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INTRODUCTION

Purpose of the Study
The purposas of this study was to determine the service life of an
activated carbon fiiter when used to remove chlorine from a small water
systam that is operated intermittently The service life of the filter is
ths operation time required to rzach a given maximum chlerine concen-

tration in the filter effluent.

Background

The difficulties of securing an adequate underground water supply
havs led many farmers in the Middle West to construct small farm
ponds. Varma and Bawmann (1) have shown that a super chlorination-
dechlorination system will render these pond waters saf: for domeastic
purposes. Superchlorination-dechlorination consists of maintaining a
relatively high chlorine concontration in & water storage tank and re-
moving the excess chlorine before ueing the water. Yarma and Baumann
recommended a minimum chlorine concantration of 5,0 mg/l.

Equipment for sueh a supaerchlorination-dechlorination system is
available commercially and is being used on pond water supplies. CUne
process involves the addition of a solution of' sodium hypochloriie to the
water to obtain the desired chlorine residual in the storage tank, When
disinfection is complate, the excess chlorine is removed by passing the
water through an activated carbon filter. Information on the amount of

chlorine that can be removed under the intermittent operating conditions



prevailing on such » waler system is lacking.

Reason for Dechlorination

A chlorine concentration of 5.0 mg/1 imparts a diatinet taste and
odor to the water. Under normal conditions this water woulé be con-
sidered undesirable for human cossumption. The degree of undesirabil-
ity depends on such thiags as temperature and pH of the water, aad the
presence of sxtransous materials which might combine with the chlorine
t0 give an even greater taste and odor.

Because of the taste-and-cdor problem, that portion of the water .
intended for human consumption, either for cooking or for drinking, is
dechlorinated. Dachlorination is accomplished by passing the water
through a layer of activated carbon. The chlorine is adsorbed on tfw
surface of the carbon particles and water with very little or ao chlorine
residual is obtained. While the removal of chlorine rriizht be considered
the primary function of the activated carbon, other undesirable tastes

and odors may also be removed,



ACTIVATED CARBON

History

Activated carbon has been defined in the Condensed Chemical
Dictionary (2) as followa:

‘Activated Charcosal (Active Cazbon)~— A more or less pure
carbon characterized by a high adsorptive capacity for foreign
molecules. This adsorptive power is due partly io the chem-
ical nature of the carbon atorn with ita attendant free valences
and parily to the cepillary structure of the charcoal which
presents an :normous adeorbing surface. ...’

The use of charcoal in water treatment is oot new, Its history
bas been traced back almost 4, 000 yeare at which time the Qusruta
Sanghita instructed: "It is good to keep water in copper vsssels, to
expose it to sunlight, and filter through charcoal” (3).

There is a great differsnce hetween the aforementioned charcoal
and the activated carboas available today. However, the reasons for
using either are the same.

In 1883, twenty-two water plants in the Unjted States were using
charcoal filters for taste-and odor control (4). The activated form of
carbon was first manufactured in the United States by the Indusirial
Chemical Company in 1913, However, it was not until the late1920's
that it was used for water treatment. Withia twenty years after its in-
troduction, activated carbon was being used in move than a thousand
water plants in this country. Carbon and activated carbon have been

used in Germaay for dechlorination since 1909 {5).



Manufacture and Uses

The quality of aa activated carbon is dependent upon the raw ma-~
terial and the activating process used. Various raw materials bave
been used. Those used most extansively are wood, wood pulp residue,
peas, lignite, and shells of nuts such as almond and cocosnut, Cther
materiale that have been used include blood, bones, fish, petroleum
sludge, and rubber waste. The primary step in the activating process
involves heating the matsrial to temperatures in the order of 600°C to
900*C. The activating procesa is improved i & metallic salt, such as
zinc chloride or calcium chloride, i¢ mixed with the material before
heating, or if the material is exposed to an oxidising gas during the
heating process. ‘ ’

The resultant product possesses a high adsorption capacity and
has been ussd successfully in industrial processes. Hassler (6) des-
cribes these processes, somae of which are the purification of sugars
and syrcps, the purification of {ats and olls, the processing of mis-
cellaneous food products, the pmduetionﬁef alcoholic beverages, the
purification of air, the recovery of solveants, and the treatment of water
supplises. Activated carbons have bsea divided into three basic groups as
follows: 1) gas adsorbents, 2) decelorising and decdorizing carbons,
and 3) metal adsorbents {7). It is usually not possible to develop a car~
bon with more than one of the above-mentioned propertics.



Previous Investigations

A hypothetical explanation of the offect of exposed surface in ad-
sorption has been sttempted by Langmuir (8). Assuning an adsorbed
layer of one-molecule depth, Langmuir bhas expressed the rate of ad-
sorption as proportional to the fraction of the surface area of adsorbent
not covered and the concentration of the adsorbate. The maximum quan«
tity of adsorbed material is reached when the surface of the adsorbent
is saturated with adsorbate.

Problems arise when one atternpts to apply the Langmuir theory
to a practical situation using activated carbon. The first problem is to
dotermine the surfacs area available in a given quantity of the adsorbent.
The second problem arises irom the assumption by Langmuir that the
adsorbed layer is one melecul: deep. The extent to which additional
layersz of adsorbate would accumulate is not known. The first layer of
adsorbate may be able to attract a second layer which in turn may at-
tract a third layer and s0 on, Therefore, it was not possible to make
use of Langmulr's theory in this study.

The Freundlich equation is an empirical formulation of the fac-
tors involved in the action of adsorption {9). The equation is

%n kca' ‘1’

where, x is the amount adsorbed, m is the mass of adsorbent, ¢ is the
concentration mm&iatn;imdwrhcé when equilibrium is reached, and
k and B are constants determined by experiment and depending on the
units used.



This squation is based oa allowing sufficient coatact time for
equilibriurs to occur between the adsorbent and the adsorbate, The
Freundlich equation is not readily applied to this dechiorination study
because of the shert contact times imvolved,

In 1929, Pick {5) reported the results of his study on the dechlo-
rination of drinking weter by activated carbon. He studied the effect of
filter depth, d, rate of flow of chlorinated water per unit area of filter,
¥, and chlorine conceniration ia the filter influent, C_, on the percent-
age of chlorine removed by the filter.  The teats showed that at a given
v and 4 the percentage of chlorine removed was independent of the initial
chlorines concentration. The plotted data were formulated as

c ,
log -t‘- * kd (2)

where, C is the chlorine concentration in the effluent, k is a constant
depending on the quality of the activated carbon and on the units used,
and C«‘ and d are as defined above.

Pick also observed that when the velecity of filtration was changed
by some factor, the depth of filter, to maintain the same percentage of
chlorine reduction, was changed by the square root of that same factor.
This information, together with Equation 2, was used by Pick to derive
an sxpression for the depth of {ilter needed to give a desired reduction
of chlorine concentration. This depth, 4, was givea as

4y C
4 = ghapr s < )

where d, is the depth of filter needed to reducs the chlorine concentra-
tion to one-half its initial value when the filter in operated at a rate of



one ¢cubic centimeter of water per square centimeter of filter area. The
other terms are as dofined above.

A loss of effectiveness of the sctivated carbon to remove chlorine
was observed by Pick at various towns in Germany. The per cent of
chlorine removed was observed to decrease from 85 per cent to 40 per
cent over a poriod of 7 to 55 days, depeanding on the activated carbon
used. The rate of decreass was irregular and no doubt was due to the
varied quality of the water being dechlorinated.

No decrease in dechlorinating capacity was observed on a seventy-
two hour test with activated carbon at the Engineer Research and Devel-
opment Laborawry (ERDL) (10). However, in these tests the rate of
flow of chlorisated water through the filters decreased throughout the
runa.

A similar report from the ERDL (11) covered the results of a
c‘-!lu of experiments to determine the effect of pH, chlorine concen~
tration applied, and changes of iiltratioa ratss on the dechlorination of
water with activated carbon, It was reported that of the factors studied,
the rate of filtration had the moat pronounced qﬂcet on the capacity of &
given quantity of carbon, However, the report continues, "It is be-
lieved that the dechlorinating capacity of any carbon is more a funciion
of the total quantity of carbon in the filter thanm its filter area’. Fow-
dered activated carbon gave beiter results than gresular carbon.

A further conclusion was that as the chlorine conceatration in the
influent was increased, there was & gradual decrease in the psrcentage

of chlorine removed, The beilef was sxpressed that as the influent chlo-



rine concesntration contimued to increase, a maximurn quantity of chlo-
rine removed per unit weight of carbon would be reached., This would
seem to be at varisnce with the conclusions of Pick, but here the chlo-
rine concentrations studied approached 40 mg/1 while Pick’s studies
were limited to chlorine concentrations of 10 mg/1 in the applied water.

There have been numerous reports concerning the effectiveness
of activated carbon when used to control iastes and odors in municipal
water supplics. These reports have dealt with the overall problem of
taste-and-odor control and have not dealt with any one phase such as
chlorine removal. The experiments done by Pick and by ERDL have
been of short duration and bave not been concerned with the service life
of activated carbon filters.

Comparisaon Tests

The material used in the dechlorination study consists essentially
of Standard Black, an activated carbon produced by the West Virginia
Pulp and Paper Co, from wood pulp. To this basic material, the man-
ufacturer of the filter unit, Everpure, Inc., adds other materials to aid
in the proper mechanical functioning of the unit. The unit is described
in the following section on equipment and analytical procedure.

There is no standard test by which the guality of an activated car-
bon ¢an be determined. A carbon which adsorbs one material readily
may be worthless for adeorbing another material. Two carbons which
adsorb a given adsorbate with similar results, may give dissimilar re-

sults when used on a second adsorbaia,



With these iae;s in mind, a aumber of differsnt tests were run in
an attempt to describe ths filter material used. The tests were run on
& number of activated carbons to show a comparison of the characteris~
tics of the filter material used in the service-time tests and other acti-
vated carbons that may be available for water treatment.

The tests run include per cemt moisture, apparent density, fine-
nces, phencl adsorption and gas adsorption. All tests, except gas ad-
sorption, were performed in accordance with standard specifications as
reported in the Journal American Water Worke Association (12}, The
gas adsorption test was devised for this study in the hopes of further de-
fining the quality of the aciivated carbon used. A brief description of
sach test follows.

For the per cent molsture test, & sample of the carbon was accur-
ately weighed as received, dried for at lesat four hours in sn oven at
140°C, cooled in a dessicator, and rewsighed.

For the apparent-density test, a 10-gram sample of cach carbon
was weighed as received and transferred to 2 100-ml graduated cylin-
der. The base of the cylinder was then tapped on & rubber pad until no
settling of the carbon counld be observed. The apparent density was re-
ported as the weight in pounds of ene cubic foot of the carbon in air.

Samples which had been dried at 140°C were used for the fineness
test. The wet-screen method was then used to determine the perceni-
age of carbon retained on 100-mesh and 200-mesh screens. Though
recommended in the specifications, a 325-mesh nérmm was not avail-

able. In the wet-screen method the carbon sample and the screens were
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wet thoroughly. A small stream of water was ueed to wash the finer
carbon particles through the sgreens. The carbon not passing through
each screen was dried and weighed, Fineness was then reported as the
percentage of the sampls passing each screen.

The phenol-adsorption test consisted of adding varying quantities
of the activated carbon to a series of samples of aquecus solutions zon-
taining a known conceatration of phenol (céﬁ,,&m. The resultant mix-
ture was then stirrved mechanically for one bour. The carbon was re-
moved by {iltration in & properly prepared Buchner funnel, One-
hundred~milliliter Nessler tubes were then made up from the differeat
samples and the proper colorimetric indicator solutions were added.
The color developed in sach Nesaler tube was compared with the stand-
ards to determine the percentage of phencl removed by the various
quantities of carbon., Figure i was used to calculate the phenol value,
In Figure 1, the total ppb of phenol removed per unit weight of carbon,
%—. wae¢ ploited against the per cent of original pbencl remaining. The
phewol value was obtained by dividing the per cent of phenol removed by
the per cent of phenol removed per unit weight of carbon when, the per
cent of phenol remaining is equal to ten. The result is the quantity of
carbon required to remove nincty per cent of the phenol. Because of
the laborious nature of this test, the phencl value was determined only
for the Everpure charge and for Standard Black, the principal compen-~
ent of the Everpure charge,

The gas-adsorption test was devised to indicate the relative ability

of the different aciivated carbone to adsorb nitrogen, or oxygen. The
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aApparatus was set up as indicated in Figure 2. It consisted of a gas-~
supply cyliader, 100-ml gas burette, leveling bulb, concentrated solu-
tion of sodium sulphate, an activated carbon container, a receiving bal-
loon, and rubber tubing, glass tubing, rubber stoppers and pinch clamps.

Approximately 100«mls of the gas were admitted to the gas bu-
rette, displacing the sodium sulpbate solution. The level of the solu-
tion in the leveling bulb was thea made equal to that of the solution in
the buretie. This made the pressure within the burette equal to atmos~
pheric pressure. The slevation of the liquid surface in the bureite was
recorded. The leveling bulb was then raised puiting a slight pressure in
the burette. The stopcock was then iurned admitting the gas through the
activated carbon coantainer and into the receiving-balloon. The gas con-
tinued to flow for ten minutes at which time the liquid level was within
10 to 15 mils of the top of the burette.

At this time the leveling bulb wae lowered and the gas flowed back
out of the receiving balloon, through the activated carbon, and iato the
gas burette. Again, ten minutes were needed to allow the liquid level
to return to within 10 (0 15 mls of the bottom of the burstite. This entire
process was completed four times for each tast, for a total of eight
passes of the gas through the activated carbon. The level of the solu-
tion in the leveling bulb was again made equal to that of the solution in
the burette and a final reading was taken on the gas burette. The differ-
snce betweasn this reading aad the original reading was recorded as the
quaniity of gas adsorbed by the activated carbon. Two gases, nitrogen

and oxygen, were used on each of the carbons tested. Results were re-
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ported as milliliters of gas adsorbed per gram of activated carbon used.

The gas adsorption test was triad first on carbon samples that had
been heated at 140°C. These samples adsorbed a negligible quantity of
gis. Fresh samples were then heated for one hour in the laboratory
muffle furnace at 600°C, Samples thus treated adsorbed measurable
Quantities of gas after they had been cooled to room temperature at about
24°C.

Tha activated carbon contsiner consisted of a pyrex glass cylin-
der. The details of this container are indicated in Figure 5. Gas
entered the container through the glass tubing inserted in the stopper.
Cotton diffusers diffused the gas and prevented the carbon from being
hlown out of the container.

All test resulls are shown in Table 1. A description of the differ~
ent activated carbons is givea below.

Everpure charge, the material used in the filter units studied, is
primarily composed of Standard Black. Materials added to the Standard
Black to produce the Everpure charge include diatomaceous earth and
other filter aids and a substance that is said to aid the carbon adhere
to the septum. Standazd Black, Aqua Nuchar, and C-190-N are acti-
vated carbons produced by the West Virginia Pulp and Faper Company
for use in the water treatment industry. Thci are made from wood pulp.
The Barnebey-Cheney Company produces B-C Black from cocoanut
shells. CXAC was an experimental carbon produced from a petroleum
base by the National Carbon Company.
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20
EQUIPMENT AND ANALYTICAL PROCEDURES

The Superchlorination-Dechlorination System

The pilot plant shown in Figures 4 and 5 was set up in the labora-
tory to sirmulate a typieal field installation for superchlorination~dechlo-
rination of & small water supply.

Principal components of the laboratory installation were as fol-
fows:

1. an activated carbon prefilter for dechiorinating the university
tap water; |

2. an open supply tank used to simulate a pond water supply;

3. a pump and & pressure tank to supply waler under pressure;

4. an automatic chlorinating device to supply a chlorine solution
to the raw water;

5. a watar storage tank used o provide contact time beiween the
chlorine and the water;

6. a faucet for securing samples of the chlorinated water;

7. a meter to indicate the rate of flow through the systern;

8. an activated carbon precoat filter (the filter to be tested) for
dechlorinatiag the water;

9. a device to provide repitition of a given cycle, called a cycle
repester, and a sclencld~operated shut-off valve to provide intermit-
tent operation.

The prefiiter was needed t0 remove all residual chlorine irom the

university tap water. This residual varied from 0.0 to about 0.7 mg/1,
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When dechlorinated, the university tap water flowed into the open sup-~
ply tank which was 36 in. wide, 27 in. long, and 21 in. deep.

A one-hali-horsepower Myers Ejecto centrifugal pump was used
to pump water into the pressure system from the supply tank. The pump
operated intermittently on a pressure control system supplying water to
a 48-gallion pressure tank which was 21 in. in diameter and 32 in. high.
The air prezsure in the tank controlied the operation of the pump auto~
matically. When the pressure in the tank was reduced to 35 psi, the
pump was turned on and operated until a pressure of 53 psi was devel-
oped. The tank contained about 36 gallons of water at maximum pres-
sure. Most of the tests were conducted at a flow of 1.0 gpm. The in-
stantancous flow varied between 1.1 gpmn at maximum pressure and 0,9
gpn at minimum pressurs. For the 1.2 gpm tests, the flow varied be-
tween 1.3 gpmm and 1.1 gpm. Because of head losses in this syetem,
the pump was unable to deliver a higher rate of flow than 1.3 gpm.

An Everclor chlorinator was used to introduce chlorine solution
intermittently into the suction side of the pump. The operating details
of the Everclor unit were described by Varma and Baumaan (1}, Cne
snd of the plastic tube, shown in Figures 5 and 6, was inserted into the
chlorine bottle and the other end was connected to the suction side of
the pump. Duriag the pump opazration, reduced pressure on the suction
side of the purmp caused the chlorine to flow {rom the chlorine-supply
bottle during each Everclor dosing cycle. The Everclor chlorinator was
wired directly to the pump and operated only when the pump was in oper-

ation, The Everclor's twe notched disks rotated on & clock«timey device
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which made & complete revolution once a minutes when the pump Was op~
cr;ﬂnj. A switch arm dropped into each notch periodically and ener-
gized a solencid which lifted a pluager. The plunger was ussd to con-
trel the flow through a short section of gum rubber or composition tubing
in the {ecd line. The solencid was used to open the plunger tube and per.
mit the flow of chlorine solution.

The length of the dose was adjusted by changing the lengih of the
notch between the disce. The longer the notch, the greater the length of
time the plunger was lifted. To prevent back flow of water through the
chlorine-~supply line into the chlorine bottle when the pump was not op~
erating, & check valve was located at the point where the chlorine solu-
tion entered the suction side of the pump.

The amount of chlerine fed was controlled gither by varyiang the
lengtih of dose or by varying the strength of the chlorine sclution. When
the chlorine concentration in the supply bottle was 5.2 per cent (Clorox),
the length of dosc used was 3 seconds. Two such doses were injected
per minute of pumnp operation.

To rmainiain 8 greater uniformity of chlorine coancentration within
the system, it was necessary ic increase the number of aciches in the
rotating disk to four, to increase the langth of each notch, and to de-
crease the chlorine congentration in the supply bestle to about 0. 60 per
cent.

A 120-gallon cylindrical tank was used as & reaction and detention«

time tank to aid in maintaining a uniform chiorine concentration in the
system:, A faucet was installed for sampling the chlorinated water.
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Visual control of the rete of flow was maintained with a Fisher
and Porter flowrater. The {lowrater could indicate flows between 0.0
gpm and 6, 7 gpm. |

Everpure, 2 carbon precoat filter, Model C-5 er' C-1, was in~
stalled in the line between the flowrater and the solencid-operated shut-
off valve. The filter unit is described in a subsequent scction, The
shut-off valve was normally closed. When an electric current was ap-
plied to a solenoid, the valve opened to permit the flow of water from
the systemn. When the electric current was cut off, the valve resumed
the closed position and the flow of water stopped. Timing of the on-off
operation was controlled by a Paragon cycle repeater. The cycle re-
peater is illustrated in Figure 6. As the graduated face of the time-
piece rotated counterclogkwise, pins inserted in the holes around the pe-
riphery of the face operated an on-off switch, and shus permitted an in-
termittent flow of electric current to the shut-off valve described above.

Three-quarter-inch pipe was used between the tap-water line and
the pressure tank. One-half-inch pipe wa;t used throughout the rest of

the system.

The Activated Carbon Filter
The filter unit used in this dechlorination study was the Everpure
activated carbon filter, The Everpure is a carbon, precoat filter com-
posed of an outer shell within which a replaceable cartridge is housed.
The filter housing was indicated by the aumber 8 in Figure 4.
The replaceable cartridge consiats of five main components as
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Figure 6 Cycle repeater
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followe!

1} a cylindrical brass container;

2} an inlet tube;

3) the Everpure charge;

4) a {ilter septum;

8} an outlet tube.

These components are illustrated in Figure 7.

The brass container was a sealed unit except for openings for the
inlet tube and the outlet tube. The cutlet~tube opening was located at
the center of the top of the can. The {alet-tube opening was located near
the periphery of the top of the can. The gutlet of the inlet tube was lo-
cated near the bottom of the can. The inlet tube and the outlet tube were
made of plastic. As water left the inlet tube it came into contact with
the Everpure charge which had been placed at the bottom of the container.

- The water mixed with the carbon and the resultant suspension of carbon
in water was deposited om the septum,

The septum was & fabric envelope, folded to provide a largs sur-
fage area in a small container. The water passed through one of the two
layers of the septum shown in Figure 7. The two layers were acparated
by the inert spacer shown also im Figure 7. The spacer maintained a
minimum clearance betwean ths two layers of the septum and permitted
the filtered water to flow through the channel thus created, to the effluent
tubs. The effluent tube was threaded so that it could be screwed into the
top of the filter housing.

A minimum flow of 1.5 gpm was maintained for 5.0minutes after
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the filter unit was installed. This break-in period provided adequate
distribution of the carbon charge on the septum. The precoated septum
is shown in Figure 8.

Two replaceable cartridges were used in this study, the C-J and
the C~1. Each cartridge bhad a diameter of 3.9 in. The C-1 cartridges
were 5.8 in, high. The C-3 cartridges were 12,7 in. high.

The septum in sach C-1 cariridge was 4.1 in. long by 17.8 in.
wide. That portion of esch septum where the outlet tube was connected
to the septurn, was not available for {iliration. This gave a net filter
area of closely 1.00 square foot. '

Two septum aizes were used in the C-3 cartridges. The regular
sise was 10.2 in, long by 18.4 in. wide, and had a net area of 2, 60
square feet. A special septum made for this study, was 5.1 in. long by
8.8 in., wide, and had a net area of 0.58 square foot.

The quantity of mbnn used in sach filter was difierent for each

Determination of Chlorine Concentration
Three different ranges of chlorine concentration were used in this
:t;;dy‘. It was necessary to have a relatively high chlorine concentration
{0.6 per wnt) in the chlerine supply bottle. A lower chlorine concen-
tration (5.0 mg/1) was maintained in the pressure system:. A still lower
concentration (up to 0.3 mg/1) was cbserved in the filter effluent., Lab-
oratory experience indicated that it was desirable to use » different

method for determining each range of chlorine concentration.
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Figure §. FPrecoated septum
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The icdometric method (13) was used to determine chlorine con-
centrations in the supply bottle, The iodometric method for chlorine
determination could have been used to detarmine the concentration of
chlorine in the pressure system., Howaver. the relatively large sam-
ples needed to give reproducible results made this method undesirable
for routine tests. Therefore, a Bausch and Lomb Epectronic 20 Color-
imeter was used for chleorine determinations at the 5.0-mg/1 level.

The colorimeter was calibrated at the 490-millimicron wave
length, The calibration was aceomplished as described below, The
colorimeter was used to measurs the inteneity of the color developed
from the addition of 0.8 ml of standard orthotolidine solution to 10.0-ml
samples containing varipus concentrations of chlorine. Samples of like
concentrations ware titested by the iodometric method to determine the
chlorine concentrations. Ceolor intensities, expressed in terms of por
cent transmittancs, were plotied against chiorine concentrations, ex-
pressed in milligrams per liter, as shown in Figure 9. With the color-
imeter thus calibrated, it was possible to determine the chlorine con-
coniration of & sample by adding orthotolidine to the sample and mea-
suring the psr cent tramsmittance as (ndicated by the colorimeter.

The calibration curve indicates seme inaccuracy in the observa-
tions below chlorine concentrations of about 1.0 mg/1. The inaccuracy
of the colorimeter at low concentrations suggested that a third method
be used at this level, Modified Scott permaneat chlorine standards were
prepared in 50.0-ml Nessler tubes (13). Standards were preparsed to

give very nearly the same colors as would be produced by the addition of
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arthotelidine solution to chlorine concentrations of 0.8, 0.05, 0.10,
0.15, 0,20, 0.25, 0.30, 0.35, 0.40, and 0.50 mg/}.

Determination of Activated Carbon Quantity

An stated in the section on the activated carbon filter, the filter
units were enclosed in & sealed brass cylinder. The carbon charge bad
been placed in the cylinder at the factory. The exact quantity of carbon
could not be determined without cutting the cylinder open and hence des-
troying the filter unit. I was necessary to conduct the tost on the filter
unit and then determine the quantity of charge used. '

When & teot was terminated, the unit wss removed from ths sys~
tern. The eylinder was cut open and the septum removed. The activated
carbon layer was scraped off the septum and phcud in & weighing vessel.
The scraped septum was then placed in & coutainer and, with the aid of
hot water and a brush, the remaining activated carbon was removed.
When all significant a&smte of carbon were rervoved irom the septum,
the carbon suspensien, Bew in the container, was filtered on a double
thicknese of Whatmann No. 12 filter paper.

The carbon reclaimed on the {ilter paper was added to the scrap-
inge in the weighing vessel. The vesss! was plsced overnight in a drying
oven at 140°C. The dried carbon and the weighing vessel ware weighed
snd the tare w&igkﬁ of the weighing vessel and filter paper were sub-
tracted from the total weight to give the weight of the activated carbon
used in the filter unit.
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FILTER SBERVICE-LIFE TEBTS

Preliminary Run

The first phase of the testing program was devoted to a long~term
preliminary run. This preliminary ran was designed to determine the
capabilities of the superchlorination-dechlorination system. Except for
a few brief breakdowns, the system was operated continuously for three
weeks. During this time certain modifications were made in the sys-
tem. Characteristics of the filter performance were also noted.

The firset problem encounteyed was in maintaining a constant flow
rate through the system. It was originally planned to include 2 Trident
water meter in the system as a check on the total quantity of water
treated. A Halsey-Taylor flow regulator was also included to main-
tain a constant flow through the fllter. It was soon apparent that the
pump could not deliver an adequate flow with the flow regulator and the
water meter included in the system. When these two devices were re-
moved, an adequate flow could be maintained.

The second problem consisted of maintaining & chlorine concen-
tration of 5.0 mg/1 in the system. A cut-and«try method was used. A
solution of sodium hypochlorite was inserted in the chlorine supply bot-
tle. The systemn was then operated at 1.0 gpm until sampling indicated
that equilibrium was achieved. The chlorine concentration in the supply
bottle was increased if the chlorine concentration in the syetem was less
than 5.0 mg/l. The reversc was done if the chlorine concentration in

the system exceeded 5.0 mg/i. This procedure was continued until the
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system could be maintained at the deaired chlorine concentration.

During the course of the subsequent tests, the connection between
the chlorine-supply line and the suction side of the pump became loos-~
ened. The pump sucked air into the system along with the chlorine solu-
tion. As a result, less chlorine was used and the 5.0 mg/]1 was not
maintained, The test had to be terminated. Whesn a new supply line was
installed and the connection repaired, the system reached an equilibrium
concentration other than 5.0 mg/1. This different concentration was
probably due to the new supply line having a different inside diameter
than the original supply line. The cut-and-try process previouily des-
cribed was repeated until 5.0 mg/l of chlorine could be maintained in the
system.

Other factors affec¢ting the chlorine concentration in the system
were temperature and chlorine demand of the water. During the course
of the tests, the tempersture of the water remained neay 60°F. Any
marked variation {rom this temperature was accompanied by a change
in the chlorine concentyastion. After the system bhad been idle for a
time, such as overnight, it was necessary to operate the system for
about five hours before the temperature and chlorine concentration would v
return to the desired levels.

As siated previously, a carbon prefilter was used to dechlorinate
the tap water before it was admitted into the supply tank. The rela-
tively small variations in chlorine reaidual noted in the system: indicated
that this dechlorinated water had little or no chlorine demand. COne ox-
ception was noted. After installing a fresh unit in the prefilter, the
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chlorine concentration im the system decreased to less than 3.0 mg/l.
Attempts to adjust the chlorine concentration by the cut-and-try method
fatled. It was believed that carbon was psssing through the prefilter
and entering the system. The difficulty was eliminated by installing a
new filter unit in the prafilter.

The preliminary run also indicated characteristics of the activated
carbon filters to be tested. At a flow of 1.0 gpm and a chlorine concen-
tration of 5.0 mg/l, there was nmﬂe carbon in the Everpure charge to
- remove all of the chlorine from the water. When chlorine appeared in
the filter effluent, the rate of increase in the effluent appeared to be
proportional to the logarithm of the quantity of water treated. It was
noted, also, that improved reduction of chlorine resulted after the flow
had been interrupted. That is, following a rest period, the activated
carbon gave better chlorine removal than before the rest period.

Intermittent Operation

This study was intended to determine the service life of carbon
filters when subjected to the type of operation existing in farm water sup-
plies. To approach the cenditions existing in these small water supplies,
an intermittent type of oparation was neceasary. Also, the preliminary
test indicated that an improved removal resulted when the flow was in-
termittent. Therefors, it was decided to conduct the filter tests on an
intermittently operated system.

The operating pattern of the use of water for domestic purposes is

sxiremely erratic,. Un periods vary from a few seconds to a few min-
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utes. Off periods may be as long as four or five hours. Tests conducted
on such an erratic flow pattern would give neither reproducible resulte
for similar filters nor comparable results for dissimilar filters. A
repeating cycle was therefore needed in the laboratory tests.

Data on the average ratio of the length of the off period to the
length of the on period are not available, It was decided to use 2 cycle
of operation that would exert more strain on the filter in a test than
would be exerted on the filter in a household. It could then be assumed
that & {ilter unit used in & household would give resulis equal to or
batter than a similar uait tested in the laboratory.

The cycle used in the laboratory consisted of a 2.0-minute on
period followed by a 4, O+minute off period. This cycle wae adhered to
in all but one of the service-~life teasts., The final test was operated on
a cycle of 4.0 minutes on and 2.0 minutes off. The {inal test was con-

ducted to see if the paitern used affected the service time of a filter.

Effluent Chlorine Concentrations

No standard chlorine concentration has been established, Dif-
ferent persons find different concentrations of chlaorine objectionable.
The objectionabls concentration varies upward from a tyace of chlo-
rine. Municipal water systems are generally operated to maintain a
maximum chlorine concentration of about 0. 20 mg/1 (14).

The effluent chiorine concentration at which the filter would be
replaced by the consumer depends on the coaceniration the consumer

considers undesirable. Since the allowable chiorine concentration in



the effluent varies among consumaere, different levels of effluent con~
centrations were considered in this study. These concentrations were

0.05, 0.10, 0.20, and 0. 30 mg/1 of chlorine.

Test Procedure

To prepare the system for a test, it was necessary to operate the
equipment for a peried of time long enough to allow the water tempera-
ture and chlorine concentration to come to equilibriom. Generally, a
period of one or two days was required.

When the desired c¢hlorine concentration wae attained in the sys-
tem, a fresh filter unit was installed in the filter housing. Water was
admitted to the filter unit at a slow rate until the filter unit was filled
and water flowed from the outlet pipe. The time was noted and the
flow was increased to 1.5 gpwo for 5.0 minutes. This break-in flow,
recommended by ihe mapufacturer, was coatinuous. The activated
carbon was precoated on the septum duriag the break-in procedures.
After 5.0 minutes, the flow was reduced to the desired rate, 1.0 0r 1.2
gpm, and the intermitteat cycle was begun.

During the course of the run, the chlorins concentration ia the
system was maintained as close to 5.0 mg/1 as possible. The maxi-
mum variation from 5.0 mg/} that was tolerated befors a test was aban-
doned was 0.3 mg/l. That is, when the chlorine concentration inthe
system was greater than 5,3 mg/]1 or less than 4.7 mg/1, the run was
not accepted. These limits were established because it was thought

that more stringent limite would have prevented the completion of an
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adequate number of teats,

Fresh chlorine solution was prepared and standardised iodomet-
rically as needed to replenish the chlarin@uuyyly bottle throughout the
run. The chlorine conceatration in the systemn was msasured with the
colorimeter every four hours. The chlorine conceatration in the filter
eifluent was measured by comparison with the Scott Standards at vari-
ous time intervals depsnding on the filter being tested and the stage of
the run, Chlorine measurements wers made moat frequently betwean
the time of appearance of chlorine in the effluent and the time when the
effluent concentration reached about 1.5 mg/l. Therecafter, the concen~
tzation in the effiuent increased slowly so fewer samples were taken.

The temperature of the water and the pH of the water were also
measured and recorded, These quantities varied only slightly during
the tests. Measurements of pH were made by a Beckman pH meter,
The pH of the water in all stages of chlorination and dechlorination re-
mained at 7.7,

. Test Results
The rasults of tests on eight filter units were plotied as shown
in Figures 10 and 11, In these figures, the concentration of chlorine
in the filter effluent, E, im mg/1, was plotted against the time, T, in
houre, required tc reach that chlorime concentration. T, the service
life, included only that amount of tirne during which water flowed
through the filter. The time during which the flow was interrupted was

not included in the service life,



46



{rsancy uy
‘1 "oy odjANes snsyea 'y/Buzr my ‘g ‘;Anyye I SYY U IUIIOIYD JO VOTIVIINGINGN)

L DUE ‘g ‘Y S0AIND IFI-SD[ALER JOITIX ‘g sanfh gy



47

sinoy * |

oS Ov O¢f 02 Gl 2 O 8 9 b
T 1 T T ) VL T 000

OolI'o

1/Bbw* 3

020

0¢o







{-sanoq wy
‘1 "OJIT 901AX99 SnSISA ‘[/Bui wy ‘g ‘JUen[Ie IAIIJ S UI SUIIOYD O UOTIIIUASIWOD))

8 PUE ‘Q ‘G ‘P ‘7 SPAIND IFI[-IDIAINS XONLFT ‘17 eanfyy



49

sinoy ¢ |
os Ob (01 074 Gl 2t Ol 8 S 14

-

I/bw ‘3

020

_ 0g0



Table 2, Test conditions

Test Area, Flow, Carbon, G, A,

No. eq. ft, gpm. grams  grame hours
gpm

i 0.58 1.0 §5.5 55.5 4.5
2 0.58 1.0 62.5 H2.5 5.8
3 1.00 1.0 66,5 66.5 6.7
4 1.00 1.0 73.2 73.2 6.8
9 2.60 1.2 122.0 101.7 9.3
6 2. 60 1.0 - 125,90 i25.0 11.2
7 2,60 1.0 ¢ 26,7 126.7 12.0
8 1. 00 1.2 .7 718.0 65.0 4.6

pH of raw water 7.7

pH of chlorinated water 7.7

pH of dechlorinated water 7.7

Ave. water temperature 60 F

Tests 1 through 7, represznted by Lines i through 7 in Figures 10
and 11, were operated on & repzating cycle consisting of a 2. 0-minute
on period followed by a 4. 0-minute off period. Test 8, represented by
Line 8 in Figure 11, was opeorated on & repeating cycle consisting of a
4. 0-minute on period followed by a 2. 0-minute off period.

| A tabulation of the test conditions is given in Table 2. The ratio
of grama of carbon to the rate of {low in gpm is given in the second col-
umna {rom the right in Table 2. This ratio has the units of grams divided
by gallons per minute, and is indicated by the letier G, The value of T
when E equals 0.0 is given in the last column in Table 2. This value,
indicated by the letter A, is the intercept obtained by extending the
straight lines in Figures 10 and 11.

Teste | and 2 were conducted on cariridges cach having a sep-



51

tumn area of 0. 58 square foot. The rate of flow through each unit was 1.0
gpm. The cartridge used in Test 1 contained an activated carbon charge
of 55.5 grams. The cartridge used in Test Z contained a charge of 62.5
grams, Test 2 ‘wu terminated at 13,0 hours because of inability to main-
tain an adequate flow,

Tests 3 and 4 were conducted on C-1 cartridges, each having a
septum area of 1.00 square foct, The flow rate through each unit was
1.0 gpm. The cartridge in Test 3 contained a charge of 66.5 grams of
activated carbon. The cariridge used in Test 4 contained a charge of
73.2 grama.

Test 5 was condusted on a C-2 cariridge with a septurn area of
Z, 60 square feet and a charge of 122.0 grame. The rate of flow during
Test 5 was 1.2 gpm.

Tests & and 7 were conducied at a flow of 1.0 gpm. The C-3 cart-
ridgee used in these teste had a septum ares of 2,60 square feet. The
caztridge used in Test 6 contained & charge of i125.0 grains. The cart-
ridge used in Test 7 had & charge of 126, 7 grams.

Test 8 was conducted on a C-1 cartridge having a septum area of
1.00 square foot and an sctivated carbon charge of 78.0 grams. The
flow rate was 1.2 gpm.

Tests other than the eight described above were started but could
not be completed becauss of oparational difficultiesn.

The straight line which best fits the data for each test was dater-
mined by a slight modification of the method of least squares. This
mathod, described more completely by Wallis and Roberts (15), deter-
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mines the line such that the mean of the squares of the vertical devia-
tions between each observation and the line will be a minimum. A sam-
ple calculation using this method of least squares is included in the Ap-
pendix,

The lines in Figures 10 and 11, representing Tests 1, 2, 5, 6, 7,
and 8§, were determined by the inethod of least squares. All of the
above-described lines, with the exception of Line 8, had nearly the same
slope when plotted on the semi-logarithmic paper. The least squares
method gave lines of slightly differenat slope for Tests 3 and 4. However,
for presentation in the figures and for further calculations, lines for
Tests 3 and ¢ were drawn with the same slope as Tests 1, 2, 5, 6, and

7 and in such & manner 8s to give a reasonable fit for the data.

Experimenial Service~Life Equation

The straight line plote of Teets 1 through 7 on semi-logarithmic

paper may be represcated by the expression

T=aA(O)ME (4)
where, 1 and E are as described above, A is a variable depending on
the value of G, and M is & function of the slope of the line. All lines
for Tests 1 through 7 have the same slope so M is & constant.

The slope of the lines was meoasured as 1.1. The length of one
-logarithmic cycle of the plotting papsr is 5.0 inches. The length of one
unit on the E gscale ie 10.0 inches. The value of M is the product of the
reciprocal nf the slope and iho ratio of the two scale factors, and is equal

to 1,82. Equation 4 was then written as
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T = A (10)}-82F (5)
Using the values of A and G in Table 2, A was plotted against G
to determine the relationship between these two variables. This relation-
ship was plotted in Figure 12. According to the modifisd method of
least squares described by Wallic and Roberts (13), G is given by the
expression
G=10,.6A72.1) {6)

which may be written as ,
G*z-»l ‘7’.

Aw

Equation 5 can then be written a»

CGer2.1 jyml.825 ;
T =<5t (10) {8)

where, T is the service Jife in hours, G is the ratio of grams of carbon
to flow in gpm, and E is the chlorine concesntration, in mg/l, in the fil-
ter eifluent at the time T,

For simplicity, and 10 be consistent with the accuracy attainable
in & study such as this, Equation 8 was rewritten as

T =232 gpt-8F 9)

where T, G, and E arc as described above and their values ars within
the range of the values studied.

The accuracy of Equation 9 was checked by assuming values for
G and E and solving for T. The calculated value of T was then compared

with the value of T indicated in Figures 10 and 11. Table 3 indicates

thess comparisons.






Figure 12. Relationship between G, the ratio of grams of carbon to the
rate of flow in galloss per minute, and A, the intercepts of the service

life curves
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Table 3. T calculated from Eguation 9 vs. T indicated in Figures 10

and 11,
G, E, Calculated T, Indicated T,
grams mg/l hours hours
gpm '
128 0.1 16. 8 17.0
128 0.2 5.8 26.4
125 0.3 8.8 40. 5
55.5 0.1 7.5 6.9
58,5 0.2 11.5 10.8
65.5 0.3

17.5 ¥6.2

Equation 9 was developed for Testa | through 7 and therefore can
be applied only to an operating cycle consisting of a 2. 0-minute on
period followed by a 4. 0-minute off period. The equation is also re-
stricted to filters using the same quality of activated carbon as used in
this study.

Dechlorinating Capacity

The dechlorinating capacity of the activated carbon filter used in
Test 6 was calculated from the information given in Figure 11. The ser~
vice life of said iilter was 40 hours when a concentration of 0, 30 mg/1
of chlorine was in the filter eifluent. Since the rate oi flow was 1.0
gpm, the total quantity of trested water was 2, 400 galloas.

The cost of using such a filter was calculated assuming that the fil-
ter is used to dechlorinate only that quantity of water which is used for

drinking and cooking. A family of four persons does not ordinarily con-
sume move than ten gallons of waier per day. The 2,400 gallons of water
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dechlorinated by filter 6 could have served a family of four for nsarly
250 days, or about eight months, The cost of the replaceable filter
cartridge is about $10.00. The cost of water ueed for drinking and
cooking would amount to slightly more than §1. 00 per month.

The foregoing analysis was based on & pattera of operation con-
sisting of a 2. 0-minute on period followed by a 4. 0-minute off period.
There are indications that a longer rest period will increase the servics
life of the filter. Therefore, the §1.00 per month figure is somewhat
higher than would be expected under normal operating conditions.
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INTERPRETATION CF RESULTS

Analysis of Service-Life Curves

According to the curves in Figures 10 and 11, and according to
Equation 9, the decrease in the ability of activated carbon to adsorb
chloriae does not vary linesarly with tims. An examination of the curve
for Test 7 shows that tha coancentration of chlorine in the filter efflueni,
E, increased from 0.10 to 0,20 mg, 1 in 8 hours. The increase in E
from 0.20 to 0.30 mg, ] occurred ia 13 hours. The longer the filier was
in operation, the less the chlorine concentration increased per hour.

This variation in chlorine removal with time cannot be explained by
the Langmuir hypothesis (8). According te Langmuir the rate of adsorp-
tion is proportional to the fraction of the surface area avﬂhblo for ad-
sorption and the concentration of the adsorbate. In this study the con-
centration of the adsorbate was held constant at 5.9 mg, 1. Therefore,
the rate at which the carbon surfsces were covered should have varied
directly with time and the reduction in the capacity of the carbon to re-
move the adsorbate should also have been proportionsl to time, assuming
a constant {low is roaintained. This was not found to be the case. An-
other explanation is needed. A hypemm reason for the abserved var-
iation in dechlorinating eapacity is given in the following section.

Adsorption and Absorption
In a discussion of various adsorption theories, Hassler (6} made the

statement, "Adsorption is primarily a surface phenomenon, but it is
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often sccompanied by a deaper penstiration of the vapor or solute into
the body of the solid adserbent, This deeper penetration is akin to the
formation of a solid solution and is term:d absorption. . ., . it is sel-
dom practicable to distinguish clearly between absorption and adsorp-
tion . o

This penetration. or absorption, of the adsorbate inte the body of
the adsorbent may explain the results obtained in this study. Since the
individual carbon particles are porous, there are many interstitial pas-
sageways which could allow the chlorine, once it has been adsorbed, to
migrate into the carbon particle and thus make more surface area avail-
able for adeorption of more chlorine.

On the basis of this absorption hypothesis, it can be shown that
_the type of service-~life gurve obiained in this study was to be expected.

Hypothetical Service-Life Curves

The curves ia Figure 13 have been developed on the basis of the
aforementioned adsorption~-absorption hypothesis, The ordinate in Fig-
ure 1‘;repnna:u chlorine concentration, The abscissa represenis
time, The scales for the curves shown are not necessarily the same, #o
no unite are shown. The ordinate and the abscisea ars plotied on arith-
metic scales. A description of the four curves im Figure 13 is given be-
low,

C, represents the chlorine concentration applied to the filter.

A
This quantity is considered to be & constant throughaout the service-life

test and is therefore shown as a straight, horizontal line.
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Figure 13. Hypothstical service-life curves

“n, a 18 the nﬁanfnnaungﬁouri&na?a#an.@_»-?gn»lnngaau#rag
removed by the adsorptive capacity of the carbon. C wuﬂv- chiorine concentration re-
moved by the surface area that has been re-sxposad ? to absorption. E is the chlorine

concentration ia the filter effluent and is equal te C >;ﬁm;nu~
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Qg twﬂm the concentration of chlorine that can be removed
by the carbon dus io the adsorptive capacity of the carbon particles.

This adsorptive capacity is assumed to be a function only of the surface
aras of the carbon particles. It ie further assumed that when T equals
sero, there is just sufiicient suriace ares to remove all of the chlorine
that is applied. That is, Gp a G A At the next instant, & portion of the
carbon suriace is cccupied by adeerbed chlorine and that surface area so
occuplied is not available for dechlorination. Ths guantity CE is reduced,
Since the concentration of chlorine applied, C A i® constant, the rate at
which Cn dimisishes will also be a constant. Therefore, C,, will de-
crease linearly with T.

GB represents the gquantity of carbon surface area that has been
covered with chlorine but has been re-exposed due to the absorption oi
that chlorine into the minute passageways leading into the intsrior of the
carbon particle. When T equals serc, no chlorine is available for ab-
sorption. Also, no carbon surface can be reclaimed and CB = Q. Mo-
ments later, when CD has decreased because some chlorine has been ad-
sorbed, chlorine is available for absorption and the absorption slowly be-
gins. When Cpy has decreased sufficiently to allow & build up of chlorine
on the carbon particles, the rate of absorption of chlorine increases.
The rate of absorption continues to increases until & maximum rate is
attained. The maximum rate depemds on either the concentration of chlo-
rine applied, C A’ O o the quality of the carbon, whichever is critical.

EaC‘-A-(CBéG (10)

B!
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When this subtraction is performed graphieally; the resultaat curve is
as indicated in Figure 13, This curve, indicated by the letter E, rises
relatively sharply at firet, and continuae to rise at & decreasing rate,
This decreasing rate of increase is o characteristic of the service~life
¢curves which were shown in Figures 10 and 11.

The different slopes obtained from the different off-on patterns of
operation niné in this study may also be explained by the adsorption-
absorption hypothesis. Absorption is not an instantaneous reaction as
adsorption is believed to be. Sufficient reaction time is necessary beafore
the effect of absorption is significant.

In the service-life tests, the reaction time is a function of the off
time. Iu Test 8 the off time was equal to one-half of the on time. In
Tests 1 through 7, the off time was equal to twice the on time. The sur-
face ares made available by absorption was, thereiore, of less signifi-
cance in Test 8 than in the other tests. As a result, the concentration
of chlorine in the effluvent from filter & increased at a more rapid rate
than did the chlorine concentration in the efiluent from the other filters.

This combination adsorption-absorption theory can be extended to
predict the results that might be obtained when the off time is increased
to approach the off times that would be encountered in a domestic water

supply.
The longer the filter is shut off, the more time i# available for ab-

sorption. Eince absorption makes more surface area available for ad-
sorption, the dechlorinating capacity of the filter increases, Therefore,

increased shut-oif time will increase the service-life of the filter.



It may be possible, for a time, to maintain & constant value of
chlorine concentration in the f{ilter effluent. This would occur when the
rate at which chiorine is absorbed into the carbon particles just squals
the rate at which chlering {# adsorbed on the surface of the particles,
The concentration of chiorine in the filter effluent would remain constant
until the .hmrbix?; power of the carbon particles approached saturation.
The rate of absorption would then decrease and the concentration in-
crease. The increase would be at a {aster rate afier saturation than it

was before saturation because of the decreased absorption capacity.
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BUMMARY

The object of this study was to determine the service life of an
activated carbon filter when used to dechlorinate a small water supply.
A pilot plant was nssembled in the laboratory to simulate the operating
conditions to which & filter would be subjected

In order to obtain reproducible results, a definite patteran of op-
eration was used in seven different tests. For comparison, an eighth
test was run, using a different pattern of operation. The concentration
of ¢hlorine in the filter influent was held constant in all tests. The rate
of flow was held constant during each test, but was varied armong tests,

Bervice-life curves were determined by measuring the chlorine
concentration in the filter sffluent and plotting that chlorine concentration
against time. From these curves, an exprassion for the service life,
T, was determined in terms of the quantity of carbon divided by the rate
of flow, G. and the chlorine concentration in the filter effluent, E. The
expression for service life is

TSt ot tE 9)

 where, T is measured in hours, G is measured in grams of carbon per
rate of flow in gpm, and E is measured in mg/1. This equation for ser-
vice life is restricted to filterns operating on a pattern consisting of a
Z.0-minute on period followed by a 4. 0-minuts off period.

The operating pattera has & definite effect on the service life of &

iiiter. Longer rest periods give more time for the carbon particles to
absorb the chlorine and heace make additional suriace area available for
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adsorption. It has been shown how adsorption and absorption work to-
gether to give the type of service-life curve obitained in the laboratory
teats.

The cost of dechlorinating water to be used for cooking and drinking
was calculated as less than $1. 00 per month for a family of four persons.
When {low patterns in ordinary domnestic services ares imposed on the
filtar, the service lifa will bs increased and the cost of dechlorination
will be decreased.
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions
The service life of an activated carbon filter is given by Equation
9 on page 65 and is materially affected by the pattern of off-on time to
which the filter is subjected. Adequate service life my be expected
from an activated carbon filter of the type used in this etudy. The ad-
sorption-absorption hypothesis explains why intermiitent operation is
important to the life of a dechlorinating filter.

Recommendations
OUn the basis of this study the following recommendstions are made:
1. Use an activated carbon filter when objectionable tastes and

odors are created by superchlorination.

2. Additional tests should be made to determine the increase in
service life when longer rest periods are used.

3. Additional tests should be made to determine how the concen-
tration of chlorine in the filter influent affects the service life.

4. An extended test should be made to demonstrate the type of
curve resulting when the absorption capacity of the carbon is expended.
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APPENDIX

Calculation of the squation representing the service-~life data from
Tost 5 is shown below. The method used foy the calculation is the medis
fied method of least squares mentionsd on page 51. In this caleulation,
E and T, as used throughout thig study, are indicated by x and 107, re-
spectively. The rosultant equation is of the form y = mx + a ﬂunf m
is the slops of the line and a is the intercept. The number of observa-
tions is indicated by the lefter n.

(E) (1) (Logyq T) 2t xy
X 19Y ¥
1 3.03 30.0 1.477 8, 0009 0. 0443
2 .06 36.0 1.956 0.003 0.093¢
3 0.09 41.90 1.613 0.0081 0, 1452
4 .13 48.8 1,686 B.6169 0.2192
5 &. 14 52.5 1.720 2.0196 . 2408
6 9.1% 58.0 1.763 5.022% G, 2644
7 0.18 64.5 1.810 0. 0324 0, 3258
8 6,23 75.0 1.875 4.0528 0.4312
9 0. 24 19 . © 1.898 0. 0876 . 4555
10 0. 24 az.0 1.914 0.0876 0.4594
11 8.2% 86.0 1,934 Q.0625 0.4835
iz 3.28 89.06 1 949 0,0784 a. 5457
i3 Je 30 98.0 1.991 2, ‘:’.32 00 - B.5923

Totals 2.32 ‘ 23.186 0. 5629 4. 3087

i

$80.178, ¥ = 1.784

Ixy = Zx3y 4 306 gz.agﬁ 23, 19)
B

m= -
3 - (397 05029 - S
. -
0.168

™ = g.oaes - Y
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Rzy-mx=l,78¢4- u;a*me. 128)
as= ], 448
Whaen the constants are iaserted into the general equation, the re-
sult is
y=1.89x 4+ 1.45
or

Log,, T = 1.89E + 1.45.
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