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Water Treatment & Quality for Boiler < 40 bar to prevent Boiler Failures

By Mr. Ludwig Hoehenberger, TUV SUD, Munich, Germany.
Phone: +49 89 5791 1063; Telefax: +49 89 5791 2070; E-Mail: Ludwig.Hoehenberger@tuev-sued.de

1 Introduction

Correct water treatment and conditioning for boiler feedwater and boiler water as well
is essentially for a reliable boiler and turbine operation with minimal scale and corro-
sion. Water treatment starts with the correct selection of the raw water source and wa-
ter treatment plant, de-aeration unit, includes an adapted condensate management
(control & e. g. treatment) und ends with the correct conditioning (chemical dosing).

The water quality must be adapted to the boiler type, steam attemperation for de-
super-heating and to the required steam quality for production or turbine operation.

For boiler with operational pressure < 40 bar two different boiler design is common as
they are

- shell boiler with fire and smoke tubes (boiler water around the tubes) and

- water tube boiler with boiler water within the tubes.

Due to the design, shell boiler are usually restricted to pressures < 30 bar and steam
production < 30 t/h, produce steam with lower quality and are sensitive to significant
load and pressure fluctuations. On the other hand they are cheaper than water tube
boiler, are delivered as an already installed package with all direct related auxiliary
units and are faster for start up than water tube boiler. They are mostly used for com-
bustion of gas or oil, but special design can use also solid fuel.

Water tube boiler with natural circulation are produced for pressures up to ca. 180 bar
and steam production up to some 1000 t/h in one unit. Smaller boiler are delivered
also as package boiler, but bigger boiler must be assembled on site. They can be de-
signed for combustion of any fuel, are able to produce high quality steam and have
better efficiency than shell boiler. Due to their greater water volume, load and pressure
fluctuations can be handled well as far as the gradients for load changes are kept.

2 Selection of raw water source/quality and make-up water treatment
21 Raw Water Quality

The water pre-treatment and treatment plant must be adapted to the nature of the raw
water, to its quality and to the plant requirements. The raw water quality may change
throughout the year, particularly river water, (e.g. wet and dry season) and may have
some important influence to the plant, particularly regarding to compounds able to
pass ion exchanger units like softener, decarbonization and demineralization plants
leading to problems in water/ steam circuits, like:

- Organics (natural, industrial): Most organics decompose thermal to carbon dioxide
(CO») and organic acids (e.g. formic and acetic acid), both increase steam conduc-
tivity, the latter increase boiler water acid conductivity and may lower the pH in
boiler water and condensate.

Some organics lead to foaming in the boiler water, which affects the steam quality .
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- Colloids (quasi dissolved solids) like poly-silica, alumo-silicate or clay suspensions:
This compounds decompose thermal in alkaline boiler water to mono-silica (SiO5),
increase the silica content in the boiler water higher than expected and may lead to
deposits of very low heat conductive scale (0.1 mm silica scale correspond to
approx. 1 mm hardness scale!).

- Iron, manganese, as far as they are present as organic compounds lead to deposi-
tion and affect the activity and efficiency of ion exchangers severely.

- AOX (artificial organic halogen compounds) from chlorination decompose thermal to
hydrochloric acid (HCI) and carbon dioxide (CO5), both lead to higher boiler water
and steam conductivity and may lower pH in the boiler water. AOX may come also
from the regeneration HCI if it is a by-product or produced from PVC plants!

Many plants have high demand for process water, like paper and sugar mills, power
plants and refineries and use cheap clarified river water after pre-treatment by floccu-
lation, which increases the conductivity. Industrial grade water must not have the high
quality necessary for boiler make-up water treatment (silica, organics, colloids etc.).
Because of the higher quantity for boiler make-up, it makes sense to check other raw
water sources, like domestic water or well water and to use better and more constant
water quality for boiler make-up water treatment.

2.2 Make-Up Water Treatment

2.2.1 General remarks
The necessary type of make up water treatment for boiler depends strongly on the:

- Raw water quality e.g. turbidity, hardness, alkalinity, conductivity, silica content,
organics etc. and its changes through the time,

- Quality and amount of condensate return of the boiler feedwater

- Requirements to the boiler feedwater and boiler water depending on boiler type,
boiler pressure, max. heat transfer, type of steam attemperation (spray water ?) etc.

- Requirements to the steam quality e.g. super-heater/turbine operation, high quality
steam for production processes, corrosion in the steam and condensate system

- Economic and ecologic requirements e.g. blow down rate, effluent requirements.

Make-up water treatment is done most common in ion exchanger units of different de-
sign and includes in case of e.g. turbid raw water, high organics, high iron (Fe) or
manganese (Mn) or chlorination different pre-treatment steps e.g. sedimentation, floc-
culation, clarification, filtration, oxidation, de-chlorination.

Attention: All ion exchanger are very fine filter and need really clear water and clear
regeneration chemicals to avoid elevated pressure drop or blockage!

lon exchanger resins can be easy preserved if they are in regenerated condition, but
must be rinsed before taken in operation again.

Physical water treatment, using e.g. magnets, high frequency fields, high voltage fields
etc. is a not accepted method for water treatment, because all this methods do not
remove hardness and do not affect silica or silicates!

2.2.2 Softening
is the minimal requirement for make up water treatment for boiler. Softener resin is a
strong acidic cation exchanger (honey brown beats with 0.6 -1.5 mm diameter) in so-
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dium form and exchanges the most important scale forming hardness constituents of
the raw water like calcium (Ca) and magnesium (Mg) compounds for sodium (Na)
compounds. In practice e.g. calcium bi-carbonate is exchanged to sodium bicarbonate,
magnesium chloride to sodium chloride etc., all other constituents including silica are
not changed, principles shows Fig. 1.

During operation cycle the hardness is < 0.01 mmol/l = < 1 ppm CaCO:s.

If the resin is loaded with hardness and not anymore able for the mentioned ion ex-
change (it is exhausted) operation must be stopped. It must be brought back into the
required sodium form by regeneration with 8 -12 % salt (NaCl) solution with about 150
-180 % of the theoretical need.

Raw water NaCl
CalHCO3),
CasSo, _
MgS0, K
CaCl,
MgCl, *
NaCl Na Softened water
3illy NaHCO,
Na,SO0,
S Nﬂ{:l
- Si0,
~
CaCl; ~

HQEI‘J

Fig. 1 Principles of softening and regeneration

Its application is restricted to lower pressure (< 40 bars) drum or shell boiler with
common heat transfer if there are no further requirements to boiler operation and
steam quality. Optimised quantity of condensate return is advantageous.

Softening doesn’t change the conductivity of the raw water, as far as the regeneration
chemical sodium chloride solution is properly rinsed.

Carbonate hardness becomes sodium bicarbonate (NaHCO3), which decomposes dur-
ing heating > 40 -110 °C first to soda ash (Na,CO3) and carbon dioxide and during
boiler operation at higher temperature to caustic soda (NaOH) and carbon dioxide
(CO»). Soda ash as well as caustic soda are alkaline substances and increase the pH
in boiler feedwater and boiler water, which is advantageous.

Some carbon dioxide is carried with the steam in a thermal deaerator to the vent but
due to the “soda ash splitting” in the boiler, the produced steam carries also carbon
dioxide and leads to acidic and corrosive condensate which attacks mild steel but not
stainless steel.

As a consequence the m-alkalinity of the boiler feedwater should not exceed approx.
0.3 to max. 0.5 mmol/l, which can be obtained with > 80 % of good quality condensate
return.

2.2.3 Decarbonization with lon Exchanger

in combination with softening is recommended if the raw water shows higher alkalinity,
particularly if the total alkalinity (m-alkalinity) of the boiler feedwater exceeds about 0.6
mmol/l. Its application is mostly restricted to shell or drum boiler with pressures < 60
bars with common heat transfer and normal steam quality. Optimised condensate re-
turn is advantageous.
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A decarbonization resin is a weak acidic cation resin in hydrogen form that keeps most
(regularly > 90 %) carbonate hardness at the resin and sets carbonic acid free. Non
carbonate hardness and silica is not exchanged, principles are shown in Fig. 2.

As a consequence, the treated water downstream a ion exchanger must be softened
and is acidic, but shows a significant lower conductivity than the raw water. The de-
carbonization filter and surfaces behind must be corrosion resistant.

For the regeneration a diluted strong acid (about 2 % hydrochloric or 0.8 % sulphuric
acid) is necessary with 103-106 % of the theoretical need. Higher acid application re-
sults in acidic treated water.

Free carbonic acid can be easy removed to < 10 mg/l using a CO, degasser to or with
a corrosion resistant thermal deaerator to < 1-2 mg/l.
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Fig. 2: Principles of Decarbonization with K-H* Filter and following
Softening in the K-Na" Filter

2.2.3 Partial Demineralization by Reverse Osmosis (RO)

RO plants in combination with at least softening reduce the content of raw water con-
stituents significantly (e.g. direct conductivity to < 20 uS/cm, silica mostly < 0.2 mg/l). It
may be sufficient for shell and drum boiler up to max. 100 bars and common heat
transfer, particularly if the amount of condensate return of the total boiler feedwater is
more than ca. 80 %. For boiler < 40 bar water from RO plants so called “permeate” is
an excellent make up water even at lower amount of condensate return. All treatment
units that use membranes need excellent pre-treatment to avoid scaling and blockage
of membranes and bad water quality. The life time of membranes can be expected to
be approx. 5 years if the membranes are properly handled which includes chemical
and micro-biological treatment after some month operation and before shut-down.

For smaller plants up to about 80-100 m*® permeate per day a combination of soften-
ing, followed by micro filtration and RO unit is more safe for operation than chemical
treatment, RO unit and following softening.

RO units are not the recommended solution for plants with campaign operation!
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2.2.4 Partly Demineralization by lon Exchanger Units

Demineralization with ion exchanger plants, consisting of cation and anion filter -
without mixed bed filter - leads to partly demineralized water with direct conductivity

< 20 pS/em and silica < 0.2 mg/I SiO..

The cation filter is filled with strong basic cation resin in hydrogen form and the anion
filter with strong basic anion resin in hydroxyl form and need a strong acid and base
for regeneration. The produced water is good suitable for boiler < 60 bar but for higher
pressure boiler and boiler and boiler with high heat flux, fully demineralized water is
necessary using additionally a mixed bed filter.

Fully demineralized boiler feedwater is presupposition for injection spray water for
steam attemperation.

For demineralization units counter flow regeneration in a fixed bed and opportunity for
sufficient resin back-wash should be standard.

Regeneration chemicals must meet the quality standard for these chemicals. In hydro-
chloric acid the content of chlorinated hydrocarbons should not exceed 50 ppm.

23 Condensate Return and Quality Management

2.3.1 General comments and recommendations

Condensate return is a precious part of the boiler feedwater, because its conductivity
is much lower than that of make-up water, silica content is low and it is already heated.
Therefore condensate management is very important and must include

- correct selection of heat exchanger materials, experienced manufacturing and
maintenance of consumer equipment for condensate return and

- quality control of the condensate returned to the boiler feedwater, as far as possible
on-line with automatic drain switch valve

- in some cases also condensate treatment e. g. by softening

- considerations regarding possible serious condensate contamination that may lead
to severe boiler problems, like ingress of heavy fuel oil, acids, fat, syrup etc. This
risky condensates must not been taken back as feedwater to avoid boiler damages.

Attention: Contamination of the boiler feedwater and boiler water with sugar cane juice
or syrup leads to corrosion and/or deposits at heated boiler surfaces, to contamination
of the steam with the consequence of deposits at super-heaters and turbines.

Deposits in boilers lead to riser tube over-heating and damages and affect the circula-
tion rate as well, with may lead also to over-heating of heated riser tubes because of
lack in cooling - may be also at tubes with low slope due to steam/water separation.

Boiler water with content of organics tends to foam formation, which leads to boiler
water carry over and to deposits in the super-heater near SH inlet.

At SH deposits silica of the concentrated boiler water becomes steam soluble and is
carried to the turbine together with a part of the boiler water salts. Deposits in turbines
first lead to lower efficiency and may be to damages e. g. at turbine blades. Silica de-
posits appear in turbine also if the silica content of the boiler water is too high.

Summary: Optimized material selection, manufacturing, maintenance and operation of
evaporators, particularly of evaporator 1 and 2 is the presupposition for trouble free
boiler operation because there is > 100 % condensate return available.
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In sugar industry condensate of evaporator # 1 (presupposed good operational condi-
tion) can be taken back for sure as it is fresh steam condensate but must be controlled
sporadically whether it is contaminated by sugar cane juice or not. Evaporators made
of stainless steel (e. g. 316 L, 321 or 316 Ti) in qualified welded and tested condition
are widely safe of leakage and should be installed for safe boiler operation.

Condensate from evaporator # 2 can be taken back as far as the vapour is relatively

clean, which can be optimized by

- its level controlling system (to avoid great level fluctuations)

- keeping an acceptable steam space load and

- installation of sufficient lamellar droplet separator and/or demister units (easy ac-
cessible for cleaning) like in steam generators.

- in case application of suitable non toxic anti-foaming agents, like silicone oil with
high boiling point (or as used in the past some cow tallow).

To avoid contamination by sugar cane syrup the heat exchanger # 2 should underlie
regarding materials, design, manufacturing, maintenance and operation similar condi-
tions than evaporator # 1.

As better the conditions at evaporator #1 and # 2 as better and more reliable is the
condensate or distillate respectively and as better can be the quality of boiler feedwa-
ter and boiler water.

However, the condensate return must be controlled at least periodically for sugar
traces, at least once per shift for units with restricted reliability and once per day for the
other units, as far as there is not a on-line quality control unit.

For manual control a photometric test with d-naphtol and sulphuric acid is common,
but difficult to handle.

For on-line control electrical conductivity too less accurate to detect sugar cane juice
ingress by its associated mineral salts.

As far as there is enough sodium within the cane juice, sodium can be detected very
sensitive by ion sensitive electrodes (like pH electrodes), but if the primary condensate
is containing sodium compounds from spray water quenching, it signals also sodium
from spray water. A solution might be to use in stead of boiler feedwater condensate
as spray water, which should have lower sodium content.

Other methods are simple flame photometers that are sensitive to sodium (Na) and
potassium (K) but there is a high demand for acetylene and oxygen.

A very simple way to check for significant amounts of organics, including sugar is
measuring p-alkalinity and m-alkalinity. If one divides the p-alkalinity by the m-
alkalinity and is the result > 0.85 there is only little organic together. As lower the val-
ues as higher is the content of organics.

The total amount of most organic matter can be measured by measuring the chemical
oxygen demand (COD) using potassium permanganate (KMnQO,) or potassium chro-
mate (K2CrQOy). For COD are easy test kits available.

In any way, the condensate return of both Evaporator #1 and #2 must be consequently
checked manually or automatically, the results must be recorded.

Do not save money at the wrong side, boiler, super-heater and turbine failures are
more expensive, and make big trouble if they come suddenly!

TUV SUD Industry Services IS-ATW1-MUC, Hue Seminar-E 2007<40bar Page 6



TUV sUD

Industrie Service GmbH
Westendstrasse 199
80686 Mlinchen

Page 7
G . .
ermany Industrie Service

2.3.2 Condensate Treatment
The necessary type of condensate treatment for boiler depends strongly on the:

- Condensate quality e.g. conductivity, corrosion products, hardness, silica content,
hydrocarbons, pollutants due to ingresses of product etc.

- Amount and quality of condensate return in the boiler feedwater

- Requirements to the boiler feedwater and boiler water depending e.g. on boiler
type, boiler pressure, maximal heat transfer, spray water attemperation etc.

- Requirements to the steam produced e.g. super-heater/turbine operation, high qual-
ity steam for production processes

- Economic and ecologic requirements e.g. blow down rate, effluent requirements.

In case of possible ingress of high risky matter, e.g. heavy fuel oil e. g. from oil heater,
acids and free caustic in high concentration, consider separate condensate return
combined with on line control. As far as the amount of that condensate is less com-
pare to the total condensate return, don’t return this condensate for boiler feedwater.

For sugar mills, which should have > 100 % condensate, the treatment of its main con-
taminant sugar is not economically possible, but some disturbing constituents of the
cane juice, like hardness can be removed with a heat resistant softener. The softener
resin is thermal stable up to 120 °C, but the filter, valves and pipe work must be resis-
tant to the temperature too. For the start up, mechanical filtration is recommended be-
cause of high amounts of iron oxide - alternatively this condensate must be rejected.

Common condensate treatment consists predominantly of mechanical filtration and
ion exchanger units of different design and must include in case of potential presence
of e.g. hydrocarbons (oil, fat, grease) pre-treatment steps e.g. skimmer and activated
carbon filter.

Filtration is highly recommended if the condensate return is continuously or frequently
contaminated with higher (approximately > 0.03 mg/lI Fe) amount of corrosion products
e.g. iron oxides or undissolved matter. If ion exchanger units for demineralization are
installed, filtration is essentially to avoid pollution and blockage of the resin beds as
well as resin degradation.

Any filter material must not impure the condensate with hardness, silica or organics.

Softening is able to remove contamination of hardness up to temperatures of 95 °C
and smaller amounts of corrosion products, because ion exchanger resins are me-
chanical filters too. Calcium and magnesium compounds (hardness) become ex-
changed to sodium compounds, if the resin is in sodium form. These resins release
also sodium if the treated condensate contains volatile alkalization agents like ammo-
nia or amines. Both effects must be taken into consideration if this condensate or its
mixture with demineralized make up water (boiler feedwater) is used as spray water
for steam attemperation.

Softener resins in ammonia form exchange calcium and magnesium compounds of
hardness ingress into ammonia compounds, which are thermal not stable and lead to
acidic acting decomposition products, like carbonic acid, hydrochloric acid or sulphuric
acid in the boiler feedwater and boiler water!
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2.4 Deaeration

Thermal deaeration is the simplest way to minimise the content of dissolved gases in
water like oxygen, nitrogen and carbon dioxide, because their solubility in water de-

pends strongly on the temperature and becomes zero at boiling conditions, see Fig. 3.
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Fig. 3: Solubility of oxygen and nitrogen in pure water at 1 bar absolute.

Common are tray deaerator, sketch see Fig. 4 operating at over-pressure of 0.3-1 bar,
some times up to 10 bars. They heat the BFW to temperatures > 100 °C and reduce
oxygen to the limits < 0.02 mg/I.

Condenser of Vapours

Condensate s s

| 1 4
e | - d[:lw —
H Feed Water
4 Condensate Drawoff
Deaerator (Scrubber)
; Steam
I =

‘ Feed Water Storage Tank
Fig. 4

For deaeration to oxygen limits < 0.02 mg/l thermal deaerator operating at overpres-
sure of 0.3-10 bar are common and heat the BFW to temperatures > 100 °C. For lower
capacity up to 300 t/hr tray-type deaerator are widely used, for higher capacity up to
some 1000 t/hr spray-type deaerator are in use. A pressure deaerator is simply pres
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sure controlled and is able to reduce the oxygen content to < 0.02 mg/l that means in
continuous operation oxygen scavenger is not necessary.
3 Yéu cau déi v&i nwéc cap va nwéc noi hoi

3.1 Phan loai noéi hoi

Ban dau, ndi hoi dwoc chia thanh hai loai: néi hoi dng Itra va ndi hoi 6ng nuéc.

N&i hoi 6ng Itra kiéu nam ngang st dung nhién liéu dbt 1a khi hoac dau, cé ciu tao ba
phan v&i phan thir nhat chira mot hoac hai éng Itra, phan thr hai va thir ba chira cac
dng khéi. Thiét ké& nay gi¢i han cho ap suét van hanh khoang 30 bar va dung lwong
hoi khodng 30 t/h. Hau hét cac ndi hoi kiéu nay déu cé bd tiét kiem di kém nhung it
khi c6 bd qua nhiét. Lira dwoc phan phdi trong cac éng Itra va kiéu ndi hoi nay
thworng dwoc dung dé san xuat hoi cho cac nha may nhé va vira, déi khi né cﬂng
duoc dung lam ndi hoi phu khi khai dong ndi hoi trong cac nha may lon. Néu siv dung
nhién liéu ran (than da, go...) trong cac nodi hoi kiéu nay thi phia trwéc cha éng Ira cé
thé cé tAm ngan véi cac 6ng nuéc.

Cac 6ng khoi dwoc |ap vao mat sang éng phia trwéc va phia sau, gitva dng va mat
sang 6ng c6 khe hé va chung chi dwoc han & phan khi néng, diéu nay dan dén cac
khe bi d6t nong tai cac diém nay va nwéc ndi bi cd dac cuc bd trong cac khe. Kiéu
thiét ké dac biét nay doi hdi phai cé nhirng yéu cau riéng cho thanh phan nuéc néi.
N&i hoi 6ng nwéc 1a kiéu ndi hoi st dung cac nhién liéu rat khac nhau nhw gd, ba mia,
rom, chat thai sinh hoat...dét néng bén ngoai va né c6 ché doé tuan hoan nuwéc tw
nhién hodc cwdng birc. N6i hoi kiéu nay duoc thiét ké cho ap suat van hanh khoang
180 bar va céc thiét bi di kém bao gdm bd qua nhiét, bd khtr qua nhiét (lam gidm nhiét
do hoi), b tiét kiem va bd ham nuéc cap.

3.2 Phan loai nwéc

Nuwdc thé la nwdc tién x& ly nhw nwde may, nwdc giéng, nwdce séng, nwdc mua. ..
Nudéc lam mém la nuwéc giéng hodc nwéc tién xir ly dwoc dwa vao cot trao dbi cation
axit manh dang hop chét cta natrri theo hwéng chay tir trén xudng. Nwéc sau lam
mém sé& khéng con hodc cd dd cirng rat thip (< 1ppm CaCO3 hodc < 0.01 mmol/l)
nhwng dé dan va ham lwong silic dioxit khong déi.

Nwéc khir cacbonic la nwéc dwoc xr Iy tir trén xubng qua cot trao dbi cation axit yéu
(khtr cacbonic bang nwéc vdi sau dé loc hoac khir cacbonic bang cach phun tr trén
xudng). Nuwéc sau khir cacbonic theo mét trong cac phwong phap trén néu duoc st
dung lam nwéc xt ly bd xung cap cho ndi hoi thi bt budc phai dwoc lam mém. Nuéc
sau khtr cacbonic theo phwong phap trao déi qua cot cation axit yéu cé dd cirng
cacbonat va do dan th4p nhwng ham lwong silic dioxit khédng déi. Khir cacbonic bang
nwdc voi néng co thé lam gidm ham lwong silic dioxit ttr 10- 30%.

Nw&c khir mudi hodc khir khoang mét phan 1a nwéc sau khi qua thiét bi loc thdm thau
nguwoc RO. Néu nuwéc chwa dwoc lam mém trede khi qua thiét bi nay thi sau khi di
qua RO nuéc da duwoc lam mém nhw nwéc xi ly bd xung cép cho ndi hoi. Nuwéc
khong con dd cirng (< 1ppm CaCOs), dd dan trwce tiép tai 25°C thap (< 30 uS/cm, hau
hét < 10 uS/cm) va ham lwong silic dioxit < 0.5 mg/l (ppm) SiO».

Sauk hi qua c6t trao dbi cation va anion, nuwéc khir khoang mét phan khéng con do
clrng (< 1ppm CaCOs), dd dan truc tiép tai 25°C thap (< 20 pS/cm, thong thwdng < 10
pNS/cm) va ham lwgng silic dioxit < 0.2 mg/l (ppm) SiO,.
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Nwéc xt ly bd xung la nwéc da dwoc xr ly, dung dé& bd xung cho lwgng nwéc ngung
cap cho ndi hoi da bj mét di trong toan bd hé théng.

Nwéc ngwng tuan hoan lai la lwong nuwdc ngwng sach tuan hoan lai tr cac thiét bi tiéu
thu hoi. Néu nwéc ngung chwa qua bd khtr khi nhiét thi khéng dwoc hén hop nuéc
ngwng v&i nudc xir ly bd xung. Dé tranh kha nang nwéc ngwng bi nhiém ban béi cac
tap chét c6 ngudn gbc tlr sdn phdm clia nha may, can phai cé thiét bj diéu chinh chét
lwong nudc trie tiép trong hé thdng, vi du cum thiét bj xo 1y nwéc ngung.

Nw&c cap ndi hoi (BFW) 1a nwdc da qua cac cong doan x( ly, da khtr khi va da diéu
kién dé cap cho ndi hoi. Hau hét BFW dwoc hén hop twr nwéc nguwng tu tudn hoan lai
va nwéc X ly bo xung. D& diéu chinh pH va dudi dxy, can phai bd xung thém cac hoa
chét theo yéu cau.

Nwéc ndi (BW) 1a nwéde tudn hoan trong ndi hoi. Day chinh la BFW d3 bj c6 déc lai.

3.3 Yéu cau doéi véi nwéc cap (BFW) va nwéc ndi (BW)B

3.3.1 Yéu cu chung

Nhirng yéu cau dbi véi nwdc cap va nwdc ndi clia cac nha may san xuéat néi hoi déu
lién quan dén bao hanh va phai thuc hién dung theo cac yéu cau dé. Moi sy thay ddi
phai théng qua sw thda thuan gitra ngwdi van hanh va noi san xuét. Viéc ldp dat bd
phan x& ly nwéc phai phu hop véi yéu ciu vé chat lwong nuéc (nwde xir ly bd xung
va nudc ngwng tuan hoan lai).

Nha cung cép ndi hoi phai cam két vé ham lwong nwéc I6n nhat cé trong hoi hodc dé
sach ctia hoi. Khéng duwoc chap nhan gia tri cam két vé lwong nwée ndi trong hoii 1a <
0.5% vi day la giéa tri qua Ion. Théng thwong ham lwong nwéce ndi trong hoi < 0.2%,
tham chi con thap hon.

Nha cung cép tuocbin yéu cau hoi phai rat sach, muc dich la d& bao hanh thiét bi. Néu
cam két bdo hanh cta nha cung cap nbi hoi vé chat lwvong hoi khéng dap rng duoc
cac yéu cau clia nha cung cap tuocbin thi can phai co6 mét sy thdéa thuan gitra cac
bén.

Vi dy, néu nha cung cp tuocbin yéu cau dé dan axit < 0.2 uS/cm, hoi san xuét ra cé
chva < 0.1% hoi &m nhwng lai chtra 1 mg/kg CO2 (sinh ra do phan ¢ng phan hay cda
mot s mubi bicacbonat), két qua la d6 dan axit > 1.0 uS/cm va nhw vay khong dap
&ng dwoc yéu cau bdo hanh cuda tuocbin. Trong trwéng hop nay can cé moét sy théa
thuén hop ly!

3.3.2 Yéu cau vé nuwdc- nhirtng nguyén tic co ban

Tiéu chuén quéc té:

Bao gdm cac tiéu chuan cltia Hoa Ky (vi du ASME), chau Au (EN 12 953- 10 cho ndi
hoi éng Itra, EN 12 952- 12 cho néi hoi 6ng nwéc), Nhat Ban... cling nhw cac tiéu
quéc gia khac. Céac yéu cau khéng khac nhau nhiéu 1dm va la cac chi dan co ban cho
ndi hoi hién dai.
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Céc yéu ciu vé nwédc dwoc ap dung cho ndi hoi lam bang thép hop kim thap hodc
thép cacbon co st dung cac chat chay la mét hodc nhiéu loai nhién liéu hodc chat
chay la cac khi nong, dong thoi cling ap dung cho cac clu kién lap rap glua dau vao
clia nwéc cap va dau ra cta hoi, nhwng khéng bao gém chat lwong ctia san phdm hoi
va/hodc cac yéu ciu vé kinh té..

Déi véi mdi mdt muc dich nhat dinh, can phai c6 cac yéu cau hda hoc thich hop khi
dat mua thiét bi nhw yéu cau vé dd sach cla hoi (dé van hanh bo qua nhiét) va yéu
cau cho cac thiét bj khac.

HAu hét cac tiéu chuan déu dwa ra cac yéu cau chi tiét cho nwédc cap va nwdc ndi lién
quan dén d6 an toan nham muc dich lam gidm sw pha hdy do an mon, tao can hodc
dong can trong ndi hoi. Cac gia tri da dwa ra phai ap dung cho th&i gian van hanh
nhat dinh. Trong khoang thoi gian khéi dong, mét vai gia tri co thé bj léch trong mot
thoi gian nhat dinh va nha cung cép noi hoi phai quy dinh rd gi¢i han cta d 1éch nay.
Cac yeu cau dbi voi nwde cip va nwdce ndi dua ra duwdi day dwoc xay dwng dwa trén
co s& tiéu chuan chau Au EN.

3.3.2 Noi hoi 6ng Ira kiéu ndm ngang (ap suat van hanh > 0.5-30 bar(g)

X ly nwéc: can it nhat la mot bod phan lam mém nuwéc dé xt ly nwéc cap bd xung va
nuwdc cap phai tuan theo tiéu chuan dé tranh dong can va tao dang can; nuwoc xi ly bd
xung c6 chét lwgng cao dwoc dung trong mot s6 trvong hop dac biét.

Diéu kién: Dang hinh hoc d&c biét ctia cac ndi hoi éng Itra thong thuo’ng lam cho cac
khe tai diém han gitra ving han va/hoac vung mép khi nong Ong ctia ong khi ndng voi
mat sang hoac & buong khoi bi dun néng , vi vay doi hdi phai c6 yéu cau déc biét cho
nwéc cap va nwoc noi. DPéng thoi can phal bb xung hoéa chéat dé diéu chinh pH trong
nuwdc cap va nudc ndi cling nhw dé dudi hét dxy trong nuéc.

Cac yéu cau cho néi hoi
Nuwdc cap (BFW)

Ap suét van hanh néi hoi bar(g) >0.5- 15 >15- 30

* Do cirng tbng (Ca+ Mg)? mmol/l <0.02 <0.01

* pH tai 25°C ~ (7.5)8.5-9.5 8.8-9.5

* Do kiém phenol mmol/| 0.05-05 0.1-0.3
Do kiém téng (d6 kiém metyl) mmol/| <0.8 <0.6

* Oxy ° mg/| <0.05 <0.02
Nuwéc ndi (BW): dung nuée cép co dé dan truc tidp tai 25°C >30 uS/cm

Ap suét van hanh ndi hoi bar(g) >0.5-15 >15- 30

* Do dan tryc tiép tai 25°c© NS/cm <4000 <2000

* pH tai 259C - 105-12.0 10.5-11.8
* Do kiém phenol ° mmol/l 2-12 2-8

* Po cirng tdng(Ca + Mg) ? mmol/| <0.03 <0.02

* Phot phat (POy) ¢ mg/| 10 - 30 10 - 20

* Silic dioxxit (SiO) mg/l <120 < 80
Nuéc ndi (BW): dung nuée cép c6 dé dan truc tiép tai 25°C < 30 uS/cm

Ap suét van hanh néi hoi bar(g) >0.5- 15 >15- 30

* Do dan tryce tiép tai 25°C © pNS/cm <2000 <1000

* pH tai 25°C _ 10.3-11.5 10.3-11.2
*Po kiem phenol © mmol/I 02-2 0.1-1.0
* Do cirng tdng(Ca + Mg) 2 mmol/| <0.02 <0.01
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* Phot phat (PO;) *¢ mg/l 10 - 30 10 - 20
* Silic dioxxit (SiO2) mg/I <100 <70
Ghi chu:

* gia trj rat quan trong; mg/l twong dwong véi ndng d6 ppm trong dung dich

2 M3u nwée khéng sach can phai loc trwde khi phan tich dé cé gia tri chinh xac.

® Néng do 6xy c6 thé gidm xubng < 0.05 mg/l khi nwéc bi dun nédng dén nhiét do
s6i, thich hop hon ca Ia st dung bd khir khi nhiét. O’ nhiét d6 thap, ndng dd dxy cé
thé gidam khi bd xung thém chat bat dxy, vi du nhw Na,SO; véi ham lwgng cho
phép 1a 10- 30 mg Na,SO3/l trong nuwéc ndi.

° Pé& van hanh bd qua nhiét thi gia tri I&n nhat chi bang 50% cla gia tri ghi trong
yéu cau.

4 Can phai b xung thém NasPO4 néu dd dan tryc tiép ciia BFW < 30 puS/cm, dbi
véi BFW cé do dan trye tiép = 30 uS/cm ciing nén bd xung thém NaszPOj.

3.3.3 Nbi hoi 6ng nwéc (ap suat > 0.5-40 bar(qg)

Xt ly nwée: can it nhat 1a mot bd phan [am mém nuéc theo tiéu chuan dé xir ly nwéc
cap bb xung dé tranh déng can va tao dang can; nwdc x& ly bd xung cé chét lvong
cao duwoc dung trong mét sb trwdng hop déc biét.

Diéu kién: Can phai bb xung them héa chét dé diéu chinh pH trong BFW va BW ciing
nhw dudi hét xy do bd khir khi khéng thé gidm ham lwong dxy trong BFW dén gidi
han yéu cau

Céc yéu cau cho nbi hoi

Nudéc cép (BEW)

Ap suét van hanh néi hoi bar(g) >05-15 >15-40
* P clrng tbng (Ca+ Mg)? mmol/l <0.02 <0.01

* pH tai 25°C B 85-95 >90.2(>9)
* Do kiém phenol mmol/l 0.05-03 0.1-0.3
Do kiém téng (d6 kiém metyl) mmol/l <0.6 <0.6

* Oxy ° mg/| <0.03 <0.02
Sét tébng mgl/| <0.05 <0.03
Chét hiru co (phwong phap KMnO,) mgl/l <5 <5

Nuwéc ndi (BW): dung nuée cép c6 dé dan truc tiép tai 25°C >30 uS/cm

Ap suét van hanh néi hoi bar(g) >0.5-15 >15-40
* Do dan truc tiép tai 25°C ¢ puS/cm <5000 <3000

* pH tai 25°C i 105-12.0 10.5-11.8
* Do kiém phenol ° mmol/l 1-15 1-10

* PO cirng tbng(Ca + Mg) @ mmol/l <0.02 <0.01

* Phot phat (PO,) ¢ mg/l 10 - 20 8-15

* Silic dioxxit (SiO) mg/l <120 < 50

Chét hiru co (phwong phap KMnO4) mg/l <120 <80
Nuwéc ndi (BW): dung nuée cép c6 dé dan truc tiép tai 25°C < 30 uS/cm

Ap suét van hanh néi hoi bar(g) >05-15 >15-40
* Do dan trwe tiép tai 25°C © uS/cm <1500 <1000

* pH tai 25°C _ 10.5-12.0 10.5-11.8
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* Do kiém phenol ° mmol/| 0.2 -3.0 0.1-2.0
* Do cirng tdng(Ca + Mg) 2 mmol/| <0.02 <0.01
* Phot phat (POy) ¢ mg/I 5-10 5-10
* Silic dioxxit (SiOy) mg/| <110 <40
Chét hiru co (phwong phap KMnO4) mg/l <120 <80
Ghi chu:

* gia tri rAt quan trong; mg/l twong dwong véi ndng dd ppm trong dung dich

2 Mau nwéc khdng sach can phai loc trwéc khi phan tich dé co gia tri chinh xac.

® Ndng do oxy cé thé gidm xudng < 0.05 mg/l khi nwéc bi dun néng dén nhiét dd
s6i, thich hop hon ca la st dung bd khir khi nhiét. O’ nhiét d thap, néng dd 6xy c6
thé& gidm khi bd xung thém chat bat éxy, vi du nhw Na;SO3 véi ham lwong cho
phép 1a 10- 30 mg Na,SO3/l trong nuwéc ndi.

° Pé van hanh bd quéa nhiét thi gia tri I&n nhéat chi bang 50% cla gia tri ghi trong
yéu cau.

4 Can phai bd xung thém NasPO4 néu do dan trwc tiép cia BFW < 30 uS/cm, déi
véi BFW cé do dan trye tiép = 30 uS/cm ciing nén bd xung thém NazPOj,.

4 Conditioning, pH-adjustment, Oxygen Scavengers, ,,Anti-Scalants*

As far as the necessary alkaline pH in the BFW is not created by the water treatment
procedure, the pH must be adjusted by continuous (flow proportional) dosing of tri-
sodium phosphate or - if allowed with caustic soda into the feedwater storage tank.

Oxygen scavenger like sodium sulphite should be dosed in the same way than alkalis-
ing reagent into the BFW storage tank at elevated temperatures, even together.

“Anti Scalants” should be applied in shell and drum boilers to reduce scaling. Organic
anti-scalants can be dosed also as preventive measure to clean a boiler from some
scale during operation.

Inorganic anti-scalants like Tri-sodium / Tri-potassium phosphate, also used as alkalis-
ing chemicals, are applicable in boilers up to 180 bars. They react with Hardness (Ca-,
Mg-compounds) to hydroxyl apatite that remain mostly in suspension and avoids
widely scale of limestone, gypsum and aluminium-silicate.

Organic anti-scalants, mostly poly-carbonic (poly-acrylic) acids or amides, as well as
organo-phosphonates show a weak complex forming behaviour and keep Ca- /Mg-
compounds in solution but are not too aggressive to the protective iron oxide than che-
lants and applicable for boiler pressure < 120 bars.
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Chelants are strong complex forming agents like EDTA, NTA and keep hardness and
metal ions in solution. Analyse is difficult and too high concentrations attack the pro-
tective iron oxide layer. Chelants are not recommended for industrial boiler.

Attention:  Organics may influence the steam quality.
The limited values in BW can be kept by adapted dosing e. g. of phosphate and sul-

phite, the limit for composite alkalinity (p-value), conductivity and silica by adapted
blow down.

6 Sampling of Boiler Feedwater and Boiler Water / On Line Control

Sampling pipes should be made of stainless steel (at least of TP 321 or 316), be as
short as possible and in a diameter of approximately 10 x 1.5 mm or 12 x 2 mm.

Hot samples - at least BW — should be cooled down to ca. 25 -30 °C with a flow of ca.
25 I/hr using a cooler coil that should be made from stainless steel. BW samples taken
without cooling must be corrected by factors taken from Fig. 18.

All sampling devices should have a straight blow out line before entering the cooler or
the measuring equipment.

Fig. 18:

Conversion factor for non volatile BW
compounds like alkalinity, conductivity,
phosphate, silica, sulphite etc.

Example: Results from BW sample taken
without cooling from a boiler with 42 bar
must be corrected by 0.69 to get values
existing in reality within the boiler.

Factor

Conversion

oss_| ;:U '- 2:_3' i U | ﬁ :'5:;;-' CG—WD For a 10 bar boiler the correction factor is
Boilér Prossure =SS 0.85, e.g. a p-value of 100 in the sample
corresponds to a p-value of 85 in the BW!

6.1  Sampling of Water

No special design necessary, but a representative average (bulk) sample must be
available.

Sampling points are recommended after any treatment step and chemical dosing
point, which leads to a possible change of the water quality, for instance:

- Raw water and water after pre-treatment (flocculation, filtration, de-chlorination).
- Treated water after softening, decarbonisation or RO plant

- Raw condensate and condensate tank,

- BFW after deaeration and chemical dosing - optimal at drum inlet
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- BW from continuous blow down (min. 100 I/hr) close to the drum or directly from the
boiler
opposite the feedwater inlet.

6.2 Chemical Control of Plant Circuits

Manuel controlled should be at least Boiler Feedwater (BFW) and Boiler Water (BW)
for the following safety related parameters in clear samples (if not clear — filtrate!)

1 x per day Total and composite alkalinity (P- an M-value) or pH

1 x per day Total hardness

1 x per day Conductivity / Gravity

2 x per week Phosphate / Anti-scalants - if dosed

2x per week Silica
On-Line controlled should be conductivity of BW because it can be used as signal for
automatic blow down.
Additional checked should be make-up water and condensate return.

7 Boiler Pre-Treatment and Chemical Cleaning of Boilers

7.1 Procedures for Boiler Cleaning

7.1.1 Alkaline boil out

Before alkaline boil out, boilers must be mechanically cleaned and rinsed with BFW or
softened water to remove solids until the drained water is almost clear! Rinse and
check every drain for possible blockage.

New boiler should undergo at least an alkaline boil out to remove oily and fatty matter
from manufacturing as well loose oxides and dust. Commonly applied is tri-sodium
phosphate, in special cases caustic soda in a mixture of both or other alkaline chemi-
cals like dispersants well dissolved in water (boil out solution up to a pH of approx. 10 -
10.5) at elevated temperature up to approx. 70 % of the normal operation pressure.

For boiler with heated crevices e. g. between tubes and tube-sheet, like shell boiler
smoke tubes the exclusively use of caustic soda is prohibited (may initiate caustic
SCC) and tri-sodium phosphate recommended. Before operation the boil out solution
must be drained and the boiler must be rinsed sufficiently through all drains to remove
further solids and to dilute the boil out solution.

7.1.2 Chemical Cleaning during shutdown

Acid Cleaning (Pickling)

Before any acid cleaning an alkaline boil out is necessary to get a “hydrophilic” (easy
to wet) surface. Acid cleaning is recommended for new boiler in case of significantly
corroded surfaces and for boiler with local heat flux > 250 kW/m?. On boilers already
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being in service, acid cleaning is necessary if inorganic scale is thicker than accept-
able (depending on heat flux and composition > 0.1 to 1 mm). It is usually carried out
with inhibited inorganic (preferable hydrofluoric or hydrochloric acid) or inhibited or-
ganic acids (citric acid, glycolic acid, formic acid etc.). Silicate scale can be dissolved
only with hydrofluoric acid!

Inhibitors for acid cleaning are organic compounds that reduce corrosion to metallic
surfaces drastically in specific media. Mill scale and other scale is not protected and
will be dissolved as supposed.

Inhibitors must be adapted to the type of acid, the metal in service and to temperature.
The inhibitor concentration and maximal application temperature (mostly not exceed-
ing 60-80°C) must be kept within its correct range following supplier’s application rec-
ommendation for optimal corrosion protection.

For any chemical cleaning the limits of the application conditions for the combination -
solvent, e.g. acid, inhibitor, temperature and application time - must be kept exactly to
avoid excessive material attack. The loss of base metal must not exceed 20 g/m? dur-
ing application.

The cleaning process must be controlled by measuring at least acid and metal concen-
tration.

Cleaned boiler shall go into operation as soon as possible

7.1.3 Chemical Cleaning during operation

Cleaning during operation (see also chapter 4) is possible as far as the scale thickness
do not exceed 0.3 mm (localised max. 0.5 mm), thicker scale may peel off and may
affect the boiler water circulation. Easy removable is scale consisting > 50 % of cal-
cium and magnesium compounds without fat or oil.

Recently biological degradable organic anti-scalants and dispersants have been de-
veloped with sufficient forming strength, which can be used for cleaning during opera-
tion. Producer of such weaker complex forming agents are international chemical
treatment companies such as Betz, Drew, Grace-Dearborn, Kurita or Ondeo (Nalco).
These chemicals should be used temporarily - may be one month per year - to remove
thin scale preventively.

7.2  Application of Cleaning Procedures

7.2.1 New Boiler

New boiler may be very dirty and rusty - but it must not be! Do not accept rusty ves-
sels, a new boiler shall not show more than approximately 5-10 % rusty surface! Insist
in quality management during manufacturing and erection to keep boiler components
and auxiliary equipment as clean as economically possible aiming to avoid chemical
cleaning!

Accept only surfaces with thin mill scale without significant rust!

Practice quality control during erection:
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Control clean erection, cover holes and bores from welding slag, grinding dust, re-
mains of electrodes etc. Preserve parts of the boiler during erection.

New boiler in good condition must not be cleaned with acid, alkaline boil out (see
7.1.1) is mainly sufficient, exceptions see chapter 7.1.1.

7.2.2 Used Boiler

Industrial boiler and boiler with scale/deposits of water constituents and corrosion
products should be cleaned every 5 to10 years during shut-down, depending on their
surface conditions

particularly at areas with the highest heat flux. Thermal stressed boiler and boiler with
high heat transfer should be preventively cleaned every 3 to 5 years.

Preventive cleaning during operation using organic anti-scalants and dispersants (see
7.1.3) may extend the need for acid cleaning as far as this is done e.g. every year for
about 1 month time to remove possible deposits.
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