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Boronizing —What is it? RAFAOUTNEET?2D Bodycote
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— Pack cementation process is most commonly used in industry

ERTIENY A T—2aVENEKALGLNR TS

— Hard wear resistant case can be formed at sub-surface of a wide variety of ferrous and
non-ferrous materials.
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= This process is not a coating process
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— Boron atoms diffuse into the metal surface and form metal borides. With ferrous materials,
the boride layers attain a hardness of between 1500HK to 2300HK
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Boronizing —What is it? RAFAIUTNIEET 2@ Bodycote

Boride layers provide extremely good wear resistance for severe applications
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Bodycote has been performing this process since the 1970’s in USA
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Currently performed at Bodycote plants in:
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Boronizing — Results of process
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Typical case depths range from .0005-.008”

— AR EYAREE B DiEX130.0127~0.2032 mm (0.0005~0.0081 > F)

Iron - boride compound hardness is 1500-2300 HK
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— Higher hardness and better wear resistance than:
hardened tool steels
hard chrome platings

other case hardening processes such as carburizing, nitriding, ferritic nitrocarburizing.
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Hardness is not affected by temperatures up to 1200F.
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Boronizing — Results of process
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Good corrosion resistance to acids
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Reduces coefficient of friction
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Can often be combined with other heat treatments to improve the properties of the base
metal as well.
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Bgronizing — Phy;sical properties .Od cote
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= Surface Hardness
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— Yields higher surface hardness than any other heat treatment process available
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Comparison of Surface Hardness
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Boronizing — Physical Properties .odycote
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= Wear resistance is consistently better than any other heat treatment process
available.
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— Typically can obtain 3-5 times more service life in high wear environments by boronizing vs
conventional heat treatments (carburizing, nitriding)
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— Dependant upon base material chemistry, layer depth, and layer hardness
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Boronizing — Physical Properties .odycote
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Wear Resistance of As-is, Carburized, And Boronized Steel
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Boronizing Physical Properties
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" Boronized and un-boronized samples of 1045 steel were exposed to the

following acids and measured for weight loss
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20% Hydrochloric acid (HCI)
158 (RE20%)
30% Phosphuric acid (H3PO,)
1) B (RE30%)
10% Sulfuric acid (H,SO,)
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Can observe that boronizing helps mild steel parts
resist attack from most acids
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Boronizing — Physical Properties Bodycote
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= Corrosion resistance to salt-spray or oxidizing acids is not increased
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— Stainless steels are negatively impacted by boronizing
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— Inconel & Ni-based superalloys will still retain good corrosion properties and can pass NACE requirements and
several hundred hours of salt spray testing
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24 hour salt spray
comparison
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Metallurgy of iron-boride layers 7I's“)1l.’.€&l§0)}f:? .odycote
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As boron atoms diffuse into the surface of a ferrous material, they
form a thin layer of iron boride compound whose morphology and
depth varies by base material used
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Iron-boron phase stability # - RO FRDHEREM

— Two different iron borides compounds can form during boronizing
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= Fe,B
= FeB

= |Initially, we will start to form Fe,B first with a ratio of boron to iron atoms
in the layer of 33%
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= |f the concentration of boron atoms at the surface exceeds 33%, we will
begin to form a second compound layer of FeB
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Microstructure of iron-boride layers
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= The microstructure that yields the best properties is a single phase compound layer of Fe,B with no FeB present
EFELSEON S V0EBIEFeBRAFEEE T Fe2BALRASBEBILEMDETHS
= A boronized layer with a two phase structure of Fe;B and FeB will easily crack and spall during cooling or if mechanically stressed
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—  Difference in thermal expansion coefficients between Fe,B and FeB is primarily responsible for this.
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— Avoid FeB formation by using shorter times and lower temperatures to keep B concentration below 33%.
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= For deeper cases, it is common practice to post-anneal any FeB formed to further diffuse high concentrations of boron into the metal
and dissolve the FeB into Fe;B
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5 FeB Fe,B
Property q%'li 9

. Rhom Tetragonal
Structure *ﬁﬁ bic £
W1% boron #\ﬁiii% 16.23 8.83
Residual Stress on cooling Tensil Compressive
. e
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Coefficient of linear thermal expansion x 23 7.9-9.2
10° /K
R BB R IR 2 x 10-6 /K
Hardness HVO0.1 EEE HVO.1 ;?88 1800-2000

Density g/cm3 BE g/0m3 5.75 7.43




Boronizing - Dimension Control
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= Because it is a high temperature process, some distortion is expected
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—  Cannot machine or grind after process to cleanup dimensions due to hardness of boride layer
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—  Most successful boronizing applications are parts that do not require tight tolerance dimensional control
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—  Exception is Nickel-based superalloys that do not distort due to excellent high temperature creep resistance
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316SS cylindar boronized
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Boronized Inconel 718 balls valve components
Lap polished using diamond compound after boronizing to restor
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Boronizing Process
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= Step 1. Pretreatment of parts
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— Rounding of sharp corners is recommended
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— Corrosion preventives should be removed prior to packing of parts in the boronizing agent
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= Step 2: Parts must be fixtured in contact with boronizing agent
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— Parts can be embedded in a boron powder pack
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— Boronizing paste can be painted onto the parts
RAF AU R—ZAMNEEBRIZERTED

— Possible to partial boronize
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= Packing only a portion of the parts in powder
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= Selectively painting the parts with paste
HEADN—IAERZTRIRMIZITD
= Use stop-offs such as SiC powder, Alumina powder, copper (adhesive or plated), Ekrit powder, Tesa-tapes
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Boronizing Process
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= Step 3. Boronize
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—  Apply temperature and time to parts fixtured in contact with boronizing agent
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—  Slow cool the load after boronizing
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= Step 4. Remove parts from boronizing agent
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— Remove parts from boronized powder pack and then clean off any “stuck-on” powder or paste that
remains
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— This step can sometimes be a challenge due to sintering and bonding of powder during process
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Boronizing Process
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Prior / Subsequent Heat Treatment
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— Carburizing f%j'fﬁ

= Can be done prior to boronizing to increase total case depth in a part and
provide a second deeper hardened layer underneath the boronized layer.
Requires reheat and quench cycle to be done after boronize cycle to harden
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— Induction hardening EE;’&@EA%

= Can be done after boronizing to obtain second hardened layer underneath
the boronized case. Does not affect boride compound zone due to short
times at heat during induction hardening
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Boronizing Process
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— Quench and temper, Martempering, Austempering

— — (] — O
MANREESRL, TILTUN—  F—RAT /18—
= Can be reheated in vacuum, salt or protective atmosphere and quenched
without affecting boride layer on carbon or alloy steels
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— Air hardening
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= Air hardening materials can be hardened simultaneously by simply cooling in
air from the boronizing temperature
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— Phase change by homogenizing
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= To eliminate any FeB present
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Boronizing — Applications
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Boronizing Applications
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= Materials that can be processed
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Ferrous materials ﬁﬁ*ﬂ-

= jrons, plain carbon, alloy, stainless, and tool steels are all possible. This is because the boride
compound formed is an iron boride so we only need iron to be present in the material to do this
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_  Nickel-based alloys =Y JLEEE
_  Cobalt-based alloys A/\NJLREE S

—  Molybdenum EYTT>

— Sintered carbides ﬁﬁﬁ—l{'fp

— Aluminum, silicon and nitrogen bearing steels are not good candidates for boronizing since they form
brittle layers
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— Leaded and resulphurized steels are not recommended as they promote boride layer spalling and
cracking
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Armature shaft
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= Bodycote was able to solve a warranty problem for a hammer drill tool.
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- Gear teeth on armature shaft in electric motor
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Parts were previously carburized only and wore out prior to warranty dates.
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Solved the wear problem by selectively boronizing on top of a carburized case in the gear teeth only
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Severe Service Valves
(Oil & Gas/Chemical Industry)
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= Ball valves, sliding gate valves,
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— Abrasion resistance, high temperature resistance and resistance to acid attack
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Inconel 718 and Hastelloy C-276 ball valves for oil & gas refineries
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Pumps
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Industrial Pumps
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acidic solutions passing through them

Bodycote

Boronizing has been utilized to increase wear and corrosion resistance of impellers and pump housings that have abrasive mixtures or
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Flow Control Valves .odycote
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Boronized to reduce wear caused by erosion from abrasive materials with particulate flowing through valves
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— Trim components to induce pressure drops resulting in high velocity flows
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Application Examples .odyeote
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Brick Manufacturing tools
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— Exposed to flows of highly abrasive materials during manufacture of refractory bricks
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— Boronizing of hardened D6 tool steel core pins extended life from 150 shots to 400 shots of service time
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THANK YOU!
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