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1. General Consideration/Overview of Equipment

The NOVA 2000e High-Speed, Automated Surface Area and Pore Size Analyzer, is fully automated vacuum volumetric, gas sorption system.  This high-throughput, cost-effective systems test two samples while degassing a further two samples. 

This NOVA is self-contained instruments with a powerful built-in microprocessor, using either the classical helium-void-volume method or a patented technique that eliminated the use of helium.  Automatic coolant level control ensures constant, small void volume for accurate data throughout the measurement.  A long-life (30 hr) dewar permits continues operation over an extended time if necessary. 

The 2000e is designed for routine analyses using only nitrogen gas and liquid nitrogen.  And it can be field-upgraded to full 2200e capability, which has the added flexibility of being able to use a variety of gases (e.g. argon, carbon dioxide) and coolants (e.g. liquid argon, ice/water) for advanced applications in addition to standard N2 work.

Measurements that can be made by the NOVA include:

1. Multipoint BET surface area.
2. Single point BET surface area.
3. External surface area (STSA).
4. 100 point adsorption isotherms.
5. 100 point desorption isotherms.
6. Total pore volume.
7. Average pore radius.
8. BJH pore size distribution based on the adsorption or desorption isotherm.
9. Approximate sample volume and density.

Other calculations may be performed using the optional NOVAWin Operating System/Data Analysis Package.

Please read this page carefully before starting any operation with your new NOVA analyzer, and familiarize yourself with the specific functions and capabilities of the instrument model. 

The fundamental difference between the 1000, 2000, 3000 and 4000 Series instruments is that they have 1, 2, 3 or 4 analysis stations respectively. While working with the setup and operation menu using the keyboard for the 1000 Series, the instrument will never prompt you to enter the station identification. When using the 2000 Series, the menu will require you to select either/or stations A & B, and for the 3000 Series, the options provided will be Stations A, B, & C. The NOVA 4000 Series instruments have the option of Stations A, B, C, and D. When using the 1000, 2000, 3000, or 4000, the instrument will not require the operator to enter any gas parameters since these instruments are pre-programmed for N2 gas sorption at liquid nitrogen temperature only. However, for the 1200, 2200, 3200, and the 4200, the instrument will prompt you to enter gas parameters.
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2. NOVA 2000e gas sorption system

a. General Description

The NOVA 2000e gas sorption system is composed of the following parts:

1. Pump for vacuum
The NOVA is supplied with a KF-16 flange, centering ring and clamp to connect the vacuum hose to the fitting at the rear of the instrument.  If the vacuum pump is supplied with the NOVA, a matching set of hardware is supplied to connect the hose to the pump.  The vacuum pump should be placed at the rear of the NOVA to facilitate the connection.  A pump capable of reaching 10 millitorr should be selected.
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2. Gas connections
Nova 10.0 with Helium Mode option (Helium Mode capable - model 26 only) has two gas input fittings marked ADSORBATE and HELIUM at the rear of the instrument, respectively. Helium gas must be connected for the measurements conducted in the Helium Mode (that is, when the helium void volume measurement is performed during analysis). Model 25 (NOT Helium Mode capable) has gas input fitting for ADSORBATE only.

It is recommended to use high purity helium (model 26 only) and adsorbate gases (99.99% or higher). Attach a dual stage regulator with stainless steel diaphragm to the tank. Connect the regulator to the gas-input connector at the rear of the unit using the 1/8” copper tubing and nut & ferrule set supplied. It may be necessary to obtain an adapter in order to connect the tubing to the regulator. A suitable regulator assembly (P/N 01207) complete with shut-off valve, CGA580 cylinder fitting and 1/8” outlet fitting is available from Quantachrome. The regulator should be set to deliver 10 PSIG (70 kPa) for any gas.

3. Dewar flask and cell fittings
All NOVA instruments are supplied with the NOVA-e Dewar (P/N 04000-7224), which will hold LN2 for more than 30 hours. The dewar is placed in the lift-drive cup.

Note: The dewar manufacturer recommends that the following procedure be adopted:
(i) Prior to first use, all the packing material from the inside of the dewar must be removed.
(ii) Wash the dewar with hot, soapy water, rinse with distilled or deionized water, and either air dry or use a lint free towel. This is to ensure a clean, dry, and contaminate free dewar.

4. Sample stations and degassing stations
The sample stations and degassing stations must have the stainless steel dowels inserted in them before turning the NOVA on. The O-Rings and cell adapters for the 9 mm cells are used with the stainless steel dowels.

A liquid nitrogen level sensor is provided. It should be installed in the bayonet style fitting (BNC connector) adjacent to the sample station(s). Take care not to damage the tip.

5. Temperature controls and display
The temperature control and display for each degassing station is located on the central divider. The digital selector is used to set the desired degassing temperature in °C. The LED display shows the actual temperature of the heating mantle when the thermocouple is plugged into its socket. The mantles will heat only when the rocker switch is ON. The temperature will still be displayed when the switch is OFF, so that the temperature of the mantle will always be monitored, even when cooling down. The maximum allowable temperature is 350 °C (using standard glass heating mantles as supplied with the instrument). Optional quartz heating mantles (P/N 24021-CE) are available which permit degassing temperatures up to 450 °C.

The heating mantles will not operate if the thermocouple is not plugged into its jack. In this case, the display shows a value above 900, indicating that the thermocouple is not connected or is defective。

6. Heating mantles and outlets
Two heating mantle power outlets are provided in the degassing compartment. The thermocouple plugs are inserted into the jacks located in the same compartment. The heating mantles will not operate unless both the power cord and thermocouple are plugged in.

Note: Always ensure that the power plug and thermocouple plug of one heating mantle are inserted into the sockets of the same heating mantle station. Do not insert the power plug of a mantle into the power socket of one heating mantle station and the thermocouple plug of the same mantle into the thermocouple socket of a different heating mantle station.

7. Keypad
The keypad, located in the control panel, is used for all user input to the NOVA. Menu selections are made by pressing only the number of the menu desired. When data, such as user or sample ID is being entered, the ENTER key must be pressed after the required information has been entered. The ‘backspace’ key can be used to correct mistakes when entering data, before the ENTER key has been pressed. Pressing “0” or “0” and ENTER will cancel an operation and return you to the previous menu.

b. Initial Setup

The following points need to be kept in mind before conducting the experiments.

The pump always keeps running (it should be stopped if the system will be free for long time).

Check the pressure in the gas tank, and the valves always keep open and held around 10 Psi.

Check whether the dewar flask is dried and clean.

Pay attention when using hazard materials:
1. Review the SOP of the materials (if available) to be used before operation.
2. Protect yourself using appropriate PPE:
a. Eye protection: Safety glasses with side shields should be worn.
b. Skin and body protection: Wear a chemical resistant lab coat, long pants, and closed-toe shoes.
c. Hand protection: At a minimum, wear nitrile chemical-resistant gloves.

c.  Experimental Procedure

Following these steps before conducting any analysis. Manifold and cell calibrations need only be conducted infrequently. For operation in the Nova Mode, after the instrument/cell sets are properly calibrated, you will only need to degas your sample and run it with the appropriated setup.

i. Manifold calibration

The dosing manifold is factory calibrated. You should check this calibration periodically for example, once every month) or if changes to the system have been made. However, should be familiar with the procedure. 

Note: There is no need to perform a manifold calibration before every analysis.

ii. Cell void volume determination

1. Helium mode (model 26 only)

Measuring the void volume of the sample cell immediately prior to sorption measurements - in the presence of sample - using non-adsorbing helium is the classical method used in many non-vapor gas sorption instruments. This method avoids having to calibrate an empty cell in advance of a measurement but does require access to properly pressure regulated high purity helium (at least 99.99 %). If you want to use the Helium Void Volume method, please make sure that a Helium bottle is connected to the Nova 10.0 Model 26.

2. Sample cell calibration

This needs to be conducted for each sample cell + filler rod + station combination and for each adsorbate/coolant combination. For most users, all standard (bulbless) cells can be considered equivalent (for each diameter). Therefore, one cell/rod/station combination will suffice for a different cell (of the same diameter) with the same rod in the same station.

Note: "Ready Alarm" (series of rapid beeps) will sound when the Cell Calibration is completed.

Note:  Once done, there is no need for further calibration for that particular combination.

Note for model 26 only: Cell Calibration option is unavailable during operation in the Helium Mode (as it is not required in this mode).

3. Selecting a sample cell

Two factors to consider when selecting a sample cell are stem diameter and sample amount / sample bulb size.

Stem diameter: Choose the narrowest diameter cell that will comfortably admit the sample. For example, a fine powder should be analyzed in a 6 mm outer diameter (o.d.) (4 mm i.d stem cell). Use the 12 mm o.d. stem cells for large pieces that cannot be reduced in size. Larger particles such as granules, and small pellets might require a 9 mm o.d. (7 mm i.d.) diameter stem. Cohesive powders may be analyzed in 9 or 12 mm stem cells to facilitate addition, removal and cleaning.

Sample amount/Bulb size: Always use the smallest bulb that will accommodate the optimal amount of surface area. Larger total surface areas can certainly be analyzed, but they may lengthen the analysis. For surface area determinations only, sample amounts from at least 1 m2 to 5 m2 can be analyzed using nitrogen, but careful consideration should be given to proper degassing and equilibrium criteria. If the total area available is less than 1 m2, then the Low Area (LA) option should be used (if installed). Full adsorption and desorption isotherms should have at least 15 – 20 m2 in the cell.

Wider stems and larger bulbs can be beneficial in reducing elutriation.

iii. Sample preparation

Every sample has to be degassed before analysis by flow or vacuum method. 

Note: For all NOVA models, all degassing functions must be accessed via the NOVA keypad /keyboard (i.e. they cannot be accessed via NOVAWin2).

1. Method of sample preparation

The two methods available for degassing samples on the NOVA are:

(1) Vacuum Degas: Weigh an empty cell, add sample (sufficient for 2-50 m2 total area), place the sample cell in the pouch of the heating mantle, set clamp in place, insert cell into fitting, tighten fitting and loop elastic cords over hooks provided. Load the degasser and pull vacuum on the sample for at least 10 minutes. Next, set the temperature select to the required degas temperature (see below on choosing an outgassing temperature) and switch the heating mantle on. After sufficient time for complete outgassing, switch the mantle off. Select the backfill gas (Helium or Adsorbate). Allow sample cell to cool. Unload degasser when ready to analyze sample. Remove cell; reweigh to obtain dry, outgassed sample weight.

(2) Flow Degas: The apparatus shown in Figure 1 below (Flow Degasser Assembly) has to be attached for flow degas. Use 6 mm O-Ring and adapter sleeve to mount the metal insert in to the fitting. The gas flow rate can be set by placing the metal flow tube into a beaker of water and adjusting the needle valve to set a flow of 1-2 bubbles per second. The needle valve may have to be readjusted so those particles are not carried out of the sample cells. Turn the valve knob clockwise to reduce gas flow, turn valve counterclockwise to increase gas flow. Weigh an empty cell, add sample. Insert the body of the sample cell into the heating mantle. Place the flow outgas tube into the sample cell. Adjust the collar stop so that the end of the tube is approximately 0.5 cm above the sample with the collar stop resting on the rim of the cell stem. Do not allow the tube to dip into a bed of powder. Load degasser, set the desired outgassing temperature and switch the heating mantle on. After sufficient time for complete outgassing, switch the mantle off. Allow sample cell to cool. Unload degasser when ready to analyze sample (after the outgasssing procedure, user can choose to backfill with adsorbate or with Helium). Remove cell, reweigh to obtain dry, outgassed sample weight.
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2. Choosing a degas temperature

Samples should be degassed at the highest temperature (up to 350 °C with standard mantles) that will not cause a structural change to the sample. This will accelerate the degassing process. For instance, most carbon samples can also be degassed at 300 °C, as can calcium carbonate. Many hydroxides must be degassed at a lower temperature. Degassing organics must be performed with care since most have quite low softening or glass transition points. For example, magnesium stearate, a common pharmaceutical formulating compound, should be degassed at 40 °C according to the USP.

Loosely bound water (“wet water”) will be lost at relatively low temperatures under the influence of vacuum, but strongly bound surface water might require surprisingly high temperatures. Many zeolites, for example, will retain significant quantities of water in their micropores up to 300+ °C. 

Use technical reference literature such as the Handbook of Chemistry and Physics (CRC, Boca Raton, Florida) and standard methods such as those published by ASTM to guide your selection of an appropriate degassing temperature.

If you have access to thermal analysis equipment, especially gravimetric, an analysis should be conducted on a separate aliquot of material prior to degassing on the Nova. A suitable degassing temperature would be that which lies in a plateau, or weight-stable region, of the thermogram. Ideally, the thermal analysis should be conducted under vacuum. In general, too low a degassing temperature will cause lengthy preparation, and may result in lower than expected surface areas and pore volumes.

Too high a temperature can cause irreversible damage to the sample, which can result in a decrease in surface area due to sintering, or an increase in surface area due to a thermally induced decomposition.

3. Degas time and testing for complete degassing

Time for complete degassing, that is complete removal of unwanted vapors and gases adsorbed on the sample surface, can only be properly determined by conducting a series of tests to determine those conditions of temperature and time which yield reproducible data. As a general guideline however, three hours (at temperature) should be considered a reasonable minimum. IUPAC recommend no less than sixteen hours, which can be conveniently achieved overnight. Samples that require low temperatures generally require the longest outgas times. However, the USP recommended degassing period for magnesium stearate is just two hours at 40 °C.

4. Unloading the degasser

After the outgasssing procedure, user can choose to backfill with adsorbate or with Helium. Preferably, the adsorbate should be used as backfill gas to prevent or minimize buoyancy errors. A sample cell will weigh less when filled with helium than when filled with air or nitrogen. The error introduced is approximately 1mg per mL of cell volume. This can be significant when using extremely small sample weights (< 50 mg).

Allow the mantle to cool below 100 °C before unloading the degasser. Remember, heating mantle clamps may be very hot. A sample cell which feels only warm to the touch whilst still under vacuum can be much hotter to the touch when backfilled with gas. This is particularly true if you are degassing a large mass of metal sample. Exercise caution! A warm sample cell can also introduce weighing errors. The sample cell should be allowed to cool to room temperature before weighing. If sample throughput permits, cool thoroughly while attached to the NOVA, otherwise remove and transfer to a desiccator.

iv. Setup analysis

You must define the analysis type, analysis conditions and the data reduction parameters before running the analysis. Refer to Typical Experiment Sequence of this manual for details on creating a “SETUP” and/or a “PRESET”.

v. Run analysis

Running an analysis allows you to measure surface area, pore volume, and pore size distribution.

Slide the black Coolant Level Indicator (P/N 04000-7400) onto the lip of the dewar. The indicator hangs on the top lip of the dewar with the arrow-shaped point inside the dewar. Ensure the dewar flask is filled to the bottom point of the indicator. When using liquid nitrogen (or other cryogenic coolants), allow 5 minutes for the coolant to equilibrate for best results. If the nitrogen is still boiling heavily, then the dewar needs to be cleaned before filling it with LN2. If boiling continues after a dry clean dewar is filled for 5 minutes, then you may need to replace the dewar. Due to residual boiling, you may need to top-up to the bottom point again. Remove the indicator after establishing the proper coolant level.

Simply follow the instructions until you are prompted to proceed with the analysis. Transfer the cells from the degas station(s) adding the filler rod(s) so long as the cells were calibrated with them (recommended). Ensure proper alignment of sample cells with the dewar cap. When using sample cells with bulbs, the cells must be inserted through the cap prior to being attached to the analysis stations.

Note: "Ready Alarm" (series of rapid beeps) will sound when the analysis is completed.
vi. Date analysis

The date analysis is operated in Nova Win, and it can be referred to Typical Experiment Sequence.

d. Maintenance and Troubleshooting

1. Cleaning
The sample cells must be cleaned and dried after each use. Use regular tap water and a mild detergent to clean the sample cells using the stem cleaner provided. Flush several times (with tap water); rinse few times (with distilled or deionized water), and subsequently dry in an oven. An ultrasonic bath can be used to clean the fittings and o-rings (always rinse with distilled water before drying). Ensure that all parts are completely dried before use.

Heating mantles must be disconnected from the NOVA before cleaning. To remove dust from the outside of the mantle - use a dry, soft cloth. To remove inert, non-conductive sample which may have inadvertently entered the sample cell pocket, invert the heating mantle and gently tap the mouth of the pocket on a firm surface to dislodge the foreign matter. A heating mantle which has become contaminated by flammable material, liquids or conductive particles, e.g. metal powder, must not be used and should be discarded.

The instrument must be disconnected from the mains supply before cleaning.

To remove dust from the outside of the instrument, use a dry soft cloth.

Do not use acids, alkalis, or solvents to clean any part of the instrument.

Observe local regulations regarding handling and disposal of waste samples.

2. Change tank

This option should be used when changing the adsorbate gas tank. Selecting this option prompts you to disconnect the supply line and plug the adsorbate inlet. After this, select

1). Continue the process of changing the gas tank.
2). Return to Section Change tank.

Upon selecting (1), you are prompted to change the tank and reconnect the supply line with the gas flow valve (on the regulator) turned OFF. Press any key after this is complete. Next, set the gas pressure to 10 PSIG (70 kPa) followed by opening the gas flow valve and pressing any key when this is complete.
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3. Troubleshooting guide
Guide to typical problems and their solutions
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4. Service and repair

Service and repairs shall be conducted only by personnel trained for this purpose.

In North America contact:

Quantachrome Instruments
1900 Corporate Drive, Boynton Beach, FL 33426
tel (561) 731 4999
fax (561) 732 9888
email qc.service@quantachrome.com
URL: www.quantachrome.com

Outside North America contact your local authorized Quantachrome representative.

Do not return a unit for service or repair without prior authorization.

Typical Experiment Sequence

Commercial SBA-15 was chosen as the sample to show the operation in this system.

Initial Steps
Review the SOP of SBA-15, located in room CS135.
Wear a flammable-resistant lab coat, safety goggles and nitrile chemical-resistant gloves.
Check the pump is running, and the pressures of N2 and He are 10 psi.
Check the dewar flask is dried and clean.

Sample degas

Helium mode was employed to calculate the cell void volume.
Sample weight
i. Weight a 9 mm stem sample cell in the balance (just take from oven and cool       
down to room temperature);
ii. Weight around 50 mg of SBA-15
iii. Introduce SBA-15 into the sample cell, and clean the surface of cell with little brush, make sure that no solid powder was residual on wall;
iv. Weight the total amount of sample cell and sample together.
Connect the sample cell with system
i. Clamp sample cell to mantle
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ii. Sample cell assembly
The sample cell clamped with heating mantle was connected to system with the following assembly.
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Start degas
Use the keypad to start the degas, follow below procedure step by step (1-6)
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Set degas temperature
After vacuum for 10 min, the heating can be started.
Two samples can be degassed at the same time on this system. In this case, we use the #1 connection, therefore, we just need to set the temperature value to 150 oC, and 
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then turn on the switch to start heating.
Unload the degasser
After 6 h of degas, turn off the heating, and remove the heating mantle, after the temperature was cooled down to room temperature, operate on keypad followed below procedure:
[image: ]
Reweight the sample after degas
Remove the sample from degas station, and weight the sample cell and sample together in the balance again, record this value. The real amount of sample was calculated according to the following formula:
Real amount of sample = sample cell and sample after degas – sample cell before degas.
Connect sample cell on sorption station with fitting rod inside. 
Set up sample analysis
1. Double click the software of Nova Win in the PC, enter the operator name.
2. Select Helium void volume mode 
Operation>>Instrument>>Settings
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3. Common setup
Operation>>Start Analysis
In the Helium Mode the Common window is shown below:
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4. Stations setup
The Stations panel consists of four sub-tabs (Sample, Points, Equilibrium, and Reporting). Here, the user must enter specific information and setup parameters individually for each station active in a given physisorption run. 
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i. Sample Tab
Under Helium Model, we just need to enter the File name, ID and the accurate weight of sample
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ii. Points Tab
The Points tab is where the data points for the measurements are selected for each of the stations in the Analysis Setup parameter
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Points selection-Surface area measurements
[image: ][image: ]
[image: ]

Points selection-Mesopore/Micropore Characterization
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Editing Data Points
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iii. Equilibrium Tab
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iv. Reporting Tab
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Start and monitor analysis
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Put dewar flask contain liquid nitrogen on sorption station
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Date analysis
i. Open file
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ii. Floating Menu
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iii. BET surface area graph
Floating Menu>>BET, you can get the graph to calculate the BET surface area.
iv. Isotherm graph
Floating Menu>>Isotherm, you can get the graph.
v. Pore size distribution
Floating Menu>>BJH method, you can get the graph based on adsorption and desorption.
Export date
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Suggested Training for Beginners

Emergency Action Plan (EAP) and Fire Prevention Plan (FPP)
Hazardous Waste Management
Laboratory Safety Manual & Chemical Hygiene Plan
Personal Protective Equipment (PPE)
Injury & Illness Prevention Plan (IIPP)
Laboratory Safety Orientation
Fire Extinguishers
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