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Abstract 

 

Recycling of cemented carbides or hard metals is attracting considerable 

interest worldwide because of their superior mechanical and physical 

properties. This  work  discusses  manufacturing  of  tungsten  carbide  

cutting  materials  from  both  fresh powders  and  recycled  ones. As  

received  powder  with nominal chemical  composition  of  WC-9% Co-6%  

TiC-1% TaC- 1%NbC is used  for  preparing  cutting  tools. Various 

compaction pressures from 250 to 730 MPa and sintering temperatures from 

1350 to 1450 ̊C were used in the study. The density, hardness and fracture 

toughness were measured for all sintered samples. The  highest  relative  

density  and  hardness  values  are  98%  and  1710  HV30, respectively for 

the sample compacted at730 MPa and sintered at 1450 ◦C, while the highest 

value of fracture toughness is 11.657 MPa.m1/2 for the sample compacted at 

460 MPa and sintered at 1350 ◦C. Statistical analysis showed that the most 

suitable compaction pressure and sintering temperature are 460 MPa 

and1400 ̊C, respectively. The prepared samples are recycled by zinc melt 

method and the best ratio of zinc to carbide is 1.4:1, which has the highest 

efficiency of recycled powders (91.55-97.28 %).  The recycled WC powder 

is mixed with the fresh one by 10, 20, 30...and 100 wt. % and is used to 

manufacture new samples. Results have shown that 70wt.% recycled   

powder is the optimal mixing composition. 

 

Keywords: Tungsten Carbide, Cobalt binder, Recycling of WC, 

Sintering process, Compaction, Zinc melt technique. 
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Summary 

Recycling of cemented carbides or hard metals is attracting considerable 

interest worldwide because of their superior mechanical and physical 

properties. This study sought to discuss the subjects of manufacturing 

tungsten carbide from a mixture of fresh powder and recycled one.  

 As received fresh powder with nominal chemical composition of 

WC-9% Co-6% TiC-1% TaC- and 1%NbC of 98.66% purity and (2-5) μm 

particle size, is used for preparing fresh samples. The samples are fabricated 

by powder metallurgy (PM) technique, in which the powder is milled by 

using SPEX CertiPrep 8000-series mill for 2 hrs with a ball to powder 

weight ratio of 5:1 for homogenization of the composition and to reduce their 

particle size. Milled powder is mixed with 1 wt. % paraffin wax as a 

lubricant to reduce the friction during compaction process. The powder is 

then cold pressed at room temperature under various cold compaction 

pressures ranging from 250 to 730 MPa to study the effect of compaction 

pressure on compressibility of the fresh powder. The green compacts are 

then sintered at three temperatures of 1350, 1400, and 1450 ºC in vacuum 

furnace with the heating rate of 5 ◦C/min and 1 hour holding time. 

Microstructure investigation for all samples is performed using both field 

emission scanning electron microscope (FE-SEM) and optical microscope. 

The relative densities of the sintered samples are measured by using 

Archimedes rule. The hardness values of the investigated materials are 

measured as an average of 5 readings along the cross section surface of the 

specimens using Vickers hardness test. The fracture toughness is estimated 

for all sintered samples by using FE-SEM by measuring the cracks length 

after indentation of the hardness. The results indicated that the  highest 
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relative density and hardness values are 98% and 1710 HV30, respectively for 

the sample compacted at 730 MPa and sintered at 1450 ºC, while the highest 

value of fracture toughness is 11.657 MPa.m1/2 for the sample compacted at 

460 MPa and sintered at 1350 ºC. Thus, the hardness increased by increasing 

the sintering temperature, while the fracture toughness decreased. Statistical 

analysis using JMP software is used for analyzing all the results of fresh 

samples to find out the suitable conditions of the compaction pressure and 

sintering temperatures which give the best hardness with the toughness. The 

analysis showed that the most suitable compaction pressure and sintering 

temperature are 460 MPa and 1400 ºC, respectively. 

A group of the prepared samples are then used for recycling process 

using zinc melt method (ZMM) with different weight ratios of zinc to 

samples varying from 1:1 to 1.8:1. Samples are potted together in a crucible 

made from ceramic material (aluminum silicate). The recycling process is 

performed via sequential steps, which included heating the crucible carrying 

samples and zinc mixture in muffle furnace at a temperature of 950 ˚C with  

3 h holding time, then vacuum furnace followed by tube furnace, which are 

used for removing the impurities of zinc. The results showed that the 

recycling process could yield no contamination of zinc in the recovered WC 

powder. The results also indicated that the best ratio of zinc metal to carbide 

samples is 1.4:1, which has the highest efficiency of about (91.55-97.28 %) 

while obtaining finer particles than the fresh ones. The x-ray fluorescence 

(XRF), carbon/sulfur analysis (C/S), x-ray diffraction, and field emission 

scanning electron microscopy are used for characterization of the recycled 

powder. The recycled WC powder is then mixed with the fresh one by 10, 

20, 30… and 100 wt. % and is used to manufacture new samples. The 

optimized conditions of manufacturing fresh samples are then used to 

manufacture the recycled samples. Results have shown that 70 wt. % 



vi 
 

recycled powder is the optimal mixing composition which showed a good 

performance of the recycled samples similar to, and even, in some cases, 

better than, the fresh samples. 
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