
 

 

 High and low density polyethylene 

HIGH DENSITY: 

Process of manufacture: 

High density polyethylene is manufactured through addition polymerisation, at relatively 

low temperatures (under 400OC) and pressures (1-5atm). A complex catalyst, sometimes an 

aluminium based catalyst, is used to manufacture HDPE. HDPE usually produced through a 

either slurry process, where the catalyst (often titanium chloride and triethyl aluminium 

chloride) is slurried with the hydrocarbon, a solution process, where the hydrocarbons ae 

passed through a catalyst solution, or through a gas phase, where gaseous hydrocarbons are 

passed through a solid catalyst, or fixed bed.  

Structure: 

 

 

 

 

 

 

High density polyethylene has a linear structure and very little branching. This means that 

the polymers can pack closely together and allows for greater intermolecular forces 

between them. It also means that they have more crystalline regions, which form when 

molecules are uniformly arranged.  

LOW DENSITY: 

Process of manufacture: 

Manufacturing low density polyethylene requires an initiator, which is usually an organic 

peroxide. The initiator molecule is decomposed (by heat or laser light) to create reactive 

free radicals, which is a molecule that contains at least one unpaired electron and is 

therefore highly reactive. Next, radicals will continue to bond to each other, creating longer 

and longer chains; this is called propagation. Termination occurs when two of the radical 

join together, ending the chain. If the end of a radical curls upon itself, then the radical 

moves and allows for branching, as more radicals will join.  

 

1. Initiation. The O-O bond is weak and breaks to form R-O, or alkoxy, radicals.  

 

 



 

 

 

2. Propagation. A radical combines with one of electrons in ethylene’s double bond.  

 

 

 

3. This forms a new covalent bond and a new radical.  

 

 

 

4. Termination. The radicals continue to bond until they bond to each other.  

 

 

 

 

 

 

 

5. A chain may curl back around, transferring the radical and allowing new branches to 

grow.  

 

 

 

 

  

 

 

 

 



 

 

Structure: 

 

 

 

 

 

 

 

 

Low density polyethylene has a branched structure, which leads to all of its properties. As a 

result of its structure, it has a lower density as the polymers cannot pack together, and is 

quite weak as it has less intermolecular forces.  

CONTRASTING THE PRODUCTION METHODS OF HDPE AND LDPE: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

PROPERTIES AND USES OF HDPE AND LDPE: 

PROPERTY HDPE LDPE 

Melting point 135oC 80oC-115oC 

Boiling point   

Crystallinity 80-95% as a result of lesser 
branching (less than 1 per 
200 carbons, leading to 
linear chains that allow 
regular packing and 
crystallinity.) 

40-55% as greater 
branching leads to less 
regularity and linear forms. 
These are amorphous, 
which means they lack 
definition in shape, pattern 
and order, as opposed to 
definitive crystalline shapes.  

Flexibility More rigid due to higher 
crystallinity and 
intermolecular forces. 

Less rigid due to less 
crystallinity.  

Strength Strong as a result of regular 
packing of molecules which 
leads to crystallinity and 
stronger intermolecular 
forces.  

Weaker than HDPE as 
branching means there is 
less regular packing of 
polymer chains, and 
therefore less 
intermolecular forces.  

Heat resistance Useful over 100oC due to 
packing of molecules.  

Density drops at high 
temperature but retains 
flexibility and strength over 
wide temperature range.  

Density 0.95-0.97g/cm3 

Greater than LDPE as linear 
formation means polymer 
chains can pack closely 
together.  

0.91-0.94g/cm3 
Less than that of HDPE as 
branching does not allow or 
close molecular packing. 

Chemical properties Chemically inert Chemically inert. 
Insoluble in most solvents. 
Good resistance to acids 
and alkalis, strength and 
tear resistance affected by 
heat and light. 

Uses  Plastic bottles, corrosion-
resistant piping, wire and 
cable insulation, plastic 
lumber, toys, cooking 
utensils.  

Sandwich bags, cling wrap, 
squeeze bottles, moisture 
barriers in construction, 
plastic bags, containers.  

 


