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ABSTRACT Operational testing of the THIOPAQ® facility that removes H,S from landfill gas was performed for 746 days. The
average H,S removal efficiency was 99.4%, and the input quantities of air, NaOH, and nutrients per sulfur load were 13.1 m’/ton, 1.5
m’/ton, and 28.7 L/ton, respectively. The purity of the bio-sulfur produced from the facility was 94.8%, with 3.3% impurities, except
for moisture. X-ray photoelectron spectroscopy showed that the compositional contents of amino acids and free amino acids of the
bio-sulfur surface were 5,308 and 728 mg/kg, respectively. The mean particle size was 3.41 um, which was much smaller than that of
chemical sulfur. Based on these results, a high H»S removal rate of more than 97% is feasible, and high value-added bio-sulfur, which
is used as a fungicide because of its hydrophilic characteristics and small size, can be obtained at this facility.
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Table 1. Commercial H,S removal process

Process Principle

Using Amine as absorbent
2RNH; + HyS — (RNHs)5S
2RNH;, + CO, = RNHCOONH;R R
(mono, di, tri—Ethanol)

. ne[lQ]

In the reaction furnace, HsS undergoes
[20] two main reactions

HoS + 1,50, — HoO+SO,
2HoS + SOy <2 1,58+ 2H,0

Claus

n denotes the charge of the chelate
Chelated anion (EDTA, HEDTA, NTA, CDTA)
iron”? HoS(aq) + 2Fe* Chelat™ — S| + 21"
+2Fe” Chelat”

Bacteria (Thioalkalivibrio sulfidophilus)
using process
NaOH —Na' + OH
HS +O0H —HS + HO
HS +0.50, —>1/83s + OH
HS + 20, S0, + H
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Table 2. Design structure and specifications of S Landfill

1st Landfill 2st Landfill
Total area 4.9 % 10: mz 3.76 % 1(236 H;Z
(2.50 X 10° m?)* (2.62 X 10° mH)*
Operation 1992.2~2000, 10 2000,10~2018.9
Disposed 64.67 < 10° m’ 88.04 X 10° m’
waste (64.25 % 10° ton) (80.18 x 10° ton)
Design 8 Layer, 24 blocks 8 Layer, 26 blocks
structure | (each 300 m < 300 m) ()
Larggii)gas 16,4 < 10° Nm® 197.3 X 10° N
HS Conc, 62.4 ppm (2016) 21,618 ppm (2018)

* real disposed area

Fig. 1. 50 MW LFG power plant of S Landfill
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Table 3. Specifications of THIOPAQ® facility

Main facility (2 unit) Specifications (per 1 unit)

+ Function : Absorption of HyS

Ab: ti
SOrpHon + Type : Filled spray tower
system 3
- regular (35,000 Nm°/h), max, (42,000
(Scrubber) 3
Nm"’/h)
+ Function ! Biological reaction for
. separation of sulphur from HpS
Bioreactor

+ Capacity : 780 m’
+ Hydrological retention time : 5 .08 day

+ Function : Sulphur settling from
biological reactor effluent
+ Type : Tilted Plate Settler

Sulfur Sulfur

separa— Settler

tion
+ Function : Sulfur recovery from
system | Decanter

slurry (Solid Conc, : about 50%)

Air + Function : Air supply for bioreactor

Oth
e + Type : Turbo Blower

Blower

Refined gas
. discharged

4 H,S absorbed with alkaline
ﬂ-ﬁ solution

- l HySgas + OH — HSjjqiq + HO
N @

Oxidation and activation of micro-
organisms through oxygen supply

v-@-0
/ H,S Thiobacillus S0
Bacteria

HSjqig + 1/ Oy — S + OH-

e

Landfill
Gas

Separates
BioSulfur

BioSulfur
Collected

<Bioreactor> <Sulfur handling>

<Scrubber>

Fig. 2. THIOPAQ® process diagram for the HS removal from
LFG
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H3S;, . Inflow HsS concentration(ppm)
H3S,u: - Outflow HaS concentration(ppm)

LFGy . Flow rate of landfill gas(Nm /h)
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Fig. 5. Daily operation parameter values per S—Load
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Fig. b= 2H7IRFge Al &9l S-Load & 371, Operation parameter Aver, value
Flow Rate (Nm’/min) 3767
* 0 Inflow HyS (ppm) 20,547
T * £ LFG Outflow HyS (ppm) 121.4
g ” I 23 S—Load (ton/d) 15.8
Rl 8¢ H,S Removal Ratio (%) 99.4
o —
2 38 Air (m’/min) 138.6
2 = 5
£ * I 3¢ Supply NaOH (m®/d) 23.0
5 Nutrimix (L/d) 4432
0 Byproducts Bio—sulfur (ton/d)" 15.4
A A Quantity (m’/d) 85.4
Operation period
Inflow H2S Conc.  —o— Outflow H2S Conc. - H2S Removal efficiency Waste water CODcr (mg/L) 23! 539
P
Fig. 3. Inflow and outflow concentration of H>S and its removal SO/ (me/L) 13,113
efficiency * comprising impurities
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Table 5. The average operated results of major operation
parameters per ton/day of S—Load

Air NaOH Nutrimix Waste Water CODcr
(m°) (m’) L (m’) (ton)
13.1 1.5 28.7 5.6 0,13

7} NaOH/S—-Load 2} Nutrimix/S—Load”} 2+Z; 63.8%
2} 63.1%2 72 9L, Air/S—Load+: 33,1%2 0|52
A=t

U gre) Bafgol B0%olo=A koLt A
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0= v}o] 932 NaOHO| F-iol

Table 6. The analysis results of bio—sulfur product

Item Value | Analysis method
Major Purity (S content) | 94.8 KS M8088
components Moisture 1.9 Weight method
%) Na 2.34
181
P 128
Active Ca, B nd.
T e s
Si 10.6
Mn, Mo, Zn, Cu, Ti| n.d,
He&g /Ln;tal Ni, Pb, Cd, As, Cr | n.d.
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Table 7. The surface composition analysis results of bio—
sulfur and chemical sulfur

Eloment Surface composition (XPS)

B.S. C.S.

C 31 14,3

H _ _

Average O 21.9 3.9
(wt %) N 7.7 -

S 319 81.8

Na 7.5 -
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(c) Surface of chemical sulfur

0w urr
B | 5,00 kv | 0.20 0

(d) Surface of bio—sulfur

SEM (MagellanTM 400 Field Emission Scanning Electron Microscop, FEI company, USA)

Fig. 6. SEM image of bio and chemical sulfur

Differential Volume

Volume (%)

L3RR | T | LN | T II'I LN | T T TTT
004 01 02 04 1 2 6 10 20 4(! 100 200 400 1000

Partlcle Diameter («m)

{10% {25% {50% { 5% {90%
0,325 um 1,750 pm 3.164 (m 4,754 tm | 6,430 pm
Mean S.D CV Median Mean Median Mode

ratio
3.408 pm|2.356 um| 69.10% |3.164 wm 1,077 4,047 pm

* analysis : Beckman Coulter, LS 13 320

Fig. 7. The size distribution of bio—sulfur
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