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Abstract—Conversion processes occurring upon introduction of various kinds of magnesium-containing raw 

materials in separate technological stages of fabrication of integrated NP fertilizers based on ammonium phosphates 

and NPK fertilizers produced by acid decomposition of phosphate raw materials were studied. It was found that 

there occur exchange interaction processes yielding double magnesium-ammonium sulfates, magnesium hydro-

and dihydrophosphates, and double magnesium-ammonium hydrophosphate. The involvement of magnesium 

chlorides in the conversion processes is confirmed by the formation of polyhalite. 
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The qual i ty of minera l ferti l izers manufac tu red by 

all plants in Belarus, Russ ia, and other CIS countr ies 

is subject to the cor re spond ing regulatory documen t s : 

G O S T (State Standards) , TU (Technical Specif ications), 

etc. In this case, the ma in parameter s contro l led by these 

document s are the content of nutr ient e l ement s (and in 

the first place, n i t rogen, phosphorus , and potas s ium) and 

physical propert ies of a product . At the same t ime, to enter 

foreign market s in conformi ty with the requ i rements on 

the territory of EU countr ies , these product s ( substances) 

are to be regis tered in conformi ty wi th R E A C H regula­

tion whose fundamenta l dist inct ive feature is the need to 

specify all the identification parameter s of the substances, 

including the chemica l compos i t ion ( together with im­

purities and addit ives) and the molecu la r and structural 

formula of single- and mu l t i componen t subs tances , the 

EU des ignat ion, e tc . Acco rd ing to the exper ience , the 

technical documenta t ion avai lable at plants , inc luding 

technological regulat ions and inspect ion reports, have no 

required ev idence . The data reported by separate authors 

markedly differ. At the s ame t ime it has been found that 

manu fac tu r e o f in teg ra ted fer t i l izers invo lve va r ious 

chemical interact ions in separate stages, including those 

of granulat ion and dry ing s tages; exchange react ions of 

potass ium chlor ide with ammon i um salts, formation of 

double salts (phospha te s and sulfates), jo in t hydrolys i s 

of ca rbamide , and dehydra t ion of acid phosphates and 

phosphor ic acid to give po lyphosphates [1-3 ] . When cal­

cium chloride is introduced into partly or fully neutral ized 

phosphor ic acid suspens ion conta in ing ca lc ium sulfates, 

sulfur c ompound s of var ied compos i t ion and structure 

are additionally formed: syngenite K 2 C a ( S 0 4 ) 2 H 2 0 , gor-

geyi te K 2 C a 5 ( S 0 3 ) 6 H 2 0 , doub le po t a s s i um-ammon ium 

d ihydrophospha te s and sulfates, and potas s ium dihydro-

phosphate . Depend ing on the process condi t ions and on 

the relative amount s of reagents , ca rbamide introduced 

into the process as a n i t rogen-conta in ing componen t is 

present in the product both individual ly and as the com­

pound C O ( N H 2 ) 2 ' H 2 0 NH 4C1 . In addit ion, the formation 

of an adduc t o f c a l c i um sulfate wi th t e t r aca rbamide , 

C a S 0 4 H 2 0 4 C O ( N H 2 ) 2 i s identified. 

One of stable t endenc ie s in the marke t of integrated 

N P a n d N P K fertilizers i s that the manufactured amount s 

of magnes ium-conta in ing fertilizers grow. In the open 

ground, magnes ium-conta in ing fertilizers exert a posi­

tive influence on the backg round of N P K both on the 

gross c rop and on its quality. For example , i t has been 

found a t t h e R e s e a r c h In s t i t u t e for Fe r t i l i z e r s and 

Insectofungicides (Russ ia) for a numbe r of cul tures (fall 

rye, buckwheat , panic , corn, etc.) that the yield of grain 
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increased by a factor of 1.5-2 upon appl icat ion of mag­

nes ium on the background of N P K . In other exper iments , 

introduction of magne s i um fertil izers resulted not only 

in a larger c rop, but also in a h igher s tarch content of 

potatoes and sugar content of beet [4] . Therefore, mos t of 

foreign manufacturers have in their as sor tment integrated 

magnes ium fertil izers, with the content of magne s i um 

being as high as 8-10%. Apparently, introduction of mag­

nes ium compound s will be accompan i ed by addit ional 

chemica l processes and make the phase compos i t ion of 

the fertilizers mo r e comp lex . 

The goal o f the s tudy wa s to e x am ine conver s ion 

p roce s s e s o c cu r r i n g upon add i t i on o f v a r i ou s k ind s 

o f ma gn e s i um- con t a i n i n g r aw ma t e r i a l s in s epa r a t e 

technological stages o f p roduc t ion o f integrated NP and 

N P K fertilizers. 

E X P E R I M E N T A L 

The role o f the base b rand of an NP fertilizer was 

played by a fertilizer based on ammon i um phosphates , 

p roduced by ammon i z a t i o n o f ex t rac t ion pho spho r i c 

ac id t o p r e s c r i b e d pH v a l u e s b y t h e c o n v e n t i o n a l 

technology o f ammopho s fabrication [5] . The amoun t o f 

the magnes ium-conta in ing addit ive being introduced was 

calculated on the basis of magne s ium content in the target 

product of 2 and 5 wt % in te rms of MgO . In the case of 

introduction of magne s i um compound s in amount s of 2 

and 5 wt % in t e rms of MgO , the ammon i za t i on of the 

phosphor ic acid suspens ion was per formed to pH 4.5 and 

4 . 1 , respectively. As the magnes ium-conta in ing addit ive 

served basic magne s ium carbonate with 41 .5 wt % M g O 

and magnes ium sulfate, both of pure grade . 

As the base brand of an N P K fertilizer was chosen 

the 15 : 15 : 15 brand, wh ich is one of minera l fertilizers 

most demanded in the wor ld marke t and is a ba lanced 

full in teg ra ted fert i l izer . F o r e x amp l e , a c co r d i n g to 

the information reported at the conference Argus FSU 

Fertil izer 2015 : Product ion and Logist ic, the share of this 

fertilizer brand in the total amoun t of Russ ia ' s export of 

integrated fertilizers was 2 0 % in the f i r s t quarter of 2015 

[6] . The amount o f the magnes ium-conta in ing addit ive 

being introduced was 5 wt % in te rms of M g O in the 

product . As magnes ium-conta in ing addi t ive serves l ime 

(dolomite) dust p roduced by Do lomi t О А О (Belarus) 

with a total mass fraction of ca lc ium and magne s i um 

ca r bona t e s o f no less t h an 80 w t %. Do l om i t e w a s 

int roduced in the s tage of the acid d ecompos i t i on of 

phospha t e raw mater ia l s by the doub le- s tage s cheme 

deve l oped wi th the pa r t i c i pa t i on o f the author . Th i s 

s cheme prov ide under the opt imal condi t ions reaching 

the max imum degree o f decompos i t ion o f raw mater ia l s 

in the opt imal technolog ica l mode . As phospha te raw 

mater ia l s served Kovdor apat i te concent ra te conta in ing 

(wt % ) : P 20 5 t o 38.2, C aO 52.92, M g O 1.93, F e 2 0 3 0.39, 

A I 20 3 1.26, F 1.1, and moi s ture 0.42. 

To make qual i tat ive and quant i ta t ive analyses when 

ident i fy ing the pha se compo s i t i on , s amp l e s t aken in 

s epa r a t e t e chno log i c a l s t age s we r e ana l y z ed for the 

con t en t o f the c o r r e s pond i n g e l emen t s by us ing the 

common l y accepted s tandard techniques . For example , 

t h e c o n t e n t o f v a r i o u s f o rm s o f p h o s p h o r u s w a s 

d e t e rm ined by the pho t o co l o r ime t r i c me thod with a 

phosphoru s -vanad ium-molybdenum complex . The total 

nitrogen was determined by the hypochlor i te method, and 

that of ammon i a c ni t rogen, by the ch lo ramine method . 

The content of magne s i um and ca lc ium in the start ing 

raw material and in the precipi tates and solut ions being 

formed was de te rmined by complexonomet ry , and that 

of potass ium, by flame photometry . 

As the result of an analys i s was taken the ar i thmet ic 

mean of parallel de te rminat ions , the acceptab le discrep­

anc ie s b e tween which did not exceed 0 . 2 - 0 . 5% at a 

confidence probabi l i ty P = 0.95. The exper imenta l errors 

in cons iderat ion of separate technolog ica l stages were 

evaluated by compar i son of the component-wi se material 

ba lance with the results of chemica l analyses . 

The colorimetric determinat ions were made with an SP 

8001 spectrophotometer (Taiwan), and f lame-photometric 

determinat ions , on a J enway PFP7 au tomated flame pho­

tometer (Eng land) . The pH value was moni tored with a 

Hanna HI 221 pH-mete r (Ge rmany ) . The measu rement 

accuracy at 20 °C was ±-.01 pH unit. A 50K-15/0 .05 

liquid thermos ta t (Belarus) was used to s imulate acid de­

compos i t ion processes . The t empera tu re was mainta ined 

to within 0.05°. The prescr ibed agi tat ion intensity of the 

suspens ions was prov ided by an IKA RW 20 control led-

speed agitat ion device (Ge rmany ) . The mois ture content 

of the samples was determined and their thermal treatment 

under i sothermal condi t ions was per formed with an MA 

30 Sartor ius mois ture analyzer (Ge rmany ) . 

The X-ray phase analys i s (XPA) wa s made with a 

Bruker D8 Advance X-ray diffractometer (United States). 

The interplanar spac ings were ca lculated by the Wolf-

Bragg law. The database [7] was used in identification of 

the X-ray diffraction pat terns . 
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5029 , deg 

Fig. 1. X-ray diffraction pattern of a fertilizer with addition of basic magnesium carbonate. (/) Intensity and (20) Bragg angle; the same 

for Fig. 2. Phase: ( / ) N H 4 H 2 P 0 4 ; magnesium-containing phases: (2) M g H P 0 4 - 3 H 2 0 , (J) M g ( H 2 P 0 4 ) 2 2 H 2 0 , (4) M g ( H 2 P 0 4 ) 2 , and 

(5) ( N H 4 ) 2 M g ( H P 0 4 ) 2 - 4 H 2 0 . 

R E S U L T S A N D D I S C U S S I O N 

The results of a chemica l ana lys is of the resul t ing NP 

fertilizers for the content of var ious forms of phosphorus 

and magnes ium on using var ious k inds of m a g n e s i u m -

containing addi t ives are listed in Table 1. 

I t can be seen tha t , i r r e spec t i ve of t h e t y p e of a 

m a g n e s i u m - c o n t a i n i n g a d d i t i v e , t h e t a r g e t p r o d u c t 

c o n t a i n s b o t h w a t e r - s o l u b l e a n d w a t e r - i n s o l u b l e 

c o m p o u n d s o f m a g n e s i u m and phosphorus . T h e fraction 

o f water -so luble c o m p o u n d s o f m a g n e s i u m decreases 

if the ammoniza t ion is per formed to a h igher pH value . 

D i h y d r o p h o s p h a t e and sulfa te m a y be p re sen t in t he 

result ing products a m o n g the water -so luble c o m p o u n d s , 

and hydrophospha te and doub le m a g n e s i u m - a m m o n i u m 

phosphates , a m o n g those insoluble in water . 

The X-ray phase analysis demonstrated that a m m o n i u m 

d ihydrophospha te N H 4 H 2 P 0 4 i s the main phase o f the 

result ing fertilizers, which s e e m s to be qui te reasonable 

(F igs . 1 and 2 ) . H o w e v e r , ref lect ions of o ther phases 

in X- ray diffract ion pa t t e rns of fer t i l izers con t a in ing 

m a g n e s i u m c o m p o u n d s in an a m o u n t o f 2% M g O are 

insignificant and cannot be identified. Therefore, the XPA 

data in Figs. 1 and 2 are given for fertilizers containing 5% 

M g O . The reflections of impuri t ies present in the product 

obta ined with addi t ion of bas ic m a g n e s i u m carbona te 

(Fig. 1) are also identified in the X-ray diffraction pattern 

o f the p roduc t ob ta ined u p o n addi t ion o f m a g n e s i u m 

sulfate (Fig. 2) . At the s a m e t ime , the X- ray diffraction 

pat tern of the latter a lso s h o w s higher intensi ty impur i ty-

related reflections at 20 = 11 -12 , 2 0 - 2 2 , and 2 8 - 3 0 ° . 

Apparent ly , addit ion of basic mag n es i u m carbonate 

to phosphoric acid, followed by ammoniza t ion and dry­

ing of the resulting suspension, will be accompanied by 

the formation, together with a m m o n i u m phosphates , of 

other magnes ium- or phosphorus-conta ining compounds . 

Acco rd ing to the XPA data, the fol lowing c o m p o u n d s 

are identified in this p roduc t : m a g n e s i u m h y d r o - and 

Table 1. Content of selected components in magnesium-containing integrated NP fertilizers 

Magnesium-containing additive 

Magnesium-containing additive P 2 0 5 Mj ;0 

water-soluble accessible water-soluble total 

Basic magnesium carbonate 46.0 56.3 3.7 5.7 

Magnesium sulfate 42.3 46.2 3.8 5.5 

48.6 51.0 0.2 2.0 
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5026, deg 

6 10 5026, deg 

Fig. 2. X-ray diffraction pattern of a fertilizer with addition of magnesium sulfate. Phase: ( / ) N H 4 H 2 P 0 4 ; (a) sulfate phases: 
(2) M g S C y 7 H 2 0 , (3) M g S 0 4 - 6 H 2 0 , (4) ( N H 4 ) 2 S 0 4 , (J) ( N H 4 ) 2 M g ( S 0 4 ) 2 - 6 H 2 0 , and (6) ( N H 4 ) 2 M g ( S 0 4 ) 2 - 4 H 2 0 ; (b) phosphate phases: 
(7) M g H P 0 4 - 3 H , 0 , (S) M g ( H 2 P 0 4 ) - 2 H 2 0 , (9) M g ( H 2 P 0 4 ) 2 , and (10) ( N H 4 ) 2 M g ( H P 0 4 ) 2 - 4 H 2 6 . 

dihydrophosphates M g H P 0 4 3 H 2 0 , M g ( H 2 P 0 4 ) ' 2 H 2 0 , 

M g ( H 2 P 0 4 ) 2 , and double magnes ium-ammoniu rn hydro-

phosphate ( N H 4 ) 2 M g ( H P 0 4 ) 2 4 H 2 0 (Figs. 1 and 2). 

These c o m p o u n d s can be formed by the fol lowing 

chemical reactions: 

x M g 0 - y C 0 2 - z H 2 0 + 2 x H 3 P 0 4 

• x M g ( H 2 P 0 4 ) 2 + v C 0 2 + (x + z)H20, (1) 

M g ( H 2 P 0 4 ) 2 + N H 3 + 3 H 2 0 

— M g H P 0 4 - 3 H 2 0 + N H 4 H 2 P 0 4 , 

M g ( H 2 P 0 4 ) 2 + 2NH 3 + 4 H 2 0 

- ( N H 4 ) 2 M g ( H P 0 4 ) 2 - 4 H 2 0 , 

(2) 

(3) 

2 M g H P 0 4 - 3 H 2 0 + 2 N H 4 H 2 P 0 4 + H 2 0 

( N H 4 ) 2 M g ( H P 0 4 ) 2 - 4 H 2 0 + + M g ( H 2 P 0 4 ) 2 - 2 H 2 0 , (4) 
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Phase Structural formula 

Main compounds containing KC1, CO(NH 2 ) 2 , C0(NH 2 ) 2 -NH 4 C1, C a ( H 2 P 0 4 ) 2 , C a H P 0 4 , K 2 S 0 4 , C a S 0 4 , 

phosphorus, nitrogen, potassium, and K 2 C a ( S 0 4 ) 2 - H 2 0 , K 2 C a 5 ( S 0 4 ) 6 - H 2 0 

calcium N H 4 H 2 P 0 4 , (NH 4 , K ) H 2 P 0 4 

NH 4 C1, ( N H 4 ) 2 S 0 4 , (K, N H 4 ) 2 S 0 4 

Polyphosphates (NH 4 P0 3 ) „ , ( N H 4 ) 2 H 2 P 2 0 7 , C a 2 P 2 0 7 , C a H 2 P 2 0 7 , N H 4 C a H P 2 0 7 

Magnesium-containing compounds M g S 0 4 - « H 2 0 , K 2 M g C a ( S 0 4 ) 3 - H 2 0 , M g ( H 2 P 0 4 ) 2 - 2 H 2 0 

M g H P 0 4 - 3 H 2 0 , N H 4 M g P 0 4 - H 2 0 

M g H P 0 4 - 3 H 2 0 + ( N H 4 ) 2 H P 0 4 + H 2 0 

-» ( N H 4 ) 2 M g ( H P 0 4 ) 2 - 4 H 2 0 . (5) 

M g S 0 4 + ( N H 4 ) 2 H P 0 4 + 3 H 2 0 

- • M g H P 0 4 - 3 H 2 0 + ( N H 4 ) 2 S 0 4 , (7) 

When the phase compos i t i on of the p roduc t ob ta ined 

wi th m a g n e s i u m su l fa te as a m a g n e s i u m - c o n t a i n i n g 

add i t ive w a s ident if ied, t he poss ib i l i ty tha t h y d r a t e s 

o f m a g n e s i u m su l fa tes m a y be p r e s e n t in the t a rge t 

p roduc t w a s ana lyzed in the f i rs t p l ace . I t w a s found 

tha t M g S 0 4 7 H 2 0 a n d M g S C y 6 H 2 0 a r e t he m o s t 

probable phases (F ig . 2 ) . H o w e v e r , t he reflect ions a t 29 

= 28 .5 , 2 9 . 8 ° , and s o m e o the r s are not charac te r i s t i c 

o f these phases . At the s a m e t i m e , the X- ray diffrac­

tion pat tern of the p roduc t u n d e r s tudy con ta ins all the 

reflect ions, inc lud ing t hose m e n t i o n e d a b o v e , cha rac ­

ter is t ic o f a m m o n i u m sul fa te ( N H 4 ) 2 S 0 4 and d o u b l e 

m a g n e s i u m - a m m o n i u m sulfates ( N H 4 ) 2 M g ( S 0 4 ) 2 - 6 H 2 0 

and ( N H 4 ) 2 M g ( S 0 4 ) 4 H 2 0 . the p re sence o f these c o m ­

p o u n d s ind ica tes that e x c h a n g e in te rac t ion r eac t ions 

o c c u r b e t w e e n m a g n e s i u m su l f a t e a n d a m m o n i u m 

p h o s p h a t e s , w i th m a g n e s i u m su l fa tes j u s t b e i n g the 

products of these r eac t ions . I t fo l lows from Fig . 2b that 

all the reflect ions of the m a g n e s i u m - and p h o s p h o r u s -

conta in ing phases con ta ined in the fert i l izer wi th add i ­

tion of basic m a g n e s i u m carbonate are also present in the 

X- ray diffraction pat tern of the ferti l izer wi th addi t ion 

of m a g n e s i u m sulfate . 

The data obtained sugges t that , upon introduct ion of 

magnes ium even in the form of a soluble sulfate, it is part­

ly converted to give a m m o n i u m sulfate, water - insoluble 

magnes ium sulfates, and doub le m a g n e s i u m - a m m o n i u m 

sulfates by the fo l lowing s c h e m e s 

M g S 0 4 + 2 N H 4 H 2 P 0 4 + 2 H 2 0 

-» M g ( H 2 P 0 4 ) 2 - 2 H 2 0 + ( N H 4 ) 2 S 0 4 , (6) 

2 M g S 0 4 + 2 N H 4 H 2 P 0 4 + 8 H 2 0 

( N H 4 ) 2 M g ( S 0 4 ) 2 - 6 H 2 0 + M g ( H 2 P 0 4 ) 2 - 2 H 2 0 , (8) 

M g S 0 4 + ( N H 4 ) 2 S 0 4 + 6 H 2 0 

- ( N H 4 ) 2 M g ( S 0 4 ) 2 - 6 H 2 0 , (9) 

M g S 0 4 + 2 ( N H 4 ) 2 H P 0 4 + 4 H 2 0 

( N H 4 ) 2 M g ( H P 0 4 ) 2 - 4 H 2 0 + ( N H 4 ) 2 S 0 4 . (10) 

The results of an X-ray phase analys is of the result­

ing N P K M g fertilizers, l isted in Table 2 , sugges t that 

the m a i n p h o s p h a t e p h a s e s in the fer t i l izers are ac id 

c a l c i u m , a m m o n i u m , a n d a m m o n i u m - p o t a s s i u m or-

t h o p h o s p h a t e s . F r o m a m o n g p o l y m e r i c p h o s p h a t e s , 

a m m o n i u m p o l y p h o s p h a t e s and a m m o n i u m , ca lc ium, 

and a m m o n i u m - c a l c i u m d i p h o s p h a t e s m a y be presen t . 

T h e iden t i f i ca t ion o f t h e s e c o m p o u n d s c o r r e s p o n d s 

to t he resu l t s o f the c h e m i c a l a n a l y s i s , a c c o r d i n g to 

which the fert i l izers conta in wa te r - so lub le and acces ­

s ible o r t h o - and p o l y p h o s p h a t e s and wa te r - i n so lub l e 

a m m o n i u m sal ts . 

T h e ma in n i t rogen-con ta in ing phases are the fol low­

ing: ca rbamide ; a m m o n i u m chloride; the product of inter­

action be tween these two , C 0 ( N H 2 ) 2 N H 4 C 1 ; a m m o n i u m 

phosphates and sulfates, and double a m m o n i u m salts. The 

presence of a m m o n i u m chlor ide confirms that po tass ium 

chlor ide reacts with var ious phospha tes and sulfates to 

give potass ium sulfate, and p o t a s s i u m - a m m o n i u m and 

po tass ium-ca lc ium doub le salts . These c o m p o u n d s , as 

wel l as the unreac ted po t a s s ium chlor ide are the main 

po tass ium-conta in ing phases in the fertilizers. 
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Magnes ium c o m p o u n d s are represented by var ious 

sulfates and p h o s p h a t e s . A c c o r d i n g to X P A data , the 

products can contain m a g n e s i u m sulfates M g S 0 4 « H 2 0 

with n = 1-7. When fertilizers are dried, these crystal 

hydrates are partly dehydrated, and, therefore, the presence 

of compounds with lower content of crystal l ization water 

is more probable . Because do lomi te was in t roduced into 

the reaction mix ture in the initial s tage, the process in 

which m agnes ium sulfate is formed can be represented 

by the reaction equat ion 

M g C a ( C 0 3 ) 2 + 2 H 2 S 0 4 

-> M g S 0 4 + C a S 0 4 - 2 H 2 0 j + 2 C 0 2 f . (11) 

T h e crys ta l l iza t ion o f m a g n e s i u m sulfate hydra tes 

apparent ly occurs in the course of evapora t ion of the sus­

pension. One more process occur r ing when m a g n e s i u m -

containing fertilizers are obta ined is the formation of acid 

magnes ium phosphates or double a m m o n i u m - m a g n e s i u m 

phosphates : from do lomi te (in the s tage of acid d e c o m ­

position or ammon iza t i on ) 

M g C a ( C 0 3 ) 2 + 4 H 3 P 0 4 

— M g ( H 2 P 0 4 ) 2 + 2C0 2 T + C a ( H 2 P 0 4 ) 2 + 2 H 2 0 , (12) 

M g C a ( C 0 3 ) 2 + 2 H 3 P 0 4 + H 2 0 

-* M g H P 0 4 - 3 H 2 0 | + C a H P 0 4 | + 2 C 0 2 j , (13) 

M g ( H 2 P 0 4 ) 2 + N H 3 + 3 H 2 0 

- » M g H P 0 4 - 3 H 2 O j + N H 4 H 2 P 0 4 , (14) 

M g H P 0 4 - 3 H 2 0 + N H 3 

-* N H 4 M g P 0 4 - H 2 0 i + 2 H 2 0 . (15) 

and from m agnes ium sulfate (in the s tage of suspens ion 

evaporat ion and p roduc t d ry ing) : 

M g S 0 4 + 2 N H 4 H 2 P 0 4 + 2 H 2 0 

-» M g ( H 2 P 0 4 ) 2 - 2 H 2 0 + ( N H 4 ) 2 S 0 4 . (16) 

T h e i n v o l v e m e n t o f m a g n e s i u m c o m p o u n d s i n 

t he p r o c e s s e s i n w h i c h p o t a s s i u m c h l o r i d e i s c o n ­

verted is also confirmed by the format ion of polyhal i te 

K 2 M g C a ( S 0 4 ) 3 - H 2 0 . Acco rd ing to [8] , one o f w a y s to 

obtain this ternary salt is by its crystal l izat ion in evapo­

ration of an aqueous solut ion con ta in ing po tass ium and 

magnes ium sulfates and g y p s u m . Polyhal i te is incongru-

ently dissolved in water to g ive g y p s u m C a S 0 4 - 2 H 2 0 or 

syngeni te K 2 C a ( S 0 4 ) 2 - H 2 0 . Thus , m a g n e s i u m contained 

in polyhal i te is water -so luble : 

K 2 M g C a ( S 0 4 ) 3 - H 2 0 + H 2 0 

- * K 2 S 0 4 + M g S 0 4 + C a S 0 4 - 2 H 2 0 j , (17) 

K 2 M g C a ( S 0 4 ) 3 - H 2 0 

-> M g S 0 4 + K 2 C a ( S 0 4 ) 2 - H 2 0 | . (18) 

C O N C L U S I O N S 

(1) I t was found tha t the re o c c u r e x c h a n g e inter­

a c t i o n p r o c e s s e s i n v o l v i n g m a g n e s i u m - c o n t a i n i n g 

c o m p o n e n t s , w h i c h a r e i n t r o d u c e d in to i n t e g r a t e d 

f e r t i l i z e r s a s m a g n e s i u m c a r b o n a t e s a n d s u l f a t e s 

a n d r e su l t i n t h e f o r m a t i o n o f d o u b l e m a g n e s i u m -

a m m o n i u m s u l f a t e s ( N H 4 ) 2 M g ( S 0 4 ) 3 - 6 H 2 0 a n d 

( N H 4 ) 2 M g ( S 0 4 ) 2 - 4 H 2 0 ; m a g n e s i u m h y d r o - and d ihy­

drophospha tes M g H P 0 4 - 3 H 2 0 , M g ( H 2 P 0 4 ) 2 - 2 H 2 0 , and 

M g ( H 2 P 0 4 ) 2 ; and double m a g n e s i u m - a m m o n i u m hydro-

phosphate ( N H 4 ) 2 M g ( H P 0 4 ) - 4 H 2 0 . I f magnes ium sulfate 

is used as the start ing magnes ium-con ta in ing component , 

the hydra tes M g S 0 4 - 7 H 2 0 and M g S 0 4 - 6 H 2 0 are a lso 

identified in the product . 

(2) If do lomi te serving as a magnes ium-con ta in ing 

raw material in product ion of integrated N P K fertilizers is 

introduced in the stage of acid decomposi t ion of phosphate 

r a w ma te r i a l s , the p roduc t s m a y con ta in m a g n e s i u m 

sulfates M g S 0 4 - w H 2 0 wi th n = 1-7. O n e more processes 

occurr ing in product ion of magnes ium-con ta in ing N P K 

fertilizers is that in wh ich acid m a g n e s i u m phosphates or 

double m a g n e s i u m - a m m o n i u m phospha tes are formed. 

T h e i n v o l v e m e n t o f m a g n e s i u m c o m p o u n d s i n t h e 

convers ion of po tass ium chlor ide is confi rmed by the 

formation o f polyhal i te K 2 M g C a ( S 0 4 ) 3 - H 2 0 . 

(3) I r respect ive of the nature of a m a g n e s i u m - c o n ­

ta ining c o m p o u n d used to obta in magnes ium-con ta in ing 

fertilizers based on a m m o n i u m phospha tes , m a g n e s i u m 

and m a g n e s i u m - b o u n d phosphorus will be present in the 

final product in both water -so luble and water- insoluble 

forms, the relative a m o u n t s of which are de te rmined by 

the pH of a suspens ion in the s tage of its ammoniza t ion . 
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