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Properties of Gases


1. Properties of commercial gases
Name
Molecular
Mass
(G/Mole)
(1)
Atm. Boiling
Point
 (°C)
(1)
Critical
Temp.
(°C)
(1)
Critical
Pressure
(Kpa,Abs)
(1)
Liquid
Relative
Density
15°C/15°C
(1)
Vapour 
Relative
Density
(Air=1)
(1)
Flammable Range 
(%Vol. By Air)










Min
(2)
Max
(2)

Methane

Ethane

Propane

n-Butane

i-Butane

Ethene

Propene

1-Butene

cis-2-Butene

trans-2-Butene

1,3-Butadiene

1,2-Butadiene

Isoprene

Vinylchloride (3)

Ammonia
16.043

30.070

44.097

58.124

58.124

28.054

42.081

56.108

56.108

56.108

54.092

54.092

68.119

62.50

17.031
- 161.52

- 88.58

- 42.07

- 0.49

- 11.81

- 103.77

- 47.72

- 6.23

3.72

0.88

- 4.41

10.85

34.07

-13.4

- 33.33
- 82.60

32.28

96.67

152.01

134.98

9.20

91.70

146.38

162.43

155.48

152

(171)

(211)

156.6

132.5
4604

4880

4249

3797

3648

5041

4600

4023

4220

4047

4330

(4502)

(3850)

5600

11280
(0.3)

0.3581

0.5083

0.5847

0.5637

n.p.

0.5231

0.6019

0.6277

0.6105

0.6280

0.6576

0.6866

0.90

0.6183
0.5539

1.0382

1.5225

2.0068

2.0068

0.9686

1.4529

1.9372

1.9372

1.9372

1.8676

1.8676

2.3519

2.152

0.5880
4.4

2.7

1.7

1.3

1.3

2.7

2.0

1.6

1.6

1.6

1.4

(2.0)

1.0

3.6

15
16.0

12.5

9.5

8.5

8.5

34.0

11.1

10

10

10

16.3

(12)

9.7

31

29

Note  
( )
: estimated value
n.p.
: not possible, temperature above critical temperature
(1) Ref. GPSA, SI Engineering Data Book, 1980, section 16, fig. 16-1.

(2) Ref. Chemiekaarten, Gegevens voor het veilig werken met chemicaliën, negende editie, 1993/1994.

(3) LGI, Liquid Gas Guide, 2nd edition, 1990. 
Properties of commercial gases (continued)
Name
100% Odor Recognition (ppm)
Tlv



(ppm)
(mg/m³)

Methane

Ethane

Propane

n-Butane 

i-Butane

Ethene

Propene

1-Butene

cis-2-Butene

trans-2-Butene

1,3-Butadiene

Vinylchloride 

Ammonia
n.d.

1500

11000

5000

2

800

80

0.07

0.6

0.6

(0.1 - 2)

(1500 -  10000)

(0.001 - 90)
-

-

-

800

800

-

-

n.d.

n.d.

n.d.

2

5

25
-

-

-

1900

1900

-

-

n.d.

n.d.

n.d.

4.4

13

17

Note :  
(  )  = estimated value 

n.d.  = not determined-   = non toxic

Ref.      1.
1994- 1995 Threshold Limit Values for Chemical Substances and Physical Agents and Biological Exposure Indices; American Conference of governmental industrial hygienists.

2. Handbook of environmental data on organic chemicals; K. Verschueren

2. Expansion of 1 liter liquid at atm. boiling point to 15 °C and 1 bar in liter.

Name
Volume Liter
(15C And 1 Bar)

Methane

ethane

propane

n-butane

i-butane

ethene

propene

1-butene

cis-2-butene

trans-2-butene

1,3-butadiene

VCM

ammonia

nitrogen
630

432

311

239

236

482

388

261

264

258

279

365

947

691

Ref. Encyclopedie des Gaz, L'air Liquide, Division Scientifique,
 Elsevier Scientific Publishing Company, 1976,
 ISBN 0-444-41492-4.
3. Conversion factors
3.1 Pressure conversion table


Atm.
psi
mm Hg
kg/cm²
bar
Pascal
dynes/cm²
mm H2O

Atm.
1
14.696
760
1.0332
1.01325
101325
1013935.23
10332.71

psi
.068046
1
51.715
.070307
.068948
6894.8
69013.11
703.087

mm Hg
.0013158
.019337
1
.00135951
.0013332
133.32
1334.15
13.59508

kg/cm²
.9678
14.223
735.56
1
.980665
98066.5
981354.27
10000

bar
.98692
14.504
750.075
1.01972
1
100000
1001001
10197.162

Pascal
.000009869
.000145038
.00750075
.000010197
.00001
1
10.007
.10197162

dynes/cm²
.000000986
.00001449
.00074954
.000001019
.000000999
.09993
1
.01019

mm H2O
.00009678
.0014223
.073556
.0001
.0000980665
9.80665
98.1354
1

3.2. Volume conversion table


Cubic Inches
Cubic Feet 
Cubic Yards
Cubic Centimeters
Cubic Meters

Cubic Inches
  1
  0.00057870
  0.000021433
  16.387
  0.000016387

Cubic Feet
  1728
  1
  0.037037 
  28316 
  0.028316 

Cubic Yards
  46656
  27
  1
  764550 
  0.76455

Cubic Centimeters
  0.061024 
  0.000035315 
  0.0000013080 
  1
  0.000001 

Cubic Meters
  61024
  35.315
  1.3080
  1000000 
 1

Ref.
Technical Data Book - Petroleum Refining, Volume 1, fourth edition, American Petroleum Institute, 1983.
Conversion factors (continued)
3.3. Liquid volume conversion table


Gallons(U.S.)
Imperial Gallons
Barrels (Oil)
Cu. Inches
Milliliters
Liters

Gallons (U.S.)
1
0.83270
0.023809
231
3785.3
3.7853

Imperial gallons
1.2009
1
0.028594
277.42
4546.0
4.5460

Barrels (Oil)
42
34.973
1
9702
158980
158.98

Cu. Inches
0.0043290
0.0036047
0.00010307
1
16.387
0.016387

Milliliters
0.00026418
0.00021998
0.0000062900
0.061025
1
0.001

Liters
0.26418
0.21998
0.0062900
61.025
1000
1

3.4. Flow Conversion Table


Gal(U.S.)/min
Gal(U.S.)/hr
Cu ft./min
bbl(42)/hr
bbl(42)/day
Cu m/hr

Gal(U.S.)/min
1
60
0.13368
1.4286
34.286
0.22713

Gal(U.S.)/hr
0.016667
1
0.0022280
0.023810
0.57143
0.0037854

Cu ft./min
7.4805
448.83
1
10.686
256.47
1.6990

bbl(42)/hr
0.70000
42.000
0.093576
1
24.000
0.15898

bbl(42)/day
0.029167
1.7500
0.0038990
0.041667
1
0.0066245

Cu m/hr
4.4028
264.17
0.58857
6.2898
150.95
1

Ref. Technical Data Book - Petroleum Refining, Volume 1, fourth edition, American Petroleum Institute, 1983

4. Fundamental Constants
Name
Symbol
Value
Units

Absolute temperature 
T
0

273.15
deg K

°C

Gas constant
R
8.3143

0.082053
J/(mole.K)

(L.atm)/(mole.K)

Calorie (thermochemical)
Cal
4.1840
J

Standard millimeter of Hg pressure


1/760 atm

Standard Atmosphere
Atm
101325

14.696
Pa

psia


Ref.
Technical Data Book - Petroleum Refining, Volume 1, fourth edition,American Petroleum Institute, 1983.
5. Typical product specifications
The herebelow given typical specifications for liquefied gases are only to be used as an example, the shown limits are only guidelines.

5.1. Ethylene 

Item
Unit
Limits





Ethylene
%volume
99.9 min

Ethane
ppm volume
500 max

ethane +methane
ppm volume
1000 max

C3 and heavier
ppm volume
10 max

Acetylene
ppm volume
5 max

Oxygen
ppm volume
5 max

Nitrogen
ppm volume
100max

Carbonmonoxide
ppm volume
2 max

Carbondioxide
ppm volume
5 max

methanol + ethanol + aceton
ppm volume
10 max

Hydrogen
ppm volume
10 max

water content 
ppm weight
10 max

total sulphur
ppm weight
2 max

Ammonia
ppm volume
1 max

Note : the shown limits are the ARG spec. 
5.2. Propylene polymer grade

Item
Unit
Limits

Propylene
%weight
99.5 min

Propane
%weight
0.5 max 

methane + ethane
%weight
0.2 max 

ethylene + acetylene
ppm weight
30max 

Propadiene
ppm weight
10 max 

Methylacetylene
ppm weight
5 max 

total C4's hydrocarbons
ppm weight
10 max

C5 + (green oil)
ppm weight
10 max 

Oxygen
ppm weight
5 max

Nitrogen
ppm weight
10 max 

Hydrogen
ppm weight
1 max 

methanol 
ppm volume
5 max 

total sulphur
ppm weight
2 max 

water content
ppm weight
10 max

total chlorine
ppm weight
1 max

Note : the shown limits are the ARG spec. 
5.3. Propylene Chemical Grade

Item 
Unit
Limits





Propylene
%weight
94.0 min

Methane
ppm weight
1000 max

Ethane
ppm weight
500 max

Propane
%weight
balance

Ethylene
ppm weight
50 max

propadiene 
ppm weight
15 max

Butenes
ppm weight
200 max

Acetylene
ppm weight
5 max

Methylacetylene
ppm weight
25 max

butadiene-1,3
ppm weight
30 max

total C4's
ppm weight
300 max

Oxygen
ppm weight
8 max

Hydrogen
ppm weight
10 max

Carbonmonoxide
ppm weight
3 max

Carbondioxide
ppm weight
10 max

Methanol
ppm weight
10 max

water content
no free water

5.4. Propylene Refinery Grade

Test Item
Unit
Limits

Propylene
%weight
70 min

Ethane
%weight
1 max

Propane
%weight
30 max

total C4's and heavier 
%weight
2 max

total sulphur
ppm weight
3 max

5.6. 1-butene

Test Item
Unit
Limits

butene-1
%weight
99.3 min

i-butylene
%weight
0.2 max

butene-2
%weight
0.1 max

n-butane + i-butane
%weight
0.4 max

butadiene-1,3
ppm weight
50 max

propadiene
ppm weight
8 max

total acetylenes
ppm weight
10 max

carbon dioxide
ppm weight
2 max

carbon monoxide
ppm weight
2 max

total carbonyls (as MEK)
ppm weight
5 max

oxygen
ppm weight
1 max

sulphur (as S)
ppm weight


chlorides
ppm weight


water



methanol
ppm weight


5.7. 1,3-butadiene

Test Item
Unit
Limits

butadiene 1,3
%weight
99.6 min

butadiene 1,2
ppm weight
40 max

propadiene
ppm weight
10 max

total acetylenes as vinylacetylene
ppm weight
25 max

methylacetylene
ppm weight
15 max

ethylacetylene
ppm weight
50 max

vinylacetylene
ppm weight
10 max

butadiene dimer
ppm weight
50 max

methanol 
ppm weight 
50 max

carbonyl content, as acetaldehyde
ppm weight
10 max

total volatile sulphur
ppm weight
2 max

peroxide content
ppm weight
5 max

non volatile residue
ppm weight
10 max

inhibitor (TBC)
ppm weight
75-150 max 

water
no free water


oxygen 
ppm weight 
200 max

5.8. Isobutane

Item
Unit
Limits

isobutane
%mol
95 min

n-butane
%mol
5 max

C2 and lighter
%mol
1  max

propane
%mol
balance

total olefines
ppm weight
100 max

oxygen liquid
ppm vol
0.5 max

oxygen vapour
ppm vol
0.3 max

total volatile sulphur
ppm weight
2 max

carbonyl content as aceton
ppm weight
2 max

5.9. Crude C4 raw material spec

Item
Unit
Limits





butadiene 1,3
%weight
40 min

propadiene + methylacetylene
%weight
0.4 max

Isobutylene
%weight
20 min

butene-1
%weight
20 max

butene-2
%weight
10 max

saturated C4's
%weight
12 max

butadiene 1,2
%weight
0.5 max

C3's and lighter
%weight
0.7 max

C4 acetylenes
%weight
2 max

C5's 
%weight
0.5 max 

Sulphur
ppm weight
1 max

carbonyls as acetaldehyde
ppm weight
100 max

chloride (as Cl )
ppm weight
1max

Water
no free water  


5.10. Raffinate 1  (Isobutylene)

Item
Unit
Limits

isobutylene
%weight
30-65 min

C3 and lighter
%weight
0.5 max

butadiene 1,3
%weight
0.6 max

total acetylenes as vinylacetylene
ppm weight
200 max

C5 diolefines
ppm weight
20 max

C5 and heavier
ppm weight
1000 max

sulphur content
ppm weight
10 max 

carbonyl content as acetaldehyde
ppm weight
10 max 

perioxide content as H-O-O-H



total chloride
ppm weight
5 max 

non volatile residue



ammonia
ppm weight
5 max

5.11. Raffinate 2 (n-butenes)

Item
Unit
Limits





total n-butenes
%weight
66-82 min

n-butane
%weight
14 min

iso-butene
%weight
2 max

butadiene-1,3
%weight
0.7 max

C3 and lighter
%weight
2.0 max

C5 and heavier
%weight
2.0 max

acetylenes as vinylacetylens
ppm weight
800 max

total sulphur
ppm weight
120 max

total chloride
ppm weight
15 max

water
no free water


5.12. Vinyl chloride monomer (VCM)

Item
Unit
Limits





vinyl chloride monomer
%weight
99.97 min

water
ppm weight
100 max

iron
ppm weight
0.5 max

acidity (as HCl)
ppm weight
1 max

non volatiles
ppm weight
50 max

acetylene
ppm weight
2 max

propylene
ppm weight
8 max

other hydrocarbons
ppm weight
3 max

color (visual)
colorless


appearance (visual)
clear


6. Dewpoint and Frostpoint
Conversion of frostpoint to dewpoint :

Metric units (°C)

Frost
Point
Dew
Point
Frost
Point
Dew
Point
Frost
Point
Dew
Point
Frost
Point
Dew
Point

0
0
-12
-13.4
-24
-26.6
-36
-39.4

-1
-1.2
-13
-14.5
-25
-27.7
-37
-40.5

-2
-2.3
-14
-15.6
-26
-28.8
-38
-41.6

-3
-3.4
-15
-16.7
-27
-29.9
-39
-42.6

-4
-4.5
-16
-17.8
-28
-30.9
-40
-43.7

-5
-5.6
-17
-18.9
-29
-32.0
-41
-44.7

-6
-6.8
-18
-20.0
-30
-33.0
-42
-45.8

-7
-7.9
-19
-21.1
-31
-34.1
-43
-46.8

-8
-9.0
-20
-22.2
-32
-35.2
-44
-47.9

-9
-10.1
-21
-23.3
-33
-36.2
-45
-49.0

-10
-11.2
-22
-24.4
-34
-37.3
-46
-50.0

-11
-12.3
-23
-25.5
-35
-38.4



Ref. EG&G Environmental Equipment, Application Data 3-050

Dewpoint is that unique temperature to which the air (or any other gas) must be cooled in order that it shall be saturated with respect to water at the existing pressure. Dewpoint temperature varies in direct proportion to the total vapour pressure. 

Frost point is that unique temperature to with the air (or any other gas) must be cooled in order that is shall be saturated with respect to ice at the existing pressure. Below 0 °C dewpoint hygrometers measure the frostpoint temperature rather than the dewpoint. The table below permits conversion from dewpoint to frostpoint.

Relation between dewpoint and moisture content of gases

Dewpoint

(°C)
Vapour pressure
(mmHg)
Relative 
Humidity
(% H20))
ppmv
Dewpoint
(°C)
Vapour
Pressure
(mmHg)
Relative 
Humidity
(% H20)
ppmv
Dewpoint
(°C)
Vapour
pressure
(mmHg)
Relative 
Humidity
(% H20)
ppmv

-150

-140

-130

-120

-118

-116

-114

-112

-110

-108

-106

-104

-102

-100

-98

-96

-94

-92

-90

-88

-86

-84

-82

-80

-78

-76
7*10(-15)

3*10(-10)

7*10(-8)

9*10(-8)

.00000015

.00000025

.00000041

.00000066

.00000107

.00000169

.00000266

.00000413

.00000636

.00000968

.00001459

.00002178

.00003224

.00004729

.00006879

.00009924

.00014205

.0002018

.0002844

.0003981

.0005533

.0007638
3.9*10(-14)

1.7*10(-9)

4.0*10(-8)

5.4*10(-7)

.0000009

.0000014

.0000023

.0000038

.0000061

.0000096

.000015

.000024

.000036

.000055

.000083

.00012

.00018

.00027

.00039

.00057

.00081

.00115

.00162

.00227

.00316

.00436
9.2*10(-12)

3.9*10(-7)

9.2*10(-6)

1.2*10(-4)

.00020

.00033

.00054

.00087

.00141

.00222

.00350

.00543

.00837

.0127

.0192

.0287

.0424

.0622

.0905

.1305

.1869

.2655

.3742

.5238

.7280

1.005
-74

-72

-70

-68

-66

-64

-62

-60

-58

-56

-54

-52

-50

-48

-46

-44

-42

-40

-38

-36

-34

-32

-30

-28

-26

-24
.0010476

.0014275

.001933

.002603

.003483

.004635

.006135

.008076

.010576

.013780

.01787

.02305

.02961

.03786

.04819

.06108

.07709

.09691

.12133

.15133

.1880

.2328

.2871

.3529

.4323

.5277
.00597

.00814

.0110

.0148

.0199

.0264

.0350

.0461

.0603

.0786

.1019

.131

.169

.216

.275

.348

.440

.553

.692

.863

1.07

1.33

1.64

2.01

2.47

3.01
1.378

1.878

2.543

3.425

4.583

6.099

8.072

10.626

13.916

18.132

23.513

30.329

38.961

49.816

63.408

80.368

101.43

127.51

159.64

199.12

247.37

306.32

377.76

464.34

568.82

694.34
-22

-20

-18

-16

-14

-12

-10

-8

-6

-4

-2

0

2

4

6

8

10

12

14

16

18

20
.6422

.7790

.9421

1.136

1.365

1.636

1.956

2.331

2.771

3.285

3.884

4.581

5.292

6.099

7.012

8.045

9.209

10.518

11.988

13.635

15.478

17.535


3.66

4.44

5.37

6.48

7.78

9.33

11.15

13.29

15.80

18.73

22.15

26.12

30.18

34.78

39.99

45.88

52.52

59.98

68.37

77.76

88.27

100.00
845.00

1025.00

1239.61

1494.74

1796.05

2152.63

2573.68

3067.11

3646.05

4322.37

5110.53

6027.63

6963.16

8025.00

9226.32

10585.53

12447.10

13839.47

15773.68

17940.79

20365.79

23072.37



Ref. Shaw moisture meters, Westgate, Bradford, 1988 ; 1994 Annual Book of ASTM standards, volume 10.03, ASTM 2029.

7.  Water solubility in liquefied gases and boil-off vapours

Solubility of water in liquefied gases and in equilibrium boil-off vapour at temperatures from –45 °C to +45 °c

[image: image5.wmf]
Ref. Hydrates in LPG cargoes, A technical review, SIGTTO '84

8. Solubility of water in liquid Butadiene 1-3


9. Butadiene 
Dimer 
Formation 
versus 
temperature

10. Interconversion of analysis to gas-volume, liquid volume or weight basis
Table 1

Original Basis
Desired Basis
Operation
Factor Column In Table 2

Gas volume

Gas volume

Weight

Weight

Liquid volume

Liquid volume
Weight

Liquid volume

Gas volume

Liquid volume

Gas volume

Weight
multiply by

multiply by

divide by

divide by

divide by

multiply by
1

2

1

3

2

3

Table 2

Compound
Column 1
Column 2
Column 3


Molecular mass
Liquid volume in ml of ideal gas at 60 °F and 760 mmHg
Specific gravity 60/60F (vac.)

Methane

Ethane

Ethylene

Propane

Propylene

Propadiene

methylacetylene

n-Butane

i-Butane

1-Butene

trans-2-Butene

cis-2-Butene

1,2-Butadiene

1,3-Butadiene

Ethylacetylene

n-Pentane

i-Pentane

neo-Pentane

1-Pentene

trans-2-Pentene

cis-2-Pentene

2-methyl-1-Butene

3-methyl-1-Butene

2-methyl-2-Butene

Cyclopentane

Isoprene
16.04

30.07

28.05

44.10

42.08

40.06

40.06

58.12

58.12

56.11

56.11

56.11

54.09

54.09

54.09

72.15

72.15

72.15

70.13

70.13

70.13

70.13

70.13

70.13

70.13

68.12
0.00226

0.003566

0.0032

0.003675

0.003413

0.00282

0.00273

0.004205

0.004362

0.003944

0.003887

0.003780

0.00347

0.003643

0.00328

0.004830

0.004879

0.005108

0.004589

0.004537

0.004482

0.004519

0.004684

0.00447

0.003948

0.004195
0.30

0.3562

0.37

0.5070

0.5210

0.600

0.621

0.5840

0.5629

0.6011

0.6100

0.6272

0.658

0.6272

0.696

0.6311

0.6247

0.5967

0.6457

0.6530

0.6611

0.6557

0.6325

0.663

0.7505

0.6861

Example : 

· Original basis : gas volume or mole %

· Desired basis : Weight %

Compound
Original basis
Operation
Factor Column 1
Product

Mole%

(Table 1)
(Table 2)



Methane
33.3


     

16.04


 534.1

Ethane

33.3


     

30.07


1001.3

Propane
33.4


     

44.09


1472.6


 
------- 








Total
100.0






Total
3008.0


[image: image2.wmf]Conversion

 factor :

 

100.0

3008.0

 

=

 0.03324


Compound
Product




Weight %

Methane
534.1

0.03324
=
17.8

Ethane

1001.3

0.03324
=
33.3

Propane
1472.6

0.03324
=
48.9

_____

Total 100.0

Ref. 
Interconcersion of analysis of C5 and lighter hydrocarbons to gas-volume, liquid-volume, or weight basis; 1995 Annual Book of ASTM Standards, , Petroleum Products and Lubricants (II); ASTM D 2421.
9. Guidelines for cargo tank conditioning prior loading liquefied gases

The change over from one product to a complete different one should be undertaken with great care and expertise. Moreover if the quality of the next cargo is explicitly higher than the quality of the previous cargo or in case purity demands are high and impurity requirements minimal, the change over will be an extensive and specialized operation. When changing grades are preformed one should first investigate the safety compatibility of the consecutive cargoes. In the table herebelow, guidelines for changing cargoes are given.

Explanation of symbols:
O2 content
:
The permissible oxygen (O2) content in vapour phase in volume 


percent.

Dew point
:
The dew point in degrees Celsius.

W

:
Waterwash.

N2

: 
Nitrogen purge only.

N2/I

:
Nitrogen or inert gas purge.

L.F.

:
Cargo tanks, lines, cooling equipment, etc. must be liquid free.

V

:
Visual inspection (Be aware of the TLV values of the product).

Rest. Vap.
:
Amount of previous cargo permitted in the vapour phase at tank 


bottom level in volume percent.

This table must be regarded as a minimum guideline only. The final cargo tank conditions prior to loading will be given by the characters. Notwithstanding anything else contained herein, owners remain fully responsible for maintaining the condition of the cargo as it is received on board the vessel.

Changing grades guidelines

next 
cargo
ammonia
butane
butadiene
raff-1
(butene)
c4-raff
ethylene
propane
propylenepolym.grd
propylenechem.grd
propylen
refin.grd
p.o.
v.c.m.
c4-crude

O2 content
dewpoint 
<8%
<0.5%
<0.2%
<0.3%
<0.3%
<0.3%
<-50C
<0.5%
<0.3%
<-25C
<0.3%
<0.3%
<500 ppm
<0.1%
<0.2%

Previous cargo














ammonia

rest vap.

V,N2/I
W,V,N2/I
W,V,N2/I


W,V,N2/I
W,V,N2
V,N2/I
W,V,N2
W,V,N2
W,V,N2
NOT

Permitted
W,V,N2
W,V,N2/I

butane

rest vap.
N2
<5%

N2/I

<2%
N2/I

<5%
L.F.
V,N2
N2/I

<5%
V,N2
V,N2
L.F.
V,N2
V,N2
L.F.

butadiene

rest vap.
V, N2
L.F.

N2/I

<5%
N2/I

<25%
V,N2
N2/I

<5%
V,N2
V,N2
V,N2
V,N2
V,N2
L.F.

raff-1

rest vap.
V, N2
L.F.
N2/I

<5%

L.F.
V,N2
N2/I

<5%
V,N2
V,N2
V,N2
V,N2
V,N2
L.F.

C4-raff

rest vap.
V, N2
L.F.
N2/I

<2%
N2/I

<25%

V,N2
N2/I

<5%
V,N2
V,N2
V,N2
V,N2
V,N2
L.F.

ethylene

rest vap.
N2
<5%
L.F.
N2/I

<5%
N2/I

<5%
N2/I

<5%

N2/I

<5%
N2
<3000 ppm
N2
<3000 ppm
N2
<5%
V,N2
N2
<1000ppm
N2/I

<5%

propane

rest vap.
N2
<5%
L.F.
N2/I

<5%
N2/I

<5%
N2/I

<5%
N2
<1000ppm

N2
<5%
N

<5%
L.F.
V,N2
N2
<1000ppm
N2/I

<5%

propylene

polymer grd

rest vap.
N2
<5%
L.F.
N2/I

<5%
N2/I

<5%
N2/I

<5%
N2
<1000ppm
N2/I

 <5%

L.F.
L.F.
V,N2
N2
<1000ppm
N2/I

<5%

propylene 

chemical grd

rest vap.
N2
<5%
L.F.
N2/I

<5%
N2/I

<5%
N2/I

<5%
N2
<1000ppm
N2/I

<5%
N2
<5%

L.F.
V,N2
N2
<1000ppm
N2/I

<5%

propylene 

refinery grd

rest vap.
N2
<5%
L.F.
N2/I

<5%
N2/I

<5%
N2/I

<5%
V,N2

N2/I

<5%
N2
<5%
N2
<5%

V,N2
N2
<1000ppm
N2/I

<5%

P.O.
W,V,N2
W,V,N2/I
W,V,N2/I
W,V,N2/I
W,V,N2/I
W,V,N2
W,V,N2/I
W,V,N2
W,V,N2
W,V,N2

W,V,N2
W,V,N2/I

V.C.M.
V, N2
V,N2/I
V,N2/I
V,N2/I
V,N2/I
V,N2
V,N2/I
V,N2
V,N2
V,N2
V,N2

V,N2/I

Crude C4

rest vap.
V, N2
L.F.
N2/I

<5%
N2/I

<5%
N2/I

<5%
V,N2
N2/I

<5%
V,N2
V,N2
V,N2
VN2
,N2


10. Purging operations of gas carriers
10.1. Nitrogen consumption for dilution method :
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10.2. Conversion of nitrogen quantities :
· 1 liter liquid nitrogen ( -196 °C) = 0.8086 kg = 691 liter vapours (at 15 °C and 1 bar)

· 1 kg of nitrogen = 855 liter vapours (at 15 °C and 1 bar)

Ref. 
Encyclopedie des Gaz, L'air Liquide, Division Scientifique, Elsevier Scientific Publishing Company, 1976, ISBN 0-444-41492-4. 
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