
828,883                                          5            with or
without the addition of other sludges. sium salts applied as such to the
soil hasten,             Another aspect of the processes herein is the
often by years, the agronomic advantages           employment of dolomite
to furnish water- secured from dolomitic limestone, but when
soluble magnesium, a product recommended  prepared and used alone it is
expensive.       5  by many agronomists for many types of soils  According
to this process dolomitic limestone  70           preferably in combination
with phosphates. In  (like phosphate rock) is acidulated so that its
the above examples dolomite may well be sub- benefits in full measure
become almost imme-           stituted for at least a portion of the
phosphate  diately available. Moreover, the product here-           rock
and/or as a coating for the pelleted pro- of includes water-soluble
magnesium  phos-       10 duct.
phate. Magnesium in combination with phos- 75             In connection
with magnesium one must phate, both in plant assimilable form, increase
consider the question of water-solubility in its  the value of each.
true meaning in connection with fertilizer base    This phase is
illustrated by a description of           materials and ingredients.
the production of a magnesium-potash base 15   Water-solubility refers to
the dissolution of having 7% MgO and 25% K[err]O of the latter of 80
a substance in water to form a solution in which  which approximately
one-third is in the sul-           the concentration of each element in the
solu- phate form  and two-thirds in the chloride   tion is the same as that
in the solid, i.e. the dis- form. Ground dolomitic limestone and the
solution  is reversible. Water-extractability  above-described potash
sludge of Example 3       20 refers to the disappearance of certain or all
the  are the base of this product Dolomite con- 85           parts of a
substance whether the liquid extract  tains up to 45 % MgCO[err] and 55 %
of CaCO[err].           is a true solution of the original solid or not.
An example follows: -             In conventional processes when ammonium
hydroxide has been added to monocalcium                 EXAMPLE 4       25
phosphate in the presence of calcium sulphate   To form the acidic sludge,
mix 1750 pounds           the resulting products have been dicalcium  of
potassium chloride and an equal amount of  90           phosphate and
ammonium sulphate. Thus no  sulphuric acid, 60[err] B. at 60[err] F., from
3 to 5           water-soluble or water-extractable phosphatic  minutes.
Where a dolomitic carbonate or           product has resulted. When alkali
metals, how- hydroxide is used in place of ground phos- 



30 ever have been combined with phosphorus to  phate rock, the amount is
determined as that           form  acidic salts, truly water-soluble phos-
able to employ the acidic capacity of the sludge  95           phates of
these metals have been formed. Un-  The particular dolomite used in the
above illus-           like conventional monocalcium  phosphate, tration
has an " acid dolomite " factor of 1.15           monomagnesium phosphate
is soluble in water  which corresponds to an "acid rock" factor      35
and hence has formed no problem when used  of 2.3 for the phosphate rock in
the previous           alone or in combination only with phosphorus,
examples. In this case use 1650 pounds of 100           as has been done
successfully in the past. In  ground dolomite.           ordinary
superphosphate, however, soluble   If sufficient acidic potential is
present, both           magnesium phosphate appears only in negli-  the
MgCO[err] and CaCO[err] are completely con-      40 gible quantities while
water-extractable mono-  verted immediately, thereby forming a mixture
calcium phosphate is present in relatively large  of potassium, magnesium
and calcium sulphate 105           volume. Dolomitic limestone has been
added  with no carbonates, but in the presence of in-           to cured
superphosphate to react with the free sufficient acid for the complete
conversion of        acid of the fertilizer and render additional  both as
above, the magnesium carbonate tends      45  quantities of magnesium
water-soluble. If cer-  to decompose more rapidly than the calcium
tain metals are present in sulphate form, this  carbonate. Thus with
insufficient acid for com- 110           added dolomite will render them
insoluble. If  plete conversion more MgSO[err] is formed than
such metals are temporarily in and acid environ-  CaSO[err]. By mixing the
above produced sludge           ment owing to the free acid and hence acid-
and 1650 pounds of dolomite a net finished      50  soluble for the moment,
they will be made in-  product after shrinkage of approximately 3200
soluble by this neutralizing process. This pro-  pounds is secured. This
product is granular, 115           cess, however, makes it possible to
produce a  dry and free-flowing and can be shipped within    fertilizer in
which magnesium, phosphorus, a few hours after mixing although the
solubility          iron and other metals exist together in water-  of the
magnesium will slowly increase. If 300      55  soluble and available
forms. The value of such  pounds of the above raw materials are used
metals or "trace elements" in many soils is  in a short ton of fertilizer
the product 120          now widely recognized.
contains 1%  of magnesium oxide and 3 2/3%             Dolomitic limestone
is applied to certain soils of potash. The addition of 600 pounds of the
to furnish, as it is slowly digested in the soil, above raw material to 140
pounds of material   7      60  magnesium  and calcium  hydroxide which
containing nitrogen and phosphorus furnishes          change the pH balance
of the soil and by sub-  2% of MgO together with slightly more than 125
stitution or replacement make otherwise "fixed" 7% of potash in a short ton
of a complete fer-          potassium therein assimiable by plants. This
tilizer.          slow process is comparable to the direct appli-    The
acid may be mixed with the potassium          cation of phosphate rock to
the soil. Magne- chloride in a pan mixer. After the desired 



6                                       828,883      amount of HCl has been
removed the dolo- pounds which analyzes 10.1% N, 2.95% MgO     mite is
added. This entire mixing operation  and 5.75% P[err]O[err].
65     is carried on for several minutes. The mixture    The above
principles may also be applied     of dolomite and acidic potassium sludge
sets  to the making of a complete fertilizer inclu- 5  quickly but not in a
hard mass. The greater  ding the potassium  low-chlorine base wth     the
amount of potassium the more granular phosphate rock, acid and dolomite.
and free-flowing the mixture and hence the    The following fertilizer will
have a formula  70     more readily it can be mixed. Other variants  of
6-8-10 with 2% of MgO:-     include the amount of acid relative to the
solids 10  to evolve the chlorine. After mixing, the mass           EXAMPLE
7     is merely put through a sizing device and is   In a pan mixer, stir
618 pounds of sulphu-     ready for use, although solubility of the mag-
ric acid of 60[err] B. and 335 pounds of potassium     nesium will continue
to increase.         chloride for 3 to 5 minutes, thereby driving  75
It has been discovered, furthermore, that off 85 pounds of HCl. The
resulting sludge 15  this operation whether on a batch or contin- has a net
weight of 868 pounds.  To this     uous basis may be advantageously carried
out  sludge, add 500 pounds of phosphate rock and     by division of the
ground limestone on the  100 pounds of dolomite and, after rock, acid
basis of particle size. Since dolomitic limestone  and dolomite have made
thorough contact, 585  80     varies from hard to soft, the fineness with
pounds of conventional dry  sulphate of 20  which the material is ground
adds greaty to  ammonia. Pour the mass into a den and      the cost. It
previously has been considered  remove it therefrom after it has set,
disinte-      necessary to grind dolomitic limestone finely. grate it and
pass it into a pelleting drum. In      By this process, however, good
results are sec- a late stage of the pelleting operation coat with  85
ured by relatively coarse grinding, for example  an additional 100 pounds
of ground dolomite. 25  so that 40% will not pass through a 100 mesh    A
further acidic sludge which may be used      screen and 60% will pass
through. First this  results from the acidulation of ground phos- 



coarse portion and all of the acid necessary to  phate rock with sulphuric
acid which has the      complete the acidulation are mixed. There
advantage that dilute phosphoric acid may be  90      must be sufficient
liquid acid to reach all these  separated from the resultant gypsum sludge
as 30 coarse particles. After a few minutes of mix- a by-product.  This
gypsum sludge which      ing so that the acid has had opportunity to  still
contains free acid may be combined just      reach the entire mass and
begin the digestive  as it comes from the phosphoric acid process
process the finer particles are added.    either with other sludges or used
indepen- 95                                                    dently to
acidulate fertilizer raw materials as                      EXAMPLE 5
hereinbefore set forth.  35   In the following example of this phase of
This gypsum  sludge is valuable since it      this invention 2650 pounds of
potassium chlor-  carries sulphur and calcium, which are needed      ide
are mixed with an equal amount of sul-  for many soils. In the frequent
instances in  100      phuric acid of 60[err] B. Then add 2405 pounds which
fertilizers with these elements as well as      of dolomite, 955 pounds in
the first instance  nitrogen, phosphorus and potash of moderate  40  and
the balance of 1445 pounds later, namely, concentration of a lower grade
are needed,      a ratio of about 2 to 3.                     fertilizer
raw materials are mixed with this         Particularly since a relatively
small amount  gypsum phosphorus-bearing sludge while still 105      of
water-soluble magnesium  is required for  moist, permitted to stand for a
few  minutes      many complete fertilizers, one may employ  and
disintegrated. Then the mass is moved  45 dolomite in part and ground
phosphate rock  upon itself to form agglomerations and coated       in part
to make effective use of the acidulating  as previously described. Almost
all of the       potential of the sludge.                     available
phosphorus contained in the gypsium    110         In processing such a
mixed raw fertilizer  is thereby utilized.     material one may use the
previously described    This gypsum sludge makes possible a dry  50
ammonium sulphate sludge to produce a mag-  and pelleted product by the use
of certain       nesium-nitrogen-phosphate product. The am-  fertilizer
ingredients which otherwise could       monium carbonete, which may be
formed by  not be handled readily. In the example which   115       the
double decomposition of the ammonium  follows the phosphate rock performs
the dual       sulphate and magnesium of calcium carbonate, function  of
providing the  fertilizer raw  55  tends to decompose into NH[err], CO[err]
and H[err]O, material to be digested and providing the       but this
process is either retarded or stopped  finely divided coating material for
the pellets.       if monocalcium phosphate is present. The fol-
120       lowing illustration will make this clear:-
EXAMPLE 8                                                       A product
of an analysis of 10-2-14 is                        EXAMPLE 6
made from 975 pounds of ordinary commer-   60   2000 pounds of ammonium
sulphate sludge  cial sulphate of ammonia, 500 pounds of ordi- 



are mixed with 400 pounds of dolomite and  nary potassium  chloride, 550
pounds of       500 pounds of phosphate rock to yield a  gypsum sludge of
3.2% P[err]O[err], and 75 pounds 125       finished net product of
approximately 2850  of ground phosphate rock, this amount of
828,883        coating material being slighty less than the  material,
characterised in that said solid ferti-       usual 5%  because of the
slightly lowered  lizer raw material is reacted with a preponder-
moisture and free acid content of the mass. antly dry acidic sludge which
contains the       The ingredients other than the phosphate inorganic acid
material together with a ferti- 45    5  rock are mixed in an ordinary
mixing pan  lizer ingredient, said fertilizer ingredient, fertilizer raw
material and acid material being such       and passed to a pelleting drum
or its equiva-  as to result in a dry mixed fertilizer, the pro-       lent
wherein it is moved upon itself and in a  cess being carried out in the
absence of extra-       late stage of the agglomeration operation the
neously applied heat and without artificial       phosphate rock is added
as a coating. The  drying of the product.                  50   10  result
is a dry, free-flowing homogeneous    2. A process according to Claim 1,
wherein       pellet composed largely of nitrogen and potash  the inorganic
acid material is sulphuric acid       but having enough phosphorus for many
ferti- or phosphoric acid or a mixture of the two.       lizer purposes.
3. A process according to Claim  1 or 2,                        EXAMPLE 9
wherein said solid fertilizer raw material is 55   15    Such a
phosphorus-bearing gypsum sludge  ground phosphate rock or other phosphatic
ore       is used for making a fertilizer useful for cer-  and/or ground
dolomitic limestone.       tain soils where gypsum is highly desirable   4.
A process according to any one of the       but little phosphorus is
needed. A complete  preceding claims, and including the step of
fertilizer answering this need of an analysis of  preforming the acidic
sludge by reacting a  60   20  6-5-6 is made by mixing 900 pounds of
precursor of the fertilizer ingredient with an       gypsum sludge having
3.2%  of P[err]O[err], 200  excess of the inorganic acid material.
pounds of potassium chloride, 675 pounds of   5. A process according to
Claim 4, wherein       sulphate of ammonia sludge prepared as above  said
sludge is formed by absorbing ammonia in 



and containing 17.8%  of nitrogen, and 125  relatively concentrated
sulphuric acid and  65   25  pounds of ground phosphate rock of 72%
carrying said absorption past the point at       bone phosphate of lime.
After preliminary  which solid ammonium sulphate separates.       mixing
these materials are passed through a    6. A process according to Claim 4,
wherein       pelleting drum or otherwise agitated to form  said sludge is
prepared by reacting potassium       agglomerations, which are then coated
with  chloride and sulphuric acid.            70   30  an additional 100
pounds of phosphate rock,   7. A process according to Claim 4, wherein
thereby using a total of 225 pounds.     said sludge is preformed by
digesting phos-          Alternatively, particularly when a low- phate ore
by sulphuric acid and removing a       grade fertilizer is wanted together
with cal-  dilute solution of phosphoric acid as a by-       cium and/or
sulphur, commercial gypsum or product.
75   35  a gypsum sludge without an acidic potential   8. A mixed
fertilizer when prepared by a       may be used in combination with another
process as claimed in any one of the preceding       acidic sludge.
claims.         WHAT I CLAIM IS:-                                 D. YOUNG
& CO.,         1. A process for the manufacture of a ferti-         9,
Staple Inn,   40  lizer product in which a solid fertilizer raw
London, W.C.1,       material is reacted with an inorganic acid
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precursor of the fertilizer ingredient with an       gypsum sludge having
3.2%  of P[err]O[err], 200  excess of the inorganic acid material.
pounds of potassium chloride, 675 pounds of    5. A process according to
Claim 4, wherein       sulphate of ammonia sludge prepared as above  said
sludge is formed by absorbing ammonia in       and containing 17.8%  of
nitrogen, and 125  relatively concentrated sulphuric acid and  65   25
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Alternatively, particularly when  a low-  phate ore by sulphuric acid and
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solution of phosphoric acid as a by-       cium and/or sulphur, commercial
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gypsum sludge without an acidic potential    8. A mixed fertilizer when
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