
In previous publication, the influence of process parameters
on the fiber orientation of the meltblown web was evaluated
[4]. The meltblown webs were formed using Robotic Fiber
Assembly and Control System (RFACS), which is described
in previous publications [3, 4]. In this paper, parametric stud-
ies evaluating the effect of polymer throughput rate, attenuat-
ing air pressure and temperature, and die temperature, on
fiber diameter distributions of meltblown webs from
polypropylene produced by RFACS are reported. Fiber diam-
eters were determined by analyzing fabric images obtained
through scanning electron microscopy (SEM). Under the spe-
cific conditions explored, the fraction of fibers of diameter
smaller than 10 microns (µm) can increase by 72% with a 7.9
x 10-2 g/min/hole (82%) reduction in throughput. A 54%
increase of the same can be observed with a 2.8 bar (400%)
increase in attenuating air pressure. A change of 45ºC (16 %)
in air temperature is shown not to significantly affect fiber
diameters produced, while an increase of 67ºC (26%) in die
temperatures can result in an increase of 17% in the fraction
of fibers of diameter smaller than 10µm.  All fiber diameter
distributions are shown to be unique to the condition evaluat-
ed as no overlap across distributions for changes in a given
parameter is observed. Further fiber fraction smaller than 10
µm data is also shown to be unique to each parameter evalu-
ated.
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Introduction
It is well known that while a meltblowing process produces

finer fibers relative to conventional fiber spinning processes,
the distributions of fiber diameter are usually quite broad.
Because lower mean values and narrower distributions lead
to smaller pore sizes (lower mean and narrow distributions)
and higher surface area, the control of fiber diameter distrib-
ution is considered highly desirable [14], for a number of
important applications.

Average fiber diameter data for meltblown webs has been
previously available in the literature, and is incorporated,
here, for purposes of comparison and analysis of the observed
fiber diameter distributions. Review of the literature suggests
that final fiber diameter is formed within 6 cm of the die ori-
fice exit [1]. Die-to-collector distance (DCD) used in this
study was held constant at either 14 or 18 cm, and the angle
of approach (defined in previous publication [4]) maintained
at 90º to the collector drum surface.
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Experimental
Material and Methods

Nonwoven meltblown samples were produced using
Polypropylene PP resin with nominal 1200 melt-flow-rate
(MFR) (IV: 0.8) on a small, 7.8 cm (3 inch) slot-die melt-
blowing unit. The equipment specifications were given else-
where [4]. For the study reported here, the fabrics were
formed onto a 21 cm diameter collector drum. 

All samples were prepared using a normal, 90º vertical
fiber approach angle to the horizontal drum collector. The
effects of gravity were therefore acting along the fiber stream
path. This eliminated gravity as a variable in the study.
Through use of the collector drum, followed by a separate
winding capability, continuous, approximately 8 cm wide,
samples were obtained. SEM images were taken for individ-
ual samples (1 cm x 1 cm) for each fabric type. All samples
were placed face down on a sample holder.

Fiber Diameter Measurement
For most samples, SEM images were obtained at 600X and

subsequently measuring more than 20 fiber images observed
in each case. Some samples required lower or higher magni-
fication (400X, 2000X). Fiber diameters were measured using
an image analysis package developed by Dr. Pourdeyhimi at
the Nonwovens Cooperative Research Center. A well-devel-
oped protocol for adjusting the SEM image (Figure 2) was
followed before a final black and white fiber image (Figure 1)
was evaluated for fiber diameters. The procedure followed in
the image analysis software measures the distribution of fiber
diameters by finding the central medial axis along each fiber
axis. At every pixel along the central medial axis certain
intensity relative to the distance from the edges of the fiber
image is assigned. The observed intensities are representative
of the fiber diameter and are subsequently used to calculate
the overall distribution [9].

For a fabric corresponding to a given set of processing con-
ditions, typically four samples taken randomly along the
length of the roll, were evaluated. Each sample was evaluat-
ed in two locations. The frequency distribution data so
obtained were averaged to obtain a representative distribu-
tion. Cumulative frequency distributions of fiber diameters
were evaluated, and representative standard error values of
the distributions are reported in some of the figures.

Processing Parameters
A wide range of fabric samples was formed employing a

variety of processing conditions. These were:
Polymer Throughput Rates: 1.7, 3.7, 5.4, 8.1, and 9.6 x 10-2

g/min/hole.
Attenuating Air Pressures: 0.7, 1.4, 2.1, 2.8, and 3.5 bar.
Attenuating Air Temperatures: 282ºC, 304ºC, and  327ºC.
Die Temperatures: 260ºC, 293 ºC, and 327ºC.
Constant Parameters: (1) DCD = 14 or 18 cm, (2) take-up

speed = 15 or 21 m/min, (3) Extruder Temperatures in Zones
1-3: 160ºC, 193ºC, 232ºC.

Results and Discussion
The results showing influences of different process para-

meters are given in figures showing cumulative frequency
distributions of fiber diameters. The “fraction of fibers small-
er than 10µm in diameter” was chosen as a metric of the influ-
ence, since production of fine fibers is a dominant goal in
meltblowing. 

Influence of Polymer Throughput Rate
and Attenuating Air Pressure

Figure 3 shows cumulative frequencies of fiber diameter
distributions of PP meltblown fabrics formed at different lev-
els of polymer throughput rates and at a selected level of
attenuating air pressure. Figure 4 shows cumulative frequen-
cies of fiber diameters in fabrics produced at varying attenu-
ating air pressure and a selected polymer throughput rate.
Figure 2 shows a SEM image of a typical fabric (produced at
9.6 x 10-2 g/min/hole, 3.5 bar air pressure, 282ºC air temp. and
260ºC die temp. settings)

All fabric samples in Figure 3 show fiber diameters to
decrease and their distribution to narrow with a decrease in

Figure 1
FIBER IMAGE USED FOR FIBER

DIAMETER ANALYSIS

Figure 2
A TYPICAL SEM IMAGE (FABRIC DP5)
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throughput rate. Fiber diameter distributions for various
throughput rates shown do not overlap and decreases are
shown to be successive according to polymer throughput rates
employed. Figure 4 shows cumulative frequencies for fiber
diameter distributions in fabrics formed at varying attenuating
air pressures, but a constant polymer throughput rate of 9.6 x
10-2 g/min/hole, and the same temperature settings as in
Figure 3. Fiber diameters decrease with increase in attenuat-
ing air pressures in all cases; broader distributions of fiber
diameters are observed with decreases in attenuating air pres-
sures.

Figure 5 shows fraction of fibers smaller than 10µm in
diameter for fabric samples formed at varying polymer
throughput rates and attenuating air pressures. All samples
depict the same trend of increasing fraction of small diameter
fibers with decreasing throughput rates; the increase in atten-
uating air pressure also increases the fraction of fine (less than
10µm) fibers. The most rapid increase in fraction of fine
fibers with a decrease in polymer throughput rates, 28.17% to
100%, is observed at attenuating air pressures of 0.7 bar. With
increasing attenuating air pressure the fraction of smaller than
10µm fibers increases for a fixed throughput rate. Indeed,
there appears to be a processing envelope outside of which
(higher attenuating air pressure, lower throughput rate) it is
difficult to form and collect a fabric.

In the same vein Figure 6 shows fraction of fibers smaller
than 10µm produced at different attenuating air pressure and
throughput rate. All samples show the same trend of increasing

fraction of small diameter fibers with increases in attenuating air
pressures. Lowest throughput rate and lowest attenuating air
pressure appear to provide the highest percentage of fine fibers.
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Figure 3
CUMULATIVE FREQUENCY DISTRIBUTION OF
FIBER DIAMETERS AT DIFFERENT POLYMER

THROUGHPUT RATES; 0.7 BAR AIR PRESSURE,
282 ºC AIR TEMP., AND 260 ºC DIE TEMP.; Fp1: 1.7
X 10-2 G/MIN HOLE; Ep1: 3.7 X 10-2 G/MIN/HOLE;

Ap13: 5.4 X 10-2 G/MIN/HOLE; Cp1: 8.1 X 10-2

G/MIN/HOLE; AND Dp1: 9.6 X 10-2 G/MIN/HOLE
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Figure 4
CUMULATIVE FREQUENCY DISTRIBUTION OF
FIBER DIAMETERS AT DIFFERENT ATTENUAT-

ING AIR PRESSURE; 9.6 X 10-2 G/MIN/HOLE
THROUGHPUT RATE, 282 ºC AIR TEMP., AND 260

ºC DIE TEMP.; Dp1: 0.7 BAR; Dp2: 1.4 BAR; Dp3: 2.1
BAR; Dp4: 2.8 BAR; AND Dp5: 3.5 BAR
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Figure 5
INFLUENCE OF POLYMER THROUGHPUT RATES
AND ATTENUATING AIR PRESSURES ON FRAC-

TION OF FIBERS SMALLER THAN 10 µM AT 282 ºC
AIR TEMP., AND 260 ºC DIE TEMP; Fp1, Ep1, Ap13,
Cp1, AND Dp1: 0.7 BAR; E, Ad2t2, Cp2, AND Dp2: 1.4

BAR; At1, Cp3, AND Dp3: 2.1 BAR; Dp4: 2.8 BAR;
AND Dp5: 3.5 BAR

Throughput Rate (10-2 g/min/hole)

processing envelope
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An increase in attenuating air pressure results in higher
velocity of forming air, exerting higher drag forces on the
polymer mass as it is being drawn out of the die orifices, as
well as resulting in higher fiber velocities [1, 16]. Higher drag
apparently attenuates the polymer mass to finer diameters,
analogous to higher take-up roller speeds resulting in finer

diameter filaments in conventional spinning. Figure 6 gives a
comprehensive view of this effect over a range of throughput
rates. In the cases studied the fraction of fibers less than 10µm
can increase by 54% at a polymer throughput rate of 9.6 x
10–2 g/min/hole. Similar trends are observed for the other
throughput rates investigated.

Somewhat similar observations have been reported in pre-
vious studies. For example, increasing average fiber diameter
with increasing polymer throughput rates has been reported
[1, 2, 8, 12, 14, 15]. Figure 7 compares some previous data
with those obtained in the present study.

While the trend of increasing average fiber diameter with
increasing throughput rate is evident in all cases, the present
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Figure 6
INFLUENCE OF ATTENUATING AIR PRESSURES

AND POLYMER THROUGHPUT RATES ON
FRACTION OF FIBERS SMALLER THAN 10 µµM
AT 282 ºC AIR TEMP.,  AND 260 ºC DIE TEMP;

Fp1: 1.7 X 10-2 G/MIN/HOLE THROUGHPUT RATE;
E, Ep1: 3.7 X 10-2 G/MIN/HOLE THROUGHPUT
RATE; Ap13, Ad2t2, At1: 5.4 X 10-2 G/MIN/HOLE

THROUGHPUT RATE; Cp1-Cp3: 8.1 X 10-2

G/MIN/HOLE THROUGHPUT RATE; AND Dp1-
Dp5: 9.6 X 10-2 G/MIN/HOLE THROUGHPUT RATE

Attentuating Air Pressure (bar)
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Figure 7
COMPARISON OF AVERAGE FIBER DIAMETER

AS A FUNCTION OF POLYMER 
THROUGHPUT RATES

Polymer Throughput Rate (g/min/hole)
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Figure 8
COMPARISON OF AVERAGE FIBER DIAMETER

AS A FUNCTION OF ATTENUATING
AIR PRESSURE

Attentuating Air Pressure (bar)
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Figure 9
COMPARISON OF PREVIOUS INVESTIGATION

ON AVERAGE FIBER DIAMETER AND 
AIR FLOW RATE

Air Flow Rate (slpm/cm die)
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study covers significantly lower throughput rates and obtains
significantly finer fiber. It is worthy of note that the fiber
diameters are also governed by molecular weight structure of

the starting resin. The MFR value for Bansal, Tyagi, and
Shambaugh [1, 15] was 75, for Schwarz [12] 35, and for the
present study 1200. 

In the same vein the influence of forming air velocity (or
attenuating air pressure) on fiber diameter has been studied
previously [2, 6, 7, 12, 13, 15]. An increase in attenuating air
pressures, synonymous to an increase in airflow rate, are
shown to result in significant reduction in fiber diameter
(Figures 8 and 9). Air pressure data in Schwarz’s patent [12],
see Figure 8, is comparable in trend and magnitude to the
average fiber diameter data obtained in this study. 

Influence of Attenuating Air Temperature
Figure 10 shows cumulative frequencies for fiber diameter

distributions obtained using varying attenuating air tempera-
ture. Fiber diameter was hardly affected by the attenuating air
temperature in the range of (282ºC – 327ºC) studied.

Similar trends were observed in a study by Rao and
Shambaugh, were a 100ºC increase in air temperature did not
show much effect on fiber diameter [10]. In both Rao and
Shambaugh and our case discussed, the polymer (die temper-
ature) settings were lower than the attenuating air tempera-
ture. In Figure 11, the observed air temperature profile, mea-
sured by a handheld thermocouple at the die-orifice exit, is
given for the conditions evaluated. In another study by
Shambaugh [14], when the die temperature was higher than
the attenuating air temperatures employed, reductions in fiber
diameter were observed with increases in air temperature, see
Figure 12. As is evident from the observed temperature pro-
file, actual air temperatures do change significantly, even
when the employed die temperature is lower than the air tem-
perature. It is observed that the attenuating air temperatures
studied in this research were not high enough to significantly
cause changes in diameters of the meltblown fibers formed.
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Figure 10
CUMULATIVE FREQUENCY DISTRIBUTION OF
FIBER DIAMETERS AT DIFFERENT ATTENUAT-

ING AIR TEMPERATURES; 5.4 X 10-2 G/MIN/HOLE
THROUGHPUT RATE, 1.4 BAR 

ATTENUATING AIR PRESSURE, AND 260 ºC DIE
TEMP.: Ad1: 282 ºC, Aa2a: 305 ºC, AND Aa3a:

327 ºC;  3.7 X 10-2 G/MIN/HOLE THROUGHPUT
RATE, 1.4 BAR ATTENUATING AIR PRESSURE,

AND 260 ºC DIE TEMP.: E: 282 ºC, E2: 304 ºC, 
AND E3: 327 ºC
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Figure 12
AVERAGE FIBER DIAMETER VARYING
ATTENUATING AIR TEMPERATURE AS 
DETERMINED BY SHAMBAUGH [14];

POLYMER TEMPERATURE 350ºC

Air Temperature (degrees C)

die temp vs. 3.7
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Figure 11
OBSERVED TEMPERATURE PROFILE

AT DIE ORIFICE EXIT
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Influence of Die Temperature
Figure 13 shows cumulative frequencies for fiber diameter

distributions of PP meltblown fabrics formed due to varying
die temperatures. As is apparent, fiber diameter decreased
with increases in die temperature.

Figure 14 shows fraction of fibers smaller than 10µm in
diameter for fabric samples formed due to varying die tem-
peratures and at different throughput rates. All samples show
increases in fine fiber content with increasing die tempera-
ture.

The dominant resultant effect of an increase in die temper-
ature is lower polymer viscosity in the die body. A lower vis-
cosity liquid will show less physical resistance to high veloc-
ity attenuating air, and allow finer fiber diameters to form.
The reduction in polymer viscosity appears to be more sig-
nificant over the temperature range evaluated, as similar
changes in air temperatures have in this study not been able
to show a lasting effect. Reduction in polymer viscosity
would further show a larger effect at higher polymer through-
put rates, where finer diameter fibers are formed with more
difficulty. Figure 14 shows this effect to be true, as larger
increases in fraction of fine fiber diameter are initially appar-
ent at higher throughput rates (Ct1-Ct3).

Decreases in fiber diameter with increases in die tempera-
ture were also observed by other researchers, see Figure 15,
[1, 5, 11, 13]. Data shown in Figure 15 for PET ‘A’, as trian-
gle pointing up, was produced at a higher polymer through-
put rate than data for PET ‘A’ depicted with an ‘X.’ This
undermines our earlier statement of reduction in polymer vis-
cosity to show a more significant effect at higher polymer
throughput. Clearly, PET data shown by a triangle exhibit a
larger reduction in fiber diameter with increasing die temper-
ature, than PET data shown by an ‘X.’

Conclusion
Fiber diameter distributions were shown to correlate well

to processing conditions employed in meltblowing of
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Figure 13
CUMULATIVE FREQUENCY DISTRIBUTION OF
FIBER DIAMETERS AT DIFFERENT DIE TEM-
PERATURE; 3.7 X 10-2 G/MIN/HOLE POLYMER
THROUGHPUT RATE; 1.4 BAR ATTENUATING

AIR PRESSURE, AND 327 ºC ATTENUATING AIR
TEMP.; E3: 260 ºC; E4: 293 ºC; 

AND E5: 327 ºC DIE TEMPERATURE
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Figure 14
INFLUENCE OF DIE TEMPERATURE ON FRAC-
TION OF FIBERS SMALLER THAN 10 µµM AT 327

ºC AIR TEMP.; E3-E5: 3.7 X 10-2 G/MIN/HOLE
POLYMER THROUGHPUT RATE, AND 1.4 BAR

ATTENUATING AIR PRESSURE; Aa3a-Aa5a: 5.4 X
10-2 G/MIN/HOLE POLYMER THROUGHPUT

RATE, AND 1.4 BAR ATTENUATING AIR PRES-
SURE; AND CT1-CT3: 8.1 X 10-2 G/MIN/HOLE POLY-
MER THROUGHPUT RATE, AND 2.1 BAR ATTEN-

UATING AIR PRESSURE

Die Temperature (degrees C)
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Figure 15
COMPARISON OF AVERAGE FIBER DIAMETER

AS A FUNCTION OF DIE TEMPERATURE

Die Temperature (degrees C)
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polypropylene resin. Fiber diameters were demonstrated to
reduce with reductions in throughput rate, and increases in
attenuating air pressures and die temperatures. Air tempera-
tures in the range studied, below 210ºC at the die-orifice exit,
were shown to not affect fiber diameter distributions. Good
agreement for all results was also found to average fiber
diameter data observed in published literature.
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