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Improved sulfur hexafluoride(SFs) gas analysis method for quality
management of cryogenic refinement system
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Abstract

Because sulfur hexafluoride(SFs) is classified as one of the six major greenhouse gases, SFs handling in power plant such as recovery,
purification, and reuse is considered to be important. KEPCO has focused to develop the advanced recovery and purification technology of SFe
reuse. SFe analysis includes the on-site analyses and on-line analyzer; i.e., (1) on-site analysis has an error rate of £0.5% and (2) on-line analysis
has an error rate of +0.1%, which is possible to adjust operating conditions and to make the work more conveniently by analyzing SFe
concentration before and after purification step. This paper presents an online analysis method in the SFs purification and reuse system. In
addition, the analysis results and quality guarantees for each section of the analysis system were presented.
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Fig. 2. SF¢ on-line analysis system configuration
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TABLE 1
Maximum acceptable impurity level for reuse of SFe gas
T & Al 58 A4
By 7kA A 150ppm
PO . 300ppm
- 28 7hA # 300ppm
n] &Ag717] 583 1,000ppm
S0 1ppmv H|%k
& = 99.7 vol% ©JA}
" BACKFLISH VENT 35 mL/min
SAGMAPSLE >
TCD CQUT A 35 mL/min
TCD OUT B 35 mU/min
B
e f. e
(o]
HA:'[;?Q SAMPLE OUT 75~150 mL/min
CARRIER A ]
BN HELIUM N
Fig. 3. Valve configuration of GC-TCD
TABLE 2
Analytical conditions of GC-TCD
conditions
Oven temperature 80 T
Carrier gas, flow He, 2 mL/min
Sample flow 2 mL/min
ANZE BAALES AR 94 A AFoR AY W g

A& & 4 9tk Table 12 3HH9] AJAR] SFe TE]7]|&EQto]th
slol BANAEE oA peslEete] AduesEs BaT
= 5oz A

SF¢ 2842 7tA3 2ulE 133 (AGC Ins., Novachrom 4000)
9] TCD (thermal conductivity detector) HE7]E ARSI oM, 7
L= 5ppm BT HE7] 9RSELE 0.5% O|U|E HEH 0z, N2
£4& 3k GCTCDE Fig 3914 & 4= Slxol MEo] FY=HH
10 port GSV back flush valve(BFV)9] sampling loopE 53St & SS
A2 9] packed column(Molecular sieve 5A)2 £33t & 0,9} N2 &
E X313l 6 port column switching valve(CSV) 2] sampling loopE &
st 5 SS A9l packed column(hayesep)olA] SFs7} A= Th
ojuff ARHESF BAX7E Table 20| s}l B4 A=+ SFs 7}
A7F giREoll, Alm Fof 2 FU|FY ELES A
A4 FEES A= SFe 137 FAFRO|A YHQEE heart
cut method Z0°J|4] back flush methodS A €i35}a], SFe W32 Q15+
Wef glo] e 4T & Utk

AA7E $£EBEA7)(MEECO Ins., Aquavolt):= P20s AllA]l HF4]o]
™, 0~1000ppme] &2 ZATT ppm TS +ES A9 &
A7 A= A2 W =2 AAE Aol 103 o HAS
ot A W Eo] AA"E = EANdor HE £440E ¢
o 0™ Table 32 FHA7] EAx70lth

4> rfo M



KEPCO Journal on Electric Power and Energy, Volume 8, Number 1, June 2022, pp. 37-41, DOI 10.18770/KEPC0.2022.08.01.37

TABLE 3
Analytical conditions of moisture analyzer and SOz analyzer
Conditions
Moisture Analyzer SOz Analyzer
Flow 1 mL/min 0.5 mL/min
Purge time 10 min 10 min
Analytical time > 5 min > 5 min

le(1
sample(1) sample(4)

sample(2)

Fig. 4. On-line analysis sample composition by cryogenic coagulation SFe
purification equipment

SFe 7149 £Q33%F BIE £ sl SO02 £47](Thermo Ins.,
43iQ)= UV 337 BAUHE ARESH 24 W= 0~10ppm ©]
t}. ol AL&3H B4 2L Table 30| FERITE S0; 24 A&
T+ 01ppm, FEEE 0.1ppm O|H=E FHH9] A 71ES A
&3k

Ao gagt FR7IAE 25509, GC BEE7IAE 0.25% 02,
0.25% Nz, 99.5% SFeo|H, SO, EZ7}AL 5~8ppmE AMR3IT) &
A T HiEEE Ttae Ao dZdste] R E Hj7|sH, o]
24 lab FRYOR WY 52 ol ARt 4 sha
(SO2, HR)E 712 A|A & #i&sich. S22 S0z HE SFeE &2
753t AA(activated alumina), MS-13X(molecular sieve-13X), AC
(activated carbon) 59| FZA|E AFRSH, AAY] S-S Sotom
AT 4 J=F AA JHo] 7 indicatorS F7IRIHh 3 A
dojlA BIE fan blower® 7}A7} 8EE 4= JE=- bypass H|TS AX]
3tol, fan blower A FolA sjre] AE A7} TFsolEE
sampling portS A5t}

i ol

SFe AAA Sl 70 Ao Ak Telo] o2 BAH
2HYe $EE A B484 BAsZo] Bast 24 & 4
A F70E e Sol} SFeZ BHT 5 YRS AAZ BAX AT
24 A= o Fig 37 2 A, A7) Ao gEE Bl
%9l 3, B4, WEO AHE A 5 = W T, A4,
SFe ARz2H Ang Adhe] 2787 Ao AA s
3 4 Q= 9jAolo], YA, SFe A FO| RS EAT & 9
AA= 24 A2 AFHh

3w B4 A AA A SFeO] £ES gelst 5 g 2
olct. A FYEE SFed] ST 50~70 volte: Thyats,
et aERAo] 57 grow 9] EYRFS 3 & gtk )
= @Y 7o|EAY|E B4 A 93] + 05% olox ek

ot

B0l ogx e wyol Bashh P4 £ A A A Az
B B9 SFe] ST £ A9 WiE(vent) WAV AL

SFe9] X7} W2 Aol= viEdA & FAE7] fRo] 1%
A 9 AE 23T 5 Utk HF HYAFL SFeo| ko met
AA A (kg)ol EA7] wjEofl, FEst iAol o]Fo7]A]
o A T AAFES AT & ge EAHO] Utk F HA
A X = FAGAC] 42 W FSASe HA "E o
(purification filter)oj| 4] EAgtch "E W] S2HA AeHHE Adg
ozZH FHA wA F718 FRIT & Jom, AAZE o] 7t
ot WE S $£HS FAT & Utk Al WA 24 YRe Ad
tlo] FHst7] Aol A AHHE AT 5= = A= (collection
vessel)o Al B3ttt FA &4 F AAEAHE AT S Qo] =
HZ Sl SFe &5 GA Fotd ZA Fol B4 38 o
Al AR 5 Qo] "AAFoR FAANTE Y 4 Ao Y
gz AAHAFE Q] SFe7t A S8t=o] TA|SEY] wEo] EA4e)
Q19 iy} o]2 RlF| B fHEd EAIFo] ARt o]
£ 257 sto] sI" FY A (heating regulator)E F-2}5}o]
UGS FFOR FHOES ST uiAdr B4 A= FA|
A=5H SFeE AT AlRoA Attt ol wiTolA E4E &
YJo= Qs FAt gud AR £xo dFS E 4 doH,
& SHEE SFe «&7tA B3] foto] E4o] LQashy] o

ki

=
Rolth. £3, £42 B3 BHY @A A7) D £EL BAY 5
oAtk 33wl 34 A FEe RS $5WHI} ek o]

[e]
SEWLL SUs AR Ho] glons e Wno du/ggow
QIstel ujge] o] R Fo o]z Qs Bamol KUY 4

it

1. Results and Discussion
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TABLE 4
Purity results for portable analysis and on-line analysis
Portable analysis On-lln.e
Cylinder analysis Uncertainty
Number o
No. Portable SFsanalyzer GC-TCD (vol%)
(vol%) (vol%)
1 8264596 95.9 95.52 0.38
2 8265048 99.4 99.97 0.57
3 8265723 99.1 98.97 0.13
TABLE 5

Purity and impurity online analysis of collection vessels

GC-TCD Moisture

SOz Analyzer
Analyzer
SFe (%) 02 (%) N2 (%) (ppm) (ppm)
99.9974 0.0010 0.0016 1.8750 0.0825
TABLE 6

Purity results for portable analysis and on-line analysis

Portable analysis On-line analysis

Uncertainty
Portable SFsanalyzer GC-TCD (vol%)
(vol%) (vol%)
100 99.50 0.5
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A B 2 BH =
SFe SOz H-0
Sampling concentration | concentration | concentration
(vol%) (ppmv) (ppmv)
Before purification 85.84 5.04 1.88
Purification filter 98.02 3.73 6.25
Collection vessel 99.99 0.08 1.88

Fig. 5. Online analysis result according to sample location of SFe
purification equipment
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