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Quantitative Analysis of the Impact of Inlet Duct Spray on Scrubbing
Efficiency using Experimental Design

Minwoo Lee, Hyun Ho Kim and Junemo Koo
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Abstract

The purpose of this study is to develop a packing-free wet scrubber to prolong the maintenance interval compared with
the conventional packed bed wet scrubbers with which frequent operation stops are unavoidable to clean the packing mate-
rials. The main- and interaction-effects were quantitatively analyzed by regression analysis for the measured ammonia scrub-
bing data from the experiments prepared by experimental design. The scrubbing efficiency of the newly developed wet
scrubber was found to be over 95% under the condition of flue gas flow rate of 90CMM and liquid-to-gas ratio 2 1/m> for
all considered trials of experimental design. The interaction effect between the inlet duct spray and the filter was found to
be important, which controls the droplet growth due to the droplet collisions between the duct- and scrubbing tower-spray.
The presented methodology to analyze the impacts of operational and design factors on the scrubber efficiency showed poten-
tial for applications to optimize the future flue gas abatement process in semiconductor plants.
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: Guide Vane 8 : Water Tank (for Circulation)

1
2 : Atomizing nozzle 9 : MV-Filter (3 stage)

3 : Automatic backwash filter 10 : Demister

4 : High pressure pump 11 : Nozzles

S : Water Tank (for atomizing nozzle) 12 : Exhaust Fan

6 : Strainer (200 mesh) 13 : Inlet sampling point
7 : Circulation pump 14 : Outlet sampling point

Fig. 1 Schematics of the experimental setup
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Table 1 Levels of parameters in the tests

DUCT

MP

0 (no spray)

Levels 1 (spray)

1 (installed at exit)
2 (installed at inlet and exit)
3 (installed at inlet, middle and exit)

Table 2 Test conditions for full factorial design

Test number DUCT MP
1 0 1
2 1 1
3 0 2
4 1 2
5 0 3
6 1 3
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Table 3 Summary of test results

Test number Remova(l (;;ﬁciency Pre(?zlrﬁ; g)rop
1 95.4,94.9, 94.6 144, 142, 140
2 95.3,95.7, 95.1 140, 138, 145
3 95.9, 96.8, 97.3 163, 163, 165
4 98.7, 98.8, 99.2 169, 165, 166
5 98.3, 98.6,98.8 211, 207, 209
6 100, 100, 100 206, 204, 206
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Fig. 2 Raw data, averages and confidence interval of 95%
confidence level for test cases; the numbers in leg-
end represent the repetition sequence.
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Table 4 Results of linear regression analysis of duct spray
and mesh filter application effects on NH4 removal
efficiency

Call:
Im.default(formula = eff ~ (factor(duct) + factor(mp))"2)

Residuals:

Min 1Q Median 3Q Max
-0.7800 -0.1883  0.0000 0.1800 0.6600
Coefficients:

Estimate Std. Error t value Pr(>|t[)

(Intercept) 94.9600 0.2235424.824 <2e-16 ***
factor(duct)1 0.4367 0.3161  1.3810.192352
factor(mp)2 1.6900 0.3161  5.346 0.000175 ***
factor(mp)3 3.5900 0.3161 11.357 8.91e-08 ***

factor(duct)1:factor(mp)2  1.7767 0.4471  3.974 0.001846 **
factor(duct)1:factor(mp)3  1.0133 0.4471  2.267 0.042693 *
Signif. codes: 0 "***'0.001 "**' 0.01 *'0.05".'0.1"'"1

Residual standard error: 0.3872 on 12 degrees of freedom
Multiple R-squared:  0.9719, Adjusted R-squared:  0.9602
F-statistic: 83.07 on 5 and 12 DF, _p-value: 6.929¢-09
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Table 5 Results of linear regression analysis of duct spray
and mesh filter effects on pressure drop in the
wet scrubber

Call:
Im.default(formula = delP ~ (factor(duct) + factor(mp)))
Residuals:

Min 1Q Median 3Q Max

-3.2222-1.6389 -0.4444 14444 4.1111

Coefficients:

Estimate Std. Error t value Pr(>[t)
(Intercept)  141.7778 1.1938 118.767 <2e-16 ***
factor(duct)l  -0.5556 1.1938  -0.465 0.649
factor(mp)2 23.6667 1.4620 16.187 1.85e-10 ***
factor(mp)3 65.6667 1.4620 44914 <2e-16 ***

Signif. codes: 0 "***0.001 '**' 0.01 %' 0.05".'0.1'"1

Residual standard error: 2.532 on 14 degrees of freedom
Multiple R-squared:  0.9933,Adjusted R-squared: 0.9918
F-statistic: 690 on 3 and 14 DF, p-value: 1.935e-15
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