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. 1 .
This. invention relates to the automatic con-
trolliig of the drying temiperature and drying
rate of material. In one of its preferted embodi-
ments my invention relates to the automatic con-
trolling of the drying température and drying
rate of aminonium hnitrate. | |
In the preparation of various materials, the
desired product often contains water which must
be removed before the product is marketed. The
removal of water from some materials, for ex-
ample ammonium nitrate, i§ particularly desir-
ablé since such materials cake or ball when stored

with the water contained in theni. Thus. & dry-~

ing process is a necessary operation in the prep-
aration of such materials. |

For economical reasons, it is desirable to carry
out such a drying process at the maximum. pos-
sible. rate and temperature. However, if the dry-
ing process for such materials is carried out at
too high a temperature or too fast, the material
may be changed to an undesirable form or com-
position. Thus in a drying process of the type
inentioned the object is to dry the material as
rapidly as possible without undesirably altering
its form or composition,

In order to accomplish this objective, the dry=
ing temperature and drying rate must be very
closely controlled. In the past, such control has
been attempted by utilizing manual methods- of
control in the drying process. Of course such
a- procedure has been unsatisfactory due to overs=
correcting and lag in applying corrections in an
attempt to accomplish the degree of ¢ontrol nec-
essary: Such overcorrections andlag in applying
corrections cause an undesirable slowing of the
diying process or an undesirable change in the
product or both. | | |
- TA the preparation of solid ammonium nitrate,
the product exists as granule ammonium nitrate
containing water. For the reasons previously
mentioned this water must be removed by sub-
jécting the ammonium nitrate to a drying proc-
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ess. It is desirable to retain this granule form

and yet carry out the drying process as rapidly
as possible. If the process is carried out at 10O
high a temperature or too fast, the granules §plit
and undesirable fine particles result.
By thée practice of my invention, the drying
temperature and drying rate of material are

closely and automatically controlled by automat- ;

ically controlling the temperature of the drying
agent both before and after contact ol said. dry-
ing agent with the material being dried, thereby
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permitting the drying process to be carried out

af the maximum rate without undesirably chang-

55

ing the form. or composition of the material being
dried..

An-object of my invention is 10 control closely
the drying temperature and drying rate of mate-
rial, for example, ammonium nitrate.

Another object is to provide a simple, economic
anid dependable method of closely and automat-
ically controlling thé drying temperature and
drying rate of material, for example, ammonium
nitrate.. | | |

Another object is to provide the close control
necessary in a drying process to carry the proc-
ess out at the maximum speed without undesir=
ably altering the material being dried.

qtill another object of my invention is to auto-
matically ¢ontrol the temperature of the drying
agent before and after contact with the material
being dried. |

From. the discussion and disclosure herein
made, other objects will'be abparent to one skilled
in the art. | |

‘According to my invention, the temperature
of a fluid drying agent is automatically con-
trolled, by suitable means, before and- after con-
tact with the material being dried, thereby close-
ly and automatically controlling the temperature

and rate of drying. By practicing my invention

in the drying process of material, for éxample am=
monium nitrate, the drying process may be car-
vied' out at the maximum rate possible without
undesirably altering the material being dried.
One preferied  embodiment of my invernition 1is
indicated in the attached drawing which is a flow
sheet of a drying process illustrating a practice
of my invéntion as applied to ammonium hitrate
a8 the material being dried and air as the dry-
ing- agent. 'The individual apparatus- and con=
trol instruments are well known in operation and
desien. From the following: discussion and dis-
closure, it will be clear to one skilled in the art
that the practice of my invention: is. not neces-
sarily. limited to the: exact type and location of
the eontrol: instruments shown nor 1o the. mate=

rials and conditions of operation ytilized forpuf-

pose-of Nlustration. | |

In the: figure, the ammonium: nitrate or other
material. to be: dried: is. fed by conveyor belt 3
into: inclined: rotating: predryer 2, the drying 2ir
being fed into predryer 2 by entering drying air
line: T through air heater 4. The air is healed
tq the desired initial temperature by air heater
4 and maintained at that temperature by tem-
perature recorder. controller 1. The tempera-
ture controller i1 has a bulb. or cther tempera~-
ture measuring. device {8 located in drying air
line 7 between air heater 4 and predryer 2 and
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operating diaphragm valve 6§ in steam line 8 by
the air furnished by instrument air supply line
13 in known manner. The drying air is drawn
from predryer 2 through exit drying air line b
and passed through air washer 12 by exhaust
fan {4 and vented into the atmosphere through
vent 5. The rate of flow of the drying air
through predryer 2 is controlled in accordance
with my invention by temperature recorder con-
troller §8. The temperature recorder controller
13 has a hulb or other temperature measuring
device 28 in exit drying air line 8§ between predry-
er 2 and air washer (2 and operating damper 18
located in vent {§ through diavhragm mofor i2
by air furnished by instrument air supply line 7.

The predried ammonium nitrate from predryer
2 is then gravity fed into inelined rotating dryer
22. The drying air is fed into dryer 22 by en-
tering drying air line 23 through air heater
24. The drying air is maintained at the selected
initial temperature by temperature recorder con-
troller 24, the temperature controcller having a
bulb or cther temperature measuring device 39
in drying air line 28 between air heater 24 and
dryer 22. Temperature controller 2! operates
diaphragm valve 2¢ in steam line 28 by the air
furnished by instrument air supply line 25, The
drying air is drawn from dryer 22 in exit drying
alr line 37 through air washer 32 by exhaust
fan 34 and vented into the atmosphere through
vent 36. The rate of flow of drying air through
daryer 22 is controiled by temperatiure recorder
controller 27, which has a bulb or cther tem-
perature measuring device 40 in exit drying air
line &1 bhetween dryer 22 and air washer 22,
Temperature confroller 27 operates damper 38
in vent $&6 through diaphragm motor 3! by air
furnished by instrument air supply line 23.

The dried ammonium nitrate from dryer 22 is
gravity fed into inclined rotating cooler 42, The
cooling air is fed into ceoler §2 hy entering cool-
g air line 4171 through gair heater 44. It is
understood that in certain cases the tempera-
ture of the air may be such that the air must
be cooled instead of heated before being passed
to cooler 42. In such a case, 48 becomes an air
cocler 44 angd steam line 48 becomes coolant line
£8. The cooling air is maintained at the selected
initial temperature by temperature recerder con-
trollerr 33 operating diaphragm valve 48 in steam
line 48 by air supplied by instrument air supply
line 35. "The bulb or temperature measuring
device 88 for temperature recorder controller 33
is located in cooling air line 471 between air
heater 4& and cooler 42. The exit cooling air is
drawn from cooler &2 in exit cooling air line
45 by exhaust fan 54 threugh air washer 52 and
vented intc the atmosphere through vent 586.
The rate of fiow of cooling air through cooler
2 is controlled by temperature recorder con-
troller 39 by operating damper 58 through dia-
phragm motor 43 by air furnished by instrument
211" supply line 4f{. The bulb or other temper-
ature measuring device &9 for temperature re-

corder controller 39 is Iocated in exit cooling

alr line &8 between cooler 42 and air washer 52.

in the practice of my invention, using as an
example ammonium nitrate as the material to
ve dried and air ag the drying agent, and re-
ferring to the attached drawing, if the enter-
ing drying air in line 7, as measured by bulb
18, falls below a selected initial temperature, the
alr pressure exerted on diaphragm valve §
through instrument air supply line {3 is changed
by f{emperature recorder controller {i. The
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change of pressure opens further the valve in
steam line 8 allowing more steam to pass through
alr heater 4 thereby returning the temperature
of the entering drying air to the selected value.
If the temperature of the entering drying air
rises above the selected value, the air pressure
from instrument air supply line {3 to diaphrasm
valve § is changed by temperature recorder con-
troller t{ such that diaphragm valve & reduces
the flow of steam in steam line 8 to air heater
4, thereby allowing the temperature of the en-
tering air to return to the selected value. Thus
the drying temperature of the ammonium ni-
trate is automatically controlied.

If the drying air temperature leaving pre-
dryer 2 through exit drying air line 5 falls below
a selected value, as measured by bulb 28, indi-
cating too slow g drying rate, the air pressure
exerted on diaphragm motor {9 through instru-
ment air supply line {7 is changed by temper-
ature recorder controller {5. The change in
pressure on diaphragm motor 19 moves damper
{8 tcward an open position in vent {§ allowing
the rate of flow of air through predryer 2 to
increase thus increasing the rate of drying in
predryer 2. As the rate of flow of air increases,
the rate of drying increases and the tempera-
ture of the exit dryving air rises to the selected
value. If the temperature of the exit air rises
apbove the selected value indicating too fast a
drying rate, the air pressure from instrument
air supply line {7 to diaphragm motor 18 is
changed by temperature recorder controller (5
suchh that diaphragm motor 19 moves damper
{8 toward a closed positicn. The closing of
damper {8 reduces the rate of flow of air through
predryer 2 thereby decreasing the drying rate.
As the rate of flow of air through predryer 2
decreases, the rate of drying decreases and the
temperature of the exit dryving air falls to the
selected value. S

If the air leaving coocler &2 through exit line
45, as measured by bulb 68, falls below the se-
lected value indicating insufficient cooling, the
air pressure exerted on diaphragm motor 43
through instrument air supply line 41 is changed
by temperature recorder controller 38. 'The
change in pressure on diaphragm motor 43 turns
damper 98 toward a closed position in vent 58
thus decreasing the flow of air through cooler
£2. Decreasing the flow of air throush cooler
42 increases the extent of cocoling and returns
the temperature to the selected value. If the
exit alr temperature rises above the selected
value, indicating excess cooling, the air pres-
surs from instrument air supply line 41 to dia-
phragm motor 43 is changed by temperature
recorder controlier 39 such that diaphraem mo-
tor 43 moves damper 58 in vent 58 toward an
open position thus inecreasing the flow of air
through cooler £2. Increasing the flow of air
through cooler 42 decreases the extent of cool-
ing and returns the temperature to the selected
value.

Although my invention is primarily directed
at controlling the rate and temperature of dry-
ing, it will be apparent to one skilled in the
art, after reading the disclosure of my invention
nerein made, that the practice of my invention
1s equally advantageous in a cooling process as
1s indicated in the example and disclosures here-
In given. 'Thus although the language of the
disclosure and claims herein made speaks pri-
marily in terms of controlling drying temper-
atures and rates, I intend that the disclosure and
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elaims of my invention include cooling oOper-

ations as well as drying operations that may

oceur in a drying process.

'As the temperature and rate of
be closely controlled in each stage of the drying
of ammonium nitrate, my invention can be a.d-

vantageously practiced in any or all of the vari-

ous ammonium nitrate drying stages.
Example |
In a preferred embodiment of my invention,

ammonium nitrate was dried by air in three

stages. | | | |
" Referring to the figure, 26,000 pounds per hour
of granule ammonium nitrate from a prilling

tower were continuously fed into predryer 2 by

conveyor belt 3. The feed ammonium nitrate
was at a temperature of 75° C. and contained 4
 weight per cent water. The predried ammo-
nium nitrate leaving predryer 2 was at a tem-
perature of 65° C. and contained 2.75 per cent
water. The drying air entering predryer 2 was

kept at 75° C. by temperature recorder controller

(1. The drying air left predryer 2 at an average
rate of 22,000 cubic feet per minuite and con-
tained 3.8 per cent water. The temperature of
the exit drying air was kept at 65° C. by tem-
~ perature recorder controller 16,

The predried ammonium nitrate at 65° C. con-
taining 2.75 per cent water was gravity fed into
dryver 22. The dried ammonium nitrate left the
dryer at 80° C. and contained 0.5 per cent water
and was gravity fed into cooler 42. The dry-
ing air entering dryer 22 was kept at 145° C.
by temperature recorder controller 2f. The dry-
ing air left the dryer at an average rate of
11,000 cubic feet per minute and contained 5.7
per cent water. The temperature of the exit
 drying air from dryer 22 was kept at 75° C. by
~ temperature recorder controller 21. |

The dried ammonium nitrate entered cooler
42 at 80° C. and 0.5 per cent water content and
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left the cooler at a rate of 25,000 pounds per:

hour at 38° C. and contained 0.3 per cent water.
The cooled ammonium nitrate was further
treated to prevent absorbing of moisture. The
" air entering cooler 42 was kept at 21° C. by tem-
perature recorder controller 33. The air left
cooler 42 at an average raie oOf 27,400 cubic
feet per minute and contained 2.9 per cent water.
The temperature of
gre . by temperature recorder controller 39.

The foregoing example was directed to_am-

&

dried, and drying agents niay be utilized in the
practice of my invention, I do not desire to be
limited to the single embodiment and illustra-

‘tions as herein disclosed.

I claim: -
As 5 method for drying granule ammornium
nitrate containing water a three stage PpProcess

which comprises a predrying stage, a drying

stage and a cooling stage, with the temperature
of drying air in each stage being automatically
controlled before contact with said granule am-
monium nitrate, and with the rate of flow of
said drying air past sald ocragnule ammonium ni-
trate being regulated automatically in each stage
by controlling the temperature of said drying
air after contact with said granule ammonium

nitrate automatically in response to and to com-

pensate for any variation, and wherein the tem-
perature of said drying air before contact with
said granule ammonium hitrate IS maintained
ot 75° C. in said predrying stage, 145° C. In said
drying stage, and 21° C. in said cooling stage, and

- wherein the temperature of said drying air after

contact with said granule ammonium nitrate is

< maintained at 65° C. in said predrying stage,

e . in said drying stage, and 37° C. in sald
cooling stage, and wherein said granule am-
monium nitrate is introduced into said predry-
ing stage at a temperature of 75° C. and con-
taining 3.5 to 4.5 weight per cent water, and
wherein said granule ammonium nitrate is with-
drawn from said predrying stage and introduced
into said drying stage at a temperature of 65°
C. and containing substantially 2.75 weight per
cent water, and wherein said granule ammonium
nitrate is withdrawn from said drying stage and
introduced into said cooling stage at & tempera-
ture of 80° C. and containing substantially 0.5
weight per cent water, and wherein said granule
ammonium nitrate is withdrawn from said cool-
ing stage at a temperature of 38° C. and con-
taining substantially 0.3 weight per cent water.
| EDWARD EDMUNDS, JR.
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" monium nitrate as the material being dried and

air as the drying agent, however other materials
such as corn germ, clay, potassium nitrate,
cereals, coal, etc. can be dried by the Process
and apparatus of my invention and also drying
agents other than air such as combustion gases
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suitable for the practice of my invention.

Qince various details of construction, locations
of instruments, types of instruments utilized
for measurements and control, materials
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