
VSP2 VER 4.3.1  Items fixed in VER430  
 
(1) Automatic Heat Wait Search has been fixed to accept an Initial Start Temperature 

below 20°C.  Also, Quick Set-Up now includes a field for Initial Start 
Temperature (°C) allowing you to specify the ambient temperature before the 
initial heat-up.  This value automatically gets copied to the corresponding field in 
the main set-up menu.  (Likewise if you modify the Initial Start Temperature in 
the main set-up menu, that value gets copied to the Quick Set-up submenu.)  

 
Also regarding Automatic Heat Wait Search, after an exotherm is over (and the 
temperature is still below the final heat-wait-search temperature), the program 
continues on to the next higher search temperature after a single hold period 
during which the temperature rise rate is below the criteria for self-heating. 

 
(2) Snapshot has been fixed to accept negative temperatures (down to –100°C). 
 
(3) You may enter Max  Delta P less than 40 psi (2.759 bar) for the automatic 

pressure control [as well as Minimum Delta P less than 20 psi (1.379 bar)]. 
 
(4) The temperature calibration below 0°C is now accurate (down to –80°C) and the 

upper limit has been set to 1200°C.  In VER430, the calibration below 0°C was 
off a few degrees. 

 
(5) In isothermal (constant guard) mode, the default T1-T2 criterion of 3°C (for 

converting to adiabatic mode) is now displayed and may be changed during a test.  
It is suggested not to make this smaller than 3° until the temperatures have 
stabilized after the initial heatup.  (If T1 exceeds T2 by more than 3° the software 
converts from an isothermal test to adiabatic operation.)  (See page 2-39 of the 
manual for more information.)  Note this criterion (T1-T2) for the program to 
change from isothermal (constant guard) mode to adiabatic operation is based on 
an average (versus instantaneous) temperature difference value.  

 
(6) NOTE:  If you run a test with automatic heat-wait-search (AHWS), you still need 

to close the application after the test is complete and start up the program fresh in 
order for the AHWS heater control parameters/flags to be clear for the next test.  
(We still need to fix this so that you can start a new AHWS test without closing 
the application.) 
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W A R N I N G 

 

 

 

 

 

 
 

 

 

 

Laboratory operations with the VSP2 equipment can subject chemical

samples to conditions where there is little or no knowledge of the chemical

reactions which might occur or their rates. 

Operators should be well informed and well instructed regarding safe

handling procedures for potentially dangerous and toxic substances. 

The VSP2 apparatus is not intended for use with materials susceptible to

liquid-phase or solid-phase detonation.  Samples suspected to have this potential

should not be used in the VSP2 without prior screening. 

Opening up the control box will void the factory warranty.  Any electrical

malfunctions should be reported to Fauske & Associates, LLC so equipment

repairs may be arranged in our facilities. 

 

D I S C L A I M E R 
 

 

 

 The VSP2 equipment is intended for use in a laboratory environment,

under conditions where the above warnings are applicable.  Fauske &

Associates, LLC makes no warranty, expressed or implied, and assumes no

liability or responsibility for use of this equipment in such circumstances, or

for the use, interpretation or application of data resulting from the operation of

this equipment. 



 

**   IMPORTANT NOTICE   ** 
 

 Your VSP2 uses a data acquisition card (PCI DAS-1602) that is factory-

installed in your computer.  This expansion card must be securely positioned in its 

PCI slot in order for the computer to properly read temperature and pressure and 

perform control functions.  It is possible that during shipping this card may move 

slightly.  Before you set up your VSP2 we recommend that you confirm that the 

PCIDAS-1602 is securely positioned by having a professional inspect the card. 

Please consult your local computer expert for appropriate technical assistance on 

this matter, or call Fauske & Associates, LLC at (630) 323-8750 with any 

questions you may have.. 
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1.0   INTRODUCTION 
 

 The VSP2 ("Vent Sizing Package 2") is a reaction calorimeter system which is uniquely 

capable of determining adiabatic rates of temperature and pressure rise for very fast exothermic 

reactions.  The VSP2 is able to measure these rates because of its patented low thermal mass, 

pressure-equalized test cell configuration.  The VSP2 was developed with these unique 

capabilities to provide industry with a tool that did not previously exist for obtaining design basis 

data required for the effective design of chemical process emergency relief systems. 

 

 One of the strengths of the VSP2 is its versatility.  This manual describes a variety of 

testing protocols useful for determining process hazard design basis data.  In addition to these 

protocols, however, there are a number of additional creative ways in which VSP2 tests may be 

run to yield other useful data.  The VSP2 hardware and software have been configured in a 

manner to encourage just such a creative approach to testing.  VSP2 test cell and containment 

vessel connections use standard compression tube fittings so that users can easily add additional 

ports, vents, fill lines, etc.  With this in mind, FAI encourages VSP2 users to approach VSP2 

testing creatively and to contact FAI with any questions, comments, or ideas regarding different 

VSP2 test protocols and set ups. 

 

VSP2 and ERS Design 

 

Emergency Relief Systems (ERS) are intended to prevent the uncontrolled pressure 

increase in a process vessel by providing a passively activated opening when a threshold pressure 

is reached.  The pressure relief on a household pressure-cooker is a common domestic example.  

Millions of relief devices are in service on reactors, storage tanks, boilers, and transport 

containers in the chemical process and similar industries throughout the world.  The source of the 

unwanted pressure increase is the uncontrolled generation of low density gaseous products, being 

either condensable or noncondensible, and generally resulting from loss of control of reacting 

materials or external heat input to the vessel contents - or both.  One traditional design approach 

assumes that only gas phase material flows through the relief device.  In addition to the vent size, 
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this assumption also determines the size of any treatment facilities installed to deal with the 

vented flow. 

 

 Unfortunately, this ideal situation seldom occurs when a runaway reaction causes the 

relief vent to open.  What happens is not unlike effects seen when a carbonated beverage is 

opened after being shaken (see Fig. 1-1).  A frothy mixture of gas and liquid (generally referred 

to as two-phase flow) comes out - sometimes discharging the entire contents.  For a reactor 

experiencing uncontrolled self-heating, the consequences can be rather serious, since for a given 

size relief vent, less vapor or gas will be able to leave in a given time - in effect because the 

liquid takes up part of the available relief area.  Because of the reduced gas or vapor relief, the 

pressure can continue to rise with perhaps catastrophic consequences.  Also, in a given time the 

mass of material passing through the vent will be much greater than for all gas or vapor flow - 

liquids are denser than gases.  This higher mass flow of material may render some post-relief 

treatment steps ineffective. 

 

 A final important observation is that in the past, many "traditional" ERS designs have not 

fully considered the reaction rate at runaway relief conditions.  In many cases this information as 

well as the means for obtaining the same, were simply not available.  Also, one should consider 

that a design basis emergency condition may not be simply an extension of the process condition.  

It is often found that the cause of overpressure conditions is a result of the presence of 

unintended reagents.  Therefore, the importance of a well considered "design basis condition" for 

ERS evaluation cannot be over-stressed. 

 

 From 1975 through 1984, the Design Institute for Emergency Relief Systems (DIERS) 

under the auspices of the American Institute of Chemical Engineers (AIChE) guided an industry  
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Figure 1-1   Illustration of assumed aspects of a "traditional" vent design in 

  comparison with possible real behavior of a reacting system. 
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sponsored program to develop improved methods for use in evaluation of ERS requirements.  

Fauske & Associates, Inc. served as the principal research contractor for this effort.  The 

principal findings of the DIERS program; (a) demonstrated the importance of considering two-

phase (gas and liquid) flow in ERS applications; (b) provided the design technology 

incorporating two-phase flow; and (c) showed that the necessary source term data could be 

obtained from bench scale test equipment and reliably extrapolated to full scale process 

conditions.  The results of these findings have been referred to as the DIERS methodology. 

 

 What is the DIERS Methodology:  The DIERS methodology is an overall approach to 

ERS vent sizing based on: 

 

(1) Definition of design basis upset conditions. 

 

(2) Provision of appropriate prototypic reaction source term data relevant to the 

design basis conditions. 

 

(3) Use of design formula accounting for two-phase relief flow which are reduced in 

complexity but based on large scale test data and higher order detailed 

formulations. 

 

 The Vent Sizing Package 2 (VSP2) is a bench scale test instrument which forms an 

integral part of the DIERS methodology.  It is designed to provide the system characterization 

data which along with the applicable vent sizing equations incorporating two-phase flow leads to 

an ERS evaluation.  This system characterization may include: 

 

(a) Runaway reaction rate at desired relief pressure conditions.  This may generate 

the ERS "source term" as an equivalent temperature rise rate (self-heat rate) or 

noncondensible gas generation rate. 

 

(b) Vapor disengagement or foamy versus non-foamy gas-liquid behavior. 
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(c) Viscous or non-viscous vent flow at relief conditions.  The above information, 

which is generally all that is required for vent sizing, can be obtained without 

knowledge of the stoichiometry or kinetics or physical property data using the 

VSP2.  The low heat capacity of the VSP test cell assures that essentially all the 

chemical energy released remains within the test sample, i.e., the small test 

sample will behave like the bulk of the material in a full size process reactor.  

Measurements in the small test reactor (~ 116 ml, ~ 1/3 the size of a standard soda 

can), can therefore be extrapolated directly and safely to full scale.  VSP2 tests 

can also be performed as scaled reactor blowdown, quench, and relief valve 

simulation experiments. 

 

The unique test cell design with an adiabaticity factor approaching unity also provides 

thermal data useful in the determination of the onset of thermal instability, temperature of no 

return and time to maximum rate.  This information is a result of the inherent features of the 

VSP2 apparatus in its operation as an adiabatic calorimeter.  However, it is to be emphasized that 

the design function of this equipment is to provide vent sizing data.   
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2.0   VSP2 OPERATIONS 
 

 This chapter  covers the initial set-up and computer controlled operations of the VSP2. 

Maintenance recommendations are also included.  Upon initial receipt of the VSP2 System, the 

parts list and supporting documents should be examined.  Any missing parts or documents 

should be noted immediately.  All system documentation should be maintained in a safe and 

convenient location for easy access by users of this equipment.  

 

 Before proceeding, however, a few words of wisdom are in order regarding the safe use 

of calorimetry equipment.  For the full article supplied by Parr Instrument, see Appendix F. 

 

 

 

The keywords here are chemistry, maximum temperature and pressure, and anticipate behavior.  

Of course, the purpose of the VSP2 calorimeter is to measure the rates of temperature and 

pressure rise from runaway reactions.  Nevertheless, the limits of the apparatus (especially the 

pressure limits) must be kept in mind in every test design.  More details on test design and 

practical test strategy are given in Appendix B. 

 

2.1 General Set-up and Equipment Description 

 

In order to operate the VSP2 System peripheral and supporting items not included with 

the system must be supplied by the user/operator: 
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(1) Suitable laboratory space - 

(1a) a vented chemical operations hood for the test apparatus; 

(1b) nearby bench space for the control console, printer,  etc. 

 

(2) A high pressure regulated inert gas (N2) supply. 

 

(3) A mechanical vacuum pump. 

 

(4) Electrical power outlets.  VSP2 components require 115 VAC, 10 amp line 

sources.  It is strongly recommended that a battery backup-surge suppressor of at 

least 600 VA be utilized to protect the equipment from voltage surges and 

temporary power outages.  This will accommodate the VSP2 Control box and 

computer and monitor.  (A laser printer should not be plugged into a surge 

suppressor/battery backup owing to its high current consumption.)  If the Multi-

Zone heater power supply box was purchased, it should be plugged into its own 

600 VA backup power supply as well. 

 

(5) A reference pressure gauge for instrument calibration.  Preferably, a range of 0 - 

1000 psig (70 bar g) with 1 psi (0.1 bar g) scaling is suggested (included if 

Calibration Kit purchased). 

 

(6) A portable Type K thermocouple calibrator / simulator (included if Calibration 

Kit purchased). 

 

(7) A portable electrical volt-ohm multimeter. 

 

(8) Miscellaneous hand tools normally found in a laboratory environment (see Table 

below). 
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LIST OF TOOLS AND SUPPLIES FOR USE WITH VSP2 CALORIMETER 

1. Two 1/2" x 9/16" open end wrenches. 

2. Two 7/16" x 1/2" open end wrenches. 

3. One 5/16" x 1/4" open end wrench. 

4. One 3/4" socket installed on a 1/2" ratchet drive. 

5. One 3/4" open end combination wrench. 

6. 6" and 8" adjustable wrenches. 

7. Needle nose and regular pliers. 

8. Jewelers screwdrivers. 

9. 5/64" and 5/32" Allen wrenches (for Validyne transducers). 

10. Torx 27 wrench for new transducer body bolts. 

11. Dissecting needles. 

12.  Black electrical tape. 

13. White (glass cloth) electrical tape. 

14. 1" wide masking tape. 

15. Teflon tape (1/4" wide) for pipe threads.   

16. Pipe thread lubricant. 

17. 12" Round blunt tweezers. 

18. Spare Swagelok® fittings: 

Male connectors:  SS-200-1-2 (1/8" tube to 1/8"-NPT) and SS-400-1-2 (1/4" tube to 1/8"- 
                              NPT) 
Plugs/caps (vents/valves):  SS-200-C (1/8" cap for tube) 
                                            SS-400-C (1/4" cap for tube) 
                                            SS-200-P (1/8" plug for Swagelok fitting) 
                                            SS-400-P (1/4" plug for Swagelok fitting)  
Valves: SS-41GS2 (1/8" Swagelok 2-way ball valve) 
             SS-41GXS2 (1/8" Swagelok  3-way ball valve) 
             SS-43GS4 (1/4" Swagelok 2-way ball valve) 
             SS-2MG (1/8" Swagelok fine needle valve for controlling the venting rate of gas 
             or vapor from the test cell headspace to the atmosphere or scrubber.)  Note: The  
             SS-2MG has a pressure rating of 1000 psig (69 bar g).  Other metering valves are 
             available  for higher pressure rating (SS-SS2). 
19.   Plastic Luer Lok Syringes (5 cc, 10 cc, 30 cc, 60 cc). 
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2.1.1 Equipment Basics, Placement and Installation 

 

 The general set-up configuration of the VSP2 is illustrated in Fig. 2-1.  The components 

in Fig. 2-1 correspond to the following item numbers: 

 

(1) Control Computer (with DAS-16 interface card)  

 

(2) Computer Cables (DAS-16 and Digital I/O) 

 

(3) VSP2 Main Console 

 

(4) Solenoid Cable 

 

(5) VSP2 Pressure Control Solenoid Console 

 

(6) Pressure Transducer Cables (2 for standard operations) 

 

(7) Thermocouple Cable (1 cable with 4 thermocouple connections) 

(7a) TC to Vessel Ground Jumper Cables 

 

(8) Heater Cable (1 cable with 3 heater connectors – test cell heater, guard heater, Multi-

Zone heater) 

 

(9) VSP2  Containment Vessel 

 

(10) Magnetic Stirrer 

 

(11) Analog  Recorder Cables (Temperature and Pressure). 

 

(12) Two-Pen Chart Recorder (if purchased). 
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Figure 2-1   Typical VSP2 components (pressure lines not shown). 
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Note: The Multi-Zone Top Zone Heater Control box (an option) is not shown in Fig. 2-1.  It is 

connected to the VSP2 Main Console by means of a 5-pin Amphenol connector which originates 

in the Auxiliary connector on the rear panel of the VSP2 Main Console.  Also not shown in Fig. 

2-1 is an essential ground jumper cable from the main console to the containment vessel.  

 

 Before assembly and operation the user/operator should be familiar with the contents of 

this manual as well as those sections of the equipment manuals pertaining to the safe and 

successful operation and maintenance of the system and its components. 

 

 The equipment should be situated in a ventilated hood.  This equipment may be used in 

tests where the products of the reaction and the energy release rates are unknown.  Hazardous 

products may be formed.  Test samples should be screened for liquid or solid phase detonation 

potential prior to use in the VSP2.  This equipment is not suitable for use with test samples 

that  may detonate.  The equipment should only be placed in a laboratory environment and used 

by personnel trained in safe chemical laboratory operations and techniques.  The containment 

vessel must be located in a vented hood.  The testing of dangerous samples should be 

anticipated.  Consideration of flammability, corrosive activity (to metal and to skin), inhalation 

toxicity, skin toxicity (through absorption) and explosive hazards are prudent.  NNoottee  tthhaatt  

hhaazzaarrddss  mmaayy  bbee  iinnccrreeaasseedd  aass  aa  rreessuulltt  ooff  rreeaaccttiioonnss  eennccoouunntteerreedd  dduurriinngg  tthhee  VVSSPP22  tteesstt..    SSaaffee  

hhaannddlliinngg  ccaannnnoott  bbee  oovveerreemmpphhaassiizzeedd..  The VSP2 console and computer should be located in an 

environment suitable for sensitive electronic and computer equipment. 
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Initial Set-Up Critical Electrical Hints for VSP2 Console and Personal Computer: 

  

••  EEnnssuurree  tthhaatt  tthhee  VVSSPP22  eelleeccttrroonniicc  ccaabbiinneett  iiss  pplluuggggeedd  iinnttoo  aa  111100    ––  112200  VVAACC  vvoollttaaggee  

ssoouurrccee..    

•  Contact a computer professional to ensure that the DAS-16 is still firmly snug in its slot 

in the PC motherboard.  They must also ensure that the interior DIGITAL I/O jumper (37 

pin cable connected to the DAS-16 board and fastened to the inside accessory plate) is 

still in place.  Before touching the DAS-16, they must make sure the computer is plugged 

in (but turned off) and contact their hand with the computer chassis to discharge any 

static electricity they may be carrying.  Any static will be grounded via the PC power 

cord.  The DAS16 contains static-sensitive components, especially the digital chip 

located adjacent to the 37-pin connector of the digital cable.   

• The electrical power of the computer and VSP2 cabinet should be turned off when 

installing or removing computer cables, the heater cable, the solenoid cable, and the 

auxiliary cable at the back of the VSP2 electronic controller and the optional multizone 

heater controller. 

 

 

The main power cord can be attached to the male 110 VAC plug on the back panel of the 

main electronics cabinet.  Fuses (fast blow type) for the main circuit and the guard heater and test 

cell heater are also located on the back panel.  A 5 amp main fuse and two 3 amp heater fuses are 

recommended, and have been initially installed in the cabinet.  Do not turn on the power to the 

main console or the computer until all the cables are attached.  The computer contains static 

sensitive components on the DAS-16 interface which can be easily damaged by the discharge of 

static electricity. 

 

 After locating the VSP2 containment vessel and stirrer in a proper fume hood, the power 

and instrument signal cables can be connected linking the containment vessel and the VSP2 

console (this includes the solenoid power cable, heater power cable, auxiliary cable, 

thermocouple cable, and pressure transducer cables).  Figure 2-2 shows the rear view of the 
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VSP2 console.  (The Bypass Solenoid port is for an optional bypass solenoid valve.  Contact FAI   

in order to obtain a suitable cable.) 

 

 The interfaces to the data acquisition board and digital I/O on the computer are located 

side-by-side at the right bottom of the back panel. 

 

The thermocouple inputs and the pressure transducer input and output connectors are 

clearly labeled. 

 

The auxiliary cable connects to the optional Multi-Zone Top Zone control box (by means 

of a 5-pin Amphenol connector) and provides power for Test Cell and Quench Vessel 

Depressurization devices (by means of two molex connectors).  The user may purchase suitable 

relief (small orifice solenoid) or full-port automated ball valves separately.  The use of these 

items is discussed in Section 2.3. 

 

2.1.2 Main Electronics Console 

 

 The VSP2 main electronics console is illustrated in Fig. 2-2.  The center section of the 

console displays a schematic diagram of the test cell and heater configuration along with 

solenoid valve indications for the containment vessel.  This helps to identify the function of 

various LED indicators.  The pressure transducer calibration adjustments (zero and gain) are 

located at the lower center of this front panel.  The main power switch is located at the left lower 

corner.  The main heater and guard heater rotary switches are on the left side.  Both heaters have 

"High", "Low", "Auto", and "Off" settings. 
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Figure 2-2   Front and rear view of VSP2 main console. 
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Console Functions 

 

(1) Power Switch - The MAIN power switch activates AC power to the entire electronics 

system.  (Note:  The power for the EXP-16 temperature amplifier is supplied by the 

computer.  Thus, if the main console loses power but the computer still functions, then 

the temperatures will continue to be monitored while the pressures will not.) 

 

(2) Heater Control - There are two heater switches; one for the Guard Heater, and one for 

the Test Cell (also known as the Main or Auxiliary) Heater.  Both switches feature 

identical operation.  The heaters operate solely by computer control and function on a "% 

Power" basis.  They are switched on and off at a constant power over a 5 second time 

cycle; the % power indicates the portion of the duty cycle that they are on.  For instance, 

10% power indicates that the heater would be on for 10% of the 5 second cycle (0.5 sec), 

and off for 90% of that cycle (4.5 seconds).  The power sent to the heater will depend on 

which heater is being used, and what setting the heater is operating under (high or low).  

Table 2-1 presents these characteristics. 

 

Table 2-1 

VSP2 Heater Electrical Parameters 

 

Range Position Voltage (VAC) Current (amp) Power (watts) 
Test Heater (18 Ω) 
HI 
LO 

 
48 
24 

 
2.7 
1.3 

 
128 
32 

Guard Heater (58 Ω) 
HI 
LO 

 
110 
48 

 
1.9 
0.83 

 
209 
40 

 
 

Options for heater control include "High", "Low", and "Automatic".  These settings 

control the available power (voltage) ranges for the heaters.  Generally, Low power is 

adequate for low temperature ranges and low temperature rise rates, while High power is 

required for higher values.  When set on "Automatic", the computer determines the 

proper voltage range (either high or low).  The recommended default setting for the 
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guard heater is "Automatic", while for the Main (Auxiliary) heater the "Low" 

setting is most often used.  When a heater switch is set on Automatic, a green light will 

indicate that the computer has chosen the Low power setting, while a red light indicates 

High power.  If using the AUTO feature, then the computer can automatically switch 

between LOW and HIGH power (provided that the computer is in AUTO mode also).  

Software operations are discussed in a separate section.   

 

Each of the two heater circuits has its own 3 amp (fast blow) fuse, located on the back 

panel of the control cabinet as described previously.  If for some reason a heater should 

not work properly, it is recommended that the fuse for this heater be checked.  A heater 

fuse will "blow" if there is a short in the heater circuit, possibly due to a failed heater or 

heater gland. 

 

(3) Pressure Transducer Zero and Gain Adjust - Pressure transducer calibration is 

explained during the installation and check-out of the unit.  Calibration follows 

procedures typical for linear analog electronic instrument amplifiers, with the "zero" 

being adjusted at zero gauge pressure (0 psig or 0 bar g) and the "gain" being adjusted at 

a suitable high pressure.  Several iterations may be required before the transducers are 

fully calibrated.  Once calibrated, often only minor zero and gain adjustments are 

necessary for subsequent tests if the transducer diaphragm is kept clean.  Pressure 

transducers can be damaged by clamping in a vise, over tightening of bolts and fittings, 

or exposure to a strong magnet. 

 

(4) Indicator Lights - The front panel of the VSP2 Electronics Console has an outline 

drawing of the containment vessel with both heaters and four computer controlled 

solenoid valves.  Each heater and each solenoid valve is represented by a light.  When the 

computer activates any of these devices, the front panel indicates their activation by 

illuminating the corresponding light.  Thus the solenoid lights will flash when the 

computer activates a solenoid valve; likewise the heater indicator lights should "blink" 

with a frequency corresponding to the percent power that the heater is operating at.  (As 

an indicator for VSP2 heater troubleshooting, the heater activation indicator lights have 
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been wired in series with the heater fuses.  Because of this, if these lights are operating as 

expected, it indicates that the heater fuses are intact.) 

 

  2.1.3 Pressure Control Console and Vessel Pressure Line Assembly 

  

  The pressure control console ("solenoid box") provides a housing for certain solenoid 

valves and flow adjustment needle valves.  A cut-away view is shown in Fig. 2-3.  The main 

components shown in the cut-away view are numbered in the figure. 

  

  (1) N2 supply solenoid valve (1500 psig [103.4 barg] MAWP). 

  (2) Vent solenoid valve (3000 psig [206 barg] MAWP). 

  (3) Vacuum solenoid valve (3000 psig [206 barg] MAWP). 

  (4) Nitrogen needle (throttle) valve  (5000 psig [344 barg] MAWP). 

  (5) Vent needle (throttle) valve  (5000 psig [344 barg] MAWP). 

 

  The interior of the VSP2 pressure control module unit should only be serviced by a 

licensed professional. We recommend that they disconnect the solenoid cable before removing 

the back cover.  It is necessary to remove this cover to service the solenoid valves.  Solenoid 

valves, particularly the vent valve, will need periodic cleaning.  Have your service professional 

consult FAI for detailed instructions on cleaning the vent solenoid valve "in-situ". 

 

  Front Panel: The pressure control solenoid console front and rear panels are illustrated 

in Fig. 2-4.  Supply and Vent throttle valves are mounted on the front panel.  These manual 

valves throttle the rate of pressure gain or loss during solenoid valve operation.  Initially the 

nitrogen throttle should be open a quarter or half turn (because the nitrogen is a large orifice 

valve) while the vent throttle can be fully opened (since it is a small orifice valve).  The nitrogen 

valve (brass body) has working pressure of 1500 psig (103 bar g) and a minimum recommended 

operating pressure of 500 psig (34 bar g) while the vent and vacuum valves (stainless steel) are 

rated up to 3000 psig (207 bar g). 
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Figure 2-3   Pressure control module – cutaway view. 
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Figure 2-4   Front and rear panels of pressure control module. 
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  Rear Panel: The rear panel provides tube fitting connectors for direction of the gas 

flow and the electric connector supplying power to the solenoid valves.  Suitable tubing (a 

flexible teflon bore stainless steel overbraid hose is recommended) should be connected from the 

fitting marked "vessel" to the appropriate port on the containment vessel (usually on the vessel 

lid at the isolation ball valve shown in Fig 2-10).  Note that a two-way ball valve is 

recommended (provided with new VSP2 units) between the containment vessel and the flexible 

hose connection in order to easily isolate the containment vessel from the solenoid box.  Only 

1/4-inch O.D. stainless steel tubing (with 0.028" or 0.035" wall thickness) or high pressure 

braided stainless steel flexible hose should be used for these pressure connections (incoming 

nitrogen, vessel connection, vent line, and vacuum).  If braided stainless steel flexible hose is 

used it must be rated to 2500 psig working pressure.  The high pressure gas source should be 

connected to a suitable volume of regulated gas; typically a 255-300 cubic foot bottle of N2 with 

at least a 2500 psig (172 bar g) regulator.  (Matheson part number 3040-580 is recommended for 

United States installations.)  [Note:  Do not use copper tubing for high pressure service.]  An 

isolation needle or ball valve is recommended between the vacuum port and the vacuum pump.  

MAKE SURE THE VENT PORT IS PROPERLY DIRECTED INTO THE FUME HOOD, 

PREFERABLY BEHIND THE BACK WALL PANEL.  When fastening 1/4" Swagelok nuts to 

the bulkhead connectors on the rear panel of the pressure control box,  use a 5/8" wrench to hold 

the rear panel mounting nut in place to avoid moving (rotating) the bulkhead fitting. 

 

  As shown in Fig. 2-5, we recommend a pressure calibration "tree" be made so that 

pressure transducers can be conveniently calibrated without having to assemble and pressurize 

the containment vessel.  This assembly is located in parallel to the incoming nitrogen supply and 

isolated using a ball valve.  (This assembly  can be purchased from FAI.)  Note in Fig. 2-5 the 

presence of a manual vent on the containment vessel. For open system tests or in cases where the 

test cell ruptures (and the containment vessel was successfully isolated in time) it is much 

preferable to vent (after sample cooldown) directly into the hood (through a chemical scrubber if 

necessary) rather than through the VSP2 Pressure Control box (to avoid contaminating the 

solenoid valves and associated lines). 
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Figure 2-5   Recommended "plumbing" scheme for VSP2. 

 

SST Flexible Hose Limitations 

 

  If a replacement containment vessel stainless steel flexible line is necessary, we 

recommend Swagelok SS-4BHT-60 (with 1/4" Swagelok tube stub ends, 60" long, inside 

diameter 0.16").  According to Swagelok literature, the pressure rating (3000 psig at 20°C) of 

these 3/16” Hose Size teflon lined SST overbraided hoses decreases with increasing temperature.  

At 204°C the working pressure is reduced to about 1440 psi.  (Note that ratings maintain a 

minimum 4:1 ratio between the burst pressure and the working pressure.)  Furthermore, thermal 

cycling of hoses may affect its ability to maintain a leak-tight seal.  (Refer to Swagelok catalog 

MS-01-167.PDF (@ Swagelok.com).)  For this reason, if you frequently rupture VSP2 test cells 

followed by venting of the system down through the solenoid valve box (through the VSP2 
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vessel flexible lifeline), then we suggest you replace your hose from time to time.  The cost of a 

5 foot long hose is nominal. 

 

Extra Safe Containment Set-up 

 

  When handling toxic/reactive chemicals some users use rupture disk holders with a NPT 

male threaded outlet.  By means of a stainless steel high pressure hose a connection may be made 

to a 4 liter (1 gallon) high pressure stainless steel sample cylinder (typically rated to 1800 psig).  

This effectively doubles the containment volume. 

 

2.2 Test Cell and Containment Vessel Experimental Set-up 

 

  The test set-up begins with the test cell/heater assembly.  The auxiliary (or main) heater is 

placed on the test cell, which is then wrapped in paper insulation and slipped into the guard 

heater.  The completed assembly is placed inside the containment vessel, packed in insulation, 

grounded and connected to plumbing, instrument and electrical leads.  Then the vessel is placed  

on a magnetic stirrer.  (It may be useful to check stirring effectiveness beforehand by visually 

observing a 1" stir bar in a 100 ml beaker temporarily placed in the vessel.)  The vessel lid is 

next secured.  Then any remaining connections to the VSP2 containment vessel should be made 

(installing the pressure transducers and pressure communication flexible hose).  At this point the 

test cell will be ready to be loaded remotely (for a liquid sample – after evacuating the headspace 

in the containment vessel and test cell) and the test begun.  It is important to properly connect 

and tighten the 1/8" and 1/4" Swagelok® fittings.  (See Swagelok.com for details.) 

 

  Before beginning any test, however, an important preliminary admonishment is in order.  

All equipment should be clean before use.  This may require extensive clean-up from a 

previous test.  See maintenance recommendations in Section 2.4 for other precautions.  Also, the 

instrument calibration (i.e. temperature and pressure) should always be checked prior to a test.  

This may only require minor adjustment but is always well advised.  Calibration is also discussed 

in Section 2.3.1. 
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  2.2.1 Test Cell Features 

  

  Three basic 116 cm3 test cell configurations are available for use in the VSP2.  They are 

illustrated in Fig. 2-6.  The "Type I" test cell configuration is a "closed" cell (meaning only open 

through the 1/16" fill line).  The "Type II", or "Vented" test cell is an "open", (meaning vented 

with a top mounted vent tube of varying diameter).  The Type III, "Bottom Vented" or "Dip 

Tube", test cell is also vented, but the vent line extends to almost the test cell interior floor so 

that it is well below the liquid level in the cell.   

 

 
 

 

Figure 2-6   Three basic types of VSP cells available from FAI. 
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  Also available from FAI are the test cell variations illustrated in Fig. 2-7.  These include: 

 

• dual fill lines are recommended to allow separate dedicated 1/16" lines to be used for cell 

pressure measurement (referred to as the fill line) and sample injection (referred to as the 

auxiliary fill line).  The "auxiliary fill line" connects to a separate straight-through vessel 

bulk-head fitting, 

 

• "finned" test cell with four baffles mounted on the interior cell wall and provided with a 

four-finned magnetic "star stir bar" in place of the linear stir bar (this design 

incorporating two thermocouples at different heights is used for emulsion polymerization 

tests and is normally used with the Super Magnetic Stirrer available from FAI), 

 

• a vented test cell (either top vented or dip tube vented) with an extended vent line for 

performing external blowdown experiments, 

 

• custom configured test cells provided as specified.   

  

  Material of Construction - Standard cells are constructed of  304 stainless steel or 

Hastelloy with a .008" wall thickness and silver-soldered attachments.  All-welded cells are 

usually 316 Stainless steel or Hastelloy C, but cells constructed of 304 Stainless steel or 

Titanium are also available. 

 

  Dimensions - Hastelloy or stainless steel, 2 inch OD x 2-1/2 inch overall height. (The 

cells have a 1/8" upper and lower lip, so the net height is 2-1/4 inches.)  The  internal volume is 

115.8 cm3.  The approximate weight of a 304 Stainless steel standard cell is 37 gm with a 

thermocouple, 1/16” diameter fill line,  and 1-inch straight Teflon stir bar. 

  

  Sample Fill and Pressure Line - Hastelloy or stainless steel tubing; 1/16 inch OD x 

0.010 wall.  Nominal length 2-3/4 inches.  Equipped with tube fitting nut and ferrule for 

attachment to vessel bulkhead connector tee fitting. 
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Figure 2-7   Additional variations of test cell types available from FAI. 
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  Thermocouple - Type K Ungrounded, 0.040 inch OD x 6 inch nominal length, equipped 

with standard male subminiature connector.  Sheath is Type 304 SS.  For a standard 1" teflon 

coated stir bar, the thermocouple is usually centrally positioned 1/2-inch off the cell bottom.  All-

welded test cells feature thermowells into which 0.040 inch OD Type K thermocouples (sold 

separately) may be inserted. 

 

  Stir Bar - Magnetic stirrer bar, Teflon (or glass) coated, nominal dimensions 3/8-inch 

OD x 1" inch long.  Various types of  stir bars can be implemented upon special request. 

 

  Vented Open Cell Vent - Hastelloy or stainless steel vent tube, any specified diameter, 

length (typically 1/8" x 1" or 1/4" x 1 1/4").  

 

  2.2.2 Test Cell, Heater and Insulation Assembly 

  

  Heaters are configured as coiled elements of stainless steel Nichrome heater wire.  There 

are two separate heaters; the "Main" or "Auxiliary" heater (the "driver" heater used to raise the 

test cell temperature), and the "Guard" heater (used to maintain the adiabatic environment).  The 

Auxiliary (test cell) heater has approximately three turns of heater wire over the lower quarter 

and base of the test cell.  The nominal resistance of this heater element is 18 ohms.  After 

inserting the test cell in the Auxiliary (Main) heater, a layer of insulation is wrapped around the 

cell.  This insulated cell assembly in turn fits inside the guard heater assembly.  Note that  the 

test cell should be insulated from the guard heater on all sides – along the  wall, top, and bottom 

with the same thickness insulation layer.  This is illustrated in Fig. 2-8 and detailed in the text 

inset.  It is recommended that a N100 or P100 dust mask be worn when handling the 

Fiberfrax insulation (see Appendix D).  The guard heater consists of two separate, connected 

circuits; the larger comprising the bottom and walls, and the top comprising the lid.  These are 

connected using the smaller male and female plugs (the guard heater's other connectors are 

larger).  The nominal resistance of the guard heater assembly (both elements connected) is 58 

ohms.  A dual zone guard heater divides the guard heater into two zones.  The lower zone 

(controlled by TC2) comprises the base and lower half of the guard heater while the top zone 

(controlled by TC3) comprises the upper half (including the lid heater, which is connected to the  
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Figure 2-8   Illustration of wrapping a test cell with paper insulation. 
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Figure 2-8   Illustration of wrapping a test cell with paper insulation – (Cont'd). 
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Standard Procedure for VSP2 Test Cell Insulation  
The recommended method of insulating the VSP2 test cell is as follows: 
 
 1. Install test cell heater on a test cell. 
 2. Wrap the test cell and test cell heater with 2 3/4" wide paper insulation.  Use one full-

length strip (24") followed by 1/4 of a strip (6") if necessary, depending on thickness of 
paper.  Use masking tape to hold the insulation in place. 

 3. Place a 1/2-thickness disk of Fiberfrax insulation (about 1/4" thick) inside the guard 
heater can. 

 4. Slide the wrapped test cell down into the guard heater can, keeping the vertical leads of 
the test cell  heater away from the TC2 thermocouple. 

 5. Place a full thickness Fiberfrax disk on top of the test cell. 
 6. Install the lid heater on top of the test cell assembly, crimping over the top edge of the 

guard can if desired to hold the lid heater in a fixed position.  A strip of white glass-cloth 
insulation tape can be used to help hold the lid heater securely on top of the assembly. 

 7. Place a large Fiberfrax disk on the containment vessel floor.  If a standard stir plate is 
used, then the large disk should be half-thickness to minimize the distance between the 
test cell and the stirrer to and encourage good magnetic coupling.  With FAI’s powerful 
new "Super Stirrer" a full thickness  can be used. 

 8. Install several large doughnuts of insulation in the vessel to just below where the fill lines 
connect. 

 9. Slide the guard heater/test cell assembly down into this nest.   
10. Connect the fill line(s) and guard heater ground strap(s).  Support the 1/16-inch fill line 

when bending it to avoid a sharp bend in the tube.  Ensure that the 1/16-inch tube is 
aligned with the bulkhead fitting by first rotating the nut counterclockwise until a click is 
heard.  Then tighten the nut finger tight.  Using a wrench tighten the 1/16-inch nut an 
additional 1/8 of a turn. 

11. Continue installing doughnut segments (usually cut in two or three pieces so they can be 
fitted around obstacles). 

12. Use small Fiberfrax discs on top of the test cell assembly, cutting them in half or 
notching as needed to fit around thermocouples and fittings.  Insulate up to the upper 
containment vessel wall penetration.  The overall assembly is illustrated in Fig. 2-9.  
Typically about 12 large "doughnut" rings are used (above the solid base piece). 

 
When wrapping the test cell with the paper insulation, it is helpful to tuck the starting end of the 
insulation strip underneath the vertical leads of the test cell heater.  Subsequent wraps are on top 
of the test cell heater leads.  This provides a snugger fit of the test cell in the insulation, 
minimizing the air gap between the test cell and the insulation.  Elimination of the air gap 
prevents possible convective heat transfer and thereby tends to improve insulation performance 
particularly at high temperatures and pressures.  Normally there is no problem seating the new 
test cell into the test cell heater, but  a twisting motion is necessary for all-welded test cells that 
have a weld bead on the bottom lip.  FAI can provide pre-cut insulation (Parts VSP-031 and 
VSP-032). 
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Figure 2-9   Assembled containment vessel configuration. 
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upper portion of the base).  The nominal resistance of the base zone is 29 ohms and of the top 

zone is 33 ohms. 

  

  Care should be taken to insulate the test cell assembly inside of the containment vessel as 

well as possible.  The heat loss of the assembly during the test will be a determining factor in the 

overall quality of the test data.  It is recommended that layers of ceramic glass fiber "Fiberfrax" 

of a 1/2" thickness be used; this offers a good balance between convenience and insulating 

effectiveness. 

 

  2.2.3 Containment Vessel Connections 

 

  The standard Parr 4 liter containment vessel has seven 1/8" NPT and one 1/4" NPT 

penetrations in the side wall.  The 1/4" NPT penetration is most convenient for passing 1/4" vent 

lines through the vessel wall for external blowdown tests. 

 
  The conventional set-up is shown in Fig. 2-10: 

 

 
 

Figure 2-10   Conventional recommended set-up of VSP2 containment vessel. 
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  The following sequence of steps will complete the internal vessel set-up: 

 

(1) Complete the insulation of the test cell/heater assembly inside the containment vessel (see 

Figs. 2-8 and 2-9). 

 

(2) Connect the Auxiliary (Main) Heater leads to the appropriate heater gland connection on 

the vessel interior; do the same for the Guard Heater.  Before connecting the heater 

cables from the Electronics Cabinet to the exterior of the vessel, a resistance meter 

should be used to insure that the proper heater has been connected to the proper leads 

(recall that the Guard Heater resistance is about 58 ohms, while the Auxiliary Heater's is 

about 18 ohms; the resistance should indicate which heater is connected).  Note:  When 

attaching or removing heater leads to or from the gland connections, the external 

heater cable should be disconnected to ensure that no voltage is flowing to the heaters.  

Electrical tape or vacuum grease should be placed over all heater connections inside the 

containment vessel.  (First, however, the miniature heater connectors should be checked 

for a secure fit and crimped tighter with needle nose pliers if necessary.) 

 

(3) Connect T1 and T2 to the proper connectors.  Again, before sealing the vessel, make 

sure that the proper TC is connected to the proper connector.  Do this by simply 

marking the TC connectors with the appropriate number and by monitoring the signal on 

the outside of the vessel while plugging in TC's. 

 

(4) Ground the guard heater assembly to the test cell fill line.  Because the guard heater 

assembly is insulated from the test cell, it is ungrounded and may cause significant 

electrical noise to the thermocouples in the event of leakage current through the heater 

wire.  A convenient manner in which to ground the guard heater is to connect a short wire 

"jumper" from the guard heater sheath to the fill tube line.  Make sure that the ground is 

"good" by checking with a resistance meter.  The "lid" portion of the guard heater should 

be grounded separately. 
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(5) Install the optional gas deflector plate to prevent insulation from being disturbed by N2 

flow within the containment vessel during a closed system test.  Make sure the standoffs 

face upwards to keep the plate a short distance off the lid of the vessel so that the vessel 

can be properly vented. 

 

Containment Vessel External Connections  

 

 At this point of the set-up, verify that the thermocouple (and associated jumpers for each 

TC connector) cable, transducer cables, heater cable, solenoid box cable, and computer cables 

are properly connected as in Fig. 2-1 of Section 2.1.1. 

 

(6) Bypass Line & Sample Pressure Transducer 

  

  The containment vessel is shipped with the bypass line assembly disconnected.  This 

assembly connects the test cell with the containment vessel, the test cell pressure transducer, and 

the external fill port.  The line is illustrated in Fig. 2-11.  It leads from the "bulk head connector" 

tee fitting (this fitting connects the test cell fill line with the vessel exterior) to a three way 

manual valve ("MV1").  The other extension of the bulkhead connector tee fitting should be 

connected to the test cell pressure transducer (P1).  The three way manual valve can be set in one 

of three positions, open to the atmosphere (external fill line), closed (test cell isolated), or open 

to the bypass line (test cell open to the containment vessel). 

 

(7) Containment Vessel Pressure Transducer & Flexible Hose 

 

  As suggested in Fig. 2-10 the containment pressure transducer (P2) and ball valve are 

normally installed on the center lid port.  The stainless steel flexible hose connecting the solenoid 

box (Vessel port) to the containment vessel connects onto the vessel isolation ball valve.  [For 

extremely rapid pressure rise rates when open system tests are being conducted it is preferable to 

locate the P2 transducer on the wall of the containment vessel using a 1" port connector to 

minimize the distance between the vessel interior and the P2 transducer.] 
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Figure 2-11   Bypass line configuration (shown without auto bypass). 
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(8) Analog Chart Recorder (OPTIONAL) 

  

  To use a chart recorder, the analog pressure signal can be obtained from the "banana" 

jack plugs on the back of the VSP2 control cabinet.  This signal is a linear 0-10 V DC varying 

over the range of the transducer diaphragm being used. 

 

  The temperature signal is not available in an amplified form from the VSP2 controller 

cabinet.  This is because the temperature signal is taken unamplified by the VSP2 cabinet, passed 

through a multiplexer, and sent to the computer.  To monitor the temperature during a test, the  

un-amplified signal going to the controller must be split.  A splitter cable is used to connect the 

test cell temperature on one end, the controller on another end, and the chart recorder on the third 

end.  A small amplifier/linearizer circuit box is then mounted at the chart recorder to convert the 

type K signal to a linear signal of 1 mV per degree Centigrade. 

 

 (9) Containment Vessel Ground Connection  

 

Connect the control box chassis to the containment vessel (usually on the bypass line) 

using the supplied alligator clipped ground cable (not shown in Section 2.1.1).  (Also make sure 

the thermocouple cable grounds are connected to the bypass line as in Section 2.1.1 item (7a).)  

This assures that any extraneous noise currents (especially affecting the thermocouple readings) 

are grounded at the same potential as the entire system, thus avoiding a so-called ground loop.  

 

(10) Sample Fill 

 

  A preliminary step in running any VSP2 test is to charge the test sample.  This can be 

accomplished in one of two basic ways; either the sample is charged to the cell prior to placing 

the cell in the containment vessel (such as adding solid through a 1/4-inch diameter vent and then 

sealing it with a Swagelok fitting), or the sample is charged through the containment vessel wall 

into the test cell which is already in place in the containment vessel; see Fig. 2-12.  The use of an 

auxiliary (dedicated 1/16-inch diameter or 1/8-inch diameter) fill tube allows the sample to be 

conveniently and accurately charged without holdup in the test cell (P1) transducer line.   
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Figure 2-12(a), (b), (c)   See captions above. 
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  In addition to the considerations mentioned in Appendix B for sample loading, one must 

keep in mind for any type of system (whether gas is produced or not) what is the thermodynamic 

critical point for a major component in the sample.  At the critical point the density is much 

lower than at room temperature.  If you know the temperature will approach the critical point 

during a test, make sure the sample charge mass is based on the critical density and not on the 

density at room temperature.  Otherwise the thermal expansion of the sample may cause a liquid 

filled condition when the critical point is reached, causing an hydraulic pressure spike. 

 

  Before running a test the test cell and its connection to the containment vessel should 

always be checked for leaks.  After an empty test cell has been placed in the containment vessel 

and connected,  pressurize the test cell to approximately 20 psig (1.38 bar g) and isolate it. Then 

bleed the containment vessel to ambient pressure.  (One quick way to accomplish this if 

compressed air is available is to open the three way test cell / bypass MV1 valve to the fill port 

and charge a compressed air source.)  Monitoring the pressure of the test cell for 10 minutes or 

so is sufficient to demonstrate pressure integrity.  Alternatively, a pressure check between the 

test cell and containment vessel can be accomplished by pulling vacuum on the containment 

vessel while keeping the test cell sealed at atmospheric pressure. 

 

  To load the sample into an installed (and evacuated) test cell through the containment 

vessel fill port, a syringe is attached to the specially made Luer lock to tube fitting connector 

supplied with the VSP2 (see Fig. 2-12c).  This fitting is attached to the three way test cell /bypass 

isolation valve (MV1).  [Note that if a dual fill line cell is used, then the auxiliary fill line is used 

for sample injection through a separate dedicated straight bulkhead fitting.]  Discharging the 

syringe into the cell via the opened valve is then straightforward.  To obtain a charge mass via 

this method, a mass balance may be kept on the syringe and flask used to charge the syringe.  By 

using an auxiliary fill line, the sample can be charged with minimal holdup.  By subsequently 

flushing the line (by using the charging syringe) using the vapor space of the test cell the fill line 

can be purged.  Following is a recommended procedure for a vacuum fill method: 

 

• Set MV-1 (manual 3-way fill line valve) to the bypass open external shut position. 
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• Evacuate the cell and containment by exposing the vessel to a vacuum source either 

manually (attach a vacuum pump to vessel) or utilizing the VSP2 vacuum solenoid 

connection. 

 

• When low pressure is reached isolate the vessel and test cell. 

 

• Insert sample source line to external side of MV-1. 

 

• Turn MV-1 to external open  with sample contained in a syringe attached to MV-1 fill 

port (see Fig. 2-12). 

 

• Return MV-1 to test cell isolated position. 

 

  If the sample is too volatile to be loaded under vacuum (or if it is desired to inject against 

an existing high back pressure), then a pressurized injection can be made using a stainless steel 

injection piston (see Section 4.2).  This is easily accomplished by evacuating the test cell as 

before (to purge inert gas) and connecting the external side of MV-1 (or the auxiliary fill line ball 

valve) directly to an injection piston (or syringe pump) for loading. 

 

  After charging the sample place a Swagelok plug on the atmospheric port of 3-way valve 

(and the 2-way valve if using an auxiliary fill line). 

 

  Alternate sample filling procedures may be used to fill the test cell external to the 

containment vessel.  For viscous or solid samples a Vented (Type II) test cell may be used by 

charging through the vent as shown in Fig. 2-12.  (Also see Section 4.1.)  After charging, the 

vent may be capped with a tube fitting cap if desired.  If this is done, it is recommended that the 

vent be no longer than 1¼" in order to minimize vapor reflux inside the capped vent tube.  (This 

length also permits insulation to snugly fit between the lid of the test cell and the lid portion of 

the guard heater.) 

  

  At this point the VSP2 is ready for test operations. 
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2.3 Test Operations with Windows Software (Version 4.3.0) 

 

  Note: From the Setup Screen, clicking on Help accesses this manual in PDF format.  

Adobe Acrobat must be installed on the computer. 

 

  2.3.1 Software Operations 

 

  The initial software screen (Test Description) allows you to enter the test name, test cell 

description, and sample description.  (Upon leaving this screen, it is simply minimized as "Test 

Summary" and may be recalled at any time to update initial information or test operator actions.  

After the test, the information is saved as a summary file TESTNAME.SUM.  One may return 

later to this screen if desired.)  Key events (such as when the heaters are enabled or disabled, the 

operators’s changing of test control parameters) are automatically logged to the test summary file 

which facilitates report writing after a test run.  The second screen (Test Setup) is where one 

chooses any Options (from a pull-down menu) as to the type of run.   These options are: 

 

• Standard Operation (Default) 

• Multizone Guard 

• Isothermal (Adiabatic Tracking) Operation (with or without Multizone) 

• Isothermal (Constant Guard) Operation (with or without Multizone) 

 

The Preferences pull-down menu allows you to choose alternate pressure units (bar or kpa).  If 

you are running a test identical to a previous run, you may utilize the Setup File pull-down menu 

and open a previously saved setup file.  (Of course you may save your modified setup file with a 

custom name for future use in the Setup pull-down menu.  The default setup file is 

DEFAULTSETUP430.DTA.  We recommend that the user not permanently change the 

parameters in the default file, but save customizations under a different name.  Setup files in 

Version 4.3.0 are not compatible with previous software versions.)  The Help pull-down menu 

accesses this manual in PDF format. 
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  From the Test Setup screen you may proceed to the Calibrate Temperature and 

Pressure screen.  The Calibration screen allows one to monitor temperature and pressure (using 

the appropriate pressure unit/volt calibration factor) readings and make any adjustments using 

the trim pots (adjustable potentiometers) on the front panel of the VSP2 console.  The Validyne 

transducer range/10 = the calibration factor in psi (or bar or kpa) per volt.   

 

  [The Version 4.3.0 utilizes the PCI DAS 1602 which is configured to read inputs from –

10 V.D.C. to 10 V.D.C.  Therefore one has the benefit of being able to read any temperature and 

make full use of the 0 to 10 V.D.C Validyne pressure transducer range (unlike previous 

restrictions).] 

 

  The transducer signal conditioner sends a linear signal of 0 to 10 V DC to the computer.  

Using a 2000 psi (138 bar) diaphragm therefore results in a psi/volt (bar/volt) value of 200 

psi/volt (13.8 bar/volt or 1379 kpa/volt).  It is recommended to use the default value of 

barometric pressure (14.696 psia or 1.013 bar a or 101.325 kpa) unless the actual barometric 

pressure varies by more than 1 psi (.07 bar or 7 kpa).  To calibrate pressure, the VSP2 pressure 

transducers must be exposed to a known pressure ("known" pressure values are obtained using a 

reference calibration pressure gauge).  The zero and gain "pots" (potentiometer adjustment 

screws) on the front panel of the VSP2 main console are then manipulated to make the pressure 

value displayed on the screen agree with the known pressure.  This is accomplished by adjusting 

the zero pot when the transducer is at zero psig (0 bar g or 0 kpa g) until the screen reads zero, 

and adjusting the gain pot to adjust the pressure signal at a non-zero pressure.  Note that the gain 

pot should be adjusted at a pressure level which corresponds to the approximate peak level 

expected to be measured during a test.  Pressure calibration is an iterative process; several 

adjustments may be necessary before acceptable agreement is reached over the pressure range of 

interest.  If difficulty is encountered during pressure calibration, it may be helpful to monitor 

output voltage on a voltmeter attached to the pressure output jacks on the backside of the VSP2 

main console.  For well operating equipment with 2000 psi (138 bar) diaphragms, our experience 

has shown one may expect a tolerance for pressure of 2-3 psi (.14-0.21 bar).  The official 

accuracy of the Validyne transducers is 0.25% of full scale (e.g. 5 psi (0.34 bar) for a 2000 psi 

(138 bar) diaphragm. 
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  Note that proper transducer maintenance is important to achieving a good calibration.  

Flush the transducers after each test to avoid buildup of contaminants, and replace the body bolts 

and O-rings periodically depending  on service conditions (also see Sec. 2.4). 

 

  Temperature readings (millivolts from the type K thermocouples) are amplified by a gain 

of 200 through the EXP-16 board inside the control box and then sent to the computer.  After 

reading the amplified signal through the DAS16 card, the computer program converts the signal 

to degrees Celsius through standard type K thermocouple table  incorporated in the software.  

One simply compares the readings to the input from a thermocouple simulator (type K) and if 

necessary enter an offset (say plus or minus 1 degree if necessary) to ensure the readings agree 

with the input.  (Creating a polynomial to fit temperature to voltage is no longer necessary).  

When one exits the calibration screen any required temperature offset is utilized in the test run 

and recorded in the Test Summary File.  Note it is required that thermocouples be plugged into 

any vacant channels not being used for a particular test in order to avoid wild temperature values 

from being recorded in the data file.  Likewise, for unused pressure channels (P3 and P4) it is 

recommended to adjust the zero (assuming this can be done with a few turns) to avoid large 

negative numbers from being entered in the data file. 

 

 
 

Figure 2-13   Calibration screen from VSP2 4.3.0 software. 
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When one has successfully verified good pressure and temperature signals, return to the Setup  

screen and complete the parameter selection process before proceeding to Go to Test Screen. 

 

  The details of the four types of operation as described below.  

 
 Set-up parameters common to all test types are listed in Table 2-2. 
 

Table 2-2 

Parameters Common to All Test Types 

 
Parameter Description Comments 

Default data directory C:\VSP2\Data\ May modify as desired 
Barometric pressure 

 

Used in converting absolute 
pressure to gauge pressure for 
display and file recording 

Only modify if barometric 
pressure is substantially 
different that 1 atm. 

Auto shutoff status & criteria 

 

Criteria for turning off both the 
auxiliary and guard heaters and 
beginning cooldown (while 
maintaining pressure control for 
closed system tests) 

Defaults are 350°C, 1000 
psig (69 bar), and 9999 
min. 

Data logging interval* Criteria for recording data on the 
data file 

Defaults are 2°C, 2 psi, 2 
min. 

Cooling logging interval If auto shutoff is invoked the time 
interval for data recording is 10 
min. 

May be modified 

Min. test cell ΔP Minimum P1-P2 difference for 
automatic pressure tracking 

Default 20 psi (1.379 bar) 

Max. test cell ΔP Maximum P1-P2 difference for 
automatic pressure tracking 

Default 40 psi (2.758 bar) 

*Improvements in Version 4.3.0 permit automatic recording up to 100 data points per second 
hence there is no longer a "fast data" button. 
 

Setup Parameters for Standard Operation and Multizone Guard 

 

 Parameters specific to standard operation (with either type of guard heater) are shown in 

Table 2-3.  The default heatup mode for the sample is constant power.  The user may select 

constant rate mode instead.  In this mode the software adjusts the power to yield a specified 

heatup rate. 
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Table 2-3 

Heater Control Parameters for Standard Operation and Multizone Guard Set-up 

 

Parameter Description 
Heater Control Choice between Constant Power* and Constant Rate  
Perform AHWS* A program to heat to specific temperatures and hold a 

specified time to determine if the sample is self-heating  
AHWS Quick Setup A feature to specify the initial and final hold temperature, 

the temperature interval, hold time, and heater power/rate 
between holds. 

Continue AHWS after first runaway 
reaction? 

If an exotherm concludes prior to reaching the peak hold 
temperature, then AHWS continues (until the final 
temperature is reached).  ("Yes" is the default.) 

Auxiliary heater cutoff temp. If AHWS not chosen, the temperature at which the 
auxiliary heater will be turned off.  Can be changed 
during a run. 

* = defaults 

AHWS = Automatic Heat-Wait-Search 

 

Set-up Parameters for Isothermal (Adiabatic Tracking) Operation 

 

For Isothermal (adiabatic tracking) operation the user enters a T1 Setpoint value, which 

is the temperature that the program will maintain using the auxiliary heater (under PID control).  

The guard (or multizone) heater should also be turned on to maintain adiabatic conditions.  The 

user may specify a maximum percent auxiliary heater power.  (The default value is 50%.)  This 

is desirable especially in the case of a solid material to moderate the heat flow into the sample 

during the time interval of the heatup from room temperature to T1set.  To allow the PID 

algorithm to precisely raise the sample temperature to T1set, the auxiliary heater power is 

automatically reduced to 5% power when T1 reaches 90% of T1set.  For example, if T1set is 

specified as 50ºC, the auxiliary heater power is reduced from the initial user specified maximum 

percent power (default value of 50%) to 5% power at 45ºC.  Once the sample temperature 

reaches 50ºC, the user may now increase the auxiliary maximum power percent (not normally 

necessary unless at extreme temperatures or pressures). 
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If a second hold temperature is desired, simply enter a new value of T1set and increase the 

auxiliary maximum percent power to a reasonable value.  The auxiliary heater will now raise the 

sample to the new T1set (again, when T1 = 0.9 T1set, the power will be reduced to 5% to 

smoothly approach the new T1set).  (Remember one may also choose between low and high 

auxiliary heater power.) 

 

Set-up Parameters for Isothermal (Constant Guard) Mode 

 

For Isothermal (constant guard) operation the user enters a T2 Setpoint value, which is 

the temperature that the program will maintain using the guard (or multizone) heater by means of 

PID control.  In this mode, the user is also prompted to enter an auxiliary heater (boost) power 

used to raise the temperature to the desired hold temperature.  (Because of the layer of insulation 

between the test cell and the guard heater the auxiliary heater is used to quickly preheat the 

sample to nearly the hold temperature T2set.  Otherwise it would take a considerably longer time 

for the sample to equilibrate to T2set merely using the guard heater.)  The user may change the 

T2set value during a test (as well as the boost auxiliary power level).  If a runaway reaction 

suddenly occurs after holding the system at T2set, the program will switch over to adiabatic 

tracking (Standard Operation) mode (this occurs if T1-T2 exceeds three degrees centigrade).  

Upon program restart the user must respecify the desired type of operation from the Options 

Menu.  If the user presses the "Switch to Adiabatic" button, the program changes to Isothermal 

(Adiabatic Tracking) mode.  (Now the T2 set point becomes T1 set point and Aux Boost % 

Power becomes Aux Max Power %.)  Note the Test Summary file records the last (final) heater 

mode parameters, not the initial conditions. 

 

Test Name 

 

The default test name is "T" followed by the numeric date followed by two zeros.  For 

example, T02180200 for February 18, 2002.  Every time a test is completed (e.g. a data file is 

closed on the computer) and the set-up screen is brought up, the test name consecutively 

increments the last two digits to reflect each successive test performed on a given date.  Of 

course, the user may enter their own test name, to which the computer will add two zeros in 
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order to prevent duplicate test names on a given day.  The two zeros added to user-specified test 

names simply reflect successive data files.  The date is not used except as a default data file 

name (with the prefix "T"). 

 

 
 

Figure 2-14   VSP2 set-up screen. 

 

Solenoid Valve Operation 

 

 To manually activate the solenoid valves, simply click on the appropriate valve in the 

upper right hand corner of any test screen.  For automatic pressure tracking, click on "automatic" 

button in any test mode.  The automatic pressure tracking feature works the same in all test 

modes (adiabatic and isothermal).  At the beginning of the test one must select "automatic" as the 
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initial default is "manual".  For convenience in preparing the test cell/containment vessel for 

initial conditions, the solenoid valves may be manually manipulated from the test screen even 

before “Start Test” has been activated.  The "automatic" feature only works after the test has 

begun.  The "automatic" feature is for closed tests and maintains the specified pressure 

differential between the test cell and containment vessel (a unique, patented feature of the VSP2 

calorimeter).  The default minimum interval between P1 and P2 is 20 psi and the default 

maximum is 40 psi.  For open tests no pressure equalization is necessary since the test cell vent 

provides such equalization.  In that case the containment vessel is usually sealed after imposing 

some initial pressure of nitrogen.  (Additional information about open system tests is provided 

later.  This includes use of the Test Cell Blowdown and Quench Vessel Blowdown features in 

Section 2.3.3.1).     

 

Auxiliary Heater Modes (Standard Operation) 

 

  There are two modes of operation for the Auxiliary Heater.  (Again, this is the "Main" 

heater which fits directly onto the test cell.)  

 

  In the Constant Power mode, heater power is maintained at a constant value.  Although 

the heatup rate may tend to decrease with increasing temperature, the change in rate is not 

significant, and use of the constant power heatup mode usually results in a fairly linear heat up 

rate.  This is the appropriate mode for simulating fire exposure.  With a typical 80 g organic 

sample, initial constant (low) power settings of between 30% and 40% will result in heatup rates 

of about 2°C/min.  For heating a test cell containing solids a heater power (low voltage) of 15% 

is recommended.  Constant power mode should also be used when screening liquid samples for 

exothermic activity because the reaction onset is not masked by a decrease in heater power that 

occurs in Constant Rate Mode (where power is cut back if self-heating occurs). 

  

  In the Constant Rate mode, heater power will be adjusted using PID control to hold a 

prescribed rate of sample temperature rise.  The power will generally increase with increasing 

temperature.  (Note that this is not a suitable mode for simulating fire exposure since the heater 

will decrease its output in response to reaction heat being generated.)  It is possible at some stage 
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for the heater power to reach 95% in low voltage mode.  In order to proceed to higher 

temperatures, it is necessary to switch to high power mode to keep a constant heating rate.  This 

can be done automatically by clicking in the "Auto Hi/Lo" box next the Aux heater enable button 

(see Fig. 2-15).  The auxiliary heater manual switch on the front panel of the VSP2 electronics 

cabinet must then be in the AUTO position.  One may also lock in the heater power (by clicking 

LOCK HEATER POWER button) to maintain a constant auxiliary heater power after achieving 

a desired heatup rate.  This effectively converts the program over to constant power mode.  One 

may still adjust the auxiliary heater power by now clicking on the percent heater power and 

entering a different value. 

 

 
 

Figure 2-15   Test screen from VSP2 Version 4.3.0. 



2-43 

Auto Heat-Wait-Search Function 

 

  The VSP2 will heat a sample to a desired temperature using the auxiliary heater.  When 

the desired temperature is reached, the heater is turned off, and the guard heater will work to 

maintain a guard temperature equal to the test sample's temperature (adiabatic mode).  When the 

test sample temperature increases due to reaction heat, the guard temperature will respond so that 

reaction energy is kept in the test sample.  In this manner, there should be a minimal temperature 

gradient across the test cell wall and the test sample remains essentially adiabatic.  

  

  VSP2 tests are often run using a "Heat Wait Search" method.  With this method, a sample 

is heated to a desired temperature, then held adiabatically to search for an exotherm.  If an 

exotherm is found, it is followed adiabatically to completion.  If no exotherm is detected after a 

specified time period, the sample is heated to a higher search temperature and held there again.  

This process of heating and searching is continued until an exotherm is detected.  If done 

manually, this process may require hours of careful operator attention and action.  To eliminate 

this need for operator action, the VSP2 offers automated heat-wait-search capabilities. 

 

To program heat-wait-search, select "Yes" (the default) under "Automatic Heat-Wait-

Search" (on the Setup Screen).  The default program consists of holds each 20ºC from 100ºC to 

300ºC.  To specify a different regimen, use "Quick AHWS setup" (button on the set-up screen) 

to specify initial hold temperature, final hold temperature, and temperature interval and heater 

power (rate) and hold time (stabilization period and programmed hold period of Table 2-4) for 

each step.  Then upon returning to the main setup screen, modifications (such as to heater power) 

to a particular step can be made. 

 

 An exotherm is deemed "detected" when the temperature rise during the programmed 

hold (see Table 2-4) exceeds the programmed hold period duration times the specified criterion 

for self-heating.  For example, if a 0.2°C/min criteria is specified, and the programmed hold 

period is 10 minutes, the temperature must rise by more than 2°C during the programmed hold 

period in order for an exotherm to "be detected".  If an exotherm is not "detected" then the 

software will continue onto the next heatup step. 
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The recommended total hold time is 25 minutes (i.e. resulting in a 20 min programmed 

hold) for a self-heating criterion of 0.10°C/min.  The minimum hold period is ten minutes.  "Stop 

Heat-Wait-Search (AHWS) after first run-away reaction" (see Fig. 2-14) refers to the ability of 

the program to continue or stop the Automatic Heat-Wait-Search after the first runaway reaction 

if the peak temperature is less than the final AHWS auxiliary heater cutoff temperature.  The 

default is "No".  The following table describes the status line of AHWS which appears on the 

Data Acquisition Screen: 

 

Table 2-4 

Heater Control Messages (Normal Adiabatic Operation)    
 

Message Meaning 
Standby Auxiliary heater status before the auxiliary heater has been  

Turned on when using automatic heat-wait-search.  
Heatup Status while auxiliary heater is on for a specified HWS 

Step (while temperature is being ramped up to the next hold point). 
Stabilizing Status during the first five minutes after the auxiliary heater  

has been turned off (the first portion of a hold period). 
Programmed Hold Final portion of a hold period, after the first five minutes, 

during which the measured temperature  rise (°C) is compared 
with the product of the programmed hold (minutes) and the 
exotherm detection criterion (°C/min). 

Exotherm Detected Suspension of next heatup step in order to remain in adiabatic  
mode to track exotherm. 

Cooldown After all heaters have been turned off (activated by Auto Shutoff 
or by user clicking on "start cooldown"). 

Manual Aux. Heater 
Mode 

Status when user has de-activated automatic heat-wait-search or 
selected manual auxiliary heater mode from the setup screen. 

 

During a particular AHWS heatup interval the heater power/rate (constant percent or 

constant rate) can be changed by clicking on the "Aux. Heater % Power" box and entering a new 

value of power or rate.  The criterion for self-heating (°C/min) may also be changed.  When an 

exotherm has been detected, the guard heater remains on to follow the exotherm to completion.  

(If Auto Shutoff has been enabled, it is possible the test could end prematurely if a temperature, 

pressure, or time criterion is met before the exotherm is over.  The Auto Shutoff criteria should 

be selected with safety and data optimization in mind.) 
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To disable Automatic Heat-Wait-Search, click on "Disable AHWS" and operate the 

heaters in manual mode.  [Note that you may have to turn the auxiliary heater off and back on 

(by clicking on the "Disable" and then the "Enabled" button) if AHWS has been disabled.]  Then 

the auxiliary heater power/rate level may be entered, along with the cutoff temperature (which 

needs to be specified if AHWS has been disabled).  These parameters may be changed from time 

to time as deemed necessary for a particular test. 

 

  Note that the onset detection limit for the VSP2 depends on several variables which will 

change from test to test.  These variables include (but are not limited to) sample mass, 

containment pressure, sample specific heat, TC calibration, open vs. closed testing, length of the 

hold period, the programmed criteria for self-heating, and insulation quality.  It is suggested that 

after concluding any present reaction is below the detectable temperature rise limits, the search 

temperature be raised by 10°C. 

 

 Guard Heater Operation 

  

  The guard heater is enabled by simply clicking on the "Enable" toggle from the test 

screen and making sure the front panel Guard heater switch is in the AUTO position.  The 

software assumes the default Guard heater switch setting is AUTO.  The software changes the 

power from low to high at around 72% (low).  When high power is no longer needed, it reverts 

back to low power.   

 

Multi-Zone Guard Use in All Program Modes 

 

 The Multi-Zone guard operation is identical to standard operation with the addition of the 

top zone guard control (based on an additional thermocouple T3).  The Multi-Zone Control Box 

must be connected using the auxiliary cable 5-Pin Amphenol connector.  Additional 

thermocouple and heater glands must be installed on vacant ports on the containment vessel to 

accommodate the additional thermocouple and heater power leads.  The top zone heater leads 

should be plugged into the "multi-zone" portion of the heater cable. 
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TC2 Adjustment Factor (Set On Any Test Screen) 

 

 This factor is invoked from any test type screen (not from the Setup screen).  To combat 

downward drift during a hold period (usually only necessary under concurrent high temperature 

and pressure conditions while searching for an exotherm), one may enter a negative value (such 

as –1.0) to allow the guard heater (or multizone heater) to maintain a positive differential with 

the sample instead of the usual zero degrees differential.  One may adjust this parameter as 

necessary to minimize downward drift.  See Section 4.8 for a specific example. 

 
Auto Off Test Termination 

 

  Automatic test termination (means heaters turned off and cooldown begun) can be 

programmed either from the set-up screen or from the data acquisition screen.  The user selects 

time, temperature, and pressure criteria.  For a closed system test with automatic pressure 

tracking, the automatic pressure control will continue automatically after the heaters are  turned 

off.  Note that the data acquisition frequency is reduced to an adjustable default of 10 min during 

cooldown.  

 

In order to end a test you must click on "Exit" and then respond "OK" to confirm that you 

want to exit.  Note that the user may copy an open data file to a storage media (thumb drive) or 

to another networked computer at any time during a test run.  The Test Summary file may only 

be copied upon successful test termination. 

 

Go To Test Screen 

 

Click on "Go to Test" to display the "Data Acquisition Control" screen, Fig. 2-15.  In 

addition to the display of the test control parameters already discussed, temperatures and 

pressures and their rates of change, the following special options/features are displayed on this 

screen:  Auxiliary and guard heater power status and control,  Auto Bypass shutdown pressure 

(Section 2.3.2), Enable (Disable) Quench Vessel Blowdown (Section 2.3.3.1), Enable (Disable) 
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Test Cell Blowdown (Section 2.3.3.1), Pressure Control (Automatic vs. Manual), and TC2 Drift 

Adjustment factor. 

 

When the Test Screen is initialized, temperature and pressure data are being read and 

displayed but not logged until the "Start Test" button is pressed.  This allows the user to 

evacuate or pressurize the containment vessel/test cell to establish an initial pressure condition 

before logging the data in the data file.  (The solenoid valves may be operated under manual 

control mode before the "Start Test" button is clicked.)   

 

In the Windows software under manual pressure control, clicking on the desired valve 

button activates a solenoid valve.  To deactivate that valve click on "ALL CLOSED", not on the 

activated valve.  You may also click on another valve to simultaneously deactivate the previous 

selection and activate a different selection. 

 

After clicking on "Start Test" button, click on the auxiliary and guard heater control 

buttons (ENABLE) to turn on the heaters.  (Make sure that the VSP2 front panel rotary switches 

are also in the desired positions and that the stirrer is on.)  For a closed system test ensure that 

the solenoid control box is properly set (throttle valves); then click on "Automatic" 

operation under Pressure Control.  Make sure appropriate manual ball valves are also open.  

The nitrogen throttle should start at a quarter turn open while the vent throttle can be fully open.  

Heater operation is verified when a red button flashes on the screen at the same time that the 

corresponding red LED lamp illuminates on the front panel of the VSP2.  (A failure to illuminate 

the front panel LEDs when the computer is activating the heaters indicates a blown fuse or 

heater, or some break in the electrical connection somewhere in the system.)   

 

On-Screen Plots 

 

 Version 4.3.0 plotting options (Full Run and Snapshot) allow the user to specify which 

variables are to be shown at any time. The key feature of the "Plot Full Run" is  auto-rescaling of 

both the time, temperature, and pressure axes. The "Plot Data Snapshot" capability allows the 

user to specify the time, temperature, and pressure scales during a run.   Upon plotting the next 
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data point after the changes have been entered, the new scaling (or modified variable selection) 

takes effect.    An example of a full-run plot is shown in Fig. 2-16. 

 

 
 

Figure 2-16   Sample screen display for full run plotting. 

 

Display Limitations (Screen Updates) 

 

  In order to guarantee heater and pressure control each 50 milliseconds and data logging 

up to 10 milliseconds, screen updates will be paused during fast pressure or temperature events.  

Be assured that heater and pressure control (including Autobypass and Autoshutdown) functions 

are being accomplished even if the screen update is paused. 

 



2-49 

Data Reduction and Plotting 

 

  REDUCE recognizes pressure units of psig, barg, and kPag.  If a multizone heater is used 

the power to the top zone is indicated as a 12th column in the data file.  REDUCE recognizes 

standard operation (11 columns in the raw data file) and Multizone operation (12 columns in the 

data file).  Note a minus sign in front of a heater power (columns 10, 11, 12 of the raw data) 

indicates high power mode (assuming the auto lo-hi box is enabled during a test run).  

(Remember to turn the auxiliary and/or guard rotary switches to the Auto position to allow the 

software to change the voltage range from low to high.)  After stopping the test, data can be 

reduced and plotted by selecting REDUCE from the start button menu associated with the VSP2 

software.  The Windows REDUCE software accomplishes two tasks: first, it "reduces" data from 

a test by calculating temperature and pressure rates (linearized if desired); second, REDUCE 

creates graphics plot files for use by XYPLOT2 and Windows Multi-Plot.  Manuals for 

Windows Multi-Plot and XYPLOT2 are included separately. 

 

  In calculating the self-heat and pressure rise rates, REDUCE offers the option of least 

squares linear regression.  (The resultant rate data are said to be smoothed.)  The user specifies 

the odd number of points to linearize over.  In choosing an appropriate linearizing interval, it is 

recommended that several intervals be tried and resultant plotted data compared.  As a general 

rule, 5 point linearizing is typically appropriate when the default data save time criteria is at least 

120 seconds.  The linearized rate data (slope of temperature dT/dt or pressure (dP/dt)) is assigned 

to the center point of that group of data points. 

 

  During reduction, REDUCE also optionally performs three useful functions:  calculation 

of a first order rate constant (units of sec-1), time correction, and pad gas pressure correction.  To 

calculate a first order rate constant, REDUCE will require the peak reaction temperature Tmax 

(ºC) achieved during the test.  This can be obtained either by manually searching the raw data 

file or by plotting the data once before choosing to calculate a rate constant.  The rate constant is 
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where dT/dt is the self-heat rate (ºC/min) at T (ºC). 

 

  Time correction is appropriate when a second test has been manually started before an 

experiment of interest is completed (for instance, if a separate cooldown test is begun after a 

reaction has concluded).  The second test will begin with time = 0.  To make post test data 

interpretation more convenient, this start time should really include the entire time duration of 

the initial test.  The time correction function allows for this correction by allowing a user to 

"add" time to a test.  (Note that test time is continued uninterrupted during the cooldown portion 

of a test in which  the automatic heater shutdown or auto bypass features are used.) 

 

  The pad gas correction function allows for subtracting temperature adjusted pad gas 

pressures from the test cell pressure data.  Often it is useful to determine a material's vapor 

pressure by plotting log of test cell pressure versus reciprocal absolute test sample temperature.  

The measured cell pressure, however, includes a pad gas pressure (unless the test was started 

with a complete vacuum in the cell).  To correct for this, REDUCE can subtract a predicted or 

estimated pad gas pressure Ppad (at a reference temperature Tpad) from the cell pressure for each 

data point of the test.  REDUCE prompts the user to input the initial pad gas pressure at a known 

initial temperature, and uses the ideal gas law to predict the pad pressure contribution at other 

temperatures.  The following equation is used: 

 

  Pcorr  = Pmeas – Ppad (Tmeas/Tpad) 

 

where Pcorr is the corrected pressure and Pmeas is the measured pressure corresponding to the 

measured temperature Tmeas (in absolute units). 

  

  In addition to creating the TESTNAME-S.REDUCED file, REDUCE will create a 

graphics plotting file which is conveniently plotted by the separate Multi-Plot code.  This file is 
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called TESTNAME-S.GCL.  It will generate a set of five standard plots, including time vs. 

temperature, time vs. pressure, inverse temperature vs. log dT/dt, inverse temperature vs. log 

dP/dt, and inverse temperature vs. log pressure.  To change these plots, the TESTNAME-S.GCL 

file must be edited and replotted.  Common useful changes include changing the scale of plots, 

adding text to plots, and overlaying several data sets from different tests onto a single plot.  The 

Multi-Plot manual should be consulted for instruction regarding this. 

  

  2.3.2 Closed System Tests – Pressure Control Recommendations 

  

  SAFETY NOTE:  A Swagelok plug should be installed on the atmospheric port of the 

three-way-valve after beginning a test.  This helps prevent accidentally opening the three-way-

valve in the wrong direction.  Note the procedure for tightening the packing nut on the 3-way 

valve (Sec. 2.4).  Also consider installing on the containment vessel an optional manual vent line 

(Figs. 2-5 and 4-4) in case the need arises to manually vent the containment vessel directly to the 

fume hood (possibly through a scrubber). 

 

  When performing  a closed test, the computer will work to keep the containment pressure 

within a specified bandwidth of the test cell pressure.  The pressure band width that the 

containment vessel will lag the test cell by is specified in the set-up screen as shown in Fig. 2-14.  

Values of [20] (1.38 bar) and [40] psi (2.76 bar) are recommended for 0.007 inch wall 

thickness test cells; if using a thin wall cell (e.g. 0.005 inch wall thickness) then values of [5] 

(0.3 bar) to [15] psi (1.0 bar) are recommended.  FAI's closed stainless steel and Hastelloy (of 8 

mil wall thickness) test cells can actually withstand a differential pressure of at least 200 psi 

(13.8 bar), and may remain intact to differential pressures in excess of 400 psi (27 bar) (at 

differentials in excess of 50 psi (3.4 bar) the cells begin to "bulge", which will change the cell 

volume). 

 

The VSP2 features a 5/16-inch orifice nitrogen solenoid valve with a rating of 1500 psig 

(103 bar g).  Therefore the peak nitrogen inlet pressure (e.g. the outlet from the nitrogen cylinder 

regulator) should be limited to 1500 psig (103 bar g) and the nitrogen throttle valve (on the VSP2 

Solenoid console) should be 1/4 turn open initially.  The vent throttle on the solenoid console 
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may be left fully open for most closed system tests since the vent and vacuum solenoids are 

1/32-inch orifice valves (with a 3000 psig rating) (207 bar g).  The nitrogen solenoid requires a 

small amount of nitrogen flow through it in order to seat the valve (starting from a de-pressurized 

condition).  A minimum regulator setting of 500 psig (34 bar g) is recommended to ensure that 

the nitrogen valve "seats" properly.  Thus the containment vessel pressure may rise 2 to 3 psig 

(0.14 to 0.20 bar g) when nitrogen is initially admitted to the solenoid console  and the nitrogen 

throttle valve is slightly open. 

 

Pressure Balancing Example:  25% DTBP in Toluene 

 

A good way to practice using the automatic pressure control is to run 25% di-tert-butyl 

peroxide in toluene.  Use 10 gm of DTBP and 30 gm of toluene in a closed test cell (initially 

evacuated).  Heat to 130°C at ~ 2°C/min (e.g. 25% low auxiliary heater power) and allow it to 

self-heat.  The nitrogen regulator outlet pressure should be 1000 psig (69 bar g) to 1200 psig (83 

bar g) since the pressure rise rate increases rapidly (~5000 psi/min) towards the end of this 

decomposition.  The nitrogen throttle valve on the solenoid console should be initially 1/4 turn 

open and be increased as the runaway proceeds above 170°C.  The peak temperature will be ~ 

253°C and the pressure will rise to ~ 700 psig (48 bar g) (assuming the containment pressure 

control is managed to keep pressure differential with the test cell within 40 psig (2.8 bar g) so the 

test cell does not expand).  Upon cooldown the sample pressure will be around 200 psig (13.8 

bar g) (assuming the test cell has not bloated).  Because of this pressure upon cooldown the cell 

must be slowly vented to atmospheric pressure.  Connect a needle valve (Whitey SS-OVS2 or 

SS-2MG or SS-SS2) to the outlet of the three-way valve and use automatic pressure control to 

vent the containment vessel.  Make sure the VSP2 Solenoids Box vent throttle is fully open and 

very carefully open the three way valve slowly to the right (through the needle valve which 

should be open just slightly) to vent the gas from the cell.  If you do not use a needle valve and 

open the 3 way valve to atmosphere all at once then the test cell will be "crushed" by the 

pressure in the containment vessel, causing material to be squeezed out of the test cell.  This is a 

hazardous condition.  Therefore it is wise to attach a needle valve (as mentioned here) to the 

three way valve to slowly depressurize the test cell (with pressure control on to depressurize the 
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containment vessel automatically).  Be aware of entrained toluene being vented along with the 

gas.  (It helps to turn off the stirrer during venting of the gas.) 

 

NOTE:    IF THE TEST CELL OR CONTAINMENT VESSEL CONTAINS 

TOXIC GASES THEY MUST BE SCRUBBED THROUGH APPROPRIATE 

NEUTRALIZING AGENT(S) AND NOT VENTED DIRECTLY TO THE 

ATMOSPHERE.  SEE SECTIONS 4.5 AND 4.6.   

 

Limiting the Test Cell and Containment Vessel Pressure 

  

  The maximum allowable working pressure (MAWP) of the standard VSP2 containment 

vessel (manufactured by Parr) is 1900 psig (131 bar g) at 350°C.  Although the vessel should not 

be operated above this pressure, it should also not be in danger of failure until it reaches 

pressures in excess of 2 x MAWP, or 3800 psig (262 bar g).  The vessel comes from FAI 

equipped with a rupture disk with a burst pressure as indicated on the disk tag.  The burst 

pressure is typically 1900 psig (131 bar g).  The pressure in the vessel should never be allowed 

to approach this level.  It is recommended to keep the containment pressure below 1300 psig (90 

bar g) (70% of the rupture disk set pressure – to avoid bulging the  rupture disk as per 

manufacturer recommendations).  Pressure in the containment vessel is most likely to become 

very high during closed cell tests when the computer is working to balance the test cell pressure 

by pressurizing the containment.  It is advisable to never set the nitrogen regulator output 

greater than 1500 psig (103 bar g).  Some closed test reactions may not be containable in the 

closed cell (due to gas generation from chemical reaction/decomposition or thermodynamic 

critical or supercritical conditions of organic compounds being reached).  In these cases the 

containment vessel should be sealed (isolated) (see Fig. 2-10) just before the cell ruptures (in 

order to collect the most data before the test ends).  One may do this manually or automatically.  

To manually isolate the containment vessel simply close  the ball valve mounted on the lid of the 

containment vessel (assuming the vessel is configured as in Fig. 2-10).  To automatically isolate 

the containment vessel set the "Auto Bypass" pressure to the desired level (first click on the 

"Auto Bypass" box from the Data Acquisition screen).  If the pressure in the test cell reaches the 

specified auto bypass pressure, then the closed system pressure control ceases and all four 
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solenoid valves are closed for the remainder of the test.  This effectively seals the system.  The 

heaters will be turned off a few minutes later.  The Auto Bypass pressure is normally set at 1100 

psig – 1300 psig. 

 

  If the test cell ruptures after the auto bypass pressure is reached, then it will be contained 

in the sealed containment vessel.  In that case, wait for the sample to cool down.  Close the 

vessel isolation ball valve (if not already closed).  Follow these steps to subsequently vent the 

containment vessel (into the fume hood but preferably not through the solenoid box). 

 

(a) Make sure the ball valve on the lid of the containment vessel is closed. 

(b) Turn off the nitrogen supply and restart the test on the computer. 

(c) Click on the "vent" solenoid to vent nitrogen pressure in the lines. 

(d) Remove the flexible stainless steel hose ABOVE THE SEALED BALL VALVE (above 

the lid of the containment vessel assuming the set-up in Fig. 2-10 is used). 

(e) Slowly vent the contents of the containment vessel.  USE A SCRUBBER MEDIA IF 

ACIDIC OR TOXIC COMPOUNDS ARE PRESENT.  

   

 If you desire to deactivate the Auto Bypass feature (before the test cell has reached the Auto 

Bypass pressure) simply click again on "Auto Bypass".  

 

  By automatically isolating the containment vessel if the programmed auto bypass 

pressure is reached then hot gases (from a ruptured test cell) and insulation particles are not 

vented through the solenoid valve box, thus prolonging its life between cleaning.  (If a bypass 

solenoid is used, it is useful to install a manual valve in line before the solenoid valve.  This 

manual valve can be left closed during the early portion of the test, and only opened during the 

period where rapid pressurization is expected and the auto bypass function is likely to be 

utilized.)  The auto bypass feature also turns off the heaters a few minutes after the auto bypass 

activation.  

 

  For experienced users only:  A test cell rupture may be avoided by first manually sealing 

the containment vessel (by closing the containment vessel ball valve) and then turning the 3-way 
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valve to equalize the test cell and containment vessel pressures through the bypass line.  This 

should only be done below 150°C owing to the published temperature limits of the SS-41GXS2 

valve.  (Formally the temperature limit is stated 148°C.)  Contact FAI with questions about this 

procedure. 

 

THE USER ASSUMES ALL RISK INVOLVED WITH THIS PROCEDURE 

 

  NOTE:  It is important to consider the computer's role in pressure equalization.  After the 

bypass valve is manually opened the test cell pressure and containment vessel pressure will very 

quickly equalize.  The computer will "detect" the delta P value go below the auto pressure 

control specified minimum, and will thus attempt to vent the containment.  This will not succeed 

in changing the delta P value, however, since the test cell is now open to the containment.  Thus 

as stated above before manually opening the test cell to the containment vessel, the 

containment vessel should be manually isolated from the VSP2 pressure module (see Fig. 2-

10).  This can be accomplished by closing the containment vessel isolation ball valve (Fig. 2-10).  

Note that if the computer then attempts to vent the containment and therefore opens solenoids, 

this will cause no harm as long as the containment vessel is isolated.  The automatic pressure 

control function can be disabled by clicking on "manual" in the upper right corner of the data 

acquisition screen.  This should be done after isolating the containment vessel (and if appropriate 

opening the three-way valve on the bypass line).  If the sample temperature exceeds 200°C then 

the bypass line should not be opened to avoid overheating the teflon valve packing.  It is possible 

that the 3-way valve could leak at the packing nut.  It therefore may be necessary to let the cell 

rupture (after isolating the containment vessel) if both the temperature and pressure are 

getting rapidly too high.  If the cell ruptures inside the containment, make sure the heaters 

are turned off. 

 

  2.3.3 Open System Tests  

 

  Test operation for an open system test is very similar to that for a closed system test 

except for the use of a different type of test cell and the lack of automatic pressure compensation.  

An open, vented ("Type II") test cell is used.  Because the test cell is open to the containment 
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vessel, there will be no pressure differential between the cell and the containment.  The computer 

will therefore not be required to manipulate  solenoid valves to maintain a prescribed differential.   

 

  An open system test is a most important and unique test mode for the VSP2.  An open 

system test can determine  the self-heat rate dT/dt and the noncondensible gas generation rate 

Qmax  (proportional to (dP/dt)max) at the desired reactor relief set pressure.  In this case a constant 

volume open test is conducted (in which the vessel is isolated at the beginning of a test to allow 

noncondensibles to accumulate and hence be measured). 

 

  (It should be understood that vapor pressure will not be measured during an open system 

test.  As the cell contents generate condensable vapors, these vapors will quickly cool and 

condense on the relatively cool containment vessel walls and lid.)  Refer to Appendix B for 

testing methods for vent sizing applications. 

 

  The diameter of the cell's vent is not critical but experience has indicated that a 1/4 inch 

or 1/8 inch vent is most practical.  Open cells can be ordered from FAI with any desired vent 

diameter/length.  As with a closed system test, sample filling can be done prior to installation of 

the test cell in the VSP2 containment vessel or after the cell has been installed via the external 

fill line. 

 

  If corrosive gases or vapors such as HCl or nitric acid or sulfuric acid solutions are used 

then it is recommended to use an all-welded test cell with the special thermocouple gland using 

18" type K stainless steel thermocouples (Part #VSP-013A).  One of these is inserted into the 

thermowell of the test cell and the other is taped to the aluminum guard heater can.  (T2 should 

be positioned 1½" from the base of the guard can.)  This special gland eliminates the 

thermocouple connections inside the vessel and withstands attack by corrosive media.  

Furthermore, the heater connections should be coated with vacuum grease to protect against acid 

attack.  It is important to rinse the rupture disk port with water followed by plenty of acetone 

(followed by drying with compressed air or nitrogen) after such tests to maintain the integrity 

of the rupture disk. 
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  For a constant pressure test, the pressure of the containment vessel is kept constant so 

that the test sample is exposed to a constant back pressure.  This test scenario is useful to 

examine a reaction's behavior under an expected process back pressure.  A constant pressure test 

proves whether or not a sample can be tempered.  In order to keep the back pressure constant  the 

containment vessel will need to be vented from time to time as its pressure increases due to 

production of gases and/or due to containment temperature rise.  Details of how to do this are 

given in Section 2.3.3.1.  Also, during a constant pressure type open test, it may be useful to raise 

the back pressure at some point during a test to confirm that a sample was tempering (by raising 

the back pressure, the boiling point will be increased for a tempered system).  Because the 

containment vessel pressure will need to be vented (or pressurized) to maintain constant 

pressure, measurements of net production of noncondensible gas will not be available from the 

test data. 

  

  As previously mentioned, for a constant volume type of test the containment vessel is 

isolated from its pressure and vent sources (by sealing the containment vessel 1/4-inch ball valve 

located in line with the flexible braided stainless steel teflon lined pressure hose).  Any 

noncondensible gas produced from the test will therefore cause a pressure rise in the containment 

vessel.  This will allow for measurement of the rate of gas production and net amount of gas 

generation (which is required for "gassy" system vent sizing).  Running a constant volume test 

requires very little operator action; the containment vessel is simply isolated at some initial 

"back" pressure, usually determined by the process vessel relief set pressure.  (Refer to Appendix 

B.)  Be sure to use an adequately ranged pressure transducer. 

 

   2.3.3.1  Constant Pressure and Depressurization Tests 

 

  A constant pressure or depressurization  test can be run manually or automatically.  If run 

manually, the containment pressure is monitored and manually vented from time to time for a 

constant pressure test as the pressure increases.  Automatic operation is discussed below.  

Likewise for a depressurization test the containment vessel or test cell may be manually or 

automatically depressurized at the appropriate pressure (or temperature) set point. 
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AUTOMATIC DEPRESSURIZATION OPERATIONS 

  

  Test Cell Blowdown (based on P1) and Quench Vessel Blowdown (based on P3) are 

invoked by clicking the appropriate box near the bottom of the data acquisition screen.  Test Cell 

Blowdown may be based either on temperature or pressure as per the selection bar near the right 

bottom quadrant of the data acquisition screen.  Based on temperature, the device (electro-

pneumatic ball valve or electronic solenoid valve) will only open (to close it again you must 

click again on "disable test cell blowdown").  Based on pressure, the user may enter an activation 

pressure and a pressure drop after which the installed device will re-close.  The quench vessel 

blowdown function is based only on pressure (set) and pressure (drop).  The molex connectors 

which power these devices are part of the Auxiliary cable (Auxiliary connector on rear panel of 

VSP2 Console). 

 

  To use this feature, a test cell (or containment vessel if a Type II test cell is used) must be 

connected to a line equipped with an additional solenoid valve. 

 

  The VSP2 apparatus is uniquely capable of performing a number of types of bench scale 

simulations of process pressure relief events.  These experiments include Internal 

Depressurization/Blowdown tests, External Depressurization/Blowdown tests, and open or 

closed system Relief Valve Simulation tests.  Furthermore, the depressurization/blowdown tests 

can be run as either top or bottom vented.  For a depressurization/blowdown (either internal 

[open system] or external [closed system initially]) test, when a desired temperature or pressure 

is reached, the test cell is suddenly exposed to atmospheric pressure.  If the test cell is bottom 

vented, then liquid will be vented.  If the test cell is top vented, then vapor/gas and some liquid 

(depending on whether or not the system behaves foamy) is vented.  For an internal 

depressurization/blowdown test the blowdown occurs completely inside of the containment 

vessel (i.e., cell contents blown out of test cell vent line into containment interior); see Fig. 2-17.  

For an external depressurization/blowdown test, the contents are dumped external to the 

containment vessel via a line passed through the containment wall and into a catch container 

usually containing a cooling medium; see Fig. 2-18.  The method of determining how long a vent 

line is needed to pass through the vessel wall is illustrated in Fig 2-19 (see also Section 4.7).   
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Figure 2-17   Internal blowdown test set-up. 
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Figure 2-18   External blowdown test set-up. 
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Figure 2-19   Schematic of test cell set-up for depressurization experiments. 
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Experiments such as these can determine information such as material flow regime, vent flow 

stream quality, and adequacy of scaled quench charges. 

 

  When a bottom-vented cell is blown down, a flow rate may be obtained for the cell 

contents by measuring the emptying time of the cell.  The emptying time may be estimated by 

measuring the time duration between the time the cell is opened to the atmosphere and the time 

that the cell pressure reaches atmospheric pressure (see Ref. [2]).  A mass balance on the cell at 

the conclusion of the test will indicate how much of the test sample actually left the cell.  Further 

information regarding the vent flow rate is given in Ref. [2]. 

 

  For a top vented blowdown the mass balance can indicate whether or not a given system 

is "foamy".  For either  emptying-time (bottom vented tests) or flow regime tests (top-vented) a 

manual or automatic full-bore ball valve must be used in the external vent line.  If the external 

tubing is 1/8-inch diameter  then the SS-41GS2 valve is appropriate.  For 1/4-inch diameter 

external tubing the SS-43GS4 valve is appropriate.  Only for relief valve simulations should a 

smaller - orifice solenoid valve be used for automatic operations. 

 

  Discrimination between foamy and non-foamy behavior is of special interest in assessing 

disposal requirements of vented material.  For this purpose the VSP2 equipment using a top 

vented test cell with the blowdown technique can be used to simulate a runaway reaction in a 

large process vessel.  A typical range of superficial velocities can be simulated in the VSP2 test 

cell by choosing an appropriate ratio between the cross-sectional area of the test cell to the area 

of the vent line (see Ref. [2]).  For the standard test cell design a vent line diameter of ~ 2.5 mm 

yields superficial velocities for most systems of interest (30-60 cm/s) such that 40% to 60% of  

the mass will be left behind following a blowdown transient if non-foamy behavior prevails.  If a 

foamy-like regime prevails, essentially no mass is left behind in the test cell.  (Note that to a first 

order that the superficial velocity is independent of the pressure level and that the liquid fraction 

left behind is insensitive to whether the discharge flow rate follows non-equilibrium or 

equilibrium flashing flow behavior.  This means a short 2.5 mm diameter vent line is adequate 

over a wide range of conditions.  Consult Ref. [2].)  Using the VSP2 to determine flow regime 
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data, a styrene system is shown to be foamy in nature during runaway conditions (see Table 2- 

5), which is consistent with large scale runaway experiments. 

 

Table 2-5 

Examples of Flow Regime Data (Ref. [2]) 

 

Experimental Flow Regime 
Characterization

Test Fluid Temperature 
Relief, °C 

Psat,  
kPa 

α0 αs  
Water 152 500 0.13 0.53 Non-foamy 
Soapy Water 
(1000 ppm Joy) 

152 500 0.11 0.98 Foamy 

Styrene (Runaway) 219 (tempered) 510 0.08 0.95 Foamy 
  

  VSP2 depressurization tests can also be used to make a direct measurement of a two-

phase vent flow rate.  There is, however, little need to make such a determination for non-

viscous flashing and two-component gas-liquid flows.  (For these cases the discharge mass flux 

(flow) models are well established.)  For viscous two-phase flows, Reference [13] may be 

consulted for detailed scale-up recommendations.  The emptying time data may be obtained by 

using a VSP2  bottom vented (or "Type III") test cell.  Because the vent opening in the cell is 

near the bottom of the cell and below the liquid fill line, when the cell is depressurized liquid 

will be forced out of the vent line.  By comparing the experimental emptying time of the cell 

with the theoretical, it can be determined whether the sample showed viscous effects. If the 

experimental emptying time is substantially longer than the theoretical the discharge flow is 

treated as viscous.  Note that a bottom vented test is not appropriate for a gassy system; 

bottom vented tests should usually only be used with vapor (tempered) systems. 

 

  For bottom vented tests where it is desired to scale results to a process scale, the length of 

the tube should be scaled to the same L/D (approximately) as the field application.  For any 

depressurization test involving an internal (to the containment vessel) blowdown, the 

containment must be repressurized at least to the original back pressure after the blowdown is 

completed.  This prevents further mass loss by flashing (see Ref. [2]).  To perform the internal 

blowdown experiment, the test cell should be open to the containment vessel through only one 
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line - the vent line.  The three way bypass valve should be in the "closed" position.  When the 

experiment is run, the pressure in the containment will be very quickly dropped by opening a 

full-bore ball (Swagelok/Whitey model SS-43GS4) valve so that the cell also depressurizes into 

the containment vessel through the vent line. 

 

  For the external blowdown (whether top or bottom vented) type of test the 

depressurization is automated using the "Test Cell Blowdown" button.  The "Test Cell P Limit" 

corresponds to the relief set pressure to be simulated.  The "Test Cell P Drop" should be equal to 

the "Test Cell P Limit" to initiate a full depressurization to atmospheric pressure.  If the pressure 

transducer reaches ambient conditions but registers 1 psig (.07 bar g) instead of 0 psig (0 bar g), 

then the valve may be closed by clicking on "Disable Test Cell Blowdown".  One should turn off 

the heaters when the blowdown is complete (unless simulating fire exposure of a remaining 

heel).  In cases where the valve remains open due to a minimum pressure reading slightly above 

atmospheric, just be sure to close the valve (by clicking on "Disable Test Cell Blowdown") soon 

enough to prevent backflow from any quench fluid through the vent line. (This undesired 

backflow would be caused by a negative pressure drop resulting from relatively rapid cooling of 

the test cell contents.)  Be sure to get a mass balance of the quench fluid and test cell before and 

after the test to confirm the experimental interpretation. 

 

  General suggestions regarding the use of the 4 liter quench vessel and the associated 

Quench Vessel Blowdown software feature are given in Section 2.3.4. 

 

  An additional unique test that the VSP2 system provides capabilities for is a Relief Valve 

Simulation experiment.  This experiment involves configuring the VSP2 with a solenoid valve 

on a line isolating the test cell (if closed initially) or containment vessel (if an open test cell is 

used) from the atmosphere, as illustrated in Fig. 2-20.  For this test the solenoid valve will be 

used to simulate a relief valve by opening and closing at prescribed pressures.  This is automated 

using the "Enable Test Cell Blowdown" button.  Because of the repetitive and rapid opening and 

closing of the valve, relief valve simulation tests are most conveniently run under automatic 

control.  Also, because condensable vapors are often vented through these lines, clogging of the 
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Figure 2-20  Relief valve simulation test set-up. 
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solenoid may occur for monomers (e.g. simulation of vinyl acetate relief).  If a relief valve 

simulation experiment is to be run, the appropriate entry after clicking on the "Enable Test Cell 

Blowdown" button would be the set pressure at which the valve should open and a narrow 

differential band width across which the valve should remain open.  For example, if it was 

desired to simulate a vessel with a relief valve set at 50 psig (3.4 bar g), the appropriate entry 

could be 50 psig (3.4 bar g) for the "Test Cell P Limit" and 3 psi (0.2 bar g) for the "Test Cell P 

Drop".  This would result in the valve opening at 50 psig, and remaining open until the pressure 

had dropped by 3 psi (0.2 bar g) to 47 psig (3.2 bar g).  Once the pressure again reached 50 psig 

(3.4 bar g), the valve would reopen.  This process could carry on indefinitely. 

  

  If the Test Cell Blowdown depressurization event is to be triggered on a temperature 

basis, no pressure drop after which the valve should be closed is entered.  In this case the valve 

will remain open after the trigger temperature is reached until the "Disable Test Cell 

Blowdown" button is clicked. 

 

  2.3.4 Four Liter Quench Vessel Use 

 

  To use the 4 liter quench vessel as a quench vessel, it may be set-up as per Fig. 2-21.  The 

transducer P3 is mounted on the vessel which can be automatically pressure controlled by 

clicking on "Enable Quench Vessel Blowdown" to either maintain a constant backpressure or to 

initiate a blowdown.  The computer controlled quench vessel blowdown is operated based on the 

value of transducer P3.  The pressure input parameters have the same meaning as for the Test 

Cell Blowdown.  One parameter is the threshold pressure at which the solenoid valve will open 

(based on the value of P3) and the other is the required pressure drop (whether incremental 

(small) or down to atmospheric) after which the solenoid valve will close.  The air activated 

pneumatic ball valve that comes with the quench vessel option can be used to either blow down 

the test cell (to the quench vessel or an Erlenmeyer flask) or the primary containment vessel or 

the quench vessel.  The location of the pneumatic ball valve or small orifice solenoid is left to 

the user to configure depending on the needs of a particular test. 
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Figure 2-21   VSP2 set-up with quench vessel. 
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  NOTE: One may also set-up the Quench vessel as a duplicate primary operating 

containment vessel to speed up test turnaround (by alternating between vessels). 

 

 2.4 Maintenance Recommendations 

  

 Pressure Transducer 

  

  Frequent cleaning of the pressure transducer cavity is recommended.  Calibration prior to 

each test is required.  Often calibration requires little more than a "zero" trim pot adjustment.  If 

only non-corrosive liquids have been used then simple back-flushing of the transducer (using 

acetone) should suffice.  This is done by removing the tiny bleed screw on the positive pressure 

port and flushing the transducer from the bleed port through the cavity and out through the 

Swagelok male connector (into a beaker).  To dry out the cavity flush compressed air or nitrogen 

through the port from the bleed port side and out through the Swagelok male connector.   (The 

reason for flushing from the bleed port through to the male connector is to avoid inadvertently 

blowing out the very small o-ring residing inside the bleed port.)  It is recommended to tighten 

the bleed screw using the Allen wrench's long side inserted into the screw (hence short arm in 

your hand) to avoid overtightening it.  If corrosive media have contaminated the transducer, then 

flush the body out with water and then acetone, followed by air/nitrogen to dry. 

 

 To open the transducers use a Torx #T27 wrench.  For convenience the bolts may be 

replaced by the same kind with standard hex socket heads.  The specification is 10/32 NF x 7/8-

inch (constructed of 18-8 SS).  The bolts should be replaced after tests in which pressure exceeds 

1200 psi (83 bar g), and the teflon O-rings should be replaced about every 2 months because they 

become rigid and tend to diminish the linearity of the transducers if their cross section flattens 

out.  According to the manufacturer, the teflon 0-rings should be replaced any time the body is 

opened because teflon is not an elastomer.  (Viton or Buna N o-rings only need to be replaced if 

they get physically damaged.)  The advantage of teflon is its chemical resistance.  (Either teflon, 

Viton, or Buna-N may be used throughout the pressure range compatible with the Validyne DP-

215 transducers.)  
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 Thermocouple and Heater Glands 

 

  Check thermocouple and heater glands for cleanliness periodically.  If the metallic 

surfaces become corroded then replace the gland.  Avoid excessive twisting of the wires. 

  

Guard Thermocouple 

 

  The guard thermocouple can be re-attached at the mid-plane level 1.5" from the base (of 

a conventional guard heater) using mica and glass-cloth electrical tape. 

 

 For the dual-zone guard heater  the lower thermocouple (TC2) should be 3/4" from the 

base at the 12:00 position (also with the vertical heater leads at around 12:00) between two 

heater coils.  The upper zone thermocouple (TC3) should be at around 3:00 position between two 

coils and 1" from the top (assuming a total aluminum can height of  3 1/8 inches.) 

 

 Solenoid Valves 

  

  The solenoid valves are high pressure valves.  Valves exposed to "dirty" gasses, such as 

vent valves and valves connected to the test cell are particularly subject to frequent fouling 

because of exhaust chemical products.  A spare valve is advised for replacement if necessary.  

After venting of an open test or a ruptured closed test, the vent line and vent solenoid valve 

should be flushed with appropriate solvent (water, acetone, etc.) and blown dry with compressed 

air.  To avoid contamination of solenoid valves, open tests should be vented directly through the 

manual vessel (isolation ball) valve through an appropriate scrubbing solution if necessary.  The 

installation of a dedicated ball valve on a spare containment vessel port (Fig. 4-4) may facilitate 

this. 

 

 Containment Rupture Disk 

  

  Rinse the inside access to the rupture disk port with acetone followed by spraying with 

compressed air or nitrogen to maintain its cleanliness.  Inspect the containment rupture disk 
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assembly periodically for evidence of corrosion attack and blockage due to insulation or test 

debris.  Replace rupture disk as required.  Hastelloy C disks are required for corrosion 

resistance.  Yearly replacement of the rupture disk is advised if the vessel is frequently used. 

 

Whitey Ball Valve (2-way and 3-way) Maintenance Notes 

 

 Note that the Whitey ball valve stem packing is factory adjusted to 1000 psig (69 bar g).  

Normally (based on our experience) a new 41G Series ball valve (the smaller body size with the 

1/8-inch Swagelok fitting ends) requires packing nut tightening occasionally while the 43G 

Series valves (with 1/4-inch Swagelok ends) are usually satisfactory as shipped.  The 41G Series 

ball valves are used for the three-way valve and the auxiliary fill line two-way valve.  A 43G 

Series valve is used to isolate the containment vessel (attached to the tee on the lid of the 

containment vessel) and between the two vessels if you purchased a dual containment option.  

Also, if you purchased a dual containment option, then there is an isolation ball valve on the 

catch/quench vessel as well.  To tighten packing on the 41G Series valve, use a 5/64-inch Allen 

wrench to loosen the set screw on the handle and then use an 8 mm deep-well socket to adjust 

the packing bolt (usually adjust 1/8 of a turn clockwise).  Then replace the black handle and 

check the resistance to turning.  The handle should turn with some resistance.  It should not be 

excessively tight (this may reduce valve life) nor should it be extremely loose.  Make sure that 

the handle is replaced in the same orientation as it was before it was removed.  Keep in mind 

that teflon will soften starting around 205°C (400°F) so any flow of liquid through these 

valves under heat and pressure may tend to loosen the packing tightness and could cause a 

leak.  This may happen if you vent the test cell to the containment vessel during a test by 

opening the three-way (bypass) valve to the containment vessel side.  (As previously mentioned 

it is also recommended that a Swagelok Plug be installed on the atmospheric ports of the 2-

way  auxiliary fill line valve and 3-way fill/bypass line valve during a test to avoid accidental 

venting to the atmosphere  when under pressure.)  (Refer to Swagelok publication MS-02-

331.PDF from Swagelok.com for full details of the 40G series ball valves).  To tighten the 

packing of the larger 43G series ball valves a 9 mm deep-well socket may be used.  According to 

Swagelok publication MS-02-331.PDF, the  official temperature and pressure rating of the 40G 

series ball valves is 148°C and 2500 psig. 
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 Miscellaneous Plumbing 

 

  Small tube lines used for fill and vent and the P1 transducer port should be cleaned and/or 

replaced as needed.  Unclean tube lines are a source of test contamination and should be checked 

and cleaned before each test. 

 

  Other maintenance activities will become obvious and will be determined by the duty 

service of the VSP2.  In general, the best assurance of good test data is provided by doing 

whatever is necessary to maintain  clean and well calibrated equipment. 

 

  2.4.1 Troubleshooting Thermocouple Signal Problems Through Proper 

Thermocouple Cable Grounding (see also 2.1.1) 

 

  Attach a short jumper cable from the TC cable shields (looped bare wire on the vessel 

end of the thermocouple cable) to the containment vessel.  Then attach the supplied jumper from 

the vessel to the VSP2 control box cabinet.  The goal is to ground the vessel and thermocouple 

shields without creating a ground loop.  The supplied jumper cable has a small alligator clip at 

one end and a large alligator clip on the other end.  Because the TC signals are millivolt in range 

and pass through a digital chip on the DAS16, they are very sensitive to electrical noise and 

static electricity and thus the transmission cable requires grounding as outlined above.  If a static 

discharge in the thermocouple signal is not grounded, the digital chip (a sensitive component on 

the DAS 16 card) may "trip" similar to a circuit breaker when a circuit is overloaded.  (This 

happens occasionally just by plugging a thermocouple into the thermocouple cable.)  By 

completely exiting and restarting the VSP2 program the digital chip is reset.  The displayed TC 

signals "freeze" when the digital chip is tripped.  If the digital chip fails to reset then there is a 

genuine problem in the electronic/computer system.  IF THE DIGITAL CHIP TRIPS ON A 

REGULAR BASIS, IT IS POSSIBLE THERE IS A WIRING OR COMPONENT FAULT IN 

THE VSP2 ELECTRONIC CONTROLLER OR COMPUTER.  (First, however, contact a 

computer professional to check to ensure the DAS16 board and DAS 16 and digital I/O cables 

are snugly installed in the computer.) 
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3.0   SAMPLE VSP2 DATA 
 

This section presents sample data acquired on the VSP2 for selected reactive systems: 

 

3.1 Styrene Thermally Initiated Polymerization (Closed Test) 

 

A typical charge of 70 gm styrene is used for this test.  The sample typically is 

heated at 40% low auxiliary power to 110°C and allowed to react.  Since all the styrene 

polymerizes, the vapor pressure goes to zero causing the pressure to rapidly drop after the 

polymerization.  The data are shown in Figs. 3-1 through 3-3.  The Super Magnetic Stirrer (set 

around 400 RPM) is recommended. 
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Figure 3-1   Temperature and pressure data from styrene thermally initiated polymerization. 
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Figure 3-2   Rate data from styrene thermally initiated polymerization. 
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Cooldown 

Figure 3-3   Pressure-temperature data from styrene thermally initiated polymerization. 
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3.2 Styrene Polymerization Initiated with Vazo 64 (AIBN) (Closed Test) 

 

Styrene initiated with 0.50 wt. % of Vazo 64 (AIBN) is presented in Figs. 3-4 through 3-

6.  The sample size was 68.2 gm.  The Super Magnetic Stirrer (410 RPM) was used on a cell 

with the regular 1" long teflon coated stir bar.  The sample was heated to 60°C and allowed to 

react. 
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Figure 3-4   Temperature and pressure data from initiated styrene polymerization. 
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Figure 3-5   Rate data from initiated styrene polymerization. 
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Figure 3-6   Pressure-temperature data from initiated styrene polymerization. 
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3.3 Methanol-Acetic Anhydride Reaction (Closed Test) 

 

A typical 80 gm charge of 2 moles methanol to 1 mole of acetic anhydride are mixed 

(below room temperature) and then heated to 26°C and allowed to react.  The data are presented 

in Figs. 3-7 through 3-9.   
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Figure 3-7   Temperature and pressure data from methanol-acetic anhydride reaction. 
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Figure 3-8   Rate data from methanol-acetic anhydride reaction. 
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Figure 3-9   Pressure-temperature data from methanol-acetic anhydride reaction. 
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3.4 25% Di-Tert-Amyl Peroxide in Pentadecane (Closed Test) 

 

A 40 gm sample is used in a closed test cell (304 Stainless steel construction).  

Pentadecane has a normal boiling point of 270°C so the pressure generated is all gas.  The data 

are shown in Figs. 3-10 through 3-12. 
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Figure 3-10   Temperature and pressure data from 25% di-TAP in Pentadecane. 
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Figure 3-11   Rate data from 25% di-TAP in Pentadecane. 
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Figure 3-12   Pressure-temperature data from 25% di-TAP in Pentadecane. 
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3.5 25% Di-tert Butyl Peroxide in Toluene Decomposition (Closed Test) 

 

In order to maintain this as a closed system test, a 40 gm sample is used.  The data are 

shown in Figs. 3-13 through 3-15.  A net pressure gain of about 200 psi (13.7 bar) in the closed 

test cell results from this decomposition.  (This is now used to checkout VSP2 calorimeters since 

this test is easy to carry out and reproducible.) 
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Figure 3-13   Temperature and pressure data from 25% DTBP test. 
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Figure 3-14   Rate data from 25% DTBP test. 
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Cooldown 

Figure 3-15   Pressure-temperature data from 25% DTBP test. 
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3.6 98% Di-tert Butyl Peroxide at 20 psig Back Pressure (Relief Valve Simulation) 

 

To maintain the containment pressure in the 17-20 psig region, a  small orifice (1/32") 

solenoid valve was mounted outside of the containment vessel and attached to a 1/8-inch two-

way ball valve (Fig. 2-20).  The neat DTBP (46.08 gm) was charged to a Type II test cell (with a 

1/8-inch diameter vent about 1 1/4" high) with a conventional stir bar.  The sample  was initially 

heated at 30% low auxiliary heater power up to 75°C.  Above this temperature the power was 

reduced to 15% (low) until 220°C at 127 minutes.  The   containment vessel backpressure was 

initially set at 18 psig with the automatic pressure regulation set to vent at 20 psig and maintain a 

three psi bandwidth (e.g. vent down to 17 psig before closing).  The sample demonstrated 

tempering behavior at around 129°C until 100 minutes when the temperature gradually 

increased.  At 145°C an excursion occurred raising the temperature to 200°C with an 

accompanying pressure spike to 70.8 psig in the test cell.  This excursion essentially emptied out 

the test cell.  This test again demonstrates the importance of experimentally evaluating a 

concentrated peroxide for the possibility of a final excursion even at relatively low relief set 

pressures.  The data are shown in Figs. 3-16 and 3-17. 
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Figure 3-16   Temperature and pressure data from DTBP. 
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Figure 3-17   Rate data from DTBP. 
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3.7 25% DTBP in Toluene Vented at 50 psig 

 
The experimental tempering point of this reactive system is determined to be 158°C at 

54.6 psig as shown in Figs. 3-18 through 3-20.  After starting out as a closed system test the 

sample headspace is vented (through a 1/8” ball valve) to a separate (catch) containment vessel 

sealed at 50 psig.  In this way the tempering point of the reacting mixture is determined. 
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Figure 3-18   Temperature and pressure data from tempering test. 
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Figure 3-19   Rate data from tempering test. 
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Figure 3-20   Pressure-temperature data from tempering test. 
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3.8 Two Exotherm Closed Test 

 

A 45 gm sample of toluene containing benzoyl peroxide (4.67 wt. %) and di-tert butyl 

peroxide (19.51 wt. %) was heated using the automatic heat-wait-search method.  The data are 

shown in Figs. 3-21 through 3-23.  The BPO decomposes from 90°C to 112°C and the DTBP 

decomposes from 140°C until 226°C.   
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Figure 3-21   Temperature and pressure data from two exotherm system. 
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Figure 3-22   Rate data from two exotherm system. 
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Figure 3-23   Pressure-temperature data from two exotherm system. 
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4.0   USEFUL EXPERIMENTAL TECHNIQUES 
 

This chapter presents useful techniques for reagent addition (solids, liquids, and gases) as 

well as the post-test clean-up of highly hazardous materials.  Also included are suggestions for 

optimizing exotherm detection under high pressures using the Multi-Zone guard heater. 

 

4.1 Addition of Solids Using Stainless Steel Funnel 

 

Solid materials may usually either melted and charged to a VSP test cell through a 1/4-

inch diameter vent (on the lid of the test cell) or ground up with a mortar & pestle and added 

through a stainless steel funnel available from FAI (Part No. VSP- 024B).  It is recommended 

that the vent length be 1¼" in order to minimize reflux condensation during a closed system test.  

A Swagelok “Cap” is used to seal the end of the vent tube for closed system tests.  

 

4.2 Addition of Liquids Using Injection Piston 

 

 The piston consists of an interior shaft/rod, an external tube, and endcaps.  Both inside 

ends of the tube are threaded and attach unto the ends which are equipped with corresponding 

threads.  The upper endcap is shaped like a cube and is fitted with a 1/4-inch Swagelok fitting for 

attaching to a supply of inert gas to force the piston down.  The base of the piston is normally 

equipped with an 1/8-inch two-way ball valve through which the liquid is added to the piston and 

from which it is discharged to the test apparatus.  Usually a short piece of 1/8-inch diameter 

stainless steel tubing is used to connect the valve to the receiving apparatus (see Fig. 4-1 for an 

illustration).  The piston must be properly pressure checked before use to ensure that the interior 

seals are intact.  These interior seals are on the piston itself (and are replaceable when necessary).  

The piston seal consists of two spring-reinforced teflon-graphite o-rings.  The pressure test is 

done by closing the ball valve at the base (with the piston completely down) and imposing about 

200 psig (13.8 bar g) inert gas on the upper portion.  If the piston shaft remains stationary while 

the pressure is on the piston, then there is no leak and the pressure may be relieved.  Carefully 

unfasten the fitting to remove the pressure line.  The piston is now ready for use.  (Note:  the 

graphite-reinforced  teflon O-rings  allow some inert  gas to pass through as indicated by a slight 
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upward movement of the piston even after the pressure is released after the pressure test 

procedure.  This is normal.  However, the piston should not move upward when under inert gas 

pressure, or else there is a serious leak.  In that case, new o-rings need to be installed.  If the tube 

is corroded on the inside, it should be completely replaced.) 

 

 

Figure 4-1   Injection piston connected to an auxiliary fill line of a VSP test cell 
          outside the VSP2. A ring stand is used to hold the piston in place. 

 

 

 Usually the imposed backpressure should be at least 100 psi (6.9 bar) greater than that in 

the test cell.  This is necessary in order to overcome friction.  For most applications the imposed 

backpressure is 200 psi (13.8 bar) greater than in the test cell to assure rapid injection of the 

sample.  Make sure the piston is weighed before and after adding the reagent to obtain an exact 

sample mass charged.  If it is desirable to add the material slowly, a needle valve located 

between the piston and the apparatus can be cracked slightly open.  In addition, using the 

minimum pressure in the piston will help assure a slow delivery of the material.  If necessary 

during the addition, the backpressure may be increased if the test cell (or whatever receiving 
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container) pressure rises and causes the addition rate to decline.  (Make sure a regulated  

nitrogen or inert gas supply is used.)  The pressure imposed on the piston should never exceed 

1000 psig (69 bar g).  Note for closed system VSP2 tests, it is recommended to have the 

automatic containment pressure tracking actuated to keep up with any significant increase in test 

cell pressure. 

 

 After the injection is completed, close the ball valves on the addition line (one on the 

piston and the other on the apparatus), turn off the piston backpressure supply, depressurize the 

line feeding the piston, and then remove the piston and weigh it to obtain the weight of added 

chemicals.  Then rinse out the piston with acetone or another appropriate solvent.  Finally dry out 

the piston by sucking in air and pushing it out into the fume hood a few times to eliminate 

residual solvent. 

 

4.3 Chlorine Addition Technique 

 

Figure 4-2 illustrates the equipment set-up for directly charging chlorine (gas or liquid) 

from a lecture bottle to a VSP test cell.  This method works whether the test cell is closed (Type 

I) or open (Type II).  By using a few inches of 1/16-inch diameter teflon tubing between the 

cylinder outlet and a check valve, the electronic balance readings are accurate to within about a 

tenth of a gram during the actual charging of chlorine to a VSP test cell.  The teflon tubing 

greatly reduces interference with the balance compared to using rigid stainless steel tubing.  (One 

should tare the lecture bottle before and after the charging operation with the teflon tube and 

needle or ball valve attached in order to confirm the net mass of chlorine charged.)  If liquid 

chlorine is desired, the lecture bottle can be set down horizontally on the balance (with a slight 

downward slope).  Chlorine has a room temperature vapor pressure of about 85 psia (5.9 bar a) 

which provides sufficient driving force for test cell charging operations even if some pressure 

builds up in the cell during charging.  Depending on the mode of desired contact, a top addition 

line or dip-tube (shown) can be used.  If need be, a fine needle throttle valve can also be used to 

allow even greater flow control of the chlorine.  Typically the entire containment vessel (minus 

with lid) containing the initially empty test cell is chilled to –40°C using dry ice in order to be 

able to keep the sample cold (and thus control the pressure) while the chlorine is being added.  
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(Once the containment/test cell assembly is sufficiently chilled, the lid is bolted on and the test is 

begun. Care must be taken to not chill the test cell below the freezing point of organics present.)   

A check valve is considered mandatory because of the highly reactive nature of chlorine (acts as 

a powerful oxidizer) whose reactions with organic materials tend to be highly exothermic.   

(Because of the moderate chlorine vapor pressure of ~85 psia at room temperature  a regulator is 

not usually necessary.  The pressure acts as a suitable driving force to aid the chlorine going into 

solution.) 

 

 

 

 
 

 

Figure 4-2   Chlorine addition set-up for VSP2 tests. 
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4.4 Hydrogen Addition Technique 

 

 When carrying out hydrogenations, the set-up shown in Fig. 4-3 allows the hydrogen to 

be measured (by the measuring the difference in pressure in the 150 cc sample cylinder for each 

addition).  Typically the sample cylinder is filled with hydrogen to a pressure about 200 psi (13.8 

bar)greater than desired in the test cell.  Then the fine needle valve is used to gently throttle 

hydrogen into the closed test cell while maintaining containment pressure control surrounding 

the test cell.  A lecture bottle of hydrogen comes with 1775 psi (122 bar) while a small cylinder 

may have 2000 psi (138 bar) of hydrogen.  The use of the SS-SS2 fine needle valve between the 

lecture bottle/cylinder and the sample cylinder is important to enable the desired pressure level to 

be safely achieved in the sample cylinder.   A regulator is highly recommended when using a 

cylinder larger than a lecture bottle to control the pressure going to the 150 cc cylinder. 

 

 

TRANSDUCER  P3 
ON HYDROGEN 
SAMPLE CYLINDER 
(150 CC VOLUME) 

NEEDLE VALVES FOR 
FLOW CONTROL

 

  

 

Figure 4-3   Experimental VSP2 set-up for hydrogenation reactions. 

HYDROGEN 
LECTURE BOTTLE 



4-6 

4.5 Noxious (Sulfur containing) Gas Scrubbing for Odor Elimination 

 

 In order to effectively eliminate noxious odors (e.g. from hydrogen sulfide, methyl 

mercaptan) after carrying out thermal tests in the VSP2 calorimeters, a series of gas scrubbing 

containers may be set up as illustrated in Fig. 4-4 utilizing in each one a glass tube with a 40-60 

micron fritted cylinder at the tip.  (Fig. 4-4 illustrates using graduated cylinders but gas washing 

bottles with fritted disks may also be used.)  The glass tube with fritted tip is available from 

Aldrich Chemical Company or ACE Glass.  The gas passing through the fritted cylinder or disk 

produces many tiny bubbles which increase the surface area of the gas.  The first cylinder/bottle 

(or two) contains 10-20% caustic in water, the second (or third) through fourth consist of 

Epoleon N-100 solution as received (e.g. not diluted), and the fifth stage is bleach right out of the 

bottle (~5 % sodium hypochlorite).  The cylinders (approximately 250 ml) are plastic sealed with 

rubber stoppers equipped with pre-installed 1/4-inch plastic tubes serving as inlet and outlet 

passageways for the gas.  One may also use ACE glass gas washing bottles.  These ACE gas 

washing bottles come equipped with a diptube inlet (with fritted surface at the end) and gas space 

outlet.  Initially during the scrubbing process the gas leaving the fifth cylinder or bottle may be 

sampled using a detector tube equipped with a H2S sensitive tube (if you are scrubbing H2S).  

The gas from the containment vessel is throttled very slowly through the system in order to 

maximize the effectiveness of the various stages.  It is important to use a fine metering valve in 

order to adequately control the pressure leaving the containment vessel going to the scrubbing 

system.  If this procedure is used to scrub gases from the 4 liter VSP2 containment vessel, it will 

take several hours depending on the containment pressure.  If the containment pressure is high 

then consider venting the gas to an intermediate stainless steel cylinder in order to decrease the 

pressure of the container feeding the gas washing equipment. 

 

 Note one may fill the cleaned out containment vessel with Epoleon N-100 and allow it to 

sit several hours to help absorb odors.  (Information on Epoleon N-100 may be obtained from 

Epoleon.com.)  Epoleon is not expected to be corrosive to stainless steel.  One should not let a 

bleach solution sit for a long period in the containment vessel because the chlorine will attack the 

stainless steel.   
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 Note the role of the bleach in Fig. 4-4 is to encourage oxidation of compounds to make 

them less smelly. 

 

 It is recommended that the waste container used for the VSP2 test residue also contain 

Epoleon N-100 and caustic to reduce the smell of the waste.  (Bleach is not recommended in the 

waste container because it may react with organics or the guard heater aluminum can if 

discarded). 

 

4.6 Toxic/Corrosive Gas Scrubbing of Containment Vessel Residues 

 

 To neutralize corrosive and/or toxic gases (such as phosgene, hydrogen chloride, 

hydrogen cyanide, nitric acid, NOx, POx, etc.) in the containment vessel it is suggested (after 

scrubbing the containment vessel gas pressure down through a caustic solution set-up similar to 

Fig. 4-4 but without Epoleon) to inject ~ 15 wt.% (in water) caustic (sodium hydroxide, NaOH) 

directly into the containment vessel to absorb gas trapped in the Fiberfrax insulation (especially 

the insulation around the guard heater).  One can even monitor the pressure as this is done.  If the 

pressure declines (e.g. from 1 atmosphere to a partial vacuum) as the caustic is added then gas 

absorption is occurring.  Typically about 200 ml of caustic solution can be injected to the 

containment vessel through an extra port through a 1/8-inch SS-41GS2 ball valve using a syringe 

installed on a Luer elbow fitting.  Thus one should plan ahead for this when there is a possibility 

that an  acid or toxic  gas will be generated.  (The use of bleach as the last stage in Fig. 4-4 is 

only used when oxidation of neutralized gases is desirable as for example with NaCN to convert 

it to sodium cyanate, which is less toxic than NaCN.)  One should consult with a chemist for the 

optimum composition of each scrubbing stage for a given application.  In these cases, the waste 

disposal container used for the VSP2 residue should also contain caustic and any other chemical 

neutralizing compound as deemed appropriate to a given test residue. 
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Figure 4-4   Schematic of gas scrubbing method suggested for noxious containment gases. 
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4.7 Depressurization Test Cell Specifications 

 

Depressurization tests typically involve venting the test cell content either to an external 

vessel (e.g. Erlenmeyer flask) or to a secondary containment vessel.  A VSP2 test cell can easily 

be plumbed for this application.  As shown in Fig.  4-5, a 1/8-inch (or 1/4-inch) ball valve can be 

conveniently connected to the outlet of the vent line and attached to an Erlenmeyer flask in order 

to capture and measure the vented mass as well as to observe the vented material.  In this case, 

the ball valve is opened at the pressure (or temperature) of interest and then resealed when the 

test cell pressure reaches ambient.  After the initial blowdown mass is measured the flask can be 

reinstalled and the test cell can be subsequently vented and maintained at 1 atm in order to 

completely quench the reaction if necessary.  A 1/8-inch Swagelok connection welded to a 1/8-

NPT fitting (also known as a straight bulkhead fitting sold by FAI) makes this set-up easy to 

utilize.  In the case of a 1/4-inch diameter vent line, a long vent tube can be bent (using a tubing 

bender) and passed directly through the vessel wall at the single 1/4-NPT penetration (using a 

pass through fitting sold by FAI).  The VSP2 test cell must be custom fabricated so that the vent 

line diameter meets the particular specification and the vent line configuration fits properly 

inside the particular VSP2 containment vessel being used.  Figure 4-6 shows a horizontal 

schematic used in specifying the test cell/vent line layout and Figure 4-7 shows the vertical 

configuration diagram which is essential when soldering the vent line in place - the vent line 

must be properly oriented with respect to the containment vessel so it connects to or passes 

through the wall at the exact desired position.  The customer must specify the dimensions in 

Figs. 4-6 and 4-7 in order for  the test cell to be properly fabricated.  The usual configuration 

details such as stir bar type, number and placement of thermocouples, and number and placement 

of 1/16-inch fill/pressure sensing lines apply. 
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Figure 4-5   External blowdown test set-up. 
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Figure 4-6   Side view of test cell set-up. 
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Figure 4-7   Top view of test cell set-up. 
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4.8 High Pressure Exotherm Detection Using Multi-Zone Guard Heater 

 

Test data for 15% di-tert-butyl peroxide in isobutane demonstrate that for a test cell 

packed in insulation and left undisturbed after a TC2 drift adjustment run, consistent results can 

be obtained.  A first-order rate constant comparison plot with existing low-pressure data helps to 

validate the high pressure data obtained.  The procedure for high pressure onset detection is to 

determine the temperature offset (TC2–TC1) required to eliminate drift at a specific temperature 

and pressure usually using a solvent similar to the reactive system to be subsequently tested. 

 

• Removing the solvent from the test cell, drying the test cell and charging the reactive 

sample. 

 

• Heat the reactive sample using the pre-determined temperature offsets required to 

eliminate drift. 

 

The "temperature offset calibration" refers to establishing a usually positive temperature 

difference between the guard thermocouples (TC2 and TC3 of the Two-Zone Guard Heater) and 

the sample required to eliminate drift for a particular test cell setup.  At high pressure and 

temperature above about 100°C downward drift may occur if no temperature offset is used.  This 

offset is entered as the “TC2 drift adjustment” in the lower left corner of the Version 3.1.0 

software.  A negative value is entered to combat downward drift.  The initial calibration must be 

performed using the identical test cell to that being used for the subsequent reactive test.  

Therefore the containment vessel should not be dissembled following the test to avoid disturbing 

the insulation.  In other words, the particular test cell/insulation/heater set-up is "calibrated" as a 

system.  Therefore the test cell must be emptied and dried before the reactive sample is charged.  

The "temperature offset calibration" is used for the reactive test based on the non-reactive 

calibration.  The value of the temperature (TC2–TC1) may vary with temperature and pressure.  

Therefore the same values should be utilized in the reactive test as were obtained in the 

nonreactive test to eliminate drift.  By following this method to eliminate drift the onset of 

chemical reaction of a sample should be measurable at 0.3°C/min under high pressure 

conditions. 
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On the basis of running closed tests the calibration of the temperature offset was 

measured using isobutane in a closed 304 stainless steel cell with dual 1/16-inch fill lines and a 

normal thermocouple and stir bar.  A value of 6°C (TC2 drift adjustment programmed to –6) was 

proven adequate in the onset region of interest (see Fig. 4-8).  The pressure data is given in Fig. 

4-9.  Then without disturbing the setup the test cell was emptied (by inverting the containment 

vessel and opening the auxiliary fill line valve).  Then after checking the temperature and 

pressure calibrations, the cell was evacuated and charged with 5.377 gm DTBP (di-tert-butyl-

peroxide) and 29.8 gm of isobutane, yielding a 15.3 wt. percent concentration of DTBP.  Setting 

the TC2-TC1 difference to be 6°C, the sample was heated up at 55% low power to 130°C.  The 

data are shown in Figs. 4-10 through 4-14.  The first-order rate constant (units of sec-1) compared 

with that from two tests of 25% DTBP in toluene (reference data on file at Fauske & Associates, 

Inc.) and found to be in good agreement as shown in Fig. 4-15.  Hence the key feature to this 

method is to pre-calibrate the temperature offset and then reuse exactly the same test 

cell/insulation setup. 

 

For ease of test cell re-use it can be equipped with a dip-tube as the auxiliary fill line.  To 

assure that the cell is clean and dry between chemical tests, after most of the mass has been 

removed it can be rinsed in-situ with an appropriate solvent.  After again emptying the solvent 

through the dip tube, the cell can be totally dried out by heating it to the normal boiling point of 

the solvent under vacuum.  This process eliminates the variable of insulation packing between 

tests.  Consistent results as demonstrated with di-tert-butyl peroxide can then be expected. 

 

Figures 4-16 and 4-17 show all three thermocouples for the DTBP runaway and 

isobutane calibration tests, respectively.  TC2 is located in the lower portion of the guard heater 

aluminum can and TC3 is located in the upper portion of the guard heater aluminum can. 

 

The upward drift (at the conclusion of the di-tert-butyl peroxide runaway) in self-heat 

rate of about 0.3°C/min (3 psi/min) (0.20 bar/min) is probably due to the considerably higher 

pressure (1200 psi or 83 bar) at the conclusion of the DTBP exotherm compared with the 

calibration upper limit of 800 psi (55 bar). 
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Figure 4-8   Temperature (T1 and T2) data from isobutane temperature offset calibration. 

 

 

 

Figure 4-9   Pressure data from isobutane temperature offset calibration. 
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Figure 4-10   Temperature data from 15.3% DTBP in isobutane test. 

 

 

 

 

Figure 4-11   Pressure data from 15.3% DTBP in isobutane test. 
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Figure 4-12   Self-heat rate data from 15.3% DTBP in isobutane test. 

 

 

 

 

Figure 4-13   Pressure rate data from 15.3% DTBP in isobutane test. 
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Figure 4-14   Pressure-temperature data from 15.3% DTBP in isobutane test. 

 

 

 

Figure 4-15   First-order rate constant comparison of 25% DTBP tests 
        (81098 and 81398) with 15% DTBP (T041901). 
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Figure 4-16   Temperature (T1, T2, T3) data from 15.3% DTBP in isobutane test. 

 

 

 

 

Figure 4-17   Temperature (T1, T2, T3) data from isobutane drift calibration. 
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4.9 External Cooling Coil Instructions 

 

 External test cell cooling is an available option with the VSP2.  This feature utilizes a 
reusable cooling coil sheath that slips snugly around the mid-section of a VSP2 test cell.  The 
standard cooling coil assembly fits over FAI’s standard 304 SS test cells.  A special cooling coil 
assembly fits over all-welded test cells (generally Hastelloy or 316 SS).  The special assembly 
has a slightly larger ID so it will slide over the weld lip on this style of test cell.  A strip of 
copper shim stock is normally used to fill the gap between the special cooling sheath and an all-
welded test cell. 
 
 Figure 4-18 illustrates the standard cooling coil assembly.  This assembly fits over a 
standard test cell as shown in Fig. 4-19.  Also shown in Fig. 4-19 is the auxiliary heater in its 
usual bottom position.  With the cooling coil and auxiliary heater in place the test cell is wrapped 
with insulation and installed in the containment vessel in the standard manner. 
 
 Note that the containment vessel must be modified slightly by installing two bulkhead 
fittings (included with the cooling coil option).  These fittings have 1/16" male Swagelok 
connectors on the inside of the vessel to which the cooling coil is attached.  Install the fittings to 
align with the cooling coil connectors.  On the outside of the vessel the cooling coil bulkhead 
fittings have 1/8" male Swagelok connectors.  Two 1/8" isolation ball valves and 1/8" port 
connectors (included) should be installed on the bulkhead fittings.  Two 1/8" to 1/4" reducer 
fittings and port connectors are also included to facilitate connection to a coolant system. 
 
 A source of cooling fluid must be provided to the cooling coil.  In some cases cold house 
water may be adequate.  In other cases a temperature controlled recirculating coolant system is 
necessary.  A needle valve (not included) can be installed on the inlet coolant line in order to 
fine-tune the flow rate.  The outlet coolant line should be run to a drain or back to a recirculating 
bath.  Once the cooling stage of an experiment is complete, the coolant inlet and outlet lines 
should be disconnected (outside the vessel).  The cooling coil should then be blown out with air 
to eliminate residual coolant. 
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 Installation of the special cooling coil for all-welded cans is best accomplished by first 
wrapping a strip of copper shim-stock (included) snugly around the upper midsection of the test 
cell.  Do not overlap the weld lip.  A small piece of Scotch tape may be used to hold the starting 
end of the copper wrap in place.  Once the copper strip is firmly in place, the cooling sheath is 
carefully slid over the test cell with a gentle twisting motion in the wrapping direction of the 
copper strip.  Be careful that the edges of the copper strip are pressed flat so they do not get hung 
up on the cooling sheath.  Avoid deforming the copper shim-stock or else fitting the cooling 
sheath over it will become difficult. 
 
 The cooling coil assembly is designed for repeated use.  Do not over-tighten connections.  
If the test cell is collapsed or expanded, say by forgetting to activate automatic pressure control, 
then the cooling coil assembly can be damaged.  In normal testing a slight overpressure in the 
test cell will only improve thermal contact with the sheath.  Replacement parts are available from 
FAI.  Note that FAI can also provide you with test cells that have the cooling coil permanently 
attached directly to the test cell. 
 

      
 
Figure 4-18   Standard cooling coil assembly.    Figure 4-19   Standard test cell with cooling coil 
                                 and auxiliary heater installed. 
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4.10 Inhibitor Removal from 1,3 Butadiene 

 

 When the need arises to carry out a polymerization (typically an emulsion in water) 

involving 1,3 butadiene with a low concentration of initiator, it is routine for the commercial 

process to use uninhibited 1,3 butadiene monomer.  One way of removing the inhibitor involves 

washing the 1,3 butadiene with caustic (aqueous sodium hydroxide).  A much easier method 

(especially for laboratory scale experiments) is to pass the monomer through activated alumina 

(Al2O3).  Figure 4-20 shows the equipment that has been successfully used to quickly and easily 

remove t-butyl catechol (115 PPM) from 1,3 butadiene.  The inverted lecture bottle (held by a 

ring stand) is fed through a needle valve (Swagelok SS-OVS2) to control the liquid flow 

conveniently.  The liquid 1,3 butadiene passes through a short section of 1/4-I.D. PVC tubing to 

a Pyrex gas dispersion tube filled with the alumina.  This tube is about 1/4-inch O.D. and is 

equipped with a glass fritted end with 40-60 micron pores.  The liquid 1,3 butadiene passes 

through the alumina filled tube and then out through the pores and condenses in an Erlenmeyer 

flask which is in a dry ice/acetone bath at -78°C.  As long as the bath is maintained the monomer 

remains well below its NBP of –4.4°C.  When the desired amount of monomer has been 

collected it may be drawn into a cold plastic syringe (equipped with a Luer-lok stopcock) for 

weighing and transferring to the VSP/VSP2.  By precooling the VSP2 containment vessel (with 

the test cell already installed) with dry ice or dry ice/acetone, the 1,3 butadiene can be easily 

charged to a chilled and evacuated closed test cell using a syringe.  Care must be taken to avoid 

breakage of the chilled plastic syringe as it becomes brittle when chilled down. 
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Figure 4-20   Inhibitor removal set-up. 
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4.11 Use of 450 cc Parr Vessel as a Catch Vessel for Vent Sizing Applications 

 

 A Parr 450 cc containment vessel may be conveniently used to increase the gas volume 

available to a closed VSP2 test cell by a factor of ten.  This ten-fold headspace volume increase 

is suitable for containing gas-generating chemical reactions in cases where it is desirable to start 

the test as a closed test.  Typically the closed test cell would slowly be vented when the pressure 

well exceeds the design pressure of the process vessel associated with commercial production.  

The 450 cc vessel has an initial pressure imposed on it (e.g. it is sealed).  Some reacting systems 

begin as a vapor system and then develop into a "gassy" system as shown in Fig.4-21.  A good 

example of this are bulk polymerizations which become gas generating reactions with continued 

heating beyond the completion of the polymerization.  For fire exposure relief system design 

scenarios it is desirable to continue heating a sample to ~ 400°C or higher.  By opening the 

initially closed VSP2 test cell to the 450 cc Parr vessel after the polymerization is complete, one 

may continue the test and quantify gas generation rates from the decomposition of the polymer 

as one continues to heat up the sample. (One may set the initial backpressure of the 450 cc vessel 

near the relief set pressure of the process vessel in order to quantify gas generation rates under 

prototypical conditions.)  The advantage of using the 450 cc Parr vessel as opposed to a second 4 

liter vessel is the ease of setup and increased pressure measurement resolution.  As shown in 

Fig. 4-22 the 450 cc vessel is equipped with a pressure transducer  (P3) and thermocouple (TC3).  

The 450 cc vessel size is also convenient because one may easily measure the mass of material 

vented from the test cell during the gassy portion of the runaway.  Knowing the mass of vented 

material allows one a more accurate mass balance of the test sample and permits the estimation 

of the molecular weight of the gas (knowing the moles and mass of gas).  The mass of gas would 

be the initial sample mass minus the liquid mass vented to the 450 cc vessel.   
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Figure 4-21   Example of a vapor system which produces 
      gas upon venting and continued heating. 
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Figure 4-22   Typical set-up using a 450 cc Parr Vessel as a catch vessel. 
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 One may also use this setup to measure the tempering temperature of a hybrid (or vapor 

system) after starting the VSP2 test "closed" until the pressure reaches the process vessel relief 

set pressure.  Then one slowly opens the ball valve connecting the two chambers.  (A top vent is 

used to ensure vapor only venting to the 450 cc Parr vessel).  In this case the 450 cc vessel 

should be padded with nitrogen at the relief set pressure of the process vessel.  This set-up 

provides experimental determination of the tempering temperature at the relief set pressure 

which is needed for vent sizing applications for hybrid or vapor systems.  
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APPENDIX A 

VSP2 Windows Software Installation – V4.3.0 
 

NOTE: If you are upgrading from a previous version of the VSP2 Windows, first uninstall 
the previous version.  You may also skip Steps 3, 4, and 5.8 through 5.14. 

 
 

1. Confirm operating system is Windows 95/98/NT 4.0/XP. 

 

2. PCI DAS 1602 card is configured as in Appendix H.  (Already done if the board is 

installed in your PC as purchased from FAI). 

 

3. Install ComputerBoards InstaCal Version 5.10 or newer. 

 3.1 Use default settings. 

3.2 Click "Yes" for Autoexec.bat to be modified and then OK (Windows 95/98 only). 

3.3 Click "Yes" for System.ini to be modified and then click OK (Windows 95/98 

only).  

 3.4 Click OK to restart computer. 

 

4. Run InstaCal 

 4.1 Click on Start...Programs...ComputerBoards…InstaCal. 

 4.2 Click on "Add Board" icon. 

 4.3 Select PCI DAS 1602/16 from PCI menu. 

 4.4 Add as Board Number 1. 

 4.5 Click on "Configure Board" icon. 

 4.6 Adjust settings as shown in Fig. A-1. 

4.7  Exit 

 

5. Install VSP2 for Windows 

5.1 Run Setup.exe from CD-ROM (if it doesn’t start automatically).  

5.2 Installation will review the Windows Installer Software on your PC.  If it needs to 

be updated, it will update the software and ask to restart the computer.  Click OK. 



A-2 

5.3 Installation of VSP2 will continue automatically.  Click Next to continue. 

5.4 Select the “I accept the terms in the license agreement” option and then click Next 

to continue. 

5.5 Enter Username and Organization.  Click Next to continue. 

5.6 Select Complete Setup Type.  By default the software will be installed to the 

C:\Program Files\FAI\VSP2\V430 directory.  Click Next to continue. 

5.7 Click Install. 

5.8 Click Yes to install the Microsoft ActiveX Control Pad. 

5.9 Click Continue. 

5.10 Click Complete to install. 

5.11 Click Continue. 

5.12 Click OK. 

5.13 Click Yes to answer the question regarding restarting the computer. 

5.14 Click Yes to install the Visual Basic 6.0 with Visual Studio 6.0 Service Pack 4 

Run Time Files. 

5.15 Click Finish. 

5.16 Click Yes to restart the computer. 

 

6. Running VSP2 Version 4.3.0 

6.1 Data is written to C:\VSP2\Data (default). 

6.2 The installation program creates a C:\VSP2\Data directory.  Click Change Data 

Path option on the setup screen to direct data to be written to another location if 

desired, and save the setup data. 

6.3 Customized setup data can be saved as Setup1.dta, etc. (These are saved in 

C:\VSP2\Init subdirectory). 

6.4 When the user first boots up the program, the VSP2 unit should be turned on with 

thermocouples (TC's) or a TC simulator plugged into each temperature channel. 
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Figure A-1   InstaCal set-up for PCI DAS 1602. 
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APPENDIX B 

Test Strategy 
 

 The purpose of a VSP2 test strategy is first for laboratory safety and secondly for 

efficient use of the equipment in acquiring emergency relief system design data.  For vent sizing 

applications, we assume the user has established a credible upset scenario (design basis upset 

scenario) based on criteria relevant to the particular chemical process [Ref. 1]. 

 

 The basic principle causing the temperature and pressure to increase in most exothermic 

reactions is the exponential rate of temperature and pressure rise with respect to temperature.  As 

the temperature increases, its rate of increase accelerates exponentially.  Likewise the pressure 

rises exponentially as temperature increases, either due to vapor pressure or noncondensible gas 

production or both.   

 

 For a chemical reacting system which does not produce noncondensible gas, the basic 

principle for reaction temperature control is imposing as low a pressure as is practical in order to 

force the reacting mixture to boil.   

 

 A chemical reacting system which produces heat and predominantly noncondensible gas 

at the relief set pressure can only be vented.  This type of reaction cannot be effectively 

controlled by imposing a low pressure because there is either no solvent or insufficient solvent to 

halt the temperature rise by boiling.  This is known as a gassy system.  

 

 Flow charts are presented in Figs. B-1 and B-2 (from Ref. [14]) illustrating the decision 

process in test design and data interpretation.  Following these methods allows one to  

distinguish whether the sample behaves as a vapor, gassy, and hybrid type of chemical reaction.  

A hybrid system produces noncondensible gas but has sufficient solvent to allow the sample to 

boil (isothermally) at the process vessel relief set pressure.  Note:  If the relief set pressure of a 

hybrid (gas generating) type of reaction is raised or lowered such that the sample can no longer 

boil (be tempered) and still generates gas, then it is considered "gassy" at the new relief set 

pressure.    
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Figure B-1   Flow chart for VSP2 testing. 
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Figure B-2   General flow chart for open system testing. 
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In general the method outlined in Fig. B-1 is used for a sample where it is safe to perform 

a closed system test.  If one has no knowledge of the behavior of the chemical reaction, then the 

open system methodology of Fig. B-2 should be followed from the beginning.  (Note the open 

system method applies equally to the ARSST (Advanced Reactive System Screening Tool) 

available from FAI.  Also, if it is known that the system is gassy (non-tempered) before doing a 

test, then one simply needs to perform a single constant volume test with the backpressure set 

equal to the process vessel maximum allowable accumulated pressure (MAAP).  (The MAAP is 

generally ten percent above the process vessel design pressure except for fire exposure scenarios 

where the MAAP is 21% above the vessel design pressure (gauge pressure).) 

 

 The method for evaluating an adequate relief system size directly uses self-heat rate 

(dT/dt) data for hybrid and vapor systems, and pressure rise rate (dP/dt) data for hybrid and 

gassy systems.  These required data come directly from VSP2 testing.  (In addition, for vapor 

systems the closed test pressure-temperature behavior is needed.) 

 

 It is helpful to keep in mind the physical principles governing the behavior of heat 

producing (exothermic) chemical reactions.  

 

 For most exothermic chemical reactions, the exponential rate of increase with 

temperature is of the form: 

 

  AEdT / dt k e / RT−∝

 

where: e = base of the natural logarithm 

dT/dt = self-heat rate 

k = rate constant of the reaction 

EA = activation energy of the reaction 

R = universal gas constant 

T = absolute temperature 
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We observe that if T increases, then dT/dt increases exponentially.  This exponential increase is 

termed Arrhenius type behavior.  

 

If noncondensible gas is produced in Arrhenius type reactions the rate of pressure rise is 

of a form identical to the rate of temperature rise.  In addition to the Arrhenius type production of 

noncondensible gas for a gassy system, the pressure increases with temperature by the gas 

law 

 

P ∝  RT/V 

 

where P = pressure 

R = universal gas constant 

T = absolute temperature 

V = gas volume  available in test or large scale process vessel (a constant). 

 

In summary, for a gassy reaction the pressure rise rate is a compound factor of 

temperature in two ways:  gas is produced at an exponential rate as temperature (reaction rate) 

increases, and the pressure increases linearly with absolute temperature (for a fixed headspace 

volume).  Therefore one must  decide very carefully how much sample to put in a closed 

VSP2 test cell if noncondensible gas is going to be produced.  Usually for gassy systems the 

open system test is performed (constant volume) in order to most efficiently and safely 

quantify the gas production. 

 

If solvents or volatile reagents are present the vapor pressure (P) increases with 

increasing temperature in this manner: 

 

P = eA + B/T + ClnT + DT**E 

 

where A,B,C,D,E are constants unique to each compound 

T = absolute temperature 

 



B-6 

This equation means as the temperature increases, the vapor pressure increases exponentially.  

Generally for a vapor system (with no noncondensible gas produced) the VSP2 pressure control 

can successfully balance the test cell pressure to keep track with the reaction.   

 

 There are two main reasons for performing VSP2 tests:  to collect thermal/pressure data 

or vent sizing data.  For thermal/pressure data, closed tests are preferred because there is no 

mass loss (except from any noncondensibles which are produced and subsequently vented during 

test cell disassembly and removal from the system upon cooldown).   

 

For vent sizing tests an open test is preferred for pre-dominantly gassy systems because 

the gas volume is better defined (there is uncertainty in knowing the exact free board or gas 

volume for closed tests due to thermal expansion of the liquid) and there is more gas released to 

the gas/vapor space in open tests (thus increasing the actual gas production). There is some gas 

solubility in the liquid portion of the sample which somewhat reduces the gas released to the 

gas/vapor space in closed tests.  The rate of pressure rise (from gas generation) is a key 

parameter obtained from the VSP2 experiment for input into gassy system vent sizing equations 

(Refs. 10,14).  Gas production is maximized in open tests (where the gas  has a larger vapor 

space to enter).  Also the gas volume is known accurately (equal to the containment vessel 

volume) in open system tests.  This gas volume is also a parameter in  the vent sizing equation 

for a gassy system. 

 

 For thermal/pressure data needs, the practical criteria for deciding whether to perform an 

open system test or closed system test for a reaction which produces noncondensible gas is the 

peak pressure at the peak temperature condition.  If the peak estimated pressure of a closed VSP2 

test is 1000 psi (69 bar, or 6900 kpa) or less, then a closed test could be performed with a high 

likelihood of the test cell remaining intact.  If the peak estimated pressure from noncondensible 

gas is greater than 1000 psi (69 bar, 6900 kpa) then an open system test is recommended.  If one 

has no way of estimating the peak pressure ahead of time then for safety’s sake an open system 

test should be performed (in constant volume mode). 
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 Typically the sample fill for a closed test in which gas is to be produced is reduced from 

80 ml to 60 ml.  The other 60 ml (free board or gas volume) is then available for liquid 

expansion and gas evolution/release.  We can estimate from the ideal gas law the number of 

moles (assuming a peak temperature of 300°C) which can be accommodated for a peak pressure 

of 1000 psi:  n = (1000 psi)(6895 Pa/psi)(60 x 10-6 m3)/(8314 Pa m3/kmol K)(573 K) = 8.68 x  

10-4 kmoles or 0.0868 gm moles.  (The selection of 300°C is based on typical peak temperatures 

for closed tests and is a reasonable value.)  (Note:  if this were carbon dioxide, the corresponding 

mass of gas is 3.82 gm). 

 

If this same test were performed in an open system, the net increase in pressure (at room 

temperature, after cooldown) in the 4 liter containment vessel would be 7.8 psi.  In order to 

optimize pressure measurement resolution for an open system test, one should use lower range 

transducer diaphragms such as 500 psi diaphragms (assuming the initial pressure is low enough 

so that the peak pressure would not go above 500 psi). 

 

 In closed system tests at the peak temperature resulting from an exotherm, the solvent (or 

reagent) vapor pressure may contribute a significant portion of the overall pressure.  In 

estimating the peak pressure as illustrated above one should account for the solvent vapor 

pressure at the peak estimated temperature.  Then, based on the difference between 1000 psi and 

the peak solvent vapor pressure, one may determine how many moles of noncondensible gas 

make up the difference.  Based on this difference one may back calculate the amount of reactive 

material to charge into the test cell (assuming the relationship (stoichiometry) between the 

reagent and the moles of gas is known). 
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APPENDIX C 

Mechanical Stirrer Instructions (April, 2001) 

 
Preparation of Test Cell 

 

(1) Remove the O-ring gland cover and ensure that the gland is free of any grit or dust.  Slide 

the single Kalrez 004 O-ring and several Viton 004 O-rings onto the shaft down almost to 

the O-ring gland.  Then place a small dab of Dow Corning vacuum grease on the shaft 

just above the O-ring housing (below the stack of O-rings) before inserting the O-rings 

into the housing.  Spread a small amount of grease on the outside of the O-rings before 

lowering them into the housing. 

 

Re-install and tighten the lid of the O-ring gland but leave about a one millimeter gap 

between the O-ring gland seal and top of O-ring housing.  There needs to be enough 

Viton 004 O-rings used so that there is a gap as mentioned above when the O-ring gland 

lid is installed.  The purpose of the gap is to allow room for further tightening later if 

required to maintain a leakproof seal.  Install the universal joint. 

 

(2) Pressure test the test cell with 18-20 psig (1.24-1.38 bar g) and with the motor turning 

(monitor pressure on a gauge or on the computer using P1).  It is convenient to construct 

an isolated system that includes the test cell and pressure measurement device.  It is 

normal for the pressure to drop by about 0.5 psig (0.034 bar g) after the motor is initially 

turned on.  If the pressure does not quickly level off after the motor is first turned on then 

it is necessary to find the source of the leak.  We suggest using a ring stand to support the 

motor/bracket assembly outside of the containment vessel along with a means of isolating 

the test cell (with a transducer attached) in order to easily and definitively leak check the 

test cell assembly.  Leak checking the assembly outside of the containment vessel enables 

you to more quickly find and fix any problems (e.g. tighten the O-ring  gland seal nuts or 

add an additional spacer O-ring).  If the test cell pressure is steady or increasing after a 
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two minute checkout with the motor running, then proceed on to the next step.  Leave the 

universal joint attached to the test cell but remove it from the motor. 

 

VSP Test Cell Installation Inside the Containment Vessel 

 

 Install the test cell (with the universal joint still on) inside the heater assembly as usual 

but try to center the test cell inside the containment vessel when the fill line(s) is (are) attached to 

the inside vessel wall.  After the test cell fill line(s) is (are) attached, install (hand tight only) the 

motor bracket assembly to ensure that the shaft is aligned with the motor (check motor operation 

a few times to ensure it successfully rotates the agitator).  Attach the alligator clip from the stirrer 

power gland to the stir support plate and make sure the external wire is properly grounded.  Add 

20 psig (1.38 bar g) of inert gas into the test cell to verify easy shaft rotation and 

“leakproofness”.  (If possible keep the pressure in the test cell while next installing the upper 

insulation in the containment vessel.)  Place insulation close to the shaft but not touching it; 

continue insulating up to the coupling.  After placing the motor assembly inside the coupling, 

hand tighten the screws and turn on the motor.  Verify both rotation and leakproofness and then 

gradually wrench tighten two opposite bracket bolts with the motor running.  Leave the 

cross-wise bolts only hand tight.  Ensure that the motor shaft is far enough down into the 

coupling so that the system will not become disengaged during the VSP2 test, and so that the lid 

of the VSP vessel will properly set on the vessel.  Next connect the heater wires and turn off the 

motor.  Finally turn the motor off and on at least three times.  If the stirrer self-starts (with the 

proper current) three times in a row then you may close the containment vessel.  Leave the motor 

running from now through the VSP2 test.  Do not jolt the containment vessel after this point.  

(Remember that the motor is a possible ignition source.) 

 

General Mechanical Stirrer System Guidelines 

 

(1) Replace O-rings after each run if the temperature exceeds 150 C or if solvents are present 

which the Kalrez and Viton may absorb. 
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(2) Remember it is required to keep the test cell and containment vessel pressure differential 

between 5 and 20 psi (0.34 to 1.38 bar).  Make sure the throttle valves associated with the 

nitrogen and vent solenoids are set according to the expected rate of pressure rise or fall.  

Fix leaky throttle valves.   

 

(3) Lubricate the top shaft of the motor with light oil (silicone and/or hydrocarbon)  before 

each run and clean off insulation after each run.  Test the motor to ensure it self-starts 

(with no load) after each run in order to qualify it for the next run.  Keep the motor's 

wire connections covered (e.g. with electrical tape) to avoid dangerous shorts.   

 

(4) Use a ring stand adjacent to the containment vessel to hold the motor/bracket assembly in 

place between tests in order to avoid disconnecting the internal wires.  Much time is 

saved by not disconnecting the wires after a test.  Use this same ringstand to hold objects 

(flashlight and dental mirror) that may be necessary in verifying the alignment of the stir 

shaft in the event that a tachometer system is used. 

 

(5) Remember to ensure each new motor is custom filed to fit the universal joint.  Only file 

the portion of the motor shaft that actually fits in the joint.  Filing the motor shaft right 

next to the motor housing may hinder rotation of the shaft.  The expected motor life is 4 

runs if the motor temperature exceeds 110 C during each run. 

 

(6) Purchase from Cole Parmer a LED display clip-on ammeter with a 200 mA range option 

to monitor the current.  Before sealing the containment vessel experiment with the 

ammeter to obtain a typical current reading when the stirrer is working (typically 48-57 

mA).  When the stirrer or motor gets “bound” note also the amps reading (usually more 

or less by about ten percent than the “properly working” current reading).  The above 

quoted typical current is for a Hurst 600 rpm 7 Watt AC motor. 

 

(7) See the attached figures for gland and motor connection instructions.  Note the presence 

of a ground wire that gets attached to the motor support frame.  Note depending on how 

the “hot” wires are connected the motor will rotate either clockwise or counter clockwise.  
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The preferred direction is clockwise (as seen looking down at the installed motor) to 

create a downward pull in the center of the fluid when using the standard impeller. 
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Thermal Ceramics
 

MATERIAL SAFETY DATA SHEETMATERIAL SAFETY DATA SHEETMATERIAL SAFETY DATA SHEETMATERIAL SAFETY DATA SHEET 
 

MSDS No: 350 Date Prepared:  03/24/1992   Current Date: 5/9/2008 
                                     Last Revised:  (05/09/2008) 

 

1.  PRODUCT AND COMPANY IDENTIFICATION   
 
Product Group:  ALKALINE EARTH SILICATE (AES) WOOL PRODUCT  
 

Chemical Name:  Calcium-Magnesium-Silicate Wool or Calcium-Magnesium-Zirconium-Silicate Wool 
 

Synonyms:  AES Wool, CMS Wool, Synthetic Vitreous Fiber (SVF), Man-made Vitreous Fiber (MMVF),               
Man-made Mineral Fiber (MMMF)  

 

Trade Names:  Superwool™(*) 607, 607MAX, 612:  Bulk,  Blanket,  Mat,  Module; 
 Superwool™(*) PLUS:  Bulk,  Blanket,  Mat,  Module; 
 Isoblanket-E®;  
 Engineered Fiber (ALL GRADES); 
 Mix 436-C Component “A”; 
 
Manufacturer/Supplier:  Thermal Ceramics Inc. 
    P. O. Box 923; Dept. 300 
    Augusta, GA 30903-0923  
 
    For  Product Stewardship and Emergency Information - 

Hotline: 1-800-722-5681 
Fax: 706-560-4054 

 
For additional MSDSs and to confirm this is the mos t current MSDS for the 
product, visit our web page [ www.thermalceramics.com].     

 
* Superwool™ is a trademark of The Morgan Crucible C ompany plc  
 

2.   COMPOSITION/INFORMATION ON INGREDIENTS   
 

INGREDIENT &     
     CAS NUMBER              % BY WEIGHT   OSHA PEL                      ACGIH TLV 

       
Alkaline-Earth Silicate Wool (1)                             100 15 mg/m3 (total dust) 10 mg/m3 (inhalable dust) 
     436083-99-7                  5 mg/m3 (respirable dust) 3 mg/m3 (respirable dust)  
 
 (1) CAS definition:   Alkaline Earth Silicate (AES) consisting of silica (50-82 wt %), calcia and magnesia (18-43 wt %), alumina, titania  
     and zirconia (less than 6 wt %), and trace oxides.  This CAS composition also covers Thermal Ceramics products Calcium- 
     Magnesium-Silicate Wool (CAS no. 329211-92-9) and Calcium-Magnesium-Zirconium-Silicate Wool (CAS no. 308084-09-5).   

 
 (See Section 8 "Exposure Controls / Personal Prote ction" for exposure guidelines.) 

 

3.   HAZARDS IDENTIFICATION   
 

• May cause temporary, mild mechanical irritation to the eyes, skin, nose and/or throat.   
• Pre-existing skin and respiratory conditions may be aggravated by exposure.   
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4.   FIRST AID MEASURES  
 

RESPIRATORY TRACT (nose and throat) IRRITATION  
If respiratory tract irritation develops, move the person to a dust free location. See Section 8 for additional measures to 
reduce or eliminate exposure. 

 
EYE IRRITATION 
If eyes become irritated, flush immediately with large amounts of lukewarm water for at least 15 minutes.  Eyelids 
should be held away from the eyeball to ensure thorough rinsing.  Do not rub eyes.   

 
SKIN IRRITATION 
If skin becomes irritated, remove soiled clothing.  Do not rub or scratch exposed skin.  Wash area of contact 
thoroughly with soap and water.  Using a skin cream or lotion after washing may be helpful.  

 
GASTROINTESTINAL IRRITATION  
If gastrointestinal tract irritation develops, move the person to a dust free environment.  

 
- If symptoms persist, seek medical attention. -  

 
NOTE TO PHYSICIANS 
Skin and respiratory effects are the result of temporary, mild mechanical irritation; fiber exposure does not result in 
allergic manifestations. 

 

5.   FIRE FIGHTING MEASURES  
 

NFPA Codes: Flammability:   _ 0_  ,   Health:  _1_  ,   Reactivity: _ 0_  ,  Special: _ 0_   
 
NFPA Unusual Hazards:     None 
Flammable Properties:     None 
Flash Point:     None 
Hazardous Decomposition Products:  None 
Unusual Fire and Explosion Hazard:  None 
Extinguishing Media:     Use extinguishing media suitable for type of surrounding fire. 

 

6.   ACCIDENTAL RELEASE MEASURES  
 

SPILL PROCEDURES 
Avoid creating airborne dust.  Dust suppressing cleaning methods such as wet sweeping or vacuuming should be used 
to clean the work area.  If vacuuming, the vacuum should be equipped with a HEPA filter.  Compressed air or dry 
sweeping should not be used for cleaning. 

 

7.   HANDLING AND STORAGE  
 

STORAGE  
Store in original factory container in a dry area. Keep container closed when not in use.  

 
HANDLING  
Limit use of power tools unless in conjunction with local exhaust. Use hand tools whenever possible. Frequently clean 
the work area with HEPA filtered vacuum or wet sweeping to minimize the accumulation of debris.  Do not use 
compressed air for clean-up. 

 
EMPTY CONTAINERS 
Do not reuse the container. 
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8.   EXPOSURE CONTROLS/PERSONAL PROTECTION  
 

MANUFACTURER'S RECOMMENDATION  
It is prudent to reduce exposure to respirable dusts to the lowest attainable level through the use of engineering controls 
such as ventilation and dust collection devices.  Industrial hygiene standards and occupational exposure limits may vary 
between countries, state and local jurisdictions.  Contact your employer to determine which exposure levels apply to 
your facility.  If no regulatory dust or other standards apply, a qualified industrial hygienist can assist with a specific 
workplace evaluation including recommendations for respiratory protection.  In the absence of such guidance, the 
manufacturer generally recommends the control of CMS wool exposures to 1 fiber/cc or less.  

 
ENGINEERING CONTROLS   
Use feasible engineering controls such as local exhaust ventilation, point of generation dust collection, down draft work 
stations, emission controlling tool designs, and materials handling equipment designed to minimize airborne fiber 
emissions. 

 
PERSONAL PROTECTION EQUIPMENT 

 
Skin Protection  
Wear gloves, head coverings and full body clothing as necessary to prevent skin irritation.  Washable or disposable 
clothing may be used.  If possible, do not take unwashed work clothing home.  If soiled work clothing must be taken 
home, employers should ensure employees are trained on the best practices to minimize or avoid non-work dust 
exposure (e.g., vacuum clothes before leaving the work area, wash work clothing separately, rinse washer before 
washing other household clothes, etc.). 

 
Eye Protection  
Wear safety glasses with side shields or other forms of eye protection in compliance with appropriate OSHA standards 
to prevent eye irritation.  The use of contact lenses is not recommended, unless used in conjunction with appropriate 
eye protection.  Do not touch eyes with soiled body parts or materials.  If possible, have eye-washing facilities readily 
available where eye irritation can occur. 

 
Respiratory Protection   
When it is not possible or feasible to reduce respirable dust exposures through engineering controls, employees are 
encouraged to use good work practices together with respiratory protection.  Comply with OSHA Respiratory Protection 
Standards, 29 CFR 1910.134 and 29 CFR 1926.103, for the particular hazard or airborne concentrations to be 
encountered in the work environment.  For the most current information on respirator selection, contact your supplier.  

 

9.   PHYSICAL AND CHEMICAL PROPERTIES  
 

ODOR AND APPEARANCE :    White odorless material with a wool type appearance 
CHEMICAL FAMILY :      Calcium, Magnesium, Silicate Mixture 
BOILING POINT :   Not Applicable   
WATER SOLUBILITY (%):   Slight 
MELTING POINT:   1275 - 1300°C (2327 - 2372°F)  
SPECIFIC GRAVITY RANGE :  2.5 - 3.0    
VAPOR PRESSURE:   Not Applicable 
pH:   Not Applicable 
VAPOR DENSITY (Air = 1):  Not Applicable  
% VOLATILE :   Not Applicable 
MOLECULAR FORMULA :  Not Applicable 

 

10.   STABILITY AND REACTIVITY  
 

CHEMICAL STABILITY:  Stable under conditions of normal use  
CHEMICAL INCOMPATIBILITIES:    Avoid contact with strong acids.   
CONDITIONS TO AVOID:    None 
HAZARDOUS DECOMPOSITION PRODUCTS: None 
HAZARDOUS POLYMERIZATION:    Not applicable 
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11.   TOXICOLOGICAL INFORMATION  
 

TOXICOLOGY    
CMS wools have been tested for their biopersistence using methods devised by the European Union.  The results from 
these studies exonerate CMS wools from carcinogen classification under the criteria listed in Nota Q of European 
Commission Directive 97/69/EU. 

 
In a lifetime carcinogenicity test, rats were exposed by inhalation for two years (5 days a week; 6 hours a day) to CMS 
fibers at 200 WHO fibers/ml.  There was neither fibrosis nor carcinogenic response; only reversible cellular changes 
were seen.  Further, subchronic inhalation studies on rats with CMS fibers at concentrations of 150 fibers (>20 µm long) 
per ml for 90 days with follow up to 1 year showed neither inflammation nor cell proliferation.  All parameters studied 
returned rapidly to baseline levels on cessation of exposure. 

 
After-service, CMS wools may contain crystalline phases including some forms of silica.  (See Section 16)  However, 
CMS fibers heated to 1000°C for 2 weeks were not cytot oxic to macrophage-like cells at concentrations up to 320 
µg/cm2.  In the same test, samples of pure crystalline quartz were significantly active at 20 µg/cm2. 

 
 

EPIDEMIOLOGY    
This material has not been the subject of an epidemiology study.  

 
NOTE 
Superwool products are members of a family of materials whose properties are distinct in several ways from other man-
made mineral fibers.  In October 2001 IARC re-reviewed Man-Made Vitreous Fibers and “elected not to make an overall 
evaluation of the newly developed fibers” [such as CMS wool] but recognized that “those that have been tested appear 
to have low carcinogenic potential in experimental animals.”  
 
 While CMS wool is an inert material that does not react with the skin, exposures may cause temporary mild mechanical 
irritation to the eyes, skin, nose and/or throat (for First Aid Measurers, see Section 4).  Proper handling practices and 
the use of protective clothing (see Section 8) can minimize irritation.  

 

12.   ECOLOGICAL INFORMATION  
 

No adverse effects of this material on the environment are anticipated. 
 

13.   DISPOSAL INFORMATION  
 

WASTE MANAGEMENT  
To prevent waste materials becoming airborne, a covered container or plastic bagging is recommended. 

 
RCRA 
CMS wool, as manufactured, is not classified as a hazardous waste according to Federal regulations (40 CFR 261). As 
manufactured, CMS wool was tested using EPA's Toxicity Characteristics Leaching Procedure (TCLP).  Results 
showed there were no detectable contaminants or detectable leachable contaminants that exceeded the regulatory 
levels.  Any processing, use, alteration or chemical additions to the product, as purchased, may alter the disposal 
requirements.  Under Federal regulations, it is the waste generator's responsibility to properly characterize a waste 
material, to determine if it is a "hazardous" waste.  Check local, regional, state or provincial regulations to identify all 
applicable disposal requirements. 
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14.   TRANSPORT INFORMATION  
 

U.S. DEPARTMENT OF TRANSPORTATION (DOT) 
 Hazard Class: Not regulated United Nations (UN) Number: Not applicable 
 Labels: Not applicable North America (NA) Number: Not applicable 
 Placards: Not applicable 
 Bill of Lading: Product name 

 
INTERNATIONAL  

 Not classified as dangerous goods under ADR (road), RID (train), IATA (air) or IMDG (ship). 
 

15.   REGULATORY INFORMATION  
 

UNITED STATES REGULATIONS 
 

SARA Title III:  This product does not contain any substances reportable under Sections 302, 304, 313  
 (40 CFR 372).  Sections 311 and 312 apply.   
OSHA:  Comply with Hazard Communication Standards 29 CFR 1910.1200 and 29 CFR 1926.59 

and Respiratory Protection Standards 29 CFR 1910.134 and 29 CFR 1926.103.  
 TSCA: CMS wools have been assigned two CAS numbers; however, they are not required to be 

listed on the TSCA inventory. 
CERCLA:  CMS wool contains fibers with an average diameter greater than one micron and thus is not 

considered a CERCLA hazardous substance.  
CAA: CMS wool contains fibers with an average diameter greater than one micron and thus is not 

considered a hazardous air pollutant.  
States:  CMS wools are not known to be regulated by any State.  If in doubt, contact your local 

regulatory agency.  
 

INTERNATIONAL REGULATIONS  
 

Canada WHMIS: No Canadian Workplace Hazardous Materials Information System categories apply to this 
product.  

Canadian EPA:  All substances in this product are listed, as required, on the Domestic Substance List (DSL).  
European Union:  These products are exonerated from any carcinogenic classification in the countries of the 

European Union under the provisions of Nota Q of the European Commission Directive 
97/69/EC.  

 

16.   OTHER INFORMATION  
 

SUPERWOOLTM DEVITRIFICATION 
As produced, SuperwoolsTM are vitreous (glassy) AES Wools that do not contain crystalline silica.  Continued exposure 
to elevated temperatures (>9000C) may cause these materials to form crystalline phases, including crystalline silica.  
The occurrence and extent of crystalline silica formation is dependent on the duration and temperature of exposure, 
CMS Wool chemistry and/or the presence of fluxing agents.  The presence of crystalline silica can be confirmed only 
through laboratory analysis of the "hot face" fiber.  If crystalline silica is present, follow appropriate hygiene standards 
and national regulations. 

 
Devitrified, after-service SuperwoolTM, containing crystalline silica, has shown no adverse reactions in toxicity assays 
(See Section 11).  These findings are consistent with IARC’s evaluation, which states “Crystalline silica inhaled in the 
form of quartz or cristobalite from occupational sources is carcinogenic to humans (Group 1)” and additionally notes 
“carcinogenicity in humans was not detected in all industrial circumstances studied.  Carcinogenicity may be dependent 
on inherent characteristics of the crystalline silica or on external factors affecting its biological activity or distribution of 
its polymorphs.” (IARC Monograph Vol. 68, 1997). 
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Respirable dust from devitrified SuperwoolTM products can be controlled with ventilation, dust collectors or respiratory 
protection as detailed in Section 8 (above).  Ventilation and respiratory protection should be provided in compliance with 
OSHA standards.  The evaluation of workplace hazards and, if necessary, the identification of appropriate respiratory 
protection is best performed by qualified Industrial Hygienists.   
 
For more information, call the Thermal Ceramics Product Stewardship Hotline (800-722-5681).   

 
 
 

PRODUCT STEWARDSHIP PROGRAM 
Morgan Thermal Ceramics has established a program to provide customers with up-to-date information regarding the 
proper use and handling of SuperwoolTM.  If you would like more information about this program, please call your local 
supplier or visit one of the following web sites.  

 
 Thermal Ceramics - Global    www.thermalceramics.com 
 Refractory Ceramic Fibers Coalition (USA)  www.RCFC.net 
 ECFIA (Europe)      www.ecfia.org 
 
 
  

LABELING  
As product information labels may be required on SuperwoolTM packages, check local destination regulations before 
shipping.   
 
HMIS HAZARD RATING  

 
 HMIS Health: 1 
 HMIS Flammable:  0 
 HMIS Reactivity:  0 
 
 HMIS Personal Protective:  To be determined by user 
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DEFINITIONS 
 

 ACGIH:  American Conference of Governmental Industrial Hygienists  
 ADR:  Carriage of Dangerous Goods by Road (International Regulation) 
 CAA:  Clean Air Act   
 CAS:  Chemical Abstracts Service Registry Number   
 CERCLA:  Comprehensive Environmental Response, Compensation and Liability Act   
 EPA:  Environmental Protection Agency   
 EU: European Union 
 f/cc:  Fibers per cubic centimeter   
 HEPA:  High Efficiency Particulate Air   
 HMIS: Hazardous Materials Identification System   
 IARC:  International Agency for Research on Cancer 
 IATA: International Air Transport Association 
 IMDG:  International Maritime Dangerous Goods Code 
 mg/m 3 : Milligrams per cubic meter of air   
 mppcf:  Million particles per cubic meter   
 MSHA:  Mine Safety and Health Administration   
 NFPA:  National Fire Protection Association   
 NIOSH: National Institute for Occupational Safety and Health   
 OSHA:  Occupational Safety and Health Administration   
 PEL:  Permissible Exposure Limit   
 PNOC: Particulates Not Otherwise Classified   
 PNOR: Particulates Not Otherwise Regulated   
 RCRA:  Resource Conservation and Recovery Act 
 RID: Carriage of Dangerous Goods by Rail (International Regulation) 
 SARA:  Superfund Amendments and Reauthorization Act   
 Title III:  Emergency Planning and Community Right to Know Act   
 …Section 302:  Extremely Hazardous Substances   
 …Section 304:  Emergency Release   
 …Section 311:  MSDS/List of Chemicals   
 …Section 312:  Emergency and Hazardous Inventory   
 …Section 313:  Toxic Chemicals Release Reporting   
 STEL:  Short-Term Exposure Limit   
 TCLP:  Toxicity Characteristics Leaching Procedures (EPA)   
 TLV:  Threshold Limit Values (ACGIH)   
 TSCA:  Toxic Substance Control Act   
 WHMIS: Workplace Hazardous Materials Information System  (Canada)   
 29 CFR 1910.134  &  1926.103: OSHA Respiratory Protection Standards   
 29 CFR 1910.1200  &  1926.59: OSHA Hazard Communication Standards   
 
 

Revision Summary:   Section 1:  Content revised. 
  Section 2:  Alkaline-Earth Silicate Wool CAS numb er changed and content revised.    
 

 
MSDS Prepared By:  THERMAL CERAMICS ENVIRONMENTAL, HEALTH & SAFETY DEPARTMENT  

 
 

DISCLAIMER 
The information presented herein is presented in good faith and believed to be accurate as of the effective date of this 
Material Safety Data Sheet.  Employers may use this MSDS to supplement other information gathered by them in their 
efforts to assure the health and safety of their employees and the proper use of the product. This summary of the 
relevant data reflects professional judgment; employers should note that information perceived to be less relevant has 
not been included in this MSDS.  Therefore, given the summary nature of this document, Thermal Ceramics does not 
extend any warranty (expressed or implied), assume any responsibility, or make any representation regarding the 
completeness of this information or its suitability for the purposes envisioned by the user. 
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APPENDIX E 

VSP2 Test Check List 
 

Test Identification:           
 
Test Notes, Test Cell Sketch 
 
 
 
 
 
 
 
 
 
Test Cell Setup 
 
Record test cell tare mass (include Swagelok fittings if capped)    _____ 
Check resistance TC1 (thermocouple) leads to test cell (> 20 MΩ)   _____ 
 Hand check test cell TC1for proper temperature response?    _____ 
Check resistance TC2 leads to guard can    (> 20 MΩ) 
 Hand check guard heater TC2 for proper temperature response?    _____ 
 Pressure check test cell with air hose?      _____ 
Note test cell configuration   Wall thickness :    _____ 
 stir bar: standard / large / glass / none 
 material: stainless / Hastelloy / other 
 vented:  yes / no / capped 
 fill lines: single / dual 
Check continuity of auxiliary (~ 20Ω) & guard (~ 60Ω) heaters before installation  _____ 
Check resistance of heater leads to sheath for each heater component (> 1MΩ)  _____ 
Install auxiliary (main) heater on the test cell (useful to “tag” the lead wires)  _____ 
Insulate test cell          _____ 
 ~ 2 ft strip flat paper insulation (7 cm wide), use masking tape to  

hold in place, tape across bottom for easy fit into guard heater can 
Place half thickness glass fiber insulation disc inside guard heater    _____ 
Insert insulated test cell into guard heater       _____ 
 avoid placing auxiliary heater wire leads over guard TC2 
 position test cell so fill line and heater leads are properly oriented 
Insulate top of test cell with one glass fiber disk      _____ 
Install and connect top portion of guard heater      _____ 
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Double-check continuity of auxiliary and guard heaters     _____ 
 

Containment Vessel 
 
Temporarily mask fill line ports in containment vessel to keep threads clean  _____ 
Place a single layer of fiber insulation on the floor of the containment vessel  _____ 
Install pre-cut fiber insulation rings in containment up to fill line ports   _____ 
Ground side guard and lid heaters to fill line(s) using jumper wires    _____ 
Install test cell assembly in containment vessel      _____ 
Connect fill lines (take care to avoid cross threading and don’t over-tighten)  _____ 
Install upper fiber insulation to cover pressure/vent ports     _____ 
 For vented tests may need to leave a “chimney” opening in insulation 
Connect heater leads          _____ 
 Vacuum grease and/or tape on connections is recommended 
Re-check auxiliary/main (white) heater resistance (~ 20Ω) _____    _____ 
Re-check guard (black) heater resistance (~ 60Ω) _____      _____ 
Confirm guard heater sheath to vessel continuity      _____ 
Check resistance of TC and heater glands (bare hands on metal can affect) 
 TC leads to vessel > 20MΩ        _____ 
 TC1 to TC2 (internal check) >1MΩ       _____ 
 heater leads to vessel > 1MΩ        _____ 
 heater to heater (internal check) >1MΩ      _____ 
Connect TC leads           _____ 
 Vacuum grease and/or tape on connections is recommended 
 
Calibrate Thermocouples 
 
Start from VSP2 setup screen menu (enter pressure transducer range as diaphragm range/10) 
Record TC1, ΔT through required temperature range     _____ 
 Temperatures should be accurate within 1°C 
 TC1 and TC2 should agree within 1°C 
Check TC1 with TC2 disconnected        _____ 
Enter Offset Value as  needed          
 Re-check readings 
 
Calibrate Pressure Transducers 
 
Mount PTs (pressure transducers) on calibration manifold     _____ 
Adjust zero pot          _____ 
Pressurize to max test range and adjust gain pot      _____ 
Step down and record pressure in 100 psi increments (see table below)         _____ 
Re-check/adjust zero and repeat as needed        _____ 
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Gauge Reading P1  (_______psi/volt) P2 (________psi/volt) 
   
   
   
   
   
   
   
   
   
   
   
   
   
   

 
 
Seal Containment 
 
Clean lid seal and mating groove in vessel       _____ 
Install containment lid (point rupture disc away from operator)    _____ 
Tighten lid bolts using balanced tightening pattern      _____ 
Install pressure transducers with diaphragms oriented vertically    _____ 
Connect pressure/vent supply line from solenoid box     _____ 
Ground TC cable shielding to vessel         _____ 
Pressure check containment vessel (bypass open to equilibrate with closed test cell)  _____ 
Vent containment vessel (with bypass closed to pressure-check test cell)   _____ 
Pull vacuum with bypass open to evacuate test cell, then re-close (for a closed test) _____ 
Pressurize to desired back pressure (for an open test)     _____ 
Connect sample syringe/source line        _____ 
Make sure vessel is grounded to VSP2 Control Box                   _____ 
 
Run Test 
 
Select mode of operation or saved setup file       _____ 
Enter appropriate test name, test material, and other parameters    _____ 
Add sample and tap to vacuum        _____ 
Ensure good stirrer operation (~ 400-500 rpm, may need to adjust during test)  _____ 
Keep instrument lines away from magnetic stirrer      _____ 
Heater control  
 Heater switches on (both rotary control box knobs and software buttons)  _____ 
 Auto guard low/high and low auxiliary power are typically used   _____ 
Pressure control (for closed tests) 
 Regulator at 600-1500 psi        _____ 
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 Nitrogen supply valve open (if applicable)      _____ 
 Crack open nitrogen supply needle valve about 1/4 turn    _____ 
 Vessel inlet valve open (on top of containment vessel)    _____ 
 Vent throttle valve full open        _____ 
 Auto pressure control         _____ 
 Heater switches off when done       _____ 
Isolate nitrogen supply when done        _____ 
 
Post-Test Observations 
 
Record final pressure          _____ 
Controlled depressurization through caustic if required     _____ 
Record final test cell mass         _____ 
Check pH of any residue         _____ 
Describe appearance of test cell and contents       _____ 
 
Reduce Data 
 
Use odd number (5-9) points for smoothing of self-heat and pressure rise rates     _____ 
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APPENDIX F 

Parr Reactor Safety 
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APPENDIX G 

Containment Vessel Fitting Installation 
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 Fauske & Associates, LLC 
 

16W070 West 83rd Street  •  Burr Ridge, Illinois  60527  •  (630) 323-8750 
Telefax:  (630) 986-5481  •  E-mail:  FAI@Fauske.com 

RECOMMENDED PROCEDURE FOR 
INSTALLATION OF 1/8" AND 1/4" STAINLESS 

STEEL NPT FITTING (Tapered Thread) 
(for RSST, ARSST, VSP & VSP2 Vessels) 

 
       Figure 1:  Clean male threads.   Figure 2:  Dirty male threads.          Figure 3:  Apply Teflon tape 
                   in the direction of thread spiral. 

 
    Figure 4:  Stretch tape during       Figure 5:  Too much tape on         Figure 6:  Proper tape application 
    application.     threads.            when Step #4 is complete. 
 
(1) Make sure male and female threads are clean. 
(2) Apply anti-seize compound to female threads with toothpick. 
(3) Apply anti-seize to male threads.  Wipe off excess with finger and press into threads. 
(4) Apply 1/4" Teflon tape in the direction of thread spiral of male pipe thread beginning with first 

thread, stretch tape while applying and terminate after 1 and 1/4 turns. 
(5) Use 1/2" wide tape on 1/4" NPT fittings; use 1/4" wide tape on 1/8" NPT fittings. 
(6) When installing fitting, tape should go into female threads – too much tape will not be effective. 
 
*Note that figures show no tape on first-thread, but applying tape on the first thread is recommended. 

 
For additional information or questions, please contact: 

James Farrington – Senior Technician 
Phone:   (630) 887-5278     •     Fax:   (630) 986-5481 
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APPENDIX H 

PCI DAS 1602 Board Configuration 
 

 The PCI DAS 1602 board utilizes a PCI slot inside the computer.  When configuring the 

data acquisition board using Measurement Computing’s Instacal program, designate the PCI 

DAS 1602  as Board #1.    

 

 The test operation advantage of the PCI DAS 1602 is the availability of the full range of 

analog to digital inputs from –10 V.D.C. to +10 V.D.C.  This means you can read from negative 

temperatures to high temperatures while maintaining the full output voltage range of the 

Validyne pressure transducers from 0-10 V.D.C.  Once the PCI board is properly configured, 

there are no dip switches to change.  (To provide reasonable values for temperature or pressure 

input channels, simply insert a thermocouple into all unused thermocouple channels and adjust 

unused pressure channels P3 and P4 (using the zero or gain trim pot).) 

 

 The Instacal settings are illustrated in Figure H-1. 
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Figure H-1   Instacal settings for the PCI DAS 1602. 

 
 

Contact a professional to ensure the board’s jumpers are properly set, and that the digital 

cable going from the board to the back of the computer is properly connected to the board.  (If 

the digital cable is installed backwards on the PCI DAS 1602, then the temperature readings and 

heaters will not function properly.)  To verify the appropriate jumper positions, please contact 

FAI at (630) 323-8750. 
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APPENDIX I 

Sample Test Summary File 
 
-- Fauske and Associates, LLC --Calorimeter Control Software Version 4.3 
 
Vent Sizing Package (VSP2®) 
 
Test Report 
 
Test Name: T11080601 
Sample Material: 25% dtbp in toluene 
Sample Mass:  
Tare:                                  Containment Vessel: 4 litre 
Stirrer Type: Regular                  Stir Bar Type: Standard 
Test Cell Material: 304 Stainless      Test Cell Type: Closed 
Initial Conditions:                    Number of Sample TCs: 1 
Barometric Pressure: 1.0133 barg 
Offset for thermocouple readings (°C): 0.5 
Additional Test Cell Details:  
 
 
Automatic Pressure Tracking Criteria   Pressure Transducer Ranges (bar/V) 
Minimum Delta P (bar): 1.3790          P1: 13.7895       P2: 13.7895 
Maximum Delta P (bar): 2.7579          P3: 13.7895       P4: 13.7895 
 
Test Setup Parameters 
Mode: Standard Operation 
 
Initial Heatup Mode: Constant Power, 40.0% 
 
Auto Heat-Wait-Search: Yes 
Criterion for No Self-Heating (°C/min): 0.15 
Number of Steps: 4 
 
          Start Temp  End Temp         Heater Power        Hold Time 
             (°C)       (°C)               %                  (min) 
Step 1:      20         110                40                 15 
Step 2:      110        120                20                 15 
Step 3:      120        130                20                 15 
Step 4:      130        140                20                 15 
 
Heat-Wait-Search Stop after first runaway: Yes 
 
 
Starting Data Acquisition Frequency 
Temperature (°C): 2     Time (min): 2            Pressure (barg): 0.1379 
 
Starting Cooldown Acquisition Frequency 
Temperature (°C): 2     Time (min): 10           Pressure (barg): 0.1379 
 
Auto Shutoff? No 
 
Notes: 
0.02 min:  Auxiliary Heater Enabled 
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0.04 min:  Guard Heater Enabled 
0.07 min:  Pressure Control: Automatic 
3.63 min: 205 rpm super stirrer 
4.38 min: 1100 psi n2 bottle outlet and n2 throttle is 40% of full turn open 
4.38 min:  
5.40 min: good pres cal up to over 800 psi 
5.40 min:  
6.88 min: 25.5 percent dtbp in toluene and 40.37 gm sample 
6.88 min:  
6.95 min:  Auto Off Enabled 
7.03 min:  Auto Off Temperature (°C) changed from 350 to 260 
7.11 min:  Auto Off Time (min) changed from 9999 to 300 
7.80 min:  Auto Off Pressure (barg) changed from 68.9476 to 50.0000 
 
 
Post-Test Observations: 
Final Temperature: 20.8°C 
Final Pressure: 13.3129 barg 
Final Mass:  
Color of Final Sample:  
Condensate? No 
 
Other Final Notes: 
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