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. ClA C~AIO C3.M 1. C3AX C3C10 C3Cll C3C2 ~3C8. 
(72) Inventors MARION LIPSCOMB BROWN JR., ALBERT WISE 

-GREEN oand ELMER LADELLE BLANI:ON 

(54) METHOD .OF PRODUCING CONCE'NTRATBD SOLUTIONS 
OF MIXED AMMONIUM SALTS OF BORIC, PHOSPHORIC 

A'ND SurI.:PHUR!IC ACIDS 

(71) We, MISSISSIPPI CHEMICAL COR-
PORATION, a OOrporai1Ji:oi: Orgmi:ised and exist­
ing under the ~- Of die Sitalle of Mississippi 
and having a place of !business _at Highway 

5 49 East, Ya.i'oD City, S4e:te of Mississilppi, 
United S1iaireS Of America, do 'lreteby declare 
ll!he !inventlori,, for w.hld1 we pmy thalt ra. patent. 
may _ lbe gra;oted 1tO us, aQ:I. ;tihe method by 
wlrlcth tit :iis to lbe perlicmned, to be ~ly 

10 descr.ibed in and ;by ithe ifd:low;ing · siate­
menot:-

This mvenltii.on :rela't'eS m :a method of pro­
ducing oon001itm1le!d sal:u:1Ji.'OllS -~ a mnit!U:fe of 
the ammonium Slab Of bOr.k:, ·phosptmc and 

15 sulphuric acids, . more ~ly iby the 
addi'lii!Oll. of boric acid to a ooncennot:ed solu­
tion Of iammondmn sa:IJts of lp!hoophoric and 
sulphuric ooids, free . from phosphor.ic acid, · 
fulllowed •by :tlhe 'alddi;filon of sufficleirt ammonia 

20 oto produce a fina:l · solwlli!on in Whioh rait least 
most of die ammonium phosphaite is di­
:ammOOium ph~. 

The sensirlvid:y . of. mnmooium inmate t:o 
II-IV and III_.:...IV ~ trami:tkns can 'be 

2S reduced hy including 'in itlhe liquid !firom which 
the solid ammOJl'iium niJtlraJt.e is Ito be obramed 
a mi:x.ture of ammon!i.Wu sdts of !boric, phos­
ph'lri: and sulphuric acids. It is desim'ble to 
reduce such tramiti:oos : since they result in 

30 phy&iatl bree:kdk>wn of !the pnules Q1' prills 
whid:i are a oonvemie:nt if0111ll (f.o,r 1811lllll10Jlium 
mtrate !for variooS pu.iposes e.g. '8IS a fettilllizer. 

In '8'Illmronium ~ . ;production '!!he 
ammomum sal1ns of !boric, sulphuric lll!l1'd phos-

35 phoric acids oanndt ibe '8lddecl stiSfaotmily in 
dry funn 'IX> the tiquid con'llllinmg tire 
ammonium. tllittalt!e -since '!he dory mW!ure can­
not read:i'ly 'be distribllted uniformly oin 1!he 
-liquid and siince, if itlhe ammonium smts a.re 

40 added in 1he dry funn · :the orifices used in 
forming ammODliwn ~ilimte priils tend 'l!O be­
come fooled. For ilihese TeaiSOns it ois more. 
sa.iclsfactory 1!0 have ~ mnmooium sam of 
boric, phosphOrk and .. slll:phur.ic acids in the 

(Price 25p] 

fmm df m aqueous solUitlion preparejcl 1by di&- 45 
so1v.ing 1fhe $!Jtls ;tagether or sepa.raitdy in that 
older. Unfuitumutel.y Sdlutirons obtiained m th.is 
way. are rela4iively dilur.e and mm itlh.e.i.r use 
ioooreases it!he [oad on die evaporators employed 
in m amm'Ollliutn mtmte plant. This. is un- 50 
de:si:mlble Since · illhe aupacilty of ·suoh a plant 
may 1be ~ iby tthe aipadty of its 
eva~ and, !in a high _de.miit:y amnronium. 
nd.'1lralte plant, the Walter ootJJtemt: of d@lute oolu-
1Ji.'Olis migJht preclude !their use. 55 

The problem associraited witlh 1!he addiotdan 
df dilate duti.0111S of it!he emmonti.um salts 
oamor 'Of omme lbe awideld simply •by making 
lllh.e di'lllte so:l!utions iand then concenrm.'ling 
111hem iby. ~ Since 1!hi:l wool:d :require 60 
ithe use df ifurt!her evaipol'alt!OrS. ·Furt!he:rmore 
aon:centmted saluri!Ons 'Of die mixed '8!lll11100iwn 
sa1tts oamior Qe rdbtained •by addmg :ammonia 
t'O a mixru.re df me •three !iiree acids since this 
reSulit:s dn ot!he ifonmti'Oll of msolub1e precipi- 65 
ota'l'elS. The same prdblem. arises ii.of 'SUiphuric 
'll'lld ·borlc acids are fin9t conVer.tai to dieir 
ammonium saats ood phosplrol'ic acid then 
added. Nor is lit ~ Ito· funn 'tlhe 
'llll1lmon:ium ipllosphare .sepa:l'ately a~ ithen add 70 
iit !f!o 'lihe other 'ammonium sa!Lts ·sinice this re­
quires it1re use ~ an exttita 1a!Ok, pump and 
.ancilmry equipment. . . 

Mre:mpts ll10 produce concen1il"all:ed solutions 
'df tlbe mixed ammonium sa1ts of :boric, pbos- 75 
~hor.iic arid srillph.uik: acids in wihioh most of 
the Qmmonioum ¢10Siphaite wa-s ·present as 
moooammooium :phosphate have resulted. in 
lflhe ':f.omliallion of Sliuttles ·of precipitat'ed solids 
w.hlcll were ddfficulrt il!O handlle and to m.a:int!ain 80 
m a homogeneous sraire. Also when solutions 
!have boon obmed soliids have tended :l!o pre­
cip~· ifrom 'IJbem on. standing even at very 
high itmtpemtures, e.g. 256-311° F. 

'Jihe process amording to 1he present inven- 85 
illion tinvalves _ithe a!ddi1ti:on 'Of bcniic acid too a 

' ~ salutiion, free . from phosphoric 
acid, of a mixture cJf it!he amm·onium salllt's of 

· .. ·-.. 
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11: iWWll. be ~t co 1Jhose ·famiiar widt 
'l!he alllt illhere ere ells> alher posSib~ ipoioa; of 
·m1lroducirig · lllbe addillive 1badiclh m!ixfure mt<> .120 
41be · ammooi'Qnl Illit:mte. 
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sulphuric acid (98.0 percent by weight H 3S04). 

I 

t~· 
,_. s 

Add anhydrous ammonia to die solution in 
the ilmlk until the molar ratio of NHa. to 
HaPO, of 1.3: 1 (or lhiigher) is ~· This 
ought :to require aboat 414 pounds of ammonia 
based on a:ll ithe sulphmic acid being con-

190° F. at all time5. The 1ba.tch, which is 
aJbout 6()..-,.()5 percent solids, can then be 2S 
agi1tated until med in 1!he plmt. It is quite 
Jluid an: 70° F. and can be slm'ed fur ._long 
periqcls of time. 

ver.ted to diamm.011'.ium sulphate- and 30 per­
cent of the phosphoric acid being converted. 
to diamm'Ociwn phosPhate. The molar ratio 

10 of t;he batch an 1be ohecked ·by conventliona-1 
·la!boratmy dtration. prcad~ e.g., back 
titrate an a!liquot sample with standard acid to 
pH4 and then to pH8 with stand8!rd base. 
Adlcl 2000 pounds of boric acid (powderCd 

15 fonn) to ithe •batch ;tank. Next, add ammonia 
to '!!he batch solution il!O 1bring the moliaT ratio 
of NHs !l:o H 3PO.a to 1.8: 1 to 2.0: 1. Tohis 
ought :require 284 to 340 pounds anhydrous 
ammonia, lbased on eil!l 'llhe boric add ·being 

20 converted to ammonium salt and all illhe phos­
phoric acid to diammooi.um. phosphate. Final 
pH should be aJbout 8. Maintain the tem­
pemiture in the batch 1!arnk at rio greater than 

Percent 
H 3B03 Percent Percent 
(equiv.) DAS* DAP/MAP** 

19.6 2.2 31.7 
30.3 2.0 30.3 

33.0 I. 75 30.8 
30.2 3.2 32.9 

Woith a proportiooing pump, pump the re­
sul'ting salution to molten ammonium nitrate 30 
'alt illhe prilling 'IDWe1' of a high density ni.itmte 
¢mt 'lilt a ·rate of about ot'en ipoonds per tion 
of ammonium nitrate, whidl :incmporates ' .. 
albout 0.2 percent diammonimn ploosPha.te, 
about 0.01 percmt: diammooi'Ulll sul~ and 35 
atbout 0.18 percent boric acid (equiv.) inlL'o '!he 
ammonium Mm.te. Pril!l m 'l!he oonveniti.0111ll 
manner. 

The following 'bl!ble iJ.lustmtes the ma:rked 
imlrease m freezing paint of mixtures of 40 
ammoniwn salts Of •boric, su1¢uric acid when 
:ttlre NH3 : HaPO 4 mti.o is iess ithan 1. 7, i.e., 
.when less mm 70 peocenit of it!he ammonium 
phosphan:e is .in illhe !form of diiammonium phos­
phate. A:l!l the· following percenitages are by 45 
weight. 

Percent Mole Ratio Freezing 
H 20 NHa/H3P04 Point 

46.5 2.01 60°F. 
32.4 1.17 115°F. 

33.0 1.24 171°F. 
33.7 1.64 168°F. 

*diammonium sulphate **diammonium phosphate/monoammonium phosphate 
. The above solutions can also be pumped ·to tlie prilling tower of a low density plant 

or to the granulating equipment of a mixed fertilizer plant. 

WHAT WE CLAIM IS:- ti.on. •to whioh 'llhe 1boric acid is added is di-

50 
1. A met!hod of producing a concentrated 

aqueous solution of mixed ammonium salts of 
boric, phosphoric and '8Ulfuric acids which 
comprises the steps of (a) add-ing boric acid 

-ammoniwn phosphate. 
4. A method aocording to any preceding 

clmm whioh includes the step of forming the 
etmiting solution of mixed ammonium saLts by 

75 

to -an aqueous solution containing less than adding ammonia to a minure of phosphoric 
55% by weight of waiter, and ammonium and sulphuric acids of a weight m'l!io of ait 

55 salts of phosphoric and sulphuric acids,, which 1least 5 •tlO 1 anid of a waiter amtent of less 80 
solution is free from phosphoric acid imd in than 5 5 .perai:o.t lby weight unti!l the solution 
which the weight ratio of ammonium. salt of is free of ph~ acid. 
phosphoric acid to ammonium salt of sulphuric 5. A method according to claim 4 wherein 
acid is at lea.st 5 to 1, and the weight ra.tio .tlhe rarlos of the •bo.cic acid and of .tlJ.e phos-

60 of boric acid il:o ammonium salt of dphuric phoric acid (in the ammonium sa:lts) to .the 85 
acid is alt •least 5 to 1; and (b) then adding sulphuric acid (in •the ammonium sa:l:ts) both 
an amount. of ammonaa such that at •least the are ,firom 10 ito 1 rto 30 'In 1. 
major portion of ·the ammonium salt of phos- 6. A method according to den 4 or olaw 
phoric acid is dimnm.ooium phosphate. 5 wherein sufficioenrt ammonia is added ito the 

65 2. A method according to c1aoim 1 wherein stmdng mixture of phosphor..ic and sulphmic 90 
anhydrous ammonia is employed in step (b) acids to convert at least 25 percent by weight 
aDd ot!he stuting solution of mixed ammonium of die phosphoric acid ~ diammonium phc. 
saiits has a water content of from 30 tlO 50 phalte. 
percent 'by weight. 7. A method according to any preceic1dng 

70 3. A method according •to either preceding claim wherein !the amount of ammonia added 95 
claim wherein at 1least a portion of :the in step (b) is such lllhat at least 80 percent by 

~um sa.lt of pha&pb.oric acid in ~ solu- weip: of the ammonium Sldt of pho6phork 

··--··-··· .......... ···-····------·----~---···· 
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sulphuric ad (98.0 percent by~ HaS04). 

Add. adl.ydrous emmooiQ · 110 ' me sa1Uliirin -in 
1!he tlBnk und1 t:be mdlla:r mtiri c:Jf. NHa. : to 
HaPO, c:Jf. 1.3 : 1 (or !higher) is ~· This.· 
ought :to require 111boot 414 pounds ldf ammoom -
ba!Sed on eH die sulphuric iacid •being con­
vetlred. illo &ammonium su1phate and 30. per­
cent of llhe tpihosphoric acid . !being convenred 
1!0 diiammOOium. p~te. The mom ratio 

10 of tlhe iban:ch am 1be cliecked 1by oon:venlbiomd 
·llalbomltmy t!iltmtion pracedure, e.g., back 
~ m a!ld.quot sample with ~ acid to 
-pH4 and 'lihen 1lO pH8 Willlh . slDJDldeJrd base. 
Adld ~000 pounds· of iboric acid · (powdered 

15 form) to ctlbe ba.tcli :tank. NoeJDt, add animoma 
to it4re ibaitJcll durlon lt!O bring it!he md1lair ratio 
'Of NHs ito HaPO, 1D 1.8: 1 to 2.0: l. 'Ibis 
ought require 284 1lO 340 pounds mrltydrous 
ammooiia, based on d1. !lllre boric ac!id being 

20 conve!1teld to ammoruium sa:lt and aiU llhe phos­
i;;horic acid to <bnmooium phosj;lmd:e. Fmal 
pH shooJd !be alboot 8. ~ l!!he <tem­
pemture in 'll1re mrc:h 1lalDk at no grera~ than. 

Perceut 
H 3B03 Percent Percent 
(equiv.) DAS* DAP/MAP** 

19.6 2.2 31.7 
30.3 2.0 30.3 

33.0 1.75 30.8 
30.2 3;2 32.9 

- 190° F. a't all times. 'The lba1!Ch, w.hldl is 
about 60-65 percent solids, am then be 25 
agilooJred. untlil used in 1!he phmt. It 1s qliit.e 
fluid an: 70° F. and can be stiored fur .long 
periqds of time. 

Wm a proporl!i'Olliing pump, pump the re­
su!tmg dutlon to moltt':ri. ammonium m11ra1te 30 
'1111: iihe pri]ling 110Wer· of a high.~ mimte 
·~• '8Jt . a :rate of about 'IEll poL'mds per· tx>n 
c:Jf. · emmooium nitrate, W'hidl: drirorpOrates · 
alboot 0.2 peroent diammonium phosphate, 
:about 0~01 pereent diiammmium su:lphalt'e and 35 
~t 0.18 perom.t bor.ic l!IJClid (equiv.) inlto die 
ammonium mtm~ Pril. m. 1lhe convellltional 
rmmner. 

The fullow'lng itlalble liiliu'Strate6 the muked 
morease m. · freezing poQJ.t rof n1'ixrureS of 40 
ammonium sa:J1ts Of 1boric, sulphuric add when 
:t!l:re NHs: H~O ... mcio ds ie2i itlmn 1.7, i.e., 
~ dess dran 70 peR:OOlt of me ammonium 
phospmute is illl lt!he furm of mammooium phos­
pmtte. MI the ful!lowmg ~ges are by· 45 
weight. . 

Percent Mole Ratio Freezing 
H30 NHa/H3P04 Point 

46.5 2.01 60°F. 
32.4 1.17 115°F. 

33.0 1.24 171°F. 
33.7 1.64 l68°F. 

*diammonium sulphate **diammonium phosphate/monoammonium phosphate 
. The above solutions can also be pumped ·to the prilling tower of a low density plant 

or to the granulating equipment of a n:dxed fertilizer plant. 

WHAT WE CLAIM IS:-
1. A me11bod af producing -a oonceiittaired 

50 8.q1IOOllS sc;lut!km of mixed ammonium sailts of 
bo11iic, phosphoric end <SUlfu11ic acids iwhicli 
oomprises ithe steps of (a) adding boric acid 
ro an aqueous solution 0Dll1aimng a man 
55% by weight of .'VWllter, miµ ammonium 

55 saJit:s of plrosplhoric end Sllilphuriic acids, which 
solutli.on 18 free fmn phosphoric acid mid in 
which me ~ ra1Jio of ammonium salt of 
·phosphoric add to ammooium salt <A sutphuric 
acid is at least 5 l1:0 1, and the weight ratio 

60 of boric acid ito emmooium S8!lit of SUJJphiuric 
acid is wt bst 5 itJo 1; '8!Dd (lb) ct!ben eddmg 
an amount of ammooia sudt -that at ~east the 
major ipOJ1llion of ll!he amm.onWm sad.t rof .phos­
phoric acid is dilammooium ph'06phad:e. 

65 2. A method acoordimg :to duim 1 wherein 
anhydrous emmonia is employed m st:q> (b) 
eQ::l me stmiting solut!im of. mixed iammonium 
wllt!s has a water ICOl11'mt of from 30 'IX> 50 
pera:nt •by weight. 

70 3. A method according 1t!O eiJther preading 
cl8lim wherein at 1least a. .pcnrlm. ~ t!!he 
~-.It of p~ a!Qid. tiil die solu-

-1li.on itJo whiclh il!lre lbonic acid is added is di­
ammonfum phmphate. 

4. A method oooording to any preceding 75 
deiim wh:iclt includes !the step of fommg t!he 
sllai11tiing solutiion of mixed ammonium sa:1Jts by 
adding ammonia to a mixture of phosphoric 
aru:l SllliplhuTic adds of a weight :ra&o of at 
!least 5 illO 1 a!1jd of a waiter oont'ellt of ·less 80 
than 5 5 peroent iby weight unti!l 'llhe solution 
is free Of phosphoric 11cid. 

5. A method according to oJeUn 4 wherein 
:1lhe rados of die boric acid and of :t!he phos­
phoric acid (m :the :ammonium sml1S) to the 85 
solphuric acid (in ithe ammooium 1!ailtts) iboth 
are ;firom 1 O it.a 1 111o 30 !l:O 1. 

6. A m-elhod aa:mdinig to claim 4 or oJadm 
5 wherein &Ufficimt ammonia is added to the 
slm11liilg mbanre of phosphoric and sulphuric 90 
acids ito con,ver.t at 1eaSt: 25 peroent by weight 
of idle iphos_phoric add ilJO diiammonium phos-
phatte. . 

·1. A method according to any preceping 
cladln Wlherein ttbe amount of· ammonia added 95 
in ~ (b) is suclt itlbat iat least 80 percent by 
'Wdgbt of die -ammooiun ~t w pbosph~ 

1111111111111111111 11111111111 
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acid 13 diammonimn i;llosphate. · · acid ·is su,clt that~ •least 80 percmt Of the 
8; A med:tod aa.urd1ng ro da!im 5 wherein ammommn. Sailt Of ~c acid iS. di-

(a) anhy4rous emmOOia is employed an£l die 'liriJin.:pini.unr .phosphate. · . 
stairting 'soluni.oo of mixed '811llni'Olli.iJm. sa:Lts::· . 9. A rilethod' aooording to cimm 1 substaal-

S has a waiter content of f.rom. 30 it:o 50 pe:ocmt;- -- itiid:ly as desctibed herein ·wi'l!b reference to 
(b) die ·boric acid is added as ia ,powder; (c) ·it!he :Example. 
sufficiailt ·ammonia ~ ejdded to tl:re stB.tting · 

For :t!he Applioaiit5, 
R. G. C. JENKINS & . CO., 

~ elf phosphoniic and suJ.pimric acids·· IJO · ·· · - ·• -
oonvent &it !least 30 percent of 1lhe phosphoric 

' Chmcery House, 53/64, ChanCery Lane; 
London, WC2A lQU. 

10 acid :00 dmmmooi.um pho6:phad:e; '8ll'd (d) me . 
amount ()If amtiloo!ia iadded Mlowi!Dg it!he •boric 
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