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 General Laboratory Safety

Before starting any experimental work in the laboratory, all users must learn The Laboratory Safety Manual and pass all exams.  Users must also get familiar with the Injury and Prevention Program (IIPP) and Chemical Hygiene Plans (CHP).  

All users must be familiar with the location of the fire extinguishers, safety showers, and other safety equipment before starting any experimental work.  In Room CS 143:	Comment by Francisco Zaera: check

1. Fire Extinguishers:  Located next to front door of CS 143.  
1. Safety Showers and Eyewash Station: Located next to the front door of CS 143. 
1. Fire Exit: two doors in CS 143
1. First Aid Kits: Located next to front door of CS 143.  

Some general points to keep in mind:

1. Always follow the laboratory safety procedures described in the appropriate documents when handling chemicals and electrical instruments.


2. General Considerations/Overview of Equipment

This is a Parr 4566, liquid-phase high-pressure reactor. An external burette is used to keep the internal pressure constant during reaction, and to follow the kinetic of reaction via analysis of the gas phase mixture. This setup is used to test a number of catalytic hydrogenation reactions. 

Key parameters:
1. Maximum pressure: 2000 Psi
2. Maximum temperature: 350oC
3. Stirring speed: 100-2000 rmp


3. High-Pressure Reactor

a.	General Description

The liquid-phase high-pressure reactor is composed of the following parts (see Figure):	Comment by Francisco Zaera: The numbers in the figure do not correspond to the items listed below.  Needs fixing.
DONE

[image: ]
1. Cylinder: The volume of cylinder is 300 mL.
a. As a general rule, the liquid charge should not exceed two-thirds of the capacity of the cylinder, in this case 200 mL. 
2. Heater: heating is carried out using a mantle housed in a sturdy aluminum shell:
a. Designed to proved uniform heating distribution to the wall and bottom of the vessel. 
b. Attached to the support rod with a clamp.
c. Arranged so that it can be raised or lowered on the rod as desired.
3. Controller: Model 4848 Modular Controller
a. It can control temperature, stirring speed, redundant temperature, and monitor pressure. 
b. It can datalog and be operated remotely from a PC.
4. Fixed head. A general schematic of the top fixed heat is provided in the figure below.

[image: ]

The Fixed head containing several valve and lines for the reactor:
a. Gas inlet valve:
i. Easily identified when the vessel is open.
ii. Connected to a dip tube that extends to a point hear the bottom of the cylinder. 
iii. With this arrangement, incoming gas is always introduced below the surface of the liquid.
b. Gas release valve: 
i. Typically connected to a side opening on the gage adapter. 
ii. Gas released from this valve will be drawn from the top of the reactor.
c. Liquid sampling valve:
i. Attached to the same fitting as the gas inlet valve and connected to the same dip tube. 
ii. This provides the operator with a means for clearing the dip tube, to be sure that any sample taken during a run will be representative of the charge. 
iii. Acquisition of sample aliquots is done by opening the upper gas inlet valve momentarily to allow the inlet gas to force any liquid in the dip tube back into the reaction before withdrawing a sample from the sampling valve. 
d. Safety rupture disc:
i. Attached to the head.
ii. Intended to rupture and release the pressure before it reaches dangerous level.
e. Type J thermocouple:
i. To be connected to the socket on the rear panel of the temperature controller using the extension wire furnished with the reactor.
f. Pressure gage:
i. Has a T316 stainless steel Bourdon tube. 
ii. The gage and the rupture disc should have matched ranges. 
g. Vessel water cooling channel:
i. Single loop coil.
ii. Installed in the vessel with compression fittings. 
iii. A slow, continuous flow of cold water through a cooling loop provides the means for controlling temperature overshoot, particularly when operating at temperatures below 150 oC. 
iv. Water flow through the loop can be controlled automatically using a solenoid valve in the cold water line, and connected to the cooling socket on the rear panel of the Temperature Controller. 	Comment by Francisco Zaera: Do we have this capability?
Yes, we have.
v. With this arrangement, cold water can be admitted to the cooling loop whenever the controller calls for cooling.
h. Magnetic Drive.
5. High pressure burette:
a. Intended to introduce gas (commonly hydrogen) to a reactor at a constant pressure. 
b. Consists of a high-pressure reservoir equipped with:
i. An inlet valve.
ii. A pressure gage.
iii. A relief valve. 
c. Included with each pipette are:
i. A constant pressure regulator with a check valve.
ii. A connecting hose.
iii. A support stand. 
d. The amount of gas consumed in a reaction can be determined by knowing the volume of the high-pressure reservoir and observing the pressure drop in the reservoir during a reaction.
6. Solenoid valve for water line


b. Initial Setup

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

Before closing the vessel:
1. Examine the head gasket carefully to be sure that it is in good condition. After considerable use, some of the PTFE gasket may extrude and form thin, ragged edges around the inside and outside diameters. This does not necessarily mean that the gasket must be replaced. But the extruded portion should be removed with a sharp knife. 
2. Examine the mating surfaces on the cylinder and head to be sure that they are clean and free from burrs.
3. Fill, but do not overfill, the vessel. As a general rule, the liquid charge should not exceed two-thirds of the capacity of the cylinder. Too much liquid in the vessel can lead to development of dangerous pressures if sufficient space is not provided for expansion when the liquid is heated.
4. Set the head on the cylinder and seal.

When pressurizing the reactor:
1. Always watch the pressure gauge closely so as to not exceed the maximum working pressure limit. 
2. Remember that any subsequent increase in temperature will lead to a rise in pressure. 

Pay attention when using hazard reagents:
1. Review the SOP of the materials to be used (liquids, solvents, reactants) before operation.
2. Remember that the reactor is not located in a fume hood, proceed accordingly when handling all compounds.
3. Protect yourself using appropriate PPE:
a. Eye protection: Safety glasses with side shields should be worn.
b. Skin and body protection: Wear a chemical resistant lab coat, long pants, and closed-toe shoes.
c. Hand protection: At a minimum, wear nitrile chemical-resistant gloves.

c.  Experimental Procedure

i. Opening of the Vessel

1. Open the gas release valve to discharge any internal pressure.
2. Loosen the six cap screws in the split ring sections (see Picture below). 
3. Loosen the cone point screw in the outer band.
4. Lower the band to rest on the table. 

[image: ]

ii. Introduction of the Reactants

5. Add the solvent, reactants, solid catalyst and magnetic bar into the cylinder. 
6. The amount of solvent should be around 6 mL; the liquid surface should not reach the magnetic motor stirrer.
7. Tighten the six cap screws.
8. Fix the outer band.
[image: ]
iii. Pressurizing of the Vessel

9. Always make certain that the pressure in the gas tank is greater than the pressure in the vessel, otherwise liquid will be forced out of the vessel and into the gas tank when the inlet valve is opened. 
10. Check all valves carefully before admitting gas into the system:
a. The liquid sampling valve V5 must remain closed throughout the charging procedure (see Picture below). 
b. The gas release valve V1 must also be closed unless the vessel is to be purged (see Picture below).
11. Close valves V3 (inlet of vessel) and V4 (outlet of burette).
12. Open the main valve on the gas tank (see Picture below).
13. Open it only about one-quarter turn first.
14. Use the valve on the pressure regulator to control the flow of the gas into the burette (the pressure value should be higher than the ultimately reaction pressure).
15. Open valve V3.
16. Use valve V4 to control the flow of the gas into the vessel.
17. Before reaction, the vessel should be purged several times with H2. 

[image: ]

iv. Withdrawing Liquid Aliquots for Analysis

As mentioned previously, under present reaction condition, the liquid surface can’t reach the dip tube.  Therefore, the sampling valve cannot be used to withdraw the liquid sample.

18. Open the vessel as described above in Section i.
19. Extract a small amount of liquid from the reactor for analysis. 
20. Pressurize the vessel again according to Section iii.
21. Continue the reaction until the next designed reaction time for sample analysis.
22. Repeat as many times as required by the experiment.


d. Maintenance and Troubleshooting

1. Periodically inspect all electrical wiring and pressure connections for corrosion. Suspect parts should be replaced by components supplied by Parr Instrument Company.
2. NPT (National Pipe Taper) threads should not be disassembled any more than necessary. It becomes increasingly more difficult to maintain a tight seal with these tapered threads if the jointsare made and broken repeatedly.
3. Do not use oil or anti-seize lubricant on threads or fitting if the vessel is to be used with oxygen.
4. Clean all threads and gas passages thoroughly and remove all tape fragments when overhauling a vessel. 
a. Use an ultrasonic bath to clean the metal parts.
b. Do not place the thermocouple probe, pressure gauge, face seals, or ball bearings in the ultrasonic bath. 
c. Periodic cleaning may be performed on the exterior surfaces of the reactor stand with a lightly dampened cloth containing a mild soap solution. 
d. All electrical power should be disconnected when cleaning. 
5. Routinely inspect the cap screws on the split ring closure for lubrication and cleanliness. It is important to clean and lubricate periodically so that the required torque is achieved when tightening the bolts.


[bookmark: _GoBack]Typical Experiment Sequence

Hydrogenation of ethyl pyruvate on Pt/A2O3 with cinchonidine in toluene was chosen as the typical experiment to show the operation in this reactor.
Initial Steps

Review the SOP of toluene, ethyl pyruvate, cinchonidine and Al2O3 located in room CS135. 
Wear a flammable-resistant lab coat, safety goggles and nitrile chemical-resistant gloves.
Check the pressure of H2 gas cylinder is higher than 40 bar.
Examine the head gasket carefully to be sure that it is in good condition. Also check the mating surface on the cylinder and head to be sure that they are clean and free from burrs.

Catalytic Runs and Sample Analysis

Open the vessel, and put the cylinder in fume hood.
Add 25 mg of Pt/A2O3 (1 wt%, Sigma) into the cylinder, followed by 4.5 mL of anhydrous toluene, 1.5 mL of cinchonidine solution (prepared by dissolving 8 mg of cinchonidine in 50 mL anhydrous toluene), and 33 mg of ethyl pyruvate. And then add a stirring bar in the cylinder.
The cylinder filled with reagents was connected with the head gasket via tightening the six cap screws, followed by the outer band. 
Open the valves of H2 gas tank, introduce the H2 into burette with the pressure is around 40 bar. 
Flush the reactor for five times with H2 at the pressure about 10 bar, and then pressurize the reactor with 20 bar for the hydrogenation.
Start the reaction with stirring.
After 20 min, stop the reaction, release the gas in reactor, move all of the mixture into a glass vial (VWR, 2Dr), centrifugate, take the clean liquid in up layer for conversion and enantioselectivity analysis by gas chromatography (Agilent 6890N equipped with a CP Chirasil-Dex CB, 25 m x 0.25 mm x 0.25 μm, chiral column).

Final Steps

Close the valve of H2 gas tank after finish the hydrogenation.
Clean the reactor and head gasket with acetone carefully, and dry them with air flow.


Suggested Training for Beginners

Emergency Action Plan (EAP) and Fire Prevention Plan (FPP)
Hazardous Waste Management
Laboratory Safety Manual & Chemical Hygiene Plan
Personal Protective Equipment (PPE)
Injury & Illness Prevention Plan (IIPP)
Laboratory Safety Orientation
Fire Extinguishers
Fume Hood Safety
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230M Parr Safety-Lab-Reactors
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Preface



Scope
These instructions describe the installation, op-
eration and maintenance of Parr Series 4560 Mini 
Bench Top Reactors offered in sizes from 100 mL to 
600 mL.  They cover the basic steps to be followed 
for installing these reactors and describe the func-
tion of all standard components.  They cover the 
basic steps to be followed when installing these 
reactors and describe the function of all standard 
components.  They are intended to be used in con-
junction with several related instruction sheets listed 
on the previous page.  This information describes 
several components that are common to most Parr 
pressure reaction equipment, and includes safety 
precautions and other related information applicable 
to all reaction laboratories.  The users should study 
all of these instructions carefully before starting to 
use these vessels so that they will fully understand 
the capabilities and limitations of the equipment.



Related Instructions
The following Parr publications are also included to 
further your understanding of this instrument and 
its component parts:



No. Description 
201M Limited Warranty
230M Safety Precautions to be observed when 



operating Pressure Reaction Equipment
231M Operating Instructions for Parr Safety 



Rupture Discs
234M Operating and Maintenance Instructions 



for Parr Magnetic Drives
323M Operating Instructions for Parr Pressure 



Relief Valves
548M Operating Instructions for 4848 Reactor 



Controllers
F0042 Health & Safety Assurance Certifi cation



Safety Information
To avoid electrical shock, always:
Use a properly grounded electrical outlet of correct 
voltage and current handling capacity.



Disconnect from power supply before servicing.  The 
power supply cord of the equipment is the main 
disconnect device.



To avoid personal injury:
Do not use in the presence of fl ammable or com-
bustible materials; fi re or explosion may result.  This 
device contains components which may ignite such 
materials.  Refer servicing to qualifi ed personnel.



General Specifi cations
Electrical Ratings
Controller ratings are found in the Operating Instruc-
tions for the controller supplied with your reactor. 



Before connecting a controller to an electrical outlet, 
the user must be certain that the electrical outlet has 
an earth ground connection and that the line, load 
and other characteristics of the installation do not 
exceed the following limits:



Voltage: Fluctuations in the line voltage should not 
exceed 10% of the rated nominal voltage shown on 
the data plate.



Frequency: Controllers can be operated from either 
a 50 or 60 Hertz power supply without affecting their 
operation or calibration. 



Current: The total current drawn should not exceed 
the rating shown on the data plate on the controller 
by more than 10 percent.



Inductive Loads:  Inductive loads must be limited to 
750 watts (1 hp) at 115 volts, or to 1100 watts (1-1/2 
hp) at 230 volts.  Do not connect these controllers 
to the primary (input) side of an auto-transformer 
(Variac, Powerstat or the like).  The heavy inductive 
load on the primary side of such transformers will 
destroy the relay.  The secondary (output) side of an 
auto-transformer can be carried through the relay if 
this circuit  is isolated from the controller.  A sepa-
rate, full-voltage connection must then be made to 
operate the temperature controller and to actuate 
the relay.



Thermocouple:  Unless otherwise specifi ed, all 
Series 4848 Controllers operate with a Type J (iron-
constantan) thermocouple.  The total resistance of 
the thermocouple and the lead wires should not ex-
ceed 20 ohms.  If the resistance of the thermocouple 
circuit is higher, it will reduce the sensitivity of the 
control system.
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Explanation of Symbols



II On position, full power heater switch



I On position, half power heater switch



O Off Position



~ Alternating Current (AC)



This CAUTION symbol may be present on the Product Instrumentation 
and literature. If present on the product, the user must consult the ap-
propriate part of the accompanying product literature for more infor-
mation.



This CAUTION symbol indicates that the surface may be hot.



Protective Earth (PE) terminal. Provided for connection of the Protec-
tive Earth (green or green/yellow) supply system conductor.



Environmental Conditions
This instrument is intended to be used indoors.



Caution!
Do not use in hazardous atmospheres.



Operating: 15 ºC to 40 ºC; maximum relative humid-
ity of 80% non-condensing. Installation Category II 
(over voltage) in accordance with IEC 664. 
Pollution degree 2 in accordance with IEC 664. 



Altitude Limit: 2,000 meters.



Storage:  -25 °C and 65 °C; 10% to 85% relative hu-
midity.



Provisions for Lifting and Carrying
Before moving ensure all cables are disconnected. 
Use proper and safe lifting techniques when install-
ing or moving the 4560 Reactor and/or its compo-
nents.



Intended Usage
This system has been designed for use as a high 
pressure reactor system. It has been designed, built, 
and tested to strict physical and electrical standards.  
However, it is the user’s responsibility to install and 
operate it in conformance with local pressure and 
electrical codes.  



If this equipment is used in a manner beyond its in-
tended usage, the protection provided by the equip-
ment may be impaired.



Cleaning & Maintenance
Periodic cleaning may be performed on the exterior 
surfaces of the controller with a lightly dampened 
cloth containing mild soap solution.  All power 
should be disconnected and the power cord should 
be unplugged when cleaning the instrument. 



There are no user serviceable parts inside the prod-
uct other than what is specifi cally called out and 
discussed in this manual. Advanced troubleshooting 
instructions beyond the scope of this manual can 
be obtained by calling Parr Instrument Company 
in order to determine which part(s) may need to be 
replaced or serviced.



Ensure that any hot surfaces have had 
adequate time to cool before cleaning 
or maintaining the reactor and/or its 
components.
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User’s Responsibility
All Parr reactors and pressure vessels are designed 
and manufactured with great care to assure safe 
operation when used within their prescribed tem-
perature and pressure limits.  



But . . . the basic responsibility for safety when us-
ing this equipment rests entirely with the user; who 
must: 



1. Select a reactor or pressure vessel that has the 
capability, pressure rating, corrosion resistance 
and design features that are suitable for its 
intended use.  Parr engineers will be glad to dis-
cuss available equipment and material options 
with prospective users, but the fi nal responsi-
bility for selecting a reactor or pressure vessel 
that will perform to the user’s satisfaction in any 
particular reaction or test must rest with the user 
– not with Parr.



In exercising the responsibility for the selection 
of pressure equipment, the prospective user is 
often faced with a choice between over-or under-
designed equipment.  The hazards introduced 
by under-designed pressure vessels are readily 
apparent, but the penalties that must be paid for 
over-designed apparatus are often overlooked.  
Recognizing these criteria, Parr reactors and 
pressure vessels are offered in several different 
styles, each designed for convenient use in daily 
operation within certain temperature and pres-
sure limits, using gaskets, closures and other 
elements carefully selected for safe operation 
within the limits specifi ed for that design.  But in 
order to preserve the validity of these designs, 
all temperature and pressure limits must be 
observed, and no attempt should be made to 
increase these limits by making alterations or by 
substituting components which are not recom-
mended by Parr Instrument Company.



2. Install and operate the equipment within a 
suitable barricade, if required, with appropriate 
safety accessories and in full compliance with 
local safety codes and rules.



 All standard Parr pressure vessels are provided 
with either suitable relief device or a means to 
attach one (typically in the form of a plugged 
opening).  When a pressure  vessel is delivered 
without a pressure venting device, it is the cus-
tomer’s responsibility to provide pressure relief 
in order to protect the operator and the equip-
ment from destructive high pressures.  If you 
need more information or need help in selecting 
a proper relief device, please contact Parr Instru-
ment Company.



3. Establish training procedures to ensure that any 
person handling the equipment knows how to 
use it properly.



4. Maintain the equipment in good condition and 
establish procedures for periodic testing to be 
sure the vessel remains structurally sound.



Unpack Carefully
Unpack the equipment carefully and check all the 
parts against the, packing list.  If shipping damage 
is discovered, report it immediately to the deliver-
ing carriers.  The vessel, motor, heater, and tem-
perature controller may be packed separately for 
convenience in shipping, but these parts are easily 
reassembled.  Examine the components closely for 
any loose parts or shipping damage and be sure to 
check all layers of packing materials thoroughly so 
as not to overlook any parts which might otherwise 
be discarded.
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Parr Series 4560 Mini Reactors are furnished with two structural options in addition to the size, pressure 
range, stirrer motor, controller and similar options.  These are:



Fixed Head or Removable Head 
Vessel Design



In the fi xed head design, the head of the vessel 
may remain fi xed in the reactor support stand.  All 
attachments to the head, gas and liquid feed and 
discharge lines, cooling water, vapor take-off and 
condenser, thermocouple, and any electrical leads 
can remain permanently in place.  The reactor is 
opened by removing the cover clamp sections and 
lowering the cylinder away from the head. 



In the removable vessel design, the entire vessel 
must be removed from the support stand for charg-
ing, product recovery, and cleaning.



There is no difference in the pressure or tempera-
ture limits or basic operating instructions based 
upon the fi xed head or movable vessel options.  
There are differences in the design of the stand 
components which adapt the vessels to the support 
system.



Fixed Head with O-ring



Flat PTFE Gasket or Self Sealing 
O-ring Closure



The fl at gasket is held in a recess in the vessel head 
and a machine pilot on the cylinder closes the re-
cess to completely contain the gasket.  The split ring 
closure used with this gasket has six cap screws 
which must be tightened to develop the loading on 
the gasket.  



The self sealing design features an O-ring retained 
in a groove on the vessel head.  This design is self 
sealing and the split ring used with this sealing sys-
tem does not require nor have the cap screws used 
with the fl at gasket.



Maximum temperatures of a given system are de-
pendant upon the material of construction and type 
of seal. Other accessories may limit operating tem-
perature. The fl at PTFE gasket can be used to operat-
ing temperatures as high as 350 °C. The fl at fl exible 
graphite gasket can be used to operating tempera-
tures as high as 500 °C. The maximum temperature 
of the vessels equipped with O-ring seals depends 
upon the material used for the O-ring. The most 
common material is a fl uoroelastomer (FKM) which 
has a 225 °C maximum operating temperature limit.



Moveable Head with Flat Gasket
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Installation



Pressure and Temperature Limits
The working pressure and temperature at which any 
reactor or pressure vessel can be used will depend 
upon the design of the vessel and the materials 
used in its construction. Since all materials lose 
strength at elevated temperatures, any pressure 
rating must be stated in terms of the temperature at 
which it applies. The standard material of construc-
tion for Parr Instrument Company is Type 316 Stain-
less Steel.



Limits for vessels made of other materials and for 
other operating temperatures can be obtained from 
Parr Customer Service. No attempt should be made 
to increase these limits by making alterations or by 
substituting components that are not recommended 
by the Parr Instrument Company. It must also be 
understood that lower pressure and temperature 
limits may be required for modifi ed reactors and for 
vessels made of special alloys. 



Limits for vessels will be determined by the physi-
cal characteristics of the vessel material and will be 
prescribed on an individual basis. 



The maximum working pressure and temperature 
for any vessel is governed by the design of the 
vessel and the strength of the material from which 
it is constructed. There is also a close relationship 
between working pressure and temperature since 
the strength of any material will normally fall off 
as the temperature is increased. Temperature and 
pressure limits are also affected by the physical 
properties and temperature limits of the gaskets and 
seals used in the vessel, and by any valves, gages or 
other fi ttings attached to the vessel. The safe operat-
ing pressure of any system can be no higher than 
that of its lowest rated component. 



All Parr reactors show the maximum safe operating 
pressure and temperature imprinted on the cylinder. 
An accompanied restricted operating limit tag and/
or supplemental manual is given when a compo-
nent of the system limits the operation below the 
imprinted valves.



Working temperatures up to 225 °C are permissible 
in Mini Reactors equipped with fl uoroelastomer 
(FKM) O-ring seals.  The higher the operating tem-
perature above 200 °C, the shorter the life of the O-
ring will be.  Perfl uoroelastomer (FFKM) O-ring seals 
have a broad chemical resistance and can be used 
to temperatures up to 300 °C.  Unfortunately they 
are very expensive and will generally be reserved 
for unique applications.  Ethylene-propylene (EP) 
O-rings can be used to 170 °C and are recommend-
ed for applications such as ethers, ammonia and 
amines which will rapidly destroy fl uoroelastomer 
O-rings.



Pressure Vessel and Temperature Limits



In the standard pressure and temperature setup, the 
system must not exceed the following:



Vessel
Material



Maximum 
Pressure



Maximum
Temperature



T316SS 3000 psig (200 bar) 350 °C PTFE 
Flat Gasket



T316SS 3000 psig (200 bar) 225 °C FKM 
O-Ring



T316SS 3000 psig (200 bar) 300 °C FFKM 
O-Ring



In the high pressure/high temperature setup, the 
system must not exceed the following:



Vessel 
Material



Maximum 
Pressure



Maximum 
Temperature



T316SS (HT) 2000 psig (138 bar) 500 °C Flexible 
Graphite Flat 
Gasket
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Assemble the Reactor
These reactors require at least 10 sq. ft. of work-
space in a well-ventilated area with convenient 
access to an electric outlet, running water, air and a 
drain.



1. Set the stand in the workspace.



Bolt the stand to the bench top using the 
holes in the base plate.



2. The support and heater are shipped fully as-
sembled.  The heater raises and lowers on its 
support rod to permit the vessel or cylinder to 
be removed.  Lower the heater, open the hinged 
retainer on the front of the support and slide the 
vessel into its support.  Fixed head vessels have 
a square lip which fi ts into a matching groove in 
the support plate.  Removable vessels are sup-
ported by the split rings which rest on the sup-
port plate adapter.  The stirrer drive connector 
lifts by rotating and lifting the knob above the 
belt guard.  The universal joint contains a cross 
pin that slips into the groove on top of the mag-
netic drive. There is a bracket at the back of the 
area where the split ring rests.  The thumb screw 
on the drop band which encircles the split ring 
closure should fi t into the slot on this bracket. 
This will keep the vessel from rotating when 
stirring viscous reactions.  It may be necessary 
to reposition the drop band if the gage does not 
face forward when the thumb screw is in the 
slot.



3. Set the Temperature Controller near the reactor, 
leaving a space of at least six inches between 
the controller and the base of the reactor so 
that the controller will not be unduly affected by 
radiant heat. Connect the reactor to the control-
ler using information contained in its Instruction 
Manual 548M or follow the steps below.  



Labeled connections are provided on the rear 
panel of the controller. 



Parr Cooling Only:



The Parr Cooling output connector is to be used 
only with Parr Instrument Company cooling sole-
noid valve assemblies supplied with the appro-
priate cooling power cord.



Parr Heating Only:



The Parr Heating output connector is to be used 
only with Parr Instrument Company heater as-
semblies supplied with the appropriate heater 
power cord. 



Note: Do not make connections to a Variac, 
Powerstat or the like to attempt to control the 
heating output. The heavy inductive load on 
the primary side of such devices can destroy 
the internal sold state relay located in the 4848 
controller.



Motor:
Secure the clamp on motor cord to the 
controller with the provided screw next 
to the motor socket for safety purposes.



The Motor output connector is to be used only with 
Parr Instrument Company motor assemblies sup-
plied with the appropriate motor power cord.



4. Connect the heater cord from the heater into 
the heater socket on the rear panel of the Series 
4848 Reactor Controller. 



5. Plug the motor cord into the motor socket on the 
rear of the controller.



Secure the clamp on the motor cord with 
the provided screw next to the motor 
socket for safety purposes.



6. Connect the thermocouple and extension wire 
to both the thermocouple and to the controller 
in the “Primary Temp Input” position on the rear 
panel. Insert the thermocouple in the thermow-
ell.



7. Connect leads from accessory packages such as 
tachometer, pressure transducer and high temp 
cut-off to the designated positions on the back 
panel of the 4848 Controller.



8. Connect cooling water to the magnetic drive. 
See Instruction Manual No. 234M.



9. Connect tubing to the rupture disc outlet and run 
to a safely vented area. See Instruction Manual 
231M.
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10. Note the voltage and amperage requirement 
stamped on the controller data plate, and then 
plug the power cord into an appropriate outlet.  
Power for these reactors should be drawn from 
a grounded outlet capable of carrying up to the 
full current rating of the reactor.



11. If an electric stirrer motor is supplied, turn the 
speed control knob fully counterclockwise on 
the Reactor Controller, turn on the motor switch 
and slightly increase the speed for a short run 
to check the stirrer drive system but do not turn 
on the heater, put heater toggle switch in center 
position (OFF). There must always be a vessel in 
the heater when it is turned on, and the vessel 
and heater sizes must match.  If the heater is op-
erated without proper size vessel in contact with 
the heater, the heater may overheat and fail.



Removable Head Shown (Standard Temperature, T316)



Safety Rupture Disc



Gas Inlet Valve



Liquid Sampling Valve



Dip Tube



Stirring Shaft



Lower Guide 
Bearing



Adjustable 
Impeller(s)



Pressure Gage



Magnetic Drive



Thermocouple



Gas Release Valve



Vessel Water Cooling 
Channel



Thermocouple / Thermowell



Cooling Loop



Identify the Valves
Gas Inlet Valve
The gas inlet valve is easily identifi ed when the 
vessel is open by noting that it is connected to a dip 
tube which extends to a point near the bottom of 
the cylinder. With this arrangement, incoming gas is 
always introduced below the surface of the liquid.  
This valve includes a coupling with an “A” socket 
connection for attachment of the pressure hose.



Gas Release Valve
The gas release valve is typically connected to a side 
opening on the gage adapter.  Gas released from 
this valve will be drawn from the top of the reactor. 



Liquid Sampling Valve
The liquid sampling valve is attached to the same 
fi tting as the gas inlet valve and connected to the 
same dip tube. This provides the operator with a 
means for clearing the dip tube to be sure that any 
sample taken during a run will be representative of 
the charge.  This can be done by opening the upper 
gas inlet valve momentarily to allow the inlet gas to 
force any liquid in the dip tube back into the reac-
tor before withdrawing a sample from the sampling 
valve.











image16.emf



Mini Bench Top Reactors



P a r r  I n s t r u m e n t  C o m p a n y10



Other Vessel Head Fittings 



Safety Rupture Disc
There is a safety rupture disc attached to the head 
which is intended to rupture and release the pres-
sure before it reaches a dangerous level.  A metal 
tag wired to the safety head identifi es the burst 
pressure at room temperature for that particular 
disc.  A similar tag is furnished with each replace-
ment disc.  This tag must remain with the apparatus 
at all times so that both present and future opera-
tors will be aware of the disc rating.  Users should 
read the discussion of rupture discs given in the 
Operating Instruction No. 231M for a complete 
description of the characteristics of rupture discs 
and the precautions to be observed when operating 
pressure equipment protected by this type of safety 
device. 



A typical pre-bulged disc can be used to 90% of the 
rating on the tag.   For additional protection, the 
user should install an adequate and safe venting 
system for removing any toxic, fl ammable or vola-
tile materials which would be released if the rupture 
disc should burst.  A connector for attaching 3/8” OD 
tubing to the discharge port of the rupture disc is 
provided for this purpose.  



Type J Thermocouple
A Type J Thermocouple in a 1/8” diameter stainless 
steel sheath is installed in each reactor.  In reac-
tors made of alloys other than stainless steel, the 
stainless thermocouple is installed in a thermowell 
made of the same alloy as the vessel.  Connect the 
thermocouple to the socket on the rear panel of the 
temperature controller using the A470E2 extension 
wire furnished with the reactor.



Pressure Gage
The pressure gage furnished with this reactor has 
a T316 stainless steel Bourdon tube.  Gages are 
furnished in a variety of ranges to meet individual 
needs.  Typically, the gage and the rupture disc are 
furnished as matched ranges.  For applications 
where a gage is selected with a range under 1000 
psi, a relief valve is added and set to protect the 
gage.  A 1000 psi rupture disc is installed as the fail-
safe vessel protection.



For highly corrosive applications where the vapor 
phase might corrode the stainless Bourdon tube, 
Parr offers isolator assemblies in a variety of materi-
als.  These isolators with their internal piston isolate 
the vapors from the gage.



Heaters



The Mini Reactor Systems offer an array of heating 
choices to suit the needs of the operator.  



The 100 and 160 mL models are offered with a high 
watt density band heater, which is to be clamped 
directly onto the cylinder.  After the vessel has been 
placed in its holder, slide the heater onto the cylin-
der and tighten the clamping screw which projects 
from the aluminum housing.  



The 300, 450 and 600 mL Mini Reactors are standard 
equipped with heating mantles housed in sturdy 
aluminum shells.  These mantles are made in three 
sizes, designed to provide uniform heat distribution 
to the walls and bottoms of these vessels.  They are 
attached to the support rod with a clamp, arranged 
so that they can be raised or lowered on the rod as 
desired.  



Alternately the 300, 450 and 600 mL Reactor sys-
tems can be heated with an aluminum block heater 
which features integrated cooling.



The high temperature Mini Reactor systems utilize a 
higher wattage ceramic fi ber heater.



Parr heaters are offered with optional thermowell 
port to accommodate the Parr A511E bayonet style 
thermocouple, an open bottom to accommodate a 
cylinder bottom drain valve, and/or the quick con-
nect mounting style for conveniently changing 
heater size.  Please consult the experienced cus-
tomer service staff at Parr Instrument Company for 
assistance in determining the correct heater for your 
reactor system.



Each heater must always be used with a vessel 
of the size for which it was designed, and it must 
always be fully attached to the vessel before heat is 
turned on.  Similarly, a short vessel must never be 
heated in a deep heater.  Without full contact with a 
metal wall, a heater may overheat and burn out.
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How to Use the Vessel



Removable Vessels 
Always remove removable vessels from the support 
stand before attempting to open or close them.



To open the Vessel 
Open the gas release valve to discharge any internal 
pressure.  For the bolted closure, loosen the six cap 
screws in the split ring sections.  Loosen the cone 
pointed screw in the outer band and lower the band 
to rest on the table.  The ring sections can now be 
removed, and the head with all attached fi ttings is 
free to be lifted from the cylinder.  Handle the head 
carefully so as not to damage the stirring shaft and 
other internals when they are outside of the cylin-
der.



Before Closing the Vessel
Examine the head gasket or o-ring carefully to be 
sure that it is in good condition.  After considerable 
use, some of the PTFE gasket may extrude into a 
thin, ragged edge around the inside and outside 
diameters.  This does not necessarily mean that the 
gasket must be replaced, but the extruded portion 
should be removed with a sharp knife.  Examine the 
mating surfaces on the cylinder and head to be sure 
they are clean and free from burrs; then set the head 
on the cylinder.



Sealing Vessels with PTFE Gaskets
Initially tighten the cap screws to 15 ft-lbs then 
increase to 20-25 ft-lbs. Tightening should proceed 
in a criss-cross pattern rather than progressively 
around the circle.  Let the vessel stand for about fi ve 
minutes after the initial tightening; then tighten the 
cap screws again.  This will compensate for any ten-
dency of the PTFE gasket to fl ow under the loading 
pressure.



Sealing with Flexible Graphite Gaskets
Initially tighten the cap screws to 15 ft-lbs then in-
crease to 20-25 ft-lbs. Tightening should proceed in a 
criss-cross pattern rather than progressively around 
the circle.  



Flexible graphite gaskets tend to be somewhat 
fl akey. To extend the useful life of these gaskets, fi rst 
rough up the sealing surface of the cylinder with 
120 grit sand paper to ensure the gasket remains in 
the head groove and does not stick to the cylinder. 
Secondly, coat both sealing surfaces with a silicone 
lubricant. This process will aid in compressing the 
gasket so it does not break apart after one use.



Recommended Bolt Torque
PTFE or 
Flexible Graphite



0-3000 psig 
(0-200 bar)



20-25 ft-lbs



O-ring Closures
The split rings used with an o-ring seal do not in-
clude any compression bolts.



With the easy close split ring, the o-ring is attached 
to the pilot on the underside of the head.  When 
closing the vessel, set the head on the cylinder and 
press down on the head until the bottom of the head 
meets with the cylinder fl ange.  Then install the two 
split ring halves and attach the outer drop band.



Note:  The following steps are common to both 
head confi gurations.



Fixed Head Vessels 
Fixed head vessels are opened and closed with the 
same procedure used for removable vessels except 
that they are opened and closed with the head in 
place. Before opening the vessel lower the heater 
and swing it well to the side so that it will not be 
damaged by any materials that drip from the ves-
sel as it is opened.  When closing the vessel always 
hold the cylinder until both split ring sections are in 
place to lock the cylinder to the head.



Gas Connections
For a gas connection to the vessel, use the A495HC 
pressure hose furnished with the reactor. Attach the 
hose to a pressure regulator or fl ow control valve on 
a commercial gas cylinder using PTFE tape or other 
thread sealant on the 1/8” NPT male nipple and on  
the 1/4” NPT bushing, if used. Then screw the Type 
A coned pressure fi tting into the adapter attached 
to the gas inlet valve and tighten the compres-
sion nut fi rmly. Do not use any thread dope or tape 
on the coned fi tting. The A495HC pressure hose is 
made of reinforced Nylon which can be used for all 
non-corrosive gases at pressures up to 2500 psig. 
For operations involving corrosive gases, this hose 
should be replaced with an A490HC hose (optional) 
which has a PTFE lining and a braided stainless steel 
outer covering. These hoses have the same fi ttings 
as in the A495HC. 
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Pressurizing the Vessel 
Check all valves carefully before admitting gas into 
the system.  The liquid sampling valve must remain 
closed throughout the charging procedure.  The gas 
release valve must also be closed unless the vessel 
is to be purged, or unless there is to be a continuous 
fl ow through the reactor during a run.  Always make 
certain that the pressure in the gas tank is greater 
than the pressure in the vessel; otherwise liquid 
will be forced out of the vessel and into the gas 
tank when the inlet valve is opened.  If there is any 
possibility that the tank pressure might not be high 
enough to force gas into the reactor, install a one 
way check valve (optional) in the gas line to prevent 
any reverse fl ow. 



With the inlet valve open and the fl ow control valve 
on the gas tank closed, open the main valve on the 
gas tank only about one-quarter turn; then use the 
fl ow control valve or the valve on a pressure regula-
tor to control the fl ow of gas into the vessel.  After 
the desired pressure has been reached, close the 
tank valves and the vessel inlet valve and discon-
nect the hose at the vessel end.



Do Not Overfi ll the Vessel
Always watch the pressure gage closely when ad-
mitting gas so as not to exceed the maximum work-
ing limit.  Remember that any subsequent increase 
in temperature will raise the pressure.  Also, be 
sure that the amount of liquid placed in the vessel 
is carefully controlled.  As a general rule, the liquid 
charge should not exceed two-thirds of the capac-
ity of the cylinder.  Too much liquid in the vessel can 
lead to development of dangerous pressures if suf-
fi cient space is not provided for expansion when the 
liquid is heated.  This hazard is explained in greater 
detail in a warning statement included in the Instruc-
tion Manual No. 230M.



Releasing Pressure
Use the gas release valve to reduce the pressure in 
the vessel if the reactor is accidentally overcharged 
when fi lling.  Use this valve also to release any 
excess pressure during a run and to exhaust the 
vessel at the end of a run.  If the discharge gases are 
fl ammable or toxic, discharge to an exhaust hood or 
to any other safe release point.



Withdrawing Liquid Samples
Liquid samples may be withdrawn from the sam-
pling valve attached to the same adapter as the gas 
inlet valve whenever the vessel is pressurized.  Al-



ways close the inlet valve before withdrawing a liq-
uid sample and open the sampling valve cautiously 
because liquid will be discharged with considerable 
force. Be particularly careful if the temperature of 
the sample is above its boiling point at atmospheric 
pressure.  If so, it will “fl ash” and be lost as soon 
as it is released from the vessel.  This problem can 
be avoided by connecting an optional 4351 Sample 
Collection Vessel to the sampling valve to collect the 
liquid into an appropriate receiver.  The addition of 
a small amount of gas can be used to clear the dip 
tube between liquid samples so that the next sam-
ple drawn through the tube will truly be representa-
tive of the mixture.



Initial Operating Test
Read all operating instructions carefully so as to be 
well acquainted with the correct procedures for han-
dling the vessel and for operating the controller and 
other accessories.  An initial operating test should 
be made, with only water, to check the apparatus 
before starting the fi rst experimental runs.  For this 
initial test, fi ll the cylinder not more than half full of 
water and run the temperature up to 150 ºC while 
checking the apparatus for leaks and observing the 
performance of the temperature controller.



Internal Cooling Loop
Each Mini Reactor (except the 100 and 160 mL sizes) 
has a single loop cooling coil installed in the ves-
sel with compression fi ttings on the head for con-
necting 1/4” copper or plastic tubing to the loop.  
(Special 1/8” OD spiral coils can be furnished for 
100 mL & 160 mL if required.  Due to internal space 
limitations these coils are attached with male con-
nectors on the top side of the head thereby making 
the coil captive.)  A slow, continuous fl ow of cold 
water through a cooling loop proves a very effec-
tive means for controlling temperature overshoot 
in these reactors, particularly when operating at 
temperatures below 150 °C.  Water fl ow through the 
loop can be controlled automatically using a sole-
noid valve in the cold water line, and connected to 
the cooling socket on the rear panel of the Tempera-
ture Controller.  With this arrangement, cold water 
will be admitted to the cooling loop whenever the 
controller calls for cooling. 



If internal cooling is not desired, the cooling loop 
can be removed and the opening in the head can 
be closed with No. 79HW, 1/8” NPT plugs.  Option-
ally, other 1/8” NPT threaded fi ttings can also be 
installed in the coil openings.
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Air Motor



Variable speeds from 100 to 2000 rpm with no spark 
hazard can be obtained by replacing the standard 
motor with an A1393HC air motor assembly.  This 
motor operates on compressed air which must be 
supplied at 40 psig minimum pressure with at least 
10 CFM available at that pressure.  It is furnished 
with a speed control valve and oiler, all assembled 
on a mounting bracket.



To operate reactors equipped with an air motor, 
mount the assembly fi rmly on the stand and con-
nect the air hose to a compressed air line.  For best 
torque and speed control the piping to the motor 
should be at least 1/4" IPS or larger.  Fill the oiler 
with SAE 10 oil and adjust the oiler to feed one drop 
per minute into the air stream.  For long continu-
ous runs at high speeds the oiling rate should be 
increased to three drops per minute.  



If the motor becomes sluggish, fl ush it with a non-
fl ammable solvent in a well ventilated area.  Dis-
connect the air line and muffl er and pour a small 
amount of solvent into the inlet port.  Rotate the 
shaft by hand in both directions for a few minutes; 
then connect the air line and run the motor until 
there is no further trace of solvent in the exhaust.
If the muffl er felts are dirty, wash them in solvent or 
replace them.



Re-lubricate the motor with a squirt of oil into the 
chamber and reassemble.  



If it becomes necessary to disassemble the motor to 
replace the vanes, follow the directions given in the 
instruction sheet published by the Gast Manufactur-
ing Corporation, Benton Harbor, Michigan.



Air Motor Option
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1. The Motor
The standard variable speed motor is not explo-
sion proof, yet these motors are not unduly haz-
ardous if operated in a well ventilated location 
where care is taken to prevent the accumulation 
of explosive gases or vapors.  To eliminate any 
possible spark hazard originating at the mo-
tor, Parr can furnish an air motor as described 
previously, or the reactor can be equipped with 
a variable speed, explosion proof motor which 
is approved for use in Class 1, Div. 1, Groups C 
& D, and Class 2, Groups E, F, & G atmospheres.  
Explosion proof motors are furnished with a 
temporary power cord and plug which are not 
explosion proof.  The user should remove this 
temporary wiring and replace it with an explo-
sion proof switch and wiring which will comply 
with the local electrical code.



2. The Temperature Controller 
The Temperature Controllers furnished with 
these reactors contain switches and other ele-
ments which are not explosion proof.  The mini-
mal spark hazard associated with these units 
can be resolved by installing the controller in a 
remote location outside of the hazardous area or 
by enclosing it in an approved explosion proof 
housing.  If enclosed within a positive pressure, 
clean air housing, the discharge from the hous-
ing must be directed into a safe area.  If request-
ed, Parr will furnish the long lead wires needed 
to mount the controller in a remote location.  If 
the controller is to be installed in an explosion 
proof housing, the user must provide the neces-
sary housing and installation.



3. The Heater
The elements in the heater could be dangerous 
in an explosive atmosphere if the surface tem-
perature of the element becomes high enough 
to ignite fl ammable vapors.  This hazard must be 
evaluated for each individual installation since 
major modifi cations are required if the heater 
must be isolated from the surrounding atmo-
sphere.  Users who consider this a signifi cant 
hazard are urged to contact the Parr Instrument 
Company for further discussion and suggestions 
which might be helpful.  Parr is currently offering 
aluminum block heaters and circulating jacketed 
cylinders which can be used in hazardous envi-
ronments.



4. The Wiring 
Unless specifi cally designed for use in hazard-
ous atmospheres, the wiring in these reactors 
will not meet the standards prescribed for explo-
sion proof equipment.  Optional intrinsically safe 
barriers are also available.



Explosion Proof Operation



If the local safety code requires that equipment installed in the user’s laboratory must be explosion proof 
there are four possible ignition hazards to be considered:
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Periodic Pressure Tests



Each cylinder used in a Parr stirred reactor is tested 
under hydrostatic pressure to 1.3 times its maxi-
mum rating before it is released from the factory.  
Micrometer caliper measurements are taken dur-
ing this test to check the defl ection of the walls of 
the cylinder under pressure.  Excessive defl ection 
or failure of the metal to resume its original dimen-
sions after pressure is released indicates that a 
cylinder is potentially unsafe and it will be rejected.  
Similar tests should be made at regular intervals 
during the life of each cylinder, and particularly 
whenever the user suspects that the equipment has 
been over-stressed or damaged.



Some laboratories maintain hydraulic test facilities 
and make it a rule that all pressure vessels must 
be tested at regular intervals.  Records are kept of 
defl ections at specifi c test pressures so that any 
increase in defl ection becomes a warning that the 
metal has lost strength.  Any cylinder which fails to 
return to its original dimensions after application of 
the prescribed hydrostatic test should be discarded 
as unsafe for further use.



Users who do not have pressure test facilities can 
return any Parr pressure vessel to the factory for hy-
drostatic testing and overhaul.  This should be done 
whenever the metal shows excessive damage from 
corrosion or whenever an over-pressure or other 
unusual occurrence raises any safety questions. To 
return a vessel for repair contact Parr Instrument 
Company for a return authorization number.  Ap-
paratus returned for testing and overhaul should be 
shipped prepaid to the Parr Instrument Company, 
211-53rd Street, Moline, Illinois 61265.  An order or 
letter of instructions should be mailed to the same 
address, as no repair work will be started without 
specifi c instructions and a Health & Safety Assur-
ance Certifi cation form (F0042) signed by a respon-
sible user.



Accessories



Liners
Glass or PTFE liners can be furnished to fi t most 
Parr reactors.  These liners slide into the cylinder.  
Although they will not keep corrosive vapors from 
reaching the surfaces of the cylinder and head, they 
make it much easier to add and remove liquid reac-
tants, and they give some protection to the cylinder 
when working with corrosive solutions.  It must be 
noted, however, that adding a PTFE liner will slow 
the heat transfer rate into the vessel, and it may be 
necessary to adjust the temperature control method 
to prevent overheating.



Liner Part Numbers



Fits ID Cylinder 
Size



Glass 
Liner



PTFE 
Liner



2.06” 100 mL 762HC7 762HC7HA



2.5” 160 mL 762HC8 762HC8HA



2.5” 300 mL 762HC 762HC4HA



2.5” 450 mL 762HC2 762HC5HA



2.5” 600 mL 762HC3 762HC6HA



Spare Parts Kit
Spare parts kits are available for these reactors.  The 
kits will provide a reserve supply of parts and tools 
suffi cient to handle most normal replacements and 
emergency repairs during a year of heavy usage.  



The kits contain small perishable items required for 
continuous operation including gaskets, bushings, 
rupture discs and seals.  They can be ordered from 
any Parr Dealer or direct from the Parr Instrument 
Company.  The order must specify the reactor size 
and indicate type of rupture disc, stirrer drive and 
whether it has a fl at-gasket or O-ring closure.  It is 
most advantageous to provide the complete vessel 
number from the head or cylinder.
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General Maintenance Notes



1. Periodically inspect all electrical wiring and pres-
sure connections for excessive corrosion.  Sus-
pect parts should be replaced by components 
only supplied by Parr Instrument Company.



2. Always use appropriate wrenches on all fi ttings 
and valves.  Never use pliers or pipe wrenches.



3. Head and cylinder service fi xtures are available 
for convenience and protection of components 
during maintenance of your reactor.



4. A light coating of thread lubricant, such as Parr 
High Temperature Anti-Seize Lubricant (424HC2), 
applied to the straight threads and to the nose 
of coned adapter will help to obtain a tight joint.  
PTFE tape should be used only on all tapered 
(NPT) threads not NPS straight threads.



5. NPT (National Pipe Taper) threads should not be 
disassembled any more than necessary.  It will 
become increasingly diffi cult to maintain a tight 
seal with these tapered threads if the joint is 
made and broken repeatedly.



6. Do not use oil or anti-seize lubricant on threads 
or fi ttings if the vessel is to be used with oxygen.



7. If your vessel is equipped with a loose compres-
sion ring be sure that it is in place on the head 
before attaching any head fi ttings.  The compres-
sion ring cannot be installed after fi ttings have 
been screwed into the head. 



8. Clean all threads and gas passages thoroughly 
and remove all tape fragments when overhaul-
ing a vessel.  An ultrasonic bath is excellent for 
cleaning metal parts, but do not place a thermo-
couple probe, pressure gage, face seals or ball 
bearings in an ultrasonic bath.  Periodic cleaning 
may be performed on the exterior surfaces of 
the reactor stand with a lightly dampened cloth 
containing a mild soap solution. All electrical 
power should be disconnected when cleaning.



9. Routinely inspect cap screws on split ring clo-
sure for lubrication and cleanliness.  It is impor-
tant to clean and lubricate periodically so that 
the required torque is achieved when tightening 
the bolts.



10. To operate reactors equipped with an air motor, 
connect air hose to a compressed air line.  For 
best torque and speed control the piping to the 
motor should be at least 1/4” IPS or larger.  Fill 
the oiler with SAE 10 oil and adjust the oiler feed 
to one drop per minute into the air stream.  For 
long continuous runs at high speeds the oil-
ing rate should be increased to three drops per 
minute.  If the motor becomes sluggish, fl ush 
it with a non-fl ammable solvent in a well venti-
lated area.  Disconnect the air line and muffl er 
and pour a small amount of solvent into the inlet 
port.  Rotate the shaft by hand in both directions 
for a few minutes; then connect the air line and 
run the motor until there is no further trace of 
solvent in the exhaust.  If the muffl er is dirty, 
replace it.  Re-lubricate the motor with a squirt of 
oil into the chamber and reassemble.



11. If servicing assistance is needed, contact Parr 
Instrument Company directly at the address 
shown on the back of these instructions.
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4560 Series Reaction Vessel Parts List
Standard Vessel Fittings
(3000 psig/ 350°C)



Consult the itemized list for your reactor, provided 
along with this manual.  For purpose of reactor iden-
tifi cation the following abbreviation codes are used:



RV - Removable Vessel FH - Fixed Head



FG - Flat Gasket Seal OR - O-ring Seal



SS - T316 only SP - Special Alloy



MD - Magnetic Drive



FMD - Footless Magnetic Drive



* For parts made from alternate materials use the 
codes shown below as a suffi x to the standard part 
number.



CM - Alloy 400 CC - Alloy 20Cb3



CT - Alloy 600 CA - Titanium G2 or G4



CG - Alloy b-2 CH - Alloy C-276



CX - Zirconium



Vessel Closure and Standard Internal Parts



822HC15



A1120HC6
MAG DRIVE ASSY



593HC 
SERIES
GAGE



457HC2 GASKET REF



831HC
COOLING LOOP



TYP (3) PLACES
MALE CONNECTOR



PROPELLER
A837HC



DIP TUBE 
832HC



SHAFT



A834HC



818HC
HEAD



A888HC2
SAFETY HEAD ASSY



(BELOW 366VB)



ADAPTER TEE
835HC



366VB



A92HWAD



COUPLING



CONNECTOR



W/ A833HC CONNECTOR
A472E THERMOCOUPLE



A122VB



CONNECTOR



STRAIGHT 
VALVE



ADAPTER
420HC



STRAIGHT 
VALVE



A122VB



ANGLE VALVE
A146VB



288VB



(GAGE HIDDEN FOR CLARITY)
GAGE ADAPTER



836HC



A455HC SPLIT
RING ASSY W/
A456HC DROP 
BAND
REF



Cylinders*
Part No. Description Code
452HC8 Cylinder, 100 mL FG



2342HC4 Cylinder, 100 mL OR



452HC9 Cylinder, 160 mL FG



2342HC5 Cylinder, 160 mL OR



452HC Cylinder, 300 mL FG



2342HC Cylinder, 300 mL OR



452HC2 Cylinder, 450 mL FG



2342HC2 Cylinder, 450 mL OR



452HC3 Cylinder, 600 mL FG



2342HC3 Cylinder, 600 mL OR



* For Special Fittings
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Split Rings and Accessories
Part No. Description Code
A455HC Split Ring Assembly w/ bolts RV FG



454HC Compression Ring, Head Drop 
Band



RV FG



A456HC Drop Band w/ screw RV FG



A2205HC S/R, 6 bolt, Captive Compres-
sion Ring



FH FG



232HCFDE Compression bolt, GR-B7 FG 



2195HC Split ring, quick close OR



372HC2 Wrench, 9/16”



Dip Tubes
Part No. Description Code
832HC Dip Tube for 300 mL SS



832HC4* Dip Tube with nut, 300 mL SP



832HC2 Dip Tube, 450 mL SS



832HC5* Dip Tube with nut, 450 mL SP



832HC3 Dip Tube, 600 mL SS



832HC6* Dip Tube with nut, 600 mL SP



832HC8* Dip Tube with nut, 160 mL SS / SP



832HC19* Dip Tube with nut, 100 mL SS / SP



Male Connectors
Part No. Description Code
A833HC Male Connector, 1/8NPTM x 1/8T, 



(Thermocouple)
SS



A834HC Male Connector, 1/8NPTM x 
3/16T, (SS dip tube)



SS



A92HW* Male Connector, 1/8NPTM x 1/4T, 
(Special mate diptube)



SS / SP



A138CA Male Connector, 1/8NPTM x 1/4T,  
TW, (thermowell)



SP



Cooling Loop
Part No. Description Code
831HC Cooling Loop for 300 mL SS



831HC6* Cooling Loop for 300 mL SP



831HC2 Cooling Loop for 450 mL SS



831HC7* Cooling Loop for 450 mL SP



831HC3 Cooling Loop for 600 mL SS



831HC8* Cooling Loop for 600 mL SP



A92HW* Internal Connector, cooling loop*



217VB* Nut for A92HW* ¼” T



218VB* Ferrule for A92HW* ¼” T



Magnetic Stirrer
Part No. Description
A1120HC6 Magnetic Stirrer, 16in-lb



A2140HC2 Footless Magnetic Stirrer, 16 in-lb



A2685HC Cooling Sleeve



827HC O-ring



2714HC Hose connector



See manual 234M for a full list of magnetic stirrers 
and parts.



Heads for A1120HC6 Magnetic Stirrer*
Part No. Description Code
818HC Head, for thermocouple RV FG



818HC2* Head, for thermowell RV FG



2201HC Head, for thermocouple FH FG



2201HC2* Head, for thermowell FH FG



2340HC Head, for thermocouple RV OR



2340HC* Head, for thermowell RV OR



2343HC Head, for thermocouple FH OR



2343HC2* Head, for thermowell FH OR



Heads for A2140HC2 Footless Magnetic Stirrer*
Part No. Description Code
818HC39 Head, for thermocouple RV FG



818HC40* Head, for thermowell RV FG



2201HC5 Head, for thermocouple FH FG



2201HC6* Head, for thermowell FH FG



2340HC5 Head, for thermocouple RV OR



2340HC6* Head, for thermowell RV OR



2343HC5 Head, for thermocouple FH OR



2343HC6* Head, for thermowell FH OR



Gaskets & Seals
Part No. Description Code
457HC2 Head Gasket, PTFE FG



457HC3KL Head Gasket, Flexible 
Graphite



FG



2341HCJV O-ring FKM OR



2341HCJK O-ring FFKM OR



48HC Gasket, silver; A1120HC



48HCFG Gasket, gold plated; A1120HC



2142HC Gasket, silver; A2140HC



2142HCFG Gasket, gold plated;  A2140HC



2142HC2KL Gasket, graphite; A2140HC



* For Special Fittings
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Stirrer Support Bracket
Part No. Description Code
A1260HC Stirrer Bracket w/ bushing SS



A1260HC2* Stirrer Bracket w/ bushing SP



1261HC Stirrer Bracket Bushing, PTFE 
graphite



1261HC2KF Stirrer Bracket Bushing, graphite



Note: 450 mL and 600 mL only



Stirrer Shafts for A1120HC6 Magnetic Stirrer*
Part No. Description Code
822HC15 Shaft, 300 mL, 5.81” RV MD



822HC30 Shaft, 300 mL, 6.42” FH MD



822HC16 Shaft, 450 mL, 7.81” RV MD



822HC31 Shaft, 450 mL, 8.92” FH MD



822HC17 Shaft, 600 mL, 9.81” RV MD



822HC32 Shaft, 600 mL, 10.92” FH MD



822HC18 Shaft, 100 mL, 3.88” RV MD



822HC33 Shaft, 100 mL, 4.99” FH MD



822HC18 Shaft, 160 mL, 3.88” RV MD



822HC33 Shaft, 160 mL, 4.99” FH MD



Stirrer Shafts for A2140HC2 Footless Magnetic Stirrer
Part No. Description Code
2141HC Shaft, 300 mL, 7.93” RV FMD



2141HC7 Shaft, 300 mL, 9.05” FH FMD



2141HC2 Shaft, 450 mL, 9.93” RV FMD



2141HC8 Shaft, 450 mL, 11.05” FH FMD



2141HC3 Shaft, 600 mL, 11.93” RV FMD



2141HC9 Shaft, 600 mL, 13.05” FH FMD



2141HC46 Shaft, 100/160 mL, 5.93” RV FMD



2141HC50 Shaft, 100/160 mL, 7.05” FH FMD



Impellers*
Part No. Description Code
A2148HC Impeller with screw, for 2141HC 



series shafts
FMD



A837HC Impeller with screw, for 822HC 
series shafts



MD



Gage Assembly
Part No. Description
836HC Gage adapter, 1/4” NPT(F) top x 1/8” 



NPT(F) side port



836HC6 Gage adapter, 1/4” NPT(F) top x 1/8” 
NPT(F) + two 1/4” NPT(F) side ports



836HC7 Gage adapter, 1/4” NPT(F) top, one 1/8” + 
1/4” NPT(F) side ports



A122VB Needle Valve T316 1/8 NPTM



Gages
Part No. Description
593HCP1AD Pressure Gage,  3-1/2”,  100 psi/bar



593HCP2AD Pressure Gage,  3-1/2”,  200 psi/bar



593HCP6AD Pressure Gage,  3-1/2”,  600 psi/bar



593HCPD Pressure Gage,  3-1/2”,  1000 psi/bar



593HCPF Pressure Gage,  3-1/2”,  2000 psi/bar



593HCPG Pressure Gage,  3-1/2”,  3000 psi/bar



Heaters
Part No. Description
A2230HCEB Heater, 300 mL, 115V



A2230HCEE Heater, 300 mL, 230V



A2230HC2EB Heater, 450 mL, 115V



A2230HC2EE Heater, 450 mL, 230V



A2230HC3EB Heater, 600 mL, 115V



A2230HC3EE Heater, 600 mL, 230V



A2235HCEB Heater, 100/160 mL, 115V



A2235HCEE Heater, 100/160 mL, 230V



* For Special Fittings
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External Fittings
Part No. Description
A888HC2 Rupture disc assembly



49HC2 Orifice cone



527HC Orifice ring



433HC4 Safety head outlet



366VBD Hex Coupling, 1/4 NPTF



288VBAD Male Connector, 3/8” T-1/4” NPTM



A92HWAD Male Connector 1/8 NPTMx1/4T 
(T316SS for top of cooling loop)



79HW* Plug, Hex Head 1/8” NPTM



835HC Adapter, two 1/8” NPT(F) side ports



A122VB Needle Valve T316 1/8 NPTM



A146VB Angle Valve T316 1/8 NPTM-M



420HC Adapter, T303 A Skt × 1/8 NPTF



Rupture Disc Assembly
See manual 231M for a full list of safety rupture disks.



Thermocouple/Thermowell
Part No. Description Code
A833HC Male Conn, 1/8” NPT(M) × 



1/8” T for Thermocouple



A138CA Male Conn, 1/8” NPT(M) × 
1/4” T for thermowell



A1453HC Thermowell, 1/4”OD



A472E Thermocouple, Grounded 
300mL Type J, 7-1/2



TC



A472E2 Thermocouple, Grounded 
450mL Type J, 9-1/2



TC



A472E3 Thermocouple, Grounded 
600mL Type J, 11-1/2



TC



A472E4 Thermocouple, Grounded 
100/160mL Type J, 5-1/2



TC



A490E Thermocouple, Dual 
Grounded, 7-1/2, 1/8”OD



TC



A490E2 Thermocouple, Dual 
Grounded 9-1/2



TC



A490E3 Thermocouple, Dual 
Grounded 11-1/2



TC



213VBAD Nut 1/8” T TC



214VBAD Ferrule 1/8” T TC



217VBAD Nut 1/4” T TW



218VBAD Ferrule 1/4” T TW



Specify volume & head style (fi xed or movable)



* For Special Fittings
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4563 Gas Entrainment Assembly
600mL Removable Vessel



NOTE:



TEMP DIP TUBES USE A1870HC
FOR 1/4" OD SPECIAL ALLOY AND HIGH



REF



1869HC OR 1869HC2KF
A1870HC2 STIRRER BRKT REF



BUSHING NOT FURNISHED
SEE NOTE



832HC DIP TUBEA834HC MALE CONN



REF



2027HC SHAFT



REF



REF



2028HC5 SHAFT



818HC HEAD



A833HC MALE CONN



2070HC IMPELLER



A472E/A490E THERMOCOUPLE



457HC2 GASKET



A2043HC BAFFLE



REF



REF



452HC CYLINDER
REF



 REF3.94



 .46 REF 



4561 Gas Entrainment Assembly
300mL Removable Vessel



Gas Entrainment Upper Shaft
Part No. Description Code
2027HC 2.83” Shaft, upper MV MD



2027HC3 3.94” Shaft, upper FH MD



Gas Entrainment Lower Shaft
Part No. Description Code
2028HC5 3.04” Shaft, 300 mL MD



2141HC1 8.16” Shaft, 300 mL FH FMD



2141HC15 7.11” Shaft, 300 mL MV FMD



Part No. Description Code
2028HC6 4.04” Shaft, 450 mL MD



2141HC12 9.72” Shaft, 450 mL FH FMD



2141HC16 8.61” Shaft, 450 mL MV FMD



2028HC7 5.54” Shaft, 600 mL MD



2141HC13 11.22” Shaft, 600 mL FH FMD



2141HC17 10.11” Shaft, 600 mL MV FMD



2028HC8 1.18” Shaft, 100/160 mL MD



2141HC14 6.85” Shaft, 100/160 mL FH FMD



2141HC18 5.73” Shaft, 100/160 mL MV FMD
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Vessel Closure and Standard Internal Parts



*Special Materials



4560 Series Reaction Vessel Parts List
High Temperature Vessel Fittings
(2000 psig/500°C)



A92HWAD
CONNECTOR



A544VBKL
VALVE



1452HC5



VALVE



A472E 
THERMOCOUPLE
W/ 3366HC, 3367HC



280VB NIPPLE



280VB NIPPLE



(BELOW 302VBAD)



302VBAD



A888HC2



(GAGE HIDDEN FOR CLARITY)
GAGE ADAPTER



ADAPTER TEE
1452HC6



SAFTEY HEAD ASSY



CONNECTOR



CONNECTOR
A92HWAD



A544VBKL



A544VB2KL
ANGLE VALVE



3460HC
HEAD



832HC37
DIP TUBE



(OPTIONAL)



35HC
40HC



MAG DRIVE ASSY
A1120HC6



BUSHING
1261HCKL



REF
LOCKNUT



GAGE
593HC SERIES



SHAFT
822HC30



PROPELLER
A837HC



1446HC2
ADAPTER



COOLING LOOP
831HC24



1360HC FERRULE 
1359HC NUT



914HC



35HC
40HC



Consult the itemized list for your reactor, provided 
along with this manual.  For purpose of reactor iden-
tifi cation the following abbreviation codes are used:



RV - Removable Vessel FH - Fixed Head



FG - Flat Gasket Seal SP - Special Alloy



SS - T316 only MD - Magnetic Drive



FMD - Footless Magnetic Drive



* For parts made from alternate materials use the 
codes shown below as a suffi x to the standard part 
number.



CM - Alloy 400 CC - Alloy 20Cb3



CT - Alloy 600 CA - Titanium G2 or G4



CG - Alloy b-2 CH - Alloy C-276



CX - Zirconium



Cylinders*
Part No. Description Code
452HC Cylinder, 300 mL FG



452HC2 Cylinder, 450 mL FG



452HC3 Cylinder, 600 mL FG



Heads*
Part No. Description
3619HC Head, for thermocouple RVMD



3619HC* Head, for thermowell RVMD



3460HC* Head,  for thermocouple FHMD



3460HC2* Head, for thermowell FHMD



3460HC3 Head, for thermocouple FHFMD



* For Special Fittings
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* For Special Fittings



Gaskets*
Part No. Description Code
457HC3KL Head Gasket, Flexible Graphite RV FG



48HC Gasket, silver; A1120HC RV FG



48HCFG Gasket, gold plated; A1120HC FH FG



2142HC Gasket, silver; A2140HC FH FG



Closure*
Part No. Description Code
A455HC7 Split Ring Assembly with bolts RV



454HC Compression Ring, Head RV



A456HC Drop Band RV



A2205HC3 Split Ring Assembly with com-
pression ring & bolts



FH



372HC2 Wrench, 9/16” RV



3646HC Wrench, 7/16” FH



Dip Tubes*
Part No. Description Code
832HC37 Dip Tube for 300 mL 



832HC38 Dip Tube, 450 mL



832HC39 Dip Tube, 600 mL



Cooling Loop*
Part No. Description Code
831HC24 Cooling Loop for 300 mL



831HC25 Cooling Loop for 450 mL



831HC26 Cooling Loop for 600 mL



1359HC* Nut, 1/4” Tube Seal



1360HC* Ferrule, 1/4” Tube Seal



Stirrer Support Bracket
Part No. Description Code
A1260HC2* Stirrer Bracket w/ bushing



1261HC2KF Stirrer Bracket Bushing 



Note: 450 mL and 600 mL only



Thermowell*
Part No. Description Code
A1453HC* Thermowell, specify reactor vol-



ume & head style when ordering



Magnetic Stirrer
Part No. Description
A1120HC6 Magnetic Stirrer, 16in-lb



A2140HC2 Footless Magnetic Stirrer, 16 in-lb



A2685HC Cooling Sleeve Assembly



827HC O-ring



2714HC Hose connector



See manual 234M for a full list of magnetic stirrers 
and parts.



Stirrer Shafts for A1120HC6 Magnetic Stirrer*
Part No. Description Code
822HC15 Shaft, 300 mL, 5.81” RV MD



822HC30 Shaft, 300 mL, 6.42” FH MD



822HC16 Shaft, 450 mL, 7.81” RV MD



822HC31 Shaft, 450 mL, 8.92” FH MD



822HC17 Shaft, 600 mL, 9.81” RV MD



822HC32 Shaft, 600 mL, 10.92” FH MD



Stirrer Shafts for A2140HC2 Footless Magnetic Stirrer*
Part No. Description Code
2141HC Shaft, 300 mL, 7.93” RV FMD



2141HC7 Shaft, 300 mL, 9.05” FH FMD



2141HC2 Shaft, 450 mL, 9.93” RV FMD



2141HC8 Shaft, 450 mL, 11.05” FH FMD



2141HC3 Shaft, 600 mL, 11.93” RV FMD



2141HC9 Shaft, 600 mL, 13.05” FH FMD



Impellers*
Part No. Description Code
A2148HC Impeller with screw, for 2141HC 



series shafts
FMD



A837HC Impeller with screw, for 822HC 
series shafts



MD



Gages
Part No. Description
593HCP1AD Pressure Gage,  3-1/2”,  100 psi/bar



593HCP2AD Pressure Gage,  3-1/2”,  200 psi/bar



593HCP6AD Pressure Gage,  3-1/2”,  600 psi/bar



593HCPD Pressure Gage,  3-1/2”,  1000 psi/bar



593HCPF Pressure Gage,  3-1/2”,  2000 psi/bar



593HCPG Pressure Gage,  3-1/2”,  3000 psi/bar
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External Fittings
Part No. Description
A888HC2 Rupture disc assembly



49HC2 Orifice cone



527HC Orifice ring



433HC4 Safety head outlet



A544VBKL Valve, Straight 1/8” NPTF



A544VB2KL Valve, Angled 1/8” NPTF



280VBAD Nipple, 1/8” NPTM



A92HWAD Male Connector 1/8 NPTMx1/4T 
(T316SS for top of cooling loop)



35HC Compression Nut



40HC Bushing



1452HC5 Gage Adapter



1452HC6 Valve Adapter



302VBAD Female Conn, 38” Tube – 1/4” NPTF



1446HC2 Adapter, ‘A’ Cone F – 1/8” NPTM



424HC2 Anti-Seize Lubricant



79HW* Plug, Hex Head 1/8” NPTM



94CAAD Plug, Hex Head 1/4” NPTM



Thermocouple/Thermowell
Part No. Description Code
A472E Thermocouple, Grounded 



300mL Type J, 7-1/2
TC



A472E2 Thermocouple, Grounded 
450mL Type J, 9-1/2



TC



A472E3 Thermocouple, Grounded 
600mL Type J, 11-1/2



TC



A472E4 Thermocouple, Grounded 
100/160mL Type J, 5-1/2



TC



A490E Thermocouple, Dual 
Grounded, 7-1/2, 1/8”OD



TC



A490E2 Thermocouple, Dual 
Grounded 9-1/2



TC



A490E3 Thermocouple, Dual 
Grounded 11-1/2



TC



3366HC Nut, 1/8” Tube Seal TC



3367HC Ferrule, 1/8” Tube Seal TC



1360HC Ferrule SS, 1/4” Tube Seal TW



1359HC Nut, 1/4” T Seal TW



A1453HC Thermowell, 1/4” OD



Specify volume & head style (fi xed or movable)



Rupture Disc Assembly
See manual 231M for a full list of safety rupture discs.



* For Special Fittings











image31.emf



Mini Bench Top Reactors



w w w . p a r r i n s t . c o m 25



Overarm Parts List



Motor
Part No. Description
1355EES Motor VS/PM130VDC 1/8 HP



A1554EES Motor VS/PM 130VDC 1/8 HP with EMC 
fi lter for CE



A1393HC Air Motor



A388EEQ Motor ¼ HP EXP VS 90 VDC



A388EER Motor ¼ HP EXP VS 180 VDC



A388EES Motor ¼ HP VS 90 VDC



A388EET Motor ¼ HP VS 180 VDC



Driven Pulley Assembly
Part No. Description
A2179HC Driven Pulley Assembly includes:



839HC Ball Bearing



841HC Snap Ring, External .693”



842HC Snap Ring, 1.804”



858HC2 Pulley, Driven



862HC Support Hub



299HC2 Bushing, PTFE



Upper Drive Shafts
Part No. Description
A2223HC Upper Drive Shaft



Shaft Couplings
Part No. Description
2075HC2 Shaft Coupling .38, Universal



Release Knobs
Part No. Description
845HC2 Release Knob, .38 Shaft



Drive Pulleys
Motor 
Part No. Description Belt 



Part No.
857HC Pulley 600 RPM 847HC8



857HC3 Pulley 800 RPM 847HC8



857HC4 Pulley 1000 RPM 847HC8



857HC5 Pulley 1700 RPM 847HC4



857HC7 Pulley, Air Motor only 847HC8



Optional Tach Parts
Part No. Description
A1001E2 Tach Sensor Assembly (5.5”L)
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Bomb Support Stand with Fixed Head and 1/8 hp Stirrer Drive Motor



A2262E



A2179HC PULLEY ASS’Y:
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Bomb Support Stand with Moveable Vessel and 1/4 hp Stirrer Drive Motor
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Bomb Support Stand with Moveable V essel and 1/4 hp Stirrer Drive Motor
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SAFETY in the Operation of 
Laboratory Reactors and Pressure Vessels



230M



The User’s Responsibility



 All Parr reactors and pressure vessels are de-
signed and manufactured with great care to ensure 
safe operation when used within their prescribed 
temperature and pressure limits.  But the basic 
responsibility for safety when using this equipment 
rests entirely with the user, who must: 



1. Select a reactor or pressure vessel which has the 
capacity, pressure rating, corrosion resistance, 
and design features that are suitable for its in-
tended use.  Parr engineers will be glad to dis-
cuss available equipment and material options 
with prospective users, but the fi nal responsi-
bility for selecting a reactor or pressure vessel 
that will perform to the user’s satisfaction in any 
particular reaction or test must rest with the user 
– not with Parr.  



Parr reactors and pressure vessels are offered 
in several different styles, each designed for 
convenient use in daily operation within certain 
temperature and pressure limits, using gaskets, 
O-rings, closures and other elements carefully 
selected for safe operation within the limits 
specifi ed for that design.  But in order to pre-
serve the validity of these designs, all tempera-
ture and pressure limits must be observed, and 
no attempt should be made to increase these 
limits by making alterations or by substituting 
components which are not recommended by the 
manufacturer. 



2. Install and operate the equipment in a suitable 
barricade, if required. Use appropriate safety 
accessories and operate in full compliance with 
local safety codes and rules. 



All standard Parr pressure vessels are provided 
with either a suitable relief device or a means 
to attach one (typically in the form of a plugged 
opening).  When a pressure vessel is delivered 
without a pressure venting device, it is the cus-
tomer’s responsibility to provide pressure relief 



in order to protect the operator and the equip-
ment from destructive high pressures.  If you 
need more information or need help in selecting 
a proper relief device, please contact Parr Instru-
ment Company.



3. Establish training procedures to ensure that any 
person handling the equipment knows how to 
use it properly. 



4. Maintain the equipment in good condition and 
establish procedures for periodic testing to be 
sure that the vessel remains structurally sound. 



Consider the Chemistry



 Since safety in bench scale pressure reactions 
is so closely related to the chemistry involved in the 
process, there are several basic questions that the 
operator must always consider before starting to use 
pressure equipment:  



 Is the reaction exothermic? What by-products will 
be produced and what will be their behavior?  What 
maximum temperature and pressure limits will be 
observed?  Under what circumstances (temperature, 
pressure and catalyzing agents) might the reaction 
run out of control?  By considering these and any 
other related safety questions before starting a pres-
sure operation, the user should be able to anticipate 
any violent chemical behavior and take steps to pre-
vent it. 



 Reactions involving highly reactive compounds 
such acetylene, butadiene, dioxane, ethylene oxide, 
oxygen, and all strong oxidizing agents must be han-
dled cautiously.  Close attention must also be given 
to any reactions that might release sudden surges 
of heat or pressure and to any by-products or end-
products suspected to have explosive or detonating 
properties.  It is always advisable to run preliminary 
experiments using small volumes of reactants when 
starting work with new or unfamiliar materials.  The 
amounts can be increased later after it has been 
shown that the reaction proceeds smoothly with no 
indication of erratic or explosive behavior. 
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I Didn’t Know it Was Loaded!!



H.K. Livingston, Guest Editor, Department of Chemistry, Wayne State Iniversity, Detroit, Michigan.



 Many a chemist has expressed amazement 
after an explosion, at which time he learned that 
his explosion could have been predicted from a 
knowledge of the chemistry of materials he used in 
the experiment, “I didn’t know it would explode” is 
as weak an apology for a chemist as “I didn’t know 
it was loaded” is for a rifl eman. An integral part of 
one’s laboratory technique is preparing for what 
might happen.



 A defi nitive list of all the chemicals that could 
explode would be convenient, but chemistry deals 
with too many materials to make such a list practi-
cal. Therefore we resort to the same methods that 
we use to handle the complexity of chemicals when 
we are considering other chemical properties. We 
generalize and classify our information, always 
remembering that there are no hard and fast rules 
in chemistry and we must retain our over-all under-
standing of chemistry to interpret each specifi c situ-
ation.



 Explosions in the chemistry laboratory result 
from reactions that liberate heat or volumes of gas 
or both. By working on a small scale, as we always 
should with unknown reactions, we minimize the 
chance that liberation of heat alone will lead to an 
explosion. We can then concentrate our attention on 
those reactions that can lead to a sudden increase 
in volume. This increase can be so sudden that the 
pressure cannot be relieved and an explosion, or 
even a detonation (CHEMISTRY, October 1964, IBC), 
can result. Here are 18 atomic groupings that, in the 
mind of the experienced chemist, are associated 
with the possibility of explosion (Table I). If you are 
running an experiment with any of these, even on 
a small scale, your experiment may be “loaded.” 
Not only should you not point it at any one, but you 
should work behind an adequate safety shield. That 
is, in the opinion of someone who has had experi-
ence with these particular chemicals, the shield 
should be considered adequate for the experiment 
in question.



TABLE I. Atomic Groupings That 
Characterize Explosive Compounds



Reprinted with permission from CHEMISTRY, vol. 38, May 1965
Copyright by The American Chemical Society



Acetylide



Amine oxide



Azide



Chlorate



Diazo



Diazonium



Name Structure



Fulminate



N-Haloamine



Hydroperoxide



Hypohalite



Nitrate



Nitrite



Nitro



Nitroso



Ozonide



Peracid



Perchlorate



Peroxide
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Barricades and Ventilation



 The room in which a pressure reactor is to be 
operated must be well ventilated.  This is particularly 
important when working with fl ammable or toxic 
materials.  The reactors should be located close to a 
laboratory hood or exhaust fan so that any released 
gases can be discharged safely.  There should be no 
open fl ames in adjacent areas. 



 Most Parr reactors are usually operated in an 
open laboratory without additional barricades or 
protective screens, but the operator must realize 
that additional protection may be necessary if there 
is any possibility that the reaction might run out of 
control.  In case of an accident or unexpected over-
pressure, the safety rupture disc should burst to 
relieve the vessel before it is damaged by excess 
pressure.  Therefore, provisions must be made to 
handle the noise and any potential fume hazards 
created by this release.  Extension piping attached 
to the safety rupture disc fi tting and leading to an 
appropriate discharge area offers the best protection 
against this possibility.  Ear protection is also recom-
mended, since the loud report produced by a burst-
ing rupture disc may damage the hearing of anyone 
standing near the reactor. 



 It must also be remembered that certain explo-
sive reactions proceed with such speed that the 
shock wave created by the explosion may damage 
the vessel before the rupture disc can dump the 
excess pressure.  The best protection against this 
hazard is to operate the reactor behind a suitable 
barricade or in a pressure test cubicle or cell.



 If a barricade is required, it should be built of 
concrete, brick or steel in whatever thickness or form 
is considered necessary to protect the operator from 
fl ying fragments if the apparatus should explode.  
Glass shields, either plain or reinforced with wire 
mesh, are not recommended.  The requirements 
for barricades differ so widely that each should be 
designed and built in order to protect against the 
potential hazards inherent in each installation.  This 
subject is well covered in numerous textbooks and 
literature references on laboratory safety and high 
pressure technology, some of which are named in 
the “REFERENCES” section.



Loading Limits



 One of the most subtle and frequently over-
looked hazards that can arise in pressure vessel 
operation is that produced by overfi lling the ves-
sel.  A vessel must never be fi lled to more than 
two-thirds of its available free space, and in some 
cases the charge must be reduced even further for 
safe operation.  Dangerous pressures can develop 
suddenly when a liquid is heated in a closed ves-
sel if the available free space is not suffi cient to 
accommodate the expansion of the liquid.  This is 
particularly true of water and water solutions which 
may increase to as much as three times their initial 
volume when heated from room temperature to the 
critical point at 374 °C.  If the free space in the vessel 
is not suffi cient to accommodate this expansion, de-
structive pressures will develop very suddenly and 
unexpectedly.



 Although this problem can arise when heating 
any fl uid, it is particularly dangerous when working 
with water, as shown by the data tabulated below.  
At temperatures up to 200 °C the increase in volume 
is small.  But as temperature is raised higher, the 
fl uid expands to fi ll 150% of its original space at 321 
°C, and to more than three times its original space at 
the 374 °C critical point.



 To prevent damage from this type of expansion, 
the amount of water placed in any sealed pressure 
vessel should not exceed the volume determined 
from the following formula for Maximum Allowable 
Water Loading (MAWL):



MAWL =        (0.9) (Vessel Volume)  
   (Volume Multiplier at Max. Temp.)
Example:
What is the maximum volume of a water slurry 
which can be treated safely to 300 °C in a 1000 mL 
vessel?



Substituting in the above formula:



MAWL = (0.9) (1000) = 643 mL  
             1.4



 From the above it is clear that the vessel should 
not be charged with more than 643mL of slurry at 
room temperature.  Good practice would dictate 
that the charge should be held somewhat below this 
theoretical maximum.
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LIQUID VOLUMES AND VAPOR PRESSURES FOR WATER 
IN A CLOSED VESSEL AT ELEVATED TEMPERATURES



Temperature
     ° F               °C



Specifi c Volume of the 
Liquid, cu.ft./lb.



Vapor Pressure, 
psig



Volume Multiplier, 
Sp.VT/Sp.V77°F



% Volume 
Increase



77 25 .01607 — 1.00 0
212 100 .01672 0 1.04 4
392 200 .01853 211 1.15 15
482 250 .0201 562 1.25 25
540 282 .0215 948 1.34 34
572 300 .0225 1230 1.40 40
610 321 .0241 1650 1.50 50
660 349 .0278 2350 1.73 73
685 363 .0315 2780 1.96 96
700 371 .0369 3070 2.30 130
702 372 .0385 3120 2.40 140
704 373 .0410 3160 2.55 155
705 374 .0503 3190 3.13 213
(Critical Point)



Data from Keenan & Keyes, “Thermodynamic Properties of Steam,” John Wiley & Sons, Inc., New York  



Design Pressure and Temperature Limits



 The maximum design pressure and temperature 
limits for any pressure vessel will depend upon the 
design of the vessel and the strength of the materi-
als used in its construction. Since all materials lose 
strength at elevated temperatures maximum design 
pressures are always associated with a design tem-
perature limit. Each Parr vessel is clearly stamped 
with its maximum design pressure and temperature 
limits. No vessels should ever be used above these 
indicated limits.



 In some cases the “standard” design maximum 
pressure limits can be increased if stronger materi-
als are used or if the maximum operating tempera-
ture is reduced. In all cases any changes must be 
evaluated by the Parr Engineering Department be-
fore the vessel is manufactured, tested and certifi ed. 



Operating Pressure and Temperature Limits



 In all cases the maximum operating pressure 
will be somewhat less than the maximum design 
pressure. In some cases the maximum operating 
temperature may also be lower than the design tem-
perature.



 The principle reason for reducing operating 
pressures and or temperatures below the design 
pressure is the installation of components on the 
vessel which do not carry the same pressure rat-
ing as the vessel itself. Operators may select valves 
with special characteristics which are rated for lower 
pressures and/ or temperatures. Users may prefer 
lower range gages which provide better resolution 
for their own operating ranges. Substituting differ-
ent gasket materials can signifi cantly reduce operat-
ing temperatures. 



 The ASME Pressure Vessel Code limits the maxi-
mum burst pressure of the required rupture disc 
to the maximum design pressure of the vessel The 
European Community Pressure Equipment Directive 
allows these discs to be up to 110% of the design 
pressure. Our recommendation is to limit maximum 
operating pressures to not more than 90% of the 
design burst pressure of the installed rupture disc. 
For most users this will limit the maximum operat-
ing pressure to 90% of the design pressure. 



 The Parr Engineering Department is always 
available to answer any questions regarding either 
design or operating pressure and/ or temperature 
limits.
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Maintenance and Training



 Users must realize that it is their responsibility to 
keep the reactor in good condition and to use it only 
within the prescribed temperature and pressure 
limits.  Users must be constantly aware of the seri-
ous consequences that can result from such things 
as:  opening the wrong valve, mixing combustible 
vapors with air or oxidizing gases, adding reactants 
too fast or failing to observe and prevent a sudden 
increase in temperature or pressure.  Supervisors 
should make frequent checks to be sure that all 
safety rules are being observed.  In the absence of a 
supervised safety program the user must take time 
to become completely familiar with their equipment 
and to consider any hazards inherent in the reac-
tions they intend to perform. 



Materials of Construction



 Although Parr reactors and pressure vessels 
made of Type 316 stainless steel are suitable for 
most of the applications in which this equipment is 
used, there are many operations which require pres-
sure vessels made of other metals or alloys.  The list 
of construction materials available for use in Parr 
pressure equipment is shown in the table below.  
Each of these alloys has its own physical strength 
and temperature characteristics, as well as its own 
unique resistance to certain corrosive agents.  



 Parr now uses alloy designation numbers in-
stead of trade names to identify the various cor-
rosion resistant alloys available for use in Parr 



equipment.  Many of the high nickel varieties were 
originally patented and sold under trade names, 
such as Monel1, Inconel1, Incoloy1, Carpenter Alloy2, 
Hastelloy3, and others. Most of the original patents 
have expired and these alloys are now available 
from more than one supplier, as well as from the 
owner of the original trade name.  With materials 
of almost identical composition and equal corro-
sion resistance now available from more than one 
supplier, Parr will select and offer the most widely 
used alloy in each of the basic corrosion resistance 
categories without being limited to particular trade 
names.  The corrosion resistance and suitability of 
these alloys for specifi c applications are summa-
rized in the listings below. 



 Any abridged listing of corrosion resistance can 
be potentially misleading since it cannot possibly 
deal with all of the effects of concentration, temper-
ature, pressure and the presence of additional ions, 
all of which have a signifi cant effect upon the ability 
of a particular metal alloy to withstand corrosion.  In 
addition, the vulnerability of any material to stress 
corrosion cracking, intergranular corrosion and 
pitting must also be considered when judging the 
suitability of a material for a particular application.  
The listings which follow are intended to serve only 
as a starting point for any study of the comparative 
corrosion resistance and physical properties of the 
construction materials available for use in Parr pres-
sure equipment.  Additional details can be obtained 
from individual alloy manufacturers and from other 
sources.



Nominal Chemical Composition Of Pressure Vessel Materials
Major Elements — Percent
Material Fe Ni Cr Mo Mn Other
T316 Stainless Steel 65 12 17 2.5 2.0 Si 1.0
Alloy 20Cb-3 35 34 20 2.5 2.0 Cu 3.5, Cb 1.0 max
Ally 400 1.2 66 Cu 31.5
Alloy 600 8 76 15.5
Alloy B-2 2 66 1 28 1 Co 1.0
Alloy C-276 6.5 53 15.5 16 1 W 4.0, Co 2.5
Nickel 200 99
Titanium Grade 2 Commercially pure titanium Ti 99 min
Titanium Grade 4 Commercially pure titanium Ti 99 min
Zirconium Grade 702 Zr + Hf 99.2 min Hf 4.5 max
Zirconium Grade 705 Zr 95.5 min, Hf 4.5 max, Co 2.5



1 MONEL, INCOLOY and INCONEL are Registered Trademarks of Special Metals. 



2 CARPENTER 20Cb-3 is a Registered Trademark of Carpenter Technology Corporation. 



3 HASTELLOY is a Registered Trademark of Haynes International, Inc. 
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Type 316 Stainless Steel is an excellent material for 
use with most organic systems.  A few organic acids 
and organic halides can, under certain conditions, 
hydrolyze to acetic, formic and other organic acids 
that are routinely handled in T316SS. 



T316SS is not normally the material of choice for 
inorganic acid systems.  At ambient temperatures it 
does offer useful resistance to dilute sulfuric, sul-
furous, phosphoric and nitric acids which readily 
attack T316SS at higher concentrations and tempera-
tures.  Halogen acids attack all forms of stainless 
steel rapidly, even at low temperatures and in dilute 
solutions. 



T316SS offers excellent resistance to surface corro-
sion by caustics, but this is misleading. Caustics can 
cause stress corrosion cracking in stainless pres-
sure vessels.  This phenomenon begins to appear 
at temperatures just above 100 °C and has been the 
most common cause of corrosion failure in stainless 
laboratory vessels.  



T316SS does offer good resistance to ammonia and 
to most ammonia compounds. 



Halogen salts can cause severe pitting in all stain-
less steels.  Chlorides can cause stress corrosion 
cracking, but many other salt solutions can be 
handled in stainless vessels, particularly neutral or 
alkaline salts. 



At moderate temperatures and pressures, T316SS 
can be used with most commercial gases.  In a scru-
pulously anhydrous system even hydrogen chloride, 
hydrogen fl uoride and chlorine can be used in stain-
less steel. 



Alloy 20 Cb-3 is an enriched grade of stainless steel, 
designed specifi cally for use with dilute (up to 30% 
by weight) sulfuric acid at elevated temperatures.  
It can also be used for nitric and phosphoric acid 
systems as well as for all systems for which T316SS 
is suitable. 



Alloy 400 is comprised essentially of two-thirds 
nickel and one-third copper.  For many applications 
it offers about the same corrosion resistance as 
nickel, but with higher maximum working pressures 
and temperatures and a lower cost because of its 
greatly improved machinability. 



Alloy 400 is widely used for caustic solutions be-
cause it is not subject to stress corrosion cracking 
in most applications.  Chloride salts do not cause 
stress corrosion cracking in Alloy 400.  It is also an 
excellent material for fl uorine, hydrogen fl uoride 
and hydrofl uoric acid systems.  Alloy 400 offers 
some resistance to hydrochloric and sulfuric acids 
at modest temperatures and concentrations, but it 
is seldom the material of choice for these acids.  As 
would be expected from its high copper content, 
Alloy 400 is rapidly attacked by nitric acid and am-
monia systems. 



Alloy 600 is a high nickel alloy offering excellent 
resistance to caustics and chlorides at high tempera-
tures and high pressures when sulfur compounds 
are present.  In caustic environments, Alloy 600 is 
unexcelled.  It is often chosen for its high strength at 
elevated temperatures.  Although it can be recom-
mended for a broad range of corrosive conditions, 
its cost often limits its use to only those applications 
where its exceptional characteristics are required. 



Alloy B-2 is an alloy rich in nickel and molybdenum 
which has been developed primarily for resistance 
to reducing acid environments, particularly hydro-
chloric, sulfuric and phosphoric.  Its resistance to 
these acids in pure forms is unsurpassed, but the 
presence of ferric and other oxidizing ions in quanti-
ties as low as 50 ppm can dramatically degrade the 
resistance of this alloy. 



Alloy C-276 is a nickel-chromium-molybdenum 
alloy having perhaps the broadest general corro-
sion resistance of all commonly used alloys.  It was 
developed initially for use with wet chlorine, but it 
also offers excellent resistance to strong oxidizers 
such as cupric and ferric chlorides, and to a variety 
of chlorine compounds and chlorine contaminated 
materials.  This alloy is used extensively to combat 
the high temperature and high pressure corrosive 
conditions encountered in drilling for sour petro-
leum deposits and in other oil fi eld applications. 



Alloy 200 is one of the designations of commer-
cially pure nickel.  It offers the ultimate in corrosion 
resistance to hot caustic environments, but its ap-
plications are severely restricted because of its poor 
machinability and resultant high fabrication costs. 
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Titanium is an excellent material for use with oxidiz-
ing agents such as nitric acid, aqua regia and other 
mixed acids.  It also offers very good resistance to 
chloride ions.  Reducing acids, such as sulfuric and 
hydrochloric, which have unacceptably high corro-
sion rates in pure titanium can have their corrosion 
rates reduced to acceptable levels if relatively small 
quantities of oxidizing ions, such as cupric, ferric, 
nickel or even nitric acid are present to act as cor-
rosion inhibitors.  This phenomenon leads to many 
successful applications for titanium in the hydro-
metallurgy fi eld where acids, particularly sulfuric 
acid, are used to leach ores.  In these operations the 
extracted ions act as corrosion inhibitors. 



Prospective users must remember that titanium in 
the presence of oxygen at elevated temperature and 
pressures will burn vigorously.  While there have 
been many successful applications in hydrometal-
lurgy where oxygen and sulfuric acid are handled in 
titanium equipment, the danger of ignition is always 
present and must be protected against whenever 
titanium and oxygen are used together. 



Commercially pure titanium is available in several 
grades.  Grade 2 is the material most commonly 
used for industrial equipment since it can be fab-
ricated by welding and is approved by the ASME 
Code for Unfi red Pressure Vessels.  Grade 4 which 
has slightly higher trace levels of iron and oxygen, 
has higher strength than Grade 2 but it is not suit-
able for welding and it is not covered by the ASME 
Code.  Since Parr vessels are not welded, they usu-
ally are made of Grade 4 to obtain the higher work-
ing pressures than can be obtained with Grade 2.  
Grade 7 contains small amounts of palladium, and 
Grade 12 contains small amounts of nickel and mo-
lybdenum.  These grades of Titanium offer enhanced 
resistance to certain environments and can be used 
for Parr reactors and pressure vessels if suitable bil-
lets can be obtained. 



Zirconium offers excellent resistance to hydrochloric 
and sulfuric acids but, as with Hastelloy B-2, oxidiz-
ing ions such as ferric, cupric and fl uorides must be 
avoided. Zirconium also offers good resistance to 
phosphoric and nitric acids and to alkaline solutions 
as well. Two different grades are available: Grade 
702 containing hafnium is the standard commercial 
grade offering the best resistance to most corrosive 
agents.  Grade 705 contains small amounts of both 
hafnium and columbium and has better strength 
than Grade 702 allowing higher working pressures 
when it is used in pressure vessel construction. The 
corrosion resistance of Grade 705 is not quite as 
good as Grade 702. 



Carbon Steel is usually used for laboratory reactors 
only when it is desired to duplicate construction 
material used in plant equipment.  Because it rusts 
easily, carbon steel vessels are not carried in stock 
and must be made to order, often resulting in costs 
higher than for stainless steel equipment despite the 
lower material cost for carbon steel. 
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