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EApplication Note -- 62

Blank And Sample Compression Corrections for Mercury Porosimetry
Instrument Type: 9220

Technique: Hg Porosimetry

“Basding’ errorsin AutoPore 11 9220 data are
errors that occur even when no sampleis placed in
the sample bulb and when a zero intrusion or
extrusion volume of mercury would be expected as
the pressureisincreased to 60,000 psia and then
decreased again.

The materid which follows relates the causes of
these errors and discusses way's to minimize and
compensate for them when maximum accuracy is
required.

BasdineErrors

When the AutoPore |1 9220 applies pressure (Up
to 60,000 psa) to the mercury, penetrometer, and
surrounding high pressure oil, compression occurs.

Compressihility effects account for a substantia
portion of the baseline errors. The penetrometer
bulb and capillary are made of glasswhich
decreases in linear dimensions by about 0.8% and
in volume by 2.3% at 60,000 pga. If the mercury
were incompressible, atypica penetrometer having
a 400 microliter capillary and a5 milliliter bulb
would experience arise of mercury in the capillary
of about 124 microliters or 31% of the capillary.
Fortunately, mercury compresses also, but dightly
more than glass such that the capillary actudly fdls
some asthe pressureisincreased. The
compressibility amounts to about 150 microlitersin
this example leaving anet fdl of 26 microliters or
about 6% of the capillary. The ail which surrounds
the penetrometer and transmits the pressure to the
mercury compresses at more than 10 times the rate



of the mercury and occupies only 3/4 the origind
volume at 60,000 psa. Some of the ail isinthe
eectric fidld of the capacitor, especidly around the
sample bulb and its connection to the exterior. The
dielectric congant of the ail increases with its
dengty. This contributes an increasing capacitance
which cancels some of the decrease due to the net
fal of mercury with compresson

Other effects caused by compression arise from
the plagtic insulators which are used on the
penetrometer bulb base to prevent an dectrica
ghort circuit. Not only does the plastic compress
amost as much asthe ail, but it lags behind and
only dowly assumesitsfind dengty. Thisis
especidly pronounced upon release of pressure
where the plastic may continue to increase in
dimensons for dmogt an hour. It aso tendsto
increase the diglectric constant and capacitance
with increasing pressure. The pressure vessel
expands as the interna pressure isincreased and,
like the pladtic, requires considerable time to
dabilize. The resulting changes in spacing from the
sample bulb to the walls and bottom causes a
decrease in capacitance. Micromeritics has
minimized this effect by meking theinitial gpacings
aslarge asispractical.

Another effect, and the one mogt difficult to
predict, arises from the amilarity of the
penetrometer to athermometer. Thiswould not be
troublesomeif its temperature could be maintained
congtant, but compression of the surrounding ail
causes atemperature rise of nearly 50°C in the all
and asmdler change in the glass and mercury.
How quickly this heet is transferred to the mercury
depends upon how rapidly the pressure is being
increased, the relaive amounts of oil and mercury
present, and how recently the vessdl has been
previoudy cycled and the metal and oil warmed
relative to the penetrometer. Release of the
pressure causes the inverse effect, chilling the all
and setting up areversd of the heet flow. The



thermd gradient across the glass of the
penetrometer may be consderable such thet little
benefit may be derived from precisely equdizing
the temperature coefficients of the mercury and
glass. As might be expected this problem isworst
when the sample bulb is large and the capillary
volume smdl. Choosing the right penetrometer
heps minimize thiseffect. Make sure the sample
nearly matches the sze of the sample bulb and that
the capillary volumeis large enough to satisfy
intruson

Approachesto Error Compensation

Situations arise where the typica errors of about
1.0% of capillary volume are Sgnificant or where
the errors exceed this level due to unfavorable
sample characteristics. Most commonly, this
happens when one of the following is encountered:
1) The amount of sample available is o limited thet
the intruson volume isonly asmdl fraction of the
amallest diameter capillary; 2) adequate sampleis
available but the porogty is o low that alimited
amount of the smalest capillary isused even
though the largest sample bulb isfilled; 3) the
sampleis of smal or moderate porosity and its
compressibility or thermd properties differ
consderably from those of mercury; 4) accuracy
and reproducibility specifications have been
imposed at levelstighter than the typicaly expected
levels for mercury porosmetry. In such cases
“blank corrections’ may be used to advantage.

Micromeritics AutoPore 11 9220 provides four
different ways to apply blank corrections. Thefird,
and smpled,, is by use of stored formulas based
upon averages of large numbers of blank runs on
mercury-filled penetrometers under varying rates of
pressure build and release. No provisons are
made for entering compressibility data or thermd
data since these numbers are seldom known and
the formulas would become very complex. Typica
examples of blank runsare shownin Figures 1, 3



and 7. Typicd examples of formula blank
correction of data are shown in Figures 2 and 6. It
isvery important that trid blank runs be made
when applying these formulas to ensure thet a
reasonable degree of correction is actually atained
under the running conditions being

used.

The second technique is apt to be much more
usful. It permits the user to run ablank run, store
the results using the exact run conditions and
penetrometer type to be used for the real sample,
and subtract this result from other runs. Examples
of correction by subtracting ablank run fileare
shownin Figures4 and 8.

The third technique provides the highest degree of
compensation possible and can be attained when
the exact penetrometer to be used later is|oaded
with a non-porous sample of the same weight and
meaterid asthe porous sample to be run later.
When analyzed, the non-porous sample will
expose dl the aforementioned compressibility
effects which can then be subtracted from the
porous sample run. Thisthird technique hasthe
advantage of compensating for differencesin
compressibility and thermd effects between
mercury and the sample materid. Care should be
exercised that the interva between runs, oll
temperature, and penetrometer temperature, and
any other initia conditions are made as nearly
identica aspossble. Figure 9 isatypica basdine
run so obtained. Figure 10 is a subsequent blank
run corrected using the Figure 9 data and shows
the actual degree of correction attained.

Besdes running blank runs, correction files may be
crested by manudly entering the data. This fourth
technique alows entry of the average of severd
blank runs, assuring a representative correction.
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Figurel

A blank run on a5mL powder penetrometer with a1.1 mL stem volume. Therisein theinitial depresurrization datais
primarily caused by thermal effects. Asthe hydraulic fluid is allowed to expand, it cools. Thisin turn coolsthe mercury in
the penetrometer, causing it to contract and recede in the stem, giving the appearance of positiveintrusion during
depressurization
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The difference between the blank datain Figure 1 and the formula blank correction for arun under the same conditions.
The formula cancels some of the error, but does an imperfect job in this case.
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Another blank data set taken under identical conditionsto those for Figure 1. The similarity between the two blank data sets
isan indication of the excellent repeatability of blank runs
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Figure4

The difference between the blank datafrom Figure 1 and the blank datafrom Figure 3. This demonstrates that blank data
collection and subtraction is a powerful method for accurately removing blank error from sample data.
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Figure5

Uncorrected data from analysis of a sample of controlled pore glass made of a mixutre of three pore sizes. Note the three
distinct regions of intrusion between 0.03 and 0.01 micrometers on the pressurization curve, and the corresponding extrusion
regions. The apparent intrusion at sizes above 10 micrometersis dueto interparticlefilling. The apparent intrusion between
0.01 and 0.003 micrometers, and the “loop” in the extrusion curve from0.04 to 0.003 micrometers, are due to a combination of
sample compression and blank error. Thereisno actual intrusion in thisregion.
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Figure6

The data from Figure 5with the formula blank correction applied. Note that the rise at the top due to blank error has been
removed, but the apparent intrusion due to sample compression remains. Thisis because the formulamakes no attempt to
account for sample compression.
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Figure7

A blank run with the same type of penetrometer under the same conditions as the samplein Figure 5. It is dominated by the
initial increase between pressurization and depressurization, primarily dueto thermal effects.
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The sample datafrom Figure 5 corrected by subtracting the blank datafrom Figure 7. Note that practically all of the blank
error and compression data have been removed, leaving only the filling curve and the actual intrusion. The sample
compression is effectively cancelled because the compression coefficient of mercury is close to that of the controlled pore
glass used as sample. Many solid materials have compression coefficient fairly close to that of mercury, making thisavery
effective means of blank correction in many cases.
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Uncorrected datafrom an essentially non-porous sample of the same type of glass shown in Figure 5. The weight of sample
used was approximately equal to the weight of porous sample analyzed, so that the same volume was occupied. Notethe

filling curve and the blank error “loop”. The slight incline of the intermediate plateau and the angle of the “loop” are dueto
compression of the sample.
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Figure 10

The difference between the porous sample data of Figure 5 and the non-porous sample data of Figure 9. Some of thefilling
curve has been removed, aswell asall blank error and sample compression effect, leaving an accurate picture of the actual
intrusion. Thisisthe preferred method of blank correction, especially for materials with compression coefficients substantially
different from that of mercury, and where maximum accuracy is desired
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