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Cobalt content 
(wt.-%)

Density
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Cemented  carbide rods & bars

Grade Microstructure Applications recommended

Suitable for machining composite materials, such as aluminum-magnesium alloys, plastics, 
reinforced plastics and carbon fiber, iron-based alloys, etc. It is recommended for making 
big PCB drills of ф3.2-6.3mm, micro drills of ф0.8-3.2mm, micro milling tools and reamers, 
etc.

Suitable for machining glass fiber, wood, plastics,aluminum-magnesium alloys, etc. It is 
recommended for making various solid carbide tools and PCB micro drills ,micro milling 
tools & it is an optimal grade for PCB micro drills & micro milling tools.

It is developed with Nomi composite powder with comprehensive properties of more even 
grain size, higher strength, hardness and toughness etc. It is especially suitable for making 
PCB micro drills of ф0.3-0.5mm.

It is suitable for making glass fiber,wood,plastics,paper,brass,etc.it is recommended for 
making PCB drills of ф0.3-0.5mm.

Grades for PCB tools

Recommended applications for the grades
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Grade Microstructure Applications recommended

Suitable for machining composite materials, such as aluminum-magnesium alloys, rein-
forced plastics, and carbon fiber, iron-based alloys,etc. It is recommended for making drills 
for machining aluminum-magnesium alloys.

Suitable for making carbide tools,such as helical milling tools with high hot hardness and 
impact toughness. It is recommended for the roughing of common carbon steel.

Suitable for machining common steel, cast iron, stainless steel, heat-resistant steel, nickel 
based alloys and titanium alloys, etc. It is recommended for making conventional tools, such 
as twist drills, end mills, screw taps, gun drills, etc.

Suitable for machining titanium alloys, heat-resistant alloys, stainless steel, hardened steel, 
grey cast iron, glass fiber reinforced plastics, etc. It is recommended for making end mills and 
ball nose mills of various specifications with a higher hardness and strength than YL10.2.

It possesses better wear resistance, high transverse rupture strength, good toughness and 
impact resistance. Suitable for machining stainless steel, especially for the roughing and 
semi-finishing operations of austenitic stainless steel. It is suitable for machining heat-resis-
tant alloy steel at low speeds.

Suitable for making solid dies and moulds and tools for punching operations.

Grades for solid tools
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Cemented  carbide rods & bars

Cemented carbide rods for PCB tools

Type specifications:  BфD xL

Type To le rance  o f  d iameter (mm) To le rance  o f  leng th (mm)
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Solid cemented carbide rod blanks

Type specifications: фD x L

the metric system

Type To le rance  o f  d iameter (mm) To le rance  o f  leng th (mm)
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Cemented  carbide rods & bars

Type To le rance  o f  d iameter (mm) To le rance  o f  leng th (mm)
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Type To le rance  o f  d iameter (mm) To le rance  o f  leng th (mm)
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Cemented  carbide rods & bars

Type To le rance  o f  d iameter (mm) To le rance  o f  leng th (mm)

the British system

Rod blanks of L≤700mm can be supplied at customers’ requests.
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D (mm) Tolerance of diameter 
(mm) d (mm) Tol. of d  (mm) max. Concentricity L (mm) Tolerance of length

(mm)

Rods of various diameter and hole size combinations can be supplied at customers’ requests.

Cemented carbide rods with one straight coolant hole

Type specifications: φD xфd x L
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Cemented  carbide rods & bars

Cemented carbide rods with two straight coolant holes

D

L
d

a

Type specifications: фDx2фdxTKфxLZ (L indicates the length; Z indicates two straight coolant  holes)

D(mm) Tol of D(mm) d(mm) Tol of d(mm) TKф(mm) Tol.of TKф(mm) a(mm)
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D(mm) Tol of D(mm) d(mm) Tol of d(mm) TKф(mm) Tol.of TKф(mm) a(mm)
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Cemented  carbide rods & bars

Specification of rods available with two helical holes

Type specifications: фDx2фdxTKфxLB (L indicates the length, B indicates a helical angle of 30º and A, C, D are 
optional with helical angels of 15º, 40º and 45º respectively.)

L

d

a

D(mm) Tol of D TKф(mm) Tol of TKф d(mm) Tol of d a(mm) ( B: 30°±0.5°)
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D(mm) Tol of D TKφ(mm) Tol of TKφ d(mm) Tol of d a(mm) ( B: 30°±0.5°)
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Cemented  carbide rods & bars

Cemented carbide strips

Type specifications: T x W x L--α

Type (mm) Tol. of T (mm) Tol. of W (mm) Tol. of L (mm)

L

W

T
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Cemented carbide strips with angles

L

W

T

Type specifications: T x W x L

Type (mm) Tol. of T (mm) Tol. of W (mm) Tol.of α° (mm) Tol. of L (mm)

It is +1.0/0 when L is <100mm; 
It is +2.0/0 when L is ≥100mm( 330mm  
excluded); When L is equal to 330mm, it is 
+5.0/0 then.
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Cemented  carbide rods & bars

Cemented carbide

Cemented carbide refers to a sintered composite material with at least one metallic carbide. Tungsten carbide (WC), titanium carbide 
(TiC) and TaC are the most common constituents. The grain size of the carbide constituents (or phase) is normally between 0.2-10 mi-
crons. The grains of the carbides are cemented together via metal binder. Binder is usually cobalt and nickel (Ni), iron (Fe) or other metals 
& alloys can also be used for some special applications. The combination of a specific carbide and binder component is called “grade”. 

In engineering applications the wear resistance of carbide or “hard phase” 
is taken advantage of and mainly the strength and corrosion resistance of the binder phase is taken advantage of. 

Density

ISO3369
The density (specific gravity) of a material is the relation mass to volume. It is determined by the water displacement technology 

(Archimedean Principle). 
Density is usually used to determine whether the composition of a grade is correct or not. What differs from common understand-

ing is that the porosity of modern cemented carbide can not be determined by the measurement of the density.  The density of tungsten 
carbide (WC) is 15.7g/cm3 and that of cobalt is 8.9g/cm3. As far as grades which contain WC-Co are concerned, the density will have a 
linear decrease with the increase of cobalt content. The increase of titanium carbide will result in the decrease of density, since the density 
of pure titanium carbide is onoy 4.9g/cm3. 

Coercive force 

Quality control for cemented carbide
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ISO3327
Coercive force refers to the residual magnet in a magnetic retardation cycle after the cobalt binder phase is magnetized and demagne-
tized. It is a very important harmless test method in industries due to the fact that there is a direction relation between the average grain 
size of the carbide phase and the coercive force. The finer that grain size of the carbide phase, the high value the coercive force. 

Magnetic saturation

The measurement of magnetic saturation of the cobalt binder phase in cemented carbide is used for the evaluation of its composition. 
Cobalt is magnetic. WC crystals and cubic carbide crystals (TiC, TaC, NbC, VC, etc.) are non-magnetic. As a result, if the magnetic 

saturation value of the cobalt in a grade is determined and then compared with the corresponding value of a sample containing pure 
cobalt, the alloying level of the cobalt binder phase can be obtained, as the elements that form the alloy together with cobalt affect the 
value of magnetic saturation. Thus any change in the optimal binder phase composition can be measured. This test is applied to deter-
mine any deviation of the optimal carbon content, since carbon plays an important role in the control of the composition. 

A low magnetic saturation value indicates a low carbon content and/or the existence of η phase it the carbides. 
A high magnetic saturation value indicates the existence of free carbon and graphite phase . 
Both will have adverse effects on the mechanical properties. 

Hardness

ISO3738 and ISO3878
The hardness of a material is defined as this: the capability of the material resisting the indent made by a diamond indenter. 
The method for determining Vickers hardness (HV) is to use a standard   pyramid diamond sitting on a square base for penetrating 

the surface of a sample at a certain load. The hardness value can be obtained by measuring the diagonal line of the indent. The preload 
used for cemented carbide is normally 3 kilograms (HV30). This method is widely used in the world. 

Rockwell hardness (HRA) is another common method for measuring hardness. This system is to obtain the hardness value via 
measuring the depth penetrated by a standard conic diamond head. 

Attention should be paid to the conversion of one hardness to another in view of the difference in the principle for measuring Vick-
ers hardness and Rockwell hardness.
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Cemented  carbide rods & bars

Porosity

I

ISO4505 
Cemented carbide is manufactured by powder metallurgy and the metal binder phase is used to sinter together the carbide phase. 

So there exists such a possibility: A small amount of residual pores are present in the microstructure of cemented carbide due to the 
incomplete sintering. The volume of the pores present in the material is to be evaluated by a standard comparison procedure. The latter 
divides the scope of dimensions and the distribution of pores into several categories:

A pore under 10 microns is called porosity “A” 
A pore of 10-25 microns is called porosity “B”
Pores of bigger dimensions are to be measured and classified separately. 
The existence of pores in cemented carbide will have adverse effects on its mechanical properties. 

Cobalt lake

Cemented carbide is manufactured by powder metallurgy and the metal the binder phase is to sinter together the carbide phase. So 
there exists such an opportunity: Too much cobalt is present in some places of structure after the sintering process and it is called “cobalt 
lake”. Cobalt lake is caused by the incomplete distribution of cobalt in the sintering process. The reason may be the too low sintering 
temperature to hinder the sufficient flow of cobalt, the insufficiency of density of the virgin compacted material or the filling of cobalt into 
the pores in the HIP process. 

The evaluation of the volume of cobalt lake in the material is made by the comparison of micrographs and/or measurement of one by 
one based on the sizes and distribution. The presence of cobalt lake in cemented carbide will affect its wear resistance and strength. 
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Free carbon/graphite

ISO4505
Carbon that is higher than the stoichiometric value brings about the formation of free carbon, i.e. the non-combined carbide in 

materials. The optimal carbon content in WC is 6.13wt%. The acceptable range of carbon content is 6.05-6.14%. Any surplus amount 
higher than 6.14% will bring about the formation of free carbon, i.e.the graphite in the microstructure. The evaluation of the volume of 
graphite in cemented carbide follows the same procedure as porosity. The presence of graphite will considerably reduce the strength 
and wear resistance of materials. 

η phase

ISO4505
Carbon lower than the stoichiometric value will bring about the formation ofη phase carbides.  The optimal carbon content in WC 

is 6.13wt%. The acceptable range of carbon content is 6.05-6.14%. Carbon lower than 6.02% will result in visible deficient carbon and 
the formation ofη phase carbides (W, Co2C, W2C). 

The evaluation of the volume of graphite in cemented carbide follows a similar procedure as for porosity.  
The presence of these carbide phases will substantially reduce the strength of the materials and increase their brittleness. 

Transverse rupture strength

ISO3327
Transverse rupture strength (TRS) is the stress measured at the ruptured point of a material in a bending test at 3 standard points. 

When the test is applied to cemented carbide, a standard loaded fixture and a sample of   (ф3.25x 38mm) is used. The average of sev-
eral measured values is taken as the measured value. The value can vary much with the geometry and surface status of the sample and 
testing equipment. What is to be especially pointed out is that the test is sensitive to the surface finish, residual surface stress, surface 
corrosion and the internal defects of the material. 

It should be noted that TRS can not be taken as the only standard for the selection of a grade. 




