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ABSTRACT 
Partial seizures with certain mineral acids on Tahoua (Niger) phosphate rock have produced new products by adopting 
the methods of industrial syntheses of phosphate fertilizers manufacture such as single superphosphate (SSP), triple 
superphosphate (TSP) and ammonium phosphate (MAP-DAP). The resulting products were characterized by IR 
spectroscopy and X-ray diffraction. These analyzes showed the presence of Single Super Phosphate in the etchant of 
sulfuric acid, Triple Super Phosphate etched with phosphoric acid and mixture of mono and diammonium phosphates 
MAP DAP in the compound of the attack by phosphoric acid followed by treatment with ammonia NH3. Phosphorous level 
dissolved at 2% in citric acid and water was measured in % of P2O5 using the colorimetric method. The rate increased in 
the acid attack produced by the untreated rock phosphate. 
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INTRODUCTION	
A	fertilizer	is	an	organic	or	inorganic	product	which	is	brought	to	the	soil	to	provide	sufficient	quantities	
of	 one	 or	 more	 elements	 necessary	 for	 the	 growth	 of	 plants	 [1, 2].	 The	 solubility	 in	 water	 of	 various	
chemical	combinations	of	these	necessary	elements	is	a	determinant	of	their	bioavailability	by	plants	[3].	
Phosphorus,	one	of	the	three	elements	essential	for	the	proper	development	of	plants,	is	mainly	present	
in	 the	 phosphate	 rock	 most	 of	 which	 are	 apatite.	 Unfortunately,	 apatites	 are	 known	 for	 their	 very	 low	
solubility	 in	 water,	 making	 it	 impossible	 to	 use	 them	 directly	 as	 the	 phosphorus	 source	 for	 soil	
fertilization.	 In	 Niger,	 a	 Sahel	 country	 very	 often	 exposed	 to	 recurrent	 drought,	 with	 poor	 agricultural	
land	which	causes	low	crop	yields,	whereas	this	country	has	two	major	rock	phosphate	reserves.	Reserve	
Tahoua,	 located	 in	 the	 Northeast	 region	 of	 the	 country,	 had	 an	 operating	 early	 in	 previous	 years.	 The	
plant	was	producing	rock	phosphate	powder	which	is	then	sold	to	Nigerian	farmers	as	fertilizer.	The	low	
agronomic	efficiency	of	this	product,	proven	by	Nigerians	farmers	who	used	it	as	fertilizer	has	led	them	to	
abandon	 it	 to	 conventional	 fertilizers	 imported.Previous	 work	 has	 shown	 that	 the	 phosphate	 rock	 is	 a	
type	 of	 Tahoua	 phosphate	 apatite	 practically	 insoluble	 in	 water.	 [4]	 This	 quasi	 insolubility	 of	 Tahoua	
phosphate	 rock	 in	 water	 is	 responsible	 for	 the	 low	 bioavailability	 observed	 by	 Nigerians	 peasants.	 The	
objective	 in	 this	 work	 is	 to	 transform	 rock	 phosphate	 Tahoua	 to	 improve	 the	 availability	 of	 its	
phosphorus	for	plants.	To	achieve	this	goal,	we	conducted	partial	seizures	Tahoua	rock	phosphate	acids.	
We	then	assessed	the	bioavailable	phosphorus	levels	in	the	acid	etch	products. 
 
MATERIALS AND METHODS 	
Materials  
Phosphate Product		 	 	
The	phosphate	powder	is	derived	from	the	Niger	central	procurement	of	agricultural	inputs	and	materials	
supply	"CAIMA".	Elemental	analysis	performed	on	this	product	using	a	spectrometer	Varian	Liberty	220	
ICP	 /	 AES	 showed	 that	 the	 Tahoua	 phosphate	 rock	 is	 mainly	 composed	 of	 CaO	 (43%),	 P2O5	 (31.24%),	
Fe2O3	(8.68%),	and	that	penalizing	products	(Cd,	Pb,	As,..)	were	in	the	form	of	traces	[4].	 	
	Analysis	by	 X-ray	diffraction	and	 infrared	absorption	spectroscopy	showed	that	 the	Tahoua	 phosphate	
rock	is	a	fluorinated	apatitic	phosphate	[4,	5].	 	
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Chemicals 	
The	chemicals	used	in	this	study	are	commercial	grade:	 	 	
-	Sulfuric	acid,	H2SO4:	Normapur,	95%	by	mass,	d	=	1.83	 	
-Phosphoric	acid,	H3PO4:	Carlo	Erba,	85%	by	mass,	d	=	1.695	 	
-Ammonia,	NH4OH:	Normapur,	69%	by	mass,	d	=	1.42	 	
-Citric	acid	(C6H8O7, H2O	2)	is	99%	by	mass.	 		
Equipment  	
The	 IR	 spectrometry	 analyzes	 were	 performed	 on	 a	 Nicolet	 FTIR	 brand	 model	 5700	 from	 samples	 of	
compounds	in	the	form	of	pressed	pellets	in	KBr.	 	
The	analyzes	of	the	samples	by	X-ray	diffraction	were	carried	out	from	compounds	of	powders	on	a	X-ray	
diffractometer	apparatus	Seifert	XRD	3000TT	brand.	 	
The	dissolved	phosphorus	assay	was	performed	by	the	colorimetric	method.	The	absorbances	of	different	
solutions	 were	 measured	 in	 quartz	 containers	 on	 a	 UV-visible	 spectrometer	 brand	 HITACHI	 U-1100	
Single	beam	Scientific	Instruments	model.	 
Methods 
Partial acid attacks 	
Partial	 acid	 attacks	 were	 carried	 out	 on	 samples	 of	 Tahoua	 phosphate	 rock	 powder,	 with	 industrial	
production	methods	of	conventional	chemical	fertilizers	[1,	6].  
Attack by sulfuric acid H2SO4  
In	 a	 500mL	 beaker	 is	 introduced	 18.02g	 Tahoua	 merchant	 phosphate	 and	 5.23	 ml	 of	 sulfuric	 acid.	 The	
mixture	 is	 stirred	 at	 room	 temperature.	 This	 reaction	 is	 an	 adaptation	 of	 the	 synthesis	 of	 single	 super	
phosphate	(SSP).	After	filtration,	the	recovered	solid	fraction	will	be	analyzed	by	IR	and	XRD.	The	reaction	
equation	can	be	summarized	by:	 	
Ca10	(PO4)6F2	+	7	H2SO4	+	17	H2O					3Ca(H2PO4)2,	H2O	+	7	CaSO4,	2H2O	+	2	HF	. 
Phosphoric acid attack H3PO4	 	
The	attack	by H3PO4 is	an	adaptation	of	the	synthesis	reaction	of	triple	superphosphate	(TSP)	In	 a	 500mL	
beaker	 is	 introduced	 5.41g	 of	 Tahoua	 phosphate	 to	 which	 3.78	 ml	 of	 phosphoric	 acid	 is	 added	 and	 the	
mixture	kept	under	stirring	for	a	while	at	room	temperature.	The	equation	reaction	can	be	written:		 																																																																																																																
Ca10	(PO4)6F2	+	14	H3PO4	+	10	H2O					10	Ca	(H2PO4)2,	H2O	+	2HF(g). 

Phosphoric acid etching with ammonia treatment	 	
The	 attack	 of	 Tahoua	 phosphate	 rock	 with	 phosphoric	 acid	 (H3PO4),	 followed	 by	 a	 treatment	 with	
ammonia	 (NH4OH)	 is	 the	 adaptation	 of	 the	 synthesis	 reaction	 of	 diammonique	 phosphate	 (DAP).	 The	
simplified	equation	of	the	reaction	can	be	written:		
																																																																																																																														↓	2NH3	
Ca10	(PO4)	6	F2	+	14	H3PO4	+	10	H2O											10	Ca	(H2PO4)2,	H2O	+	2HF	(g).																		(NH4)2HPO4 
Determination of dissolved phosphors 
The	principle	of	the	colorimetric	method	is	based	on	the	determination	of	the	optical	density	of	the	yellow	
color	 of	 the	 phosphovanadomolybdate	 complex,	 to	 the	 wavelength	 λ	 =	 460	 nm.	 	 The	 dissolved	
phosphorus	 levels	 were	 measured	 in	 the	 filtrates	 obtained	 by	 dissolving	 in	 water	 and	 citric	 acid	 at	 2%	
after	30	minutes	of	stirring.	
	
RESULTS 
Infrared spectrometry 
Product	after	attack	with	sulfuric	acid	H2SO4	
The	product	IR	spectrum	after	attack	is	presented	in	Figure	1	below,	in	which	The	main	vibration	bands	

of	the	spectrum	appear	around	3409,	1590,	1155,	678,	611,	595	and	500	cm-1.   
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Figure 1: Product IR spectrum after attack by H2SO4 

 
Figure 2: Product IR spectrum after attack by H3PO4 

III-1-2. Product after attack by phosphoric acid H3PO4	
The	representative	infrared	spectrum	of	this	product	is	shown	in	Figure	2.	The	main	vibration	bands	
appear	around	3600,	2350,	1640,	between	1400	and	500	cm-1	
III-1-3: Product after attack  by H3PO4 followed by treatment with NH3	
The	Figure3	shows	the	IR	spectrum	of	the	product	obtained	after	the	attack	of	Tahoua	natural	phosphate	
by	phosphoric	acid	H3PO4	followed	by	the		treatment	with	ammonia	NH3.	It	appears	significant	vibration	
bands	around	3000,	2400,	of	1500,	1000	and	500	cm-1.	
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Figure 3: Product IR spectrum after attack by H3PO4 / NH3  

III-2: X-ray diffraction 	
Ray	diffractograms	of	the	products	of	different	acid	attack	are	shown	in	Figures	4,	5	and	6.	The	peaks	of	
the	 lines	 of	 the	 products	 obtained	 are	 superimposed	 with	 those	 of	 the	 molecules	 present	 in	 convential	
fertilizer	made	referred	to	in	this	study.	 	
	

	

Figure 4: RX Diffractogram of product after attack by H2SO4 (SPS) superimposed on those of 
CaSO4,2H2O and Ca(H2PO4)2H2O.        
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Figure 5: RX	diffractogram	of	product	after	attack	by	H3PO4	superimposed	on	that	of			Ca(H2PO4)2H2O	

	
Figure 6: X-ray	diffractogram	etchant	H3PO4	/	NH3	superimposed	to	those	of	(NH4)2HPO4	and	NH4H2PO4	

	
III -3: phosphorus ratio	
Dissolved	phosphorus	levels	were	measured	in	the	filtrate	obtained	by	dissolving	the	samples	in	the	citric	
acid	at	2%	and	in	distilled	water.	The	results	are	shown	in	Tables	1	and	2.	

 
Table 1: %P2O5 in citric acid at 2% 

TNP*	=	Tahoua	natural	Phosphate	rock	

Samples							 Mass	of	dissolved	P		(mg/g)	 Mass	of	P2O5	(mg/g)	 %	de	P2O5	
TNP*	 88.69	 203.1	 20.3	
SSP	 68.61	 157.12	 15.71	
TSP	 140.88	 322.61	 32.26	

MAP-DAP		 118.61	 271.62	 27.2	
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Table 2: % P2O5 in water 
Samples    Mass	of	dissolved	Product	

(mg/g)	
Mass	of	P2O5	(mg/g)	 %	de	P2O5	

TNP	*	 6.41	 14.67	 1.47	
	SSP	 52.31	 119.8	 11.98	
TSP	 204.27	 467.78	 46.78	

	MAP-DAP	 173.73	 397.83	 39.78	
		
DISCUSSIONS 
Infrared Spectrometry 
Product after attack by H2SO4	
The	 IR	 spectrum	 analysis	 Fig.1	 shows	 the	 presence	 of	 several	 characteristic	 bands	 particularly	
attributable	to	phosphate	ions.	Strong	bands	appearing	at	1155.2	cm-1	and	between	550	to	612	cm-1	are	
characteristic	of	the	phosphate	 ions	PO4

3-	 [4, 5].	The	spectrum	also	shows	 bands	at	3409.1,	3629.6	and	
3650.4	cm-1,	they	are	due	to	vibration	of	water	molecules	[7, 8]. The	band	around	676	cm-1	may	be	due	to	
the	 vibrations	 of	 calcium	 sulfate,	 it	 was	 observed	 at	 672	 cm-1	 in	 the	 spectrum	 of	 the	 pure	 compound	
CaSO4,2H2O[9].	
Product of attack of H3PO4	
The	spectrum	of	figure	2	mainly	shows	the	vibration	bands	of	water	molecules	between	3600	and	3000	
cm-1	 and	 between	 1600	 to	 1700	 cm-1.	 The	 bands	 between	 500-600	 cm-1	 are	 attributable	 to	 [7, 8]	
phosphate	 ions.	
Product of attack H3PO4 followed by treatment with NH3	
In	 addition	 to	 the	 vibration	 bands	 of	 molecules	 of	 water	 and	 phosphate	 ions,	 the	 IR	 spectrum	 of	 the	
product	of	attack	by	H3PO4	followed	by	treatment	with	NH3	showed	bands	at	about	3129,	3010,	1453	and	
1400	 cm-1.	 These	 are	 due	 to	 the	 vibrations	 of	 ammonium	 ions	 NH4

+;	 in	 the	 IR	 spectrum	 of	 MAP,	 they	
appear	at	3129,	3006	
and	1396	cm-1.	
2 X-ray Diffraction	
 The	 analysis	 of	 X-ray	 diffractograms	 show	 that	 almost	 all	 of	 the	 peaks	 present	 in	 the	 diffraction	

patterns	of	the	products	prepared	are	super	imposable	to	those	of	the	reference	products.	This	 is	a	
proof	that	the	reference	products	[1]	are	present	in	the	compounds	obtained	by	partial	acid	attacks.	
Thus:	
The	product	of	the	sulfuric	acid	attack	CaSO4,2H2O	contains	calcium	sulfate	and	calcium	dihydrogen	
Ca(H2PO2)2,H2O.	These	are	the	same	molecules	that	are	found	in	single	superphosphate	SPS;	 

 Product	of	attack	by	H3PO4phosphoric	acid	contains	calcium	dihydrogenophosphate	Ca(H2PO4)2,H2O.	
It	is	the	triple	superphosphate	SPT; 

 The	 product	 from	 phosphoric	 acid	 attack	 followed	 by	 an	 ammonia	 treatment	 NH3	 acid	 contains	 a	
mixture	 of	 mono	 and	 diammonique	 phosphate	 (NH4)H2PO4	 and	 (NH4)2HPO4,	 they	 respectively	
represent	the	monoammonique	phosphate	MAP	and	diammonique	phosphate	DAP. 

Rate of dissolved phosphorus	
The	 choice	 of	 dissolution	 solvent	 was	 made	 taking	 into	 account	 the	 fact	 that	 the	 2%	 citric	 acid	 is	 the	
solvent	that	 is	most	often	used	to	extract	the	 inorganic	phosphorus	 in	natural	phosphates	[10, 11]	and	
water	 is	 the	 natural	 solvent	 through	 which	 plants	 draw	 their	 nourishment	 from	 the	 soil.	 The	 results	
obtained	show	that	the	percentage	of	P2O5	dissolved	in	citric	acid	at	2%	increase	in	the	order	SSP	˂	TNP	˂	
DAP	 ˂	 TSP	 (Table	 1).	 Except	 for	 SSP	 is	 found	 that	 the	 phosphorus	 content	 is	 dissolved	 in	 the	 most	
important	products	of	acid	attack	than	in	the	untreated	phosphate	rock.	It	follows	from	the	literature,	that	
with	citric	acid	at	2%	all	of	the	phosphorus	from	phosphate	rock	can	be	almost	extracted	by	successive	
extractions	 [11]	 or	 when	 conducting	 by	 removing	 the	 reaction	 medium,	 the	 dissolved	 part	 (Ca	 and	 P) 
[12]	to	avoid	interference	on	solubility.	In	the	
present	work	we	made	a	single	extraction.	
The	 rate	 of	 dissolution	 in	 water	 show	 that	 the	 percentage	 of	 dissolved	 P2O5	 increased	 in	 all	 products	
obtained	 after	 acid	 attack.	 They	 spend	 1.47%	 for	 the	 untreated	 phosphate	 rock	 to	 almost	 40%	 for	 the	
product	DAP	MAP-mixture	(Table2).	This	sharp	increase	in	the	water-soluble	P	ratio	shows	the	presence	
of	 the	 bioavailable	 forms	 of	 phosphorus	 such	 as	 ion	 H2PO4

-	 dihydrogenoposphate	 and	 such	 as	 HPO4
=		

hydrogenophosphate	in	the	products	obtained	by	the	partial	acid	attacks.                                                                      
 
CONCLUSION	
Partial	 acid	 attacks	 rock	 phosphate	 Tahoua	 have	 yielded	 new	 products	 whose	 synthesis	 methods	 are	
presented	in	this	work.	The	study	of	infrared	spectroscopy	by	acid	etching	products	identified	and	assign	
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certain	 vibration	 bands	 including	 those	 relating	 to	 phosphate	 ions,	 to	 NH4+	 ammonium	 ions	 and	 water	
molecules.	The	study	of	these	products	by	the	X-ray	diffraction	has	shown	that	the	acid	etching	products	
contain	the	same	molecules	that	are	found	in	conventional	phosphate	fertilizers;	this	is	the	Ca(H2PO4),H2O	
and	 CaSO4,2H2O	 found	 in	 single	 superphosphate	 SPS,	 Ca(H2PO4),H2O	 in	 the	 triple	 superphosphate	 SPT,	
(NH4)H2PO4	 in	 the	 MAP	 the	 monoammonique	 phosphate	 and	 (NH4)2HPO4	 in	 DAP	 the	 diammonique	
phosphate.	
Dissolution	testing	in	water	and	citric	acid	2%	showed	that	the	dissolved	phosphorus	rate	increased	with	
the	acid	attack.	 It	went	 from	20	to	32%	in	citric	acid	2%	and	 from	1.47	 to	46%	in	water	between	rock	
phosphate	and	acid	etch	products.	This	work	presents	new	findings	could	lead	to	the	revival	of	the	plant	
operating	 activities	 of	 Tahoua	 phosphate	 rock	 to	 produce	 phosphate	 fertilizers.	 This	 will	 solve	 the	
problem	of	availability	and	high	cost	of	imported	fertilizers	with	the	consequent	increase	in	agricultural	
productivity	in	Niger.	
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