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Operating Precautions
The STAR System 2/6 must be grounded. In the event of an electrical short circuit, grounding reduces the risk of electric shock by
providing an escape wire for electric current. This instrument is equipped with a cord having a grounding wire with a grounding
plug. The plug must be plugged into an outlet that is properly installed and grounded. Consult a qualified electrician or service
technician if the grounding instructions are not completely understood or if doubt exists as to whether the instrument is properly
grounded. If it is necessary to use an extension cord, use only a 3-wire extension cord that has a 3-blade grounding plug and
a 3-slot receptacle that will accept the plug from the instrument. The marked rating of the extension cord must be equal to or
greater than the electrical rating of the instrument.
The possibility of instrument-induced electromagnetic interference (EMI) is minimal if the instrument is operated as outlined
in this manual. The instrument should not be placed close to any electrical device susceptible to EMI. It is suggested by the
manufacturer that the user post a sign warning pacemaker wearers that a microwave device is in operation. If the instrument is
suspected of inducing EMI, a microwave leakage measurement should be performed as outlined in this manual. Leakage measured
above the legal limit of 5 mW/cm 2 should be reported to the CEM Service Department.
This instrument utilizes high voltages and microwave radiation. Instrument service and repair should be performed only by those
trained in repair and maintenance of high voltage and microwave power systems.

Warnings, cautions and notes are included throughout this manual and should be read thoroughly and strictly followed.
WARNING: A warning is inserted for essential information used to empha-size dangerous or hazardous conditions to the
operation, cleaning and maintenance of the instrument which may result in personal injury.
CAUTION: A caution is inserted for essential information used to emphasize procedures which, if not strictly followed, may
result in damage or destruction to the instrument or improper instrument operation.
NOTE: A note is inserted for emphasis of procedures or conditions which may otherwise be misinterpreted or overlooked and
to clarify possible confusing situations.
This instrument complies with United States Code of Federal Regulations (CFR) Title 21, Part 1030 for microwave leakage.
A verification report is on file.
This instrument complies with United States Code of Federal Regulations (CFR) Title 47, Federal Communications Commission
(FCC) Part 18 – Industrial, Scientific and Medical (ISM) Equipment – emissions requirements. A verification report is on file.

The name “Teflon” is used throughout this manual. Teflon is a registered trademark of the E.I. DuPont Company.
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Introduction
STAR Plus System 2 and STAR Plus System 6 are designed for laboratory use in digesting, dissolving, hydrolyzing, leaching,
or evaporating a wide range of materials. Their primary purpose is the rapid preparation of samples for analysis by atomic
absorption (AA) and inductively coupled plasma (ICP) emission spectroscopy and gas or liquid chromatography. The STAR
systems are a breakthrough in microwave technology. The technology permits multiple cavities to operate independently with
individual methods and temperature feedback control. Thus, the STAR System 6 can digest up to six samples simultaneously or
with staggered start times. The unique design incorporates a single magnetron, which generates microwave energy for the entire
system. Microwaves are directed through a waveguide with up to six cavities positioned along its length. A microwave slot is
positioned between the waveguide and each cavity. When the slot is open, microwaves enter the cavity; when the slot is closed,
microwaves cannot enter the cavity. Simultaneous temperature feedback is obtained from all cavities; therefore, microwave energy
is supplied to each cavity based on the needs of the sample. The innovative STAR technology systems are either two or six
individual microwave cavities. A sample placed inside a microwave-transparent vessel with a polar liquid or ionic solution
(usually an acid) is subjected to rapid heating, causing the sample to rapidly digest or dissolve. Each cavity is independent,
permitting simultaneous performance of up to six different methods. With the temperature automatically controlled, the STAR
systems ensure consistent and reproducible results for each digestion in each cavity. Large sample sizes can be digested, achieving
lower detection limits and simplifying preparation for trace metals analyses. Other difficult or problem samples, including highly
reactive materials, can also be readily digested. An automated reagent addition, with up to four reagents, is available as an option.
The reagent addition module eliminates operator handling of the reagents and constant monitoring of the system operation.
WARNING
Do not use the automated reagent addition for pumping hydrofluoric acid (HF). HF must be added manually or
with the CEM HF Pumping Station.
Each system is equipped with a vapor containment module to treat the vapors produced during the digestion process.
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Installation
For use with all reagents other than hydrofluoric acid, the STAR System 2/6 should be installed on a laboratory work bench
with access to a fume hood or other means of fume disposal. For use with hydrofluoric acid, the STAR System must be installed
in a fume hood.

Tools Required
•
•
•
•
•
•

Flat Blade Screwdriver
#2 Phillips Screwdriver
Pliers
Lab Coat
Gloves
Eye Protection

Accessories Required
• Waste Container (bottle)
• Reagents (i.e. HNO3 , H2 SO4 , H2 O2 , and HCl)
• Containers for Reagents (up to 4)

Installation
To install the STAR System 2/6 , follow the procedures outlined below. Choose a location for instrument installation that:
1.

provides at least 8 in. (20 cm) open space on each side and 6 in. (15 cm) open space in the rear of the instrument for
ventilation.

2.

is free from vibration of large equipment and/or excessive walk-through traffic.

3.

provides adequate bench space for sample handling and optional accessories (printer), if applicable.

4.

permits the instrument to be connected to a dedicated, grounded outlet. The STAR System 2/6 should be operated on a
stabilized, constant voltage AC power supply, and the voltage must be within ±10% of the specified level. (See “Specifica
tions” in this manual.)

Note: Measure line voltage to ensure that it meets system specifications.
CAUTION
Line voltage fluctuations greater than 10% will affect instrument performance.
5.

provides a temperature range of 60 °F (15 °C) to 104 °F (40 °C) and a humidity range of 10-85 percent relative humidity.

6.

provides access to a fume hood or other means of fume disposal.
CAUTION
Do not place the STAR System inside a fume hood unless hydrofluoric acid is used. Vent the instrument fumes
into a fume hood by means of the out-put tubing attached to the vacuum pump. Contact CEM Corporation for
information on the proper external air intake.

3

Unpacking System Components
1.

Unpack the system components – main instrument, vapor containment system (including vacuum pump, reagent
addition module and accessories.

2.

Remove all protective materials. Retain all packing and protective materials.

3.

Verify that all accessories listed below and illustrated in figure 1 are included.

Vessel (Pyrex glass)
Condenser
Shield
Vessel Rack
Power Cord
Fuse
Communication Cable
Operation Manual
Boiling Tube (Not Illustrated)
Fume Exhaust Tubing (1 /4” Teflon®)
(Not Illustrated)
Reagent Waste Tubing (1 /4” Teflon®)
(Not Illustrated)
Vapor Module Plug

System 2
2
2
2
1
1
2
1
1
30
2

System 6
6
6
6
1
1
2
1
1
30
6
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STAR System 6 Main Instrument

STAR System 6 Vapor Collection Module

STAR System 6 Reagent Addition Module

STAR System Scrubber
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Instrument Inspection
1.

Inspect the instrument for cracks, dents or warping.
WARNING
If damage is noted, do not attempt instrument startup.

2.

If the instrument has been damaged in shipping, contact the freight carrier to report damage and to file a damage report.
Contact the CEM Service Department or local subsidiary or distributor to report damage and to request service information.
CEM Corporation
Service Department
P.O. Box 200
3100 Smith Farm Road
Matthews, NC 28105-0200 USA
Within the continental United States
(800) 726-5551
Outside the United States
Telephone: (704) 821-7015
Fax: (704) 821-7894
Telex: 802118

CEM Ltd.
Unit 2 Middle Slade
Buckingham Ind. Park
Buckingham MK18 1WA
United Kingdom
Tel: (44) 1-280-822873
Fax: (44) 1-280-822342
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CEM GmbH
Carl-Friedrich-Gauss-Str. 9
47475 Kamp-Lintfort
Germany
Tel: (49) 2842-96440
Fax: (49) 2842-964411

CEM S.r.l.
Via Dell’Artigianato, 6/8
24055 Cologno al Serio (Bg)
Italy
Tel: (39) 35-896224
Fax: (39) 35-891661

Instrument Description

Reagent Addition
Arm

Vapor Collection
Module
Condenser

Vessel
Display &
Keyboard

Main
Instrument

Lighted
Window
for Cavity

STAR System 2 (Front View)

Reagent Addition
Arm

Vapor Collection
Module

Condenser

Vessel

Display &
Keyboard

Main
Instrument
Lighted
Window
for Cavity

STAR System 6 (Front View)

7

Vapor Collection
Port

Computer
Port

Voltage
Selection
Switch

Power
Cord
Receptacle

STAR System 6 (Rear View)

On/Off
Switch

STAR System 6 (Side Views)
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Printer
Port

Instrument
Vessel – holds the sample during a digestion
Cavity – positions the vessel and provides the microwave energy to perform the digestion
Condenser – condenses vapors and directs reagents to flow down the sides of the vessel
Vessel Liner – directs spillage into the spill tray
Shield – prevents contact with reagents should an event occur during a digestion
Reagent Addition Arm – routes vapors from vessel and directs reagent(s) to vessel
Vapor Containment System– removes vapors and routes them to the fume hood during the digestion process (includes vapor
collection module and vapor scrubber)
Vapor Collection Module – directs fumes from the vessel to the vapor scrubber
Vapor Scrubber – contains solutions to neutralize vapors during the digestion process
Reagent Addition Module (optional) – automatically adds reagents to the cavity in programmed quantities
Reagent Pump – Adds one reagent to one cell
Vacuum Pump – pulls vapors from vessel through the vapor collection module and directs them into the fume hood
Vessel-in-Position Sensor – prevents operation if the vessel is not installed
Temperature Sensor – monitors the temperature during the diges-tion and provides feedback control

9

to Star
System

STAR System Reagent Addition Module (Front View)

STAR System Reagent Addition Module (Rear View)
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Keyboard
Select – permits selection of the applicable cavity for setup, editing and/or operation and permits emergency reagent addition
when a cavity is paused during a method
Start/Pause – begins the method currently displayed on the selected cavity screen or pauses the operation during any stage
of the method
Stop – stops operation of method and returns to the cavity main screen
Edit – permits editing of parameters for the method displayed on the selected cavity
Home – returns the selected cavity to the main screen
Print – permits printing of method data, method program and/or setup parameters
Setup – permits editing of system parameters
Change – incrementally increases or decreases current parameter displayed on selected cavity (upper case letters, lower case
letters, numbers and symbols) or scrolls through selections such as methods, reagents, etc.
Next – advances to the next method parameter during editing or setup menus
Back – returns to the previous screen during editing or setup menus

STAR System Keyboard
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Component Installation
1.

Position the main instrument on the selected installation site (bench area if not using HF or inside a fume hood if adding
HF manually.

2.

Ensure that the vessel support ring is properly installed and seated. Using an index finger, position the liner in each cavity so
that the opening in the bottom of the liner is positioned above the opening in the RF stub (figure 6, page 8). Note: If liners
are not installed, refer to “Vessel Liner Replacement,” page 75, for procedures for installing vessel liners.

3.

Position the vapor collection/reagent addition module on top of the main instrument. Secure the vapor collection
module with the two bolts.

Installation of Vapor Collection Module on Main Instrument
4.

Facing the main instrument, place the reagent addition module on the left side and the scrubber module on the right side
of the main instrument.

5.

Lift the arm from the receptacle in cell #1; pull it forward and position it over its cell.

6.

Carefully pry each side of the cover of cell #1 to release it from the positioning pins on each side of the arm.

7.

Lift the front of the cover and slide the cover away from the area.

8.

Locate the tubing bundle mounted on the top of the reagent module for cavity #1.

Note: The number of tubes in the bundle is dependent upon the number of reagents being utilized.
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9.

Slide a fitting on the end of the first length of tubing with approximately 2” of tubing extending beyond the fitting.

10.

Slide a ferrule on the tubing with the tapered end of the ferrule facing the installed fitting. Insert the ferrule into the
fitting until it is snug.

11.

Insert one length of tubing in the bundle into one of the four ports in the reagent head of arm #1, ensuring that the tubing
extends beyond the head into the chamber of the arm, but not beyond the tip which fits into the vessel.

12.

Tighten the fitting finger tight.

13.

Install each length of tubing in the bundle for cavity #1 as outlined in steps 10 through 13.

14.

Install a plug into each opening of the reagent head that does not contain tubing for a reagent.

Installation of Vapor Collection Module on Main Instrument

15.

Once all tubing and/or plugs are installed, position the cover over the arm. Place the 1/8” tubing into the smaller slot in the
back of the cover and the 1/4” tubing in the larger slot. Position the back of the cover over the locator pin on the back of
the arm, ensuring that the tubing is not crimped. Then push the front of the cover into place, ensuring that the locator pins
engage the holes in each side of the cover.

16.

Lift the arm assembly and push it toward the back of the instrument and position the tip of the arm into the receptacle.

17.

Repeat steps 10 through 17 for each cavity of the instrument.

18.

Fill the reagent containers as required.
WARNING
Proper precautions must be taken to avoid contact with reagents or reagent vapors. Protective gear should be worn
as outlined in the user’s safety program for hazardous materials and the reagent manufacturer’s material safety
data sheet. Refer to these guidelines for proper handling of the reagent.

19.

Place one of the plastic stopers provided in the accessory kit into each reagent container. Position the reagent tubing in the
appropriate reagent containers. Ensure that the tubing is placed into the correct
reagent container so that the proper reagent will be added to the sample as required.
WARNING
Do not use the reagent addition module for pumping HF.
WARNING
The tubing must be secured in the reagent container.
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20.

Connect the tubing extending from the scrubber module to the manifold installed on the vapor collection module.

21.

Place a suitable waste container behind the main instrument. Place the tubing labeled “waste” into the container. Ensure that
the tubing extends sufficiently into the container to prevent it from pulling free, but not far enough to extend into the waste.
The waste level should always be below the tubing.

22.

Install the safety shields. Place a vessel in each cell.

23.

If using a printer, connect the printer cable into the printer port on the back of the main instrument.
Perform printer setup as outlined in the printer literature.

24.

Plug the main instrument into a dedicated electrical outlet.

25.

Ensure that the voltage selection switch is in the proper position to parallel electrical line voltage.

26.

To position the vapor collection arm on the vessel, lift the arm and pull forward to position the reagent head over the vessel.
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STAR System 6 Installed on Work Bench

General Safety
If the STAR System is installed inside a laboratory fume hood for use of hydrofluoric acid, other acids should not be stored
inside the fume hood. Fumes from these acids may attack the electrical components of the system, resulting in possible damage
and malfunctioning of the system.
Teflon vessels used in the STAR System will arc occasionally. Some arcing is normal when using Teflon vessels in conjunction
with microwave energy.
Protective shields, which must be installed during initial instrument setup, are provided with the STAR systems. These shields
must be installed with the plate positioned toward the front of the instrument prior to performing any digestions.
Always use hot pads when removing vessels from the instrument cavity to avoid the possibility of burns.
Permit sample to cool prior to removal of vessel from the instrument cavity to prevent reagent fumes in the laboratory.
Never insert anything into the instrument cavities other than the manufacturer approved vessels.
Never insert metal into an instrument cavity.
Hydrofluoric (HF) acid is unsafe when used with glass or quartz vessels. If using hydrofluoric acid, use Teflon® vessels.
Phosphoric acid (H3 P04 ) should not be used with quartz or glass vessels. If using phosphoric acid, use Teflon® vessels.
Phosphoric acid can be used with Teflon vessels up to temperatures of 250C only. When the acid begins to break down, it forms
salts that can adhere to the sides of the vessel, creating localized hot spots which may result in cracking of vessel.
CEM Corporation does not recommend the use of perchloric acid in the STAR Systems because explosive perchlorates may
be formed.
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Compounds Unsuitable for Open Cavity Microwave Digestion
WARNING
Acid decomposition of certain chemical compounds or types of samples constitutes unreasonable, hazardous
misuse of CEM microwave digestion systems. The classes of compounds listed below are unsuitable for closed
vessel microwave digestion because they are highly reactive with oxidizing acids and/or may become nitrated and
potentially explosive. Absence of a particular chemical compound from this list does not imply microwave acid
decomposition of such a sample is safe under all conditions. CEM will not be responsible for damage to equipment and facilities or personal injuries resulting from microwave digestion of such compounds/ samples.
• Explosives (TNT, Nitrocellulose, etc.)
• Propellants (Hydrazine, Ammonium Perchlorate, etc.)
• Pyrophoric Chemicals
• Hypergolic Mixtures (Nitric Acid and Phenol, Nitric Acid and
Triethylamine, Nitric Acid and Acetone, etc.)
• Animal Fats (Esters of glycerol capable of nitration and the
formation of nitroglycerin or other nitrated organic compounds)
• Aviation Fuels (JP-1, etc.)
• Acetylides
• Glycols (Ethylene Glycol, Propylene Glycol, etc.)
• Perchlorates (Ammonium, Potassium, etc.)
• Ethers (Cellosolve - Ethylene Glycol Phenyl Ether, etc.)
• Lacquers
• Alkanes (Butane, Hexane, etc.
• Ketones (Acetone, Methyl Ethly Ketone, etc.)
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System Cautions
Do not pump samples with the reagent pump in the automated reagent addition module.
Do not pump hydrofluoric acid (HF) with the automated reagent addition module.
The vacuum pump is 100% oil free and does not require lubrication. All bearings are sealed and permanently lubricated.
The vacuum pump should be used to pump air or gas, not liquids.
To avoid personal injury, remove any protective plastic plugs from the vacuum pump.
The vacuum pump should be operated for a few minutes to permit warmup prior to pumping saturated or nearly saturated vapors.
Prior to turning the vacuum pump off after use, permit the pump to operate for approximately 2 minutes to purge any droplets
of condensation which might have formed on the inside of the pump. This prevents crystallization and/or absorption of liquids
by the pump materials.
Only plastic (not metal) fittings should be threaded into the head(s) of the vacuum pump.
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Instrument Setup
The Setup Menu permits entry (edit) of system parameters including reagent volume (amount of reagent available in supply
source), printer functions, method delete, printer setup, reagent names, date/time, calibration, overtime setup, maximum system
temperature, and software version.
METHOD X

1.

(XXXXXX)

From the main screen, press the “SETUP” key on the keyboard. The following screen will appear.

Reagent Volume
1 - REAGENT VOLUME

2.

Press the “NEXT” key. The following screen will appear.
SELECT REAGENT
(XXXXXXXX)

3.

Press the “+” and/or “–” Change keys to select the desired reagent (1 - Sulfuric, 2 - Nitric, 3 - Peroxide, 4 - Hydrochloric,
etc).

Note: If reagent names are to be changed, refer to page 21.
4.

Press the “NEXT” key. The following screen will appear.
XXXXXXXX VOLUME
XX.XXL

5.

Enter the volume of selected reagent (step 3) available in the instrument supply source. During operation, the instrument
will intake reagent from the supply source and subtract the amount during each test. Based on method parameters, if
sufficient reagent is not available in the supply source, the instrument will not permit operation when the “Start” key is
pressed. The instrument screen will toggle between “Insufficient Reagent” and “Go to Setup Menu Item 1.”

6.

Use the “+” and/or “–” Change keys to enter or edit the number.

7.

Press the “NEXT” key and the “+” and/or “–” Change keys to enter or edit digits of the volume (50 liters maximum).

8.

Once the volume has been entered, press the “NEXT” key to return to the following screen.
1 - REAGENT
VOLUME

9.

Press the “+” Change key. The following screen will appear.

Auto Print
2 - AUTO PRINT

Note: Auto Print permits entry of print parameters to enable or disable automatic printing of the method and/or data after each
test. Examples of printouts are included in Appendix B.
10. Press the “NEXT” key. The following screen will appear.
PRINT METHOD
(ON)
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11.

Press the “+” and “–” Change keys to toggle between “on” and “off.”

12.

Press the “NEXT” key. The following screen will appear.
PRINT DATA
(ON)

13.

Press the “+” and “–” Change keys to toggle between “on” and “off.”

14.

Press the “NEXT” key to return to the following screen.
2 - AUTO PRINT

15. Press the “+” Change key. The following screen will appear.
Clear Method
3 - CLEAR METHOD

16.

To clear (erase) a method’s parameters, press the “NEXT” key. The following screen will appear.
SELECTED:
METHOD XX

17. To select the particular method (1 - 20) for which the parameters are to be erased, press the “+” and “–” Change keys. Once
the selected method is displayed, press the “NEXT” key. The following screen will appear.
‘START’ TO CLEAR
METHOD XX

18.

Press the “START” key for the selected cavity. The following screen will appear.
‘START’ IF YOU ARE
SURE!!!

Note: The previous screen permits the operator to choose not to erase the method parameters.
19.

If erasure is not desired, continue to press the “BACK” key until the “Clear Method” screen is displayed. If erasure is
desired, press the “START” key. The method parameters and name will be erased from memory. The following screen
will appear.
3 - CLEAR METHOD

Note: Once cleared, the method name will revert to the original numeric number.
20.

Press the “+” Change key. The following screen will appear.

Printer Setup
4 - PRINTER SETUP

21.

Press the “NEXT” key. The following screen will appear.
SELECT PRINTER
(XXXXXX)
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22.

Press the “+” and “–” Change keys to select the desired printer (IBM, Epson Color, Citizen Color HP Deskjet, HP Laserjet
or Canon Bubble). Laser printers are not compatible.

23.

Press the “NEXT” key to return to the “Printer Setup” screen.
4 - PRINTER SETUP

24.

Press the “+” Change key. The following screen will appear.

Change Reagent Name
5 - CHANGE REAGENT
NAME

25.

Press the “NEXT” key. The following screen will appear.
SELECT REAGENT
XXXXXXXX*

NOTE
Default reagents are 1 - Sulfuric, 2 - Nitric, 3 - Peroxide and 4 - Hydrochloric.
26.

Use the “+” and/or “–” Change keys to select the reagent to be changed.

Note: If a reagent name is changed in any way, the instrument automatically deletes the volume of the reagent programmed in the
first section of the system setup. If reagent name(s) is changed, the user must return to section No. 1 of the Setup procedure and
program a volume for the newly named reagent(s). (Refer to page 19.)
27.

Press the “NEXT” key. The following screen will appear.
Reagent Pump
Speed (Slow)*

Note: A slow pump speed should be selected for a highly viscous reagent such as sulfuric and phosphoric, and a fast pump speed
should be selected for a non-viscous reagent.
28.

Use the “+” and/or “–” Change keys to toggle between a slow and fast reagent pump speed.

29.

Press the “NEXT” key. The following screen will appear.
XXXXXXXX*

30.

Use the “+” and/or “–” Change keys to enter or edit the first letter.

31.

Continue to press the “NEXT” key and the “+” and/or “–” Change keys to enter or edit each letter of the custom reagent
(8 characters maximum).

32.

Press the “BACK” key until the “5 - Change Reagent Name” screen is displayed.

33.

Press the “+” Change key. The following screen will appear.
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Set Clock
6 - SET CLOCK

34.

Press the “NEXT” key. The following screen will appear.
(XX) HOUR FORMAT
XX:XX

35.

Press the “+” and “–” Change keys to toggle between “12” and “24” hour format.

Note: If the 12-hour format is selected, the time will be followed by either “a.m.” or “p.m.” as applicable.
36.

To set or correct the time, press the “NEXT” key. The following screen will appear.
10 Aug 01
10:30

Note: The above screen is an example only. The screen will provide the actual date, etc. (if entered) or zeros.
37.

Use the “+” and/or “–” Change keys to enter or edit the day of the month.

38.

Press the “NEXT” key to position the cursor on the month. Use the “+” and/or “–” Change keys to enter or edit the month.

39.

Press the “NEXT” key to position the cursor on the year. Use the “+” and/or “–” Change keys to enter or edit the year.

40.

Press the “NEXT” key to position the cursor on the hour. Use the “+” and/or “–” Change keys to enter or edit the hour.

41.

Press the “NEXT” key to position the cursor on the minutes. Use the “+” and/or “–” Change keys to enter or edit the
minutes.

42.

Once the time is properly set, continue to press the “BACK” key until the “6 - Set Clock” screen is displayed.

43.

Press the “+” Change key. The following screen will appear.

Calibrate Temperature
7 - CALIBRATE
TEMPERATURE

Note: Each cavity must be calibrated. During calibration procedures, no other operation of any cavity is possible.
44.

Press the “NEXT” key. The following screen will appear.
CALIBRATE WITH
IR DEVICE

45.

Use the “+” and/or “–” Change keys to select either “liquid reagent” or “IR device.” Note: The IR device is a calibration tool
used in factory calibration. If an IR device is not available, select “Liquid Reagent) and proceed to step 46.

46.

Press the “NEXT” key. The following screen will appear.
SELECT VESSEL
(XXXXXX)

CAUTION
Teflon vessels must be selected if using hydrofluoric acid.

22

47.

Use the “+” and/or “–” Change keys to select either quartz/glass vessels or Teflon vessels.
NOTE
This calibration procedure is based on using deionized water as the calibration reagent. To determine the calibration value, boil 50mL of deionized water on a hot plate, and, with a certified thermometer, measure the temperature of the water while boiling. CEM Corporation recommends using deionized water for initial temperature
calibration and calibration verification; however, other reagents may be utilized, if desired.

48.

Ensure that the liner is positioned so that the opening in the bottom of the liner is positioned directly above the opening
in the temperature sensor assembly. To promote even boiling, place a CEM boiling tube in the vessel, ensuring that the
tube extends below the surface of the reagent. Place a clean vessel containing 20mL of deionized water in the selected
cavity. Place a condenser on the vessel. Ensure that the shield is positioned with the plate toward the front of the
instrument. Position the toggle switch of the vacuum pump in the “on” position. Note: The CEM boiling tube is
constructed of a special Teflon material and enhances the boiling action. If deionized water is the calibration agent, it is
not necessary to use the vapor containment module for this procedure.

49.

Press the “NEXT” key. The following screen will appear.
CARE CALIBRATION
WILL CHANGE!!!

50.

Press the “NEXT” key. The following screen will appear.
LO CAL TEMP XXX
PRESS START

51.

If necessary, use the “+” and/or “–” Change keys to edit the “lo cal” temperature value (the lo cal temperature for
deionized water at STP is 100 C.

52.

Press the “START” key. The following screen will appear.
BOILING? (STOP)
CAL DATA XXX

53.

Wait for the “cal data” of the reagent in the vessel to rise. Once the “cal data” is constant and the waer is boiling, press the
“STOP” key. The following screen will appear.
CELL X
CALIBRATED

Note: If the calibration is aborted, the new calibration data will not be saved and the instrument will revert to the previous
calibration values. One of the following screens will appear.
INCORRECT
CALIBRATION

or
CELL X
NOT CALIBRATED

54.

Press the “NEXT” key. The instrument will return to the following screen.
7 - CALIBRATE
TEMPERATURE

55.

Select each cavity and repeat calibration procedures.

56.

Press the “+” Change key. The following screen will appear.
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Set Overtime
8 - SET OVERTIME

Note: An overtime can be entered into the instrument, permitting the instrument extra time to reach the programmed temperature,
if not met during programmed ramping time.
57.

Press the “NEXT” key. The following screen will appear.
OVERTIME
0 HRS 10 MINS

Note: The instrument defaults to a 10-minute overtime. Maximum time which can be entered into the overtime screen is 10
hours, 59 minutes.
58.

To enter or edit the number of hours, use the “+” and/or “–” Change keys.

59.

Press the “NEXT” key to position the cursor on the minutes. Use the “+” and/or “–” Change keys to enter or edit the
minutes.

60.

Press the “NEXT” key to return to the “9 - Set Overtime” screen.

61.

Press the “+” Change key. The following screen will appear.

Maximum System Temperature
Note: Maximum system temperature is an instrument safety feature which alerts the operator when any cavity temperature
exceeds the selected maximum system temperature. When any cavity exceeds the maximum system temperature, every method is
aborted and the user is notified which cavity exceeds the maximum temperature.
9 - MAXIMUM SYSTEM TEMPERATURE

62.

Press the “NEXT” key. The following screen will appear.
MAXIMUM TEMP
XXX C

63.

Use the “+” and/or “–” Change keys to select the maximum system temperature.

Software Version
10 - SFTW VERSION
XXXXXX-XX

Note: The above screen is an information screen and cannot be edited.
64.

Press the “HOME” key to end the Setup menu and return to the Main Screen.
METHOD X
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Program/Edit Method
The Program/Edit Menu permits entry and storage of method parameters for a variety of sample types and digestions using the
stored methods. A total of 20 methods, each with up to 40 stages, can be stored. To enter, store and edit methods, follow
procedures outlined below.
1.

Select the cavity to be utilized

Reagent Volume
METHOD X

Note: The instrument defaults to the last method utilized.
2.

To select a particular method (1 - 20), press the “+” and/or “–” Change keys.

3.

Press the “Edit” key. The following screen will appear.

Select Vessel
SELECT VESSEL
(XXXXXX)

4.

Press the “+” and “–” Change keys to select either quartz/glass vessels or Teflon vessels.

5.

Press the “Edit” key. The following screen will appear.

Change Method Name
CHANGE METHOD
NAME (YES)

6.

Press the “+” and “–” Change keys to toggle between (yes) and (no).

7.

Press the “NEXT” key. The following screen will appear.
METHOD X

8.

Use the “+” and/or “–” Change keys to enter or edit the letter (upper case or lower case letter, symbol or number).

9.

Press the “NEXT” key and the “+” and/or “–” Change keys to enter or edit each letter, symbol and/or number of the
method name (32 characters maximum).

10.

Once the complete method name has been entered, press the “BACK” key until the “Change Method Name” screen is
displayed.

11.

Press the “NEXT” key. The following screen will appear.

Update Initial Reagent
UPDATE INITIAL
REAGENT (YES)

12.

Press the “+” and “–” Change keys to toggle between (yes) and (no). If “yes” is selected, the operator can edit the initial
reagent. If “no” is selected, the initial reagents remain as previously programmed.

13.

Press the “NEXT” key.
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Note: If “Yes” is selected and the automated reagent option module is not installed, the following screen will appear.
REAGENT ADDITION
NOT INSTALLED

Note: If the automated reagent module is not being utilized, proceed to step 22 and choose “no.”
Note: If “Yes” is selected and a reagent option is installed, the following screen will appear.
ADDITION 1

14.

Press the “+” and “–” Change keys to edit the reagent addition number (10 maximum).

15.

Press the “NEXT” key. The following screen will appear.
REAGENT
XXXXXXXX

16.

Press the “+” and/or “–” Change keys to select the desired reagent (None, Sulfuric, Nitric, Peroxide, Hydrochloric, Etc.).

17.

Press the “NEXT” key. The following screen will appear.

Reagent Volume
TOTAL VOLUME
XXXXXXXX X.X mL

18.

Press the “+” and/or “–” Change keys to edit the total amount of reagent to be added. The number of milliliters increase or
decrease in increments of 0.2mL.

19.

Press the “NEXT” key. The following screen will appear.
IN ALIQUOTS
OF 0.0 mL

20.

Press the “+” and/or “–” Change keys to edit the size of the aliquots (amounts) in which the reagent will be added. The
number of milliliters increase or decrease in increments of 0.2mL, with a maximum of 10.0mL.

21.

Press the “NEXT” key. The following screen will appear.
UPDATE ANOTHER
REAGENT (YES)

22.

Press the “+” and “–” Change keys to toggle between “yes” and “no.”

23.

Press the “NEXT” key.

Note: If “Yes” was selected in step 22, repeat steps 12 through 20 for additional reagent addition(s).
Note: If “No” is selected in step 22, the following screen will appear.
METHOD X
STAGE 1

24.

26

If necessary, press the “+” and/or “–” Change keys to edit or enter parameters for the stage (up to 40 stages available).

25.

Press the “NEXT” key. The following screen will appear.

Stage
STAGE (INACTIVE)

26.

Press the “+” and “–” Change keys to toggle between “active” and “inactive.” The instrument defaults to “inactive.”

Note: If a stage is changed to “inactive,” that particular stage will not operate during the digestion, and the stages will be
renumbered on the display.
27.

Press the “NEXT” key. The following screen will appear.

Evaporation Stage
Note: One evaporation stage can be programmed in each method. This stage permits evaporation of reagent to dryness. To
program an evaporation stage, select “yes” on the following screen.
EVAPORATION STAGE
(YES)

28.

Press the “+” and/or “–” Change keys to toggle and select “yes” or “no” to indicate whether or not an evaporation stage is
required. If “no” is selected, proceed to step 35. If “yes” is selected, proceed as follows.

29.

Press the “NEXT” key. The following screen will appear.
DELTA T
050 +/- Deg C

Note: “Delta T” is the change from the plateau (boiling) temperature required to turn off the microwaves after an evaporation is
complete.
30.

Press the “+” and “–” Change keys to increase or decrease the “Delta T.”

31.

Press the “NEXT” key. The following screen will appear.
DELAY TIME
000 sec

Note: The instrument will automatically detect a plateau point during the evaporation stage. “Delay Time” delays the automatic
selection of a plateau point for the specified time.
32.

Press the “+” and “–” Change keys to increase or decrease the “Delay Time.”

33.

Press the “NEXT” key. The following screen will appear.
MAX OVERTIME
XXX

Note: The maximum overtime parameter is a safety feature that permits the operator to define the maximum time that a cavity will
stay in the evaporation stage. Once the maximum time is reached, the method will continue with the next stage.
34.

Press the “NEXT” key. The following screen will appear.
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Ramp Time
RAMP TIME
0 MINS 00 SECS

Note: Ramp time is the defined time in which the instrument is to reach the target temperature. It ensures that a linear temperature
rise is calculated once the Start key is pressed. If the method is paused and restarted, the software compares the current
temperature with the programmed temperature and applies microwaves as required, based on the new starting temperature.
35.

Press the “+” and/or “–” Change keys to edit the number of minutes for ramp time (0 - 99).

36.

Press the “NEXT” key. The following screen will appear.
RAMP TIME
XX MINS 00 SECS

37.

If applicable, press the “+” and/or “–” Change keys to edit the number of seconds for ramp time (0 - 59).

Note: A minimum time of one (1) second is required for the ramp time in Stage 1.
38.

Press the “NEXT” key. The following screen will appear.

Temperature Target
TEMPERATURE
TARGET 30

39.

Press the “+” and/or “–” Change keys to edit or enter the target temperature to be reached within the ramp time (30 - 430C).

40.

Press the “NEXT” key. The following screen will appear.
TIME AT TEMP
0 MINS 00 SECS

41.

Press the “+” and/or “–” Change keys to edit the number of minutes to maintain the target temperature (0 - 99).

42.

Press the “NEXT” key. The following screen will appear.

Time at Temperature
TIME AT TEMP
XX MINS 00 SECS

43.

Press the “+” and/or “–” Change keys to edit the number of seconds to maintain the target temperature (0 - 59).

44.

Press the “NEXT” key. If the instrument is not equipped with a reagent option, the Stage 2 screen will appear. If the
instrument is equipped with a reagent option, the following screen will appear.

Update Reagent
UPDATE REAGENT
(YES)

Note: If a reagent is installed, but not to be utilized, press the “+” and/or “–” Change keys to toggle to “Yes,” then select
reagent “None.”
45.

Press the “NEXT” key. The following screen will appear.
REAGENT
(XXXXXXXX)
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46.

Press the “+” and/or “–” Change keys to select the desired reagent (None, Sulfuric, Nitric, Peroxide, Hydrochloric, Etc.).

47.

Press the “NEXT” key. The following screen will appear.

Reagent Volume
TOTAL VOLUME
XXXXXXXX 0.0 mL

48.

Press the “+” and/or “–” Change keys to edit the total amount of reagent to be added.

49.

Press the “NEXT” key. The following screen will appear.
IN ALIQUOTS
OF 0.0 mL

50.

Press the “+” and/or “–” Change keys to edit the size of the aliquots (amounts) in which the reagent will be added. The
number of milliliters increase or decrease in increments of 0.2mL, with a maximum of 10.0mL.

51.

Press the “NEXT” key. The following screen will appear.
ADD AT START OF
STAGE (NO)

52.

Press the “+” and “–” Change keys to toggle between “yes” and “no.”

Note: If “Yes” is selected, reagent will be added at the beginning of the stage. If “No” is selected, the total volume of reagent will
be added in selected aliquots at equal intervals of the total time at parameter.
53.

Press the “NEXT” key. The following screen will appear.
METHOD XX
STAGE XX

Note: Repeat steps 26 through 46 to enter or edit parameters for each additional stage of the method.
54.

If no additional stages are required for the method, press the “Home” key one (1) time or the “Back” key two (2) times to
return to the main screen.
METHOD X
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Prime Method
The instrument must be primed prior to first-time use and daily. Each reagent tube for each cavity must be primed separately.
METHOD X
(XXXXX)

1.

From the main screen, press the “+” and/or “–” Change keys until the following screen appears.
PRIME

2.

Ensure that the selected cavity contains a vessel and condenser, that a shield is installed, that reagent tubing is placed in the
reagent containers, that the ends of the tubing are below the top level of the reagents, and that each container contains
the proper reagent. Position the vapor collection arm on the condenser.

Note: If reagent tubing is to be purged, refer to Routine Maintenance, “Reagent Pump Flush,” page 39.
3.

Press the “EDIT” key. The following screen will appear.
SELECT REAGENT
X. XXXXXXXX

4.

Press the “+” and/or “–” Change keys to select the desired reagent to be primed (1. Sulfuric, 2. Nitric, 3. Peroxide,
4. Hydrochloric).
NOTE
If reagent names have been changed during the setup procedure, the instrument will uptake 10mL of the specific
reagents being utilized.
WARNING
Do not use hydrofluoric acid (HF) to prime the pump. The reagent pump installed in the automated reagent addition modle is not suitable for pumping HF.

5.

Press the “HOME” key to return to the main screen.
PRIME

6.

Press the “START” key. The instrument will uptake 10mL of the selected reagent to prime the tubing. The following
screen will appear.
PRIME
COMPLETED XXXC

Note: Repeat the Prime method until the reagent is being pumped into the condenser at a steady rate. Once the reagent begins
entering the vessel at a steady rate (even if the method is incomplete), the “STOP” key can be pressed to prevent reagent waste.
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7.

Repeat the preceding steps for each cavity. Note: Pumps for more than one cavity can be primed simultaneously.

8.

Once all cavities are primed with reagent #1, edit the prime method (steps 3 and 4) to select reagent #2. Repeat steps 5
through 7 for each cavity. Continue these procedures to prime each reagent in each cavity of the instrument.

Instrument Operation
1.

Press “Select” for the cavity to be utilized.
METHOD X
(XXXXX)

Note: The instrument defaults to the last method utilized.
2.

To select a particular method (1 - 20), press the “+” and/or “–” Change keys.
NOTE
If one or more cavities are in the calibration method, even if calibration is completed, additional cavities will not
perform a method.
WARNING
Do not fill the vessel above the fill line nor place more than 200mL of solution in a glass/quartz vessel or 65mL
in a Teflon vessel for digestion. Overfilling the vessel can cause microwave leakage.

3.

Place the vessel containing the sample into the selected cavity.
WARNING
Ensure that the type of vessel (quartz/glass or Teflon) entered when programming or editing the method is placed
into the cavity. Temperature of the cavity is calibrated based on vessel type.

4.

Install the condenser in the vessel. Slightly turn the condenser clockwise to form a “seal.”

5.

Lift and pull the vapor collection arm to position it so that the tip of the arm is resting in the top of the condenser.

6.

Ensure that the shield is installed in the shield holder. Rotate the shield to position the plate outward toward the front
of the instrument.
WARNING
The shield should always be installed and properly positioned prior to performing a method to prevent potential
injury should an event occur.

Pause Method
7.

Position the switch of the vacuum pump in the “on” position.

8.

Press the “Start” key for the selected cavity.

Note: If the “START/PAUSE” key for the selected cavity is pressed while performing a method, the method is paused until the
“START/PAUSE” key is pressed to resume the method. The following screen will flash during the pause.
TEMP XX STAGE X
METHOD PAUSED

Stop Method
Note: If the “STOP” key is pressed while performing a method, the display will flash the method name, aborted, and the
temperature.
.
METHOD X
ABORTED XXX C
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Insufficient Reagent
Note: If insufficient reagent for satisfying method parameters is detected by the instrument, the following screens will toggle on
the display:
INSUFFICIENT
REAGENT VOLUME
GO TO SETUP MENU
ITEM 1

9.

If an initial reagent is not programmed, proceed to step 13.

Manual Reagent Addition (Must Use for HF)
WARNING
The vacuum pump must be operating continuously during manual addition of reagent. For instruments installed
on laboratory work benches, provisions must also be made to handle any fumes which escape during manual
reagent addition.
WARNING
If using hydrofluoric acid (HF), the acid must be added manually or with a CEM HF Pumping Station. The automated reagent addition module is not designed or equipped to pump HF.
WARNING
If using hydrofluoric acid (HF), Teflon vessels must be used.
WARNING
Proper precautions must be taken to avoid contact with reagents or reagent vapors. Protective gear should be worn
as outlined in the user’s safety program for hazardous materials and the reagent manufacturer’s material safety
data sheet. Refer to these guidelines for proper handling of the reagent.
10.

To add the reagent manually, press the “Pause” key to pause the method; lift the arm; slowly and carefully add the reagent
through the top of the condenser; quickly replace the arm; and press the “Start” key to continue the method.
WARNING
Avoid breathing reagent vapors. For work-bench installed instruments, if fumes are detected rising through the
condenser, immediately replace the arm and wait until the reaction has subsided and the fumes have dissipated
prior to completion of the manual reagent addition.

11.

If an initial reagent is programmed, the following screen will appear.
REAGENT ADDITION
UPTAKE XXXXXXXX

12.

Once initial reagent(s) has been added to the sample, the following screen will appear.
TEMP XX STAGE X
RAMP XX:XX

13.
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As the temperature increases, the entered ramping time will count down on the above screen. If desired temperature is
reached during the entered ramping time, proceed to step 18.

14.

If the desired temperature is not reached during the entered ramping time, the instrument will access the overtime phase, and
the following screen will appear.
TEMP XX STAGE X
OVTM XX:XX:XX

Note: Overtime is the defined period of additional time for the instrument to reach the temperature parameter if, for some reason,
it could not be reached during the ramp time.
15.

The entered overtime will appear on the screen, and will begin countdown as the temperature increases. Once the
temperature parameter is reached, the overtime phase will end.

Note: Often during overtime, the temperature will slightly bypass the desired temperature parameter. If this happens, the following
screen will appear.
TEMP XX STAGE X
COOL DOWN TO TAP

Note: TAP is defined as time at parameter.
16.

The instrument will pause until the sample cools to the target temperature.

17.

When the temperature parameter is reached, the following screen will appear.
TEMP XX STAGE X
TAP XX:XX:XX

18.

The entered “time at parameter” (TAP) will be displayed, and the time will begin countdown.

Note: If additional reagents or additions of aliquots of reagent are to be added, the following screen will appear.
TEMP XX STAGE X
UPTAKE XXXXXXXX

Note: Once the reagent addition is complete, the display will return to the following screen.
TEMP XX STAGE X
TAP XX:XX:XX

19.

Once the “time at parameter” is complete, indicating that the stage is complete, the test will continue with additional stages
or return to the Main Screen.

20.

If an evaporation stage is active, the following screen will appear.
TEMP. XXX
OVTM: XX:XX:XX

22.

When all cavities have completed the digestion stages, the evaporation stage will begin.

Note: During the evaporation stage, the cavities operate sequentially. The evaporations are completed in the order in which the
evaporation stages are reached.
23.

Once the reagent is boiling and the temperature is stable, the software will automatically pick that temperature as the
“plateau temperature,” and the following screen will appear.
At PLATEAU POINT
OVTM: XX:XX:XX
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24.

Once the temperature deviates from the “plateau temperature” by the amount entered in the method for Delta T, the
following screen will flash.
Temp X
STAGE X

25.

When all cells waiting for the evaporation stage have completed the evaporation, the instrument will simultaneously
continue any remaining stages for all cells.

In-Process Reagent Addition
While a method is in progress, but not currently making a programmed reagent addition, reagent can be added by using the
reagent addition module.
26.

Press the “Start/Pause” key on the applicable cavity to pause the method.
TEMP XX
METHOD PAUSED

27.

STAGE X

Press the “Select” key to activate the “In-Process Reagent Addition” feature.
EXTRA REAGENT
PRESS SELECT

28.

Press the “Select” key to access the reagent options.
SELECT REAGENT
1. XXXX

29.

Press the “+” and/or “–” Change keys to select the desired reagent. Press the “Select” key. The following screen will be
displayed while the instrument adds 1mL of the selected reagent to the applicable cavity.
SELECT REAGENT
1. XXXX

*

30.

When the “*” disappears from the above screen, the reagent addition is complete. To dispense an additional 1mL aliquot of
the selected reagent, press the “Select” key.

31.

To dispense a 1mL aliquot of a different reagent, press the “+” and/or “–” keys until the desired reagent appears on the
screen; then press the “Select” key to dispense the second reagent.

32.

Press the “Start/Pause” key two (2) times to resume the method paused in step 26.

33.

To exit the “In-Process Reagent Addition” menu at any time, press the “Start/Pause” key two (2) times. The instrument
will resume the method.

Note: If the “Stop” key is pressed at any time while performing a method or during the “In-Process Reagent Addition,” the display
will flash the method name, aborted, and the temperature.
METHOD XXXX
ABORTED XXX C

Method Completed
26.

Upon completion of all stages, the display will flash the method name, completed, and the temperature.
METHOD X
COMPLETED XXX C
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NOTE
Methods can be started at any stage. To begin a method at a particular stage, access the “Program/Edit Menu.”
Use the “+” and/or “–” Change keys to advance to the beginning of the desired stage. Press the “Start” key. If the
desired stage is programmed “Inactive,” the display will indicate that the stage is inactive. Use the “+” and/ or “–”
Change keys to change the stage to “Active.” Then, press the “Start” key.
NOTE
If the STAR System 2/6 is idle for 10 minutes, it will automatically turn off all lights and fans in the instrument.
Print
27.

To print the selected method, the data from the test performed, or the method setup parameters, press the “Print” key. The
following screen will appear.
1 - ‘PRINT’
SELECTED METHOD

28.

If needed, press the “+” and/or “–” Change keys to select the other available printing functions.
2 - ‘PRINT’ DATA
FROM LAST RUN

or
3 - ‘PRINT’ SETUP
PARAMETERS

29.

Once the appropriate print function is selected, press the “Print” key. Based on the print function selected, one of the
following screens will appear:
PRINTING
METHOD
PRINTING
DATA
PRINTING
SETUP

30.

Remove the vessel(s) containing the digested sample from the instrument as follows:
WARNING
Proper precautions must be taken to avoid contact with reagents or reagent vapors. Protective gear should be worn
as outlined in the user’s safety program for hazardous materials and the reagent manufacturer’s material safety
data sheet. Refer to these guidelines for proper handling of the reagent.

31.

Lift the arm approximately 1” (2.5cm) from the top of the condenser and lightly strike it two or three times on the condenser
from this height to ensure that all reagent residue is removed from the small tube extending from the arm.

32.

Push the arm back and return the tip of the arm to the reservoir.
WARNING
To avoid burns, use hot pads when removing the vessel from a cavity.
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WARNING
To prevent reagent vapors in the laboratory, always permit the sample to cool prior to removing the vessel from
the instrument cavity.
33.

36

Lift the vessel and condenser from the instrument cavity. Remove the condenser from the vessel. Cap the vessel to prevent
reagent vapors from escaping into the laboratory.

Routine Maintenance, Troubleshooting, and Service
This section covers routine maintenance, troubleshooting and basic service instructions. For detailed instructions concerning
service and repair, contact the CEM Service Department or the nearest subsidiary or distributor.
WARNING
If operation and maintenance instructions are not strictly followed, serious injury and/or damage to the STAR
System 2 or 6 could result. CEM Corporation cannot accept responsibility for unsatisfactory performance or
damage resulting from failure to comply with instruc-tions or safety practices.
WARNING
This instrument utilizes high voltages and microwave radiation. Instrument service and repair should be performed only by technicians trained in repair and main tenance of high voltages and microwave power systems.
WARNING
To avoid possible electrical shock or exposure to micro-wave energy, disconnect instrument from electrical outlet
prior to any disassembly procedures.
WARNING
After performing any service to or inspection of the STAR System 2 or 6 which requires removal of the front
or top cover or replacement of components in the micro-wave generation system, perform a microwave leakage
measurement, as outlined in this manual, prior to instrument operation.
WARNING
Proper precautions must be taken to avoid contact with reagents or reagent vapors. Protective gear should be worn
as outlined in the user’s safety program for hazardous materials and the reagent manufacturer’s material safety
data sheet. Refer to these guidelines for proper handling of the reagent
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Routine Maintenance
Routine maintenance should be performed on the instrument to prolong the life of the instrument and minimize downtime. Routine
maintenance procedures should be performed as described below.
NOTE
Failure to properly maintain the STAR System 2 or STAR System 6 will nullify the instrument warranty.
WARNING
Proper precautions must be taken to avoid contact with reagents or reagent vapors. Protective gear should be worn
as outlined in the user’s safety program for hazardous materials and the reagent manufacturer’s material safety
data sheet. Refer to these guidelines for proper handling of the reagent.
Routine Maintenance Schedule
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Frequency
Daily

Action
Perform the Prime Method.
Clean and inspect vessels for cracks or other damage.
Ensure that all tubing on the reagent addition module is primed and that all connections are tight.
Verify proper volume of liquids in scrubber.
Using tissue paper, ensure suction at the balljoint of the vapor collection system.
Monitor liquid level in scrubber cylinders. Liquid level should remain below 1600mL
Empty and replace scrubber solutions as required.
Verify that waste tubes are not submerged into liquid.

Weekly

Inspect reagent addition tubing for damage.
Verify pH levels of scrubber solutions. Replace as required.
Perform a Temperature Calibration Verification.

Monthly

Clean fan grills and fans with soft bristle brush or other cleaning tool capable of removing lint and
build-up.
Clean instrument cavity openings with damp cloth.
Perform microwave leakage test.
Inspect reagent pump tubing connections and tighten or replace as required.

Reagent Pump Flush
WARNING
Proper precautions must be taken to avoid contact with reagents or reagent vapors. Protective gear should be worn
as outlined in the user’s safety program for hazardous materials and the reagent manufacturer’s material safety
data sheet. Refer to these guidelines for proper handling of the reagent
1.

Ensure that a vessel and condenser are properly positioned in the selected cavity and that the arm is in position.

2.

Remove the reagent tube from the reagent container. Place the reagent tube into a clean suitable waste container. Select
the appropriate cavity and perform the prime method one (1) time for the selected reagent tube. (Refer to Prime Method,
page 30.)

3.

Place the reagent tube into a container of deionized water.

4.

Perform the prime method on the selected cavity two (2) times for the selected reagent tube.

5.

Remove the reagent tubing from the container of water.

6.

Perform the prime method on the selected cavity until all of the water is pumped from the tubes.

7.

Repeat steps 1 through 6 for each reagent pump to be flushed. More than one cavity can be flushed simultaneously.

Scrubber Solution Replacement
WARNING
Proper precautions must be taken to avoid contact with reagents or reagent vapors. Protective gear should be worn
as outlined in the user’s safety program for haz-ardous materials and the reagent manufacturer’s material safety
data sheet. Refer to these guidelines for proper handling of the reagent
1.

Loosen the nut on each fitting on container #1. Remove the tube from each fitting.

2.

Remove the container from the tray.

3.

Empty the container by pouring the waste material out through the fitting that does not have a bubbler tube.
Discard the solution in accordance with material safety data sheet for applicable reagent(s) being utilized and/or regulatory
requirement.

4.

Refill the container as follows: #1 - deionized water to the top of the marbles, #2 - 25% NaOH (sodium hydroxide) to the top
of the marbles, and #3 - deionized water one-half the distance of the marbles.
NOTE
Ensure that the sodium hyudroxide is placed in the same container each time it is replaced.

5.

Place the container in the tray and connect the tubes to the proper fittings.
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Microwave Leakage Measurement
1.

With the instrument operating, use a federally approved microwave leakage detector such as Holaday Model HI-1500 and
measure the microwave leakage around the keyboard and display, the fans on the sides of the instrument, and around the
individual panels of the instrument.

2.

Leakage should not exceed 5mW/cm 2 . If the instrument shows excessive microwave leakage, do not attempt further
operation. Contact the CEM Service Department or the local subsidiary or distributor.
NOTE
Microwave test meters are available from CEM Corporation. CEM does not recommend use of inexpensive
meters available in electronics stores because they lack the necessary sensitivity to properly test an instrument for
microwave leakage.

Calibrate Temperature
7 - CALIBRATE
TEMPERATURE

Note: Each cavity must be calibrated. During calibration procedures, no other operation of any cavity is possible.
44.

Press the “NEXT” key. The following screen will appear.
CALIBRATE WITH
IR DEVICE

45.

Use the “+” and/or “–” Change keys to select either “liquid reagent” or “IR device.” Note: The IR device is a calibration
tool used by CEM service technicians only. If calibration is being performed with water, select “liquid reagent.”

46.

Press the “NEXT” key. The following screen will appear.
SELECT VESSEL
(XXXXXX)

CAUTION
Teflon vessels must be selected if using hydrofluoric acid.
47.

Use the “+” and/or “–” Change keys to select either quartz/glass vessels or Teflon vessels.
NOTE
This calibration procedure is based on using deionized water as the calibration reagent. To determine the calibration values, boil 50mL of deionized water on a hot plate, and, with a certified thermometer, measure the temperature of the water while boiling. CEM Corporation recommends using deionized water for initial temperature
calibration and calibration verification; however, other reagents may be utilized, if desired.

48.

Ensure that the liner is positioned so that the opening in the bottom of the liner is positioned directly above the opening
in the spill tray assembly. To promote even boiling, place a CEM boiling tube in the vessel, ensuring that the tube extends
below the surface of the reagent. Place a clean vessel containing 20mL of deionized water in the selected cavity. Place a
condenser on the vessel. Position the vapor collection arm on the condenser. Ensure that the shield is positioned with the
plate toward the front of the instrument. Position the toggle switch of the vacuum pump in the “on” position. Note: The
CEM boiling tube is constructed of a special Teflon material and enhances the boiling action.

49.

Press the “NEXT” key. The following screen will appear.
CARE CALIBRATION
WILL CHANGE!!!
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50.

Press the “NEXT” key. The following screen will appear.
LO CAL TEMP XXX
PRESS START

51.

If necessary, use the “+” and/or “–” Change keys to edit the “lo cal” temperature value.

52.

Press the “START” key. The following screen will appear.
BOILING? (STOP)
CAL DATA XXX

53.

Wait for the “cal data” of the reagent in the vessel to rise. Once the “cal data” is constant, press the “STOP” key. The
following screen will appear.
CELL X
CALIBRATED

Note: If the instrument fails to calibrate correctly, the new calibration data will not be saved and the instrument will revert to the
previous calibration values. One of the following screens will appear.
INCORRECT
CALIBRATION

or
CELL X
NOT CALIBRATED

54.

Press the “NEXT” key. The instrument will return to the following screen.
7 - CALIBRATE
TEMPERATURE

55.

Select each cavity and repeat calibration procedures.

Verification of Temperature Calibration
1.

Ensure that overtime is programmed for 10 minutes in the instrument stup procedures.

2.

Select the cavity to be utilized.
METHOD X
(XXXXX)

Note: The instrument defaults to the last method utilized.
3.

To select a particular method (1 - 20), press the “+” and/or “–” Change keys. Select a method which is not programmed
or which can be edited for calibration verification.

4.

Press the “Edit” key. The following screen will appear.
CHANGE METHOD
NAME (YES)

5.

Press the “+” and “–” Change keys to toggle to “yes.”

6.

Press the “NEXT” key. The following screen will appear.
METHOD X
(XXXXX)
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7.

Use the “+” and/or “–” Change keys to enter or edit the first letter (upper case or lower case letter, symbol or number).

8.

Press the “NEXT” key and the “+” and/or “–” Change keys to enter or edit each letter, symbol and/or number of the
method name (24 characters maximum).

9.

Once the complete method name has been entered, press the “BACK” key until the “Change Method Name” screen is
displayed.

10.

Press the “NEXT” key. The following screen will appear.
UPDATE INITIAL
REAGENT (YES)

11.

Press the “+” and “–” Change keys to toggle to “no.”

12.

Press the “NEXT” key. The following screen will appear.
METHOD X
STAGE 1

13.

Press the “NEXT” key. The following screen will appear.
STAGE (INACTIVE)

14.

Press the “+” and “–” Change keys to toggle to “active.”

15.

Press the “NEXT” key. The following screen will appear.
EVAPORATION STAGE
(NO)

16.

Press the “+” and “–” Change keys to toggle to “no.”

17.

Press the “NEXT” key. The following screen will appear.
RAMP TIME
0 MINS 00 SECS

18.

Press the “NEXT” key. The following screen will appear.
RAMP TIME
XX MINS 00 SECS

19.

Press the “+” key to enter 1 second of ramp time.

20.

Press the “NEXT” key. The following screen will appear.
TEMPERATURE
TARGET 30

21.

Press the “+” and/or “–” Change keys to enter a target temperature of 200 degrees C.

22.

Press the “Home” key. The following screen will appear.
METHOD X
(XXXXX)
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23.

Place a vessel containing the 20mL of nitric acid or deionized water used for “Quick Temperature Calibration” in the
selected cavity. Place a CEM boiling tube in the vessel, one end above the surface and the other below the surface of the
reagent. Place a condenser on the vessel. Position the vapor collection arm on the condenser. Ensure that the shield is
positioned with the plate toward the front of the instrument. Position the toggle switch of the vacuum pump in the “on”
position.

22.

Press the “Start” key for the selected cavity. Because the instrument is unable to reach the target temperature of “200C”
in the ramp time of 1 second, the instrument will access the overtime phase, and the following screen will appear.
TEMP XX STAGE 1
OVTM 10:00:00

23.

Once the reagent reaches a rolling boil and the temperature becomes constant, record the temperature and press the “Stop”
key.

24.

The temperature in step 23 should be the temperature determined when boiling the nitric acid or water on a hot plate as
described on page 40 or 121C (boiling temperature of nitric acid at STP) ± 3C or 100C (boiling temperature of water at STP)
±5C.
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Troubleshooting Chart
Symptom
Instrument Inoperative
(No Power)

Intermittent or No
Power to Instrument

Possible Cause
Power cord not plugged into
electrical outlet outlet
Blown fuse(s)
Loose connections
Blown power supply fuse
Faulty power supply

Remedy
Plug power cord into electrical
Replace fuse(s)
* Verify all connections
* Replace power supply fuse
* Replace power supply

Loose or faulty connectors in
power inlet
Power cord not properly
installed
Loose DC connector

* Tighten/replace connectors

Cell Inoperative

No vessel in cavity
Vessel-in-position sensor
Insufficient reagent indicated
by software as required.

Place vessel in cavity
Replace vessel support ring assy.
Check and fill reagent container(s)
Enter reagent volume (Setup)

No Microwaves

Faulty high voltage
component(s)

* Replace triac, magnetron, filament
transformer, high voltage trans-former,
and/or capacitor as required
* Connect temperature sensor

Disconnected temperature
sensor
Slot fails to open
Low Microwave Power
in One Cell

Low Microwave Power
in Instrument (All Cells)

Intermittent Microwaves

Line voltage below required
specification
Faulty slot
Faulty motor
Faulty high voltage
component(s)
Line voltage below required
specification
Faulty magnetron cooling fan
Faulty magnetron
Faulty high voltage
component(s)
Faulty magnetron cooling fan
Faulty magnetron thermal
switch
Faulty high voltage wires
Faulty high voltage
component(s)

Remove and reinstall power cord
* Tighten DC connector

* Verify operation of motor and slot
Increase line voltage to specification
* Replace slot
* Replace motor
* Replace high voltage component(s)

Increase line voltage to specification
* Replace fan
* Replace magnetron
* Replace high voltage component(s)

* Replace fan
* Replace switch
* Replace high voltage wiring
* Replace high voltage component(s)

No Control of Microwave
Power in Individual Cell

Faulty motor or PC board

* Replace motor
* Replace PC board

No Control of Microwave
Power in instrument

Faulty triac or PC board

* Replace triac
* Replace PC board

*Requires a technician trained in repair and maintenance of high voltages and microwave power systems.
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Symptom

Possible Cause

Remedy

Fuse Blows During
Operation

Faulty high voltage
component(s)
Faulty triac
Faulty power supply

* Replace high voltage component(s)

Blank Display on
Individual Cavity

Loose or faulty connection on
display

Verify/replace connection

Blank Displays on
Instrument (All Cavities)

Power cord not connected to
electrical outlet
Fuse drawer not installed
Blown fuse or fuse not
installed
Blown power supply fuse
Loose connection on display
board
Loose connection on CPU board

Plug power cord into electrical outlet

* Replace triac
* Replace power supply

Install fuse drawer
Install fuse or replace faulty fuse
* Replace power supply fuse
* Tighten all connections on display
board
* Verify all connections on CPU board

Faulty display board
Faulty CPU board
Faulty power supply board

* Replace display board
* Replace CPU board
* Replace power supply board

Loose or damaged cable from
keyboard to control board
Faulty keyboard
Faulty control board

Connect/tighten/replace cable

Fan(s) Inoperative

Loose or faulty connection on
fan(s)
Faulty fan(s)
Faulty PC board

* Tighten/replace connection on
fan(s)
* Replace fan(s)
* Replace PC board

No Cavity Lighting

Faulty light bulb
Loose or faulty light
connection(s)
Faulty PC board

* Replace light bulb
* Tighten/replace connections

Cooling fan not operating

Check for blockage of air inlet
areas
Turn instrument off, wait for 10
minutes, retry operation
* Verify fan connections
* Replace fan as required.
* Replace switch

Keyboard Inoperative

Thermal Overload
Message

Faulty magnetron thermal
switch
Inaccurate Temperature
Readings

Cavity(ies) not properly calibrated
Debris covering sensor
Cavity insulator improperly
positioned
Inoperative fan(s)

* Replace keyboard
* Replace control board

* Replace PC board

Perform temperature calibration
of cavity(ies)
Clean sensor
* Replace insulator
* Replace faulty fan(s)

*Requires a technician trained in repair and maintenance of high voltages and microwave power systems.
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Symptom
No Reagent Addition

Possible Cause
Reagent module not installed
Cable not connected
Empty reagent container(s)
Inoperative pump
Reagent addition tubing routed
incorrectly
Tubing crimped or blocked

Incorrect Volume of
Reagent Delivered

Remedy
Install reagent addition module
Connect cable between main
instrument and reagent addition module
Fill reagent container(s)
Call CEM Service Department
Route reagent tubing correctly
Replace tubing

Tubing dirty, crimped or
frayed
Loose or faulty connection
Insufficient reagent
Air lock in pump

Straighten, clean or replace tubing

Bubbles in Reagent
Addition Tubing

Loose fittings on pump

Tighten or replace fittings

Variable or Moving
Air Gap tubing

Dirty, blocked or crimped

Straighten, clean or replace tubing

Loose or damaged connections

Tighten/replace connections

Tubing not in reagent
container(s)
Loose fittings

Position tubing in correct reagent
containers
Verify that all fittings on valve
and module are tight
Check all tubing for crimps
Ensure that reagent containers are
not airtight.

Reagent Addition Pump
Loses Prime

Crimped tubing
Suction in reagent tubing

Vapors in Laboratory

Vapor containment module
not installed
Loose or damaged connections
on vapor containment module
Vacuum pump not turned on
Vent hose to fume hood not
installed
Scrubber solution(s) losing
efficiency
Waste lines not in container

Scrubber Not Removing
Vapors

Scrubber solution(s) losing
efficiency
Loose or damaged connections
on scrubber or vacuum pump

Tighten/replace connection
Fill reagent container
Using a screwdriver, tap on pump while
operating to remove air bubbles

Install vapor containment module
Tighten/replace connections
Turn vacuum pump on
Install vent hose in fume hood
Verify effectiveness of solutions
with pH paper and replace any
solution that is neutral or acidic
Place waste tubing into waste container
Verify effectiveness of solutions
with pH paper and replace any
solution that is neutral or acidic
Tighten/replace connections
Clean scrubber and tubing

*Requires a technician trained in repair and maintenance of high voltages and microwave power systems
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Error Messages
Error Message

Symptom/Cause

Remedy

PIC LATCH ERROR

All methods paused.
Any unidentified error will
be displayed with this error
message.

Press “Home” key to clear error.
Operator can either resume or stop methods
* Possible faulty control board if error
continues.

THERMAL OVERLOAD

All methods paused.
Magnetron has overheated.

Press “Home” key to clear error.
Operator can either resume or stop methods.
* Replace fan, magnetron and/or overload
switch if error continues.

PIC COMM TIMEOUT

All methods paused.
Communication failure
between PIC Processor and
main processor.

Press “Home” key to clear error.
Operator can either resume or stop methodsl
* Replace control board if error continues.

PIC COMM CRC ERR

All methods paused.
Incorrect CRC calculated on
communication from PIC
Processor.

Press “Home” key to clear error.
Operator can either resume or stop methods.
* Possible faulty control board if error
continues.

PIC COMMAND
ERROR

All methods paused.
Command not recognized by
PIC Processor.

Press “Home” key to clear error.
Operator can either resume or stop methods.
* Possible faulty control board or other
hardware if error continues.

PIC CRC ERROR

All methods paused.
CRC error calculated by
PIC Processor.

Press “Home” key to clear error.
Operator can either resume or stop methods.
* Possible faulty control board if error
continues.

PIC UNKNOWN
ERROR

All methods paused.
Error displayed by HEX
number. Error will not equate
with any known error
condition.

Press “Home” key to clear error.
Operator can either resume or stop methods.
Record HEX number and contact CEM
Service Department.

CELL NOT
CALIBRATED

Cell operation is stopped.
Cell (cavity) will not operate
because temperature values
are unavailable.

Calibrate temperature in cell (cavity).

TIME ERROR

No time programmed in stage
1 of method.

Program minimum of 1 second ramp time in
first stage of method.

REAGENT MODULE “#”
(1-4) NOT FOUND

Selected method uses a
reagent that is not installed

Verify that selected reagent(s) in method are
installed and that wiring harness is plugged
into reagent addition board.

*Requires a technician trained in repair and maintenance of high voltages and microwave power
systems.
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Error Message

Symptom/Cause

Remedy

REAGENT ADDITION
NOT INSTALLED

Reagent Addition not installed
or system unable to detect/
pump.

Turn system off. Ensure that Reagent
Addition and cables are properly installed,
plugged in and turned on.

INSUFFICIENT
REAGENT VOLUME

Cavity inoperable.
Insufficient reagent volume to
perform method.

If necessary, fill reagent containers. Enter
reagent volume for system in Setup
menu.

VESSEL NOT IN
POSITION

Cavity operation is paused.
System detects that no vessel
is in cavity.

Place vessel in cavity and press the
“Start/Pause” key.

EE Prom Calibration
Data Error Messages
EE ERROR 5
EE ERROR 6
EE ERROR 7
EE ERROR 8
EE ERROR 9
EE ERROR 10
EE ERROR 11
EE ERROR 12
EE ERROR 13

Error verifying CalTime
Time out reading EE Prom
busybit
Error verifying MagPower 1
Error verifying MagPower 2
Error verifying MagPower 3
Error verifying MagPower 4
Error verifying MagPower 5
Error verifying MagPower 6
Error writing EE Prom

PRINTER

Printer is turned off.
Printer is out of paper.
Busy flag stays active for >11
seconds after reset is issued.

ISR FAILURE
TURN UNIT OFF

All methods paused.
System lost Interrupt Service
Routine. Hardware failure.

Press “Home” key to clear error.
Turn the instrument off.
* Replace EE Prom on the control board.

Ensure that printer is plugged in
and turned on.
Ensure that printer has paper.

Call CEM Service Department

*Requires a technician trained in repair and maintenance of high voltages and microwave power
systems.
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Service
WARNING
This instrument utilizes high voltages and microwave radiation. Instrument service and repair should be performed only by technicians trained in repair and main-tenance of high voltages and microwave power systems.
WARNING
To avoid possible electrical shock or exposure to microwave energy, disconnect instrument from electrical outlet
prior to any disassembly procedures.
WARNING
After performing any service to or inspection of the STAR System 2 or 6 which requires removal of the front
or top cover or replacement of components in the microwave generation system, perform a microwave leakage
measurement, page 40, prior to instrument operation.
WARNING
Proper precautions must be taken to avoid contact with reagents or reagent vapors. Protective gear should be worn
as outlined in the user’s safety program for hazardous materials and the reagent manufacturer’s material safety
data sheet. Refer to these guidelines for proper handling of the reagent.
WARNING
Prior to troubleshooting or replacement of any component in the high voltage section of the System 2/6, the
instrument must be switched off and unplugged from the electrical outlet. Permit instrument to sit idle for at least
two minutes. Using a well insulated screwdriver, touch the end of the screwdriver between terminals of the high
voltage capacitor to discharge all residual voltage
from the instrument.

High
Voltage
Capacitor

Figure xx. Discharge of Residual Voltage from High Voltage Capacitor
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Spill Removal
If a spill occurs, the temperature sensor and vessel liner must be removed, emptied and cleaned. To remove spillage, proceed
as follows:
WARNING
Proper precautions must be taken to avoid contact with reagents or reagent vapors. Protective gear should be worn
as outlined in the user’s safety program for hazardous materials and the reagent manufacturer’s material safety
data sheet. Refer to these guidelines for proper handling of the reagent.
1.

Turn the instrument off and unplug it from the electrical outlet.

2.

Using Kimwipes or paper towels, remove any residual reagent from the ends of each of the vapor collection/reagent addition
arms.

3.

Ensure that each arm of the vapor collection module is positioned in its receptacle. Remove all vessels and condensers.
Remove shield holders from each cavity.

4.

Remove the nuts that secure the vapor collection module to the top cover.
WARNING
Dispose of contaminated Kimwipes or paper towels in accordance with user’s safety program for hazardous materials and the reagent manufacturer’s material safety data sheet.

5.

Lift the vapor collection/reagent addition module from the top of the instrument. Remove the module from the instrument
and place it on the counter or workbench.
CAUTION
Use caution when removing the front panel to avoid breaking the glass panel installed on the front cover.

6.

Using pliers or a flat blade screwdriver, remove the screw covers. Remove the screws from the bottom of the instrument
front panel. Pull the front panel down until its tabs are free from the slots in the top cover and remove the front panel.

7.

Remove the screws and remove and position the top cover, with the display cable installed, to the back of the main
instrument. Use caution to avoid disconnecting the display cable.

RF
Stub
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Temperature
Sensor

Figure xx. Temperature Sensors
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8.

Loosen the setscrew and remove the vessel support ring assembly from the cavity. Remove the liner from the cavity and
check the liner for cracks or damage. Clean or replace the liner as required.
CAUTION
If using hydrofluoric acid, the liner must be replaced.
WARNING
Proper precautions must be taken to avoid contact with reagents or reagent vapors. Protective gear should be worn
as outlined in the user’s safety program for hazardous materials and the reagent manufacturer’s material safety
data sheet. Refer to these guidelines for proper handling of the reagent. Based on type of reagent, neutralization
may be necessary prior to removal of temperature sensor assembly.

Note: For neutralization of HF, CEM Corporation recommends a 20% solution of magnesium sulfate (20 g of salt crystals mixed
with 80 g of deionized water). To neutralize the HF spill, fill a dispensing bottle with approximately 200mL of the magnesium
sulfate solution. Slowly pour approximately 10mL of the solution over the plastic covering of the temperature sensor. The reaction
will produce a vapor. Once the temperature sensor assembly is emptied in step 10 below, rinse it with the remainder of the
magnesium sulfate; then rinse it with deionized water.
9.

Loosen the clamp securing the channel of the sensor assembly to the RF stub of the cavity.

10.

Slide the sensor down and away from the RF stub, using caution to avoid damage to the sensor.

11.

Pull the sensor assembly away from the unit and position it over a suitable waste container.

12.

Using a wash bottle, rinse the sensor window and protective plastic with deionized water, using caution to prevent
puncturing the plastic.

13.

Dry the sensor assembly with suitable acid wipes. Use a cotton swab to dry the sensor window.

14.

Neutralize any other liquid present in the cavity with magnesium sulfate and wipe up with acid wipes. Dispose of the wipes
in accordance with the user’s safety program for hazardous materials and the reagent manufacturer’s material safety data
sheet.

15.

Install the temprature sensor on the RF stub, using caution to avoid damage to the sensor assembly. Carefully push the tray
up on the RF stub until the stub is positioned against the ledge of the sensor assembly.

16.

Tighten the clamp securely on the sensor assembly.

17.

Install the liner in the cavity, ensuring that the opening in the bottom of the liner is properly aligned with the opening in the
temperature sensor assembly.

18.

Install the vessel support ring assembly on the cavity. Secure the ring with the setscrew.

19.

Install the instrument top cover and secure it with screws, ensuring that the display cable is routed away from the vessel
support rings. Install the instrument front cover, ensuring that the tabs at the top of the cover engage the slots in the top
cover. Install the screws and screw cover bases to secure the front cover.

20.

Position the vapor collection module on top of the main instrument so that the two holes in the module fit over the screws
in the top cover of the instrument. Install and tighten the nuts to secure the vapor collection module to the top cover.

21.

Plug the instrument into the electrical outlet, and position the power switch in the “on” position.

22.

Carefully install all screw covers.

23.

Perform a microwave leakage measurement as outlined in this manual prior to instrument operation.
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Vessel Liner Replacement
WARNING
Proper precautions must be taken to avoid contact with reagents or reagent vapors. Protective gear should be worn
as outlined in the user’s safety program for hazardous materials and the reagent manufacturer’s material safety
data sheet. Refer to these guidelines for proper handling of the reagent.
1.

Using Kimwipes or paper towels, remove any residual reagent from the ends of each of the vapor collection/reagent addition
arms.

2.

Ensure that all arms of the vapor collection module are positioned in their receptacles. Remove all vessels and condensers.
Remove the shields from each cavity.

3.

Position the instrument on/off switch in the “off” position. Unplug the instrument from the electrical outlet.

4.

Remove the vapor collection module from the instrument and place it on the counter or workbench.
CAUTION
Use caution when removing the front panel to avoid breaking the glass panel installed on the front cover.
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5.

Using pliers or a flat blade screwdriver, remove the screw covers. Remove screws and screw cover bases from the front
cover. Pull the front cover of the main instrument down and away from the instrument.

6.

Remove screws and lift and position the top cover, with display cable installed, to the back of the main instrument. Use
caution to avoid disconnecting cable.

7.

Loosen the setscrew and vessel support ring assembly from the cavity.

8.

Remove the liner from the cavity and check the liner for cracks or damage.

9.

Install the liner in its appropriate cavity, ensuring that the open-ing in the bottom of the liner is properly aligned with
the opening in the temperature assembly.

10.

Install the vessel support ring assembly on the cavity. Secure the ring with the setscrew.

11.

Install the instrument top cover, and secure it with screws, ensuring that the display cable is routed away from the vessel
support rings. Install the instrument front cover, ensuring that the tabs at the top of the cover engage the slots in the top
cover. Install the screws and screw cover bases to secure the front cover.

12.

Position the vapor collection module on top of the main instrument so that the two holes in the module fit over the screws
in the top cover of the instrument. Install and tighten the nuts to secure the module to the instrument.

13.

Plug the instrument into the electrical outlet, and position the power switch in the “on” position.

14.

Perform a microwave leakage measurement as outlined in this manual.

Reagent Delivery Confirmation
WARNING
Proper precautions must be taken to avoid contact with reagents or reagent vapors. Protective gear should be worn
as outlined in the user’s safety program for hazardous materials and the reagent manufacturer’s material safety
data sheet. Refer to these guidelines for proper handling of the reagent.
1.

Select a cavity. Place a clean, dry vessel and condenser in the selected cavity. Position the bapor removal arm over the
condenser.

2.

Perform the prime method for the selected reagent in the selected cavity.

3.

Remove the vessel from the cavity. Pour the contents of the vessel into a 10mL graduated cylinder. If approximately 10mL
is not dispensed, refer to the Troubleshooting Chart, “Incorrect Volume of Reagent Delivered.”

4.

Repeat steps 1 through 3 to verify the volume of each reagent in each cavity.
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Diaphragm Replacement – Single Head Vacuum Pump
1.

Unplug the vacuum pump from the electrical outlet. Label and disconnect the vacuum and pressure tubing from the vacuum
pump fittings.

2.

Using a pencil or marking device, mark the pump housing, inter-mediate plate, and headplate to establish proper installed
position during assembly.

3.

Remove the four (4) capscrews and washers from the headplate. Remove the headplate.

4.

Label the valveplate for installed position in relation to the valve ports on the intermediate plate. Remove the valveplate
and the intermediate plate.

5.

Remove the four (4) screws and the housing cover.

6.

Using both hands, turn the diaphragm counterclockwise and unscrew it from the connecting rod, using caution to avoid
losing the shims (spacers) on the threaded stud of the diaphragm.

7.

Place the shims (spacers) removed in step 6 with the diaphragm (or the exact quantity of new shims) on the threaded stud
of a new diaphragm.

8.

Using both hands, carefully screw the new diaphragm clockwise into the connecting rod. Tighten the diaphragm firmly using
hands only. Do not use tools. When the diaphragm is tight, lift the edge of the diaphragm and ensure that the stud is
completely inserted into the connecting rod. If a gap is noticed between the diaphragm stud head and the connecting rod,
tighten the diaphragm until there is no gap.

9.

Turn the counterweight until the connecting rod is centered.

10.

Position the intermediate plate on the housing, ensuring that the marks made in step 2 above are aligned.

11.

Position the valveplate on top of the intermediate plate in accordance with labeling attached during removal (step 4).

12.

Carefully position the headplate on the intermediate plate, ensuring that the marks made in step 2 above are aligned.
CAUTION
Do not crimp or damage the valveplate during installation of the headplate.
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13.

Install and tighten the four (4) socket screws uniformly in a criss-cross fashion in the headplate.

14.

Turn the counterweight by hand to ensure that the pump turns freely.

15.

Install the housing cover and secure it with the four (4) washers and capscrews.

Socket
Screw
Headplate

Valve
Plate

Intermediate
Plate
Diaphragm

Diaphragm
Stud Head
Diaphragm
Stud
Housing
Cover

Counterweight

Connecting
Rod

Figure xx. Single Head Vacuum Pump (Exploded View)
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Diaphragm & Valve Replacement – Dual Head Vacuum Pump
NOTE
When using twin-head pumps, always replace the diaphragm and valves in both heads at the same time.
1.

Unplug the vacuum pump from the electrical outlet.

2.

Label and disconnect the vacuum and pressure tubing from the vacuum pump. Label the interconnecting tubing and
fittings for proper installed position. Remove the white clips (System 6 only) and carefully remove the tubing from the
fittings. Using a 20 mm wrench, remove the nuts and fittings.

3.

Using a pencil or marking device, mark the pressure plate, pump head and pump case to establish proper installed position
during assembly.

4.

Label the vacuum and pressure valves for proper installed position.

5.

Using a 4 mm socket key, remove the six (6) socket screws and the two (2) valve clamp rings.

6.

Using a 27 mm socket wrench, unscrew the valve bodies with O-rings from the pump. Remove the valve disks from
the valve cavities. Remove any residual Teflon® tape from the threads of the valve bodies and bores of the pump head to
avoid clogging the new valves when the system is assembled.

7.

Remove and discard the O-rings from both valve bodies.

8.

Remove the four (4) screws and washers and housing cover.

9.

Remove the four (4) socket screws with disc springs from the pressure plate. Remove the pressure plate and pump head
as an assembly, maintaining their relative installed position.

10.

Using both hands, turn the diaphragm counterclockwise and unscrew it from the connecting rod, using caution to avoid
losing the shims (spacers) on the threaded stud of the diaphragm.

11.

Place the shims (spacers) removed in step 10 with the diaphragm (or the exact quantity of new shims) on the threaded
stud of a new diaphragm.

12.

Using both hands, carefully screw the new diaphragm clockwise into the connecting rod. Tighten the diaphragm firmly
using hands only. Do not use tools. When the diaphragm is tight, lift the edge of the diaphragm and ensure that the stud
is completely inserted into the connecting rod. If a gap is noticed between the diaphragm stud head and the connecting
rod, tighten the diaphragm until there is no gap.

13.

Turn the counterweight until the diaphragm is in mid-position (flat across).

14.

Carefully align and seat the bead of the diaphragm in the groove of the spacer ring.

15.

Position the pressure plate and pump head on the housing, ensuring that the marks made in step 3 are aligned. Install and
tighten the four (4) socket screws until the disc springs are flattened. Do not over tighten the screws.

16.

Turn the counterweight by hand to ensure that the pump turns freely.

17.

Install the housing cover and secure it with the four (4) washers and screws.

18.

Apply a single layer of Teflon® tape centered around the threads of each valve body, ensuring that it is smooth, overlapped
and applied in a clockwise direction so that it will adhere when the valve bodies are screwed into the headplate.
CAUTION
The manufacturer recommends that the Teflon® tape not be used in excess and that no substitute tape be utilized.
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Figure xx. Dual Head Vacuum Pump (Exploded View)
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19.

Install a new O-ring on the outlet valve body. Ensure that the sleeve is positioned with the beveled side facing upward and
that it is flat on the bottom of the valve cavity.
NOTE
The beveled side of the valve sleeve is difficult to see. If necessary, place the sleeve under a magnifying glass to
determine the beveled side.

20.

Install the new valve disk in the valve cavity. Carefully thread the outlet valve body into the pump head and tighten the valve
body. Do not over tighten the valve.

21.

Install a new O-ring on the inlet valve body. Ensure that the ser-rated airgate is positioned on the bottom with the grooves
up and that the sleeve is correctly positioned with the beveled side up.
NOTE
The beveled side of the valve sleeve is difficult to see. If necessary, place the sleeve under a magnifying glass to
determine the beveled side.
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22.

Install the new valve disk in the valve cavity. Carefully thread the inlet valve body into the pump head and tighten the valve
body. Do not over tighten the valve.

23.

Install and securely tighten the clamp rings with the six (6) socket screws.

24.

Carefully apply three (3) layers of Teflon® tape around each tubing fitting. Using a 20 mm wrench, install the nuts and
fittings.

25.

Install the interconnecting tubing and fittings per the labeling attached during disassembly.

26.

Connect the vacuum and pressure tubing, ensuring that the tubing is installed per the labeling attached during pump
disassembly. (System 6 only)

Pump Replacement

WARNING
Proper precautions must be taken to avoid contact with
reagents or reagent vapors. Protective gear should be worn as
outlined in the user’s safety program for hazardous materials and the reagent manufacturer’s material safety data sheet.
Refer to these guidelines for proper handling of the reagent.
1.

Identify the inlet tube for the pump to be replaced and pull it above the
liquid level.

2.

Pull each group of tubing forward sufficiently to permit removal of the
drawer containing the pump to be replaced.

3.

Remove the screws (one on each side) from the pump drawer containing
the pump to be replaced.

4.

Slide the entire drawer of pumps from the reagent addition module so
that the back of the pump is out of the assembly and exposed.

5.

Place the index fingers of each hand on the pump (one on the front
underside and one on the back). Pull up from the back of the pump to
remove the pump from the slot in the drawer.

6.

Separate the tubing sufficiently to pull the pump through the tubing
without removing any fittings or tubing and permit the pump to hang
freely.
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7.

Disconnect the electrical connector, ensuring that the back of the connector is
positioned in the slot of the drawer and does not snap back into the module
housing.

8.

Position the pump over a waste container suitable for the reagent being used.

9.

Remove the inlet tubing from the pump. Then remove the outlet tubing. The
reagent will drain into the waste container.

10.

Using a rinse bottle, rinse the ends of the tubing. Take the removed pump to a
sink and rinse it thoroughly with water.

11.

Connect the electrical wiring to the new pump.

12.

Position the pump over the slot in the drawer.

13.

Position the pump into the slot of the drawer by supporting the drawer and
snapping the pump into the slot.

14.

Slide the pump drawer into the reagent addition module and install the two
screws to secure it.

15.

Reposition the groups of tubing except the tubing extending from the replaced
pump.

16.

Wipe the excess water from the inlet tubing of the replaced pump.

17.

Connect the inlet tubing to the left side of the pump (facing the reagent addition
module).

18.

Connect the outlet tubing to the right side of the pump (facing the reagent
addition module).
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19.
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Reposition the inlet tubing into the reagent source.

Specifications
STAR System 2

STAR System 6

18” x 13.15” x 14”
45.72 cm x 33.4 cm x 35.5 cm

29.5” x 13.13” x 14”
74.93 cm x 33.4 cm x 35.5 cm

Weight (Main Instrument)

48 lbs. (21.77 kg)

67 lbs. (30.39 kg)

Program Storage

20 Methods

20 Methods

Power Requirements

120 ±10% VAC, 60 Hz
220/240 ±10% VAC, 50 Hz

208/230 ±10% VAC, 60 Hz
220/240 ±10% VAC, 50 Hz

Operating Temperature

Ambient - 500 °C

Ambient - 500 °C

Readout Temperature

Ambient - 430 °C

Ambient - 430 °C

Temperature Control

Individual feedback per cavity

Individual feedback per cavity

Temperature Sensors

2

6

Vessel-in-Position Sensors

2

6

Vessel Capacity, Each

250, 100, 50mL

250, 100, 50mL

No. of Vessels

Maximum 2

Maximum 6

No. of Staggered Start Times

Maximum 2

Maximum 6

Vapor Containment Module

Standard

Standard

Automatic Reagent Additon
Maximum 4 reagents

Optional

Optional

Keyboard Type

Membrane

Membrane

Printer Port

Parallel

Parallel

Communications Port

RS232

RS232

Dimensions (WxDxH)
Main Instrument

Vapor Collection Module

CEM STAR Systems Patents Pending
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Emissions and Safety Approvals
U.S. and Canada Emissions & Safety
Complies with FCC part 18 (47 CFR part 18 Industrial, Scientific, and Medical Equipment)
U.S.: ETL* approved to UL Standard 3101 (Laboratory Equipment)
Canada: ETL** approved to standard CAN/CSA C22.2 No. 1010.1 (Laboratory Equipment)

European Community Emissions & Safety
Conforms to EC norm EN 61326-1 EMC requirements for electrical equipment for measurement,
control and laboratory use
Conforms to EC norm EN 61010-1 (Safety requirements for electrical equipment for measurement,
control, and laboratory use - Part 1)
*ETL and UL are equivalent nationally recognized testing laboratories.
**ETL is an approved testing laboratory by the standards council of Canada
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Warranty
What Is Covered:
CEM Corporation warrants that the instrument will be free of any defect in parts or workmanship and will, at its option,
replace or repair any defective part (excluding consumables) or instrument.
For How Long:
This warranty remains in effect for 365 days from date of delivery to the original purchaser.
What Is Not Covered:
This warranty does not cover parts or workmanship which have been damaged due to:
• Neglect, abuse or misuse,
• Damage caused by or to test samples,
• Damage incurred during instrument relocation,
• Damage caused by or to any attached equipment,
• Use of incorrect line voltages or fuses,
• Fire, flood, “acts of God” or other contingencies beyond the control of CEM Corporation,
• Improper or unauthorized repair, or
• Any other damage caused by purchaser or its agents.
Responsibilities of Purchaser:
To ensure warranty coverage, the purchaser must:
• Use the instrument according to directions,
• Connect the instrument properly to a power supply of proper voltage,
• Replace blown fuses,
• Replace consumables and
• Clean the instrument as required.
How to Get Service:
Purchaser should contact the Service Department of CEM Corporation or your distributor for return authorization and for
proper crating and shipping instructions to return instrument, freight prepaid, for service. On-site repairs by an authorized
service technician are available through the CEM Service Department. Travel costs will be charged to the purchaser for
on-site repairs.
Within the U.S.
CEM Corporation
3100 Smith Farm Rd.
Matthews, NC 28105-5044
(800) 726-5551
Fax: (704) 821-4368

Outside the U.S.
CEM Corporation
3100 Smith Farm Rd.
Matthews, NC 28105-5044
(704) 821-7015
Fax: (704) 821-4368

Warranty Disclaimer:
CEM Corporation hereby excludes and disclaims any warranty of merchantibility or fitness for any particular purpose.
No warranty, express or implied, extends beyond the face hereof. CEM Corporation shall not be liable for loss of use of
instrument or other incidental or consequential costs, expenses or damages incurred by the purchaser or any other user.
Purchaser’s Rights under State Law: This warranty gives the purchaser specific legal rights, and the purchaser may also have
other rights which vary from state to state.
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