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oron addition to steel is a complex subject, and 
it does not always make our lives as heat treaters 
easier. Let’s learn more.
 

The Boron Hardenability Effect
An outstanding feature of boron steels is the improvement 
in hardenability produced by the addition of even a minute 
quantity of boron. It is generally accepted that a hardenabil-

ity peak is reached when the quantity of bo-
ron is between 3 and 15 ppm[1]. If an excessive 
amount of boron (>30 ppm) is present, the bo-
ron constituents become segregated in the aus-
tenite grain boundaries, which not only lowers 
hardenability, but also may decrease toughness, 
cause embrittlement and produce hot short-
ness. The affect of boron on hardenability also 
depends on the amount of carbon in the steel. 
The effect of boron increases in inverse propor-

tion to the percentage of carbon present. 
 Boron must be in its atomic state to improve hardenability, 
which means that care must be taken during steel production 
for the boron to be effective. Boron may also become ineffec-
tive if its state is changed by incorrect heat treatment. For ex-
ample, high austenitizing temperatures must be avoided as well 
as temperature ranges where certain boron precipitates occur.
 Hardenability is highly dependent on the behavior of oxy-
gen, carbon and nitrogen present in the steel. Boron reacts with 
oxygen to form boron oxide (B2O3); with carbon to form iron 
borocementite (Fe3(CB)) and iron borocarbide (Fe23(CB)6); 
and with nitrogen to form boron nitride (BN). Loss of boron by 
oxygen is prevented by making the boron addition to silicon-
aluminum killed steels and by using good ladle and mold prac-

tices. Strong nitride formers (titanium, aluminum, zirconium) 
protect the boron from reaction with nitrogen. For example, if 
nitrogen is fi xed by using titanium, satisfactory hardenability 
is obtained in the temperature range up to 1830°F (1000°C) 
provided that the steel contains about 5-20 ppm of boron.
 The hardenability of boron steel is also closely related to 
austenitizing conditions and is generally said to decrease by 
heating above 1830°F (1000°C). Boron steel must also be tem-
pered at a lower temperature than other alloy element steels of 
the same hardenability. 

Case History 1 – Commercial Heat Treater
Problem description: A commercial heat treater reported 
low core hardness and localized core ferrite (Fig. 1) after rou-
tine inspection of sample lots of steel parts carburized in sepa-
rate loads. Inspection of subsequent loads using the same cycle 
failed to show a recurrence of the ferrite condition.

Background: Parts were carburized in a batch integral quench 
furnace – in one case at a temperature of 1675°F (915°C) and 
in the other at 1700°F (925°C). Either temperature should 
have been suffi cient to completely dissolve ferrite into austen-
ite (per the iron-carbon phase diagram).  

Attempted solutions: The fi rst step was to send parts out for 
chemical analysis and to compare the chemistry to customer 
specifi cation and to the material certifi cation. The material 
chemistry was found to be within specifi cation.
 Next, the furnace temperature and temperature uniformity 
were checked and found to be within acceptable limits. No 
unusual variation in case depth was found, which would be 
indicative of austenitizing temperature variation in the car-
burizing chamber. Additional steps involved increasing load 
sample size to nine pieces/load and complete microstructural 
checks. Loading patterns and load weight were monitored. 
 As an added precaution, carburizing temperature was in-
creased to 1725°F (940°C), necessitating additional checks to 
look for dimensional changes associated with this higher tem-
perature. Careful monitoring of case depth was also needed 
because quite often increasing diffusion temperature can add 
variation in shallow case depths.  
 Samples containing core ferrite were reheated in a vacu-
um furnace at temperatures of 1675°F (915°C) and 1800°F 
(980°C). Core ferrite did not dissolve completely at 1675°F 
(915°C), but austenitizing at 1800°F (980°C) fi nally put the 
ferrite back into solution.   
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Fig. 1.  Core ferrite (500X)
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Case History 2 – Captive Heat Treater
Problem description: Ferrite was ob-
served in the core microstructure of 15B21 
parts along with variations in core hard-
ness from 93 HRB to 40 HRC. 

Background: Parts were initially carbu-
rized at 1725°F (940°C) and oil quenched 
from 1550°F (840°C). A surface hardness 
of 58–61 HRC was obtained with an ef-
fective case depth (50 HRC) of approxi-
mately 0.055 inch (1.40 mm). Microstruc-
tural examination of parts at 93 HRB 
(Fig. 2) revealed the presence of ferrite in 
the core. 

Attempted solutions:  The fi rst step was 
to send parts out for chemical analysis 

(Table 1) and to compare the chemistry to 
customer specifi cation and to the material 
certifi cation. The material chemistry was 
found to be within specifi cation.
 The next step was to run parts in dif-
ferent furnaces. A total of seven batch 
integral-quench and pusher furnaces were 
used in an attempt to rule out such vari-
ables as temperature, temperature uni-
formity, carburizing uniformity, furnace 
atmosphere, atmosphere control, quen-
chant and quench severity. All parts run 
produced similar results.
 Finally, material from a different steel 
lot was processed to the same set of heat-
treatment parameters. The result was 
consistent core hardness in the range of 
34 HRC (Fig. 3).

Lessons Learned
The heat treater can control many of his 
process and equipment variables. He/she 
can design robust boost/diffuse carburiz-
ing cycles, minimize retained austenite 
and intergranular oxidation as well as 
control carbide distribution. The heat 
treater can also ensure that the equipment 
is operating properly, is well maintained 
and has good temperature uniformity. 
He/she can load parts in a manner as to 
maximize heat transfer and aid uniformity 
of quenching. Sometimes all of this is not 
enough, however, since the heat treater 
has limited control over material prop-
erties (e.g. alloy segregation, as-received 
grain size, steel cleanliness).
 Both the commercial and captive heat 
treater in these case studies spent consid-
erable resources and countless hours in an 
attempt to rule out a process or equipment 
problem and to fi nd the root cause of the 
phenomenon. While most heat-treating 
problems are not material issues, these 
case studies clearly pointed to the material 
as the root cause of the problem. Despite 
the fact that the Jominy readings were 
within an acceptable range for the steels 
in question, parts would not harden.
 As it turns out, the titanium to nitrogen 
(Ti:N) ratio in the steel heat is a critical 
factor. When specifying boron steels, many 
companies believe a 4:1 ratio (or greater) is 
needed to avoid the problem of “ineffective” 
boron. In many cases the effective boron 
content is not the total boron content. IH
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Table 1  Chemistry Comparison

Element Specifi cation Part 1 Part 2 Ladle Analysis

Carbon 0.19 – 0.23 0.17 0.19 0.20

Manganese 0.8 – 1.10 0.90 0.94 0.91

Phosphorous 0.040 max 0.021 0.022 0.009

Sulfur 0.050 max 0.012 0.014 0.015

Silicon 0.15 – 0.35 0.22 0.24 0.24

Nickel - 0.10 0.13 0.10

Chromium - 0.16 0.19 0.16

Molybdenum - 0.016 0.024 0.02

Copper - 0.21 0.17 0.28

Aluminum - < 0.01 < 0.01 0.0019

Boron 0.0005 – 0.003 0.0016 0.0023 0.0017

Titanium - 0.023 0.043 0.035

Niobium - < 0.01 < 0.01 -

Vanadium - < 0.01 < 0.01 -

Lead - < 0.01 < 0.01 -

Note: Nitrogen content was not specifi ed.

Fig. 2.  Core microstructure (500X) Fig. 3.  Core microstructure (500X)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 1
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 72
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 72
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e006700730020007700680065006e0020006300720065006100740069006e00670020005000440046002000660069006c0065007300200066006f0072000d0020002000200020002000200020002000200020002000200020005100750065006200650063006f007200200057006f0072006c00640020004d00690064006c0061006e0064>
  >>
>> setdistillerparams
<<
  /HWResolution [150 150]
  /PageSize [612.000 792.000]
>> setpagedevice


