Ildentification and
treatment of corrosion

as a hazard in power
plants in Sudan




Objectives . :/:2U

To identify hazards and failures In
thermal power plant in Sudan.

To suggest solution and remedies
to the identified problems after
necessary diagnosis.

To apply suggested solution and
test their validly in the actual site.

To suggest preventive measure,
to prevent and avoids hazards and
failure in existing plants and
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* Result in serious
operating problems
caused by:

— Deposits formation
— Corrosion of metals

— Microbiological
Ifouli_ng and
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Hot corrosiﬁtiamnstion system
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Microbiological corrosion

Bacteria are éEI;eﬁlgd‘f’a’dﬁfttaAI!L délt‘:r"gsion kinetic by

accelerating the rate of redox reaction
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Dearator Remove oxygen before boiler
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* passivation of iron-based metals, Formation of
magnetite Fe,0,and cuprous oxide (a more
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Within the water pre-treatment plant suspended
solids shall be removed from the water

Inorganic Coagulants
The most common are:
— Alum-aluminum sulphate-Al(SO,),

— Ferric sulphate-Fe,(SO,),

— Ferric chloride-FeCl,

— Sodium aluminate-Na,Al,O,

— Poly aluminum chloride PAC



Internal and external corrosion deposits
Garri Power Station -Sudan
o) 8y3iall olol) bl oy ladlg (Jaldl S s el s




COOIINg wdter 5SYySteiMSs.ks)

e loJ] 53 )

* Three types:
— Once-through
— Open-recirculating
— Closed
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HEAT EXCHAMNGER

ONCE - THROUGH COOLING SYSTEMS



Open recirculating cooling ﬁ

OPEN RECIRCULATING SYSTEM
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Heat exchange mechanism
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e The water from
heat exchanger
(condenser, cooler)
IS considered to be
a heat source while
the cooled sink is
taken to be the
atmospheric air
(the hottest body
gives heat to the
cold body)




Treatment option Base Exchange softening
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. Replace caIC|um and magn S|um N
water with non-hardness forming
sodium by ion exchange columns

(RSU§IENGrases by XRSONEE + M

Solid water solid water

* The M*cations (calcium, magnesium or iron)
released are sent to waste during this cycle.

* When the hard water passes through the resin,
the M* cations are exchange for Na‘ ions, and
the water is softened.

XRSO,Na* + M | (RSO,)M* , xNa*



Cation exchanger resin

Sodium form
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Water quality control (demineralized
water process)
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— Remove all hardness-forming ions together with
other ions in solution by mixed bed ion exchange
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Cationic and anionic Resins

—CH—CH, CH,—CH—CH,—
som@smﬂ
SO;H
— CH—CH,—CH—CH,—CH—CH,—CH—
SO;H SOsH

—CH—CH,—CH—CH;—CH—CH,—CH—
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SO;H

A strongly acidic
sulphonated
polystyrene cation

—CH—CH,

CH—CH,—CH—CH,
CH,NR; OH
Iﬁl
NS
CH,NR; O

CH—CH;—CH—CH-;

: CH,NR; O

CH—CH,—CH—CH; CI—I CH,—CH

0 O Q

CH,NR; "OH CH,NE; "OH CH, SNE; “OH

CH—CH,—CH

A strongly basic
quaternary ammonium
anion exchanger



Demineralization process

Water Quality Control
Cat 10on reaction

Service
-, CO; Ca H,CO.
SO, 4+ Mg + 2oy
Mg SO 2 RSO,H 2RSO; M8 i
2Na .
SiO, H,SiO;
Regeneration
Ca “ o aar
2RSO, Mg + 210+ Cl 2RSO,H + Mg

YNa SO, 2Na S04



Demineralization process
Water Quality Control

Anion reaction

Service

2H,CO,
H,SO, + 2R.,NOH
2HCI

H,SiO3
Regeneration
CO,
SO,
2R;N -+ NaOH
SiO,

CO,

2R,N S50, + H,0
2Cl
SiO,

2R,NOH + 2Na

CcO3
SO4
2Cl
Si03



Hazards Involved both thermal and hydro
power generation plants s 528 gi.)] kla.)l

* Hazard defined as the source or
situation with a potential for harm in
terms of human injury or ill health,
damage to property, damage to the
workplace environment, or a

combination of these., :
A concm:Pon or ract‘i-ce with the potential

for accidental loss.
Hazard [] Unsafe Condition



Safety s M_..J]

Safety is the measure of the relative freedom

from risk or danger.

*Safety is the degree of freedom risks and
hazards in any environment — home, office

factory, power station, school,
else.

or anywhere

Safety is control of incidental loss. Or, control

of accidental losses to an acce

ptable level
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used two types
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1. All volatile treatment (AVT) used ammonia for
adjust pH and hydrazine for oxygen scavenger.

2. Phosphate treatment used Tri - sodium
phosphate for adjust pH and hydrazine for
oxygen scavenger

1- Pre-Boiler : Control by volatile treatment

c(l?lﬁ%%ﬁﬁ“ Parameter Standard
1.Condensate Pump pH 8.50 - 9.00
Discharge Conductivity (LS/cm) <5
2.Dearator .
Dissolved Oxygen (ppb) <7
Silica (ppb as SiO,) <20
Total Hardness (ppm as 0

CaCoO,)



2- Boiler : Control by Non-Volatile
Treatment program

Control Point Parameter Standard
1.Steam Drum pH 9.60 — 10.30
2.Water Drum Conductivity (LS/cm) <100

Phosphate (ppm) 3-10
Silica(ppb as SiO,) <2,000

Total Hardness (ppm as CaCO,) 0



Corrosion |SU3J)

 Corrosion is the destruction of a metal by
chemical or electrochemical reaction with its
environment.

 Corrosion means the breaking down of essential
properties in a material due to chemical
reactions with its surroundings.

* A loss of electrons of metals reacting with water
and oxygen.

 Corrosion removes metal that cannot be replaced

F7<L P P
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Microbial corrosion |SUJ)
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* Microbial corr65| n

— Sulphate-reducing bacteria are common in
lack of oxygen

— Microbiologically influenced corrosion (MIC)

 Bacteria classification
— Aerobic bacteria: it require Oxygen to grow

— Anaerobic bacteria: grow in absent of
Oxygen

— Facultative Bacteria: grow either the
el ]




Effects of iron reducing bacteria (IRB)
yaadl 8lpiae b Sl el st

Clogged and corroded piping

Increased chances of
sulphate reducing bacteria
Infestation - MIC .

Unpleasant odors and taste.
Increased organic .

Severe damage to pumping
equipment.

Seriously impacts water
treatment.

Reduces distribution

Y of -




Contaminants of Fuel specification .li,.

* The contaminants
cause damage or
fouling in the fuel
system and result in
poor combustion.

* The hot corrosion
mechanism is not
fully understood. It is
believed that the
deposition of alkali
sulphates (Na,SO,) on

the blade reduces

klan mvrakackivia Aaviadl A




Examples of chemical reactions in
combustion process

. ¢

CH,+ O, -
2 HO

CH + 1.5 0, -
+ 3 HO

CH,+ 3.5 0, -
+ 4 HO

-CH, + 4.5 0, -
+ 5 H,O

n-CH, + 4.5 O, - 4 CO
+ 5 HO

I-CH, + 5.5 0, -
+ 6 H,O

n-C.H.+ 5.5 O. —
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O[BB,,_).H 293 g
* ldeal Chemical Equation:
CH, + 6.50, » 4CO, + 5H,0
* Practical Chemical Equation:
* Air used as oxidizer, not pure oxygen
CH,+ 6.5(0,+3.76N,) —» 4CO, +
5H,0+24.44N,

CH, + 31.03D.A. -» 4CO, + 5H,0+
31.03D.A - 6.50,

Balancing Made Easy
CH + 2(0.4+3.76N.) -» hCO.+ CHO + dN.
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condenser problems
s )9 Blhaay J’j’io”j JQ)_)SJ, 6 ITE JS[_&A
* Deposition depends .
upon & i
—Quality of makeup™
water

—Treating
chemicals used

— Amount of
concentration
allowed

—The degree of
overheating




Deposit Classification
o )il Jagiaal sl

e Scales

— Formed when
solubility of material
IS exceeded

— Inorganic, crystalline
deposit on metal
surface

— Occur in boilers as a
result of inadequate
water treatment




* Sludge

—Desired form of
hardness
precipitates

—Removed by blow
down

e Metal Oxides

—The result of
corrosion

—Can be transported
and deposited
elsewhere

—Undesirable in
boilers;




Metal oxidess.dusUl catiz o
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Organics and CO,

—Frequently a portion of
deposits

~ —From process

- ig —y
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Dissolving of emitted ammonia
into water

* Emissions into water from the
production plant during normal
operation can thus be fully
avoided

NHY + HO =  NH, + T

. N
K, = [NH,]1[HO0* ] N,
:NH4Jr ] ¥ 107
NH3 + —|20 = NH4Jr . Ammonia lone electron pair.
OH

¥ —[INH+T1T OH-1



Water and Soil Pollution

Methyl Mercury dumping +
Agriculture e.q. Fertilizers
(oxygen using wastes,
radioactive material,
sediments and inorganic

AI‘AI‘AIAAIA\ A‘—:AI [V N7\




e Sol
e Sol
e Sol
e Sol

S0I11 artrects to Corrosion
TSIy 85 )30) el 5l
moisture content;
pH;
sulphides level;
resistively

* Structure to soil potential;

* Influence of nearby underground metal
structures (e.qg., piping);

* Existence of stray electric current;

 EXisting corrosion-protection measures (e.g.,
coating, cathodic protection).

(Soil resistivity is a function of soil moisture
and the concentrations of ionic soluble salts
and is considered to be most comprehensive
indicator of a soil’s corrosivelv)



GROUND WATER featuring

Vapourtranspor
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Lake

Fercolation

Ground water flow
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Courtesy Erich Roeckner, Max Planck Institute for

Meteorology




NNanom ciecuriCity generating company
Thailand

* Khanom VISION To be a good citizen
company with commitment to safety as well
as society and environment- friendly
operations




Chemical hazards,sa A

 Eating fish Is an important part of
our diet, unfortunately as a society
we are polluting this important
resource via mercury laden

e medaidsPolyunsaturated Fatty
Acids

* Alpha-linolenic acid (ALA; 18:3n-3)

N AV anVAVAVAVERC .



Bioaccumulation in food chain

To -
atmosphere
: atmosphere
Reduction
Hg*2 Methylation Methylation
Hge . . CH.Hae ;
g < . 3 g < (CHB)ZHg
Demethylation |
Demethylation
Oxidation Reaction with
+ Biogenic H,S

HgS



industries and environment

Air pollution
P Landscape

Ozone-depleting and disturbance

greenhouse gases
EXxposure to

Habitat degradation \ Toxic chemicals

-

Waste dumping e

T

Spills

ray
4 sts >
\A
! Marine pollution

Nuisances: noise,
lighting/transport

Water pollution -

Soil contamination Groundwater contamination



Equipment that problem occurred

Corrosion and scale formation
 Corrosion occur when metal loss electron to environment
Fe - Fe?* + 2e
« Water will dissociate
HO - 2H'+ OH-
 Ferrous ion reacts with hydroxyl ion
Fe* + 2 OH —» Fe(OH),
 Hydrogen atom receive electron and change to hydrogen
gas
2H*+ 2 e - H,
« Combine all reaction
Fe + 2H,O0 -» Fe(OH), + H,
* In high temp. Zone
3 Fe(OH), » Fe,O,+H,0 + H,



Boiler high pressure dosing
ISP EIE Qw,w, cale

« Alkali solution"condition from
phosphate solution that used for control
boiler water

Na, (PO), + H,0 » Na, HPO,+ NaOH




Environmental Impacts of Liquid

:_n general the impacts‘M@:ﬁsg&f oxygen, affects all
ivings.

Toxicity, affects human beings and other livings.

Fires and Explosions (due to presence of hydrocarbons)
Color and turbidity, affects health natural water.

Temperature affects water livings and reduces dissolved
oxygen




Hydro power stations

° Erosion-corrosR)F,Qm .coatin
Hazards and microbiological corrosion




Rate of corrosion SUJI sz
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Material Safety Data Sheets will tell
you the following basic informations; .-
§aled] o Mod) el
i. Whatitis
Ii. Who makes it and their
address?
lii. Why it is hazardous?

iv. Its physical and chemical
characteristic.

v. How to safely handle it?

vi. What condition would increas
its hazard.

vii.How it could affect your
health.

viii.What personal Protective
Equipment to use when
handling it.




Petroleum Sponge coke Circulating Fluidized Bed
Garri power plant Combustion

+
Coal Limestone Drum
Bunker Bunker -———— Generator
H !
Stack
Turbine
—PWF—
District Heating
& @,
Feed-
water
Blowers
®,

Coal
Crusher

(] B, & @,
2a2 FBHE
Primary Air S

FBHE-AIir

Bottom
Ash

Secondary Air

Fly Ash




Chemical Reactions of Flue Gas
Desulphurization (FGD)

1.1 CaCO, - CaO + CO,1 AH=  +178 kJ/mol
1.2 CaO + SO, + 1,0, » CaSO, AH = -500 kJ/mol
2. Physical Effects

Unreacted Core
sulphate layer

—>

CaSo,



Hazard Communication
Standard: (HCS)

 EMERGENCY AND FIRST AID
PROCEDURES

 Your health and safety depend
on your understanding of the
information on the specific
hazard communication.

ing Hazardous

CAUTION

Read The
Label Before
Using

NOTICE

Put Things
Back In Their

. Proper Places



Fire Triangle

LPG Component

LS
METHANE , E
1.39

PROPANE
6.41

PROPENE
30.27

16.02

NORMAL-BUTANE
4.31

NORMAL-BUTENE -1

O M1

THANE




How to Use a Fire

extinguisher




NFPA Color codes

Health Flammability
4 - Severe Flash Points
3 - Serious 4 - <73°F
2 - Moderate 3 _<100°F

1 - Slight 3 _<200°F

0 - None 1 _>200°F
Special 0 - Will not burn
Hazards

ACTD Reactivity

ALK

COR 4 - May Detonate

OXY 3 - Explosive

Polymerization - P 2 - Unstable
Radioactivity - @ ~ 1 - Normally Stable
Use No Water - 3~ 0 - Stable




Johnson's theory

JOHNSON’S THEORY

Sources - Causes - Controls

People

Equipment

Materials

Environmen




Type of Corrosion JStJ| ¢ 145l

Corrosion cells may occur at:

Points where dissimilar metals connect.
Points of internal stress.

Places where there are differences in oxygen
concentration.

Places where there are differences in
corroded ion concentration.

On either side of the bending axis on pieces
of bent metal.

Stresses from the manufacturing process, or
even wrench marks.

Places where there are dings, scratches,
stress, or other imperfections have
disrupted the uniformity of the metal



certaln TacCtors accelerate tne
corrosion process

S 1o las)) us 2y i) Jol g oo
These factoJrs include, &)= Jelgrdl s
(1) the pH of the water
(2) The presence of dissolved
(3) acid gases (CO,, H,S)
(4) Dissolved oxygen (O,)

(5) Dissolved solids

(6) Suspended solids

(7) Temperature (affects solubility)
(8) Pressure (affects solubility)

(9) Velocity of fluid through flow lines
(10) Metallurgy (type of metal)



Type of join

Welded-rivets -
external connection

Electrode
potentials: N
thermodynamics

scaling and

—deposits—————————

Galvanic
Corrosion

Reaction kinetics:
polarization
characteristics,
complexes

reactions and

reHetiesmposition:
main phases,

microstructure and
impurities

productive film,

presents of holidays
[ e cealiiFian === |

Geometry: Surface area
ratio (Surface (a)/Surface

(b)),
\ <
_~|Surface shape and
Y —<asparation distance
Metal A
Metal B Bulk solution properties :
1 '| oxygen content, pH,
conductivity and
temperature
§/urface \
characteristics: Mass transport: flow
nature of rate, turbulence and

presence of bubbles




Langelier’'s Saturation Index (LS| or
Saturation index) and the Ryznar Stability
Index (RSI or Stability index)

* LSI = pH - pHs
* RSI = 2pHs - pH
— This results from
the fact that both |
methods are
based upon the
saturation of

calcium
carbonate.

— Indices should be

used as scaling
el A =l = e




Interpretation of the Ryznar Stability Index
(Carrier, 1965)

Indication RSI Index Value
Heavy scale 4.0 - 5.0
Light scale 5.0 - 6.0
Little scale or corrosion 6.0-7.0
Corrosion significant 7.0-7.5
Heavy corrosion 7.5-9.0

Corrosion intolerable >9.0



(Langelier’s Index Actual pH - pH,
Interpretation

+ The tendency is for calcium
carbonate to precipitate. Therefore,
the water is scale forming.

- The tendency is for calcium
carbonate to dissolve. Therefore, the
water iIs corrosive.

O The tendency is for calcium
carbonate to neither precipitate not
dissolve. Therefore, the water is
neither scale forming nor corrosive.



Calculation of the value for pHs can be
done using the monographs found in
various references

(Edstrom, 1998) pHs=(9.3+A+B)-(C+D)
Where:

TDS in ppm A = (log('TDS) -1)/10

Temperature in °C B = (-13.12 log(°C + 273)) + 34.55

Ca hardness in ppm (as C = (log (calcium hardness) - 0.4 )
CaCQ,)

M. Alk in ppm as (CaCO,) D =log(M. alkalinity)



Corrosion by Sulphate Reducing
Bacteria (SRB)

* In order for this
reduction to occur, four ——a
components must be “ ag
present:

1. Sulphate reducing
bacteria (SRB).

2. Sulphate (SO,?)

3. An external energy
source in the form of
free electrons.

AnaenabicnQitianys the

AFe Waleq '@“41 Beless tharFeS + 3Fe(OH),+
_)nﬂﬁpro |mately Aot







Composition of contaminant in

natural waters

Contaminations

\

Gas

Suspended
solids

Dissolved
solids

Organic matters

’
I

Hardness substance

Non-hardness
Substances

]

Permanent
hardness

Non- permanent
hardness




Water Treatment

Natural
water

Remove dissolved gas and Suspended solid

Remove dissolved

Imprové quality




Sodium Hypochlorite Generator

Sodium hypochlorite (NaClO) is a kind of .
strong oxidant, it cannot only kill bacteria
effectively but also restrain algae and
microbe grow.

lonization reaction: NaCl - Na‘
+ CI

H,O - H'+ OH
Electrochemical reaction:
Anode 2CI -2e - CI7T
Cathode 2H' + 2e - H,T

Chemical reaction in solution: Na‘ + OH:
- NaOH

"* NN AMHLCIL .o NA~-ACIO L NAaC L



Solution to Boiler and Cooling water
problems

* The desired boiler sludge are form by the
following reactions:

10Ca*” + 6PO,* + 20H - 3Ca,(PO,),.Ca(OH), (calcium
hydroxyapatite)

3Mg* + 2Si0;2 + 20H + 2H,0 -» 2MgSiO,Mg(OH),.H,0
(serpentine).

Both calcium hydroxyapatite and serpentine
are relatively nonadherent to boiler metals
and easily to remove by manual blowdown.



Boiler tube Failure |.c
OJ l_x.” HDJJ,

* Sodium sulphite has been used as an oxygen
scavenger to form sodium sulphate by the
following reaction:

2 Na,SO,+ O, —» 2 Na,S0,
* In high pressure boilers the reaction is:
Na,S0O, + H,O + Heat - 2 NaOH + SO, T

4 Na,50, + 2 HO + Heat - 3 Na,S0, + 2
NaOH + HST

The main problem associated with sulphite
breakdown is the formatlon of SO, and H,S



Hydrazine

Hydrazine used as chemical oxygen scavenger
In high pressure boiler as:

N.H + O, -» 2H,0 +
N, T
* The products of the hydrazine reaction are
inert and volatile.

 Hydrazine will also react with ferric oxide:

N.H, + 6 Fe,O, - 4 Fe,0O,
+ N, T +2 H,O
* And cupric oxide:
N.-H, + 2Cu O - 2Cu,0

+ N, + 2 HO

« At 518 2°F (2702C) degree undergoes rapid
thermal degradation:
2 NLEH L Hand N N » L



Deposition of corrosion
products

* The presence of iron and copper corrosion
products in returned condensate may -
cause pre-boiler section deposits either by
direct adherence or by acting as a binder.

4Fe (HCO,), + O, + 2H,0 - 4Fe (OH)
4 +4CO,1
Fe (HCO,), + Heat - Fe

(OH),! + 2CO,1

4Fe (OH), ! + O,+2HO0 =~ 4Fe (OH),
!

2 Fe(OH), - Fe,0,



Chemical Treatment design
philosophy

* The treatment shall be designed to
minimize the formation of scale and
build up of micro -organisms, and
prevent fouling, and corrosion of the

turbine condenser and other heat
exchanger.

* Scale/Corrosion inhibitor and Bio-
dispersant and H,SO, dosing Systems

have been designed to dose required
quantity of chemical to maintain



Water Treatment Concerns

Biofouling

Corrosion Products

Corrosion Under-Deposit Corrosion Deposition

( Using Acid for Cooling Water Treatment Program By

Chatchavan Boonchoo, Senior Manager, Applied Chemical
Department, Chemical Division, EGAT, Thailand, 11.05.2009)



Using Acid for Cooling Water
Treatment Program

i Scaling
Corrosion



Pollution dgfinition 8y y25
= gJ3]]

Undesirable change In the
physical, chemical, or
biological characteristics of
the air, water, or land that can
harmfully affect the health,
survival, or activities of

human or other living
oraanisms



Combustion containing

Combustion of C-containing substances

CH, ——>H,CO——> CO ——>CO,

H,S ——>SO,——H,SO,

/

S in coal or oil Corrosive

NH, ——> NO"—— NO, —— HNO,

/ N\

N, in air via (Other
combustion nitrates)

(O fromNO,) — O, ——> 0,

(Free radicals) —H, 0O, ——H, O + O,

Figure 3-3
Environmental Chemistry, Third Edition
© 2005 W.H.Freeman and Company



Methodology of
experimental work



2.1 Problem: Cube Test Failure

Chemistry of concrete as
COE(S‘;(!:{HOCHEIRIJS“ ljowtv%rré%ltion Project

Strength test for reinforced
concrete footings of boiler unit (1)
was done on February 06, 2008 In
University of Khartoum by Building
and Road Research Institute
Concrete core crushing strength
according to British standard (BS)
1881- 120 (1983) and (BS) 8081



Compacting the concrete in the cube mould (For 150 mm cube Finishing
a

t least 35 tamps per layer)

Plate 2.1 Monitoring of cube sample dring
compressive strength test procedure



Sample preparation as per testing concrete;
in “HOCHSCHULE FUR University of Technik
Stuttgart Applied Science” testing of
hardened concrete (German National
Standard) / 01-]lun-1991 / 8

i 1
— e
™ |
.
a5 -
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Research Institute University of

Fig. 2.1 CotoA B LHRAIAN)

actual, estimated, and acceptable strength values

30.0
_ _ _ _ _ _ — | |OStrength of core
E 25.0 — (N/mmz)
@ 20.0 2
<
£ 450 B estimated Strength
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2.2 Problem Environmental corrosion in
hydro power plants
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Material Safety Data Sheets
(IRATHANE C155)

Composition' / problem (2): Hazard
Information on identification

ingredients
« chemical hazard: Highly Flammable,

« Human health: May cause cancer

Name Content
4,4'-Methylenedianline 1-10%
Butanone 30-60%

Trichloroethylene 10-30%



problem Jebel Aulia Hydro Matrix 2.3
Power Station Corrosion Defects
ST JS e el

2.3.1 Chemical attack and the
physical abrasion because of the
fluid motion

During the meeting, the report from
technical university Vienna was
explained the defects are classified

as an erosion-corrosion problem.
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2.3.2 Problems : defects
appeared to the second time
at the joint plates
Sharp Crack defects appeared to the

second time at the plates joints
(carbon steel) between the modified
runner chambers and draft tubes
(stainless steel) exactly in the
welded areas. Galvanic (Two Metal)
Corrosion occurs when two dissimilar

metals are immersed in a conductive
medium



Corrosion appeared at the area of
modified stainless steel and




FTORDICIII 4D ).
Microbiological corrosion
penetrates the sling robes

The resultant accelerated collasyﬁr&lanism of iron by the
sulphate reducing bacteria is illustrated in equations 1, 2, 3, 4 and 5

are conceder as:
(1)SO04*+8H =S*+4HO  (Cathodic depolarization by SRB)

(2) 8HO=80H +8 H (dissociation of water)

(3) 2H +S*=HS (reversible reaction)

(4) Fe? + S’ =FeS (anode corrosion product)

(5 3 Fe* + 6 (OH)* = 3 Fe(OH), (anode corrosion product)
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Power Station Sling robes
corrosion




2.4 Gas Turbines Hot Gas Path (combustion)
Parts problems

.” [l _b.J

Pro lem (1 fFallure due toLJh

corrosion
 General electric (GE) specification: GE1-
41047H
Sodium plus potassium (Na + K) 1 ppm, (max.)
Vanadium (V) 0.5 ppm, (max.)
Lead (Pb) 1 ppm, (max.)
Calcium (Ca) 2 ppm (max.)

Corrosive metals in existing light
diesel oil are

Corrosive metals in existing light diesel oil are:
Na 4.42 - 10.92 ppm
K 0.18-1.76 ppm
\" <1.00 ppm
Pb 2.26 ppm



Heavy hot corrosion in different areas
through combustions components of
gas turbine




2.5 Gas turbine Nozzles
corrosiveness of the deposits
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«.0 LCOITOSION alid SCalc
effects to the cooling tower
water system
oloe @lan] 503 Jl g S el )50

2.5.1 Problem (1) foumig lof systems and
heat exchangers in Kassala Power Station

There are five types of deposits,
which form in cooling water systems.
They are; Inorganic scale, which
forms due to over - saturation of a
relatively insoluble salt, corrosion
products which are insoluble,

suspended solids or oils, biological
arowrhe and incolithle nrodiictc



2.6.2 Problem (2) internal
pipe wall deposits for water

supply report
Problem (1) Garri Power plant
generator air cooler sample analysis.
Problem (2) internal pipe wall
dep05|ts for water supply report




Condenser zinc plate scale
fouling




2.7 Problem : The effects of
ammonia Emission to the
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Results



Kosti Thermal power Station Concrete

Sample no.?2
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Kosti Thermal power Station

Concrete Sample no.3
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Roseris Power Plant Intake door corrosion
deposit analysis

50 Elements Chemical formula
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Hydro Power Plants corrosion deposits
analysis (Roseris and Jebel Aulia Matrix)

Corrosion Deposit Analysis
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Light diesel oil (Light Diesel
Oil) Forwarding Pump Filter

fuel oil forwarding pump inlet filter
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petroleum gas (Liquefied Petroleum Gas)
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East Kassala underground wells
water analysis
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East Kassala underground wells

water analysis
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West Kassala underground wells
water analysis
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West Kassala underground

wells water analysis
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Kassala Town Water -Well pipes

deposits
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ANALYSIS OF DESOLVED AMONIA, pH & CONDUCTIVITY OF
GARRI POWER PLANTS OPEN WATER SYSTEMS

CONDUCTIVITY
2500
Conductivity
2000
—-—GT1
1500 - - \ -=-GT4
| | GT7
—-—CW1
1000
—+=CW2
: : Z— ¢ ‘_-r‘;:r/
0
Time

29/4/2009 29/4/2009 30/4/2009 30/4/2009 30/4/2009
14:00 21:00 04:00 08:00 12:00



ANALYSIS OF DESOLVED AMONIA, pH and
CONDUCTIVITY OF GARRI POWER PLANTS
OPEN WATER SYSTEMS
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ANALYSIS OF DESOLVED AMONIA, pH and
CONDUCTIVITY OF GARRI POWER PLANTS OPEN
WATER SYSTEMS
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HVAC COOLING WATER SYSTEM IN
PLANT 1

Fig.3.22 NH3 Values HVAC COOLING WATER SYSTEMS
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semi-quantitative Wavelength Dispersive X-ray micro-
analysis (WDX)
WDX separates the X-rays by wavelength using a diffracting

crystal spectrometers
Table 3.13 Analyzed Pipe Wall

Deposit Samples:

A. Suction pipe of Nile water intake pump on the barge upstream of the Water
Pre-Treatment Plant (NEC sample 14).

B. Flow measurement pit upstream Plant 1 from line opening on Dec. 31,
2008 (NEC sample 16).

C. Service water pipe inside Plant 1 (NEC
sample 7)

A [%] B[%] CI[%]

Fe,O, 72.5 85.2  82.3
510, 16.2 8.2 10.3
AlO, 7.3 2.5 2.6
CaO 1 0.8 1

Others 3 3.3 3.8



water pipe line deposits corrosion
analysis

Percentage(%)
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Analysis Pipe Wall Deposit Samples

Predominate Compounds

percentage (%)
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50%
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Analysis pipe wall deposit sample

Predominate compounds

1Service Water Pipe inside plant (1)

®Flow Measurement Pit upstream plant{1) from
the line

O Suction pipe of Mile water intake pump
{upstream)




Sample locations deposits increase gradually
River site intake pump < pipeline internal wall near power

plant < service water inside the power plant

Percentage(%)
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Analysis Pipe Wall Deposit Samples

o] o]
O 3 o o
& o® o ? o®

Predominate Compounds

Service Water inside Plant1

—— Flow Measurement pit upstream Plant? (fram the line)

—— Suction Pipe aof Nile Water Intake Pump (Upstream)




Corrective actions



Cube Test Failure Problem

Corrective

Materi® th&ﬂ&

* (1) Changed for
material

* (2) Pre-cooling

* 3) Using low alkali-
cement. (4) Changed
mix design.

* (5) water quality

Equipments
concrete patching

plant

Implement reqular
calibration for
batching plant to

lnsure o

Establis
central
on site.

uality.
nment of

aboratory

Quality control
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Correctlve actlons

failure foundation
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Roseris hydro power

station Problem

- Environmental corrosion Problem
- Sulphate bacteria and iron
reducing bacteria corrosion
types.
- Hazardous of the Coating
materials



Roseris Hydro power
station problems solutions

- Use protective coatings

- A very effective control
procedure this usually involve
physically cleaning production
units during shutdown.

- Coating materials hazards ,
safety measurement should be
complied



Hydro Matrix Power Station

_gebel Aulia Problems
-Erosion-corrosion

- galvanic corrosion (points where
dissimilar metals).

Certain factors speed up the rate at
which corrosion occurs is; Dissolved
solids, Suspended solids and Velocity
of water through flow duct.

- Microbiological corrosion attack
the slings robe and units covers
surfaces.



Hydro Matrix Power Station Jebel

Aulia Problems solutions
. Avoid combinations of a small anode and large cathode

. design thicker anodic parts or make them easy to
replace

. Apply coating with caution. Keep the coatings in good
repair, particularly coatings on anodes

. Install a third metal that is anodic to the two metals in

contact

. Cathodic protection Proper welding materials should
be provided and qualified welder is required.



Microbiological corrosion
prevention
Clean all slln%s robes

Brushing very move and scrap

effective any damage robe
Clean by Hot immediately
water * Implement and
temperature = comply safety
652C regulation
The slings robes * PPE
should be kept dry * permit to work

] . * confined, cutting and
Paint using water welding.
pI‘OOf and * working at height
corrosion Procedures

resistant paint * Lifting procedure

three layers
Raainlar



Gas Turbines Hot Gas Path
(combustion) Parts Failure due to
hot corrosion Solutions

* Fuel Oil Treatment Plant

— reduce the level of Sodium and Potassium
salts (as NaCl and KCI )contaminant the
fuel to permissible range.

 Permanent solution

— Khartoum Refinery Company concerning
fuel , installation of new treatment systems,
by injection chemicals; trade name is FOA -
31 A NALCO (Monoethanolamine), through
the refining process improving fuel quality.



Cooling tower and water
quality in Kassala Power

Station
* Microbiological * Closed systems -
and biofouling very little loss of
control water or chemicals
— Rehabilitate the o using the Strong|y

microbiologically
— Chemically clean

the piping of the

water system

system (softener).



Corrosion problems in Garri Combined
Cycle P. Plants cooling systems and
water supply quality

EQUIPMENT RELATED WATER QUALITY
METALLURGY

HIGH CHLORINE

HIGH DISSOLVED DEMAND
GALVANIC SOLIDS MAKEUP
COUPLES
VIBRATION VERY LOW
LOW DESIGN CALCIUM
FLOW RATES PROCESS LEAKS

—_— )i.e., SULPHIDE(

CORROSION
INEFFECTIVE st
ANTIMICROBIAL LOW pH
INHIBITOR ACID SPILL
POOR CONTROL PROGRAM
OF ANTIMICROBIAL
UNDERFEED OF
OVERFEED CORROSION
HIGH OF CHLORINE INHIBITOR

NUTRIENT
LOADING

MICROBIOLOGICALLY TREATMENT RELATED
INFLUENCED



Deposition

INCORRECT
SCALE

INHIBITOR

LOSS OF

ACID FEED

INSUFFICIENE@R

IMPROPER SURFACTANT

REUSE MAKEUP
CONTAINING

HYDROCARBONS

HYDROCARBON

SCALE HIGH TDS

WATER

HYDROCARBON
FOULING

INADEQUATE FROM CORROSION
FEED OF SCALE

INHIBITOR

POOR

SOFTENER

ORERATION

ANTIMICROBIAL

FEED

HIGH IRON

POOR CONTROL OF

FOULING

HIGH IRON

SOLIDS

SCRUBBED

NIRERPEETIVE

DEPOSIT

CONTROL AGENT

MICROBIOLOGICAL
FOULING

IN MAKEUP

HIGH SUSPENDED

SOLIDS IN MAKEUP

POOR CLARIFIER

OPERATION
UNDERFEED OF

DEPOSIT CONTROL

AGENT

DEPOSITION

INEFFECTIVE

ANTIMICROBIAL

HIGH NUTRIENT LOADING

*REUSE WATER AS MAKEUP
*AIRBORNE CONTAMINANTS
*PROCESS LEAKS
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problems
et D 7

Types: of Trees penetrate their roots and
developed through water pipes (It is an
adequate microbiological colonies
environment,



The effects of ammonia
emission to the

environment
« Emission monitoring

— proper supervision
e (1) NO, In flue-gases.
¢ (2) SO, in flue-gases

e Sour water treatment in Khartoum
Refinery Company



Monitoring and control of
cooling water treatment

Choice and
application of
proper treatment
chemicals

Needs to fine-tune
treatment
programs.

Continued
monitoring is
necessary .

The best program
requires good
control of cycles,
pH, and treatment

lav/alce

- PFS (Fe, (COH) , (SO,) ,
n/2)

IS hot recommended to be
used as a chemical
coagulant in pretreatment.

- Hypo chlorite system
should be operated

- Organic phosphates, also
called phosphonates can be
used to inhibit calcium
carbonate scale or other
type of scale

- |nstallation of booster



Open system affected by
environment pollution




Sour
water
treatment
in
Khartoum
Refinery
Company

Pollution control toreduce
the pollutents content

r

Sour water (This water
contains impurities most
notably sulphur compounds
'and ammonia)

degassing (LIGhT |l | Centertugal
hydrocarbon |gigml force{Light oil)

vabor) I /’

Sour water free of LH &
LC

Stripping process{Steam +
NH3 & H2S)

ﬁ

Sour water free of light
hydrocarbon and light oil

Sour incinorator }
— e |

Stripping process (steam +
NH, and H,S




Visit Central
laboratory in
Thailand

Experts from
Chemical
division
Electricity
Generation
Authority of
Thailand and
EGCO
Engineering
and Services
Co.ltd.
Thailand
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Future cases studies

1. Analysis of possible anaerobic bacteria
microbiologically influenced corrosion (MIC) in
industrial equipment failures.

2. Effectiveness of sulphate treatment dose in
enhancing microbiological corrosion deposits in
cooling water system.

3. The role of chlorine dose for inhibition
microbiologically influenced corrosion in industries

materials.

4 - Relation between phosphate hideout
phenomenon and boiler tubes failures



Magnetite film in High pressure
drum




The central public health laboratory — Khartoum state received eight water samples
from different site collection, for detecting bacteria that cause corrosion for metals
.pipelines water
All samples insulated in Luaryle Treptose Broth medium for 48hr. then sub
:cultured on MacConky agar and identify the isolated colonies, the results as follow

.No

Site of samples

Kassala power station , makeup water analysis

Kassala power station , cooling tower water analysis

) Garri power station, cooling tower water(1

)Garri power station, cooling tower water(2

Garri power station, waste water analysis

Garri power station, waste water analysis

Pre-treatment plant

Garri power station, Service water line analysis

Garri power station, Pre-treatment service water analysis

Isolated organism

Pseudomonas aeruginosa

Enterobacter cloacae

Klebsiella pneumoniae

Proteus mirabilis

Klebsiella terrigena

Enterobacter cloacae

Flavimonas aryihabitans

Pseudomonas aeruginosa



Cultures




Experimental for metal alloy rods in
corrosive water media since 31 October2009
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