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The housing of the elec:

tomotive industry on parts contin-

ue to rise and so are also creating
fresh challenges for the constituent ma-
terials. Plugs, connectors and housing
parts that are used under the hood are
having to pass even tougher tests. Cycle
tests in humid conditions and tempera-
tures ranging from -40 to 150°C are no
rarity and require materials treated with
special hydrolysis stabilizers. To meet
these high standards, BASF developed
and evaluated two hydrolysis-resistant
PBT compounds in different and, in some
cases, very tough tests. The two new prod-
ucts are Ultradur B4300G6 HR and Ul-
tradur B4330G6 HR and each is rein-
forced with 30 % glass fiber. HR stands
for hydrolysis resistant.

T he requirements imposed by the au-

Water Destroys the Polymer

PBT is formed by polycondensation of
terephthalic acid or dimethyl terephtha-
late and 1,4-butanediol, with the release
of water. However, the polycondensation
reaction can be reversed by hydrolysis at
temperatures exceeding 100°C and 100 %
relative humidity (Fig. 1). In the reaction
between PBT and water, the polymer
chain is cleaved and fragments, ranging
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from small chains right through to the
starting materials terephthalic acid and
1,4-butanediol, are formed. This means
that the esterification can be reversed
(deesterification). It only takes a hy-
drolyzed content of 0.01% to signifi-
cantly degrade the viscosity and the mo-
lar mass. Hydrolytic destruction of the
polymer by catalysts is 1,000 and 10,000
times as fast as thermal oxidation and
thermal decomposition. Hydrolysis may
be halted or at least retarded by adding
various stabilizers. Conventional stabiliz-
ers are capable of scavenging the water on
one hand and rebuilding destroyed poly-
mer chains on the other.

The chosen study conditions described
in more detail below simulate extreme sit-
uations and far exceed those actually
found under the hood of a vehicle. Since
the underhood area is generally well ven-
tilated, the headwind can dissipate both
local moisture and evolved heat and so a
protracted period of high atmospheric
humidity combined with high tempera-
ture is rather unlikely there. This may be
seen in Figure 2: it shows the viscosity of
a standard PBT containing 30% glass
fibers which does not undergo any hy-
drolytic degradation on storage either at
50°C and 75 % relative humidity or at
60°C in water. Only when the tempera-
ture reaches 85°C and the relative hu-
midity is 85 % does hydrolysis occur.
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Testing Gets
Tougher

Hydrolytically Stable PBT. The re-
quirements on automotive plastic
parts, especially, keep growing
tougher. The stability of the parts is
particularly threatened by extreme
temperatures and a damp environ-
ment. Two newly developed hydrolyt-
ically stable PBT compounds have
come through a number of tests,

some of which were very tough.

Passing the USCar Test

The USCar test is a set of regulations for
the American automotive industry.
Among other things, the USCar test con-
tains a test method for qualifying electri-
cal connectors and connector systems
which has been agreed by the three ma-
jor American car manufacturers Ford,
Chrysler and GM and which therefore
may be regarded as an industry standard.

In this test method, standardized test
rods are conditioned by exposure to a
stringent temperature and relative hu-
midity cycle and the mechanical proper-
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Fig. 1. Mechanism underlying the hydrolysis of
polybutylene terephthalate (PBT)
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ties before and after conditioning are
compared. In accordance with the out-
come, the product is assigned to one of
Connector Classes I to IV. Each sample of
material for testing is first exposed for 30
minutes to a temperature of -40°C and a
relative humidity of 0 to 10 %. Within 60
minutes, the temperature must rise to
80-90°C; the relative humidity must be
95% (up from 85 %). These parameters
are maintained until hour 5. Subsequent
testing then depends on the classification.
Whereas the relative humidity for all sam-
ples must be reduced to 0-10 % by hour
7 at the latest, the maximum temperature
for test hours 5 to 7 varies according to
Connector Class: 85°C for Class I, 100°C
for class II, 125°C for Class III and 155°C

B4330G6 HR (b), i.e. the new Ultradur
HR hydrolysis-resistant products, were
subjected to four different test regimes.
The tests were performed on tensile rods
compliant with ISO 527 and Charpy rods
compliant with ISO 179 that were injec-
tion molded from each material. The
blank value of the physical properties was
determined a few days after production
because the test specimens first had to be
dry conditioned.

Loading with 2 and 2.78 %
Flexural Stress

In the wetting test at 2 % flexure, the in-
jection molded tensile rods are clamped
to a metal cylinder which flexes them by
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Fig. 2. Decrease in
viscosity due to hy-
drolysis of PBT under
various conditions
(RH: relative humidity)
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for Class IV. From hour 8, the tempera-
ture in all cases must be -40°C again, be-
cause a new test cycle then commences.
Such 8-hour cycles are repeated 40 times
to produce a total conditioning time of
320 hours (Fig. 3). If the mechanical
properties of the conditioned specimens
are still more than 80 % of their initial
values, the material is assigned to the
Connector Class corresponding to that
conditioning temperature. The two new
products Ultradur B4300G6 HR and Ul-
tradur B4330G6 HR passed the require-
ments of USCar PF-1 Class I1l in tests per-
formed by external US institutes.

Since the regulations on hydrolysis re-
sistance in the electrical area are not stan-
dardized, several manufacturers specify
tests for resistance to certain air humidi-
ty-temperature conditions, aside from the
USCar test. These include resistance in al-
kaline solution under flexural stress and
a number of very tough relative humidi-
ty/conditioning tests. Two standard prod-
ucts from the BASF range, natural (nat)
and black (b), as well as Ultradur
B4330G6 HR (nat) and Ultradur
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A similar test set-up flexes the test spec-
imens at 2.78 %. Unlike the 2 % flexure
test, the specimens in this method are im-
mersed along with the holding device in
a bath containing 10 % sodium hydrox-
ide solution.

Conditioning under Different
Conditions

85°C and 85 % relative humidity: The
test specimens are kept in a climate cup-
board in hydrolytic conditions of 85°C
and 75 % relative humidity. After condi-
tioning for 4, 8 and 41 days, their me-
chanical properties are tested. To obtain
the most accurate mean value of these
properties as possible,10 test specimens
of each product are stored for every time
period; in other words, 10 x 4 x 3 = 120
tensile rods complying with ISO 527-2
and 120 Charpy rods complying with ISO
179.

USCar test
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2%. The cylinder has a radius of 50 mm
and is made according to DIN EN ISO
4599. Conditioning in 10 % sodium hy-
droxide (NaOH) solution consists in wet-
ting the specimens with this solution for
the first 60 minutes at 10-minute inter-
vals. Three specimens of each material are
clamped for this. After conditioning for 2
and 24 hours, they are examined for stress
cracking (Fig. 4).

110°C and 100 % relative humidity:
here, the test specimens are stored in a
type of steam pressure cooker and the
specified conditions are created by adding
roughly one liter of distilled water and the
use of a hot plate. Tests are scheduled af-
ter four and eight days. Here, too, 10 test
specimens of each product are used for
each sampling (after four days and after

eight days).
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Fig. 4. Test rig according to DIN EN IS0 4599

Results

For the 2 % flexure test, three tensile spec-
imens of each material were subjected to
the flexural stress test of ISO 4599. Some
of the standard rods broke within 2 hours
and all broke within 24 hours. The new,
hydrolytically stabilized PBT grades Ul-
tradur B4330G6 HR (nat) und B4330G6
HR (b) exhibit comparatively high resist-
ance to sodium hydroxide at room tem-
perature. Compared with the standard,
these products develop stress cracking
only after 24 hours (Fig. 5).

Fig. 5. Electron micrograph of specimen of Ultradur B4330G6 HR (b) after 24
hours conditioning in the 2% flexural stress test

The test results for 2.78 % flexure con-
firm the very good hydrolysis resistance
of the Ultradur HR products in compar-
ison with the competition products as
well. Whereas the two competition prod-
ucts break within 10 seconds at most af-
ter contact with the sodium hydroxide so-
lution, Ultradur B4330G6 HR still shows
no sign of fracture even after 52 hours.

Following conditioning under the con-
ditions described, B4330G6 HR (b) ex-
hibits very good hydrolysis-resistance
across all mechanical properties, never sus-
taining a loss of more than 20 % of its ini-
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tial values. The standard product becomes
useless after eight days’ hydrolysis condi-
tioning under these more exacting condi-
tions, as the mechanical values drop by
roughly 70 %. The mechanical properties
0f B4300G6 HR (b), too, deteriorate much
less in this extremely exacting test. The new
B4300G6 HR variant survives both stud-
ies, namely the Charpy impact test follow-
ing conditioning at 85°C and 85 % relative
humidity (Fig. 6) and the elongation at
break testat 110°C/110 % relative humid-
ity (Fig. 7), virtually undamaged.

Conclusion

The new materials display extraordinar-
ily good results under extremely exacting
hydrolysis conditions for standard tensile
rods and Charpy rods. The new Ultradur
B4330G6 HR is particularly recom-
mended for the kind of pre-stress that oc-
curs in sheathed metal jacks; it also ex-
hibits a higher resistance to 10 % sodium
hydroxide at room temperature. The new
Ultradur HR product series greatly ex-
tends the range of applications for PBT
under extreme conditions and enables
processors to comply with the ever high-
er specifications and new standards im-
posed by automotive manufacturers on
their parts.
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