
ROBL-CRG

Experiment title:

Crystalline phases in tungsten carbide
material after the implantation of light B ions

Experiment
number:

20_02_IH2

Beamline:

BM 20

Date of experiment:

From: April, 12                    to: April 14, 2000

 Date of report:

20.3.01

Shifts:

6

Local contact(s):

Dr. N. Schell

Received at ROBL:

2.04.2001

Names and affiliations of applicants (* indicates experimentalists):

F. Eichhorn *, I. Mrotchek, N. Schell * (a)
Forschungszentrum Rossendorf
Institute of Ion Beam Physics and Materials Research
P.O.B. 510119, 01314 Dresden, Germany
(a) present address: ROBL-CRG at ESRF Grenoble

Report:

Tunsten carbide (WC) is a well-known material for high speed machining tools,

especially a WC-Co combination is very suitable for machining Ti and its alloys [1].

In the hard material WC sintered with Co, mechanical properties like hardness and

wear resistance can be improved by boron implantation. Comparing the results for B

implantation of 5x1017 cm-2 with an energy of 40 keV at temperatures from RT, 450

°C, 700 °C to 900 °C, the highest values for hardness and wear resistence are found

for implantation at 450 °C, and the lowest values for 900 °C.

In order to reveal the structural features connected with these properties the material

was studied by X-ray diffraction. The synchrotron radiation allows firstly to choose

the wavelength beyond the Co edge to suppress the unwanted Co fluorescence,

secondly to control the penetration depth in the grazing incidence technique and to

ensure the separation of neighbouring diffraction lines of various crystalline phases

due to its very low divergence, and thirdly to give a sufficient signal also from minor

phases due to its high intensity.
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 The Figures above show the diffraction pattern for the material implanted at 450 °C

and 900 °C, respectively. The WC peaks are marked; each of them show shoulders at

the low momentum transfer region caused by the strained phase WC* formed at the

implanted surface of the material. It was found that the optimum mechanical values

are correlated with the highest lattice strain of the hexagonal WC in the material

implanted at 450 °C.

The Figure on the left give

the strain results of  the WC*

phase. The hexagonal  unit

cell is anisotropically

strained; the strain amounts

to higher values parallel to

the hexagonal axis than

perpendicular to it. It should

be noted that the strain

fluctuation is higher by a factor of 2 than the strain value itself.

Obviously, at 900 °C the maximum content of newly grown crystalline phases CoWB

and Co3W (indicated by the diffraction lines in the momentum transfer range Q = 35

... 45 nm) reduces the entireness of the material. It can be stated that the enhanced

hardness and wear resistence due to boron implantation is caused by strain instead of

dispersed particles of other phases.

 [1] M. Fitzsimmons, V. K. Sarin, Surface and Coatings Technology 137, 158 (2001).

1 0 1 5 2 0 2 5 3 0 3 5 4 0 4 5 5 0 5 5 6 0

T = 450 °C

Momentum transfer Q (nm
-1

)

 I
n

te
n

si
ty

 

 

1 0
2

1 0
3

1 0
4

1 0
5

 

 

 

1 0 1 5 2 0 2 5 3 0 3 5 4 0 4 5 5 0 5 5 6 0

 Momentum transfer Q (nm
-1

)

T = 900 °C

 In
te

n
si

ty

 

 

1 0
2

1 0
3

1 0
4

1 0
5

 

 


