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This paper will be presented at the Technical Meetings
in Wiesbhaden from September 1lth to 15th, 1%6l. It must
not be published prior to that date, and in any casa, 1t
mudt not be published without the permiseion of the author.

THE FILTRATION 0T PHAOSPHORIC ACID LIgUOR:

DIFFEREN? TV/ES 0F FILTERS T0 DEAL WITH

THE INCEEASED CONCENTRATION OF ACIDS PRODUCED

by 3. Bigot and J.-F, Glelly,
“io, de Salnt-Gobain, France.

The concentration of wet-process phosphorio acld was about
20% P205 at tho time when the first installations were con-—
struoted and has contlnuvnlly increased ever since, This
increase in conceniration is essentially due firstly to pro-
greas achieved in phoaphete rock roaction methods and seoondly
to filter Iimprovements, At present, concentrations of 30--
32% P205 are normcl for cortuln prncesses, and 1t will soon be
not unusual to do conslderably bettor.

In previous pspers 1t was shown that a single regotor tank
without Internal partitioning (i), apart from its robusiness
and 1ts eimplicity of construction and inetallation, offered
better possibilitles for preparing phosphoric slurries of a
high P205 concentration [g], : | K

Yo do not wish to revert to this question of preparing
phoaghoric glurries but Lo deal in this disousslon with a
particular related subject, We wish to restriet ourselves
to the study of different types of filters in relation to
their use in the production of an ancid of high concentration,
We shall therefore caliborately ignore certaln factors
governing good flltration which are not related to filters.
"o shall try to describo the main problems and ifficultiesn
which filters must rosolve and bring out thelr importance
when the concentration of the acid produced 1lnoreases,.

(7) Patent taken j0intly by Saint-Gobailn and Union Chimigue
Belge,.

(2a) €f paper by Ssint-Gobain: "The Possibility of Making 45%
P205 Phoophoric Acid by the Gynsum Process" ~ ISMA
Technicel Meotings, 1957, Ref., LE/904.

(2b) €f paper by 5,E, Dghlgren: "Phyaico~Chemical Background
of Phosphoric Acid Menufacture by Wet FProceBses" -
TGMA Teohnioal Meotings, 1959, Ref, LE/$3/61.



Finally, within this context, we should like to put
forward certain ideas end observations from our experience
and experimentation, together with certain conclusions on
the more usual types of filters, in order, on the one hand,
to clerlfy certaln points as they appear to the user and,
on the other hamd, to draw the attention of filter con-
structors to certaln requirements at a time when acid
producers are becoming more and more demanding with regard
to filter performance and posaibilities.

I. THE FILTERS

Jifferent types of vacuum fllters are in present use,
each type (or very similar types) being put forward by
different construotors. ~ We shall mentlon:

I,1/ ‘Rotating Filters

1,11 Turning teble filters (with s continuous surface

N of cake) e.g,: Doxr filters ~ Imperial filters.

1,12 Tiltiog pan filters, e.g.: Elmec filters -
Prayon filters.

1,2 Reotilinesr Filters

1,21. Travelling belt filters {with continuous surface
“of cake) e.g.: Lurgl filters — Philippe filters,etc.,
1,22 Tray belt filters, o.g.: Glorgini f1ltere ~
' Nordengren fllters, otc..

1,28 We shell also sey a few words about dram filters
" {with continuons surface of cake) although their
use can not be considered without intermediate re-
pulping stages. -
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2, . TZE CLASSICAL PROBLEMS RELATING TQ FILTERH AND PHOSPHORIC
ACID IN THE CASE OF ACID CI' HICH CONCENTRATION

2,1 Tiltration zpesd (for a glven slurry and at production
capaclty).

: This point 1s always impoxtant, for the choice of filtration
surface area, 1.8. part of tﬁe investment, depends upon it,.

In the case with whioch we are concerned, this importance 18
increased beocause the filtration characteristice of gypeum
decreage in %ropnrtion Lo an 1ncreasing concentxation of acid
produced., . his is caused by the viscosities of the acld and
the.wash. solution, both of which increase with an increase in

the cdoncentratlon of acid produced. '

o Any filter capable of inereasing production per unit of
filtration surface becomes of still greater interest for a
highly concentrated acid than for a normal acid, o

2,2 Exhaustion of the Filtor—Cake: The problem heTe is
rendered more dellicate because:

J 2,21 The filtration charactorisilca of the gypsum are less
favourable. .

/2,22 The acid permiating the fllter-ceke is of higher
concentration, ' . :



2,23 The water ratic 1s less favourable, In this regard
1t 18 worth noting incidentally that sulphuric acid
of thé highest pcessibls concentration should bhe used
and that, 1f for any reason, it 1s im osalhle to use
concentrated sulpharie acid, this would constitute a
considerable handicap for the production of highly
concentrated phosphoric acld.

It ie also worth recalling, again in ocnnection with
the water ratio, that the two olassic meana of cool ing
the slurry, viz, ovaporation under vacuum and eva-
poratlon at atmospheric pressure ty the actinn of a
current of alr, of part of the watex contalned in the
alurry; are almost equivaleni.

2 24 The effect of an Imperfecti separation of the flltrates
corresponding to the daifferont washings will be much
larger, Strict attentlon should he pald to this
aspect of filter working, becauss the gquantities of
1iquid available for washing are smaller and all
the concentrations arce higher.

2,83 Dilution of the Acid produced during Filtration

This represents almost a special case of Dad separation of ...
the flltrates. with the classle filters, a more Or less con—-
sidersble dilution of the acid oscurs at the filter face, because
the water which penetrates tho fiiter and the filter cloth during. '
washing of the latter iz mnot completely evacuated. This poaint
becomes of very great importance with the increase in the con-
contration of acld produced,. R

It can sasily be moan that the loss of concentration by -
dilution from the filter face varles approximately in proportion
to the square of tho concontration of the acid produced. Thus
a filter which would dilute » normall 20% acid to 19% P205 would
dilute s nommally 40% asid to [5% P205, all other things being
equal {filtration specd, Ylow oI P205 in t/hr etc.}.

In practice thie dilution will be s8till larger, for the
production capacity »f the tilter will be conslderably reduced
with increased acid concentration, whilet the amount of water
or dilution 1iguid will remain the same, 2 filter which, when '
. producing relatlvely woosk acid, i1s accoptable from the point of
view of dilution, very quickly becomas ungocentable when producing
a concentrated acld.

2,4 Corrosion amd Malntenance

Corroslon of the pert in contact with the concentrated acid
bacomes accentuated, and cerftain materiels and methode of
assenbly are no ionger euitable.

3. THE CLASSICAL SOLUTIONS T¢ TIUE PRECEDINC PROBLIMS ADOPTLD .

ON THE MAIN TYPES O9F VACUUM S11.TERS

3,1 Filtration Speod and Production Capacity

A8 is well known, it is thought to jneroease flltration speod,
end hence production, by weann of =& high vacuum on the one hand
and a small filter—-cako thickns 1 on the othear.

e have carried out a number of trigla and measurements on
thies subject and, with regard to the subjsct with which we are



now concerned, filters, we shall only say that they afforded us
results which were slightly diffarent but, in general, failrly
clogse to Polseuille's Law, the gainsto be expected from a
decTease inh fllter-cake denslty and particularly from an Inoreaso
~in the vacuum being slightly less than 1s indicated by the law,

3,11 Vacuwr: Tho main factor contributing to a good
vacuum 18 the gsuctlion box e 8. In general, the clr-
cular suction boxos of the rotating filters (drum filters,
or tilting pan filters of the Eimco or Prayon type or
turning table filters of the Jorr type, for example},

by virtus of thelr compactness, are those which most
easily enable a good vacuum to be attained, It 1s more
Alfficult to attain good rasults from the rectili near
puotion boxeas of the belt or tray-belt filters, particularly
after thoy have been used for a cartain time, This is
bocause of thelr length and =1so because the rubber belts
are Telatively more flexibls and woar out more easily.

Wo shall, indeed, see leter that this lack of compactness
has certaln advantages.

3,12 Thickness of Filter Cake: The thickness of the cake

varies proporticnately with the filtration surface area
which epreads under the slurry distritutor. This fil-
tration surfaces 18 1n turn prope¢rtional to the product
of the useful width of the filtexr and its speed. Thus
a wide filter advancing slowly and a marrow fillter advan-
cing quickly could be equivalent, It would therefore
be wrong to esay a prior! when comparing several fllters,
that their production would bs proportional to their
surfaces, This would only be true 1f these filters
operate at equivalent speeds {speeds at which the smame
thickness of cake is obtalned for ratos of flow of the
same slurry proportional to the useful surface of the
flltera].

Geometrically homothetic filtewxrs should have
homothetic epeeds in order to have rates of production
proportional to thelr useful suriace areas. In reality,
this 185 not the case and laxge filters always have lower
specific rates of produotion than small filters, foxr not
only are thelr speeds not in homothetic rolatinnsehlp, but,
for mechanlcal reasons, they are, in absolute terma,
generally not even equal to thoso obtainable with =small
filters, Wo shall indeed eeo that there exist atill
further causes of limitation of spsed which are also
parlicularly operative for large fllters.

For belt filtexrs or tray dbelt filters, from the
mechanlical point of view, the speed limitatlon is above
all caused by the resilstance of the rubber belt.

The spoeed limitation for rotating filters of the
tilting pan type stems mostly, from the mechanical point
of view, from the turnover mechaniem for the pans, The
friotion of the Tollors tilting the pans increases con-
siderably with an inorease in thelr speed, which 1s, in
turn, proportional to the mpeed of rotation of the filter
and to 1its diameter,

The influence of the size of the filter, or, to a
lesser degres, of its compactness thus becomes apparent:
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at equal peripheral spceds a small filter, or a compact
filter, will have a greater production per unit of useful
surface area,. '

prum or turning table filters have no such mechanical
limitations,

It should slso be noted that the filtratlon surface of
the largost belt cr tray belt filtors in existance at tho
present time is feirly considerably lower than that for the
krgeet rotating tilting pen filters.

3,2 Exhgustion of the Filter Cake

We have seen the complexity of this problem for a concentrated
acid. The Tesults to be eoxpected from a filter will depend on
cortain features of its constructlon.

3,21 Number of Washings

The groater the number of washings, the eanler 1t becomes to
exhavnat the fillter cake. [f wo oxamine the various types of
filters, we note that: .

Drum filtors are vory hadly placed from this point of viow, .
because only a small wash can, In practice, be made, To
improve this situation, one would have to repulp and have
additional drun filters. .

Rotating filters, either of the “turning table" typo (Doxrr)

or the tilting pan type (Eimco, Frayon|, despite the compactncas
0of their suec +ioun I ¢ xo & gonorally allow three washings.

(It would be physically difficult to have more, becauso 0f

this compactnesa).

Filters having a rectllineer s nuctlon b ox are geﬁarally
built only for two washings, but ocan very easlly be equipped
for more. < : :

3,22 Soparation of Filtrates

It 18 well knecwn that onoe cen have a mixture of two
' filtrateas corresspondinryg to %wo succesaive washings elther in
a container sltusted under a filter cloth, as the Tesult of
too slow s flow of the wash liquora, or when the filtrates
arrive in the smet 1on b o x 138 the result of a bad
titting of tho separatlions betwoen the compartments of the.

bax,

In this respcet, filters having a rectilinear
suction bhox havo a distinet advantago, firstly beceuse the
achievement of s corract separatien in the box 14 - _
much easier because of 1ts length, and secondly because the
volume of mixed liquore in the eontainors under the filter
cloth 1s smaller, either bocause a considerable alope can
bo easily achioved, o hocause a large numbor of conteiners
can be fitted, end, In cny cmsBo, bocause the exit of the
liquors cacuples & more central position.

Howover, among tho fllters with rotating _
auction boxen,ws chould distingulsh hatwoon the tilting pan
filters and the turning tablo filters., For the latfer, it
15 indeed onsily poasible, if dosired, to have the baras
of the containers situsted under the filter cloth on a
cpnaiderabla slope, bdocause with these filters, one is not



conoerned with the question of turning over the trays,

Filter slze is also a factor in flltrate seperation,
The larger a filter, the greater will be the amount of two
pucceasive filtrates whioh become mixed. The passage to
be traversed by the wash liquors (and therefore the time
necessary for this passage) 18 never the same for different
fractions of a wesh llguor spread over the cake surface,
cortaln fractions being directly above the container outlet,
whilst others are distant from it. With s large filter
these differencoes are increamsd. Alsc, the larger the
filter is, the more difficult it becomes tc give a slope to
the baees of the container under the filter cloth and thus
to achieve a Tapld ovacuation of the liguors they contain,
Bacanse of all this, if a good separation of the filtrates
1s deslred (and this is inoreasingly necessery as the con-
centration of the acid produced becomes higher) the larger
the fllter available, the slower must be 1lts speed of
rotation. This limitation very guickly becocmes more severa
then the mechanlcal limitation ang, 1ike the latter, limits
the apecifilc producticn of a flltex. L

3,23 Possibilities for Regulators

By this, we mean the possibility of easily regulating
the position of the wash liquor inlets on the one hand and
tho suction box separctors on the other.

If, with regard to tho former, the xotating filtera
with a vortical axis have a slight advantage, as far as
tho latter ero concernsed the rectllinear filters are very
much better suited tec adjustmente in proportion to rates
of working, running conditions and conditions relating to
the phosphato rock usod, Such an adjustnent ecan be made
very quickly, Certain distribuntor boxes on rTotating
filters can not be so adjusted at all, and this 1is a
rogrottable disadvantage.

3,24 Effects of the Pan Partitioning

We have observed from exporience that 1f more or less
distinet proferentialpasanges are formed in the cake,
1t always becomes slightly detached from the partitioning
wall of the traye or pans, Althoungh thie is not important
when large amounts of wash water are avallable, this phenunenon
becomes very prejnlicial te a good wash when the volume of
available wash liquids decreases, With all filters having a
sontinuous cake surface, this disadvantage is greatly decreasod
by the absence of euch tray or pan partitioning.

3,25 Uniformity of Tiltration Conditions

Differont filter cske thicknesses, unequal distribution
of the wash liquors, and = badly adjusted height of fall of
these liquors all lond toc irregularitles 1n the washing which
hasomo inereasingly important as the cako is lees thiock.
Tt can be readily appreciatod that fillters with a continuous
nake surface aro more favourable to the achievement of regular
filtration conditions, since with these fllters the different
aontinuous solutions comprieing the separation hetween the pans
ara done away with,

3,26 Filter Cloth Supporte

Commonsanse indicates, and experience confirms, that 1t is
worth ensuring that the filter cloth support 1s such that the
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holes of this support are distributed in the best possible
mannsar and have ghe largost poesible total area. Filters
having a filtor cloth suppor consisting of-a ploos of rubber
aro loass well placed in this respect then thcse using a per-
foratod sheot of stainless steel {or a stainless steel grid).

3,27 Washing the Filter Clotha .

It is most important to clean off all the gypsum of a
pravious operation and to wash the fllter c¢loths thoroughly
to avold tgair bocoming encrueted, If the gypsum is not
ontirely oleaned off, it deoreases the free surface of the
filter oloth and, by virtue of the water with which 1% 1a
impregnated, 1t leade tc =2 dilution of the acid produced.
Ay ineresse in the resistance of the filter clotha to the
passage of the liguide is the consequence of a bad washing.
In this regard, turning teblo filtera have a @mrious dis-
adventago.

fartaln rectilinear filters, on the other hand, have
great possibilities in this rospect,

3,28 Fllter Clothse

7Ja have studied this subject both 1n the factory and in
the laboratory, for if tho cholce of a filter eloth has an
i{nfluonce on filtration of the phoaphoric acid slurry, it
also has most important consequonces for the manufacture of
certain products ueing the acild produced.(*)

Tt 18 generally admitted that singie filament clothe
aro preforable to multi-filament ¢loths, because the latter
become more qulekly choked than the former. One more debatable
point remains: filter cloth porosity.

%o have observed that filtration speed increasen at first
when filter cloth poroaity ie increased, but that after a
certain point this increase 1n filtratlon spood becomes very
alight whilet, on the other hand, the amount of inpurities
passing through the cloth bagins to 1ncroense VvVory rapidly.

It is diffieult to clarify thie situation more proclisely,

for i1t 18 related to the nasture of the BI&IIY and to filtration
conditions {or to tho type of filter). o may just note that
if n filter works with = thick filter cake, tho influenco of
thoe rosistance of the cloth will bo relatively leas, and in
order to have a cleaner acld, one could chcose s cloth with a
finor mosh; whilat, on ihe cther hand,1f a filter can work
guickly, theoffect of tho raaistanco to the cloth will be
groater,

(*} Te refer, in particular, to the manufacture of sodium
salts (ospscially the Tripolyphosphate} from wel process
phoaﬁhoric acld, and to the production of cartasin granular
complex fertlilisors, We sxperlonced certain trcuble in
theae procosses through having had to use o more impure
phosphoric aoid than wo oxpected to find,.
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3,3 Dilution of the Acid Produced.

No filter, even a filter which would let fall all its dry
gypaum and the clothe of which were not washed with water befors
each new cycle, ia exempt from this risk, and, in any case, the
clothas must always be washoed. '

Different methods are used for evacuating, befoxe filltration
of the acld conetituting the production, the water or part of
the wator 1likely to produce thie dilution. Thege metﬁoda may
be adaptod more or lesse easlly to all types of filter,

Howoever, the same factors meking satisfactory separation
of the filtrates more difficult on rotating filters and on large
f1ltors also make dilution more easy on theme filters,

Ultimately, resulte aro the only criterion of efficlency,
and it seems that, on certein rotating filtere, a fall~off of
1 point in aoid concentration is very easily obtained, and
somatimes more, for a 30% F205 content.

It can be sald that at loast certaln reotilinear filters
give distinotly better results (lower than 0,25% decrease in .
concentration),

3.4 Corroslon and Malntenance

This is t00 vast a gquestion to be studiod in detail.
Howover, 1t can be maid that rotating filters may be conmidered
a8 robuat and ae necessltating relatively little maintenance, as -
long as care has been taken to look after protection againat '
projectiona. Tray belt filters aro more delicate. guhher
belt filters are cortainly mechanically the moet dmple, but
pericdically the belt tension must be changed, and the cost of
this cperatlon 18 high.

- Among the filters rotually availablo on ths market at the
greaent time, 1t 18 prodbable that the rubber helt filters would
ast resist high acid concentration, The construotion of the
other fllters neceseltates the use of g considerable amount of
stalnless steel or other varieties of steel 1n general use,
whilat certaln methods of welding In current uso occuld lead to .
trouble when dealing with highly concentrated phosphoric acid.

2 CONCLUSIONS

——— —— e W i - —

Boaring in mind that 1t is with regard to the production
of highly concentrated phosphoric acid that we sro eeeking the
egaential gquallties of & good filter, we can cutline certain
genernl tendencles:

5,1 The desire to mako & good extractlon on the one hand,

and mechanical consideratlona on the ovher, lead to a restriction
of filtration speeds, which thus limits the production, Wo

seek to ascertaln those flltere for which this limitation 1s loast
gericus, A filter which can work only slowly (filters with a
thick oake) is loss productive and will have a working range
limited to low and medium concentrations,

5,2 All things being equa}, filters with s small surface area
produce the best filtration results; and wo may therefore
conclude that, very often, dosplite a larger invostment, it
would be worth while to 1nstsll several small filters, which
wculd also have the advantage of gilving nmore flexibility to
the plant,
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5,3 Although rotating f1lters are more rohust, the offectivoness
of tholr washing operations is loss than that for rectiltinoar filters
gnder similar conditions (No. of washings, wator avallable for

thie purpoee, etc,) because of batter separation of the filtrates.

5,4 Filters with a continuous cake surface present least dif-
iicgltiea if the best pcssible extTaction from the oeke 1s
epirod,

5.5 Many of the remarksa which have been made concorn filters
whioh sctuelly Teamolve falrly well the probloms arising from
the fiitration of acid of low or medium eoncentrations. It 1s
desirebls that constructors should lmprove cartaln of the
solutions they have adopted in order to permit the use of

thoir equipment under good conditiona for the production of
highly concentrated aocld.

Theso few notes are the results of numerous triale and
experience acquired in the uso of various types of filters by
our ooumpany, We hope that many with personal experience of
those problems will be atimulated by these fairly goneral
reflections and that they will fill in certain gaps in the

icture or correct certain points, for which we thank them
n advence.




