
(71)   We, MISSISSIPPI CHEMICAL COR-  Type II-IV  transition range more
than     PORATION, a corporation organised and exist-  once. Passage of the
prills through these     ing under the laws of the State of Mississippi,
transition points produces cracked prills     and having a place of
business at Highway  and formation of finely divided powder in  50 5 49
East, Yazoo City, State of Mississippi,  the prilling tower and drying and
cooling     United States of America, do hereby declare  drums and weakens
the structure of the     the invention, for which we pray that a  unbroken
prills so that they readily break     patent may be granted to us, and the
method  on subsequent handling. A similar problem     by which it is to be
performed, to be par-  exists in the production of particulate ferti- 55 10
ticularly described in and by the following  lizer compositions comprising
ammonium     statement: -                                nitrate.       The
change in crystal type which normally   Even though elaborate equipment is
used     occurs when  ammonium  nitrate passes  to remove the undesired
fines or dust from     through 184[err] F. (II-II), 90[err] F. (III-IV),
the commercial product, some is neverthe- 60 15 and rapidly through the
113-124[err] F. (II-  less carried over. In some plants, the prills     IV)
range results in a breakdown of larger  or granules are bagged at above
90[err] F. so     particles (+20 mesh and larger) into smaller  that the
crystals pass through the 90[err] F.     particles. In  commercial
production  of  transition point within the bag, causing some     prilled,
granulated and pelletized ammonium  cracked prill and dust formation.
However, 65 20 nitrate, such smaller particles, i.e., dust or  the most
complete physical breakdown of     fines, must be separated from the
product  the ammonium nitrate compositions com-     and reprocessed in the
plant. In prilled  prising it occurs on storage when prills     ammonium
nitrate production, the dust is  gradually soften on long storage or crack
separated and then redissolved as a weak  as a result of passage through
the 90[err] F. 70 25 liquor solution. Evaporators then remove  crystal
transition temperature. This physical     this water, which increases the
cost of the  breakdown causes extensive formation of     process. The
recovered ammonium nitrate is  dust and granules or prills with cracks
then re-prilled after evaporation, thereby  and/or a weak grainly
structure. Therefore,     increasing the load on the prilling tower,  even
if all such dust were absent from the 75 30  and the drying and cooling
drums, which re-  product when originally packaged, it will     duces the
capacity of the plant. Thus, any  subsequently be formed on handling and
reduction in the amount of dust produced  during storage. Ten percent or
less cracked     in the plant provides a corresponding in-  prills produce
a marked deterioration in the 



crease in the capacity of a given plant and  physical properties of the
product.  80 35 decreases the cost of operation.          The most serious
consequence of the       In the prilling process, ammonium nitrate
physical instability of particulate ammonium     solution at 280[err] F. od
above is sprayed in a  nitrate when used as a fertilizer is its ten-
prilling tower countercurrent to cooling air  dency to turn into a solid,
hard cake during     which solidifies the droplets into prills which
storage. Even when this does not occur, the 85 40 are ultimately cooled to
ambient tempera-  fines and dust produced make the product     ture. Thus,
the prills pass through the 257[err],  more difficult to handle and use and
thus     184[err] and 90[err] F. transition temperatures.  reduces the
quality thereof.     Ordinarily, the prills contain residual mois-   In
particulate crystalline ammonium nitrate     ture and are dried with hot
air. Thus, in  according to the present invention the crys- 90 45
commercial production, the prills are often  tals comprise, in addition to
ammonium     passed rapidly through the 113-124[err] [err]  nitrate, boric
acid or an ammonium salt         [Price 25p]       2
1,226,723                                         2     thereof, diammonium
phosphate and di- temperature range is reduced. The fact that     ammonium
sulphate and the weight percent-  physical breakdown due to passage through
age of the boric acid or ammonium salt  the II-III crystal type transition
tempera-     thereof, calculated as boric acid, is 0.015 to  ture is
reduced also reduces the amount of  5 0.15, the weight percentage of
diammonium   dust and fines formed.     phosphate is 0.03 to 0.2, the
weight percent-    When stabilising materials are added to     age of
diammonium sulphate is 0.0015 to  ammonium nitrate large amounts of any
0.015, the weight ratio of diammonium phos-  materials injurious to plant
growth cannot     phate to diammonium sulphate is from 10  be used when the
ammonium nitrate is to 10 to 35, the weight ratio of diammonium sul-  be
used as a fertilizer. A large amount of 75     phate to boric acid or
ammonium  salt  boron compound, for example, is undesirable     thereof,
calculated as boric acid, is 0.05 to  if the soil already contains
excessive amounts     0.2 and the weight ratio of diammonium  of boron.
Also, in the fertilizer industry, a     phosphate to boric acid or ammonium
salt  slight reduction in cost may influence the 15 thereof, calculated as
boric acid, is from 1  selection of one process or product over 80     to
3.5, at least one of (i) the weight ratio of  another. This is especially
true with the     diammonium phosphate to diammonium sul-  present
invention wherein a judicious choice     phate and (ii) twice the weight
ratio of boric  of additives results in a stable product at a     acid or
ammonium salt thereof, calculated  low per unit cost. 20 as boric acid, to
diammonium phosphate    As used herein, "particulate" ammonium  85
being other than 20. The preferred weight nitrate means in the form of
separate, dis-     ratio of diammonium phosphate to diammo-  crete
macroparticles, e.g., prills, granules and     nium sulphate is from 12 to
20.        pellets, as opposed to cast or powdered       Particulate
ammonium nitrate according  ammnoium  nitrate or solutions thereof. 25 to
the invention has improved physical stab-  "Fines" and "dust" refer to the
very small 90     ility i.e. greater hardness and resistance to  particles
of ammonium  nitrate, e.g., of     caking and lower moisture sensitivity
and/or  -20 mesh, -30 mesh and smaller, normally     breakdown in particle
size. In particular the  associated with the production of granular,
ammonium nitrate has improved resistance  pelleted and prilled ammonium
nitrate. 30 to physical breakdown caused by repeated    The starting liquid
ammonium  nitrate 95     passage through the III-IV crystal type  used in
the process of this invention includes     transition temperature; in
preferred ammo-  molten ammonium nitrate containing very     nium  nitrate
according to the invention  little moisture, e.g., 0.2 to 6 percent, of the
physical breakdown due to the III-IV  type conventionally used to produce
prills 



35 crystal transitions is substantially eliminated. and pelletized ammonium
nitrate, and 100     Another advantage of the ammonium nitrate  aqueous
solutions of ammonium nitrate, e.g.,     is that physical breakdown caused
by pass-  those conventionally used to produce am-     age through the
II-III and II-IV crystal  monium  nitrate in prilled or granulated     type
transition temperatures is reduced.  form. This aspect of the invention is
directed 40   The improved stability of the ammonium  primarily to the
purer forms of ammonium 105     nitrate is achieved with only very small
nitrate, e.g., 94 percent and preferably 97     quantities e.g. less than
0.1% by weight of  percent or higher, whose physical instability     boric
acid or ammonium salt thereof calcu-  is particularly great.     lated as
boric acid being present. This is   Boric acid is usually used although an
45 particularly advantageous when ammonium   ammonium salt of boric acid is
sometimes 110     nitrate is to be used as a fertilizer since the
preferred when the starting liquid mixture     ammonium nitrate according
to the inven-  is produced by the ammoniation of nitric     tion only
results in the addition of very  acid. Because of the free ammonia often
small quanties of trace elements i.e. boron  present in ammonium  nitrate
during its 50 to the soil.                                 manufacture,
some or all of the boric acid, 115     A method according to the invention
for  when it is used, may be converted  to an     making particulate
crystalline ammonium   ammonium salt thereof.     nitrate comprises
crystallising ammonium    The diammonium sulphate and diammo-     nitrate
from a liquid mixture comprising, in  nium phosphate function cooperatively
and 55 addition to ammonium nitrate, boric acid or  synergistally with the
boric acid or ammo- 120     ammonium salt thereof, diammonium phos-  nium
salt thereof to improve the stability of     phate and diammonium  sulphate
in the  the ammonium nitrate, particularly with re-     amounts and
relative proportions specified  spect to III-IV transition. Large amounts
hereinbefore.                              of diammonium  phosphate by
itself are 60   The method is advantageous since it en-  usually required
to improve materially the 125     ables the amount of dust and fines formed
stability of the ammonium nitrate. How-     in the production of
particulate ammonium  ever, when used in conjunction with the     nitrate
to be reduced. In particular physical boric acid or ammonium salt thereof
and     breakdown caused by rapid heating or cool-  diammonium sulphate,
very small amounts 65 ing through the II-IV crystal type transition
effectively improve the stability of the am- 130       3
1,226,723     monium nitrate. Moreover, half as much or  ammonium phosphate
to diammonium sul-     less of the boric acid or ammonium salt  phate. The
third factor is the manner in     thereof is required to improve II-IV  and
which the additives composition is formed     III-IV transition stability
than is the case  and added to the mixture. When using a     if the
diammonium phosphate and sulphate  combination of boric acid, phosphoric
acid  70     are absent. 0.03 to 0.2 percent by weight of  and sulphuric
acid to form the additives,     diammonium  phosphate more preferably  the
phosphoric acid must be converted to     about 0.04 to 0.2 percent by
weight, is  an ammonium salt before being mixed with     employed. Very
small amounts, i.e. 0.0015  free boric acid. A preferred technique in- 10
to 0.015 percent by weight, of diammonium   volves ammoniating a mixture of
phosphoric  75     sulphate are employed. A weight ratio of  acid and
sulphuric acid in the selected pro-     boric acid or ammonium salt thereof
calcu-  portion until a pH is reached whereby all     lated as boric acid
to diammonium sulphate  the phosphoric and sulphuric acid is con-     from
about 10 to about 20 appears to im-  verted to an ammonium salt. Boric acid
is 15 part optimum stability.                      then added thereto and
the mixture again  80       In such mixtures, although up to 0.365
ammoniated to a pH above 5.0. If concen-     percent by weight of the three
ingredients  trated acids are used, e.g., 93 percent sul- 



can be used to produce a stabilized ammo-  phuric and 85 percent
phosphoric, the result-     nium nitrate composition, preferably from  ing
mixture is a slurry which can be pumped 20  about 0.08 to 0.35 percent is
used. Although  into the ammonium nitrate composition to  85     the
highest degree of stabilization thus far  be stabilized. This procedure is
particularly     achieved was with 0.135 percent by weight  advantageous
with prilled ammonium nitrate     H[err]BO[err], 0.01 percent by weight
(NH[err])[err]SO[err]  because it does not increase the load on the     and
0.2 percent by weight (NH[err])[err]HPO[err] (no  evaporators and thus does
not adversely 25 cracked prills in over 1400 III-IV transi-  affect plant
capacity.               90     tions), excellent stabilization is also
achieved    In areas having high boron content, it is     with lesser
amounts, e.g., as low as 0.04, desirable to em ploy as little boric acid as
0.002 and 0.04 percent by weight, respec-  possible to stabilize the
ammonium nitrate.     tively, of these additives.                A
surprising degree of stability can be 30   One or more of the boron,
phosphate and  achieved with very low amounts of boric 95     sulphate
compounds employed in this inven-  acid or ammonium salt thereof calculated
as     tion can be added to the starting liquid form   boric acid, e.g.,
0.04 to 0.075 percent by     of the ammonium nitrate or formed in situ
weight, by employing from 0.002 to 0.01     by first adding boric,
phosphoric and sul-  percent by weight diammonium sulphate and 35 phuric
acid thereto followed by addition of  from 0.04 to 0.2 percent by weight
diammo- 100     ammonia. The latter technique can be used  nium phosphate,
where boric acid content     when  manufacturing  ammonium  nitrate  is
critical. Outstanding results are obtained     from nitric acid. When
additives are used  with from 0.1 to 0.135 e.g., 0.125 to 0.135     per se
rather than being formed in situ in  percent by weight of boric acid or
ammon- .40 the ammonium nitrate melt or aqueous solu-  ium  salt thereof
calculated as boric acid 105      tion or in the mixture used to produce
the  by employing from 0.005 to 0.0125 e.g., 0.01      ammonium nitrate,
they can be added as  to 0.0125 percent by weight of diammonium      a
finely divided solid or in a pre-formed  sulphate and from 0.1 to 0.2 e.g
0.15 to 0.2      aqueous or molten ammonium nitrate solu-  percent by
weight diammonium phosphate. 45  tion. Whatever technique is used, for best
results thorough mixing should be employed    The following examples
further describe 110      to ensure a homogeneous mixture is ob-  and
illustrates the invention. Percentages and      tained.
parts are by weight.        Three factors affect the degree of stabili- 50
zation achieved with the stabilizing compo-  EXAMPLES 1-10  Ammonium
Nitrate Prills      sitions of this invention. The first factor is
NH[err]NO[err] prills (0.2 percent H[err]O) were      the pH of the
ammonium nitrate. If the pH  melted and various percentages of diammo- 115
is too high, i.e., so that free ammonia is  nium phosphate (DAP), boric
acid, and di-      present in or released from the ammonium   ammonium
sulphate (DAS) were blended in 55 nitrate mixture, or if the pH is too low,
so  the melt. The molten mixture was then      that free acid is present in
the mixture,  dropped with a dropper onto a Teflon sheet      improvement
in stability is substantially re-  to form prills and cooled. These prills
were 120      duced. The optimum pH for any selected  tested for resistance
to breakage from cyc-      stabilizing composition can readily be deter-
ling through the III-IV (90[err] F.) transition. 60 mined by the stability
tests described herein-  In the III-IV  transition tests, prills were
after. It varies with the selected stabilizing  heated at 110[err] F. for
two hours and then      composition, but usually is between 5.0 and  cooled
to about 78[err] F. for two hours. The 125      7.0 (as an 8 percent by
weight solution).  percent prills cracked in each test were      The second
is the ratio of boric acid to  recorded after each cycle. These data are 65
diammonium sulphate and the ratio of di-  tabulated in Table L        



1,226,723                             4   [err]
1,226,723      WHAT WE CLAIM IS:-                        4. Particulate
crystalline  ammonium  35      1. Particulate  crystalline  ammonium
nitrate according to claim 1 or claim 2 con-    nitrate in which the
crystals comprise, in  taining 0.04 to 0.075% by weight of boric
addition to ammonium nitrate, boric acid or  acid or ammonium salt thereof
calculated as    an ammonium  salt thereof, diammonium   boric acid, 0.04
to 0.2%  by weight of di-    phosphate and diammonium  sulphate and
ammonium phosphate and 0.002 to 0.0 1%  40    the weight percentage of the
boric acid or  by weight of diammonium sulphate.    ammonium salt thereof,
calculated as boric   5. Particulate  crystalline  ammonium    acid, is
0.015 to 0.15, the weight percentage  nitrate according to claim 1
substantially as 10  of diammonium phosphate is 0.03 to 0.2,  described
herein with reference to any of     the weight percentage of diammonium
sul-  the Examples.                              45     phate is 0.0015 to
0.015, the weight ratio of    6. A  method  of making particulate
diammonium sulphate to boric acid or am-  crystalline ammonium nitrate
according to     monium salt thereof calculated as boric acid  claim 1
comprising crystallising ammonium 15  is from 0.05 to 0.2 and the weight
ratio of  nitrate from a liquid mixture comprising, in     diammonium
phosphate to boric acid or  addition to ammonium nitrate, boric acid or 50
ammonium salt thereof calculated as boric  ammonium salt thereof,
diammonium phos-     acid is from 1 to 3.5, at least one of (i) the  phate
and diammonium  sulphate in the     weight ratio of diammonium phosphate to
amounts and relative proportions specified 20  diammonium  sulphate and
(ii) twice the  in claim 1.     weight ratio of boric acid or ammonium salt
7. A method according to claim 6 sub- 55     thereof calculated as boric
acid to diammo-  stantially as described herein with reference     nium
phosphate being other than 20.     to any of the Examples.       2.
Particulate  crystalline  ammonium   8. Particulate  crystalline  ammonium
25  nitrate according to claim 1 containing at  nitrate prepared by a
method according to     least 97% by weight of ammonium nitrate.  claim 7.
60       3. Particulate  crystalline  ammonium     nitrate according to
either preceding claim        For the Applicants:     containing 0.125 to
0.135%  by weight of     GILL, JENNINGS & EVERY, 30  boric acid or ammonium
salt thereof calcu-     lated as boric acid, 0.15 to 0.2% by weight
Chartered Patent Agents.     of diammonium  phosphate and 0.01 to
51/52 Chancery Lane,     0.0125%  by weight of diammonium  sul-
London, W.C.2.     phate.             Printed for Her Majesty's Stationery
Office by Burgess & Son (Abingdon), Ltd.-1971.               Published at
The Patent Office, 25 Southampton Buildings, London, WC2A 1AY
from which copies may be obtained.    


