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1.3

INTRODUCTION

SCOPE

This pamphlet is intended to assist in the selection, design, safe operation and
maintenance of chlorine vaporizer systems. It is limited to those who receive liquid
chlorine in cylinders, ton containers, cargo tanks or tank cars and who will vaporize
liquid for ultimate use of the chlorine as a gas. It is not intended for chlorine processing
systems such as reboilers and complex distribution systems.

Chlorine vaporizer systems can be purchased from equipment manufacturers or
designed and built by the user. The design and operations of specific chlorine
vaporizer systems may vary slightly, but should follow the guidelines contained in this
pamphlet. This pamphlet neither endorses nor excludes any products of equipment
manufacturers.

CHLORINE INSTITUTE STEWARDSHIP PROGRAM

The Chlorine Institute (CI) exists to support the chlor-alkali industry and serve the public
by fostering continuous improvements to safety and the protection of human health and
the environment connected with the production, distribution and use of chlorine, sodium
and potassium hydroxides, and sodium hypochlorite; and the distribution and use of
hydrogen chloride. This support extends to giving continued attention to the security of
chlorine handling operations.

Institute members are committed to adopting Cl's safety and stewardship initiatives,
including pamphlets, checklists, and incident sharing, that will assist members in
achieving measurable improvement. For more information on the Institute’s
stewardship program, visit CI's website at www.chlorineinstitute.org.

DEFINITIONS AND ACRONYMS

In this pamphlet, the following meanings apply unless otherwise noted:

ASME American Society of Mechanical Engineers

ASTM American Society of Testing and Materials

Chlorine dry chlorine (either gas or liquid)

Code refers to the ASME Code

container any vessel fixed or movable for the purpose of holding chlorine

cylinder a shipping container with capacity not exceeding 150 Ibs (68 kg) of
chlorine that is authorized by regulation for the transportation of
chlorine

design pressure same meaning as in the Code
FeCl; ferric chloride

gas padding the addition of clean, dry, oil-free, compressed air, nitrogen or
chlorine in order to increase system pressure
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gas purge the use of clean, dry, oil-free compressed air or nitrogen, dried to a
dew point of -40°F (-40°C) measured at the operating pressure

Inconel® a registered trademark of Special Metals Corporation

Institute The Chlorine Institute

kPa kilopascal(s)

Monel® a registered trademark of Special Metals Corporation

NCl3 nitrogen trichloride

psig pounds per square inch gauge

ton container a shipping container with a typical capacity of 2,000 Ibs (907 kg) of
chlorine that is authorized by regulation for the transportation of
chlorine

DISCLAIMER

The information in this pamphlet is drawn from sources believed to be reliable. The
Institute and its members, jointly and severally, make no guarantee and assume no
liability in connection with any of this information. Moreover, it should not be assumed
that every acceptable procedure is included or that special circumstances may not
warrant modified or additional procedure. The user should be aware that changing
technology or regulations may require a change in the recommendations herein.
Appropriate steps should be taken to insure that the information is current when used.
These recommendations should not be confused with federal, state, provincial,
municipal or insurance requirements, or with national safety codes.

REGULATORY, INSURANCE REQUIREMENTS AND MANUFACTURERS RECOMMENDATIONS

The location, capacity, design, maintenance, and operation of chlorine vaporizer
installations may be subject to federal, local, state, or provincial regulations, fire and
building  codes, insurance company requirements, and  manufacturer's
recommendations. Owners and designers should verify that installations will fully comply
with all applicable requirements.

APPROVAL

The Health, Environment, Safety and Security Issue Team approved Edition 7 of this
pamphlet on July 8, 2011.

REVISIONS
Suggestions for revision should be directed to the Secretary of the Institute.
Significant Revisions in Current Edition

There are no significant revisions to Edition 7 of this pamphlet.
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2.1

2.2

2.3

REPRODUCTION

The contents of this pamphlet are not to be copied for publication, in whole or in part,
without prior Institute permission.

GENERAL

CHLORINE SUPPLY

Chlorine in commerce is shipped in liquid form but in many applications it is utilized in
vapor form because of process requirements and because of greater handling ease. It
is common practice to withdraw vapor directly from tank cars, cargo tanks, cylinders and
ton containers, relying upon natural heat transfer to produce the necessary rate of liquid
vaporization. The vaporization capacity of these containers is limited, however and it is
frequently necessary for larger users to install special vaporizing systems. Such
equipment is referred to either as a "chlorine vaporizer" or a "chlorine evaporator” but in
this pamphlet the term "vaporizer" is used.

DETERMINING THE NEED FOR A VAPORIZER

Chlorine gas can be vaporized directly from cylinders and ton containers. The
maximum dependable, continuous discharge rate of chlorine gas from a cylinder is about
1-1.5 Ib/day/°F (0.25 - 0.38 kg/day/°C). This discharge rate assumes an ambient
temperature of at least 60°F (15°C) and natural air circulation. The maximum
dependable discharge rate for a ton container under similar conditions is about 6-8
Ib/day/°F (1.5 - 2 kg/day/°C). The flow is limited by heat transfer from the atmosphere to
the container. For short periods these average flows can be greatly exceeded while the
chlorine in the container cools to the saturation temperature of the delivery pressure.
Direct heating of a chlorine container should not be done. If more gaseous chlorine is
required than can be vaporized due to natural heat transfer, a vaporizer is required.

Cylinders or ton containers can be manifolded together to give greater gas flows. When
manifolding is contemplated, provisions must be made to insure that all vessels
connected to the manifold are at the same temperature. This prevents chlorine from a
warm cylinder from flowing to, liquefying in, and thus possibly overfilling the colder
cylinder.

Vaporizers are recommended for higher continuous chlorine gas feed rates when it is
not practical to manifold the gas lines of the required number of containers, or when the
chlorine liquid supply originates from chlorine tank cars, tank trucks or storage tanks.

LIQUID CHLORINE SUPPLY

By withdrawing chlorine from its container as a liquid and using a vaporizer to convert it
to a gas, flow rates can be greatly increased. Liquid chlorine is commonly supplied to
vaporizers from tank cars, ton containers or storage tanks. Liquid chlorine rates can be
increased by manifolding ton containers. Refer to ClI Drawing 183 (9.1) and CI
Pamphlet 1 (9.1).

Liquid chlorine must be available at a pressure well above the pressure at which the gas
is intended to be used. Whenever liquid chlorine is supplied to the vaporizer from a
shipping or storage container, the pressure necessary to sustain liquid flow is provided
by the pressure in the container. If the pressure of the tank car, cargo tank or storage
tank is too low for user requirements, gas padding or other methods of elevating the
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liquid pressure are necessary. For padding recommendations, see Cl Pamphlets 5, 49
and 66 (9.1). Pumping of liquid chlorine into vaporizers requires special engineering
considerations. Cylinders and ton containers should not be padded with gas.

OPERATING PRINCIPLE

Liquid chlorine is transferred to a chamber (heat exchanger) where it is caused to boil
(vaporize) by the controlled application of heat. Heat is generally supplied by steam or
hot water. Chlorine gas is withdrawn from above the pool of boiling liquid and delivered
to the point of use.

Vaporizer systems should be designed so that the rate of vaporization self-adjusts to the
process demand. Typically, chlorine flow is set by the user's gas demand. As demand
increases, pressure in the vaporizer and the line between the vaporizer and user drops,
allowing an increased liquid chlorine flow rate into the vaporizer. This increased flow
increases the liquid level in the vaporizer. This submerges more of the vaporizer heat
transfer surface in liquid chlorine. Since the rate of vaporization is a function of the
surface area below the liquid level, the vaporization rate increases until equilibrium is
established to match the demand. If demand increases beyond the vaporizer capacity,
liquid chlorine will be entrained in the outlet vapor.

When demand drops, the pressure in the gas line increases. When it increases to a
pressure above the liquid supply pressure, liquid chlorine is pushed out of the vaporizer,
back to the supply source. The reduction in exposed heat transfer surface reduces
vaporization and a lower equilibrium rate is established.

The use of automated valves or check valves on liquid lines to the chlorine vaporizer can
lead to situations that impede the intended backflow. The valves could shut off and
thereby prevent free flow of liquid back to the supply source. If pumps are used, it is
necessary to provide a controlled constant pressure supply to the vaporizer with a high
capacity bypass back to the liquid source. If liquid is trapped in the vaporizer, or
reverse flow is restricted, the relief valve setting can be exceeded.

Other process criteria may require safety systems that could cause shut off of the liquid
lines, such as recommended shutoff valves for bulk transport unloading, see CI
Pamphlet 57 (9.1). Automated shutdown instrumentation and/or procedures should be
provided for the vaporizer in case the liquid feed automated shutoff valves close.
Emergency shutdown procedures should follow the guidelines found in Section 7.3.

VAPORIZER SOURCES

Chlorine vaporizers are available commercially. They differ in design details and in heat
source. Individual suppliers generally offer a number of models spanning a wide
capacity range. Some chlorine consumers custom design their own units. Whether a
unit is purchased or custom designed, the vaporizer and its auxiliaries should contain
the features outlined in this pamphlet.

Chlorine producers' technical service staffs and the vaporizer manufacturer can be
excellent sources of information on vaporizer design and operation.
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3.1

3.2

INSTALLATION CONSIDERATIONS

When selecting a location for a vaporizer, consideration must be given to the needs of
the user, the type of container from which the chlorine is supplied, and the necessary
safety requirements. Chlorine vaporizer systems should be located in separate clearly
defined areas which can be isolated in emergencies and are accessible to emergency
personnel. The chlorine vaporizing area should be protected by barriers and isolated
from other processes or materials which might damage the vaporizer. The location
should be chosen to minimize the possibility of external corrosion by acid gases or
liquids, and the possibility of damage by vehicles, fire or explosion.

Always review the piping design to insure adequate chlorine liquid supply. In unpadded
containers, the source pressure is solely a function of temperature. Flashing in the feed
line will substantially limit capacity of the system. Elevation differences between the
supply source and vaporizer can reduce pressure to the flash point.

The capacity of the feed pipe to backflow liquid when the load is reduced must also be
checked. Insufficient capacity will result in over pressurizing the vaporizer and possible
venting through the relief valve.

Because of potential flashing, degassing and backflow issues, it is preferable to
minimize the length of the liquid lines by locating the vaporizer as close as possible to
the liquid chlorine source. Each situation should be reviewed to select the best
solution.

DESIGN

SELECTION

This section covers some of the possible vaporizer designs. It particularly considers
those factors necessary to ensure safe operation. When selecting a specific vaporizer,
factors such as capacity, heat source, installation location, controls, and user
requirements must be considered.

TYPES OF VAPORIZERS

There are four main types of chlorine vaporizers in use. The following are comparative
advantages and disadvantages:
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Jacketed Shell

CH[@%BI.'NE CHLORINE
(ALTERNATE) ouT
CHLORINE * CHLORINE—
IN | — IN I
+— HEATING : \ HEATING
: MEDIUM bl 2 MEDIUM
CHLORINE
IN CHLORINE IN —— I
(ALTERNATE)

FIXED JACKETED SHELL REMOVABLE JACKETED SHELL
° simple construction
° easiest to maintain and operate
° less susceptible to FeCl; plugging
° less susceptible to NCl3 build-up
° allows for heavy wall thickness which reduces chances of leakage
° easier to dry than tube type
° capacity limited by relatively small heat transfer surface area
° a large chlorine volume
° relatively less superheat available
° fixed-jacketed designs are difficult to inspect on the heating medium side

° least susceptible to water freeze-up
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Vertical In-Tube Boiling (Chlorine on Tube Side)

CHLORINE
----- — OUT
—— HEATING
MEDIUM
VERTICAL N
IN-TUBE
BOILING
HEATING
MEDIUM
OUT ——
CHLORINE— |
IN

° high capacity due to large heat transfer surface area
° violent boiling increases heat transfer up to a point (flux limited)
° least susceptible to NCl; build-up
° smallest chlorine volume required for heat transfer area
° superheat available
° easy to clean
° most susceptible to FeCl; plugging
° most complex construction
° most susceptible to liquid entrainment
° must allow for thermal expansion of tubes
° most susceptible to leaks due to double quantity of tube joints and

thermal stress

° susceptible to water freeze-up
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Vertical Bayonet (Chlorine on Shell Side)

——CHLORINE
ouT

VERTICAL
BAYONET

CHLORINE
IN —

HEATING
HEATING = M%':L’J'TUM
MEDIUM—
IN
° maximum superheat available
° high capacity due to large heat transfer surface area
° less susceptible to water freeze-up
° violent boiling increases heat transfer
° less susceptible to NCl; build-up
° small chlorine volume required for heat transfer
° least susceptible to liquid entrainment
° difficult to visually inspect chlorine side of tubes if not on square pitch
° complex construction
° more susceptible to leaks due to large number of tubes

° more susceptible to FeCl; plugging
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Horizontal Kettle (Reboiler Type)

KETTLE

CHLORINE
HEATING ouT
MEDIUM '
IN

HEATING CHLORINE

MEDIUM IN
ouT

highest capacity due to large heat transfer area
most susceptible to NCl; build-up

most susceptible to FeCl; build-up

superheat not available

more plant space required

very susceptible to water freeze-up

least responsive to process changes

largest chlorine volume

u-tube distortion due to large thermal gradients
difficult to visually inspect, clean and maintain shell side
more susceptible to flooding and liquid entrainment

more susceptible to leaks due to large number of tubes
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DESIGN CONSIDERATIONS

Chlorine vaporizers should be designed to deliver chlorine in excess of the peak load
demanded by the process. This includes consideration of the following:

Flooding

Load variations should not cause flooding of liquid chlorine into the chlorine gas
line (Section 5.2).

Liquid Disengagement

Vaporizers should be designed to prevent liquid carryover in the gas stream.
Entrained liquid should be separated from the chlorine gas before discharge to
the process lines. Liquid can be formed as a result of an unpredicted
temperature drop or from incomplete vaporization due to an excessive
withdrawal rate from the vaporizer.

Reliquefaction

Chlorine can reliquefy in downstream piping. Superheating of the vapor in the
heated section above the liquid surface of the vaporizer is sometimes utilized to
minimize this possibility. Superheating may also be accomplished by lowering
the gas pressure in the discharge line (with a pressure reducing valve) or by
using a separate superheater. Line insulation and/or heat tracing may be
necessary. The degree of superheat required is a function of the pipeline system
configuration, routing, process needs, and ambient conditions. Generally a
minimum superheat of 20°F (11°C) is considered to be the minimum required
desirable.

Fouling

Liquid chlorine may contain traces of non-volatile impurities that can accumulate
and reduce vaporizer capacity. Improper system operation that allows moisture
to enter the vaporizer can cause corrosion and the corrosion by-products that
may contribute to fouling (e.g. FeCls).

Freeze-up

The temperature of the chlorine in the vaporizer can be well below the freezing
point of water. The design of the vaporizer should minimize the potential to
damage the unit due to water/condensate freeze-up.

METHODS OF HEATING

Vaporizers are usually heated with hot water or steam. Other heat transfer fluids and
direct electric heaters are also employed, but they require special considerations and
are outside the scope of this pamphlet. Electric heaters can be used to heat water as
an intermediate heat transfer fluid.

The hot water may be supplied by one of the following methods:

an external heat exchanger with a pump circulating hot water through the
vaporizer water jacket or tube section
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e an electric immersion heater in the water jacket with water added to the system
to make up water lost due to evaporation

e steam injected into the water jacket with an overflow for accumulated condensate

Direct steam-heated vaporizers should use low pressure steam (Section 3.5).
TEMPERATURE
High Temperature

The maximum recommended operating temperature for vaporizers constructed of steel
is 250°F (121°C) because the corrosion rate of steel by chlorine increases markedly
above this temperature. Additionally, operating below 250°F (121°C) reduces the
possibility of an iron chlorine reaction and resultant fire. In general, lower operating
temperatures tend to increase equipment life. Higher temperatures lead to higher
corrosion rates and should be compensated for in equipment design (refer to Section 5.2
for corrosion temperature recommendations). Consideration must also be given to the
increased vapor pressure of the chlorine gas caused by higher temperatures. Although
most operations are designed not to exceed these temperature limitations, high
temperatures can occur as a result of malfunction. Means for maintaining temperature
within the design limits are as follows:

o Hot water-heated vaporizers may have a vented heating jacket to prevent
build-up of pressure and the resultant higher temperature.

e If a regulator is used to reduce the steam supply pressure, a relief valve should
be installed on the low pressure supply line to prevent overheating in the event
the regulator fails. Steam should be desuperheated if stepped down from high
pressure. It is desirable to maintain the steam pressure below the chlorine
pressure. Relief valves should be set no higher than the heating medium side
pressure rating.

e A high temperature alarm and automatic shutoff should be incorporated into
steam-heated or unvented hot water systems. This is not required in water-
heated systems vented to the atmosphere.

Low Temperature

The minimum metal temperature used in design shall be the lowest expected. This
temperature may be dictated by operational upsets, auto-refrigeration or atmospheric
temperature. In any case, consideration should be given to specifying a lower minimum
metal design temperature of -40°F (-40°C) at the corresponding highest operating
pressure expected at this low temperature on the chlorine side of the vaporizer.

The boiling point of chlorine is -29.15°F (-33.97°C) at atmospheric pressure. Chlorine
boils at 32°F (0°C) at 38.8 psig (267.6 kPa). Operation of a chlorine vaporizer below
this pressure will introduce the danger of freezing the water in the heating jacket or
tubes. In normal operation, this condition may not occur, but persons operating
vaporizers should be aware that it could. To avoid freezing, proper procedures should be
followed during start-up and shutdown (Sections 7.2 and 7.3).
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Freezing of water in vaporizers can be caused by many abnormal conditions such as
heat source failure, steam condensate backup, failure to drain the water from water
heated vaporizers during periods of non-use, and operation above vaporizer capacity.
Low temperature will also contribute to liquid carryover and must be avoided. A low
temperature alarm that will initiate automatic shut off of the gas discharge valve should
be incorporated into the vaporizer design to prevent liquid carryover (Sections 4.2 and
5.2).

MATERIALS OF CONSTRUCTION

Chlorine vaporizers are generally fabricated from carbon steel. Steel is resistant to
chlorine provided no moisture or contaminants are present and the upper temperature
limitation is not exceeded. Nickel, Monel®, and Inconel® are more corrosion resistant
than steel and can be used at higher temperatures. Refer to Table 3-1 for standard
materials of construction.

Some steels become brittle at low temperatures. If the lower design temperature limit is
below -20°F (-29°C), grades of steel with sufficient impact resistance, as determined by
Charpy impact testing or use of Code curves to gain impact exemption for material
thickness and stress ratio, are required. No reduction in impact testing exemption
temperature is allowed due to post-weld heat treatment requirements stated in Section
3.8. An alternate is the use of other materials found in Table 3-2. Some carbon
steels may require Charpy impact testing at temperatures greater than -20°F
(-29°C) per Part UCS of the current edition of the Code.

Table 3-1. Standard Materials of Construction of Chlorine Vaporizing

Systems

Product Forms Steel Nickel Monel
Plate A516 Gr 55, 60, 65 or 70 B162 B127

Pipe A106 Gr B or A53 Type S Gr B B161 B165
Forgings A105 N/A B164, B564
Fittings A234 Gr WPB B160, B366 B164, B366
Bolts A193 Gr B7 N/A N/A

Nuts Al194 Gr 2H N/A N/A

Tube Al179, A192 B161, B163 B163, B165
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Table 3-2. Materials of Construction for Low Temperature Vaporizing
Systems

Product Forms Steel Nickel Monel
A516 Gr 70
Plate or A612 Gr B B162 B127
Pipe A333 seamless Gr 1 or 6 B161 B165
Forgings A350 Gr LF2 N/A B164, B564
" A350 Gr LF2
Fittings A420 Gr WPL6 B160, B366 B164, B366
Bolts A320 Gr L7 A193 Gr B7TM N/A N/A
A194 Gr4or7
Nuts A194 Gr 2HM N/A N/A
Tube A334 seamless Gr 1 or 6 B161, B163 B163, B165

Listed ASTM specifications are those in effect at the time of publication.
3.7 FABRICATION

Vaporizers shall be designed, constructed, inspected, tested and marked in accordance
with Section VIII Parts UG, UW, UCS and UNF of the Code. In addition to Code
requirements, all chlorine side pressure retaining welded joints shall be full penetration.
All chlorine side pressure retaining butt-welded joints shall be fully radiographed per the
requirements of the current edition of the Code. Welding shall be done in accordance
with the requirements of Section 1X of the current edition of the Code. The chlorine side
design pressure should not be less than 250 psig (1724 kPa).

3.8 PosT-WELD HEAT TREATMENT

Fabricated carbon steel chlorine side pressure retaining parts of the vaporizer shall be
post-weld heat treated. The procedure shall meet the requirements of the current
edition of the Code.

3.9 CORROSION ALLOWANCE

The wall thickness of new chlorine side carbon steel vaporizer pressure containing parts
(except transfer tubes) should be at least /5 inch (3.18 mm) greater than that required by
the design formulas in the Code to allow for corrosion.

3.10 EFFECT OF GAS PADDING

Gas padding of the chlorine source vessel could result in higher pressure liquid chlorine
being fed to the vaporizer. This could induce a higher boiling point and may lower the
temperature difference between the heating medium and the liquid chlorine. The result
is less heat transfer between the heating medium and the liquid chlorine which increases
the potential for liquid carryover or flooding. The chlorine source vessel should be gas
padded only when the pressure drops below that required by the process and its
equipment. Gas padding should be limited to the minimum amount required. If gas
padding is required, a continuous review is recommended to ensure that sufficient gas



14

PAMPHLET 9

4.1

4.2

42.1

4.2.2

423

42.4

superheat is maintained and that an adequate margin remains between the operating
pressure and the relief valve settings.

The use of dry pad gas is absolutely critical to avoid excessive corrosion due to
moisture introduced into the chlorine. A dew point of -40°F (-40°C) or below
measured at the operating pressure is required.

CONTROLS AND INDICATORS

GENERAL

Regardless of vaporizer type or capacity, controls and indicators should be provided that
will allow safe, reliable and convenient operation of the vaporizer. The following
paragraphs are referenced in the schematics included in this section. These
schematics are intended to convey instrumentation philosophy only and are not design
specific. For example, the vertical in-tube boiling and the kettle designs may require
additional controls, not shown on the schematic.

All electric components and wiring on a chlorine vaporizer system should conform to the
National Electrical Code (9.3).

CONTROLS AND INDICATORS FOR ALL VAPORIZER TYPES

The following controls and indicators apply to all vaporizer systems illustrated in the
typical flow schematics found at the end of this section.

Automatic Gas Valve

An automatic valve in the exit gas line is required to prevent the discharge of chlorine
gas if an improper condition exists. This valve should fail in a closed position.

Pressure Reducing Valve

A gas pressure reducing valve should be considered to provide some superheat to the
chlorine exit gas stream and/or to stabilize the pressure at which the chlorine gas is
supplied to the process. This valve may be provided with an automatic actuator to
serve the function of the automatic shutoff valve mentioned above in Section 4.2.1.

Pressure Relief Valve

A pressure relief valve is required in the chlorine gas space between the vaporizer and
any gas shutoff valve (Section 5.2). If an inlet rupture disc is used in series with the
relief valve, the space between must be fitted with a pressure gauge and/or pressure
alarm. A non-fragmenting rupture disc should be used.

Superheat
Provision for superheating the exit gas stream should be considered. In some

vaporizers the superheat is built into the vaporizer design. Some vaporizers require a
separate superheater.
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4.2.5

4.2.6

4.2.7

4.2.8

4.2.9

4.2.10

4211

Temperature/Pressure Indicator

Chlorine gas temperature and pressure indicators are required. By comparing these
readings with the vapor pressure curve, the amount of superheat can be determined.

Flow Control

A provision is required for limiting the chlorine gas flow to the capacity of the vaporizer to
avoid liquid entrainment into the gas exit line. This may be accomplished by one or
more of the following means:

e gas flow control (this may be a flow controller or a restricting orifice).
e gas temperature control and/or automatic low temperature shut off
¢ high level cut-off in the vaporizer

e liquid knockout pot to collect entrainment. This pot can be fitted with level
indicators and automatic shut off or a liquid leg return to the vaporizer.

Heating Medium Temperature

Provision for detecting high and/or low temperature in the heating medium with options
for vaporizer shutdown should be considered.

Heating Medium Pressure

Provision for detecting high and/or low pressure in the heating medium in non-vented
systems with options for vaporizer shutdown should be considered. For non-vented
systems, a heating medium pressure relief valve shall be provided per Code
requirements.

Protection Against Reverse Flow

Reverse-flow protection (barometric leg or other device) is required to prevent process
material from flowing backwards into the vaporizer (Section 5.2).

Reserve Container

A reserve container should be considered in the liquid feed line to the vaporizer to give
some contingent storage of liquid to allow for time to change to another source of liquid
feed.

Exit Water Temperature

Low water exit temperature alarm indicating possible freeze-up danger should be
considered. This device should be located as near to the chlorine inlet as possible.
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4212

4.2.13

4.3

43.1

4.3.2

4.3.3

4.3.4

435

Liquid Expansion Chamber

An expansion chamber is one device which prevents overpressure and possible
hydrostatic rupture due to thermal expansion of liquid chlorine trapped between closed
valves. Recommended configurations and use conditions for expansion chambers are
referenced in CI Drawing 136 (9.1).

Alarm

An alarm system in operating stations should be considered to give warning when critical
improper conditions exist (not shown on schematics).

STEAM-HEATED VAPORIZERS

In addition to the controls and indicators listed in Section 4.2, the following apply to
steam-heated vaporizers:

Steam pressure

Steam pressure regulation is required to avoid excess pressure in the steam/condensate
sections of the vaporizer and in any separate superheater.

Pressure Relief Valve

If a steam regulating valve is used, a pressure relief valve is required between the
regulator and the steam/condensate section of the vaporizer. The steam discharge of
the pressure relief valve should be conveyed to a suitable location. Consideration

should be given to setting the relief valve at 15 psig (corresponding to 250°F (121°C)) to
avoid an over-temperature situation.

Air Vent
An air discharge vent valve on steam heated jacketed vaporizers is needed.
Desuperheat

Steam must be desuperheated to insure the feed to the vaporizer does not exceed the
maximum design or operating temperature.

Steam Flow Control
If a specific chlorine gas exit temperature is required, including chlorine superheat, then

a steam flow controller can be utilized. The steam control valve should not be allowed
to close off completely while there is liquid chlorine in the vaporizer.



17

CHLORINE VAPORIZING SYSTEMS

} DILYIWIHOS MO T4 T¥DIdAL

d3ZI140dVYA A4 LIHMIVT
d41v4H WY31S

SUOIE|[RISUI PUB SjUsWaUINbal o1 1pads JIns 0] ubisap ajeudoidde ue dojpaap o)
Jesuiiua ubisap sy jo Ajigisuodsal sy sl 3 “siuawaiinbal waishs Lzuoden
[ea1dA) Bunesny jo asodind sy Joj uoneusssid allewsyds & si Bumelp siy ||

0Ly
HANIYLNOD
ETVERER
[eEENERT
INHOTIHD
_
_
_ A
_ YAGUHD
_ ITIOHLNOD NOISNYd)3
_ Py 4!
- L e g
137LN0
WaLs gﬂa 05 H F 3JL9SNIANDD
- @
gy {(1Lzy)
NOILYINS3Y GTh) MOT HEYTY
JdNSSIHd HOIYDIaNI (e JUNLyd3diaL
FUNIVHAdIAL i
[TEENES rey)
i e
@79z 10 L NCORM |
Cen ey mﬁ_wﬁ
JATYA TOULNOD MO
AATYADNIONGIH F4NSSTd — ANIAHIY
ANTYA 1401NHS 31 LYNOLNY it e
ON LT 1534 - (X4
SET0ETL e 34NsSTHd 810 I9NLdNY
S¥Y9 INECTHY C | I [ mv k _MN\
/
f WBS_E © £7y)
_ el goLyolani (d)
, (974 ooy SSH
3001
SENNETOHT: el A T INWA 333y




PAMPHLET 9

18

Y¥Z OILYINIHOS MO T¥OIdAL

d3.1¥1N3d1d 40 HONOYHL MO

SUoIR|[eIsUI pUR SjUBLRIINDaI D1ILnads NS 0] ubisap ajeldoldde Ue dojpasp 0]
Jesuibus uBisap ayy Jo Ayigisuodsal sy 1) “sjuewalinbal WaisAs Jaziodea
[eaidA) Buipensny)l jo asodind ayj Joj uonejuasa.ld onewaiyos e st Buimelp siy ||

¥3ZIYOdVYA I LINOVFr —
A3LVvIH Y3LYM LOH e
_ 324N08 WOH4 13N
AIND0 INHOTHD
b {tyey
_._mm%w Hisa HIAWYHO
MOT4 MOT NOISNYdX3
T
431¥M LOH
vy
mm's HOLIMS Lz
TIATTMOT MOT WHYTY
B um o | T
HOLYOION
NLvHIdIAL
. (-y 7 @D— (rey)
ozr TOHLNOD NOILD3S
10d LNOXOON ERICEER BN \ Ly3HY3dns
anoi
Gy
MOT4 Ll w319
R CERT . N3A dlv
WOLNY 97y
3014140 (Gzy) .
ONILOIY1S3Y HOLYOIONI €Ty
L ENTUSRERR 0810 FUNLdny
| |
I
/ ® T
| 48010 Ivd 9797y 4O1¥DIaNI (d)
1 HOLYOIAN —_— J4NSSId
90T FdNLYdIdiEL
931 21413INO HvE 4401NHS IATYA 43138




19

CHLORINE VAPORIZING SYSTEMS

SUOIJe|[RISUI pUB SJUBLWRJINDaI dyads Jins 0] ubisap ajeldoldde ue dojaaap 0}
o5 BLLAEEAS T 1ol Jeauibua ubisap ay 1o Alpgisuodsal syl sl ]| sjuswalinbal Waishs ezuoden)
Dm._.<m _|_ >|_|_<ZW_ m._.Z _ [eo1d&} Buielisnyi jo esodind ayj Jo} uonejussaid oneWaYoS e SI Bumelp siy||
d3ZIHOdVA A31LIAOVT
d41vdH d41vM LOH
43L1¥M LOH
NIvdd
]
Sils | oz
P
aamor | “..ﬁ
(o) (s)— %gm
Jun1oaaNaL %mﬁw_ (L)
r
0 g
o I
8T (d) % i g
gl — 0 1 O s
i .ﬂﬁ“i ree =
N 97 o noos [ A
£y 10d LNONOONN , W¥IHEIdNs | 2
TnirTy ano 7 \
Czr gy |
FATA TOHLNOD MO T4 7 oLee
AANTYAONIONTT Y F4NSSJud (97') : YANIVINOD
{ANTYA 340LNHS JILYWOLNY L i _— ETWERE
ONILOIYLSTY HOLYOIANI m%:ﬁ%m%m%ﬁﬁz
SIS0 0L | _ a ERISSEER )
579 INNOTHD ] C | &.u F MNT’%_Q J4NLdnYy
\ © gy SAHD
| 35010 1ivd ﬁm_mmu._..@%womz._vv W_m}Mm_mow_ﬁ e NOISNY XS
901 JUNLYY3diaL
937 JH1INOHVE 43010Hs (79

JATYA 4317134




PAMPHLET 9

20

€ DILYINIHOS MOTd TWaIdAL

d3ZI40dVA LINOAVE TYIILHIA

d31v3H AV3LS

sUONE|[eIsUI puUB sjuswalinbal oibads ins 0] ubisap ajeudoldde ue dojanep o)
auibua ubisap ayp Jo Aljqisuodsal ay) iy sjuawaanbal wasks zuoden)
[eoidf) Buiensn)i jo asodind ay) Joj uogejuasald sljewayos e si Burwelp siy ||

aNog

_
_ 3 Zer NI¥30 2
i A
[ A (874 HvA1S
_ - HOLYIANI \
E 5 Y L FUNSSIdd ,
(1) &
NOLLYIN93Y - -
34NSS3Yd xmﬁuﬂ_z_ mmmmwm a.%r__,__mmﬂé (0Lzy)
JuNLyd3dial W&m%mmﬂw IHNLYEINIL mwﬁ&MWﬂmo
. 1 -
%ﬁ% =08N08 708z 1=
m‘.ﬂ_\\n\w_%% B 2NIK0
- (97F) mxmmu
S,
9THITY 10d LNO)IONY a L ]
Czriey ainoii o
IATYA TOHLNOD MO QT _ {2V ey
AATYAONIONGY FUNSSTd ©74) Cen - 43FHVHO
JAATVA 3301NHS J11VACLNY 313190 i | i e NOISNYd)3
4 H NOILD3S
ONILOIELSTY HOLYOION W T 1vakeidns
S=oowor o ELINCREELEN & ™
S¥9 340THD C byl AHW s3anL
(£
__ (d) 2810 34n1dny
38070 Iv4 G7)
SRR MTE TR : s HOIOION T
OLYOION
-~ ERISERY
ez

JAT9A 431734




21

CHLORINE VAPORIZING SYSTEMS

SUOIJe|[BISUI pue suawalinbal olpads Jins o} ubisap ajeudoidde ue dojaasp 0]

¥ OILYIWIHOS MO TYIdAL Jaauibus ubisap ay} Jo Ajjigisucdsal ayy si| "sjuswaanbal wajsks Jaziuoden
W_MN_monu_<> |_|m Zo><m I_<O _|_|W_ m> [eoidAy Buire.sny|i jo asodind ay) Joy uolejuesald ol WwaYdS & S| Buimelp siy |
_“w%m Ty
NI¥HQ
MOTd MO HOLIMS
T3AITMOT
H3L¥M LOH > 5
- (7 @D allom >
gzn (D (27 1041NOT
HOLY2IONI JOLVOIONI ERNICRERTTET —— _
NS ANLYEAdINAL T U174) oLz
Wﬁm& MOT WHY Y HANIVINGD
%umm ERINEERED SRy
.
- %‘m e B
97y Km&
; 10d LNONQONY -
B ainbi %ﬂ
7 YILLINSNVYL Ezee
104 zow_y\_%&% | I 454/
VRO 979) 9T) | ! ey NG
30HHIM0 6Ty L~ Nou03s
ONILOHLS3d HOLYOION| , 1¥3Hu3dns
1l g ERIIAEELENY %
C byl s3dnL
/
f o
(€zw
_ A@ : 9510 3HNLdNY
38070 v Goy
931 04 LINCHYE Lol HOLYAIaN]
JANSSFHd (¥4
HOLYOIONI &
J4NSSIHd
€Tw

IATYA 4313




22

PAMPHLET 9

4.4

441

4.4.2

4.4.3

4.4.4

4.4.5

5.1

HOT WATER-HEATED VAPORIZERS

In addition to the controls and indicators listed in Section 4.2, the following apply to hot
water-heated vaporizers:

Temperature Control

A hot water temperature controller in the jacket or tube section of the vaporizer is
required.

Low Water Detector

A low water flow detector and/or a low water level detector to interrupt chlorine gas flow
is required.

Corrosion Control

Sacrificial anodes can be used in the hot water section to counter the possibility of
corrosion in the water system (not shown on schematics).

Maintain Water Fill

A water make-up system can be used in the water system to maintain fill (not shown on
schematics).

Vent Valve

An air discharge vent valve should be considered on non-vented water-heated jacketed
vaporizers.

SAFETY

GENERAL

Other sections of this pamphlet deal with specifics which lead to improving the safety of
maintaining and operating a chlorine vaporizer. This section summarizes measures
which should be applied to minimize hazards, especially when abnormal operation
occurs. The keys to overall safe operation of chlorine vaporizers are as follows:

e proper design, construction and controls (Sections 2, 3 and 4)
e proper operation (Sections 6 and 7)
o comprehensive training of personnel (all Sections, especially 7.1)

¢ thorough maintenance and inspection of equipment (Sections 6 and 8)
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5.2

PRECAUTIONS

To minimize potential hazards all chlorine vaporizers should be designed to cope with
the following contingencies:

e excess pressure
e excess temperature
o flooding

e reverse process flow

e corrosion (internal and external)

Excess Pressure

Chlorine vaporizing systems must be equipped with pressure relief devices to protect the
system against rupture. Pressure relief valves are the preferred relief device since they
limit the amount of material released and then reseat. Pressure relief devices must be
opened to the vessel while the vaporizer is in operation. The piping should not be flow
restricted. Occasionally, a dual relief valve manifold with a three-way valve is used
when inspection of a relief valve is required in continuous operations.

If a pressure relief valve is combined in series with a rupture disc or a breaking pin
assembly, the section between these devices must be equipped with a pressure alarm
or other suitable tell-tale device to detect a leaking rupture disc/breaking pin diaphragm.
Local or state regulations may require the pressure relief valves be ASME certified.
Pressure relief valves should be inspected and/or tested on a regularly scheduled basis.

The discharge from pressure relief devices should be vented to a receiver or a safe
area. If a receiver is considered, use should be based upon the results of a risk analysis.
Some receiver choices include vent scrubbers, low pressure receivers, or absorption
systems.

Atmospheric venting of relief devices for vaporizers may be considered if appropriate
safeguards are taken to minimize the possibility of a chlorine release to the atmosphere.
Safeguards include:

e an assessment of the probability of the pressure approaching the pressure relief
device setting

e an assessment of the probability that liquid will be trapped in the vaporizers with
the heat source still applied

It should be noted that there is always the possibility of backflow if an absorption system
is used to neutralize relief valve vents. To minimize this possibility, a barometric loop
and inert gas purge system is recommended. When long vent lines are necessary, the
required relief discharge flow should be considered in the design.

Chlorine vaporizer systems should be designed to allow unrestricted flow of liquid
chlorine back to the supply source so that liquid is not trapped when the gas discharge
valve is closed (Section 2.4). The liquid chlorine inlet to the vaporizer should be
designed to minimize trapping liquid chlorine.
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Temperature Build-up

At elevated temperatures chlorine can react with its containment (steel) vessel.
Precautions must be taken in the design and operation of vaporizers to insure that
overheating cannot occur (3.5). These precautions should include the following:

e Protection from external fires
¢ No burning or welding on vessels or piping containing chlorine

e Limiting steam pressure to levels consistent with the vaporizer material of
construction, and installing a desuperheating system to limit steam temperatures
(Section 4.3)

e Venting hot water systems to the atmosphere, or installing regulating devices to
limit water temperatures on pressurized hot water systems (Section 4.4)

e Guarding against thermostat failure or low water level in electrically-heated
systems (Sections 4.2 and 4.4)

Flooding

Flooding is defined as the passage of liquid chlorine to the chlorine gas lines from the
vaporizer. Safety procedures should be established to prevent this from occurring.
Listed below are several causes of flooding:

e process demand exceeding vaporizer design rate
e inadequate heat supply
¢ high feed pressure to the vaporizer

o fouling of heat exchange surfaces

Flow control can be insufficient to limit the gas discharge rate from the vaporizer.
Additional flooding protection can be achieved by installing a level chamber, a knockout
pot with level switches, or a low temperature switch in the gas line downstream of the
vaporizer and/or pressure reducing valve (Section 4.2).

Reverse Process Flow

Reverse process flow (backflow or "suck back"™ can occur when the chlorine gas
pressure is lower than the process side pressure. In systems where the point of
application is at or near atmospheric pressure a barometric leg (of height suitable for the
density of the process fluid) can aid in preventing reverse flow. Other devices such as
vacuum breakers, low pressure switches and alarms, check valves, power operated
control valves, and automatic back pressure regulators have been used where
barometric legs are not practical. To be reliable, these devices must be adequately
maintained and periodically tested. Chlorine gas introduced below the process fluid
surface at the point of use requires particular care to prevent reverse flow of the process
liquid into the vaporizer (Section 4.2).
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5.3

5.4

6.1

Corrosion

Failure of chlorine vaporizers can occur due to corrosion on the chlorine side, the
heating medium side, or on the exterior. Each of these areas should be monitored
closely.

The rate of corrosion on the chlorine side will not be serious if moisture or process fluids
are not present, and if the temperatures for steel equipment are kept below
approximately 250°F (121°C). Periodic inspection (and cleaning if necessary) and
routine corrosion monitoring (with vessel thickness readings) will indicate corrosion
trends (Section 8.2).

In addition to corrosion on the chlorine side, vaporizers are also subject to corrosion
from the heating medium side, and externally from the atmosphere. Corrosion should
be monitored to ensure the integrity of the vaporizer is not compromised. Measures
such as cathodic protection and exterior coatings may be effective.

NITROGEN TRICHLORIDE

The presence of nitrogen trichloride (NCls) in liquid chlorine is the suspected cause of
explosions that have occurred, although infrequently in chlorine systems. Nitrogen
trichloride may be formed in minute quantities during the production of chlorine by the
reaction of chlorine with various nitrogen containing compounds. Evaporation of
chlorine in a closed container (such as a vaporizer) may concentrate this compound
because NClI; has a higher boiling point than chlorine. If sufficiently concentrated, NCl;
can decompose spontaneously in an explosive fashion. Refer to Cl Pamphlets 21 and
152 (9.1).

LEAK DETECTION

When a chlorine leak occurs, protection of all personnel and the environment requires
rapid leak identification, isolation and repair. Chlorine gas detectors with alarms are
used in some plants for rapid detection and identification.

Adequate leak action procedures should be written and training done on a regular basis.

Both approved escape and air supplied respirators must be available to those assigned
to control and repair the leak. Several Institute pamphlets address this issue including
Cl Pamphlets 1, 64 and 86 (9.1).

PREPARATION FOR USE

GENERAL

Detailed written procedures should be provided and used by the owner for all phases of
cleaning, washing, testing, and drying. The following sections are designed as aids in
preparing those procedures. Additional assistance can be found by consulting CI
Pamphlets 5 and 6 (9.1) as well as the vaporizer supplier's instructions. The owner
should also be aware and follow applicable government regulations for workers' safety
and environmental concerns.
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6.2

CLEANING

Because chlorine may react violently with cutting oil, grease, and other foreign materials,
it is important to clean all portions of chlorine vaporizing systems before use. Care
must be taken in the cleaning process to remove all residues, because chlorine may also
react vigorously with water and most solvents, including hydrocarbons and alcohols.

If the vaporizer was in operation, it is imperative that all chlorine be removed from the
vaporizing system prior to opening the unit or introducing any moisture into the chlorine
side of the chamber. Failure to do so will result in a safety risk and damage to the
equipment.

There are various cleaning techniques available, but there is no best method. The
appropriate technique will depend on the nature of the system and the type of
contamination. For any technique employed, the user must establish a written
procedure. Each step of the cleaning procedure should be closely monitored. The
procedure should include criteria for written acceptance of the effectiveness of the
cleaning. Reference material for developing procedures can be found in CGA's
Pamphlet G-4.1 (9.3.3).

Procedures should be in compliance with all federal, state and local regulations. The
recommendations of the manufacturers of the cleaning products and the equipment to
be cleaned should be followed as applicable.

Some method must be used for evaluating the effectiveness of the cleaning process.
To the extent possible, an initial visual inspection should be made to look for gross
contamination. For solvent and water washes any discoloration or visible particles in
the spent liquid indicates contamination. Another industry practice is to shine a black
light at the cleaned surface. Most oils and grease will fluoresce under this examination.
Any fluorescence shall be taken to indicate contamination.

Piping, valves, and instrumentation should be protected to prevent moisture absorption.
If the vaporizer is to be washed only, it is possible to use slip blinds instead of removing
these parts. This is normally less labor intensive. If the intent is to conduct a
hydrostatic test, then piping, valves and instrumentation should be removed and
protected from atmospheric moisture.

Chlorine Institute Pamphlet 5 (9.1) includes detailed instructions on the water wash
which can be used to rid the system of any organic contaminants. Care must be taken
that the entire system is flushed and that a means is devised to dispose of any residue
or solids. A detergent suitable to dissolve the oil or grease can be used. This must be
followed by thorough flushing with water to remove the detergent. Some facilities utilize
low pressure steam versus a water wash. It has the added advantage of raising the
temperature of the vessel to aid in drying. The temperature should be limited based on
the equipment and insulation type, but 200°F (93°C) is typically used.

For information on solvent cleaning and cleaning the liquid and gas piping systems refer
to Cl Pamphlet 6 (9.1).
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6.3

6.4

6.5

HYDROSTATIC TESTING

A hydrostatic test is necessary if weld repairs or alterations are made to the vessel.
Owner-user policy may dictate a hydrostatic test during out-of-service inspections.
Remove piping, valves, and instrumentation from the vaporizer and protect them from
absorbing moisture from the atmosphere. Install a calibrated pressure gauge suitable
for the test. Fill the vaporizer with water as quickly as possible to avoid corrosion at the
liquid interface. When the vessel is full of water, shut off the flow and close the outlet
valve. Disconnect the water line and install a test pump. Apply hydrostatic pressure as
specified in the Code. Close the inlet valve and allow the vaporizer to stand. There
should be negligible pressure drop indicated on the gauge after 30 minutes, as any
significant pressure drop indicates the presence of leaks. Pressurized heating systems
should be tested on the heating medium side in accordance with the current edition of
the Code.

Recommended testing procedures for piping systems are covered in Cl Pamphlet 6
(9.1). If insulation was removed at piping, tank or instrument connections, do not reinstall
it until the vessel and piping are gas leak checked.

DRYING

The vaporizing system must always be dried before use since moisture could have
entered the system during erection, cleaning, or hydrostatic testing. The following is a
procedure for cleaning and pre-heating the system with steam followed by drying with
dry air. Other methods, such as pulling a vacuum, may be used to achieve equivalent
results.

Pass low pressure steam through the system. The steam temperature should be
limited based on the equipment and insulation type. Allow condensate and foreign
matter to drain out. When no further evidence of contamination is apparent at the open
end and the entire system is hot, the steam supply should be disconnected. Drain all
low spots to assure that all pooled or standing water is removed.

While the vessel is still hot (approximately 200°F (93°C)), blow in dry air or nitrogen
having a dew point of at least -40°F (-40°C) as measured at the operating pressure.
The gas purge flow should be started at a high volume rate to sweep out the moisture
and then reduced. Continue the flow until the dew point of the vent gas stream is
reasonably close to that of the entering gas. The rate should be, at an absolute
minimum, long enough to reach equilibrium when the dew point is taken. Drying of the
vaporizing system may require an extended period of time. It can be accelerated by
utilizing the vaporizer heating medium.

After the system is dry, install all tested and inspected valves and instrumentation and
reconnect piping with new gaskets. It is advantageous to leave a small purge of dry air
in the vessel during this process to keep moist atmospheric air from entering the system.

LEAK TESTING

After cleaning and drying, pressurize the system to 5 psig (34.5 kPa) with dry air or
nitrogen. Test for leaks by applying soapy water to the outside of joints. Chlorine gas
should then be introduced in small quantities and the system pressure gradually
increased until it reaches the operating level. Any effort to detect the source of a leak
should be carried out with full consideration for potential hazards and appropriate
protective equipment must be used.
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7.1

7.2

Check for leaks using aqua ammonia after a sufficient amount of time has expired to
ensure chlorine has completely diffused through the system. The most convenient
testing method is to direct the vapor from a plastic squeeze bottle containing a 26°
Baumé aqua ammonia (ammonium hydroxide) solution at the suspected leak. The
reaction of ammonia vapor with escaping chlorine results in the formation of a dense
white cloud. Do not squirt liquid aqua ammonia on pipe fittings.

For large vaporizer systems, testing at higher pressures using dry air or nitrogen is
recommended. This may be accomplished in a step-wise fashion up to system
operating pressure. This high test pressure must be relieved to 5 psig (34.5 kPa) to
permit chlorine addition and subsequent testing with chlorine and air. Never attempt to
repair leaks by welding until all of the chlorine has been purged from the system. If
detectable leaks have been repaired by welding, the item should be tested and dried as
described in Section 6.3.

Piping, valves, and instrumentation should be leak checked as detailed in Cl Pamphlet 6
(9.1). If possible, leave the system uninsulated until it is fully in service to do further leak
checking. The insulation would only be installed prior to this time if the bare fixtures will
ice up due to operating conditions or ambient temperatures.

The vessel is now ready to be put in service. To avoid leaks resulting from the
expansion of joints, continue to perform leak checks until the system reaches its normal
operating pressure and temperature.

OPERATION

GENERAL

Proper preparations should be made for safe start-up of a chlorine vaporizer. A
comprehensive review of the system design, preventive maintenance schedules, and
thoroughness of procedural training is required. All employees involved in operating
vaporizers should be trained by someone knowledgeable in all aspects of vaporizer
system operation and maintenance and in OSHA requirements (PSM). Thorough
training of personnel should be conducted on the procedures for start-up, shutdown, and
changing of supply source, along with emergency procedures necessary in each area.
Insure that the appropriate emergency equipment is available and ready for use (9.1).

START-UP

Each vaporizer supplier's start-up procedures may differ slightly. Some vaporizers
automatically control the sequence of steps necessary for start-up. Review the
vaporizer supplier's manual to become familiar with specific start-up requirements.

The following are general guidelines:

e Liquid chlorine must never be allowed to enter a vaporizer which is not properly
heated. With all chlorine valves closed (fill the water jacket if the system is a hot
water heated vaporizer) turn on the heat supply. Check controls to see that they
are functioning properly. Make certain the vaporizer has reached the normal
operating temperature.
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7.3

7.3.1

7.3.2

e Slowly open the chlorine container valve. Rapid opening of valves in a tank car
supply system may result in closing of excess flow valves. Refer to CI Pamphlet
66 (9.1). Then slowly open the other valves in the liquid line, progressively from
the container valve to the vaporizer inlet. Once the vaporizer inlet valve has
been opened, all valves in the liquid supply line must be left open until either the
supply of liquid has been exhausted or the supply line and vaporizer are empty.
The heat source must remain on.

e When the chlorine pressure reaches the operating level, slowly open the
vaporizer discharge valve so that chlorine gas can flow to the process line.

o If a leak is discovered at any time close the valve nearest the leak, but between
the chlorine container and the leak source, and depressurize the leak source.

o Never close both the liquid inlet and gas outlet valves on a vaporizer with
chlorine in the equipment and the heat source still in service.

SHUTDOWN

Liquid chlorine must not be trapped in the vaporizing chamber when the vaporizer is shut
down. Otherwise, the pressure would reach the vapor pressure of chlorine at the
temperature of the heating medium. If this temperature is high enough, the relief valve
may discharge. If the vaporizer were completely full of liquid, thermal expansion could
cause the pressure relief system to discharge even with the heat source shut off.

The vaporizer may be shut down in two ways. Care should be taken to understand the
chlorine consuming process before selecting the shutdown method.

Close Off the Liquid Supply

By closing off the liquid supply and maintaining heat, the remaining liquid is vaporized
and discharged to the process. A rapid fall in vaporizer pressure indicates vaporization
is completed and the gas withdrawal may be stopped. This method is effective only
when the chlorine is being fed into a low pressure system or into a process that will
continuously consume chlorine.

Care must be taken to not allow the process to backflow into the vaporizer (Section 5.2).

To the maximum extent possible, transfer liquid back to the source. This will minimize
the amount of nitrogen trichloride that could concentrate in the vaporizer when liquid is
evaporated (Section 5.3).

Close Off the Vapor Discharge

By closing off the vapor discharge to the process with the heat supply uninterrupted,
pressure buildup in the chamber will cause the remaining liquid to return to the chlorine
container. In systems with large liquid frictional pressure drop in the supply line, it may
be necessary to close the gas valve gradually while observing the chlorine pressure
gauge on the vaporizer to avoid excessive pressure rise which would actuate pressure
relief devices. Before the liquid chlorine valves are closed ensure that all the liquid has
been removed from the vaporizer.
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7.4

8.1

If cylinders or ton containers are the source of chlorine, ensure there is sufficient volume
to receive the contents of the vaporizer without exceeding the allowable filling volume of
the container(s).

Regardless of the shutdown method utilized all chlorine must be safely purged from the
system prior to opening the system.

CHANGING CHLORINE SUPPLY

Chlorine tank cars and large supply tanks are commonly padded to a constant pressure.
The internal pressure of a chlorine cylinder or a ton container depends on the
temperature of the liquid chlorine which in turn depends on the surrounding temperature.
Because of the variations in pressure of the liquid source, the changing of containers
can result in changing chlorine supply pressure and temperature. This may cause one
of the following hazardous conditions:

o flooding the vaporizer and/or a surge of chlorine into the process

To avoid this, valves should be opened slowly whenever standby chlorine
supplies are brought on line.

o transfer of chlorine from the vaporizer to a container resulting in overfilling

To avoid this, the pressure of the chlorine in the standby container must be
equal to or greater than that in the vaporizer at the time of changeover. To
help attain this when cylinders or ton containers are being used, store the
standby containers for several days at the same temperature as those
being used.

e Reverse flow of process fluid in the vaporizer and, possibly, the container
(Section 5.2)

Positive reverse flow prevention is required.
Users generally employ some system to determine when the supply container is nearly

empty and must be switched or replaced. Some examples include monitoring chlorine
use, weighing the container, or sensing vapor in the liquid supply line.

MAINTENANCE

GENERAL

Chlorine vaporizers require adequate and timely maintenance. Effective maintenance
starts with frequent observation, and includes periodic inspection, cleaning as dictated,
and disassembly for full inspection.

The frequency of cleaning and internal inspection of vaporizers is dependent on
variables that include the quality of feed liquid, the introduction of moisture, a change in
operating performance, and the time in operation.

A program for proof testing critical instrumentation should be followed.
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8.2

8.2.1

8.2.2

FREQUENCY OF INSPECTIONS

The frequency of inspections for determining maintenance requirements can be divided
into two categories: internal and external. These should include the complete system,
not just the vaporizer vessel.

External Inspection

As part_ of the normal operating routines, checks should include the following as
appropriate:

e gaskets and valves for leaks

e insulation for damage and signs of leaks

e proper function of steam traps

e proper function of all instruments

e condition of chlorine supply system

e coating condition

e general housekeeping of area to guarantee safe personnel entrance and escape

The vaporizing system should undergo an extensive documented visual inspection by
the owner every year for corrosion or signs of leakage.

Internal Inspection

The frequency for the internal inspection of the vaporizing chamber shall be determined
by considering the following variables:

e type of service

e the quality of the chlorine source

¢ the quality of pad gas

e changes in system performance

o the frequency of connects and disconnects
e the length of time in operation

e metal thickness measurements

It is imperative that all chlorine be removed from the vaporizing system prior to
opening the unit or introducing any moisture into the chlorine side of the
chamber. Failure to do so will result in a safety risk and damage to the
equipment.
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8.3

8.4

9.1

It is suggested that an initial internal inspection of the vaporizer chamber be performed
after one year of service. Depending upon the results, the interval to the next
inspection can be lengthened or shortened. Depending on chlorine quality delivered to
the vaporizer, inspection intervals can vary from less than one year to greater than five
years. If a moisture upset occurs, a full internal inspection is required as soon as
possible. After assembly the unit should be prepared for use per Section 6.

The heating medium side of the vaporizer should be inspected on regular intervals
based on local experience or manufacturer's recommendations. A full inspection
includes a rigorous examination of heating medium side for pitting and general
corrosion. Special attention should be made to all vessel connections.

Detailed records of all internal inspections and/or repairs must be kept.

CLEANING

The need for cleaning is indicated by a reduction in superheat of the chlorine gas or a
reduction in the operating capacity of the vaporizer. Cleaning should be performed as
recommended by the supplier of the vaporizer but general procedures are discussed in
Section 6.2.

REPAIRS BY WELDING

Before welding, make sure that all piping and equipment is thoroughly purged of
chlorine. The heat of welding may cause ignition of chlorine with steel. All welding,
stress relieving, radiographing, hydrostatic testing, inspection and restamping must be
performed in compliance with the current edition of the Code (9.2.3).
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PAMPHLET 9 CHECKLIST

This checklist is designed to emphasize major topics for someone who has already read and
understood the pamphlet. Taking recommendations from this list without understanding related

topics can lead to inappropriate conclusions.

Place a check mark (v) in the appropriate box below:

Yes No N/A
] ] ] 1. Does the vaporizer installation comply with regulatory and

insurance requirements? {1.5}
] ] ] 2. Is manifolding of ton containers in accordance with ClI

Drawing 183 and Cl Pamphlet 1? {2.3}
] ] ] 3. Is adequate liquid supply pressure available without

padding? {2.3}
] ] ] 4. If padding is used, does it comply with recommendations in

Cl Pamphlets 5, 49 and 667 {2.3, 3.10}
] ] ] 5. Are automated shutdown instrumentation and/or

procedures provided? {2.4}
] ] ] 6. Does the location of the vaporizer system meet the

Institute's recommendations? {2.6}
] ] ] 7. Does the system capacity exceed peak process demands? (3.3}
] ] ] 8. Does the lowest expected temperature meet the minimum

metal temperature used in the design? {3.5}
] ] ] 9. Are the materials of construction appropriate for the

intended service? {3.6}
] ] ] 10. Does the design and fabrication comply with the ASME

Code? {3.7}
] ] ] 11. Have chlorine side pressure-retaining, butt-welded joints

been fully radiographed? {3.7}
] ] ] 12. Has post-weld heat treatment been performed? (3.8}
0 0 0 13. Has a corrosion allowance of */5 inch (3.18 mm) minimum

been provided? {3.9}
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Yes No N/A
0 0] 0] 14. Has a detailed review of system controls and indicators

been performed? {4}

' i 2

0 0] 0] 15. Has a detailed systems safety review been performed? (5.2}
D D D 16. Do appropriate emergency response procedures and

training programs exist? {5.4}
D D D 17. Do detailed written procedures for cleaning, testing and

drying exist? {6.1}
D D D 18. Was the system properly cleaned, tested and dried prior to {6.2, 6.3,

being placed in service? 6.4}
D D D 19. Was the system leak tested with gas prior to being placed

in service? {6.5}
0] 0 0 20. Have proper preparations been made for a safe start-up,

operation and shutdown? {7}
0] 0 0 21. Are inspection and maintenance procedures and schedules

adequate? {8}

REMINDER:

Users of this checklist should document exceptions
to the recommendations contained in this pamphlet.
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