Chapter 3

Experiments of Dechlorination with Adsorption

3.1 Experimental Systems of Dechlorination

Experiments dechlorination with activated carbon adsorption consist of 2
parts which are batch adsorption and continuous adsorption column. The former
focused on studying adsorption equilibrium and the purpose of latter is to study
effects of bed depths and service flow rates on the adsorption column performance.
Selected activated carbons, of which the specifications are summarized in Table 3.1,
3.2 and 3.3, are used to adsorb chlorine from chlorinated water. The chlorinated water
is prepared from sodiumhypochlorite (NaOCl) 10 % solution diluted with distillation

water to the desired concentrations which are varied from 0.1 to 5 ppm.

3.2 Chlorine Decomposition

The purpose of this experiment is to study decomposition of low chlorine
content in chlorinated water. The experiment consists of two part which are
decomposition without agitation and decomposition with agitation. The chlorine

residual content will be analyzed by spectrophotometer.
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3.2.1 Chlorine Decomposition without Agitation
Chiorine solution about 1.7 ppm concentration was prepared and a sample was

taken to check chlorine content at 30 minutes interval for 3 houtrs. .

3.2.2 Chlorine Decomposition with Agitation
Agitation effect to chlorine decomposition was checked by dividing the known
chlorinated water into 2 flasks; one was adjusted with magnetic stirrer for 30 minute

and the other was left for 30 minutes. Afterwards, a sample was taken to analyze.

3.3 Batch Adsorption
Batch adsorption consists of two parts. The difference between these parts
were the method of chlorine method which were oxidation reduction potential (ORP)

measurement and spectrophotometry measurement.

3.3.1 Batch Adsorption Using ORP

ORP instrument measure electrical potential of HOCL and OC! in water. As
HOCI and OCI quantiﬁes in water depend on pH, the pH-ORP relation known
chlorine concentration must be prepared to use as standard calibration curve for
chlorine analysis. The pH of chlorinated water is adjusted by 9.8 % by weight sulfuric
acid (H,SO,) and 5 % by weight sodiumhydroxide solution (NaOH).




n

Experiment 1 pH-ORP Calibration Curve Preparation

ORP - Meter

pH- Meter ———

4—— Chlorine Sclution ———p

pH - Probe ____d h_— ORP.-Probe

Step 1 Step 2

Figure 3.1 pH-ORP calibration configuration

The ORP of chlorinated water was measured after the pH adjusting step

according to conditions in table 3.4

Table 3.4 pH - ORP calibration condition

Condition No. Chlorine Conc.(ppm) pH varied range

1 0.1 S5to9
0.2 Sto9
0.3 5t09

1 5t09

2

3

4 0.5 5to9
5

6 2 Sto9
7

3 S5to9
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Experiments procedure for each condition in Table 3.4

1. Calibrate pH meter and ORP meter.

2. Prepare chlorinated water.

3. Adjust pH of prepared chlorinated water.

4. Measure ORP value of adjusted pH chlorinated water

The experiment at each condition was carried out twice. Afterwards the relationship

between pH and ORP at each chlorine concentration was determined.

HI 9024/H1 9025 ;

7 FUNCTIONAL DESCRIPTION™ 37
(1) Watertight Coaxlal Cable

. (@ Electrotyte Fill Hole
(® Electrode Reterence Junction *

(@ sensing Membrane (Glass Bulb)

() Elecirode Connactor (BNC)
Temperature Probe Connector
(@) 1.c0 Display

RANGE Buitton selects pH
or mV (H1 9025 only)

(8) ON/OFF Button

CAL Button to enter or exit calibration
mode

(1) CON Bution to confirm calibration
reading

@ T oc and" °C Buttons for manual
temperature sefting, or selecting pH

butler values r— /w /®
@ MEM Button stores pH in memory F'E:_ :. !:' !:] 1:|.~
MR Button recalls the stored value e Ml LA L0~
from memory Nor Aeaoy. | o
(i3 Primary Display Low B 21888 )
\, J
@ Secondary Display e

Figure 3.2 “HANNA” HI 9025 microcomputer pH/ORP meter
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Experiment 2 Batch Adsorption Testing

pH Meter

&

ORP Mecter - —> D

ORP Probe ' pH Probe

Chlorine Solution

Activated Carbon

Figure 3.3 Batch adsorption configuration using ORP for chlorine content analysis

Chiorine concentration is analyzed by using pH-ORP value during adsorption
period until the concentration is reduced to the constant level. Chlorinated water is

prepared at 3 ppm chlorine concentration. Activated carbon is varied from 10 g to 40

g
Table 3.5 Batch adsorption condition using ORP for chlorine content analysis
Condition No. Activated carbon (g) ' |adsorption time{min)

1 10 0to 180

2 20 0to 180

3 30 0to 180

4 40 0to 180

TIHe29%
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Experiments procedure for each condition in table 3.5

1.

A T R o

Weigh activated carbon model PHO 8/30.

Prepare chlorinated water.

Calibrate pH/ORP meter.

Add activated carbon into chlorinated water.

Measure pH and ORP value at selected time until 3 hours.
Repeat from item 1 to item 5 for each condition.

Convert pH-ORP value to chlorine concentration using calibration curve.

Final chlorine concentration was used to calculate adsorption isotherm.

3.3.2 Batch Adsorption Using DR/2000 Spectrophotometer

Chlorine Solution

Activated Carbon

Magnetic Bar

)G—Magneteic Stirrer

Figure 3.4 Batch adsorption configuration using spectrophotometer for chlorine

analysis
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Chlorine concentrationrwas analyzed by DR/2000 spectrophotometer. This
instrument consists of 2 steps for analysis which were reaction of sample with DPD
total chlorine DP 25 ml, PK/100 reagent following by checking the color generated
from reaction and converting to chlorine concentration value.

In this experiment, activated carbon was weighed 250 mg using another
activated carbon model DEO 8/30. Initial chlorine concentrations were varied at
about 2, 3, 4 to 5 ppm. At each initial value, activated carbon and chlorinated water

mixed together until the final concentration was not changed,

Experiment 3 Batch Adsorption Testing

Table 3.6 Batch adsorption condition using spectrophotometer

Condition No Approx.Initial Cone.(ppm) | Adsorption Time(min)
1 2 0 to 200
2 0 to0 200
3 4 0 to 200 -
4 5 0 to 200

Experiments procedure for each condition in Table 3.6

—

. Weigh activated carbon model DEO 8/30 250 mg.

2. Prepare chlorinated water.

3. Take a sample of 25 ml to analyze initial chlorine concentration.(C,)

4. Add activated carbons into chlorinated water.

5. Mix activated carbons and chlorinated water by magnetic stirrer for the selected

adsorption period

(=

. Take a sample to analyze chiorine concentration (C,,)
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7. Repeat from item 1 to item 6

After attaining experimental results, determine the variation of C,/C,, with

time. The final concentration was determined when the C,/C,, became almost

constant.
3.4 Column Adsorption
Influent
¥ |
L Distribator
Feed Purnp < Activated Carbon
Bed
Chlorine Solution = Effluent

Figure 3.5 Activated carbon adsorption column configuration

The purpose is to find the effect of bed depth a;ld velocity which are the
important parameter to achieve optimum residence time for a good condition of
adsorption. Chlorine concentration was analyzed by spectrophotometer. Ratio of
column diameter to carbon particle size should be at least 25:1 to prevent the wall
effect. The diameter of selected activated carbon for the experiments were in a range
from 1.18 to 2 mm. Therefore, the column diameter should be 2" at least. The

experiments were divided into 3 parts which are fixed bed depth with various flow
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rates, various bed depths with fixed flow rate and experiments for the other 2 models

of activated carbon with the same conditions as the follows.

Figure 3.6 DR/2000 Spectrophotometer

3.4.1 Fixed Bed Depth and Various Flow Rates
Experiment 4 Adsorption Performance at Various Flow Rates

This experiment - is expected to study effect of service flow rate or residence
time on adsorption performance at fixed bed depth. Chlorinated water wa§ prepared at
4 ppm. Chlorinated water flow rates were adjusted by using variable frequency
peristaltic pump as a feed pump. After fceding influent through the packed bed, a
sﬁmp]e was taken from the bottom of the column to analyze at the selected time until 3

hours. Variable conditions were shown in table 3.7
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Table 3.7 Various service flow rate at fixed 1 in. bed depth condition

Condition number 1 2 3 4 5
Flow rate {gal/min) | .003 | .004 | .007 | .013 | .020
Bed Depth (in.) | 1 1 1 1

3.4,2 Various Bed Depths with Fixed Flow Rate

The purpose was to study effects of bed depths at each fixed flow rate. Bed
depths were varied from 1 inch to 5 inches. Selected flow rates are .013, .026 and
.052 gal/min which are equivalent to 0.622, 1.256 and 2.512 gal/min/ft2 service flow
rate, respectively. After feeding influent throu.gh the packed bed, a sample was taken
from the bottom of the column to analyze at the selected time until 3 hours. Variable
conditions were shown in table 3.8,3.9 and 3.10, respectively.
Experiment 5

Table 3.8 Various bed depth and fixed 0.622 gal/min/ft.z service flow rate condition

Condition Number 1 2 3 4 5
Bed Depth (") 1 2 3 4 5
Flow Rate (gal/min) 013 | .013 | .013 | .013 | .013
Experiment 6

Table 3.9 Various bed depth with 1.256 gal/min/ﬁ.2 service flow rate condition

Condition Number 1 2 3 4 5
Bed Depth (%) t |2 [3 [4 |s
Flow Rate (gpm) 026 | .026 | .026 | .026 | .026
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Experiment 7

Table 3.10 2.512 gal/n'jin/ft.2 service flow rate at selected bed depth condition

Bed Depth Flow rate Service Flow Rate
2
(in.) (gal/min) (gal/min/ft .)
4 0.054 2512

Experiments procedure for each condition in table 3.7 to 3.10

1. Prepare chlorinated water 4 ppm chlorine concentration.

2. Pack activated carbon model DEO 8/30 column with indicated bed depth.

3. Feed chlorinated water into the column with indicated flow rate.

4. Analyze the effluent chlorine concentration from the bottom of the column at 0.17,

0.330.5,1,1.52,2.5 and 3 hour.

3.4.3 Effects of Various Bed Depths and Flow Rates on The Other Activated

Carbons Model PHO 8/30 and HRO 8/30
Do the experiments as same as item 3.4.2 with activated carbon model PHO 8/30 and

HRO 8/30.
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