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MATERIALS SCIENCE AND CORROSION PROTECTION

STUDY OF EQUIPMENT CORROSION
RESISTANCE IN THE PRODUCTION OF
POTASH BY A HALURGICAL METHOD

K. R. Tarantseva,1 0. V. Firsova,1

and A. S. Palicheva®

Corrosion resistance of equipment for potash production by a halurgical method is studied. Results are
provided for accelerated electrochemical corrosion resistance tests for stainless steels in model working
production media.
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The problem of equipment corrosion in halurgical production of potash has existed from the time of generation of
this industry. In 1927 in a bulletin about the development of the potassium industry in Germany and France Rice and Davis
[1] provided data about a requirement for replacing equipment for dissolving ore every three years. Loss due to corrosion
(in equipment depreciation) comprised up to one third of the final product’s cost. In a handbook [2], there are data about a
requirement for performing major overhaul of equipment after each 8460 h of operation with replacement of the main parts
of equipment, and this ultimately leads to an increase in potash cost. Thus, the task of improving corrosion resistance of
equipment in potash production remains important.

The production process for preparing potash by a halurgical method consists of extracting soluble substance from
solid material (sylvinite ore) by means of a solvent (mother liquor). The method is based on combined dissolution of potas-
sium chloride (KCl) and sodium chloride (NaCl) in water at different temperatures. During cooling of saturated solution, KCl
crystallizes from it.

In halurgical production of potash, a three-stage direct leaching scheme is used. Hot leaching of potassium chloride
is performed in two stages with recuperation of halite tailings heat in three stages. The equipment operates by a direct flow
scheme and is installed successively. Sylvinite ore is charged into the first equipment, within which there is heating to the
mother liquor dissolution temperature. After this, the ore is fed into the second equipment for final dissolution by liquor,
whose temperature exceeds 100°C. The residue from the second equipment is loaded by an elevator with a screw dissolver,
intended for recuperating halite tailings heat.

Working media contain chloride salts and solid phase, causing pitting corrosion and corrosive-erosive wear, respec-
tively (Table 1). The high corrosion and erosion activity of working media is strengthened at high temperature.
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TABLE 1. Working Media Properties

Halite tailings Liquid phase Mother liquor. Filtrate. Brine

Screw dissolver

Mother liquor: T = 28-42°C; density 1230-1245 kg/m3;

T=105°C; pH =7, s composition: water — 70-64%; KCI — 9.5-13.5%;
Composition: water — 8—14%; . . density 102 20-1255 ke/m 3 NaCl - 17-19%: (MgCl, + CaCly) — up go +0%:
KCl— up to 3.1%: > | viscosity (.a.t 100°C): (0-6—1-0)'})0 Pa-sec; insoluble residue up to 150 mg/m">.
NaCl — up to é % i boﬂmg .temperature 107°C; Filtrate: T = 65 + 5°C; composition: KCI — 8-17%;
insoluble residue - up 0 2.0% composition: water — 62—-65%; NaCl — 9-24%; (MgCl, + CaCl,) — 1.9-4.0%.
: KCl — up to 17%; NaCl - up to 17%; Brine: T = —5—+40°C; density 1160-1190 kg/m>;
(MgCl, + CaCl,) — up to 4.0% composition: water — 82-75%; KCI — 6-9%;

CaCl, — 10-15%; (MgCl,+ CaCl,) — up to 2,0%

Elevator

T =60-80°C; pH=17;
density 1220-1240 kg/m?;
viscosity (at 100°C) — (1.5—1.0)-103 Pa-sec;
composition: KCI — 7.93-16.6%;
NaCl - 9.02-24.6%; MgCl, — 0.9-1.92%;
CaCl, — 1.0-2.03%; balance — water

Composition: water — 8—-14%;
KClI - 1.85-10.0%;
NaCl - 97.15-87.4%;
CaSO, - 0.24-0.51%;
Insoluble residue — 0.74-2.09%

TABLE 2. Chemical Composition of Steel, %

Steel C Si Mn Cr Ni Mo Ti S P N Fe
08Kh21N6M2T | <0.08 | <0.8 <0.8 |[20.0-22.0|5.50-6.50 | 1.80-2.50]0.20-0.40| <0.025 <0.035 — Base
1.4410 <0.03 <1.0 <2.0 |24.0-26.0|6.00-8.00 | 3.00-4.50 - <0.015 <0.035 |0.20-0.35 Base
EV
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Fig. 1. Anodic potentiodynamic curves for steel 08Kh2IN6M2T (a) and steel 1.4410 (b) in model solution:
E is potential; / is current density, Alem?.

Examination of equipment shows that significant corrosive and erosive wear occurs in pipelines, equipment, settling
tanks for hot liquor, pumps, elevator buckets, etc. Various coatings are used for protection: dissolution equipment is covered
with diabase paste; equipment and settling tanks are rubberized or lined with Antegmit plates; drainage troughs, pans, casings
for heat insulation are made from polymer materials and protected by pastes based on asbovinyl; metal pipelines are protect-
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Fig. 2. Anodic potentiodynamic curves for steel 08Kh21N6M2T (a) and steel 1.4410 (b) in production line B
working solution.

ed by porcelain linings based on special cements or rubberized [3]. The bottom of equipment is covered with steel plates, and
walls of equipment and stirrers are covered with diabase paste. The body of the thickener and tanks filled with hot solutions
are lined with plates made from diabase and Antegmit. The body of the vacuum crystallizer is lined with rubber sheet [4].

In order to manufacture assemblies and components in contact with working medium, steel of grade 08 Kh21N6M2T
is used, most resistant in this medium (compared with steels of grades 12Kh18N10T and 10Kh17N13M2T) and recommended
by organizations operating equipment and specialized institutes such as VNII Galurgii and UkrNIIkhimimmash.

Recently with the aim of reducing the cost some producers have begun to use steel 1.4571 and its direct analogs.
This steel was used to manufacture and put into operation the chain of a hopper and rotor, although operating experience
showed that this steel did not exhibit corrosion resistance in the working medium.

In order to manufacture equipment for potash production ferrite-austenite alloys are interesting, in particular steel
1.4410 (Table 2), whose erosion resistance and pitting index are several times higher than that of austenitic steels. These alloys
are easily welded and the thermal expansion coefficient is close to that of carbon steels [5].

With the aim of comparative evaluation of the corrosion resistance of steels 08Kh21N6M2T and 1.4410, accelerated
electrochemical tests were carried out at 70 + 2°C in model solution, %: NaCl — 17, KCl — 13; in the working solution of pro-
duction line B with the average chemical composition, %: KCI - 13.83, NaCl - 17.50, MgCl - 1.79, CaSO, - 0.19, CaCl, - 1.77.

Electrochemical studies of corrosion resistance of specimens were performed using a P-5827M potentiostat in a
YaSE-2 three-electrode electrochemical cell without separation of the anodic and cathodic spaces. The reference electrode
was saturated silver chloride, and the subsidiary electrode was platinum. Anodic potentiodynamic curves were recorded with
a potential sweep rate of 1.8 V/h. Preparation of steel specimens for electrochemical study and accelerated electrochemical
testing was performed in accordance with GOST 9.912-89 [6].

In the model solution, steels 08Kh21N6M2T and 1.4410 are in a passive condition (Fig. 1). However, the pitting
repassivation potential for steel 08Kh21N6M2T is 40 mV more positive than the free corrosion potential, and this can lead
to the occurrence of pitting with insignificant changes in conditions for carrying out the process. The region of stable passi-
vation for steel 1.4410 is somewhat greater (100 mV).

In a production working solution, steel 08 Kh21N6M2T is subject to pitting corrosion in a steady state (Fig. 2); steel
1.4410 is in a passive condition, and the passivation potential is more positive by 100 mV than the corrosion potential for
free corrosion.

Corrosion tests for steels 08Kh21N6M2T and 1.4410 carried out by a gravimetric method in a working solution under
laboratory conditions showed that after 300 h of testing the corrosion rate did not exceed 0.005 g/(mz-h) and 0.001 g/(mz-h),
respectively.

The corrosion rate for the test steel in the model solution is higher than in a working production medium. This may
be explained by the presence in the production medium of sulfate ions, which as is well known exhibit inhibiting properties.
However, taking account of the fact that under actual operating conditions a production medium contains solid phase, pro-
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Fig. 3. Anodic potentiodynamic curves for steel 08 Kh21N6M2T (a) and steel 1.4410 (b) in working
solution after passivation in mother liquor solution.

moting erosive removal of a passive film, it may be predicted that the corrosion resistance of steel under operating conditions
will be higher [7-10].

In order to determine the possible passivating effect of mother liquor on steels 08 Kh2 IN6M2T and 1.4410, test spec-
imens were held in mother liquor solution for 24, 36, and 72 h followed by recording of potentiodynamic dependences in
working solution (Fig. 3).

Research shows that holding of specimens of 08Kh21N6M2T and 1.4410 steels in mother liquor not only does not
give rise to passivation, but in contrast facilitates pitting formation.

Thus, this research confirms the high corrosive activity of production media for potash halurgical manufacture, and
therefore it is necessary to use more corrosion resistant alloys or coatings. Another method for reducing corrosion losses is
replacement of the halurgical manufacturing method by flotation and combined methods for potash preparation.
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