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Abstract: The safe and efficient purification of high-sulfur natural gas is of great significance to the development of China's natural
gas industry. After systematically reviewing the three major development stages of sulfur-bearing natural gas purification technology
in China, this paper clarifies the progress, challenges, and research directions in the aspects of desulfurization & decarbonization,
sulfur recovery and tail gas treatment, focusing on two major difficulties in meeting the natural gas quality standards and reducing tail
gas emissions of sulfur recovery units. And the following research results are obtained. First, the technology with the organic sulfur
removal of high-sulfur natural gas as the core has been successfully developed and applied industrially, which can achieve a standard
purification treatment of high-sulfur natural gas. The complex iron desulfurization technology represented by CT-Redox and CT-LOP
processes effectively guarantees the desulfurization production of high-sulfur natural gas in single wells in China. Second, the organic
sulfur hydrolysis and efficient tail gas treatment technology for large-scale sulfur recovery units which is developed on the basis of
the reduction absorption/oxidation absorption tail gas treatment technologies of existing conventional/extended Claus sulfur recovery
units can meet the increasingly stringent national standards and achieve ultra-low tail gas emissions of sulfur recovery units. Third, the
key technologies represented by the formula based desulfurization amine solution reactivation, the equipment corrosion prevention of
high-sulfur purification plants, and the long-term operation risk assessment of purification units have achieved significant results and
effectively ensure the long-term safe and smooth operation of purification units. In conclusion, China's high-sulfur natural gas purification
technology has been fully localized with an overall level comparable to foreign countries, and some technologies are at the international
leading level. It is recommended to carry out technological researches on the deep removal of multi-component organic sulfur from
complex sulfur-bearing natural gas, the compliance of tail gas from purification units with the standard all time, the reactivation of
physical and chemical desulfurization solvents, and the corrosion resistant materials of high- sulfur purification plants, in order to further
improve the technological level of high-sulfur natural gas development in China.
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R TSR TR B, 2022 4F, {HARRA R
1% 40 160X 10° m’, H[E KA 2 200X 10° m’. fE
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b 25% ~ 30%, LR D 40% ~ 50%, A& E AR IE
M R By HE " EINT B R IS AR BRI ER Y.

EE. P W P EMINE AP KRRS T
& B R AR B 15%%,  RARAS e & il
H,S B8t Sk, L& BERN 15 mgm’, SHARA
AT AR . BB AR A [ S b EE, AR
HBEAT ML Bl 20 fH28 60 4EAR DLSK R [ R AR
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(RARAY « GBIT 26979—2011) “ #i%E, H,S

R 2% (30 gm®) LA AR EmARRA. 2R
HE R UR R IRE R, R MAENELR KE, A

l‘@?%ﬁ¢léﬂol%£%%a%%5%%
mE 1 fimn.

#z1 ESESERERERR

I % S HS & & CO, & & AL /C J£ 71 /MPa
Bearberry 84.0% ~ 91.0% — 116 ~ 120 37 ~ 38
Panther River 69.0% ~ 75.0% — 79 26
JIESUN
East Crossfield 36.0% 12.0% 93 —
Kaybob South 17.7% 3.4% 114 32
Black Creek 78.0% 20.0% 196 95
Thomasville 28.0% ~ 46.0% 2.0% ~ 9.2% 185 ~ 196 122 ~ 154
K
BEC 21.0% 40.0% 138 24
New Hope 13.0% 3.0% 135 41
15 Lacq 15.6% 9.3% 130 64
South Oldenburg 5 25.0% 6.0% ~ 15.0% 125 ~ 142 41 ~ 47
1 ] Deutschland 5 25.0% 4.0% ~ 45.0% 126 55
Zechstein 15.0% ~ 20.0% 20.0% ~ 50.0% 120 ~ 135 —
15 Astrakhan 25.0% 15.0% — —
e =7 FoRARt . R
M$ﬁ%FQH§%Eﬁ%%E%,ﬁ%%E CEAM &SR EES - PEAGEHE, |

S E KRR REN 13 4, EESAEESE LK
u%mm%A% 2 W R A< H L, 20% B
FONEER, BRI 50 000X 10°m?, 32 EAE R ]
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RARFAFABAR A R S AR B T R AR S
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AR5 G E I R BIET TG DLAR 3 Fi.
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*2 TESEHRSBEHRE
A H it /10°m’ S R /°C J£7] /MPa H,S & & Co, &
JEzE 400 115 30 B 3.2% 3.0% ~ 5.0%
SRl 186 86 35 6.8% ~ 13.3% 2.9% ~ 10.0%
AT 409 65 29 5.0% ~ 7.8% 1.3% ~ 1.5%
T 1] 359 106 46 9.8% ~ 17.1% 6.4% ~ 8.3%
Rl 374 87 49 14.4% 8.4% ~ 12.0%
LE € 797 90 42 6.7% ~ 16.7% 5.8% ~ 9.1%
i 720 120 60 515 8.6% 2.5% ~ 5.1%
Pl 4121 132 56 15.2% 8.6%
JeH 1 834 150 70 2.5% ~ 6.7% 1.6% ~ 11.3%
JEE % 4403 141 57 i 4.3% 1.7% ~ 3.0%
A 2843 150 59 B 3.2% 0.1% ~ 26.3%
3 AURESIEITIERE
TR TR TR RATT R HE O bR

MEA R < 100 mg/m’
GB 17820—1999 (—3<) H,S % : < 6 mg/m’
CO, &it : <3%

GB 16297—1996
(PATHEHOE SO

SO, i AVFHEIUEZE « 170 kg/h

B . < 60 mg/m’ GB 162971996 B
b SO, LR FRVFHERGKE : 960 mg/m’ ;
GB 17820—2012 (—35) H,S &k : < 6 mg/m’ R P AT HE T ’ fgﬁﬁﬁkﬁi{ig e
CO, 5 : <2% R AHEHOR ) SO, f i SLVFHEBE R + 170 kg/h

HEEE <20mgm’
GB 17820—2018 (—%) H,S & : < 6 mg/m’
Co, & : <3%

GB 39728—2020

SO, i fH R HERUHREE
400 mg/m’ (B 7+ 200 t/d 25 5)
800 mg/m’ (B ™ EA KT 200 vd 25 E)

MNERIHH, RAKAASESREENS
100 ~ 60 ~ 20 mg/m’ (PRI, KI5 HAHEL
bRk SO, HEHUR I 725 960 ~ 400 mg/m’ [{13% it
o T ERRTSFUEARMKRE, BS5hRfEfRIET
BEM, KEAHHR3 AR Y.

2.1 RARSFRUBARELHE

20 28 60—70 FFANRIRTIFIEDHr B 1
B B [ AR R BOR DL 7 5 ) [ AR
N, ST R E TR R . [E 4 20
28 40 FATTHIR RIRTUFALTARDITL, 1957 SEInEK
R S — B R AR (MEA) IR 58 57 7 60
TELVE S

20 1H22 60 FEACLART, [ A KRR SA AR/
TR BRI R A2 T Z AT I AL b . 20
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Gl AR, FEE T ) X R AR L
TEFEARIKN-o [FRS, R R =557 i T 2R
WSOt P2 R SR AR, e S R B AR — )
JEATE A ) AT B AT B
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TR T E 7 B R AR AN S A 5 57 W R R, 325
PTH T R AR . o EWER A B R
RERCR AW — 2% (MDEA) MG HMEI B T 255
BT TokAl, WP T RIBIRBE AR R @
it 5] # CBA. MCRC. SuperClaus %% &% fiff [2] i 87 T
SRRV T WIS AR 2 E, PEE I
KT IEBEPERLER . BB . A LRI BR S RFIHA,
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RBARERR T G HE bR, o R JEORER
SR A LB B ok A K TR s ] WA e B R R A B
ARIFIE T Z R TR AP EREOAR TS, Wil
R TS A HURR B AL S S N 2, (R B T A R
WePERE, TR T e e B BB IR (COS) A EE (RSH)
REFNE A DU R HoR . IETF A T RIS COS 7K
fEBOAR, B E R SN, AR RV
AR BB EORT I, WOT A TARIRIN AR
SO, BEFEMEMCH AN SO, MMM T 2. Je)m @ik
HEAMEDN . S, EEm SRR AE T
GE— RIRIRIE 9 & RS BRIF Ao I
BB BRSO R Sk X 55
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T 5% ~ 10%, HREZETEL . BEH) . B
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J iR PR A . SR PG AR R (HND &
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THA 7T RENA AN, Rl T H5 Co, 1
NN, [FIRHRE T 5 HS N R s P,
FHT R T R TN A A PR B R T, A A
PrPHEE B Rl ANSORAL B B, FEE S T4
RGN T R, EIEM ISR, Wit
38 T 3% 9 M L A 1 R 2 R Az FELRR 4y 25, O
TEHAMR AT Nl T B E A AL, Xt COo,
(3% K 55 MDEA MK T 13%, 1SS H,S 1
Rikk, k2T EEREHEAKE.
312 FHAEFEHAE CO, RAAPLABLAEIZAR

X H,S M CO, & BB 1 RS, R IE
PR B AR Tk A SR B LR, TRk
A CO, BB BB AT LA R T i T B R A,
THECR BB R B R . B R SR A CO, R
SR, T P A R R o B 3 R 3 2 L MDEA
KNEF], W4 MEA. DEA SUREESEZH 4046 1 &
FIR B Bt Bt VA SR AE SRR S AR CO, 43 IR BRI LA A7
TEMIE DL, A7 75 F A2 B8 FE 5 v RV 771) % A 12 4 K

BEXE 1A 1) 8, A S CO, B R BIL
BT, MBS T450 . RMTEER . 2B
YENTF, EEWRET 2N EERFRA 20, A
TR T EA RIS BUR T RERE IR A %
e B itk 5 AR A VE 4 MDEA e A, 32 Tk
JE U L VR B M B B AR S e U 5 A A
Wie (1 FT PASR i R R 9 HLS K EE, TR EEf IR CO,
/N 3% B CO, R ERZ KT 90% [ ALK 5 TE 1L
MDEA Jii fii 5 A8 i 51 N 22 Jiie A0 1 5 3 A7)
— 35 ISR TR 2H 43 2 8] A TR A8, IR kA ) 4R
TR fRE R . CO, Al LLEFR E 50 mg/m’ LAF, FE
REFE/NT 2.7 G/t CO,, ¥ FIHFE/NT 0.5 kg/t CO,,
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1% B [ e ik B ARV KT o
313 HAMRARAHVBBLIRFA
T EES R E IR S B (KT 30 mg/m?)
(5T, TS R A DU PR H R SE I BUE AR. Hh E
e iR P AT HUAR 35 2L COS A1 RSH N E ™, H Al
P AR o IR AR S A L B B 3 R A B — Ak
SR TNE, IR BB A AL 2 R AR
AURS s, EEWIR T ALK S A " A
LT BB —Ak 2 57 2R A w] () Sulfinol-M
F1 Sulfinol-X PA & [ (At 2% Ucarsol Hybrid 920,
EEXT A HUBRRR 55 70 IRk, X DAV B2 B0 B (1)

HME R, T A7 T X COS A RSH () i B HLERBIE 5T,
W R 5y 1 a5 ek, (kA LR IR B
T TAEPIRPI R AR, B TR T IR A LR
It B A AR AN 2 It B LR M PR B o e A LA it
BRECAR AT IR A LR, PREA &5 CO,, HEA
AR 5 FERE Sulfinol-M M EL, B HUER IR R IEE
29 10%. 4= Mt 284 A5 LA i B 4 AR T 3 A% 5 4 it i R
SRR IR 7y, B AR 552 Sulfinol-X
FHEG, KUEFEF T RSH MIMEER A . [ Py 4 ik i 2
AL B 52 AR 4 i 28 A5 AL B Bk s A 2 FH 175 100
WIER 4 FFK 5 P,

x4 BERIMERBENRBRRERARNAYRE

e SIS /_ JEARS st_ﬁi/ JERA EERA Wyﬁﬁ%/ FE A H,S _ﬁ% A e R ] mﬁﬁ_iﬁi /AL
(10'm*'=d” )  (gem ) CO, & (mg+m ) (mg+m )  CO, & (mg+m ) Jii kR
644 22 4.76% 26.0 3.7 2.18% 10.5 59.6%
;S 659 22 4.86% 229 3.2 2.17% 10.2 55.5%
656 22 4.77% 24.2 3.5 2.13% 10.1 58.3%
649 22 4.76% 26.0 4.2 2.40% 13.1 49.6%
Fopi 657 22 4.86% 229 2.6 2.25% 13.1 42.8%
655 22 4.77% 24.2 2.9 2.17% 12.8 47.1%
x5 ERIINEBREBNERBBRRARBYRE
JERVS H,S e JEEA JEEMRSH PPRAHS . FERACOS PR RSH
BT A aE/ Ol cosgRs R/ &R/ U am aE
@ m ) O gem ) mgem ) mgem ) OFE mgemY) (mgom)
137 7.47% 90.0 21.0 <02 — 1.8 11.8
HIX el 145 7.44% 112.9 24.7 0.3 — 1.4 113
139 7.40% 151.4 18.7 0.3 — 1.5 11.8
87 4.07% 20.1 208.8 1.1 0.09% 2.1 0.1
JIPEdL ;:;il 79 3.94% 19.8 195.0 1.2 0.07% 2.1 0.1
80 3.91% 20.7 198.3 1.5 0.07% 2.1 0.1
87 2.57% 59.8 11.5 0.2 — — 0.8
GEFL T IR 87 2.81% 64.6 11.0 0.2 — — 0.6
86 2.89% 57.5 10.8 0.2 — — 0.9

BtXf COS 5 CO, 7 745 MM, {H COS F2 1k
S, WFRITE KR MR COS i CO, A4 H it B,
R RR A B RN EOR. AR HLS
WREEAR . 7 SHR K S g Y, E A R
K COS KRELA, WA T COS KM, T
T Tk, ARG T COS & EKm (KT
100 mg/m®) [RYERFT, 7E RIS 5 S i COS K

fR2EE, TEMAAIE TR R KRR S F COS Kk
164 H,S #1 CO,, 1K BIREEML R COS I H . 1%+
RAETTIMNEAL] TAL R, COS /Kf#EZFE KT 99%,
IK A J S B T A ) 287 il BG40 °C, B4 TT Y
ZIREVRZ) 160X 100 m’,  F A KT [F FR4jise -
314 HAEREHFBLEAIEK

X E I RIS, 7 BRI
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FEBE A WA H,S BB BRI 1 B I AR B A, DA
W R IR KRR H TR R R R DA
BRIE N I B B 5 AR BT R R R AR Ak
A K, B E AR (0.2 ~20.0t/d) HIHF S,
A S I T R R v R A ) [ B I 30 et i ] A 7
Dhge, EEm KRR EIFCRE LT 8~/
RIEF R B & RE NG, ZB8ARE
PR G PR IR S AV BT .

2 G RIE R B A B A He i & M fe 5 Bt
AN Z T EZRRIIENKEGH], 15 pH EAN
T 7~ 9 KA P YRR/ WA TR E 50638, S
BT H,S 1 52 B i B 5w [ i U, 3 T 4% A ik
ENER AR, EA4ME R T LO-CAT. SulFerox.

Sulfint HP 5528 & 8k i i T2, HA R A& 2
(1) LO-CAT L ZAEIRIMA 230 RERHE ., X
LO-CAT T ZH AR5 3. WUk 5808, HN%E
Bk K R, hEAMIFR T CT- Redox
5 CT-LOP .2, HEAMIK T MCS T.Z, ik
B PR Ko B34S BIE R B AR E
BATTRAL S B A =y DA R i B UL 23 A R DR
REVARATE R R, A [ A I8 T X 2 & 2E TR
KA /AT REEHEFIM PR/, St
28 R F A M AR A RIORL RS 0 A AT A s
JF R 1) CT- Redox .25 H,S K& nik 1.0 g/L UL |,
3 N VB ALK 20 td. A BRR I B R A 4
Wz 6 Fiow.

F6 ERRARRESHRBRBEANRRMGIFE
LY w‘(/: l\ = /\\/: {E’.\E z‘:é\ﬂ
7 5 ﬁfrj“il.n}miiﬂfg/ FE 47 MPa J5k H,S 73;/ HHLUER %/ T
(10°'m” «d ) (g*m ") (mg+m °)
e AR ST =
;Tiwfﬂr 250 6.0 0.4 — Fieid + FBIR
Bl 20 5.0 28.7 60 ik + EAEH
K 203 Atk 120 6.3 14.1 50 X
KAHBER L 2. 3. 4 %5 %50 3.5 5.1 — X
AR 30 3.0 2.5 20 X
JIEERE:S 20 1.6 16.0 30 XI5
B 10 1.1 10.1 70 XI5

AR AW 155 452 A A FH R e Bl A W g Fee A1
Wi Sqr P AL T, R BRAL e A P B AR B R 5
DR BRI S E EAEPITT 1 - OEMBREER
i 2 BB 22 RAT N ALK 2 5417 = 38
TR K, BRESRIARZ) 15 pm, JTFER L)
7 mm/s, FEARB&IEIE S ; @R AR X
AN — € BIBLBREE J7 . EAR G SR AT HLAR,
JeHsE CH,S & 5B AN 7 i i £V AL
Frfhs 5 2R K PERR R S5 . AW I I A2 TR B
I R P RS A0 2 B R T 20 55 ) A, I
W pH {H. HEERRSI = REYMESRERE, T

BOOR T PR K A 8 2R Y Fh i Yk 5 AR
L2 Vv 4 1) e g FEE R v BB A ) T e A
RN, T G ot ST A R R R AR A U IR 2R
B R K HEC. B AT LA Shell-Paques/Thiopaq AR 3 [
A B A 5 AR s B T R R ) A TR
Wt At S B (RS F , AE R ZR A A R AR = i 443
N U, A E AT 2009 FEIFLE T RS AW
PR AR 7T, H AT 1 B g M R R R AN R
WA R R T2 SRR SRS T T
8, IR T R4 I FE R, 30k 1 Tl akas U,
TR IR T A AR e AR B B3R 7 Fros o

KT EMRASEYVERTEARANAEMRELE
< - . BT AR / K1/ JERR HLS S/ SRRV B U B & /
N bR B (10*'m’ < d ") MPa (g+m Y (mg » m °)
Bantry (1% K) Shell-Paques 32.0 0.28 0.7 —
JEE RS H Sl AR F AR 30 5.3 10 —
JIvEIEE) PR I PR e B 0.5 2.0 50 400
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32 EREEERESLERAKR

AT it i B S 7 IR AR 3l R AT 5T
WA % O B RE [  T2. D25 fR A B
15 4% RAINEGE FE AR AL B RS, B 2
I 2 7 A R R BOh R v o ] P B T i R A
FAAR SR Ik [ BRAG K o
3201 wHALLATHEA

B T 57 T A [ 0 2T HLS B4 R e
FFREAT B = P A SRR RS [ . H S
Ve E AR, 3 50 57 i S B B AT R Y
ALEAL R .

B s o7 W L2 AR AR R T e, &
5000 ~ 20 000 mg/m’ HHLEE (COS FI CS,) #1500 ~
10 000 mg/m’ &, ‘FECH B A R TR, LT
75 e AR R i) R, DA R WL 7K e P A 751 A0 it 4
AT ARG, ERIMIR T w5 g Hl
WK fEAPUE AR . FEANE KA, % HE
Axens A a] HE A A EA AT R FIELR B
A 70 40 5 v AT 7K AR BRI RE . BLAE B T
[, W RLA E A A E A R A . ZF AT
fEHR 5 000 mg/m’ J U I T 4k RERRE K70 57 W%
e, B WA 57 WA ML K ffS b sE HoR 32 240
Frxf EL SR 8 B o

* 8 ERSIEFHEINRKRENERAREREIFER

AR IR/ AR SRE /| AT R L /

> f\' INE N i
At " (m*eg ) (N - (g+mL ) i
E G 120 150 0.80 ~ 1.00 AR KM T 90%
Ty WA AL KA T EA 100 100 0.75 ~ 0.90 AHUR KK T 90%
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. SAEERERT: 260 160 0.75 ~ 0.90 PUEIKE 5000 mg/m’
PrEHAR i
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AF HE AL 2SI I e
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AT T A BOKBEAR + 12 BEPBKEE

hE RE Pra AL 95.9%

Al AL RN 12 Bl BB - 96.8%
AFE KA+ 12 BHEPBKESE
£ A AT 96.2%

e JCHWEA — RN 13 HHL BRI 96.1%

o JT1AA BRG] 23 BRI
#H P AL 95.0%
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WS, ] SR iR a0 B A L B R R ) 5 HLS e $%
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JO7 5 AR AT 3 ) T 57 BT OB, R N B B AR
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BB
i R
i
=
-
SR
R
il B )
. A

=V s
it

& 1

AR R A B R S e 5 R R ) &
MBS YRR BN SO,, FEd A VLGN ES
W SO, AT RR, DR m g, & AARE
PEI 2 Cansolv [ 2, H ] HEBU= < (1) SO,
FEBEACE 50 mg/m’ AR, SEPLHARHR. (B A7
B 35 /K HE AR KRN ST Fr B 20 B 5 ok ™ B 46 )
Cansolv T ZIyi A ¥ 1 s, 43k H AT A 8 25

st
S
S —
( )
LTI @/—:‘L%%—%%
i
A4
B
L
AR
- S
TR tabK
L K e

Cansolv TZRIZE



42 PN S

2023 fFEE 43 45
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oal BRI BRE—) .

B oxop R AR IR T2 A L 1 [ Ak ) R, R
[ 7 v B IR ST T SO, Al CO, 28 W i IE 3K 1 40 A7 A
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T 4EAE TR .
33.1 BRAFRR

R AE AL R AR S R 2= i, & g3
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WL ATE] . BEE—T . SR, 513k, BERE
)RR, RIS T VLR R] 508 3 600 s LA &
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JIHEE (R 13D,
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ol SREHA AR EE ORESED WEHRINFIGREE  FERSR HS BB PSR HS A& (mg e m )
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rh A AR 0.001 1% 98.5% 1.12% 3.34

FE SRR AL 5™ 0 B Bk ARG e Bk R A
B, AR B 3 Tk AR 1 B ity b 4R BT Kk
THERIRE R L& MR R i T 27 H i
PN AR I — — ot BE R J5E i Ak I i Y R 70 R AR
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Febr BY, R EAEEE R, AT VR R
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(P nlE B 7 NS S o1 SN (= 5 i VA 22 e mi ¥ Y B2
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B AENIAMEESRA S, T2l EEM, B
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TR AR R AR < 0.10%
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AN (316 L)
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0.006%
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WA N E BRI AR T 4 KPR
BEXTIX 4 RPbE, EUOTT AN BRI, (B4
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v 7 T KR R I WE T

4) TERGHI R R . B BIRIT IR,
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