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Exemplar for internal assessment resource Chemistry for Achievement Standard 90931 

 

 Grade Boundary: Low Excellence 

1. For Excellence, students are expected to demonstrate comprehensive understanding 
of the chemistry in a technological application.  
 
This typically involves linking the chemistry applicable to the chosen application with its 
use. The linking may include explaining, elaborating, justifying, relating, evaluating, 
comparing and contrasting, or analysing. 
 
The student has provided an account of the chemistry related to setting of cement (1). 
An explanation of how the chemistry applies to the use of cement is given (2). The 
chemistry involved in the setting of hydraulic and non-hydraulic cement is linked by 
comparing and contrasting how the two types of cement set (2). 
 
To reach Excellence more securely, the student would need to elaborate on the 
chemistry involved by writing relevant equations for the chemical reactions that occur 
when hydraulic and non-hydraulic cement set (3) and (4). 
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Concrete is produced by mixing cement, water, sand and stones (or rocks) into a 

paste. Portland cement is the basis of concrete – the substance that, together with 

water, holds sand and stones together. This occurs when the cement dries and 

hardens. 

Cement hardens because of a chemical reaction. Cement is able to harden due to 

the water that is added in its mixture. The water causes bonds to form between it and 

the cement which eventually harden to its more functional form. The amount of water 

added is also a key factor to how strong cement will be. Cement used in construction 

can be characterised as being either hydraulic or non-hydraulic. Hydraulic cement 

(e.g. Portland cement) hardens because of the addition of water, a chemical reaction 

between the dry cement powder and water. The chemistry ruling the hardening 

(setting) of the hydraulic cement is the addition of water. Hydraulic cement (such as 

the Portland cement) is made of a mixture of silicates and oxides, with four main 

components. One component being: tricalcium silicate (Ca3SiO5). When hydraulic 

cement sets a chemical reaction occurs between tricalcium silicate and water. When 

water is added, tricalcium silicate reacts and releases calcium ions, hydroxide ions 

and heat. The pH rises due to the release of hydroxide ions. This reaction continues 

slowly until the system becomes saturated and calcium hydroxide starts to crystallise.  

On the other hand, non-hydraulic cement such as slaked lime (calcium hydroxide 

mixed with water) hardens due to the reaction with carbon dioxide naturally present 

in the air. The calcium containing compounds in the cement react with CO2 from air 

and are converted to calcium carbonate. Removal of calcium hydroxide produces 

calcium oxide at temperatures above 825 °C (1517 °F) for about 10 hours at 

atmospheric pressure.  
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Student 1: Low Excellence 



Exemplar for internal assessment resource Chemistry for Achievement Standard 90931 

 Grade Boundary: High Merit 

2. For Merit, students are expected to demonstrate in-depth understanding of the 
chemistry in a technological application. 
 
This typically involves explaining how or why the chemistry applies to the use of the 
chosen application. 
 
The student has demonstrated in-depth understanding by providing an account of the 
chemistry related to setting of cement (1). An explanation of how the chemistry applies 
to the use of cement is given (2).  
 
To reach Excellence, the student would need to link the chemistry applicable to cement 
by elaborating: writing a chemical reaction for the setting of hydraulic cement and 
comparing and contrasting the setting of hydraulic and non-hydraulic cement (3). 
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Concrete is produced by mixing cement, water, sand and stones (or rocks) into a 

paste. Portland cement is the basis of concrete – the substance that, together with 

water, holds sand and stones together. This occurs when the cement dries and 

hardens.  

Cement hardens because of a chemical reaction. Cement is able to harden due to 

the water that is added in its mixture. The water causes aggregate bonds to form 

between it and the cement which eventually harden to its more functional form. The 

amount of water added is also a key factor to how strong the concrete will be. 

Cement used in construction can be characterised as being either hydraulic or non-

hydraulic. Non-hydraulic cement such as slaked lime (calcium hydroxide mixed with 

water) hardens due to the reaction with carbon dioxide naturally present in the air. 

Hydraulic cement (e.g. Portland cement) hardens because of the addition of water. A 

chemical reaction occurs between the dried cement powder and water. The 

chemistry ruling the action of the hydraulic cement is the addition of water. Hydraulic 

cement (such as the Portland cement) is made of a mixture of silicates and oxides, 

with four main components. One component being: tricalcium silicate (Ca3SiO5). 

When hydraulic cement sets a chemical reaction occurs between tricalcium silicate 

and water. When water is added, tricalcium silicate reacts. Calcium ions, hydroxide 

ions and heat are released. The pH increases due to the release of hydroxide ions. 

This reaction continues slowly until the system becomes saturated and calcium 

hydroxide starts to crystallise. Calcium silicate hydrate also crystallise and grow 

bigger. This makes it difficult for water molecules to reach the dry tricalcium silicate 

and the rate at this occurring controls the speed of the reaction. 
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Student 2: High Merit 



Exemplar for internal assessment resource Chemistry for Achievement Standard 90931 

 Grade Boundary: Low Merit 

3. For Merit, students are expected to demonstrate in-depth understanding of the 
chemistry in a technological application.  
 
This typically involves explaining how or why the chemistry applies to the use of the 
chosen application. 
 
The student has given an explanation of how the chemistry applies to hydraulic 
Portland cement. There is discussion of the chemistry involved in the hardening 
process (1). 
 
To reach Merit more securely, the student would need to explain how non-hydraulic 
cement hardens and thus give a more detailed explanation of how the chemistry 
applies. 
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Portland cement was first developed in England from natural cements. A builder from 

Leeds in England, was the first to make cement. He combined clay with limestone by 

heating the mixture. A similar process is used to make cement today, but more 

sophisticated and this helps to produce tons of cement. Concrete is produced by 

mixing cement, water, sand and stones (or rocks) into a paste. Portland cement is 

the basis of concrete – the substance that, together with water, holds sand and 

stones together. This occurs when the cement dries and hardens.  

Cement hardens because of a chemical reaction. Cement is able to harden due to 

the water that is added in its mixture. The water causes bonds to form between it and 

the cement which eventually harden to its more functional form. The amount of water 

added is also a key factor to how strong cement will be. Cement used in construction 

can be characterised as being either hydraulic or non-hydraulic. Hydraulic cement 

(e.g. Portland cement) hardens because of the addition of water. A chemical reaction 

occurs between the dry cement powder and water. The chemistry ruling the action of 

the hydraulic cement is the addition of water. Hydraulic cement (such as the Portland 

cement) is made of a mixture of silicates and oxides, with four main components. 

One component is tricalcium silicate (Ca3SiO5) which releases calcium ions, 

hydroxide ions and heat when reacted with water. 
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Student 3: Low Merit 



Exemplar for internal assessment resource Chemistry for Achievement Standard 90931 

 Grade Boundary: High Achieved 

4. For Achieved, students are expected to demonstrate understanding of the chemistry in 
a technological application.  
 
This typically involves providing characteristics of, or an account of, the chemistry 
related to the use of the chosen application. 
 
The student has demonstrated understanding by providing an account of the chemistry 
related to the use of both hydraulic and non-hydraulic cement is provided (1).  
 
Characteristics of the chemistry related to the hardening of cement are also provided 
(1). 
 
To reach Merit, the student would need to explain how or why the chemistry applies to 
the use of Portland cement. 
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Portland cement was first developed in England from natural cements. A builder from Leeds 

in England, was the first to make cement. He combined clay with limestone by heating the 

mixture. A similar process is used to make cement today, but more sophisticated and this 

helps to produce tons of cement. Concrete is produced by mixing cement, water, sand and 

stones (or rocks) into a paste. Portland cement is the basis of concrete – the substance that, 

together with water, holds sand and stones together. This occurs when the cement dries and 

hardens.  

Cement hardens because of a chemical reaction. Cement is able to harden due to the water 

that is added in its mixture. The water causes bonds to form between it and the cement 

which eventually harden to its more functional form. The amount of water added is also a 

key factor to how strong cement will be. Cement used in construction can be characterised 

as being either hydraulic or non-hydraulic. Hydraulic cement (e.g. Portland cement) hardens 

because of a process called hydration. Hydration is a chemical reaction between the dry 

cement powder and water. The chemistry ruling the action of the hydraulic cement is the  

addition of water. Hydraulic cement (such as the Portland cement) is made of a mixture of 

silicates and oxides, with four main components. Non-hydraulic cement hardens by a 

process called carbonation. Carbonation is a chemical reaction between the calcium 

containing compounds in cement and carbon dioxide present in air. 
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Exemplar for internal assessment resource Chemistry for Achievement Standard 90931 

 Grade Boundary: Low Achieved 

5. For Achieved, students are expected to demonstrate understanding of the chemistry in 
a technological application.  
 
This typically involves providing characteristics of, or an account of, the chemistry 
related to the use of the chosen application. 
 
The student has provided an account of the chemistry related to the use of hydraulic 
cement (1). Characteristics of the chemistry related to the hardening of hydraulic 
cement are also provided (1). 
 
To reach Achieved more securely, the student would need to give an account and 
provide characteristics of both hydraulic and non-hydraulic cement. 
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Portland cement was first developed in England from natural cements. A builder from Leeds 

in England, was the first to make cement. He combined clay with limestone by heating the 

mixture. A similar process is used to make cement today, but more sophisticated and this 

helps to produce tons of cement. Concrete is produced by mixing cement, water, sand and 

stones (or rocks) into a paste. Portland cement is the basis of concrete – the substance that, 

together with water, holds sand and stones together. This occurs when the cement dries and 

hardens.   

Cement hardens because of a chemical reaction. Cement is able to harden due to the water 

that is added in its mixture. The water causes bonds to form between it and the cement 

powder which eventually harden to its more functional form. The amount of water added is 

also a key factor to how strong concrete will be. Cement used in construction can be 

characterised as being either hydraulic or non-hydraulic. Hydraulic cement (e.g. Portland 

cement) hardens because of a process called hydration. Hydration is a chemical reaction 

between the dry cement powder and water. The chemistry ruling the action of the hydraulic 

cement is the addition of water. Hydraulic cement (such as the Portland cement) is made of 

a mixture of silicates and oxides, with four main components.  
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Student 5: Low Achieved 



Exemplar for internal assessment resource Chemistry for Achievement Standard 90931 

 Grade Boundary: High Not Achieved 

6. For Achieved, students are expected to demonstrate understanding of the chemistry in 
a technological application. 
 
This typically involves providing characteristics of, or an account of, the chemistry 
related to the use of the chosen application. 
 
The student has made an attempt to provide an account of the chemistry related to the 
use of Portland cement (1).   
 
To reach Achieved, the student would need to provide a more detailed account of the 
chemistry related to the use of Portland cement. 
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Portland cement was first developed in England from natural cements. A builder from 

Leeds in England, was the first to make cement. He combined clay with limestone by 

heating the mixture. A similar process is used to make cement today, but more 

sophisticated and this helps to produce tons of cement. In the modern age, Portland 

cement is manufactured by combining calcium, silicon, aluminium and iron. Some 

other chemicals can also be used. There are two types, white Portland cement and 

grey Portland cement. Portland cement is used to make concrete. Concrete, used in 

the construction industry, is made up of sand, stone, dry cement powder and water. 

The cement, when it dries and hardens, binds the sand and stone and forms a hard 

material called concrete. The hardening process occurs when the dry cement powder 

reacts with water. This hardening process occurs because of water. Too much water 

decreases the strength of the concrete. Another type of hardening is use of air to dry 

cement. In this process, a reaction occurs between the calcium containing 

compounds in cement and air. 
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