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Appendix A 

Procedure for calculating crystallite size 

The sherrers’ equation for crystallites size is given by   

𝐷 =
Ks λ

𝛽𝐶𝑂𝑆2𝜃𝐵

                                                                                                            (A.1)      

λ = 1.54178𝐴°,  Ks= 0.9 for instrumental (constant). 

The diffraction of X-rays by crystals is explained in a very simple way by Bragg as being 

a specular reflection of parallel planes inside a crystal. Each set of planes have only 

certain angles, 𝜃𝐵, and plane distances, d, that yield constructive interference, as seen in 

Fig. A.1 Bragg’s law for diffraction of X-rays with a wavelength, λ, from a crystal 

follows as: 

2𝑑𝑠𝑖𝑛𝜃𝐵 = 𝑛𝜆                                                                                                                    (𝐴. 2)          

𝛽2 = 𝛽𝑇𝑜𝑡𝑎𝑙
2 − 𝛽𝐼𝑛𝑠𝑡.   

2                                                                                                          (𝐴. 3)       

𝛽𝑇𝑜𝑡𝑎𝑙
2  = 0.168: it is the value of FWHM (Full Width at Half Maximum intensity of the 

peak) from the experimental result at the Max. Intensity or Max. Peak for as received 

AA6063-T6 alloy as given in Table A.1. 

𝛽𝐼𝑛𝑠𝑡.
2  = 0.125 broudining of instrument  

𝛽2 = 𝛽𝑇𝑜𝑡𝑎𝑙
2 − 𝛽𝐼𝑛𝑠𝑡.

2                                                                                                               (𝐴. 4)               

= (0.168)2 – (0.125)2  
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 𝛽2    = 0.112245 deg  

         = 0.112245 *
𝜋

180
 

        = 0.001959 (rad) 

cos 2𝜃𝐵 = cos 38.389 = 0.7838 deg = 0.7713 Rad 

𝐷 =
Ks λ

𝛽𝐶𝑂𝑆2𝜃𝐵
=

0.9 (1.54178 𝐴°)

(0.001959)(0.7713)
 =918.34 𝐴° 

D = 91.834 nm  

 

Fig. A.1  X-ray diffraction from two crystalline planes explaining Braggs law 

 

Table A.1 X-RD experimental data for as-received AA6063-T6 alloy without loading 

2-theta 

(deg) 

ESD d(ang.) ESD 

Height 

(cps) 

ESD 

FWHM 

(deg) 

ESD 
Int.I(cps 

deg) 

38.3893 0.003667 2.34286 0.000215 3379.36 91.91519 0.1675 0.002826 716.41 

44.6297 0.004554 2.02868 0.000196 2257.19 75.11977 0.1791 0.003826 509.44 

64.9952 0.008725 1.43371 0.000171 426.14 32.63965 0.1965 0.010132 111.73 

78.1121 0.006284 1.22251 8.26E-05 753.84 43.41187 0.2028 0.006489 211.58 

82.3265 0.020014 1.17027 0.000234 163.31 20.20584 0.2152 0.01976 50.27 



X-RD Data Appendix A  

 

  

 Low Cycle Fatigue Analysis of Aluminum Alloy and Metal Matrix Composites                                  258 

 

Tables A.2 to A.5 show experimental data for LCF tested samples at different load of as 

received AA6063samples.  

Table A.2 X-RD experimental data for as-received AA6063-T6 alloy at 4.5 kg loading 

 

 

Table A.3 X-RD experimental data for as-received AA6063-T6 alloy at 6.9 kg loading 

2-theta(deg) ESD d(ang.) ESD Height(cps) ESD FWHM(deg) ESD Int.I(cps deg) 

15.219 0.331481 5.81693 0.123259 38.6 9.822884 2.8409 0.301394 116.71 

28.5592 1.096282 3.12292 0.112998 3.42 2.924864 4.3573 1.158203 17.07 

38.3689 0.015077 2.34405 0.000886 323.74 28.44929 0.1944 0.014543 86.65 

40.0655 0.015588 2.24862 0.000839 137.19 18.51959 0.1227 0.021632 23.72 

44.6327 0.001768 2.02855 7.62E-05 22692.39 238.1827 0.1386 0.001962 4218.03 

78.1242 0.005092 1.22235 6.69E-05 1019.1 50.47516 0.1705 0.004543 246.22 

98.9978 0.005234 1.013 3.95E-05 1794.44 66.97836 0.2042 0.006353 579.4 

 

 

Table A.4 X-RD experimental data for as-received AA6063-T6 alloy at 7.389 kg loading 

2-theta(deg) ESD d(ang.) ESD Height(cps) ESD FWHM(deg) ESD Int.I(cps deg) 

14.2918 0 6.19213 0 1159.05 0 0.1552 0 272.2 

38.3699 0.009575 2.344 0.000563 604.33 38.86921 0.1552 0.011554 136.48 

44.6328 0.002582 2.02854 0.000111 8372.29 144.6746 0.1491 0.002779 1656.18 

78.1335 0.00521 1.22223 6.85E-05 1621.6 63.67103 0.1593 0.004847 386.53 

82.3451 0.007505 1.17006 8.76E-05 505.85 35.56163 0.1429 0.00648 99.19 

98.9873 0.006005 1.01308 4.53E-05 1094.84 52.31733 0.1836 0.007869 325.19 

2-theta(deg) ESD d(ang.) ESD Height(cps) ESD FWHM(deg) ESD Int.I(cps deg) 

15.4025 0.119834 5.74802 0.044106 24.54 7.832031 1.6659 0.248019 50.75 

38.3584 0.006286 2.34468 0.00037 1153.26 53.69504 0.1396 0.006783 219.9 

44.6035 0.002217 2.02981 9.57E-05 7983.87 141.2787 0.1464 0.00235 1547.22 

78.1075 0.008342 1.22257 0.00011 534.98 36.57124 0.1886 0.007803 145.36 

82.3439 0.017985 1.17007 0.00021 132.65 18.21085 0.201 0.021345 41.34 

98.9763 0.013807 1.01317 0.000104 400.33 31.63591 0.2817 0.014077 170.48 
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Table A.5 X-RD experimental data for as-received AA6063-T6 alloy at 8.55 kg loading 

2-theta(deg) ESD d(ang.) ESD Height(cps) ESD FWHM(deg) ESD Int.I(cps deg) 

15.3357 0.345051 5.77293 0.126264 26.78 8.182451 2.2951 0.312594 65.43 

38.3858 0.002708 2.34306 0.000159 12295.72 175.3262 0.1242 0.002643 1947.8 

44.6088 0.002377 2.02958 0.000103 8094.41 142.2534 0.1405 0.002739 1548.89 

78.1428 0.005202 1.22211 6.83E-05 1315.06 57.33798 0.1515 0.00495 292.95 

82.3445 0.004323 1.17006 5.05E-05 1550.26 62.25476 0.1632 0.003721 357.58 

98.9638 0.007432 1.01326 5.62E-05 510.47 35.72346 0.2005 0.011277 170.07 

 

And calculated crystallite sizes (D) for their cases are AA6063/200 with 2 hours, 

AA6063/350 with 2 hours, AA6063/350 with 4 hours, AA6063/350 with 6 hours and 

AA6063/350 with 8 hours, respectively.  

             Similarly, Tables A.6 to A.10 show experimental data for AA6063/treated at 

200℃ with soaking time 2 hours, AA6063/treated at 350℃ with soaking time 2 hours, 

AA6063/treated at 350℃ with soaking time 4 hours, AA6063/treated at 350℃ with 

soaking time 6 hours and AA6063/treated at 350℃ with soaking time 8 hours, 

respectively.  

 

Table A.6 X-RD experimental data for AA6063-200℃ with soaked time 2hours 

2-theta 

(deg) 
ESD d(ang.) ESD Height(cps) ESD 

FWHM 

(deg) 
ESD Int.I(cps deg) 

38.6587 0.002173 2.32715 0.000126 6269.1 102.2179 0.1441 0.00188 1145.89 

44.8985 0.002099 2.01715 8.94E-05 5079.19 92.00711 0.1506 0.002084 976.98 

65.2422 0.005966 1.42888 0.000116 584.61 31.21457 0.1895 0.006524 139.78 

78.3481 0.005089 1.21942 6.65E-05 931.72 39.40648 0.1954 0.004981 244.14 

82.5653 0.007717 1.16749 8.95E-05 408.76 26.10099 0.1966 0.006928 105.73 
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Table A.7 X-RD experimental data for AA6063-350℃ with soaked time 2hours 

2-theta(deg) ESD d(ang.) ESD Height(cps) ESD FWHM(deg) ESD Int.I(cps deg) 

38.4753 0.002923 2.33782 0.000171 5436.3 134.6142 0.1412 0.002636 983.76 

44.7117 0.00315 2.02515 0.000135 4971.37 128.7293 0.1566 0.003084 996.7 

65.0187 0.019971 1.43325 0.000392 167.13 23.60314 0.2157 0.021697 45.92 

78.1727 0.005511 1.22172 7.23E-05 1419.51 68.78726 0.2193 0.005748 405.69 

82.3873 0.006857 1.16956 8.00E-05 830.84 52.62565 0.169 0.005544 184.31 

99.0297 0.009972 1.01276 7.52E-05 483.61 40.15011 0.2436 0.008427 148.37 

 

Table A.8 X-RD experimental data for AA6063-350℃ with soaked time 4hours 

2-theta(deg) ESD d(ang.) ESD Height(cps) ESD FWHM(deg) ESD Int.I(cps deg) 

38.4759 0.004839 2.33778 0.000283 3008.48 111.9612 0.1551 0.004071 601.45 

44.6872 0.004677 2.0262 0.000201 3254.55 116.4502 0.2066 0.003392 819.35 

65.0508 0.047696 1.43262 0.000934 102.25 20.64065 0.2848 0.040097 35.48 

78.1579 0.009625 1.22191 0.000126 571.54 48.79992 0.24 0.010361 176.09 

82.3614 0.018428 1.16987 0.000215 248.42 32.17273 0.2135 0.021488 70.76 

98.9881 0.021567 1.01308 0.000163 190 28.13641 0.3093 0.02153 68.04 

 

 

Table A.9 X-RD experimental data for AA6063-350C with soaked time 6hours 

2-theta(deg) ESD d(ang.) ESD Height(cps) ESD FWHM(deg) ESD Int.I(cps deg) 

38.3895 0.005127 2.34285 0.000301 3048.72 112.7075 0.1461 0.00467 575.02 

44.6031 0.004312 2.02982 0.000186 3862.26 126.8572 0.1576 0.003861 763.35 

64.9679 0.018857 1.43425 0.000371 153.11 25.25764 0.1702 0.021461 39.11 

78.0905 0.005149 1.2228 6.77E-05 1521.99 79.63422 0.1593 0.004337 334.98 

82.3054 0.009882 1.17052 0.000115 547.38 47.75731 0.1722 0.008271 126.73 

98.8893 0.006635 1.01382 5.02E-05 514.12 46.28335 0.1984 0.010169 134.91 
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Table A.10 X-RD experimental data for AA6063-350 with soaked time 8hours 

2-theta(deg) ESD d(ang.) ESD Height(cps) ESD FWHM(deg) ESD Int.I(cps deg) 

15.2302 0.170626 5.81268 0.064017 27.13 10.63305 2.1891 0.449227 63.23 

38.3626 0.009893 2.34443 0.000582 988.35 64.17266 0.1736 0.008968 238.01 

44.6148 0.006112 2.02932 0.000264 1850.34 87.80517 0.1945 0.005306 461.16 

64.9723 0.02077 1.43416 0.000408 103.55 20.77108 0.1821 0.02711 27.95 

78.0986 0.010474 1.22269 0.000138 446.33 43.12438 0.239 0.011695 139.9 

82.3433 0.047711 1.17008 0.000557 59.38 15.72891 0.2393 0.049786 19.94 

98.9488 0.017829 1.01337 0.000135 183.01 27.61405 0.2492 0.01499 56.98 

 

 

          Also calculated crystallite sizes (D) for the cases AA6063/SiCp MMC with 2% Vf 

reinforcement particle and 2% Vf  reinforcement particle . 

             Similarly, Tables A.11 and A.12 show experimental data for AA6063/SiCp 

MMC with 2% Vf reinforcement particle and 2% Vf  reinforcement particle, respectively.  

 

Table A.11 X-RD experimental data for AA6063/SiCp MMC with 2% Vf reinforcement 

particle  

2-theta(deg) ESD d(ang.) ESD FWHM(deg) ESD 
Int.I(cps 

deg) 

15.7085 0.443445 5.63673 0.153769 2.5357 0.411489 32.43 

38.4309 0.010096 2.34042 0.000591 0.1705 0.007877 138.15 

44.6841 0.007222 2.02633 0.000311 0.1639 0.007763 171.63 

65.0324 0.010244 1.43298 0.000201 0.1943 0.01188 75.9 

78.1379 0.00707 1.22217 9.29E-05 0.2099 0.007196 174.11 

82.4199 0.023155 1.16918 0.00027 0.2102 0.024422 16.14 

98.9592 0.026869 1.01329 0.000203 0.2308 0.025626 21.3 

111.9128 0.023721 0.9296 0.00013 0.3124 0.021567 47.05 

116.4478 0.038175 0.90609 0.000187 0.3623 0.032945 24.96 
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Table 12 X-RD experimental data for AA6063/SiCp MMC with 8% Vf reinforcement 

particle 

2-theta(deg) ESD d(ang.) ESD FWHM(deg) ESD 
Int.I(cps 

deg) 

38.3379 0.00532 2.34588 0.000313 0.1583 0.004291 312.86 

44.5948 0.00625 2.03018 0.00027 0.1606 0.006745 199.99 

64.9734 0.00534 1.43414 0.000105 0.17 0.005469 164.49 

78.0757 0.007271 1.22299 9.57E-05 0.2118 0.007495 153.85 

82.2956 0.017622 1.17063 0.000206 0.1944 0.018091 36.4 

98.9337 0.036398 1.01349 0.000275 0.2524 0.046354 25.96 

111.8877 0.015445 0.92974 8.47E-05 0.2423 0.020057 49.03 

116.4375 0.016751 0.90614 8.21E-05 0.3288 0.02384 52.45 

 


