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• Describe sigma phase precipitation processes for steel SUPER 304H and perform their general 

mathematical description

The precipitation processes were described through the sigma phase fraction area. Mathematical 

description of the sigma phase precipitation was made by exponential growth function.

• Model precipitation kinetics processes based on chemical composition and physical laws like 

modification of the steel Tp 347HFG

The sigma phase modelling was based on measured values for SUPER 304H and modification 

coefficients. Modification coefficients were calculated according Fick laws and Larson-Miller 

construction. Through application of modification coefficients (which describe chemical composition and 

LMP differences) sigma phase fraction area for steel Tp 347HFG was calculated.

• Correlate model with measured particles after the long-term heat exposition for steel Tp

347HFG

Correlation was performed for available degraded samples of Tp 3247HFG after exposition 700°C for 

10 000 hours. Difference between calculated values (based on coefficient modification) and real 

measured sigma phase fraction area was 4,08 %. This difference confirms applicability of coefficient 

modification methodology.

• Find and describe the kinetic function of the sigma phase precipitation for the steel SUPER 304H

The sigma phase kinetic function was described like time derivation of the fraction area exponential 

growth function.

• Describe sigma phase precipitation processes for steel 

SUPER 304H and perform their general mathematical 

description

• Model precipitation kinetics processes based on chemical 

composition and physical laws like modification of the steel 

Tp 347HFG

• Correlate model with measured particles after the long-

term heat exposition for steel Tp 347HFG

• Find and describe the kinetic function of the sigma phase 

precipitation for the steel SUPER 304H

C Si Mn P S Cu Cr Ni Nb B N Al
Min. (ASME 

Case 2328-

1)
0,07 - - - - 2,50 17,0 7,5 0,30 0,001 0,05 0,003

Max. (ASME 

Case 2328-

1)
0,13 0,30 1,00 0,04 0,01 3,50 19,0 10,5 0,60 0,010 0,12 0,030

SUPER 

304H

F124139
0,08 0,25 0,81 0,003 0 3,07 18,3 9,0 0,49 0,004 0,11 0,005

Optical microscopyHeat exposition SEM + EDS EBSD

STEM + EDS

Experimental material

• Increase of complex efficiency to 47 % (average subcritical boiler efficiency is about 37 %)

• Money save for coal per year will be 16,4 mil. $ (that is equal with 330 mil. $ save during of 

all the power plant lifetime)

• The drop of CO2 emission is by 22% (700 000 ton CO2/year)

Upgoing of steam working 

parameters

Necessary of new modern materials application

For those materials aren´t well documented 

properties under exposition

Model microstructural changes

Application

• Degradation prediction

• State of degradation

• Model application for developing 

new alloy

Proposals

• Develop heat treatment for sigma 

phase dissolving

• Influence of Cu nano particles

Spectrum Si P Ca Cr Fe Ni Cu Nb Mo W

Spectrum 1 0.97 0.46 0.35 36.29 56.27 3.33 1.98 0.35

Spectrum 2 0.37 18.84 66.95 8.80 4.54 0.15 0.35

𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑎𝑟𝑒𝑎

= 5,42 ∗ 10−11 ∗ 𝑒 ൗ𝐿𝑀𝑃
972,88

𝑃𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒

= 5,57 ∗ 10−14 ∗ 𝑒 ൗ𝐿𝑀𝑃
972,88

Quantification Mathematical description

Extension for optical microscopy

Phase identification
Kikutchi lines

Sigma phase Kikutchi lines

• Sigma phase was confirmed by SEM, STEM, EBSD

and by Kikutchi lines

• Results from electron microscopy was extended for 

optical microscopy

• Quantification and description was based on optical 

microscopy, color etching

• Modeling was based on mathematical background

SUPER 304H Tp 347HFG Tp 347HFG

Calculated Calculated Measured

3,24 2,94 2,82

Reached difference 

between measured and 

modeled sigma phase

content  was 0,06% 

(absolute value of error

is 4,08%)

Tp 347HFG 

Time/Temperature

973,15/10000 [K/Hours]

Sample Fraction area

1 0,023

2 0,027

3 0,027

4 0,032

5 0,032

Average 0,0282
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