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INTRODUCTION

In spite of great developmenis which have been made in the
field of construction materials, corrosion is still & major
problem to the fertilizer indusiry especially in phosphoric
acid production, an important intermediate product of the
fertilizer industry. One of the major reasons for this is

the fact that, the increasing tonnages of raw material neescded
for the increasing demand has brought many new raw m;teéials
with higher corrosion affecting impurity ratios on the mar-

ket.

(see table 1).

Nevertheless, the phosphoric acid technology is making great
progress in developing new corrosion investigation methods
wich will be a helpful tool for the selection of the most

suitable material.

The sulfuric acid technology has achieved a major improve-
ment sgainst corrosion by realising tube and shell acid coo-

lers with anodic protection.
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COST OF HAINTENANCE ANDO CORROSION

WHEN MANUFACTURING 1 ¥ OF DIAMMONIUM PHOSPHATE

TOTAL COST OF

QUANTITY IN m. TON COST OF CORROSION

MAINTENANCE
Sulfuric acid 1,32 2,8 1,00-1,30
Phosphoric acid {P20S) g, 49 5,7 0,85-2,85
D.A.P 1 3,6 0,28-0, 36

TOTAL PER ®T 0.A.P 13,9 2,13-4,51
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CORROSION WITH SULPHURIC ACID rRODUCTION

* Sulphuric acid ;s a strong acid. When concentrated as high as
98 £, as it come§ out of the production unit, the little water
still contained in the acid is not enough to dissociate HZS(J4
and maintain a high acidic aggressivity. At ambient temperature

e.g normal steel can be used to build 98 % acid tanks.

It can be £een from fig 1 the great variation within the be-
haviour of sulphuric acid versus metals at different concen-

trati~ns and temperatures['1] .

Fig 2 shows a simplified sulphuric acid plant diagram with
the different spots where corrosion usually occurs (D = dan=

ger of corrosion - HI = high corrosion danger).

These spots, thg reasons for corrosion and recommandations,
are @

1) Sulphur melting and storing. fFree acid in sulphur, corro-
sion of steel. Prevent by neutralisation with excess of lime

followed by sulphur filtration.

2) All boiler type heat exchanger (economiser). They are
bricklined. If there will be some humidity with the 502/503
gases, oleum will condensate between bricklining and steel
shell with consecutive corrosion - Control humidity - no or-

ganics with sulphur to be burned.
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3) Orying tower - The demister in the upper part - made of 316 =

Reqular replacement.

- 4) Heat exchanger - especially after intermediate S03 absorp-
tion tower because of low temperature and droplet or acid

mist entrainment. Install high efficiency demister.

S) Acid cooling section - usually water coolad pipe systea.
New tube and shell systsm with anodic protection ssems to give

promising results.
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CORROSION WITH PHOSPHORIL ACID PRODUCTION

Phosphoric acid is onse of the star within the corrosif medium,,
This behaviour does not belang properly to the phosphoric

acid (pure acid is not corrosive) but to the impurities
ccntained in tﬁe produced acid. Furthermore ths reaction

tank works with a mixture of solid and liquid phase : abra-

sion adds its action to the corrasion, preventing the

alloys from any possible passivation.

The type of corrosion occuring with phosphoric acid manu-
facturibg.is called abrasion ccrrosion and in the pressance
of chlorides pitting. Abrasion corrosion leeds toc a regu-
ler disapearance of metal : Pitting is a punctual atxacg

of the metal.

Corrosion occurs with the agitators, slurry and acid pumps,
with the filter, with the concentrations equipment (circu-
lation pump and heat exchanges if made w.ith stainless stesel).
(rig 3).

RESPONSABLE FACTORS

The quantitative valus of the corrosion or the threshold
of harmful corrosive action is the result of chemical and
physigal factors, a~d the relation batween them is always
very complex.

Phosphoric acid, on its own, is not very corrosive ; it is
the impurities concentrated in it that make it aggressive.

These impurities or chemical factors are essentially :
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The physical factors which increase the action of the rhe-
mical factors are mechanical wear or abrasion by tne move-
ment of the metal in the liquids loaded with crystals : a

function of the differential or peripheral spsed and the

temperature which, when it rises, increases the reaction

rate, and consequently the aggressiveness of the medium.

The physical factors only increase the existina agoressi-

veness. They do not reverse or modify an existina crder

between two different types of material.




PHYSICAL FACTOR

Periferical speed

Periferical speed 18 an important factor because abrasion
corrosion increases heavily with it. This can bs seen from

the equation for a turbine anitator or pump impsller :
.. X
Corrosion = K (nd)

n = spesed of revolution

d = diameter |

K = constant

X~ 2.4

It also indicatgs that statistical tests, submerging a
sample into a beaker with acid has is not very representa-
tivae.

Periferical spesd variss snormecus by from one equipment

to snother e.g.

Filter cell 30 m/minute
Pipes 60 m/minute
Agitators 250 - 350 m/minute
Pump impeller 1000 - 1500 m/minute

from the filter cell to the pump impeller the speed ratio
is about 30 to 45 and the comparative corrosion ratas for

a given alloy could be (30)2'4 to (45)2'4 = 3 .u0 to 9 000.
(rig 4).
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No-one will be ‘surprised to learn ‘that ‘temperature greatly
accelerates corrosion. Its effect becomes particularly vi-
sible bsyond 80°, Often the value for B8S5° is twice that for
70°. On reviawing the information in the specialist 1ithfa-
ture [2]"and our own results, we found that the variation
in the corrosion according to temperature seems to be a
relation of the type Ctl ='(£kt)x(t). Betwsen 70 and 85°,
temperatures which arec::rticulatly of interest in the di-
hydrate process, the value x (t) approaches 1.

4

CHEMICAL FACTORS

Sulphuric acid

Sulphuric acid is an extremely active corrosion agant (Tig 5).
Since it is always found in phosphoric acid, owing tos tha
nature of the process,and its contant depends on the quality
of the crystallisation,; it can constitute the major Jeter-
minant of the degree of corrosion.

At 10 g pser litfe, expressed ir total HZSOA, it is not very
aggressive, probably because the 504- ions are in equilibriuam,

r+e ++4
, Fe '

principally with metal cations such as ca'’, Al
stc. In general, the sum of thess cations is roughly equi=-
valent to 20 to 30 g/litre of H,$0,, but we also have to

take account of the presencs of HZSiFG which is equivalent

to 17-25 g of H2504. This could explain the virulence of

the sulphuric acid beyond 15-20 g/litre.




Yhatever the reason, the sulphuric acid always increases
all aspects of corrosion, most sspecially when the medium
at the start, that is, without notable excess of HZSOA,

already shouws soms degres of aggressiveness.

Increasing the sulphuric acid from + 20 g/1 to + 40 g/l

can multiply the corrosion by a factor which may be anything
from 4 to 10. The graph provided is only one example, from

which a rule cannot be made. It corresponds to an initially

aggressive phosphate.

Fluorine
Fluorine is present in all phosphates in the proportion of

10 to 14'% of thes P205.

When the- phosphate is attacked by sulphuric and phosphoric
acids, it passes into solution in the form.of hydrofluoric

acid which has a great avidity for silica.

6 HF + 3102 ___)HZSJ.F6 + 2 HZU

HF is a vpeak acid, PKa = 3.2, while fluosilicic acid is a
strony acid. However, as regards corrosion, we have found
in practice that hydrofluoric acid is much more aggressive

than fluosilicic acid.

This is very fortunate since it is sasy to push the reaction
towards H251F6 simply by feeding enough reactive silica into
the attack medium. The action of the Al”"" ions in forming
AlFG---, which is also less corrosive than F_, should be

also noted. We have -not yet carried out systematic tasts

-
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with A1°"%,

The presence of sulphuric acid greatly enhances the aggres-

sivaness of the fluorins.

The H2504 - SiD2 diagram for a constant fluorine content-
of 3.7 £ in the phosphate shows the correlations well.
Si02 reduces the aggressiveness of the fluorine but HZSOA
strongly reinforces it (fig. 6). Accordfng to the concen-
tration resquired by the rsaction, which should supply a
readily filterable gypsum, thare must be compsensation by
a greater or smaller quantity of reactive silica (prefe-

rably combined or else SiO_, with a very large surface

2

area).

The pilot plant values were checked by weighing the pump
impeller in the plant to verify the correlation between

the labaratory and the plant.

Chlorine

for.a long time, the idea of accepting chlorine in the

presence of phosphoric acid was totally rejected.

Different authors gave 0.01 or even 0.05, as the maximum
content with respect to the phosphate. However, the arrival
on the market of a certain number of phosphates containing
more chlorine than has been accepted until now makes this

problem topical agein. It is a problem that can alsc be
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linked with that of the chlorine contained in the nrocese

water in areas wvhere pure water is not availabls. We there-

fore examined what happens when chlorine is present.

Chlorine-induced corrosion is of a different appearances
from that found with fluorine end phosphoric acid. Chlorine

attacks more in pin points, known as pitting.

The action of the chlorine is also intensified by the
presence of sulphuric acid ; the increase is often more

than tenfold when the lsvel of sulphuric acid is doubled.

On the other hand, the effect of the physical factor of
"speed" greatly surprised us ; instead of incrsasing_by
the power of 2 or 2.5, for example, corrosion decreases
with the peripheral speed at ﬁigh chiorine concentrations
(fig. 7). This indicates or even emphasises the difference
betwean the mechanism of chlorine attack and that of

normal abrasion corrosion.

The chlorine diagram for Florida phosphate (fig. 8), thanks
to fts numerous measursement péints, defines fairly clearly
the zones of strong and weak corrosiocn and, consequently,
the acceptable tolerances for the chlorine according to ths
materials used. The acceleration of corrosion due to the
presence of a greater excess of sulphuric acid (40 g/l

instead of 20 g/1) can slso be very clearly seen.
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At certain points, ws checked the extent of the effsct of
temperature which remains an important multiplicator (1.54
for Hastelloy ; 2.40 for 316 L when it is raised from 70°

to 85°).

At 0.01 of Cl the speed relationship returns to normal.
Caertainly different corrosive functions superimpose one

upon the other.

The chlorire diagram for Florida phasphate shows that

with 316 L and moderate excess of sulphuric acid, 0.1 %
of chlorine can be accepted but the pre=sence of sulphuric
acid (40 g/l) will already cause problems : this justifiss

the accepted limit in the region of 0.05 %.

On ths other hand, Uranus 86 allows 0.4 £ or even more,

at least in the rangs of speeds studied.

Hastelloy C is completely protected since it is difficult
to imagine a florida phosphate where tne chlorine additives

reach 2 % of the phosphate.

However, this only refers to Florida phosphate.

Once the phosphate is changed, the tests have to be done
sgain. On a more aggressive phosphats, which we will call
A, we plotted poircs where corrosiocn of Uranus B6 is signi=~

ficantly highcr (fig. 9).
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The thrashold of chlorine attack is much lower for Uranus
B6 and Br all the other steels tested. The combined action

of F-H2$04-C1 is extremely severs.
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ALLOYS TO BE USED WI™i# PHOSPHORIC ACID PROOUCTION

TYPE Cr Ni Mo c COMMENTS

304 18-20 8-12 - 0,08 Only occasionaly for eplash
guarcs

304 L 18-20 8-12 - 0,03

316 16-18 10-14 2-3 0,08 At low speed and matured
slurry, low carrosive rock

316 L 16-18 10-14 2-3 0,03

317 18-20 11-15 3-4 0,08 Agitators, valves, filter
with low corrosive rock

317 L 18-20 11-15 3-4 0,03

446 23-17 g,2 Heat exchanger tubes

Aasteloy 15,5 54 16 0,08 High C1~ agitator, pump
impellers. Evaporators,

dasteloy G 22 44 6,5 g,0s hot acid

Nionel 21,S 42 3 g,03 Heat exchanger tubess

Sanicro 28 26,0 30,6 3,55 0,015 Pump’ impeller, agitator
turbines when high C1l

Durimet 20 19;22 27=-30 2-3 6,07 Pump, impellers, H2SiF6

Ourco 100 24-27 4-6 1,7-2.2J a,04 Pump, valves

U B6 20 20 4,5 0,02 Agitator turbines, pump

Pa

impellers

usomnm 22 -9 2,2-2,8 0,07 Pump impellers

yssa 25-27 4,5-6,0 1,8-2,5 0,35 Pump impellers
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CORROSICN WITH FERTILISER UNITS

Corrosion with fertiliser units is less than with the sulfuric
or phosphoric acid units. Most of the equipmant of the ferti-
liser units nandle solid granular material which is by fear not

as agressif as liquid concentrated acids.

The corrosive spots of a lertiliser plant are located whers
liquid phases are handled : preneutraliser, effluent gas washing
granulat_.on drumm, granulation mixer. CocCrosicn depends on the
kind of‘?e;tiliser produced : it is obvious that a PK fertili-
ser, having a low PH and containing chlorides will have a much
higher corrosif behaviour than z diammonium phosphats having

a high PE and containing no chlorides.

When producing PK fertilisers the granulator drumm sometimss
has to be lived with very exotic alloys (especially when sul-
furi; acid is added into the drumm as a granulation agent cau-

sing high hydrochloric acid relszse).

When drying PK fertilisers, HCl will evolve during drying and
be collected with the effluent gas washing. High corrosif bs-
haviour of the effluent wash liquor is to be expacted. But
since there are no high temperatures plastic material can be

used.
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METHODS OF CORROSIGY INVESTIGATION

The most common but also the most reliable figures ars avai-
lable from the fertilizer industry itself. Those figures re-
sult from the practiced results by utilising various alloays

with the different kinds of raw materials.

This, of course, is not a method of investigation but it was
taken because for a3 long timas corresion tests were not relia-
ble at all. Those tests usually consisted ‘n just immerging
a sampls of an elloy into phosphoric acid and weigh it after
a certain time. No attention was paid toc the fact that the
media was not comparable with the mediz of a reactor in wor-

king conditions.

Presently maethods are developping. They base on tssting in
active slurry, that means slurry wghere the chemical reactions
occur and the corrosive impurities like native HF are present.
Cgte is taken about the differsntial speed between thes alloy

and the media.

The loss of metal by corrosion or abrasion-corrosion is mea-
sured either by the traditionnal weight loss or by more modern

potentiometric methoas.

Fig 10 shows the diagramm of & bench scale test set which has

been sxperienced successfully for wet process phosphcric acid
cocrosion tests. It is a real'small phosphoric acid reactor,

producing slurry as it i, in a large industrial reactor. A

spociil agitator had to be developped to meet the power trans-
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fer to-the slurry and the perifarical speed of the larqe im-
pellers used in industrial plants. This agitater (fig1) also
permits quick exchange of agitation blades which in fact are

the testing samples.
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ZONE 1

20Cr 30N
66Ni 32Cy!*
62Ni 28Mo
Type 3162

Al bronze 10%*
Cogper’

Gold

Lead
Molybdenum
Nickel cast iron
Platinum

Silver
Tantalum

Zirconium

ZONE 2

20Gr 30Ni?
66Ni 32Cu!
62Ni 28Mo
Type 3148

Al bronze 10%!
Copper’

Gold

Lead
Molybdenum
Nickel cast iron*

Platinum
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Materials in shaded zones have reported corrosion rate <20 mpy

ZONE 3
20Cr 30N#?
66Ni 32Cu!
62Ni 28Mo
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Lead
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ZONE 4
20Cr 30N
62Ni 28Mo
Type 316’
Gnld

Lead*
Nickel castiron
Platinum
Silicon iron
Steel
Tantalum

Zirconwum?’

ZONE S
20Cr 30N
62Ni 28Mo
Gold

Lead?
Platinum
Silicon iron

Tantalum
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Z0ONE 6
62Ni 28Mo!?
Gold
Platinum
Silicon iron

Tantalum

ZONE 7
Gold
Platinum
Silicon iron
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ZONE 8

20Cr 30Ni
18Cr 8Ni

54Ni 15Cr 16Mo
Gold
Platinum
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ZONE 9
20Cr 30Ni
18Cr 8Ni
Gold

Platinum

ZONE 10
Gold

Platinum
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CORROSION

KEY TO FIGURE 10

1 Sulphuric scid

2 Return acid

3 Pumps

4 Temperature bath

PILOT PLANT

O]
-

S Resctor

6 Agitator

7 Motor

8 Phosphate faed

~__

9 Phoaphate charges
10 Slurry reservoir
11 Effluentes
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CORROSIONTEST

. AGITATOR

KEY T0 FIGURE 11
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Shaft

2 Sample, agitator
plate of metal to be
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3 Plastic discs
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4 Stazinless steel washer

1 S Securing nut
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