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Anomalous Behavior of Teflon-hased
Helium Permeation Leak Standards

Patrick J. Abbott and Justin H. Chow

Abstract: Helium leak testing is a vital step in assuring product reliability for anything that must be packaged in a
sealed container. Examples of problems caused by leaks abound; from leaks in blister packaging for pharmaceuticals,
to leaks in aluminum wheel rims for automobiles. To quantify detected leaks, mass spectrometer-based helium leak
detectors must be calibrated with one or more helium flow transfer standards, each having a quantified uncertainty.
Helium permeation leak artifacts are the most popular transfer standards used for this purpose, and Teflon™ is some-
times used for the leak element in applications where mechanical shock may damage a glass element. The National Insti-
tute of Standards and Technology calibrates helium permeation leak artifacts as a function of temperature, and has
found some anomalous behavior coming from Teflon -based artifacts in comparison with glass-based artifacts. These
anomalies include hysteretic effects in the measured leak rate, and sudden discontinuities (jumps up or down) in the
measured leak rate as a function of temperature. This behavior has been attributed to the well documented phase tran-
sitions that occur in the Teflon polymers near room temperature (19 °C and 30 °C). This paper presents data collected
from commercially available Teflon -based leak standards. These data may be helpful when deciding which type of per-
meation transfer standard should be used to calibrate a helium leak detector for a given leak testing application.

1. Introduction

Helium leak artifacts are used to calibrate mass spectrometer-
based helium leak detectors. The majority of commercially avail-
able helium leak artifacts are of the permeation type, in which
a reservoir of helium at some pressure is separated from the
outside world by a hollow glass frit called the leak element.
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Helium readily permeates glass and, at a constant temperature,
a steady-state flow through the glass develops. A diagram of a
common glass element helium permeation leak artifact is shown
in Fig. 1.

The flow of helium across a glass element is governed by
Fick’s law [1]:

]N= -D gradN, (1)

where Jp is the number of atoms crossing the leak element per
unit area in unit time, D is the diffusivity of the leak element,
and grad N is the gradient of the concentration of helium atoms
in the glass. The diffusivity is temperature dependent and has
the exponential form:

D =D, exp (-E/kgT). (2)
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Figure 1. Glass element helium perme-
ation leak artifact.

Here, E is the activation energy for the
process, kg is the Boltzmann constant,
and T is the absolute temperature. Using
equations (1) and (2), the throughput,
Q, of helium permeating through the
glass element of a helium permeation
leak artifact (leak rate) has been given by
Solomon [2] as:

Q=CTexp(C/T), (3)

where C; is a geometrical factor that
takes into account the area and thickness
of the glass element and C,=-E/R, R
being the molar gas constant. The con-
stants C; and C, are determined by cali-
brating the leak artifact. A typical
calibration curve, along with the calibra-
tion constants, is shown in Fig. 2.

The temperature dependence of the
leak rate for a glass element leak artifact
is typically about 3 %/°C near room tem-
perature. After a temperature change of
a few degrees, equilibrium flow is
achieved in about one hour. The helium
pressure in a leak artifact can be made
suitably high and the reservoir volume
suitably large so that even with constant
flow from the artifact, the leak rate
decreases by just a few percent per year.
Some leak artifacts are even constructed
to decay by less than 0.1 % per year. [3]
Figure 3 shows a typical calibration
history for a glass element helium perme-
ation leak artifact over a 10 year time
period. The decay rate is determined by
the slope of the fitted line of the leak rate
vs. time plot.
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Figure 2. Calibration data for a glass element helium permeation leak artifact.

Decay Rate = 2.5 % per year

Leak Rate (mol/s)

Figure 3. Calibration history for a glass element helium permeation leak artifact showing a

decay rate of 2.5 % per year.

2. Calibration of Leak Artifacts

The National Institute of Standards and
Technology (NIST) has operated a cali-
bration service for permeation leak arti-
facts since 1987. Since then, NIST has
performed over 250 helium leak calibra-
tions for customer artifacts whose leak
rates ranged from 10714 to 109 moles/s

(2.2 10* cm3/s = 1.0 mole/s at 0 °C and
1 atmosphere pressure) [4]; many of
these are repeat calibrations of the same
artifact. NIST uses a comparison method
to calibrate helium leak artifacts [5, 6].
The calibration of a leak artifact is per-
formed by comparing its flow to either a
flow generated and measured by a con-

MEASURE | 25




TECHNICAL PAPERS

Flow 2 g E g |=| |
Meter Ledk

—_p | |

Fem FL

Upper P T

Chamber

Lower Mass
Vacuum Chamber Spectrometer
Chamber
Turbo
Pump Orifice

Figure 4. Schematic drawing of the NIST Primary Leak Standard, showing the major com-
ponents. The partial pressure indication, P, in the uper vacuum chamber at temperature T
caused by gas flow (rate F;) from the leak is matched by flow (rate Fg,) from the flowmeter.
The flow rate Fgpy is then measured using the flowmeter.
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Figure 5. Schematic of the automatic NIST Leak Comparison System. The partial pressure
due to flow of helium from leak artifacts to be calibrated (unknown leaks) is measured by
the mass spectrometer and compared to that of transfer standards (standard leaks) as a
function of the temperature of the unknown leak.
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stant pressure flowmeter [7], or to the
flow from a previously calibrated leak
artifact. The NIST Primary Leak Stan-
dard, shown in Fig. 4, consists of a con-
stant pressure flowmeter and a vacuum
chamber that is pumped through an
orifice. The flowmeter generates and
measures a flow of helium gas. Leak arti-
facts are calibrated by matching the flow
of helium from the artifact with a meas-
ured flow of helium from the constant
pressure flowmeter. This is done by first
directing the helium flow from the uncal-
ibrated leak artifact into the vacuum
chamber, which contains a research-
grade quadrupole mass spectrometer
tuned to helium, and then measuring the
resulting partial pressure of helium. The
flow from the leak artifact is held steady
by maintaining its temperature at
23 °C £ 0.05 °C in a temperature con-
trolled manifold. Flow from the artifact
is then directed to a waste turbopump,
and the partial pressure of helium in the
vacuum chamber falls to its base-pres-
sure value. Next, a flow of helium from
the constant pressure flowmeter is
directed into the vacuum chamber; the
magnitude of this flow is adjusted so that
it will generate the same partial pressure
of helium in the vacuum chamber that
the leak artifact did. Using this method,
the flow of helium from the leak artifact
is calibrated at 23 °C.

A leak artifact may also be calibrated
by using another calibrated leak artifact
as a transfer standard. As described
above, the flow of helium from the uncal-
ibrated leak is compared to the flow from
the calibrated leak, which is maintained
at a temperature of 23 °C. The auto-
mated NIST Leak Comparison System
uses this technique to calibrate helium
permeation leaks as a function of tem-
perature. To do this, the flow from the
uncalibrated leak is varied by setting and
maintaining its temperature at several
fixed values between 0 °C and 50 °C. At
each temperature, the flow is compared
to that of the calibrated transfer standard
leak, which is maintained at 23 °C. In
this way, the relationship between leak
artifact temperature and flow is
obtained, as shown in Fig. 2. A diagram
of the automated NIST Leak Comparison
System is shown in Fig. 5.

The uncertainty associated with a leak
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Figure 6. Structures of PE, PTFE and FEP.

artifact calibration at NIST depends on the method used: for
primary Leak System calibrations using the flowmeter, uncer-
tainties of 1 % to 3 % are common; for the automatic Leak
Comparison System, uncertainties range from about 2 % to
4 %. Both of these uncertainties are expanded to a coverage
factor of k=2. In general, the smaller (slower) the leak rate to
be calibrated, the higher the expanded uncertainty. This is
because the uncertainty of the constant pressure flowmeter
increases as the desired generated flow decreases.

3. Teflon as a Leak Element

One of the major shortcomings of a glass element helium per-
meation leak is its fragility. If a glass permeation leak is dropped,
the glass element usually shatters rendering the leak useless. To
overcome this problem, manufactures have used Teflon™ as a
substitute permeation element.! Teflon is also used as a perme-
ation element for gases other than helium in an attempt to avoid
the plugging problems that can occur with capillary leak ele-
ments. Teflon is a trademark of DuPont and is used to brand a
variety of their fluoropolymers. The original Teflon fluoropoly-
mer, polytetrafluoroethylene (PTFE), was discovered by Roy
Plunkett in 1938 and was later sold commercially in the 1940’s
by DuPont. [8]

PTFE is known for its chemical inertness, low coefficient of
friction, and wide range of operating temperatures. All of these
properties are derived from PTFE’s chemical structure. PTFE
has the same chemical formula as polyethylene (PE) except that
all of the hydrogen atoms have been replaced by fluorine atoms,
as shown in Fig. 6. That is where the similarities between PTFE
and PE end. Fluorine has a significantly larger electronegativity,
is a larger atom, and its C-F bond strength is higher than hydro-
gen’s C-H bond. Unlike PE, PTFE does not have a planar zigzag
conformation because of fluorine’s larger size. PTFE assumes a
fully fluorinated, helical conformation at ambient temperature
and pressure, forming chains with about 15 carbon atoms per
180° twist. [9]

These chains form an almost perfect cylinder with the fluorine
atoms providing a protective outer sheath, [10], as shown in
Fig. 7. This fluorine sheath gives PTFE its inertness and non-
stick properties. PTFE has two phase transitions that are of par-
ticular interest because of their proximity to room temperature.

! Certain commercial equipment, instruments, or materials are identi-
fied in this document. Such identification does not imply recommen-
dation or endorsement by the National Institute of Standards and
Technology, nor does it imply that the products identified are neces-
sarily the best available for the purpose.
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Below 19 °C, the PTFE helix has a period of about 13 carbon
atoms per 180° turn and has a triclinic chain-packing lattice.
[10] Between 19 °C and 30 °C, the helix untwists to about 15
carbon atoms per 180° twist and has hexagonal packing. [11] A
significant increase in volume (about 1 %) has been shown to
accompany this phase transition. [12] Above 30 °C, the helical
twisting becomes irregular and the chain packing can be
described as pseudo-hexagonal. [11] An additional 0.2 %
increase in original volume occurs at the 30 °C transition.
According to Quinn [12] both of these transitions are
reversible, but it can take more than 60 hours to establish a
steady-state volume when cooling to a temperature within the
transition region. However, some research has shown the tran-
sitions to be largely irreversible, as will be discussed below.
Several similar fluoropolymers have since been developed, each
one slightly varying the basic structure of PTFE.

The current Teflon of choice for leak manufacturers is Teflon
FEP. Fluorinated Ethylene-Proplyene copolymer (FEP) is the
result of the copolymerization of tetrafluoroethylene (TFE) and
hexafluoropropylene (HFP). This copolymer has a similar struc-
ture to PTFE, except CF3 groups are randomly distributed
throughout the compound in place of fluorine atoms as shown
in Fig. 6.

The concentration of HFP in FEP can range anywhere from
almost 0 mole % to custom-made batches of 50 mol %. [13]
Typical concentrations are below 15 mol %. [10] Because of its
larger size than fluorine, the extra CFs in HFP causes an
untwisting of the helix at the branch points. With increasing
concentration of HFP in FEP, the two PTFE transition temper-
atures at 19 °C and 30 °C are lowered, eventually merging into
one transition. [14] One manufacturing advantage of FEP over
PTFE is that it is melt-processible. Melt processing results in a
void-free fluoropolymer, meaning permeation can only occur
through molecular diffusion. [8] Because PTFE is not melt-pro-
cessible it can have voids and microscopic cracks throughout its
structure that act like tiny capillaries. These microscopic cracks
provide a second mechanism for gas permeation.
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Figure 8. Schematic of a teflon permeation leak.

4. Experiments
Two commercial Teflon permeation leaks
were obtained from separate manufac-
turers. We will refer to these leaks as
Leak A and Leak B. According to the
manufacturers’ calibration certificates,
both leaks have a leak rate of 8.5 x 1012
mol/s at 23 °C with a temperature coef-
ficient of 2 % / °C. Leak A has a fill pres-
sure of about 300 kPa absolute (40 psia),
a stated leak rate uncertainty of 12.3 %
(k=2), and a depletion rate of 2.3 % per
year. Leak B has a fill pressure of 700 kPa
absolute (100 psia), a stated leak rate
uncertainty of 8 % (k=2), and a deple-
tion rate of 0.8 % per year. Both leaks
use Teflon FEP extruded rod as a leak
element; Leak A uses 63 mm diameter
rod while Leak B uses 32 mm diameter
rod. One design of a Teflon element per-
meation leak is illustrated in Fig. 8. It
consists of a stainless-steel reservoir pres-
surized with helium, a Teflon rod leak
element, some stainless-steel tubing and
fittings, a fill valve, and a shut-off valve.
All of the experiments were conducted
using the NIST Leak Comparison System
(LCS) illustrated in Fig. 5. Up to three
unknown leaks and three standard leaks
can be mounted on the LCS at one time.
This makes it possible to calibrate all
three unknown leaks individually using
one or more standard leaks. The
unknown and standard leaks are
mounted and a double-walled can is
lowered onto each group. A temperature-
controlled bath circulates ethylene-glycol
anti-freeze through the walls of the can.
After the leaks are mounted, they are
pumped by a turbomolecular pump for
24 hours to allow their helium flows to
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equilibrate. The LCS is entirely auto-
mated, with the valves, temperature
baths, and mass spectrometer all con-
trolled by a computer. For customer cal-
ibrations, the unknown leaks are cycled
through temperatures ranging from 0 °C
to 50 °C, while the standard leaks are
held at 23 °C. When changing tempera-
tures, the computer program will set the
bath temperature of the unknown leaks
and then monitor a 100 Q Platinum
Resistance Thermometer (PRT) mounted
on one of the leaks to determine when
the set temperature has been reached.
This entire process takes several hours
from the time the computer sets the bath
temperature to when the unknown leak
is actually valved in to take data. [4, 5]

For each Teflon leak artifact, six sets of
leak rate vs. temperature data were
taken using the NIST Leak Comparison
System. The temperatures of the artifacts
were varied between 0 °C and 42 °C,
though not every data set covered this
entire range. It should be mentioned that
the two to three hour equilibration time
after a change in temperature by the L.CS
(as measured by platinum resistance
thermometers attached to the leak arti-
facts under test) is far less than the
60 hour equilibration time mentioned by
Quinn in reference [12]. This may
account for some of the hysteresis effects
seen in the data, as will be shown. For
the present experiments both Teflon
leaks were compared against transfer
standard leak NIST 2130, which is a
glass permeation leak with a leak rate of
about 1 x 10" mol/s at 23 °C. The rel-
ative expanded uncertainty (k= 2) of the
leak rate for NIST 2130 is 1.5 %.

5. Results and Discussion

For the first set of experiments (run #1),
both Teflon leaks were calibrated at (16,
19, 23, 27, 30, 33, 37, and 42) °C,
ascending and then descending through
the temperature range. These tempera-
tures were chosen in order to bracket the
possible transition temperatures of 19 °C
and 30 °C. Plots of the results are shown
in Fig. 9. At 23 °C, Leak A had a leak
rate of about 8 x 10712 mol/s. Leak A
behaved similarly to a glass permeation
leak with the exception of the 3 % hys-
teresis between ascending and descend-
ing temperature data. In contrast, Leak B
did not perform as predictably. Two large
discontinuities (sudden shifts in leak
rate) are evident in the results of this run.
The first discontinuity occurred at 19 °C
on the ascending curve and the second
discontinuity occurred at 30 °C on the
descending curve. These discontinuities
amount to a 30 % discrepancy between
the ascending and descending curves,
which is nearly four times the manufac-
turer’s stated uncertainty. Interestingly,
the two discontinuities occur at almost
the exact same temperatures as the two
crystalline transitions in PTFE.

On run #2, the leaks were cycled
through a very similar thermal range at
temperatures of (15, 17, 19, 23, 27, 30,
35, 42) °C, ascending and descending
through the temperature range. Figure
10 shows the results. There was very
little change in the response of Leak A,
with the hysteresis still about 3 %.
However, Leak B’s performance changed
significantly. On this run, the ascending
curve follows the descending curve and
then flattens out above 35 °C. The dis-
continuity on the ascending curve seen in
run #1 has disappeared. However, the
descending discontinuity remains, and
follows the same curve as in run #1. This
discontinuity causes a 10 % discrepancy
at 35 °C between the ascending and
descending curves.

Runs #1 and #2 showed a discontinu-
ity on the descending curve between tem-
peratures of 30 and 33 °C for Leak B.
Therefore, on the next two runs (#3 and
#4), we tried to determine more accu-
rately the temperature of this discontinu-
ity by limiting the temperature range to
27 to 35 °C. Leak A behaved as expected
maintaining its 3 % hysteresis. In com-
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Figure 9. Results of run #1, the initial calibration run, for both leak artifacts over the range of temperatures (16 to 42) °C. Blue diamonds
denote ascending and pink squares denote descending temperature data.
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Figure 10. Results of run #2, a repeat of run #1 from (15 to 42) °C. Blue diamonds denote ascending and pink squares denote descending
temperature data.

Run 3: Leak B vs. NIST 2130 Run 4: Leak B vs. NIST 2130
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Figure 11. Results of runs #3 and #4 for Leak B. For run #3, the temperature range was limited to (27 to 35) °C. Run #4 included data at
0 °C. Blue diamonds denote ascending and pink squares denote descending temperature data.

parison, Leak B had two surprising results, as shown in Fig. 11 descending curve was always slightly higher than the ascending
for runs #3 and #4. First, the discontinuity at 30 °C disappeared; curve. However, in runs #3 and #4, Leak B’s descending curve
second, Leak B exhibited hysteresis of up to a couple percent, was either indistinguishable from or slightly lower than the
but in a different direction than Leak A. For all runs, Leak A’s ascending curve.
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Figure 12. Results of run #5 over the temperature range (0 to 35) °C. The leak artifacts were held at 0 °C overnight prior to taking data. Blue
diamonds denote ascending and pink squares denote descending temperature data.

Run 6: Leak A vs. NIST 2130
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Figure 13. Results of run #6 over the temperature range (16 to 42) °C. The leak artifacts were maintained at —20 °C for one month prior to
taking data. Blue Diamonds denote ascending and pink squares denote descending temperature data.

According to Androsch [15], the 19 °C transition in PTFE is
largely irreversible once the transition is complete. Super
cooling is required to convert PTFE back to its triclinic struc-
ture. In an attempt to recover the discontinuities in Leak B, both
leaks were held at 0 °C overnight. Following this cooling period,
both leaks were run from (0 to 35) °C ascending and descend-
ing in 5 °C increments. The results of run #5, shown in Fig. 12,
showed no signs of the discontinuities seen in earlier runs, but
both leaks exhibited some degree of hysteresis. Leak A’s results
were consistent with its previous results. The descending curve
was on average 4.5 % higher than the ascending curve. Leak B’s
hysteresis was greatest at the low temperature end, with the
descending curve about 3 % lower than the ascending at a tem-
perature of 1 °C.

In a more aggressive attempt to recover the discontinuities,
the leaks were taken off the LCS, put into a freezer set at
—20 °C, and then left undisturbed for a month. The leaks were
then mounted on the LCS and pumped for 18 hours at 23 °C in
order to allow equilibration of the flow rates. A calibration run
#06 was taken at the same temperatures used in run #1, and the
results are shown in Fig. 13. It appears that Leak A has devel-
oped more severe hysteresis with an average of 5.8 % and a
maximum of 8.6 % at 19 °C. Leak B also shows significant
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changes. The curves do not flatten out on the high end like they
did in the first two runs. Also, the hysteresis seen in runs #3 to
#5 remains, but it has shifted directions. On average, the
descending curve is now 1.8 % higher than the ascending.

Table 1 summarizes the results of runs #1 to #6. Note that
runs #1, #2, and #6 have very similar temperature ranges,
extending from about 15 °C to 42 °C. Interestingly, the descend-
ing curves of Leak A are almost identical. This is remarkable
given the thermal cycling the leak experienced and the two-
month time frame between the first two runs (#1 and #2) and
run #6. The effects of thermal cycling seem to be more promi-
nent in Leak B, which exhibits discontinuities and hysteresis in
the early runs, but practically no anomalies at all by run #6.

Since most leak calibrations are referred to 23 °C, it is instruc-
tive to look at the accuracy and stability of the leak rates for
Leak A and Leak B at 23 °C over the course of the preceding
experiments.

Figure 14 contains summary plots of this information. These
plots clearly indicate the hysteresis between ascending (blue dia-
monds) and descending (pink squares) temperature changes on
the leak rate measurements. For Leak A, the hysteresis is nearly
constant over all runs (around 3 %), with the exception of run
#6 being a little larger. Since the expanded uncertainty (k=2)
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Table 1. Summary of the results for Leaks A and B for all runs #1 to #6.
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17 °Ct0 35°C Leaks held at Leaks held at
0 °C overnight —20 °C for one
0°Cto385°C month prior to

run #6
16 °Cto 42 °C

3 % hysteresis 4.5 % hysteresis 6 % hysteresis

Small hysteresis Small hysteresis 2 % hysteresis
below 30 °C below 35 °C

Summary of Leak Rate at 23 °C for Leak B

1.2E-11

@ Manufacturer's Calibration

‘ Ascending Temperature Data

D Descending Temperature Data
——— Average of Ascending Data for runs 2 to 6| °
— —— Average of Descending Data

Leak Rate at 23 °C (mol sec-1)

3 4
Run Number

Figure 14. Summary plots of the leak rate at 23 °C for artifacts A and B. For the thirty days between runs #5 and #6, both artifacts were
maintained at 20 °C. The blue diamonds denote data collected in ascending temperature order, and the pink open squares denote data
collected in descending temperature order. The solid circles and error bars labeled + 12 % and + 8 % denote the respective manufac-
turer’s calibration and uncertainty (k =2) at the time of purchase. The dotted lines are calculated average leak rates for the ascending and
descending temperature order data. Note that run #3 did not include 23 °C data, so it does not appear on the charts. Also, Leak A did not

participate in run #4.

of the leak rate measurements is about 2 %, the uncertainty bars
(not shown for clarity) from ascending and descending data
would just overlap for all but run #6. For Leak B, only run #1
shows any significant difference in leak rate between the ascend-
ing and descending temperature data. After run #1, the differ-
ence is well within the expanded uncertainty of the
measurements. Though data are limited to four sets, the
descending temperature points for each artifact appear stable to
well within the measurement uncertainty, as illustrated by the
dotted average lines. This point is not as well illustrated with the
ascending temperature data.

Regarding the accuracy of the measured leak rate, recall that
the leak rate at 23 °C at the time of purchase for each artifact
(as stated by the manufacturers) is 8.5 x 10712 mol/s. As illus-
trated in Fig. 14, all of the data for Leak A overlap the manu-
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facturer’s stated value when its expanded uncertainty of
+ 12 % (k=2) is considered. Conversely, for Leak B, only the
ascending point of run #1 (which is much lower than the data
from subsequent runs) overlaps the manufacturer’s stated leak
rate when its expanded uncertainty of + 8 % (k=2) is consid-
ered. Although the precision of the stated leak rate is very good
for all runs after the first (within 0.5 %), clearly the accuracy
is unsatisfactory (more than 15 % from the stated value). This
may indicate that the manufacturer measured the leak rate at
only one temperature ( about 23 °C), and that the FEP leak
element had different characteristics during its NIST calibra-
tion, possibly due to a temperature-induced phase change.
Thermal cycling of the artifact seems to have stabilized the tem-
perature dependence of the leak rate for artifact B insofar as the
elimination of large jumps in measured leak rate at 19 °C and 30 °C.
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6. Conclusions

FEP Teflon helium permeation leaks, designated Leak A and
Leak B, displayed properties that could make them undesirable
as transfer standards: (1) They had a significant hysteresis (3 %
to 6 %) as a function of temperature and (2) discontinuities in
the measured leak rate at 19 °C and 30 °C that may be attribut-
able to phase changes in the Teflon leak element. The hystere-
sis in the calibration of Leaks A and B is typical of the
experiences we have had in calibrating FEP Teflon helium per-
meation leaks for customers. In general, customer Teflon leaks
have shown hysteresis as a function of temperature that greatly
exceeded the approximately 2 % uncertainty attributable to the
calibration process. However, no discontinuities in the meas-
ured leak rate of the type seen in Leak B have been observed in
customer Teflon leaks. In that regard, the data for Leak B
suggest that thermally cycling the Teflon leak element may
somehow “cure” the material and eliminate any discontinuities
due to phase changes (if a curing procedure can be found, then
the temperature dependence of the helium flow may become
stable enough to use the artifact with increased confidence and
lower uncertainty). Figure 14 illustrates the hazards of a one
temperature point calibration, especially if the phase state of the
FEP has not stabilized. As alluded to above, the properties of
the FEP polymer may depend on the relative concentration of
HFP, which is unknown to the user and possibly to the manu-
facturer of the leak artifact. In any case, thermal cycling seemed
to help the stability of Leak B.

It is clear that this type of leak artifact should not be used in
applications requiring the lowest leak rate uncertainty. In order
to minimize the uncertainty in the leak rate of an artifact of this
type, it is advised that the user avoid temperature changes of
more than a few degrees C (%3 °C), and that after a change in
temperature, the artifact be allowed to equilibrate to the new
temperature for several hours (3 to 6 hours is typical for calibra-
tions at NIST). As mentioned earlier, a major advantage in using
a Teflon element leak artifact is its resistance to breakage; oth-
erwise, the cost of a glass element leak artifact is comparable
with that of a Teflon element artifact, and its leak rate is much
more stable and predictable.
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