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THE MATIC DETERMIRATION OF PHOSFHATE AND BULPHAT
WET_FROCESS PHOSPHORIC ACID

By G. Nelson and C. Sheppardson,
(West Worfolk Fertilisers Iimited,
United Kingdom).

INTRODUC

Several methods have been proposed for plant control, using
grevimetric, volumetric and turbidimetric techniques for the
determination of sulphate and phosphate in wet proceas phosphorioc
acld. In almoat all oases the methods have been designed to
glve highest aoccuracy consistent with esse of manipulation and
minimum time reguired for a determination.

In 1963 a wethod was proposed by Baumann et a1l (1) for the
automatic determination of sulphate ion in wet procenas
phoaphoric mcid, using a turbidimetric method snd the Teohnlcon
Autoanalyssr. In thle paper, the authors referred to the
adherence of precipltate to the cell walls as the main drawback
to continuous measurement, and conseguently aimed at
intermittent readings with ocontinuous mampling.

TUaing the normal turbidimetric procedures, the adherence of
precipiiate to cell walls had been confirmed in our laboratory.
However, the ume of Nonex (Methoxry-poly-ethylene glycol laurate)
previouely reported (2) as a stebilimer for the barium sulphate
precipitate, ensbled continuous determinations to be made by
means of the Technloon Autoanalyser, for perlods of up to 2
hours before adhersnce of precipiiate to cell walla serlously
affected the meouracy of the results. It wae in an effort to
overcoms the necesslty for frequent cleaning of the caell and
tranpmission lines that further work was carried out.

Experience with the speotrophotometric vanademolybdo
phoaphate method for the determination of phoaphate in
fertilisers, using the Autcanalyser enabled the necessaTry pump
tube sizen to be selected for applicatlon to phosphoric acld
analynim. Unfortunately, the nesd for several dilutlon stepe
in the sutomatic procedure reducea the accuracy of a
determination. Bacause of this, 1t weas felt neceseary to adopt
a partial differential method to thie determination.



For a number of years a turbidimetric method has been usnd
for the determinmtion of mulphur trioxide in gontact plant exit
gaaen, In the prooedure the sulphur trioxide and sulphur
dioxide are absorbed in a mizture of water and imopropancl,
which was shown by Flint (3) to inhibit the oridation of sulphur
dioxide to aulphur trioxide. In his method, Plint determined
the sulphate gravimetrlcally, however, to spead up the
determination a turbidimetric finish has baen used. In thias
method it hae been obmerved that the barium sulphate,
preciplitated in the presence of imopropanol, doem not readily
adhere to the surface of flasks or pella, The method using
imopropanol was therefors sramined mors Tfully on the Technioon
Autoanalyser and the reagent concentrations and Autoanalyser
conditions were optimismed to give an acceptable aesnaitivity,
reproducibility and linearity,

LDetailw of the Tachnloon Autoanalyser, the function and use
of the varlous componenta, have been desoribed in several
publications, 1,4,5,6, during recent years, and it is not
proposed to deacribe the individual units in any detall in thias
papar,

Preliminary experiments enabled the slze of pump lines to
be fired to give a useful range of 0-6.5g H.30,/100 ml, over
100%-30% transmission or 0-0.5 optiocal densfty? later work
indicated ‘that above a level of 7.0g H 304/10a ml, marked
deposition of barium mulphate ccourred“in” the "colorimeter"
cell, however, for all practical purposes, an upper level of
6.5 H,30,/100 ml, was considerad sstiefactory. It was aleo
found fimcéssary to express concentration of sulphate and
rhoaphate on a weight/volume basis, since a varietion in
apecific gravity which cocurred with a variation in elther
phosphoric acld or pulphurioc acid oonoentration aftfeoted the
results. This im due to the fact that the mample line, in
conjunction with the peristaltic pump unit, abstracts sanples at
8 constant volume, not constant welght, The poasible effect of
using a weight/weight relationship ae opposed to a weilght/volume
relationship can be asen from Table 1. below, which givesn :
detalls of the ocalibration etandards umed in this work.
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TABLE 1.
Composition and specific gravity of calibration atandards.
H,30, &/100 ml. P,0; g/100 ml, Spetific Gravity
0.40 42.3 1.292
1.02 40.0 1.279
2.28 48.0 1.7339
3.76 34.5 1.254
4.93 45.7 1.333
6.16 44.1 1.511
7.40 37.5 1.297

The sffect of lscpropanol and berium chloride conaentrationa.

Freliminary experiments indicated thet marimum sensltivity
coupled with a linear reletionship between sulphuric
concentration and optical denslty depended upon the relatilve
concentrations of imopropanol and barium chloride. + The optimum
resgont concentrations were established by a further meries of
oexperiments which ahowed that an leopropanol concentration of
45% v/v and a barium chloride concentration of 6g/litre were
required.

The Autoanalyser layout filnally adopted 1a shown
diagramatlically Iin Figurs 1.

A typlcal record of callbration standards is shown in
Figure 2.

Technlquea ¢f anglymia,

Two technigques have been examined *for the determination of
.sulphuric aecid in phesphorle acid. These employ intermittent
panpling and continuous sampling. In both cames the sample fed
to the Automnalymer conelsted of phoaphoric acld filtrate. For
continuous sampling, plant conditicns efter filtration of the
sanple were simulated 1n the laboratory.

Intermittent sampling.

In thie technique seperate samples are preasnted to the
Autoanalymser, utiliming the sampling plate device. The samples
may be analysed at a rate of elther twenty or forty an hour.

At twenty analyses an hour, both sulphate and phosphate are
‘amtisfactory and no additional wash is required between samples.
At forty pamplea an hour, sulphate determinations are
setlafactory, but phosphate peaks do not reach the maximum peak
helght, It is recommended that a rate of twenty samples per
hour ere analyasd on intermlttent mampling.
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TECHNICON RECORD OF A TYPICAL SERIES OF STANDARD SAMPLES
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THE DETERMINATION OF SULPHURIC ACID IN PHOSPHORIC ACID.
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The results obtained on a meries of twenty samples obteined
at % minute intervals from the production unit during steady
operating conditions and analysed by the gravimetric and
Autoanalyser methode are shown graphically in Figure 3. A
statistical comparipon of theme Tesults gave a t value of 0.084,
with a t oritical value (19 D.F.) of 2.86 at the 1% probability
level. Thie confirma the satisfactory agreement batween
gravimetric and Autcanalyaer methods,

The reproducibility of the method during a period of thirty
minutes was determined by carrying out replioate analymses of two
samples containling 3.51g and 4.9%g H2304/1OO ml.

TABLE 2.
Intermittent Sampling © ¢ Atatistlcal summary
£ HESO4/1OO ml No. of Anelyees Standard Coefficlent of
‘ Daviation Veriation.
5.51 10 0.035 1.00%
4.95 10 0.056 1.13%

With intermittent sampling 1t has been found necessary to
adjust the baseline at intervals of elght hours. Precipitation
in the cell ia only slight after this time, and it is neceamary
to flush the system with a solution containing 50g diamino
ethane tetra acetlic acid dipodlum malt and 200 ml (.880 ammonla
solution per litre, for five minutes avery twenty four houra.
Thim wegh completely cleans the system of eny precipitated
harium sulphate. : :

Continuous sampling.

A eontinucus record of the sulphate concentration ls the
1deal for plent control. This requires a continucus sample to
be ted to the inestrument from a suitable point in the plant,
tollowed by a method which requires the minimum of attention
from operators.

In thls work the teohnique employsd is similar to that used
for intermittent pample analysia, &nd is as shown in Flgure 1.

In the continuous sampling and analysis technique, the slow
depopition of barium sulphate is more noticeable than with the
intermittent sampling. In addition the long term inatability
of the analyssr system must be taken into account.

Preliminary experiments indicated that the alow depoaition
of barium sulphate wap of llttle consequence, providing that the
bameline wae adjusted to 100% trensmission every four hours,
During & period of four hours the barium sulphate deposited in
the cell was found to be squivelent to an incoresse of 0.15g
32504/100 m! and in 24 hours approximately 1.0g H2304/1OD ml if
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the bameline was not adjusted. The increase in a four hourly
perlod 1a of 1little importance with reagard to plant control, but
would be unaccaptable over a 24 hour period,

Statistical data derived from a meries of results taken at
hourly intervals, for a periocd of twenty Blx hours, from e
continuoue enalyeis of a sample of constant composition 1s given
in Table 3.

IﬁELE P
Qggjinuogg sampling. Determination of EBIEhEELO acid.

3t stlcal summary of 2 ourly resulta.
Baseline adjuated at 4 hourly intervals,

No, of Results sto4 content g/100 mi Standayd Coefficient

Ran o= - Dgviation of Variation

An alternative procedure that ie muggested employs a 5 minute
wash every 4 hours using the diamino athane tetra acetiq acld
disodium salt/ammonia molution previously described.

The ability of a continuous analyasia system to respond to
changes in the process ie important, and this has been
demonstrated. Saxples were obtained at ten minute intervels
from a vessel Iin which there wae a continuously varying
concentration of eulphuric acld in wet proceas phosphorleo acid,
The concentration of aulphuric acld was determined continuously
by the Autoanalyser and on the samples taken at ten minute
intervals by the Gravimetric method.

The results are glven in Table 4. below,

JABLE 4.

Remponpe of continuous sampling procedures to changes in sulphurio
acid concentration.

H,30, g/100 ml.

Time Mina, Gravimetric, Autoanalyser. Diffarence.

0 %.86 4.10 - 0.24
10 5.19 5.15 + 0,04
20 2.57 5.56 + 0.01
30 6£.29 6.10 + 0,19
40 6.24 6.12 + 0.12
50 5.16 5.26 - 0.10
60 4.33 © 4.40 - 0.07
70 311 .16 - 0.05
B0 2.49 2,58 ~ 0.09
90 2.34 ' 2,40 - 0,06
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PART 2.

' THE DETERMINATION OF PHOSPHORIC ACID IN WET PROCESS PHOSPHORIC
ACID.

The layout of the Autoaralyser for the determinatlon of
phosphoric aold is shown in Figure 1. and ie a modification of
that used in the analysie of fertilisers. Due %o limitatliona
in the optical syatem of the colorimeter, a truly differential
vanadomolybdo phosphate method could mot be-used, and the
nearast alternative wam to set the recorder baseline at 12 g
P.0_/100 ml. Even with this techmique, full acale deflectlon
o ihq recorder is equivalent to about T5g P.0 /100-ml, thus a
recorder arror of ~ 1% is aquivalent to = 1.%¢°P.0_/100 ml, at
the normal level of concentration of 40g P205§1 1.

Techniques of anplysls.

As for the determination of sulphuric acid, two forma of
 panpling were examined, namely intermittent and continuous.

Intgrmittogg sawpling.

Separate mamples were presented to the Autoanalyser via
the pampling plate et a rate of 20 samples per hour. Theas
spmples, preceded by a serlies of calibration standards, were
analysed for P.0_ content by the gravimetric modification of
the quinpliniuﬁ Bhosphomolybdate method described by Perrin (7)
‘and by the Autoanalyser method.

A statistical comparimon of these reaulis gave a t value
of 1.4 with a t critical value (10 D.F.) of .17 at the 1%
probability level, indicating the setiefactory agreement
between gravimetric and Autoanalyser methods.

The reproducibility of the method during & period of
thirty minutee was determined by replicate analyses of two
aanples contalning 42.4 and 47.9 g P205/1OO ml.

Results of the statiatical teste are given in Table 5

.fgng 5,

Intermittent sanpling. - Detgrmination of - phopphate.
Statistical gummary.
P205.3/100 ml.  No. of Analyses. Standerd Coefficient
- Deviation. of Varlation.
42.4 10 0,860 2.0%%

4T.9 10 0.445 0.93%
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Continucus mampling.

The teohnlque for continuous phosphate determination im the
same as that used for intermitient analyasis.

The main difficulty encountered in continuous analysis has
been the stability of the colorimeter and recorder syetem, since
any slight varistion has a marked effeot on the acouracy at the
tranemiasion level umad, '

It has also been shown that two additional dilutions
required in the phosphate method to reduce the Phosphate
concentration to a sultable level for colorimetric determination
affeots the reproducibility. Thum the smtandard devliation of a
detarmination in which the dilution wasm carried out manually was
0.245 with a coeffiolent of variation of 0.57% at the 43g P.0_/

275
100 ml lavel.

Statistical data derived from a series of results taken at
hourly intervals, for a period of twenty aix houra, from a
continuoua analysis of & sample of constant compoaiticn is given
in Table 6. ‘

T [
Continucus analyeims. Datermination of phosphate.
Statistiocal of 26 hourly resulis. : '

Bageline adjusted at 4 hourly intervals,

No. of Rewults 8] content z/100 ml, ‘Stnnégxd - Co ant
. © Average. Deviation of Variption

26 42,4 - 46.8 44.4 1.32 2.98%
GONCLUSIONS AND DISCUSSIONS.

Sulphuric aoid and phosphate oan be determinad
slnul taneously in wet process phosphoric acld streams by means
of the Techniocon Autoanalyser. The method developsd enables
the Autoanalymer ayetem to operate for long periocds with 1ittle
operator attentlon., The diffioulties of barlium sulphate
deposition usually encountered in the turbidimetric determina-
tion of mulphurio acld have been markedly reduced, and aleaning
time of the eyetem ham bmen reduced to only five minutes every
twenty four hours.

The technique umed enables a result to be obtained within
10 minutes, when both sulphurig #0id and phomphate are
determined slmultaneously, The sulphuric acld determination
can be completed within eeven minutes, while the phosphate
determination requires ten minutes becauss of the nesd for two
additicnal dilutiona.
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If normal calibration checks sand atandardisstions are
carried out every four hours, accurate and reproducible reaults
can ba obtained, An improvement in the accuracy of the
determinatlion of phoaphate might be cbtpined by the use of the
Taechnlcon automatic standardleatlion technique, used more
frequently than the presently puggested standardisatlon
technigque,

.The aytomatic atandardisstion technique enables & atmndard
eample to be injected into the eyetem in place of the sample at
any pre-determined time. The output from the colorimeter to
rocorder 1s then automatically adjusted, 1T nscessary, to a
pre~fizxed value.
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APFENDIX

1fF_DETERMINATION OF SULPHATE IN WET PROCESS PHOSPHORIC ACID

PRINCIPLE.

Sulphate ia determined gravimeirically in the presence of
excees hydrochlorioc acld to prevent co-precipitation.

REAGENTS.
Barium chloride. 10% solution.
Hydrochloric acid. Concentrated.
EEQCEDURE.

Accurately welgh about 2 g of phosphoric acid and tranafer
to a 500 nl beaker, dllute to approximately 200 ml with water and
heat to bolling. Add sufficlent hydrochlorie acsld to give a
soncentration equal to 1.0M, i.s. 10 ml concentrated hydrochloric
acld par 100 ml molution. Add 10 ml of belling barium chlorids
selution and sllow to continue bolling for five wminutes. Remove
from heat and sllow to mtand for 1 = 2 hours. Fllter using a
tared No., 4. porosity silica cruaible, waah well with hot watar
until free from chloride, and carefully ignite at 90000 for 10

minutes ueing a Meker burner or muffle furnace. fool in a
desalcator end reweigh.
CALCULATION.

Welght Darium sylphate x 0.4202 - % H2304.

Wi, of sample.

KOTE.

It is importent to enmure that the hydrochleric acid
conoentration 1a 1,.0N.
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DISCUSSION

Mr. G. NELSON {West Norfolk Fertilisers Ltd., U.XK.): A knowledge
of the phoaphate and sulphate concentration in reactlon elurriens
in wet process phosphorieo aclid manufeoture is required for process
control. 4 oontinuous record of these perameters should enable
gomplete manual or sutomatic control of a phosphoric acld plent.
Javeral methods are in use for the determination of sulphate, but
in our atudy of sulphate determination on the Teohnicon Auto-
analyser, we decided tc look at the furhldimetric method and to
determine the varloue parameters required to ume it.

The main difficulty encountered with continuoua turbl-
dimetrioc methods 1ls the rapid depoaition of precipltate om the
cell wella. This leads to s marked increase in optioml deneity
and hence to unreliable results. Several technigues were trled,
but we alwaye found thie rapld deposition on the cell walla.
Finally, the precipitation of barium aulphete in an isopropencl
medium was examined in more detall and was found to glve rlae to
a precipitate which did not readily adhere to cell wallas or to
the tranemisslon tubes used 1n the equipment. The concentration
of imopropanol end barium chloride waa examlned to select the beat
conditiona, uaing a randomised blook experiment of 36 experlments,
in which & meries of 6 standarda were analysed, using various levels.
of isopropancl and barium chloride. Of the 36 celibration curves
obtalned, only 2 gave any agreement with Beer's Law. These two
were very closely related in concentration - 45% imopropanol and & end 8
gms. of barium chloride respectively. And ms0 we choee one of these lines -
the 6 gma, of barium ohloride and 45% imopropancl - for our further work.
Having meleoted these optimum conditiona, the method was
examined both on the intermittent and on the continucua sampling
tachniques. For intermittent analysis, the sampling plate device
wae uped to feed samples to the Auto-anamlyaser. The preferred rate
was 20 per hour, mainly because of difficulties with the phosphate
determination, in which the peaks did not reach a maximum at the
rate of 40 per hour.

Uaing thie technique, the deposition of barium pulphate 1s
only alight, and the base line adjustment i1s reguired after about 8
houre of opsration., Every 24 houre we flush the system with FDTA
ammonia solution for about 5 mins. This completely clears the
cell and lines of sny preclplitated barium eulphate.

We find that with the Technicon Auto-anslyeer, the peaks
obteined for sulphate determination are quite satlefactory,
although for phoaphete determination we obtaln rather {lat peaks,

The coefflolent of varimtion for this method im about 1%,
and the comparison of results by the Analyser and gravimetrlc
method shows close sgresmant,

Continuous analyeis was investigated by examining a wet
process phosphoric sacld of k¥nown smulphate concentration for long
perioda on the Auto-analymer. It was found that a alow depoaltion
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of bariur sulthate occcurred which, over a pericd of 4 hours, was
squivelent to about 0.15 gme sulphurie¢ acid per 100 ml., We found
it neceesary to compensate for thle by adjusting the base line
avery 4 hours or, alternatively, incorporating an sutomatic wash
with EDTA and ammonia. :

The reaponse to changea in Bulphate congentration is good, and
the rate of reaponse 1s limited enly by the rate at which freash
samples can be pressnted to the Analyser. Typical of the response
to & change in sulphate concentration are the figures shown in our
Table 4, where semples were teken at intervals and examined by the
gravimetric method and were found to &lve very good correlation.

The determination of phosphate follows the technique used for
fertiliser analysis, which we have operated for about 2} years.
Thie makes use of the colorimatric vanado-molybdate method. In
order to reduce the phosphate level to make 1t suitable for this
calorimetrlic determination, we incorporate a dialysis step, followed
by two dilutlon atages. Thim affecta the reproduclbllity to eome
extent, as aleoc does the mdditional effect of recorder ingtability.
These effects can be seen by aomparing the atandard deviatlons and
coefficlents of varlation used under different aonditions,

~ Siroe writing the paper, we have made & number of improvements.,
We are hoping to improve the aulphate method, s¢ that we shall be
able to eliminate the need to cleun the colorimeter calla, or at
least not fie 1 to clesn them for very long perlods.

'VWith regard to the phosphate method, the poor photo-oell
responge at 420 mn 1w a serious drawback, when determining phoaphate
by this method, and we have now replaced the vadado-molybdate method
with a molybdenum blue method. This improvea the photo-cell responae,
8lnge we memsure the opticul denaity at 630 mA .

Two other additions which we think will alpo lead to an improve-
ment are, firetly, the internal stundardisetion technique which
Tachnlcon haa developsd, and, sacondly, the substlitution of cur
present recorder for a zero adjustable recorder with acale expansion,
This should lmprove the accuracy and reproducibility of the phoaphate
method.

Mr. R, DEWALD (Chemimche Werks Albert, Germany): In the menufacture
0f wet-procemsa phosphoric acid, the determination of sulphate for the
purpcae of controlling the reaction is of perticular lmportance,. The
sulphate content influencea the formetion of the gypoum crystals and
hence the filterabllity of the gypsun slurry. To mome extent, there-
fors, it alao determines the econcmics of the whole plant.

Phoaphuté determination is aleo important for the econtrol of
filtration, particularly for the washing of the gypsum.

For prectlecal plant control, voelunetric methode of Soﬁdﬁturmin—
atlon, particularly the benzedine method, were introduced, - but in
recent years these have been hard pressed by the more sccurate and
above all more elegant turbidimetrlic method. ' As an indication of



IV - 15

the P205 oontent, density determination le often sufficient.

48 we heve heasrd, an ingenicum control apparatus hes been
succeaafully developed, which will indicate or record, &nd which
operutes according to the turbldimetric or colorimetrlo
prineciple.

There im nothing to be eald with regard to the chemlsiry
and the principle of measurement in reepect of either the S50
or the P_0O_ determination, and questionsa in these rempects 3
Beam unl%kgly. On the other hand, 1t seems to me desirable 1f
the following polnts could be clarified:

1. Have long term experiments been made wilth the deacribed

apparatua beth for 303 datermination and for PEDS determination?

2. A prerequislte of continuous indication, particularly of the

30, content in & elurry, 1s perfect mampling and perfect

opgration of the sampling apparatus. Have you cerried out exrperi-
ments in this respect?

3. I think that the apparatus described, developed for industrial
operation, is of great interest and value for all phoaphorioc acid
producera and represents a genuine sdvance. I know from experi-
ence, however, that in the practical operatlon of a plant,
preference ia always given to the aimpler apparatus requiring
lema attention. The method deacrlbed in the paper raqulres a
peries of different though proved pieces of apparatus, and alaso
necessitates the continuel use of chemlcals. A disoussion of 1ta
future prospects in comparieon with purely physical aystema of
control would certainly be most instructive. I am thinking in
particular of the devios developed by CUF and Dorr Oliver.

Mr. NELSON: With regard t¢ long-term experiments, cur eguipment

hee been in ume for pericdm of between 72 and 100 houra continuously.
In theme teats, we have presented continuous tests in the laboratory.
We have had no difficulty and have run 1t for several hundred hours
on this particular determination.

We are fully aware of the diffiqulties of sempling. 3So far,
we have worked on samples taken from the plant and filtered manually.
¥We ars conaidering meparating aolids from liquide by a hydro-cyclone
teochnique, or something similar, where the complete removal of
solide 1 unnecessary, since the dialyser system acts ae e filter
a8 well as 8 dilutlion mechanlem.

With regard to maintenance and the supply of chemicels, we
have now been ueing the Technicon Autpanalyaer for 24 years snd
have found 1t to be very relisble. It does not require skilled
operntora. The preperation of chemlcale i1s fairly elmple, and
since one can atandardiase at very frequent intervals, lerge batches
of prepared chemicale will last for several weeka.

As far as other methoda are concerned, I have no doubt that
methods which do not involve the use of chemioals are highly
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desirable for this particular determination; but I think 1t
probable that, in this case, certain electrodes might be liable
to scaling and might thus require maintenancea. My experienca
of conductlvity measurements in othar systemm suggests that
scaling of platinum electrodes can be very rapld and cen lead
to erronecus resulis.

Mr. R. BAUWENS (Ets. Kuhlmenn, France): Has the author considered
a partioulsar aapsct, viz. the supersaturation of the phosphoric
acld samples in osmloium phosphate. In other words, is this

degree of supsrsaturation alwaya constant?

Mr. NELSON: 'We have examined the question of aupersaturation,
and in our particular plant over perlods of many months we have
bgen unable to detect large differsnces in degrees of aupersatu—
ration. They are roughly equivalent to about 0,15% of sulphate
baged on a calclum determination. I think that at the 2 - 3%
sBulphate level, at which our plant and probably many others are
operated, this supersaturation is probably constant and could be
posalbly dipregsarded.

Mr, J. DU FOUR (Union Chimique-Chemische Bedrijven, Pelgivm): We
have two Technicon units in mervice in our plant. We are trylng
to use them for the determination of S0, lons in phoaphoric aeid
manufactura. ‘ 4

On page 1 you mpeak of a molution of barium chloride end
mention, in particular, the wethcd proposed by Baumann. Now
Mr. Baumann used & aolution of neutral barium chloride. What im
the compomltion of your solution of barium chloride?

What is the counter-dlalysis liquid?

Your resulte have been cbtained by laboratory work. Have
you installed & Technicon unit in the factory, and do you have any
results of a true induetrial ocontrol?

How did you eample the acld? What device was umed to reduce
‘the delay 1n the mnalysia?

To what extent does your leboratory staff intervenes for the
maintenance and control of the apparatus?

Mr. NELSON: The compoaition of the barium echloride aclution, as
stated in the puper, was 6 gme, of barium chlorlde per litre of
water, with no addition of acid., I believe Brumann uaes 5% phos-
rhorle acid, but we did not find this necesaary. ‘

We have not put a Technicon unit directly on our plant, but
for plant use it would normally be bullt into a box which would be
pleced adjacent to the plant.

With regard to eampling, we plan to tmke smmples from the
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plant via a pump line from the reaction vesael, carrylng out a very
rough separation of the gypsum from the acid - teking no more than
e few meconds - end then passing atralght to the Technicon. The
time involved will probably be less than half a minute, and the
aulphate determination will tuke 6 - 7 minutes.

Extracting eamples at the rate of 20 per hour, we adjuat the
regorder only every 8 — 12 hours. With contlnuoua sampling, we
think adjustement of the base line should be made every 4 hours.



