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" Abstract — In order to reduce HF in a flue gas via DSI process, the HF removal efficiency of calcium-based sorbent was
investigated. By using gas chromatography the effluent gas exited from fixed-bed reactor was analyzed at temperature range of
250-950 °C. Also BET, XRD, SEM/EDX, DLS and TG/DTA were carried out to certify the reaction mechanism. HF removal
efficiency was maximum at 750 °C and decreased above this temperature because of specific surface area reduction resulted

from structural changes of sorbent. Reactivity of sorbent was
ml/min showed the highest removal capacity. In addition,

proportional to initial concentration of HF and flow rate of 150
HF removal efficiency of various metal oxide sorbents such as

ALO;, Cu,0, Fe,0;, MgO, TiO, and ZnO was studied. As a result, Fe,0; showed an excellent removal capacity in this study.
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Table 1. Thermodynamic analysis for the reaction of Ca-based sorbents

with HF
Gibbs free energy[kcal/mol] at 25 °C  Equilibrium constant
Reaction 1 —47.09 3.317x10*
Reaction 2 —40.18 2.85x10%
Reaction 3 —-12.90 2.86x10°
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Table 2. Operating conditions for TGA analysis

Items Conditions

Carrier gas N,

Flow rate of carrier gas[ml/min] 30

Balance type Taut band
Temperature range{°C] 100-900

Cell Platinum
Thermocouple type Platinum-platinum rhodium 10 %
Measurement accuracy +1 % of each range
Current[mA] 75

Table 3. Experimental conditions for fluorination

Items Conditions
Temperature[°C] 100-950
Gas composition[ppm) HF: 250-1000
N,: balance
Gas flow rate[ml/min] 50-200
Particle size[mesh] 140-200
Average particle diameter[nm] 263.7
Packing amount[mg] 100
Used sorbents Ca-based sorbent
Pressure[atm] 1

Table 4. Operating conditions for GC analysis

Items Conditions

Column Stainless steel
Packing material empty

Column length{ft] 3

Carrier gas flow rate[ml/min] N,:40

Column temperature[°C] 50

Detector type Thermal conductivity detector
Detector temperature[°C) 100
Current[mA] . 75
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Fig. 1. Schematic diagram of experimental apparatus.

1. Furnace 8. Mixing chamber
2. Reactor 9. Gas inlet

3. Sorbent 10. Flow regulator 1
4. Ice trap 11. Flow regulator 2
5.GC 12. HF gas

6. Recorder 13. N, gas

7. Funace controller
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Table 5. Structural properties of various metal oxide sorbents

Specific surface area  Pore volume Average pore
Sorbents [m%g] [cel/g] X103 diameter[ A ]
Ca0 9.06 33 146.43
ALO, 1.775 37 83.30
Cu,0 1.3617 0.631 22.70
Fe,0, 3314 35 445
MgO 26.397 134.445 203.73
TiO, 9.86 23 923
ZnO 3.70 6.0 64.4

calcinated
Ca-based sorbent

CuO

MgO

TiO:
Fig. 2. SEM morphology of fresh sorbents.

ZnO

Table 6. Average diameter of various metal oxide sorbents

Sorbents  Average particle diameter[nm] Diffusion coefficient[cm?/sec]

Ca0 263.7 11.54x10”
ALO, 2415 11.54x10?
Cu,0 305.0 12.24x10°
Fe,0, 357.0 11.39x10°
MgO 359.6 11.31x10°
TiO, 366.9 11.08x10°
ZnO 1396.7 2911x10°
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Fig. 3. Thermal analysis of fresh Kwangyang sorbent.
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Fig. 4. XRD powder patterns of fresh sorbents.
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Fig. 5. Effect of reaction temperature on fluorination for Kwangyang
sorbent.
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Fig. 6. EDX powder patterns of fluorinated Kwangyang sorbent.
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Fig. 7. XRD powder patterns of fluorinated Kwangyang sorbent.
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Fig. 8. SEM morphology of Kwangyang sorbent fluorinated at various
reaction temperatures.
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Fig. 9. Particle distribution of Kwangyang sorbent fluorinated at 1)
750 °C and (2) 800 °C.
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Fig. 10. Effect of HF concentration on fluorination at 750 °C.
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Fig. 11. Effect of HF flow rate on fluorination at 700 °C.

AIEAN dEe Y AANE =AF Rl SRR 750 °Ce]
A Rl ofe}t BE 2= Al HFY /Y 27] 557} 22

75 719 ¥Hgehe HFS ol WoldozM FaA9] ukgAol

o ol Uil A% FAY & A}
423, HF %39 9%

FAAS) wkeAS ARy s e

%2 50 ml/min, 100 mV/min, 150 ml/min, 200

HF] &% Wzl
= 700°Cell4 HF2)

&

i

olzh

-8 - 58

fe]

mlmin 502 WEAFIHN AP YA, Fig. o] AHE
UERIITE 52 HFS #32 Jehin 352 a9 A7g A7
== HFS] HmoVminfe =AISIA=Y f&eol F7idel o) 3
Ao ¥hgAe F7kelIgon oF 150 mVminolA Hizke vehiz
200 mi/mincll XM= oFF ZHASIAEE 150 mUmin o1 ol e frEke
s 9% vAA] Rake e wddEn

4-3. SSUNSIE B9l 22308

£ d7oME BN AMEHT Qe CaAl FFA] o]9d)
= UE 508 F2A9] HF AlIASE A9Egh. Fig 1201
Ztzke] FE4EE FHAE ke s vk Wale) ulE HF A
AEEE BT ALOE U8 FAAEAE 28 ALdie
HF¢} Wkg-8he Boldt A3g vellon, 571 2713 na v
$Ao] F7HsIth7E 700 °ColA H3e) AASE B ke, I o)A
9] LxdXE Q38 whgAdo] Holx|= Z¥e Holx Jrh uk
Cu,0F 600°C odellMe Fe=EE Ado] 7] g&e) 2 o3}
2xoA AYe FEPET 400°C w9k L= HEgo] &
U] et 2o Z4E Fgo| FUHEE AFS Ve
Fe,05= 400 °C ©l8}e] koA HFS}F ¥H-88kx] gton] 1 o
%] eRoME Lo A4S HFY AAZ| 271517t 700 °C
oM Hio] 28 JeRiYEL 2 o)de 2xoXE &gl A}
Stk 53] 700 °CollX the FFA vlmsld 7 28 HFAIA

¢

S

A
[s]

o2

)

>

lo

2S¢ JERIIT. MgOt Fe,0,9 PH7IXZ 400 °CE] wh3o]
s} 700°CHIM b3 ¥ AASE wolthh 2 olie) Lo

N A 580 ASHAG ZnOE Cu,08 BIFAZ 600°C o
ge) emelE HEHEE T osle SxolN UL FRHAL
B 400°CRE WS Aldele] 1eow 24F WA 58] Fo}

o=

Ao Fig. 13 £ Aol A8 BE 25438 F34 58
°l 7Pt &2 2% =AM HF AlA E34E vlzd Ho|v}. Azt

€ AUEH Yol AFe uhe} o] 700 °C WHENM] Fe,0,
7h 7P w8 38S Uehilen 1 ogog Cadl 34, Tio,
o €022 AATO] T AR Yedtl uhgo] BY FaA 9
morphologyE UotR”] fJax SEME |43 EXAFE Fig. 149)
Yeliith 2 ZA3E AuEw whgend mE FRA e 1z

5,6, (%)
616, (%)

80

80

cle (%)

40

~O-408°c
-O-s00°c
~&-e06°C

20

19

Tima (min)

(a) ALOs

30

Time {min)

(b) Cu;0

«© so ea @ so eo
Tima {min)

(c) Fey0s

T
30

8,16, (%)
©JC, %)

€10, (%)

-~ 408°C
- s08°
& sasc

~>-00 °c

20 3o 20
Tima (min)

(d) MgO

30

Time (min)

(e) TiO,

T T
40 so (13

Tima (min)

® ZnO

Fig. 12. Effect of reaction temperature on fluorination for various metal oxide sorbents.
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Fig. 13. Comparison if HF removel capacities for various metal oxide
sorbents.
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Fig. 14. SEM morphology of fluorinated metal oxide sorbents.
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