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CONVEYING, WEIGHING AND FEEDING GRCUND PHOSTHATE
FOR _CCNTINUCUS ADI'TITURE WITH ACIDS

By R.B. Risk, A.M.I.Chem.E,
The Farmers' Company, Ltd., Brigg, England.

INTRODUCTION
The demand of Agriculture for superphosphate has lately

‘necesgitated the erection of new factories, and the enlarging of

many existing ones. This demand, together with the desire on the
part of manufacturers for a better product and the need to produce
as cheaply as possible, nas so encouraged technical devslopment,
that the call for modernisation is now cons tantly in our ears.
Manyunit process detalls are involved in our manufacturlng
methods, and accuracy in weighing, and precision in handling
ground phosphate, are important examples.

FACTORY EXTENSIONS

On erecting a phosphoric acid plant at existing works at
Barton-upon-Humber, the Farmers' Company had to increase their
phosphate grinding capacity, and instal a ground phosphate
conveying system within the limits of existing buildings. In
order to conduct full scale experimental work with the minimum -
of interference with normal production the a01dulat1ng plant
(Broadfield) was much modified at the same time, to give
operational flexibility over a wide range of conditions, and
den capacities.

NEED FOR WEIGHING GROUND FHOSTHATE

Rock phosphate ground to ordinary requirements for super-
phosphate manufacture, even in a single mill, will suffer
segregation of particle sizes at times, because of the movements
in the storage hoppers of the type of circulatory system
employed here. See Fig.l. From time to time this segregation
creates considerable differences in the apparent density of the .
ground phosphate in ‘circulation. It was, however, the intenticn
to have a controllable flow of ground phoshhate with widely
varying degrees of sub-division, and particle size distribution,
on tap as 1t were, so the installation of a second grinding mill
was indicated from the first, in preference tor eplacing the
existing mill; so 1t was that different types of mills came to
be paired, and a method of weighing the phosphate became
essential 1f accuracy of apportioning was to be attained

This paper is therefore, in effect, a report on the alterations
and additions, privately undertaken and only recently completed.
Comparison with weighing methods already in use is not intended.
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With an A.C. electricity supply which 1s llable to vary be-
tween say 415 V. and 380 V., and motorised drives operating under
normal load conditions, changes in motor speeds amount approximate-
ly to reductions of 60 r.p.m. on 2,000 r.p.m., and 30 r.p.m. on 700
T.p.N.; a possible variation from this one cause of from 3 to %4
per cent.

Any pilece of machinery, like the spiral conveyor referred to,
which is dependent on tlming for accuracy, can be protected against
such Irregularities, if indeed a closer degrse of accuracy ls re-
quired. In this respect the constant speed podiometer conveyor belt,
and the mechanical variable speed unlt, both electrically driven,
come readlly to mind.

ELECTRONIC MOTOR CONTROL

An electronic motor control as shown diagramatlcally in Fig.4,
malntalns a constant motor speed desplte fluctuations in mains
voltage, and working loads.

The degree of accuracy is f 0.1%

Such a system also gives protection against motor stall
conditions since the armature current will rise to the pre-set
valuse only, which is the maximum motor current.

The slingle phase alternating current employed is rectified
by thyratron valves, the direct current being fed to a shunt wound
geared motor.

A potentlometer control enables the output speed to be varied,
the drlve in this particular case being to the variable speed
spiral conveyor.

A tachometer generator i1s directly coupled to the non-driving
end of the motor armature shaft (Fig.2 top left.) The voltage
generated here ls used to correct changes in motor speed due to any
irregularities along the drive. The time taken to do thls 1ls less
than one tenth of a second.

Voltage generated by the tachometer is proportional to 1ts
speed, and 1s balanced against a stable voltage appsaring at the
main speed potentiometer. When a diffserence occurs between these
two voltages correction ls automatic and the motor speed is main-
talned at the correct level.

VARIABLE SPLED SPIRAL CONVEYOR. '
~ The spiral conveyor used to convey and regulate the flow of
phosphate from the welgher reception hopper to the mixers l1s 12 ft.

~long.

Variatlions in speed are obtalned by control of the motor
armature voltage, a reduction down to one twentieth of the motor
base speed being practicable, although in this instance 10% was
preferred.

The speed of the conveyor is infinitely varlable between 10
and 100 r.p.m. A visual speed indicator 1s provided.

With this fine control, it 1s the work of a few minutes only
to set the speed so that the weighed batches of phosphate (maxirmmum
170 1lbs), are smoothed out, and conveyed to the mixer in a steady
flow. '

The pitch of the spiral 1s normal, except for the first two
feet directly below the reception hopper, which is of 2" pltch.
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At 100 r.pim. a 4" dier. spiral of this type has a capacity
- of 7910¢ftg per hour, and a 6&" spiral 265’c.ft. per hour.

With the Volume of & ton of ground phosphate varylng from 38
c.ft. to 28 c.ft., 1t 1s seen how the tonnage capacities of the
conveyors change. '

_ ' , This serves tqfemphdsise our need for true weight, and the
. unrellability of volumetric measurement. .

AUTOMATIC PHOSPHATE WEIGHER : Do

The welgher i1s of an even arm bean type, and it should be en-~
phasised that some details of construction were of an experimental
‘nature.

With an empty weigh bucket the welght box sinks and tilts the
beam so that the feedgate opéns and the bucket fills. When the
required weight is obtained tha feedgate closes. '

' * The bucket door nofmaily opens automatically, but in this case
the action 1s suspended until released by the functioning of a
solenold which is electronically controlled. -

A slidlng welght is fitted to balance, after trial, the
phosphate in mid air, between the feedgate and the bucket, at thes
rioment of balance. | _

A welghing accuracy of * % of 1 per cent-ié’OBtQined with
" tlpping periods of 40 seconds and over. ’

If high speed welghing operations are necessary, say within
the time range from two to four discharges per minute, the degrees
of accuracy can be expected to drop to t1 per cent.

The weigher 1s enclosed in a vented cubicle which affords a
means of controlling the occasional puffs of light dust which
. omanate from the machine. It also protects the working mechanisms

- from corrosion by chemical fertiliser dusts, and acid'fumes which

‘may arise from nearby plant.,

ELECTRdNIC WEIGHER DISCHARGE CONTROL
The weigher dlscharge trip is released by 'a solsnold
periodically energised by a two-interval electronic timer (Fig.5).

In the timer, alternating current is rectified and electron-
lcally regulated. The controlled D.C. voltage thus obtalned 1s feod
to a first Interval timing valve through a potentiometer, and at
the selected interval current is passed to the solenoid.

The current 1s maintained for a shorttime by the action of the
second valve, five seconds in this case, when the timing cycle
restarts. :

Two units are in use, one with a range of 4ozto 400 secs.,
the other 72 to 720 secs..

REMAINING. SOURCES OF POSSIBLE INACCURACY

If the welgher Is allowed Lo become sluggish in action, for
need of cleaning, or by excessive wear, 1t is possible for the
solenoid to operate, and yet for the bucket door to remain closed.

N When the weigh bucket opens it 1s essential that it completely
enptles 1tself each time. o

£
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From the opening to the closing of the welgher bucket door,
approximately the time taken for the phosphate to gravitate to the
reception hopper, the Interval 1ls 3 secs.. o

A glass window in the hopper enables the operetor to see that
the weighment 1s discharged at the set period, but only a check
welght test can show that the discharge ls complets.

It 1s of course equally important that the feedgate.closes
properly when the requlred weight is obtalned. Attentien must be
pald to this as the gate can be fouled by foreign matter.

Check tests are made by welghling samples drawn from the
variable speed spiral conveyor when the circulatory systems shown
in Flge. 6 are in motion.

MAINTENANCE AND PERFORMANCE ‘
£ A few flgures concerning maintenance work done will be of
Interest to readers.

The figures relate to the filrst 2,000 hours of actual pro-
@ :uction time on the Broadfield Acidulating Unit, after the fitting
of the weigher and 1ts accessories, when operators and maintenance
men allke, were making themselves familiar with their use.

On the electronic controlypanels, organised maintenance, on
the average, was 1 hour for every 60 hours run, and on the weigher,
S hours for every 120 hours run, one man belng employed in each case.

Individual unbudgeted for stoppages, varylng from between 1
hour and 4 hours each, amounted to 1l hours on welgher repairs, 19
hours cleaning and easing the welgher mechanlsms and 6 hours ad-
justing, repalring, or cleaning the electronlc controls, a total of
36 hours which is the equivalent of one hour lost for each 55% hours
run - an operating efficiency of 98.2%.

It is confidently expected that with the experience galned
greater efflclency will be readily achieved in the futurs.

Loss of working time due to sluggish welgher action 1ls now
‘Jegligible .

AIR FLOW CONVEYOR
The main conveyor in the system 1s 135 ft. long and of alr-
flow construction, a section of which ls shown in Fig. 3.

The upper and conveying trough 1s separated from the lower
alr trough by a contlnuous length of porous material of restricted
alr permeability.

The air pressure to be applied to the lower trough 1s natur-
ally dependent upon the combined resistance of this porous material
and of the phosphate layer, which, in this case, 1s of such an order,
that with the alr pressure at 9" w.g., the air flow is 4% cub.ft./
sqeft./min.. At this figure the ground phosphate is fluidised to
the required degree and there is a ready gravitational flow of
phosphate in the upper trough, when the conveyor is inclined at 20
from the horizontal.

With 45 sqg.ft. of porous medium the total alir used 1s 191
cu.ft./min., The small fan used consumes 0.8 B.H.P.

The upper trough is vented through fillters to prevent a bulld
up of alr pressure 1ln the adjacent plant, and to restrlict the
veloclty of alr In the trough itself.
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The convéyor performs the dutles of handling phosphate from
the two mllls, at one and the same time, or individually, as a
spiral conveyor would. ' :

The only moving part 1s the fan.

The trough5~are pbnveniently.beﬁt tofsuit’ﬁhe layout.
Operation isidustless; | _.

The maximum load demand on'this 4n Wide conveyor is about

7 tons/hr; the actual maximum capaclty 1s nearer 20 tons/hr of the
"lightest' of the phosphates. y

PROCESS ADJUSTMENTS AND EXPERIMENTS .
The perilodic adjustments 1In the proportions of phosphate and

acid required because of changes in chemical composltlon, are

readlly affected at the weigher. .

This ease and surety of control also facilitates the change
over from one manufacturing process to another.

Whenever possible for experimental work, the welgher trip
mechanism control is set to operate a complete cycle in 60 seconds.

Apart from simplifylng the welght calculations, as the electro
magnetlc counter 1ls then recording minutes, a ready check Is.avall-
able on the time of the run, as the controller achieves s high degrue
of accuracy in time keeping. :

yea
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