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Lighter than Water

Polyamide Blends with Low Weight and High Rigidity

For numerous application developments, the subject of weight reduction is gaining in importance. For example, 

in combination with a special processing method – and thanks to its low density – a new blend (polyamide+poly-

propylene) can achieve weight savings up to 30 %.

In its search for weight-saving potentials, 
the plastics industry is continuously 

finding new solutions. Through addition 
of chemically coupled polypropylene, 
and after moisture absorption, a newly 
developed polyamide blend (PA+PP) 
from Akro-Plastic GmbH in Niederzissen, 
Germany, exhibits the same strength as a 
standard polyamide. Depending on ap-
plication and the degree of reinforce-
ment, the blends already save 7...10 % of 
density compared with standard polyam-
ides, and have a better flowability (Table 1). 
In order to reduce component weight 
even further, one approach is to charge 
the melt with a chemical or physical 
foaming agent.

Further Weight Saving through  
Foaming

Foam injection molding is one possibility 
for further weight reduction. For that, a 
propellant is injected into the melt under 
pressure, which foams the plastic after or 
during mold filling. With these so-called 
physical foams, the gas is injected directly 
into the melt under high pressure in a so-
phisticated process. The resolution of pat-
ent issues has helped to increase popular-
ity of this process. Typically weight reduc-
tions of 6...7 % can be achieved.

With chemical foaming, a chemical 
foaming agent is added to the plastic by 
means of a masterbatch. During process-
ing, and under the melting conditions, 
the propellant is formed in the plasticiz-
ing unit. Here, it dissolves in the melt and 
foams the plastic during processing after 
pressure relieve. Apart from flexibility, the 
advantage of this masterbatch solution 
lies in the option of including other com-

ponents in the masterbatch formulation. 
This has further positive effects on foam 
formation, and depending on the poly-
mer used, the processing method can be 
optimized even further.

Previously, the selection of chemical 
foaming agents for engineering plastics 
was limited to a great extent to exothermal 
foaming agents. However, these energy-re-
leasing systems lead to longer cooling 
times. The toxicologic classification of exo-
thermal foaming agents is problematic.

Due to their predictable negative ef-
fects on mechanical properties, the devel-
opment of marketable endothermic foam-
ing agents (energy-absorbing systems) 
stagnated practically at the level of the late 
1990s. Previously, a component thickness 
of less than 3 mm was considered inade-
quate for injection molding of structural 
foam. The success of physical foaming pro-
cesses such as MuCell (supplier: Trexel, Inc., 
Wilmington, MA/USA) and Cellmould 

(supplier: Wittmann Battenfeld GmbH & 
Co. KG, Meinerzhagen, Germany) is partial-
ly due to the lack of a suitable foaming 
agent masterbatch system.

Microcellular foam structures are cre-
ated primarily by the high gas load in the 
plastic and the enormous pressure differ-
ence used in this processing method. 
Complex processing technology, re-
duced surface quality and lacking pro-
cessing flexibility with smaller lots are 
seen as collateral effects.

Masterbatches without Negative  
Effects

New masterbatch formulations are help-
ing to reduce these adverse effects. The 
evaluation of fundamental [1] and current 
research results provided a basis for the 
development of new masterbatch sys-
tems. These eliminate the damaging in-
fluence of the foaming agent in the 

With a density of less than one, components made of a newly developed (polyamide+polypro-

pylene) blend are lighter than water (figures: Akro-Plastic)
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not limited to achieving a maximum pres-
sure drop, as is the case with purely phys-
ical foaming processes. Modern foaming 
agent masterbatches combine the ad-
vantages of dust-free and safe handling 
with the provision of nucleating seeds 
and additives, which permit an optimally 
tuned application to be realized with the 
process. Figure 1 clearly shows the influ-
ence of a maximized nucleating rate. 
During the development of technical 
compounds for lightweight construction, 
the focus was not placed on obtaining 
absolute weight reduction, but rather on 
finding a combination of maximum 
weight saving with the best-possible 

formulation and simultaneously promote 
the microcellular foams.

The nucleating rate Nhet is largely re-
sponsible for determining size and quan-
tity of the foam cells. By means of Colton’s 
findings [1], it can be derived [2] as: 

Whereby: C1 = concentration of nucleating seeds, f1 = 
probability of contact,  ΔG*het= free energy of nucleation,  
Δp = pressure drop, γ = surface tension of the melt.

This relationship permits the necessary 
parameters and influencing possibilities 
for producing a fine-celled foam struc-
ture to be derived. These possibilities are 

Nhet =C1 ⋅ f1 ⋅e
ΔG*
kT with ΔGhet

* =
16π γ[ ]3
3 Δp[ ]2

preservation of mechanical properties 
exhibited by technical plastics, such as

WW maintaining rigidity,
WW good strength,
WW good surface, and
WW microcellular foam structure.

With mutually matched systems, the bal-
ance between surface quality, mechanical 
properties (rigidity and bending strength), 
and weight reduction is controlled primar-
ily by the process. The underlying tests 
were carried out with a mold for tensile 
test bar, whose long flow path and very 
high aspect ratio provide highly unfavor-
able conditions for good surface quality 
and uniform microcellular foam distribu-
tion. However, as a final result it was possi-
ble to produce moldings that combine a 
presentable surface with significant 
weight saving, and simultaneously pro-
vide excellent mechanical characteristics.

Regarding process control, two differ-
ent methods were used for the produc-
tion of 4 mm shouldered test bars made 
of a (PA+PP) blend reinforced with 20 % 
carbon fibers, plus 3,5 % masterbatch 
AF-Complex PE 990310 TM from AF-Color. 
The results are compared in Table 2, where-
by the respective compound, charged 
with foaming agent and produced by 
means of the standard process, serves as 
zero value. Through the addition of mas-
terbatch, the proportion of carbon fibers 
in the final compound is reduced accord-
ing to the dosing.

Component Production

Full shot: The mold is filled completely, 
compacted, and the shut-off nozzle is 
closed without a hold pressure phase (en-
ergy saving), so that the machine can al-
ready start the next metering stroke. This 
method achieves a weight reduction of 

Fig. 1. Effect of increasing heterogeneous nucleation (upper compo-

nent: nucleated, lower component: not nucleated)

Fig. 2. Tensile test bar made of the (PA+PP) blend Akromid B3 ICF 20 1 L 

black (5296) has a density lower than water

Table 2. Comparison of the standard process (with/without foaming agent) and the short & full 

shot processes

Table 1. Weight advantage of polyamides with chemically coupled polypropylene compared 

with a standard polyamide

Properties Akromid B3 GF 30 
(cond.)

Akromid B3 GF30 1 L 
(cond.)

Akromid B3 GF 30 1 XL 
(cond.)

Tensile modulus [MPa] 6,200 6,800 6,800

Tensile strength [MPa] 110 105 100

HDT/A [°C] 210 200 160

Flowability [mm] 660 715 785

Density [g/cm3] 1.36 1.26 1.22

Zero value Short shot Full shot

Akromid B3 ICF 
20 L 1 with hold 
pressure

Akromid B3  ICF 
20 1 L with hold 
pressure

Akromid B3 ICF 
20 1 L without 
hold pressure

Akromid B3 ICF 
20 1 L without 
hold pressure, 
partial filling

Foaming agent [%] 0
3.5 AF Complex 
TM

Tensile modulus [MPa] 12,980
12,510
[100 %]

10,660
[85 %]

12,200
[97 %]

Flexural modulus [MPa] 12,260
12,100
[100 %]

12,240
[101%]

12,260
[101 %]

Flexural stress [MPa] 216
202
[100 %]

185 
[92 %]

198 
[98 %]

Flexural strain [%] 2.7 2.7 2.4 2.6

Weight reduction [%] 13 4

Density [g/cm3] 1.10 1.10 0.96 1.06
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4 % compared with the standard process 
without foaming agent. The mechanical 
values remain practically identical. The ad-
vantage of this method is that the compo-
nents can be produced practically warp-
age-free, because the hold pressure is 
maintained by the compound itself, and is 
therefore equally effective everywhere. 
Moreover, the foaming agent improves 
flowability, but reduces the weight only 
moderately. The density reduction is con-
centrated on the hottest point. As a result, 
and depending on the component, the 
cooling capacity required for the compo-
nent’s core is decreased, leading to a 10% 
shorter cooling time. Regarding compo-
nent surface quality, the results of this 
method are just as good as those obtained 
with the standard process.

Short shot: The mold is filled almost 
completely, but without compacting the 
melt. Also this method does not use hold 
pressure, and achieves a weight reduc-
tion of 13 % compared with the zero value. 
The modulus of elasticity is reduced by 
15 %, i. e. roughly the same amount as the 
weight reduction. However, the flexural 
modulus remains above the zero value. 

The reason for this is explained by the 
second moment of area: The external sur-
face area is included in rigidity with x³. 
This has an effect on the lower shrinkage 
of the system charged with foaming 
agent. On the other hand, there is 13 % 
less of matrix material, which results in a 
corresponding reduction of rigidity.

Summary

New foaming agents lead to weight reduc-
tions of engineering plastics without a sig-
nificant impairment of their properties. The 
use of mutually matched systems, e.g. the 
(PA+PP) Akromid Lite blend and the foam-
ing agent masterbatch AF-Complex PE 
990310 TM, is recommendable. In the case 
described here, the density of Akromid B3 
ICF 20 1 Lite black (5296) was reduced by 13 % 
through the addition of a foaming agent. A 
further weight reduction of 8 % was 
achieved by means of blend technology 
(PA+PP). Compared with polyamide 6 GF 30, 
an overall weight reduction of 30 % was 
possible thanks to the innovative ICF car-
bon fiber from Akro-Plastic – in addition to 
higher tensile strength and bending resis-

tance. Hereby, the density of this foamed 
compound is significantly lower than that 
of water (Title figure), and has a flexural mod-
ulus of more than 12,000 MPa (Fig. 2). W
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