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Abstract

The feasibility for the employment of manganese nodule as an adsorbent for SO, gas has been investigated. The specific surface
area of manganese nodule particle, which used in the experiments, was ca. 221.5 m%g and the content of sulfur in manganese nod-
ule was observed to significantly increase after SO, was adsorbed on it. The EPMA for the distilled water-washed and methanol-
washed manganese nodule particle after SO, adsorption showed that its sulfur content was slightly decreased to 14.7% and 13.1%,
respectively, from 15.4% before washing. The XRD analysis of manganese nodule showed that todorokite and birnessite, which
are manganese oxides, and quartz and anorthite were the major mineralogical components and weak MnSOy peaks were detected
after SO, was adsorbed on manganese nodule. For an comparative investigation, limestone was also tested as an adsorbent for
SO,, however, no peaks for CaSO, were found by XRD analysis after the adsorption of SO,. As the size of adsorbent increased,
the time for breakthrough was decreased and the adsorbed amount of SO, was also diminished. The SO, adsorption was hindered
when its flow rate became high and the adsorption capacity of manganese nodule was observed to be superior to that of limestone.
In addition, the mixture of manganese nodule and limestone did not show an increase in the adsorption of SO,. Finally, as the
temperature was raised, the adsorbed amount of adsorbate on manganese nodule was found to be decreased.

Key words : manganese nodule, SO, gas, fixed bed column adsorption

120061 1€ 319 A, 20069 49 199
*E-mail: dongsu@ewha.ac.kr



4 BEIE - 2FF - FF - 1R

x
rhn

Pt e §Ao R gl FEAC] 14
ojzte] wel & AFNA A FH FE Ao
A FES B At vKo] AA B719) IEFH F
F ARl aEAFoZ s Azl d FaUt =
oju} 7g), YA, ofd, W7t F vEESE A9 7H
o] A&H o7 A3t k. FAIA AA ek A
o] 27} YxA SR Q77 F7F A H=r)
He AEelA = di$AEE FEshe o 93
A v)& 9 kgl 7L 93 283 AL (53
o2 Aeyrler sl Astelnt. Wilidtde Eestet
B BN FRAAEAY 870 =of ZIAY &
dgo F3xgle axog ASE F g ZoE
Ay F ot &, YA E 7183-80] 0506 3=
ojm ojE3t B4 2 il YTHE UFe FF
7R ZgE AAG BFQ ZR7] viFe] 1S gem®
Az mi$ 2 2 Hojm vz Y xHFe
7R Z Ykt T3, gzidy] ele 9% 3%
go] FHold §-MnO,, a-FeOOH, 123 a-Fe,0; 5
o] Xgs|o] o] YA E FAAR o]&-3l7] g
Ate FUYAeR E v ot FHoess
A28 u]EF Aot} 39 o] s Wity
2z A A7e T2 LY T o2 FFE=E 5
o AE" d7E°] ulfie) 7Ad 29 S
#HE 7 A9 o|FoR vt gle AoE oty
R = '

oMW iaE AFA W7 U B Z1AZA A
4, FEAR, 283 A3k P4 8 L7 FHME
e Al Feg Hsishs A0l o] EAR]
FAHAL oplshe AIEAR 7FET k) o)y
3 olghblas FEHoEE 3Nt B ol 3MEES
AZA QEERE AM-HI Jon, 44, T,
AE7VE, FAE, 549, a8y 4F 499 A=
o $23p &85 9t o)e} o] ot EE F
dHoz £93% 98, T FEIAR LI QU
£ A, 3k dEe] A o) mid oj7] o=
H2Es 9o] F7RLE e FAlolth g =9 of
hbag FUs ¥ £E, o, 713 o] vex

2T 2T & 9o A Ag ZBEAG, A

2 HY B Adele s Aok B3, HE
FF 5ol ATt st T8 Az B34S o
oA S A HEsle 30 olejg ol

E{oll

J. of Korean Inst. Resources Recycling Vol. 15, No. 4, 2006

;

Wt ti7) ol o2 Fejel w2 A
42 Edo] H/E s 2 HHoM thE Feje
3]

o

54 B2 ARSE @k Ueby AN FA
AR Y8 lFIEE AYIIA She Pk
73 A7) BiE BAl 2 o= Hurt ¥ A
A 29714 2 Bayel AvE & Y& AT
¢ 4 ook oldd WSS TAY B A AT B

o} zro] FAA| =AM B8 7FeAde] A AF FEA
9] SR AollA A 2 MEPgo] FIE o=
A= WS FIAR sl oA &
Ayt she Woke: ddH o I ozt 9l
T Aol 752 F glen Af AE AP A
2 g gl weER g Azl oig FAAe)
R 7, olgdviie] FAA Ol iRt B3
o] FHAZMY €82 FAHCRE AAHe] Sle
FHoZ ANG JFsidol A& Aoz AlEdrh

ol & AtdMe WA E FAAE FEskaat
ahed] tig 7189 A AAEE viEeR sl 714
4 2dE Jhed @4 Z QA miAe 9%l 2
ol irkxel wiekIo] e FAHE HESI 47
o2je) FEA RS E8AE FINF FA o
ko] a3A FaAeel Wi 7|z dvE At
k. & ArolME 71Age] ol ol v
SN B Az 798 IS Ttk
HRoMe F2E FE HEFHeE sl o] 7
oA wzid® o] =27, ol R, BhE
A 2 akgewel I 5 o WrEe] U 9%
< AESAY.

2 AExE %

0z

B

2.1. Ha&Nel Fo|

B aor AR SR HEG FEele-E
HE AF9] AsA G 4,500~5,000 mpelA] HHE %
ZHE 2 o]F 0.125~14 mmE East] ARgsiict.
Pz} =710 it A AHET] ] FHAE v
FRFAZ AAES 025~0.6 mm, 0.6~1 mm L]
1~l4mm &) Y=EE FH|HTE T& e 98%
59 olFgartAg K] Y aYE AMSIAS

FHAE olgdld S T3 S FTF £+
I gFo2 F2 DY FAAAL EFHAL
BIS ol ] st ARGE 4314 FHARIEGF)
oA Pl AL ol9 B8k 24 E Y%



EE oafeoiM

WESIS] SO, 7R W Fttell B wrk 5

Table 1. Chemical composition and size range of limestone used in the experiments

Composition CaO(%) Si0,

MgO(%)

Fe,04 AlLO; size range(mm)

Values 522 - 1.02

- - 20-50

Fig. 1. Experimental apparatus of fixed bed column adsorption.
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Table 2. Conditional specific surface areas of manganese nodule according to its size range

Specific surface area(m%g)

Size range(mm)
el Before adsorption

Washed with distilled

After adsorption .
P water after adsorption

1~1.4 233.1

2~4 209.8

137.1 205.7

Table 3. Conditional chemical compositions of manganese nodule

Before adsorption Afier adsorption Washed with distille'd Washed with méthanol
water after adsorption after adsorption

Element wt. % Element wt. % Element wt. % Element wt. %
Mn 57.8 Mn 68.6 Mn 65.1 Mn 36.4
S 0.72 S 154 S 14.7 S 131
Si 5.57 Si 2.63 Si 2.65 Si 12.9
Ca 5.79 Ca 392 Ca 3.74 Ca 242
Mg 333 Mg 4.03 Mg 3.94 Mg 3.56
Al 293 Al 2.74 Al 2.55 Al 4.30
Na 1.97 Na 1.30 Na 1.25 Na 7.96
Fe 15.7 K 1.45 K 1.38 K 1.47
Cl 247 Ni 4.68 Ni 1.72
Zr 1.77 Cl 0.76
Ti 1.35 Ti 0.51
Fe 12.6

Cu 1.75

Co 0.54

Total 100 100 100 100

J. of Korean Inst. Resources Recycling Vol. 15, No. 4, 2006



BlE Bt UHEe] SO, 71 U kol et 7

E Al 12 8o FFE02E Feol 15%, Alo]
29% 35 FHE] Ut o] ATNA FH-E A
£ 2] SE 02% =2 A% FgHo] dew
ol kARE FAAF)7] A 0.712% 004 TR 5
15%=2 F71HE 4 4 AT o3tz E37)
A E FFH7 WEEE AFs) Az AgE
EPMAS &S A#, S ke ztz; 14.7% ¥
13.1% 2 o} lAE FHAIZ B wls] 2L ks
UepIgiE=t ol R4 2 wEgo] s Yo
SOyt 83l=E 7] wiolal Algdr).

BV AEe] FESH g FrAAEAY) 25
£ Yolr7] fiated XRDE AMEEte] BA3140 T Fig.
2(a)ellA] Kol ulel Zho] Autz{el SAFEHE &
g} E He peakS YEhRR] ggkon 97k 2kalEg)
Todorokite ®+ Bimessite &) AZ)$ 23189] Quartz
g2 Zg dRulE 48HES Anorthite & B oFst
peak Yto] Uehh= Aoz melQnt gety g
Adte f7F S50 o8 AR dey o F
MnO, 7} 717 @o] aAIsh wzid=iol ofghalrbart
FAET Mn0O,”7} MnSO, 9] FelE Hex dolrr)
el ol IR SN Wpdslel o) wridnE
FRTE AFES 223 A88 XA 34 2vEY
£ &339r}. Abou-El-Sherbini®l ATA}e) oshH
YH2 % 300-400°ColA B-MnO, = 33t uk8-3le] p-
MnSO, & A3 B-MnSO, ] X-A FHA AHEH0]
20=329} 26043 oA YEhbs AL ¢ 4 Y ®
g MnSO, ° g X4 3" ZHEZYL 20=3394
T =27}t dehhe 2108 BuH o9 B gy
oA BTG o}gtAE EFAF] AEE XRD
£ o83l EAS A3 Fig. 200004 Rols wieh
ol 20=33 oA #ZE gt WA MnSO, Y peak
25 WPHAT 22 PIPAE BAIAR F
2AF)7] e Age) oAz A9 mivyE
FRTE AR de AEY XA 3F AHEH.
B3 P BYTHFig 2(c). B APl ElESA)|
o] FFE ot} ARE H3Me tEAde 7
I ol §O,9 0,0 =ZEHW FA Ut R
9JF FHA A48l CaS0, & Tty ¢EA Yok
b B Afolr eNEEAR M A3Me) ofgt
AWkxe] FEez 9E] CaSO,E A=A BEF
7} #8led 125~250 um F71Y AL F3d LYo
FA 72 oA FES 100 mlmin & 3]
1087 F398-8 ARl £ XRD (X-Ray diffraction,

Bruker D-8)8 o|g&3lad Bttt 2 A3} CaCo,
o9 g XRDY AHEHE 20=296 o4 F Izt
et 20=23.2, 39.6, 434, 47.6, 48.6, 57.6, 65.8
oA 2 Hart veide Aoz #3ddthFig.

(a) A: Anorthite |
B: Birnessite
Q Q: Quatz
B, T T: Todorokite

A

!
|

Intensity

20 30 40 50 60 70 80
20

A: Anorthite
) B: Birnessite
Q: Quatz
T: Todorokite
+: MnSO,

Q BT

Intensity

20 30 40 50 60 70 80

A: Anorthite
B: Birnessite
Q: Quatz

B, T T: Todorokite

Intensity

20 30 40 50 60 70 80

Fig. 2. XRD analyses of manganese nodule; (a) before
adsorption, (b) washed with distilled water after
adsorption.
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Fig. 5. Variations of SO, adsorption with time for different
sizes of manganese nodule particles.

Table 4. Breakthrough times and adsorbed amounts of SO, according to the size ranges of adsorbent

Particle size
Breakthrough time(s) q(g/g)
Mesh mm
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14~18 1.0~1.4 180 0.138
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Table 5. Adsorbed amounts of SO, for its different flow rates

Gas flow rate | Breakthrough time
(mbmin) ©) &)
100 130 0.314
150 90 0.240
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Table 6. Variations of the adsorbed amount of SO, for different mixing rations of manganese nodule and quick lime

Manganese nodule : Limestone ratio
. Manganese
Adsorbent Limestone nodule 1:1 111 2.9 4:4 i
(L:M) (ML) (ML) (ML) &
a(g/e) 0.0266 0.126 0.0664 0.108 0.0156 0.0351 0.100
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