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STANDARD OPERATING PROCEDURE

SAMPLE PREPARATION AND CALCULATIONS FOR DISSOLVED
GABS ANALYSIS IN WATER SAMPLES USING
A GC EEADSPACE EQUILIBRATION TECHNIQUER

DISCLAIMER:

3.2

3.3

This standard operating procedure has been prepared for the use of the
R.S. Kerr Environmental Research Laboratory of the United States
Environmental Protecticn Agency and may not be specifically applicable to
the activities of other organizations.

Purpose: Scope and lication

This method is applicable to tha preparation of water samples for analysis
of the headspacs to quantify part-per-millicn levels of disaolved gases in
the water sample. Although this method is specifically for determining
methane, athene, ethane, and nitrous oxide, it has also been used to
detethine wvinyl chloride, nitrogen, gxygen and carbon dioxide in both
laboratory and field samples. The number of analyses that can be
performed in one eight hour day is approximately 30. E

This method is restricted to use by or under the supervision of analysts

axperienced in sample preparation and in the use of gas chromatography and
the interpretation of chromatagrams,

Summa of Methods

A water sample is collected, in the field or in the laboratory, in a serum
bottle and capped using a Taflon faced septum and crimp cap of the
approepriate size to fit the bottle. A headspace is prepared using high
purity helium., The bottle is shaken for S minutes and a sample is taken
of the headspace and injected onto a gas chromatographic column where the
gaseocus components are separated and detected by flame ionization detector
or electron capture detector. By using Henry's law, the concentration of
the gas in the headspace, the bottle volume, and temperature of the

sample, the concentration of dissolved gas in the original water sample
can be determined. :

Refarences:

Kampbell, D. HB.,J. T. Wilson, S. A. Vandegrift, Dissclved Oxygen and
Methane in Water by a GC Headspace Equilibration Technique, International

Journal of Environmental Analvtical Chemistry, Volume 36, pp. 249-
,1981. .

vandegrift, S.A., RSKSOP-114, Revisién Mumber 0, January 1951.
Newell, B.S., RSKSOP-147, Revision Number 0, August 1993.

3.4 (:fffffz:fzfzz:fycmicax Engineer's Handbook, (McGraw-Hill, New York, 1978),
5% ed.

Procedure:
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Sample Collection and Preraration:

Water samplea should be collacted in the field or prepared in the lab by.placinq
the water in a glass bottle. Typically, a 60 milliliter serum bottle is used.
Add the water down the side of the bottle so as not to agitate or contaminate the
sample. Fill to the top an¢ cap using a butyl rutber Teflon faced septum and the
appropriate size aluminur crimp cap. Care should be takan so there ars no
bubbles in the bottle. Field samples should be fixed with 1:1 hydrochloric acid
to a pE less than 2 before they are capped. Do not add acid if carbon dioxidse:
analysis is to be performed since it may convert inorganic carbon to carbon
dioxide. Store samples at 4 C and analyze within 14 days of collection.

Remove samples from the refrigerator and allow them to come to room temperature.
To generate headspace in the sample bottls, place the bottle upside down in a
three finger clamp attached to a ring stand. Next, insert through the septum a
20 gauge needle attached to a 10 ml Luerlock glass syringe set for dead volume.
Then insert an 8 cm 20 gauge needle attached to Teflon tubing with a needle valve
is inserted through the septum to the bottom of the bottle. The Teflon tubing
is attached to a two-stage regulator on a cylinder of high purity helium and the
helium is passed through the needle at 5 ml per minute or less.

NOTE: Helium should be allowed to flow through the Teflon tubing and needle for ‘

30 minutes prior to preparation of the first sample, and flow should continue

throughout the day.

The helium forces water out of the bottle and into the glass syrings. The amount
of watsr taken out of the bottle should be 10% of the volume of the sample bottle
up to the 106 ml size. If a 160 ml serum bottle is used, remove only 10 ml of
the water during sample preparation. After the appropriate amount of water has
been removed, pull the 8 cm needle out of the septum. Next, pull the syringe
from the septum. The sample bottle is then shaken at 1400 rpm on a rotary shaker
for 5 minutes to allow the gases to equilibrate between the headspace and the
liquid phase. A portion of tha h:adspace is then taken immediately for analysis
on the gas chromatograph. Use . 500 microliter gas tight syringe to take a 300
microliter sample of the heads_ace. This is done by inserting the syringe needle
into the septum so that the side port of the needle is in the headspace, Pull
the plunger up to the 300 microliter mark. Close the syringe and withdraw the

needle from the septum. Inject the syringe’s contents into a gas chromatograph
for analysis.

The GC conditions for the analysis of methane, ethane, ethene, and nitrous oxide
can be found in RSKSOP-147; for carbon dioxide, oxygen, and nitrogen the
conditions for the GC are found in RSKSOP=114. After GC analysis is successfully
completed, remove the cap from the bottle.

CAUTION: Excessive handling of the sample should be avoided, as this will raise

the temperature of the sample.

Record the temperature of the remaining sample using a thermometer, then record
the volume of the sample bottle by refilling the bottle and pouring its contents
into a Class "A" calibrated to contain (TC) graduated cylinder. Along with the
samples a method blank should also be analyzed. The method blank consists of
deicnized water prepared in the same type of bottle used for the samples. Area
count for any detected analyte is subtracted from the area count for sach sample.
See example calculations.
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S. Calculations:
5a. General Equations:

The calculations for dis:
steps. In this section
section 5b a specific exa
gartia.l pressure of the a:
aw constant (H), temper:
molecular weight of the =

1) From the analysis of t-
count and the regreasion e
determined.

g?j;_ To determine the re
of the standard gas in th-
curve.

In these calcule
atmosphere; therefors, p,

p, = m( sample area

where p, = partial
m = llopo of tha
b = y-intarcept c

2) The equilibrium mole £
where B = Henry's 1

3) Let n, = moles analyte
Then x, = n,/(n, + n,) and
. if n, . x, << 1,

then = 3% . B Or
therefore, n,/V = ¢

4) One liter of water i:
n,/V= 55.5 moles/L{

5) Saturation concentrat:
C = (n,/V)(MW) (1000
where MW = mc

6) Density calculation
P = (molecular wei:
where p = de
ST = ga;

7) v = bvy,, - hvg {1L/10¢
where bv =
hv = L

Then,

8) Al = hvﬂn * pq .
where A, = ml of &
then liquid phase anal:
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ived gas concentration involve sevaral

the general steps and squations will be given; in
:le for mesthane will be shown. Parameters needed are
lyte(p,) (the analyte is the gas in question), Henry's
.xfo of the sample, volume of the sample bottle, and
:lyte. '

sample, an area count is obtained. Using this area
:ation of the standard curve, the partial pressure is

1ssion equaticon, plot area count versus concentration
iacimal fraction i.e. 10 ppm would be 0.00001 on the

.ons total preasure is assumed to be equal to 1
» = Pg-

sunt) + b Eqn. 1
agsure of the gas (decimal fraction)
ne of the standard curve

LR
the line. b welen
ction of the disasolved gas, x,/ = p,/8 Eqn. 2
constant fo;: the gas.
ad a, = moles water.
.= x{ng, + n,}. Egn. 3
= n.(p,/H)
‘(Py/B) EQn.4.
‘5.5 g-moles,
N
- of the gas,
3/9) Eqn. 5
.cular weight of the analyte.
. of the analyte)/(22.4 1l/mcle) (ST in K/273° K)

-ty
‘e temperature

1s)
tle volume
dspace volume

Eqn. 7

SRR S

iyte in headspace

S (&) is
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Ay = (A./(V))-(p)(1000mg/g-)(11//mml) Egn. 8.
Then TC Kﬁfcﬁ“’w .
where TC = Total Concentration of analyte in the original sample
A, = liquid phase analyte from Egn. 8
¢ = saturation conc. from Eqn. 5.
Th. result will be in units of milligrams of gas per liter of water.

5b. Example Calculation

Methane will be used as the example of the calculation for dissolved gas
concentration in water. From the analysis of the sample, an area count for
methane is determined. This area count is used with the equation for the line
of the standard curve, which is determined by analyzing a range (10 - 10,000 ppm
CH,} of methane standards, to obtain the partial pressure.

Parameters for this example calculation are as follows: — L
sanple area count = 978264 ’ — \
method blank area count = 276§ i A
Henry's law constant = 4.13E+4 (at 25 C) e
sample temperature = 25 C '
bottle volume = 60 ml
headspace volume = 6 ml.

Cy= &

1) For this sample the equation for the line of the standard curve is

Pg = 1.814E-9x% - 6.716E-6 ( b

<o Pg = (1.8l4E-9(978264-2766))- 6.716E-6 Egn. 1
8o, p, = 0.0018.

2) Using Egn. 2, X, = 0.0018/ 4.13E+4 or 4.269E-8 mola CH,.

3 & 4) Usiiag Eqn. 4 and the value above, nA/ s (55.5)(4.269E-8)
or 2.37E-6 moles CH, / liter By .0

5) Saturation concentration of ch., using Eqn. 5 and the value for ng /v
C = (2.37E-6)(16)(1000) = 0.038 mg CH, / liter H,0.

6) p = (l6g/mole)/((22.41liters/mole) (298/273)) = 0.654 g CH, / liter.

7) bv = 60 ml and hv = 6 ml,
v =(60 ml-~ 6§ ml){1L/1000ml)= 0.054 L.

8) A, = éml , 0.0018 = 0.0108 ml CH,

A, = (0.0108 ml/ 0.054 1)(0.654 g/1)(11/1000ml)(1000mg/q)
A, = 0.1308mg cH, / 1 B,0

9) then TC = A, + C = 0.038mg/1 + 0.131mg/1l
TC = 0.169% mg CH,/liter H,0.

6. Quality Control:

The use of method blanks, field blanks, field replicates and laboratory

duplicates are encouraged. See the SOPs used for the GC analysis for information
on analytical gquality control.
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PRECAUTIONS: No special precautions are necessary aside from those us-d in good
laboratory practice. ’

NOTE: See appendix for tables of Henry's law constants.




2-19-1997 4:

Mt

. "'
K e

. .
e P.,‘
it

" ¢
[

D el T

Y
“ '4’41
‘ -
.

‘L“."a i

v

Ve

¢

AV N
‘r*‘a' ff’
LT,
e — T

»
»
Eoa—

e —
4

, { .

Ko
":‘"T_"':‘.'_"_'-

.
A
Mi It
AR
St e

;C

,-J‘.fj‘

ap

A
Lo
[ AR )t

- . e o ——— o ..

S

-5;"4.'

I

..
S
a
ppemges

i 2
AL

LR
(]

A

A

18PM

. New York 1985 LAlervis and Jacksoa, “Al

F Y

-

FROM APAB /BPAB 405 436 87@3

GAS ABSORPTION

Rerzagures: Bherwood snd Pigford, “Absorpties gud Extrar-
Gen." MeGraw-Hill, New Vork. 1832, Lere, *Tewer Puh“:'-

and Pocked Tower Design,” UK. & Co., Akres. Ohio
1933, Treybal, "M peration

aas-transfer  Operutions,” l_leGm‘-'-llill:

Ay N
. Y. sveW 1 0f) 3 regner a
seering Pructios,” vol, §, Acsdemic Press. New York, 1038,
:':'lkr-r. Lewis, ltcA:-:i u:‘ g@m&;’;:&u; of Chem~
intering,” - ' raws Mi - 1937.
MeCabe asd Smith, “Tait Operatisns of C&-ml.g‘m
ing.” MeGraw.Mill, Kew York, 193 Colburn, frene. dm.
Inst. Chom, Engre., 88, 211 (1839). Colbyra, Ind. Sng. Chem,,
83, 436 (1841). Unit. Opern

17 (1930): 34, €1 (1951); 44, 25 (1932); &8, 957 mn);'u 61,837 .

(1954): 47, 305, 888 11935): 48, a8, 459 (1858); @9, 487, 377
{1957); B0, 421, 838 (1938); 8%, 337, «84 (1959).
Riesanfeld, Chem. Eng., 84 (13), 22?7 {1939),

INTRODUCTION

Gsa absorption is & unit operstios in which & soluble
component of a gas mirture is dissalved in 3 liquid. The
inverse operstion. ealled stripping or desorption, is
employed when it is desired to transfer o volatile compo-
pent from a liquid mirture into & z8s. The following
section ia eoncerned principally with the dasign of com-
mercial aquipment for carrying ot cither of these oper-
ations contisuously, Maoy gasecus materials are
ametable to gas-absorption processss. Table 14-1 lists
some gas-sbsorption my¥ems of commereial importanes.

The apparstus wed for coptacting o linuid and & gas
stream continvously mey be & tower Slled with irregular
solid packing material, az empty towsr into which the
liquid is spraved. or a tower eoptaining & number of
bubblecap or sieve pistes. Ordinarily, the gay and
liquid streams Sow sountercurrestly through the equip-
ment in order to obtain the greatest rate of abeorpiion,

Table 14-1.

Oocasionslly, gas-ahenrption operations are earried out
in spray rolumus. serted-wall solumns. mirrnd vesoels,
or mechanically sided devices. *

Thete are threc main steps in dosign of a» abeorprion
o REApping tower: .

1. Data sn the vapor-liquid equilibrium relations for
the symtem sre used to determine (s) the quantity of
Hquid nevded (0 abuorb the required nmount of the solu-
bie composent from the gas or (b) the quantity of ga.
assded 10 strip the required amount of the volatile com-
ponsnt from the liquid. . .

2. Da:a oo the liquid- snd vapor-handling capacity of
equipment of the ty'pe being considered are used to deter-
mine the regquired cross-sectional ares of the channels
through which the liquid and wapor str>ms will Sow.
(Ecopemic factors may dictate use of 8v selocities weil
balow the mazimum values that can b sayloyed.)

3. Equilibrium dsts and materia! smlances mre gaed

. $o determioe the number of equilibrivm stages (theoreti-

sal plates or transfer units) required for the separation
desired. DifSculty of the separation depends om the
degree of recovery that is economically most desirsble.
Required tire of contact between the Sowing streams,

or required haight of the tower, can be ealeulated if data .-

are available for the specific vate of transfer of material
between the gus and liquid phases, sxzpreased is terms of
theTplntc sfficiency ov the height of one trunsfer unmit
{R.T.U.).

RQUILIBRIUM DATA

Bolubdility of Various Gases in Water. In order to
debine the solubility factor of s gas in a liquid, it gon-
erally necessary to state the temperature, the equilibrium

- partial preasure of 1he solute gas in the gas phase, and

the concentration of the solute gas in the liquid phase.

Gas-sbsorption Bystems of Commaereial Importance*

Saivent

259
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EQUILIBRIUN DATA

a8 the partial pressurs of tbe solute gas should be stated,
buot where the toral pressure is not mors than & few,
perbaps 5, stmospheres, ths solubility for s partioular
partial pressure of sclute gas may be saisly considered
indepundent of total pressurs.) The sulubility of NH,
(Table 14-4) at & tempersture of 30°C. for s partial pres-
sure of NH; of 260 mm. is given aa 20 weights of NH, par
100 weights of Hy,O. This mathod of stating tempers-
surs, partial pressure of solute gas is the gas phass, and
eopcentration of solute in tha liquid pbase will be em-
ployed for aystems where Henry's law doss aot beald.

If Honry's law bolds, solubility is defined by giving
the Henry's law zonstant & and the tempersturs where
B = py/3a = stz /mols fraction of solute in solution-
For quits & aumber of guses. Benry's law holds wery
well whare tha partial preasurs of the sclute gas does aot
axcesd 1 atm. For partial pressures of saluts gas grester
than 1 atm. M is seldom independemt of the partisl
pressure of the salute gas, ._ndaﬁmvdmollulh
nsed over only » narrow range of partial premurme. In
defining gaa solubility at these higher preasures, the par-
tial pressure of the soluts gas s well s the temperstwre
ang the value of H must be apecifed. 1n the following
tablea. if the partia] pressure of the soluts 7.8 ia not
specified, the valnes of H may be safely uws ' only for
partial pressures of sclute gas not grester il:a 1 sime
TWhere the partial preasure of the solute ga.s is apecified.
the given walues of N msy be used for paitial pressures
ot more than perhaps an stmospbere higher or lower
thap the stated partial pressure. The use of Henry's
law constants is Dustrated by the examples given balow.

Baample 1, Xt is desired 0 Snd out hew Wuch hydrogen asn
be dissolved in 100 weights of water [rom & gaa mizture whes the
sotal pressure is 760 mm. Hg. the prrusl pressure of Hy i 200
mm.. and the wemperature is 20°C.

For partial pressures of Be up to 1 stm., the value of ¥ in
€.83 X 104 st 20°C. (swe Tabie 34-19:.

)

za - F Q4e-1)

Pa -%-n.:ilun.

0263
u-“m-am

where 54 1 the mole fraction of By s the liquid pbase. (Mele
fraction is the matio of the number of :woles of & pariiculsr sountit-
uent covteived in 8 given weigbi of the solution to the teal
males of all constituents contsined.) To ealculate the unita of
::igbt of Hs per 100 weighte of R:0. the lellowiag formuls may

s \ Ma 000000383 Y 2.02
(1 -l W' (x — 0.00000353/ .08 ° T 00000431

Thus, D.0000$31 weight of M: may be dirscived in 100 weights of
H:0 ot 20°C. frams » gas miziure where the partial presaure of Hs
s 200 nm.

Ezampic2. Osvees is disselved is water 1o the extent of 0.03
weight of O3 per 300 weighia of ¥10. What equilibrium parti-}
pressure of O: would thix solution ryem st 23°C.°

Take as & basia 100 weighus of H:0.

0.03 722

“ 80373 + 100718
pe ® Nza

U pa is greater thas 1 atr, the vaive of pas shoold be knows
brlore the proper value of H can be selerted. A trisl-anderror
sulutide is indiested, Ap 5 £ret approximstion. assurhe ths pa
will not eacerd 1 atm, and seleet 1he value of K corresponiiing te
23°C. froms Table 3427,

N w438 X300
pe = 43,500 X 0.0001C88 » 7,30 atm.

s - 0.00014083
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Select another value of N for & partial prawure of 7.37 atr.
(I%Ou)hl‘hhh 14-28, interpolating to vhtain o value for
289°C.

X o400 X 10
st = 48,900 X 0.0001888 = £33 atm. = 8300 =,

A third appreximation, wsing Teble 14-24, amuming ps = 835
atm., gives & value of 3¢ whish is o8 accurate as tha svailable
wnlues of N will pormit.

2 =49 X 1
Pe = 49300 X 50001888 = 835 st = 830 mm.

- Thus, 0.03 weizht of Or dimcived ia 100 weights of HO would

ssare b partial prassmse of $350 A

There msy alse be & sufcisntly close, though less
sccurate, proportiopality between the concentrations of
the gas in the liquid and the gas phases when composi-
sions are expresssd in other umits particulsely when
somparstivaly dilute sclutions are involved. Huury's
law, though quits wseful if ## can be applisd, must be
sbecked sxperimentally in aach instance to determine the
accuracy with which it ean be used. The following tables
and charts give dats oo the solubility of soms of the more
sommon gases in watar. .

The solubility tables bave bess taken from the “Inter-
sational Critical Tables™ and other relisble souress.
In many instancas, the tables bere prasented represent
only a part of the sclubility data gives in the origizal.
Where the data given are pot sufficient for s particular
problem, reference to the original iz recommended.
Markham and Xobe [Chem. Rer., 38, 518 (1041)} have
summarised and critically reviewed the gae-olubility
dats that were available prior to 1941, - Raference may
also be made to Beidall and Links, “SBalubilities of In-

‘grganic and Matal Compousds,” Van Nostrand. Prince-

ton, N.J., 1883
Table 14-8.! Acetylens (CyRBy)
| ST [ ] )
W xE “IsHlTwliw T (T 5119

“istrnawoanl Crivanl Tebias" vel. 3. p. 200, M-Grn-n;l.;;’l

t Suparior oumben rde 10 able fontacts rdurraces o 3. 1467,
"nr-'r.u- moiubillty tabia is the propovtiocality sowrtast for the
wpwmin o Bary's be, @ 1. wbere ¢ = mols iractios o the soluts in
&lmtidvhm‘- Jp_-uudthdwn_dnu’hu.»-d
: H ® & proporticaality sonstan ! p
solute pramury @ the gar plase par- Gait eommenTatow

Tadle 14-3.7 Alr
L'CJ [] ! ¥ l W—W
BxE.. T AmIsM et len | TN D

e sar e s e T e T Y

“Interastions) Critim) Teblm,” vel 3, 9. 257,
* B b ealcuisted rem the smorplive earficieats of Or and Na. takisg ste
scomideratios the o fox argon mptand.

According to Whitney and Vivian [Ind, Eng. CAem., 33,
741 (194))). the solubility of chlorine in water, in 1b.-
moles Cly/eu. it., follows the squation

T = B'p + (K H'p)» (14-2)

obtained by amsumisg that the seludbility of molecular
chlorine follows Henry's law and that the equilibrivrm in
the hydration reaction

Ch + HO0 = HOO + H* + O

is representsd by sn eguilibrium cospstant K. The

observed values of H' and A, are given in Table 14-12.
8olubility of Gases in Non-agueous Purs Liquids.

The solubility of 3 gas in 3 Don-agueous pure liguid i

T /7.

7
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Tabls 14-4.5+4 Ammonis {(NH;) hq-ntlyud p-: mmof‘:d ths cb:a:: cnguuho:t
Wasn NN, g o NE, na Rg The pomibls eombinstions utes ao vants t.
o 100 o some under the above classification ars very sumsrous.
B FT. E_*Tﬁ?f'ﬁj T W E Bolybility tablos in the “Internstional Critical Tables,”
r~4 gﬂ : “Lendolt-Bérnsteiz Physikalisch-chemischs Tabellen.”
& g o fwr lam §....0.... .00 and Seidell and linke (“Solubilities of Inorganic and
R wom um | Y. (D Organie Compounds,” Vas Nostrand, Princeton, N.J.,
- L 13D lin © 1952) present most of the available data. The list of
P - T (o | (e solutes and solvent in Table 14-3¢4 will give some idea of
. m |w il
DA » i w0 139 [....la¢ | ;2 the type of systams for which solubility dats sre nvul-
T - 8 o4 k- 8 om able. The list. which has been made up from tables
Tty ﬂ FIE N1 R e - z ?‘., ‘appearing in the “Internstioval Critiea) Tables,” vol. 3,
N U] g?l ansl @e ... {1 |6 3 {wl PP. 361-270, does mot inciude, by any meana, all the
3 ;-5 g; - g-gq - ;H TR sclutes and sclvents sommidared in the “Internstions!
UaO - 8 el aw o @] @ [0 |18y | Oritical Tablew® but caly some of those most sommonly :
- Do 38 u.;y Hilms| ¢ (@113 | encoustered. . “eta b
: £ I Prowes Dot 5.0 |;.4 .4 g.w S 30 K7 Solubility uu for hyduewbom ta ol ars wenally -
IR Boownd bovod oo B v A B 5 10 B2 A in the form of av equilibrium sonstent X w
126 N SUSONE DOGSON Nt (AR &.m SR B ¥*/3, whers y* = mole fraction of the solute in the gu
83 lfoefee ;: 4 A1 W2 and 2 = male {raction of the solute in the Bguld :
il —iliiianins = pbase. The valus of X waries with temperature, pres- N
* Extpolated vaines. sare, and composition (see p. 13-13). Values d F 4 -
are given by Kats and Huhnutb [Und Bng. Chem., 28,
1072 (3937)). Bes also Sbherwood and Piglord (“Abe
Table 14-5. Ammonis (NH,) sorption and Extraction.” MeGraw-Hill, New York
L rrTR Yy 1852) and an extensive seriee of articles by Bage of al
vaatr | Und. Eng. Chem., 1834 10 date]. The available dats are
Forws 2.0 [0.200 | 0.32 | 0.3 (0.6 0791 | 1.2 | discusesd in Bec. 18,
g These data ey ve foung In Eeidul Lasdolt-Boveseln,
W 'bese dsts may yund in Beidall, - «in,
MBC......lamIites 124t lawiam ‘30 f20g and the “Istersaticnal Critical Tables.” vol. 3. pp. 871
Weizst K, pe 281. The wsolutes considered in the *“International
s | sl il 1 Critical Tables” includh. in geveral, the same gases s
N - ——t e et in| 2.1 27 listedin Table 14-34. ‘The solvents are aqueous sclutions
KR, 2o, He. containing various eoncentrations of both isorgasic and
ae25°C....... i ine srlwnins!nn
e o e o oy g hem ks Tabelen L. 1 3, 03, 7 Table 1¢-0.% Carbon Monoxids (CO)
20 Hosie, 9. Ploe. Cheme 3 301 B P, o I L SR IO L T
Exio-buhshaltaawre e

X

P .hb“ 144,01 Bromize (Bn) - ey li'_b_’__ YE v eI I'i'l‘!’lTil‘nT‘f.‘l—u

e Y T T T TET T | Do Gitl Tala” wi 0.0 30,
= s?ﬁ_' —B’l (K] “‘iT‘l !T—‘—T Table 14-10.1 Carbon Monezide (CO)
"lumtinal Critim} Tables,” val. 3, p. 265, Mcs! %E o t:.t;’c.—m:‘ X Ei"‘ :c
Table 14-1.%9 Carbon Dioxids (COs) -3 3§ 5 3
TG LT BT G 8 TSI BT s 18 iz
-x.wuwm&nm-ﬁas.;u_—'—“— - o 1%

“Iswrcatioss! Critiaal Tabie™ vul. 3, p. XD,

Table 14-2.9 Carbon Diozide (€03 )
Table 14-11. Carbony! Bulde (COS)

Toar el 700 we:
- e Veight of OO per 100 we'zhts of BO e LI I T B B B B %
e | FC{wezenorclwe jwc. wre. [are e, | WERKT R TITE T TR e
TEI IR IR IR IR IR IS e *Iatwrastiona! Ciitim) Tabim,” val. 3, p. 260,
Salyodlamlise] a7 1aw|anriraiznlire
3 3|3 |08 ip ba|te]sa)i8 |8 btoria
Al A H S e e :
TP S PN X . . . R Tea Scunt ¥, Sagun. bt comtant Au,
soo faaafisslosl i i ST e sast e Temg., °C.| p i 8 baw o S motearen.
w0 {81227 58] 30 [T lew]ese|e|se u.—.&,u;f;mmmm L :
-3 DIOSE DOl bovtll IS I8 £ 2 TR E X% Dol Dol Ditwr ® 0 3
J00 ) 01 e Vo T byl ye i H i 09
*1n the orini med his ecati e 010 128
ol '3au;nl.“ernwaun:ﬂ{uvl“i:ﬂ ceatimeters of OOy

e, “Whitaer aud Vivies, Jud. Erg. Chum., A3, 741 (19447,
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BQUILIBRIUM DATA

‘Tsbls 14-13.%  Chlerine (C))

T ik
Srcars Salubility, §. of Chs por it
gl e fwe e [ we [ e | we
2 9488 | $401| BaB| GGt 843
w1 403 a9 13
R AR AR AR Ak
w | 2» 1 i Lg ;lm .
0 |39 | 2n ! 1] LW
S iR E R
w )L d.g ¥ @ 6 'S
s | oo | on 3 »
o ] ... Nl ¢m| 3@ M
-3 el I R - I X » o
I I Bl ogn] e 1] ¢7]
ottt A ] 4w " 5
@ | 0| ez ] &9 | &=
0 a3z | e32] 8 42 ] 11
200 " 5! 3% i i
gl li8 18 i8] i8] i3
00 caeee | BMS ] 66 ] S84 ] aa
wo | b, 32| 121 5@ 97
120 swrarssm | 0.4 :.0 68 g.ﬂ
100§ aeeae | eeerr U3 | Wi ge | en
2000 Tl uw | el w2 | an
30 vl ne ew | oul weo
-3 o | uolun
o0 o 37 L uE | B
e | oo D7 5.7 .78
sop 1 T | %3 3 ! owe
. w .
;;_:,?' Cls par litae
MO lers | e | o | we | woc. | e
5 0.3 0.560 8.351 0.3% .35 0.3
10 ). 20 M7 +O A5 402
» 8 | e el &
30 wm2] W] s | Je|
0o | 1| e o] 1ed] w| %%
t E R . . N -
2wl e
230 1.914 Jek .2 .55% 1.480 413
20 | an 1 ovml 10| tele| 1se
3% F¥- .10 N0 A1 1.7% ® i
a0 | oz am | 208 ! res] wm
@ | el da 2| 28] 1) T
5% 01 3% % B 26 | 1
5% | 3¢ 9 a F A X4
0 | 38| 6] 2wl iIg R in
(3 b % n . 2. ‘24 .28
0 | a %! iB sl ik 1B
70 | ;.5‘ »- 8 . % .26 ;.ﬁ &
&0 75 X} "o X A 3
w | o4 ]| e R ®{ 2wl ¥
o | 4 ” st inl e 9
e | RIS I2 1B 18] i
AR A AR A
> ta | Yo ]| ¢ | sos | sS» | s
ol | ix| sn| sn| sy
£ lun gl En)an) el
o | ou|len] v2| 1e ‘5 )
4509 3 ] "w.e 10« \ X 2 .13
1N 18 1y 01 1t 42 10.8§ 9 48 84

~*zanic compousds. Among the inorganic compoonds
ste included many eoramor acids, bases, and salta.

“ome of the orranic compounds considered are: methy}

~irqhol. cthyl alcobal, glycerol, glucose, sucrose. ehloral
tydrate, and urea.

Solubilities of gases, particularly earbon dioxide,
hydrogen, and nitrous oside. in certain colloidal selu-
tions in water mayv be found ip the “Joterautional
Critical Tabies,” vol. 3, p. 251. Typical eolloids con~

165

sidered are pelatin, starch. dertrin, egy albuman, seram
slbumen, giytogen, peptons, hemogiobin, arsenic tri.
sulfide, ferric hydroxids, and silicie acid.

Data on solubility under prassures vp to 300 atm. for
Nj, Ey Oy, CH,, Co.. CrHu CiHy and H,yS in water
and s sumber of organic solvents are given by Frolich,
Taveh, Bogan, snd Peer [Ind Eng. Chem., 23, 348
(1931). Goodman and Krase [7nd. Zng. Cham., 83, 401
(1931)] prasest experimental dats oa the solubility of N,
in water at pressures from 100 to 300 stm. and tem-
peraturss from 0° to 170°C. Wishe snd Gaddy {J.
Am. Chem. Soc., 63, 815 (1039)) give data up to 700 atm.
and from 80° 30 100°C. )

Bther Vapor in Various Bolvents. Ths resovery
of sther vaper is frequently aecomplished by sbearption
in a Lquid absorbent such as sulfunie acid or meta-cresol.

Table 14-14. Chlorins Dioxide (C10y)
Vol R ol OO0 | Weight ol CiOs, raias pos Liar of solution
i g phom W I PC. (W | | wC. | K
1 T3 ®W 1., .| W 00| 000, 0.4
g ) ¥ 3.45 g P! 1.9) L.
0135wl S25] ade| 3} 2.8
? X w2 | 8.95 35 4181 4 , 20
®* X 155 128 {108 .0 30 | 4.5
1 12.9 | 44 n.s .20 .00 K 4
12 . {006 {18 128 1.3 z.so 43
] B3 [ 158 [118 .3 | 5.
W faceee] cenen 150 (149 123 [ IXY
1! ves § seems 9.2 j 160 1 13.2 9.5 , 6.8
" e 23 1o thed Twi {72
Jabi, Chom. Zog. (Jupen), I, 153 (1O3R).

Table 14-18.* RTthane (CiHo)
- TIT .

wwr&-n: » ¥l .
Table 14-18.} Ethylens (C.11)

by sberrerhdy

Iotarmtionsl Critim] Tables.” val. 3, p 260,

Table 24-17. Mellum (He)
i PRy -3 N, SR SR B I
| I Y. AL X "fy FRNN 3 S NN T T 1K

See sk Pray, Schevickert, aad Minnich, Jad, Sug. Chem., 81, 1146,(1932) -
Table 14-18.29323 Nydrogen (Hy)

i e e b o e

- j itioal Toblas.” wul 3, p. 256.
hhd:‘ u‘.%gmmd ] um,’?u Eng. Chrm., 84, 8146 (1952)
Table 314-19." Wydrogen (Hy)
Partial o= x N R
B mm. He X538 FiEW
WO 7.
. 1108 e 1.8
-2000 42 7%
3000 ,z.n ;.n
- 4008 2 8
5000 ;.ii 1.8
4000 7 aon
0006 .9 &.16
200 (X1}
750 [ R

“*lrteroatisnal Critical Talle,™ wil 3, p. 236,
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148 GAS ABEORPTION
Tabls 14-30.' Wydrogsn Chlerids (HCY) Table 14-38."%7 itrous Oxide (NsO)
1"‘ Nm‘m‘h ..., e ]
511, . e | I I'_r_njj—.rl;g Ty lTebe
%;"‘. I L 2N X IR ‘ “latersstinmal Crition) Tables,™ vel. 3, . 299,
. o & .
. £ l’d e Ezi s Table 14-37.08488  Oygen (O .
R W e e —.
4 . X 1. 7 ] Rt ]
X 1 K7 X ’e : '
a 8] 2] % - LR R A N RN
kS '5.’3 ﬂﬂ :g& ‘min Jg}; aE Y AE Y Mgiﬂ 'T!’ sWTH
et g : Bouae X ; . wd. . Pesy, ; .
o e B woou 1O | e Sridm! Tebie Y g Pyt
M RCIT Porsial yromes of BC, mm. Bg o other Sulems 3 1o 30°C. .
e [ - . 2
= S wE " Table14-38.4 Oxypen (On 3
v 5; E Portal ware WD .5
S k] ] -] Oumn. . - ¥C. -
T »e 8.7 " g S ] l
< e g.o 3 :g - .
" B'e %] T3 8 2 X om
t . e X1 re’s » Y] B -ﬁ
. B (% 1.5 (X &0 19 .. ‘
i (] 0344 L» 1e E 4, an :
R 49 ‘806 »s “n <m “n -
oy 2.04 00140 _mes | %0 N0 & e ?
i Esm phase-eg! y jor Cinkiel - A
H "{‘ Eives :;' Vl:‘h‘m Mm&huul.u-‘éh ';:ﬂ- .a?-?'g). " —g’ - . 336 3
£ ~internationsl Uriienl Tabie,” wal. 3, p. 237, flew alne Tress. dov, Soc, 2
. ‘”*: Table 34832 Mydrogen Sultids (7,8) ”di f?d‘ " (I;'w for malubility of Oy for WO°F. < T SAXF, .f.'
) T I I | ] WTI}_FI':_—FT—K‘ e X '
,‘ 0 XA _..... h’? DEEX AN SY R AKX R Table 14-99. Osone (Os)’ .
[ S YN R T
" wsx gy sl lve ey ey e SR TG T L T ol e s s
- g ‘hxmﬁ-iﬁ-l‘hhl.."'d.l.'.m. .WWTI“-‘*..E. )
’ ) Table 14-23.! Methane (CH, Table 14-30% Propylens (C,Hy
w2 i S T3 able 14-30. opyiens (C,H,) -
= Wlw’wmwl Frj'; oo hi-;lT? B
AL I I U N m—w 3o 1 3m T s T 3o 78
S = [ Z59 e ]T':T'T‘!" n!“'ﬁs s "_sﬁ R }‘Tsr ~Ia smmal Critian) Tobiea,” wel. 3, 3. 260.
;: “Isternational Criim! Tabia,” vol. 3, . 240, . ' Bulfur Dioxide (8O.
N Table 14-33.50  Nitclc Oxlds (NC) Tuble 14-31.% Sulfur Dloxids (304
e Ar T T 1.3 1% Purtial pranwre of 801 man. Bg
'.Xiﬁe e e e e TE o M AR
K T rhw e w e vy R < low
~Iotersatmal Critial Tobia™ vol, 3, g 290, % @ e e (8
Table 1¢4-2403513 Witrogen (Ng)» %:3 ® |l w jws %2 W | ae
. o T3 7 AR 1 3{{% a4l B
[k ¥. S ﬁﬁm o% 13.§ IR 2
_—-—ﬁ—_———_—_ X X 13 X X 3
P - e ' ) f S ; : ] n{ 7e! 08 Wil W,
Wil meiTreaTh brs , 4, 'g.i 31 & i;l ;: 1
gt e N SRR R R R
* Attaorpasnse pittoges = 95515 ved, % N¢ +i il 54 82 - .y .3 S 08 8
Table 14-23.  Witrogen {N.)
- - per— S Table 14-32.  Bulfur Dloside (£0;)
N mm. He Bt . u'e'.“l?‘m Parta) remurs of 50, am. By
0 ¥ o ' YW W B | W W R
- $a ¥ % i | > -
$000 e ‘e s 0 | o | e ' BE.]
- 000 (B2 9.2 & «125 m | . 25 90 ™ .
= i > E IR 1 1
1% "m ] ®: B wi i o tiw! tw §
-!;:’%n&ud—mw Krase | fnd. Eng. Chrm 23, 401{193))) fwr walue -

Bewell and Lirke, “Solubihtim o Iacrramie sod Ovgumie Compoumis,”
LA 1952

Vas Nwiread, Hrinarioe, XJ.,
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EQUILIBRIUM DATA 14-7

Table 34-33. Sulfur Diexide (80

Fortial premare, man. Hz
4% .| 4@ mn 2

8.51 e 420 v'lé_
hey

Sew Pramoa. Lundberg, Ware, and MeCarthey (Chem, ",
U1950)] for & reriew of o svasatis mivciy o S b L B

, “landcieBeotneis Phpibativeh-shemisshe Tobalien.”
* Winkier, Jwv,, 38. 1408 ,1901), :
8 Sherwond, Int. £ng, Ciom., 13, 745 (1925).
4Br tnuﬂ. M;!;x: !"_ﬁ. Eae. bst(u. Bor. 68,
A .
* Wiskiar, Chem-2ip. 3. 647 F1000), (oW
Thobr, Ans. Phyeus. 63, %00 (1099), -

- B far 2w 14
e{n‘!_gt‘ Tublve 14.3w 1433

T e A Lo, B G 1 315 (19 8,08 (1)
b 4! A h & N H -
® Adums asd Edmonds, fui. Eag, Chons. 3040 {1907,

Table 14-34. Won-asgueous Solvents for

Gas 4bsorpsion
Selutes:
lepe, H
i‘e:w e, C:E E‘ s “’l”‘. na
Ammonia, NR, yd ngide, f ¥
romine, By Alethane, CH,
Carbon dieside, COy Methyi chlaride, TH
g::lxm nto.?mdc. Co \igtnc -ddﬁ. RO
B B vo
yiene, S Fulfer diavide, BOs
S roits acid (glacial, C1B.O 1by] acetate, CBDs
Aeviis anbrange. ClDy T aivoner B
Acetone, CHoR tbylene ehioride, Cal 1
Amyl alegbel. CH 10 tbyl ether, CoH ﬁ
niline, CB:N Methyl nm‘u.g O
Acnsene, CaHy P l-h'lh 3 'mé.n"'?o
T b e, C- i ] +NOr
Carbon disulSde, CS‘: Propyl al tl C.B0

Carbon tetrschlcride. CClL
Chicrobenzene. C.B\Cl
Chloretorm. CHCL

Propylene, Cally
Tol <
b Tt

Figures 14-1 and 14-2 give the solubility of ether in
various solvepts. All the rolubllity curves given with
*he vxception of thar for butv) alcohol are for 30°C.

butyl alcoho! eurve is jor 13°C. (Robinson, “Recovery

:i Volatde Sulvents.” pp. 154-136, Reinbold, New York,
922)

Carbon Diozide and Xydrogen Sulfds in Aqueous
Amwmonia. When carbon diozide dirsalves jo. an sQue-
¢us smmonia sclution the following ionic equilibris
are estabilished: .

NHy = CU; = Hi0= NH,* + HCU,~ (s)
N1y = 1CO;" = N11.CUO~ + Hy,0 tb)
Ny = HCO™ == NNt + CO,° te)

Van Krevelen. Moftijzer. and Huntjwus {Mer. teue,
elim., €8, 193 «19:5.) have rhown how mass-action ox-
pressions and nitruoen, carbon. and jon balances ean he
viniloved to renzesent the compurition of the solution
and the equilibnum pamial yreseures of N1 and COs.
The innseciction cunstants vary with Lemperature and
e otrerah. Tigures 34-3 and 14-8 give typical
valeulnted results. Figure 14-3 sbows the varistica ef
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Fie. 34-2. Vaper pressure of sther at 20°C. from .IJOA iy
- Yions af several sonsentmtions of Bo80O.aad HsO.
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Vapor Pressure of Eher, Mm. Hg

Tie. 14-2.  Yapor pressuse of sihes frem fie solution in ssverml
selveats.

ﬁ! 'fmn:mui 5
a4 hoabel
¥ .F.l.h:'lﬂnhol‘ »

the dissolved camponents as & function of R, the ratio of
atoms of total dissolved earbon to stoms of divsolved
mitroges st 30°C. Figure 14 thows caleulated partial
pressures as  function of R and total ammonin enncen-
tration m at the sams temperature. The ealeulated
results agres closely with the experimental data eof
¥an Krevelen of ol., as well as with dats of Preston and
Badger [J. Sec. Chem. Iad., 87, 100 (1038). Badszer
and Silver |7, Soc. Chem. Ind., §7, 1)0 (1038)], Badger
(. Soc. Chem, Ind., B7, 138 (1938)], Badger and Wilson
. Soc. Chem, Ind., 86, 34 (1947)), and Dryden {J. Sec.
Chem, Ind., 88, 8% (1047)]. )

Solution of hydrozen sulfide in squewus Kmnonin
involves the ionic reaction

NIl + Hes = NIL* + 138~ . {d)
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- follow Yeet of calculations as
: a ations :
. __in_+he SoP as outlined

Ec_’gor-h'nj Limi+ = 0.0002Y nr ﬂ--QoFmv
{or methase |




