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Fig. 1. Typical light micrograph (polarized light) of grade 2 titanium 
microstructure

TabLe 1
Chemical composition of Commercial Purity titanium grade 2 and 

grade 4 (wt%)

Maximum values (wt%)

O N C H Fe Ti

grade 2 0.25 0.03 0.08 0.015 0.3 balance

grade 4 0.4 0.05 0.08 0.015 0.5 balance

1.2.	 Kobo plastic forming technique

KoBo is a technique for plastic forming of materials that 
introduces high amounts of strain into material by single step 
of complex loading. High plastic strain is enabled through 
decrease of deformation force by destabilization of dislocation 
structure and activation of heterogeneous visco-plastic flow 
[11][12]. Destabilization of structure is caused by changes 
of deformation path during the process which results from 
cyclic changes in loading scheme. KoBo type extrusion is a 
combination of classic extrusion with twisting by reversible 
rotation – oscillation of extrusion die. Oscillation movement of 
die during extrusion destabilizes materials structure and causes 
it to deform heterogeneously.

KoBo has been utilized for plastic forming of variety of 
metals including steels, aluminum alloys and hexagonal metals 
such as magnesium and zinc [13][14][15]. Both microstructure 
refinement and improvement in mechanical properties has 
been reported in processed materials. So far  no reports on 
KoBo processed titanium have been published, however 
available works suggest that this type of extrusion could be 
successfully applied for manufacturing of strengthened CP 
titanium. Additionally high potential for industrial application 
makes KoBo extrusion good technique for titanium dental 
implant production.

In this work we are reporting preliminary microstructure 
observations of KoBo extruded commercial purity titanium.

Fig. 3. IPF orientation map of Ti grade 4 sample extruded by KoBo 
method. HAGB’s – black lines, LAGB’s – grey lines

2.	 Experimental

For this work commercially available commercially 
pure titanium grade 2 and grade 4 were used. Typical 
chemical compositions of  titanium grades are presented in 
table 1. Material was received in form of 35 mm diameter 
and 300 mm length bars. Light micrograph (polarized light) 

Fig. 2. IPF  orientation  maps of  KoBo extruded Ti grade 2 sample,  HAGB’s are indicated by black lines, LAGB’s – grey lines: a) area with 
highly fragmented, equiaxed grains b) showing cluster of lamellae










