max111z1ng the output of heat recovery fro• the sulphuric 
acid plants and 1iniaizing the consuaption of steaa by the various users. 

In Tunisia t~~ single absorption process is applied for sulphuric 
acid production. l~e stea1/acid ratio is between 1.20 to 1.25%, which 
corresponds to a recuperation rate of 55%. Out of the unrecovered 45%, 
40% goes into the cooling water, while 5% is the su1 of radiation, stack 
and absorption tower losses. Studies conducted on this subject have 
revealed the possibility of recovering 90-95% of the energy produced by 
the sulphuric acid units existing in Tunisia and thus provide a source of 
60 MW of additional energy, equivalent to savings of 0.3 million bbl 
crude oil per year. The return of capital required for making the 
necessary plant 1odifications has been estimated at max. 3 years. 

use 
the 
the 

The analysis of operating conditions of 
natural gas has shown that there is a large 
specific consu1ption of gas per ton of 

presently applied surplus of 30% of air can 

the auxiliary boilers which 
potential for optimizing 

vapour, if considering that 
reaarkably be reduced. 

The dependence of steam consuaption on the quality of the 
phosphates used is well known. The saaller the amount of i1purities, the 
higher the concentration of P205 and consequently less stea1 is needed 
for evaporation. As free choice of high-grade raw materials is rather 
liaited, energy saving progra11es should concentrate on the design 
features (size) of the heat exchangers and control of parameters to avoid 
wastage of energy. Coaparative sludies and evaluation of operating 
conditions and outputs of various evaporation/distillation units should 
be carried out in order to identify the 1ore energy efficient units as 
practical examples for i1proving the operating conditions of other 
units. This also applies to studies on possible savings through 
increased recycling of stea• condensates, and reduced use of expensive 
distilled or demineralized water. 

' 
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Specific •easures have been reco••ended for opti•izing the 
consu•ption of electric power. Better control of working para•eters of 
the stea•-turbine/power generator asse•bly •ay bring about considerable 
savings. Other reco••endable •easures are: control of the cosinus phi 
(power factor) of the entire plant; co-ordination of short and long ter• 
plant shut-downs and start-ups; •aintaining continuity and high 
efficiency of operations (interrupted, irregular operations should be 
avoided). 

In order to •anage the econo•y 
consu•ption of fertilizer plants in 
following should be defined and pursued: 

of utilities production 
the best applicable way, 

Energy characteristics of each unit; 

Stea• flow diagra•s and energy balance of the entire plant; 

and 
the 

Influence of all operating para•eters on the 
balance; 

stea•/energy 

Energy balances of specific consu•ption; 

Realistic energy balances for all possible alternative operating 
conditions, in order to prevent li1itation of production capacities; 

Review of the progress of technologies in order to propose 
econo1ically justifiable •odif ications in ti•e; 

Evaluation of the develop•ent of utility costs in order to 
i•ple•ent projects, which earlier proved not profitable. 

Ig£bni£~l-~~2gr_MQ~l~ ' 
~~~IB~~I 
Qri9io~l~_Ergo£b 

IYni~i~o-~bQ~eb~!g~-~n~-~YlebYr 
Eytyrg_~rQ~e~£!~ 
by Ezzedine Je•aa (IC") 

The econo1ics of phosphate fertilizer production depend heavily on 
the consu•ption of sulphur and its relation to the P205 content of the 
phosphate raw •aterials processed in the •anufacture of phosphoric acid. 
The research tea• of ICH has beco1e aware of the seriousness of proble•s 
faced by the Co1pany, caused by two factors: decreasing quality of 
available phosphates (in ter1s of P205 conte~t) and soaring sulphur 
prices. 

Statistical data on unit consu1ption figures, yields and losses of 
P205 have been co1piled and evaluated. They reflect the past hi. ry of 
utilizing GAFSA phosphates by the plants of the Che1ical Co1plea of 
GABES. Extensive analytical surveys have been conducted and 1aterial 
balances prepared for identifying opti1u1 relationships and reco11en~able 
ranges of P205 contents in the raw 1aterials received fro• diff~rent 
sources. The objective of this work was to search for new ways and 1eans 
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of econo•izing on the consu•ption of sulphur and to reduce losses of P2o5 
in the phosphoric acid plants. 

The phosphate processing Plants of the Groupe Chi•ique Tunisien 
(ICH, SIAPE, SAEPA) use three types of phosphate rock supplied by the 
Co•pagnie des Phosphates de GAFSA (CPG) na•ely: ·washed·, ·air swept•, 
dnd a •ixed grade HS60, co•posed of treated/dried crude phosphate and tl1e 
·air swept• •aterial. 

The substantive ai• of the very co•prehensive research conducted by 
ICH was to define conditions and para•eters for upgrading the phosphatit 
raw •aterials by fractionation (screening) and to chose a practically 
applicable borderline between fractions of higher and lower contents of 
P205 which would •ake possible to develop a raw •aterial saving 
technology. To this end the work con~entrated on separating the so 
called ·higher fraction· or upper cut, i.e., the •aterial of larger 
granulo•etric size but lower in P205 c~~tent than the re•a1n1ng 
proportion of the raw •aterial, and establishing an industrially viabl~ 
upgrading •ethod. 

to 4) of the 
data needed for 

led to the 

Tables 1 to 23 and A, B, C and flow charts (Fig. 1 
report display all the details and provide the background 
understanding the concepts and considerations which 
.or•ulation of conclusions on the advantages of separate 
the higher fraction of phosphates •ined in the GAFSA area. 

processing of 

The conclusions indicate that: 

(I) The consu•ption of sulphur could be reduced by 50,000 •t/year; 

( 2) 200,000 •t of phosphates could be saved; 

(3) Losses of P205 could be reduced by recuperation of a proportion of 
the presently discarded clays (off-grade •aterial or ·solid 
rejects•); 

(4) The GAFSA phosphate rock processing capacities could be increased 
and surpass 3 1illion tons of phosphates annually. 

steps: 
The processing 1cthod proposed co1prises the following consecutive 

Fractionation of the crude rock phosphate delivered to GABES by 
screening and processing of the "higher fraction" of granulo1etric 
sizes above I 11 ("washed" 1aterial), 0.5 11 ("air swept" 1aterial) 
and 0.315 11 for the 1ixed grade phosphate HS60. By definition the 
"higher fraction" has a P205 content of less than 27%. The average 
content is however 1uch lower.; 

Stirring of the 1aterial with sea water and separation of clay 
by using hydrocyclones; 

Washing with industrial water; 

' 
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Second screening for re•oving large part1(ies (grains of sand, 
li•estone and phosphates); 

Calcination at 6oooc. 

The P20s content of the ·higher fraction· can thus be incr~ased 

fro• 20 to 30% or even to •ore than 31% (when applying recrystallization 
of apatitic structures after calcination). The chlorine content does not 
re•arkably increase, while the content of alkaline co•ponents is reduced 
by calcination of the •aterial. This favourably influences the fluorine 
balance during the production of phosphoric acid. 

The off-grade •aterial of the second screening operation are low­
grade phosphates which could be used for direct application, or 
production of TSP along with the sludge separated fro• the concentrated 
phosphoric acid, or for the production of nitrophosphate NPK through 
treat•ent with nitric acid, or other co•binations. 

The upgrading 
engineers of the ICH 
sulphur by 5% when 
swept• 1aterial, and 

and processing 1ethod developed by the tea• of 
laboratories pro1ises to reduce the consu1ption of 
using ·washed· phosphates, 10% in the case of the ·air 
15% with grade HS60. 

As a particular case of the results relating to upgrading of the 
REDEYEF air swept phosphate it has been found that after flotation of the 
clays fro• the higher fraction it is not necessary to apply a second 
screening before the washing operation ~ith injustrial water followed, if 
necessary, by calcination. 

So1e essential details presented in the tabulations of data which 
for• the body of the report deserve highlighting_ 

The average unit cost of raw 1aterials has been expressed by a 
for1ula, deduced fro• the actual costs incurred fro1 1900 to 1984 by ICH 
and SAEPA (phosphoric acid), and by SIAPE (TSP) as follows: 

Phosphoric acid production: 
TSP 

d = 0.99 s + 3.97 p 
d = 0.35 s + 1.94 p 

whereby d = total unit cost, S = price of sulphur in ter1s of 100% H2so4, 
P = price of phosphate. 

The ccnsu1ption of sulphur and phosphates of various grades of 
Tunisian origin, in 1t of 1aterial per 1t of P205 in phosphoric acid 
(54%) and TSP range fro• 0.99 to 1.194 tons and 3.9 to 4.58 tons, 
respectively, the lowest being attained when using H'Dilla phosphates. 

The consu1ption figures, when processing phosphate rock i1ported 
fro• various countries, (P205 : 31.75 to 34.13%) ranged 0.08 to 0.95 •t S 
per 1t P205 and 3.00 to 3.25 t phosphate per ton P205, when producing 
phosphoric acid by the NISSAN process. With Tunisian rock 65/68 &PL (29% 
P2o5) S and Phosphate consu1ption was 0.93 and 3.54 tons, respectively. 

The quantities of phosphates 
increased fro• 945,951 tons in 1980 to 

received 
1,402,120 

and processed 
tons in 1984. 

by ICH 
SA EPA 

' 
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received in the saae period 1,052,074 to 1,176,003 at per year, while the 

total consuaption of sulphur of the three coapanies ICH, SAEPA and SIAPE 
increased fro• 718,453 tons to 831,799 tons per year. 

The conclusions drawn on the result5 of the research, and the 
potential savings offered by the innovative approach are based on the 
assuaption of processing by the co1panies under review 2,800,000 at per 
year of phosphates and 700,000 at S per year. 

Thereof the total quantity of the ·higher fraction· would represent 
360,000 tons per year (75,000 at P205) and yield 160,000 at of high-grade 
phosphates (28% P205 = 44,800 1t P205 per year) leaving 200,000 1t of 
off-grade 1aterial containing 30,200 1t P205, which is considered a still 
useful raw 1aterial for other purposes as indicated above. 

I~£bOi£~l_f~~~[-~Q~lZ 
~~~IR~{;! 
Qrigio~!~_Eog!i~b 

~~~~£!~_Qf_~~!Yr~!_En¥i[QO!~O! __ frQ!~£!iQO __ !brQY9b __ E!YQ[iO~--B~£Q¥~ry __ io 
!b~_f[Q~Y£!lQO_Qf_fbQ~~b~!~-E~r!i!iI~r 
by P. Rozwadowski 

Phosphate fertilizer industries using Apatites and Phosphorites as 
basic raw aaterials face the problea of fluorine generated during the 
process. It is esti1ated that 25-70% of the fluorine in the raw 
materials coaes out in the gaseous, liquid and solid I phospho-gypsu• I 
effluents and wastes, polluting the natural environaent. It is necessary 
to protect the environaent, as fluorine bearing coapounds are haraful to 
people and ani1als. 

The recovery of fluorine has the additional advantage that fluorine 
bearing co1pounds constitute valuable raw aaterials for the inorganic 
i~dustry and provide a good substitute for natural fluorspar which 
indigenously is not available in Poland. 

Fluorine recovery fro• single superphosphate production can be 
optiaized by using the various types of absorbers either in series or in 
parallel and thus attaining a high absorption efficiency of over 99%. 

When concentrating phosphoric acid, part of the fluorine co1pounds 
in the acid pass to the vapour phase. They are recovered in a scrubber 
by absorption in circul~ting solution of f luosilicic acid. The fluorine 
recovery systea is quite siaple and consists of unpacked sprayed 
absorbers to wash out silicon tetrafluoride and hydrogen fluoride to 
obtain co11ercial grade fluosilicic acid solution. 

The Polish phosphate fertilizer industry recovers at present 12,000 
1t per year of 100% H2SiF6, which represents a recovery of approx. 10% of 
the fluorine fro• the rock phosphate processed by this industry. In 
future years w1th the new wet phosphoric acid capacity coaing into 
operation further fluosilicic acid production will be added. 

The recovered Fluosilicic acid is processed into various fluorine 
coapounds. The consu1ption of these co1pounds (like sodiua of potassiu1 
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f luosilicates, sodiu1 fluoride, synthetic cryolite, hydrogen fluoride, 
etc) is li1ited and thus the surplus fluosilicic acid can be converted 
into hydrofluoric acid for which de1and is growing. 

Based on the Polish process, a de1onstration 
of 600 it/year of anhydrous hydrogen fluoride 
solution has been put into operation in Poland. 

plant 
f ro1 

for production 
fluosilicic acid 

The advantage of the above process is th~t it can directly use the 
phosphate industrial f lu~silicic acid and is suitable for large 

fertilizer plants. 

The alternative to 
fluoride fro• synthetic 
fluosilicic acid. This 
f luosilicic acid which can 
f ro1 the source. 

this 1ethod is the 1anuf acture of hydrogen 
fluorspar obtained through neutralization of 
opens the avenue of utilizing the surplus 

then be processed in other factories, re1ote 

While it is necessary to 1axi1ize recovery of fluorine fro• 
phosphate rock processing in order to protect the environ1ent, the 
products of this pollution abate1ent 1easure represent an i1portant 
source of fluorine co•pounds in countries which are not endowed with 
natural deposits of fluorspar. 

I~£hn!£~!_e~~gr_MQ~!2 
~DSIB~~I 
Qr!g!n~l~_Ergn£b_~n~_En9l!~h 

~~~!EE~I_:_Si!~l!fig~-~~nYf~£!Yr!ng_Qf_D!n~n~_Egr!!lifg[_~!!~-~Y!Y~ 
by F. Sternicha 

For various technical and econo1ic reasons so1e countries are 
unable to use their phosphate deposits. In so1e cases even the use of 
ground phosphdte rock does not give efficient results. Countries which 
essentially depend on agriculture can develop only if they increase the 
output of their agricultural productior.. Hany of these countries lack 
foreign currency and are unable to i1port fertilizers, and consequently 
have to depend on products 1ade fro• local resources though poor in grade 
as classified by standards of the industrialized countries. 

For dissolving the phosphates acids are needed. Countries which do 
not dispose of resources of sulphur or pyrites 1ay use nitric acid or 
oxides which usually are obtained by oxidation of a11onia. 

The si1plified 1ethod proposed co1prises two essential steps. 
First: to 1anufacture nitric acid on the spot, but without using a 
conventional nitric acid plant and absorption towers, and second: to add 
organic 1atter to the rock phosphate as inter1ediate absorbent in the 
reaction •ixture. The organic 1atter on one hand accelerates the 
absorption of nitrogen oxides, and on the other hand fixes the slurry 
resulting fro• their reaction with the phosphate rock. The fertilizer 
product thus obtained has an appearance of a hu1id coapost. 

Agricultural wastes such as tree tops, cane-trashes, straws, peat 
or brown coal aay be used as organic aatter. 

' 
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The average fertilizer nutrient co1positi~n of the HUMIFERT product 
will be 5:7:0 when rock phosphate containing 25% P205 is used. This 
product, however contains nitrogen as well, although being low in total 
nutrients like SSP. Further it provides the soil with organic 1atter and 
the nitrogen in assi1ilable nitric or nitrous state. 

The process is si1ple and consists of 1ixing the ground phosphate 
rock with crushed organic 1atter. These co1ponents are 1oistened and 
transferred to a reactor where they react with nitrogen oxides obtained 
by oxidation of a11onia with air on a platinun gauze. The exother1ic 
reaction is controlled by addition of condensates resulting fro• a11onia 
oxidation an~ if necessary by addition of water. No environ1ental 
pollution ocfars since excess NOx gases are absorbed by the organic 
1atter. 

The invest1ent of a plant varies according to its rapacity which 
1ay range fro• IO to 250 iPD. The esti1ated cost of a 50 1t per day 
plant is USS 900,000 whereas for a 250 1t plant it co1es to USS J.25 
1illion. 

The plant consu1es less energy and is si1ple. It does not require 
highly qualified 1anpower for operation and 1aintenance. 

The cost of the product of a 50 it/day 
ton (i.e. USS 285 per 1t of nutrient)_ 
increasing capacities. In the case of a 250 
approx. USS Jl.5 per ton (i.e. USS 225.J per 1t 

plant is about USS J4.2 per 
This cost decreases with 
it/day plant it will be 
of nutrient). 

The process and product appear to be attractive for developing 
countries. lt will enable the• to use their local sources of low-grade 
rock phosphates and thus save foreign currency. 

I@£bni£~l_f ~e@[_~Q~iQ 
~@SIB~CI 
Q[igin~l~_f [@D~b 
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by Noureddine Turki (SIAPE) 

SIAPE (Soci~t~ d'Industrie d'Acide Phosphorique et Engrais) has 
accu1ulated extensive experience in processing of phosphates of different 
qualities. The dihydrate technology developed by SIAPE is particularly 
suitable for low grade phosphates. Its positive features co1prise: 
si1ple concept ol the reactor vessEl and si1ple construction of the 
agitators; easy venting and cooling of the pijlp and easy 1aintainability 
of the plant; eli1ination of foa1ing without using auxiliary che1icals; 
~nd low consu1ption of electric power (approxi1ately 100 kWh/ton Pz05). 

The fertilizer industry has shown interest in using phosphoric acid 
of higher concentration. It is possible to concentrate the arid in two 
steps fro• 28% P205, first to 541 and th~n to 70-74%. The advantages 
expected to result fro• this operation would be: 
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Reduced concentration of i•purities (soae would precipitate, 
others would evaporate during the operation); 

Decrease of transportation costs; 

Considerable i1prove1ent of corrosive properties of the acid. 

The 1etallic i•purities which cause scaling would be eli1inated 
owing to the specific power of the superphosphoric acid (SP~) to prevent 
their precipitation by dissolving the• under certain conditions. 

SIAPE has established a pilot plant for producing SPA fro• 
concentrated PA. The plant is co•posed of an evaporator and tubular heat 
exchanger, through which the concentrated acid is recycled by a pu1p. 
The PA feed is led into the recycling strea• and thus does not cause 
corrosion of the equip•ent. The corrosive co1ponents (F and Cl) of the 
i•purities are extracted in the evaporator, under vacuu• generated by a 
stea• jet pu1p (ejector). The vapours are condensed by quenching with 
cooling water and drained into the sewage. 

The ratio of poly1erized P205 vs. the tntal content of P205 of the 
concentrated acid deter•ines its stability. If the conversion ratio is 
below 20% crystallization occurs. Low concentrations of the acid reduces 
also its potential for keeping the i1purities in susp~nsion. However, 
for using the SPA, it is necessary to reduce the content of 1etallic 
i1purities, in particular •agnesiua, which tends to precipitate in for• 
of 1agnesiu1 pyrophosphate. Hagnesiu1 i1purities are also responsible 
for deferred precipitation of slurry, after days or 1onths of storage. 

Proble•s caused by 
when the phosphoric acid is 
of liquid fertilizers. 
therefore been studied. It 
are not easily attainable. 

the presence of •agnesiu• betoae evident also 
a••oniated in connection with the production 

Hethods for reducing the Hg content have 
has been found, however, that good results 

Two 1ethods have been experi•ente~ 

Precipitation of the Hg-Pyrophosphate in the SPA solution 
followed by filtration, 

Passing diluted PA through colu1ns packed with ion exchange 
resins. 

When cooling down the concentrated SPA solution fro• the outlet 
te1perature of the evaporator, the Hg-Phosphates precipitate and can be 
re1oved by filtration. The growth of crystals needs to be tontrol!ed. 
The te1perature regi1e of the cooling procedure aust be 1aintained in 
narrow liaits. Periodic agitation of the slurry is necessary. At 132°c 
it takes 20-21 hours to grow crystals of proper size, suitable for 
filtration. In order to facilitate the filtration, the teaperature is 
kept at 100-120°c. A pre-coat filter aust be used (a layer of bO •• of 
diato1aceous earth serves as filter aid on the cloth). 

By applying this IPthod approxi1ately 89% of the HgO is re1oved. 
However, a large proportion of P205 is retained in the filter cake (25%). 

' 
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The second •ethod of purifying the phosphoric acid is based on ion 
exchange technology_ For the purpose of reducing the •agnesiu• and 
calciu• content diluted phosphoric acid is used and passed through 
colu•ns filled with granules of the resin. Sulphuric acid is used for 
regenerating the resin. Since only the cations are retained by the 
resin, while the anions re•ain in the solution, there are no losses of 
Pz05. 

The reduction cf i•purities attained by this 1ethod a1ounted to: 
~51 calciu1, 881 •agnesi~•. 271 iron, 99% potassiu1, whereas the siliciu• 
and alu•inu1 content ~e1ained unchanged. These results have been 
obtained in a pilot plant by treat1ent of 7 liters per batch of PA 
solution in cycles of 7 1inute duration (60 l/hr). 

!~£bni£~l_e~~~r-~Q~i1 
~~~IBMa 
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!b~-H~nyf ~£!Y[~_Qf_~i9Yl~-E~r!ili!~[~ 
by B. Daaak (SIAPE) 

Liquid fertilizers play an increasingly iaportant 
aanuf acture of cheaical fertilizers. They off er a 
techno-econo1ic advantages especially if considering their 
for fertilizing large areas of agricultural land. 

role in the 
nu1ber of 

application 

The 
conditions: 
properties, 

properties of these liquids should fulfil the 
high content of nutrients, good stability of 

low solidifying te•perature, low viscosity 

fol lowing 
storage 

and low 

corrosiveness. 

The expansion project SIAPE II will provide a 
phosphoric acid and a possibility of using a•aonia 
acid in order to obtain ~ liquid fertilizer of the NPK 
( 10 - 34 - O). 

source of purified 
for neutralizing the 
for au la 

A laboratory scale pilot plant has been established by SIAPE. It 
is co1posed of a neutralizer and tu~ular reactor aade of glass, and a 
countercurrent aixer of the phosphoric acid and a11onia. The receiver of 
the product is •ade of stainless steel and is equipped with a jacket for 
cooling the product. 

Phosphoric acid of 54% concentration was preheated up to 95°c and 
pu1ped into the reactor, whereas the a11onia was taken fro• a steel 
cylinder under pressure of 10 bar, and applied in gaseous fort. Although 
the acid contained so1e quantities of HgO and a reaarkable content of 
iron and alu1inu1 it has been possible to produce liquids of a high 
content of nutrients. The stability of the various liquids produced has 
been attributed aainly to the presence of non-cyclic polyphosphoric acid. 

The 1olar ratios of N/P and the final concentration of nutrients in 
the liquids characterize the effectiveness of the pilot tests and 
deter1ine the stability of the products. 

' 
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For establishing the relationship between the N/P ratio and the 
properties of the liquid products various neutralization trials have been 
carried out by using purified superphosphoric acid (SPA) and Aqua A••onia 
of PA quality (26.2% NH3). Portions of 100 g of the SPA have been heated 
and treated with a calculated quantity of a••onia under constant 
stirring. The products have been analyzed and stored for two weeks. 

The results obtained show that only the product of N/P ratio = 1.5 
is a stable liquid. Products of N/P = 1.4 have an opti•u• viscosity. 
Liquids of N/P ratios 1 to 1.2 solidify even if their P205 content is 
only 32%. 

Thereafter the relationship between the concentration of nutrients 
and stability of the liquids has been studied under controlled operating 
conditions of the trials. Phosphoric arid of 54% P205 has been used. 
Densities and P2o5 contents have been adjusted by controlling thP. 
proportions of water, a••onia and acid introduced into the reactor vessel. 

The results show that it is possible to attain a concentration of 
liquid ferti:izer (10.8 37 0) without affecting its stability_ 
However, the N/P ratio should be •aintained at 1.5 or slightly below. 

For drawing conciusions on the behaviour of the liquids, stable 
sa•ples of liquids have been acidulated by adding phosphoric acid of 54% 
P205, afid the changes of physical properties have been observed. 

The final conclusions derived fro• the tests confir• that it is 
possible to produce stable liquid NP fertilizers when using phosphoric 
acid containing i•purities: HgO in s•all quantities, but Al203 and Fe203 
in re•arkably higher proportions. The presence of acyclic polyphosphoric 
acids in the SPA is dee•ed responsible for the stability of the products. 

Reaction conditions considered opti1al are: 

N/P ratio in the reactor 1.4 to 1.5 at pH 5.7 to 6.1 
in the product 1.45 to 1.5 at pH 5.9 to b.l 

The •axiru1 concentration of nutrients of a stable liquid product 
was (10.8 - 37 - O). 

I@£hDi£!l_~!e@r_~Q~?? 
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Ib@_~rQ~e!!.;t~_Qf _~~£h!oiI!!iQO_Qf_Qeto_C!~t-~io!~ 
by Tahar Hahari (CPG) 

Data on the develop1ent of CPG's 1ining operations since 1977 and 
the forecast till the year 2000 indicate that the total output increased 
fro• 5.1 1illion ~ons to 8.1 1illion tons in 1984 and is posed to reach 
11.3 1illion tons in 2000. The respective proportions of underground vs. 
open cast 1ining are 80/20 (1977), 39/61 (1984) and 9/91 percent (2000). 

' 



- 66 -

Over the past years the 11n1ng 1ethods applied in the underground 
•ines have changed. The 1ost significant change is the decreasing share 
of classical (traditional) 1ethods recorded between 1976 and 1984, fro• 
55.9 to 10.2%, while the LHD 1ethod (Load-Haul-Du1p) has increased fro1 
7.6 to 41.JI. The share of other 1ethods applied such as scrapage, long 
wall face cutting, SLS (Sub-Le~el-Stoping) changed slightly only by few 
percentage points, whereas that of preparation 1ining ranged fro1 13.l to 
13.7, with its lowest level of 10.3% in 1980. 

The productivity of underground 1ining !n ter1s of t/HP has been 
evaluated. As co1pared to the traditional 1ethods, which yield 3.5 to 5 
t/HP, the i1proved up-to-date 1ethods LHD, SLS and Long Wall Face Cutting 
provide 1uch 1ore favourable outputs with ranges attained: LHD 8-15, SLS 
10 t/HP. 

Mechanization of 11n1ng has been introduced at 
sites of CPG in Tunisia starting with Long Wall Face 
in 1970, Scrapage between 1972 and 1976 at three sites, 
and 1980 at 6 sites, and SLS in 1973 in one 1ine. 

all the 7 1ining 
Cutting in one •ine 

LHD between 1975 

The 1echanization of mining faces the following proble1s: 

S1aJl size and variety of geological conditions of the deposits, 
Introduction of 1echanization at too late stages, 
Too quickly i1ple1ented 1echanization, 
Large diversification of new 1ining 1ethods. 

CPG did not acquire new •ining technologies. 

The 1ining conditions at the 
existing in the underground 1ines 

open cast 1ines are si•ilar to those 
in the early seventies. The 

conventional 1ethods applied are 10 years old, the geological conditions 
of the deposits vary considerably, and the reserves of 
phosphates are s1all and scattered. 

•ineable 

At present a nu1ber of 1easures are taken of have been proposed and 
are being studied with the ai1 of increasing the lining efficiency at the 
various sites, such as increasing the range of 1achines for li1estone 
quarrying, installing of a dragline at DJELLABIA, using payloaders plus 
belt conveyors for sands at Ras Draa, etc .. 

In order to i1prove the 
reco11endations have been proposed: 

1ining conditions the foliowing 

CPG should study the various 11n1ng 1ethods available and select 
the s1allest possible nu1ber for application; 

Trials should be carried out at locations which provide the 1ost 
favourable operating conditions; 

The new 1ethods selected should be taken as a basis for 
i1proving all the 1ining techniques applied by CPG. 

' 
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lr!Iili_f~Q~eb!!@_E~r!iliz~r-In~Y~!rli_fri£~-~~e~~!~ 
by Jorge A-~- Hattos 

Prices of fertilizers in Brazil declined during the period 1965 to 
1971. Thereafter they increased and doubled in 1974. This increase was 
due to higher cost of i1ported r3w 1aterials. In order to exercise 
control over fertilizer prices for the benefit of the far1ers, the 
Govern~ent established in 1975 a price control syste1 for NPK products. 
it was expanded in 1979 to cover also basic fertilizers and their raw 
1aterials. 

The 1ethod of Govern1ent price control consists of deter1ioing a 
standard structure of production cost to which an allowance is added 
which takes into account the repay1ent of fixed assets and working 
capital. In view of the heavy inflation prevaili1;g in Brazil, which is 
of the order of 200% per year, price adjust1ents are lade or. a quarterly 
basis. 

The Govern1ent's efforts to curb inflation 
prices of food resulted in reducing the prices 
materials and fertilizers since 1978. 

and to decrease the 
of fertilizer raw 

fbQ~eb!!~ __ HQ£~: The price (FOB Hine) was USS 54 per ton in 1978. It 
increased to USS 67 per ton in 1981 and in 1985 it has fallen to USS 32 
Per ton. 

fbQ~ebgri~--~£i~: The FOB price in 1978 was USS 430 
basis). It increased to USS 615 per ton and dropped to its 
of USS 326 per ton. 

ptr ton (Pz05 
present level 

fOQ~eb!!~ __ E@r!i!iI~r~: In 1978 and 1979 prices re1ained dt the sa1e 
level because they were controlled by the Government. Later, when the 
control was discontinued, the prices increased significantly. The 
control was, however, re-i1posed in 1983 and then the prices declined 
virtually to their prior levels, as shown below. 

TSP 
HAP/DAP 

l2~Z 
190 
260 

H~Q 
280 
370 

12~~ 
190 
265 

After start-up all projects i1ple1ented in Brazil have technically 
been i1proved in order to increase their efficiency. Harket conditions 
1ere favourable and thus it was possible to operate the raw 1aterials 
producing units above design capacity. Both state ~nd private co1panies 
have joined in the national effort to provide fertilizers to the far1ers 
at low cost through regionalizing the production and distribution of 
appropriate types of fertilizer based on the nearest source of raw 
mdterials. These measures are expected to bring about a significant 
reduction of transportation costs. 

' 
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While considering the •arket de•and and availability of aineral 
resources the Brazilian phosphate industry has a good potential for 
increasing the supply of raw •aterials, provided re•unerativE prices are 
deter•ined by the Govern•ent_ The presently offered prices hardly cover 
the production costs. 

!~~hn!~~l_e~e~r-~Q~~~ 
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Ch~r~~!~r!z~!i~n __ ~n~--~~n~fi~i~!iQn __ S!Y~i~~--Qf __ ~Q~_§r~~~-ehQ~eh~!~_Qr~~ 
f rQ!_Chil~ 
by Pedro Pavlovic Zuvic 

CORFO, an agency of the bovern•ent of Chile, has conducted a 
develop•ent progra•re to evaluate the potential of indigenous phosphate 
rock resources. Two Jeposits, na•ely Hejillones and Bahia Inglesa have 
been identified. Evaluation has been carried out by the International 
Fertilizer Develop•ent Centre (IFDC), USA, and Brazilian Co•panies 
Serrana and Natron. 

Ih~--~~jillQn~~--~~eQ~!! was located in 1978 and is situated 37 k• 
north of Antofagasta city_ The deposit extends over an area of 15 k•2 
and has a thickness of 3 •eters. The ore reserves are 56 •illion tons 
with a ~ontent of 6% P?05. The overburden is soft and has a waste/ore 
ratio of 3.S to 1. 

Ih~--~~hi~ __ !n9l~~~ deposit was discovered in 1~82 and is situated 
876 km north of Santiago_ Two beds are present, ~hich are of 
conglo1erate type. One bed has an average content of 18% P205. 

Kinerological analyses of Hejillones sa1ples show phosphate as 
carbonate-fluorapatite a•ounting to less than 30% by weight. The gangue 
minerals present are plagioclase feldspar (30%), quartz (20%), artinolite 
(8%) and biotite pl~s chlorite (6%). The apatite is in both organic and 
inorga~ic form, which has an analysis of 28% P205 owing to the presence 
of quartz and feldspar as endogangue. 

Beneficiation st~dies including pilot plant investigations have 
been carried out. By flotation the •aterial was upgraded to 22% P205 
with a recovery of 72% as the best result achieved. The esti•ated 
overall recovery proposed for beneficiation is in the range of 50-55% of 
P2o5. This can be achieved in two steps. The first step by 
hydrocyclone, which yields the coarse fraction (~inus 65 1esh plus 200 
1esh) with a P205 content of 11.6% and Si02 at 36.11. The second step is 
to be performed by flotation using cationic or anionic silica flotation. 

A nu•ber of studies have bryen conducted to evaluate the suitability 
of these concentrates for production of SSP or wet phosphoric acid. The 
results obtained were not encouraging because of serious tec~nical 
problers encountered. ThereforP, investigations hav~ been undertaken to 
identify the suitability of these concentrates for direct application to 
the soil. Green house agrono•ic studies snow that this material ca~ 
directly used as fertilizer, particularly in acid soils in South Chile. 

' 
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CORFO is considering to set up a co••ercial plant to produce fur 
the do•estic •arket a direct app!ication concentrat~ or alternatively a 
partially acidulated phosphate rock, at the rate of ~o.ooo tons P2o5 per 
year. A si1ilar develop•ent progra••e for the Bahia Inglesa phosphate 
deposit for •anufacturing a potential produrt is progressing. 

!~£bni£!!_~!e@r_~Q~i~ 
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~!!@,e! ___ fQr __ ~ __ Bg!iQng! __ ~eerQg£h __ Qf __ BQ£b __ ehQ~ehg!~~--~!iliig!iQn __ io 
~9ri£Y!!Yr@ 
by Truong Binh 

Rock phosphates have different 
availability. Their behaviour depends on 

degrees of solubility and 

Rock characteristics, •inerology, crystallography, solubility in 
various reag2nts; 

Reactions with soil types, particularly with their acidity; 

Utilization conditions: water regi•e, phosphate particle size, 
application 1ode. 

Generally two para•eters are used to evaluate 
rock phosphate. One is the ~Q!YQili!~--~Q:@f fi£i~n! in 
100% water soluble P205 as in industrial grade TSP and 
g~!il~Qi!i!~_£Q:@ffi£i@n! in co•parison with TSP. 

the efficiency of 
co1parison with 

the second is the 

Studies have been conducted on West African ?hosphate rock taken 
fro1 deposits of ARLI, KODJARI, TAHOUA, TAIBA, TILE11SI, TOGO, RENO. Both 
solubility and availability co-efficients vary between deposits with the 
type of rock and also between layers of the s41e deposit. RENO phosphate 
tro1 GAFSA in Tunisia, followed by TILEHSI in Hali have given highest 
results. Studies on HADAGASCAR phosphates show that they have rapid 
reactivity, equivalent or superior to TSP. 

The !~e~~_Qf_~Qi! have a considerable influence on the agrono1ic 
efficiency of rock pho~phate. Phosphate rock ha~ a higher solubility 
index in acid soils than in neut1 al or near-neutral soils. 

SQil_bY,idi!~ studies on the effect of soil husidity on phosphorus 
up-take, carried out on West African phosphates show that the effect 
varies with tha type of rock. For soluble phosphates iuch as TSP or RE~O 
the •axi1u1 efficiency is reached already with 25% Water Retenti n 
Capacity (WRC), with less soluble phosphates the efficiency increas s 
significantly when the WRC increases fro1 25 to 50%. 

e!r:!i£!@-~iI~ studiP.~ carried out ~n West African phosphate rock 
show that rock ground to particle size of 0.1 11 gives a significantly 
higher efficiency than th~t of O.S 11 p&rticle size. If the particle 
size is above 0.5 11 generally there is no effect. Between 0.5 and 0.1 
11 the gain of efficiency is around 17%. It is, however, not useful to 
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grind finer than 0.1 11 as the geo1etric surface of particles represents 
then only 5% of the total reactive surface owing to opening of the porous 
structure of the phosphates. 

Far1ers face constraints in the direct use of phosphate rock powder 
owing to its dustiness, difficult and hazardous spreadirg, and high 
initial invest1ent fer high rate of application because there is only a 
little perceptible i11ediate effect of fertilization. 

Trials done by 1ixing the phosphate rock with 
soluble phosphates (TSP) show so1e very positive 
hard phosphate rocks like ARLI, KODJARI, TAIBA and 
depend on soil types. Gains range between 10 and 70%. 

s1all quantities of 
i1prove1ent even with 

TOGO. The effects 

e~r1i~!!r __ ~~!gy!~!gg __ P.bQ~eb~!g __ [Q£~ with sulphurir acid gives the 
following advantages: 

I1prove1ent of the availability of the phosphate nutrient 
co1ponent of the rock with i11ediate effect; 

Possibility of granulation without losing efficiency; 

Haintaining the fertilizer cost at an acceptable level. 

Studies conducted in green hous2s and field trials with KODJARI and 
TOGO phosphate rock conf ir' these advantages. Field st~dies on TOGO rock 
extended ov~r two years (1983/84) on crop cultures such as cotton (1983 -
4/ blocks, 1984 - 38 blocks), 1aize (1983 - 21 blocks, 1984 - 22 blocks), 
sorghu1 (1983 13 blocks, 1984 11 blocks), groundnut (1984 - 44 
blocks). In general the availability co-efficient with 29% acidulation 
was 90% and only in a few cases it was 701 or less. ' 
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