'.) Check for updates

Journal of Korean Society for Atmospheric Environment
Vol. 37, No. 4, August 2021, pp. 660-669
https://doi.org/10.5572/KOSAE.2021.37.4.660

p-ISSN 1598-7132, e-ISSN 2383-5346

=
™=

Ho

LiTaO; MZ ZXMZHE7|Z AIR S

Ih7HeS Harern

Effect of Physical Parameters on SO, NDIR Analyzer Using

a LiTaO; Pyroelectric Detector

zloly, HIHY, YR
A=ty gggoh

In-young Choi, Trieu-Vuong Dinh, Jo-Chun Kim*

Department of Environmental Engineering, Konkuk University, Seoul, Republic of Korea

Abstract

BHQ 202149 82 5
£M 20214 8% 13
FEH 20213 8 18Y

Received 5 August 2021
Revised 13 August 2021
Accepted 18 August 2021

*Corresponding author
Tel : +82-(0)2-450-4009
E-mail : jckim@konkuk.ackr

Tele monitoring system (TMS) has been widely used to monitor air pollutants emitted from stationary sources in

Korea. Sulfur dioxide (SO,) emitted from an industrial stack can be analyzed using the NDIR technique. The amount of energy
absorbed in the infrared wavelength band varies with the concentration of gas molecules. In this study, physical influencing
factors were investigated including: the effect of signal detection according to the temperature of the detector, the flow rate
of the gas cell, and the change of the optical path inside the gas cell. A LiTaOs-based pyroelectric detector was applied to the
NDIR analyzer. The physical parameters consisted of temperatures (35, 40, 45, 50°C), flow rates (100, 500, 1000, 2000, 5000,
10000 mL/min), and optical path lengths (5.6, 7.2, 10.4 m). As a result, when the temperature increased, the magnitude of the
basic signal tended to decrease. In contrast, variations of flow rates did not show a significant effect on the detector signal. In

addition, the longer optical path shown the lower signal. It was found that the signal resolution of pyroelectric detector was

improved with respect to low concentrations of SO, (<50 ppm).

Key words: Non-dispersive Infrared, Pyroelectric detector, LiTaO; detector, Sulfur dioxide

2,3% /‘} 76}-4 T8 %ﬂ?*]k‘oﬂ izt =%
A Al (Tele-Monitoring System, TMS) 2 f(]—

stal glom, ti7| e gl tigt AA WiEd &

e A]ﬁﬂﬁ}i O‘D} Lee et al., 2004). TMS= VJ@}
3= (NO,y), LX] (TSP), Az J-(HCI), Eﬂ}#i

(HF), O}qu}(NHg e O - U
o 7] 0 AN E S 2AISH A8 ElT olet
(Dinh and Kim, 2021).

TMSO|| AH8EE S8 3 (light) 9] &5

e
ol RUE T} 925 A5t o] o]H o7 oldle] T
o] AFEET ¢ ‘:]'(Wang et al., 2005). TMS 2ol A 11
Hoquzee) drleagde Axze s 24a)
A&l G2 ke Aol Fash] wiEe] 3

H27] & ¥4 @14 (Non-dispersive infrared, ©]

5} NDIR) Wi o] F2 ARgE ) (Jahnke, 2000).

B

5

0



https://crossmark.crossref.org/dialog/?doi=10.5572/KOSAE.2021.37.4.660&domain=http://jekosae.or.kr/&uri_scheme=http:&cm_version=v1.5

LiTaO; A

NDIR i 7R ARE0] 7HA= A
o3} o] ] &5t QAL RA
Fupgie el Aede S5AIA olof TE
Aol dubgo] A7 2ol & HEdtod
o]t} (Wong and Anderson, 2012). NDIR %'
sl 495 el 104 o)
FrA| H Ao A I 9le] T™S
3 A 8], AE2 371 2 e
T AR5 37 Qlth(Frodl and Tille, 2006).

NDIR B4 7]9] £2= 2 )4 339 (IR source), 2
2] HZE7] (IR detector), 7FAA (Gas cel) 2 A=
o) 90w, 7t 7| el wiet A5, AU 5
of 5A)H7E S 1% HelH 78719 A

Zpz1skaL Qlek. Ao AE719]
ZF+= 37 Thermal typed} Quantum type©S 2 1}
™ 1% Thermal type©] SAE74 2] st (<
SsHA A-8E 4 glo] dutHo=w AREHTH (Kinch,
2000). Thermal type

Eloll
ol
_EL

5 o o

\_

L
=

kel
=

|

=
=

1

ok
fu oxt pE it go S

o Jm

oL,

ol
=

e

o] 7P & H5&

3t Thermopile, Thermocou-
ples, Pyroelectric 5] oj2] WA 02 AEEH, o]
F Pyroelectric A10] A&7+ -840l Eol ¥
2 o] 8-Eo] FH 2 =Tt (Meléndez et al., 1995).
Z18] 31 Pyroelectric Ao tigh ¥ 15171 229
T AP glom, F2 AQE B =g gt
o] =& o|Zt}(Lehmkau et al., 2021; Yang et al.,
2021).
Aol A&7 it A+ A F
SHA JPEAL Qlov HE7] Ak 9] A5 A Q1
of thgt A7} tiF-=olth NDIR 241719 14
Ql 7k~ 4% 7] NDIR 247] 31324 24
7] wiZell F2zte] daFol = Aol oA
TEARTES HAEVY 25 FAAH, IR
o|2F Apdstr] 9igt ApH|ulE AA5to] e
Z|A|Z1tt, o]9} ZHe o] G2 NDIR B4]7]9] AR
o e e (e e Ae Bold o
off & Aol 1% DIR +47]9] 47 & 7t~A
ik s dshel Aol

AE7]°l v]=

=i/

H
=
Zo %]

I 4z o9l

[¢)
-

A

ko

e}
T

ol

>

BEHT

2ttt o3t A+ Ait= NDIR 24

gohet] glo) 71242 A

=]
LS |
P
=

2.1 ME7y
Pyroelectric %

CRGE

ild

1_

HE7)5 A5 NDIR 24
6}‘2'1201 Xqﬂ** A&7 7t

[e)

j=

7, A5

=
A

1

LIS

st B,

i

31}7&;_0,] Zo]

3= Tl = HWOFO% ﬁﬂi% X
HHA otk (White, 1942). T4H {459
2} NDIR B417]9] A% (Aste, Adn,
371] Zpo|7} vEhdth B Aos &
&, =)o thE W et A WA
A= Gl gt A+7E okt &
ghofl glo] 71291 NDIR 7]|&of 284 o2
7= Beer-Lambert H{210] o] €& 1 H£A1L

< 44 (1)7 ZT}H(Wong and Anderson, 2012).

S
E
TE
o|=

s

&

o

I=IyXexp (-kCL)

SAel A AN 2 g A

O o = az
713392 A7 (L), F37% (k), 28] F&(C), F
B2 (L)E YET o= NDIR 7|9 712431
& Hehd lof=, NDIR 247]9] eS¢
SiAlE 3ol A7 S7% w2 FEAS A1 L 3
BRSSO TS 1 4 A & A7 A

Foll AHgE FHL

L [e]
A Tt

iy

2.1.1 7IAX(Gas Cell)
7tAdle 717 29} o] Slo] EAl(White cell) 7%

J. Korean Soc. Atmos. Environ., Vol. 37, No. 4, August 2021, pp.660-669



®

@ Gascell
I/—r\l \/T\I Gas outlet | ) |R detector
: H = | 3 IR source
i h @ Chopper
" I ® Motor
i I ® Mirror
1\ WL ER
1\ (A
[ 1|
[ I 1
[ 1
AU B
1 \ I : @
Py
. L ?
1
Wil d dmne
- L O-r-
L]
11
11
\i T
Gas inlet H
 inletey l@\_l_//l

Fig. 1. NDIR experiment configuration based on white gas cell chamber.
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Fig. 2. Inside view of a gas cell with white cell pathway.
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Table 1. Physical factors and experimental conditions for
infrared detector tests.

Parameter Unit Value
Air flow rate L/min 0.1,0.5,1.0,2.0,5.0,10.0
Gas cell path length m 5.6,7.2,104
Gas cell temperature °C 40, 50, 60, 70
Detector temperature °C 55
Chopper frequency Hz 10
Band-pass filter (CWL) um 7.30(S0,)
SO, concentration ppm 10, 50, 100, 200, 500, 1000
19] 3202 A7 APstgon], AFGIA
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Fig. 3. Variations of infrared detector signals with respect to various flow rates.
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Fig. 4. ANOVA test results for various flow rates experi-
ments at 50 ppm SO,.

Table 2. Results of Fisher’s least significant difference test
for means of detector signals with respect to various flow
rates.

Column Count Mean Homogeneous group
Col_1 3 0.283278 X
Col_2 3 0.294380 X
Col_3 3 0.282485 X
Col_4 3 0.284685 X
Col_5 3 0.284519 X
Col_6 3 0.294416 X
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Fig. 5. Variations of infrared detector signals with respect to various gas cell temperatures.

Table 3. Correlation analysis with respect to SO, infrared
detector signal and gas cell temperature.

SO, Pearson Significance
concentration correlation (r) level (P)

N, -0.997** 0.003
10 ppm -0.992%* 0.008
50 ppm -0.999** 0.001
100 ppm -0.992** 0.008
200 ppm -0.978* 0.022
500 ppm -0.998** 0.002
1,000 ppm 0.631 0.369

**: Correlation is significant at the 0.01 level
*: Correlation is significant at the 0.05 level
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