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Abstract 
DCRC (Direct Chill RheoCasting) is based on recently developed novel melt 
processing technology from Brunel University (1) that can be used to produce 
magnesium alloy billets and slabs with superior property and performance 
characteristics.  The process continuously provides a semisolid alloy feed through a 
high shear rate twin-screw slurry maker into a conventional DC caster to produce 
billets or slabs.  DC billets are produced that have improved microstructural 
uniformity and a much finer grain size compared to conventionally produced billets.  
Extruded sections from DCRC billets shows both improved deformabilty and higher 
mechanical strength. 
 
Introduction 
Magnesium alloys have significant positive attributes such as high specific strength 
and castability that make them attractive for structural applications in the automotive 
sector.  However, conventional magnesium processing technologies are largely 
derived from the aluminium sector and are generally not optimised for magnesium 
wrought products.  The current fabrication technologies are all solid-state 
deformation processes such as extrusion, rolling and forging.  Increased penetration 
of wrought magnesium alloys into the transport sector is dependent upon developing 
improved process technologies which will enhance both productivity and mechanical 
properties.  
 
Brunel University has recently developed a new rheo-diecasting (RDC) process 
technology for magnesium alloys.  This process (3) exploits solidification under high 
shear rate and turbulence to create fine and spherical particles uniformly distributed 
throughout a liquid metal matrix, before conventional high pressure die casting 
(HPDC).  The key technology for this RDC process is a twin-screw slurry maker that 
has now been developed to supply a slurry feed for DC casting. 
 
The DCRC Process 
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Figure 1: Schematic illustration of the DC RheoCasting (DCRC) process 
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Figure 1 shows schematically the DCRC process.  The twin screw mechanism is 
used to create a high shear dispersive mixing action to produce a semisolid slurry 
that is supplied to a conventional DC caster to produce a billet or slab.  The twin 
screw slurry maker has a pair of co-rotating, fully intermeshing and self-wiping 
screws contained within a barrel.  In addition to the twin screw slurry makers and the 
DC casting unit, a slurry accumulator is used to convert the process from batch to 
continuous operation. 
In the slurry makers molten magnesium alloy is transformed into a semisolid slurry 
with a designated solid fraction within 30 seconds.  The slurry is then transferred to 
the accumulator and continuously fed into the DC caster.  Protective gases are used 
in both the slurry makers and the accumulator to prevent oxidation.  
 
The results of DCRC compared to conventional DC processing of commercial grade 
AZ31 alloy (3.4wt% Al, 0.70wt% Zn, 0.32wt% Mn) are shown in Figure 2 that 
confirms the structural refinement and uniformity of the DCRC processed billet. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Macrostructures from the cross section of 80mm diameter billets produced 

by the DC and the DCRC process 
 

The ingots were melted in a top-loading resistance furnace in a steel crucible and the 
furnace temperature was controlled at 700°C.  Durin g the DCRC process, molten 
AZ31 alloy was fed into the twin screw slurry maker and processed at 500 rpm for 35 
seconds.  During the slurry transfer stage the screw rotation was increased to 
800rpm to feed the slurry into the DC caster.  The optical micrograph of the DCRC 
cast AZ31 alloy shown in Figure 3 shows that the DCRC process achieved a grain 
refinement by a factor of 5  The average grain size was ~50µm for DCRC material 
compared to 120-230µm for the DC material 
 
Extrusion of the billets was carried out using an 800 tonne direct extrusion machine, 
with the billets heated at 350°C for an hour before  extrusion with an extrusion ratio of 
16:1. Tensile test samples (5mm gauge diameter, 60mm gauge length) were 
machined from extruded bars: Tensile tests were carried out at room temperature 
with an Instron test machine at 10-3/s strain rate. Microstructural examination was 
carried out on the DCRC cast billets and on the extruded samples. 
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Figure 3: Refined and uniform microstructure of the DCRC AZ31 alloy billet 
processed at 631°C 

 
 
DCRC Mg Alloy Properties and Performance Characteri stics  
The yield strength, UTS and elongation properties of the extruded DCRC AZ31 alloy 
compared to gravity cast material, similarly direct extruded, are shown in Table 1. . 
 

Process 
Route 

Yield 
strength 

(MPa) 

UTS 
(MPa) 

Elongation 
(%) 

DCRC billet 260 305 22.5 

Gravity cast 
billet 

152 250 13.5 

 
Table 1. Alloy mechanical properties for direct extruded AZ31 magnesium alloy. 
 
The extruded section from the DCRC-processed billet has significantly improved 
mechanical properties and the  grain size of the DCRC processed material after 
extrusion is much finer and more uniform as shown in Figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4:  SEM micrographs showing the microstructure of AZ31 alloy extruded from 
the DCRC billet. The extrusion ration was 16:1. 
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After extrusion the average grain size of the DCRC material was 3µm as compared 
to >50µm for the gravity cast and extruded material.  Hall Petch plots of strength 
versus the reciprocal square root of grain size confirmed that  the improved strength 
and ductility of the extruded DCRC samples was due to their refined grain size. 
 
Summary 
DCRC process technology has successfully demonstrated that improvements in 
mechanical properties and performance can be achieved with conventional 
magnesium alloys. These improvements include mechanical strength, elongation and 
formabilty The improvements in performance are due to the grain structure 
refinement inherent in the DCRC process  Such a grain refinement process is 
considered to be a physical grain refinement. In addition to the enhanced material 
properties achieved through the DCRC process, the continuous nature of the process 
(with a slurry accumulator) directly addresses the critical economic issues that are 
vital for the increased exploitation of wrought magnesium alloy products. 
 
 
 


