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Cabot Delta P Test Characterizes
Carbon Black Performance in
Fine-Denier Synthetic Fibers

The performance of a carbon black in synthetic fiber is a function of
the physical cleanliness of the black and the quality of its dispersion.
Dispersion is, in turn, influenced by carbon black morphology and by
the compounding process. The pressure rise (Delta P) test measures
the sum of these effects.

The traditional Delta P test involves extruding a given amount of
carbon-black-filled resin through a 325-mesh (44-micron) screen
and measuring the rise in pressure. In many applications where fiber
diameter exceeds 6 denier, this test is adequate. But for smaller
diameter fibers, this traditional test is not discriminative enough,
since these fibers are sensitive to carbon-black-born contaminants
that can easily pass through the screen.

In addition, the traditional Delta P test, which measures the overall
increase in pressure (P3), fails to differentiate between the pressure
rise caused by compound viscosity and higher extrusion pressure
caused by the carbon-black-born contaminants.

Cabot uses a modified Delta P test that is more accurate in
characterizing the suitability of carbon blacks for the preparation of
masterbatches used in fine-denier fiber applications.

H Delta P test description

Compounding Equipment

1.For PET or PP: a 30-mm co-rotating twin-screw extruder
(i.e. Werner & Pfleiderer) with a vacuum vent and an L/D ratio of
38:1. The screw was of Werner & Pfleiderer design, containing one-
third kneading blocks. The exact screw profile is available from
Cabot Technical Service in Billerica upon request.

2.For PP only: an adapted internal mixer can be used for the
compounding step (example: Banbury®).

Delta P Test Equipment

Extruder configuration: 25-mm single-screw extruder (i.e. Killion)
with data acquisition package and computer analysis. Equipment
should be optimized to deliver consistent pressure:

= Minimum screw diameter of 19 mm (0.75 in.)

= 3:1 compression ratio

= RPM controlled to + 1%

= Heater controlled to + 3°C or better

Breaker plate: while many different breaker plate configurations
(7 — 57 holes) are used in the laboratory to generate data, a 7-hole
configuration allows greater sensitivity. It should be noted that data
from a 7-hole configuration may not correlate completely with data
from a different configuration.

Screen pack: the 165 x 1400 mesh screen was part of a screen pack
with the following configuration: 100/(165x1400)/150/60/40 (mesh).
The nominal opening of this screen is 10 microns; the absolute
opening (the largest particle that will pass through) is 17 microns.
This screen configuration allows a significantly better prediction of
performance than is possible with a 325-mesh screen.



H Cabot Delta P test method overview

A minimum of 100 g of carbon black, as representative of the bulk

sample as possible, is required. Less than 100 g of carbon black is

either not a representative sample or does not make sufficient

masterbatch for sensitive pressure rise measurements. Carbon black is

compounded with a typical loading of 30% for PET and 35% for PP. The

following steps 1-3 refer to the Typical Delta P Curve graph at right.

1. Extrude neat resin for a minimum of 5 min. to establish a baseline
pressure (P1).

2.Introduce sufficient masterbatch and neat resin to give a 10%
carbon black loading in the extrudate. Extrude all the masterbatch
through the screen pack.

3.Purge with neat resin for a minimum of 5 min. to establish new
pressure baseline (P2).

Delta P is defined as (P2 - P1) + (grams of carbon black) and

expressed in bar per grams of carbon black (bar/g CB).

[ 1 bar = 14.5 psi]

H Cabot Delta P test method for use with PET

The PET in this study, supplied by American Hoechst Corp., was a
fiber-grade polyester ( IV = 0.64, TiO2 = 0.083%). The carbon black
was dried before compounding in an oven at 125°C overnight. The
PET resin was dried in a dehumidifying dryer/hopper (i.e. Novatec) at
160°C until the moisture level was below 100 ppm. Concentrates
with 30% carbon black loading in PET were compounded in a
30-mm twin-screw extruder with the following parameters:
= Screw speed of 350 rpm
= Throughput of 10 kg/hr
= Extruder temperature settings:

260/280/280/280/ 280/280/260°C for heater zones 1-7
= Torque: approximately 85%
= Die temperature settings for die zones 1-5: 266/268/271/288/288°C
= Polymer melt temperature: 325-335°C
To determine the carbon black loading in the PET concentrates, the
PET in the concentrate was dissolved into m-cresol at a temperature
just below its boiling point. After filtration, the carbon black loading
was determined from the remaining carbon black on the filter.
In the typical Delta P in PET test, 400 g of 30% carbon-black-loaded
PET concentrate were mixed with 800 g of polystyrene and added to
the extruder. Polystyrene was used as letdown resin in the test rather
than PET because it does not require drying. Cabot has performed
sufficient control experiments to show that results using polystyrene
as letdown resin are directly correlatable to results using PET as
letdown resin. The polystyrene was Styron® 666 D resin (melt flow
rate = 8 g/10 min.). The actual pressure rise test was measured as
explained in the overview section above.

B Cabot Delta P evaluation on PP concentrates

In a typical Delta P evaluation in polypropylene, the PP concentrates
were prepared on an internal mixer. 285 g of 35% carbon black
loaded PP masterbatch were then mixed with 715 g of PP resin and
extruded as described in the overview section. The resin used both
for the carbon black concentrate preparation and the letdown was a
polypropylene homopolymer with melt flow rate = 35 g/10 min.
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® Banbury is a Registered Trademark of Farrel.
® Styron is a Registered Trademark of Dow

Chemical.
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