4.1 Test materials

CHAPTER IV

EXPERIMENTAL

and chemicals

Table 4.1 The specifications of test materials and chemicals

Type Use Company Purity / Grade
4 Acetaldehyde 2000
Acetaldehyde(g) . " | ppm balanced with
— N;
Ammonia 2000
Ammonia(g) : "_'E ppm balanced with
b N2
j.?_r Trimethyl amine
Trimethyl amine(g) Lioais ) 2000 ppm balanced
A3 with N,
T
Distilled Water For preparin; Vi - -
Oxygen » : Industrial grade
Carbon dioxide HP, 99.99
Catsier and diluents gas to UHP
Nitrogen (g) TIG
¢ sxeactor Ly 29999 % min
er o (FI d UHP
Nitrogen (g) TIG
- ~ detector) ¢ oo d I 99.999 % min
Hydroan t I TG‘W I alj I E- : %
—
Air Zero For flame ignition TIG N/A
) Carrier gas for GC (TCD
Helium TIG UHP, 99.999%
detector)

Thai Industrial Gases Co., Ltd.
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4.2 Experimental setup

Figure 4.1 shows the actual arrangement of the experimental apparatus of

the gaseous pollutant remover used in the present work. Figure 4.2 presents its

schematic diagram.

nul apparatus
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Figure 4.1 A;Lngemeht of present experime
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4.2.1 Details of the experimental apparatus

Figure 4.1 and Figure 4.2 show the photograph and the schematic diagram
of the experimental setup, which consists of a deposition-type corona discharge
reactor, a high voltage DC generator, a temperature controller and a test gas

mixing system.

consists of a SUS tube, 3.7 cm. er am d 80 cm. length, as the anode.
The cathode is a 0.5 mm stairiless steel wi e& from a silicone plug at the
top of the reactor and strai - vertical anode by a small

weight. The reactor cathg ¢cted to a“high voltage DC generator

allowable voltage is 50 k s Jlt ~* ply a steady stream of low energy
electrons to the corona-dischiirgt eactor. Figure 4.4 10Ws the high voltage DC

generator adopted in this @World Afslim*Pyré&iolassitube iStused to sheath either end
;‘\ &
s

of the cathode in order to limit the one to an effective length of

e T

10 cm in the middle sectionfof fhe.reactot. way the discharge zone is

restricted to the regiOfl ﬁ'otfllo.?;ﬂé_ _.7- mid lgngth of the reactor to

utilize a more nearly

zone. A type - K then

temperature in the dischmg o0 control the react temperature, 6 infrared

heating lamps (200V, 700W=each) are instélled lirft)jvﬁ ﬁround the outside
t S

perimeter of the ﬁauﬂhgem% c‘iﬁﬂ

controller (FENW"{L, AR - 24L) and a thruster}s, power regulator (Shimaden,

PACISC(@;W-’W@Qﬂim ANR1INEIQE

The desired concentrations of acetaldehyde, ammonia, trimethyl amine and /

ition within the discharge
P.Y
actor to measure the gas

€ zone.

of a temperature

or coexisting CO,, and O, are adjusted by diluting standard gases with pure N,
carrier gas. To studied the influence of CO, on the removal efficiency, the desired

percentage of CO,. An additional O, / moisture trap is installed on the N, gas line
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to ensure the removal of trace O, and moisture in the carrier and diluents gas. To
study the influence of water vapor on the removal efficiency, the desired
concentration of water vapor is achieved by bubbling nitrogen gas through distilled

water in the bottle placed in temperature - controlled bath.

Figure 4.3 Deposition - type corona discharge reactors



igh#<ve

L

: ge DC generators

i ¥
v

31




32

4.2.2 Analytical Instrument

Inlet and outlet concentrations of styrene, acetaldehyde (CH;CHO) and
trimethyl amine (CH;);N in gas mixture are analyzed using a gas chromatograph
(Shimadzu Corp., GC 9A) equipped with a flame ionization detector (FID). The
packed material in the GC column used for separating the peak of acetaldehyde
and trimethyl amine is Polydivinylbenzene (Millopor Corp., Porapak Q) with 60 /

80 mesh size and usable at maximum temperature of 250°C. A calibration curve

between the FID peak area of the _ E concentration of acetaldehyde
(CH3CHO) and trimethyl am1n€(€H3)3N is b ned as shown in the Appendix A.

’ -

"3.@‘

AN AT AINEAINY

Concentrations of NH; and CO, are analyzed using another gas
chromatograph (Shimadzu Corp., GC 14B) equipped with a thermal conductivity
detector (TCD). The packed material in the GC column is Chromosorb 103 with

80 / 100 mesh size and usable at maximum temperature of 230°C. A calibration
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curve between the TCD peak area of the GC and the concentration of ammonia

(NH3) and carbon dioxide (CO,) is obtained as shown in the Appendix A.

.3_" ‘ "-j Aty .4-._

The concentratm‘a_wmm%o can separately be

et b

detected with appropridte, gas detector tubes (GASTEC-‘EO., Ltd. and Kitagawa
Co., Ltd.). -



Table 4.2 Operating conditions of FID gas chromatograph
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Column Injection Detector Retention
Sample gas | temperature | temperature | temperature time
{9 °C) °C) (min)
CH;CHO 190 200 200 2.3
(CH3);N 190 200 200 54
Table 4.3 Operating conditions of TCD | s chromatograph
Column Injectio; | 1CH Retention
Sample
temperature atifc . lemperature | time
gas
(°C) , (min)
NH; 50 /// ‘“:‘“\ \ 10 2.3
o] ® zmmc\\ NN
AR \ -

[1:'
f J'.Ida_l‘
| Piasr
To carry out the gaSequis polln ;sﬁ"_"
A

carried’

4.3 Experimental procedure

cxperiments, the following

implementation steps must b ly because of the high risk of

physical injury caused by the highvoltag 0 the reactor.

a. Ensure thatgthé reactor is securely srou nded

WA“"JQ_—.iA :f’ d eaCh l.lnlt Of the

experimenta ..n scted

I" y
Check the ga balance nitrogen, O,,

ne for the experlment (feed g ot
) E“fi?fl"ﬂ
c. Mix th u i“gﬂe:ln jmeasure the total

flow rate w1th the soa% film flow meter. &=

o, Bl kb RN e

outlet concentrations become stable at the reactor temperature of

interest.
e. Take gas samples at the reactor inlet and outlet to analyze their

concentrations during blank test (zero discharge current).
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. Turn on the high voltage DC generator, adjust the discharge current as
desired, and then keep the current stable throughout each experimental
run.

. Take gas samples at the inlet and outlet of the reactor and analyze their
concentrations. Shut off the current after the finish of the experimental
run.

. To study the effect of the reactor temperature, reset the temperature as
desired and wait until it becomes stable. Return to step (e) until all

Wait for the reactor tén ure (07 eColti sufficiently, stop the flow

of the gas mixturé and-fum off the DE generator after the completion of

\{L O
the experiment. Be* / at high vo

voltage does not remain in the

reactor.
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