
Chemical Cleaning Process Optimization for Boiler
Pipeline Internal Surface Restoration Case Study

Problem Statement
The boiler pipeline network in the plant experienced significant
internal scaling and fouling caused by continuous high-temperature
water circulation and impurity deposition over extended operational
hours. The deposits gradually increased flow resistance, reduced
heat transfer efficiency, and resulted in higher fuel consumption to
maintain rated steam output. Multiple sections of  the pipeline
started showing differential pressure variations and reduced
circulation efficiency, directly impacting boiler performance and
energy cost. Traditional manual cleaning was not feasible due to
inaccessibility, long shutdown requirement, and risk of  mechanical
damage to pipeline internals.

Objective

To restore the internal surface condition of  the boiler pipelines
without mechanical dismantling, improve thermal transfer efficiency,
reduce differential pressure losses, and extend the operational life
of  the boiler by implementing a controlled and optimized chemical
cleaning methodology.

Solution

4. Neutralization and passivation stage to stabilize metal surface and prevent
flash corrosion post-cleaning.
5. Final high-velocity rinse to remove all dissolved contaminants and reaction
residues.
All cleaning parameters (pH, conductivity, iron content, temperature, flow rate)
were continuously monitored in real-time to maintain optimized reaction
conditions and ensure uniform cleaning across all pipeline sections.

A customized chemical cleaning protocol was developed consisting
of  a step-wise sequence:

1. Initial circulation flushing with demineralized water to remove
loose particulates.

2. Injection of  corrosion-inhibited chemical descaling blend
designed to dissolve calcium, magnesium, iron scale, and
organic fouling without attacking base metal.

3.Controlled temperature soaking cycles to maximize reaction
efficiency and breakdown of  adhered scales.
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1.Internal fouling thickness was reduced by over 85% based on post-cleaning
inspection and sample coupon analysis.

2.Boiler achieved ~18% improvement in heat transfer efficiency and steam
output stabilized without excess fuel firing.

3.Differential pressure across pipeline sections returned close to baseline
design values.

4.Shutdown time for cleaning was reduced by 40% compared to conventional
mechanical cleaning attempts.

5.Long-term corrosion risk reduced due to effective post-passivation layer
formation on pipeline internals.
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