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Design of ship waste-gas cleaning packing tower and
desulfurization performance simulation

WU Lin, LIU Shenghua, XU Zhengguang, YANG Guohua, ZHANG Lidong, YAN Xuesong
(Faculty of Maritime and Transportation, Ningbo University, Ningbo 315211, China)

Abstract: In order to investigate the impact of the parameters of seawater desulfurization process, such as exhausted air
quantity, inlet SO, concentration and liquid to gas ratio, and the parameters of alkaline liquor desulfurization process, such
as pH value of Circulating liquid, waste liquid discharge, liquid to gas ratio, on the efficiency of desulfurization tower,
simulation of desulfurization process in the packing tower for W6X35 diesel engine is carried out by means of chemical
process simulation software Aspen Plus V10. The parameters are optimized through the simulation. The simulations reveal
that, for seawater desulfurization, the liquid to gas ratio is an important control parameter, that should be adjusted within the
range of 3 ~7 L/Nm’ according to processing load and fuel sulfur content, while for alkaline liquor desulfurization , waste
liquid discharge has the greatest impact on desulfurization efficiency, Na,SO; crystallization from the saturated solution and
waste liquid treatment load and should be adjusted within the range of 0. 105 ~ 0. 152 kg/kW - h, the lower end being
preferable. pH value of circulating liquid and liquid to gas ratio affect the desulfurization efficiency and operation economy
rather significantly and preferred values are 6.5 for pH value of circulating liquid and 3 ~4 L/Nm’ for liquid to gas ratio.

Key words: desulfurization for ship; packing tower; seawater/alkaline liquor; desulfurization efficiency
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Yu/N241Y (International Convention for the Prevention
of Pollution from Ships, MARPOL) [{ff Jli] VI 2008 1& 1E
ZLME B 2020 A 4 BRI SR S A B RO
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RRG MR ARESTRENESREY . XA
G R TR PR SHEA T DR B AR , A R G fai SR AR
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HEARR S0 Bk & 4t ( Exhaust Gas Cleaning Systems,
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MR BIAE 99% L I, ZHOU J X %2 i@ 11 U #
EGCS fff 5% 1 75 M1 BF 8 20N W < b & Ak
(NaOH) AWK pH H HE T SO, ¥ 8 FVRORH LS X6 56
TR RE , B0 45 51 7 A At P PR X T 1Y
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G ORI Uk U 5 8 3w R A R X ( Sulfur
Emission Control Area, SECA) B HEEE 3% T 1A TH &
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JEAREE R 300 C KA N RGER B 75 &%
HFIREE R 50 °C, 1k 101. 325 kPa, HELE S
FERITHBIAE 1,

®1 BUESEERS

Tab.1 The main component of the simulation exhaust gas

BT %
AR EZR = A = A K
(N;) (0,) (CO,) (50,) (H,0)
77.316 13 4.614 0.07 5
1.1.2 BRAHK

BEALLAE FH v /K B EE 2 2. 37 mmol/ L, Vg 7K iE 8%
TR 25 C KR 1025 kg/m’ 7K K THT 5K
J3°40.072 N/m, 7K E5EE 4 0.893 x 10 ° Pa - s,
1.2 ERBEGITTE

AR SCBET I SRR 75 2R FHHE 7K il NaOH 7K 5
WP RN ORI AT i , i AR e R AN 1 1 s
AR AAAE SRS MHE B R K B i ST T B, SR T
Wizt T, BT H T 1.3 4.5, G’ 6.7, LA
T AKAE R TR AT IO T8 A I VR 3 N\ 2 Ak
FATTALHR, 2465 s Fe HEA I 5 TS AR AATEAS 7o
VFAMIEBLETE K AT I, SR A PR s 1T
RIFTH 1] 3.4.6.7, L] 1.5, ffi ] NaOH 7K
VS TRAE U 4 7 A 0 R A AEAE A,
FUMEARTE AW AT HERC X AT ] S, R & 0k
WA PR T AL PR IS HEA R .

FEAR TR ST, SR R R 7K L T 5 1 9 < L 22
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BB SR B A TS B e RN 2 L R 1 R T ik
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VS A i i SEORH IS S5 42, DR AR SR g KAy
WIS DR RO A T
1.2.1 #a#s#E

K EAE 50 mm [RGHLE EURME S IERL, L
RN 157 m’/m’, 23 PR Ky 94% , HURLH
52.5/m,
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Fig.1 Schematic diagram of mixed mode desulfurization system
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Tab.2 Main parameters of simulation tests
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Fig.2  Small-scale results and simulation results

2 AR B E R AT
2.1 \KEER

FEI AL for &) JE A SO,
VR 2 7R AR I A L ) 5 )RRV 7K IS A e R P 5
M, 352 S 5000 T 2 100% 7 fif B 455 400 02 <2
25 818 Nm’/h, JE R B 9 50°C , HUEH K BA% 50 mm
(AR IR SEDRE, T ZK BBUBE A 2. 37 mmol/L, JERHE
IR RS ERA T SO, W WAL R
3R, HIE 3 AIE W, FER A H SO, W EETE
482.97 mg/Nm’ ~1 690.4 mg/Nm’ i [N, JF S &
—E I TEF AR RS R 8RR & SO,
WL/ NG K, FL A EE R /)N, 38 ORI (2, T A
[f]— SO, M, AR AR IR < L 3 R Kk
TSR PR A R AT e 1 AR T R AR R A R
SO, WP 74

100 -
90+
80
o\\c
% 70F
E 60+ —— 3 L/Nm?
é —— 4 L/Nm3
sol —— 5L/Nm3
—e— 6 L/Nm?
40l —* 7LNm’
—— SECAZIRHFH

30 1 1 1 1 ]
300 600 900 1200 1500 1800
AN HASO0,#fE/(mg/Nm?)

a) JES K25 818 Nm’/h

100
90}
80
N
% 70F
%( 6ok —+—4 L/Nm3
§ —+— 5 L/Nm?
sol 6 L/Nm3
—e— 7L/Nm?
b 38 L/Nm?3
—— SECAZLRHH
30 1 1 1 1 ]
300 600 900 1200 1500 1800
A SO,#KE/(mg/Nm3)
b) BN 12 909 Nm®/h
100
951
x 90F
N
-
B8 sy
& —— 6 L/Nm3
B 80F e 7LNm
—e— 8 L/Nm?
75  —e— 9 L/Nm3
—— SECAZLRH R

70 1 1 1 1 ]
300 600 900 1200 1500 1800
A FSO0,#E/(mg/Nm?)

¢) BB AT 745.4 Nm’/h
B3 AR MR <A E SO, e BE R AR Ak 1Y
4
Fig.3  The desulfurization efficiency varies with exhaust, gas
volume, inlet SO, concentration and the change with

liquid-gas ratio
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FEREN EREN ERED
S0, T 77345.4 1{909 2i818
Nw'/h B Nw'/hfg Nm'/hg
(mg/Nm") WA WAl WA
(I/Nm")  (L/Nm’)  (L/Nm’)
482.97 5 4 3
724.458 5 4 4
1 308. 85 6 6 6
1 407.86 6 7 7
1 690.4 7 7 7
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K, pH (B AT AGE b %5 in NaOH 3 75, i 28
Wil SO, 1y F 2 K 3 & Na,SO,, J I A Ji
NaHSO; """, MU S 12 &, 0 35 3% ' 19 Na, SO, ¥k
JE VR — S R T A, (HL 55 0% PRI B DL & pH {E
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FEIBAT, I R R BRI AL FE TR . JEORHE i
R GG pH R WHE R 5 SRR N E
4 Ji7R .

& 4 AL, TCIeE B CR FRT A pHL, B A 3
IS8 T 30 25 1 o 2 R s et 9D YR B T RS

5546 B 1
—~—2L/Nm3 —~+3L/Nm?} —4L/Nm?
—-5L/Nm3 —+SO #KE — SECA
100 - 118
417
\\\‘\\ 11
98} \\ 115
414+
= it
< 96f \“‘:\‘\‘\‘\‘\. 111z
g 110 £
409
% ouf jos g
= H0.6 NO
ot 104 2
403
402
90 ! ' 0.1
0.02 0.06 0.10 0.14 0.18
BEHEH &/ (kg/kW - h)
a) IR pH 2 6
~-2L/Nm? —3L/Nm® - 4L/Nm}
——5L/Nm?> ——SO7 #KE — SECA
100 - 1.8
417
% 116
8 4145
~ 1132
< 96} \'\. 1tz
¥ 10 E
& 109
£ 94r :8§ 2
:
92r H02 @
403
402
90 ! ! ' 0.1
0.02 0.06 0.10 0.14 0.18
R B/ (kg/kW - h)
b) JE¥F R pH 5 6.5
——2L/Nm3 —~3L/Nm? —4L/Nm?
—5L/Nm3 ——SO7 #KE — SECA
100 - 118
% 417
% 113
Br \ 414 2
itk
< 961 1113
B _(1)8 g
Joo <
2 ol i
. figss
o2r 103 @
403
402
90 L L L 01
0.02 0.06 0.10 0.14 0.18

BV B/ (ke/kW - h)
) JEFRA pH 2 7
B4 BBRACRBEOG R pH P20 HE i AR H 2 Al
AL
Fig.4 The desulfurization efficiency of the desulfurization tower
the pH of the circulating liquid, the discharge amount of

the waste liquid and the change with liquid-gas ratio
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3 DXIRAT R AR 25K T PR pH ol 7 B FERR
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