2.7 TEST MARK SCHEME

1.
 Factor 1: Cost of reductant (1)


Factor 2: Cost of energy (1)


Factor 3: Purity of metal (1) or reactivity of metal (1)
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2.
(a)
C or CO or coke  (1)
heat or blast furnace or 500 – 2000°C  (1)
Fe2O3 + 3C    2Fe + 3CO  (1)

(CO)
(CO2)


Al  (1)
heat or ignite  (1)
Cr2O3 + 2A1    2Cr + Al2O3  (1)
(Fe)                        (Fe)


electrolysis or electrodes  (1)
molten or cryolite at 900 – 1000°C  (1)
Al3+ + 3e    Al
}
O2–    [image: image1.wmf]2

1

O2 + 2e
}  (1)
9

Alternatives:


H2  (1)
heat  (1)
MoO3 + 3H2    Mo + 3H2O  (1)
(W)
(W)


C, Cl2, Na or Mg  (1)
heat or inert atmosphere  (1)
TiO2 + 2C + 2Cl2    TiCl4 + 2CO
}

(c)
(CO2)

}
TiCl4 + 4Na    Ti + 4NaCl

}  (1)
 
(2Mg)
(2MgCl2)
}

(b)
(i)
abundant or naturally occurring  (1)
(ii)
greenhouse effect or global warming  (1)
CO2 or CO  (1)
acid rain  (1)
SO2  (1)
5

alternative: toxic environment  (1)
CO  (1)
[14]

3.
(a)
(i)
Molten (1)
(ii)
Al3+ + 3e  Al (1)
O2– – 2e  ½ O2 (1)
(iii)
Large energy/electricity demand (1)
graphite consumed or need to replace electrodes
or need to use cryolite (1)
5

(b)
(i)
Reducing agent
Na or Mg (1)
Condition (1)
argon or inert atmosphere (1)
Condition (2)
heat (1)
(ii)
TiC produced (1)
4

[9]

4.
 
(i)
WO3 + 3H2  W + 3H2O  (1)
(or W2O6)

(ii)
forms carbide  (1)
(iii)
Advantage 
no pollution (from CO, CO2)  (1)

or cheap or available from H2O CH4 or cracking
Disadvantage 
explosion hazard  (1)

or storage difficulties

or transport of gas/pipeline
4

[7]

5.
(a)
(i)
Reason 1
Cheap or widely available (1)

Reason 2      xs C easily removed or gives steel or C
impurities tolerated (1)
(ii)
Temp required too high or Al2O3 too stable
or carbide formed (1)
3

(b)
(i)
Reagents Na or TiCl4 needed/expensive (1)
Conditions Ar needed or batch process or needs to be pure (1)
(ii)
strong or light (1)
does not rust or durable (1)
4

[7]

6.
(a)
Essential steps: Four equations (4)

Three stated raw materials (3)

Three statements of use (3)


Raw materials: These must be stated by name or formula

Formula MUST be correct if name is not given

Ignore incorrect formula if name is given

Apply list principle if more than three materials given but

Ignore any oxide of iron even if wrong

Do NOT allow reagents which are only given in equations


Carbon or coke but NOT coal (1)

Limestone but NOT lime (1)

Air / oxygen but NOT “O” on its own (1)

Role: Oxygen (reacts with carbon) to produce high temperature/

heat or energy or exothermic (1)

but NOT oxygen is an oxidising agent

C + O2  CO2 (1) Not C + CO2  2CO Not 2 C + O2  2 CO

Carbon or CO is a reducing agent (or makes CO) (1)

2Fe2O3 + 3C  4Fe + 3CO2 etc (1)

Allow equation with FeO; Fe2O3 or Fe3O4

OR C + CO2  2CO

Lime stone forms slag (Calcium silicate) or reacts with SiO2 (Sand) 

or with impurities (1)

CaCO3  CaO +CO2 (1)

CaO +SiO2  CaSiO3 (1)

OR CaCO3 + SiO2  CaSiO3 +CO2 scores (2) or zero if wrong

Ignore incorrect equations in THIS section
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(b)
(i)
Iron: less ore extracted, OR less holes in the ground, OR to
conserve resources of C and Fe, OR less unsightly landfill, OR
Less greenhouse gas formed, OR less acidic / toxic gas evolved,
OR less energy needed (1)

Not economic factors
Only allow “by-product answers” if qualified by a “problem”
If several answers given allow

Iron is magnetic (1)

(ii)
Aluminium: Extraction needs a large (cost) amount of electricity or
electrolysis (1)
Collection of cans OR cost of melting, OR cost of sorting, OR cost
of transport.(1)

NOT cost of removing “other substances: from cans”



4
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