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ANQLYTICAL COINTROL IN THE MANUFACTURE OF FER’];ILJ.IZERS
by E. . Schwehr,
Fisons Ldmited.

Sumnary. The ‘/roblems fac:mg ’che chenist are discussed and the tvpe
of bhasic information necessary for the inception of a control scheme dis-
cussed. The naper lists the tests cerried out in the factories of Fisons
Limited in the control of manufacture of single superphosophate, phosphoric
acid, triple superphosphate and gramwlar compounc fertilizers. It presents
evidence of the type and extent of the variations which can occur in the
manufacture of compound fertilizers by a rotary granwlation process from
solid raw materials. The essential legal regulations covering the sale of
fertilizer in the United Kingdom are reviewed in an sppendix. A method
is devised for the setting up of control charts for use in the manufacture
of granular compouncs. : :

L T e T e et LIRS

It is not the purpose of this peaper to discuss in detall snalytical.
techniques practised in the laboratories of Fisons Limited, but rather to
shov where and how analytical control can be applied to the manmufacture
of fertilizer. It discusses the ways in which veriations in the a.nalys:.s
of the fertilizers produced mey erise and attempts, in some cases, to
assess the magnitude of these veariations. The word "analytical' will be-
interpreted in its widest sense and will not be confined to those tests
which are necessarily mede in the confines of & specialist leboratory.

(E\IERAL CONS]DLRATIO VS

1. illh,e“@zé.epjes. of,_Analyticsl Control
inalytical control is carried out %o ensure:-

L. = Efficient use of raw materials and plant.
B.  Compliance with sales specification of the product

C. Comalimc* with minimum legel T-equlremcnts end civil agrearnents in
respect of product qu.allw

D. Campliance with minimun legal requirements and civil agreements in
respect of any gaseous or liquid effluent produced by the manufac~
turing,. process. N

E. ._f-Prevent:Lon of ‘hazards to health within- the factory.
The chernlist must consider ea.ch of these objects separately and decide

on the type of sample, and tiae analysis required on the sample, which will
give him the information necessary to fulfil eech object.



To the centrol chemist, “the ‘fertilizér industiy presents a difficult
problem. He is concerned with reactions between solids and liquids in,
often, & non-homogeneous mass: Frced vwith the Lxovledge that if, for example;
he is attempting to fulfil the first object mentioned above, then he will

~always be testing material at some intermediate stage when the reaction
©ds not completed. He must therefore forecast from his results and in

the light of his knowledge of the subsequent rate and progress of reaction,
whether or not adjustments to materials or process are necessary., Even
worse, the product being manufactured may not enter -into true chemical
reaction, so control tests may be designed to assess the efficiency of
plant operation and equipment rather than the progress of reaction.

In spite of all this, fertilizers are sold throughout the world on
a standard based on a chemical analysis, and the need for analytical chemical
cantrol is, therefore, paramount,

2, Factors Influencing the Choice of a Control Testinngrocedure for
OCeSS.

A+  The Process

The most important factor in establishing any procedure of control
testing is to have an intimate and accurate knowledge of all stages
within the process and to have established the effect of known variations
on the operation of the plant and on the product. To build up this
knowledge requires repeated and thorough plant investigation. It is the
only way to answer such questions as:- ‘

(1) Where can a sample be taken, so that the results of a test made
on that sample can be interpreted into plant operation, and, if
necessary, modification of that operation?

(i1i) How representative is the sample likely to be?

(iii) What size need the sample be?

(iv) VWhat will be the effect on subsequent steges of the process if a

modification to plant operation or materials feed is made at any
given point?

B. Legal Requirements

The process may give gaseous and/or liquid effluents which must
comply with certain regulations. Regular control tests of these
"by-products" of the process must be carried out. Fortunately, such
tests are mainly for record purposes, and their priority can be lower
than that of other tests. The product mey also be required to comply

with certain legal standards. '

C. The Quality of the Product

If the sales specification is "rigid", then the degree of variation
allowed in control tests will be smaller than if there is an appreciable
tolerance in the specification.

D, The Choice of Analytical Test

Can it be a physical test or is a chemical test necessary? Mist it
be carried out by a skilled analyst or can it be made part of the routine
of the plant operators? Can a less accurate method of assessment be
accepted in order to obtain a more speedy result? How often must the
test be carried out? How does the chosen test relate to those laid down



by legel éeqdlreﬁents or in the sales specification? Has the test a
~definite bias when compared to other more generally accepted méthods of
test” Is ;t one whlch has a dlstlnct operator bias?

e When the answers to such questlons are available, the chemist can
put forward a control test procedure. The chemist must be responsible
for laying down the standard, or mean value, for any test and applying
to it the permitted limits of variation outside of:which corrective

o ‘aetlon muist be teken, Any such procedure must have the approval of the

management and it must be backed by an agreed procedure for commmication
of the results and an acknowledged scheme for responsibility for any
action taken in the event of necessary corrective measures.

Having done this, the chemist's responsiblllty‘ls not over, for
he must continually watch the results of his tests, if. the efficiency
of the factory is to be maintained, and devise means by which such results
can be simply conveyed to both plant manaegement and operators. In this
- respect, the use of control charts and statistical methods of interpre-
tation must not be ignored. , -

The routine sdopted in a conmtrol laboratory must always be heavily
weighted in favour of tests carried out during the. process to prevent
production of off=specification material. It is then merely necessary
to monitor goods ready for despatch to ensure that errors are not
occurring in the factory and to prov1de records for 1dent1f1catlon of
sales cons1gnments.

3. SgEEding

No control anelysis has any velue unless the sample on which the
test is conducted is fully representative of the material being processed
at the time the sample is drawn. It is felt that no review of this
nature can be complete without reference to the subject of sampling,
which is a complex cne; the degree of complexity being dependent on
the homogeneity of the material being sampled. .

No hard and fast rules can be laid down and every process stream
must be sampled on its merits. The drawing of a representative sample
at any stage of a process seldom receives the attention it demands.
Recent tests conducted by the author, the resu t? of which were presen-
ted to the Fertiliser Society in Great Britain{l), have illustrated the
high degree of analytical variation which can arlse between samples
drawn by different, but recognised and approved, methods of sampllng
from the same batch of materlal.

It iS'difficult to generallze over the way in which samples
should be drawn, but it is probably correct to accept a priori, the
follow1ng two maxlms When sampllng solids:~ :

A, Never take 1ncrements at regular time intervals if they are
to be combined to-give one sample for analy31s. There is always
" the p0551b111ty that the timé period chosen will coincide with
‘some, periodic fluctuation of the plant, so that a biased sample
will be produced, ‘

B.. ' Always take a 1arge camplé; Sample d1v1ders are aVallable
-~ which give a truly'representatlve sub-sample of 1/16th of the
original sample in a single pass. . The time spent on sub-sampllng
is amply repaid by the 1noreased reliance which can be placed
on the test.results-obtained on such samples. It permits the

" acceptance of smaller tolerances, since sampling errors are
reduced,



For process control purposes, & "spot" semple, i.e. one which is
taken almost instenteneously is required. For monitoring purposes or
for materials efficiency assessments a sample composed of a series of
increments taken at random over a definite period of the operating
cycle or day 1is preferable, since it cen be expected to iron out the
normal small fluctuations which are superimposed on the main process.
The cammonly accepted . periodicity of such samples is that of the
operating "shift". However, care must be taken that the increments
which make up such samples are of equal size or are always in the same
quantity relationship to the material flowing at the time of sampling,
in order to prevent bias in the sample. ' -

APPLICATION OF CONTROL TESTS TO MANUFACTURE OF FERTILIZERS

The following sections set down the type of tests suggested
as necessary for control of the manufacture of single superphos-
phate, phosphoric acid, triple superphosphate and campound. granular
fertilizers.

In order to follow the reasons for such tests, it is essential
for the reader to appreciate not only the legal regulations covering
the sale of fertilizers in the United Kingdom (briefly summarised in
Appendix A), but also the fact that the majority of fertilizers are
‘manufactured to a definite pre-determined analysis, which is stated
on printed forms, circulated to customers as a statutory statement,
and which may be printed on the bags in which the fertilizer is packed.

" The price of superphoépﬁate is based on its water soluble P0g
content to the nearest whole or half unit, which may be either above or

- below its actual determined:water soluble PpO5 content.

1. The Manufacture of Single Superphosphate

In the manufacture of single superphosphate, the essential require-
ments are a knowledge of:- '

A, The correct acid/rock ratio to give the degree of conversion to
water or citrate solubility required, : ‘

B. The acid strength and acid temperature required to give the
desired consistency of the slurry leaving the mixer and entering
the den, ‘

C.  The dégree of fineness of grinding of rock necessary to achieve
the conversion required in the time desired,

D. The retention time in the den to ensure satisfactory condition
of the superphosphate for "cutting out".

-~ A1l of these factors can be established for a given type of rock,
mixer and den by enalysis of the rock and standardized tests in the
1sboratory before the rock is used in the menufacturing plent.

Once the conditions are established, it is merely necessary to
carry out certain control tests to ensure that the required conditions
are being maintained.

We consider the following tests are sufficient to control the
msnufacture of single superphosphate to produce a material of uniform
analysis:—-



(1) Process Control Tests

(a)

(b)

(c)

(@)

(e)
(£)

(g)

(h)

(3)
(k)

Degrée of fineness of grlndlng of the rocks Once per
elght~hour shlft

Acid strength and temperature. The frequency will depend
on whether the acid is fed fram a stock tank or directly
from a small capacity tank fed from the acid dilution plant.

Weight of rock being fed to the mixer. The frequency of test
will depend on whether the mixer is of the continuous or batch
type and whether the rock feeder is a volumetric one or of the
belt weigher type.

The quantity of acid being fed to the mixer. The frequency of
test will depend on the type of equipment used to meter the acid
to the mixer and whether the equipment records the total amount
of acid being fed to the plant.

The free acid on an ex den sample. Once per hour.

The water soluble P.0_ and total POg and m01sture content
of an ex den sample. JOnce per eight=hour shift.

The Ca/SQL,and Ca/P O; ratios on ex den samples, - Once per
shift on composite samples in order to check the a01d/fock
ratio.

A full analysis of the rock. The frequency of test will
depend on factory conditions such as the possibility of con-
tamination of raw material in store, size of consignments of
raw rock, etc, A given type of rock is normally of uniform
analy51s and analysis on a woekly basis is probably adequate.

Gascous exit from scrubbers. Not less than once per shift.

Liquid Effluent. Any need for control is dependenf on the
existing requirements applying to the discharge of the

- effluent from the factory. pH meters, dosing controllers

and recording instruments can be used to check and record
such factors as acidity of the effluent. An automatic

- sampler can be 1nstallod to prov1de samples for laboratory

assessment, S

(i1) Monitoring Tests

The water soluble P50, total PQOR, free acid and moisture
content of samples of matured sinple superphosphate. Semples
of materisl are drawn from that portion of the bulk heap to
be bagged for sale or to be transferred for use to the
granulation plant. As such, samples will normally'be tested
on a once-daily basis.

(141) Illustrations of the Value of the Tests

Control of rock and acid feeds

lMeasurement of rock feed. Tcble feeders hove heen shoﬁn
when the same type of rock of essentially the same grlst size
is being fed. The variation is due to the aeration of the
ground rock, both into and out of storage hoppers. On the
other hand, the variation of a belt weigher need be no more
than & 3% on the same basis of assessment,



.
o]
-
H8
.Meedo
2oHEE ST
a8 . 80878
L ]
ch_.w + .9+
o 9] 0«
cH®ahg R
2350 0 Po) e
7] e! uql e_m
o) o O _u.t
—~ .0 0 0 m.l
Qa o Gy 8D O &
S m o O
—~ ) Q0 0 >
.mmcubvvl
EH e .mmw
aecfm B>
£+ 38 00 0 W-d
RO el a0
wmuey [}
0B BEET
n.c o tcmm
[T = 0] .
] dhtvuc
2N P ado o]
o 0= <. ™0
mﬁl Sy 00
o O Ko
PPy Gl P
O O % g M e}
HESeHBEL
usoorma
e QO N wv
B0 0 Q QO ™%
o188 g g SO
Sy BEB LT
Be - B wd
]| © g o
Al 0 g o 0
olY = og ® m
Sl O m O 4
e -8 ha 8
Q =~
org ™ o ﬂ
Pl d 38 800
n.movamhat
Qg o g,
Plg 392883
1“8 - 8
10 © w.t o)
mEoTd8a
m.gﬂftbfg

vock and acid feeds is shown

The table shows quite clearly that

The combined effect of controlling

in Table I.

1
985 o
L w0 -

- I Iy
ol 0] [}
4 LY P
A O A <t
25 B
7
.—Vu.

8 3 3
jol)

S a
g O
80
5a
<3
ol
28
B o
9 4

most accurate means of proportioning available,

tages result, especially if t

a 'green" state for use, say,

ally lost after the ma

expected, this adventage is parti

has been allowed to mature,

spomoTAar uoTyeIodo Jo porred yowe Suranp SBuEyd 30U PTP OT4ed fo0x/pToR U],

*oTqBTTRA® ST poameTaal spotxad oyj J0F SOTHeI ¥ooI/pToe TEN3OT O3 JO UOTHEWIOJUT

ou 90UTS ‘epew og 70U PINOYS sanfea Qo2q eTanTos Jejem Uedl Usemjeq suosTredwop *goN ,
- Jopesg r
PIOE UC SATIpD !
: . . Jodns | peods sTqeraes uep X9 saopos] | IoUIToNM
eSJED | THETO | 4BTTIT 68 | paunjen | Jo guowjsnlpy | PIOE °91d dng | 9Ted!
_ 1opo0]
pTO® U0 QATID |- o
o . . zedns | peads oTqeTaeA | - USSP XO saopoeg | JeuITom
0000ION | Z2ET0 | HOT'ET TS | pamgen | go.juewysnlpy | pTo® oog dng 4Tod
o . xedns Jopeo] usp x9o JoUZToM
coooro | G290 | %#9E°8T L9 | peangen | proe wo Tenwen | pros eezg [T IN qTog
o ,-“,. . Jodns J0pes] uep xo Jor=Yet-t=Y:g
ooeotoR Hmm ° #S wH, o paangel | pToe U0 TEOUEN | PTO® 9944 TeyolEd °1qEL
. o : Jopasg usp xo | aeuBTep
0000I0W | 09¢°0 %L¢ 9T 19 USP XT | roe yo pentrey] | pTOT 04 Togeurelof "ot
- . . . JIoposg usp X9 IOP 99§
0o00Io | 0Z8°T %98 .mﬂ. 2le USR XE | orow wo Tenue | PToe 04 J9geUreq0] oTqE]
ooy uotgeTae( mon s /M seTdweg | oTdeg uotyeredp - 989, ISposl JIopood
Jo odfy, pIEPUELS e sl Jo "oy | Jo odf], Toxjuo) Tox3uop PTOY Food

o7eyUds oudaedng S 1AULS JO IO OEFIIEN oUF UL

I YHHVL

Spo6d DIOV DUE 3004 JO 10IJUO) JO SNTEA



- -

2 The lanufacture of Phosphoric Acid

Thosphoric acid is produced by a wet process in the Dorr Plant.
The reaction is controlled to produce calcium sulphate in the form of
gypsum, which is separated on pelt filters. . Scme of the slurry is
passed to the filters, while a portion is recirculated to the head of
the reaction system., Filtration is controlled to produce some 32%
0 acid which is concentrated in vacuum evaporators before being
useé in the manufacture of triple superphosphate. The remainder of the
acid is washed.from the gypsum on the filters and recirculated to the
head of the reaction system.

Phosphoric acid is produéed solely as a raw material for other pro-

cesses and is not sold. There is therefore no need to consider analytical
tests other than those required for control purpcses.

(i) Tests carried out on the reaction system

(a) Rock feed. The zero on the belt weighers is checked once per
shift and the actual delivery of rock physically checked at
random intervals by process operators.

(b) Fineness of grinding of rock. This is checked twice per shift
by process operators.

(¢) Sulphuric acid feed. This is carried out by méans of cup
feeders whose actual delivery is checked at random intervals.

(a) Sulphuric acid strength and temperature. This is checked from
semples drawn from the large stock tanks once per shift by
- process operators. A sample is titrated for actual HZSOL
content. AR : : '

(e) Excess HoS0) in slurry fed to filters. The aim is to keep this
ot 5% to ensure complete precipitation of celcium, and since
the solubility of gypsum in mixtures of phosphoric .acid and
sulphuric acid is at a minimum at this concentration of
sulphuric acid. The frequency of test .is once every two hours
and the test is carried out by process operators.

(f) Determination of phosphoric acid in slurry. If the strength
of the phosphoric acid rises above 3% P,0r, thep,according
to the Lehrecke Diagrsm, the formation o% %he hemi-hydrate of
calcium sulphate is promoted and filtration efficiency is
decreased. On the other hand, if the concentration of phos-
phoric acid falls, an extra load is thrown on the evaporators.
The test is carried out once every two hours by process opera-
tors. The normal working range is 30% - 313% Po0s.

(g) Specific Gravity of recirculating liquor. This is carried
out to check the constancy of the reaction mixture. The
test is made once every two hours by process gperators.
The normal. working range is 1.59 — 1.60 at 75°F. ‘

(nh) Crystal size of gypsum. A sample of slurry is filtered, the
crystals washed and examined under the microscope. The test
is carried out once per shift by the main leboratory. = An
even crystel size is required and during normal working
operations 90 of the crystals will lie between 10 u and
100 u in size. A

(j) Temperature Control. The temperature of. the mixture in the
Teaction vessels is recorded. It is meintained at 75 - 7800,
by use of cooling air. #bove 78°C, some of the calcium is
precipitated as the hemi-hydrate of calcium sulphate.




(ii) Tests Carried Out on the Filtration System

To ensure balanced working of the filtration equipment, the following
tests are carried out.

(a) Gypsum ceke. A composite sampie is tested every four hours
for moisture content and for water soluble and totel P205.

(b) Acid strength. The three: grades of acids recovered from the
filters are tested for phosphoric acid content every two hours.
Samples are drawn from the holding tanks.

(c) Hash water. The wash wafer used in the filters is metered to
each filter unit and the quantity of wash water used is recorded
hourly-

(1i3) Tests~darried out on the Lvaporators

(a) Concentrated acid. A composite sample is tested once hourly
for phosphoric acid content. Sulphuric acid content, calcium
end sulphate content are tested once per day in the main
laboratory.

(b) Steam consumption. The steam consumption of each evaporator and
the quantity of condensate flowing from the evaporator is
recorded. These tests indicate the amount of scale formation

© In the evaporator and so indicate when the unit should come
off-stream for descaling.

(c) Condensate return. This is continually checked for variations
in pH and a daily sample is checked for P,Og content in the
main laboratory. This control prevents damage to boilers
and indicates any leakage in the tubes or end boxes.

(iv) Gaseous and Liquid Effluents

(a) Gaseous exits. The stack passing‘the cooling gases to air
af'ter scrubbing are checked daily for a01d1ty'by the main
laboratory.

(b) Liquid Effluent. The liquid effluent from the wash tower is
fully analysed daily, while all washdown drain points are
piped to a common exit which is sampled and tested daily
for its P,0. content. This test is carried out in the main
laboratory.

3. The Manufecture Of Triple Superphosphate

Triple superphosphote is produced in two forms, either as a granular
product of low moisture content by reacting 38% PZO rhosphoric acid and
rock in a slurry system according to the Dorr process, which is followed
by drying of the granules, or by reacting 5006 P205 phosphoric acid in a
suitably modified Broadfield mixer and den to give a powder product
of high moisture content. Both these products are sold as fertlllzers
or used in the manufacture nf granular compounds.

A, Granular 7.8, P.

(i) Process Contrcl Tests

(a) Fineness of rock. This is checked on a composite sample
twice per shift by process operators. It is important in
that the ultimate conversion of P205 to the water soluble
form is dependent on it.




(i)

same

(1)

(b) Rock Feed. The zero on the belt weigher used i1s checked once
T
per eight-hour.shift by process operators. The actual
delivery of rock is checked at random intervals.

(c) Acid fe feed The phosphorlc acid is metered to the plant by
cup feeders, which are checked at random intervals and set
independently of the rock feed, according to acid strength

and temperature. .

(d) Cal and P 50z Content. The Ca0 and P,0g content of the slurry
ex the reacflon vessels is tested twice per shift by the main
laboratory to check the acid/rock ratio.

(e) Reactor cemperatures. These are controlled betweeﬁ 9OOC
and 95°C. o

(f) Ex drier temperature. The temperature of the granules ex
drier is kept below 130 °c to prevent lcss of water soluble
P205

(g) Screening tests ex drier. The total percentage of material
~above and below the accepted product size range is determined
once per shift in order to establish the recycle load on the
plant.

(h) Gaseous exit tests. The gas from the drier is water scrubbed
and the gaseous exit Hested daily. This test is made by the
main laboratory.

(3) Liquid effluent. The liquid effluent from the wash tower is
‘tested daily for PyOg content to measure the carry-over of
Po05 in the form of. gusts to the scrubbers. This test is
made by the main laboratory.

HMonitoring Tests

A composite daily sample is tested for total; water soluble and

citrate soluble PoOr, moisture and free acid. The citrate solu-
bility is normally'Eess than 1%, figure in excess of this indi-
cating under acidulation. It is important to control the degree

of acidulation, since excessive free acid content at the low moisture

contents at waich the material is produced cause bag rot. Under
acidulation prevents full financial realisation in the sales
value of the fertilizer.

Powder T.5.P.

As far as control testing is coneerned, this is essentially the
as for the manufacture of single superphosphate.

Process Control Tests

(a) Fineness of rock. This is checked twice per shift by
process operators. ‘ ’

(b) Rock feed. The zero on the belt weigher is checked once per
shift and the actual delivery of rock is measured at random
intervals,

(c) Acid feed. The strength of the phosphoric acid ueed in con-
Junction with any one type of rock is important and must be
carefully controlled. Cup feeders which are independently
calibrated at random intervals are used.
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(d) Ex mixer samples. The Cal and P O contents of ex mixer samples
are determined once per shift to cgeck acid/rock ratios.

(e) Ex den samples. The free acid content is determined twice per
shift by process operators, the control figure depending on
" the type of rock, the acid/rock ratio and the type of product
required after maturlng. The results are taken in conjunction
with the results for (d) above to adjust the acid feed.

(f) Gaseous exit. The den gases are water scrubbed and the gaseous
exit tested for acidity on a daily basis by the main laboratory.

(g) Liquid effluent. The wash tower effluent is checked for P,0g
content daily to control the carry over of material from the den.

(ii) Monitoring Tests

As for grenular T.S.P.

It should be noted that the results obtained for all process
control checks made by process operators are cross—checked by the
main laboratory. "Spot samples" are drawn once per shift for this
purpose.

L. The Manufacture of Granulsr Compound Fertilizers

In the menufacture of grenuvlar compound fertilizers from salts of
ammonia and potash, triple and single superphosphates, the required
quantity of each ingredient is proportioned by weighing on a batch principle.
The batch is then mixed and passed to a rotary conditioner where the raw
materials are sprayed with water in order to form. granules. The granules
are dried and cooled in conventional equipment. After drylng, oversize
granules are separated, while the fines or small granules are separated
after cooling. :

The oversize may be crushed to a size range below that of the smallest
granule required and added to the fines which are always returned to the
head of the conditioner;, sometimes, but not necessarily, through the batch
mixer. Alternatively, the oversize may be "cracked" to produce a mixed
stream of cracked material con51st1ng of particles which are still
oversize or are within product size range or are fines. The.cracked
oversize streem may be returned to the head of the drier for re-drying
(in which case any fines produced during cracking are removed with
the normal process fines and any material which is still too large is
removed on the oversize screen) or may be added to the material leaving
the drier so that it is rescreened (in which case oversize is again
rejected and any fines made rejected after cooling).

The product passes to store in pens which may teke up to 2,000 tons
and which are normally filled by ploughing material from an overhead
conveyor. Material is reclaimed by mechanical shovel or overhead grab
from the pen, fed to a bagging plant and filled into bags for despatch.

It is perhaps advisable to consider the sources of variation of
analysis which can arise in any such process. At the same time, the
necessity to camply with the Regulations to the Fertlllsero and Feeding
Stuffs Act must be remenmbered.



- 11 =

A. Raw Materisls Analysis and Formulation

It is essential for any such process that the formulation, i.e. the
quantities of each raw material required, is based cn the known analysis
of the raw materials being used. The first control test, therefore,
in the manufacture of granular compounds must be the analysis of the
raw materials and the formulation of the compound based on the determined
analyses. Dr. Manning, in a paper entitled: "The Act and the Fertiliser
Mamufacturer" presented to the Fertiliser Society, showed the amount of
the permitted tolerance of analysis which would be consumed by the normal
variations in anelysis which occur in consignments of, supposedly, the
seme grade of raw material. It is therefore necessary to make ad just-
ments to the formulation if the amount of "error" to be introduced in
the analysis of the product by small variations in the analysis of the
raw materials is to be kept to a minimum.

B. Plant Variations

By repeated sampling of the product to a definite prccedure as it
leaves the process stream, sufiicisn® resu’*: ctn be collected together
to enable relisble eshirates of the o ~icSicas vhich oceur during pro-
cessing to be made. Each granulation plant must be treated on its own
merit and, as is to be expected, the circuit employed in disposing of
nversize and fines streams will have an apprecisble effect on the
variation of analysis of the samples. ;

IT 1% U PRACTICY 4o take eight-hourly shift samples from each
gramilating plant. Each shift semple is composed of eight increments.
The variance for each plant food in shift samples for each compound
can then be calculated from the analytical results. In Table II the
reange of the variance for results returned for 12 granulating plants
is shown. All the variances refer to the same compound and each one
is based on between LO and 250 individual results. '

This variance is a true estimate of the variations occurring
during a shift in the manufacture of gramular compound fertilizer
and must be considered in designing any control scheme.

TABIE 1T

~Range of variance for plant foods in shift semples of No. 31
fertilizer (9;9;15) as shown by analytical results from 12
grenulating plants. : o

Plant Food
Maximum varisnce 0.23 0.20 ‘ 0.30
Minimum variance 0.05 0.0k | 0.06

0. Bagging Plant Variations

In the type of granulation process previously described in this paper,
it is well known that there are very marked differences in analysis
between granules of different sizes.
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‘ In Table III, a series of analytical results which illustrate this
fant are set out.

”ABLE 11T

AP

Variatigp;fﬁiigygggghg;with Granule Size

o o i o % v i
sizes - N ; w/s PO X0 size range
Above No. 5 6.4 | 1l.2 2.6 | 25
Between Nos. 5 and 8 9.0 § 7.9 4.8 30.0
Between Nos. 8 and 14 10,1 | 7.0 P20 : 49.0
BelowNo. U . | 104 | 5;._@_‘ 158 185 |

The complete sample analysed 9.1C0% N, 8.35% w/s on and 1. L5% Kp0,
which was within the limits of tolerance allomed in the United Kingdom

. for a sample of a fertilizer for which a stetutory statement of 9.00% N,

Be 25ﬁ W/é PZO and 15. OOV KZO was given. Yet all the results underlined

are outside the limits permitted. . :

. ThHis illustrates that any sample drawn must also be fully represen-
"tative of the stream from which it is drawm, as far as partlcle s1ze
distribution is concerned before the analysis can be correct.

- This effect whlch is specific to this method of manufacture of granu-
lar compounds has an even more serious implication., When heaps of ‘compound
fertilizers are formed by ploughing from an overhead belt to a heap below,
a natural segregation of particles of different sizes occurs. The big
granules run down the outs1des of the heaps and the small particles con-
grégate in the centre. * If this material is then reclaimed by mechanical
means without further remixing of the different sized granules, then the
analysis of a batch of material drawn frcm the heap will not be represen-—
tative of thet hesp, since the part 1cle nize dlutrlbutlon will not be
representative. )

Tests have been conducted to estimate the increase of variation in
N,P,K enalysis which occurs during the procesi of forming a heap and
reclaiming fertilizer fron 1t for bagging purposes.

In Taeble IV, the caleulated varisnces of analysis for each plant
food in each compound for samples taeken from the grenulation plant and
for samples taken from individual bags of fertilizer are shown. The
grenular fertilizer in the bags was reclaimed by mechanical shovel
fran hesps formed by ploughing from an cverhead belt.



- 15 -

TABLE IV

Comparison of Varisnces of Analytical Results for

Plant Foods in Samples from the Gramulating Plant

and from Individual bags

Nitrogen

X0

WVE'PQQ5 o
Produc- N Produc- . Produc—~ .
Grade | “y;on |Pe88INE | popi | tion | 2888 poyio]| hion | PREEANE| poisg
Var. Var. Var.

Var. , Var. : Var. L
No. 1| 0.056 [0.1767 | 2.4, | 0.0873|0.0533 | 0.63 | 0.1185 [0.2049 | 1.73
No. 2| 0.0538 |0.2137 | 3.97 | 0.0686 | 0.0075 | 0.11 | 0.0974 10.1261 ! 1.30
No. 5| 0.0473 |0.0284 | 0.60 | 0.1669 | 0.0391 | 0.2 | 0.2629 |0.1153 | 0.4k
No. 6| 0.0976 {0.0790 | 0.81 | 0.1347 |0.1375 | 1.02 | 0.0767 |0.4458 | 5.81
No. 7 0.0561 | 0.1598 | 2.85 | 0.0982 {0.2889 | 2.9.
No.3l| 0.1062 {0.1735 | 1.63 | 0.0665 | 0.2117 | 3.18 | O.5411 |0.5928 | 1.09
No.33| 0.1167 0:5218 | .47 | 0.3300 | 11519 | 3.49
D.G. ' 0.0395 ;o 1726 | 4,37 | 0.0579 | 0.0561 | 1.00 ' 0.0974 [0.0800 | 0.82
Average Ratlos! ©2.61 | E 1.56 ' 2.9?

At a conservative estimate,

the varisnce of analysis of each plant

food in fertilizer in a single bag miet te expected to be twice as much as
that of the granulating plant materisl.

D.

Variance due to Analytical Methcd

-~ This is a subject which cannot be fully discussed in a paper of this

nature,
manufacturer.

- specify the methods of enalysis which must be used.
that the majority of the methods specified are not those which give a
result in the shortest possible time,

" raccurate,

The choice f analytical method is not normally left to the
.The Regulations covering the sale of fertilizer usually

It is unfortunate

nHr are they necessarily the most

make adjustments to his process and prevent the manufecture of off-

specification material.

There is nothing to preveat a manufacturer

using any method of analysis he desires for control purposes, pro-
- viding that he lnows the extent of the bias between his selected method
He must also know the
relative accuracy of the twe methods, and whether or not there exists

a significant "between laboratories" variance in either ¢ the methcds.

and the official method by which he is judged.

The manufacturer requires a result quickly, so that he can

The following caments relate the accuracy and rep..ducibility of
the various alternative methods of analysis for each plant food.

(1) Nitrogen

(a) Ammoniacal Nitpgggg.

the sample with light magnesium oxide is to be preferred.
The use of sodium hydroxide may lead to the evolution of

nitrogen from compounds such as urea.

degree oi reproducibility within a given leboratory, i.e.
However the method
has a high "between laboratories" variance and mean results
obtained by two different laboratories may differ by as much as

the

0.25 units at a 9 unit level,

"within laboratories" variance is low.

Straight distillation of a solution of

The method has a high

If consistent results are to be




obteined, then great attention must be paid to design of the
apparatus and to distillation times, etc. It is always
desireble to carry'out "blank” determlnatlons on the reagents.

“(v) Nitrate Nitrogen. As a method, the Devarda elloy reduction of
nitrate nitrogen, followed by distillation with sodium hydroxide,
has a large analytical variance. It is however as consistent
as any of the newer methods, such as that due to Cotte and Kehane
or the A.0.A.C. method. The oxidcmetric method, based on the:
oxidation of ferrous sulphate, is as consistent as the Devarda
alloy method and has the advantage of giving results in a very
much shorter time. Unfortunately neither this method nor the
method based on discharging the colour from a standard solution of
indigo-carmine cen be accepted as a statutory method, since neither
is specific to the nitrate ion.

(c) Organic Nitrogen. The Kjeldahl reduction of organic nitrogen in
the presence of mercury has been found to be the most reproducible
, » method for the determination of organic nitrogen.

(i1) Phosphates

The determination of phosphate was fully reviewed in e paper LE/600B(4d)
entitled "Recent Advances in the Determination of Phosphate in Fer-
tilizers" presented to the Technical Meeting of this Assoclatlon held
in Aarhus in September 1955.

Subsequent work has confirmed the superiority of the Wilson citric
quinoline molybdate method for the determination of all forms of
phosphate in fertilizer. The colorimetric method based on the for-
mation of a coloured ion with vanao-molybdate is now esteblished as
a routine method of analysis in many fertilizer factories.

(1i4) Potash

The determlnatlon of potash as its platlnlchlorlde salt by the
procedure due to Perrin has been shown to be far iore accurate and
reproducible than the older methods, based on perchlorate finishes.

- However, there is sufficient evidence to suggest that, unless
adequate washing of the precipitate by a solution of ammonlum
chloride saturated with potassium platinichloride is carried out,
the result obteined may be biased on the high side.

The use of comparatlvely slmple flame photometers has glven excellent
snalytical results. Comparative tests have shown that not. only the
total variance but both the "within leboratories" and "between labora-
tories" variances of this method of analysis of potash are less than
those for the Perrin method. Potash values given byvthis:method are
approximately O.1 units lower at an 18 unit level than those given

by the Perrin method.

With a detailed knowledge of the extent of the variationg of the
process given above, the chemist is able to use his own analytical results
for samples dravm at any stage of the process to predict the number of
consignments of material whose analysis is likely to be outside any legal
or sales tolerances. Alternatively, he can set himself a target of
meximum failures and so calculate the variation from statutory statement
that he can tolerate in sny type of sample drawn from the plant, In
Appendix B, theoretical basis for the establishment of the control limits
for a .shift sample from a granulating plant product stream i3 laid dovm.
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E. Control Tests
The control tests recommended for granulating plants are as
follows:~-

(1)

(ii)

Note.

At random,

Process Contrcl Tests

(a) Raw Materials Analysis. The raw materials used are tested by
the main leboratory at least once per shif't. '

(b) “Raw Materials Proportioning. The zero on each weigh pan is
ohooked at least once per shift, and the actual quantity
- checked sgsinst the scale at random intervels.

(¢) Ex drier material. The granules are not allowed to exceed
120°C in temperature to prevent excessive reversion of water
soluble P50g. The product stream is sampled and a grading

carried out to determine the relative ratios of the oversize,

product and fines fractions. This indicates fluctuations in
granulation efficiency and loading of screens and return

streams of material for reprocessing. This test is made once

every two hours by process operators.

(a) "Spot" samples of Product. A full N,P,K analysis and moisture
Jetermination is carried out on a "spot" sample once per shift

by the main laboratory (see note below).

(¢) "Snift" samples of Product. A full N,P,K analysis and moisbure

Jotormination is carried out on a shift semple by the main
lsboratory. A shift sample is normally composed of eight
increments. A full grading analysis of this sample is also
made. : '

(f) Gaseous effluent. The acidity of the gaseous exit after water

scruboing of the ex drier and ex choler gases 1s made once
per shift by the main laboratory. .

(g) Liguid effluent. A daily sample is tested for total solids
and N,P,K content by the main lsboratory. In this way, the
losses of plant food in the form of dusts which have passed

the cyclones can be contrelled. If it is necessary to control

the pH of the effluent, either pH meters and recorders are
used, or samples are checked regularly by plant operators.

Monitoring

om each bagging plant are sampled and fully
analysed in the main laboratory.

A "spot" sample is defined as one which is composed of eight

increments drawn at five-mimute intervals, each increment being

of the same size as that which forms the "shift" sample. It
has been proved, both during planned tests and in routine work
extending over many months, that the variance of plant foods

in a series of "spot" samples taken in this way is no greater

thani that in a series of shift samples. Furthermore, providing

that the formulation is corrected for variations occurring in
the analysis of raw materials, then there is no significant

difference in the mean values of the corresponding plant foods
in "spot" and "shift" samples.

but on at least two occasions each day, five-ton consign-
ments of fertilizer fr
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CONCLUSION

The chemist's task in carrying out analytical control in the manu-
facture of fertilizers is not a simple one. He is faced with a continuous
process which may produce many tons of off-specification material in the
comparatively short time taken to complete his laboratory tests. He must
at all times be a "works" man rather than a "bench" operator. He must be
capable of designing and perfecting tests which may appear to the pure
chemist to be unorthodox, and of interpreting such tests into terms not
only of finished product quality but also of plent performence. He must
continually watch his sampling procedures and assess the usefulness of
the analytical result obtained on the samples taken. Above all, he must
orgaenise the work in his laboratory so that the required results are
produced in the minimum time.



(1)

IFFEIDIX_A

The Legal Requirements Covering the Sale of Pertilizers

in the United Kingdom.

The Fertilisers and Feeding Stuffs Act, 1926, requires every
manufacturer of fertilizers to give a statutory statement in respect
of ech parcel or consigmment of fertilizer. In the case of superphos-
phates, this statutory statement must contain a declaration of the
water soluble P,0p content of the materisl, while in the case of compound
fertilizers, whetger granular or powder, the manufacturer must declare
the total nitrogen content (as % N), the water soluble and water insoluble
phosphate content (as % P205) and the potash content (as % K20>'

It is the reponsibility of either the County or County Borough to
sdminister this Act and Inspectors are appointed for the purpose of
drawing samples to be analysed by a County Analyst appointed for that
purpose. A farmer may request the Local Authority to sample and have
tested any consignment of fertilizer he purchases. The Regulations to
the Act define the number of bags which shall be sampled or increments
which shall be drawn from any consignment according to its size and
according to whether it is in bags or in bulk. The same Regulations
prescribe the procedure which shall be used to take the sample and the
analytical methnds to be used in its assesament; in fact, several
alternative methods are given for the analysis of both phosphate and
potash contents. » _

Inspeotors'éppointed under‘the Act have the fight‘of entry into
manufacturers! premises for the purpose of sampling any material on the
premises which has been prepared for sale.

The Regulations lay dovn cértain limits of tolerance for variations
from the statutory statement. The following table gives a brief indi-

cation of these tolerances:-~ .

Type of Fertilizer Lifmits of Tolerance

Superphosphates Water soluble PéO : L/ZOth of declared content
up to a maximum of £ 2%.

Compound Fertilizers (a) For declarations ef N, w/s P50g, insol.P,0
. or Ko0 content up to 5%, then %he permit%e
tolerance is I 0.50.

(b) TFor declarations of N, w/s P;0g, insol.P20
or K,0 content up to 8%, then ghe permitteg
tolerance is  0.75%.

(¢) For declarations of N, w/s POg, insol. P20
or KZO content above 8%, then %he permitteg
tolerance is * 1/10th of declaration, up to
a maximum of 1.75%.

(If the consignment sampled is less then-
1 ton, then the permitted tolerance is
increased t¢ T 1/8th of declaration)

It is emphasised that these tolerances apply either side of the
declaration and excesses are considered as serious as deficiencies.

A mamufacturer is considered criminally responsible if variations
in excess ¢f these limits are found in samples taken on or leaving his
premises. In all other cases (e.g. samples teken on road or rail or on
a farmer's premises), he is expected to meke financial restitution for
any deficiencies, and, although he cannot be criminally prosecuted
he is often required to give an explanation in respect of the way in
which any variations from the statutory statement may have arisen.
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APPENDIX B

ftpusSunciaimithuity

A Method for the Setting up of Control Charts in the

Prcduction of Granular Crmpound Fertilizers

Let us suppose that the variance of analysis of nitrogen for a
shift sample, camposed of 8 increments, is "y".

Varience "y" is made up of errors arising due to:-

(i) production and sampling;
(ii)"within laboratoryies" analysis.

Let the "within laboratories" variance be "a",
Then varisance due to production and sampling is (y - a).
Now a shift sample is composed of 8 increments, and hence the

variasnce of the analysis »f nitrogen in the individual increments due
to production and sampling only is:-

V8(y - a)

The variance of a bag sample is twice that of an increment sample,
therefore the variance of a nitrogen sample from one bag is:-

2 x/8(y - a).

For a 5-ton consignment, we must sample 7 bags (Fertiliser Act
requirements).

Therefore the variance of nitrogen in a 5-ton consighment due %o
production and sampling is:-

2 x:ig(y - a) ‘o

where "¢" is an estimate of the error due to sampling the consignment.
. *

But this is tested by two laboratories and we must therefore add
back the total analytical variance, say "b".

Therefore the variance of nitrogen as a result of a test by a
referee anslyst on a 5-ton consignment of fertilizer is:i-—

2 x/8(y - a)
Ve

+c + b

Now, suppose we sct a standard such that not more than one 5-ton
consignment in 50 which leaves our works shall be outside the limits
of tolerance laid down by the Regulations:-—

then:= , ., X/Z XZ%J ~2) v o 4+b = permitted tolerance for

nitrogen in the compound

Now "a", "b" and "c" and the permitted tolerance can be found or
are kncwn. Hence "y" can be calculated and "y" has been defin=d as
the variarce of shift samples from the plant.
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Hence, plant samples must not depart from their mean velue by
en amount which exceeds 1.65 /[y more than 1 in 10 times, nor which
exceaisvﬂyxuore than snce in 3 times. The mean value must also
equal the statutory statement.

Centrol charts can now be set up and regular plots made of the
snalytical results. If the analytical method used is biased to the
official method, then the mean value must be adjusted for the value
of that bias.

The analytical monitoring of 5-ten consignments of fertilizer
will enable the control charts to be checked.



