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Study motivation

Data from literature about WC-Co composite powder preparation:

e as e : Millin
Mixing time Milling installations
environment

e Extremely e Low-energy mixers : e Different
variable: > Turbula environments:
between e High-energy mills » Dry

30 minutes > Different balls size » Paraffin
and 48 hours > Balls made of > Various alcohols
different materials e Liquid milling
» From 150 to 700 rpm medium in
mixing speed various
proportions
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Context of the study
Planetary ball milling

Produced in
laboratory

Préparation WC

Cr;C,
WC
WO,
Purchased

Inframat \
y/

Purpose of work

Sintering
Mechanical milling

2b: Mechanical alloying
2W0O; +5C -5 2WC + 3CO2

Planetary ball mill
Pulverisette 7 Premium line

Use of the mechanical alloying method to
obtain a nanostructured tungsten carbide -

cobalt powder using a simple and easy to
use technology at no prohibitive cost,
directly by an end-user.




Appllcatlon Of Bowl diameter dm[mm] 46.25
modeling for Balls diameter db [mm] 10; 12
Pulverisette 7 Number of balls nB [-] 15; 25
. . Weight of sample W [g] 20
Premium Line ) Speed of revolution Nr [rpm] 300 ; 600
planEtary ball mill Balls density p [g/cm3]  14.89

The influence of the rotation speed and balls diameter
on the impact energy

The impact energy =
of a ball can be =
calculated with the E
formula : g —e~300 rpm
3 =—600 rpm
£

0 2 4 6 8 10 12 14
Balls diameter [mm]




Powder preparation

1 E . BEE 1 K

Tungsten carbide powder with a particle size of about 1 um (grain size : 378 nm).

Cobalt powder mixed with 10 wt.% chromium carbide (Cr;C,) and milled for 10 h.

Milling time: 10 hours
Balls /powder ratio: 4:1
Jar 1: 200 g of 10 mm balls

Jar 2: 200 g of 12 mm balls
10 ml of ethanol added as anti-caking agent




Analysis of powders

®D 10 mm balls ®D 12 mm balls

At 300 rpm,
there is a size
effect of the
balls diameter:
the larger balls

provide better  sus02020,0kv 11.6mmx10.0k PDBSE(CP) w SU8020 20¢0kVad 1.3 x10.0K F’DBSE(CF;) ' '
homogenization H

W

The powders
milled at 600
rpm are more
homogeneous.

600 rpm

SU8020 200k V. 40m 0 OkRDBESE (CP) 5 pm SUSE20 20.0kV11.7mm:xX10.0k RDBSE(CP) 5 um |
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Preparation of SPS sintering
Si nte red sam ples Heating rate: 50°C/min

Sintering temperature: 1150°C
Holding time: 15 min
Atmosphere: vacuum

SPS HPD10 machine from Sample weight: =20 g

FCT System GmbH, Germany. Sample diameter: 20 mm
Pressure: 50 MPa

e Analysis of sintered samples

SEM and EDX analysis
Hitachi SU8020

Vickers micro and macro-hardness measurements
Mitutoyo, EMCO

- \/ U U

Siemens D5000, cobalt cathode




Analysis of sintered products — optical microscopy

@ 10 mm balls @ 12 mm balls

The samples
milled at 300
rpm present a
less

homogeneous
microstructure
unlike those
milled at 600
rom whatever
the balls

diameter.

600 rpm




Evolution of the WC crystallites size

300 rpm 600 rpm

@12 @10 @12 @10
280 303 177 181
1598 1742 948 846

570 570 530 470

The size of crystallites appears to be influenced

rather by the milling speed than by the size of
the balls.

Crystallites size after SPS
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Analysis of classic sintered products : crystallites size
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Analysis of SPS sintered samples - SEM
| Balls ® 10 mm

. 5 «?.A‘_ ; “?H
aADL A

Samples
milled at 300
rpm are less
homogenous . g | _ _ ke

than those  |[susaz: 2 e 12 mi ol 8020 20.0 rr—— $00um
milled at

600 rpm

whatever

the balls
size.
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Analysis of
sintered
products - EDX
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Analysis of SPS sintered samples

Density [%]
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Conclusions

‘ The hardness of the samples is influenced by the speed and size of the grinding balls.
‘ The homogeneity is greatly improved with the increase of grinding speed.

At low speed homogenizing, the balls size is important: the balls with 12 mm in
diameter provide better homogenization than those of 10 mm.

‘ A control of the carbon balance is important to avoid the appearance of the n phase.

With the SPS sintering, the size of the crystallites decreases with the increase of the
grinding speed.
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