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About thisManual

ABOUT THIS MANUAL

The following iconsmay be found in thismanual:

NOTE - Notes contain important information applicable to the topic.

CAUTION - Cautions contain information to help prevent actions that may damage the
analyzer or components.

WARNING - Warnings contain information to help prevent actions that may cause per-
sonal injury.

References to the AutoPore Operator Manual are found throughout this document. The operator
manual is accessed usingHelp > Operator'sManual (or use the F1 key) within the AutoPore
application. A PDF copy of themanual can be found by logging in to your customer portal.

iii Volumetric Reference Capsule InformationManual
960-42800-00 (Rev A)—Mar 2017

http://www.micromeritics.com/Customer-Login.aspx


Table of Contents

Contact Us ii

About this Manual iii

About the Volumetric Reference Capsule 1
Volumetric Reference Capsule Kit Contents 1

Reference Capsule 2

Mercury Porosimetry Calibration/Verification 2

Theoretical Basis of the Reference Capsule Volume Test 2

Determine the Reference Capsule Volume 4

Volume Reference Capsule Analysis 5
Reference Capsule AnalysisWorkflow Summary 5

RequiredMaterials 5

Assemble, Weigh, and Install the Reference Capsule 6

Low Pressure Analysis 8

Start a Low Pressure Analysis 8

High Pressure Analysis 9

Start a High Pressure Analysis 9

Volumetric Reference CapsuleWorksheet Instructions 10

Volumetric Reference CapsuleWorksheet 11

Density of Mercury Table 12

Verify Reference Capsule Analysis Results 13

Empty Chamber Test 15
Empty Chamber TestWorkflow Summary 15

Empty Chamber Test Preparation 15

Create the Empty Chamber Test Sample File 15

Start Low Pressure Analysis 16

Start High Pressure Analysis 16

Verify Empty Chamber Test Final Analysis Results 16

Volumetric Reference Capsule InformationManual
960-42800-00 (Rev A)—Mar 2017 iv



Sample Files 17
Empty Chamber Run 30K 17

Empty Chamber Run 60K 22

HP Reference Capsule Large 27

LP Reference Capsule Large 31

v Volumetric Reference Capsule InformationManual
960-42800-00 (Rev A)—Mar 2017



ABOUT THE VOLUMETRIC REFERENCE CAPSULE

VOLUMETRIC REFERENCE CAPSULE KIT CONTENTS

The reference capsule is used to verify the accuracy of AutoPore Seriesmercury intrusion volume
measurements.

Capsule sizes:
l A large capsule having an internal volume of approximately 0.8mL
l A small capsule having an internal volume of approximately 0.24mL

Membrane sizes
l An 8μmmembrane for the verification of low pressure analysis
l A 3μmmembrane for the verification of high pressure analysis

KIT CONTENTS

l 2 large capsule body
l 2 small capsule body
l 4 retaining rings
l 4 support plates
l 25O-rings

l 4 retaining clips
l 1 3μmmembrane set
l 1 8μmmembrane set
l 1 wooden case
l 1 informationmanual

About the Volumetric Reference Capsule
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About the Volumetric Reference Capsule

REFERENCE CAPSULE
The reference capsule is used to verify that the accuracy of mercury intrusion volume
measurements, made by the AutoPore and its associated penetrometer, are within specifications.
The reference capsule volume test confirms that a given sample port and associated penetrometer
aremeasuring intrusion volumes accurately. The reference capsule volume test is performed after
pressure transducer and capacitance detector readings have been calibrated. In the case of a high
pressure reference capsule volume test, an empty chamber test must have been successfully
completed to confirm that no errors are induced from the feed-thru.

MERCURY POROSIMETRY CALIBRATION/VERIFICATION
The AutoPoremercury porosimeter determines pore volume distribution bymeasuring the pressure
applied to amercury filled penetrometer and the change in electrical capacitance of the
penetrometer caused by the intrusion of mercury into the sample. These two quantitiesmake up
each data point. The diameter of a pore ismeasured by the amount of pressure required to force the
mercury into the pore while a change in the capacitance value of the penetrometer is used to
compute the volume of mercury that filled the pores of that size.

Calibration of the pressuremeasurement function, fromwhich pore diameters are computed in
mercury porosimetry, is done directly by using an external NIST traceable pressuremeasuring
device.

Calibration of the volume/capacitancemeasurement function in mercury porosimetry has been done
indirectly by using a chain of separate, interacting calibrations. These have included the
penetrometer capillary diameter, capillary cross-sectional area, capillary length, and electrical
capacitance to an outer electrode of a unit length of mercury capillary.

THEORETICAL BASIS OF THE REFERENCE CAPSULE VOLUME TEST
The reference capsule volume calibration verification system uses a small cylindrical device
(volumetric reference capsule assembly) inserted into the penetrometer bulb in the samemanner as
a sample. The capsule assembly has its internal cavity separated from the exterior by a replaceable
membrane. Themembrane has numerous uniform pores of precisely controlled cross-sectional
shape that are oriented uniformly by the top surface plane of themembrane. The porousmembrane
permits the reference capsule's internal cavity, along with the penetrometer, to be evacuated of air.
The porousmembrane then allowsmercury filling of the penetrometer to be done at a few pounds
per square inch without the entry of mercury into the reference capsule's internal cavity. It then
permits the internal cavity to be filled with mercury at a specific higher pressure threshold. This
allows the volume of mercury entering the reference capsule's internal cavity to be registered by the
mercury porosimeter as if the capsule were a real sample.
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Themercury intruded into the reference capsule's internal cavity does not significantly retract when
the pressure is lowered back to atmosphere but remains inside the capsule's internal cavity where,
upon removal of the capsule from the penetrometer bulb, themercury weight gain of the reference
capsule can be determined on a balance which has been NIST certified.

The true volume of thismercury can then be determined by a computation using the certified
handbook values of mercury density at the prevailing temperature. Comparison of this true volume to
the volume reported by themercury porosimeter, as the total intrusion volume, will reveal the
presence and amount of any volumetric error made by the entire volumetricmeasurement system of
themercury porosimeter, including the associated penetrometer.

Prior to regular use, each volumetric reference capsule should have its internal mercury volume
capacitymeasured and recorded. Although it is preferable to do weighing upon each use to confirm
that nomalfunction of the filling step has occurred, comparison of the capsule's known (recorded)
volume and the intrusion volume reported by themercury porosimeter has proven to be quite
accurate, with less than 1% variance in the total intrusion volume.

Verification of accuracy of the volume data is the primary need addressed by the volumetric
reference capsule. Useful, though not fundamentally certifiable, information about the accuracy of
the diameter/pressure data can also be obtained. The pores of themembrane used in the volumetric
reference capsule are sufficiently precise and uniform enough in that themidpoint of the pore filling
can be specified to about 4% of themean pore size, within a given lot of membranematerial. This
pore size information can give a quick verification that themeasured pore size is not in substantial
error. More precise calibration or verification of the pore diameter and pressure data is best done by
the use of NIST traceable pressure standards. These pressure standards are best derived from
primary standards that use the dead weight pressure-tester principle.

Theoretical Basis of the Reference Capsule Volume Test
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Determine the Reference Capsule Volume

DETERMINE THE REFERENCE CAPSULE VOLUME
This test should be performed three times to determine an average volume for the capsule. The
calculated intrusion volume and the AutoPore reported intrusion volume for each of the three tests
must agree with the capsule's average internal volume to within ± 1%.

1. Disassemble the capsule assembly.
2. Clean all parts with soap and water, then rinse with IPA. Dry using clean, compressed nitro-

gen or clean, compressed air.
3. Reassemble with amembrane and weigh to get an empty capsule assembly weight.
4. Perform amercury intrusion analysis on the capsule assembly.
5. Remove the capsule assembly from the penetrometer.
6. Remove any extraneousmercury droplets adhering to the exterior of the capsule.
7. Reweigh themercury filled capsule assembly.

The difference between the empty capsule assemblymass and themercury filled capsule
assemblymass is themass of mercury retained in the capsule assembly. Divide thismass by
the density of mercury at the test temperature to obtain the volume of mercury intruded in the
volumetric reference capsule's internal cavity. The calculated intrusion volume and the
AutoPore's reported intrusion volume for each of the three testsmust agree with the capsule's
average internal volume to within ± 1% to be considered valid.

4 Volumetric Reference Capsule InformationManual
960-42800-00 (Rev A)—Mar 2017



VOLUME REFERENCE CAPSULE ANALYSIS
The reference capsule is used to ensure the accuracy of mercury intrusion volumemeasurements,
made by the AutoPore analyzers and associated penetrometers, are within specifications. The
reference capsule volume test confirms that a given sample port and associated penetrometer are
measuring intrusion volumes accurately. The reference capsule volume test is performed after
pressure transducer and capacitance detector readings have been calibrated. In the case of a high
pressure reference capsule volume test, an empty chamber test must have been successfully
completed to confirm that no errors are induced by the feed-thru.

REFERENCE CAPSULE ANALYSIS WORKFLOW SUMMARY
1. Ensure all requiredmaterials are available. SeeRequired Materials below.
2. Assemble, weigh, and install the reference capsule. SeeAssemble, Weigh, and Install the

Reference Capsule on the next page.
3. Create two sample files for the 8µmmembrane capsules and two sample files for the 3µm

membrane capsules. See Low Pressure Analysis on page 8.
4. Run low pressure analyses using the four capsules. SeeStart a Low Pressure Analysis on

page 8.
5. Transfer the two 3µmmembrane capsules to the high pressure chambers.
6. Run high pressure analyses using the sample files for the 3µmmembrane. SeeStart a High

Pressure Analysis on page 9.
7. Verify the volumetric reference capsule test results. SeeVerify Reference Capsule

Analysis Results on page 13.

REQUIRED MATERIALS

l Laboratory thermometer, accurate to ± 0.25 °C in the 20 to 30 °C range
l Laboratory balance with 1milligram resolution in the 1 to 10 gram range
l Suction device for removing small droplets of mercury
l 940-34800-00 Volumetric Reference Capsule Assembly— Small
940-34800-01 Volumetric Reference Capsule Assembly— Large

l 950-61707-00 Penetrometer Assembly— 5 cc Solid, 0.392 stem volume for a small capsule
950-61709-00 Penetrometer Assembly— 5 cc Solid, 1.131 stem volume for a large capsule

l Calibrated AutoPore analyzer

VolumeReference Capsule Analysis
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VolumeReference Capsule Analysis

ASSEMBLE, WEIGH, AND INSTALL THE REFERENCE CAPSULE
1. Clean the capsule with soap and water, then rinse with IPA. Dry using clean, compressed

nitrogen or clean, compressed air.
2. Assemble the capsule with amembrane:

ll Use a 3µmmembrane for high pressure analysis verification.
l Use an 8µmmembrane for low pressure analysis verification.

a. Install the support plate into the capsule with the flat side up. The support plate
must be properly seated, level, and theO-ring not pinched.

b. Center themembrane on the support plate.
c. Center the retaining ring over the support plate.
d. Secure the retaining ring to the capsule with the retaining clip.

3. Weigh the capsule assembly with themembrane installed and record on theVolumetric
Reference Capsule Worksheet on page 11.

4. Load the capsule assembly (membrane side first) into the penetrometer and seal.
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Refer to the AutoPore Operator Manual for information on loading a sample into the pen-
etrometer.

5. Remove the capacitance detector assembly and blank rod from the low pressure port and
install the loaded penetrometer assembly.

6. Tighten the seal around the penetrometer.
7. Reinstall the capacitance detector assembly.

Assemble, Weigh, and Install the Reference Capsule
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VolumeReference Capsule Analysis

LOW PRESSURE ANALYSIS
Create the sample file. Reference the AutoPore Operator Manual for instructions. EnsureOptions
> Option Presentation > Advanced is selected.

Create two LP Reference Capsule sample files and twoHP Reference Capsule sample files.

l If the LP Ref Capsule Large.SMP file is available, go to File > Open > [LP Ref Capsule
Large.SMP] and save the file under a different file name rather thanmodifying the original. If the
LP Ref Capsule Large.SMP file is not available, see LP Reference Capsule Large on page 31
for parameters.

l If theHP Ref Capsule Large.SMP file is available, go to File > Open > [HP Ref Capsule
Large.SMP] and save the file under a different file name rather thanmodifying the original. If the
HP Ref Capsule Large.SMP file is not available, seeHP Reference Capsule Large on
page 27 for parameters.

START A LOW PRESSURE ANALYSIS

Unit > Low Pressure Analysis
1. Run a low pressure analysis. Use the AutoPore Operator Manual for information on running a

low pressure analysis. EnsureOptions > Option Presentation > Advanced is selected.

After the analysis is complete:

2. Remove the penetrometers and spacers from the low pressure ports.
3. Reinstall the blank rods and capacitance detectors.
4. For the 3µmmembrane, install the penetrometers in the high pressure ports. Omit the remain-

ing steps in this section and proceed toStart a High Pressure Analysis on the facing
page.

5. For the 8µmmembrane, disassemble the penetrometer assembly and retrieve the capsule
assembly.

6. Use a suction device to remove anymercury droplets clinging to the exterior surface of the cap-
sule assembly.

7. Weigh themercury filled capsule assembly and enter the value on theVolumetric Reference
Capsule Worksheet on page 11.

8. Proceed toVerify Reference Capsule Analysis Results on page 13.
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HIGH PRESSURE ANALYSIS
Use the twoHP Reference Capsule sample files created in the sectionHP Reference Capsule
Large on page 27. EnsureOptions > Option Presentation > Advanced is selected.

START A HIGH PRESSURE ANALYSIS

Unit [n] > High Pressure Analysis
1. Use the AutoPore Operator Manual for information on running a high pressure analysis.

EnsureOptions > Option Presentation > Advanced is selected.

When the high pressure analysis is complete:

2. Remove the penetrometers from the high pressure ports.
3. Disassemble the penetrometer assembly and retrieve the capsule assembly.
4. Use a suction device to remove anymercury droplets clinging to the exterior surface of the cap-

sule assembly.
5. Weigh themercury filled capsule assembly and enter the value on theVolumetric Reference

Capsule Worksheet on page 11.

High Pressure Analysis
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VolumeReference Capsule Analysis

VOLUMETRIC REFERENCE CAPSULE WORKSHEET INSTRUCTIONS

Either a Volumetric Capsule test or a ReferenceMaterial test is required for verification.

A Volumetric Reference Capsule test is performed to verify the ability of the low pressure and high
pressure system tomeasuremercury intrusion volume accurately. Perform the following tests and
record the data in theVolumetric Reference Capsule Worksheet on the facing page.

l Perform the Low Pressure ports test using 5 cc solid penetrometers with a 1.131ml stem volume
and an 8µmmembrane.

l Perform the High Pressure ports test using 5 cc solid penetrometers with a 1.131ml stem volume
and a 3µmmembrane.
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VOLUMETRIC REFERENCE CAPSULE
WORKSHEET

Calculate the volumetric reference capsule volume three times, then record the average of these
calculations.When creating the penetrometer properties file, enter the average volume.

Penetrometer Number Date:
By:

First Calibration of Reference Capsule Volume:

1. Mass of capsule filled with mercury g
2. Mass of sealed, empty capsule g
3. Mass of mercury (line 1minus line 2) g

RoomTemp = _____________ °C Density of mercury * = g/ml
4. Volume of capsule (line 3 ÷ density of mercury) ml

Second Calibration of Reference Capsule Volume:

1. Mass of capsule filled with mercury g
2. Mass of sealed, empty capsule g
3. Mass of mercury (line 1minus line 2) g

RoomTemp = _____________ °C Density of mercury * = g/ml
4. Volume of capsule (line 3 ÷ density of mercury) ml

Third Calibration of Reference Capsule Volume:

1. Mass of capsule filled with mercury g
2. Mass of sealed, empty capsule g
3. Mass of mercury (line 1minus line 2) g

RoomTemp = _____________ °C Density of mercury * = g/ml
4. Volume of capsule (line 3 ÷ density of mercury) ml

Average Reference Capsule Volume: ml

*    SeeDensity of Mercury Table on the next page for values.

Volumetric Reference CapsuleWorksheet
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VolumeReference Capsule Analysis

DENSITY OF MERCURY TABLE

°C g/ml °C g/ml °C g/ml °C g/ml
18.0 13.5512 23.2 13.5384 25.2 13.5335 27.2 13.5286
19.0 13.5487 23.4 13.5379 25.4 13.5330 27.4 13.5281
20.0 13.5462 23.6 13.5374 25.6 13.5325 27.6 13.5276
21.0 13.5438 23.8 13.5369 25.8 13.5320 27.8 13.5271
22.0 13.5413 24.0 13.5364 26.0 13.5315 28.0 13.5266
22.2 13.5408 24.2 13.5359 26.2 13.5310 29.0 13.5242
22.4 13.5403 24.4 13.5354 26.4 13.5305 30.0 13.5217
22.6 13.5399 24.6 13.5350 26.6 13.5301 31.0 13.5193
22.8 13.5394 24.8 13.5345 26.8 13.5296 32.0 13.5168
23.0 13.5389 25.0 13.5340 27.0 13.5291 33.0 13.5144

Density of Mercury Table
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VERIFY REFERENCE CAPSULE ANALYSIS RESULTS

Typical Cumulative Intrusion on large capsule with 8μm membrane

Typical Incremental Intrusion on large capsule with 8μm membrane

Verify Reference Capsule Analysis Results
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VolumeReference Capsule Analysis

Typical Cumulative Intrusion on large capsule with 3μm membrane

Typical Incremental Intrusion on large capsule with 3μm membrane
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EMPTY CHAMBER TEST

EMPTY CHAMBER TESTWORKFLOW SUMMARY
1. Create the empty chamber test sample files. SeeCreate the Empty Chamber Test

Sample File below.
2. Run low pressure analyses using the empty chamber sample file. SeeStart Low Pressure

Analysis on the next page.
3. Run high pressure analyses using the empty chamber sample file. SeeStart High Pressure

Analysis on the next page.
4. Verify the empty chamber test results. SeeVerify Empty Chamber Test Final Analysis

Results on the next page.

EMPTY CHAMBER TEST PREPARATION
1. Confirm blank rods and capacitance detectors are installed on all low pressure ports.
2. Lower the high pressure chamber plug(s) into the high pressure chamber(s). Add high

pressure fluid to the relief valve and purge all the air from the chamber(s). Refer to the
AuroPore Operator Manual for details on purging air from the high pressure chamber.

CREATE THE EMPTY CHAMBER TEST SAMPLE FILE
Create the sample file using the AutoPore Operator Manual for instructions. EnsureOptions
> Option Presentation > Advanced is selected.

If testing on an AutoPore V 9605 and theEmpty Chamber Run 30K.SMP file is available, go to File
> Open > [Empty Chamber Run 30K.SMP] and save the file under a different file name rather
thanmodifying the original. If theEmpty Chamber Run 30K.SMP file is not available, seeEmpty
Chamber Run 30K on page 17 for parameters.

If testing on an AutoPore V 9620 and theEmpty Chamber Run 60K.SMP file is available, go to File
> Open > [Empty Chamber Run 60K.SMP] and save the file under a different file name rather
thanmodifying the original. If theEmpty Chamber Run 60K.SMP file is not available, seeEmpty
Chamber Run 60K on page 22 for parameters.

Empty Chamber Test
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Empty Chamber Test

START LOW PRESSURE ANALYSIS
Unit [n] > Low Pressure Analysis
Use the AutoPore Operator Manual for additional information on running a low pressure analysis.
EnsureOptions > Option Presentation > Advanced is selected.

When the low pressure analysis is complete, go toStart High Pressure Analysis below.

START HIGH PRESSURE ANALYSIS
Unit [n] > High Pressure Analysis

Penetrometers are not used for this analysis.

Use the AutoPore Operator Manual for additional information on running a high pressure analysis.
EnsureOptions > Option Presentation > Advanced is selected.

1. Lower the chamber plugs into the high pressure chambers.
2. Fill with high pressure fluid and purge the air from the system
3. Run a high pressure analysis using the instructions from the AutoPore Operator Manual.
4. When the high pressure analysis is complete, remove the excess oil from the high pressure

chambers.

VERIFY EMPTY CHAMBER TEST FINAL ANALYSIS RESULTS
TheCum. Vol. vs. Pressure plot should be smooth with onlyminor jumps. Spikesmore than ±
0.0005ml are not acceptable.
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SAMPLE FILES

EMPTY CHAMBER RUN 30K

Sample Files
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Sample Files
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Empty Chamber Run 30K
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Sample Files

20 Volumetric Reference Capsule InformationManual
960-42800-00 (Rev A)—Mar 2017



Empty Chamber Run 30K
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Sample Files

EMPTY CHAMBER RUN 60K
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Empty Chamber Run 60K
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Sample Files
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Empty Chamber Run 60K
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Sample Files
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HP REFERENCE CAPSULE LARGE

HP Reference Capsule Large
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Sample Files
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HP Reference Capsule Large
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Sample Files
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LP REFERENCE CAPSULE LARGE

LP Reference Capsule Large
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Sample Files
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LP Reference Capsule Large
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Sample Files

34 Volumetric Reference Capsule InformationManual
960-42800-00 (Rev A)—Mar 2017


	Contact Us
	About this Manual
	About the Volumetric Reference Capsule
	Volumetric Reference Capsule Kit Contents
	Reference Capsule
	Mercury Porosimetry Calibration/Verification
	Theoretical Basis of the Reference Capsule Volume Test

	Determine the Reference Capsule Volume
	Volume Reference Capsule Analysis
	Reference Capsule Analysis Workflow Summary
	Required Materials
	Assemble, Weigh, and Install the Reference Capsule
	Low Pressure Analysis
	Start a Low Pressure Analysis

	High Pressure Analysis
	Start a High Pressure Analysis

	Volumetric Reference Capsule Worksheet Instructions
	Volumetric Reference Capsule Worksheet
	Density of Mercury Table

	Verify Reference Capsule Analysis Results

	Empty Chamber Test
	Empty Chamber Test Workflow Summary
	Empty Chamber Test Preparation
	Create the Empty Chamber Test Sample File
	Start Low Pressure Analysis
	Start High Pressure Analysis
	Verify Empty Chamber Test Final Analysis Results

	Sample Files
	Empty Chamber Run 30K
	Empty Chamber Run 60K
	HP Reference Capsule Large
	LP Reference Capsule Large


