
PRODUCT NAME

NALCO® BT-28
Condensate Corrosion Inhibitor

PRODUCT DESCRIPTION AND APPLICATION
NALCO BT-28 is a multifunctional corrosion inhibitor designed to protect steam and condensate systems.  It 
may be used at steam pressures up to 50 barg (725 PSIG) and temperatures up to 260°C (500 °F), when 
fed to the steam header.  
NALCO BT-28 provides effective neutralisation of acidic gases, such as CO2 in the initial, middle and 
extended areas of a condensate system. NALCO BT-28 provides oxygen scavenging and metal passivation 
capability through the use of NALCO BT-21. 

In demin applications NALCO BT-28 can be fed to the deaerated feedwater, where the amines will alkalise 
the feedwater resulting in a reduced corrosion potential of the feedwater. The proprietary oxygen 
scavenger/metal passivator provides outstanding protection from oxygen corrosion along with outstanding 
feedwater and boiler system passivation. NALCO BT-28 can be fed into feedwaters used for spray 
attemperation as it does not add solids to the water. When NALCO BT-28 is fed to the deaerated feedwater 
then the NALCO BT-28 can be used in boiler systems operated at steam pressures up to 170 barg (2465 
PSIG) and temperatures up to 593°C (1100°F). The amines fed to the feedwater will carry into the steam 
and protect the condensate system from corrosion. A small fraction of primarily the monoethanolamine will 
be lost via the blowdown.
The product should only be fed to the feedwater system when continuous dissolved oxygen measurement 
confirms that the deaerator performs to specification (often << 20 ppb dissolved oxygen). If this is not the 
case then a separate feed of NALCO 2813 and  ELIMIN-OX is recommended.

PHYSICAL & CHEMICAL PROPERTIES
These properties are typical.  Refer to the Material Safety Data Sheet (MSDS), SECTION 9, for the most 
current data.

Form: Liquid
Colour: Light yellow - Pink
Odour: Amine
Boiling Point: >100°C (> 212°F) 
Melting Point: <-20°C (< -4°F)
Flash Point: 56°C (133°F) D-93
Vapour Pressure (20 °C, 68 °F): 12 mmHg (1.6 kPa, 0.23 PSI)

Relative Density : 1.00 g/cm3 (8.35 lbs/gallon)
Solubility in water: Complete
pH  (20°C, 68 °F): 12.4
Viscosity  (20°C, 68 °F): 5 cp
Freeze Point: -22°C ( -8°F) 

REGULATORY APPROVALS
Refer to the Material Safety Data Sheet (MSDS), SECTION 15 for the most recent information on approvals.
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MATERIALS OF COMPATIBILITY

Compatible Not Compatible
304 Stainless Steel Aluminum
316 Stainless Steel Brass
Polyethylene Copper
Polypropylene Copper Alloys
Teflon Fiberglass

Galvanized Steel (Zinc)
Nickel
PVC
Polyurethane
Carbon Steel

NALCO BT-28 is not compatible with nor can it be mixed with any products (either neat or in solution).

DOSAGE AND FEEDING
The dosage of  NALCO BT-28 will vary depending on the severity of the condensate environment.  Exact 
dosage requirements will be determined by your on-site Nalco sales engineer.

Overfeed of NALCO BT-28 will result in a high pH in the condensate system.  In the presence of oxygen, 
this will result in increased copper corrosion. In addition, overfeed of NALCO BT-28 will also result in 
excessive treatment costs.

Underfeed of NALCO BT-28 will result in a low pH in the condensate system.  Low condensate pH will result 
in corrosion of plant process and condensate equipment.  This corrosion will increase the amount of iron or 
copper returned to the boilers.  These corrosion products can form deposits in high heat flux areas of the 
boiler, leading to higher maintenance costs and potential tube failure.

NALCO BT-28 does not protect against high levels of oxygen.  Nalco ACT® or other filming technologies 
should be used when dissolved oxygen exceeds 0.5 ppm, in high alkalinity feedwater systems where CO2 
generation is in excess of 15 ppm, or in systems where make-up water is greater than 30% of the feedwater.

FEEDING
1. NALCO BT-28 must be fed neat (undiluted). This product should be fed to the steam header through a 
stainless steel retractable injector (Nalco Part No. P4634). In boiler systems operated on demin water the 
alternative feedpoint is the deaerator dropleg or storage, where it can be used for feedwater alkalization and 
corrosion control.
2 Solution feed of NALCO BT-28 is only acceptable when feed rates are less than 1.3 ml/min.  A stainless 
steel or polyethylene solution tank is required.  NALCO BT-28 can only be diluted with demineralized water 
or good quality, cooled condensate (<32°C or <90°F). 
3. NALCO BT-28 must be fed on a continuous basis to prevent corrosion of the condensate system.
4. Feed of NALCO BT-28 ahead of the deaerator will result in minor product lost through the deaerator 
vent. 
5. DO NOT SLUG FEED NALCO BT-28.  Product feed should be slaved to make-up water flow, feedwater 
flow or steam flow. 
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6. DO NOT CONTINUOUSLY FEED neutralizing amines to IDLING boilers.  In small systems, where 
make-up flow is minimal, feeding based on make-up water flow may result in inadequate treatment.  In these 
cases, feed NALCO BT-28 based on feedwater flow or feed continuously.

NALCO BT-28 must not be combined with:
Filming amines
Catalyzed Oxygen Scavengers - the cobalt catalyst in catalyzed sulfite will precipitate in the 
presence of alkaline solutions (pH>8.0).  The loss of catalyst will significantly reduce the oxygen 
scavenging reaction rate.  Deposition due to cobalt precipitation may result.
Nalco ACT - use of neutralizing amines can limit the ability of Nalco ACT to form its protective film 
barrier to corrosion.  For steam systems where neutralizing amine programs are fed, Nalco ACT 
should only be fed at local points in steam system where amine treatment is not found due to 
volatility, distribution, or consumption of the amines.

It may be possible to mix other chemicals with neutralizing amines through a common stainless steel 
retractable injector by manifolding neat chemical feedlines at the injector.  Never attempt this arrangement 
without first bench testing the combination for stability.

Prior to proposing a NALCO BT-28 program, the metallurgy of the feedwater and chemical feed systems 
should be determined to ensure that no incompatible materials will come in contact with neat NALCO BT-28.

All chemically wetted components of NALCO BT-28 feed systems (feedlines, pump heads, valves, etc.) 
must be of stainless steel construction.  The use of non-ferrous metals such as copper, aluminum or zinc is 
unacceptable.

Bulk storage tanks must be of stainless steel or polyethylene construction.

The dosage of NALCO BT-28 will vary depending on the CO2 content of the steam, the amount of system 

venting, the percent condensate return, the condensate system configuration/equipment, and the desired 
condensate pH.  Every system is different; therefore, the following calculations provide start-up dosages 
only.  They are designed for systems with no condensate return or system venting.  These dosages may 
vary from the actual maintenance dosages.  

The product factor for NALCO BT-28 is 3.1 ppm NALCO BT-28/ppm CO2.  This factor does not take into 

account:
Condensate return (recycle of amine)
Venting/loss of CO2
Condensate system configuration/equipment
pH control at a value other than 8.5

A rough estimate of the effect of condensate return can be calculated using the formula:
CO2 Dosage factor x ppm CO2 x % Make-up = final estimated product dosage

How to calculate the daily dosage of NALCO BT-28:

Determine:
Steam Flow MM lb/day (Mmt/day)
Average feedwater P & M alkalinity ppm
Average boiler water P & M alkalinity ppm
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Average steam CO2 concentration see below

ppm CO2 in the steam = (0.88)(Mfw) ([P/M]bd - [P/M]fw)abs
where:
fw = feedwater, 
bd = blowdown, 
abs = absolute value

Step 1:
Determine CO2 content of steam:

ppm CO2 in the steam = (0.88)(Mfw) ([P/M]bd - [P/M]fw)abs
(See Testing and Control SECTION for CO2 test kit information.)

Step 2:
Determine NALCO BT-28 dosage:
NALCO BT-28 dosage, ppm = (CO2 in steam ppm) x (CO2 Dosage Factor) x (% Make-up)

Step 3:
Determine daily feed of NALCO BT-28:

kilos/day NALCO BT-28 = NALCO BT-28 dosage (ppm) x steam flow (Mmt/day)
lb/day NALCO BT-28 = NALCO BT-28 dosage (ppm) x steam flow (MM lb/day)

NALCO BT-28 DOSAGE EXAMPLE

Determine:
Steam Flow 0.2273 Mmt/day (500,000 lbs/day)
Avg. Feedwater P Alkalinity 4 ppm
Avg. Feedwater M Alkalinity 20 ppm
Feedwater P/M ratio 0.2
Avg. Boiler Water P Alkalinity 300 ppm
Avg. Boiler Water M Alkalinity 400 ppm
Boiler water P/M Ratio 0.75
Average Steam CO2 Concentration See Below

Condensate Return 50%

Step 1:
Determine CO2 content of the steam.

ppm CO2 (as CaCO3) in the steam = 0.88(20)(0.75 - 0.2)abs = 9.7 ppm CO2

Step 2:
Determine NALCO BT-28 dosage.
NALCO BT-28 dosage, ppm = (9.7 ppm) x (3.1 ppm/ppm CO2) x 0.5  = 15.0 ppm NALCO BT-28

Step 3:
Determine daily feed of NALCO BT-28:
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kilos/day NALCO BT-28 = 15.0 ppm x 0.2273 Mmt/day = 3.4 kilos/day NALCO BT-28
lb/day NALCO BT-28 = 15.0 ppm x 0.5 MM lb/day = 7.5 lb/day NALCO BT-28

*NOTE:
1. The P/M ratio of the feedwater is normally smaller than that of the blowdown.
2. The ppm CO2 concentration in the steam is especially sensitive to the variation of feedwater P and M 

alkalinity.
3. Polymers will interfere with M alkalinity testing in the boiler, causing high test results.  To correct for this 
interference, use the following formula:

M (ppm) = M measured - (Total NEXGUARD® x Product Factor**)
(**See NEXGUARD CPP or the PAC-2F Technology & Benefits CPP Presection)

If the product is fed to demineralized and deaerated feedwater then the dosage depends on the required 
pH and the dissolved oxygen concentration of the feedwater.

The NALCO BT-28 dosage required for oxygen scavenging/metal passivation is based on the sum of:

1. Dissolved oxygen level: 1 ppm of NALCO BT-28 will scavenge 13 ppb of dissolved oxygen
2. Required product residual: 1.5 ppm product NALCO BT-28.

When the deaerated demin feedwater is free of carbon dioxide and other acidic species then 2.5 ppm of 
NALCO BT-28 will result in a feedwater pH of approximately 9.0.  If contaminants that influence pH are 
present then the dosage should be determined in the field.

Samples should be cooled to less than 32°C (90°F) to prevent flashing of amine, ammonia or CO2 from the 

sample.  Refer to the PAC-2F Technology & Benefits CPP Presection for detailed sampling procedures.

Throttling of sample flow through a sample cooler should be at the outlet of the cooler.  Inlet throttling can 
create a partial vacuum that can draw in air.

A small diameter (1/4") sample line should be installed and the sample flow should ideally be 1.5-2 
meters/sec (5-7 ft/sec) of linear flow.  If sampling for iron or copper, the sampling metallurgy must be of 
stainless steel to prevent erroneous high results.  Sample lines must purge long enough to provide 
representative values.  For low level (ppb) metals, this may require 24 hours or more.  For this reason, 
samples should run continuously whenever possible in order to assure representative results.  

Tests should be run as soon as possible after sampling.  Oxygen, carbon dioxide and pH tests must be run 
immediately on site.

Use the appropriate ASME limits for control of feedwater and boiler water quality, in combination with the pH 
guidelines listed below and high temperature NCM100 or corrosion coupon results, to help establish a 
maintenance/use dosage for NALCO BT-28.
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Table 1*.  Suggested Water Chemistry Limits for Primary Fuel Fired, Industrial, Watertube Boilers 
with a Superheater, Turbine Drives, or Process Restriction on Steam Purity.

Drum Operating      psig  
Pressure                 (MPa)
(1) (11)                

0-300
(0-2.07)

301-450
(2.08-3.10)

541-600
(3.11-4.14)

601-750
(4.15-5.17)

751-900
(5.18-6.21)

901-1000
(6.22-6.89)

Feedwater (7)
Dissolved oxygen ppm (mg/l) O2 <0.007 <0.007 <0.007 <0.007 <0.007 <0.007

Total iron ppm (mg/l) Fe 0.1 0.05 0.03 0.025 0.02 0.02
Total copper ppm (mg/l) Cu 0.05 <0.025 0.02 0.02 0.015 0.01
Total hardness ppm (mg/l) CaCO3 0.3 0.3 0.2 0.2 0.1 0.05

pH range @ 25°C (77°F) 8.3-10 8.3-10 8.3-10 8.3-10 8.3-10 8.8-9.6

*The above table is copyrighted by ASME and is reprinted here with permission.

Refer to  "ASME Consensus" for suggested limits for other boiler types. 

Condensate pH
Better Best

Fe/Cu metallurgy 8.5-9.2 8.8-9.2
Fe Metallurgy 8.5-9.5 9.0-9.5

All test procedures referred to in the Testing and Control section can be found in the Literature and Forms 
Directory. 

Species Test
Total Amine AP-099
Dissolved Oxygen AP-081, AP-082
Free Carbon Dioxide AP-036
Total Iron AP-023, AP-088, AP-051, AP-016***
Soluble Iron (Fell) AP-022, AP-103, AP-077
Insoluble (Particulate) Iron* Suspended Iron Filtration Charts  (5/set) 440-P3217.88
Total Copper AP-045
Total Hardness** AP-043, AP-044, AP-059, AP-067

*Note:  Particle monitors and turbidimeters can also be used to show trends in iron concentration.
**Note:  Copper will interfere in the hardness test.  Use a small scoop of NR-2 (460-S0442.82).  If copper is 
present, solution will turn yellow and end point will be green rather than blue.
***Note:  AP-016 is not typically sensitive enough to provide reliable total iron numbers.

Monitor using the high temperature NCM100 corrosion monitor or corrosion coupons.  The NCM100 or 
coupon can be installed in a condensate line.

The high temperature NCM100 is a compact unit that provides operators with an affordable means of 
obtaining accurate on-line corrosion information that can be used to help reduce the total cost of system 
operation.
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Quantify and optimize treatment program performance
Improve system reliability
Increase system throughput
Diagnose & troubleshoot system problems
See Bulletin B-495 Corrosion Monitor Model NCM100 for more information.

See Technifax TF-37 and PAC-2F Technology & Benefits Presection for more information on coupons. A 
rod-style corrosion coupon holder is recommended.  Do not allow the coupon to touch the metal pipe.  A 
corrosion coupon rack can also be used.  Note:  It is very important that you follow the procedure for 
installing and using corrosion coupons.  Otherwise, inaccurate results are likely.

ROI CRITICAL SUCCESS FACTORS
NALCO BT-28 provides optimum system protection because of its metal passivation properties. It effectively 
reduces condensate system maintenance costs and minimises the potential for boiler tube failures caused 
by metallic corrosion products in the returned condensate. In demin applications the product will also 
significantly reduce the risk for oxygen pitting and flow accelerated corrosion, thus cost effectively 
contributing to boiler reliability. Lower corrosion rates from passivation translates directly into lower 
maintenance costs and reduced downtime. 

When steam transfers its heat in a manufacturing process, heat exchanger, or heating coil, it reverts to a 
liquid phase called condensate.  Increasing the amount of condensate return to the boiler has several 
advantages:

1.  Energy savings - Because condensate has a high heat content, less fuel is needed to convert it to 
steam.  Condensate at 82.2°C (180°F) contains 82.2 Kcal/kg (148 Btu/lb). This represents 61.1 Kcal/kg (110 
Btu/lb) more energy stored than water at 21°C (70°F).

2.  Water savings - Pure condensate is low in dissolved solids.  Thus, increasing the percentage of pure 
condensate in boiler feedwater will often increase the possible cycles of concentration and reduce 
blowdown.  This conserves water and energy, and lowers chemical treatment and pretreatment costs. In a 
150 psig boiler system that has no blowdown heat recovery, you would save approximately 167 Kcal (300 
Btu) of energy for each pound of blowdown not discharged.  By increasing cycles of concentration from 8 to 
15 through the use of more high quality condensate, the customer would reduce their make-up demand by a 
minimum of  7.6% (value assumes no previous condensate returned). 

3.  Additional savings - Returning condensate to a boiler that contains corrosion products such as iron 
oxides can cause deposition on boiler heat transfer surfaces, loss of boiler efficiency, and potential tube 
rupture.  Here, condensate corrosion control savings are realized through energy efficiency, and reduced 
chemical treatment and maintenance costs. 

Even if condensate is not returned to the boiler, the condensate system should be treated to prevent 
corrosion of plant process equipment, lines and tanks, resulting in manpower and maintenance savings.

This tip sheet discusses the areas that increased condensate return affects.  It provides a sample calculation 
for estimating the annual savings from increased condensate return.  
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condensate_return.pdf

There are several advantages for using a neutralizing amine/oxygen scavenger program:
effective against carbonic acid corrosion
effective against other acids
some oxygen leak protection

The disadvantages to using this program include:
expensive in high alkalinity systems
difficult to accurately test
not effective against gross oxygen problems

ENVIRONMENTAL AND TOXICITY DATA
Refer to the Material Safety Data Sheet, SECTIONS 11 and 12, for all aquatic and mammalian toxicity 
information.

mg/l of product
Biological Oxygen Demand (BOD5) 6,400

Chemical Oxygen Demand (COD) 524,000
Total Organic Carbon (TOC) 220,000

SAFETY AND HANDLING
Read the product label and Material Safety Data Sheet for complete safety and handling information prior to 
using this product.

Please refer to SECTION 8 of the Material Safety Data Sheet (MSDS) for proper personal protective 
equipment (PPE) and SECTION 3 for health effects.

STORAGE
NALCO BT-28 has a suggested in-plant storage limit of one year. Bulk tanks should be constructed of 
polyethylene or stainless steel. Refer to the Material Safety Data Sheet (MSDS), SECTION 
7, for the most current data.

REMARKS
If you need assistance or more information on this product, please call your nearest Nalco Representative. 
For more news about Nalco Company, visit our website at www.nalco.com. 

For Medical and Transportation Emergencies involving Nalco products, please see the Material Safety 
Data Sheet for the phone number.

ADDITIONAL INFORMATION
Nalco ACT, NEXGUARD, ELIMIN-OX, Tri-ACT, NALCO and the Logo are registered trademarks of Nalco Company  (2-
24-2009)
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US Dept of Energy - Steam  http://www.oit.doe.gov/bestpractices/steam/
Steaming Ahead Alliance to Save Energy  http://www.ase.org/steamingahead/
Steam Utilization & Steam Traps  http://www.spiraxsarco.com/us/

Maximum theoretical ammonia contribution (ppm NH3/ppm product) 0.103

EQUIPMENT DIAGRAM/INSTRUCTIONS

Bulletin B-495 Corrosion Monitor Model NCM100 
NCM100 FAQ 
WebAlert Remote Monitoring & Data Logging

TECHNICAL SERVICE PROCEDURES

All test procedures referred to in the Testing and Control section can be found in the Literature and Forms 
Directory 
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