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1. INTRODUCTION

The production of wet proeess phosphoric acid has under-
gone tremendous development in the last ten years, particu-
larly as a result of the growing vogue for high-grade
fertilisers based on triple superphosphate and ammonium
phosphates,

Such a development required consziderable technical
progress not only in the reaction and filtration stations,
but alsc in the process used for concentrating phosphoriec
acid. This operation has long been considered as one of tha
most troublesome in the chemical industry, partly because of
the very corrosive nature of the fluid and of the vapours
whieh are evolved, partly becmnuse of the precipitatien of
impurities on the walls and the heating surfaces, and finally,
because of the problems of etmoapheric pollution. Various
brocesses have been developed to overcome these difficulties
-~ in particular, cohcentration in & tower by hot gases, direct
heating by submerged combustion, vecuum evaporators with both
internal circulation by thermosyphon snd external cireulation
through a thickener or an agitated tank (1, 3), falling film
vacuum evaporgptors, and fipally, forced circulstion vacuum
evaporators. '

This last method has ultimately prevailed and is used in
all recent installations of large capacity.

The success of forced circulation vacuum evaporators is
due t0o & number of reascons

~ the avoidance of any atmospherie pollution



- the use, as heating agent, of the low pressure steam -
generally free - provided by the edjacent sulphuric acid
plant \

- the low temperatures, which reduce the problems of
corrosion

- the wvery small losses of PgDﬁ

~ the high operating factor as a reszult of the progress
achieved in the prevention of build-up and scaling

- the high unit production capacity with & low space
requirement.

This process has been put into effect in various forms,
distinguished by the type of heat exchanger used, by the
pressure of the herting system, by the recirculatian rate and
by the materials used. It is these variants which we intend to
review. For the sake of ¢larity, let us begin by recalling
some theoretical points.

2. THEORETICAL STUDY

A) Thermal balance

According to the heat of formation of pure phosphoric
acid {11, p. 50Q0), the concentration of this acid from 32.6%
up to 57.9% P505 absorbs a gquantity of hemnt egual to :

308.01 - 306.00 = 2.0l kcal per mol g HsPO
or 28.3 keal per kg PpOs,

This roughly ¢coFresponds to the concentration of an
impure wet process phospheric acid from 30 up to SUY¥ Palsg.
Leaving out the relemse of Ei Fh and HF, this means that per
ton of evaporated water we use 0,675 t of Po05 in the form of
2.25 t 30% acid and we obtain 1 25 t 54% acid,

Assuming that Dboiling is carried out at 809 € under an
absolute pressure of approximately 70-75 mm Hg, the thermal

balance of the evaporation 1s established azs follows

QUTPUT. : K. calories

- Phesphoric acid at 5h%

2200, 80O C 1250 x 0.5%2 x BO = 52,000
?
- leased

::tggoVﬂP°“r re 1000 x 631 = £31,000
- Heéf of concentration 675 x 28.3 = 19,100
- Heating losses (example) 35,500

TOTAL ... 737,600



INPUT K. calories
- Phosphorie acid at 30% o =
: a2 0.60 0 = 600
P»05, 50° ¢ 0 x nr e
- QuanFlty of heat to be g = 660,000
provided
TOTAL ... 737,600

It is emsy to see that per ton of evaporated water, the
quantity of heat to be provided (q) is not greatly affected
by the variations in the initial and final concentrations of
the acid.

B) Hesting surface required .

Let

evaporating capacity, in tons of water per hour

3]
1]

@ = q E the guantity of heat to be provided, in kcalories
T = the condernsation temperature of the steam (ec)
t = average temperature of the acid eireulsating in the

exchanger (©g)
K = over-all heat-transfer coefficient in keel/m%xhx® ¢
5 = required area of heating surface in me {ncig side)
Then

b = Q = .4k me

E}T-t) K{T-t)

C) Circulation rate required

Let :

It

the internal diameter of the exchanger tubes (m)

the serviceable length of the tubes {m)

v = the velocity desired for the acid im the tubes (m/sec).

The number (n) of tubes in the exchanger is equal to
. |
Ay

™L 4

n =

The required circulation rate V in n3/h is equal to ;

= 900 ——8 4 d w3/n

V= 3,600n7v 82 = 900 g v
L K (T-¢) L

4
L



When the evaporating capacity and the velocity of the
acid are constant, the fiocw-rate of the recirculation pump
varies :

- in propertien to the diameter of the tubes,

- in inverse ratio to their length, and to the mean tempera-
ture difference between steam and mcid.

Nete : We must remember that the over-all heat-transefer
eoefficient K is itself a funetion of v, of d, and to
a smaller extent of T-t., According to the empirical
study of Fragen and Badger (13), at & specified
viscosit; one would obtein the following formuls :
40.57 1.1
K»x O 7 "L
(7-£)0+21 | (k being & congtant)

vhich would yield, for the recirculation rate :

vV = k' Q. (1~ 2y 40.43
(r-£)0.9 L

Howeaver, we must be careful when applying these formulae
to graphite exchangers heating phosgphoriec acid., It is more
reliable to determine coefficient K directly in the existing
installations.

D) Temperature rise of the acid ~on. péesing through the
gxchanger and resulting increase in concentration

These two factors are generally considered impurtant in
controlling the crystallisation of the aalts dissolved in the
acid, 50 a5 to avoid scaling.

Let :

m = the density of the acid entering the exchanger (mixture
of the diluted feed acid and of the recycled concentrated
acid) in g/ee.

¢ = the specifie heat of the same acid in cal/g/°C

Co= its concentration in P205 ({mase ratio Pgoﬁ:acid)
to* temperature of the acid when entering the exchanger
£1= temperature of the zeid when leaving the exchanger

With each passage through the exchanger the acid is
heated by :

b1 - tg = Q@ . _K (T-¢) L o
‘ 1,000 yme 9 x 107 vymed




Inversely, if vwe know v, T, t_ and t;, we can calculate
the over-all heat-transfer coefficient K by the formula :
ti1-t,
kcalories/me,.h.0C

K = 9.10°.v.m.c —.
7 L T-t
After flashing in the vapour head the P,05 concentratien
of the aeid becomes
¢y = Vm Co
Vo-e
This is the concentration of the evaporated acid. We
deduce from this :

E
Cy = C7 (1 - =)
o} 1 vm

C.E
1
C_C = e
1 o Vm

During passage through the flash chamber, the evapora-
tion of each kg water absorbs approximately 551 keal of the
660 furnished in all.

The corregponding cooling is shown roughly by the
foellowing formula, the boiling temperature being represented
by t,

t]-te
551 _ 5 1
— therefore t, = t . + — (t.=-t. )=t +

t1~to 660 6 € e g 71 telTro

wl

(t-tg)

The boiling temperature is therefore found between the
temperature of the scid when entering the exchanger (ty) and
its average temperature (t) in the same exchanger.

E) Examples of numerical applications

To consolidate these ideas, we show in the Table below
the characteristics of the exchanger in 16 different hypo-
thetical situations with & constant evaporating capacity
equal to 10 tons of water per hour (i.e., 6.75 t/h. or
approximately 160 t/4. P20y concentrated from 30% to 5h%).

The lower half of the Table corresponds to & tube
length of 9 metres, which could be obtained in prectice, by
installing two exchengers of L = 4,50 in geries or by
setting up a three-pess exchanger of 3 m. length between
plates, the total number of tubes then being three times the
number indicated.




Heating surface

Inside diameter of

When setting up the Table we assumed that the average
temperature of the acid in the exchanger was in all cases
maintained at 809 C by suitable adjustment of the absolute
pressure between 60 - 75 mm Hg.

We note thet the regquired heating surface and the rate
of the reeireculation pump wvary very widely in accordance with
the steam pressure used, the diameter and length of the
tubes, and the velocity of the acid (in a 1 to L ratio for
the surface and a 1 to 12 ratio for the rate). There is no
obvious economical solution, however, since we must take
account not only of the energy required for pumping, but
meinly of the risk of deposition of the precipitated selts on
the exchange surfaces - a greater or lesser risk according to
the operating conditions chosen snd the origin of the rock
-used for the production of phosphoric acid.

Table I - THEORETICAL CHARACTERISTICS OF THE EXCHANGER IN
'VARIOUS HYPOTHETICAL SITUATIONS -

Constant parameters :

Evaporating capacity : 10 t/h water
Feed phosphoriec acid P50 % : 30 Rate : 22.5 t/h
17 m3/h
density : m + 1.32 g/oce

Evaporated phosphoric
acid : PpOs5 % Sl Rate. : 12.5 t/h

7.8 m3/n
density : m : 1.60 g/ee
spec. heat : ¢ : 0.52 eal/g.cC

Mean temperature of the acid in the exchanger : 80° C

Velocity of the acid v = 2 m/aec. v = 3 m/sec.

Over-all heat-transfer o o . 2 o0
coefficient K=800 kecal fmc.h.%C K=1C00 keal/m=.h.
! gauge pressure 0 kg/em2 {L kg/cm2 0 kg/em® | b kg/fem©

Temperature ©C 100 150 100 150

‘acid side m2 b1z 118 330 ' 94 .5

19 | 38 19 38 19 38 19 38

tubes mm




Table I (cont)

Number of tubes n

Croszs sectional mrem
inside tubes dm2

Circulaticn rate m3/h

Temp. rise of the acid
a0
Increase af the

P205 % content

Number of tubez n

Cross sectional areg
inside tubes dm-

Cireulation rate m3/h

Temp. rise of the ac%d
C
Inerease of the
P205 % content

1 -7
| Length of tubes 6 metres
1150 575 330| 165 | 920 k6o { 26L 132I
32.665.219.35118.7 (26,1 |52.15|7.48 [14. 96
2350 k700 | €72 {1345 (2820 | 5640 BO5 | 161¢C
3.7 1.7(11.8| 5.9 2.8 1.4 9.91 L,9g
0.1%10.07{ 0.5|0.25 [0.22| 0.06|0.42] 0.21
Length of tubes 9 metres d
7668 384| 220( 110 61k} 307 176 88
21.8143.6(6.25|12.5(17. 4| 34.8] 5.0 9.97
15703140 | 450 | 900 (1880 3760 537 | 107k
5.10 2.5]17.6| 8.8 k.2 2.1 {14.8( 7.4
0.2110.12{0.75|0.37[0.18] 0.09|0.63] 0.31

3. PREVENTION OF SCALING

The principal methods used to combat the build-up of
acale on the internal surfaces of the evaporastors, particular-.
1y inside the exchanger tubes, have been repeatedly described
by various investigator= (1, 2, 3, L,

They may be summarised as follows

5. 6,

10).

1} Place the exchanger under an adequate hydrostatic head.

2) Mix the feed diluted phosphoric acid with a large quantity
of concentrated acid before passage through the exchanger,

3) Limit to a low value the difference in temperature between
the steam and the phosphoric acid in the exchanger.

k) Make the acid in the exchanger tuber circulate at high

speed.

Fl

5) Limit to only a few degrees the temperature rise of the
acid with each passage through the exchanger, so that the
increase in Pp0Og conecentration for each cycle is below 2%.

6) Maintain an adequate s0lids content in the circulating acid.

7} Include in the circuit of the evaporator = capacity aimed
at promoting crystallisation.



The purpose of principles 1, 2 and 3 1s ezsentially to
prevent the boiling of the phosphorie acid within the ex-
changer tubes.

The purpose of prineiple L is to prevent the precipita-
tion of Bolids on the walls, while improving the coefficient
of heat transfer.

The purpose of the three final principles (5, 6 and T)
is essentially to control the supersaturation of the acid by
disgelved salts, 80 as to avoid the development of an
excesslive number of nuclei and to promote the formation of
large cerystals which do not sdhere to the walls and are
ultimately more readily eliminated.

We immediately note that some of these principles are
not independent. For example, the demand for a high velocity
in the exchanger tubes necessarily entails mixing of the
diluted acid with a large supply of recycled concentrated
acid, as well as a small increase in the temperature rise
and a small concentration increase during each pass through
the exchanger., This results from the formulae established in
the foregoing section.

Only principles 1, 3, 4, 6 and 7 are truly independent.

There is no doubt that simultaneous observation of all
these rules will promote good operation. However, 1t must he
noted that some principles, particularly Nos. 3 and T,
involve m not insignificant inerease in the cost of the
installation ; it is therefore normal for us to consider the
relative wvalue of these different principles.

a) Hydrostatic head in the exchanger

For pure phosphoric acid with 58% Pols, which corres-
ponds roughly to a wet process impure arid with 52 to 54%
P05, the vapour pressure is as follows in relation to the
temperature (11, p. h45)

Temperature ©C &o bg 30 95 100
Fressure mm Hg Th 95 118 1h3 170
If with each pass through the exchanger the scid is

heated by %° in the vicinity of 809 ¢, 1t is sufficient to
establish & hydrostatic head equal to ;

21 x 13.6 ~ I
1000 % 1.6 - 0.18 m Tluid column
at the highest point of the exchanger to prevent flashing
during normal operation.



However, it is theoretically desirable (&) to have a
sufficient hydrostatic pressure to prevent boiling of the
acid even at the temperature of the heating steam, because -
were the inlet of a tube blocked by a plECE of gcale -
flaahlng without circulation would result in complete plug-
ging. This requirement entails a much higher hydrostatic
head than that calculated sbove. \

If heating is carried out by means of steam at astmosphe-—
rie pressure (100°), the required height of the fluid column
becomes (assuming & boiling point of 800 ¢) ;

(170 - T4) x 13.6

1000 x 1.6 0.816 metres

In practice this does not present any difficulty, parti-
- cularly if ve take into consideration the pressure dron by
frietion between the exchanger and the evaporation chamber,

The same does not hold true if we use a higher steam
pressure, as for example b kg/em@ eff. (1500 ().

Accordlng to the Dihring line, with vapour pressures
according to (11) p. 45 end (12) p. 140, pure phosphoric acid
with 58% Pp0g heated to this temperature has & wvapour pres-
sure of approximately 850 mm Hg. To avoid flashing at this
temperature, the height of the fluid column must be equal to:

{850 - Th) x 13.6
1000 x 1.6

= 6.60 metres

If the exchanger has been instelled vertically it would
be expensive t¢ set the flash chamber this high, particularly
as this would involve the risk of problems with the eirculs-
tion pump seal. The use of a hoerizeontael exchanger is more
rational, but although it has its followers (5, pp. 250-251),
this arrangement is rarely used,.

Another possible solution involves the formation of a
constriction between the exchenger outlet and the inlet into
the expension chamber, so as to obtain the required over-
pressure ; this can be done by setting in an orifice plate or
4 valve, for example.

The disadvantage of such a device is that it increases
the pumping energy and, on the hasis of our .experience, itsg
practical significence appears doubtful. It seems preferable
to use all of the power available from the pumnp motor to
increase the recirculation rate. O0f course we nust absolutely
prevent pieces of scale from obstrueting the tube inlets, for
example, this can be done by placing & filter with large
holes up-stream from the exchanger,



Experience has also shown us that even with a strong
pressure on the acid side of the exchanger, scaling of the
tubes cannot be mvoided if the velocity of the meid is
inadeguate.

In view of this, we may conelude that a certain hydro-
static charge in the exchanger is & precaution which is
probably useful, but is certainly insufficient in itself to
prevent build-up and scaling.

h) Steam pressure

The stesm pressure within the calandria directly con-
trols the temperature difference between the saturated steam
and the mcid. For example, if the mean temperature of the
latter is 80° C, the following differences are found

Steam gauge pressure, kg/eme 0 1 2 3 L & 8
Temperature difference T-t 209 399 53¢ 530 T71° 8LY 90°

The reguired transfer asurface may thus vary in an ap-
proximate ratio of 1 to L, depending on the pressure of the
steam admitted.

If low pressure steam from & steam turbine is available
(used, for example, to drive the blower of a sulphuric acid
plant), we are certainly justified in giving pricrity to the
use of this steam. However, in practice it is very rare that
steam iz bLtransported in a factory at & pressure of less than
3-4 kg/em®. Moreover, it is entirely possible to set up
steam turbines functlnnlng at & much higher counter-pressure
(8 to 16 kg/em®).

It thererore appears that numerous plants operate with
& very lov steam pressure in the ‘calandria (atmospheric
pressure, and sometimes less) for an entirely different
reason : it is probably due to the fear of local flashing
polnts inside the tubes and the resulting scaling. Our own
experience does not confirm these fears. With the roek
phosphates whiech we usually use we have observed no appre-
ciable difference in the secaling rate in relation to the
steam pressure, and we commonly use a gauge pressure between
3 and kg/cm

It may be that other phosphates give a different result.
In exchangers with tubes made of Karbate, the use of
low pressure stéam might be justified because of the fragi-

lity of the tubes.

The heat released by the condensation of the =steanm



decreases with its pressure : 503 kcal/kg for the steam at
4 kg/em? gauge pressure compared to 539 kcal for the steam
at atmospheric¢ pressure, However, it is easy to recover the
latent heat of the coundensate (or of the vapour which it
releases by flashing at atmospheric pressure) by using it
either in a separate compartment of the exchanger, or to
heat the water used for washing the gypsum cake on the fil-
ter. In this way the total astean consumption is independent
of the presgsure at which it is used.

¢) Velocity of the acid in the tubes

It is generally thought that the veloeity of the acid
in the tubes is certainly a prevailing faetor in the battle
against scaling. In our own industrial trials we have found
that whatever other precautions are taken, it is impossible
to aveid rapid scaling and bloeckages it the velocity of the
acid in the tubes is less than 1.5 m/seea.

.M. Janikowski (5, p. 251) recommends the choice of
the highest velocity which does not lemd to abrasion of the
tube walls, despite the high pressure drop which requires the
use of centrifugal pumpe. Indeed, it is obvious that if
erosion began at & certain exact velocity, the use of this
specific velocity would suffice to prevent all difficulties,
since where there is erosion, there can be no scaling - and
85 soon as the diameter of the tube had incressed slightly,
the erosion would stop because of the reduction in velocity.

llowever, the reality is unfortunately somewhat more
complex,

There is scarcely any indication in the literature of
the velocities used in the exchangers made of impervious
graphite. F.W. Edvards (4, p. 46) mentions = velocity of 7
to 8 ft/sec {2.13 to 2.4% m/sec) and states that he observed
no erosion under these conditiens.

It would seem that a velocity of the same order is used
in most industrial installations.

There is one important factor which technicsal papers
relating to multitubular exchangers generally do not men-
tion : the inequality of the velocity of the liguid in the
various tubes. For example, if the feed is axial, the velo-
city is greater in the centre tubes than in the peripheral
tubes. If the feed is lateral, the velocity is greater in
the tubes on the side opposite the feed, In practice it 'is
very difficult to know the true velocities obteined in the
verious tubes, and thisz is probably the reazon for the fre—
quently observed differences in sealing of the tubes in -



relation to their position in the exchanger., This also
explains the 4ifficulty in obtaining by theoretical calecu-
lation a transfer cnefflclent in agreement with experience.

To obtain a uniform velocity in the tubes is not a
simple problem since upsiream and downstream from the ex-—
changer there are necessarily bends and changes of section
which creste turbulences interfering with good distribution.
If a better solution to this problem were found, the average
cireulation velocity of the acid might perhaps be reduced
without disadvantage.

Must we, on the contrary, go further in the direction
of high velocities 7

The hesitation of equipment manufacturers and of users
in view of the risk of ercosion and the increase in motive
power is understandable, but if successful, such an option
would allow a reduction in the investments.

d) Control of the erystalliisation of impurities

When we first designed forced circulation vacuum evapo-
rators in 1961, we decided on the installation of an agltated
tank in which the diluted feed scid was mixed with the
recycled concentrated acid before passing through the ex-
changer. The aim was to redure the supersaturation of the
acid and to promote the precipitation of the impurities
(CaB0y, NapSiFg, KpS5iFg) on the pre-existing erystals s0 as
to reduce the risk of precipitation within the exchanger.

In subazequent ingtallations we omitted this crystalli-
sation tank, which increamsed the investment and the pumping
energy. ‘ ‘

In the new version, the flash chamber, which iz provi-
ded with an overflow for the evacuation of the concentrated
ecid produced, retains a large volume of acid, wheresas in
the previous version, this chamber acted simply as & separa-
tor and remained virtually empty. We have estimated that the
hold-up ereated in this manner would be sufficient to
decrease supersaturation.

We did not observe, in fact, any difference either in
the dimensions of the crystals or in the sealing rate of the
exchanger. It must be stated we simultaneously increased the
velocity of acid inside the tubes.

Other manufacturers have followed e similar course

{k, p. 28).

Recently the idea of B crystallisation zone has been



taken up again in & much more advenced design by & manufac-
turer specialising in the c¢onstruction of ecrystallisers of
the "0SLO XRYSTAL" type (5, pp. 627-63k and 10, p. 28, pp.
31-32). Several high-capacity units have been built, particu-
larly in the United States, and have been successfully put
into operation. For example, in an instellation in Florida
vhere the concentration of phosphorie acid is carried out in
three stages from 29% to 52.5/5h% P,0g, the regular schedule
for beil wash-out is as follows :

lst stage : 14 deays (product : 34/35% P505)
2nd stage : 21 days (product : L2% ")
3rd stage : 28 days (product : 52.5/54% " )

This result is excellent.
Hovever, the following pointalmay be made

- complete avoidance of regular wash-out, which was the
initial aim, was not possible,.

- evaporation 15 carrled out in three stages, which decreases
the risks of rscaling, as will be seen in the following
section.

- heating is carried out by means of steam at atmospheric
pressure {(100°), the temperature differcnce between steam
and acid is small (189 ¢), recirculation is intense, the
velocity of the mcid in the tubes is T to 8 ft/sec. (2.13
to 2.4% m/sec.), the heating of the acid with each pess
through the exchanger is limited to 2.2° (.

Thus the optimal conditiens for reducing the risk of
dep051ts on the surfaces have all been met without exceptlon.
It is consequently difficult to esteblish what part in the
success of the operation should be sttributed to the crys-
talliser incorporated in the eireyit, and to know whether
the required supplementary 1nvastment {(25% mccording to the
manufacturer) is justified. Perhaps this technique should be
reserved for the rock phosphates, which present particularly
difficult problems.

An additional edvantage of this technique is that ulti-
mate separatlan of the solida from the evaporated phosphorie
acid is facilitated as o result of the formation of large
erystals. Huwever, until now producers do not appear to have
been sucecessful in appreciably enlarging the precipitatead
fluosilicates.

Another method hasg recently been praposed for control—
ling supersaturation and the erystallisation of impurities



(5, p. 622). In this "sludge recirculation” process the di-
luted feed acid receives a part of the precipitate impregna-
ted with acid, separated after evaporation in a static or
centrifugal clarifier., If the solids content in the circula-
ting acid is kept at about 10%, it is possible, as in the
preceding procedure, to space out the periodic wash-out
considerably.

This technique requires little extra eguipment, but does
increase the load on the clarification facilities and would
require & slightly larger evaporator heater. The process hes
the advantage of great flexibility : according to the
characteristics of the acid treated, one can regulate at
will, or entirely omit, the recyecling of solid matter. It is
alsoc possible to check accurately in each case the efficiency
of the method.

This process iz not applicable if elarification facili-
ties for evaporated acid are not available, unless an sddi-
tional smount of gypsum in the acid doves not present a
disadvantage for 1ts final use,

e) Evaeporation in several stages

It is well known that the concentration of phosphoric
acid up to 36 - L40% PoOf presents far fewer difficulties than
concentration to 52 - Sﬁ% Po0s (leaving aside corrosion). It
is because of this favourable circumstance that it was origi-
nally posszible to use vacuum evaporators with natural
circulation chtained by thermosyphon for concentrating up to
319% PnOy, which is sufficient for the production of granula-
ted triple superphosphate or diammonium phosphate.

This occurence 15 perhaps due to the differences in the
crystalline state of calcium sulphate. Up to approximately
45% Pp0g, this salt tends to crystallise in the form of
dihydrate, and beyond this in the form of semihydrate
followed by anhydrite {5, pp. 609 and 632). The rate of
erystal growth varies in accordance with the different forms
snhydrite produces much smaller crystals whieh adhere more
readily to the surfaces. But most of the crystmllisation of
cpleium sulphate, in a stepwise concentration, takes place
below k5% PpOy, that 15, in the first and second stages of a
three—-stage system.

Be that as it may, it is generally recognised that
evaporation in several stages, first proposed in 1955 by
pDorr-Oliver (%, p. 233), reduces scaling problems. Unfortuna-
tely, from an economic point of view this solution can only
be used for large-scale production, above 250 t/d Pn0g, or
when doubling an existing unit, despite the accessory



advantages which it offers (b, p. 29 ; 5, pp. 611 and 632).
In particular, the water consumption can be reduced becausge
of a lover vacuum in the first stages : for example, the.
vater can be made to circulate in series successively in the
condensers of the third stage, then of the second stage,. then
- of the first stage.

‘ If only one evapcrator is available, concentration may
~be carried out in two successive steges in the same equip-
ment, as for example first from 30 to 39%, then from 39 to
54% PpO5. This requires an extra storage tank for the ncid of
intermediate concentration, unless, a# occurs in some plants,
39% Po0O5 is normally used. :

It .must be noted that this process, like evaporation in
. 8everal stages, is only applicable if the problem of corro-
‘gion by phosphoriec acid containing 38 - LS% Pp0g5 (the zome of
concentration where maximum attack occcurs) has previously
been resolved in a satisfactory manner.

f) Periodie wash-out of the installation

Whatever the precautions ohserved, there always comes a
time when the heat exchange is inhibited by a film of salts
 deposited on the inside of the tubes. Fortunately it is
..generelly possible to eliminate this scale by & simple wash-

out with hot water. Some producers prefer to use a weak (5%)
Bol?tion of HpBOL eor HpSiFg (4, p. 28 ; 5, pp. 622, 787,
750).

Washing is carried out ms follows : after complete
evacuation of the phosphoric acid, the water -~ which is kept
8t & temperature of 85° C by mdmitting a small quantity of
steam - is allowed to cireulate at a high speed, generally
without the use of & vacuum. The water is reneved at an
output of & few cubic meters per hour only.

The wash-out schedule depends on
- the rock used in the oprocess of phosphorie geid pro-

duction ;

=~ the storage conditions of the filter acid mnd the ageing
time before evaporation i

= the design of the unit and on the operating conditions, as
seen in the preceding chapter ;

- the dimensions of the exchanger, which allows & larger or
smaller reduction of the heat transfer coefficient before
production is affected ;

= the organiseation used,.



Some producers prefer to carry out freguent wash-out
two or three times & week, or even every day, for a very
brief period (1 to 1} hours) so as to avoid the risk of a
thick deposit of blockages which c¢an no longer be eliminated
by simple washing with water. Teo avoid losses of time it 1s
indispensable for the installation to be so set up as to
allow emptying and filling in only a fev minutes. Washing
then becomes a routine operation in the same way as normal
operation.

Other manufacturers prefer to carry out a longer wash-
out (86 to 16 hours) every week, every fortnight or every
menth only. This is pessible if the exchanger is over-
powerful. However, there is a greater risk of thick scale-
formation amd of blockages, and mcchanical eleaning, for
instance with water at & very high pressure (200 kg/em€) is
pnecessary from time to time.

4, RECOVERY OF FLUOSILICILIC ACID

Phosphorie acid with 30% P,0g contains, in the form of
fluosilicilic acid, 25% to 75% of the fluorine, present in
the phosphate, depending on the origin of the rock and the
operating conditions.

During concentration of the phosphoric acid, & greater
or leesser part of this fluosilicilie acid is evolved

EsGiFg (solution)--—%» Giky (gas) + 2 HF (gas)

If the final acid conteins 5L% P,0q, the fluorine eva-
lution attains 60% to 80% of the Tluorihe present in the
initial acid.

Before the development of vacuum evaporators for phoc-
phoric acid, the recovery of fluesilicilic acid was a
gtandard operation, both during the production of the
superphosphate (which releases B5iFy) and during concentration
of phosphoric acid by hot gas or by submerged combus thn (s,
pp. 562, 587-588, 592, 599, &60L, 60S).

In vacuum evaporators, the problem of fluorine recovery
does not differ, in principle : instead of being mixed simul-
taneously with air and water vapour, the fluorine gases to be
extracted are simply mixed with water vapour, which rather
simplifies the problem. Taking into aceount the low operating
pressure, the volumec of gas to be treated is of the same
order as when concentration by hot gases is carried out.

Thus, the principle of recovery is the same : it con-
gists of spraying the gases with a recycled sclution of



izSiFg, which is maintained at the desired concentration
either by the addition of water, or by partial condensation
of the water vapour (for examnple, by means of a cooler on
the reecirculation), or ty & combination of these two means,

This process was first propesed in 1936 by a Russian
investigator, I.T. Zahring (8) who, in his pilot tests on
the concentration of phosphoric acid under vacuum, interpo-
ged a "hot condenser" with external recirculation by pump
between the flash chamber and the Tinal "eold condenser",
The author gave detailed figures on the release of the
fluorine in both his laboratory and his Pilot tests. It
would seem that the work of I.I. lahring remained unknown or
was forgotten, since ip 1963, at these same ISMA technical
meetings (7}, a similar Process wai pregsented as new. A
patent has even been granted in the United States and else-
where (4).

We must admit that we ourselves knew nothing of the
Russian paper when, in 1961, we designed our firat unit for
vacuum evaporation of phosphorie acid with fluosilieilie
acid recovery. Our device was basged directly on our eExXpe-
rience in the scrubbing of the gases from superphosphate,
without the problems Presented by the precipitation of the
sijice.

When a zolution containing 10-12% HoBiFg is produced, a
very simple gas scrubber makes it possible to obtain a high
Fluorine yield (about 95%). For higher concentrations it
appears advisable to install several scrubbers in series, to
take into account the vapour pressure of fluorine compounds
(5, p. 772). '

Une investigator (1%) has suggested that commercial
fluosilicates should be produced directly in the scrubbers
by spraying the vapour with a saline soelution (NaCl, KC1,
BaClp). This process would have the advantage of nullifying
the vapour pressure of the fluorine compounds, but we do not
know whether it is usead industrially,

5+ EQUIPMENT

A standard forced circulation vacuum-evaporator consists
essentially of :

= 1 eirculation loep with : 1 flash chamber
1 or several heat eXchangers
1 or several circulation pumps

- 1 condenser

- 1 wvacuum system



The following may be added as regulred :
- 1 entrainment szeparator after the flash chamber

- 1 fluorine recovery installation in one or several stages.

n) Flash chamber

This iz & vessel whose lower part is occupied by the
boiling acid, the vapours being evacuated through the top.
A11 of the intermediate section aets as a vapour-liquid
separator because of the relatively slow velocity of the va-
pours in this zone. The vessel is a vertical eylinder,
frequently conical at the bottom, although a domed bottom is
generally less expensive. The acid level is maintained either
by an overflow device or by a level-controller.

The recirculating acid 1s often fed in through a
tangential inlet which sets the liquid mass into motion. This
way of introducing the acid allows greater thermal uniformity
in the liguid and avoids scaling at this level. However, 1t
has the disadvantage of creating acute angles in the rubber
lining of the chamber, which is often one reasson for the
failure of this lining. Further, the relative positien of the
acid inlet and of the acid level are important. If the acid
iz fed in above the liguid or slightly below the level, tvo
dangers may develop, depending on the veloeity at which the
1iquid is fed in and the diameter of the chamber

- a whirling motion of the liquid towards the top, with risk
of a serious increase in Pn0g losses.

- the creation of a vortex in the liquid, the tail of which
may reach the circulation pump and result in dispriming.

These drawbacks ecan be avoided by introducing the acid
well below the level of the liquid, and by extending the
bottom of the vessel by a cone with a slight angle at the
top.

However, to decrease the height of the chamber and to
avoid problems with the lining, it seems preferable to feed
the recycled acid through an inlet whieh ig perpendicular to
the wall, or slightly eoblique,

b) Heat exchangers

It may be said that these are now virtually all of the
"tube" type.



With regard to ecorrosion, the most customary nmaterial
is impervious graphite ; however, exchangers in stainless
steel or in special alloys cen still be found, the choice of
these materials being, in some cases, determined by the
nature of ithe phosphate used, or imposed by the acid concen-
trations required (superphagphorlc acid).

There are two main types of exchangers of impervious
graphite :

1) Standard tubular exchangers : graphite tubes mounted on
tubular plates, one of which is fleoating, within a steel
shell,

Disadvantages :

- These tubes are relatively fragile ; they therefore
require mueh care during cleaning and when starting up, to
avold hydraulic shocks and vibrations.

— Ghould breakage of tubes occur during operation, acid may
be introduced into the condenced water.

Advantages

~ Tt is relatively easy to plug the endié of s broken tube and
to start up again after a minimum stopping period.

= This type of exchanger readily lends iteself to virtually
unlimited extrapolation.

2) Exchangers with graphite blocks : these are compact blocks
rPerforated in one direction for circulstion of the acid,
and perforated in a perpendicular direction for cireula-
tion of the steam. Al1l of these holes are arranged so as to
minimise the distance travelled by the heat in the gra-
phite. The blocks are piled on top of each other in such a
manner that the acid moves in continuous channels.similar
to the tubes of the preceding exchangers.

- Qbvious advantage : this type of equipment is far less
fragile than the tubular exchangers.

=~ Disadvantage : extrapclation is limited by the dimensions
of the graphite blocks whieh can he produced industrially
it appears that at Precgent we mre 11m1ted to approximately
300 m®, whereas we can go beyond 350 me with tubular
exchangers

These block exchangers are themselves of two main
types :

8) the first type consists of parallelepipedal or cubic
blocks, each pressed between two cast iron plates which



form steam chembers. The steam chambers connect from one
block to the next by an external pipe.

- Advantage : there is no internal gasket between acid and
vapour, and therefore no risk of pollutlng the condenqed
water.

- Disadvantage : these blocks are compressed by stay-bars
in two directions only, and the steam pressure tends to
extend them in the third direction. Hteam pressure is
therefore limited with regard to these blocks (we general-
1y do not exceed 4 kg/em® with this type of exchanger).

b) the ather type of exchanger consists of cylindrical
blocks plled within a steel envelope, the spacec between
the graphite and the wall being used for the circulation
of the steam. The graphite is thus entirely under cam-
pression. The steam pressure is only limited by the tem-
perature which can be tolerated by the resin 1mpregnat1np
the graphite. bBome constructors go up to 15 kg/em®

- Disadvantages : c¢ircular internal gaskets separate the
steam from the acid, but the construction of these gaskets
is now reliable,

- Advantage : the reguired exchange surface can be reduced
considerably and more concentrated scids can easily be
abtained, since the tempersture of the heating steam may
be higher. -

We should also note that recovery of the calories from the
high-pressure condensed water 1s possible by flashing it
at atmospheric pressure and feeding the steam thus relesa~
sed into & separate compartment of the same exchanger b
this reduces steam consumption. :

¢) Circulation pumps

Depending on the production capacity and the type of
exchanger used, the circulation flow rate is generally
between 200 and 5000 m-/h.

The total dynamic head may vary from L4 to 5 metres of
liguid column in tubular exchangers, and may reach 20 m when
perforated blocks with holes of a small diameter are used.
Further, to obtain an adequate cireculation rate, a multipass
heater i1s sometimes used, which reduces the output of the
pump but appreciably increases the pressure drop.

This diversity of characteristics explains why two
types of pump are used :



~ ecentrifugal pumps for moderate flow-rates and relatively
high heads ;

- propeller pumps for high flow-retes and low heads.

It may be said that in both cases mapufacturers have
succeeded in supplying reliable equipment.

The seal of centrifugal pumps may be completely pressure
relieved, so it is possible to use a standard packing without
any injection of water.

With propeller pumps, however, expensive double mechani-
cal seal involving injection of water is required ; this
entails a risk of introducing water inte the acid, zo that a
water flowmeter must bhe mounted in the water feced to disclose
any inward flow.

Note that some manufacturers install vertical centri-
fugal pumps.

d) Condensers

For reasons of economy and because of corrosion problems,
barometric condensers are used : their disadvantage 1s that
- they pollute water, whiech leads to well-known problems with
regard to disposal or recycling in the plant.

In practice, every type of barometric condenser has been
used : cascade type, Epray type, jet type, ete. Fach of thesge
designs has its advantages and its disndvantages.

The condenser is sometimes placed direectly on the top of
the flash chamber. This arrangement has the advantage of a
slight gain in investment and of a definite galn in space.,
However, it involves a risk of dilutieon in case of partial
blcckape of the barometric column of the condenser, as for
example with precipitated CaFo, or in case of a fallure in the
rubber lining of the bottom of the condenscr.

e) Vacuum

An absclute pressure between 50 and TO mmm Hg in the flash
chamber 1s the general rule ; this may bve ohbtaincd

- either by means of a Lvo stage stenm jet ejector system with
intercondensor ;

- or by means of a motor driven vacuum pump preferably of the
water-ring type.



The choice depends on the availability of high pressure
steam and the relative cost of steam and nower.

With regard to the ejectors it must be remembered that
their efficiency depends very grestly on the stecam pressure |
one must therefore either be sure of the unifermity of this
pressure, or provide for its control.

£f) Entrainment separstor

With & flash chamber of adequate dimensions, the Palsg
loss does not exceed 2 to 3/1000. However beyond nominal
evaporating capacity, this loss rapidly increases. Moreover,
for fluorine recovery in the form of fluosiliciliec acid it
may be important to aveid pollution of this acid by phos-
phoric acid.

In certain cases, the installation of a separatar
allows a considerable increase in the output of an existing
unit without excessive losses, or an increase in the purity
of the fluoesilicilie acid,

The separator mey be external to the flash chamber,
Various types are used : impingement scparators, cyclones,
corrugated plates.

An internal cyclonie sepavrator is sometimes placed

inside the top section of the flash chamber. Mesh-type sepa-
rators made of polypropylcne heave also been used.

g) Fluorine recovery

As previously seen, the vapour must be scrubbed with a
solution of recyeled fluosilieiliec acid.

The egquipment generally consists of an empty scrubber,
irrigated by a series of sprays, of & circulation tank
{hydrauliec seal), and of a high-capacity pump. Like the
condenser, the absorber may be either installed separately
or be placed on the top of the flash chamber,

In some plants we even find the flash chamber, the
fluorine absorber and the condenser on top of each other.

If, for its final use, the concentration of fluosilici-
lie acid must be abeve 15%, it 1s preferable toe carry out
recovery in several stages set up as described previously.



6, MATERTALS

Hot phosphoric acid being highly corrosive, the minimunm
possible of metallie materials is used in contact with the
acid inside the evaporating units.

The only piece of equipment gcnerally built of stain-
less steel is the circulation pump ; either alloys of the
"20" clase are used, or special alloys with & high chromium
and molybdenum content.

However, although some evaporators have heat exchangers
made of alloy 20 or Ni-o-nel (for the production of super-
phoaphorie acid in particular) impregnated graphite has
been the most commonly used material until now. Tt tolerates
temperatures up to 200° ¢,

Rubber lining is used inside the other parts of the
equipment. This material resists corrosion perfeetly in
normal operating conditions, both for phosphoric acid and
fluosilieilie mecid. However it has the disadvantage of a
certain fragility, and it is difficult to apply, which ex-
plains the failures which frequently oceur at stert- 1P .

Finally we must mention the circulation pumps for
fluosilicilic acids ; metallié¢ alloys being rapidly corroded
by this acid, either soft or hard rubber-lined steel is
used, or impregnated graphite.

Recently, fihreglass-reinforced polyester has been uscd

for the piping, the tanks under atmospher:c pressure, the
condensers, and even - in some cames - the flazh chamber,

T. CONTROL BEYSTEM

_ The operation of an evaporator is very steady, so that
very simple controls are sufficient. However, therc do exist
highly auntomatised installations.

Usually control of product strength is obtained indi-
rectly by controlling the absolute pressure nnd the llquld
temperature together, s

The vacuum is controlled by automatic adjustment either
of Bn air bleed or of the flow of cooling water to the
condenser, this second system allowing the minimum ecensump-
tion of water.

Several different systems are used to hold the recircu-
lating acid temperature constant and to adgust the output
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of the unit. The principal ones are as follows :

A} the steam pressure is meintained constant, which deter-
mines the output, The acid temperature controller adjusts
the feed rate to the evaporator.

B) the quantity of steam fed to the heat evaporator is held
at a fixed value which determines the evaporating rate.
The acid feed-rate is controlled as in A.

C) the acid feed-rate is kept constant. The pcid temperature
controller operates the steam control valve to the heat
exchanger. '

D) the gquantity of steam fed is kept constant. The level in
the flash chamber 1s controlled by adjusting the acid
feed~rate. The acid temperature controller operates the
evaporated acid control valwve to storage.

System D is theoretically the most satisfactory
beecsuse

~ on the one hand, the evaporation rate is kept at a fixed
value, which determines the P205 vegicular losses from the
flash chamber,

- on the other hand, one can be certsin that the product
acid sent into storesge 1s at the desired concentration,
even on restarting the plant.

This system has, however, the disadvantage of being
fairly complicated and expensive. In practice, on condition
that a few simple precautions are observed when the installa-
tion is restarted, it is possible to obtain equally satis-
factory results with the other systems. Thc least expensive
is system A, which does not require any flowmeter and
involves only two pressure controllers and a temperature
contraller.

It is of course possible to elaborate earh of the
above-mentioned systems by setting up cascade controllers.
For example, in system A, instead of having the temperature
controller operating the feed mcid control valve directly,
it may be made to adjust the set point of a feed-rate con-
troller. Considering the large gquantity of aecid retained in
the evaporator and of the corresponding inertia, the advan-
tage of such sophisticated systems appears doubtful.

8. THE PECHINEY-SAINT GOBAIN PLANTS

In the last eight years, Pechiney-Saint Gobain has bullt



(in France and abroad) some 20 phosphoric acid concentrators,
with an evaporating capacity ranging between 2 and 15 t/h
water per unit.

All these plants have the following charsacteristies inp
commoen

- the exchangers are made of graphite blocks ;

~ the steam is used at a relatively high pressure (3 to A
kg/cmg gauge pressure}, 50 as to reduee the required
transfer surface ;

- the pumps are centrifugal, of entirely metallic econstruc-
tion (Uranus B6, cast chromium, stainless steel etc.).

Performances ’

Below are found performances of twoe PSG plants, one of
which is older (built in 1963) and the second more recent
(196T7). We may add that plants presently under construction
incorporate improvements on the plant of 1067.

Year of constructicn 19673 1967
Exchanger : type of blocks cubic eylindrical
Number of parallel exchangers 1 e
Total heating surface p? 30 1k7
Acid : feed concentration 30% 329

produect concentration 50-52% 50%
Evaporating capacity in t/h water 3.4 15
Electrical power in kWh/t

evaporated water 50 20
Corresponding heat-transfer
coefficient in keal/h.m2. ©¢ 1290 1150
Wash-out down time :; the schedule of periodical shut

down differs in the two plants, in accordance with the loeal-
ly preferred procedure

— the older plant opersates for a week without stop ; this is
followed by a washing period of some 8 hours.

-~ in the more recent plant, taking inte account the arrange-
ments allowing rapid emptying and filling of the installa-
tion, a duily washing period of 1} hours is preferred, so



that the installation may aslways be used at its maximunm
production ecapacity.

In both cases, the operating factor is above 92%.
In the new plants at present under construction, addi-

tional improvements should allow an operating factor of at
least 95% (percentage of on-stream time}.

Investments

For & modern PS5G plant, the capital cast in France 1in
1970 within battery limits (excluding storage and eclarifica-
tion), is approximately 1.6 million francs for one concentra-
tion unit - without flucrine recovery - invelving an evapora-—
ting capacity of 15 t/b water. This price does not include
the process licence or the engineering costs, which, taking
into account the low cost of equipment and erection represent
a high percentage.

High-concentration aeid

The use of graphite bloeks for the exchanger has allowed
us to set up instellations yielding a final concentration
well above 5L Palsg.

For cur own needs we therefore have a small installation
which upgrades the acid up to 01/62% PnDg. This installation
operates strictly under the same conditicns as the eonven-
tional econcentration units, without any special problem.

Tt should be menticned that, at present, acid strength
is limited only by the temperature resistance of the rubhber-
lining inside the flash chamber, Were another material to be
used, it would therefore be possible to get a higher strength.

9. CONCLUEIONE

The recent improvements achieved in the design of
phosphoric acid evaporators up to 54% PpOg5 and even beyond
has made it possible to space out greatly the periodical
washings of the equ1pmcnt and to obtain a high operating
factor, of the order of 95%. In certain plants, one or two
monthly washings with water or with weak acid are sufficient,

Unfortunately, these results have been obtained by
markedly increasing the cost of instsllations, hecause of the
large transfer surfaces required (30 to 35 ne per t%/h evapo-
rated water), because of the high ecirculation flow of the




acid (500 m3 per ton of evaporated water), and because of
the crystallisation chambers which have been added in Eome
rases.

If shorter but more frequent washings {(once or twice a
veek) are acrepted, a 3 — 4 times smaller transfer surface
is sufficient, and a cireculation flow which is 5 - 8 times
smaller. The operating factor remains high (above 90%) if
the unit has bYeen correctly designed for this purpose.

Under thece conditions one mey wonder whether the zearch
for long on-stream periods is in itself justified.

It is certainly not an economical aim if the phosphorie
acid is only for captive use, whieh reduces the requirements
for ultimate purification. Insofar as expensive designs
improve erystallisation of the impurities and facilitate
their separation, they are perhapes justified when a large
part or the totality of the acid produced must be shipped =
long distance.

We have shown in this paper that a fairly large range of
means iz available for combating build-up and scaling. With
nevw combinations of these means and the changing of certain
parameters, we can still hope to improve performances and to
space out washings in the low-cost installations with high
productivity.

Progress isg alse possible in the field of materials. The
failure of Ni-o-ncl, whieh has now been explained (1h4),
should not cause us to give up defiritively the use of
metallic exchangers.

As repanrds the wvarious vessgels (evaporation chambers,
gas scrubbers, condensers) and the piping system, synthetie
materials will one day replace rubber-lining. It is certainly
gt1l1l possible to leave the beaten path. ‘

Some recent processes allow the direct manufacture of
phosphoric acid with a Pp0g5 content betwcen LO% and 50%, and
the function of the evaporation station may become of lesser
importance, or even dispensed with. However, these pProccsses
have only Jjusl been introduced on & commercial scale, and it
is advisable to foresee eventualities or problems (blinding
of filter cloth, cooling during shut-down, accidental dilu-
tion, corrosion, change of phosphate etc.) whereby an acid
substantially less concentrated than required may be tempo-
rarily produced, or even whereby il is necessary to return to
the conventional gypsum process. Consequently, it seems
particularly edvisable to choose a concentration process
involving low capital cost and having enough flexibility to
cope with any eventumlity.
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DISCUSSION

Mr. P. MORAILLON (Péchiney-Saint Gobain) : For a long
time the concentration of phesphoric acid obtained by the wet
process has been considered one of the most difficult pre-
hlems In the chemical industry. Long and laberious trials
and errors were necessary before today's sure and reliable
operation of the installations was achieved.

For a number of reasons, most phosphoric acid producers
prefer the forced-circulation vacuum evaporation technique.
The installation consists in the main of a large flash cham-
ber and an external graphite exchanger heated by stéam, acid
circulation being provided by a high capacity pump.

Although all existing installations make use of the
same principles te prevent the acid from boiling and to limit
the precipitation of impurities such as calcium sulphate and
sodium and potassium Ffluosilicates inside the exchanger
tubes, there are considerable differences in the design of
the equipment, depending on the importance which the designer
attached to one principle or another. Most equipment consists
of Karbate tubular exchangers with tubes of a fairly large
diameter, i.e. 38 mm or 11".

Steam pressure inside the exchanger is kept at a low
leval, arcund atmoespheric pressure and sometimes below. In
congequence it is necessary to have a large exchange surface
(30 to 35 m? on the acid side per t/hof evaporated water) and
a high eirculation rate of the order of 500 m? per tonne of
evaporated water.

When the acid is concentrated up to 54% P50c, a number
of evaporators are often installed in series., Por these
reasons the cost of the capital investment is high.

The fragquency of hot water wash-outs depends on the kind
of phosphate used, on the concentration of the acid produced,
and o¢n the operating conditions. When the ascid obtained has a
concentration of 52-54% of Ps0g 12 te 16 hours of down time
are generally allowed every 5-7 days. .

It haz heen pozsible to increase congiderably tha time
interval separating two successive wash-outs (two weeks to
one month and even more), by ineluding in the loop of the
evaporator a crystallisation chamber in which the supersatu-
ration of the acid is discharged on a crystal bed kept in
suspension. Unfortunately this itiprovement increases the
installation cogt by about 25%.



"The equipment installed by our company is based on an
entirely different design. The exchanger consiste of a pile
of impregnated graphite blocks which have small diameter
acid channels of diameter 1l6-20 mm. The effective steam
pressure inside the equipment is 3 to 4 kg/ecm? .and sometimes
more. In this way the necessary exchange surface is only of
the order of 10 m? per t/h of evaporated water and the air-
culation rate is less thanr 100 m® per ton of evaporated
water. :

The 1nvastment costs are therafore Bubstantially
reduced.

Experience has shown that in these circumstances, with
a judiciously chosen acid velocity in the tubes, the opera-
ting factor is the same as in the installations described
previously, as long as these do not incorporate a crystal-
liser. As a result of current Improvements we hope to ;
improve the operating coefficient even more.

One of the advantages of this design isftﬁat it is
easily possible to obtain concentrations higher than 5u4%
P05 eg. BQ to 62%, due to a higher steam pressure,

Naturally this type of agvaporator, like the others,
makes easy vecovery af fluorine possible in the form of
fluosilicie acid in the desiped concentration.

Mr. A, DAVISTER {ScciBt@ de Prayon) : Inh introducing
the excellent paper by Messrs. MORAILLON and ROUBINET I must
state that the wet procesgs for phtaining phosphoric acid
remains ene of the main prepccupations of fertiliser produ-
cers. Once again this time, an entire session of our Techni-
cal Meetings is devoted %o it,

Twe years ago, #uring the Brussels meeting, the
emphasis was mainly on the reaection conditions between the
phosphate and the sulphurie acid. This is a subject in which
developments continue to be made and I am quite sure that is
will reappear on the agenda of later meetings.

The filtration itself seems to be considered as a pro-
blem that has been adequately solved so that it is not of
much interest. Available equipment has long been well deve-
loped and its technological improvement easily meets users
needs,

It is therefore logical that in this year of 1970, aur
preoccupatlon should be with the concentration of phosphorlc
acid, which is normally the thlrd mperatlcn in the production
of this acid.



After a well-presented theoretical sztudy, the authors
introduce us very quickly and abruptly to the core of the
problem, with the little phrase "but the economic solution
iz not obviocus". Those of us whe are concerned with phospho-
rie acid know that it never behaves like straight-feorward
liquids. It separates out dissolved salts, depositing them on
everything it touches, whether warm or cold walls, in the
form of removable deposits or hard scale.

This prohlem iz dealt with very thoroughly by the
authors in the section devoted to the prevention of scale.
The solutions they have decided to apply to the problens
raicged in . this section impose naturally the choice of equip-
ment and operating techniques subsegquently described.

The first question te the authors concerns the type of
exchanger chosen, i.e. the one with perfcrated eylindrical
graphite bleocks.

Attracted by the robustness of this type of equipment
Wwe tried it out in 1961/62 and did not retain it, because we
considered that the risk of bleckage of these small channels
wag too great.

If you gentlemen have chosen it you muszt have been able
to overcome this problem.

I would therefore like to agk

1. What is the dlameter of the channels which traneport the
acid 7 :

2. What 1s the minimum frequency of wash-out and is it de-
pendent on the diameter of these channels ? In other
wordeg, is there a minimum frequency of wash-out as a
function of the diameter of the channels, below which you
cannot go without risking blocking the tubes to the point
where they are no longer washed out and have to be cleaned
mechanically ?

3. Which phosphates are used to obtain the phesphoric acid
whiech you are concentrating with these exchangers ?

My second main guestion concerns the phosphoric acid
praduced and especially its content of solids. For the opera-
tor of a plant these s0lidz are a nuisance, not only in
relation to concentration but alse as regards its use, and
they must be veduced to less than 0.5% when acid has to be
transported, even by pipe to a consumption peint in the same
plant. I should therefore like to ask the following ques-
tions :




l. What is the solids content of acids obtained In your anti-
cipated concentrations without inveolving the possibility
of separation of precipitated salts 7

2, How much time is required in order to clarify these acids
to & selids content of 0.5%, which is necessary for
transport or simply to prevent the dilution of the final
fertiliser with the ballast of these zo0lids °?

I would like to raise one more point in respect of your
paper, namely the frequency of wash-out. O0f course, in
theory, frequent wash-outs, which maintain the coefficlent of
heat exchanpe at its maximum, is the ideal selution. On the
other hand, from the point of view of the operator, any down
time im a source of various kinds of difficulties. There is
the lose of time, the risk of mishandling, the leoss of sale-
ries, the risk of dilution of the acid and soc on. Naturally
one can limit these drawbacks by an appropriate study of the
aquipment and mechaniszation or better still by advanced
automation of the processes. But all these measures incur a
cost which is probably of the same order as that of a supple-
mentary exchange surface in anticipation of more widely spaced
wash-outs. '

May 1 thevefore ask how the cost of equipment allowing
rapid and reliable emptying before wash-out compares in your
case with the cost of the exchanger itself 7

Mp. P. MORAILLON : As regards the first question concer-
ning the type of exchanger selected and the difficulties
encountered by Mr. DAVISTER's company in using graphite blocks
or carbon blocks, when we started cur first industrial trials
with carbeon blocks we did in faet have some trouble, as T
peinted out in my text. These were due to the recommendations
of the constructors who recommended a very low acid velocity.
We found that whatever precautioens we took to aveid hoiling in
tha tubes there were still scaling and blockages, in spite of
the fact that the solubility of all the salts which are preci-
pitated increaser with temperature. Thus this precipitation
was not due to concentration within the equipment, because
there was no possibility of flashing, but szimply due to exces-
sive supersaturation and to the fact that at low velocity
these precipitations adhere to the tubs=s. We therefore incre-
ased the velocity and as scon as we reached an adequate
velocity the precipitations dizappeared. These velocities are
ne higher than those used in Karbate tube exchangers with a
bigper diameter. As regards the diameter it iz of the order of
16 to 20 mm, i.e., 3".

The szecond questicn was about the minimum frequenecy of
washing and whether thiz was linked to the diameter of the



channels. To answer this question it would be necessary to
have both types of exchangers in the same plant, working in
parallel. It might be thought that if there were a tube of
38 mm diameter it might be possible to allow the scale to
reach a thickness of 10 mm. There would still be an 18 mm
passage but the exchange would be very poor. It might be
possible to carry on for a long time but it would get worse
and worse. With 20 mm tubes you must evidently not exceed a
thickness of 5 mm scale and in fact we consider that this
iz much too much and that it is much better to take action
earlier. It 1is much easier to get rid of scale 1/4% mm thick
t+han several mm thick, with which there is the risk of
complete blockage.

Mr, DAVISTER : I should like to put my question more
precisely. The theory that you should not let scale develop
is perfectly sound, but I was not talking so much about
scaling as such but about the risk of blockage of the tubes
by solids circulating with the acid. Solids of a certain
size can develop in this acid and therefore there is a much
greater danger of blocking a small tube than a large one,

Mr. MORAILLON : Naturally the risk is greater because
gquite large pieces might detach themselves from the evapo-
ration chamber and these might come to block the entrance
of a tube. Then there would be beoiling, accumulation of
fragments, then complete blockage. This risk alse exists in
the case of larger tubes but obviously the risk is not as
great. I think that in all installations, however small or
large the tubes, up stream of the exchanpger you always have
a filter or a strainer to catch fragments big enough to
cause blocking of the exchanger tubes. In all the plants I
know these may not have been provided for in the original
design but the users have always installed a grill or fil-
ter of some kind.

The next question concerned the phosphates used. We
have experience of concentration with a number of diffarent
phosphates, Moroccan, Senegal, Togo, Florida, Jordanian.

The next question related to the content of selid
matter in the phosphorie acid produced. The level is very
variable from one installation to anether, and even over
time within the same plant, since the level of solids in
30% acid is also very variable, according to operational
conditions and the phosphate used. When we use the acid in
tha same plant where it is produced, we usually do not
decant it and the quantity of impurities is tolerable for
the concentration of fertiliser we manufacture. Naturally



We try to have as little as possible. As to the actual
figure, I would say a maximum of 3-u4%. Obviously this is
very much more than the figure of 0.5% which you recommend
for transport purpeses but it is tolerable for the concen-
tration of fertilisers which we manufacture such as triple
17. As regards transport, you say one must have less than
0.5% solid matter., I agree when it is a matter of long
distance transport by, for example, rail but within a plant
there is no ftrouble with hipgher levels provided the phos-
pPhoric acid vessels have a means of agitation and there is
a sufficient velocity in the acid flew conduits.

The last question related to the frequency of wash-out
and the comparison between the additional cost of the
faecilities for frequent wash-outs and the cost of greater
heat exchange surfaces. I do not really knew if you can put
the question in this form, because if you allow the exchange
coefficient to Ffall too low there is also the risk that a
teo thick deposit may develop in the exchanger. In spite of
everything, deposits are not regular and you have the risk
of blockage. Even with the most sophisticated installations,
with ecrystalliser incorporated, the only solution is to
empty completely for wash-out purpeses. I think therafore
that one should be equipped to carry out a wash-out in a
rapid manner so as to give a minimum loss of Pnlg, subject
of course to the need to have a very slight rinsing by
water spray in order net toe lose Py0g. Naturally it is of
interest to space the wash-outs as far apart as possible and
we are working in that direction. We hope scom to make
progress in this respect.

Dr. PEARCE (Fisons Ltd.) : I would like to make a
comment on a remark made by Mr. MOPAILLON on page 11 of his
paper in which he suggests that the problems of scaling and
erosion cannot co-exist. I do not think this is so. The
erosion occurs essentially at the entrance to the tube and
this is where the damage occurs. It is quite possible for
this to happen and for scaling to eccur in the body of the
tube at the same time. My other point is to ask how the
availability of 92% mentioned on page 26 is defined. Ts it
defined as a % of 365 days in the year and does it enly
include the actual evaporating time or does it include the
washing time also ?

Mr. MORAILLON : When I mentioned the relationship
between scaling and velocity on the one hand, and eraeasioen
on the other, I pointed out myself that this theory seemcd
to be over simplified and that one cannoet wait until there
should be a determined velocity at which there is neither




erosion nor scaling. You are quite right that there is more
erosion at the inlet of the tubes, but it is one of the
advantages of the carbon blocks that this erosion does not
cause trouble. The extremity of the tubes can be widened
and you still get an equilibrium profile which allows one
not to worry toe much about this kind of erosion. I do not
know what happens with Karbate tubes and perhaps someone
here can tell us.

The second guestion concerned the operating time. We
indicated an operating coefficient of 92%. This cperating
coefficient applies in relation to the operating time in
the evaporator but excludes annual down time from mainte-
nance. It is the operating time for normal periocds, inclu-
ding small down times for washing and also for maintenance
but not long down times for periodic maintenance.

Mr. G. MENIN (Fabbrica Perfosfati Cerea) : According
to you, the concentration of HgP0, should be carried out in
erystalliser-evaporators under vacuum with forced circula-
tion, and for that, it is necessary to aveid flashing within
the tubes of the exchanger. This is true. But why have you
used the empirical formula of Fragen and Badger for the
overall coefficient of transfer K, a formula which, accor-
ding to Perry, is valid when most of the liquid is boiling
inside the tubes ?

Using Fragen and Badger formula :

. 40.57 43.6/L
K = oo 3 Y = BTU/hr £t2 OF

/u0.25 ﬂTD"l

internal diameter of the tubes (in.)

d =
v = velocity in the tubes {(ft/sec.)
L = length of the tubes (ft)
A = viscosity of the liquid (1b/hr ft)
AT = (T - t) = temperature difference at the inlet

of the exchanger (°F)
Since in the case of table 1 : AT, A+, L and v are
constants, in changing the internal diameter of the tubes
from 19 to 38 mm, the value of K inereases by 49%%.

In my epinion, the formula of Dittus-Boelter should be
used for the partial internal coefficient :

h = f' Y'c v Pr=2/3 3,600 (Cal/m2h )



£' = (Re) = 0.0027 Re™0'?
f liquid density {(Kg/m3)
Re, Pr = Reynolds and Prandtl numbers

and then the overall coefficient can be evaluated according
to the formula

hy, = Nusselt's partial condensation coefficient =
5,000 Cal/m?h °C for the vertical tubes =
8,000 Cal/m?h ©C for the horizontal tubes.

Since hy, 15 quite high, one can write
K~ np=& g0+8 ¢0.8 0.33 40,47 L0.67 ¢-0.2

¢ = specific heat (Cal/Kg °C)
= thermic conductibility (Cal/mh ©c¢)

and thus one ¢an Bee that, when all the other conditiong are
constant, by changing the diameter from 19 te 38 mm, the
value of X falls by 15%.

Az repgard the hydrostatic charge in the exchanger, one
has to remember that with a velocity of 2 m/sec. the system
is very turbulent, In consequence, even with very high va-
lues of AT, the liquid temperature is constant throughout
the flux section.

In the case of an increase of temperature from BO to
85°%, a hydrostatiec charge of 0.18 m of liquid is sufficient
to avoid flashing in the tubes. It seems to me that this may
confirm what you say on page 11, namely that you did not
find any appreciable difference in the speed of scale forma-
tion as a function of steam pressure.

Mr. MORAJLLCN ; Your first comment relates to the for-
mula that I mentiened on page 3 of the paper. I only quoted
this formula in order to say that in my view the transfer
¢coefficient was not independent of a number of factors,
particularly velocity, and diamater of the tubes, and I took
the first formula I could find. I do¢ not attach much imper-
tance to it, but I am grateful te Mr. MENIN for giving me a
much more correct formula and one which certainly favours
reducing the diameter of the tubes.

I do not know whether practical experience confirms



this inerease in the transfer coefficient with the reduction
in the tube diameter - I have no experimental results on
this subject.

The second question., It is certain that, given a velo-
city of more than 2 m/sec., you get a very turbulent system
and the velacity is the same throughout the interior of the
tubes. But can ohe be sure that one has cut out all risk of
flashing in contact with the walls of +he tubes, especially
with irregular tubes like those of graphite whieh are not
absolutely smooth.

As regards the hydrostatie charge, a static charge of
0.18 # liquid is certainly enough to aveid flashing if the
temperature of the acid does not exceed 85° locally, but is
one really sure that the local temperature of the acid doas
not exceed 85° ? Especially if you have a bad distributien
of acid flow hetween the various tubes you may have an
average output temperature of 85° but you may have a mixture
of streams with very different temperatures, some reaching
1009, It is certain that if special precautions are mnot
taken, one does not have the same acid flow in all the tubes
of the exchanger and that is why a lot of the difficulties
have occcurred.

Mr, J. FROCHEN (Pierrefitte) : On page 22 of the French
text Mr. MORAILLON points out that you can ingtall a poly-
propylene separator. Can he give us more details about the
working of this separator, its maintenance and the possibi-
lity of blockage by fluorides or other substances.

Mr. MORAILLON : I mentioned the possibility of using a
polypropylene separator but we have not tried it ocurselves.
We have used the shock or centrifuge separaters but I just
mentioned this as one possibility which I have read about in
the literature, I do not know whether there is anybody pre-
sent who has already tried a polypropylene device.

Mr. J.P. GARDINIER (Ets. Gardinier) : I read in yocur
report in the conclusion a most interesting sentence rela-
ting to the future. You say there is a possibility of
progress in the field of materials. Should one not in fact
abandon metallic exchangers ? If you think that one can go
back to metallic exchangers with what kind of metal do you
think you could find a solution ?

Mr. MORAILLON : I think that is a question the metal-




lurgists should answer. It is up to them to develop new
metals which would be suitable for phosphoric acid. There
was the example of nionel whieh was very promising at cone
time, but which unfortunately failed for a number of reasons
which have now been explained to some extent. However it
seems that it Is not out of the question that one day we may
get better alloys. In any case the main point is that one
must not abandon research along these lines,



