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Recovery of Hydrogen and Elemental Sulfur from
Hydrogen Sulfide by RF plasma
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F iRt g (HS)A# > HaoS 3 7}@% MF (H,S) will be one of the products. H,S is a
A4 00lppm K)ER T TV g R} toxic gas. It can cause health risk even under
22T o Fpt o FElek 5}7 £ HpS pF o concentration of 0.01 ppm. As the offgas of
e BB EREL 2B AT industrial process containing H,S, it will
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Abstract

The objective of this study is to use the RF
plasma to decompose H,S into hydrogen and
elemental sulfur for recovery. Experimental
results indicated that my,s increased from
90% to 100% under 2500 ppm of H,S and
power increased from 5W to 40W. When
H,S concentration increased to 5900 ppm,
the Nu2s reduced to 72% and 86% at power
of 5SW and 40W, respectively. As power
under 10W, the mass distribution of sulfur
from H,S to elemental sulfur was 67% and
24% for H,S concentration at 2500 ppm and
5900 ppm, respectively. As power higher
than 10W, the mass distribution of sulfur
from H,S to elemental sulfur increased
obviously to 85% at 2500 ppm. But it was
only slightly increased for H,S concentration
at 5900 ppm.

Keywords: hydrogen sulfide, RF plasma,

elemental sulfur, hydrogen

16



~dd B P

TE KA AP ARRE  ~E R
PR L AR 2 - o T R

ARAR L AL S NS SRRy i3
B o ERRMELIG DI REW P
E A A RBE)HE S 2
WXRE L D AR A A ed TSR R E
TS%(EEW) a2 RF 2R 7 2BHA
A¢ s LEE03~3.0%2 Frit g o gtk
Bpdg e P il i d 1 RITR B A A L H
A2 Bk 4 FRERF L (3~6Wt%)
[12)] o1 £ R 5 7 fie & # & a2
Flm A 24 { ;Eﬁn“é}%ﬂe o it & (HaS)
S-fAF i 2 00lppm KER T T

BAaEE 2 pd o F o FRARLF
#wxms% e aTREE BE 2R
03] -

?%ﬁﬁﬂﬁé%ﬁ?%ﬁ@ﬁ%i
FALPF ok %ﬁég’ﬁ%ﬁ ? > 4 Nicholas
A4 ﬁmmﬂm*ﬁﬁﬁﬁ
‘NH3z,¢ﬁ¢ [4) > Liao % # 2 RF
’3]%&\}3'15%_3? z 'z [5)] > Hsieh % 4 12
RF 7 J\AJ\ 29 =R EF f#[6)% Wang
i&ujM??FAwﬁgiz,Cmﬁg
CHF3§€'JE§5§%§' [7-8]) - f’F—“‘Ff»’ - Al
™ O,/Ar RF # %% it SFe 2o » f2 F &
[9] - RF R 2 4ic A e THL
Mo 2T e R RETH - A AP
XRAFLIPE T HFREZ T2 K
AR N e N S - ViR i
Flgt o 72 RF © J\w-—#”{}%ff« LR
2 344 [10-12) » d % A BT RF 7
ﬁiﬁ%ﬁﬂi&ﬁ&i%ii%ﬁf%
4o Tt AP A RFEH e AL
FrRit & B F 2 RJEE A o frz B 5 o

BN R
AL ER B KA

BN S
HoS (96% purity)2 §*48 Ar> > 38 (5

3002+ ) 2FET o Aujigd FEMLE
A EAR S GREBANRER
Hore Reldp P TR B F REP -
ERFAALFE TRELENT R
ER F o MR T ez R f
ﬁ%%éi?ﬁ’ﬁﬁﬁ*aﬁﬁﬁag
i & ZA* FTIR i 5 TR 4o 2 2
L& ST N 1 éiiﬂuﬁii
st BRARFLAFS > S h
i ¥ & E X

L ERRY

SEM-EDS (Noran, Voyager 1000) 2

XRD (RIGAKU Model D/MAX TII-V) Z_{+
2L R A e PR ARG FER D
5 UREFHBILE 100 scem o H P OH,S
iRk R 5 2500 ppm %2 5900 ppm 0 3% i
R4 10 torr 11 2 5~40W 1#1?'] »FE o

Bl- B o7 & H)S :2nik A A 5
2500 ppm % 5900 ppm F¥ > 7 Fﬁ%»ré
(5~40W) ¥ HoS 4 f# 5 (nspe)2- B2 o
oMk R T (2500 ppm) 0 # Fd SW
% 1 40W FF o omms 9 90% 3 4 I
100% © f HpS ek R H 4~ B 11+ 3
S%mmm%’m89ﬂ$m@1%’ﬂ$
SW P > s 5 72% 0 # F 3% % 3 10W
¥ Muas © 72%P BEH 4v T 81% > § o
FHRB I AOW BFonus BIH 4 T 86% ©
bt kAL hde » 5 H,S BF o € "R IX
EPw (E:2%8%nk P LERS)
Exmmz Tomg 30 g [13-14) » 7
oo Pl R F AR S pd K E Muos
2o fR e Rm o F P F W A s X
T HSSER 2 B8 A 2 PR
2L fRE o Ka o LL&RF?'?J\»%?T&@
T@ﬁ%kﬁiiw%’mS*ﬁ%ﬂ
2 A RS F IR [15-17] > faipl v

o v

{W;?%miﬂ“pfﬁlﬂdéﬁp
B find B e RS A8 F BT A

1



SE D AR S S 2 g R e
B RS o Fpt oo i S HpS A R iR
< 2_ I %
2. A AT 2R

d %’?{Erjﬁf e ,ﬁr@;f;;},g)gaﬁgjl\
BELPEEA S A2 ERTFF 5 FP A
LlEEtiE o kR 5 2500 ppm %2 5900 ppm
o oA S8t o d B 7
oo # 5 )3 10W BF ok & 2500 ppm HaS
P2 gt AR LTEAF Y
67% @ ik & 5900 ppm HpS # 2 Fudl it
AEFRZ FRASFGE 24% 0 P HS
AfEF . (Bl ) F o FH AT
10W 2 1+ > 355 ik B 5 2500 ppm P& > H,S

P2 gt R AR TR A FREEF HS A

fEX e Fm P RER A § HS A f25d
T 99% 2 F pFOHL,S P o2 mndk it = L E A
FEASFRET 85% % HoSEITIER &
5900 ppm > 3 4v 7 F 4 H,oS & f& 5 8 58
Bl RRARRPREA SRR P

Ad? VRIE = F L (SO)E & o
H,S ¢ 2 gigg it = SO, & & FF 5 5
bAoA g B e 0 P REF HoS Bn ik
B3 4c 5 5900 ppm PF @ F ot He g e 0 7
Bt JER] SOy 2 & & F] 5 HoS i e
IR CE R URIE: IEoF B S EC R

'J’P‘rﬂlfiﬂz%‘alpiﬂﬁé_;iﬁﬂ’ﬁ
BIVERT 5 0.5%2 1.2% 0 ARa o
Af? 0 FIRG MEZKAL e FG

F R 23§23 a3 43 FTIR
EAMERRIkS TR RS
FARRG M EEE
3. B A AT

BTSRRI REF PN
2 KF AR ARFEREE

SEM-EDS ~ 47 2 & » % % % L A ff
ERAFKRZEHE T VAL AR A F (B
Z)° MXRDA 7 & & Hipdg I AR
A mS)E A BPor A

BrET2zS(a)s L &L L(Ble)e
d 3 HpS X 3|7 3 e faapivs
(electron impact dissociation) s % 25 = S %
HEw5%% > AFr REL e 2 %jf;a y 7
%ﬁ d ¢ Mk 3+ B iT * (neutral-neutral
interactions)®m 2 = Sy Fi F F o % 3t
MEZ BEEBE A KER(1~107 Torr)
EFREBRT OSSR ERAZALE AL o
e ]\»~ T /E}iﬁﬁiié}éi H,S # 4 =
T2 /Ea pd Aot i S A2 w5
e ’ﬂ%ﬁﬁ two-body ?23]{‘6 A5 S0 4
VOAMRR kAR R £ ;ﬁd two-body
< three-body = £ % & £% » £ {530 1{
E R G E S RTERE 2 Sy(a)BiE e
HEE o Fpd AL TRESHy o

s

AT
Wang, R.
Sulfide Removal and Sulfur Recovery from

i

“Investigation of Hydrogen

Low Sulfur Containing Gases with Aqueous
Solution of Heteropoly Compound”, Journal
of Chemical Engineering Japan, 15, 35-,
2002.

2. Legator, M. S.; Singleton, C. R.; Morris, D.
L.; Philips, D. L. “Health Effect from
Chronic Low-Level Exposure to Hydrogen
Sulfide”, Archives of Environmental Health,
56, 123-,2001.

N.; Ramaswamy, K. H.; Joel, H.

“Investigation of Illness Associated with

3. Logue, J.

to Hydrogen Sulfide among
Pennsylvania School Students”, Journal of
Environmental Health, 63, 9-, 2001.

4. Nicholos, I. E., Spiers, A. 1., Martin, N. A.
“Kinetic  and

Exposure

Mechanism  in  the
Decomposition of NH; in a
Radio-Frequency Pulse Discharge”, Plasma
Chem. Plasma Process., 6, 39-51, 1986.

5. Liao, W. T., Lee, W. J., Chen, C. Y., Shih,
M. “Decomposition of Ethylene Oxide in
the RF Plasma Environment”, Environ.

Technol., 22, 165-173, 2001.

6. Hsieh, L. T., Lee, W. J., Li, C. T., Chang, M



10.

11.

12.

13.

14.

15.

16.

17.

B., Chang, H. C. “Converting Methane by Chemistry and Plasma Processing, 23,
Using an RF Plasma Reactor”, Plasma 141-157, 2003.

Chem. Plasma Process., 18, 215-239, 1998.

110

. Wang, Y. F.,, Lee, W. J., Chen, C. Y. Hsieh,
L.T. “Decomposition of  Dichloro- 100

difluoromethane by Adding Hygrogen in a
Cold Plasma System”, En viron. Sci.
Technol., 33, 2234-2240, 1999.

Wang, Y. F., Lee, W. J., Chen, C. Y., Hsich,
L.T “Reaction Mechanism in Both a
CHF;/0O,/Ar and CHFs;/H,/Ar Radio
Frequency Plasma Environment Ind. Eng. 60
Chem. Res., 38, 3199-3210, 1999.

WP ASNZHME T FERET T2
BRI R LA fEF T o
BB EVRFREEEHE 0 T
% 416-420 7. 1997.

Liao, W. T., W. J. Lee, C. Y. Chen, L. T.
Hsieh, and C. C. Lai., J. Chem. Technol.
Biotchnol., 75, 817-827, 2000.

Wang, Y. F., Lee, W. J. and Chen, C. Y.,
Environ. Sci. Technol., 33, 2234-2240, 1999.
Hsieh, L. T., W.J. Lee, C. Y. Chen, Y. P. G.
Wu, S. J. Chen, and Y. F. Wang, J. Hazard.
Mater., 63, 69-90, 1998. 0
Chiu, S. W., W. K. Li, W. B. Tzeng, and C.
Y. Ng, J. Chem. Phys., 97, 6557-6568, 1992.
Baldridge, K. K., Gordon, M. S. Johnson, D.
E. J. Phys. Chem., 91, 4145-4155, 1987.
Minliang Shih, Wen-Jhy Lee, Chuh-Yung
Chen, “Decomposition of SFs and H,S

2’

My s (%)

-
N
o

i
o
o

Mass Fraction of Sulfur in
Product Species (%)
5 3

[N]
o

Mixture in Radio Frequency Plasma
Environment”, Industrial and Engineering
Chemistry Research, 42, 2906-2912, 2003.

Minliang Shih, Wen-Jhy Lee, Perng-Jy Tsai,
Chuh-Yung Chen, Cheng-Hsien Tsai ,
“Decomposition of SFs in an RF Plasma
Environment” Journal of the Air & Waste
Management Association, 52, 1274-1280,

90

80 1

70

©
o

T

—&— C=2500 PPM
—O— C=5900 PPM

0 1‘0 26 3‘0 4‘0
Power (watt)

Bl- #iv 3 &7 FJERQ500 ppm %

5900 ppm) £ 74 F T 2 A R

—&— C =2500 ppm
-+O-- C=5900 ppm
—&— C =2500 ppm
«+0-- C=5900 ppm

0 10 20 30 40
Power (watt)

RFRRA§~ 2 FHAF L S 2L P

W= Afit2 SEM 2758 %

Ss

P SN 1‘1‘11 eiles ol b

2002.

Cheng-Hsien Tsai, Wen-Jhy Lee, Perng-ly
Tsai, Chuh-Yung Chen, Guor-Cheng Fang,
Minliang Shih, “Difference in Conversions
between Dimethyl Sulfide and Methanethiol 0
in a Cold Plasma Environment,” Plasma

Sample

. "
T M T

T
10 20 30 50 60 70

40
2 0 (degrees)

B L4 2 XRD A 47





