QH“y) Designation:; F 1115 — 95 (Reapproved 2001)

Standard Test Method for
Determining the Carbon Dioxide Loss of Beverage
Containers 1!

This standard is issued under the fixed designation F 1115; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope 3.2.2 initial pressure—the equilibrium pressure in the test

1.1 The objective of this test method is to determine thePottles as measured at 24 h after filling with carbonated water.
carbon dioxide (CQ) loss from plastic beverage containers (The filled bottles are allowed to stand for 24 h to obtain
after a specified period of storage time. temperature equilibrium with the test environment and to allow

1.2 Factors contributing to this pressure loss are volumdMme for pressure adjustment and equilibration of the, @0

expansion and the gas transport characteristics of the packafte headspace and liquid.) .
including permeation and leakage. 3.2.3 sample—a set of bottles produced on the same equip-

1.3 This standard does not purport to address all of theMent in a single run and using the same material and process
safety concerns, if any, associated with its use. It is thgonditions. Bottles should represent normal thickness distribu-

responsibility of the user of this standard to establish appro-!on- .

bility of regulatory limitations prior to use. retain a specified carbonation level, or a percent of the initial

level.

2. Referenced Documents 3.2.5 pressure monitoring devieea pressure gage or trans-
2.1 ASTM Standards: ducer assembly with support electronics for indicating internal
D 1129 Terminology Relating to Wafer pressure level of the bottle. This device is used with brass
D 1193 Specification for Reagent Water closure fitting-equipped bottles. _

E 177 Practice for Use of the Terms Precision and Bias in 3-2.5.1temperature monitoring devieea thermocouple
ASTM Test Method3 with support electronics (same equipment as described in
E 380 Practice for Use of the International System of Units/-2-2). A precision glass thermometer may be used provided a
(SI) (the Modernized Metric Systef) bottle filled with noncarbonated water is used as a control in
E 691 Practice for Conducting an Interlaboratory Study tofach sample set (Procedure A). o .
Determine the Precision of a Test MetRod 3.2.6 Terriss CQ Analyzer—an electronic unit that will
pierce the roll-on closure and automatically read pressure,

3. Terminology temperature, and volume of gas (Procedure B).

3.1 Units, symbols, and abbreviations used in this test 3.2.7 Zahm-Nagle Pressure Testem unit that manually
method are those recommended by Practice E 380. pierces the closure and measures container pressure; an at-
3.2 Definitions of Terms Specific to This Standard: tached thermometer is then used to measure temperature

3.2.1 carbonation volume-the volume of CO,(at 0°C, 1 (Procedure B).
atm pressure) that is dissolved in the carbonated water, divided 3.2.8 support ring—a protrusion below the bottle finish
by the volume of the liquid (based on water volume at 3.98°QVhich is used to support or stabilize the bottle during filling
equals 1.000 g/ci). The conversion of pressure to carbonationand capping.
volumes should be made using a carbonation volumes table. A 3.2.9 finish—the threaded part of the bottle which receives
table for carbonated water would not necessarily apply tdhe cap.
liquids containing additional substances, such as carbonated3.3 For other terms used in this test method, refer to
beverages containing sugar. Terminology D 1129.

4. Summary of Test Method

This test method is under the jurisdiction of ASTM Committee F2 on Flexible 4.1 Test bottles are filled with carbonated water or beverage

Barrier Materials and is the direct responsibility of Subcommittee F02.30 on Test

Methods. and, after closure application, are exposed to test environments
Current edition approved Sept. 10, 1995. Published March 1996. Originallyfor specified time periods. By periodically measuring the initial
published as F 1115 - 87. Last previous edition F 1115 - 87. and final carbonation levels in the container, the loss and rate
2 Annual Book of ASTM Standardgol 11.01. b lculated
2 Annual Book of ASTM Standardgol 14.02. can be calculated.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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5. Significance and Use 7.1.6 Micrometer or Ultrasonic Thickness Gageapable of

5.1 Two procedures, A and B, are outlined in this testMéasuring to within 0.001 in. or less (optional).
method. Procedure A is used most often for development of /-2 Procedure A _
various beverage container designs to determine the functional 7-2-1 Machined Metal Cap(see Fig. 1).
characteristics of the package in regard to shelf life. Procedure 7-2.2 Temperature-Measuring Deviceapable of accurately
B is recommended for use in beverage filling operations as g'éasuring temperature in increments of 0.1°C or less in a
quality control tool in maintaining the desired G@Il pres-  fange from 18 to 32°C (65 to 1OQ°P:)-
sure. A loss of CQwill affect product taste. 7.2.3 Pressure-Monitoring Device _

5.1.1 Procedure A involves the use of sensitive pressure and /-2-4 Fillpoint-Level Syringe Assemblfsee Fig. 2).
temperature monitoring equipment where a high degree of /-3 Procedure B _ _
accuracy is essential, for example, a micro-pressure transducer’-3-1 Pressure- and Temperature-Measuring Device
and thermocouple for measuring pressure and temperature gf Reagents and Materials
the package in a closed system. Alternatively, this procedure’ 9
may also use bottles closed with roll-on aluminum caps 8.1 Water carbonated to a level sufficient to ensure a
Containing rubber Septums' The Septum is pierced with éninimum carbonation level of 4.5 volumes in the filled bottles.
hypodermic needle attached to a pressure transducer to obtdf¢agent water conforming to Type IV of Specifications D 1193
pressure readings. This procedure should be confined @ better shall be used.
laboratories that are practiced in this type of analytical testing.

5.1.2 Procedure B is more widely used when measuringthe
carbonation level of the package due to the simplicity of the sporic Trendicator 410 with copper constantan thermocouple, available from

technique. A simple Zahm-Nagle pressure assembly or Terrigoric Scientific Div., Emerson Electric Co., 3883 Ruffin Rd., San Diego, CA 92123,
Analvzer i tilized. has been found satisfactory for this purpose.
COZ alyzeris u ed ® A Pressure Transducer Model AB 0 to 100 psi, available from Data Instruments,
6. Interf Inc., 6 Hartwell PI., Lexington, MA 02173, with support electronics consisting of a
- Interierences voltmeter calibrated for pressure measurement to within 0.1 psi, has been found
6.1 The following conditions can interfere with the test satisfactory for this purpose. A calibrated pressure gage has also been found to be
results: satisfactory, for example, an Ashcraft Model 25-1009A02L.
: . e 7 A Terriss Unit, available from Terriss-Consolidated Industries, Box 110B,
6.1.1 CQ leakage at closure due to defective bottle finish oraspury Park, N3 07712, and a Zahm-Nagel apparatus, available from Zahm and
improper sealing of closure apparatus, Nagel Co., Inc., 74 Hewett Ave., Buffalo, NY 14214, have been found satisfactory
6.1.2 CQ leakage due to improper equipment set-up, for this purpose.

6.1.3 Change in ambient temperature, upsetting the equilib-

rium of the headspace and dissolved fas, i‘ig'g;”"\;?r“
6.1.4 Measurement of pressure before the bottle and liquid 1 Hole

have reached ambient temperature,

6.1.5 Inaccurate thermocouple device used for measuring
the liquid temperature,

6.1.6 Excessive air in the bottle headspace or dissolved in
the liquid,

6.1.7 Inaccurate or erratic pressure monitoring device,

6.1.8 Ambient humidity in the test area,

6.1.9 Age of bottles, and

6.1.10 Excessive bottle-to-bottle variation in the material l— 1 1/2 DIA—
distribution, which may result in a wide variation from bottle to
bottle within the sample population. 12 am
! Il
7. Apparatus Ly Lty i
1

7.1 Procedures A and B :7:_-_-_:::‘5 I N
7.1.1 Bottle Standoptional. 17 LI el 23/32 i

7.1.2 Height Measuring Devigecapable of measuring to knurl ;4 L [~
within 0.001 in. (optional).
7.1.3 Top Loading Balancecapable of weighing to 2500 g
with an accuracy oft0.01 g (optional).
7.1.4 Outside Diameter Measuring Device tape or similar
device (optional}. 28mm Plastic
7.1.5 Carbonated Water or Beverage Dispensing Equip- Thd. Finish
ment Note 1—Break sharp edges. All dimensions are inches unless other-
wise stated. If conversion of dimension is desired, use standard equiva-
lence table.
4 Tape 57399, available from Pl Company, Box 397, Lemon Grove, CA 92045, Material: Brass.
has been found satisfactory for this purpose. FIG. 1 Machined Metal Cap for PET Beverage Bottle Testing
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Drill and Tap for

1/8 in. Allen Head Set
Screw
%’&
S]h
Y i '
o=z
3 4
28 < o
1 |
Stainless
Steel
# '
See
Tip Detail ?-250 !
6.35) ;
Fill Level Silver Solder 'F'
Adjustment Gage
1.500 i o
(38.10) !45
0.526 J
(13.37) '
0.250 0.031 :
(6.35) (0.79)
Tip Detail
Fill Level Adjustment Gage
and Bulb Syringe Assembly e
0.1254
(3.18)

Rottom View

Note 1—Dimensions are in inches and millimetres. Other styles of suction bulbs may be used, including an in-line bulb for use with flexible tubing
attached to the gage. The assembly must be adjusted for the specified fill point (from the top down) for the specific bottle size and style being evaluated.
The gage may be adjusted using a preset syringe adjusting device or other measuring devices such as the vertical height gage (see 7.1.2). @he gage shot
be set 0.050 in. (1.27 mm) less than the specified value to compensate for the extra liquid withdrawn due to the effect of surface tension.

FIG. 2 Fillpoint Level Adjustment Syringe

8.2 Carbon Dioxide compressed (C4. tested at 23°C (73.4°F) 2°C, and 50+ 5% relative
humidity, unless other conditions are agreed upon by the

8.3 Leak-Detecting Solutiof.
parties involved.

9. Conditioning ) .
9.1 Test bottles must be conditioned for at least 72 h and 9-2 Bottles may be tested with or without base cup attached.

10. Procedure A

8Snoop Leak Detector, available from Nupro Company, 15635 Saramac Rd., .
Cleveland, OH 44110, has been found satisfactory for this purpose. 10.1 Apparatus Preparation
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10.1.1 Assemble and calibrate pressure- and temperaturdetermine the quality of the material distribution (optional).

monitoring equipment. 10.5.2 Twenty-four hours after filling, agitate each test
10.1.2 Pressure test assembly at 60 psi using leak detectifgttle to equilibrium pressure for at least 1 min to obtain the
solution. initial values as outlined below:
10.1.3 Check calibration of monitoring equipment. 10.5.2.1 Equilibrium pressure of each bottle,
10.2 Record weight and dimensions of empty and filled 10.5.2.2 Temperature of each bottle or the control bottles,
bottles (optional). 10.5.2.3 Carbonation level (from a carbonation volumes
10.2.1 Weigh each empty bottle to at least 0.01 g. table),

S )
10.2.2 Measure the outside diameter of each empty bottle 10.5.2.4 Bottle height to the bottom of the support ring
using am tape. Measure at the center of the label panel, or Othe(roptional)

previously agreed upon location(s).

10.2.3 Measure the height of each empty bottle to the 18221 Bottliz outside dlamteter (gpm.)tn?l)b itle for at least 1
bottom of the support ring using a vertical height gage or ~ épeat measurements, and agitate bottie for at leas

" ; min prior to measuring pressure and temperature at 3 days, 1
similar equipment.

10.3 Fic?linz Bottles week, 3 weeks, 6 weeks, 8 weeks, 12 weeks, and 16 weeks. If

10.3.1 Using a carbonating unit or similar equipment, fill attached pressure transducers or gages are used, pressure and

containers to the nominal fill level with carbonated Watertemperature may be measured more frequently (for example,

cooled to 5°C (41°F) or below, preferably 1°C (34°F) Samplesweekly) either to allow early prediction of shelf life or to obtain

must be carbonated to no less than 4.5 volumes.Q@3e a rlnore4pr|(:0|hse meaiuréa of the end p;)lr;t.. q f i
Tables X1.1-X1.4 or another table agreed upon by the parties 0.5. the attached septum method Is used, a set of six

involved to determine COcontent by measuring pressure and gl_ass control pottles of the same capacity must be tested along
temperature with the equipment described in Section 7 with the plastic bottles. Average loss of these bottles must be
10.3.2 Using a fillpoint-level syringe, draw liquid Iével subtracted from the loss of the plastic bottles to compensate for

down to the specified fillpoint. CQ; lost from the septum.
10.3.3 Immediately after the fillpoint-level adjustment, ap-
ply the pressure monitoring apparatus tightly to the bottle. D
NOT AGITATE THE BOTTLE. A brass closure fitted with a ~ 11.1 Apparatus Preparation
micropressure transducer or pressure gage (see Fig. 3) and all.1.1 Ensure proper calibration of the Terris Unit or
thermocouple capable of reading within increments of 0.1°CZahm-Nagle Apparatus using appropriate manufacturer’s
and 1.0 psi, respectively, or a roll-on aluminum closure fittedguidelines.
with a rubber septum have been found satisfactory for this 11.1.2 Pressure test assembly to ensure no pressure leakage
purpose. will occur.
10.3.4 Fill a minimum set of five bottles for each sample. 11.2 Test Initiation

10.3.5 Ifthe testing device used does not have atemperature1 2 1 This test method usually involves filled product
sensing probe inside the bottle, fill another bottle with coldcontainers selected from a commercial beverage location.
noncarbonated water to use as a temperature control for this sgject a random sample of at least 50 bottles.
of bottles. This bottle should be kept with this set during 11 55 commercially filed and capped bottles are not
storage, agitation, and testing. Its temperature shall be “S_ed f3(/ailable, fill the bottles with either carbonated water or
the temp_erature of each bottle in the set when determlmngroduct and apply aluminum roll-on closures using a capper.
carbonation level, : . . . 11.2.3 Using the Terris Unit, Zahm-Nagle Apparatus, or

10.4 Pressure Adjustment and Equilibration of Filled similar device, pierce the closure and measure the pressure and
Bottles ' . temperature of at least six bottles.

10.4.1 Allow filled bottles to come to ambient storage 11.2.4 Agitate each bottle for at least 1 min until the

temperature, and let stand for 24 h in the test environment. equilibrated pressure and temperature is achieved. This is

10.4.2 After bottles have equilibrated for 22 h at amb'entiadicated when the maximum pressure is reached.

temperature, agitate the bottles for at least one min using han

shaking or mechanical agitation to ensure proper equilibration 11.3 Measurements . .

of headspace and dissolved £Gnift pressure or add C@as 11.3.1 Follow the procedure given in 10.5.2 and 10.5.3.

as required to adjust the carbonation level to 4.0 volumes  11.3.2 A sample size of at least 50 bottles is needed for a

0.05 volumes according to a carbonation volumes table. ThiPng-term test. Since each bottle is destroyed at each test

starting CQ level is critical. interval, a minimum of five bottles are needed at each interval
10.4.3 After a total of 24-h equilibration, again agitate theoutlined in 10.5.3.

test bottles and determine their carbonation level. If any bottle )

has a carbonation level of 3.95 volumes or less, discontinué2: Calculation

testing of that bottle. 12.1 Calculate the percent of G@etention for each bottle
10.5 Measurements after each measurement (based on an initial carbonation level
10.5.1 Before filling bottles for the carbonation level test,of 100 %). Calculate the mean average of the,@Glumes to

measure wall thickness profile using suitable equipment taletermine the percent GQ@etention of that sample.

1. Procedure B
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Rubber Septum, or a Pressure Gage,

0 to 100 psi, 1 % accuracy

such as Ashcroft 25-1009A02L or

other pressure/temperature sensing device

—— . _ DBell Reducer
' Brass a in. by Vs in. NPT

g‘-‘* /8 in. NPT Brass Nipple

Tank Valve
NAPA 90-290 m —————— s in. NPT Brass Tee

or equivalent

T 4in. NPT Brass Nipple

Machined Brass
Cap (Fig. 1) \ O

1.125 in. OD by 0.625 in. ID by 0.125 in. Thick — N
Rubber Gasket, Garlock White Neoprene
Style 2612-W or equivalent or other

suitable rubber gasket material

SEALANTS

Gage to Brass Bell Reducer:
Teflon Tape-Type Pipe Sealant

Other Brass to Brass Joints:
Epoxy Resin Cement (for ex-
ample, Smooth-On’s Metalset A4)

FIG. 3 Pressure Monitoring Assembly

12.2 Plot this data as volumes of GOr percent carbon- 12.3.1 As a gquideline, tests on 2-L bottles should be
ation retention versus time from the initial reading on rectan-continued for at least 16 weeks; a 15 % carbonation loss can be
gular coordinate graph paper and draw a smooth curve througlsed as a guideline to determine the accepted performance (see
the data points. Fig. 4).

12.3 Obtain shelf-life time from the graph by noting the 12.4 Alternatively, standard statistical methods may be used

time (in weeks) at which the carbonation level drops below theéo analyze this data and obtain the shelf life.
specified minimum carbonation level. 12.5 Calculate the percent change for each bottle dimension
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oy 13.3.4 Mean average percent change of each dimension
\ measured on each sample as defined in 3.4 (optional).
o . 13.4 Graph of average percent carbonation retention versus
o~ time for each sample.
b 13.4.1 Shelf life obtained from this graph.
T 13.4.2 Slope of the line.
g7 \'\ 13.5 Type of carbonation volumes table used, if different
\ from Tables X1.1-X1.4.
v ™~ 13.6 Pressure and temperature measurement device used.
h» 13.7 Type of closure used.
2 \ 13.8 Conditioning and testing environment if other than
\ specified in 9.1.
{\\ 14. Precision and Bias

14.1 Testing—The data given in Tables X1.1-X1.4 were
obtained using Procedure A of this test method. Only one
laboratory participated in the data collection. From a single lot
of polyethylene terephthalate (PET) more than 100 preforms

0 1 2 3 4 5 6 7 8 5 0
Time, Weeks

FIG. 4 Example of Carbonation Retention as a Function of Time

for V»-L PET Bottles were molded, stretch blown into 2-L bottles, and then evalu-
ated for carbon dioxide pressure loss. Twelve bottles were
measured, based on the initial values (optional). randomly selected from the group for the evaluation. Measure-
ments were taken initially and weekly during 16-week test
13. Report period until a 15 % carbonation loss was observed. Another lot
13.1 The report shall include the following: of PET was also molded at a later date into more than¥:€0
13.1.1 Number of bottles in the sample. preforms and stretch blown into bottles in a similar fashion as
13.1.2 Nominal bottle capacity, size, and style. the before mentioned 2-L bottles. Eighteen bottles were ran-
13.1.3 Initial weight, empty and filled, of each bottle, and domly selected from this group and evaluated for their carbon
thickness profile (optional). dioxide pressure loss by the method. The measurements for
13.2 Measurement values for each bottle at each timghis set were taken initially and weekly for 10 weeks until a
interval. 15 % carbonation loss was observed. All of the testing was
13.2.1 Overall height to bottom of support ring (optional). carried out at ambient conditions in the laboratory with a
13.2.2 Height to liquid level (optional). temperature range of 20 to 25°C and 30 5% relative
13.2.3 Outside diameter (optional). humidity.

13.2.4 Pressure of each bottle. 14.2 Variability— Since only one laboratory participated in
13.2.5 Temperature of each test bottle or temperature dhe evaluation, the repeatability and reproducibility could not
each control bottle. be calculated. However, from the data obtained, the expected

13.3 Calculated values at each time interval. standard deviation could be calculated. As would be expected,

13.3.1 Mean average sample carbonation level, obtainetthe ¥>-L bottles gave more variation in the measurement and
from a carbonation volumes table. indicated a standard deviation of 1.455. The 2-L bottles has a

13.3.2 Mean average sample percent carbonation loss frostandard deviation of 0.817. There was a slight upward trend
the initial value. noted for the standard deviation of the 2-L set with respect to

13.3.3 Mean average percent carbonation retention of eadhcreasing carbonation loss while the standard deviation of the
sample. ¥2-L set remained fairly constant.
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APPENDIX

(Nonmandatory Information)

X1. CARBONATION VOLUMES TABLES

X1.1 Tables X1.1-X1.4 give carbonation volumes.



PSIG—3m=0
TEMP
oF
105 48
104 48
103 49
102 50
101 50
100 51
99 52
98 53
97 53
96 54
95 55
94 56
1 57
92 57
9 58
90 59
89 60
88 61
87 62
86 63
85 64
84 65
83 66
82 67
81 68
80 69
79 70
78 72
77 73
76 74
75 7%
74 76
73 78
72 79
n 81
70 82
69 83
68 85
67 86
66 88
65 90
84 91
63 93
62 95
61 9%
60 98
59 1.00
58 102
57 104
56 1.06
5 108
54 111
53 113
52 115
51 147
50 120
49 122
48 125
47 1.28
46 130
45 133
44 136
43 139
@ 1.4
41 145
0 14
38 152
38 15
37 189
3% 183
3 167
34 171
33 175
32 179
PSIG—={

51
52
53
53
54

55

56
57
58

59
60
81
62
62

63
64

66
67

68
70
Al
72
73

74
75
7
78
79

80
82
83

86

88
.83
91
92
94

96
.98
99
1.01
1.03

1.05
1.07
1.08
11
113

1.16
1.18
1.20
1.23
125

1.28
1.31
1.33
136
1.39

1.42
1.45
1.49
1.52
1.55

159
1.62
166
1.70
174

1.78
1.82
1.87
1.91

55
55
56
57
58

58

60
61
62

63
64
65
66
67

68
69
70
7
7

73
74
75
76
78

.79
80
.82
83
84

86
.87
89

92

93
95
97
98

Z3828

12
14
16
18
1.21

1.23
1.26
1.28
1.3¢
133

1.36
1.39
1.42
1.45
1.48

1.51
155
1.58
1.61
1.65

1.68
173
177
181
1.85

1.88
1.94
1.98
2.03
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TABLE X1.1 Volumes of Carbon Dioxide Gas (at STP) Dissolved per Volume of Water (at 3.98°C)

3

58
59

60
61

62
63
64
65
66

67
68
69
70
71

72
73
74
75
76

77
79
80
81
82

.84
85

88
.89

9
92
94

97

99
1.01
102
1
1

1

1.10
1.12
1.14
1.16

1.19
21
123
1.26
128

1.31
133
1.36
1.39
141

1.44
1.47
1.50
1.54
157

1.60
164
167
1.7
175

179
183
1.87
191
1.96

2.00
205
210
2.15

4

62
62

64
65

66
67
.68
69
70

7
72
73
74
75

76
7
.78
79
81

82
83
84
86
87

89
90
91
93
95

96
98
99
1.01
1.03

105
1.06
108
1.10
112

1.14
1.16
1.19
1.21
123

1.25
1.28
1.30
1.33
1.35

138
141
1.44
1.46
1.49

1.62
1.56
1.59
1.62
1.66

1.69
173
177
181
1.85

1.89
198
1.98
2.02
2.07

212
217
222
227

5

65
66

68
69

70
7
72
73
74

75
76
77
78
79

80
81
83

85

86
88
89
91
92

93
95
96
98

1.01
1.03
1.08
1

108

110
112
114
1.16
118

120
1.23
125
127
1.30

1.32
1.35
1.37
1.40
1.43

1.45
1.48
1.51
1.54
157

161
1.64
167
1.71
175

1.78
182
1.86
190
1.95

199
2.03
2.08
213
218

223
2.28
234
239

6

69
69
70
n
72

73
74
75
78
77

79
80
81
82
83

84
86
87
.88
90

91
92
94
95
97

98
1.00
1.01
1.03
105

1.07
1.08
1.10
1.12
1.14

1.16
1.18
120
122
1.24

1.27
1.29
1.31
1.34
1.36

1.39
141
1.44
1.47
1.50

153
1.56
1.59
1.82
1656

169
172
176
1.80
1.83

1.87
191
1.96

2.04

209
2.14
218
2.24
2.29

2.34
2.40
245
2.51

7

72
73
74
75
78

77
78
79
80
81

82
84
85
86
87

89
30
91
93
94

95
97
98
1.00
1.01

03
05

08
10

112
1.14
1.16
117
1.19

122
124
126
1.28
1.30

1.33
1.35
1.38
1.40
1.43

1.45
1.48
1.51
1.54
1.57

1.60
163
1.66
1.70
173

177
1.81
1.84
1.88
1.92

1.96
20
2.05
209
214

219
224
229

2.40

2.45
2.51
257
2.63

8

75
76
77
78
80

81
82

84
85

86
88
89
90
91

93
94
95

98

1.00
1.01
103
1.05
3

1

1.10
111
113
1.15

117
119
121
123
125

127
1.29
1.32
1.34
1.36

138
1.41
1.44
147
1.49

1.52
1.55
1.58
161
164

167
1.7
174
178
1.81

1.85
1.89
1.93
1.97
2.01

2.05
2.10
2.14
219
2.24

229
2.34
239
245
251

2.56
262
269
275

9

73
80
Al
82
83

84
85
87
88
89

90
92
93
94
95

97
98
1.00
1.01
1.03

1.04
1.06
1.08
1.09
11

113
114
1.18
1.18
1.20

122
1.24
1.26
128
131

133
135
1.37
1.40
1.42

1.45
1.48
150
1.53
156

1.59
1.62
165
1.68
1.7

175
178
1.82
1.85
189

193
1.97
201
2.08
210

2.14
219
2.24
229
2.34

239
2.44
250
2.56
2,61

268
274
280
2.87

10

82
83
85
86
87

88
89
90
92
93

94
95
97
98
1.00

1.01
1.03
104
1.06
1.07

1.09
110
112
114
116

1.17
1.19
1.21
1.23
125

127
129
132
1.34
1.36

138
1.41
1.43
1.46
1.48

1.5t
1.54
157
1.60
162

1.66
169
172
1.75
179

182
1.86
1.89
1.93
197

201
2.05
210
2.14
219

223
2.28
2.33
238
2.43

249
2.54
260
266
2.72

279
285
292
299

"

86
87
88
89
90

92
93
94
95
97

98
99
1.0
1.02
1.04

05
07
08
10
12

13
15
17
19
120

122
1.24
126
128
1.30

1.32
135
137
139
1.42

1.44
147
1.49
152
1.54

157
1.60
163
1.66
168

172
175
179
1.82
1.86

1.89
193
197
2.01
205

209
2.14
218
223
227

232
237
242
248
253

259
2.65
2N
277
2.83

2.80
297
3.04
an

12

89
.90
92
93
94

95
.97
98
99
1.01

1.02
1.03
1.08
1.06
1.08

1.08
m
1.13
114
1.16

1.18
1.20
121
123
125

127
129
1.31
133
135

1.38
1.40
1.42
1.45
1.47

1.50
152
1.55
158
1.60

163
1.66
169
172
176

179
1.82
186
1.89
193

197
201
2.05
2.09
213

217
222
226
23
236

241
2.46
252
2.57
263

2.69
2.75
281
287
2.94

3.01
3.08
315
323

14
15
17
19
1.20

122
1.24
126
1.28
1.30

1.32
1.34
1.36
1.38
1.41

1.43
1.45
1.48
150
153

1.55
158
161
164
1.66

169
172
176
179
182

186
1.89
183
1.96
2.00

204
208
212
216
22

225
230
235
240
245

250
255
281
267
273

279
285
291
2.98
3.05

312
319
327
335

96
97
99
1.00
1.01

1.08
1.04
1.05
1.07
1.08

1.10
BN
113
114
1.16

1.18
1.19
121
123
125

1.27
129
1.3
133
135

137
1.39
141
143
1.46

1.48
1.50
1.53
1.56
158

161
164
1.66
1.69
172

175
1.79
182
1.85
188

192
1.96
2.00
2.03
207

2N
215
2.20
224
229

233
2.38
2.43
2.48
253

2.59
264
270
276
2.82

2.88
295
3.02

316
3.23
kX

338
3.47

1.00
1.01
1.02
1.04
1.05

1.06
1.08
1.09
1
112

1.14
1.15
117
1.18
1.20

122
124
125
127
1.29

1.31
133
135
137
1.39

1.41
144
1.46
1.48
1.51

153
1.56
1.68
161
1.64

1.66
169
1.72
175
1.78

182
185
1.88
1.92
195

199
2.03
206
210
214

219
223
227
232
237

241
2.46
2.52
2.57
262

2.68
274
279
2.86
292

298
305
3.12
3.19
326

334
3.42
3.50
358

1.03
1.04
1.06
1.07
1.09

1.10
iR
113
114
1.16

1.18
119
1.21
1.23
1.24

1.26
128
1.30
1.32
1.34

1.36
1.38
1.40
1.42
1.44

1.46
1.49
1.51
1.63
1.56

1.58
161
164
1.66
169

1.72
175
178
181
1.84

1.88
1.9t
1.94
198
202

205

213
2.7
222

226
2.30
2.35
2.40
2.44

249
2.55
260
285
2n

277
2.83
289
2.85
3.02

3.08
3.15
3.22
3.30
337

3.45
3.53
3.62
370

17

1.07
1.08
1.09
1
1.12
1.14
115
117
1.18
120

121
123
125
127
128

1.30
1.32
1.34
1.36
1.38

1.40
1.42
1.44
1.46
1.49

1.51
153
1.56
.58
1.61

163
1.66
169
172
175

1.78
1.81
1.84
1.87
1.90

1.94
197
2.0
204
208

212
2.16
220
2.24
229

2.33
238
2.42
247
252

2.57
2.63

274
280

286
292
298

31

3.18
325
333
3.40
348

3.56
3.64
373
382

18

1.10
1
113
114
1.16

117
1.19
1.20
122
1.24

125
127
1.29
1.31
1.32

1.34
1.36
1.38
1.40
1.42

1.44
1.47
1.48
151
1.53

1.56
1.58
161
163
1.66

169
171
174
177
1.80

183
1.86
1.80
193
1.96

2.00
2.03
207
211
215

219
2.23
227
2.3
236

240
245
2.50
2.55
2.60

2865
27
2.7
282
288

2.94
3.0
307
3.14
2

328
335
343
3.51
3.59

367
376
385
394

19

113
1.18
1.16
1.18
1.19

1.21
122
1.24
126
1.27

129
1.3
133
135
137

1.38
1.40
1.42
1.45
1.47

1.49
1.51
1.53
156
1.58

161
1.63
166
168
171

174
177
1.80
1.83
1.86

1.89
1.92
1.95
199
2.02

2.06
2.10
213
217
221

225
2.30
234
2.38
243

248
253
258
283
288

273
279
285
291
297

3.03
310
318
323
3.30

338
3.45
353
36t
370

378
387
3.9
4.05

20

117
1.18
1.20
121
123

126
1.26
128
130
1.31

1.33
1.35
1.37
139
1.4

143
145
147
1.49
151

1.53
1.56
1.58
1.60
1.63

165
1.68
171
173
1.76

1.79
1.82
1.85
1.88
191

194
1.98
20
2.05
208

212
216
220
224
228

2.32
2.3
2.41
245
250

2.85
2.60
2.65
270
276

2.81
287
293
299
3.06

3.12
3.19
326
3.33
3.40

348
355
383
3.72
380

389
398
4.08
417

20

21

1.20
122
123
125
127

128
130
132
133
1.35

1.37
1.39
141
143
1.45

1.47
1.49
1.51
153
1.55

1.58
1.60
1.62
1.65
1.67

170
173
175
1.78
1.81

1.84
187
1.90
1.93
1.97

2.00
2.03
207
210
2.14

218
2.22
226
2.30
234

239
243
2.48
252
257

2.62
267
273
278
284

2.8%
295
301
3.08
314

321
3.28
335
3.42
3.50

357
3.65
374
382
391

4.00
4.09
4.19
429

21

2

1.24
128
127
128
130

132
1.34
1.35
1.37
1.39

1.41
1.43
1.45
1.47
1.49

1.51
1.83
1.55
1.57
160

1.62
165
1.67
1.70
1.72

1.75
1.78
1.80
1.83
1.86

1.89
1.92
185
1.99
202

2.05
209
213
2.16
220

224
2.28
232
2.36
2.41

245
250
2.54
259
264

2.68
275
2.80
2.86
291

2.97
3.03
310
3.16
323

3.30
3.37
3.44
352
3.58

387
375
384
393
4.02

an
421
4.30
4.41

22

23

127
129
1.30
132
134

135
137
1.39
141
143

1.45
147
1.49
1.51
153

1.55
1.57
1.59
1.62
164

1.67
169
172
1.74
177

180
182
185
1.88
1.91

1.94
197
201
2.04
208

21
215
2.18
222
226

2.30
234
238
2.43
2.47

252
256
2.61
2.66
2N

271
282
2.88
293
299

3.05
312
318
3.25
33

3.38
346
3.53
361
3.69

377
3.85
394
4.03
4.12

4.22
432
4.42
452

23

2

1.31
132
1.34
1.36
1.37

139
1.41
1.43
1.45
1.47

1.49
151
1.53
1.85
1.57

1.59
161
1.64
1.66
1.68

1.7
174
1.76
179
1.82

184
1.87
1.90
1.93
1.96

1.99
203
206
2.09
213

217
220
2.24
2.28
2.32

2.36
2.40
245
2.49
254

2.58
2863
2.68
273
2.78

284
289
2.35
30
307

3.13
3.20
326
3.33
340

3.47
355
3.62
370
378

387
3.85
404
413
4.23

4.33
443
4.53
484

24

25

134
1.36
1.37
1.39
1.41

143
145
1.46
1.48
1.50

1.52
154
1.57
1.58
161

1.63
1.66
1.68
1.70
1.73

1.75
178
1.81
183
186

189
1.92
185
198
201

2.05
2.08
zn
215
218

2.22
226
230
234
238

2.42
246
2.51
255
2.60

2.65
270
275
280
2.86

2.91
2.97
3.03
309
315

3.21
3.28
335
3.42
3.49

3.56
364
3n
380
3.88

396
4.05
414
4.24
4.34

4.44
454
4.65
476

25

26

1.37
139
1.41
1.43
1.44

1.46
1.48
150
1.52
154

1.56
1.58
1.61
1.63
1656

1.67
1.70
1.72
175
1.77

1.80
182
1.85
1.88
1.91

194
197
2.00
203
2.06

210
213
217
220
224

2.28
232
2.36
2.40
2.44

2.48
253
257
262
267

2N
277
2.82
287
293

2.98
3.04
3.10
316
3.23

329

343
3.50
357

3.85
73
3.81
389
3.97

4.06
415
4.25
434
4.44

4.54
4.65
4.76
487

26

27

141
1.43
1.44
1.46
1.48

1.50
1.52
1.54
1.56
1.58

1.60
162
164
1.67
1.69

1.7
174
1.76
179
1.82

184
187
1.90
193
1.96

1.99
2.02
205
208
21

215
2.18
222
2.26
228

233
237
2.41
245
250

2.54
2.59
2.63
268
273

278
283
2.89
294
3.00

3.05
311
318
324
330

3.37
3.44
351
358
3.66

374
382
3.90
3.98
4.07

416
4.25
4.35
445
4.55

4.65
476
487
4.9§

27

28

1.44
1.46
1.48
1.50
1.52

154
156
158
1.60
1.62

1.64
1.66
168
1.71
173

176
178
181
1.83
1.86

189
1.91
1.94
197
2.00

2.03
206
2.10
213
216

220
223
2.27
231
2.35

239
243
2.47
251
2.56

260
2.65
270
274
279

285
2.90
295
301
3.07

313
3.18
325
331
338

3.45
352
3.58
3867
374

3.82
390
399
408
4.16

426
4.35
4.45
455
4.65

478
4.87
4.99
5.10

28

2%

148
150
1.51
1.53
155

157
159
1.61
163
1.66

1.68
170
172
175
177

1.80
1.82
185
187
1.90

193
1.96
199
202
2.05

2.08
2n
215
218
221

2.25
229
2.32
2.36
2.40

244
2.48
253
257
2.62

266
2
2.76
281
2.86

29
297
3.02
308
3.14

320
3.26
3.32
339
346

353
360
387
375
3.83

391
399
4.08
417
4.26

435
4.45
455
4.65
476

487
498
5.10
522

29

30

1.51
153
1.85
157
1.59

1.61
1.63
185
1.67
169

1.72
174
1.76
1.79
1.81

1.84
1.86
1.89
1.92
1.95

187
200
2.03

210

213
218
219
2.23
226

2.30
234
238
242
2.46

250
2.54
258
2863
267

272
271
282
287
2.92

298
303
309
315
321

3.27
333
3.40
3.47
354

361

3.76
383
3.91

4.00
4.08
417
4.26
4.35

445
455
465
476
4.87

4.98

521
534

30

PSIG
TEMP
°F
105
104
103
102
101

100
99
98
97
96

95
94
93
92
9N

80
83
88
87
86

85
84
83
82
81

80
79
78
77
76

75
74
73
72
n

70
69

87

65

63
62
61

60
59
58
57
56

55
54
53
51

50
49

47
46

45
43
42
41

40
38

37
36

35

33
32

PSIG



PSIG—»=31

TEMP

oF
105
104
103
102
101

100
99
98
97
96

95
94
93
92
g1

90
83
88
87
86

85
84
83
82
81

80
79
78
n
76

75
74
73
72
n

70
69
68
67
66

65
64
63
62
61

60
59
58
57
56

55
54
53
52
51

50
49
48
47

1.55
1.56
1.58
1.60
1.62

1.64
1.67
1.69
1M
173

1.76
1.78
1.80
1.83
1.85

1.88
1.91
1.93
1.96
199

2.02
2.05
2.08
2.1t
214

217
221
224
228
23

235

2 43
247
251

2.55
2.60
264
269
273

278
2.83
2.88
293
299

3.04
3.10
3.16
322
328

34
34
3.47
354
3.61

3.68
376
384
3.92
4.00

4.08
417
426
4.35
445

4.55
465
475
4.86
497

5.08
5.20
5.33
5.45

PSIG—-31

32

1.58
1.60
1.62
1.64
1.66

1.68
170
1.72
1.75
1.77

1.79
1.82
1.84
1.87
1.89

1.92
1.95
1.97
2.00
2.03

2.06
2.09
212
216
218

222
226
229
2.33
2.3

240

2.48
252
2.56

2.61
2.65
270
2.74
279

284
2.89
284
3.00
3.05

KR
317
322
328
3.3

34
348
3.55
3.62
369

3.76
384
392
4.00
4.09

417
426
435
4.45
4.54

4.64
475
485

5.08

5.19
831
5.44
§.57
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TABLE X1.2 Volumes of Carbon Dioxide Gas (at STP) Dissolved per Volume of Water (at 3.98°C)

33

1.61
1.63
1.65
1.67
170

1.72
174
176
178
1.81

183
1.86
1.88
1.91
183

1.96
1.99
2.02
2.05
2.08

2.1
2.14
217
220
223

227
2.30
2.34
2.38
2.41

2.45
249
2.53
2.58
262

2.66
27N
275
2.80
2.85

290

301
3.06
3.12

3.7
323
329
3.35
342

348
355
3.62
3.69
37

3.84
3.9
4.00
4.09
417

4.26
435
4.44
4.54
464

4.74
4.84
495
5.07
5.18

5.30
5.42
5.55
5.68

34

1.65
1.67
1.69
171
1.73

176
1.78
1.80
1.82
185

187
1.80
1.82
1.95
1.97

2.00
2.03
2.06
2.09
2.12

2.15
2.18
221
2.25
2.28

2.3
2.35
2.39
2.43
2.46

2.50
2.54
2.59
263
267

272
276
281
2.86
2.91

2.9
M
3.07
3.12
3.18

3.24
330
3.36
3.42
3.49

3.56
363
370
3
3.84

3.92
4.00
4.08
417
4.26

4.35
4.44
453
463
473

484
494
5.0
517
5.29

5.41
5.53
5.66
5.80

35

1.68
1.70
172
174
177

1.79
1.81
1.84
1.86
1.88

1.91
1.93
1.96
1.99
2.01

2.04
207
2.10
213
2.16

2.18
2.23
226
228
233

2.36
2.40
2.44
248
251

2.56
260
264
2.68
273

277
2.82
2.87
292
2.97

3.02
3.07
313
319
3.24

3.30
3.3
343
3.49
3.56

3.63
3.70
k¥ 1)
3.84
3.92

4.00
4.08
417
4.25
4.34

443
453
4.62
472
483

493
5.04
$.15
527
5.39

551
5.64
577
5.91

36

1.72
1.74
1.76
1.78
1.80

1.82
1.85
187
1.90
182

1.85
1.97
2.00
2.03
2.05

2.08
2.1
2.14
217
2.20

2.24
227
2.30
234
231

2.41
2.45
2.49
2.52
2.56

261
285
2.69
273
278

2.83
287
292
297
3.03

3.08
3.13
19
3.25
3.3

3.37

3 49
3.56
3.63

3.70
37
384
382
4.00

4.08
4.16
4.25
4.33
443

4.52
461
a7
481
4.92

5.03
5.14
§.25
5.37
5.50

5.62
5.75
5.89
6.02

RN BV U 3B B

37

1.78
177
179
1.81
1.84

1.86
1.88
191
193
1.96

189
2.0
2.04
207
2.10

212
2.15
2.18
2.22
2.25

2.28
231
235
2.38
2.42

2.46
249
253
2.57
261

2.66
270
274
279
283

288
2.93
2.98
3.03
3.08

314
319
3.25
331
3.37

343

3.56
3.63
370

r
384
392

4. 07

418
4.24
4.33
4.42
4.51

4.60
4.70
480
4.91
5.01

5.12
5.24
5.35
5.48
5.60

573
5.86
6.00
6.14

37

38

1.78
1.81
183
1.85
187

1.90
182
1.85
1.97
2.00

2.02
2.05
2.08
21
2.14

217
220
223
2.26
229

2.32
2.36
2.39
243
247

2.50
2.54
258
262
266

n
2.75
2.79
2.84
2.89

2.94
2.99
3.04
3.09
3.14

320
326
3.31
337
34

350
3.56
363
3.7
3.n

3.84
3.9
399
407
4.15

4.24
4.32
441
4.50
4.59

4.69
479
4.89
5.00
5.1

5.2
5.34
5.45
5.58
5.70

584
5.97
6.1
6.25

39

1.82
1.84
1.86
1.89
1.91

1.93
1.96
1.88
2.01
2.03

2.06
2.09
2.12
215
2.18

22
224
227
2.30
2.33

237
2.40
2.4
247
2.51

2.55
2.59
263
267
2N

2.76
2.80
2.85
2.89
2.94

299
3.04
3m
3.15
3.20

3.26
332
337
3.4
3.50

3.56
363
370
377
384

3N
3.99
4.07
4.15
423

431
4.40
449
4.58
4.68

478
488
498
5.09
5.20

5.32
5.43
5.55
5.68
5.81

594
6.08
6.22
6.37

40

1.85
187
1.90
192
1.94

1.97
1.99
2.02
2.05
207

2.10
2.13
2.16
219
2.22

225
228
2.3
2.34
238

2.4
2.45
2.48
2.52
2.56

2.60
2.64
268
272
276

2.81
2.85
2.90
285
3.00

3.0
3.10
3.15
320
3.2

3.32
338
3.4
3.50
356

363
369
376
383
38t

3.98
4.06
414
422
4.30

4.39
448
457
4.67
4.76

4.86
497
507
5.18
$.29

5.41
§.53
5.65

591

6.05
6.19
6.33
6.48

8 ¥ 4«

41

1.89
191
1.93
1.96
198

2.00
2.03
2.06
2.08
21

214
217
220
223
2.26

229
232
235
238
242

245
2.49
253
2.57
2.60

264
268
273
21
281

2.86
280
285
3.00
3.05

3.10
315
3
326
3.32

3.38
3.44
350
3.56
3.63

3.69
3.76
383
3.90
3.98

4.05
4.13
41
430
4.38

4.47
4.56
465
475
4.85

4.95
5.0
5.16
$.27
5.39

§.51
5.63
5.75

6.02
6.15
6.30
6.44
6.59

41

42

1.92
1.94
197
1.99
2.02

2.04
2.07
2.09
212
215

2.18
2.20
223
227
2.30

233
2.36
233
243
2.46

2.50
2.54
2.57
2.61
265

269
273
217
282
2.86

291
2.96
3.00
3.05
3.10

3.15
32
326
332
3.38

3.44
3.50
3.56
3.62
3.69

3.76
3.83
390
397
4.05

4.12
4.20
429
4.37
4.46

455
484
473
483
4.93

5.03
514
5.25
5.36
5.48

5.60
572
5.85

6 12
6.26
6.40
6.55
6.71

42

43

1.95
198
2.00
2.03
2.05

2.08
2.10
213
2.16
2.19

2.2t
2.24
2.27
2.30
234

2.37
2.40
2.44
2.47
2.51

2.54
2.58
2.62
2.66
270

2.74
278
2.82
2.87
29

2.9
30
3.05
an
3.16

32
3.26
33
3.38
343

3.49
3.56
362
368
375

3.82
3.89
3.9
4.04
412

4.19
428
4.36
4.4
453

4.62
472
4.81
491
5.02

5.12
5§23
534
5.46
5.57

5.70
5.82
595
6.09
6.2

6.37
8.51
6.66
6.82

4

1.99
2.01
2.04
2.06
2.09

21
2.14
217
219
222

2.25
228
231
2.34
2.38

241
244
248
251
255

2.59
2.62
266
270
274

278
2.83
287
2.92
2.9%

30
3.08
in
3.16
32

3.26
3.32
3.38
343
3.49

3.55
3.62
3.68
375
3.82

3.89
3.96
4.03
41
4.18

4.26
435
443
4.52
4.61

470
4.80
4.89
5.00
5.10

5.21
5.32
543
5.5
§.67

5.79

6.05
6.19
6.33

6.47
6.62
6.78
6.93

45

2.02
2.04
2.07
2.10
212

215
2.18
220
223
2.2

2.2
2.2
2.35
2.38
242

2.45
248
252
2.55
2.59

263
267
2N
275
279

2.83
2.87
2.92
2.9
3n

3.06
an
3.16
3.2t
3.2

3.32
3.37
3.43
349
3.55

361
3.68
374
3.81
3.88

3.95
4.02
410
417
4.25

4.34
4.42
4.5%
459
4.69

478
488
498
5.08
5.18

5.29
5.40
5.52
5.64
5.76

5.89
6.02
6.15
6.29
6.43

6.58
8.73
6.89
7.05

46

2.05
2.08
2.0
213
2.16

218
2.21
2.24
2.27
2.30

2.33
2.36
2.39
2.42
2.46

2.49
2.82
2.56
260
2.63

267
2N
275
279
2.83

2.88
2.92
2.97
3m
3.06

an
3.16
3.2
3.26
3.3

3.37
343
3.48
3.55
361

3.67
3.74
3.80
387
3.94

4.01
4.09
4.16
4.24
4.32

4.41
449
4.58
467
4.76

4.86
495
5.06
5.16
5.27

5.38
5.49
5.61
5.73
5.85

5.98
6.11
6.25
6.39
6.53

6.68
6.84

716

48 4 &£ &

47

2.09
211
2.14
218
219

222
225
228
2.31
234

237
2.40
2.43
2.46
2.50

253
257
260
2.64
2.68

272
276
2.80
284
2.88

2.92
2,97
3.01
3.06
N

3.16
2
3.26
3.32
337

343
348
3.54
3.60
367

3.73
3.80
386
383
4.00

4.08
4.15
423
43
439

4.48
4.56
465
4.74
4.84

493
5.03
5.14
5.24
535

5.46
5.58
5.70
5.82
5.94

6.08
6.21

6 49
6.64

6.79
6.94
m
127

47

48

212
215
217
220
223

225
2.28
2.31
24
237

240
2.4
2.47
2.50
2.54

2.57
2.61
2.64
2.68
272

276
2.80

2.88
2.93

2.97
3.02
3.06
3n
3.16

32
3.26
3.31
37
3.42

3.48
354
380
366
n

3.79
3.86
392
4.00
4.07

414
422
4.30
4.38
4.46

4.55
463
472
482
491

5.01
5N
5.2
5.32
5.43

5.56
5.66
579
5.9
6.04

6.17
8.31

6.59
6.74

6.89
7.05
1.2
7.38

49

2.16
218
2.2
2.23
226

2.29
232
2.3
238
2.41

2.44
2.47
2.51
2.54
258

261
265
2.69
272
2.76

2.80
2.84
2.88
293
2.97

3.02
3.06
an
3.16
32

3.26
3.3
3.37
342
348

3.53
3.59
3.66
372
378

3.85
382
399
4.06
413

4.21
4.28
4.36
4.45
453

4.62
47
4.80
4.89
49

5.09
5.19
5.30
541
§.52

5.63
5.75
587
6.00
6.13

49

$0

2.19
222
224
227
2.30

233
2.36
2.39
2.42
245

2.48
2.51
2.55
258
2.62

285
2.69
273
2.7
2.80

2.85
2.89
293
297
3.02

3.06
3
3.16
3.2
3.2%6

3.31
3.36
3.42
347
353

3.59
3.65
n
3n
3.84

kR
3.98
4.05
4.12
418

4.27
435
443
451
4.60

4.69
478
487
497
5.06

5.16
5.27
5.38
5.49
5.60

5.72
5.84
5.96
6.09
6.22

6.36
6.50
6.64

6.94

7.10
727
743
7.6t

51

2.22
225
2.28
2.30
2.3

2.3%
238
2.42
245
249

2.52
2.55
2.59
262
2.66

2.69
273
271
2.81
2.85

2.89
293
297
3.02
3.06

N
3.16
32
3.2
3.31

3.36
3.4
3.47
353
3.58

364
3.70
377
3.83
3.90

3.97
4.04
41
418
4.26

433
4.41
4.50
4.58
4.67

476
4.85

5.04
5.14

5.24
5.35
5.46
5.57
5.68

5.80
5.92
6.05
6.18
6.3t

6.45
6.59
6.74

7.05

7.1
737
7.54
7.72

52

2.26
2.28
2.31
2.34
2.37

2.40
243
246
249
2.52

2.56
2.58
262
2,66
2.70

273
2n
2.81
285
289

293
297
3.02
3.06
3.1t

3.16
320
325
3.30
3.36

34
3.46
3.52
3.58
364

370
3.76
3.82
389
3.9

4.02
4.09
417
424
4.3

4.40
448
4.56
4.65
474

4.83
4.92
5.01
51
5.21

5.32
5.43
5.54
5.65
s

5.89
6.01
6.14
6.27
6.42

6.55
6.69
6.84

715

731
748
785
783

53

22
2.32
235
2.37
240

243
2.46
2.49
253
2.56

2.59
263
266
2.70
2.74

27
281
285
2.89
293

297
3.02
3.06
311
3.15

320
325
330
3.36
3.41

3.46
35
3.57
363
3.69

3.7
3.81

3.94
4.01

4.08
41§
423
4.30
438

4.46
454
463
4N
4.80

4.80
4.99
5.09
5.18
5.28

5.40
5.50
5.62
573
5.85

5.97
8.10
6.23
6.36
6.50

6.64
6.79
6.94
7.09
125

7.42
7.59
776
794

54

232
235
238
241
2.44

247
2.50
253
2.56
2.60

263
267
270
2.74
2.7

2.81
285
289
293
297

3.02
3.06
in
3.15
3.20

325
3.30
3.35
3.40
3.45

35
3.57
3.62
3.68
374

3.80
3.87
383
4.00
407

4.14
4
4.29
437
4.44

453
461
4.69
478
4.87

497
5.06
5.16
5.26
5.36

5.47
5.58
5.70
5.81
5.93

6.06
6.18
6.31
6.45
6.59

6.73
6.88
7.03
7.9
7.35

7.52

7. 87
8.05

55

2.3%
2.38
241
244
247

2.50
2.54
257
2.60
263

267
2.70
2.74
278
2.81

2.85
2.89
283
297
3.02

3.06
3N
3.15
3.20
3.25

329
334
3.40
345
3.50

3.56
3.62
3.67
373
3.80

3.86
3.92
399
4.06
413

4.20
4.27
4.35
443
4.51

4.59
4.67
476
485
4.94

5.04
5.13
5.23
5.33
5.44

5.55
5.66
.77
5.89
6.02

6.14
6.27
6.40
6.54
6.68

6.83

7 13
729
745

7.62
7.80
7.98
8.7

3(continued)

56

2.39
2.42
2.45
248
251

2.54
2.57
2.60
2.64
267

27N
274
278
2.82
2.85

2.89
293
297
3.02
3.06

3.10
3.15
318
3.24
3.2

3.34
3.3¢9
3.4
3.50
3.55

3.6¢
3.67
3
379
3.85

39
398
405
411
4.19

4.26
4.33
4.41
4.49
4.57

4.65
4.74
4.83
492
5.0

5.10
5.20
5.30
541
§.51

562
5.74
5.85
597
6.10

6.22
6.36
6.49
6.63
6.77

6.92
7.07
123
7.39
7.5

7.3
7.91
8.09
8.28

52 53 54 55 56

57

2.42
245
2.48
2.51
2.54

2.58
2.61
264
2.67
2n

274
278
2.82
2.86
2.89

293
297
3.02
3.06
3.10

3.15
319
324
39
3.34

3.39
3.4
3.4
3.55
3.60

3.66
3.72
3.78
3.84
3.90

397
4.03
4.10
4.17
424

4.3
4.39
4.47
4.55
463

472
4.80
4.89
4.98
5.08

5.17
527
5.38

559

5.70
582
593
6.05
6.18

6.31
6.44
6.58
6.72
6.86

7.01
7.47

748
7.66

783
8.01

839

57

58

2.46
2.49
2.52
2.55
2.58

2.61
264
268
2n
275

278
282
2.86
2.8%
293

2.97
30
3.06
3.10
3.4

3.19
3.24
3.28
333
3.38

343
3.48
354
359
3.65

3in
n
383
3.89
395

4.02
4.08
4.16
423
4.30

4.37
4.45
453
4.61
4.69

478
487
4.9
5.05
5.15

5.24
534
545
5.55
5.66

5.78
5.89
6.0t
6.14
6.26

6.39
6.53
6.67
6.81
6.95

IAL
7.26
7.42
7.59
7.78

784
8.12

8.50

58

5%

249
252
255
258
261

265
2.68
2N
275
2.78

2.82
2.86
2.89
293
2.97

3.01
3.06
3.10
3.14
3.19

323
3.28
3.33
3.38
3.43

3.48
353
359
364
370

376
38
3.88
3.84
401

4.07
414
41
4.28
4.36

443
451
4.59
4.67
4.76

484
493
5.02
5.12
§.21

5.3t
5.41
§.52
5.63
5.74

5.85
5.97
6.09

6.34

6.48
6.61
675
6.80
7.05

720
7.36
7.52
7.69
7.86

8.04
8.22
8.41
8.61

59

60

2.52
255
2.58
2.62
285

2.68
21
275
278
282

286
289
283
2.97
3.0

3.05
310
3.14
318
3.23

3.28
332
3.37
3.42
3.47

3.52
3.58
363
3.69
375

381
387
3.93
39
4.06

413
4.20
4.27
4.34
4.41

4.49
457
465
473
4.82

491
5.00
5.09
5.18
5.28

5.38
5.49
5.59
570
581

5.93

6 17
6.30
6.43

6.56
6.70
6.84

71l

72
745
762
179
7.96

8.14
8.33
8.52
8.12

PSIG

TEMP
°F
105
104
103
102
101

75
74
73
72
7

49

888
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PSIG—I= 61
TEMP
oF
105 2.56
104 258
103 262
102 265
10t 2.68
100 272
99 275
98 279
97 28
96 286
95 289
94 293
93 297
92 301
91 3.05
9¢  3.09
83 314
88 318
87 323
86 327
85 332
84 337
83 342
82 347
81 352
80 3.57
79 362
78 368
77 374
76 380
75 386
74 392
73 398
72 405
Ial 41
70 418
69 425
88 432
67 440
66 4.47
65 455
64 463
63 47
62 479
61 488
60 497
59 5.06
58 515
57 52
5 535
8 545
54 556
53 586
52 577
51 589
50 6.01
48 613
48 625
47 838
46  6.51
45  6.64
44 678
43 693
42 708
44 723
40 738
38 755
i’ TN
37 789
3% 8.06
3k 825
34 84
33 863
32 883
PSIG—m= 61

62

2.59
2.62
265
269
272

275
279
2.82
2.86
2.89

233
297
301
3.05
3.09

3.13
318
322
327
33

3.36
3.41
3.46
351
356

3.62
3.67
373
379
3.84

3N
397
4.03
410
416

423
4.30
4.38
4.45
453

461
4.69
477
486
4.94

5.03
512
5.22
532
5.42

§.52
5.63
5.74
585
5.96

6.08
6.20
633
6.46
6.59
6.73
6.87
7.0t
7.16
732

7.48
7.64
781
7.98
8.16

8.35
854
874
8.94

62

63

262
2.66
269
272
275

279
282
2.86
289
293

297
3.01
305
3.09
313

3.17
3.22
3.26
331
3.36

3.40
345
3.50
3.56
361

3.66
372
378
383
389

3.96
402
4.08
415
422

4.29
4.36
4.43
451
4.59

4.66
475
483
492
5.00

510
519
5.28
538
5.49

5.59
5.70
581
5.92
6.04

6.16
628
6.41
6.54
6.67

6.81
6.95
7.10
725
7.41

757
774
791
808
8.26

8.45
8.64
8.84
9.05

63

64

266
269
272
275
279

282
286
2.89
2.93
297

3.01
3.05
3.09
3.13
3.7

321
3.26
3.30
335
3.40

345
3.50
355
3.60
365

3.7
376
382
3.88
394

4.00
4.07
413
420
427

4.34
4.41
4.49
456
4.64

472
4.81
4.89
4.98
5.07

5.16
5.25
5.35
545
5.55

5.66
577
5.88
5.99
6.11

6.23
6.36
6.49
6.62
6.75

6.89
7.04
719
7.34
7.50

7.66
783
8.00
8.18
8.36

8.55
8.75
8.95
916

65

269
272
276
279
282

2.86
289
293
297
3.01

3.04
3.08
313
3.7
32

325
3.30
3.34
3.39
3.44

349
354
359
3.64
3.70

375
3.8t
387
393
399

4.05
412
4.18
425
432

4.39
4.47
4.54
462
470

478
4.86
4.95
5.04
513
522
532
5.42
5.52
5.62

573
5.84
5.95
6.07
6.1

6.31
6.43
6.56
6.70
6.84

6.98
7.12
727
7.43
7.59

775
7.92
8.10
828
8.46

8.66
8.85
9.06
9.27

65

66

272
276
279
2.82
286

289
293
297
3.00
3.04

3.08
312
316
32
325

329
334
3.39
3.43
3.48

3.53
358
3863
3.69
374

3.80
3.86
392
398
4.04

410
417
4.24
4.30
437

4.45
4.52
4.60
468
476

484
492
5.01
5.10
5.19

528
5.38
5.48
5.58
5.69

5.80
591
§.02
614
6.26

6.38
6.5t
6.64
6.78
6.92

7.06
7.21
7.36
7.52
7.68

7.85
8.02
8.19
838
8.56

876
8.96
916
9.38

66

67

2.76
279
282
2.86
289

293
296
3.00
3.04
308

3.12
3.16
320
324
329

333
338
343
347
352

3.57
363
368
373
379

3.85
3.90
3.96
4.02
409

4.15
4.22
4.29
4.36
443

4.50
4.57
4.65
473
4.81

490
4.98
5.07
5.16
525

535
5.45
555
5.65
576

586
5.98
6.09
621
6.33

6.46
6.59
672
6.86
7.00

7.14
7.29
7.45
7.61
7.77

7.94
8.11
829
847
866

8.86
9.06
927
9.49

67

68

279
282
286
2.89
293

2.96
3.00
3.04
308
3.12

3.16
3.20
3.24
328
333

337
342
3.47
3.52
357

3.62
3.67
372
378
3.83

3.89
3.95
4.0t
407
4.14

420
427
434
4.41
448

4.55
4.63
4
479
4.87

495
504
513
5.22
531

541
5.51
5.61
572
5.82

593
6.05
6.16
6.28
6.41

6.53
6.66
6.80
694
7.08

7.23
7.38
753
7.69
7.86

8.03
8.21
839
857
8.76

8.96
9.17
938
9.59

69

2.82
2.86
2.89
293
296

3.00
3.04
3.07
311
3.15

3.19
3.24
328
332
337

341
346
351
3.56
361

3.66
3N
377
382
3.88

3.94
4.00
4.06
4.12
418

425
432
439
4.46
4.53

461
468
476
484
4.93

501
510
519
5.28
5.38

5.47
557
5.68
578
5.89

6.00
6.12
6.23
6.36
6.48

6.61
6.74
6.88
7.02
7.16

73
7.46
7.62
7.78
7.95

8.12
8.30
848
867
8.86

9.06
9.27
948
8.70

69

70

2.86
2.89
293
2.96
3.00

3.03
3.07
3N
315
318

323
327
332
336
3.41

345
350
355
3.60
365

370
376
381
387
392

3.98
4.04
410
417
423

4.30
4.37
4.44
451
458

4.66
474
4.82
4.90
498

507
516
525
5.34
5.44

5.54
5.64
574
585
5.96

6.07
6.19
6.31
643
6.55

6.68
6.82
6.96
710
7.24

7.3
7.55
mn
7.87
8.04

8.21
8.39
858
877
8.96

917
937
959
981

70

Il

288
2.92
296
2.99
3.03

307
3N
315
318
3.23

3.27
3.31
3.36
3.40
345

349
354
359
3.64
369

3.74
3.80
3.85
kRl
3.97

4.03
4.08
415
422
428

4.35
442
4.49
4.56
464

47
479
487
4.95
504

513
522
531
5.40
5.50

560
570
581
5.91
6.02

614
6.26
6.38
6.50
6.63

6.76
6.89
7.03
7.18
732

7.48
7.63
7.79
7.9
8.13

8.30
8.49
8.67
8.86
9.06

9.27
9.48
9.70
992

72

2.92
2.96
299
3.03
3.07

310
3.14
318
322
3.26

3.31
3.35
3.39
344
348

3.53
3.58
363
368
373

379
384
390
395
4.01

4.07
413
420
426
433

4.40
4.47
454
4.61
4.69

477
484
4.93
501
510

518
527
537
5.46
556

566
576
5.87
5.98
6.09

6.21
6.33
6.45
6.57
6.70

6.83
6.97
711
7.26
7.41

7.56
7.72
7.88
805
8.22

8.40
8.58
8.77
8.96
9.16

9.37
958
980
10.03

72

73

2.96
299
303
3.06
310

3.14
3.18
322
326
330

334
339
3.43
348
352

357
362
367
3.72
378

383
3.88
394
4.00
4.06

412
418
4.24
4.31
438

4.45
4.52
459
466
474

482
490
498
5.06
515

5.24
533
543
552
562

572
583
593
6.04
6.16

6.27
6.39
6.52
6.64
678

6.91
7.05
718
7.34
743

.64
7.80
7.96
8.13
831

8.49
8.67
8.86
9.06
82

9.47
9.69
9.91
10.14

73

@y F 1115

TABLE X1.3 Volumes of Carbon Dioxide Gas (at STP) Dissolved per Volume of Water (at 3.98°C)

74

2.99
3.03
3.06
3.10
3.14

3.17
3.2
3.25
329
3.34

338
342
3.47
352
3.56

361
3 66
37
376
382

3.87
393
398
4.04
4.10

4.16
423
429
436
4.43

4.50
457
464
47
479

4.87
4.95
503
512
521

5.30
5.39
548
558
568

579
5.89
6.00
6.11
6.23

6.34
6.46
8.59
672
6.85

6.98
7.12
7.27
741
7.57

772
788
8.05
8.22
8.40

8.58
8.77
8.96
916
9.36

9.57
979
10.01
10.24

74

75

3.02
3.06
309
3.13
3.7

3.21
3.25
329
333
337

342
3.46
351
358
3.60

365
3.70
375
380
3.86

3.91
3.97
4.03
4.09
415

421
427
4.34
4.41
4.47

4.54
4.62
469
477
4.84

492
501
5.09
518
526

5.35
5.45
554
564
574

5.85
5.95
6.06
6.18
6.29

6.41
653
6.66
6.79
6.92

7.06
720
7.34
7.49
7.65

7.81
797
8.14
8.31
8.48

8.67
8.86
905
9.25
9.46

9.67
9.89
10.12
10.35

75

10

76

3.06
3.09
313
317
320

3.24
328
3.33
337
34

345
350
355
3.59
364

3.69
3.74
379
385
3.90

3.96
4.0
4.07
413
419

425
432
4.39
4.45
452

459
4.67
474
482
4.90

4.98
5.06
514
5.23
532

5.41
5.51
5.60
570
580

5.91
6.02
6.13
6.24
6.36

6.48
6.60
673
6.86
6.99

713
728
7.42
7.57
7.73

7.89
8.05
822
840
8.57

8.76
8.95
9.15
9.35
9.56

9.77
10.00
10.22
10.46

76

77

3.09
312
316
320
3.24

3.28
332
3.36
340
3.45

349
354
358
3.63
3.68

373
3.78
383
389
3.94

4.00
4.06
4n
417
4.24

4.30
4.37
443
4.50
457

464
472
479
487
495

503
51
520
528
5.38

547
5.56
5.66
576
587

5.97
6.08
6.19
631
6.43

6.55
6.67
6.80
693
7.07

721
7.35
7.50
7.65
7.81

7.97
8.14
8.31
8.48
8.66

8.85
9.04
9.24
9.45
966

987
1010
1033
1057

77

78

3.12
3.16
320
323
3.27

3.31
335
3.40
344
348

3.53
357
362
367
372

377
382
387
393
3.98

404
410
416
422
428

435
4.41
448
4.55
4.62

469
476
484
492
500

508
517
525
534
543

553
5.62
5.72
582
593

6.03
6.14
6.26
6.37
6.49

661
6.74
6.87
7.00
7.14

7.28
7.43
7.58
773
7.89

8.05
8.22
839
857
8.75

8.94
9.14
934
954
9.76

997
10.20
1043
1067

78

I

315
3.19
323
3.27
3.31

3.35
339
3.43
3.48
352

3.57
361
366
3N
376

3.81
3.86
3.91
397
4.03

4.08
4.14
420
4.26
433

4.39
4.46
452
4.59
467

474
481
489
497
5.05

513
5.22
531
540
5.49

558
568
578
588
5.99

610
621
6.32
6.44
6.56

6.68
6.81
6.94
7.08
721

7.36
750
765
781
7.97

8.13
8.30
8.48
8.66
8.84

9.03
9.23
943
964
9.85

10.07
10.30
10.54
10.78

79

80

319
322
326
3.30
334

3.38
343
347
351
3.56

360
3.65
370
375
3.80

3.85
3.90
395
4.01
407

412
4.18
424
431
437

4.44
450
457
4.64
4.7

479
486
4.94
502
510

519
527
536
545
554

5.64
574
584
5.94
6.05

6.16
6.27
6.38
650
6.63

675
6.88
7.01
715
729

743
7.58
773
7.89
8.05

821
839
856
8.74
893

9.12
932
952
973
9.95

10.18
10.41
10.64
10.89

80

81

322
326
330
3.34
338

342
3.46
350
355
358

364
369
3.74
379
3.84

3.89
3.94
4.00
4.05
411

417
423
428
4.35
4.4

4.48
455
462
4.69
476

484
491
499
507
515

5.24
533
542
551
5.60

5.70
5.80
5.90
6.00
611

622
6.33
6.45
857
6.69

6.82
6.95
7.08
722
7.36

7.50
7.65
7.81
797
8.13

8.30
8.47
865
883
9.02

9.21
9.41
962
983
10.05

10.28
10.5%
10.75
11.00

81

82

325
328
333
337
341

345
3.50
354
358
3.63

368
372
377
3.82
3.87

3.93
3.98
4.04
4.09
415

421
427
433
4.39
4.46

453
459
466
474
4.81

488
496
5.04
512
5.21

528
538
547
556
566

575
5.85
5.96
6.06
6.17

6.28
6.40
6.51
6.63
6.76

6.89
7.02
7.15
729
7.43

7.58
773
788
8.04
821

8.38
8.55
873
892
an

930
9.50
971
993
10.15

10.38
10.61
1085
1110

82

83

3.29
3.32
336
340
345

349
3.53
358
362
387

371
376
381
3.86
391

3.97
4.02
4.08
413
419

425
4.31
437
4.44
4.50

4.57
464
471
478
4.86

4.93
501
5.09
517
526

5.34
543
552
562
571

581
591
6.02
6.12
6.23

634
6.46
6.58
6.70
6.82

6.95
7.08
7.22
736
7.50

7.65
7.80
796
8.12
829

8.46
864
8.82
9.00
9.19

939
9.60
9.81
10.02
1025

10.48
10.71
1096
21

83

84

3.32
3.36
3.40
344
3.48

352
357
361
366
370

375
3.80
385
390
395

4.0t
4.06
412
417
423

429
435
4.42
4.48
4.55

462
4.69
476
483
490

4.98
5.06
5.14
522
531

5.40
5.48
5.58
5867
577

587
597
6.07
618
6.29

6.40
6.52
664
6.76
6.89

7.02
7.15
7.29
7.43
758

7.73
7.88
804
8.20
837

8.54
872
8.90
9.09
928

9.48
9.69
9.90
10.12
10.34

1057
10.81
11.06
1.3

84

3(continued)

85

335
339
343
347
351

3.56
380
3.65
369
374

379
384
3.89
3.94
3.99

4.04
410
4.16
421
427

433
4.40
4.46
4.53
459

4.66
473
480
488
495

5.03
511
519
527
5.36

5.45
5.54
5.63
573
582

592
6.03
6.13
624
6.35

647
658
670
6.83
6.96

7.08
722
7.36
7.50
7.65

7.80
7.96
8.11
8.28
8.45

862
8.80
8.99
9.17
937

9.57
978
8.99
1021
10.44

10.67
10.92
11.16
11.42

85

86

3.38
342
346
351
355

359
3.64
368
373
3.78

382
3.87
3.92
398
4.03

4.08
4.14
420
426
432

438
4.44
450
457
464

47
478
485
4.92
500

5.08
516
524
533
541

5:50
559
5.69
578
5.88

598
6.08
619
6.30
6.41

6.53
665
6.77
6.89
7.02

715
729
7.43
7.57
7.72

7.87
8.03
8.19
8.36
8.53

870
888
9.07
9.26
946

9.66
987
10.09
10.31
10.54

10.77
11.02
1.27
11.53

86

87

342
346
350
354
358

383
367
372
376
3.81

386
391
3.96
4.01
4.07

4.12
418
424
430
436

4.42
4.48
455
461
468

475
482
490
497
5.05

513
521
528
5.38
546

555
564
574
584
593

6.04
6.14
6.25
6.36
6.47

6.59
671
683
6.96
7.09

7.22
736
750
7.64
779

7.95
8.11
8.27
8.43
8.61

8.78
897
915
9.35
9.55

9.75
9.96
10.18
10.40
10.63

10.87
1.12
1.37
11.63

87

88

3.45
3.49
353
3.57
362

3.66
3.71
375
380
3.85

3.90
395
4.00
4.05
4.1

4.16
4.22
428
434
4.40

4.46
452
459
4.66
473

4.80
487
4.94
5.02
510

517
526
5.34
543
551

560
570
579
5.89
599

6.09
6.20
631
642
6.53

6.65
877
6.90
7.02
7.15

729
7.43
7.57
7.72
7.87

8.02
818
8.34
851
8.69

8.86
9.05
924
943
9.63

984
10.05
10.27
10.50
10.73

10.97
11.22
11.47
1174

88

89

348
352
3.57
3.61
365

3.70
3.74
379
384
3.88

393
3.99
4.04
4.09
4.15

4.20
4.26
432
438
4.44

450
457
463
4.70
477

484
4.91
499
506
514

522
53
5.3
5.48
557

566
575
5.85
594
6.05

615
626
637
6.48
6.59

6.71
6.83
6.96
7.09
722

7.36
7.50
764
779
794

8.09
825
8.42
859
8.77

8.95
9.13
932
952
972

9.93
10.14
10.37
10.59
10.83

1.07
11.32
11.58
11.84

89

90

352
356
360
364
389

3.73
378
382
3.87
392

397
4.02
4.08
413
418

4.24
430
436
442
4.48

4.54
481
468
474
4.81

4.89
4.9
503
51
519

5.27
535
5.44
553
5.62

57
580
5.90
6.00
6.10

6.21
631
6.42
654
665

6.77
6.90
7.02
715
729

7.42
7.56
7N
786
8.01

8.17
8.33
850
867
884

9.03
9
9.41
960
9.81

10.02
10.24
10.46
10.69
10.93

1117
11.42
11.68
11.95

90

PSIG

TEMP
°F

105

103
102
101

100
99
98
97
96

95
94
93
92
91

90
89
88
87
86

85
84
83
82
Ll

80
79
78
77
76

75
74
73
72
71

70
69
68
67
66

65
84
83
62
61

60
59
58
57
56

55
54
53
52
51

50
49
48

48
45
44
43
42
41

40
39

37
36

35

33
32

PSIG



PSIG—9- 91
TEMP
of
105 358
104 359
103 383
102 368
101 372
100 377
99 381
98 3.86
97 39
96 396
95 401
94 406
9 4n
92 417
91 422
90 428
89 434
88 440
87 446
86 4.52
85 459
84 465
83 472
82 479
81 4.86
80 493
79 5.00
78 508
77 516
76 524
7% 532
74 540
73 549
72 558
7 5.67
70 576
69 586
68 595
67 6.05
66 6.16
65 6.26
64 637
63 6.48
62 660
61 6.71
60 683
59 696
58 7.09
57 122
56 7.3
55 749
54 763
53 778
52 793
51 808
50 824
49 8.40
48 857
47 875
46 892
45 9.1
4 930
43 9.49
42 969
41 890
40 1011
39 1033
38 1055
37 1078
36 11.02
3B 127
34 1152
33 1178
32 1205
PSIG—= 31

92

3.58
3.62
3.67
3N
375

380
385
3.89
3.94
398

4.04
4.10
415
421
4.26

4.32
4.38
4.44
450
4.56

4.83
469
476
483
4.90

4.97
5.05
513
5.20
5.28

§.37
5.45
5.54
5.63
5.72

5.81
591
6.01
6.1
6.21

6.32
6.43
6.54
6.66
6.77

6.90
7.02
715
7.28
7.42

7.56
7.70
7.85
8.00
8.15

8.3t
8.48
8.65
8.82
9.00

9.19
9.38
9.57
9.77
9.98

10.20
10.42
10.64
10.88
11.12

11.37
11.62
11.89
1216

74

TABLE X1.4 Volumes of Carbon Dioxide Gas (at STP) Dissolved per Volume of Water (at 3.98°C)

g3

361
3.66
370
3.74
379

383
388
383
3.98
4.03

4.08
413
419
424
430

4.36
4.47
4.48
4.54
4.60

467
474
4.80
487
495

5.02
5.09
517
525
5.33

5.42
5.50
559
568
577

5.86
5.96
6.06
6.16
8.27

6.37
6.49
6.60
6.71
6.83

6.96
7.08
7.21
7.35
7.48

7.62
777
7.92
8.07
8.23

8.39
8.55
8.72
8.90
9.08

9.27
9.46
9.66
9.86
10.07

10.28
10.51
10.74
10.97
21

11.47
11.72
11.99
12.26

93

54

365
3.69
373
3.78
3.82

387
392
397
4.01
407

412
4.17
423
428
434

440
446
452
458
464

471
478
485
4.92
499

5.06
5.14
522
5.30
5.38

5.46
5.55
5.64
573
5.82

59
6.01
6.11
6.22
6.32

6.43
6.54
6.66
6.77
6.89

7.02
714
7.28
741
7.55

7.69
7.83
7.98
8.14
8.30

8.46
8.63
880
8.98
9.16

9.35
9.54
9.74
9.94
10.16

10.37
10.60
10.83
11.07
11.31

11.56
11.82
12.09
12.37

94

95

368
372
3.77
3.81
3.86

3.90
3.95
4.00
4.05
4.10

415
4.21
4.26
4.32
4.38

4.44
4.50
4.56
462
469

475
4.82
4.89
4.96
5.03

511
5.19
5.26
5.34
5.43

551
5.60
569
578
587

5.97
6.07
6.17
6.27
6.38

6.49
6.60
6.71
6.83
6.95

7.08
7.2
7.34
747
7.61

7.76
7.90
8.05
8.21
837

8.53
8.70
888
9.05
9.24

9.43
962
9.82
10.03
10.24

10.46
10.69
10.92
11.16
11.41

11.66
11.82
1219
12.47

85

96

3N
375
3.80
3.84
3.89

394
399
4.04
4.09
4.14

4.19
425
4.30
436
4.42

4.47
4.54
4.60
4.66
473

479
4.86
493
5.00
508

515
5.23
5.31
5.39
5.47

5.56
5.65
574
5.83
582

6.02
6.12
622
6.33
6.43

6.54
6.66
6.77
6.89
7.0t

7.14
727
7.40
7.54
7.68

7.82
797
8.12
8.28
8.44

8.61
8.78
8.95
9.13
9.32

9.51
870
9.91
10.11
10.33

10.55
10.78
n.m
11.25
11.50

11.76
12.02
12.30
12.58

9%

97

374
3.79
3.83
3.88
392

397
402
4.07
4.12
417

4.23
4.28
434
4.40
4.45

4.51
4.57
4.64
470
477

484
490
497
5.05
512

§.20
5.28
5.36
5.44
5.52

5.61
570
579
588
597

6.07
6.17
627
638
6.49

6.60
6.71
6.83
6.95
7.07

720
733
7.46
7.60
7.74

7.89
8.04
8.19
8.35
8.51

8.68
8.85
903
9.21
9.40

9.59
9.79
9.99
10.20
10.42

10.64
10.87
mn
1135
11.60

11.86
12.12
1240
12.68

97

98

378
3.82
3.87
391
3.96

4.01
4.06
4.1
418
41

4.26
4.32
4.38
443
4.49

455
4.61

474
481

488
4.95
5.02
5.09
517

5.24
5.32
5.40
5.48
557

565
574
584
593
6.02

6.12
6.22
633
6.43
6.54

6.65
6.77
689
7.0t
7.13

7.26
7.39
7.53
767
781

7.95
8n
8.26
8.42
8.58

875
8.92
9.10
9.29
947

9.67
987
10.07
10.28
10.50

10.73
10.96
11.20
11.44
11.69

11.95
1222
12.50
12.79

98

99

381
3.85
3.90
3.95
399

4.04
4.09
414
4.19
425

430
436
4.41
4.47
453

4.59
4.65
472
478
485

492
499
5.06
513
521

5.29
5.37
5.45
5.583
5.62

570
579
5.88
5.98
6.08

8.17
6.28
6.38
6.49
6.60

6.71
6.83
6.95
7.07
718

7.32
745
7.59
773
787

8.02
8.17
8.33
849
865

882
9.00
9.18
9.36
9.55

9.75
995
10.16
10.37
10.59

10.81
11.05
11.29
11.53
1.7¢

12.05
12.32
12.60
12.89

99

100

384
3.89
393
398
4.03

408
413
418
423
428

434
439
445
451
457

463
4.69
476
4.82
4.89

496
503
5.10
518
525

533
541
549
5.58
5.66

575
584
593
6.03
6.13

623
633
6.43
6.54
6.65

6.77
6.88
7.00
713
725

738
7.52
765
779
7.94

8.09
824
8.40
8.56
872

8.90
9.07
9.25
9.44
9.63

9.83
10.03
10.24
10.45
1067

10.90
114
11.38
11.63
11.89

1215
12.42
1270
12.99

100

101

3.87
3.92
397
4.01
4.06

411
4.18
421
426
432

4.37
4.43
4.49
455
4.61

467
473
4.80
4.86
493

5.00
507
5.15
522
5.30

538
546
554
5.62
57

5.80
589
598
608
6.18

628
6.38
6.49
6.60
6.71

6.82
6.94
7.06
718
73
7.44
7.58
772
7.86
8.00

8.15
831
8.47
8.63
8.80

8.97
9.15
9.33
9.5
97

991
1011
10.32
10.54
10.76

1099
1.23
11.47
1172
11.98

1225
12.52
12.80
1310

101

102

3.91
3.95
4.00
4.05
4.09

414
419
4.25
4.30
435

44
4.47
462
458
4.65

47
477
484
4.90
4.97

5.04
511
518
5.26
534

542
5.50
5.58
5.67
576

5.85
594
6.03
6.13
6.23

8.33
6.43
654
6.65
6.76

6.88
7.00
7.12
7.24
7.37

7.50
764
778
7.92
8.07

8.22
8.37
8.53
870
887

9.04
9.22
9.40
9.59
9.79

9.99
1019
10.40
10.62
10.85

11.08
11.32
11.56
11.81
12.08

12.34
12.62
12.91
13.20

102
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103

3.94
3.98
4.03
408
413

418
423
428
434
439

445
450
456
4.62
4.68

475
481
488
4.94
501

5.08
5.16
523
531
538

5.46
555
563
572
580

589
599
6.08
6.18
6.28

6.38
6.49
6.59
6.70
6.82

693
7.05
7.18
7.30
7.43

7.56
770
7.84
7.98
813

8.29
8.44
8.60
8.77
8.94

9n
9.29
9.48
967
9.86

10.07

10.27

10.49
107
10.93

17
14
11.65
NN
1217

12.44
12.72
13.01
13.30

103

104

3.97
4.02
4.06
411
4.16

42
4.26
4.32
437
443

4.48
454
4.60
4.66
472

478
485
492
498
5056

512
5.20
527
535
543

551
559
567
5.76
585

594
6.03
613
6.23
6.33

6.43
6.54
6.65
6.76
6.87

6.99
AN
7.23
7.36
7.49

762
776
7.90
8.05
820

8.35
8.51
867
884
9.01

9.18
937
9.55
9.74
9.94

10.14
10.35
10.57
10.79
11.02

1125
11.49
1174
12.00
12.27

12.54
12.82
13.11
13.41

104

105

4.00
4.05
410
415
4.20

425
430
435
441
445

4.52
458
464
470
476

482
489
496
5.02
509

517
5.24
532
539
547

555
564
572
5.81
590

599
6.08
618
628
638

6.48
6.59
6.70
6.81
6.93

7.04
717
7.29
7.42
755

768
7.82
797
8.1
8.26

8.42
8.58
874
8.91
9.08

9.26
9.44
9.63
9.82
10.02

10.22
10.43
10.65
10.87
11.10

11.34
11.58
1183
12.08
12.36

12.63
12.92
13.21
13.51

105

106

4.04
4.08
413
418
423

428
4.33
439
4.44
450

455
4.61
4.67
474
4.80

486
493
5.00
5.06
5.14

5.21
5.28
5.36
544
5.51

560
568
577
5.85
5.94

6.04
6.13
6.23
6.33
6.43

6.53
6.64
675
6.86
6.98

710
722
7.35
7.48
7.61

7.74
7.88
803
8.18
8.33

8.48
8.64
8.81
898
9.15

933
9.51
870
9.90
10.10

10.30
10.51
10.73
10.96
11.19

11.43
11.67
11.93
12.19
12.45

12.73
13.02
1331
13.61

106

107

4.07
412
4.16
421
4.26

432
437
4.42
4.48
453

459
4.65
47
477
4.84

4.90
497
5.03
510
518

525
532
5.40
548
5.56

564
872
581
590
5.99

6.08
618
628
6.38
6.48

8.58
6.69
6.80
692
7.04

7.16
728
740
7.53
7.67

7.80
795
8.09
8.24
839

8.55
8.7
8.87
9.05
922

9.40
9.59
978
997
10.17

10.38
10.60
10.81
11.04
11.27

11.51
1176
12.02
12.28
12.55

12.83
1311
13.41
13.72

107

108

410
4.15
420
425
4.30

435
4.40
4.46
451
457

463
469
475
4.81
487

494
501
507
514
522

529
5.36
544
5.52
560

568
577
586
5.95
6.04

613
6.23
633
6.43
653

6.64
6.74
6.86
6.97
7.08

721
7.33
746
7.59
773

7.86
8.01
815
8.30
8.46

8.61
8.78
8.94
9N
9.29

9.47
9.66
985
10.05
10.25

10.46
10.68
10 90
11.12
11.36

11.60
1185
121
12.37
12.64

12.92
13.21
13.51
13.82

108

109

413
4.18
423
4.28
433

438
4.44
4.49
455
460

466
472
478
485
491

498
505
51
5.18
526

5.33
5.41
5.48
556
565

573
581
590
599
6.08

618
6.27
6.37
6.48
6.58

6.69
680
691
7.03
714

727
7.39
752
7.65
7.79

793
8.07
8.2t
837
8.52

8.68
8.84
9.0
9.18
9.36

954
973
9.92
10.12
10.33

10.54
10.76
10.98
"2
11.44

11.69
11.94
12.20
12.46
12.74

13.02
13.31
13.61
13.92

109

110

4.16
4
426
4.31
436

4.42
4.47
453
4.58
4.64

470
476
482
4.89
4.95

5.02
5.08
515
522
530

537
5.45
553
5.61
5.69

5.77
5.86
595
6.04
6.13

6.23
6.32
6.42
8.53
6.63

674
6.85
6.96
7.08
720

732
7.45
7.58
7.7
7.84

7.98
8.13
8.28
8.43
8.58

8.74
8.91
9.08
9.25
9.43

962
9.80
10.00
10.20
10.41

10.62
10.84
11.06
1.29
11.63

1.77
12.03
12.29
12.56
12.83

13.12
13.41
13.71
14.02

110

m

4.20
425
430
435
4.40

4.45
451
4.56
4.62
468

474
4.80
486
4.92
499

505
512
519
5.26
534

5.41
5.49
557
5.65
573

582
5.90
599
6.08
6.18

6.27
6.37
6.47
6.57
6.68

6.79
6.90
7.01
713
7.25

7.38
7.50
763
777
7.90

8.04
8.19
834
8.49
8.65

881
8.98
915
9.32
9.50

9.69
9.88
10.07
10.27
10.48

10.70
10.92
11.14
137
11.61

11.86
1212
12.38
12.65
12.92

13.21
13.51
13.81
14.12

111

12

4.23
428
433
4.38
4.43

4.49
4.54
4.60
465
47

477
483
490
4.96
5.03

508
516
523
5.30
5.38

545
5.53
5.61
5.6%
578

5.86
595
6.04
613
6.22

6.32
6.42
6.52
6.62
673

6.84
6.95
707
718
731

743
7.56
7.69
782
7.96

8.10
8.25
8.40
8.55
8.7

887
9.04
9.21
9.39
9.57

976
985
10.15
10.35
10.56

1077
11.00
1.22
11.46
11.70

11.95
12.20
12.47
1274
13.02

13.31
13.60
13.91
14.23

112

13

4.26
431
436
4.41
4.47

4.52
4.57
463
4.69
4.75

481
4.87
493
5.00
5.06

513
520
5.27
534
542

5.49
5.57
5.65
573
5.82

5.90
5.99
6.08
617
6.27

6.37
6.47
6.57
6.67
678

6.89
7.00
712
7.24
7.3

7.49
7.61
7.75
7.88
8.02

816
8.31
8.46
8.62
878

8.94
an
9.28
9 46
9.64

9.83
10.02
10.22
10.43
10.64

10.85
11.08
11.30
11.54
11.78

12.03
12.28
12.56
12.83
13.11

13.40
13.70
14.01
14.33

13

4 Fahrenheit Temperature Versus Pounds Per Square Inch Gage Pressure (Based on Atmospheric Pressure of 14.696 PSI)

11

114

429
4.34
439
445
450

455
4.61
4.67
472
478

484
491
4.97
5.04
510

517
524
531
5.38
5.46

554
5.61
5.69
578
5.86

595
6.04
6.13
622
6.32

6.41
651
6.62
6.72
6.83

694
7.06
717
7.29
74

7.54
767
7.80
7.94
8.08

8.22
8.37
8.52
8.68
8.84

9.01
917
9.35
9.53
97

9.90
10.10
10.30
10.50
10.71

10.93
11.16
11.38
11.62
11.87

12.12
12.38
12.65
12.92
132

13.50
13.80
14.11
14.43

114

3(continued)

15

433
438
443
448
453

4.59
4.64
4.70
476
4.82

488
4.94
5.01
5.07
5.14

521
528
535
542
5.50

5.58
5.66
574
5.82
5.90

5.99
6.08
6.17
6.27
6.36

6.46
6.56
6.67
677
6.88

6.99
71
7.22
7.35
7.47

7.60
773
7.86
8.00
814

828
843
859
874
8.90

9.07
9.24
942
9.60
978

997
10.17
10.37
10.58
10.79

11.01
11.23
11.47
nn
11.85

72
12.47
1274
13.01
13.30

13.59
13.90
1421
14.53

115

116

436
4.41
4.46
4.5
4.57

4.62

474
479
4.85

492
4.98
5.04
511
518

5.25
532
538
5.46
554

5.62
5.70
578
5.86
5.95

6.04
6.13
6.22
6.31
6.41

8.51
6.61
6.71
6.82
683

7.04
7.16
7.28
7.40
7.52

7.65
7.78
7.92
8.06
8.20

834
8.49
865
881
8.97

9.14
9.31
9.48
9.66
9.85

10.04
10.24
10.44
10.65
10.87

11.08
1.3
11.85
11.79
12.04

12.29
12.56
12.83
13.10
13.39

13.69
13.99
14.31
14.63

116

117

439
4.44
4.49
455
460

4.66
47
477
4.83
4.89

4.95
5.02
5.08
5.15
522

5.28
536
543
5.50
5.58

5.66
574
582
5.90
5.99

6.08
6.17
6.26
636
6.46

6.55
6.66
676
6.87
6.98

7.08
7.21
7.33
7.45
758

7.7t
7.84
7.97
8.1t
8.26

8.40
8.55
8.7
8.87
9.03

9.20
937
9.55
973
9.92

1011
10.31
10.52
10.73
10.94

11.16
11.39
11.63
11.87
12.12

12.38
12.64
12.92
13.20
13.49

13.78
14.08
t4.41
14.73

17

118

4.42
447
453
458
463

4.69
475
4.80
4.86
493

499
§.05
§5.12
5.18
5.25

5.32
538
5.47
5.54
5.62

5.70
578
5.86
5.95
6.03

6.12
6.21
6.31
6.40
6.50

6.60
6.70
6.81
6.92
7.03

7.14
7.26
7.38
7.50
7.63

776
7.89
8.03
8.17
8.31

8.46
8.61
877
8.93
9.10

9.26
9.44
9.62
9.80
9.99

10.18
10.38
10.59
10.80
11.02

11.24
11.47
1N
11.85
1221

12.46
12.73
13.00
13.29
13.58

13.88
14.19
14.51
14.83

118

119

4.45
4.51
456
461
4.67

472
478
484
490
496

5.02
5.08
515
522
5.29

5.36
543
5.51
5.58
5.66

574
582
5.90
599
6.08

617
6.26
6.35
6.45
6.55

6.65
6.75
6.86
6.97
7.08

718
73
7.43
7.56
7.68

7.81
7.95
8.09
823
8.37

852
8.67
8.83
8.99
9.16

9.33
9.50
9.68
9.87
10.06

10.26
10.46
10.66
10.88
11.10

1.32
11.55
179
12.04
1229

12.55
12.82
13.09
13.38
13.67

13.97
14.28
14.60
14.93

119

PSIG
TEMP
°F
105

103
102
101

100
99

97

95
94
93
92
91

90
89
88
87
86

85
84
83
82
81

80
79
78
77
76

75
74
73
72
Il

70
69

67

65

63
62
61

60
59
58
57
56

55
53
§2
51
50
48
47
46
45
43
42
41

40
39

37
36

35

33
32

PSIG
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The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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