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Preparation and Study of the Structural Properties of (CaO-Zr0O2-AI1203) Composite
by a CO-Precipitation Method
Sabah Ali Khadrl , Tahseen Hassen Mubarak2, Mahdi Hatm Diwan3,
1,2,3 /Diyala University / Department of Science / Physics
Abstract
Ca0-ZrO2-AI203 Composite prepared by a CO-Precipitation Method with different weight ratios
and in the method of molar fraction with a heat of 1300 CO. The following tests were performed on
the powders produced using x-ray and electron-emulsifying spectroscopy. The EDX was examined
according to the following formula: CaOy- ZrO2 (x) -AI203 (1-x + y) in this formula (Ca =y) and
x +y = 0.3wt and the alumina ratio is constant . Where 1-x +y = 0.7wt per smear ratio for alumina,
either X=7r02,X= (0.3,0.25,0.20,0.15,0.10,0.05,0)wt and y = (0.0.05,0.10,0.15,0.20,0.25, 0.3)wt re-
spectively and change sequentially. The results of the XRD test showed the emergence of four phases
in the complex (CaO-ZrO2-AI203) a-alumina phase and the development of zirconium alumina for
(AIO-Zr0O), t-ZrO2, the development of Ca-ZrO, the calcium alumina phase (AI2 CaO19). The results
showed that the complex with diffraction phases . And their nano materials are confined between
(27nm-80nm). The results of the FESAM test showed that the nanoparticles were limited to 152nm-
278nm and the spherical granules formed between them, and the EDX results showed that the material
elements were present and that the mixing method was good.
Key word: Composites, zirconium / alumina, IR-spectroscopy, chemical CO-Precipitation Method
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Materials Chemical Molar purity Country The
formula Mass gf/mol product Company
Aluminum nitrictic -9-hydro Al{NO;):.9H;0 375.13 95.0% German RIEDEL-DE-
HAENA
Zirconium nitrictic-technical ZrO(NOs);.H,0 231.23 99.9% England BDH
Brchesh-dary-
hoase
Calciumnitral-dhydral Ca(NO;)s.4H;0 236.15 98% Analyse
Ammonium hydroxide solution NH3zinHz0 35.04 85% Sigma Germany
Aldrich

ol yodd £33 ol (e (2) Jpdls sl pald Bkl &35 00 ol i Lok oSO s

45y gll ol g cdiamll § ey (V) 52l

Tl i Wl | i
Code Sample S0 Al
CaO (g) ZrOs(g) ALOs(g)

Al (Zr0;)g3(ALO3z)y 7 0 0.6936 52518
Bl (Ca0)pos Zr03)o1s(Al;03)p. 0.1180 0.5781 2518
B2 (Ca0)p.10 ZrO2)o20(AL03)0 7 0.2361 0.4624 52518
B3 (CﬂO}n_ls Z]‘Oz]u,ls(:klzo;}u.? 0.3542 0.3468 52518
Bd (Ca0)p.20 ZrO1)p 10(AL 1)o7 0.4723 0.2312 51518
Bs (Ca0)p.as Zr03)p.ps(ALOa) 7 0.5003 0.1156 5.2518
B6 (Ca0)o.3(ALO3)0 7 0.7084 0 5.2518
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Q Q Q
16.34 16.14
20.25 20.17 20.19 20.13
2225 22.23 22.23 22.08
25.70
25.53 25.47 25.77 25.70 25.69 25.66 25.58
30.31 30.12 30.06 30.36 30.30 30.30 30.89 30.20 30.15 30.70
34.42 34.06 34.67 3427 34.27 34.28 34.95 34.15
35.30 35.12 35.06 35.09 35.30 3553 35.29 35.13 3527
36.05 36.22
37.90 37.72 37.64 37.96 37.90 37.89 37.90 37.78 37.32
43.42 43.29 43.22 43.52 43.47 43.47 43.48 43.36
50.25 50.62 50.55 50.84 50.22 50.75 50.60 50.17 50.22 50.28
52.66 52.48 52.42 52.71 52.67 52.67 52.68 52.55
57.60 57.43 57.35 57.64 57.90 57.61 57.60 57.51 57.38
59.05 59.00 5030 | 59.08 | 59.34 59.10 59.68
60.27 60.07 60.02 60.32 60.28 60.30 60.04 60.20 60.03
62.68 62.57 62.95 62.83 62.85 62.63 62.35
68.32
68.15 68.07 68.33 68.31 68.31 68.19 68.60 68.47
74.65 74.45 74.38 74.70 74.63 74.61 74.26 74.61 74.19
76.95 76.78 76.77 76.98 76.98 76.88 76.46
81.48 81.41 81.76 81.61 81.67 81.51
82.53 82.26 82.59 82.30
95.36 95.19 95.15 9540 95.25 95.41
101.1
102.45
103.55 103.47 103.70 103.34 103.75
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sample 20(deg) d.,k.(AO) FWHM(deg) D(nm) hki
25.70 3.46 0.234 34.35 012
30.31 2.94 0.268 30.29 101
35.30 2.54 0.260 31.63 110
37.90 2.37 0.216 38.36 110
43.42 2.07 0.245 34.43 113
Al 50.25 1.81 0.292 29.64 112
52.66 1.73 0.209 41.84 024
57.60 1.59 0.223 40.63 116
60.27 1.53 0.278 98.63 211
68.32 1.37 0.234 36.32 300
74.65 1.27 0.256 32.89 220
76.95 1.23 0.253 43.39 1010
95.36 1.04 0.326 28.30 226
25.53 3.48 0.240 33.48 012
30.12 2.96 0.273 29.73 101
35.12 2.55 0.281 29.25 110
37.72 2.38 0.256 32.35 110
43.29 2.08 0.256 32.93 113
50.06 1.82 0.316 27.37 112
52.48 1.74 0.280 31.20 024
57.43 1.60 0.260 34.37 116
B1 59.05 1.56 0.283 31.82 311
60.07 1.53 0.281 32.21 211
62.68 1.48 0.345 26.59 222
66.46 1.40 0.230 40.73 214
68.15 1.37 0.242 39.10 300
76.78 1.24 0.250 39.99 1010
81.48 1.18 0.345 29.98 311
95.19 1.04 0.322 36.09 226
103.55 0.98 0.416 30.44 404
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25.47 3.49 0.220 36.52 012
30.06 2.96 0.258 31.45 101
34.04 2.63 0.303 27.05 200
35.06 2.55 0.244 33.68 110
37.64 2.38 0.212 39.05 110
43.22 2.09 0.219 38.49 113

B2 50.55 1.80 0.285 30.41 112
52.42 1.74 0.221 39.52 024
57.35 1.60 0.246 36.31 116
59.00 1.56 0.375 24.01 311
60.02 1.54 0.306 29.57 211
62.57 1.48 0.270 33.96 222
66.37 1.40 0.214 43.76 214
68.07 1.37 0.250 37.83 300
.3576 1.24 0.200 49.84 1010
81.41 1.18 0.373 27.71 311
95.15 1.04 0.385 30.17 226
103.47 0.98 0.430 29.43 404
25.77 3.45 0.210 38.28 012
30.36 2.94 0.275 29.53 101
35.09 2.55 0.140 58.70 110
36.39 2.46 0.252 32.73 104
37.96 2.36 0.224 37.00 114

B3 43.02 2.10 0.254 33.16 113
50.84 1.79 0.266 32.62 211
52.71 1.73 0.244 35.84 024
57.64 1.59 0.222 40.29 116
77.84 1.22 0.281 35.84 1116
95.40 1.04 0.323 36.05 312
101.17 0.99 0.250 49.37 2110
103.70 0.97 0.363 34.95 404
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20.25 4.38 0.266 29.93 102
22.25 3.99 0.220 36.30 108
25.70 3.46 0.262 30.68 012
.3030 2.94 0.272 29.85 101
35.30 2.54 0.217 37.90 104
37.90 2.39 0.256 32.37 202
B4 50.22 181 0.318 27.21 112
52.67 1.73 0.216 40.48 024
57.60 1.59 0.200 44.71 116
77.34 1.23 0.193 52.01 1116
81.61 1.17 0.330 31.37 312
20.17 4.39 0.290 27.45 102
25.69 3.50 0.120 66.99 012
36.09 2.48 0.106 77.76 110
37.89 2.37 0.234 35.41 110
42.96 2.10 0.249 33.82 113
B5 52.67 1.73 0.213 41.05 024
57.61 1.59 0.220 40.65 116
71.76 131 0.120 80.60 2014
77.82 1.22 0.258 39.04 1116
16.34 5.41 0.220 35.99 004
20.19 4.39 0.410 19.41 102
22.23 3.99 0.216 36.97 103
25.53 3.48 0.235 34.19 012
B6 35.29 2.54 0.196 41.96 107
37.90 2.37 0.200 41.43 104
41.09 2.19 0.160 52.31 0010
43.48 2.07 0.223 38.00 205
57.60 1.59 0.241 37.11 116
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— el — i) e g Uiga sl p 558583 iSIjiall (+ 3 ¥)5 (1) 1) Galady) ie A ) e sleall agh (2) Jgaad)
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Sample Al B1 B2 B3 B4 B5 B6
hkl 116 116 116 116 116 116 116
260(deg) 57.60 57.43 57.37 57.64 57.60 57.61 57.60
dia(A°) 1.59 1.60 1.60 1.59 1.59 1.59 1.59
FWHM(deg) 0.223 0.260 0.246 0.222 0.200 0.220 0.241
Lattice constant(a)
amdsVh2-Vk2+12 9.80 9.86 9.86 9.80 9.80 9.80 9.80
D(nm) 40.63 34.37 36.31 40.29 44.71 40.65 37.11
Cell yolume 941.60 959.47 959.47 941.60 941.60 941.60 941.60
Vcell(A )Vcell_a
Sample Al Bl B2 B3 B4 B5 B6
hkl 012 012 012 012 012 012 012
20(deg) 25.70 25.53 25.47 25.77 25.70 25.69 25.53
dhkl(AO) 3.46 3.48 3.49 3.45 3.46 3.50 3.48
FWHM(deg) 0.234 0.240 0.220 0.210 0.262 0.120 0.235
Lattice constant(a)
a=dxVh2-\k2-412 7.73 7.78 7.80 7.71 7.73 7.82 7.78
D(nm) 34.35 33.48 36.52 38.28 30.68 66.99 34.19
Cell volume
Veell(A3)veell=a® 463.10 471.18 475.26 459.10 463.10 479.35 471.18
D=K7\/B cosO @M\ éﬁj Jj‘j’ Jolas B 4.:LM.>- v.? LF?«;-\ rp;‘;-\ ol I-i(D) Lﬁ)js-.m e%éj‘-c
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(p 5dl8) S ol UV Mt 1 5 gy e 3 OB s (5) s 3|S5 - Ao sl

35550 omtll 3 1 Ll 3 5my 5 Iza¥I Blenll 3 3 IO (o5l VD 5 (o5 555) 5
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El AN Series unn. C norm. C Atom. C Error (1 Sigma)

[we.3]  [we.3] [at.3] [wE.3]
© & K-series 23.85 35.34 57.93 4.30
A1 13 K-series 23.73 35.60 34.03 1.z22
Zz 40 L-series 18.86  28.45 2.04 0.26

Total: &6.64 100.00 100.00
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E1 AN Series unn. C norm. C Atem. C Error (1 Sigma)
[wt.%] [we.3] [at.3]

[we. 3]
Al 13 K-series 238.39 39.03 36.42 1.40
0 8 K-series 25.98 35.72 56.21 4.12
Zr 40 L-series 17.54 24.12 6.66 0.73
Ca 20 XK-series 0.83 1.14 0.71 0.07

Total: 72.74 100.00 100.00

B1 Aall 4,4 yalinl) an (EDX) gaaidl 5 ) g (7) JS&l)
Lo ) 5 00 apd€lly 20 asis€ 5 sl s (55 U1 B3 AU dnll (FESEM) g el

(8) J8il A LS, (A) (Pingan Chen) 4de Joas Lo pa G5 3G 028 5 45 geall ladial ¢ Siall JAI (58



113 || &8be)t deolll - &ubl &S - dalallg &1 Slwll Ao
0 2020 jgoi - cljudll pgle - il Aol - pdue gusludl saell

A&yl o s (Ca Zr ,ALLO ) L 3 55 83 sia 3l sl sualic ¢ el B3 A Al (EDX) st 3 Ll
(8)dSll LS Al 8 il 9 3 g 5 a0 G B Lalad)

T T T T T
10 1z 14 16 18 20
5

iy
Y
P

57 Date:5/4/2019 12:50:47 PM HV:20.0kV  Pulsth 9 58kcps

El AN Series unn. C norm. C Atom. C Error (1 Sigma)

[wt.%] [wt.%] [at.%) [wr.%]
Bl 13 K-series 32.14 44.20 42.42 1.58
0 & K-series 21.78 29.92 48.43 3.51
Zr 40 L-series 15.20 20.90 5.93 0.64
Ca 20 K-series 3.82 4.98 3.21 0.15

Total: 72.71 100.00 100.00
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El BN Series

unn. € norm. C Atom. C Error (1 Sigma)
[wt.3] [wt.3] [at.%] [wt.2]

Al 13 K-seriez 30.06 46.00 40.18

1.47
© & K-series 23.53 36.01 53.04 3.40
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Ca 20 K-series  4.22 6.48 3.80 0.17

Total: €5.35 100.00 100.00
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