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INTRODUCTION

This book is designed to provide a convenient source of information
for anyone who works with or studies industrial gases. It is published
by Air Liquide America, a subsidiary of Air Liquide, the world’s largest
industrial gas company. Through Air Liquide America, Air Liquide
markets tonnage and merchant gases to industrial, commercial, and
public facilities throughout North America. Air Liquide is active in more
than 60 countries around the world.

The data is based on sources using standard industry references. It is
believed to be accurate, but is recommended for use as a guideline
only. More detailed information can be obtained by contacting your
Air Liquide America representative.

Put Safety First!

In handling industrial gases or working in environments where they are
present, beware of confined spaces where there is a limited oxygen
supply. Confined spaces that may present a danger include:

e Tanks on railroad cars and highway vehicles, storage tanks,
mixing tanks

Air separation cold boxes and similar insulated cavities, silos,
furnace boxes, combustion chambers, etc.

Pits and deep depressions, sewers, etc.
Reaction kettles, stills, receivers, steam drums

Acetylene generators and gas holders

In situations where atmospheric air is not provided or where breathing
equipment is not available, you should follow the Tank Procedures of
Air Liquide America or other organizations.

All data set forth herein is provided for general information only
and is based on generally accepted tests and on published data
from standard technical reference works. The accuracy or
completeness of any such information, test, or data is not
warranted in any way.
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AIR PRESSURE DROP IN PIPE

Compressed Air pressure drop in pounds per square inch
Air at per 100 feet of Schedule 40 pipe
60°F& | 60°F & for air at 100 psig and 60°F

14.7 psia | 100 psig| 1/2" 3/4" 1" 1-1/4"

0.128
0.256 0.020
0.384 0.042
0.153 X 0.071
0.641 0.106

0.769 0.148
1.025 X 0.255
1.282 3 . 0.356
1.922 A 0.334
2.563 1.43

3.204 221
3.845 . 3.15
4.486 ¥ 4.24
5.126 E 5.49
5.767 6.90

6.408 8.49
7.690 ' 12.2
8.971 16.5
10.25 21.4
11.53

12.82
16.02
19.22
22.43
25.63

28.84
32.04
35.24
38.45
41.65

44.87
48.06
51.26
54.47
57.67

60.88
64.08
70.49
76.90
83.30

89.71
96.12
102.5
108.9
153

121.8
128.2
141

153.8
166.6

179.4
192.2
205.1
203.7
256.3




ABSOLUTE TEMPERATURE CHART

Celsius
°C
Water Boils 100°

Human Body

Water Freezes
Fahrenheit Zero

Celsius = Fahrenheit
Bitter Cold Weather

CO Sublimes A

Coldest on Earth

Xenon Boils

Krypton Boils

Oxygen Boils
Argon Boils

Nitrogen Boils

K =°C +273.15 °C =5/9 (°F - 32°)

Neon Boils

Hydrogen Boils

Helium Boils

|<@——  Cryogenic Region

Absolute Zero




ABSOLUTE TEMPERATURE CHART

Water Boils

Human Body

Water Freezes

Fahrenheit Zero

Celsius = Fahrenheit

Bitter Cold Weather

CO2 Sublimes
Coldest on Earth

Xenon Boils

Krypton Boils

Oxygen Boils
Argon Boils

Nitrogen Boils

Neon Boils

Hydrogen Boils

Helium Boils

Absolute Zero

A

|<@—— Cryogenic Region

Fahrenheit
°F
212°

Rankin
°R
671.67°

556.27°

491.67°

459.67°

419.67°

409.67°

350.42°

324.67°

297.08°

215.66°

162.32°

157.10°

139.25°

°F = 32°4(°C X 9/5)

°R =°F + 459.67
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PRESSURE, TEMPERATURE AND DENSITY RELATIONSHIPS

Pressure Over Liquid Oxygen, Nitrogen and Argon
Compared with Temperature at Which Liquids Boil

Pressure — PSIG

$
S5
§

Temperature °F

Density—Temperature Relationships
for Liquid Oxygen, Nitrogen and Argon

N

<74’~90/7
N

o'\:”g‘e,,
==

i
”"Qe,,

\
N

Density of Liquid — Pounds Per Gallon

)

(2]

o
Temperature °F




FLASH FROM SATURATED PRESSURIZED LIQUIDS

240  PSIG

*Flash gas as a percentage of liquid after depressurization to
atmospheric pressure.

T Flash gas as a percentage of saturated pressurized liquid.

Example: Estimate how much vapor is released when 1000 gallons
of liquid nitrogen at 80 psig is withdrawn from a vessel into a
transport trailer at atmospheric pressure.

Solution: From the chart above, using the lower line with the
storage tank pressure of 80 psig, the vapor released in 18% of
the liquid discharged.




VAPOR RELEASE LIQUID HYDROGEN

Liquid vaporized
measured as a percent

of liquid in receiver
at 1 ATM pressure —)
/

//

/7

/
<

Percent — %

Liquid vaporized
measured as a percent
of liquid discharged
from storage tank

40 60 80 100
Pressure In Storage Tank — PSIG




g [eatpay

11

vl

§6°C

8y

v0'ce

sie|

88

08l

§6¢

SyelL

‘Ut no

(swnjon) Ayoeden sarepy

6'8Ek

6'8EL

6'8¢€l

6'8EL

sieq

SL0C

SL0C

SL0C

SL0c

1sd

2.nssald 90IM8S

68°L

6€°¢

9Ly

8'.¢

By

14

S

gok

€19

‘sl

WBIOM [euiWoN

£eeEXY'8

G'eh X 90l

7’39 X901

C'60L X8LL

wo

GeLeLxiee

GLOLX8LY

SGLGTX8LY

ey X L

sayoul

suonuswiqg

Gl0c vve

SL0C Yve

SL0C Yve

Gl0c vve

29ds 100

g [eoIPoN

a

3

19POIN JopuliAD

SNOILVIIHIDAdS HAANITAD TVvOIaIN




ZOo 0t 'sg1sc

'sg1s ‘sg104

‘sg164

‘sg10c

‘sg710s

154

LU}

c9'e

L8

S50k

LL°€L

¥'Ge

sioy|

g'Se

801}

549

S6v

9

0v8

09le

ul 'no

(winjon) Ayoede) Jarep

L'vel

Lvel

L'vel

L'vel

L'vel

L'vel

L'vel

sieq

0081

0081

008t

0081

008}

0081

0081

1sd

ainssald 8218

0°L

8€'¢

85'v

V0L

L9k

S6'vL

§'8¢

By

€c

gc's

Lok

€¢

0g

cle

678

sal

WbIoM [BUIWON

G/1°0€ X 826’V

GEL'/EX2v0'6

9'GE X G8EEL

LGy X8LLL

SLL'BGX8LLL

065 X G896}

C'SHLX806°LC]

wo

88'LLX V6L

covL X995

OVEXELS

0'8LX0°L

88'¢C X 0L

GC'€CXGL'L

8E'GY X G29'8

sayoul

suonuawig

0081 3¢

0081 YVE

008} YV

008l VYVeE

008l VYVeE

0081 YVE

0081 VYVeE

09ds 100

"ZO Ok

'sg15'C

'sg16

‘sg1 0k

‘sg1 6k

's€102

'sg10s

19POIN J9pUIIAD

SNOILVIdI03dS HIANITAD 3AIX0Ia NOgHVO




CGA VALVE SPECIFICATIONS

Gas

Outlet Connections

PSI

Acetylene (commercial)

825-14NGO-RH-EXT (flat nipple)

3000

Acetylene

.885-14NGO-LH-INT(bullet nipple)

500

Acetylene (B)

.895-18NGO-RH-EXT

500

Acetylene (MC)

.625-20NGO-RH-EXT (conical nipple)

500

Air (industrial)

.965-14NGO-LH-INT

Air (breathing)

.825-14NGO-RH-EXT (large round nipple)

Air (to 5500 psig)

.825-14NGO-RH-EXT (long round nipple)

Ammonia

3/8-18NGT-RH-INT

Argon

.965-14NGO-RH-INT

Argon (to 5500 psig)

1.045-14NGO-RH-INT

Butane

885-14NGO-LH-INT (bullet nipple)

Carbon Dioxide

.825-14NGO-RH-EXT (flat nipple)

Carbon Monoxide

.825-14NGO-LH-EXT (round nipple)

Corrosive

1.030-14NGO-RH-EXT (face washer)

Ethane

.825-14NGO-LH-EXT (round nipple)

Fuel Gas

.825-14NGO-LH-EXT (round nipple)

Fuel Gases (to 5500 psi)

1.045-14NGO-LH-INT

Helium

.965-14NGO-RH-INT

Helium (to 5500 psig)

1.045-14NGO-RH-INT

Hydrogen

.825-14NGO-LH-EXT (round nipple)

Hydrogen {to 5500 psig)

1.045-14NGO-LH-INT

Medical Mixtures

.885-14NGO-RH-INT (bullet nipple}

Methane

.825-14NGO-LH-EXT (round nipple)

Methane (to 5500 psig)

1.045-14NGO-LH-INT

Nitrogen

.965-14NGO-RH-INT

Nitrogen {to 5500 psig}

1.045-14NGO-RH-INT

Nitrous Oxide

.825-14NGO-RH-EXT (small round nipple)

Oxygen

.903-14NGO-RH-EXT

Oxygen (to 4000 psig)

960-14NGO-RH-EXT

Oxygen (to 5500 psig)

1.103-14NGO-RH-EXT

Ozone

1.125-14UNS-2A-LH-EXT (short nipple)

Propane

.885-14NGO-LH-INT (bullet nipple)

Propane Butane

903-14NGO-LH-EXT

Sulfur Hexafluoride

.965-14NGO-LH-INT




VGL PARTS DESCRIPTION

1 Gas Use Valve with Fitting
2 Liquid Valve with Fitting

3 Pressure Building Valve

4 Vent Valve with Fitting

5 Pressure Building Regulator
6 Pressure Gauge

7 Economizer

1 Liquid Valve
2 Economizer Regulator
3 Vent Valve
4 Burst Disc
Dura-Cyl: 400 Psig
Dura Max: 500 Psig
5 Pressure Gauge Vaporizer
7 Pressure Building Regulator
8 Pressure Building Valve Pressure
9 Liquid Level Gauge Building
10 Vacuum Casing Burst Disc Coil
11 Gas Use Valve
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TYPICAL LIQUID CUSTOMER STATION

— Perlite Insulation
Evacuation to a
High Vacuum

Vapor Space: 250 psig,
Working Pressure

Liquid Product:
Argon, Nitrogen, Oxygen

Inner Tank: 9% Nickel Steel,
Aluminum, or Stainless Steel

.[«—— Outer Tank,
Carbon Steel

Liquid Level and
Pressure Guages

0 0 dv 0 0

[«— High Pressure
Ambient Air
Vaporizer

r Final Line
Regulator

TR Mﬁ” %

Relief Valve

Gaseous Product —
to Customer

— Bottom Fill Valve

Trailer Fill Connection Concrete Pad

— Top Fill Valve
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MINIMUM SAFE DISTANCE FOR LIQUID OXYGEN

Minimum Distance (ft) from Bulk Oxygen Systems to Exposures
Type of Exposure Total Line of Sight
Distance

1. Building structures
*a) Wood frame construction 50ft
*b) Other than wood frame construction 1ft
c¢) Confining areas 75ft/35ft
2. Wall openings 10ft
= 3. All classes of flammable and combustible liquid storage
a) Above-ground storage
0-1000 gallons
>1000 gallons
Distance may be reduced to 15 ft for
Class Ill b combustible liquids
b) Below ground storage
Horizontal: Distance between tanks
Distance between O, and tank openings
. Flammable gases above ground
a) Liquified hydrogen
b) Other liquified gases
0-1000 gallons
>1000 gallons
c) Non-liquified or dissolved gases
0-25,000 scf
>25,000 scf
. Rapid burning solid materials (paper, excelsior,etc.)
. Slow burning solid materials (coal, heavy timber)
. Place of public assembly
. Piping outlets and vent/fill connections from areas
occupied by non-ambulatory patients
*9. Public sidewalks or parked vehicles
*10. Nearest property line 5ft

*These distances do not apply where protective structures having

a minimum fire resistance of two hours interrupt the line-of-sight between
uninsulated portions of the bulk oxygen storage installation and the exposure.
In such cases, the minimum distance required should be that required for
system maintenance.

For Sl units: 1 ft = 0.305M; 1 gallon=3.785L




MINIMUM SAFE DISTANCE FOR LIQUID HYDROGEN

Dist (ft) from Liquefied Hydrog to E: 4

Y {4
Total Li Hydrogen Storage (cap in gal)

Type of Exposure 39.63-3,500 | 3501-15,000 | 15,001-75,000

1. Building Structure

{a) Wall(s) adjacent to system
constructed of noncombustible or
limited-combustible materials.
(1} Sprinklered building/structure or
unsprinklered building/structure
having noncombustible contents.

(2) Unsprinklered building/structure
with combustible contents. Adjacent
wall(s) with fire-resistance rating less
than 3 hours(®

Adjacent wall(s) with fire-resistance
rating of 3 hours or greater@

{b) Wall(s) adjacent to system
constructed of combustible materials

(1} Sprinklered building/structure
(2} Unsprinklered building/structure

Wall openings
{a) Openable

{b) Unopenable

Air compressor intakes, inlets for
air-conditioning or ventilating equipment
All classes of flammable and
combustible liquids {above ground and
vent or fill openings if below ground)
{See NFPA 50B, 5-1.3) Exception:
Distances may be reduced to 15 ft

for Class I1IB combustible liquids
Between stationary

liquefied hydrogen containers
Flammable gas storage

{other than hydrogen) 50 75 75
Liquid oxygen storage and other
oxidizers {(See NFPA 50B, 5-1.3) 75 75 75
Combustible solids 50 75

Open flames and welding 50 50 50
10. Places of public assembly 75 75 75

11. Public ways, railroads and property lines
12. Protective structures 5 50 50

1. Portions of wall less than 10 ft (measured horizontally) from any part of a system shall have a

fire resistance rating of at least V4 hour.
2. Exclusive of windows and doors.

3. Where protective structures are provided, ventilation and confinement of product shall be
considered. The 5-ft distance in Nos. 1 and 12 facilitates maintenance and enhances
ventilation.

4. The distances in Nos. 1,2,6,7,8 and 11 may be reduced where protective structures have a
minimum fire resistance rating of two hours interrupt the line of sight between uninsulated
portions of the liquefied hydrogen storage system and the exposure.
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HOW TO PURGE WITH NITROGEN

Nitrogen purging is easily adapted to any process installation. Different
methods are used depending on the type and shape of the equipment
to be purged and on the location of the purging inlets and outlets.

1. Displacement Purging

This method is used for equipment with simple cross sections such as
pipelines. The volume of nitrogen required corresponds to the physical
volume of the pipe. In many pipelines, a rubber scraping piston, or
“pig,” is introduced and propelled through the pipe by the nitrogen
pressure to clean the line.

The nitrogen volume required to purge equipment with a simple cross
section is determined using the following formula:

V = V,P/14.7

V = Total nitrogen volume required (scf)

\, = Water volume of pipeline (cf)

P = Absolute pressure of nitrogen in the pipeline
during purging (psia)

2. Pressurization Purging

This method is used when conditions do not permit a sweeping action
of nitrogen through the vessel. The vessel is repeatedly pressurized
and mixed with nitrogen gas and then the mixture is exhausted. The
total volume of nitrogen depends on the number of pressurizing purges
required to reduce the contaminant to an acceptable level and can be
determined by using this formula:

V = 1.2nV,P/P,

V = Total nitrogen volume required (scf)
V, = Water volume of pipeline (cf)
P = Absolute pressure of nitrogen in the pipeline
during purging (psia)
P, = Absolute pressure after exhaust (psia)
n = Number of purges = (log C - log C)/(log P, - log P)
C,, = Initial content of gas to be removed
C = Final content of gas to be removed




3. Dilution Purging

This method is used for equipment cross sections such as distillation
columns, kilns, reactors, etc. Nitrogen partially mixes with the gas to
be purged out, and then the mixture exits through an outlet located as
far as possible from the inlet. The nitrogen required to reduce a con-
taminate to a desired level can be found using the graph below and
the total volume of nitrogen needed can be computed from the follow-
ing formula:

V =nV,

Where:
V = Total nitrogen volume required (scf)
V,, = Water volume of pipeline (cf)
n = Number of nitrogen volumes required

Initial Impurity Content, Co
Final Impurity Content, C

1 2 3 4

Number of Nitrogen Volumes Required — n




PURGING EFFICIENCY (C/Co) AS A FUNCTION OF NITROGEN VOLUME
(TANK VOLUMES) FOR VARIOUS PURGING TECHNIQUES

\
\
2\

\

\
\
\
\
\
\
5

\

\

4 5 6 7 8 9 10 n 12 13

Theoretical Tank Volumes of Nitrogen

Purging Technique:

1. Displacement

2. Dilution Pf = Pi = 14.7

3. Dilution Pi=14.7;, Pf=29.4

4. Pressure Purge Pi=19.7; Pf=24.7
5. Pressure Purge Pi = 19.7; Pf=34.7

Where Pf = pressure final
Pi = pressure initial
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