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Abstract—In the existing wet flue gas desulfurization processes which have problems of low SO, removal efficiency,
formation of scale and low limestone utilization, the adding additives to the reactants help enhance SO, removal. This is
quite attractive since no process changes or large capital expenditure are needed. The organic acid additives enhance the
rate of mass transfer. In this work, the properties of additives were studied to improve the reliability and to increase SO, removal
efficiency. SO, absorption into organic solutions were modeled by approximate surface removal theory and equilibrium
reaction equations and a solution algorithm for numerical solution was developed. Also the criteria of selection of additives
were suggested. The mass transfer enhancement by mixed organic acid, which was a byproduct of a company, was tested
theoretically as an inexpensive alternative additive.
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SO, 7kt 34 LelelvelA &4 L A3Ae] Laulgo)
dold o) 7] 3-HA BAHA = pH7F ¥7) el SO, Laixe}
TrEEE AT Al deldm dA-zA AARAA =
pH7} =71 difoll H3xe] Salxe} Sa&sr) Astr). uks
seg|lleli dofvis 7 pH 2218 Ao zAske 7L ¢
F31, oladt S 8l A7IAIE AREEl Al ke A7) A
2l it
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K = Jr¥usor  [HIHSO; ]
T K, [S0,]
_ YwYor [HTISOF]
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wdolct. o] o] 22 7] EA sid-2 AAte] FHE AR &
AAAZE 71 m2lo]l= e g AYztgic). Surface renewal theory
0, F4& & Ad9sta glot #Hull kAo |2 vieh}
ol ARE-317]7F EAalslel. Chang 5[4, 5] | o] 2¢] &4
o] & (solution)®} surface renewal theory2] 3| & u|w3dk 2
2.9] sl gl BAHA 4 (diffusivity)y S SAHA2] AT
o2 tjA& 7 ¢ surface renewal theory 2] #]2} 10 % o] 12
< 7HE B3k

7)-4 42 A

o
Ol

ol o
HH%

Oroox M ofr 2 18 (R
oL

w

A
é

g
>
fo

o
—_

¥

~
-

©]-Z approximate surface renewal theory2}

ol loo o
oy

+

Approximate surface renewal theoryel| ©]3F B-24=2] 212} 3= o}

Fo_jq. 71—1;},
SOl o B4

\ Dm2 [SO,] + DHS{)I [HSO;] + \/Dm; [SO?] =bx+b, ©)
SRR
\/Diﬁ‘ [H +] - VDHS(); [HSO;] -2 VDSui [SO_%—] - VDHA [HA7]
-2 DAd;,[AdZ’]=b3X+b4 (10)
WAl B B4 o)
\/DH:M [H,Ad}++D,,, [HAd ]+ VD, [Ad*]= bx +b, (€8))
A] (©)-(11)el 48] b B thee] HA R 0 2 HE Aababel.
A A
at  x=0, [SO.]=[SO,],
\/D—H‘A diH] - VDHS()? : % -2~ DS()" - d [SO?]
dx : dx R dx
D . 4dHAd] o~ d[Ad] _
DHAd dx 2 DAdz dx =0 (12)

By 2 AHAL 5 AIATY g
[SO.]=[S0O.],
[(H']=[H,
[H:Ad]=[H.Ad],

at  x=9,
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2-4. Enhancement Factor

el

ek &3 f71aF HrbAel &5 829
Enhancement factori= HF-5-0] Q1&g o 7}ne] oiapo 2ol F4aF
3} gl gig mel Fa wlolth 3 w3 SJsH F4vh 24
B A= E ey = o]t} Enhancement factorg AHS-sle] SO, &

257} A Ao Qa4 ZAEE A S g3a S gk

The amount of gas absorbed into a reacting liquid
The amount of gas absorbed into liquid when there is no reaction

(p:

S0.2] F<rofl ¥+38}ed enhancement factori= o}zl 9} Zho] HHH).

@=1+{\Dyg,. (HSO;], -~ [HSO5})

+VDg,: ([SOT], - [SOT1}/{\Dy,, (SO;), - [SO,})} (15)

Approximate surface renewal theory2] |5 A] (15)el] tjsls}od en-

hancement factore] Z}FS- AlAksich.

2-5. =& HOHHIQ) HEk

Adipic acid®} 72 f714F S-oe] 7172 v Holm g ZA o
FAHER 119 = DBA(dibasic acid)sﬂr 7 714k ERES AU}
HZA AR 5 9l& Zlolnh 7 F57 o149 frlite] =S
799 EAAEe] WstE qf_ﬁ}ﬂ et EF AH7HA9 SO, F
BAsleinh B d3tel 4= succinic acid & = t}E

©
4 18R dA sk
2733 EF A7) ATl 2ol WA Al S IR A
o] 4] 228l approximate surface renewal theory & 7+ H}# © & A4
ap, A2 A (16)2] Bh-g-Alo] 7}elct.
H,Su — H'+HSu
HSu™ — H'+Su” (16)

(437141, H,Su ; Succinic acid)

z}zke] 2 E9) #)= adipic acidol|A] vlehy wle} e wlwo g
E 4= itk o]l w2} enhancement factorZ Al4Fs}H adipic acidel}
e A (15)9} Zre Aoz o3 &= = ot} 34 E—Q]HE 2] B} w}

A OB FANEE BRAA G2 4 o

3. HIIAIS| SO, E0Q AE DA}

Adipic acid®} 72 §7)4F S-f2 E3 -fr]4F £89] SO, Fol
11X d3-g ¥41817] 2154 approximate surface renewal theory
F 047 BASRA T HYBAA], FEE AL S o]838le] A
At A geffe] [H], [HSO; ], [HSO:], [SO; ], [HAd], [Ad],
[HAd ] #2585 25H 24 B3] Fslgn). Faloixl s g
2] %7140l 23 enhancement factor4 Zre] WElg sl B
Aol 4] A}-g-gh A FE]

4. Za 9 nE

A7t 9] o fﬂ:—g— ZA3817] $l8] HA] adipic acidS A 7)A| 2 A1l
3le] -5 ajsledct. Adipic acid®] 3 7}ekel] w2 enhancement
factor®] Z}+e] B\i% AlAkste] Chang[5)e] A&l gtat vl wabsict. o
52| Table 13} Fig. 2014 o 5= gl5o] AL T 4T 3
approximate surface renewal theory 5 Ah&3le] 738} &7} d=|she-
o33 9lc}. Al4FE enhancement factor7} 2% zks} ekrbe] 2}

ol Hole Z Aol 499 pHE 5.00.8 A AZ7] u
o)tk H71A| ] ofo] Z713}el| w2} enhancement factorZ} 407}%]
Z7Vstedct AAH A 2] S0,2] FX 7} 2822 enhancement fac-
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by using Newton - Raphson Method
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e )
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Fig. 1. Flow chart of the calculation of concentration at interface and
bulk solution.

Table 1. Comparison of experimental and theoretical enhancement

factor
Am01.mt of ?dipic Cone. of SO, Enhancement factor (¢)
acid(2[Ad "], pH
+[HAd ], (M) M) Experimental* Theoretical

1.3x1072 5.02 2.0x10 ° 8 6.9
13x107? 5.01 1.0x107° 11.6 11.1
1.3x10°7° 5.05 5.0x10°* 20.1 18.8
1.5%10°° 5.33 2.0x107* 38.7 42
1.7x10°° 5.61 1.0x107° 14.0 13.2
9.1x107" 4.63 1.0x107* 11.6 8.9
9.1x107° 4.61 2.0x107* 26.8 28.9
2.0x10° 4.70 20x10° 10.1 8.8
1.9x1077 4.68 5.0x107* 28.6 25
2.6X107° 5.01 2.0x107° 10.5 10.4
2.6x10 ° 5.03 1.0x10°° 18 18
2.6x10°° 5.01 5.0x107* 31.9 32

*The values are from Chang[5].

BEZs M36A HsS 1998 108

o8 - 7alel
10°
fsd; =20x104M
[$0,}=5.0x 10 M
R EITIrsy C  JIT NIRRTV TP
8 ;
Eo - 80,}=10% 10%M
Q.= .
<
Q
2
[3+] .
= 1 : s
& 10 1201100

50

2[Ad=]o + [HAd]o

(mM)

Fig. 2. Mass transfer enhancement by adipic acid. Asterisks represent
the experimental values and solid lines denote the theoretical
values.
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Fig. 3. Effect of diffusivity increase on enhancement factor.
tor7} -5 < 4= glh

A7hale) Belsheba el me BAuge] WskE D) 9
3o FAkA|S: 5-9] F3}o) o} E enhancement factor?] WE-E A4
3l WM B4 (parametric analysisyS &F3ith. AlA) $-2]7) ¢ ks
= APl SAAEE FAAA Fi= Aolng, B e 7
WEE Z7) s 2F4aA)A o)o] o} enhancement factor H 32 &
Ao} BohRle] AR 2L A NS AT Sdsiet.

w2

M7 wi RS Bl 2§t w17b (sensitivity R EHAFA|S,
P SR 74]_/,\_3_ 72} WSAA AbslT AT o).
Fig. 2= A4S 20% Z71X2S w] enhancement factor7} Z7}



FA AR EFA A SO, 5o AT £F Fv4d

Enhancement Factor

0 10 20 30 40 50
2[Ad=]o + [HAd]o + 2[SU=]o + [HSU-]o (mM)
Fig. 4. Mass transfer enhancement by mixed organic acid. Solid lines
denote adipic acid and dotted lines denote a mixture of adi-
pic acid and succinic acid.

S BodF3 gt A3} 0 2 enhancement factori= iAol
el 7P & e o, PYPAe] Sl oiet 23] Zhasdt
€ 4 30t FEE Al g2 AA st & g5ks F4] 23}
9SS & S ok wiiEs EAdWel] 93] 2AHAIS7} enhance-
ment factorel] 7P & 33e Frhes A& Usirl. o] wet adipic
acid Bt} A7) <k 1.28)7} & succinic acidS- 7:320.2 &3s}
o} A71al= AHEskIch Fig 3ol ¥ 4 91350] enhancement factor
T TR

5.4 B

Al AT A oA SO0 F4me] B3 HriAle] dike Aly
2 3. enhancement factor®] ko] H3lE a3} B J7e A8
&+ the3 2ol Azt

(1) Approxnmate surface renewal theory9} S AlA], 2w A
4 A ES o 8jf SO, ool RoVA B el ther
2dg “3}.1_ 24 HE T 5 e eSS st

(2) 7o) Eeigsty AAe] wslo) ubE enhancement factor
o] WskE EAte] AHriAle] Adr)Eg dolrgict Enhancement
factor& 71417171 1% f714ke] AL A FAaAIFE 2 4714
xﬁaﬂa].i—_ 7-]0] —%—1:}

(3) Adipic acid®} succinic acid 2+-2- o] M7k = 7180 vl
2 adipic acidv} cyclohexanone #7324 oljA] WAlE] = BAFEQ]l DBA

ArbAle] s 831

& A7 AHEE ook £ A el aiE A 3
E7Z E3 27149 enhancement factorZ AlAlslo] £3H37)A 2
7FsAd& Bk

#Z A

£ dFe AR sd Tt TaFads Ak A
SAFE3E ATAlE] o A el o5 S of o]l FAAL=RIYT

ArEIIZ

: ion size parameter

: integration constant

: diffusivity of component [cm’/s]

: ionic strength [M]

: thermodynamic equilibrium constant

: effective equilibrium constant in concentration units
: molarity [gmol/L]

: component activity [M]

: activity coefficient

: film thickness [cm]

6 = QERA—-QITH

: mass transfer enhancement factor

1,2,3,4 :reaction 1, 2, 3, 4

i : at the gas-liquid interface
0 : at the bulk liquid

[ 1] : concentration [gmol/L]
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