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Standard free energies of formation of oxides (—AG®= -RT inp,, )-kikojoules/male O,

Ellingham Diagrams
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- =% C+0, = CO,
o » _;{_t ] |
= - s AS° = S°(1 mol CO, gas)
] ! | e o = 0 "
- - =S (1 mol solid C)
- - i P P -5%( 1 mol O, gas)
HT 0 - : : '.\ — = 0
c } 1 ' _ " '-\. .
9 = | > g — - -— Thus the line becomes horizontal.
.g. - 1 e .-\ W,
l e
E_ L 5 : . e 2C+ 0, = 2C0
Q e e , — .\ o ~
}%ﬁ? y Pl ea |  AS° = 5°(2mol CO gas)
- L T o - 5% (2 mol solid C)
1t M Maiting poie of met™ \ B
o 18 Boling port of mens | v N -5%( 1 mol O, gas)
' T‘""""“"‘"- ) e
g, °C | 11111 ~ ~ positive
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O, ool o, O B o, el - N Thus the slope of the line (-AS?)
x -, - becomes negative.
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Crystalline silica (sand)
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Flux
Acidic (Sio2. Na;Bs07.10H;0) Basic (Ca0,. MgC0O,.CaCO;) Neutral
Used remove basic gangues Used to remove acidic gangues CaF;
CaO + S0 — C(CaSiO; Sio;, + Ca0 — C(CaSiO;
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R [ Iron ore production
(thousand tonnes)
World 3,220,000 Symbol: Fe
P - 1’500’000 Atorl}lc mass: 55.845u Fe) -a]
- Melting point: 1,538 °C
2 | Australia 660,000 Atomic number: 26
3 |Brazil 320,000 Boiling point: 2,862 °C
4 |India 150,000 Density: 7.874 g/cm? ool claass]
5 |Russia 105,000 .
6 |Ukraine 82,000 (FEO) ety
7 | South Africa 78,000 (Fe;0,) conse
8 |United States 58,000 (Fe,0;) cuslon
9 |Iran 45,000
10 [Canada 41,000
11 | Venezuela 30,000
12= | Sweden 26,000
12= | Kazakhstan 26,000
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Ore, limestone and ccke
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| | (Iron ore)

| Fof0ys 00 %2040y

| €203 Ca0+C0,

I{ | (Umestone)

| C&0 + $i0y = CaSi
| (Slag
FeO + Co_)Fe+C02

- Fw,.,c_)Fe"‘co

Blast of air and oxygen
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C+0,=C0,

C+ % 0,=C0
CO,+C=2C0O
3Fe,0;+CO =2Fe,0, +CO,
Fe,0,+CO =3Fe0+CO,
FeO+CO=rFe+CO,
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Compressors

Cooling Gas
Compressor

MIDREX® Direct
Reduced Iron
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CH, +CO, =2CO+2H,
CH, +H,0 = CO+3H,
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RATIPL
Atomic number 30
Density 7.11 g.cm=3 at 20°C
Melting point 420 °C
Boiling point 907 °C
'S9) %5‘
Density 5.606 g/cm?3
Melting point | 1,975 °C
Boiling point 2,360 °C
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/nO0+C = Zn(g) + CO(g)

/n0O+CO = Zn(g) +CO

2(g)
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Sieg Lead bullion

Furnace Zinc
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The main sources of magnesium compounds are: Chemical formula | MgO
Molar mass 40.3044 g/mol
e Seawater (magnesium chloride, MgCl;) and Appearance White powder
minerals: Density 3.58 g/em?
Melting point 2,852 °C
¢ Dolomite (CaCO32MgC03), contain 13%. — -
Boiling point 3,600 °C

e Magnesite (MgC0;), contain 29%.

Chemical formula | Mg
e Brucite Mg(OH)2, contain 42%. Melting point 650 °C

Boiling point 1091 °C
Density near r.t. 1.738 g/cm?
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2MgO,, + Si,, = 2Mg,,, + SiO,

. -
.
.

Vapor-deposited magnesium
crystals from the Pidgeon process

(s)

Pidgeon waT 4

Reactor Condenser

CaO * MgO
Al203 * FeSi

Off-gas

Magnetherm reactor

Copper electrode; b) Graphite lining;
Bottom electrode; d) Taphole;
Refractory:r? Low-grade FeSi; g) Slag
Condenser; i) Condenser crucible

a
C
e
h




2MgO+ Si =2Mg,, +Si0,,, T =1200°C

2
-2 T Mg
Ay1e0-Ys;
Kcal

AG" =-RT logK =80 P, =107 atm

mol

eeeMg Las jiuls8l ol
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Si0, a.551 _als

CaigS> o >

(Ca,Mg)CO;,,—Ca0.MgO,+CO,,, (dolomite calcining)
(Fe,S1), tMgO <> Fe, 1510, Mg,
Ca0+S10,—CaSiO;

2Ca0+810,—2Ca0.S10,
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2MgO +Si + Ca0 = 2Mg + Ca0.SiO,
AG" =30 Kcal/mol Py, =1.4x10 (atm)
5leyS 25Ty G 5 S10; 4 a0 aBdle (35 gl p0g ooy,l xSl Dbl e
MgCO;.CaCO; el Sal gol> a5 098 o soliw] Mg odgs sl p 3 Canglgs
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V,0, + % Al =2V + g AL O,

Zr0, +§Al — Zr —|—§Ale3

MnO+%AI — Mn +%Ale3

Nb,O, + ? Al = 2ND + % Al O,

Cr,0,+2Al = 2Cr + AL, O,
Fe,O,+2Al > 2Fe+ AL O,



*Manganese(Il) oxide, MnO
*Manganese(ILIII) oxide, Mn,0,
*Manganese(III) oxide, Mn, O,
*Manganese dioxide, MnO,

oo oS | bt

MO+ Al — Mn, )+1A1203 T=1245C
3 g 3 (s)

3

i S0, +241= ALO, A3 =400 Keal

mol
Kcal

mol

ii: 3MnO=3Mn +%O2 AH 3, =276

Kcal

iii: 3MnO+2Al=3Mn+ ALO, AH, =-124 z
mo

:w).:.wo )d LSL")f



3Mng, 595 = 3IMn gy 5300 AH, 5l 3 90 sbo)F

1

AL, 0, 298 = AL, 0, 12300 AH
2300
AH . =["c dT+AH +j AH = AH +AH.
1, 298 p l 1l

e laonST (Solooge i (w2

O/Mn 1 1.33 1.5 2
2300 K b 5Ls 9,90 sl 5
(Keal/mal) 157 139 133 121
(Kcal/mol) -124 -152 -171 214
(Kcal/mol) I b5 33 -13 -38 -93
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-100

1.403,-25
MNn30O4

Mn203

1.6

1.8

NnO?2

12

O/Mn

3L 9550 sl S =592 90 sla)S



T (Cr) = 1857 C
Cr,0, + 2A1 = 2 Cr(1) + ALO4(1)

AH?,., Cr,0,=+270 Kcal/mol

—

2Cry98 = 2Cryp30
AlyO3 595 = Al 055300

A sb,5 =-12.7 KCal/mol

P ! b

AHY,4¢ = -130 Kcal/mol

AH® = 117.3 Kcal/mol

wj.lwo )o LSLO;

ks 0,90 oS
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CrO;+2A1 =2Cr+Al,O0;  AH=-261.5 Kcal/mol

Sl Cugb, L3> C1O5 (7
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SnO, +2H, = Sn+2H,0

Temp. (K) AG® (kJ/mol) K,
673 3.83 0.06
773 1.22 0.45
873 -1.28 2.10
973 -3.70 6.79
1073 —6.05 17.03

1173 -8.32 35.46
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Effect of reaction temperature on the reaction rate of H>-SnO, under
a hydrogen partial pressure of 101.3 kPa.

0
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Temp. (K)
—o— 773
—o— 873
—— 973
—— 1023

Reduction ratio, X |
=] =]
N E~Y

0 500 1000 1500
Time, t/s ) s anl—

............

o
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P

E P,,a (kPa)

© —o— 30.4

§ —— 50.7

T —— 70.9
——101.3

' . 0.0 B PR S I
Effect of hydrogen partial pressure on the reaction rate of H,-SnO, 0 500 1000 1500 2000 2500 3000 3500
under a reaction temperature of 873 K. Time,t/s




Tungsten metal powder was produced by hydrogen reduction
of tungsten tri-oxide at 900-1000°C. Hydrogen reduction of

WO, to metallic tungsten takes place in number of steps: Tungsten can also be extracted
WO,—»WO0,,—~WO0,,,—WO0,>W (1) | | by hydrogen reduction of WF:
WF +3H,—>W+6HF

The overall reaction is

WO, (s) + 3H, (g) > W (s) + 3H,0O (g) (2)

reduction of WO, to W:

This reaction increases the humidity in the system, and results in an increase in the amount of

tungsten in the gas phase via the reaction:
WO, + 2H;04) +—- WO,(OH)y ) + Hyy

Growth of tungsten nuclei then takes place with the reduction of the gaseous tungsten hydroxide:
WO,(OH),g) + 3Hyg) < > Wi + 4Hy0,




