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attracted the attention of numerous researchers due to their desirable

resistance and acceptable toughness. Production of these composi
combustion systems has become particularly interesting due to the exo

In the recent years, composites containing tungsten silicide and boride along with alumina have been

properties such as excellent creep

resistance, high strength and hardness, good corrosion and oxidation resistance, relative heat shock

tes by using the aluminothermic
thermic reactions of these systems,

the possibility of using cheaper raw materials, the in-situ formation of composite components with a
homogeneous distribution, and high bonding strength. Hence, in this study, the effect of various parameters
including degree of compacting, heating rate, atmosphere, and diluent additive was investigated on the

thermal analysis curves and phases formed in the Al+B,03+Si+WO;
production of a hybrid composite powder of Al,Os-W,By-W,Siy. The

aluminothermic system in order to
results showed that the change of

atmosphere from argon to air limits the formation of tungsten silicide and boride phases and then increases

the temperature of formation of these phases. However, the argon atm

osphere facilitates the formation of

the mullite phase. Higher degree of compaction can improve the kinetic of for aluminothermic combustion
reactions and thereby not only can decrease the temperature range of formation tungsten silicide and borid
but also limits the volume fraction of mullite phase. Furthermore, an increase in the heating rate from 20 to
100 °C.min! shifts the peaks of formation of tungsten silicide and boride to higher temperatures. Also, the
presence of ZrO, as a diluent agent decreases the temperature of combustion process.
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Table 1 Characteristics of raw materials

ool ool S e ol JSas sl S abi gabi ady oS8 ol

) nm) @r.cm?3  (@r.mol?) (KJ.mol? e o oaisS S 5
G O

99.9 300-200 2.7 27 - 2470 660 1, ! gyl Al

99.9 400-300 2.5 70 -1253.50 1860 450 NI RE g B203

99.9 500-400 7.2 232 -842.70 1700 1473 ST S e WO3

99.9 300-200 2.3 28 - 3265 1414 (S el gyl Si

99.9 100-50 5.7 123 -100.81 4300 2715 NI RE g ZrO2

oS gl Sloloms (sl 2 005 055 Cujpels 5 hlisee glaaigas yo adsl Glabsle a4y bgsye 55 00,0 2 Jea
Table 2 The weight percent of the primary mixtures in different samples and Composite based on stoichiometric calculations
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Table 3 The number of standard cards used to identify the
results of XRD patterns

Figure 1 (a) DTA and (b) TGA curves of ABSW system heated to
1700 ° C with heating rate 20 °C.min™ under air and argon

atmospheres
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Figure 2 XRD results for the sample heated to 1700 ° C and
in the ABSW system
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Table 4 Thermodynamic information about the possible reactions in the systems investigated in this study

AGP1573 AGP1773x AGP1973k (s,8) AGOT Sl o les
kJ.mol1y kJ.mol1y kJ.mol %y &J.molty
-7253.357  -7308.375  -7363.375 -6820.0-80.275T 3A1203+2Si02=Al6Si2013 1
-4597.825  -4469.572  -4278.712 -5483.0+400.642T 12Al+6WO3+5Si=WsSis+WSi+6Al.03 2
274.171 -250.105 -226.060 -354.0+370.047T 2Al+B203=Al203+2B 3
-2579./185  -2510.385  -2441.585 -3120.0+297.344T 10AI+4WO03+B203 =5A1,03+2WB+WB: 4
-499.372 -490.243 -468.367 -603.0+820.085T 1.5Si+WQO3=1.5Si02+W 5
-50.522 -37.168 -18.786 -107.0+990.043T 1.5Si+B203=1.5Si02+2B 6
- - - 17.0-119.044T B(OH)3=HBO2+H20 7
- - - 61.0-108.035T 2HBO2=B:03+H20 8
-723.022 -703.180 -675.641 -850.200-0.089T 2AI+WO3=Al03+W 9
-36.596 -36.996 -37.396 -33.0-450.002T W+2B=WB: 10
-77.556 -78.662 -79.631 -75.0-977.001T 2W+B=W-B 11
-70.515 71.550 -72.579 -63.0-136.005T W2B+B=2WB 12
-74.035 -75.106 -76.105 -75.0+422.002T W+B=WB 13
-43.899 -40.196 -36.436 -68.0+031.016T WB+B=WB: 14
-543.037 -505.213 -467.225 -837.0+830.188T 10/3Al+Zr02+B203=5/3Al203+ZrB2 15
-180.258 -155.249 -120.395 -369.200-0.124T 2Al+1.5Zr02+3Si=Al203+1.5ZrSi2 16
34.469 46.697 58.873 -58.699+0.059T 2Al+1.5Zr02=Al203+1.5Zr 17
-291.845 -286.239 -280.415 -335.610-0.028T Zr+2B=ZrB: 18
-178.229 -176.042 -164.085 -231.0180.051T 5W+3Si=WsSiz 19
-81.465 -74.447 -60.783 -151.0+060.057T W+2Si=WSi» 20
-9850.182  -9558.182  -9266.182 -12146.1+762.460T 28Al+12W03+6B203+12Si=5Al1203 21
+3Al6Si2013+3WSi2+6WB+3WB:2
-143.151 -134.631 -119.512 -0+207.043 T Zr+2Si=ZrSi» 22
3500
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3000 CsSi
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Figure 3 XRD pattern of the milled sample in the ABSW system for 10 hours
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Figure 4 (a) DTA and TGA curves and (b) XRD analysis of DTA-TGA sample heated to 1300 ° C with heating rate 20 °C.min"* under argon

atmosphere in ABW system
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Figure 5 (W-B) Binary system equilibrium diagram [5]
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Figure 6 () DTA and TGA curves and (b) XRD analysis of the sample heated to 1700 ° C with a heating rate of 20 °C.mintunder argon atmosphere

in ABSW system under compressed conditions
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Figure 7 (a) DTA and TGA curves and (b) XRD pattern of the sample heated to 1700 ° C with a heating rate of 100 °C.min"* under argon

atmosphere in ABSW system
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Figure 8 (a) DTA and TGA curves and (b) XRD pattern of the sample heated to 1400 ° C with a heating rate of 20 °C.min*under argon atmosphere

in ABSWZ system
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Figure 9 (a) DTA and TGA curves and (b) XRD pattern of the sample heated to 1700 ° C with a heating rate of 20 °C.min-tunder argon

atmosphere in ABSWZ system
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