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1. Introduction

Corrosion is known as the destruction of materials due to interaction with their
environment. The destruction by corrosion has become a serious problem in the world
economy. By application of corrosion engineering, selection of corrosion resistant
materials and application of the best corrosion techniques, the cost due to corrosion

could be decreased by approximately one-third [1].

Canada exported its first cargo of potash to Europe in 1766 [2]. With the increasing
world fertilizer demand, Canada has become an important exporter of potash. The
Saskatchewan potash industry has become one of the most important industries in the
country. Corrosion of metals, resulting in plant maintenance and equipment
replacement, costs the potash industry approximately $2.4 million per potash mill
annually [3].

The combined actions of corrosion, erosion, stress, wear, and vibration are often
encountered in potash industries [3]. In potash production, there are many types of
operating equipment; boilers, pipelines, pumps, dryers, rod and cage mills, dry screens,
compactors, fans, valves, conveyors, scrubbers, crystallizers, and centrifuges [3]. To
minimize the high cost of maintenance and replacement of equipment, the resistance of
metallic alloys, polymers, ceramics, and other engineering materials in potash brine is
being evaluated. Damage due to the conjoint action of corrosion and mechanical wear
plays an important role in potash processing; in potash processing vessels, pumps, and
transport systems are used in contact with coarse particle slurries. Solution temperatures
vary from -20°C to 275°C and can range in composition from fresh water to co-
saturated NaCl-KCl brines. The material-environment interaction results in severe

corrosion damage and other forms of attack. Erosion-corrosion and corrosion wear are



two common problems encountered in potash industry. Erosion-corrosion is a conjoint
action involving corrosion and erosion in the presence of a corrosive substance [1, 4].
Corrosion wear is defined as the degradation of materials in which corrosion and wear
mechanisms persist together and often interact [5-8]. Materials selection is a
fundamental consideration in engineering design. The final selection is a compromise

between technical performance and economic factors.

According to the results of a study of materials-related to maintenance for Saskatchewan
Potash Producers, corrosion and wear cause severe problems in such components as
boilers, pipelines, scrubbers, crystallizers, pumps, and valves [3]. The maintenance of °
pumps that circulate slurries and brines costs about 25% of the overall maintenance

budget and the repair or replacement of pipes and valves totals more than 15%.
1.1 Conditions of Exposure in Potash Processing

The environment is the most important factor in any corrosion situation and in potash
processing there are a wide range of conditions [1]. Table 1.1 [3] shows the range of
exposure conditions for materials in potash processing. Temperatures vary from -20°C
(winter temperatures) to 275°C (in potash dryers). The solutions range in composition
from fresh water to co-saturated NaCl-KCl brine. The brine velocity varies from 0.7 to
2.5m/s [3].

1.2 Potash Chemistry

An analysis of typical potash ores from Saskatchewan is shown in Table 1.2 [9]. Potash
is mainly composed of potassium chloride, soluble potassium salts, and other potassium
oxide compounds. Chlorine is a harmful constituent in potash brine because it causes
rather costly corrosive attack on metals used in boilers, pipelines, pumps, and other

hardware.



Table 1.1. Range of exposure conditions for materials in potash processing [3].

Aqueous solution types: Na-K-Mg-Ca-SO, brines

Concentration: Zero to co-saturation by NaCl and KCl

Brine velocity: 0.7 to 2.5m/s

Slurry types: Potash ore, NaCl, KCl, or slimes

Slurry solids densities: 10 to 55 weight %

Slurry velocity: 1.2 t0 4.0 m/s

Temperature: Minus 20 to 105°C for aerated brines ambient to 275°C
for dry solids in air

Process pressure: Zero to 300Kpa

Other contaminants: Dissolved oxygen, fatty amines, hydrocarbons

Table 1.2. Analysis of typical potash ore in Saskatchewan [9].

Chemical analysis Wit% Mineralogical analysis Wt%

KCl 37.724 Sylvinite 96-99
NaCl 59.18 "~ Langbeinite Nil
MgO 0.58 Kainite O-trace
SO4~ 0.10 Carnallite 1.0-1.5

Combined H,O 1.61 Polyhalite O-trace

Free H,O 0.30 ~ Others Trace-0.1
Water insoluble 0.50 Water insoluble 0.7-1.0
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Figure 2.14. Erosion-corrosion test apparatus with an impingement angle 90° between

the flat surfaces of the specimens and the fluid flow direction [47].
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Figure 3.1. A photograph of corrosion wear apparatus.
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Figure 3.2. Schematic diagram of the corrosion wear apparatus.
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Figure 3.4. Erosion-corrosion test jig.
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Table 4.1. Weight loss during corrosion wear test in supersaturated potash brine at room temperature.

Material Weight Loss (g)*
After 48h | After 120h | After 168h | After 240h | After 288h | After 360h
HDPE +0.0023 +0.0049 +0.0107 +0.0060 +0.0107 +0.0150
After baking** | 0.0002 +0.0024 +0.0082 +0.0035 +0.0082 +0.0125
GFRP(Type A) | +0.0049 +0.0092 +0.0095 +0.0133 +0.0082 +0.0158
After baking** | 0.0130 0.0087 0.0084 0.0046 0.0097 0.0021
F255 0.0039 0.0049 0.0112 0.0143 0.0174 0.0165
GFRP (Type P) | 0.0643 0.0710 0.0809 0.0837 0.0915 0.1003
After baking** | 0.0839 0.0906 0.1005 0.1033 0.1111 0.1199
A286 0.0678 0.1130 0.1454 0.1649 0.1843 0.2161
AL6XN 0.1348 0.1707 0.1935 0.2016 0.2282 0.2472
AIS1 1018 0.0596 0.1676 0.2462 0.3442 0.4232 0.5244
(reference) .
254SMO 0.0963 0.1624 0.2607 0.3477 0.4305 0.5413
C276 0.7428 1.0499 1.3308 1.7299 1.7630 1.8389
Zr-702 2.9773 3.1761 3.3550 3.7864 4.1349 4.5077
Ti-12 1.3061 2.8430 3.6327 4.3191 4.9006 5.4585
1625 1.5843 2.8820 4.2952 5.8502 5.9586 7.8330
Ti-7 1.4530 3.6728 5.3769 6.9761 7.9072 8.7914
Zr-705 1.9911 5.2018 6.6236 7.8064 8.7721 10.1523

* Measurement accuracy = £0.0001g.

** Soaking in water for 48 hours at 50°C, then baking for 48 hours at 50°C.
+ Weight gain.
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Table 4.2. Weight loss during corrosion wear test in supersaturated potash brine at 85°C.

Material Weight Loss (g)*
After 48h | After120h | After168h | After240h | After288h | After360h
HDPE +0.0034 | +0.0042 +0.0064 +0.0113 +0.0113 +0.0163
After baking** +0.0002 +0.0010 +0.0032 +0.0081 +0.0081 +0.0131
GFRP (Type P) +0.0221 +0.0249 +0.0292 +0.0265 +0.0268 +0.0256
After baking** 0.0075 0.0047 0.0004 0.0031 0.0028 0.0040
GFRP (Type A) +0.0167 +0.0092 +0.0078 +0.0024 +0.0013 +0.0001
After baking** 0.0087 0.0162 0.0176 0.0230 0.0241 0.0253
F255 0.1338 0.2532 0.3449 0.3730 0.5879 0.7587
A286 0.0487 0.0960 0.1930 0.3876 0.6197 0.8580
AISI 1018 (reference) | 0.1156 0.3210 0.4751 0.7209 0.9355 1.2040
AL6XN 0.9481 1.1000 1.2530 1.4198 1.4518 1.5134
C276 0.1912 1.3000 1.8614 2.8017 3.0517 3.2917
254SMO 0.7730 1.5273 1.8485 2.7352 3.1882 3.5574
Ti-12 0.8559 1.9402 2.4090 3.6920 4.1129 4.4530
1625 1.4687 2.4525 3.7181 4.8484 5.1416 5.4554
Ti-7 0.9427 2.3075 2.9081 4.5554 5.0962 5.8130
Zr-702 1.7711 3.4443 4.7760 8.0164 10.1377 Wear through
Zr-705 2.2177 6.0582 7.8805 10.1679 11.0309 Wear through

* Measurement accuracy = +0.0001g.
** Soaking in water for 48 hours at 50°C, then baking for 48 hours at 50°C.

+ Weight gain.




Table 4.3. Scar areas for different materials at various times exposed.

Materials Scar areas (mm°) at the various times exposed (hours)*
48 120 168 240 288 360
HDPE 87 88.1 90.3 91.1 92.8 93.9
AISI 1018 93.6 100.7 117.7 124.1 129.9 136.4
(reference)
GFRP 111.3 126.1 127.6 137.1 138.3 139.7
(Type A)
F255 128.5 138.9 140.6 157.8 171.2 184.6
A286 163.6 177.3 180.5 184.9 191.4 206.6
AL6XN 143.3 174.2 179.7 189.5 197.9 220.1
254SMO 108.9 155 192.8 216.1 230 238.4
GFRP 191.3 198.7 207.6 216.3 229.9 239.2
(Type P)
C276 2229 242.8 264.2 268.6 270.5 272.2
1625 284 347.5 366.5 385.3 409.8 444.2
Ti-12 356.4 452.2 489.1 533 571.4 582.6
Zr-702 359.2 387 448 483.9 544.2 582.8
Ti-7 302.8 405.6 476.9 561.4 574.5 596.6
Zr-705 296.3 416.4 577.2 605.1 631

533.6

* Measurement accuracy = 0.1 mm*
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Table 4.4. Scar depths for different materials at various times exposed.

Materials Scar depths (mm) at the times exposed (hours)*
48 120 168 240 288 360
GFRP 0.00 0.00 0.00 0.00 0.00 0.00
(Type A)
F255 0.03 0.04 0.04 0.04 0.04 0.05
HDPE 0.15 0.19 0.22 0.20 0.21 0.22
AL6XN 0.21 0.22 0.22 0.22 0.22 0.23
AISI 1018 0.06 0.09 0.15 0.18 0.22 0.27
(reference)
A286 0.11 0.20 0.22 0.25 0.27 0.29
254SMO 0.18 0.23 0.34 0.39 0.47 0.54
GFRP 0.44 0.48 0.54 0.54 0.53 0.56
(Type P)
C276 0.76 0.98 1.17 1.38 1.40 1.41
Zr-702 2.30 2.37 2.47 2.60 2.64 2.86
1625 1.26 1.84 2.35 2.85 3.09 3.61
Zr-705 1.58 3.17 3.62 4.10 4.26 5.88
Ti-12 1.91 3.49 4.34 5.61 6.12 6.40
Ti-7 1.87 3.62 448 5.72 6.32 6.54

* Measurement accuracy = +£0.01 mm
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33°1in supersaturated potash brine at 85°C.

Material Weight Loss (g)*
After 240h | After 480h | After 720h | After 960h
GFRP (Type P) +0.0250 +0.0230 +0.0145 +0.0137
After baking** 0.0016 0.0036 0.0121 0.0129
GFRP (Type A) +0.0264 +0.0224 +0.0098 +0.0034
After baking** 0.0005 0.0045 0.0171 0.0235
Ti-7 0.0029 0.0031 0.0115 0.0248
Ti-12 0.0016 0.0033 0.0114 0.0250
F255 0.0009 0.0019 0.0129 0.0312
254SMO 0.0033 0.0036 0.0179 0.0414
AL6XN 0.0045 0.0061 0.0199 0.0439
C276 0.0044 0.0191 0.0459 0.0590
A286 0.0382 0.0880 0.1076 0.1390
AISI 1018 0.8009 2.6438 3.4953 4.6354
(reference)

Table 4.7. The weight loss during erosion-corrosion test #1 at an impingement angle of

* Measurement accuracy = +0.0001g.

** Soaking in water for 48 hours at 50°C, then baking for 48 hours at 50°C.
+ Weight gain.
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5. Conclusions and Recommendations

5.1 Conclusions

D

2)

3)

4)

5)

6)

8)
9

Although GFRP (Type A) and HDPE absorb potash solution during tests, they
have excellent corrosion wear and erosion-corrosion resistance in potash brine
environments at room temperature and 85°C.

Among the metallic materials tested, stainless steel F255 has the best corrosion .
wear resistance at both room temperature and 85°C.

Among the metallic materials tested, titanium Ti-7, and Ti-12, and zirconium Zr-
702, and Zr-705 have the best erosion-corrosion resistance in potash brine
environments; however, they have the worst corrosion wear resistance.

The wear scar area and depth caused by corrosion wear increases as the number
of reciprocating cycles increase among the metallic materials tested.

The AISI 1018 carbon steel specimens have the greatest metal loss among all
metal materials tested during erosion-corrosion testing.

Among the metallic materials tested, F255, A286, C276, 254SMO, Zr-702, Zr-
705, and AISI 1018 have better corrosion wear resistance at room temperature
than at 85°C. However, Ti-7, Ti-12, ahd 1625 have better corrosion wear
resistance at 85°C than at room temperature in potash brine environments.

Alloy AL6XN is easily subjected to the chloride ions induced brittle fracture of
the worn surface at 85°C.

Alloy A286 easily undergoes pitting corrosion in potash brine environments.
Good resistance against corrosion wear may only be achieved by a suitable
combination of the hardness, strength, ductility, corrosion, and high cold work

capacity of the material.
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