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(59 METHOD OF PRODUCING CONCENTRATED SOLUTIONS
'OF MIXED AMMONIUM SALTS OF BORIC, PHOSPHORIC
- AND SULPHURTIC ACIDS

(71) We, MISSISSIPPI Cuemicar Cor-
PORATION, a corporation orgasised and exist-
ing under the laws of the State of Mississippi
and having a place of businéss at Highway
49 Fast, Yazoo City, State of Mississippi,
UmtedSuamesofAmm,dnherebydmlam
the invention, for which we pray thait @ patent,
may be granted to us, and the method by
Mnmutmsﬁofbeperﬁmned,mbepamcuhﬂy
described in and by the following state-
ment: —

This invention relates o 2 method of pro-
ducing concerttrated solutions of a mixture of
the ammonium salts of boric, phmphomcand
sulphuric acids, more pamu]arly the
addition of Mc acid to a concentrated solu-
tion of ammonium salts of phosphoric end

sulphuric acids, free' from phosphoric acid,

followed by the 'alddmon of sufficient ammonia
topmduwaﬁnalsuluﬁanmmdlwtlwst
most of the ammonium phosphate is di-
ammonium phosp'ha:te _

The sensifivity of ammonium nitrate to
[—IV and III—IV cr'yauwl transitions can be
reduced by including in ithe liquid from which
the solid ammonium nitrate is to be obtained
a mixture of ammonium salts of boric, phos-
phoric and sulphuric acids. Tt is desirable to
reduce such transitions since they result in
physical breakdown of the granules or prills
which are a convenient form for mmmonium
mtratelforvamuspurposaseg as a fertilizer.

In ammonium mnitrate . production the
ammonium salts of boric, sulphuric and phos-
phoric acids cannot be sdded satisfactorily in
dryd‘omnm:the‘hqmdcon'nammgme
ammonium nitrate since the dry mixture can-
not readily be distributed uniformly in the
liquid and since if the ammonium salts are
add:edmthedryimnthem'ﬁcwusedm
forming ammonjum nitrate prills tend to be-

come fouled. For these reasons it is more

satisfactory to have the ammonium salts of
boric, phosphoric and mﬂphunc acids in the

[Pm:e 25p)

form of an aqueous solution prepardd by. dis-
solving the salts together or separately in that
order. Unfortunately solutions obtained in this
way are velatively dilute and thus their use
increases the load on the evaporators employed
in en ammonium mitrate plant. This is un-
desimable since the capacity of such a plant
may be determined by the capacity of its
evaporators and, in a high density ammonium
nitrate plant, the water content of dilute solu-
tions might preclude ttheir use.

The problem associated with the addition
of dilute solutions of the ammonium salts
cannot of course be avoiddd simply by making
the dilute solutions and then concentrating
mhembyeva:porasmonsmcethnswould require
the use of further evaporators. Furthermore
concentrated solutions of the mixed ammonium
salts cannot be obumined by -adding ammonia
to a mixture of the three free acids since this
results in the formation of insoluble precipi-
tates. The same problem arises if sulphuric

ammonium salts and phosphoric acid then
added. Nor is it satisfactory to form the
ammonium phosphate separately apid then add
it to the other ammonium salts since this Te-
quires the use of an extra tank, pump and
ancillary equipment. :

Attempts %o produce concentrated solutions
of the mixed ammonium salts of boric, phos-
phoric and sulphuric acids in which most of
the emmonium phosphate was present as
monoammenium phosphate have resulted in
the formarion of shurnies of precipitated solids

which were difficult to handle and to maintain

in a2 homogeneous state. ‘Also when solutions
have been obtained solids have tended to pre-
cipitate from them on standing even at very
high temperatures, e.g. 256—311° F.

The process according to the present inven-
tion involves the addition of bornic acid t a

. concentrated ‘solution, free "from phosphoric

acnd,ofatmxt'mdf'uheamommnsaﬂmsof
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and boric acids are first converted to their o
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and S\ﬂphxme amdes “The sdhmon

mwhchmcbwmaudmaddsdmmlms

-ﬂxanSS%bywerghtwamarandoﬁtmiwsman
7+ 50% by weight water, eg. from 30 to 507/
-5 by weight of water, thus the concentration of -

the ammonium salts of sulphuric end phos-

plmncatﬁdsmﬁxesdlmmmpwfm‘ablywt

- least 50%, :by weight The weight of ratio of

15

25

30

10
© . fion is at least 5: 1, preferably from 10:1 to

: phosphoric . acid
-anmnomlmsa!ltofmlﬂxmewndmﬂxesoh— ~ ¢houlld:

30: l-bntm-aybeupm 100: 1 or kigher.
Such a solution is preferably prepared by

ammoniation, preferably with anhydrous but

optﬂonaﬂymﬂmqueousmnmoma,bfammﬂm

of phosphoric and sulpburic acids. Preferably -

sufficient ammonia is added. so that a ‘pontion,
e.g., 25 percent and desirably from 30—80

percent welght,ufmheplwsphmwcwwdls
convenw'gym digmmonium  phosphate, . to

- ensure that 1o free phosphoric acid is present
;mthemtm‘ew‘henmheboﬁscwdusadded

The water comtent of the. acid mixture is
pmfem‘hly*lmrﬂmnSSpmnmtandnmpre—

ferably 30 to 50 percent. If aqueous ammortia
is used, mlmamdsshmﬂdbeafoor-respon&ngly
higher concentration- so that the water con-
tent of the final solution ds less thin 55 per- -

cent. Coolin: meamsshouldll)epmwﬂedm
nmmmmmhg of the solistion

temperature
- below 190° F. 'I‘hewu;ghtramufphosplmc

daid to sulfuric achd in the mixture of stant-

. ing acids is ut least 5: 1, eg., up to 100: 1 or
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~can be ‘determined on.a weight
- pH ‘of the solution, which should ibe. at least

. sulphuric ‘acid is prosent as -
an-amount of ammonia such that at least ‘the

'hg!nrlbutpuefmwblyﬁmnlo 1m0 30:1..
“The ammonia is preferably bubbled well

below the surface of the mixture of acids,
whnhshomlsdlbeweﬂmmddumngﬁm
addition, thereby minimizing any ammonia
fosses.  The amount which should be added
basis; by the

about 4 but no more than 8; orbyﬂ:emdm
Sl e ol

e convert
1o monoammonium phosphate. The precise
amount of ammonta which has been added
canbecalsclﬂmedﬂ)yaddmgathastenough
ammonia o convert ell the free wcid to
ammonium  salts, - withdrawing an aliquot

sample, denennnnng the amount of standard

acid required to bning the pH to 4 and then
'ﬂhseamomtofsﬂaﬁmdlwsereqmmdﬁobmng
the pH to 8. The; -of the gdded

audmlbaseusmcwmmmofphosphme

apparent '
which n:,fustmibe addzdmd is m:ﬂuemedﬂgy -the
amount pimmc present in mix-
ture. However, - id, the - preferred mixtures,
oply ..about l/lﬂﬁh to -1/30th as . 1:;;11
ic

'uotalamomtovfanunomaadded
Boric acid is added to the solution of
mixed ammonium salts in a weight proportion

" above.

of at last 5
&, Up Lo htgher Ibut prefmbly
_from " 10: 1 Dwmbly, the molar :
=-mmoufbmcwd

amdnsfrmnav
05:110 2t l,prefemfnlyos 1t 1.1:1.

70

- "Fhe boric acid can be added as solid; e.g., .-

'ory\staﬂﬁsorpowdet,omasahmommmdﬁf'
aqueous. solution. Powdered boric acid is pre- -

femred. As in the preceding step, the mixture -

be tthoroughly stirred, the

ensmethe‘bmcamdusunﬁfmmlydusmbuted
without lumping in the solution. If aq

: Ibomcacmiusmed,pwdfemblymemnmmof
‘water ¢hus added to tthe mixture is no more
than that required ¢o0 maintain the total

moisture oourmt of the solution below 53

percent.

Inmhenextswp,ammmxaasadded mthe'
manner described albove,nnanamountsm:h
that most, e.g;, at least 70 percent by weight

of the
ammoniam _phosphate. - Such sohmms Jhave

-amdpreferablyatkastSOpemmt‘bywetght'
the  phosphoric - acid is as di-

.muchlzowertreezmgpmntsﬂmnmrmpm@
ing solutions of the same concentration in -

- which less than 70 percent of the phosphioric .

wd:smthaeﬁmnufdmmnmmplmﬂm
The amount which should be. added can. be
determined in the same manner as described
The . pH of the solution. should be

. fure
kept befow 190°: F. -Care should be taken to”

s

85

a:bout74308 Thus, all acid present in the

nnxmreismmheﬁmnofammomnnsahs

‘thereof.

“The resulting solution has a relatively low
freezing point, e.g., 60.to 130° F. Iitcanbe
‘pumped

'muoammommnmtmmeplnmby'

means of pmpnmomng pumps or other
methods. The  solution can be fed “into
wmomummramaolunonormekaxtoneof

'mefolllowmgsevetalpomw

Inuo-ﬁhemehtorsulummmruhcpxpehne
leading to thie prilling sprays;.

frhepmnpmcmnwﬂmmohfeed
the prilling towers;

€VapOoIahors;
Into head tanks whmh feed w0 pmlllmg
" tower. spu'ays,and
Into’ ammonium nmte—ammmm—water
sohmm used in granulamon of .com-

A
B. Tnto
'cmnouhesolumfeedmgmme,
D.
E.

100

105

110

Itwnﬁlbeapparmtmﬂmefamﬂmrmﬂn |

the ant ithere are also other possible points of

introducing the additive batch mixture into
the' ammommnmtmua. : L

. E‘XAMPLE -

Asdc_! 3400pmmdsufm:mooa ba.tch

weight tank. Smmtmedmmca.lagmhmufﬂ:e

water. Add 2230 pounds of acid

phosphoric _
(75pe1mutbywe1ghrtH,PO4)mmeibamh

weight tank followed by 106 pounds of

o’ 120 ’
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sulphuric acid (98.0 percent by weight H.SO,).
Add anhydrous ammonia to the solution in
the tank until the molar ratio of NH,; to
H,PO, of 1.3:1 (or higher) is obtaineld. This
ought to require about 414 pounds of ammonia
based on 2all the sulphuric acid being con-
verted to diammonium sulphate-and 30 per-
cent of the phosphoric acid being converted
to diammonium pl te. The molar ratio
of the batch can be checked by conventional
laboratory titration procedure, e.g., back
titrate an aliquot sample with standard acid to
pH4 and then to pHS8 with standard base.
Add 2000 pounds of boric acid (powdered
form) to the batch tank. Next, add ammonia
to the batch solution to bring the molar ratio
of NH; 1o H,;PO, to 1.8:1 to 2.0:1. This
ought require 284 to 340 pounds anhydrous
ammonia, based on all the boric acid being
converted 10 ammonium salt and all the phos-

" phoric acid to diammonium phosphate. Final

pH should be about 8. Maintain the tem-
perature in the batch tank at no greater than

190° F. at all times. The batch, which is
about 60—65 percent solids, can then be
agitated until used in the plant. It is quite

fluid at 70° F. and can be stored for.long

periods of time.

With a_proportioning pump, pump the re-
sulting solution to molten ammonium nitrate
at the prilling tower of a high density nitrate
plant at a rate of about ten pounds per ton

of ammonium nitrate, which dincorporates '

gbout 0.2 percent diammonium phosphate,
about 0.01 diammonium sulphate and

about 0.18 percent boric adid (equiv.) into the -

ammoninm nitrate, Prill in the conventional
manner.

The following table illustrates the marked

increase in freezing point of mixtures of
ammonium salts of boric, sulphuric acid when
the NH,: H,PO, matio is less than 1.7, ie,

when fess than 70 percent of the ammonium

phosphate is in the form of diammonium phos-
phate. All the following percentages are by
weight.

Percent .

H,BO, Percent Percent Percent Mole Ratio Freezing

(equiv.) DAS* DAP/MAP** H,0 NH,/H,PO, Point
19.6 2.2 31.7 46.5 2.01 60°F.
30.3 2.0 30.3 32.4 1.17 115°F.
33.0 1.75 30.8 33,0 1.24 "171°F.
30.2 3.2 32.9 33.7 1.64 . 168°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 mixed fertilizer plant.

WHAT WE CLAIM IS:—

1. A method of producing a concentrated
aqueous solution of mixed ammonium salts of
boric, phosphoric and sulfuric acids which
comprises the steps of (a) adding boric acid
to an aqueous solution conmtaining less than
55% by weight of water, and ammonium
salts of phosphoric and sulphuric acids, which
solution is free from phosphoric acid and in

which the weight ratio of ammonium salt of

phosphoric acid to ammonium salt of sulphuric
acid is at least 5 to 1, and the weight ratio
of boric acid to ammonium salt of sulphuric
acid is at least § to 1; and (b) then adding
an amount. of ammonia such that at least the
major portion of the ammonium salt of phos-
phoric acid is diammonium phosphate.

2. A method according to claim 1 wherein
anhydrous ammonia is employed in step (b)
and the starting solution of mixed ammonium
salts has a water content of from 30 to 50
percent by weight.

3. A method according to either preceding
claim wherein at least a portion of the
ammonium salt of phosphoric acid in the solu-

tion to which the boric acid is added is di-
ammonium phosphate.

4, A method according to any preceding
caim which includes the step of forming the
stanting solution of mixed ammonium salts by
adding ammonia to a mixture of phosphoric
and sulphuric acids of a weight ratio of at
least 5 to 1 and of a water content of less
ttn;egS p;rhomt by w:l;gtlitt until the solution
is free of phosphoric acid.

5. A method according to claim 4 wherein
the ratios of the boric acid and of the phos-
phoric acid (in the ammonium saits) to the
sulphuric acid (in the ammonium salts) both
are from 10 to 1 to 30 to 1.

6. A method according to claim 4 or claim
5 wherein sufficient ammonia is added to the
starting mixture of phosphoric and sulphuric
acids to convert at least 25 percent by weight
d$ phosphoric acid to diammonium phos-
phate.

7. A method according to any preceding
claim wherein the amount of ammonia added
in step (b) 45 such that at least 80 percent by
weight of the ammonium salt of phosphoric
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stﬂphumc aoid (980pmbywmght HzSO4)
Add anhydrous ammonia -to' the solution - in
the tank until the molar ratio of NH; to

H,PO, of 1.3:1 (or higher) is

based on all the sulphuric acid being con-
verted to diammonium sulphbate and 30 per-
centofldmphnsphmmwdbemgconvemed
to diammonium. p! ate. The molar ratio
ofmeba!tch.mnlbeohechedlbyqonvenmimml
Taboratory . ¢itration procedure, e.g., back
titrate an aliquot sample with standard acid to

-pH4 and then to pHS Msmdwrdbasei'

Add 2000 pounds-of boric acid’

fom)moﬂlebatdlmamk Next, add ammonia
to the batch solution to bring the molar ratio
of NH; to H,PO, to 18: ltozo 1, This
ought require 284 to 340 pounds anhydrous
ammonia, based on all the boric acid being
converted to ammonium salt and all the phos-
phoric acid to diammonium phosphbate, Final

ought to require about 414p0tmdsufiammoma‘

"190° F. at all times. The batch, which is
about 60—-65 solids, can then be
agitated until used- in the plant. ¥t is quite
fluid at 70° F. andcanbe-snonedfm-long

_pem'quofmme .

With 2 proportioning pump, pumpthe re-~
sulting sohution to molten ammonium nitrate
at the prilling tower of a high density nitrate
plant ot a rate of about ten pounds per von

of ammoninm nitrate, which dincorporates

~gbout 0.2 percent diemmonium phosphate,

about 0.01 diammonium sulphate and
ﬂboutOlSpemmxbmucmd(eqmv)mﬁome
ammonium nitrate. Prill in the conventional
manner:

The following table illustrates the marked
inoredse dn £ it of mixtores of
ammonium salts of boric, sulphuric acid when
the NH;:H,PO, ratio is less than 1.7, ie.,
vwhmilessmh‘anmpemenltufﬂxeammonimn
hosplmelsmmerfmmofdmmmmnmnphos-

pH should be about 8. Muintain the tem- phate. All the following percentages are by’
perature in the batch tank at mo greater than  weight.
Percent -
H;BO, Percent Percent Percent Mole Ratio  Freezing
(equiv.) DAS*  DAP/MAP** H.O NH,/H,PO, Point
19.6 2.2 31.7 46.5 2.01 60°F.
30.3 2.0 30.3 32.4 1.17 115°F.
33.0 1.75 30.8 33.0 1.4 171°F.
30.2 3.2 . 32,9 33.7 1.64 168°F.

*diammonium sulphate

**diammonium phosphate/moncammonium phosphate

The above solutions can also be pumped to the prilling tower of a low density plant
or to the granulating equipment of a mixed femhzer plant.

WHAT WE CLAIM IS:—

1. A method of producing a concentrated
aqueous solution of mixed ammonium salts of
boric, phosphoric and sulfuric acids which

'oompmesthestepsod’(a)addmgbomcmd

to an aqueous solution containing less than
55, by weight of water, ammonium
salts of phosphioric end sulphuric acids, which
solution is free from acid and in
w}mchtheweaghtraxnoofmmnommn&lstof

'phosphomc acid to ammonium salt of sulphuric

acid is at least 5 to 1, and the weight ratio
of boric acid to emmonivm salt of umic
acid s at deast 5 to 1; and (b) then adding
anamoun'rofammomasudlﬂmatcleastthe
myorpommofmheammmnmsal,tofphos-
phoric acid is diammonium phosphate.

2. A method according to claim 1 wherein
anhydrous ammonia is employed in step (b)
and the starting solution of mixed ammonium
sahzslmsawatercmﬁentafzfrom%mso
percent by weight.

3. A method according to either preceding
claim wherein at least a portion of the
mmmunnsaltofphwphmnudmmsolu-

mon-uowludlrmelbomcaadlsaddedusdx-
ammonium

4. A method aooomd:mg to any preceding
claim which includes the step of forming the
stanting soletion of mixed ammonjum salts by
adding ammaonia to 2 mixture of phosphoric
and sulphuric acids of a weight ratio of at
feast 5 to 1 and of a water content of less
than 55 pementibywelght until the solution
is free of phosphoric acid

5. Ameﬂmdacoordmguoclmm4whemm
the ratios of the boric acid and of the phos-
phoric acid (in the ammonium salts) to the
sulphuric acid (in the ammonivm salts) both
are from 10 ¢to 1 to 30 to 1.

6. A method acoording to claim 4 or claim
5 wherein sufficient ammonia is added to the
starting mixture of phosphoric and sulphuric
acndsrtoconvertatiﬂstﬁpememtbywexght
of the phosphoric acid to diammopium phos-
phate.

7. A method according to any preceding
damnwhermnmheamoumofammomaadded

in step (b) is mmhﬂmtamleastSOpercentby
vmgwtaf anmommnswltotfphosphmc
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amda:sdnmnmoma.mplwspln ' ' amdmmwhﬂmatlgastmpammtofﬂm
8Amﬁmodamordmgmc]mm5wherem emmonium ' sa&tdfpho@mc- md:x-

(a) anhydrous emmonia is employed ‘and the a.mmomum phosphate.

starting solution of mixed ammonium . safts-:. . 9. Anwthodaoourdmgmc]mnlsubstm
5 . hasa water content of from 30 to 50 percent; - mll ‘as ~described herein- with reference to

(b) the boric acid is added as a powder, (). -the Examplc _ _

sufficient ammonia is ddded to the starting -~ o

mixture of phosphoric and sulpbiwic acids-to ">~ - For~ ﬂle Apphsoan't's,

‘convert ut least 30 percent of the phosphoric - R. G. C. JENKINS & CO., -
10 acid ‘to diammonitm phosphate; and (d) the- Ch'a{my House, 53/64, Chmcery Lane,
: _amounmofammouﬁaaddedftﬂlomngmhebmc : ' Lond:on WC2A 1QU. :

Printed for Her Majesty’s Stationery Office by the Couner Press, Leammgton Spa, 1971,
Published by the Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from
which copies may be ot_atam_ed
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