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(57) Abstract

Apparatus for treating particulate solid material with at least two fluid reactants includes a rotary drum (8) having a
first section (26) fitted with internal lifting flights (28) for lifting and dropping particulate materials in the form of a
stream, the drum also having a second section (38) free of lifting flights to form particulate material into a tumbling bed
(42); reactant spray nozzles (46) in the first drum section (26) having outlets so located as to spray a first fluid reactant on-
to the stream of particulate material: and an injection device (48) in the second section (38) for injecting a second fluid
reactant into the tumbling bed (42) at a location within the bed. In operation of the apparatus the particulate material
passes longitudinally through the drum (8) and is sequentially treated within the first and second fluid reactants.
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ACIDIFIER-AMMONIATOR

This invention relates to a rotary drum
chemical reactor and processes carried out therein
and in particular to a reactor for contacting
particulate solid material passing through the drum
with different reactants in series. More
particularly the drum reactor is constructed to have
an acidifying chamber in which acid is introduced
into the material and an ammoniation chamber in
which ammonia is introduced into the material.

BACKGROUND AND SUMMARY OF THE INVENTION

Rotary drum reactors are not new in a broad
sense. They are used, for example, in the produc-
tion of ‘granular phosphate fertilizers. 1In these
reactors phosphoric acid and ammonia are injected
simultaneously into a tumbling or rolling bed of
granular fertilizer within the drum, and reaction
between the acid and the ammonia occurs within the
bed.

The present invention provides a rotary
drum reactor which effects sequential reaction of
the material with different reactants. The
reactants are typically acid and ammonia and these
terms are used throughout this description. The
construction and operation of the drum reactor is
not, however, restricted to the use of these two
reactants. The manner of contacting the particulate
material with the acid and with the ammonia permits
close control of the reactions to obtain a product
of desired composition. This feature has general
utility in various reactions and special utility in
the conversion of poultry litter into a feed
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supplement for ruminant animals. By seguencing the
acidification and ammoniation steps, it is possible
to control the acid reaction independently of the
ammoniation. The acid reaction may be only an
impregnation of the particulate material with the
acid or it may include various chemical and physical
reactions between the acid and the material. 1In
either case the special manner of contacting the
acid with the material assures rapid and uniform
contact between the two. This is of particular
importance in reactions, such as the acidification
of poultry litter, where it is desired to rapidly
reduce the pH of the particulate material to a
predetermined level. The ammonia is ‘then introduced
into the acidified mass in a manner to react
therewith rapidly so that no or essentially no free
ammonia is present in the atmosphere within the
drum. ,

In one particularly useful construction the
means for introducing the ammonia is longitudinally
spaced in a downstream direction (with respect to
the direction of travel of the particulate material)
in order to provide an intermediate chamber for
extending the reaction time between the acid and the
material as the latter travels through the
intermediate chamber. It is contemplated, however,
that the acidifying chamber and the ammoniation
chamber can overlap to an extent so that both acid
and ammonia will contact the material simultaneously
during a portion of its passage through the drum.

The desired rapid and uniform contact
between acid and particulate material in the

~acidifying ch;mber of the drum is accomplished by

spraying the acid in finely atomized form onto a

thin, free-falling stream or curtain of the

PCT/US84/00253
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particulate material. The stream or curtain is
formed by internal lifting flights which lift the
material such that it cascades downwardly upon
sliding from the flights. The stationary acid spray
nozzles are located at spaced intervals along the
length of the chamber and are so arranged that the
downwardly falling particles pass in front of the
nozzle orifices. Thus acid is sprayed on free-
flowing material and is not sprayed directly onto
the wall of the chamber or directly onto the bulk
material being carried by the flights. The manner
in which the flights are canted ensures good mixing
without buildup or reverse flow problems.
Preferably the flights are canted (relative to a
plane passing through the axis of the drum) in a
direction opposite the direction of rotation of the
drum. A particularly suitable angle is about 45°.
The width (height) of the flights should generally
be between 10% and 20% of the diameter of the drum,
causing them to effectively decrease the retention
time of the material in the chamber with respect to
the subsequent chambers because-a lot of the space
underneath the flights remains essentially empty
during operation. By maintaining a highly active
but thin bed, good mixing of the particulate
material occurs, resulting in extremely uniform
acidulation.

In the ammoniation chamber the particulate
material is in the form of a tumbling bed in contact
with the wall of the drum, inasmuch as there are no
lifting flights in this chamber. The ammonia is
introduced from stationary discharge orifices
located within the bed near the lower end of the bed
so that the ammonia has the maximum time to disperse
into the bed before being exposed to the surface of

TS
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the bed or being brought near the surface of the
bed. With proper control of the input of ammonia
this arrangement assures that there is little or no
ammonia in the atmosphere in the ammoniation
chamber. Preferably the points of injection of

.ammonia are spaced from the wall of the drum no more

than about 1/3 of the depth of the bed.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic side elevational
view, partly broken away of an acidifier-ammoniator
rotary drum reactor embodying the principles of the
present invention, with some parts omitted for
clarity:

Figure 2 is a plan view of the reactor of

Figure 1 illustrating in phantom lines the locations

of the acid injection inlets and the ammonia
injection inlets;

Figure 3 is an end view of the inlet end of
the drum looking in the direction of arrows 3-3 of
Figure 1;

Figure 4 is a schematic sectional view
taken on the line 4-4 of Figure 1;

Figure 5 is a schematic sectional view
taken on the line 5-5 of Figure 1; and

Figure 6 is a pH profile of the drum
illustrating the pH of a typical reaction mixture
along the length of the drum.
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DETAILED DESCRIPTION

The drum reactor 8 includes a cylindrical
side wall 10, an inlet end plate 12 having an axial

opening 14 and an outlet end plate 16 having an

axial discharge opening 18. The drum 8 is supported
and rotatably driven in any conventional fashion and
is slightly inclined downwardly toward its discharge
end so that particulate material introduced through
the inlet opening by a chute 19 will travel through
the drum 8 and be discharged through the discharge
opening 18. As illustrated schematically in Figure
3 the drum 8 can be supported on rollers 20 and
rotata.ly driven by a motor M through a pinion 22
which engages a ring gear 24 secured to the drum
side wall 10.

Particulate material entering the drum 8
enters a first drum portion or chamber 26 in which
it will be acidified. This acidifying chamber is
fitted with lifting flights 28 secured to the drum
side wall 10. The flights 28 are canted in a
direction opposite the direction of rotation of the
drum 8, relative to an axial plane passing through
the axis of the drum. Y particularly suitable cant
angle is 45°. Upon rotation of the drum the flights
28 lift the particulate material in the chamber 26
and drop it so that it falls and cascades as a
stream or curtain 30. The bulk of the material
rolls as a mass 32 on the inner surface of the side
wall 10. The manner in which the flights 28 are
canted insures good mixing of the material without
buildup or reverse flow problems. The width of the
flights 28 should be between 10 and 20% of the
drum's diameter.
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The length of the flights 28 is the same as
the length of the chamber 26, in that the downstream
ends of the flights 28 form the downstream end of
the chamber 26. At the ends of the flights 28 there
is a ring 34 secured to the drum side wall.
Particulate material passing over this ring 34
enters an intermediate chamber 36 which is free of
lifting flights. The intermediate chamber 36 may be
axially longer or shorter than shown or it may be
omitted.

Downstream of the intermediate chamber 36
is an ammoniation chamber 38 which in the
illustrated embodiment is fitted with anti-skid
strip 40 extending essentially the length of the
chamber 38. The strips 40 may be approximately 1/4
to 1/2 inch in height to prevent the bed 42 of
particulate material from slipping in the chamber
38. As seen in Figure 5 the bed 42 is a rolling bed
of material in contact with the side wall 10, since
the strips 40 are too low to function as lifting
flights.

Extending axially through the drum 8 is a
stationary pipe 44 (Figure 2) supported outside the
drum by any suitable means (not shown). The support
pipe 44 has been omitted from the other views in the
interest of clarity. The pipe 44 is provided as a
support structure for a plurality of acid injector
nozzles 46 in the acidification chamber 26 and as a
support structure for an ammonia sparge pipe 48 in
the ammoniation chamber 38. The manner in which the
nozzles 46 and the sparge pipe 48 are mounted on the
support pipe 44 forms no part of the invention and
need not be described. The mounting means for the
nozzles 46 is shown generally at 50, and the

PCT/US84/00253
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mounting means for the sparge pipe 48 is shown
generally at 52. .

The acid spray nozzles 46 are disposed in
spaced apart relationship along essentially the
whole of the length of the acidification chamber
26. The nozzles are so located that their discharge
orifices are aimed at the curtain 30 of free-falling
material so that the sprayed acid 54 contacts the
curtain 30 near its lower end. The location of the
ammonia sparge pipe 48 is within the bed 42 of
particulate material in the ammoniation chamber 38
near the lower end of the bed 42 so that ammonia
irjected from orifices 56 in the pipe 48 has the
maximum time to disperse and react with the
acidulated particulate material before being exposed
to the surface of the bed. The distance of the
orifices 56 from the wall of the drum should be no
greater than 1/2 the depth of the bed 42. The
diameter of the discharge aperture 18 is such that,
typically, a bed depth of about 10 inches exists in
the chamber 38.

Figure 6 illustrates a pH profile for a
typical acidification-ammoniation reaction carried
out on particulate poultry litter in a drum
constructed according to the present invention.

As shown, the pH of the litter drops
rapidly in the acidification chamber 26 as the
litter progresses through that chamber while being
sprayed with finely atomized concentrated sulfuric
acid. In the intermediate chamber 36, which serves
as a retention chamber, the pH remains constant. In
the ammoniation chamber 38 the pH rapidly rises as
the acidified litter is sparged with anhydrous
gaseous ammonia. The overall treatment process
produces a product suitable as a feed supplement for

PCT/US84/00253
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ruminant animals. The acidification step traps free
ammonia which is present in the litter, stabilizes
other nitrogen compounds, destroys odor producing
compounds and partially hydrolyzes the ligno-
cellulose content of the litter to make it more
digestible to ruminants. The ammoniation step
produces an ammonium salt by reaction with the acid
and partially neutralizes the acidified litter. The
chemical reaction increases the temperature of the
jitter and drives off water vapor so that an
essentially dry particulate p:dduct is formed. Air
is preferably drawn axially through the drum 8 by
any suitable means, jllustrated schematically at 58
in Figure 1. ' '
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WHAT IS CLAIMED IS:

1. Apparatus for treating particulate
solid material in free-flowing condition with at
least two fluid reactants comprising: a rotary drum
having a first longitudinal portion of its length
fitted with internal lifting flights for lifting and
dropping particulate material in the form of a
stream, said drum also having a second longitudinal
portion of its length free of lifting flights to
thereby form particulate material into a tumbling
bed; reactant spray nozzle means in said first drum
section and having outlets so located as to spray a
first fluid reactant supplied thereto onto the
stream of particulate material; and injection means
located in said second portion, said injection means
being so located as to inject a second fluid
reactant into the tumbling bed at a location within
the bed.

2. Apparatus as in claim 1 wherein said
lifting flights are canted in a direction opposite
to the direction of rotation of said drum, relative
to a plane passing through the axis of said drum.

3. Apparatus as in claim 2 wherein said
lifting flights are canted at an angle of 45°.

4. Apparatus as in claim 1 including an
intermediate longitudinal drum portion between said
first and second portions, said intermediate portion
being free of reactant injection means.
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5. A process for treating particulate
solid material in free-flowing condition with at
least two fluid reactant materials comprising:
passing the particulate material into a first

5 longitudinal portion of a rotating drum which is
arranged so as to move the material from said first
portion to a second drum portion upon rotation of
the drum; creating in said first drum portion a
downwardly falling stream of the particulate

10 material by means of lifting flights provided in
.said first drum portion; spraying a first fluid
reactant onto the free-falling stream; creating in
said second drum portion a tumbling bed of the
particulate material which has passed from said

15 first drum portion into said second drum portion,
said bed being in contact with the drum wall and
having an upper end and a lower end; and introducing
a second fluid reactant into said bed from at least
one injection orifice located so as to be

20 continuously embedded in said bed.

6. A process as in claim 5 wherein
injection of said second reactant takes place near
the lower end of said bed.

7. A process as in claim 5 wherein
25 injection of said second reactant takes place at a
distance from the drum wall which is no greater than
one third of the thickness of the bed.

8. A process as in claim 5 including
drawing a stream of air axially through said drum.
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, 9. A process as in claim 5 wherein the
reactions in said drum portions generate heat and
water and wherein the process is controlled so as to
utilize the heat to drive off water vapor and
thereby dry the particulate material in said second

drum portion.
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