


Reference #

Data Inventory Sheet

Ee Commodity
2y Author

3 Title (or descrintion)

FARRIEPR, D. S., A. L. HINES, &ND S. W. WANG.

Adsorption of Phenc| &nd Benzoic

Acid from Jilure Aqueous 3Solution onto a Macroreticular Resin.

Coiloid and Intertace Sciance, Valume 60, No.
4, Date

1 Reference

6. Source

L&w PLsu/lk/

o Location of Data

Lele Quaasy QLLL

Form of Data

Type of Work

10. Description of Work
il. Types of Data
Quantity of Data

Quality of Data

Priority

Apri | 1979, pp-

Journal of
eI~ 237,







Adsorption of Phenol and Benzoic Acid from Dilute
Aqueous Solution onto a Macroreticular Resin

DAVID S. FARRIER,! ANTHONY L. HINES. anp SHIE W. WANG

Department of Chemival Enginvering. Colorado School of Mines
Gaolden, Colorado 80401
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Radiolabeled solutes were used to obtwn eguibibrium adsorpues "o for the uptake of
benzoic acid and phenol by a macroreticular resin (Amberlite Xa8) rom dilute agqueous
solutions. Pheaol was studied at 0. 25, and 70°C, and benzowe acid was studied at 25°C. The

phenol data, which covered a wide concentration runge, was modeled ith less than

errar using a three parameter adsorption equation

INTRODUCTION

The use of solid adsorbents as a medium
for removing trace quantities of organics
from waste water has received increased
interest because of more demanding en-
vironmental restrictions that limit organic
concentrations in effluent streams. One

area of particular interest is the removal of

organics from waters produced when proc-
essing fossil fuels. Although it is recognized
that various adsorbents can be used to re-
move a number of organic materials. few
systematic adscrption studies over wide
concentration ranges have been under-
taken: the possible exception is activated
carbon. The absence of accurate adsorp-
tion data is particularly evident for very
dilute aqueous solutions and may be ai-
tributed primarily to a lack of analytical
sensitivity. Analytical sensitivity can, how-
ever, be improved by the use of radio-
active tracer techniques with an expected
10— 10% increase In sensitivity over con-
ventional spectroscopic or chromatographic
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quantitation methods (1}. The use of radio-
labeled matenals and attendant radio-
analytical technmiques not only supports and
augments classical gquantification methods
but, moreover. contributes a new dimen-
sion of experimental possibilities not other-
wise attainable with classical methods. An
example of this is the increased accuracy
of guantifying concentration chang:s at-
forded by judicious employment of radio-
tracer methods. Radiotracer methods are
utilized in this work to study the adsurp-
tion of benzoic acid and phenol on &4 macro-
reticula® resin (Rohm and Haas XAD-8
from water.

EXPERIMENTAL

The radicanalytical apprcach used in
these adsorption experiments volved the
addirion of a small mass of high specific
activity radioactive solute to each of the
stock solutions of solute made up at vary-
ing concentrations. This imparted a uniform
and high solute specific activity to each
of the stock solutions with negligible change
to the final solute concentration. This
method provides an equally sensitive and
accurate radioanalysis for determ.ning solute
concentrations at both high and low levels.
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The net result is that the overall statistical
variance amd sccuracy of the results ob-
tained are the same over the entire con-
centration range.

Stock solutions with known concentra-
tions of either phenot or benzowe acid
were prepaied containing a negligible mass
ol high specific activity radioactive solute.
Both solutes were found to have a radio-
chemical purity greater than 999 . A meus-
ured volumne of the stock solution was
then added to a fixed weight of XAD-8
resin which had been cleaned by exhaustive

extraction according to the procedure of

Junk er af. (2). The slurry was then placed

in a constant temperature shaker bath for

144 hr to attain equilibrium. A Kinetic
study revealed that true equilibrium was
reached after 44 hr for benzoic acid and
after 104 hr for phenol. After equilibration.
the resin was allowed 1o settle and a superna-
tant sample was collected and filtered.
Each aqueous sample was radioassayed
in triplicate according to the following pro-
cedure. Aligquots (1 mb of the agueous
sample were transferred to glass scntilla-
tion vials and admixed with 12 ml of Dimi-
lume-30 (Packard Instrument Company).
Diinilume-301s a complete scintillation cock-
tail for the counting of aqueous samples and
affords a homogeneous. single-phase mix-
ture with the mixing propor.aons used.
Samples were placed in the liquid scintilla-
tion counter (Beckman model LS-9000
Liquid Scintillation Spectrometer) and
dark adapted for at least 30 min prior
to counting. Counting was performed in a
wide open "C window and continued until
a 2-sigma count rate error of 15 or less
wes achieved. Random coincidence moni-
toring was used to insure that the con-
tribution of counting events not due to
radioactivity disintegrations, e.g.. chemi-
luminescence, was less than 0.1%. The
counting efficiency was determined for
each sample and was used to compute the
absolute activity as disintegrations per
minute (DPM). Efficiency corrections were
made by instrumental measurement of the
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Compton edge inflection poinr, a Beckman
modification of the external standardiza-
tion method, and internolation of the count-
ing efficiency was obtained from a mi-
croprocessor-stored  efficiency calibration
curve, previousty obtained from a series of
water guenched "C standards prepared in
Dimilume. Final DPM values were cor-
rected by subtraction of background count
rate

Each scintilletion sample was counted
twice according to the above procedure and
the average DPM result computed. Since
cach agueous sample was split for triplicate
radioassay, a total of six counts contributed
to the overall average DPM/ml computed
for each sample. The coefficient of varia-
t1on for the triplicate assays computed from
50 results was 0.77 = 0.7%.

RESULTS AND DISCUSSION

Benzoic acid was adsorbed onto the
XAD-8 resin at 25°C and the resulting iso-
therm is shown in Fig. 1. As noted by the

tigure. the final concentrations ranged over

three orders of magnitude and included
values from 0.4948 to 0.0003 mg/ml. The
uptakes of the resin corresponding to the
above final concentrations are 28.904 and
0.032 mg/g resin. The isotherm does not
appear to tend to an upper limit in the
uptake. The sigmoidal shape of the isotherm
with the relatively weii-defined knee sug-
gests that multilayer adsorption is occur-
ring. However. if a surface area of 45 A? is
assumed for the benzoic acid molecule, the
highest surface coverage is only 43%. On
this basis, the knee of the isotherm could
be atiributed to the initiation of & multilayer
prior to complete surface coverage of the
resin. Alternatively, if the knee of the
isotherm does represent the formation of a
complete monolayer. then the surface area
occupied by a single molecule would be
much greater than the above value. The
arrangement of the benzoic acid molecule
with the plane of the benzene ring and
the carboxyl group parallel to the surface
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Fiei t Equilibriem uptiake of benzoic acid cn Amberlite XAD-8 at 25°C

of the adsorbent would require a larger
surface area per mo'ecule.

Phenol adsorption isotherms were ob-
tained at 0, 25, and 70°C and are presented
in Fig. 2. The isotherms were curve fitted
with the three parameter adsorption iso-
therm model used by Radke and Prausnitz
(3) with less than 5% errer over the entire
concentration range. Their equation is ex-
pressed as follows

1 i
L (1]
d aCy  hC/V
where
¢ = uptake (mg/g resin),
C, = final solute concentration (mg/'mb).
a.h, 3 = parameters of the eguation to be
determined numerically,

and where £ is constrained to be less
thiun unity. The parameters in the model of
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FiG. 2. Equilibrium uptake of phenol on Amberlite XAD-8 at 0. 25, and 70°C.
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TABLE 1

Curve Fit Parameters for Phenol Adsorption Lwotherms
T emperatiire
LI ]

1} {).S388 (), 3038 0 397
25 0n3ila (3015 04152
70. 1 0844 070085 116246

Radke and Prausnitz found by an
algorithm which mimmized functions by
conjugate directions. The parameters used
in fitting the phenol absorption data are
giver in Table 1.

As noted the equilibrium concentrations
ranged over four orders of magnitude. Hased
on a surface area per phenol molecule of
28 A* (5). the maximum uptike of phenol

were

at 25°C corresponds to a surface coverage ol

the resin of 14477, As noted in Fig. 2. the
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phenol adsorption data obtained at 25°C by
Paleos (4) 1s in excellent agreement with
this study.

Using these isotherms, values for the heat
of adsorption were calculated at constant
loading from the relationship

At

R LT

iln € )
121

Iypical isosteres are shown in Fig, 3. Heats
o1 wlsorption calculated over a loading range
0.12% 1o 120%
age were found 1o be relatively constant
al the vilue 11.9 Kcal mole. This compares
closely with the heat of condensation, 11.3
Kcal/mole

['he isothermal differential heat of adsorp-
standard state (25°C) can be

vary ing frun surface cover-

tion ut the
derived from the Gibbs free energy of ad-
sorption and is given us
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Fia. 3. Heats of adsorption of phenol on Amberlite XAD-8.
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AH" = AG® - T@AG0T)..  [3]

The standard state of the solute in both the
bulk phase and at the interface was taken
to be an idex! solution with a concentra-
tion of one mole per liter. The sta.dard
state change in free energy was calculated
from the following equation:

AG® = —RT In (CJC)). (4]

where C, is the concentration on the surface
and C; is the final fluid concentration. An
interfacial thickness of 5 A was used to
calculate C,. The value of € /O, was deter-
mined from the slope of the initial part
of the adsorption isotherms. The results
at 25°C were AG" = -0.53 Kcal/mole and
AHY = 288 Koeal/mole. These small
numbers indicate very weak interaction at
the surtace

From a comp.rison of this werk with
that of Singh (5), 1t was found that or the
basis of surface area. XAD-8 had a much
greater adsorption cupacity than either
Spheron-6 or Graphon (Cabot Corporation
of Boston, Mass.). At the maximum phenol
concentration studied in this work. the
equilibrium uptake of XAD-8 was 8.9
x 107% moles/m?, whereas for Spheron-6
and Graphon the equilibrium adsorption

capacities were 2.1 x 10" gnd 3.2 x 10°*
moles/m?, respectively. At 35°C Puri er al.
(6) found the adsorption capacities of
Spheron-6 and Graphon to be 0.1 = 10°°
and 0.32 = 107" moles/m*, respectively,
for an equilibrium concentration of 3.4
< 10" "moles/liter. This compares to a value
of about 2.0 x 10 * moles/m* for XAD-8.
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