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Chapter III

APPARATUS AND EXPERIMENTAL METHOD

3.1 Apparatus

The adsorption unit shown in Fig 3.1 consists of several

units of equlpment combined togethér, These units are; column,

distributor chamber, scfeen4 liquld collector, manometer, pump,
storage tank and rotaneter{/ The simplified flow diagram is shown
in Fig 3.2, The assembly/grg to{follow.

1« Column. The p@gggigé?;gl up~flow column is made of

7 4

transparent P,V,Ce of 5,08 Qm;'iﬁ~diameter and 43.5 cm in length.

2e Dlstrlbutpr chamber.f*The distributor chamber is filled

with a large number §f giasslbeads whleh serve to dissipate the
velocity head at influent section.

3¢ Screen. . A 250 mesh stainless stecl screen is used to
support activated carbon in the column and to cause a pressure
drop between column and distribute sufficiently to permit a homo-
geneous fluidization,

ke Liquid cggggptor. It is a cylindrical shape made of

transparent PoVeCe of 15,3 cm in diameter and 15.3 cm in height .
covered at nearing the top of the column to permit continuous flow
of the treated liquid,

S5e Manometer. The manometer is used to measure pressure

drop occured from flowing of fluid through column, Water was used

as a medium,
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1o Celumn

2., Distributer

3« Screen

L, Activated Carbon

5. Liquid Collector

6. Manometer

7. Feed Pump
Storage Tank
9. Rotameter

10. Drain Valye

Figo 3.2

Schematic Diagram of Adsorption Unit

36



27

6o Pump. It is used to transfer fluid from mixing tank
to systeme The ability for corrosive resistance to acid and base
is required,

7+ Storage tank. Storage tank is a stainless steel tank

of 45,7 cm width by 45,7 cm depth and by 45,7 cm height, It is
used to storage the fluid prepared for feeding to the system.

8. Rotameter, The;potaméﬁer is used to indicate fluid
flow rate entering the adgogétion ;nif. The meter has an attached
acale of 10 divisions each/divided into 10 subdivisions. The

float is stainless steel,

3.2 Equilibrium adsorpt
The equilibrium adsdgétiahfwas determined by using static

method, ; 7

3e2e1 Equilibrium Adsorption of Formaldehyde

Each of 100 ml of formaldehyde with different concentration
was prepared in 250 ml conical flask. A4bout 2.0 gm of activated
oarbon was transfered into each flask then were shaken by shaking
machine for 3 hours and left at 30°C for 24 and 48 hours. Formal-
dehyde remained in solution was determined by hydroxylamine hydro-.
chloride methods The amount of férmaldehyde adsorbed was calculated.

The data and result were shown in Table A-1 and Fig 4-1.

3e2e2 Equilibrium Adsorption of sodium Hydroxide

Each of 50 ml of sodium hydroxide with different concentra-
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tion was prepared in 250 ml conical flask., A4bout 20 gm of activated
carbon was transfersd intc each flask and then were shaken by shaking
machine for 3 hours and left at 30°C for 48 hours. The amount of
NaOH remained in solution was determined by titrating with hydro-
chloric acide The amount of NaOH adsorbed was evaluated. The data

and result were illustrated in Table 4L-2 and Fig a-2.

30243 Equilibrium Adsorption of Sodium Carbonate.

Each of 50 ml of sodlum carbonate with different concentra

tion was prepared in 250/m1 conical flasks. 4bout 20 gm of activated

7

carbon was transfered 1nto edch flask and  then were shaken by shaking
J

machine for 3 hours and leit at 30 Cy for 48 hours. The amount of

<

NaZCO3 remained in solutlontwasodetermined by titrating the solution

with hydrochloric a01d. NThe amount of Na2(}'03 adsorbed in each flask
was determined, The data and result were illustrated in Table A=3

and Fig A=3.

3e2.4% Equilibrium Adsorption of Mixture of Sodium Hydroxide and

Sodium Carbonate.

Each 50 ml of mixture of sodium hydroxide and sodium carbonate
with different concentration was prepared in 250 ml conical flask.
4Lbout 20 gm of activated carbon was transfered into the mixture and
then were shaken by shazking machine for 3 hours and left and 30°C for
48 hours. The amount of NaOH and NaZCO3 remained in solutions were
determined by Warder Method. The data and result were shown in Table

A-4 and Fig A-b,
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2e3 Preparation of Adsorbent

3¢341 Sieve Analysis

The activated carbon used in the experiment was separated
into 4 ranges of sizes to study the effect of particle size. The
sieve covering the expected range of particle size were selected
and nested together in orde; of ‘diminishing openings with the
coarse sieve on the top éﬁd the pan on the bottom. The weighed
amount of activated carbo%}was transfered to the top sieve of the

stacks The stack wasjébvéfed and; placed in the mechanical sieve

/

shaker. The sample was ghaken for. 15 minutes, Lfter shaking the

quantity of sample retaiﬁé@;oﬁ each sieve was kept separately for

the experiment, The 4 sizéé of ractivated carbon separated are

shown in Table 3.1,

Table 3,1
No dverage diameter
1 (rm)
1 1.19
2 1.00
3 C.76
b 0459

e



332 Boaking of Activated Carbon

Before using, activated carbon was boiled with distilled
water for 5 minutes to eliminate air clogging which will be effect

during adsorption.,

3.4 Determination of Calibration

Curve oﬂijtameter

The calibration cgive waé determined by varying the rate
of fluid flowing throuéi ﬁhe meter., The flow rate was evaluated by
measuring the volume of'{lhid,po%lected in one minute. The corres-
ponding meter reading fr;m theﬁg@tached scale for each flow rate
was also read and reccrdedﬁ;jmhéééesﬁlt was shown in Table A-5 and

Fig A-5o

329 ﬁéterﬁiﬁggion of Minimum Velocity

of Fluidization

The experiment was taken step by step as fallow.

3541 The relationship between superficial velocity of fluid as

flowing through empty column and pressure drop was recorded.

3¢5¢2 The relationship between velocity of fluid flowing through
column packed with 100 gm of activated carbon and pressure drop
occuring from flowing of fluid through activated carbon and column
was determined,

From 3.5.1 and 3.5.2 the pressure drop occuring from flowing

of fluid through bed or through activated carbon at various velocities
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could be calculated by

épred = -AP

$0..5:2) (3.5.1)

The result were illustrated in Table A-6, and
Fig A-6

The average minimum fluidizing velocity is 0.34 cm/sec.

3,6  The Ef:gg; cf/ﬁgé;gbles on_Adsorption

Effect of coqagnﬁiégion flow rate and particle size of

2%
and Na2003 as shown in ??éleg5,2, 343, 3.4, 3.5 respectively.

%

adsorbent were studled;ﬁ;f GH é | NaOHy Na,CO, and mixture of NaOH

A



Table 3.2 Table 3,3
Experimental Schedule of Adsorption Experimental Sshedule of Adsorptien
of Formaldehyde of Sodium Hydroxide ;
l
l
Exp. R Co 4 q Exp. m, c, a qQ

No. (gm) gm/ﬂ'}we (cm) |(cmfmin) No. (gm) |(Molar) | (em) |(cm/min)
1 100,00 985 | 0.100 1,260 1 100,03 | 0.1800 | 0.119 | 1,600
2 100,00 | = 530 | 0,100 1,260 2 100,07 | 0,1800 [ 0,100 | 1,600
3 100.00 | . 340 | 0.100 1,260 3 99.97 | 0.1800 | 0,076 | 1,600
4 100,00 660 | 0,076 1,600 - 100.16 | 0.1800 | 0,059 | 1,600
5 100,00 | . .585 | 0,076 1,600 5 100.22 | 0.2322 | 04100 | 1,600
6 100,00 660 | 0.076 1,780 6 99.86 | 0.1849 | 0,100 | 1,600
7 100,00 . 645 | 0,076 1,780 7 100.26 | 0.1706 | 0,100 | 1,600
8 100,00 670 | 0,076 1,440 8 99.40 | 0.1449 | 0,100 | 1,600
¢ 100.00 660 | 0,076 1,440 9 99.92 | 0.1914 | 0.100 | 1,260
10 100,00 660 |0,076 1,260 10 99.99 | 0.191% | 0,100 | 1,440
11 100,00 650 |0,076 1,260 11 100,11 | 0.1914% | 0.100 | 1,600
12 100,00 660 |0,100 1,600 12 100 11 | 0.1914% | 0,100 | 1,960
13 100,00 660 |0.119 1,600

14 100,00 660 |0,059 1,600
15 100,00 990 |0.076 1,600
16 100.00 340 |0,076 1,600

17 100,00 800 (0,100 1,260




Takle 3 ob

Experimental Schedule of Adsorption

of Sedium Carbonate

Table 3.5

Experimental Schedule eof Adsorption
of Mixture of Sodium Hydroxide and Sodium

Carbonate
I A
Exp. & B, C, dp Y Exp. m, 1 Cy ap q

Noo | (em) |(Molar) | (em) |(ca’/min) Noo | (gm) | (Molar) | (em) | (cm’/min)
1 100,00 | 0.,1761 | 0.119 1,600 1 100.31 | 0.10725 | 04119 | 1,600 |
2 100,0k | 0,1761 | 0.100 1,600 2 100.54 | 0.09503 | 0,119 | 1,600 |
3 100,04 | 0,1761 | 0,076 | 1,600 3 100.02 | 0,07213 | 0,119 | 1,600

&4 99.88 | 0.,1761 | 0.059 1,600 [ 100,72 | 0.09503 | 0,119 | 1,440

5 100,25 | 0.0631 | 0.119 1,600 5 100.21 }{ 0.09503 | 06119 | 1,780

6 99.83 | 0.0691 | 0,119 1,600 6 100,31 | 0.09503 | 0,100 | 1,600

7 100.16 | 0,0741 | 0.119 1,600 7 100,05 | 0,09503 | 0,076 | 1,600

8 100,60 | 0,0175 | 0.119 1,600 :

9 99,96 | 0.,1898 | 0.100 1,600

10 100.12 | 0,1909 | 0.100 1,600

11 99.91 | 0.1901 | 0,100 1,600

12 100,00 | 0,0500 | 0.100 1,600

13 99,91 | 0.,1898 | 0.100 1,260
14 100.04% | 0.1898 | 0.100 1,4%0

15 99.96 | 0.1898 | 0,100 1,600

16 100,01 | 0.1898 | 0.100 1,960

5
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