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SUMMARY

I. Project Title

A Study on the Treatment of SOx by Using the Waste
Sludge.

II. Object and Importance of Project

SOx removal experiment was performed with waste sludge
arising from the industrial waste water treatment process with
reagent K developed by KAERL

Experimental result was compared with that of existing
experiment performed with lime/limestone from the perspective of
removal efficiency, pH variation and absorption capacity. Treatment
characteristics of industrial waste water was also performed with
waste sludge resulting from previous SOx removal experiment.

This is believed to be important from the environmental point
of view because it will be useful not only to improve the existing
SOx absorption method but also to reduce the waste arising by

recirculation of the resources.

III. Scope and Contents of the Project

SOx removal experiments were performed to evaluate the
effect of reagent K addition on the wet lime/limestone FGD, one
with reagent K and the other without reagent K.

Experimental results in each case were compared from the



perspective of removal efficiency, pH variation, sludge arisings and
sludge characteristics. Optimum amount of reagent K was decided.
Other experiment was performed to evaluate the applicability of
waste sludge to the treatment of industrial waste water.
Experiment was done with the waste water taken from dyeing
company S located in Taejon industrial province 1 and 2.
Experiments for supernatant from the waste sludge and
mixture of sludge and supernatant was performed to study
turbidity, color, COD removal efficiency. Optimum pH and injection

amount were decided.

IV. Results and Proposal for Applications

1. SOx removal experiment

Removal efficiency decreases with large amount of reagent K
added and increases under 0.555 molar concentration of Mg™".
Optimum addition of reagent K was when molar concentration of
Mg"" becomes 0.186 (Ca™ : Mg~ = 1 : 05). Sludge arising
decreases about 40 50 % with reagent K added, and settling
property becomes better due to high density. Effect of reagent K

addition is the same in lime and limestone experiment.

2. Treatment of dyeing waste water

Addition of reagent K was a little more effective in the
mixture than in the supernatant. Optimum pH and injection amount
turned out to be 12 and 1 % v/v, respectively. Turbidity, color,
COD removal efficiency was 96%, 82% and 52%, respectively. It

can be concluded that waste sludge resulting from SOx removal



with reagent K can be reused in the treatment of the industrial

waste water such as dyeing waste water.

3. Preliminary cost analysis

It is the current situation that most of our flue gas
desulphurization technology is dependent on foreign countries.
Technology self-establishment is, therefore, urgently needed to save
royalty which has been paid to foreign countries .

The extra befenit that is expected by circulating gypsum in
the existing limestone process is estimated to be 350 won/ton,
while that of our process is expected to be over 10,000 won/ton.

More cost befenit is expected in the various aspects of initial
investment, reagent, and maintenance costs by applying our concept
to existing limestone process. Further study is needed for more

accurate cost analysis.
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Fig. 2-2 Schematic diagram of the experimental apparatus of the
bubbling reactor
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10,862 mg/ 4, Mg = ©o]& 40643 ng/ L 52 &3 o]2E0] vj$ &
L& ¢ F Ut = Mg o229 moleFEE 1.672 moled] 3F3H

ne

Table 2-1 Properties of reagent K
unit : mg/ ¢

Elements Mg™ Ca” K’ Na’ Cl’

Concentration| 40,643 10,862 45,000 29,000 | 190,000

oo A¥ % B4 P

D A" 9y
AL Yoz FIPHIoH FFYL 1 L2
SO: gasd FEE 2700 ppmlE AP F4dHge HILT
A&(17~20T) A FRB3At FFA Wk FFHE 7
o 93t o|FAAEE JFHT}
FrAe dAF 43 (Ca0)9 434 (CaCOs) ZH2ztel st 7}
d GFE Ko TRE ¥IAA FuHEATh Ag/AFAE o) g
AAAFTANA A5 /H3Ae wEE ditdoR 3~5 wtnE 23
ATk A £ HAPAANE THEE 43I CadY A5, A3 30 g
wt%)E FAsa 7)o F KE ZH7F 0, 111, 332, 665 mE #H7hgt
Z FREZ 147 HES sgor, ® ¥ Kyte =z 147} HEE 3
Aok o] w FFA A3 9% Ca"9 mole FEE 439 FEE
2HE o 0375 moled] AFITt  AlFF U A3FA(CaCOz) 3%,
A3 M & Ca'e mole =7t A3Ae ¢x& ¥ 0375

mole®] HEE 38 g H3u FF KE Arlstd S5 d4e Fu)3y

>
Lo
II..?,
S8 e

& oM ooy X
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ok FF Ko 7t d&e A3/AMFAe Ca” ol molesES FF
K9 Mg"™ o€ moles =9 HE 7|F22 8ty Ca™ @ Mg o9
molexX% 8|7} Z+z} 1 : 0(Mg"™ 0 mole), 1 : 0.5(Mg"" 0.186 mole). 1 :
15(Mg™ 0555 mole), 1 : 3(Mg"™ 1.112 mole), 1 : 4.5(Mg++ 1672
mole)7t =% oFF K& 718t

SOz gas? flow rate™= 22 psi 4&3 A 34~93 ml/min B el
A FFE AR F7)9 flow ratex 20 psi 4B EolA 10~30
£/min ¥ dAN FFE AFAAT. SO; gasst IVl FEEH)
ANA A EFHY SO; gasd F=7F 2700 ppme] HEEF FHE F
datz v Avitt HSIE FFH7) Ao 3 WFYRE dof 1087

ST HEHE SOz gasd BEE WS AAE BNV
A& e FAHL WUSATELY F4-99 pH A ¥er)d A
¥ pH metere] &3t d&Hoz AU,

HSAIZFE WMEHE SO gas®] FE7F 1000 ppm °lF &, SO
gas® AAZEC] F 60 % o3/t HAUE& WA A AT

2) ¥4 %y

SOz gas9 EA-& 7l2EA7](KANE-MAY, KMI106)oll 93t £
9 4F K& 599 9442842 d=9AEdT4 FEAL 9
#Hote EAHG = 4AF+E %35 A (Atomic Absorption Spectrometry),
fEAgEd = 37 (Inductively Coupled Plasma Emission Spectrometry)
T ZIAEA A oste] EAHU

2. 49 A% % 1

B A Y-S E3lY SOz gas FFHE FAZo 08 cmE AARSY
o g34S A A7) F(diffuser)= ¥H-%o] FF JAHA upE vy
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SO, Concentration (ppm)

—0O— Air flow rate 10 I/min
—Q— Air flow rate 20 I/min
—A— Ajr flow rate 30 I/min

' I v i ' ] ! |
50 100 150 200

Reaction time (min)

Fig. 2-3 The change of SO, Concentration on the reaction time at different air flow rate
(Input SO, = 2700 ppm, Adsorption ligid = CaO 3 wt% + Mg"™ 0.186 mole)
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SO, Concentration (ppm)

—O—lime 3 wt%
1400 — .

—O—lime 3 wt% + Mg  0.186 mole
1200 —A— lime 3 wt% + Mg™ 0.555 mole

—y—lime 3 wt% + Mg™* 1.112 mole
1000 —O—lime 3 wt% + Mg™* 1.672 mole

| | I I
0 20 40 60 80 100 120 140 160 180

Reaction time (min)

Fig. 2-4 The change of SO, Concentration on the reaction time at different additive concentration
(Input SO, = 2700 ppm, Air flow rate = 20 //min)
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Fig. 2-5 The change of pH on the reaction time at different additive concentration
(Input SO, = 2700 ppm, Air flow rate = 20 //min)
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1400 ~ —O— pH (lime 3 wt%)
1 —0— pH (lime 3 wi% + Mg™* 0.186 mole) /8
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Fig. 2-6 The change of SO, Concentration and pH as function of the reaction time with CaO
(Input SO, = 2700 ppm, Air flow rate = 20 //min)
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Fig. 2-7 The change of sludge volume on the time at different Mg™ concentration
(Input SO, = 2700 ppm, Air flow rate = 20 I//min)




400

100 %

Sludge Volume (mi/f)

39 % 40 %

1.112
Mg™* (mole)

Fig. 2-8 The effect of the addition of additive on the sludge volume after 12 hr
(Input SO, = 2700 ppm, Air flow rate = 20 I//min)
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Fig. 2-9 The change of SO, Concentration (ppm) and pH as function of the reaction time with CaCO,
(Input SO, = 2700 ppm, Air flow rate = 20 //min)
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SO AA AN FF K9 HHA/Foz AZAs= Mg oleF
% 0186 moled #7135t SOAI7 e 3% Fo 2L SO &
HAZE RS A-EHADE STHAR AL SHAAdZA= AN
el E JAANZ|Z AFEY HE 4T A (Supematant), =X &5 A
# AAEHANE TYIA EFY EFAMixture)& 2dZ S EJo

= ArgStdnh 4599 H5H FeyRe ¥ 229 2

Table 2-2 Properties of Supernatant

unit : mg/ ¢
Elements Mg" Ca'™” CI’ S04~ pH
Concentration| 4,686 3,720 20,000 10,800 36

2) G4
YT SE oA 12329 9AF A% AZNA SAY G4
52 gt G405 ARE YT nase 492 A8

om NEE AABA 159 oWl 4B& gastgn. gA4UsY =
e aorsd ® 2-3% 2.

Table 2-3 Properties of dyeing wastewater

pH

Turbidity

SS

COD

7.46

83.2 NTU

610 mg/ ¢

477 mg/ ¢
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3ted 500 mé HiolAN FAHAFE 200 M H3H, SHAE 1 vl F
ZENA F48 7t HE2E flocFFol Hele HY $FAFE HA
FUFo 2 ZFIT

2) fAHTE 104 AT 6719 nlolAe eld 2D FRAA
HAxr FYFE 747 FH93t pHE 7~127HA 01N NaOH £93}
0.IN HNO; €402 pHE ZH3),

(3) pH7t 23R 67019 ABE Jar-test F Ao 150 rpmell Al 2

et
7y §4 mdkg 33 = 40 rpmelA tHA] 1587 g5 adks Al A

5) GAHATE 144 HT 449 HIOIﬂ EFE 9eA A4€E pH
Foez AT T Ha SI/A ¥ 50%, 100%, 150%, 200%E Z+-Z+
g oS ASEE Jar-test Ao} i F& ity g wubg A
Rhia=

(6) 3087 AAANZ F A54E FH39 BE, COD, AEE ZA3)

2) ¥4 Wy

& &= (Turbidity)s= HF Scientific Co.2] model DRT-100B2 &7 &}
Hon ©@g= NTU|th

A% (Color)E UV-Visible spectrophotometerE o] &3t &4 3tk
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2. 48 A3 ¢ 2%
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A €8AgE AT F5ds °7‘XJ1E AHERE W g8 +9 COD
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a9 2-118 05% v/v EFLE SHAZR FAg FAHF st
pH ¥gle] mZ COD® "gx9 AARES Yed Zojth. 1’ 2-10
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ettt
O¥ 2-12, 2-138 SRAR AH8E AEAH 7D 77 FUHF
o @& COD¢ &x9 AAZEELEE Uedd. 18 2-12% 459
SHAZ AME3ste pH 122 AT A d& $HA FUF
& COD¢ €= AAZEES Ued Holth FYF] 1 % v/v 9
ZolAE CODSF =9 AAREEC] A9 vxsy, 34 H4& F¢
% v/v 4 & F ok 19 2-132 EFAE SHAZR AL
ste] pH 128 243 FAHFA ds A FYZFe &2 CODS}
gxo AAZEEE Ued Aotk FFF] 05 % v/veldelA COD
o §Ef AARZES v SHA HA: FAZFE 05 % vv g
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Fig. 2-10 Removal efficiency of COD and Turbidity of dyeing wastewater by supernatant of 1 % v/v
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Fig. 2-11 Removal efficiency of COD and Turbidity of dyeing wastewater by mixture of 0.5 % viv
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Fig. 2-12 Removal efficiency of COD and Turbidity of dyeing wastewater by dosage of supernatant at pH 12
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Fig. 2-13 Removal efficiency of COD and Turbidity of dyeing wastewater by dosage of mixture at pH 12
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Fig. 2-14 Removal efficiency of COD and Turbidity of dyeing wastewater by dosage of supernatant

and mixture at pH 12
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Fig. 2-15 Settling curve of dyeing wastewater sludge at pH 12



Fig. 2-16. Picture of dyeing wastewater treated by 1 %(v/v)
supernatant of SOx absorbed slurry.

Fig. 2-17. Picture of dyeing wastewater treated by 1 %(v/v)
mixture of SOx absorbed shurry.
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Fig. 2-18 Removal efficiency of COD, Color and Turbidity of dyeing wastewater
by supernatant of 1 % v/v at pH 12
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Fig. 2-19 Removal efficiency of COD, Color and Turbidity of dyeing wastewater
by mixture of 1 % v/v at pH 12
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Cl o]2¢ HE& 140 mg/L°lth 2§ 2-19¢ S3A=E E¥AL A}
£3& woly pH 128 ZHH A$e Mg o4 o3 JAAoz &
T A%yt gol AAHYLSE 28 2-179 AFeEx & $ th
AAZES A% 819 %, COD 52 %, 8% 957 %olth. A=A ] &
2R AAZ AFF CI oL HE& 112 mg/ Lol s oA
27384 gz AAT £ s CODE A7 glem= COD A
£ f3te A&t AETH A §Pdgs HAo] EAHolr)

AgHoz o4F K/ 7MY SO; €3X = Id4HFA AES
o] 715%E BFu 9}
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Al 3 A du] FAZ 4

Table 3-1[8]dl& 1996 vl L3 d5 £ 8=
LFER WEFS Yt Y. Ed YEG w9k Zo] SO, A
o] AA WAFY 339%EA JHF B FE AAL on oF
Qe A Bt Fo] 6%EA M BS HEE YEUI g3
AT Hgo] 246%EA F AAZ .
duete widgsr)| <2 Table 3-2[8]0] BiEntet 2ol iy
9= rZled &3 3loen VegE2A dBZAY FAFFH
3~5%9 AA7I€s5E AEst Jvh. @A ol i JeAH
ol AlF3 &a7Ho F7 G-THAZANE FAHIL Yot BoA B
cutet Zo] FAFL dEE F4 Aol FFE o|F gloy
TUHol A Adetnzx FRE 7leo AHERAA F2 Ao &
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8 E F AA B9 10000882 AHE AZLREZA
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g ¥&L U 5099 FEHJ} 22384 HE=E AA 7HAE 350
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Table 3-1. 948 % §x4 24983 W=

AL =9 A | %) A A| (%) S0 | (%) Cco (%) HC (%) NOx | (%)
A 4,424,546) (100) | 423,694] (9.6) |1,500,260} (33.9) | 1,088,788| (24.6) | 153,811} (3.5) |1,257,993| (28.4)
(%) (100) (100) (100) (100) (100) (100)
¢ ou | 280,278 10,117 118,829 78611 2,673 70,048
(%) (6.3) (2.4) (1.9) (7.2) (1.7 (5.6)
2 Ao | 1,253,150 160,812 689,157 19,341 3,272 380,568
(%) (28.3) (38.0) (46.0) (1.8) 2.1 (30.3)
& | 2154874 95,294 323,018 974,672 145738 616,152
(%) (48.7) (22.4) @215 (89.5) (94.8) (49.0)
u oA 736,244 157,471 369,256 16,164 2,128 191,225
(%) (16.7) (37.2) (24.6) (15) (1.4) (15.2)
+5 Al 2,977576| (67.3) | 146441 1,018580 873,731 134,887 803,937
¢ o 178,083 8,835 98,560 11,974 1,610 57,104
44 573,143 30,140 442,119 9,758 1,962 89,164
£ % | 1,993,077 95,294 323,018 845935 130,206 598,624
WA 233,273 12,172 154,883 6,064 1,109 59,045
A 1,203,730] (27.2) | 276,548 481,519 77,398 1,976 366,289
o 87,177 1,177 20,025 63,165 78 2,552
Mg A g 668,104 130,358 246,998 7,795 1,039 281,914
4 0 0 0 0 0 0
L 448,449 145,013 214,316 6,438 859 81,823
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Table 3-2. W€ 3 7|&AF 43
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A37F A& 2 A9 A
1. ok FATkE AA 24

) FF Ko 7t &5 SO; AAZES oA H, Mg™ o]
9] ¥X7} 0555 mole ©lFtlAE 71E9 FARY AAEZL] =
ot}

1l

2) FA HFFE Mg” °ol&9 FE7} 0.18 mole (Ca™ @ Mg™
1:05)% Aadch o W FRAHE SO, £YAFL 71E FH
53 %°19, oF 50 %7t fAsy £ Y= ol YHAe) &

FRRYG WS Foban,

3) pH7l 42 Eolze W SO, AAKEE T WIWE e AA
£go] FAsA QAT pHS WHEFO oate Fode @A
A7lE BEE 5 U9e Aoz AWk
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