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ABSTRACT: The aim of this paper is to present some general problems about
THIXOFORMING - a semi-solidprocess- and a few methodsto obtainthe thixotropic
structure.The effectiveuse of the semisolidprocesspresumesgood knowledgeof the
rnaterial behavior. Even the processimplicate a series of economical investment. the
THIXOFORMING technology proposes itself as one of the best to produce
componentswith the mechanicalpropertiesrequired by their use.with costs industrially
acceptable.
KEYWORDS: Thixoforging,thixotropy,semisolidmetalalloy, microstructure,mechanical
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l.INTRODUCTION
Thixoforging is the forging of metalsin the temperaturerangebetweentheir solid and liquid states.
In this range,thereexistboth. fluid and solid componentsin the structure.
The Thixoforging consists of four modules. Starting from the production of the raw' material by
casting,this materialis reheatedto semi-solidstatein a speciallydesignedthermalpre-processing
line. After semi-solid forming in a Thixoforging press,the propertiesof the final parts are adjusted
by thermal treatmentduring post-processing.Normally, the cast billet is forged when 30 to 40% is
liquid; in the slurry process,60lo 70% of the materialis liquid.
The semisolid metal forming process (SSM) is developed like an eficient alternative of
manufacturingparts to forms and dimensionsmore and more near to the final functional form, as
result of the thixotropic behaviour,obtainedby using specialmelting processes.Forming in the
semisolid state requires that the metal or alloy have a roughly spherical and fine grain
microstructurein the moment when it entersin the forming die.
Semisolidforming can be applied for ail alloys that have a solidifying range in which solid and
liquid phasecan coexist. A lot of metallic alloys were studied, for example. zinc, aluminum,
magnesium,copper,but also iron alloys were tested[1]. The resultswere significant and canied out
commercial progresses especially in non-ferrous alloys domain in particular aluminum and
magnesiumalloys.
As a result of the coexistenceliquid + solid in slurry state,the metal has totally different properties
respectto the solid state,
r The forming stressof the metal in slurry stateis very low. The forming stressdependson the
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liquid amount present in the metal, and by reason of its appearanceon the grains edges,the
binding forces between grains are very low or even zero. Consequently,the relative movement
betweenthe grains in slurry statecan be easily realized. In conclusior5it can be said that metal
flow and forming is producedunderlow shess.
.

The solid statecontent f, defined in percent,is an important parameter.rvhich expressthe state
of slurry material. When fr<80% the slurry is consistentand easy to form and stined. When
i<60 the slurry flow under gravitationforce [2].

r

The slurry with a reduced solid content, can be agitated and mixed with other materials like:
different metal powders, ceramic particles, graphite powder and so can be obtained diverse
mlxtures.

r

becauseofthe low inter-grainsbinding forces.
The metal in slurry statecan be easily separated
Two slurry statemetals can be easily combined thanks to the liquid diffirsion phaseof the two
metalsone eachother and then their solidification together'

2. MICROSTRUCTURE EVOLUTION
ln the caseof most non-ferrousalloy types, the solidifuing structureremains the same.so that the
phase and structure changesthrough thermal treatment and plastic forming zre produced in the
environmentof primary structure.So,the effectsof thistechnologicprocessare stronglyinfluenced
by the primary structureproperties.
Refering to the fact that non-ferrousmetals have tendency to crystallize during solidification u'ith
large grains, the question to influence crystallization processesto obtain fine grains and an
advancedrate of dispersion,decidesthe propertiesof the product. The reduction of the grains
dimensionsincreasemechanicalcharacteristicsand ensuretheir value uniformity, emphasizeingthe
quasiisotropy
of the material.
THIXOTROPY is a physicalstatein which a solid materialgetsmore fluid (modifiesits viscosity).
when constrainedon shearingstressin a specihc direction. Viscosity increaseswhen the shearins
stressstops.After reachinga critical shearingstress,the materiai startsto flow.
In certain processesthat works with a low solid phasecontent,that are semi-liquid state.thixotropic
phenomenonis lesspresentthen in semi-solidstate.This property is very important for semisoiid or
semi-liquid metal forming processand it permits to avoid turbulence (which can be a source of
intemal porosity) during liquid castingstate,using classicalcastingprocesses.This turbulenceis the
sourceofgreat porosity that influencemechanicalpropertiesofclassical cast piecesor weldability.
To obtain this thixotropic effect, it was developedand patentedsome methods that allow to obtain
the mixture of a solid phaseformed by degeneratedendrite with round shape,dispersedin a liquid
state(inter-graineutectic).
This slurry mixture is determinedby the content of solid phase fr. To obtain this non-dendritic
structure,there are useddifferent stining methodsduring the castingprocess,to break the dendritic
structure and obtain a poly-crystalline structure with solid rounded grains ct and inter-granular
eutectic.As long as the intensity of stining is increased,the grains and the liquid between grains
will decrease.Also, the increasingofthe castingspeedleadsto decreasingofthe grain size.
It was noticedthat a reheatedstructureofan alloy obtainedby classiccasting,u'ithout rehning
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grains,it is not a poly-crystalline structureand in conclusionit can not be thixoformed [3].
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Figurel. Mcrostructuresof aluminumalloy Al-7Si-),5M9 (357) (a) dendritic conventionallycast
and (H ) nondendriticsemisolidformed

3. METHODS TO OBTAIN A THIXOTROPIC STRUCTURE
At present,there are eight basic methodeswhich are used to obtain a thixotropic structurc. These
methodes are: mechanical stirring, electromagneticalstirring, magnetohidrodynamichalstirring
MHD in continuouscasting,through vertical or horizontal stirring (work carried out by Aluminium
Pechiney), ultrasonic stirring (which is not very effcient in obtaining thixotropic structure, but
permit fine-grainedmicrostructure),passive stining (M.l.D.A.S method), extrusion (S.I.M.A.
method),continuouscasting with grain refining and PID process.There are some other methodsof
producing billets with thixotropic structure by stining: FIAT WEBER, ALLURES. STAMPAI-.
VIVEZ, etc.[3].
It is found that the cooling rate of the melt during solidification under stirring is the most important
factor influencing the microstructuresof the billets [4]. The average cooling rate T, during the
continuouscastingcan be approximatelyexpressedas :
I = rD'rt
_t1--7,)V
4hA'"

(t)

where I is the averagecooling rate; h-the effective height of the melt; A-the crosssectionalareaof
the melt in the crystallizer; D-the diameter of the billet; V-the continuous casting speed; Ts-the
temperaturewhen the melt entersthe stining region ; Ts-the solidustemperature.
The cooling speedinfluencesthe primary grainssize;their sizesdecreaseifcooling speedincrease.
In the sametime, the amountof liquid betweengrainsraise.
The averagespeedof shearingstresshas a very low influence on the primary grain size; if speed
increase,grain size gets homogenizedand they becomebetter separated.
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physic
A thixotropic aluminum alloy, with a liquid phasecontent of 50 Yo,presentsthree major
process
casting
by
squeeze
differencesin comparisonwith the 100% liquid, die-castingor obtained
[3]:
A superior viscosity, even after fluidization through shearingstressproduced during injection.
This permits injectiln of the thixotropic metal with relatively high speed,maintaining a laminar
flow and so, realizing thinner parts respectto those obtainedby die forming using liquid metal,
having the same metallurgic quality: inclusion absence, thermal treatment and welding
and elongationvalues.
possibilities,high resistance
r Lower temperature;solidification enthalpy is almost twice lower. This permits the increaseof
productivityand servicelife of dies.
r Lower solidi;cation shrinkage, which reduces feeder difficulties, without a complete
eliminationof them.
In conclusion,solidifying structureis finer and more uniform in the whole part, independentof the
local differencesof the wall thickness.This gives to the parts specialmechanicproperties,if the
defectslike oxidesor shrinkholesarenot present.

.

4. ADVANTAGES
Advantagesof the thixoforming processfor productioncycle and finite products.respectsto the
traditionaldie castingand forging are:
. Lorvervolumetricalcontractionduringsolidification;
r Lower risk of micro shrinkageappearance;
. Lower heatcracking,
r The solidified microstructure is homogeneousand uniform in the whole part. even different
dimensions,resultinga good mechanicalproperties;
o It can be obtainedpartsin final form, with complexgeometryand good dimensionalprecision.
reducingthe costswitir the mechanicalmanufacturingof the parts:
r Heat treatmentpossibility for higher mechanicalcharacteristicsand welding:
. The evacuatedheat is reduced,relatedto die casting; for a part with the same geometry.results
the life expeclancyfor the die,
of20-25o/oofthe part manufacturingand increases
a decrease
. Energysaving(40%) to the frnal user;
o A betterenvironmentconditions for workers without €xcessiveheat becausethe material is just
reheatedand not melted;
r Avoiding the risk of ignition causedby magnesiumin liquid states,if not rvorkingin protectivc
gasesatmosphere(expensive,toxic or ozone-layertlueateningprotectivegases).by decreasing
the injection temperaturecorrespondingto a mushy consistency.
Anyway, the main advantageis the high and controllableviscosity of the semi-solid material; witch
determinesa laminar flow, avoiding turbulent flow, soursof internal porosity.
Table I presentssome aluminum alloys, witch the speciflc heat treatment,used in thixoforging and
the Table 2 comparesthe characteristicof aluminum automobile wheels producedby thixoforming
and permanentmold casting.

5. APLICABILITY
The main aplicabilityfiels are :
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parts with high mecanicalcharacteristic;
parts that needhigh tightness,wich actually aren't producedthrough die casting;
parts ofhipereutectic alloys neededto resistto friction ;
somepartsmade with die casting,but with high loss causedby the local porosity, etc.

Tablel. Mechanicalproperties resultedby thixoforming (SourceAluminum Pechiney).
Aluminum
allov
Albl/Mgu,J
(356)

AlSi7Mg0,6
(357)

Temper

Ultimate tensile
strength
(Mpa)

I enslleylelcl
strength
(Mpa)

F
T5
T6

230
260
300
240
275
345
270

tu)
170
230

8
5

ilu

7
n
0

t

T5
T6
l

AlSi5CuMg
AlSi6Cu4

T5
T6
L

T6
f

AlSilTCu4Mg

I J

T6

J /.U

405
270
405
220
270
350

205
290
30
225
320
Jt,

320
85

270
350

A

HB

%

7
5
7
5

60
80
95
65
90
110
80
100
130
80
130

I
<o)
<0,2

115
140
165

A

Table 2. Comparation of thixoforming and permanent mold castingfor the production of aluminum
automobilewheels[5]
Process Aluminum Weightdirect -FlnrsheclProduction Heat Ultimate Yield
alloy
from
pan
rate per die treatmen tensile strength %
die or mold weight
or mold,
strength
pieces/h
kg
ke
Mpa
Mpa
'fhixotbrming
.ti /
6.1
90
T5
290
2t1
l0
refinanent
356
I l.l
8,6
l2
T6
221
152
8
mold castin

6. CONCLUSION
In conclusion,it can be said that the THIXOFORMING becamean industrial reality and the fields
of applicationof the processseemsto becomeclearer.The remarkablepropertiesof the semi-solid
gel (slurry) permit to obtain finite parts with thin wall thicknessand without defects.
The THIXOFORMING industry should focus on applicationsthat really take the advantagesof irs
specificitiesand the rapid growth of the use of aluminum in the automobile, military and aerospace
industry offers numerous opportunities.The fundamentalsof this new technology require further
investigation.
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