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3. Results and Discussion

3.1. The spectral characterization for Co,Mg,.Al,O, systems

3.1.1. Fourier Transform Infrared Spectra (FTIR)

Infrared Spectra are an important tool for identification and
characterization branching and functional for organic groups as -OH, -NH2, -
NO3, C=0, C-O in range 1000-4000 cm-1. In this work, it used for
identification of metal-oxides such as in range 400-1000 cm-1 as Al-O, Mg-
O, Co-0, Ni-O and other functions. Infrared spectra are used also for studying
the phase transformation under testing of different structures as spinel,

perovskite and other structures.

3.1.1.1. Fourier Transform Infrared Spectra (FTIR) for cobalt system using
urea as fuel.

The FTIR spectra for A, F and M systems of 0.01, 0.05, 0.10 mole of
Co?*, respectively using urea as fuel are given in Figure (2).These results for
the samples after ignition temperature equal to 500°C contain a broad
absorption band at 34+ cm™ for A system and 3500 cm™ for F and M
systems, respectively. This broad band is due to the stretching vibration of
free (-OH) group of water molecules. The absorption bands at 2920 cm™ for
A, F and M systems dues to the stretching vibration of C-H aliphatic in
organic molecules residual. The three absorption band at 1800, 1650 and 1400
cm™ for A system, 1650 and 1450 cm™ for F system and at 1750, 1650 and
1400 cm™ for M system are related to the stretching vibration of C=0, C-O
groups of residual organic fuel ®” and carbonate groups. The absorption
bands at 1658, 1383 and 825 cm™ for A system, 1150 and 850 cm™ for F
system and also 1170 and 850 cm™ for M system are corresponding to

undecomposed ® nitrate ions.
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The weak absorption bands in the region 400-800 cm™ for all systems
appear due to the formation of trace amounts of metal oxides. After
calcinations at different temperatures in range 500 -1200 °C, the intensity of
observed absorption bands in the region 800-4000 cm™ are decreased
gradually until disappeared at 1100°C. On the other hand, the strong
absorption bands at 3434 cm™ for A system, 3440 for F system and 3450 for
M system correspond to the stretching vibration of adsorption water
molecules ®. The strong absorption bands below 800 cm™ corresponds to
metal oxides. The absorption bands at 695 and 530 cm™ for A system, 690
and 530 cm™ for F system and at 700 and 535 cm™ for M system are related to
AlO- groups of the building up the magnesium aluminates spinel. These
bands appeared for vibration of AI** ions in octahedral positions "%
comparing with 700, 530 and 425 cm™ for MgAl,O, as blank. Other bands at
695, 530 and 425cm™ for A, F and M systems are related to CoO4 /MgO,
groups in crystal for the cobalt and magnesium aluminates spinel. These bands
appeared for the vibration of Co*/Mg?* ions ®*% in the tetrahedral sites
comparing with the absorption bands in range 700 and 425 cm™ for CoAl,O,
as blank that shown in Figure (3).The assignment of the important bands in
the IR spectra for 0.01, 0.05 and 0.10 mole of Co?** systems at different

calcination temperatures using urea as fuel are given in Table (1).

3.1.1.2. Fourier Transform Infrared Spectra (FTIR) for cobalt system using
oxalyl dihydrazide as fuel.

FTIR spectra of 0.01(A), 0.05 (F) and 0.10 (M) mole of Co?* systems
using oxalyl dihydrazide as fuel are studied after ignition and calcination at
different temperatures. The broad absorption bands around 3490 cm™ for A, F
and M systems, respectively correspond to the stretching vibration of free  (
—OH) group of water molecules. The absorption bands at 2920 cm™ for A and
F systems, 2950 cm™ for M system are related to the stretching vibration of
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C-H aliphatic in organic molecules. The absorption bands at 1650 and 1100
cm™ are related to the stretching vibration of C= O and C-O groups of
residual organic fuel ®”. The absorption bands at 1658, 1383 and 825 cm ™,

respectively correspond to undecomposed ® nitrate ions.

Figure (4) shows the absorption bands in the region 400-1000 cm™ due
to the formation of spinel structure after calcination at different temperatures
in the range 500°C-1200°C. These bands in the region 800-4000 cm* are
disappeared at 1100 -C except, the strong absorption band at 3480 cm ™ for A,
F and M systems, respectively, correspond to the stretching vibration of
adsorption water molecules ®®. The two absorption bands in range 700 and
535 cm* for A system and the vibrational bands at 690,530 and 520 cm ™ for
F and M systems, respectively are corresponding to AlOg groups building up
the spinel as a result of vibration of AI** ions in octahedral positions "%
comparing with the bands at 700, 530 and 420 cm ™" which related to MgAl,O,
spinel. The other vibrational bands 700, 535 and 420 cm ™" for A system, 690,
530, 520 and 422 cm* for F system and 690, 530, 520 and 418 cm * for M
system are corresponding to CoO,/MgO,; groups for the cobalt and
magnesium aluminates spinel as a result of vibration of its ions (Co*" and
Mg in the tetrahedral sites comparing with that in the range 700 and 530
cm* for CoAl,O, spinel as blank %9, The assignment of an important
bands in the IR spectra for 0.01, 0.05 and 0.10 mole of Co*" systems at
different calcination temperatures using oxalyl dihydrazide as fuel are given
in Table (2).
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Figure (2): Infrared spectra for 0.01(A:::), 0.05 (F) and 0.10 (M) mole of

Co* systems using urea as fuel at different calcination
temperatures.
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Figure(3): Infrared spectra for 0.01, 0.05, 0.10 mole of Co** systems,

CoAl,O, and MgAIl,O,4 by using urea as fuel in range 400-
1000 cm™ at 1200 ° C.
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Table(Y): Assignment of the important bands in the IR spectra for
0.01,0.05 and 0.10 mole of Co*" systems at different calcination
temperatures using urea as fuel.

Temperature, °C system
0.01 mole of Co?**
U.0OH U.CH | VCc=0 | VC-0 | VC-N | UN=0 O M-0

O e Yay. \io. AR - Ao e

Voo Yeu. - - VYo Véo Ao 610,505,450
Ao Yéo. - - YYeu \¢o - 700,620,°T~
. Yo, - - S| vee - | 700,610,°""
Yo Yéd - - - - - 700,600,°‘~'
VY Yéiye - - - - - | 700,620,°Y+,425
Yoo Yeivye - - - - - | 700,620,°Y+,425

0.05 mole of Co?"

o, Your. [ YaV. [ V%e. [ VY. | Vio | Ae. .
Vo vio. R - - - 700, +
TN Yéo. - - - - - 700,0%
Qe i - - - - - 700,°Y
Yoo Ve - - - - -| 700,oY+,425
VYoo v, - - - - - 700,0¥.,425
VYoo Fev. - - - - - 700,0¥.,425

0.10 mole of Co?"

- Yo YAO . \vo. ‘Yoo \V¢o Ao L W-I
V.. Yo - A -2 - V¢ - T
Ao Yéo. - Ve - Véo - 700,°Y -
a.. veo. | . | Vve. | - | Ve | - 700,530
Yoo Yio. | - - - - - 700,57+ 425
AN Yie. | - - - - - 700,5%+ 425
AR ) VAL - - - - - 700,%+,425
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Figure(4): Infrared spectra for 0.01, 0.05, 0.10 mole of Co** systems,
CoAl,O4 and MgAI,O,4 by using oxalyl dihydrazide as fuel in
range 400- 1000 cm™ at 1200 ° C.

Table(2): Assignment of the important bands in the IR spectra for
0.01,0.05 and 0.10 mole of Co*" systems at different calcination
temperatures using oxalyl dihydrazide as fuel.

Temperature, °C system
0.01 mole of Co?"
VU.0H | UN-H | U-CH | bc=0 | VCc-0 | VC-N U N=O O M-0
O véa o - Yay Ve, AR \E R AOO e
Voo Yer. | - - [ Yre [ Wve [ veoo [ Ago 695,500,425
9. veoo | - - - - [ vee - 700,610, °
YY e Yéoo - - - - - - 698, 610, 510, 410
X e . . - - - - "4A 521 £YA
0.05 mole of Co?"
o vid. - Y450 | Vie. | VY00 | ViO:! A -
Vo Yea. - - Yies [ V\Y. | 1390 - 700, « »
a.. Yeoo | - - [ ve 1110 | - - 700,018,422
X Yeve | - - - - - - 691,0Y+ 422
Y ey, . . . - - - 685,0YY,422
0.10 mole of Co?**
- Yédo - YAS VA AR R AR Ave V4,500
Voo Y45 - - 112 1110 - - 700,530
LN Yeo. - - e, 1110 Ve - 697,530,420
VYo Yedn - - - - - - 690,°%+,425
Y e Yo - - - - - - 690,11V, 0¥, 425




Results and discussion

3.1.1.3. Fourier Transform Infrared Spectra (FTIR) for cobalt system
using 3-methyl pyrozole-5-one (3MP50) as fuel.

The spectra of 3-methyl pyrozole-5-one (3MP50) system 0.01 (A),
0.05 (F) and 0.10 (M) mole of Co* systems after ignition at 400°C and
calcinations at different temperatures are shown in Figures (5). The samples at
ignition temperature 500°C contain a broad absorption band around 3450 cm™*
for A system, 3450 cm ™" for F and M systems. These later bands are related to
the stretching vibration of free (—OH) group of water molecules. The
absorption bands at 2920 cm ™ for A, F and M systems are related to the
stretching vibration of C-H aliphatic in organic molecules. The absorption
bands at 1650 and 1400 cm ™ for A system, 1650 and 1450 cm* for F system,
1650 and 1190 cm* for M system are related to the stretching vibration of
C=0 and C-O groups of residual organic molecules . The absorption bands at
1380, 1268, 1100 and 850 cm ', 1400, 1150, 1050 and 850 cm * and also
1400, 1190 and 800 cm* for A, F and M systems, respectively are

corresponding to undecomposed nitrate ions.

The weak absorption bands in the region 400-800 cm * appear due to
the formation of trace amounts of metal oxides and its intensity increase with
calcinations at different temperatures in range 500-1200 ‘C. The observed
absorption bands in the region 800-4000 cm™" are decreased gradually until
disappeared at 1000 ‘C. The strong absorption band at 3460 cm™, 3400 cm ™
and 3450 cm ™ for A, F and M systems, respectively. These bands are
corresponding to the stretching vibration of adsorptions water molecules. The

appearance of strong absorption bands below 800 cm™ corresponds to metal
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oxides. The absorption bands in range 690, 520 cm ™, 690, 530 cm * and 700,
520 cm* for A, F and M systems, respectively are related to AlOg groups
building up the spinel as a result of vibration of ions of valence AI** in
octahedral positions compare with the bands in range 700, 425 cm™ for
MgAlL0, ® as blank. The bands in range 690, 420 cm *, 690, 475 cm * and
700, 425 cm™ for A, F and M systems, respectively are related to CoO,
/IMgOQ, groups for the cobalt and magnesium spinel as a result of vibration of
its ions in the tetrahedral sites compare with that in range 700, 520 cm™ for
CoAlL,0, ) as blank that shown in Figure (6). The assignment of an
important bands in the IR spectra for A, F and M systems at different
calcination temperatures using 3-methyl pyrozole-5-one (3MP50) as fuel are

given in Table(3).

3.1.1.4. Fourier Transform Infrared Spectra (FTIR) for cobalt system
using N, N-bis-(3-amino-propyl) oxalamide as fuel.

FT-IR spectra of 0.01 (A), 0.05(F) and 0.10(M) mole of Co*" systems
using N, N-bis-(3-amino-propyl) oxalamide as fuel are studied. The samples
after ignition at 500 ‘C give a broad absorption band around 3450 cm ™ for A,
F and M systems which due to the stretching vibration of free (—OH) group of
water molecules. The absorption bands at 2990 cm™ for A, F and M systems
are corresponding to the stretching vibration of C-H aliphatic in organic
molecules. The absorption bands at 1650, 1410 and 1190 cm*, 1640, 1390
and 1190 cm™ and 1640, 1380 and 1180 cm™* for A, F and M systems,
respectively are related to the stretching vibration of carbonyl C=0 and C-O
groups of residual organic molecules. The absorption bands at 1380, 1120 and
825 cm *, 1390, 1120 and 800 cm* and 13980, 1120 and 800 cm* for A, F
and M systems, respectively are related to undecomposed nitrate ions.
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The intensity absorption bands in the region 400-1000 cm™ are
corresponding to metal oxides after calcination at different temperatures in
range 500-1200°C as shown in Figure (7). The observed absorption bands in
the region 8004000 cm * are decreased gradually until disappeared at 1100
oC. The strong absorption band at 3500 cm™* for A system, 3450 cm™* for F
and M systems are corresponding to the stretching vibration of adsorption
water molecules. The two absorption bands in ranges 700, 530 cm™*, 700, 525
cm* and 695, 525 cm* for A, F and M systems, respectively are

corresponding to AlOg #*%)

groups for the cobalt magnesium aluminates
systems under investigation as a result of vibration of ions of valence Al*" in
octahedral sites compare with 700, 525 and 420cm™ for pure MgAl,O,. The
other bands in ranges 700, 520 and 420 cm™* for A and F systems, 695, 525
and 420 cm™* for M system are corresponding to CoO,/MgO, groups for the
cobalt magnesium aluminates spinel as a result of vibration in the tetrahedral
sites compare with 700, 535 and 520 cm™ for pure CoAlL,O, ®*°". The
assignment of an important bands in the IR spectra for A, F and M systems at
different calcinations temperatures using N, N-bis-(3-amino-propyl)

oxalamide as fuel are given in Table (4).
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Figure(5): Infrared spectra 0.01 (A), 0.05 (F) and 0.10 (M) mole of Co**
system using 3-methyl pyrozole-5-one as fuel at different
calcination t

Co0.01M90.99AI204

Cog,05Md0.95A120
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Figure(6): Infrared spectra for 0.10, 0.50, 0.80 mole of Co** systems,
CoAl,O4 and MgAl,O, by using 3-methyl pyrozole-5-one as
fuel in range 400-1000 cm™.

Temperature, °C system
0.01 mole of Co*
VU .0H O.CH| Vc=0 | YC-O0 | YC-N | UN=0O O M-0
O vréo. Yay AR YN Yo Ve 850 T
Voo Y51 - - ARK \ée A25 720,610,450
A Yeo. - - [Vve [ vee | - 700,610,° ¥ -
TR Yeo. - - [ Ve [ ves | - 700,610, «
Yo nn Y£¢50 - - - - - 700,°Y'
VYo Y$50 - - - - - 700,°Y+,425
VYoo Y£¢50 - - - - - 700,°Y+,425
0.05 mole of Co?
PR vio. YaY | V%o | Yve [ Vte. | Ae. .
YRR Y - ‘e - YEa - 700,°0
Ahh Yeo. - - - - - 700,°Y'
LW Yio. - - - - - 700,°‘~'
AR Yéio. - - - - - 700,°Y',420
VYoo Yéio. - - - - - 700,°Y°,420
Y., veo. - [ - - - 700,55 ,475
0.10 mole of Co*
O Yéo. Yay VR V14 Véo Ao 'T°~'500
v.. Yoo - '\ - V¢ - b QN
Ao Yéo. - VR - Véo - 700'°V~
Qe Yéo. - \he. - Ve - 700,530
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AR Yeo. - - - - - 700,°‘~',425
VYoo Yie. - - - - - 700,0"',425
VYoo YEA - - - - - 700,%1+,520,425

Table(3): Assignment of the important bands in the IR spectra for
0.01,0.05 and 0.10 mole of Co?" systems at different calcination
temperatures using 3-methyl pyrozole-5-one as fuel.

Co

MgAlO,

C0¢.01MYp.99AI20,

0.10M90.90”

1,0,
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Figure (7): Infrared spectra for 0.01, 0.05, .010 mole of Co** systems,

CoAl,O, and MgAI,O, by using N, N-bis-(3-amino-propyl)
oxalamide as fuel in range 400-1000 cm™.

Table(4): Assignment of the important bands in the IR spectra for

0.01,0.05 and 0.10 mole of Co*" systems at different calcination
temperatures using N, N-bis-(3-amino-propyl) oxalamide as
fuel.

Temperature, °C system
0.01 mole of Co?"
V.OH U.CcH | Lc= UC-0 | VC-N | UN=O Y M-0
0
O Yio. Y44, e VY. Y4 O 700,80« «
Vo Yég. - 1620 RN 139. - 700,515,415
Qe Yeg. - 1625 1115 139. - 700,°Y+,410
\REE Y¥£90 - 1650 1110 1390 - 700,610,°Y°2,420
AR Y¢50 - - - - - 700,°Y+,420
2+
0.05 mole of Co
P vio. YAA. | V%¢ | Vva [ 1va Ao 700,500
Voo Yeo. - AR ARR yra - 700,610,520,420
LRGN Yé9. - vy ARR Yra - 700,610,520,420
'Y .o ¥ig5. - EEEEEXK - - 700,°Y+ 420
\Yeo Y5, - - ARR - - 700,610,eY¢,420
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0.10 mole of Co?**
PR vio. Ya4. | V€ | ANY | YA Ao 70+,0++
Voo Yio. - vy (RN ) - 700,°Y +,420
Qe Yeg. - AR \RR AR - 699,525,420
VYo vio. - - - - - 700,0Yv¢,425
\Y e ?'29~ - - - - - 700,°30,425

3.1.2. Diffuse reflectance spectra

Diffuse Reflectance Spectroscopy (DRS) is a technique that collects
and analyzes scattered light as energy. It is used for measurement of fine
particles and powders, as well as rough surface (e.g., the interaction of a
surfactant with the inner particle, the adsorption of molecules on the particle
surface or color of material under investigation). Sampling is fast and easy
because little or no sample preparation is required. Diffuse reflectance spectra
are the relations between reflectance and wavelength. The color of different
material can not differentiate using your eyes, but we can use the diffuse
reflectance spectra with program ©® for differentiation between the colors of
material when the difference is much neared. The CIE- L*a*b* colormetric
method, recommended by the Commission Internationale de I'Eclairage (CIE)
®3) was followed. In this method, L* is lightness axis: black (0) ---- white
(100), b* is the blue (-) ---- yellow (+), a* is the green (-) --- red (+) axis as

> [w]<
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shown in Figure (8) and AE ® is the hue variation AE® = (L*)* + (a*) +
(b*)2. The delta E or color difference measures the difference in luminosity

chromaticity with standards.

3.1.2.1. Diffuse reflectance spectra for cobalt systems using urea as
fuel.

Diffuse reflectance spectra for A, F and M systems of 0.01, 0.05 and
0.10 mole of Co** respectively using urea as fuel present in Figure (9).
Figures show the appearance bands around 490 nm for A system, 462 nm for
F system and 510 nm for M system at 700° C that tends to pale blue color of
pigment powders and this band shift to blue side as calcinated temperatures
increase until reaching around 445 nm for A system, 450-490 nm for F
system and 500-460 nm for M system at 900°C. These bands also shift to blue
side at 425 and 490 nm for A system and 425, 455 and 480 nm for F and M

systems at 1200°C %1% that show the bluest color pigment.

The colorimetric data are present in Table (5). The values of a* are
random while L* values decrease and b* values increase in negative direction
as a result of increasing calcination temperatures. The increasing in negative
values of b* means the higher intensity of blue color. The decreasing in L*
parameter tends to reduce the lightness of sample. In the same time, the
increasing of amount cobalt percent, the values of b* increase as present in
Figure (10). This leads to the depth of blue color as result of calcinations
temperatures. The lower value of hue variation AE tends to a good color
matching % on glaze. Colorimetric data show the high value of b* and lower
value of hue variation AE at 1200°C for all cobalt systems using urea as fuel
as well as demonstrated in Table (5). This means that the appearance of good

pigment powder color and a good color matching occur in temperature range

> [ <
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1200°C.The color of ceramic pigment powders with different doping and

change calcination temperatures is shown in Figure (11).

3.1.2.2. Diffuse reflectance spectra for cobalt systems using oxalyl
dihydrazide as fuel.

Figure (12) show diffuse reflectance spectra for A, F and M systems
of 0.01, 0.05 and 0.10 mole of Co®" respectively using oxalyl dihydrazide as
fuel. It is clear from these observed figures that the appearance of bands in
range 495 and 450 nm for A system, 450 nm for F system and 440 nm for M
system at 700° C that tends to pale blue color of samples. These bands shift to
blue side as calcinated temperatures increase until reaching around 435 and
490 nm for A system, 435 and 495 nm for F system and 430 and 390 nm for
M system at 900°C for blue color. These bands shift to blue side at 480, 460
and 425 nm for A and M systems and 480, 425nm for F system at 1200°C that

show the bluest “°**° color pigment.

From colorimetric data present in Table (6), the values of a* are
random while L* values decrease and b* values increases in negative
direction as a result of increasing calcination temperatures. The increasing in
negative values of b* means the higher intensity of blue color. The decreasing
in L* parameter tends to reduce the lightness of sample. Figure (13) shows
the correlation between calcination temperatures with b* values depending on
amount cobalt percent, the value of b* increases leading to the depth of blue
color. The lower value of hue variation AE tends to a good color matching
(192) Colorimetric data show the high negative value of b* and lower value of
hue variation AE at 1200°C for A and F doping cobalt. This means the
appearance of good pigment powder color and a good color matching occur at
1200°C for A and F systems. But, the high value of b* for M system presents
at 1100 °C and lower value of hue variation AE at 1200°C. This means that

> v ] <
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the appearance of good pigment powder color at 1100 °C and a good color
matching occur at 1200°C for M doping cobalt as show in Table (6). The

color of ceramic pigment powders of different doping with change
calcinations temperatures is shown in Figure (14).

White

L=100
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Figure (8):L*a*b* colormetric axis for L* is lightness axis:black(0)—
white (100), b* is the blue (-— yellow(+), a* is the green (-)—
red (+) axis and color between them.
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Figure (9): Diffuse reflectance spectra of A system (0.01 mole of Co®), F

-b*

system (0.05 mole of Co**) and M system (0.10 mole of Co**) at
different calcination temperatures by using urea as fuel.
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Figure (10): Colorimetric data for 0.01, 0.05 and 0.1 mole of Co* system
at different calcination temperatures by using urea as fuel.

System temperature L* a* b* AE
O 93.58 -1.55 0.90 94.10
Voo 97.09 -0.96 -0.53 97.10

0.01 Ao 96.64 -1.40 -1.09 96.60
o 95.77 -1.01 -1.48 95.80
AR 94.50 -0.91 -2.33 94.50
AR 94.00 -0.67 -2.89 94.10
VYoo 93.04 -0.85 -3.96 93.00
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o 92.70 -1.05 0.08 92.71
Voo 95.19 -1.70 -1.07 95.21
A 95.00 -0.54 -2.38 95.03
s 94.69 -0.76 -3.19 94.75
0.05 Yoo 93.65 -0.58 -3.84 93.73
EE 92.29 -0.76 -4.06 92.38
VY 91.77 -0.72 -5.62 92.00
o 91.11 -1.61 v 73 91.13
Voo 93.06 -1.38 -2.06 93.01
Ao 92.39 -1.26 -3.71 92.47
0.10 4 92.24 -0.96 -4.29 92.34
Voous 91.87 -1.11 -5.38 92.00
VY 91.26 -1.00 -6.42 91.50
VY 90.29 -0.74 -8.12 90.64

Table (°): Colorimetric data for different doping of 0.01, 0.05 and 0.1 mole
of Co** systems at different calcination temperatures using urea
as fuel.
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Temperature, °C

0.01 mole of Co**

«,+¢ mole of Co*"

+,Y0 mole of Co**

-
Vo = ‘
&
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&
-
-
Blank

COA|204

MgA|204

Figure (11): The color of ceramic powder for 0.01, 0.05 and 0.010 mole of

Co”*" systems using urea as fuel at different calcination
temperatures.
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A MgALO, F MgAL0,
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1200
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Figure (12): Diffuse reflectance spectra of A system (0.01 mole of Co**), F
system (0.05 mole of Co**) and M system (0.10 mole of Co*)

at different calcination temperatures by using oxalyl
dihydrazide as fuel.
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Figure (13): Colorimetric data for 0.01, 0.05 and 0.1 mole of Co** systems at
different calcination temperatures by using oxalyl dihydrazide
as fuel.
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Table (6): Colorimetric data for 0.01, 0.05 and 0.1 mole of Co** systems at
different calcinations temperatures using oxalyl dihydrazide

as fuel.

system Temperature, °C L* a* b* AE
R a4q,V¢ K R a4,V¢
Vo av,s -9 =Y,Y. av,ay
Ao 90,Ye -,V Y, ¢ o,Y)
Qe 2E,Y. =V, =N,eY ¢,¢Y

o Yeuo 9Y,0) -, A =1, ayY,ve
VYo Ay, vy WY -1,8A Ay,
VY. a.,%. T At a.,4Y
O AA,VY -0.13 3.81 AAAE
Vi 97.3 -1.16 -3.52 v,ryv
A 96.53 -0.71 -4.65 1,10
Qe 96.07 -\,14 -9,YA a1,v¢

o AR 9¢,¢) -\,vAa =V,YA e¢,VY
X Ay, Va Ve 2912 K
VYoo 9),¢) -\, =\.,0 ay,.y
o AV, YV --0.07 v Y aV,rY
Voo 90,¢V -0.80 -4.20 90,0V
A v, s -1.78 -7.05 ay,ev
CIN aY,YA 1.24 917 v,V

CY AR 90.97 -2.35 -11.79 AR A
AR 89.19 -1.66 -13.43 AR R
VYoo AE,VY -2.32 -12.34 Ao,V
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Figure (14): The color of ceramic powder for 0.01, 0.05 and 0.010 mole of

Co”" systems using oxalyl dihydrazide as fuel at different
calcination temperatures.
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3.1.2.3. Diffuse reflectance spectra for cobalt systems using3-methyl

pyrozole-5-one (3MP50) as fuel.

The ceramic pigment of cobalt systems A, F and M systems of 0.01,
0.05 and 0.10 mole of Co?* respectively are studied by diffuse reflectance
spectra after firing with 3-methyl pyrozole-5-one (3MP50) as fuel and the
results are present in Figure (15). The data show the appearance of bands
around 500 nm for A system, 495 nm for F system and 512 nm for M system
at 700° C that tends to pale blue color of samples. These bands of the systems
shift to lower wavelength as the calcination temperatures increase until
reaching around 460 nm for A system, 465 nm for F system and 495 nm for
M at 900°C to become clear blue color. These bands shift to blue side at 388,
425 and 490 nm for A system and 489, 425 and 487 and 386, 423 and 488 nm
for F and M system at 1200°C show the bluest color pigment.

Diffuse reflectance data are given in Table (7) that show the values
of a* are random while L* values decrease and b* values increases in the
negative direction as result of increasing calcination temperatures. The values
of b* are increasing in negative direction, with the higher intensity of blue
color. The decreasing in L* parameter tends to reduce the lightness of sample
with increasing the amount cobalt percent. The values of b* increase as
shown in Figure (16), leading to the depth of blue color as result of
calcination temperatures. The lower value of hue variation AE tends to a good
color matching. Diffuse reflectance spectra data show the high negative
values of b* at 1100°C and lower value of hue variation AE at 1200°C for all
cobalt systems as shown in Table (7). The colors of ceramic powder of

different doping with change temperature are shown in Figure (17). This

> a1 <



Results and discussion

means that the appearance of good pigment powder color occurs at

calcination temperatures in range1100-1200°C.

3.1.2.4. Diffuse reflectance spectra for cobalt systems using N, N-bis-
(3-amino-propyl) oxalamide as fuel.

Diffuse reflectance spectra for A, F and M systems of 0.01, 0.05 and
0.10 mole of Co* respectively using N, N-bis-(3-amino-propyl) oxalamide as
fuel present in Figures (18).The pale blue color of sample show the
appearance of band around 500, 445 nm for system A, 490, 455 nm for F
system and 490,430 nm for M system at 700° C. This band shift to lower
wavelength as calcination temperatures increases to reach to 500,435 nm for
A system, 490, 430 nm for F system and 490, 425 nm for M system at 900°C.
These bands also shift to 480, 465 and 430 nm for A system, 480,430 nm for
F system and 480, 460 and 425 nm for M system at 1200°C.

The diffuse reflectance spectra data show the bluest color pigment as
given in Table (8), the data reveal that the values of a* increase while L*
values decrease and b* values increases in the negative direction as a result of
increasing calcination temperatures. The values of b* are increasing in
negative direction, this mean that the higher intensity of blue color. The
decreasing in L* parameter tends to reduce the lightness of sample. In the
same time, the increasing of the amount of cobalt percent reveals the
increasing of defect in crystal structure of spinel. These defects lead to the
distorted tetrahedral and octahedral sites in spinel structure, changing the
ligand-field around the chromophore and hence changing the observed color
193 The value of b* increases as observed in Figure (19), leading to the depth
of blue color as result of calcination temperatures. The lower value of hue
variation AE tends to a good color matching. Diffuse reflectance data show
the high value of b* and lower value of hue variation AE at 1200°C for all

doping cobalt percents as shown in Table (8). The color ceramic powder of
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different doping with change the calcination temperatures shows in Figure
(20). This means that the appearance of good pigment powder color and a

good color matching at 1200°C.

From Figures (21-23), we find that the color of powder for 0.01, 0.05
and 0.10 mole of cobalt systems is better in case of N, N-bis-(3-amino-propyl)
oxalamide as fuel than the other fuel and urea systems is the less color.
Oxalyl dihydrazide fuel gives good color than 3-methyl pyrozole-5-one
(3MP50) fuel for 0.01 mole of cobalt systems as shown in Figure (21). For
0.05 mole of cobalt systems, the color of pigment for oxalyl dihydrazide fuel
system better than 3-methyl pyrozole-5-one (3MP50) fuel except at 1100 °C
as shown in figure (22). In Figure (23), the color of pigment powder for 0.10
mole of cobalt system using oxalyl dihydrazide also is better than 3-methyl
pyrozole-5-one (3MP50) except at 1100 and 1200°C.
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Figure(15): Diffuse reflectance spectra for 0.01(A), 0.05 (F) and 0.10 (M)
of Co”" system at different calcination temperatures by
using 3-methyl pyrozole-5-one as fuel.
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Figure(16): Colorimetric data for 0.01, 0.05 and 0.1 mole of Co** systems at
different calcination temperatures by using 3-methyl pyrozole-

5-one as fuel.

system Temperature L* a* b* AE
5. 95.58 0.60 4.01 95.67
Ve 95.09 | -0.84 031 95.09
Ao 96.64 | -1.49 2.92 96.69
A 95.77 | -1.30 2.96 95.83
Yoo 9550 | -1.85 4.42 95.62
o ERE 95.02 | -2.35 6.17 95.18
VY 93.04 | -1.86 5.05 93.26
5. 94.70 1.18 4.41 94.81
Ve 9329 | -3.08 -0.70 93.34
Ao 95.19 | -2.48 1.22 95.23
. 93.65 | -2.71 4.16 93.78
. Yoo 9269 | -2.18 6.34 92.93
’ ERE 92.00 | -256 | -10.72 | 92.66
VYo 01.77 | -1.72 8.17 92.15
5. 94.11 1.02 4.79 91.9
Ve 93.06 | -2.79 2.33 92.34
Ao 9539 | -2.41 3.32 94.94
A 95.24 | -2.57 5.73 93.36
. Yoo 94.87 | -2.52 8.07 92.4
ERE 93.26 | -401 | -16.84 | 87.44
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VYoo 92.29 -2.82 -16.56 86.1

Table(7): Colorimetric data for 0.01, 0.05 and 0.10 mole of Co* systems at
different calcination temperatures using 3-methyl pyrozole-5-one
as fuel.
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Figure (17): The color of ceramic powder for 0.01, 0.05 and 0.010 mole of
Co”* systems using 3-methyl pyrozole-5-one as fuel at
different calcination temperatures.
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Figure(18): Diffuse reflectance spectra for 0.01 (A), 0.01 (F) and 0.01 (M)
mole of Co®* systems at different calcination temperatures
by using N, N-bis-(3-amino-propyl) oxalamide as fuel.
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Figure(19): Colorimetric data for 0.01, 0.05 and 0.1 mole of Co”* systems
at different calcination temperatures by using N, N-bis-(3-
amino-propyl) oxalamide as fuel.

Table (8): Colorimetric data for 0.01, 0.05 and 0.1 mole of Co*" systems
at different calcination temperatures using N, N-bis-(3-amino
propyl) oxalamide as fuel.

system Temperature L* a* b* AE
0 ., T \V,YA Q.,YV
Voo v,y -, VYV =Y,v4 av,vy
) AT,V =),14 =0,¥A 41,v¢
Qe q0,¥ -\, =L, EA 90,¢Y
Yoo Y, 4A =\, AY =V,AQ e,rY
Y AR ),y =Y,V =YY, aY,.¥
VYo 9.,V =Y,\ =V, YY 9,0
O A4, e -, \,e ¥ Ad,eYV
Voo vy, -+,40 =Y,Ae aY,v.
Ao Y,¢0 =\,VvY =1L, \) Y,V
Qe 4Y,\Y =Y,v¢ V), 8V 9Y,4Y
AR ATSAY =Y,41 =V §,A0 ANYA
VYoo ANE,EA =V, EA =\o,0) Ao ,anv
v, 0
AR AY, oV =v,1y YA, Ae,oV
0 AV, ¢ -,V L, Y. AV, 0
Voo 9v,414 =Y, v1 -0,Y0 ar,Y.
) ASLA -0,40 -4,4A 4,8
Qv A4, =V,1V -\Y,oV LI i)
Yoo A8 =) e, -\o,¢¢ AN,
N BN IRRN ANo,o0 =Y, AV, AV, A
VYo VA,41 SV VLAY =Y.,0) AY,¢Y
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Figure(20): The color of ceramic powder for 0.01, 0.05 and 0.010 mole of
Co” systems using N, N-bis-(3-amino-propyl) oxalamide as
fuel at different calcination temperatures.
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Figure(21): Colorimetric data for 0.01 mole of Co* system at different
calcination temperatures by using different fuels.

20
10
18 .
17

1 N, N-bis-(3-amino-propyl) oxalamide, Op
16+

15-. ./

14

134
124

1 3-methyl pyrozole-5-one, 3MP50
114

104
9-. °
g ] oxalyl dihydrazid,OD
74

! o urea, U
j ,/ o /
S —

{ < —

700 800 900 1000 1100 1200
0
Temperature, C

> w1 <



Results and discussion

Figure(22): Colorimetric data for 0.05 mole of Co* system at different
calcination temperatures by using different fuels.
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Figure(23): Colorimetric data for 0.10 mole of Co* system at different
calcination temperatures by using different fuels.

3.1.3. The electronic spectra for cobalt systems in nujol mull using
different fuels.

3.1.3.1. The electronic spectra for cobalt system using urea as fuels.

The electronic spectra of A, F and M systems of cobalt using urea as
fuel show the present of broad band at 575 nm for A system, 600 nm for M
system and no bands for F system at 500 °C. Absorption of these bands
increase with calcination temperatures from 700-1200 °C. These bands
become three broad absorption bands at 543 nm (green region), 582 nm
(yellow-orange region) and 625nm (red region) for A system, 543nm, 587 nm
and 628 nm for F system and 543 nm, 582 nm and 625 nm for M system at
1200°C. All these bands indicate for tetrahedral co-ordination “%*% of cobalt

which gives rise to the blue coloration as present in Figure (24).

3.1.3.2. The electronic spectra for cobalt system using oxalyl dihydrazide
as fuels.

The electronic spectra of A, F and M systems of cobalt using oxalyl
dihydrazide as fuel show the present of broad band at 600 nm for M system
and no bands for F and A systems at 500 °C. The absorption of these bands
increases with calcination temperatures from 700-1200 °C. These bands
appear three broad absorption bands at 543 nm (green region), 588 nm
(yellow-orange region) and 630 nm (red region) for A system, 543 nm, 588
nm and 625 nm for F system and 543 nm, 588 nm and 625 nm for M system

> ] <
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at 1200°C. These indicate the tetrahedral co-ordination %% of cobalt which

gives rise to the blue coloration as present in Figures (25).
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Figure(24): Electronic spectra for 0.01(A), 0.05 (F) and 0.10 (M) mole of
Co”* systems in nujol mull at different calcination

temperatures using urea as fuel,
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Figure(25): Electronic spectra for 0.01(A), 0.05 (F) and 0.10 (M) mole of
Co”* systems in nujol mull at different calcination
temperatures using oxalyl dihydrazide as fuel.

3.1.3.3. The electronic spectra for cobalt system using 3-methyl pyrozole-5-
one as fuels.

The electronic spectra of A, F and M systems of cobalt using 3-methyl
pyrozole-5-one (3MP50) as fuel show the present of broad band at 600 nm
for F system and no bands for A and M systems at 500°C. The appearance
bands at 700°C for A, F and M systems and the absorption of these bands
increase with calcination temperatures from 700-1200°C. These bands
appear that three broad absorption bands at 543 nm (green region), 585 nm
(yellow-orange region) and 622nm (red region) for A system, 543 nm, 585
nm and 624 nm for F system and 543 nm, 585 nm and 625 nm for M system
at 1200°C. These mean the formation of tetrahedral ***'° co-ordination of

cobalt which gives rise to the blue coloration as present in Figures (26).

3.1.3.4. The electronic spectra for cobalt system using N, N-bis-(3-amino-
propyl) oxalamide as fuels.

The electronic spectra of A, F and M systems of cobalt using N, N-bis-
(3-amino-propyl) oxalamide as fuel show the present of broad band at 600
nm for A system and no bands for F and M systems at 500°C. The present of
bands at 700°C for A, F and M systems and absorption of these bands
increase with calcination temperatures from 700-1200°C. The broad band
with three absorption head appear at 543 nm (green region), 586 nm

(yellow-orange region) and 625nm (red region) for A system, 543 nm, 586
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nm and 530 nm for F system and 543 nm, 585 nm and 625 nm for M system
at 1200°C. This means the formation of tetrahedral *®*% co-ordination of

cobaltleading to the blue coloration as present in Figure (27).

All four system, The energy level diagram gives d-d transitions of
cobalt Co(ll) (3d’) from Orgel diagram shows the present of three transition
states of “A,(F) —'T,(F), *A,(F)  “T%(F) and *A,(F) “9%(P). The broad and
intense absorption band between 500-700 nm could attributed to third
transition from *A,(F)(e*t?,) as ground state to the excited *T;(P)(e’t*,) state.
This triple band in visible region can be attributed to Jahn-Teller distortion of

tetrahedral structure 17108,
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Figure(26): Electronic spectra for 0.01(A), 0.05 (F) and 0.10 (M) mole of
Co”* systems in nujol mull at different calcination

temperatures using 3-methyl pyrozole-5-one as fuel.
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Figure(YV): Electronic spectra for 0.01(A), 0.05 (F) and 0.10 (M) mole of
Co* systems in nujol mull at different calcination
temperatures using N, N-bis-(3-amino-propyl) oxalamide as
fuel.

3.2. The spectral characterization for NiyMg;.,,Al,O, systems using
different fuels.

3.2.1. Fourier Transform Infrared Spectra for Ni,Mg;.,Al,O, system
using urea as fuel.

Infrared spectra (IR) for 0.10 (A), 0.50 (F), 0.80 (M) mole of nickel
systems using urea as fuel are present in Figure (28). IR curves demonstrated
that the samples at ignition temperature 500 'C contain a broad absorption
band around 3500 cm ™ for A system, 3490 cm™* for F system and 3450 cm™*
for M system are related to the stretching vibration of free (—OH) group of
water molecules. The absorption bands in range 1650 -1050 cm ™ for A and F
systems and1630 cm ™ for M system are related to the stretching vibration of
carbonyl (C=0 and C-0O) groups of residual organic fuel ®¥. The absorption
bands at 1650, 1450 and 858 cm* for A and F systems and 1630, 1450 and
820 cm™* for M system correspond to undecomposed nitrate ions. The
absorption bands at 2950 for A and F systems and 2920 for M system related

to C-H aliphatic in sample .

A weak absorption bands in range 400700 cm ' appearance due to the
formation of trace amounts of metal oxides. After calcination at different
temperatures from 500-1200 °C, the observed absorption bands in the range
800-4000 cm * are decreased gradually until disappeared at 1100 C except,
the strong absorption band at 3450 cm ™ for A and M systems and 3500 cm™*

for F system are related to the stretching vibration of adsorption water %
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molecules. The three absorption bands 780,740 and 530 cm* for A system
and 770,710 and 550 cm™* for F and 760, 730 and 540 cm ™ for M systems are
corresponding to AlO,/AlOg groups building up the magnesium spinel as a
result of vibration of ions of valence AI*" in tetrahedral and octahedral
positions compared with 700, 530 and 425 cm™* for MgAl,O, spinel. Other
broad ®"® bands at 700, 535 and 425 cm™ for A system, 710, 550 and
425cm * for F system and 760, 730 and 425 for M system are corresponding
to NiOg/NiO,4 and MgO¢/MgO, groups for the Nickel and magnesium spinel
as a result of vibration in the octahedral sites or to mixed vibration of them in
octahedral and tetrahedral sites ™ compared with 760-720-520 cm™ for
NiAl,O, spinel as present in Figure (29).The weak absorption band at 610
cm* that characterize for NiAl,O, structure 2. Assignment of an important
bands in the IR spectra for 0.10, 0.50 and 0.80 mole of Ni** systems at

different calcination temperatures using urea as fuel are given in Table (9).



Results and discussion

A MgAl204 1200 F MgAI204 1200

T\,

1200
N Y 1200
M M
M /\/\’\,\/\?90/
R AN N
M 700

T,%
T,%

4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500

_ 1
Wavenumber, cm 1 Wavenumber, cm

MgAI>Oy
1200

M

1100

1000

M
800
700

B R

4000 3500 3000 2500 2000 1500 1000 500

T,%




Results and discussion

Figure (28): Infrared spectra for Nig;MggoAl,04(A), NigsMgo sAl,0,4 (F) and
Nio sMg,.,Al, 04 (M) systems using urea as fuel at different
calcination temperatures.
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Temperature, °C system
0.01 mole of Ni**

Figure (29): Infrared spectra for 0.10, 0.50, 0.80 mole of Ni** systems,
NiAlL,O, and MgAI,O, by using urea as fuel in rang 400-
1000 cm™
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O OH |YVCH | VCc=0 | YC-0 |VC-N | UN=O O M-0
O Y5+« | Y45, Vie. \05+ | 1450 Ao A 700,0Y+
Voo Y5, 2920 | 1650 - Veo Ao 800,50
A.. vYéi¢o. - A -2 - \V¢o - /\~~'9"~
A Yeo. | - | 1650 | - - - 7¢+,610, °%
Yo un Y5, - - - - - 740,600,9"'
YVeu ¥¢50 - - - - - 770,740,620,530,425
\Y o YeeQ - - - - - 770,740,620,530,425

0.05 mole of Ni%'

O ¥49. Yqe \he. | V0o Véo | Aeg Ve T

Voo Yéo. - \he. Yoo V¢4 - 750,02

A vio. -] Yve. - V¢o - 760,0Y -

Q0 Yéo. - - - - - 750,°‘~'
Yoo veo. - - - - - 770,740,620,530
VYo veo. - - - - -| 770,740,620,530,425
\Yeo Yo - - - - -| 770,740,620,530,425

0.80 mole of Ni?*

O Y45« Yavy ‘. - Véo A2« 1Y.,450
Voo Yéo Yay V1o - Véo AY . 1Y.,450
Ao Yéo. - Ve Voo Véo - 760,°Y
Q.. Yio. - 1%0. Va0 V€0 - 760,550
\hhh Yeo. - - - - - 760,91"',425
AR Yéo. - - - - - 760,730, 530,425
VY e Yéo. - - - - - 760,730, 530,425

Table (9): Assignment of the important bands in the IR spectra for 0.10,
0.50 and 0.80 mole of Ni** systems at different calcination
temperatures using urea as fuel.
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3.2.2. Fourier Transform Infrared Spectra for nickel system using
3-methyl pyrozole-5-one as fuel.

Infrared of spectra (IR) for 0.10 (A), 0.50 (F), 0.80 (M) mole of Ni**
systems using 3-methyl pyrozole-5-one (3MP50) as fuel are present in Figure
(30). From this curves, we can be explain that the samples at ignition
temperature 500 °C contain a broad absorption band around 3400 cm™ for A
and M systems and 3450 cm* for F system related to the stretching vibration
of free (-OH) group of water molecules. The absorption bands at 1650, 1090
cm* for A system and 1637, 1050 cm* for F and M systems are related to the
symmetrical and asymmetrical stretching vibration of carbonyl C=0 and C-O
groups of residual organic fuel ®¥. The absorption bands at 1650, 1382 and
800 cm* for A system and 1637, 1050 and 800 cm™* for F and M systems

correspond to undecomposed nitrate ions ©°.

The weak absorption bands in the range 400-700 cm* corresponding
to the formation of trace amounts of metal oxides. After calcinations at
different temperatures in range 500 to 1200 °C, the revealed absorption bands
in the region 800-4000 cm™* which are decreased gradually until disappeared
at 1100 °C except, the strong absorption band at 3500 cm * for A system,
3490 cm* for F system and 3450 cm ™ for M system related to the stretching
vibration of adsorption water “°® molecules. The absorption bands at high
frequency 760,710 and 540cm™ for A system, 760, 720 and 520 cm™ for F
system and 780, 730 and 535 cm™ for M system are corresponding to
AlO,/AIOg groups building up the magnesium spinel as a result of vibration of

I** in tetrahedral and octahedral positions ®"®9. These bands

ions of valence A
compared with 700, 530 and 425 cm™ for MgAl,O, spinel as blank system.

Three other bands at 710, 535 and 425 cm™* for A system, 740, 520 and 420

\w
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cm™* for F system and 730, 530 and 425 cm ™ for M system are corresponding
to NiOg/NiO4 and MgO¢/MgQO, groups for the nickel and magnesium spinel as
a result of vibration in the octahedral sites or to mixed vibration of them in
octahedral and tetrahedral sites “'>*'Y. These bands compared with 760,720
and 525 cm™* for NiAl,O, spinel as present in Figure (31). Assignment of the
important bands in the IR spectra for 0.10, 0.50 and 0.80 mole of Ni** at

different calcinations temperatures using urea as fuel are given in Table (10).
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Figure (30): Infrared spectra for Nig1MgosAl,0,4 (A), NigsMgosAl,O4 (F)
and Niy AMg, ,Al,0, systems using 3-methyl pyrozole-5-one as
fuel at different calcination temperatures.
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Figure (31): Infrared spectra for 0.1, 0.5, 0.80 mole of Ni** systems,
NiAl,O4, and MgAl,O, by using 3-methyl pyrozole-5-one as
fuel in rang 400-1000 cm™ .

Temperature, °C system
0.10 mole of Ni*

V.OH | V-CH | VC=0 | YC-0 | VC-N | VN=O v M-0
O Yq.. - Yo Y09+ | 1382 AOO 700,°Y -
Voo Y5, - 1650 - Véo - 800,50
A.. Yée¢o. - \1o. - V¢ o - /\hn’a"u
Qv Yéo. - 1650 - - - 7¢.,610, %"
Yo un Y'i5~ - - - - - 740,600,°‘~'
YYeo Y50 - - - - - 760,710,620,540,425
Yoo Yo - - - - - 760,710,620,540,425

0.50 mole of Ni?'

0. ¥as- | - | V%37 [0°+ | Vts | Aoo V60,7 - -

Vo vio. - \he. - Y ¢4 - 760,02+

Ao Yéo. - Ve - V¢o - 760,°"~

Qv Yéo. - 1650 - - - 760,°‘~'
Yoo Yéo. - - - - - 770,740,660,530
‘R Yée. - - - - - 770,740,660,535,425
VYoo Yéao - - - - - 760,720,660,535,425

0.80 mole of Ni?*

O Y45 - VY. V.0 Véo A2 750

Voo Y¢0. - V1o V.0 V¢0o AY . Vi.,500
Ao Yeo. - \he. - V¢o - 760,°¥
Q0 Yéo. - Yle. - Véo - 760,530
\ERE Yeo. - - - - - 760,°v',425
VYoo veo. - - - - - 780,730, 520,425
VYoo vio. - - - - - 780,730, 530,425

Table (Y +): Assignment of the important bands in the IR spectra for 0.10,
0.50 and 0.80 mole of Ni?* systems at different calcination
temperatures using3-methyl pyrozole-5-one as fuel.
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3.2.2. The diffuse reflectance spectra for NiyMg;.,Al,O, systems using
urea as fuel.

3.2.2.1. Diffuse reflectance spectra of nickel system using urea as fuel

Diffuse reflectance spectra for (A) 0.10, (F) 0.50 and (M) 0.80 mole of
Ni®* systems by using urea as fuel are given in Figure (32). These systems
show the appearance of band around 612,500 and 460 nm for A system, 618,
500 and 445 nm for F system and 618, 500 and 450 nm for M system at 700°
C. These bands are corresponds to pale green-blue (cyan) color of sample
under investigation. The bands shift to cyan band as calcination temperatures
increase until reaching around 612, 570, 500, 505 and 460 nm for A system,
618, 560, 505 and 445 nm for F system and 618, 568, 505 and 450 nm for
M system at 1000°C for green-blue (cyan) color. These bands increase its
shift to 460, 505 and 612 for A system, 445, 510 and 610 nm for F system
and 450, 505, 560 and 606 nm for M system at 1200°C ‘1D \which show

the good green-blue (cyan) color pigment.

From colorimetric data present in Table (11), the values of b* and a*
increase in the negative direction while L* values decrease as result of
increasing calcination temperatures. The increasing in negative values of a*,
means the higher intensity of green color and the increasing values of b* in
negative direction indicate for the appearance of blue color as shown in
Figures (33-34). The increasing of a* in negative direction is more than the

increasing values of b* in negative direction. This means the present of two
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mixed color green and blue that the green is more than blue color intensity.
The decreasing in L* parameter corresponds to reduce the lightness of
sample. The values of a* and b* increase in negative direction with the depth
of green-blue color as result of calcination temperatures and the increasing of
the amount of nickel ions. The lower value of hue variation AE tends to a
good color matching ®°?. Colorimetric data show the high value of a* and b*
and lower value of hue variation AE at 1200°C for all doping nickel percents
as show in Table (11). This means that the appearance of good pigment
powder color and a good color matching occur at 1200°C.The color of

different doping with change temperature shown in Figure (35).

3.2.2.2. Diffuse reflectance spectra of nickel system using 3-methyl
pyrozole-5-one as fuel

Diffuse reflectance spectra of A, F and M doping Ni®* systems using 3-
methyl pyrozole-5-one (3MP50) as fuel shown in Figure (36). The
appearance of bands in range 618, 500 and 450 nm for A system, 612, 506
and 440 nm for F system and 500 nm for M system at 700° C which are
produced the pale green-blue (cyan) color of sample. These bands shift to
cyan band as calcination temperatures increase until reaching around 612,
560, 505 and 455 nm for A system, 612, 562, 506 and 468 nm for F system
and 618, 560, 505 and 468 nm at 1000°C for green-blue (cyan) color. These
bands show more shift to 612, 560, 505 and 455 nm for A system, 612, 562,
506 and 468 nm for F system and 618, 560, 505 and 468 nm for M system at
1200°C 1Y \where the sample show the good green-blue (cyan) color

pigment.

From colorimetric data present in Table (11) the values of b* and a*
values increase in negative direction while L* values decrease as result of the
increasing of calcinations temperatures. The increasing of a* in negative

direction is more than the increasing values of b* in negative direction. This

\H
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means that the present of two mixed color of green and blue. The decreasing
in L* parameter tends to reduce the lightness of sample. In the same time, the
increasing of amount of nickel percent, the value of a* and b* increases as
shown in Figures (37-38), leading to the depth of green-blue (cyan) color as
result of calcinations temperatures. The | ower value of hue variation AE
tends to a good color matching “°. Colorimetric data show high value of a*
and b* and lower value of hue variation AE at 1200°C for 0.10 and 0.80 mole
of nickel as shown in Table (12). This means the appearance of good pigment
powder color and a good color matching occur at 1200°C. Colorimetric data
show high values of a* and b* at 1200 °C for 0.50 mole nickel and a good
color matching occur at 1100°C. The color of different doping with change
temperatures are shown in Figure (39). The doping of nickel is leading to the
present of higher amount of defects in structure. These defects are due to
distorted tetrahedral and octahedral sites in spinel structure, changing the
ligand-field around the chromophore @® and hence changing the observed

color.

As comparison between two fuels, the values of a* for 0.10 mole
system using urea as fuel are more than 3-methyl pyrozole-5-one except at
700°C. Under 1000°C, the values of b* for 0.10 mole system using 3-methyl
pyrozole-5-one is more than urea as fuel and up to 1000°C. This means the
intensity of cyan color for 3-methyl pyrozole-5-one is higher than urea under
1000°C. Up to this temperature, the intensity of cyan color using urea is more

than 3-methyl pyrozole-5-one as shown in Figures (40-41).

For 0.50 mole system, the values of a* using urea as fuel is more than
3-methyl pyrozole-5-one up to 800°C and b* values for the system using urea

is more than 3-methyl pyrozole-5-one as fuel except at 700°C. This means the

> ] <
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intensity of cyan color is higher for urea than 3-methyl pyrozole-5-one as fuel
up to 800°C as shown in Figures (42-43).

For 0.80 mole system, the values of a* using urea as fuel is more than
3-methyl pyrozole-5-one except 1200°C and b* values for the system using
urea is more than 3-methyl pyrozole-5-one as fuel. This means the intensity of

cyan color is higher for urea than 3-methyl pyrozole-5-one as fuel except at
1200°C as shown in Figures (44-45).
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Figure (32): The diffuse reflectance spectra for Nig10Mgo.90Al,04 (A),
Nio_50Mgo'5oA|zo4 (F) and Nio_goMgo.20A|204 SyStemS at
different calcination temperatures by using urea as fuel.
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Figure (¥¥): Colorimetric data for different doping of 0.10, 0.50 and 0.80

mole of Ni** systems at different calcination temperature by

using urea as fuel.
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Figure (¥¢): Colorimetric data for different doping of 0.10, 0.50 and
0.80 mole of Ni** system at different calcination
temperatures by using urea as fuel.

system Temperature, °C L* a* b* AE
o 96.94 o, Y,en 141,40
Voo 98.94 -Y,14 =Y, AA,40
Avs av,de -Y,Y4 =V, 8 av,4aA

0.10 AR AV, =Y,AN =\, 6 av,ve
e Vv, oA ) N =\,oV v, ¢
R 90,1 -0,V -Y,Vv do,vY
AKX Y, EA =V, Y Yot aY,AN
LER 4%,4¢ v, 0 40 41,40
AR aV,A4 I =Y,Vvv av,40
Avs v,Ye =Y, 1 =Y,V av,r1

“, 00 4. aq,ryV 0, =%, 47,1
Yoo aY,VA =1,A4 -0,¢Y 9¢,14
Ve aY,¢A ALAA -0,\¢ ar,y.
1YY qY,ve =4, -0, ar,. ¥
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o q¢,%0 OREYY, NEN a¢,V)
Ve AY Y AT A,
Ao 47,1 =1, 0 =f,A a1,¢y
A A 4, ¢ =1,vA4 -0,0¥ a41,¢¢
I aE, €A -4, R a0,V Y
K ay,ot¢ -\ e,10 VLAY AtV
AR ay,¢y =1Y,¢4 ALY avr,ed

Table (11): Colorimetric data for different doping of 0.10, 0.50 and
0.80 mole of Ni** systems at different temperatures using
urea as fuel..

Temperature,’C| +,Y + mole of Ni**| *,°+ mole of Ni*' «,A+mole of Ni**
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Figure (¥¢): The color of ceramic powder for 0.10, 0.50 and 0.80 mole of

Ni?* systems using urea as fuel at different calcination
temperatures.
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Figure (36): The diffuse reflectance spectra for Nig10Mgo.90Al,0, (A),
Nio.50Mg0.50A1,0, (F) and NiggoMgo 20Al,04 (M) systems at
different calcination temperatures by using 3-methyl
pyrozole-5-one as fuel.
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Figure (37): Colorimetric data for 0.10, 0.50 and 0.80 mole of Ni*" systems
at different calcination temperature by using 3MP50 as
fuel.
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Figure (38): Colorimetric data for 0.10, 0.50 and 0.80 mole of Ni**

systems at different calcination temperature by using 3-
methyl pyrozole-5-one as fuel.
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o IXKE A ¥,V XKL
Voo av,ay Y, 00 R v, ..
A ay,va K2EY LY ay,4.
o CIN AR, YA £, YV A A4,¥4
Voo AR, Y E IR 04 A%, €N
VYo Ao,qY -V, 0A Y ALY
Y. Ao, QY Y YL e A%, YA
o XK \,AY ¥,Y4 AY,YY
Ve YWY Y, Y, v a¢,Aq
Ao Q¥ ¢ Y KK Ay, oV
A . 4,71 o, ¢ RT aY,4Y
Voo AN, 4N a8 “£,\A AR, YA
VY. AN 4,41 o, VY AQ, Yo
Y. Y RYEEEYRY Y AS VA

Table (12): Colorimetric data for 0.10, 0.50 and 0.80 mole of Ni** systems

at different temperatures using 3-methyl pyrozole-5-one as

fuel.
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Temperature,°C| «,Y+ mole of Ni**| +,°+ mole of Ni** | +,A+ mole of Ni**
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v e |
& RSN
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Figure (39): The color of ceramic powder for 0.10, 0.50 and 0.80 mole of
Ni®* systems using 3-methyl pyrozole-5-one as a fuel with
change temperatures.
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Figure (40): Colorimetric data (b* in blue direction) for 0.10 mole of Ni?*

system at different calcination temperature by using urea

and 3-methyl pyrozole-5-one as fuel.
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Figure (41): Colorimetric data (a* in green direction) for 0.10 mole of
Ni?* system at different calcination temperature by using
urea and 3-methyl pyrozole-5-one as fuel.
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Figure (42): Colorimetric data (b* in blue direction) for 0.50 mole of Ni?*

system at different calcination temperature by using urea

and 3-methyl pyrozole-5-one as fuel.
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Figure (43): Colorimetric data (a* in green direction) for 0.50 mole of
* system at different calcination temperature by using
urea and 3-methyl pyrozole-5-one as fuel.
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Figure (44): Colorimetric data (b* in blue direction) for 0.80 mole of Ni?*
system at different calcination temperature by using urea
and 3-methyl pyrozole-5-one as fuel.
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Figure (45): Colorimetric data (a* in green direction) for 0.10 mole of

Ni?* system at different calcination temperature by using

urea and 3-methyl pyrozole-5-one as fuel.

H"\‘



Results and discussion

3.2.3. The electronic spectra NiyMg;.,Al,O, systems using different fuel

3.2.3.1. The electronic spectra of nickel system using urea as fuel

The electronic spectra of 0.10 (A), 0.50 (F) and 0.80 (M) mole of
Nickel systems using urea as fuel at different calcination temperatures present
as shown in Figures (46). Three broad absorption bands at 540 nm for A
system, 560 nm for F system and 545 nm for M system (green region), 595
nm for A and F systems and 600 nm for M system (yellow-orange region) and
637 nm for A system, 535 nm for F and M systems (red region). These bands
indicate for tetrahedral co-ordination for Ni?* in the Al,Os lattice which gives

rise to the green-blue coloration.

From Orgel diagram, the d-d transitions of Ni** (3d%rq) shows the
present of three transition states of *Tyy(F) —=Tog, *T1g(F) — *Tay(P) and
*T14(F)—°Ay,. The two weak absorption bands at 475, 480 nm and 725, 715
nm for indicate for octahedral co-ordination of Ni?* in the Al,Oj lattice #1213
and The energy level diagram gives d-d transitions of Ni(II) (3d%y,) from
Orgel diagram shows *A,g —3T,(D), *Ay; ——Ty(F). This triple band in
visible region can be attributed to Jahn-Teller ***'V) distortion of tetrahedral

structure.

3.2.3.2. The electronic spectra of nickel system using 3-methyl pyrozole-5-
one as fuel.

The electronic spectra of 0.01, 0.05 and 0.1 mole of Ni** systems using
3-methyl pyrozole-5-one as fuel is shown in Figures (47). Three broad
absorption bands show at 575 nm for A system, 555 nm for F system and 560
nm for M system (green region), 600 for A system, 595 nm for F system and
605 nm for M system (yellow-orange region) and 537 nm for A system, 627
nm for F system and 630 nm for M system (red region) as result of different

calcination temperatures. These bands indicate for tetrahedral “* co-
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ordination of Ni** in the Al,O; lattice which gives rise to the green-blue

coloration.

Using Orgel diagram, The d-d transitions of Ni** (3d%) shows the
present of three transition states of *Ty(F) — T, *T4(F) —— *T1(P) and
*T1(F) —>A,,. The two weak absorption bands at 475, 480 nm and 725,715
nm are appeared for octahedral co-ordination of Ni?* in the Al,O; lattice. The
energy level diagram gives d-d transitions of Ni** (3d%,) from Orgel diagram
shows *A,g — °T,(D) and *A;; —» °T4(F). This triple band in visible

region can be attributed to Jahn-Teller distortion of tetrahedral structure.
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Figure (46): The electronic spectra for Nig 10Mgo.00Al,04 (A), Nig.50Mg0.50Al,04
(F) and NiggoMgo0Al,0, (M) system at different calcination

temperatures by using urea as fuel.
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Figure (£ V):The electronic spectra for Nig 10Mgo.00Al.04 (A), Nig.50Mgo.50Al,04
(F) and NiggoMgo.20Al,0, (M) systems at different calcination

temperatures by using 3-methyl pyrozole-5-one as fuel.
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3.3. The crystal structure characterization of Co,Mg;.,Al,O,
systems ceramic pigment

3.3.1. Thermal analysis for Co,Mg;.,Al,O,4 system using different
fuels

A good fuel used in a combustion process should react non-violently,
produce non-toxic gases, and act as a complexing agent for metal cations.
Different pmetal cations and organic fuels with different functional groups
(caboxylic group and/or amine group) are exhibited different complex
power. The fuel is one of the important factors that affect the phase
formation and morphology of the final product. In addition, the released
chemical energy from the exothermic reaction between various metal nitrates
and fuels is different 9 Also, energy is important factor that affects the
phase formation of the product because the high temperature is a favorable of
the stable phase formation and particle aggregation of the final product. The
thermal analysis (TG, DTG and DTA) of Co,Mg;,Al,O, system using

different fuels carried out on ash powders.

From TG-curves, the weight losses were calculated for the different
steps and compared with those theoretically calculated for the suggested
decomposition based on the results of the elemental analysis by the tangent
method, calculated from the curve of the mass loss versus temperature. The
calculations on the range of temperature with respective mass losses were
performed with the aid of shimadzu software and excell programs. The
Kinetic parameter as activation energies are calculated from TG-curves in

temperature range 200-1000 °C by using Coats-Redfern™"” method.
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3.3.1.1. Thermal analysis for 0.05 mole of Co** using urea as fuel.

The thermogravimetric curves in Figure (48) show four thermal
decomposition steps by using urea as fuel. The first and second steps show
the losing of 12.5 % ( calc. 13.6%) by weight at temperature range 50-200 °C
due to the elimination of the humidity and co-ordination water in sample.
The third in range 200-450°C and the fourth in range 450-690°C steps show
the losing of 30.8 % ( calc. 28.9%) by weight occurs for evolution of CO gas
from sample. We can say that phase formation starts at 700° C with stable of
TG-curve. The differential thermal analysis (DTA) shows three endothermic
steps at 100, 150 and 690 °C and one exothermic step at 400 °C. The first and
second endothermic reactions occur for elimination of the water in sample.
The third one exothermic step occurs for elimination of the residual organic
material in sample. The fourth endothermic reaction step appears at 690 °C
due to the phase formation. The activation energy is calculated from TG-
curves by using Coats-Redfern " method. The activation energy of this
system equals to 8.314kJ/mol. The decomposition of sample under

investigation for 0.05 mole of Co®* system can occur as the following

CO0,0S MgO.95A|2(OH)4(C03 )205H20 50-200° C;
C00.05 Mgo.g5AI5(0),(CO3),+2.5H,0

C0g.0s Mgo.95Al2(0)2(CO3) 200-650° C  Co0g05Mgg 95Al,04+2CO,
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3.3.1.2. Thermal analysis for 0.05 mole of Co*" using oxalyl dihydrazide
as fuel.

The weight losing of 0.05 mole Co?** system using oxalyl dihydrazide
as fuel changes in three steps as shown in TGA curve for ash as shown in
Figures (49). The losing of 13% (calc. 13.5%) by weight in the first range
50-200°C and the second range 200-450°C occur due to elimination of the
humidity and co-ordination water in sample. The losing of 10 % (calc. 11%)
by weight in the third step in the range 450-650°C occur due to evolution of
CO, CO; and NOx gases from sample. We can say that phase formation starts
around 700° C from TGA curve. DTG shows three endothermic steps at 100,
300 and 500 °C. The differential thermal analysis (DTA) shows two
endothermic steps and only exothermic step. The first endothermic step
occurred for elimination of the water in sample. The second exothermic step
occurred for elimination of the residual organic material in sample. The third
endothermic reaction step shows phase formation and appearance of phase
under study. The activation energy of this system equals to 9.70kJ/mol. We

can explain the calcinations steps as the following equations.

0.05CoCO:s. 0.95Mg0.Al,031.5 H,0 50-200° C‘
0.05CoC03.0.9éMgO.AI203+1.5H20
0.05C0C03.0.95MgO.Al,O; 200-450 gC
C000sMossALO+0.05CO,
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Figure (48): Thermal analysis (TGA, DTG and DTA) for 0.05 mole of
Co®" system using urea as fuel.
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Figure (49): Thermal analysis (TGA, DTG and DTA) for 0.05 mole
of Co** system using oxalyl dihydrazide as fuel.
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3.3.1.3. Thermal analysis for 0.05 mole Co** using 3-methyl pyrozole-one
(3MP50) as fuel.

The weight losing of 0.05 mole Co* system using 3-methyl
pyrozole-5-one (3MP50) as fuel are present in four steps as shown in TGA
curve for ash as present in Figure (50). The weight loss 8.5% (calc. 7.9%) in
range 50-100 °C, this can be attributed to elimination of the co-ordination
water in sample. The weight loss of 23%, at the temperature 100-500 °C,
represents the removal of the ligand molecule. The mass losing at 500-700 'C
were 22.5%(calc. 23.8%) corresponding to the removal of CO,CO, gases

from the sample then the solid solution of cobalt aluminate and magnesium
aluminate began to be formed at 650 C. DTG shows three endothermic steps

at 100, 250 and 690 °C. DTA shows second endothermic steps at 100 and
690 °C and one exothermic step at 250 °C. The first endothermic step
occurred due to elimination of the water and the second exothermic step for
elimination of the residual organic material in sample. The third endothermic
reaction step shows phase formation and appearance of phase under study.
The activation energy of this system equals to 13.86kJ/mol.The calculated

calcinations steps occurred according the following equations.

C00.05 Mo.gs0. Al,(OH),(CO3),.0.50H,0. 0.7(C4HsN,0)  50-100° C

C0.05 MJo.95Al(0),(CO3), . 0.7(C4HsN,0)+1.5H,0

CO0,0S Mgolg5A|2(O)2(C03 )2 . 07(C4H6N20) 100-500 © Q

C0o.0s Mgo.95Al(0)2(CO3), +0.7(C4HsN2O)

Cog o5 MgO.95A|2(O)2(C03 )2 500-700° CE

C00_05 Mg0.95A|204 + C02+ (6{0)
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3.3.1.4. Thermal analysis for 0.05 mole Co?" using N, N-bis-(3-amino-
propyl) oxalamide using as fuel.

The weight losing of 0.05 mole Co** using N, N-bis-(3-amino-propyl)
oxalamide as fuel changes in three steps as shown in TGA curve for ash as
present in Figure (51). The losing of 13% (calc. 14.2%) by weight in the first
(50-100 °C) and the second (100-200°C) steps occurs for elimination of the
humidity and co-ordination water in sample. The losing of 13.8 % (calc.
14.7%) by weight in the third (200-650°C) occurs for evolution of CO, CO,
and NOx gases from sample. We can say that phase formation starts around
700° C from TGA curve. DTG shows three endothermic steps at 100, 250
and 650 °C. DTA shows two endothermic steps at 100 and 700°C and one
exothermic reaction at 300 °C. The first endothermic step occurred for
elimination of the water and the second exothermic step for elimination of
the residual organic material in sample. The third endothermic reaction step
shows phase formation and appearance of phase under study. The activation

energy of this system equals to 7.30kJ/mol

0.05C00.0.95Mg CO3.Al,03 H,O__50-200°C_

0.05C0C0;.0.95MgO.Al,03+H,0

0.05C00.0.95Mg CO3.Al,O;  200-650° C

Cog 5 Mg0.95A|204 +0.95 CO,
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Figure (¢+): Thermal analysis (TGA, DTG and DTA) for 0.05 mole of
Co®" system using 3-methyl pyrozole-5-one as fuel.
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Figure (°Y): Thermal analysis (TGA, DTG and DTA) for 0.05 mole
of Co®* system wusing N, N-bis-(3-amino-propyl)
oxalamide as fuel.
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3.3.2. X-ray diffraction:
3.3.2.1. X-ray diffraction for Co,Mg1.,Al,O, system using urea as fuel.

The X-ray diffraction of Co,Mg;.,Al,O4 systems using urea as fuel
at different firing calcinations temperatures are shown in Figure (52). At 700°
C, the XRD of powders remained amorphous or contained only small
crystallites that indicated by the broadening lines. At 900° C, the calcinated
powders begin to show the spinel crystalline from amorphous phase. With
increasing the temperature of calcination above 900° C, the intensities of
peaks increase gradually until sharpen peaks are observed in temperature
range 1100-1200°C **8-119)

The average crystallite sizes are calculated from the X-ray diffraction
peaks by using scherrer equation ®*#) (D=0.91/pcos6), where
A 1s wavelength,

0 is the diffraction angle
and P is the corrected halfwidth.

The crystalline spinel phase content and the particles size increase
with increasing calcinations temperatures that shown in Figure (53). The
particles sizes for different doping Co”* using urea systems from XRD are
shown in Table (13).The density of 0.01, 0.05 and 0.10 mole Co®* systems
calculated from x-ray and compared with the experimental present using
Archimedes rule in Table (15).

3.3.2.2.X-ray diffraction for Co,Mg.,Al,O, system using oxalyl
dihydrazide as fuel.

The X-ray diffraction for cobalt ion as doping for Co,Mg;.<Al,O4
system using oxalyl dihydrazide as fuel are investigated as powders at

different calcination temperatures. Figures (54) show the X-ray bands
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intensities against (2e) for three systems. From these curves, it is clear that
the intensity of the bands is increasing with calcined temperature. The
calcinated powders begin to exhibit the spinel crystalline and the
disappearance of Al,O3 at 1000°C. With increasing the temperature above
1000 °C, intensities of the peaks increase gradually until sharpen peaks are
observed at 1200°C 122123),

The average crystallite sizes calculated from the X-ray diffraction
peaks by using scherrer equation. The crystalline spinel phase content and
the particles size increase with increasing calcination temperatures that
shown in Figure (55). The particle sizes of different doping Co?" systems
using oxalyl dihydrazide from XRD are shown in Table (13). The densities
of Cobalt systems under investigation calculated from x-ray and compared

with the experimental obtained from Archimedes' law in table (16).
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Figure(52): X-ray diffraction for 0.01(A), 0.05 (F) and 0.10 (M) mole of
Co®* systems at different calcination temperatures using
urea as fuel.
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Figure (°¥): The relation between particle size from X-ray diffraction
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different calcination temperatures using urea as fuel.
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Figure (54): X-ray diffraction for 0.01(A), 0.05(F) and 0.10 (M) mole of
Co”* systems at different calcination temperatures using
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Figure (55): The relation between particle size from X-ray diffraction
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calcinations temperatures using oxalyl dihydrazide as
fuel.
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3.3.2.3. X-ray diffraction for Co,Mg;,Al,O, system using 3-methyl
pyrozole-5-one (3MP50) as fuel.

The X-ray diffraction for Co,Mg;,Al,O, system, where (0.10> x >
0.01) using 3-methyl pyrozole-5-one (3MP50) as fuel is investigated at
different calcination temperatures as shown in Figures (56). The peaks
intensities of X-ray diffract-gram for amorphous or contained only small
crystallites indicated by the broadening lines agree will with data of thermal
analysis for the formation of the stable phase. As the calcination
temperatures increases the continuously powders begin to exhibit the spinel
crystalline. By increasing temperature, the intensities of peaks increase

gradually until sharpen peaks are observed at 1200° C.

The average crystallite sizes calculated from the X-ray diffraction
peaks by using scherrer equation. The crystalline spinel phase content and
the particles size increase with increasing calcination temperatures that
shown in Figure (57). The particles sizes of different doping Co”* system
using 3-methyl pyrozole-5-one (3MP50) as fuel from XRD data are given in
Table (13). The densities for this system calculated from x-ray diffraction
and compared with that experimental obtained from Archimedes' law and
given in Table (17).
3.3.2.4. X-ray diffraction for Co,Mg1.,Al,O, system using N, N-bis-(3-

amino-propyl) oxalamide as fuel.

The X-ray diffraction for cobalt systems using N, N-bis-(3-amino-
propyl) oxalamide as fuel at different calcination temperatures are shown in
Figures (58). Up to 800° C the peaks intensity of the powders remained X-
ray amorphous with only small crystallites that indicated by the broadening
lines that agree will with data obtained from thermal analysis for the

formation of the stable phase. At 1000°C, the intensity of peaks increases and
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begins to exhibit the spinel crystalline from amorphous phase. By increasing
temperature above 1000 °C, the intensities of the peaks increase gradually
until sharpen peaks are observed at 1100° C and 1200° C.

The average crystallite sizes calculated from the X-ray diffraction
peaks using scherrer equation. The crystalline spinel phase content and the
particles size increase with increasing calcination temperatures shown in
Figure (59). The particles sizes of different doping Co”* systems using N, N-
bis-(3-amino-propyl) oxalamide as fuel from XRD are calculated as shown
in Table (13). Also, the densities of cobalt systems calculated from x-ray
and compared with that experimentally obtained from Archimedes' law in
Table (18).

The particles sizes for all systems using different fuels decrease as
result of the amount of Co® ion increases. At 900°C, there is no relationship
between the sizes of the particles and the type of fuel used for all systems.
For 0.01 mole of Co®* system and up to 900°C, the sizes of the particles are
much greater for this system using urea as fuel, while particles sizes are
smaller ones using N, N-bis-(3-amino-propyl) oxalamide as fuel and overlap
and lack of organization of the size of the particles using other two fuels as

shown in Figure (60).

Figure (61) shows the particles sizes of 0.05 mole of Co*" system. Up
to 900°C, the sizes of the particles is much greater for this system using
urea as fuel, while particles sizes are smaller ones using N, N-bis-(3-amino-
propyl) oxalamide as fuel and there is a slight increase the particles sizes in
the case of the use of oxalyl dihydrazide than 3-methyl pyrozole-5-one
(3MP50) as fuel. For 0.10 mole of Co®* system and up to 900°C, the
decreasing of the particle sizes with increase the power and number of the

carbon in each fuel as shown in Figure (62).
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Figure (56): X-ray diffraction for 0.01(A), 0.05 (F) and 0.10(M) mole

of Co** systems at different calcination temperatures
using 3-methyl pyrozole-5-one as fuel.
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Figure (57): The relation between particle size from X-ray diffraction

for 0.01, 0.05 and 0.10 mole Co*" systems at different

calcination temperatures using 3-methyl pyrozole-5-one as
fuel.

KA




Results and discussion

100
90.A CoAlL0, F CoALD,
1 1200 90 -
1200
804 MgALO, | 80
] 1200
g 70 - 70
= so. 1200 | =
5 60 60
- 2>
m —
E 50 - 1100 § 50
] =
40 1000| — 40
s S PN W B
zoj\/\,w 1
10-M by
0 I I ) I ) o I T
20 30 40 50 60 70 80 20 30 40 50 60 70 80
2-Theta
10‘1’)-Theta
90_' M CoALO,
| 1200
80-
70- MgALO,
1200

Intenslty, au
3

ZOEM

10 700

20 30 4 50 60 70 80
2-Theta
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Table(13): Particles sizes (nm) from X-ray diffraction for different
Co”" systems at different calcination temperatures using

different fuels.

calcination temperatures, ° C

Fuel
SyStem O A ) Q0 Yeoro YYeo Yoo
Urea SR Am | Y,¥YA | 454 18.7 | Yo, 'Y | 34.89 | 46.33
w0 | AM v YUY [V, YY,ev [ 3442 | €0,
) Am | 4.22 AoA 11578 | 19.72 | 32.21 | 43.58
K - Am AR R ERENERAR
OD 0 ; Am | Y | VY,YR | YY), FT YA, Y. | ¥y, V0
K - Am | 4,78 [Yo,0n [YAAY [ YV, Y | Yo,0v
oo | Am | LY | v,es 1889 Y¢,YA | 30.03 | £Y,YA
SMP50 | «,.0 Am | &,¢0 598 |16.64 | Y),Yo | 27.25 | €YY
) Am | o,YY | 892 |1590 | 17.10 | 23.73 | Y:,AY
K i Am | YLV [ v, a YV YY,eY | YA,YE
3APOA [ & _ Am [V, ey [ v [ av,ea Yy, ] Y,
K - Am | Yo xe [y v,y i YA,e | Ye T

OD =oxalyl dihydrazide, 3MP50=3-methyl pyrozole-5-one, 3APOA= N, N-bis-(3-amino-propyl)

oxalamide, Am=Amorphous

Table (14): XRD crystallite and TEM particle sizes for different Cobalt

systems at 1100°C using different fuels.

Fuel System Particle size (nm)
X-ray TEM
Urea 0 34.89 35.00
.0 34.42 TR
A 32.21 33.30
oD e (AR YY,v e
v, 0 Y/\,V~ v~,~~
B YV, Y YA, oo
3MP50 e 30.03 YE,A
.0 27.25 Y,V
SN 23.73 YA,
3APOA e Yy,ov Y$,00
v, 0 Y\,\' YY,tn
u,\u YA,C Yo,on

Yoo




Results and discussion

Tables(15):Lattice parameters and densities of different cobalt systems
using urea as fuel.

Calcinations Temperature, °C
system parameters
Vo Ao Qe ‘R VYoo YYeu
a AaVo | A AT | ALCAAY | ALY T L ANYYY | AN TAY
a° oyYi,0¢ | oyv,1y oyY4,vy oYYy,ve oy1 oy4,Y)
o) dtheo. g\MI ¥,09) Y,0AY ¥,ovy ¥,00. Y,or. Y,00.
dexp- g\ v,0V. ¥,01. v,00. v,ov. 0,04, 0,89,
a AaNe L AACT | A vAe [ ACAEA | ALIYEY | OA Y TFAY
a° oYo,t0 | oYV,1Y | oYA,£4 | ov.,sY oy or4,Y)
©,v 0 dineo. g\ FAYY [ OY,0A ¥, Y | ¥,04A: | Yoy ¥, 08
dexp_g\m ¥,0M ¥,oV. ¥,00. ¥,ory | Y,0). ¥,00
a AaNo | AACT | A cAS [ ALCAEA | AT | A TAY
as oY1,0¢ | oYV,le | oYA,£d [ o¥.,fY | oYY,YV | o¥4,v)
VY g gml | YATA | Yane | TRef | YAEY | Yave | T,0A)
exp. g\ ¥,10. AR ¥, ¥, ¥,0A ¥,01.

a= Lattice parameters, Owneo= theoretical density and dexp= experimental density

Tables(16): Lattice parameters and densities of different cobalt systems
using oxalyl dihydrazide as fuel.

system inati °
y parameters Calcinations Temperature, "C
/\un ﬂni \hnh \\hn \"~~
a A, v Yo A, v Ao A, s AAY Ay) AN YY)
a’ oY1,0¢ oYA, ¢4 SERA orYY,vY oy
o dineo g\MI ¥,04. ¥,0VaA ¥,ovY ¥,00Y ¥,06A
dexp g\m| Y,oV. ¥,0T. y,00. y,ov. Y,0)
a A, e Ve A, Vo A, e At A, v Ao A, e QEA
a® oYo,t0 ov1,04 oYV, o oYA,£4 or.,tY
0 g\ml YVoy Y,ave Y,200A Y, Y,09A
dexp g\ml Y’,Vh . Y’,‘kh . Y‘,O\/h V’OO. V’OY‘D
a /\,.\/. /\,.\/0 /\,~/\~~l /\,~/\° /\,~/\/\V
\ ad oYo,t0 ov1,04 oYv,v0o OYA,£4 ovq,YY
L] L]
’ dineo g\mI ¥,ve ¥,1TYA ¥, ¥,no¢ ¥,10.
exp 9\ ¥,10. ¥,ary ¥, ¥ ¥,40.

a= Lattice parameters, Oieo= theoretical density and dexp= experimental density
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Tables(17): Lattice parameters and densities of different cobalt systems
using 3-methyl pyrozole-5-one as fuel.

System Calcinations Temperature, °C
parameters

Voo Ao LI Yoo AR VYoo
a AaYe | A Y | A VAT A, v Ao AT ALY

a° oYo,0n [ oYT,08 | oYV,1Y | oYA,¢4 oYY,vo oy

e Jineog\ml ¥,09A | ¥,09) ¥,0N¢ ¥, 0VA v,0¢9 ¥,0YA
dexpg\m ¥,0ny | Y,00f | Y,0FA ¥,ov0 ¥,00. ¥, 649,
a Ao | A Yo | A A A, AAY AT ALY

o a® oYo,01 | oYl,0¢ | oVA, &9 oY4,YY oyy,ve oyt
! dineo g\l YLAYY | Y,ave |ov,NY LY ¥,0AY ¥,0nY
expg\ml ¥,\ve | ¥,hee | Y,400 ¥4 ¥,0A ¥,00.
a AaYo | AyvACT | A A A,  AAY A cqEA | ALY IR
as oevi,e¢ | oYV,T0o | oYA,¢9 ov4,vy AR oYY,ve

AR Atheog\ml Y,ave | ¥, | Yot ¥,10. Y,y ¥,y
expg\ml ¥,M0e | ¥,i¢e | ¥,ivo ¥,y ¥,1e ¥,

a= Lattice parameters, dineo= theoretical density and dep,= experimental density

Tables(18): Lattice parameters and densities of different cobalt systems
using N, N-bis-(3-amino-propyl) oxalamide as fuel.

System Calcinations Temperature, °C
parameters Ahh %hh \hhh \\hh ‘*.h
a AoV A, v Yo A, oA A, s AAY Ay v AEA
a° oYo,o0% ovY,0¢ ovy,vo oYq,vYY oy ., &Y
o Aheog\m ¥,09A v,04. Y,0A. Y,ovY ¥,0%.
dexpg\m| y,09. y,o10 y,00. y,ovo Y¥,oV.
a A, eV A,vVo A, oA A, Ao A, « AAY
a® oYo,o0M oY1,0¢ oYV,te oYA,£9 oYq,vyY
90 e giml | YAYY | ¥ave YN Y, Y
exp 0\ ¥,1vo ¥, ¥, ¥,490. ¥,
a A, eV A,vVo A, oA A, Ao A, « AAY
as oYo,oN oY1,0% oYv,1o oYA,£4 oY4q,vY
AR dineo g\ ¥,lve ¥, ¥, ¥,Mo¢ ¥,70.
dexo g\ ¥,10. ¥,1vo ¥,1ve ¥, ¥,

a= Lattice parameters, ineo= theoretical density and deyp,= experimental density
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3.3.3. Microstructure characterization for Co,Mg;,Al,O, system of
ceramic pigments
Microstructure characterizations of ceramic pigments at different
calcination temperatures are performed using transmission electron
microscopy (TEM). The particle sizes are calculated also from TEM
photographs using ultrastructure size calculator or quantitative electron
microscopy using an areal analysis. Measurements of at least 20 particles

were required to characterize each size distribution from TEM photographs.

3.3.3.1. Microstructure characterization for Co,Mg;xAl,O4 system using
urea as fuel.

The microstructures for powder compounds under investigation
formed using urea as fuel and studied using transmission electron
microscopy. Figure (63) give the TEM photographs of samples which show
the sheet and spherical shapes for 0.01 mole of Co®" system and spherical
particles for 0.05 and 0.1 mole of Co®* systems. The particle sizes are
determined using TEM and are compared with that obtained from XRD and
collective data in Table (14). The morphology and particle sizes are

decreased with increasing the amount of doping Co?* ion.

3.3.3.2. Microstructure characterization for Co,Mg,.,Al,O, system using
oxalyl dihydrazide as fuel.

Transmission electron microscopy (TEM) photographs shown in
Figure (64) for the compounds under investigation using oxalyl dihydrazide
as fuel exhibit the spherical particles for 0.01, 0.05 and 0.1 mole of Co**
systems. The particle sizes calculated by XRD are compared with the data
obtained from TEM and present in Table (14). Also, the morphology and

particle sizes are decreased as the amount of doping Co?* ion increases.
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3.3.3.3. Microstructure characterization for Co,Mg;.xAl,O, system using
3-methyl pyrozole-5-one (3MP50) as fuel.

Transmission electron microscopy (TEM) photographs of powder
samples using 3-methyl pyrozole-5-one (3MP50) as fuel show spherical
particles that shown in Figure (65). The particle sizes observed by TEM are
agreement with that observed by XRD as present in Table (14). The

morphology and particle size decrease with increasing the amount of doping.

3.3.3.4. Microstructure characterization for Co,Mg,.Al,O, system using
N, N-bis-(3- amino-propyl) oxalamide as fuel.

Transmission electron microscopy (TEM) photographs of powder
samples for A, F and M systems using N, N-bis-(3-amino-propyl) oxalamide
as fuel show the spherical particles as present in Figure (66). The particle
sizes observed by TEM are agreement with that observed by XRD as present
in Table (14). The morphology and particle size decrease with increasing the

amount Co?* ion.

From all these data, the morphology of CoAl,O4 and MgAl,O, spinel
for different systems has the spherical shapes and particles size decrease as
the type of fuel is changed. The morphology and particles size depend on the
number of carbon atoms in different fuel and amount of energy evaluated as

result of ignition.
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Figure (63):Transmission electron microscopy (TEM) for A=0.01,
F=0.05 and M=0.10 mole of Co?** systems at 1100°C by using
urea as fuel.
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Figure (64):Transmission electron microscopy (TEM) for A=0.01,
F=0.05 and M=0.10 mole of Co** systems at 1100°C by using
oxalyl dihydrazide as fuel.
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Figure (65):Tramission electron microscop (TEM) for A=0.01,
F=0.05 and M=0.10 mole of Co** systems at 1100°C by using

3-methyl pyrozole-5-one as fuel.
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3.4. The crystal structure characterization for Ni,Mg;.,Al,O,4 system.
3.4.1. The thermal analysis.
3.4.1.1. Thermal analysis for 0.50 mole of Ni** system using urea as fuel.
The thermalgravimetric analysis for 0.50 mole of Ni** system using
urea as fuel give a weight losing of urea system changes in three steps as
shown in TGA curve for ash material as present in Figure (67). The losing of
10% (calc. 9%) by weight in the first step within the range 50-100 °C occurs
for elimination of the humidity water in sample. The losing of 9.5% (calc.
9.5%) in the second in the range100-300°C and the third steps 300-550°C
occur due to evolution of CO, gas from sample. Three endothermic steps in
DTG curve that shown at 100, 300 and 550 °C. DTA shows two endothermic
steps at 100 and 700 °C and one exothermic reaction at 350 °C. The first
endothermic step occurs for elimination of the water and the second
exothermic step for elimination of t he residual organic material in sample as
carbon dioxide. The third endothermic reaction step shows phase formation
and appearance of phase under study. The activation energy is calculated
from TG-curves by using Coats-Redfern™” method. The activation energy
of this system equals t013.86 kJ/mol. The calcination steps for this system

can be represented as the following:

(NiO)os. (Mg CO3)os . Al,Oz. H,O 50-100 °C
Ni0_50.Mg0.5 COg.AIgOg + Hgo

Nigs. Mgos CO5; .Al,O;  100-550° C
Ni0_5Mgo_5Alzo4 + OSCOZ
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3.4.2. Thermal analysis for 0.50 mole of Ni** system using urea as fuel.

The thermalgravimetric curve in Figure (68) for 0.50 mole of Ni?*

system using 3-methyl pyrozole-5-one (3MP50) as fuel shows that the
weight loss percentages were 10% (calc. 9.6%) in range 50—200°C, this lose
can be attributed to elimination of the humidity water in sample. The weight
loss of 34% (calc.35%), in range 200300 °C, represents the removal of the
organic molecule. The masses remaining at 550 'C were 15% (calc. 15%)
corresponding to the removal of CO,CO,, and NH; gases from the sample

then the solid solution of Nickel aluminates and magnesium aluminates
began to be formed at 550°C. DTG shows three endothermic steps at 100,
300 and 550 °C. Also, DTA shows three endothermic steps at 100, 250 and

650 °C and one exothermic reaction at 400 °C. The first and second
endothermic steps occurred for elimination of the humidity water and the
third exothermic step for elimination of the residual organic material in
sample. The fourth endothermic reaction step shows phase formation and
appearance of phase under study. The activation energy is calculated from
TG-curves by using Coats-Redfern**” method. The activation energy of this
system equals t016.628 kJ/mol. The calcination steps for this system can be

represented as the following:

Nigs. Mgos O + Al, (CO3)s. 0.5(CsHsN,0). 2H,0  50-200° C

»

Nigs0. Mgos Al(O)(COs3)s . 0.5(C4HN2O) + 2H,0

Ni0.5o. Mggl5 AI2(O)2(CO3 )3 . 05(C4H6N20) 200-300° C >

Ni0,5O. M90.5 Alz(O)z (C03 )2 +2 C02 +CO+NH3

Nio50. Mgos Aly(0),(COs), _300-500°C , Nigs Mgos AlLO, + 2CO
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Figure (17): Thermal analysis for F=0.05 mole of Ni** system using urea

as fuel.
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Figure (68): Thermal analysis for F=0.05 mole of Ni** system using 3-
methyl pyrozole-5-one (3MP50) as fuel.
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3.4.2. X-ray diffraction analysis (XRD) for Ni,Mg;.xAl,O, systems.
3.4.2.1. X-ray diffraction of Ni,Mg;Al,O, system using urea as fuel.

The x-ray diffraction of calcinated powders at different firing
temperatures using urea as fuel is shown in Figures (69). Up to 800° C, the
powders remained X-ray amorphous or contained only small crystallites lines
with small Al,O3; peaks. Up to 900° C, the calcinated powders begin to show
the spinel crystalline with disappear Al,O; phase. With an increasing
temperature above 900° C, the intensities of peaks increase gradually until
sharpen peaks are observed at 1100 C and 1200°C ®2+12%),

The average crystallite sizes are calculated from the X-ray diffraction

peaks by using scherrer equation %2

D=0.9)/Bcos0), where

A 1s wavelength,

0 1s the diffraction angle

and B is the corrected halfwidth.

The crystalline spinel phase content and also the particles size increase
with increasing calcination temperatures that shown in Figure (70). The
particles sizes of different systems of Ni?* using urea calculated from XRD
data are shown in Table (19). The density of 0.10, 0.50 and 0.80 mole of Ni**
systems calculated from x-ray are compared with experimental that obtained
present in Table (21).

3.4.2.2. X-ray diffraction of Ni,Mg.,Al,O, system using 3-methyl
pyrozole-5-one as fuel.

The X-ray diffraction of calcinated powders at different firing

temperatures using 3-methyl pyrozole-5-one (3MP50) as fuel is shown in

Figures (71). Up to 800° C, the powders remained X-ray amorphous or
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contained only small crystallites that indicated by the broadening lines of
XRD peaks that agree well with data of thermal analysis for the formation of
the stable phase. At 900°C the calcinated powders begin to exhibit the spinel
crystalline with small Al,O3; peaks. By increasing the temperature above 900
°C, the intensities of the peaks increase gradually until sharpen peaks are
observed 212 at 1100° C and 1200° C and disappearance of Al,O; phase.
The average crystallite sizes are calculated from the data of X-ray diffraction
peaks by using scherrer equation. The crystalline spinel phase content ® and
also the particles size increase with increasing calcination temperature that
shown in Figure (72). The particles sizes of different systems of Ni** using of
3-methyl pyrozole-5-one (3MP50) as fuel calculated from XRD that shown
in Table (20). The density of 0.10, 0.50 and 0.80 mole of Ni*" systems
calculated from x-ray data are compared with that obtained experimentally
and present in Table (22).

The particle sizes for Ni** systems using 3-methyl pyrozole-5-one
(3MP50) is smaller compared with urea as fuel as shown in Figure (73).
This means that the number of carbon atoms in each fuel effect on the

particle sizes as result of the different the amount of energy from each fuel.
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Figure (69): X-ray diffraction for 0.10 (A), 0.50 (F) and 0.80 (M) mole of
Ni’* systems at different calcination temperatures using

urea as fuel.
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Figure (70): The relation between particle size from X-ray diffraction
for A=0.10, F=0.50 and M=0.80 mole of Ni*" systems at
different calcination temperatures using urea as fuel.
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Figure (71): X-ray diffraction for 0.10(A) , 0.50 (F) and 0.80 (M) mole of
Ni®* systems at different calcination temperatures using 3-

methyl pyrozole-5-one as fuel.
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Figure (72): The relation between particle size from X-ray diffraction

for A=0.10, F=0.50 and M=0.80 mole of Ni** systems at
different calcination temperatures using 3-methyl pyrozole-
5-one as fuel.
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Table(14):Particles size (nm) from X-ray diffraction for different

Ni?* systems at different Calcination temperatures using
different fuels.

Calcination temperatures, °C

fuel SyStem Vo Ao Qv A TSN Yy e Yoo
R Am | 10,78 [ YA,YY [ Y44 | Yo TA [ £Y,1

Urea 00 Am YY,YY Y¢,9. YY,eo vy, Yy €Y,
A Am AAS [ YYYY [ VY,Ye | Ye,at | Yo,v.

oY Am YA,6T | Ve, | Ya 86 | YY,¥o | YY)

3MP50 “, 0. Am 4,0 | YY,E. | VY, Yo | YV,Ta | ve, ..
A Am v,ve [ YY,Ye [ Ye,a. | Yy, eo | oYY, Y

3MP50=3-methyl pyrozole-5-one, Am=Amorphous

Table(Y+): XRD crystallite and TEM particle sizes for different nickel

systems at 1100°C using different fuels.
3MP50=3-methyl pyrozole-5-one

Fuel System Particle size, nm
X-ray TEM
AN ¥o,TA ¥
Urea V,0 ¥y,1v vy
A Yo,41 YV
AN Yv,yo Y4,0
3MP50 “,0. Yv,14 Y ¢
VA Yy,¢0 YY

V¢
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Table(21) Lattice parameters and densities of different Ni** doping
using urea as fuel.

Lattice Calcinations temperature, °C
system | parameters
y P Ao a.. Yoos VY. VY.
a A, e AT A, e Ao A, o AAY A, v QEA A VYray
a® oYV,NY | oYA,£4 oY4q,vY ov.,tY IRE
O I dinecg\ml ¥,y ¥,hen RETX YRS Y
dexp@\ml ¥,ne0 ¥,ne. ¥,neo LTS ¥,04.
a AaAct | A VAAY A v aEA Ay ALY Y
a° oYV,NY | eva,ry ov.,tY ovY,ve ovrn
*, 0 Otheo g\MI £,0 ¥ £,00 8 ¥,444 ¥, AAY ¥,a0V
dexpg\ml £,0 00 Y¥,q0. Y,9 Y AN Y,Ao.
a A,eVo Ao A A, e Ao A, e Q€A A,V o1
as oY1,0¢ oYV,nY oYA, ¢4 ov.,tY ovYY,Ve
A g\ml £,YN¢E £,YVY £,Y%4 £,Yov £,Yvn
dtheo
dexpg\ml ¢,Y10 ¢,Yo00 £,100 £,) o0 £,0 00

a= Lattice parameters, dineo= theoretical density and degp,=experimental density

Table(22) Lattice parameters and densities of different Ni** doping

using 3MP50 as fuel
Lattice Calcinations temperature, °C
m
syste parameters T .. Yoo YA Y Y.,
a AoAst | A vAe A,  AAY A, 8 EA AN v
as oYV,AY | oYA,£4 ovq,vy oy ., ¢ Y oYVY,ve
O I diheog\m v,y | v,nen ¥,10) ¥,ueY ¥LUYA
expg\ml v,ler | v,ve. ¥,1¢0 XY [T
a A, eV A,eVeo A, e Ao A, o AAY A, eQEA
a oYo,8n | evn,et¢ oYA, ¢4 XTRE; ov ..t Y
«, 00 deneo g\ £,0Y4 | £,.YY £, 1 £, LY
expg\ml £,0 00 ¥,qA. ¥,q0¢ ¥,ave ¥,aY.
a A, oV Ao Vo A, e AR A, e Ao A, e AAY
as oYeo,0 | o¥%,et oYV,AY oYA, ¢4 ovq,vy
VoA o\ml £.Y4Y | £,YA¢ £, VR £,Y74 £,YY
dtheo
exp 0\ £,v11 £, Yoy £,v¢0 £,Yry £,YV0

a= Lattice parameters, Oneo= theoretical density and dexp=experimental density
3.4.3. Microstructure characterizations for NiyMg,.,Al,O, systems.
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3.4.3.1. Microstructure characterizations for NiyMg;.,Al,O, system using
urea as fuel.

Transmission electron microscopy (TEM) photographs of powder
samples show the spherical particles for 0.10, 0.50 and 0.80 mole of Ni**
systems as shown in Figure (74). The particles sizes observed by XRD are in
the range that observed by TEM as present in Table (20). The morphology
and particle size decrease with increasing the amount of doping Ni** ion. The
particle sizes are calculated using ultrastructure size calculator or quantitative
electron microscopy using an areal analysis. Measurements of at least 20
particles were required to characterize each size distribution from TEM

photographs.

3.4.3.2. Microstructure characterizations for NiyMg;.,Al,O, using 3-
methyl pyrozole-5-one as fuel.

Transmission electron microscopy (TEM) photographs of powder
samples show the spherical particles for 0.10, 0.50 and 0.80 mole of Ni**
systems as shown in Figure (75). The particles sizes observed by XRD are in
the range that observed by TEM as present in Table (20). The morphology
and particle size decrease with increasing the amount of Ni** in ceramic

pigment.
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Figure (Y¢): TEM of A=0.10, F=0.50 and M=0.80 of Ni** systems at
1100°C temperature by using urea as fuel.
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Figure (Y¢): TEM of A=0.10, F=0.50 and M=0.80 of Ni** systems at

1100°C temperature by using 3-methyl pyrozole-5-one as
fuel.
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CHAPTER (IV)

Application of nano ceramic pigment

4. Glaze:

Glaze is thin, hard, shiny and finally transparent layer in ceramic field.
Glaze has different composition depending on the using field. Glazes are thin
layers of glass fused on to the surface of the body. They are applied to bodies
to make them impervious, mechanically stronger and resistant to scratching,

chemically more inert and more pleasing touch and eye.
4.1. Composition of Glaze:

Glaze contains frit and chain clay. The example for glaze and its

composition present in Table (23) as the following

No. | Glaze | Raw Formula Percentage in glaze, %
material
1.Whiting 1.CaCOs; 12

1 Frit |5 Borax 2.Na,B,0,.10H,0 |19
3.Broic acid | 3.H;PO; 4 100 | 88
4.Feldspar | 4.K,0.Al,03.6Si10, | 57
5.Flint 5.S510; 8

2 China | Chinaclay | Al,03.2Si0,.2H,0 |12 VY

clay
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4.2. The preparation of colored glazed:

The colored glaze is prepared by mixing pigment (colored material)
with glaze 10% (wt/wt). The mixture is good grinding in mill for distribution
of pigment in glaze. The mixture painted over the body of ceramic and
calcinated at 1100-1150 °C.

4.3. Diffuse reflectance spectra for cobalt systems using 3-methyl
pyrozole-5-one (3MP50) and N, N-bis-(3-amino-propyl)
oxalamide as fuel:

Diffuse reflectance spectra for A, F and M systems of 0.01, 0.05 and
0.10 mole of Co* respectively on glaze for 15 and 30 minute using 3-methyl
pyrozole-5-one (3MP50) and N, N-bis-(3-amino-propyl) oxalamide as fuel
comparing with spectra of pigment powder as present in Figures (120-123).
The colorimetric data for cobalt systems are present in Table (24). The values
of a* are random while L* values decrease and b* values increases in
negative direction as result of increasing calcinations times. The intensity of

blue color on glaze is more than pigment powder as shown in Figure (124).

4.4. Diffuse reflectance spectra for nickel systems using urea and
3-methyl pyrozole-5-one (3MP50) as fuel:

Diffuse reflectance spectra for A, F and M systems of 0.10, 0.50 and
0.80 mole of Ni** respectively on glaze using urea and 3-methyl pyrozole-5-
one (3MP50) as fuel comparing with pigment powder are given in Figures
(125-128). From colorimetric data present in Table (24), the values of b* are
increase in positive direction while L* values decreases and a* values
increases in negative direction as result of increasing calcinations time. The

a* values are increasing in negative direction leading to the higher intensity of

YA
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green color. The b* values are increasing in the positive direction leading to
the appearance of yellow color as shown in Figures (129). The increasing of
b* in positive direction is more than the increasing values of a*in negative
direction. This means that the present of two mixed color yellow and green
and yellow is more than green color intensity. The decreasing in L* parameter

value corresponds to reduce the lightness of sample.

4.5. The effect of time on the colored glaze:

The effect of calcinations time on colored glaze is studied at 1200 °C for
15 and 30 minutes. The intensity of blue pigment color on glaze at 30 minute

is more than 15 minute for cobalt systems as shown in Figure (120-123).

The intensity of cyan pigment color on glaze at 30 and 15 minutes for
nickel systems is changed to green-yellow direction as shown in Figure (125-
128). This means that the type of glaze is effect on the stability of the pigment

color.

4.6. The effect of mineral acids and base:

Concentrated and diluted mineral acids such as sulphuric, hydrochloric,
nitric acids are not effect on the pigment powder and colored glaze. But,
hydrogen fluoride acid is effect on pigment after 14 days. Pigment is not

effect by sodium and ammonium hydroxide.
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Figure (76): Diffuse reflectance spectra for 0.01 (A), 0.05 (F) and 0.10 (M)

mole of Co®* systems at 1100°C by using 3-methyl
pyrozole-5-one as fuel for 15 minute.
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Figure (77): Diffuse reflectance spectra for 0.01 (A), 0.05 (F) and 0.10 (M)

mole of Co®* systems at 1100°C by using 3-methyl pyrozole-

5-one as fuel for 30 minute.
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Figure (78): Diffuse reflectance spectra for 0.01 (A), 0.05 (F) and 0.10 (M)

mole of Co*" systems at 1100°C by using N, N-bis-(3-amino-

propyl) oxalamide as fuel for 15 minute.
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Figure (79): Diffuse reflectance spectra for 0.01 (A), 0.05 (F) and 0.10 (M)

mole of Co®* systems at 1100°C by using N, N-bis-(3-amino-

propyl) oxalamide as fuel for 30 minute.
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Table (24): Colorimetric data for 0.01, 0.05 and 0.10 mole of Co>* systems
for powder pigment and pigment on glaze at different time
using 3-methyl pyrozole-5-one and N, N-bis-(3-amino-
propyl) oxalamide as fuel at 1100 °C.

_ system
T Materials
>
o
+,»Y mole of Co*" | +,+5 mole of Co? | +,10 mole of Co*
parameter |L* |a* lp*|AE IL* la*|b*| AE|L*|a*|b*]| AE
_ N o |© | N o | ©O|lg| XS
Pigment o o5 — |© | N~ TS © | N|lo|®Q| <
To) i To) N | © N | ™ © |~
o powder o Y9 |o |9V oY 9|
i
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b J Ty N SO W [ W R N | 90
& | glaze after | N9~ o /2™ [Nl g| NS
' < N | o N~ Q| o © N | o
15 min. N f}l Fl| ~ o o rl| M~ ©| M C\IJ N~
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glazeafter | 5 || &Y | 8 0 |~ S |1 3INI<|IR
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o ' “ o < 1 S < < 2 “ <
< o <t (o]
8 Pilgmen]'f on |8 19 <|8 |18 |9 w8 |3 NS 3
< | glaze after | — | 0o | < |6 | ™ o | o
™ 15 min. ~ < <~ ~ o N~ ©|° Yo
Pigment on
J m | QIN O [ olR| o | M| IT T
glazeafter |~ || V| |©O RS [N RIY|o
i o N | o Ol < |~ — | 10
30 min. I~ FNH9 IR o |9/ N || T| ™| O

YAE




Results and discussion

system
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3MP50=3-methyl pyrozole-5-one, 3APOA= N, N-bis-(3-amino-propyl) oxalamide

Figure(80): The color of ceramic powder for 0.01, 0.05 and 0.10 mole of
Co*" systems for powder pigment and pigment on glaze
at different time using 3-methyl pyrozole-5-one and N,
N-bis-(3-amino-propyl) oxalamide as fuel at 1100 °C.
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igure (81): Diffuse reflectance spectra for 0.10 (A), 0.50 (F) and 0.80 (M)
mole of Ni** systems at 1100°C by using urea as fuel for 15
minute.
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Figure (82): Diffuse reflectance spectra for 0.10 (A), 0.50 (F) and 0.80

(M) mole of Ni** systems at 1100°C by using urea as a fuel
for 30 minute.
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Figure (83): Diffuse reflectance spectra for 0.10 (A), 0.50 (F) and 0.80

(M) mole of Ni** systems at 1100°C by using 3-methyl

pyrozole-5-one as fuel for 15 minute.
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Figure (84): Diffuse reflectance spectra for 0.10 (A), 0.50 (F) and 0.80

(M) mole of Ni** systems at 1100°C by using 3-methyl
pyrozole-5-one as fuel for 30 minute.
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Table (25):Colorimetric data for 0.10, 0.50 and 0.80 mole of Ni** systems
for powder pigment and pigment on glaze at different time
using urea and 3-methyl pyrozole-5-one as fuel at 1100 °C.
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Figure(85): The color of ceramic powder for 0.10, 0.50 and 0.80 mole of
Ni #* systems for powder pigment and pigment on glaze at

different time using urea and 3-methyl pyrozole-5-one as
fuel at 1100 °C.




