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Extrusion Blow Molding

Blow molding is a general processing

technique to manufacture variety of

products especially hollow products like

Bottles, Drums, Hollow articles etc,.

Polymer is melted and a hollow tube (parison) is

extruded, and the Parison is blown with air to get

required part using mold
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Extrusion Blow Molding- Process overview
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ÅThe plastic material expands

through its thickness as it exits the

die. This is called die swell/

Extrudate swell.

ïMelt elasticity plays a major role

in die swell which is a function

of broad molecular weight

distribution

ïGood die swell required for

consistent weight, part thickness

etc in the product

Extrusion Blow Molding
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ÅMaterials with High Melt Strength are required in

Extrusion Blow Molding to reduce the amount of Sag (and

excess thinning) in the Parison.



Process

Extrusion of Melt

Parison swell

Parison formation

Mold close / pinch 

off / Air blow

Cooling / Ejection 

What happens

Melting of Polymer

Forms Parison

thickness

Development of hollow 

tube . Determines the 

thickness, part weight etc

ÅExtension of parison to 

form the part

ÅElongation of the melt 

Forms the part

Molecular Attributes

Low MW fraction helps 

in easy flow

Molecular Weight 

Distribution/ Elasticity of 

melt

Melt strength- complex 

function of HMW region and 

branching

Concentration of Mz & 

Mz+1 Region

Crystallization, 

Formation of tie chains 

Extrusion Blow Molding
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Application: Large Blow Molding

Bench Marked Grade: HDPE 1

Density -0.953, I 5ï0.07 dg/min, I 21.6 ï1.9 dg/min

Hexene as Co-monomer

HDPE 2- Density -0.950, I 5ï0.09, I 21.6 ï1.8 dg/min

Butene as Co-monomer

Å Acceptable, but some surface defects. 

HDPE 3- Density -0.949, I 5ï0.08, I 21.6 ï1.8 dg/min

Butene as Co-monomer

ÅMajor problems: Rough surface, weight variation, failure in drop test, o/p 

reduction etc. 

HDPE 4- Density -0.955, I 5ï0.11, I 21.6 ï3.2
Butene as Co-monomer

ÅMajor problems: Lower Die swell, Poor strength, uneven L ring, lower 

weight, bulging and short molding

Sample Description & Problem Statement
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HDPE 1 HDPE 2

L ring Formation 

Surface Roughness

Large Blow Molding ïProblems Faced

Smooth Rough

Even L ring Un even L  ring

Short Molding

HDPE 4
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HDPE 1- used as the benchmarked Grade

i. Density

ii. Melt Flow Index and Melt Flow Ratio

iii. High Shear Melt Viscosity- Capillary Rheometer

iv. Extensional Viscosity- Capillary Rheometer

v. Molecular Weight Distribution -HT- GPC 

vi. Complex viscosity ïLow shear Dynamic Rotational 

Rheometer

vi. CRYSTAF analysis

Experimental 
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Melt Flow Index and Melt Flow Ratio

S. 
No.

Lot No.
Density, 
g/cm3

MFI@ 5 
kg/190 C

MFI@ 10 
kg/190 C

MFI@ 21.6 
kg/190 C

MFR@ 
21.6kg/5 kg

MFR@ 
21.6kg/10 

kg

1 HDPE 1 0.9527 0.07 0.3 1.9 27.1 5.9

2 HDPE 2 0.9503 0.09 0.4 1.8 20.0 5.0

3 HDPE 3 0.9497 0.08 0.3 1.6 20.0 5.2

4 HDPE 4 0.9557 0.11 0.5 3.2 29.3 6.7
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ÅHDPE 1 has lower MFI but Higher MFR I21.6/I5.0,

than HDPE 2 and HDPE 3 = better

processability.

ÅHDPE 4 has Higher MFR and MFI than HDPE 1

ÅDensity of HDPE 1 is higher compared to HDPE

2 and HDPE 3
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HDPE 4 has higher MFI & MFR than HDPE 1, HDPE 

2  and HDPE 3, but had much poor performance at 

the Industrial trials

Melt Flow Index and Melt Flow Ratio
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Melt Viscosity

HDPE 1 vs HDPE 2

MFI@ 10 
kg/190 C

0.3

0.4

0.4

MFR@ 
21.6kg/10 

kg

5.9
5.0
5.1

MFI@ 21.6 
kg/190 C

1.9
1.8
2.0

ÅMelt viscosity shows HDPE 1 has higher flow in high shear ranges

Attributed to its Broader MWD

ÅHDPE 2 have higher melt viscosity, yet performed satisfactorily because

difference are less though noticeable

HDPE 1

HDPE 2

HDPE 2 repeat
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Melt Viscosity

HDPE 1 vs HDPE 4

MFR@ 
21.6kg/10 

kg

5.9
7.0
6.7

MFI@ 10 
kg/190 C

0.3

0.5

0.5
MFI@ 21.6 
kg/190 C

1.9
3.3
3.2

ÅHDPE 4 have lower Melt viscosity than HDPE 1 & Higher content of Low

MWïbetter flow

ÅYet performance of HDPE 4 was inferior ïpoor product characteristics

HDPE 1

HDPE 4

HDPE 4 repeat



ÅHDPE 1 has Lower melt viscosity compared to HDPE 2  

over the Processing shear rate

ïBetter Processability for HDPE 1

ÅHDPE 2 have consistent but higher melt viscosity

ÅThough HDPE 4 have lower melt viscosities than HDPE 1, 

it showed inferior performance
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Melt Viscosity

Generally, when MFI increases (HDPE-4) Melt strength 

decreases. But Decreasing MFI (HDPE-2 /3) alone will not 

ensure higher Melt Strength ïneed to look into Extensional 

Viscosities 
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Extensional Viscosity

ÅExtensional viscosity is a measure of Melt strength

ÅMeasured from capillary Rheometer using Cogswell

equation and measured in same experiment that of

Shear Viscosity ïShear Rate experiment

ÅThe value we get from dual bore capillary rheometer is

True extensional viscosty

ÅHigher extensional viscosity >>>>>>Higher will be the

melt strength

ÅThough HDPE 1 have only small difference in shear

viscosities compared to HDPE 2 & 3, big deviation in

extensional viscosity can cause poor performance at

production



16

Extensional Viscosity

HDPE 1 Vs HDPE 4

ÅYess !!! HDPE 4 have lower Melt Strength

ÅIncreasing MI 21.6 values may not ensure good blow molding grade

HDPE 4 have higher MFI, Higher MFR >>> Lower melt strength ???

MFR@ 
21.6kg/1

0 kg

5.9
6.7
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Extensional Viscosity

HDPE 1 Vs HDPE 2, HDPE 3 & HDPE 4

ÅHDPE 2, HDPE 3 & HDPE 4 have lower melt Elongation Viscosity ----->

Lower Melt Strength

ÅHDPE 3 showed melt fracture

ÅMelt Strength is critical to avoid Parison Sagging to avoid Short Shot/

weight or thickness variation etc



Short Molding

Low Extensional 

viscosity

Lower melt strength

Lower parison swell

Higher parison sagging

Short Molding

Effect of extensional viscosity in Processing
Extensional viscosity measurement
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HDPE 1

HDPE 2

Molecular Weight Distribution

HDPE 1Vs HDPE 2

Higher fraction of 

Low MW for HDPE 1

Long Tail 

of Very 

high MW 

for HDPE 

1

MWD shift 

toward 

High MW 

region for 

HDPE 2 

19

GPC ïMWD

ÅMWD of HDPE 1 is Boarder compared to HDPE 2

ÅHMW shifting helped to give good mechanical properties for HDPE 2



×Compared to HDPE 2 , HDPE 1 has following MWD 
characteristics

ÇHigher concentration of Low MW fraction ïIncreases 
shear thinning ïEasy processing

×Also supported by MFR and High Shear experiments

ÇLong tail of very high MW- Contribute to higher die 
swell- increased Tie Chain formation 

ÇGood Melt strength

ÇOver all broader MWD

×HDPE 2 has MWD shifted towards higher molecular 
weight region

ÇHigher melt viscosity (poorer flow), but Good 
mechanical Properties
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Molecular Weight Distribution

HDPE 1 Vs HDPE 2
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Higher fraction of 

Low MW for HDPE 1

Molecular Weight Distribution

HDPE 1 Vs HDPE 3

Long Tail of 

Very high 

MW for 

HDPE 1

Mz region

Å Concentration of Mz & Mz+1 region is lower in HDPE-3.

Å Concentration of Mz MW region is very critical for Melt strength and Tie

chains formation

HDPE 1

HDPE 3
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Mz+1 Region is 

critical in melt 

strength

HDPE 1

HDPE 4

HDPE 4 repeatHigh 

concentration 

very Low 

Molecular 

Weight chains

Molecular Weight Distribution

HDPE 1 Vs HDPE 4

ÅConcentration Low MW region is higher for HDPE 4 --Ą Higher MI,

Higher MFR

ÅPoor impact strength due to high Low MW tails --Ą failure in drop test

ÅPoor Melt strength due to absence of HMW tail --Ą short shot



ÅDynamic Rotational rheometry is a low shear

oscillatory test set up, where complex viscosity is

measured as a function of frequency in a linear visco

elastic region

ÅMeasurements are highly sensitive and gives vital

information on molecular structure

ÅProvides parameters like: Complex Viscosity, Gô,Gò

and Cross over Modulus

Dynamic Rotational Rheometry
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Complex Viscosity

HDPE 1 Vs HDPE 4

ÅComplex viscosity is very sensitive to HMW tails

ÅZero shear viscosity is function of High Molecular weight tails & Long

Chain Branching (HDPE-1)

ÅBlow molding resins should have higher zero shear viscosity

Zero shear viscosity HDPE 1

HDPE 4

HDPE 4 repeat
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