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Background - Ti64 and TiN

ÅTi-6Al-4V is a a/balloy used in various industries. 

ÅSurface heat treatment processes, e.g. plasma and gas nitriding, are used to improve 

the surface hardness and tribological properties (friction and wear) of  Ti64.

ÅDuring nitriding, nitrogen (N) diffuses into the metal surface forming a TiN

compound and a diffusion layer with smooth transition to the core.

ÅTiN is not a coating.

ÅTi can be nitridedin a wide range of  temperatures, commonly 620 ð1100 oC.The 

temperature influences the layers thickness, grain size, microstructure and surface 

roughness.
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Background - TiN as alternative to Cr plating

ÅHard chromium plating is a standard hardening process in 

aircraft, for example to enhance wear resistance of  the 

cargo doors hinges. 

ÅHardness ~1000 HV0,1 

ÅProcess involves the carcinogenic Cr6 strongly 

restricted by REACH*

ÅAlternative processes to hard chromium are needed

ÅAvailable alternatives, such as HVOF spraying, 

physical and chemical vapourdeposition processes, 

cannot fully replace hard chromium on their own

ÅNitriding is an environmentally sustainable and highly 

interesting alternative to Cr plating.

ÅHardness ~1990 HV0,5 https://udash.com/wordpress/aircraft -hinge-components/

https://www.flightglobal.com/world -airliners -narrowbody -
cargo-conversion-market-recovers/96573.article
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European Chemicals Agency
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Method - Material

ÅTi64 Gr 5 material in form of  sheets (AMS4911) and bars (AMS4928).

ÅNitriding process on both sheets and bars.

ÅProcess parameters are not published to protect the intellectual property 

rights.
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ÅSpecimen were cut, hot mounted in Bakelite with carbon filler, ground and polished 

on rotating disc.

ÅMicrostructure analysis performed using:

ÅOptical microscope Leica DM6

ÅScanning electron microscopy (SEM) Hitachi SU-70 equipped with an energy 

dispersive X-ray spectroscopy (EDS) and an electron backscatter diffraction 

(EBSD)

ÅX-ray diffraction (XRD), for residual

stresses.

Method ðMicrostructural investigation
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Å EBSD ðGeminiSEM560 fitted with an Oxford 

Instruments EBSD Symmetry S2 and EDS Ultim Max 

100 detectors.

Å FIB ðCross sectional samples for SEM and TEM 

analysis prepared using Zeiss EsB1540 instrument.

Å STEM/TEM analysis preformed using a FEI Tecnai

G2 TF 20 UT microscope operated at 200 kV.

Method ðMicrostructural investigation
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Method ðTensile tests

Performed on servo-hydraulic Instron 5582 

test rig

Round bar specimens

Laboratory air

Room temperature

Untreated and nitridedspecimens

Extensometer used during the 1st part of the 

test to capture yield strength at 0.2% offset 

and elastic modulus

Two rates: 0.001s-1 and 0.000013s-1

ISO 6892-1 requirements
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Method ðFatigue tests

Round bar specimens for high cycle fatigue (HCF) tests

Servo-hydraulic Instron 8000-072 ± 100 kN test rig

Load controlled, R=0.1

Frequency 20Hz

Untreated and nitridedspecimens
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Results ðMicrostructure 

ÅBSE analysis show:

ÅCompound layer, TiN and Ti2N. Thickness 1-1.9um.

ÅDiffusion zone beneath the compound layer. Thickness 0.8-2.5um.

ÅEDS analysis show:

ÅHighly concentrated nitrogen observed in the compound layer.

ÅDiffusion layer enriched in aluminium.

ÅVanadium concentrated in the bprecipitates.
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Results ðMicrostructure 
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Compound layer
Diffusion layer

From plates, opposite side with lighter colour



Results ðMicrostructure 

Diffraction peaks
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Peak 1:

Ti2N(220)?

Peak 2:

Ti2N (301)?

Database, diffraction peaks:

TiN8E (Cubic) (220): 133,6°

(Ti2N)12u Tetragonal(220): 139,8°

(Ti2N)6T, Tetragonal(301): 143,4°

Peaks for nitridedsample

Peaks for specimen with no TiN

Ti(110): 140°

Ti64 reference

(110):140°

Ti(110): 140°



Results ðResidual stresses

Surface measurements of  TiN sample at different positions for (110) and (220)
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TiN-0 deg

TiN-0 degTiN-90 deg

Removed TiN-0 deg

Removed TiN-90 deg

Measurement positions

Reference-0 deg

Reference-90 deg



Results ðResidual stresses

Residual stress profiles
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Results ðTensile tests
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Results ðTensile tests
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Nitrided(no. 2)

compound layer

compound layer

dimples

cup-and-cone fracture with fibrous central zone



Results ðTensile tests
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NitridedBare



Results ðTensile tests
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Bare



Results ðTensile tests
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Nitrided



Results ðTensile tests

20

FT2025

Nitrided Bare



Results ðFatigue tests

HCF
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Results ðFatigue tests

HCF
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Results ðFatigue tests

HCF
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Results ðFatigue tests

HCF
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Bare Ti64, run out at 635MPa, failed at 950MPa

Multiple crack initiations

Tensile ductile failure due to high max stresses imposed

Initiation from surface

Equiaxed dimples



Results ðFatigue tests

HCF
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Nitrided, batch 1, 850MPa

Multiple crack initiations

Tensile ductile failure due to high max stresses imposed

Initiation from surface



Results ðFatigue tests

HCF
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Nitrided, batch 1, 850MPa

Crack initiation

Surface of the 

specimen



Results ðFatigue tests

HCF
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Batch 1, 650MPa

Multiple crack initiations

Nitridedlayer

Crack



Results ðFatigue tests

HCF
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Batch 1, 650MPa

Crack
Surface Nitridedlayer

Cracking

Propagation area



Results ðFatigue tests

HCF
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Results ðFatigue tests

HCF
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Batch 1, 650MPa



Results ðFatigue tests

HCF
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Batch 1, 650MPa Top layer

Diffusion

layer

Crack

Diffusion

layer

Base alloy



Results ðFatigue tests

HCF
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Batch 1, 650MPa

50 nm thick top layer!



Results ðFatigue tests

HCF
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Results ðFatigue tests

HCF
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STEM-EDS shows the diffusion layer deficient in Al but rich in Ti and N



Results ðFatigue tests

HCF
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Batch 2, 850 MPa

NitridedlayerMultiple crack initiations



Results ðFatigue tests

HCF
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Batch 2, 800 MPa

NitridedlayerMultiple crack initiations



Results ðFatigue tests

HCF
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Batch 2, 800 MPa

Crack



Results ðFatigue tests

HCF
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Batch 2, 800 MPa

crack height: 6.259 mm

nitriding depth: 1.556 mm  



Results ðFatigue tests

HCF
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Batch 2, 800 MPa

HAADF STEM image ðnotice in the diffusion layer see elongated features running 

along the grains.

Top layer

Diffusion 

layer



Results ðFatigue tests

HCF
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Batch 2, 800 MPa



Results ðFatigue tests

HCF
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Batch 2, 800 MPa

TEM STEM



Results ðFatigue tests

HCF
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Batch 2, 800 MPa

TEM image ðintragranular features



Results ðFatigue tests

HCF
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Batch 2, 800 MPa

EDS-STEM ðshowing that the diffusion zone is Al deficient, and Ti and N rich.


