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Tuberculation 
Corrosion 

in Industrial 
Effl uents

ALI M. BABAKR, SABIC Technology Center–Jubail, Saudi Arabia

Tuberculation in waste water has long been a 

concern. Causes are an adverse mixture of water 

chemistry, construction materials, microbiological 

attack, and fl ow rate. Low velocity permits 

particulates and corrosion products to form 

deposits. Accumulated deposition leads to partial or 

complete blockage of pipelines, trapping of pigs, 

under deposit corrosion, and tuberculation. 

Tuberculation reduces fl ow rate. T is article 

discusses tuberculation and presents a case study.

P
etrochemical plants and oil refi ner-

ies generate large amounts of in-

dustrial wastewater effl uents, usu-

ally containing oil, suspended 

solids, and fatty acids that could be re-

moved by several proven industrial tech-

niques. These techniques differ from one 

industry to another, depending on the 

constituents of the effl uents and further 

needs of the resultant liquid. Typically, 

the industrial effl uent treatment process 

includes screens, coagulation, fl occula-

tion, fl otation, centrifugation, fl uidiza-

tion, electrolysis, settling, and precipita-

tion. In many cases, the process will 

further include biological treatment. 

These treatment steps are well estab-

lished, but are still evolving to accom-

modate the municipalities’ changing re-

quirements. 

Although effl uent process treatment 

may be effective, sedimentation will occur 

with time. Sedimentation can pose major 

problems if not detected in time, and can 

create a suitable environment for micro-

bial corrosion. 

Microbiologically infl uenced corro-

sion (MIC)1-2 is a problem in many aque-

ous environments where fouling occurs 

and sometimes is referred to as iron oxi-

dizing bacterial (IOB) corrosion in rela-

tively low-chloride waters.3 The effect of 

deposit accumulation with MIC4-6 or 

without MIC will defi nitely have a direct 

impact on the electrochemical charac-

teristics of the effl uent. The tubercula-

tion mechanism is basically shared by 

other types of corrosion termed under 

deposit6-7 or crevice corrosion,8-9 and 

tuberculation corrosion.10-11

Piping Network
A wastewater pipeline network collects 

into a pond from various parts of a plant. 

The waste water usually consists mostly of 

phosphate water and the remaining part 

is termed oily water. The effl uent fl ows by 

gravity and is moved to a diversion box 
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Photos show extent of tubercle corrosion (a) and the deposits (b).

(a) (b)

FIGURE 1

where the pH is adjusted with either sul-

furic acid (H
2
SO

4
) or caustic to stabilize 

pH within 6 to 9. It is then taken to the 

corrugated plate intercept (CPI) unit, 

where the separation of oil from water 

takes place. The remaining effl uent (some 

oil still remains in water) is pumped 

through to a clarifi er where remaining oil 

is skimmed out. Oil is then taken elsewhere 

for other plant usage. A slipstream is 

picked up from the clarifi er to an air fl ota-

tion vessel where air is bubbled through to 

aid in the oil/water separation process. 

The stream is then sent back to the clari-

fi er. Last, the total output of this operation 

is ready to be properly disposed of into the 

municipal sewer. 

The line has been in service for ~15 

years. It stretches ~400 m; approximately 

one-third of the line is above ground 

while the remaining part is underground. 

The fi rst pinhole failure occurred two 

years prior to this last failure. The last 

failure was the reason for this investiga-

tion. All pinholes were in the fi rst 80 m of 

the line on the above ground horizontal 

section. The buried part had suffered 

failure at the soil/air interface and the 

junction of the municipal sewer line.

Plant personnel had made repairs by 

clamping the aboveground positions and 

replacing the soil/air interface piping. 

The pipeline material is carbon steel (CS). 

The operating pressure is around 10.1972 

Kgf/cm2 (1,000 KPa). The fl ow rate is 

6,000 to 8,000 MT/day. The diameter 

of the pipe is 10 in. (0.254 m) for the 

aboveground portion and 12 in. (0.3048 

m) underground.

Examination and Analysis
Four samples were received that rep-

resented the affected pipeline (Figure 1). 

Some sections had much thicker and 

fl akier corrosion product than others. 

The thickness of corrosion product 

ranged from 2 to 3 in. (50.8 to 76.2 mm) 

from the internal pipe surface. Initially, 

corrosion product thickness was ~3 in. 

(76.2 mm) for ~16 years. Therefore, the 

deposition and accumulation rate was 

~0.19 in./y (4.8 mm/y). 

The previously clamped pinhole (ex-

ternally) had been completely covered by 

corrosion product and deposits (Figure 2). 

Section B had much less corrosion prod-

uct and pits were circular in shape. Some 

of the internal pits were shallow, but 

opening diameters ranged from 0.5 to 2 

in. (13 to 50 mm). Figure 3 shows a typi-

cal microstructure of the CS pipe, ferrite, 

and pearlite microstructure.

Chemical analysis of the corrosion 

product was examined by energy disper-

sive x-ray (EDX).

The fi rst sample was collected from 

the bulky corrosion product where waste 

water interfaces the corrosion product. 

The second was scraped off the internal 

pipe wall at the point where waste water 

interfaces with corrosion product and the 

internal pipe wall (Figure 4). Table 1 lists 

the results of x-ray diffraction (XRD) 

analysis.

Two liquid samples of the effl uents 

were received and were sent in for 

chemical analysis. Table 2 lists the 

results of the chemical analysis and 

the physical properties. Wastewater 

samples were taken before and after the 

CPI unit.



56 MATERIALS PERFORMANCE September 2007

C H E M I C A L  T R E A T M E N T Tuberculation Corrosion in Industrial Effl uents

Discussion

Tubercle Growth

Tubercles are stacks of corrosion prod-

ucts and deposits that cap localized re-

FIGURE 2

(a) (b)

Pinhole at (a) site that was clamped because of leakage and (b) after the pipe section was cleaned from corrosion product and 
deposits.

FIGURE 3

Photo showing typical microstructure of CS consisting of ferrite and pearlite. Photo 
shows the type of damage that occurred to the inner surface. Pits of varying sizes 
spread over the entire inner surface. Nital etchant.

gions of metal loss (Figure 1). If tubercles 

are left untreated, they can grow further, 

choking pipes and leading to diminished 

fl ow and increased pumping costs. When 

steel and cast iron surfaces are exposed 

to oxygenated waters, tubercles usually 

form.12 In addition to oxygen, tubercle 

formation is also instigated by high bicar-

bonate alkalinity and high concentration 

of sulfur, chloride, and other aggressive 

anions (Table 2).13 

Corrosion product, ferrous hydroxide 

[Fe(OH)
2
], will form on steel and cast iron 

when placed in service in oxygenated 

water near neutral pH and at or slightly 

higher than room temperature. This cor-

rosion product will shield the metal sur-

face underneath from the oxygenated 

water. Hence, oxygen concentration will 

decrease underneath the corrosion prod-

uct layer or rust. Beneath the rust layer 

more reduced forms of oxide are present, 

such as Fe(OH)
2
. A black layer of magne-

tite is formed between corrosion product 

layers. Both visual inspection and micro-

scopic observation revealed that the at-

tack occurred beneath deposits.

Oxygen migration through the corro-

sion product is reduced as more products 

accumulate. An oxygen concentration 

cell is developed in the region below the 

corrosion product layer. Consequently, 

tubercles are produced. The outer crust 

has been analyzed and found to contain 

carbonate, silicate, and other precipitate 
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(XRD and chemical analysis) (Tables 1 

and 2). It is noted that sulfur and chlorine 

increased at the bottom of the tubercle. 

The crust contains traces of phosphorus 

and silicon. The local pH within the tu-

bercles drops to low acidity; hence, cor-

rosion may proceed until a pinhole is 

developed (Figure 2).

Some of the factors affecting tubercle 

growth are dissolved oxygen (DO) and 

flow. The waste water as the flowing 

medium within the pipeline is highly 

oxygenated, and the internal surface is 

continually in contact with this water. In 

addition, chlorides and sulfates are pres-

ent within the system and they have a 

pronounced effect on the corrosion rate. 

Flow infl uences tubercle shapes. It also 

reduces the concentration of DO, aggres-

sive anions, and suspended particles. In 

high fl ow, tubercles are elongated in the 

direction of the fl ow. If the fl ow is very 

high, tubercles will be removed due to 

turbulence.

Microbiologically 
Infl uenced Corrosion

The possibility of microbial formation 

was taken into account, but physical test-

ing did not produce a rotten egg-like 

odor. On the other hand, formation, 

conservation, and bulk temperature14 of 

deposit mounds becomes ideal for sulfate-

reducing bacteria (SRB) or sulfate-oxidiz-

ing bacteria. SRB reduce sulfate to sul-

fi de, which usually shows up as hydrogen 

sulfi de (H
2
S) or, if iron is available, as 

black ferrous sulfi de (FeS). These chemi-

cal species are well known in the corro-

sion literature by their deleterious effects 

on ferrous metals.15-16 Both sulfate ions 

and sulfi des had been detected. The in-

vestigator’s opinion is that MIC did not 

play a major role.

Prevention of Tubercles

Three methods are possible to prevent 

the formation of tubercles and their 

FIGURE 4

Removing a dry tubercle from the tubercle cap. Internal structure is similar to that 
of the pinhole wall deposit.

TABLE 1

XRD of corrosion product samples

Compound Nomenclature

Water/Corrosion

Product

Internal

Pipe Wall

Fe
4
(OH)

10
SO

4
Iron sulfate 
hydroxide

37 55

S Sulfur 25 16

FeCO
3

Siderite 13  5

Fe(SO)
4
(OH)·7H

2
O Xitieshanite 12  9

FeO(OH) Lepidocrocite 10 13

FeSO
4

Iron sulfate  3  0

growth once formed: chemical treatment, 

changing the system operation, and 

changing piping material. The second 

method involves careful review of the 

process. Chemical treatment such as the 

use of inhibitors for the sole purpose of 

reducing general corrosion rates associ-

ated with oxygen corrosion will reduce 

tubercle formation, but is not feasible nor 

economical here because this is a once-

through system. In addition, several fac-

tors govern the effi ciency of the inhibitor 

since the inhibitor will directly infl uence 

the cathodic and anodic processes in the 

metal piping system. If chemical treat-

ment is to be considered competent, a 

consultant should be involved to advise 

which inhibitor will be effective for such 

an aggressive system.

From the material substitution point 

of view, stainless steels of any grade or 

composition will not form tubercles in 

~ wt%
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TABLE 2

Chemical analysis and physical properties 

of the liquid

Before

CPI

After

CPI

Before

CPI

After

CPI

Ca++ 13 18 Cl– 14 28

Mg++ 0.52 0.50 SO
4

– 31 204

Na+ 74 119 HCO
3

– Nil 73

K+ 1.10 1.51 NO
3

– 14 9.7

Zn++ 0.17 0.18 SiO
2

– 4.3 6.8

Cu++ 0.06 0.07 P 9.4 6.4

Fe total 0.37 1.73 OH– 5 ND(A)

Mn <0.05 <0.05 CO
3

82 Nil

(A)Not detected.

Cations Anions

Before After

pH @ 25°C 10.6 6.6

Conductivity (µΩ) 430 650

Appearance Hazy Hazy

Total suspended solids (ppm) 164 32

Total dissolved solids (ppm) 265 450

Total hardness (ppm) 35 47

Oil and grease 5,651 (0.57%) 247

Physical Properties

oxygenated water. Still, there is concern 

that stress corrosion cracking might be a 

possibility and will limit its use. On the 

other hand, cupronickel, brasses, alumi-

num, or titanium will not form tubercles 

in oxygenated waters. However, each of 

these alloys will exhibit its own relating 

problems, each according to their suscep-

tibility to the elements present in the 

wastewater system. For example, cupro-

nickel resistance may be adversely af-

fected, as has been shown elsewhere.17-18 

Another appropriate material for such a 

complex system would be a nonmetallic 

material such as fiberglass-reinforced 

plastic.

Conclusions 
The wastewater pipeline in question 

had suffered under deposit localized cor-

rosion because of tubercle formation. 

Possible remedial measures will be to 

keep the same pipeline with an aggressive 

cleaning and preparation for future de-

posit prevention or replace it with a mate-

rial other than regular steel or cast iron, 

possibly nonmetallic pipe. 
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