CHAPTER 3
EXPERIMENT & METHOD

A co-precipitation method similar to that used by Haneda et al. (1974) was
used for the preparation of the precursors of the Sn-Co substituted BaF having the
nominal composition BaFe,,, Sn,Co,0,,. Although many methods for the formation of

the precursor for BaF have been reported, Haneda et al were the first to prepare BaF

The synthesi hasioeen periormed using the following chemicals:

1.BDH bariu purity)

3.Fluka cobalt chi@rid <ah CoCL6H0,98% purity)
4.Lump Baker AnalyZeglStan

5.AKZO Nabal.godit
6. Fluka ":

7.Lump Baker# nalyzed stannic chloride pentahy@rate.
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3.2 Preparat|on method
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21 Precursor preparation

The constituents for several mixtures are given in Table 3.1 The mole
ratios of Fe:Ba are between 8.1:10.1 while the mole ratios of precipitating agent NaOH
and Na,COj, are between 3.25-5.1 by weight. The calculations of the weights of each
chemical substance was based on the chemical reaction reported by Yu et al (1990)

and Kuo et al.( 1993). The chemical reaction may be described as :
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Co-precipitation step :

Na,CO,+ NaOH+ BaCl,.2H,0 +(12-X) FeCl,.6H,0+ (X) SnCl,.5H,0+ (X)CoCl,.6H,0
—— BaCO, + (12-X) FeO(OH)+ X CoCO, + X Sn(CO,), +(38+3X)NaCl

Calcination step :

BaCO, + (12-X) FeO(OH)+ X CoCO, +

BaFe ,,,,Co,Sn, + CO, +NaCl

For x=0

Co-precipitation step

Na,CO,+ 36 NaOH+ Ba BaCO, + 10 FeO(OH) +38 NaCl

The weight of each chemic drite cé Sulated as follow,
l,.6

,0) * (1/ % purity of FeCl,.6H,0)*
o

.‘é grams
We used only one '=‘n eth 10 ause of n"f e limitation of glassware, so

FeCl,.6H,0 is 54.61 gra‘n&By using the sgpe method, the other chemical substances

el 1) AN YN TWEINT

1.Weight of Baﬂo ((1) X (100/99) 2< (244.28)) /g = 4.935 r ms
2. wéap R EH P A i fﬁﬂ)’}(’ﬂﬁﬁ?@ o
3. Welgamt of Na,CO,= (2) X (100/95) X (105.99) =4.463 grams

However, FeCl;.6H,0 and NaOH were difficult to weight since they easily
hydrate so their actual weights were different from those calculated. As report by
Henada et al, the ratio by weigh of NaOH and Na,CO, was 4:1-5:1, so the amount of
Na,CO, increased from 2.013 to 4.8934 grams.



29

For x=0.25

Co-precipitation step :

1.75 Na,CO,+ 28.5 NaOH+ BaCl,.2H,0 + 9.5 FeCl,.6H,0 + 0.25 SnCl,.5H,0+ 0.25
CoCl,.6H,0 ——» BaCO, + 9.5 FeO(OH) + 0.25 CoCO, + 0.25 Sn(CO,),+ 32NaCl

1. FeCl,6H,0

(9.5) X (0.100/99) X (270.32) /50

2 BaCO,

3. CoCl,. 6H,0
4. SnCl,. 5H,0
5. NaOH 8.5 % ( N 99) / 50
6. Na,CO,

Remark : () = the 2
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Table 3.1 The chemical composition of BaFe,,, Sn,Co,0,, at a variant nominal x

Formula Chemical Weight(g) Absolute mass (mole)
NaOH 24.485 0.612
x=0 Na,CO, 4.834 0.046
BaCl,.2HO 4935 0.020
FeCl, 6H20 54.608 0.202
NaOH 18 0.703
Na,CO, . 0.081
BaCl, 2k 2 4 0.020
X=0.25 : -
FeCly6HS 1 0.172
CoGH ; 0.004
SnGiffSt 5 0.005
8 | 0.703
Na,@0, e 56 0.081
BaCl, 2 Py 0.020
x=0.50 -
FeCl,.6H, e 0.172
CoCl6H,0 “Se=— 0.007
l, | 0.010
' 0.703
NZCO, 0.067
BaCl,.2H,0 4 .
. | aCl, 2,0 1,995 i 0020
- f' ﬁ’ 0.172
! ]
20 | 13
q) CoCl,6H,0 2.508 0.011
: & o
A9° BE
H .
Na,CO, 9.564 0.090
BaCl,.2H,0 4.933 0.020
G FeCl, 6H,0 43.688 0.162
CoCl,.6H,0 3.344 0.014
snCl, 5H,0 6.910 0.020
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The solutions of BaCl,.2H,0, FeCl,.6H,0, SnCl,.5H,0,CoCl,*6H,0 with
amounts of mole shown in table 3.1 were first heated and kept at 40 -50°C. Then the
mixture solution of NaOH / Na,CO, which had been heated to 50 -55°C was dropped
into the former solution. At this stage, when the amount of the former solution increased,
brown precipitates formed and the solution became suspended. During the reaction, the
temperature was kept at 55-60°C in a water bath and the suspension was stirred at 800-

1000 rpm by a mechanical stirrer. A it e last drop of mixture solution of BaCl,"2H,0,

FeCl,-6H,0, SnCl,-5H,0, CoGl, I,\ gk sion was stirred for another 2 hours

and the pH was measured™Phe-range o s shown in Table 3.2.

After aging alﬂom temperature for 24 hours, t *I suspension were filtrated and
washed until ﬁ f %=by weight of AGNO,. The
pH then decaﬂﬂ ﬂeﬂﬂu tﬂ:ﬂ“lﬁ jC in vacuum oven for a
few d ﬁﬁﬂ ,Sfﬁfm The product of
eachq W}jﬁg nﬁmﬂﬂﬂi

3.2.2 Firing process
The purpose of firing process is for complete the solid state reaction.
However, all dried powder show moisture content ~ 15-20% which we can see from the
result of thermal analysis so the first of step of firing was done slowly to achieve the

decomposition of the water. For the firing, the dried powders were calcinated in an
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electric furnace under an ambient atmosphere at temperature intervals of 50°C, ie., at
950, 1000, 1050, 1000, 1100, 1150 and 1200°C with a soaking time of 4 hours each.
The profile of the firing at 950 -1150 °C is seen in figure 3.1, in which firing time after

750 °C increased with increasing time. The firing pattern of the 1200°C specimen is
shown in figure. 3.2. The firing time of each sample is about 18 -22 hours which is long

enough to complete the reaction without refiring.
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Figure 3.2 The temperature profile of samples calcined at 1200°C
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3.3 Characterization

3.3.1  Powder Characterization

3.3.1.1 Thermal Analysis
Thermogravimetric and differential thermal analysis (DTA) of the dried

powders were carried out on a Netzsch STA 409C in the temperature range 20-1000°C.

3.3.1.2 X[

Diffractioafpatiéry : lers.were collected using a Plillip x'pert x-

ray diffractometer. The gfep#ize as-6

an time of 1 second per step.
The data were analyzed hy f ,@ software. By comparing the
pattern with JCPDS standard 3 ‘uh}_. ,7 ere determined. The lattice parameter of the

BaFe ,,,,Sn,C0,0,, wer€ dgermijfed by theifollowihg Felation

."r — ‘ =
Hexagonal, B » ff" k---;

e 3.1

ﬂUEJ’J‘l’IEW]ﬁWEJ’]ﬂ‘i

3 1.3 Scanning electron m/crogpe (SEM) and, Energy dispersive
ARIANRFUNN1INETRE

The morphology of calcined powders at 1000-1200°C were examined

using Philip XL 30 CP scanning electron microscopy model Phi at 25-30 kV accerating

voltage. Specimens were prepared by dropping and smearing the calcinated powders

which were mixed with acetone onto the sample holder to separate the particle. The

sample holders were dried at room temperature, and coated with gold—palladium for a

few minutes. The resolution of equipment is 3 nm.
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The Energy dispersive x-ray (EDX, Linkissis series 300 Oxford
instrument) was taken of all samples to determine their chemical composition. The
detection limitation of equipment is ~0.2%. The advantage of EDX is that only small

amounts of samples are needed.

3.3.1.4 Transmission electron microscope (TEM)

SEM was not capable characterizing the very fine powder fired at

950°C: We, therefore, used that TEN : i !r/ terize the powder morphology of these
- N\
particles. The specimen preparation was a "
1. Mix the calcined poweers with ethybalegho

\‘m
i

2. Shake the

.\-

3. Place the \\ ew minutes, the mixture would

separate into two layer

4. Take the susp DEr ‘ - € drop it onto 300 mesh copper

grid coated with formvar T 7 ' perman ent magnet.
el
5. Dry at room tempe€ratus /? et

2
6. Characterize these "pa g the JEM-200-CX TEM in bright field

mode at magnificatign typi eltage.of 100 kV.

Particle sizEwaiameter= Vefd measured from the micro-

graphs of SEM and | by“using ] cter f:"? ai, 1996). The value of surface

)

area (S) and volume (V) ‘Nere calculated by‘De following equation (West, 1999).
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3 3.2. Magnetic properties.

3.3.2.1 Hysteresisgraph
The vibrating sample magnetometer, VSM (Oxford and Lake Shore 735)
of National university of Singapore was used to obtain the hysteresisgraph of calcinated

powders. Small quantities of calcinated powder were weighed (about 0.02-0.10 grams)
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and packed with aluminum foil. The specimens were then tied to the sample holder of
equipment. The magnetic field was then applied in the direction parallel to the samples.
The hysteresisgraph of the 1000,1050,1100,1150 and 1200 °C calcinated powder were
carried out by using the Oxford machine at maximum field 2 tesla (T), while that of
950°C specimen was carried out by using the Lake Shore VSM at a maximum field 1.50
T. Since the maximum applied field of Lake Shore is 1.50 T, this machine could not be

used with sample fired at 1000-1200

using a Mossbauer
spectrometer(Canbert o4 35 \he\specim as prepared by sprinkling the

powder between two : 29as. Al *ComRh was used as the source of

shown.
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NaOH | |NaCO,| | FeCl.6H,0 | |BaCL2H,0 | |CoClL6H,0 | | SnCl.5H,0
S S dissolved in distillation water >
v v
NaOH +Na,CO, dropped BaCl,.2H,0 + FeCl,.6H,0
Ass °c A40-45 °C
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Figure 3.3 The preparation of barium ferrite by co-precipitation technique
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