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Application and prospects of crude helium purification technology
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Abstract: Crude helium contains small quantities of hydrocarbons, nitrogen, hydrogen and trace
amounts of neon and other impurities. In order to produce certified helium products such as pure helium
and high purity helium, it is essential to purify crude helium. In recent years, with the rapid advancement
of technology and equipment in China’s helium industry, crude helium purification technology has rapidly
progressed , achieving large-scale industrial application. This paper introduces the application scenarios of
crude helium purification technology, reviews the principles, indicators and typical process flow of catalytic
dehydrogenation, Pressure Swing Adsorption ( PSA) and low temperature adsorption in crude helium
purification. It provides a detailed analysis of the technical paths, process flow arrangement and product
indicators of typical industrial application for crude helium purification and concludes with a perspective on
the future direction of technological development in crude helium purification.
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Typical 3 — stage catalytic dehydrogenation process flow diagram
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Fig.2 Typical 6-tower pressure swing adsorption process flow diagram

B 3 W PR & 75 — U BF P ol 22 D WM 2 I TR
W R T il s 2R IRTE SRR IR LA
B A S, AR TAEALIRAE .

1) R RRS o 2R A 78 s R o 26 L S0, T R B A
TR ATEN WM TR T AR R 2 R R,
S BE A RUTROMRFRI PP I B, B4 ™ il L
TEMIE TIHE Y, SRR T o 5 2% o4 I B R 122 3
BEPR HH T PA5E R R B PR 2 0 s Pk 0 R A 39 o
11 S 2 [0] o — B R IR R Ay 50, BRIV A B

2) —HlE . WIS A IR, ST C #EAT
YOIR BB IE A H SIS C T I R
B AR IR T AR S 1 AT AR E IR RS AR BB C
) FEAA i, W R AT BRI 475 R 08 H
X — i TR AR R (SO B BE A AN 3 2l DX Iy 1 IR
LA R i B ] A AR A [A]

3) R WM A —RELEHUS RIS A S
FEEE D BEAT )R AR S — R .

4) =Xk, WEEE A ZXRRETHUR W A 5
BEEE E BEAT R iR S — R L,

5) 8. BT A = SRRATHUR R A R
PRI R AR DL I R 4

6) Wil filias . O T R AR — 20 o8 A, A
ZEIER W IR A BEAT I T A O MRS A R S s
FRBE AR AU o SHIE R R B BRI H s
JEEIE , 1 1A 4 25 250

7) =Tk, WERHE A s Es SRRl R S
WREE C HEATH I, RO RS A W DSBS ES C i H i
FIFIWRRE C =R U IR IS A BE 72—

8) “¥yTk. WK A XTSRS, SRS D ik
Fr YT PRI 36 D — 3R AT W B A AT 50 —
KI5 =T

9) —¥Tt. WA A TR, S W E
FrE T, R RIS B — PR TR RIS A 2E1T58 =
UOUIE , W 5 = TR,



B 42 % %3

SPECIAL ISSUE ON HELIUM EXTRACTION FROM NATURAL GAS | R#ASIESET

10) 258, WRIBE A —I9THEE S, SR HD™ dh SO0
W RTEE A BEATZ ST, R R 5 TR T

KIe)e, WHHE A 5T B G W R T, 580K
W RS B0 A5, T LA SR B AR PP AT — AN ER . Ay S A
SRR AL RS R A B3R IR S8 e TR] , R AE
18] % — 2 B P LT
1.3 {RIEMRBIHEAR

ARt PR o o — A R U T AT, 2 A T

O 700 AR UL B 458 T 110 W R AR e, O B R s % B 4 4, il
FALEE LT E 99. 999% .

It ST R R A AT O O o 2 A T v A
Jo G B T, RV B I SORE R TR BT R AL, B AE I
B B 2 A AL LR, S0 i AT AR TR B
B AT SR A B g R S s OB 5B
AT 3 7= il 2R

LY 2 2 R 2 0 (IR P T2 R DL 3

RS
BAAS af . R
> VEEE -t
1 —— GRS
T [
TIRARA i s
. W | |
j w )
g " Faliie ||
J = o uj‘,pa { 1 { o
AR | A
| (5% QKB
B 1 A SALIB
E | | .
f =l s T
5 I 4 HAIE T N
@"gﬁﬁf @%‘%A 5 BAAR
A
F3 A2 ARMFHEERMIERER

Fig.3 Typical low-temperature adsorption process flow diagram
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Fig.4 Overall process flow diagram of a helium extraction project

F1 ENSREFRSERABR
Tab.1 Molar composition of raw materials and product gas
Hoy JERHR MBS AR A AR TR i B pT L AR R X
FA e 24. 807 6% 25.396 4% 0 64.991 8% 39.285 3% <0. 000 1%
Yy < 0. 027 4% 0. 037 6% 0 0.236 8% 0 0
ke 0. 000 9% 0.001 1% 0 0. 006 9% 0 0
AR 4. 847 0% 4.962 1% 0 31.230 7% 0 <0.000 1%
AR 4. 477 8% 4.584 1% <0. 100 0% 0. 494 8% 11.318 1% <0. 000 1%
AR 63. 453 9% 64. 960 2% =99. 900 0% 2. 895 8% 49.309 9% =99. 999 0%
AR 2.380 5% 0 0 0 0 <0.000 1%
AR 0. 002 0% 0. 058 5% 0 0. 143 2% 0. 086 7% <0.000 1%
K 0. 002 9% 0 0 0 0 <0. 000 2%
&t 100. 000 0% 100. 000 0% 100. 000 0% 100. 000 0% 100. 000 0% 100. 000 0%

2.2 HEUBESEE

AN U R = B AL S 7 58, 2 i it
AhEERE J1 O 675 m'/d, AR AT R A A B
<600 mL /m”, &/ & <0.5 mL /m’ K& H: <1 mL/m’,

Jit VR A I B SRR A, ARl LU
TERE R 1 B B U SRR T A, B DR 2 M =
A R A S T O R BRI RR K . SRR
SVTHIAR AR, SR R 22 AN, Tl 2R ML U
J14 1. 14 MPa J58 5k 40 °C itk 600 m® /d,

2.3 TEWMEE

BE 1 ELLFRRE TR 675 m”® /d A8 FEWLBHRE E I BR
R B Al R Be K RS 28 B, AT A
AU 99.9% DL RS T H T 22 T IR B M 2 0
i B & R R I PIBUE TR Ir %0 AN E %
& A BT, R 2 A T R B i A R
e, 28 AR B T J I I 5 12

S —BUE WM O E 6 B RS, IR — A4k
B e H ot /U, i ST YIRS B A R
B AT LB A BT TR A ML 5 28 3.5 MPa J5 i 22
ST,

5 B R M TR B 6 5 TR B 2 BT 1 I
O GA B S —BU# AT R &, 241 ke VAR
ST, ST BT R LR B AT,
PRI 57U 99 % 1.05 MPa, LI S 40 °C it

272 m* /d AR R B AR IR L I 1
2.4 RIBRMEE

B 1 L0 RAE 7R 300 m” /d TR B2 i —
B T3 R RN (UF R W = R W - R i = TR NI 7S
R4l 99. 999% Y 1R 4l o

X F AR P S A AL T 25 A
/0 B SR IR 4 SRS 16 A 735 S T o 24 2 fe
I gz shiER A O RO < — R ., SRR A 2 &
PR i, RIS — 5 A0 2 W A A AR U VAU
K FIARAS A 28 g Al /U U RE , P 728 B TS
VA RN T B 4, S AR Bt B e A

3 Z#tERE

RELSURS T SR A 1 I 2L 7 T I B G T T 2
TYOEHAR PR R RS AR RS S
B2 e P L B B SRR

LU IRk 0 R BT W R TN

1) S0 R ORI AR % 38 3 SR A 1 I3
SUHAR BB RL S0 rh BR A SRLAE RK x
FAUR AR MRS, 7T IR A IR 4 B o 43 7 4
5 Rl S AR RS

2) 5 75 P W B S S I %, E  30  A T
P ST TS B, T R AT G R B i, S Bk
TR, PRI I B — 2 2 o 7 R B D S R R



g% F3H

SPECIAL ISSUE ON HELIUM EXTRACTION FROM NATURAL GAS | KRS IZSHER

W S AR

3) R G A ARG S B RS e R B 5 0 5
Mg RS RS/ 0N, 2K SR S e v e R P
BRI T P AR 3 R 2 A, 2 i A1 3 % B A 5 A
R SR WU Bt 2 5 ok — 2 A e 4 )t

(1] Z377 ke AT Ah ZERRMAEMA LA T L ¥ iR
REMR[T]. BiaE RARAMT,2022,51(3) :47-55.
LI Junfang, ZHANG Ruichun, HE Wei.

optimization of pressure swing adsorption in crude helium

Study on process

purification process [ J]. Chemical Engineering of Oil & Gas,
2022, 51 (3) . 47-55.
[2] R X, BEMAER,F RAARLAHARAR TSR
[J]. RRAL &, 2009 27(4) :28-31.
LONG Zengbing, JU Yilin, ZHONG Zhiliang, et al.
Investigation and research on technology of helium extraction
from natural gas [ J]. Natural Gas and Oil, 2009, 27
(4) . 28-31.
[3] Fk4R, kMo, R LA, F RAARABZARAF LR
[J]. RR &AM (Cl L 54 1) ,2020,45(4) :108-116.
LI Changjun, ZHANG Caigong, JIA Wenlong, et al. Progress
in technologies for helium-extraction from natural gas [ J].
Natural Gas Chemical Industry, 2020, 45 (4) . 108-116.
FRE % RAARBRAAEARILKRE L[] RAA T
1k ,2008,28(8) :114-116.
XING Guohai.
on helium gas abstracted from natural gas [ J].
Industry, 2008, 28 (8) . 114-116.
(5] &3 ATakah, RERL. RARARABARILRAAKT].
GG R AR A4 ,2018,47(4) .41-44.
LI Junfang, HE Linlin, CHAI Luhua.

suggestion of helium extraction from natural gas

—
~
i

Status quo and development of the technology
Natural Gas

Present situation and

(1]
Chemical Engineering of Oil & Gas, 2018, 47 (4) . 41-44.

(6] phTik. Bk RARARAM AL R[] BT,
2020,49(5) :513-518.
LU Yanbo. Research progress of exiracting helium from

natural gas with membrane separation [ J]. Petrochemical
Technology, 2020, 49 (5): 513-518.

(7] #4RE # A&, 8 B, ¥ RS BREAERKARA
PegRrR R )]. A 53 K ,2022,42(6) :168-177.
ZHENG Peijun, XIE Wei,

and prospect of membrane gas separation technology for helium

BAI Ju, et al. Research progress

recovery from natural gas [ J]. Membrane Science and
Technology, 2022, 42 (6) : 168-177.

(8] T R BABSZTEAMALSILERRARATH L
AR J]. A F 3 A0 #,2021(15) .7-8.
DING Tian.

membrane separation and pressure swing adsorption combined

Preliminary exploration of the application of

process in natural gas helium extraction [ J]. Scientific and
Technological Innovation, 2021 (15) . 7-8.
(9] % #£.w %, IFE% 5 RAARKEIGXTEMR
[J].ARE 548 F,2014,42(5) :1-3.
LI Zhun, TIAN Feng, WANG Zezhang, et al. The design and
research of helium recovery device [ J].
Superconductivity, 2014, 42 (5). 1-3
[10] B4tz RIRAFAR AT EKAA[I]. RAA T &k,
1984,4(2) .69-74.
LIAO Weiren.
cryogenic method [ J]. Natural Gas Industry, 1984, 4 (2) .

Cryogenics &

Recovery of helium from natural gas using

69-74.
[11] & 25, A, FRmeaa. AT RGBS 8§ Bt o
HT]. #AH K ,2018,38(6) :1-7.

WU Xing, LIANG Wenqing, ZHENG Xiaohong. Analysis of
performance of cryogenic membrane separation in helium

extraction process [ J]. Chinese Journal of Refrigeration

Technology, 2018, 38 (6): 1-7

AR, E K, EFE AARERKLRARE B A
a#r[J]. ARis 5 4 5 ,2012,40(6) :4-7.

PENG Guilin, GONG Zhi, ZHANG Xuehua.
situation and prospect of helium purification [ J].
& Superconductivity, 2012, 40 (6) ; 4-7.
BHUSHAN J, PANDEY A. Helium purification by gas

adsorption method using coconut shell activated charcoal

[12]

Present

Cryogenics

[13]

[J]. International Journal of Engineering Research &
Technology, 2014, 3 (11) . 287-289.

FOSTER K M, LOFREDO A. Process for helium recovery
and purification; US3653220 [ P]. 1972-04-04.

DAS N K, KUMAR P, MALLIK C, et al. Multi-component
adsorption studies on LiLSX and CMS for helium separation
[J]. 2010, 28
(3): 281-296.

DECKER L, MEIER A, WILHELM H.
Linde Kryotechnik’s internal purifier [ J].
Proceedings, 2014, 1573 (1) . 957-961.
[17] ARYA B B, SAHU A K, MEHTA S M. Design and

fabrication of prototype internal 80 k helium gas purification

[14]

[15]

Adsorption Science & Technology,

[16]

Improvement of

AIP Conference

system for helium plant [ J]. International Journal of
Advance Research and Innovative Ideas in Education,
2016, 2 (3) . 692-703.

[18] JAHROMI P E, FATEMI S, VATANI A, et al. Purification
of helium from a cryogenic natural gas nitrogen rejection unit

[J].

Purification Technology, 2018, 193, 91-102.

DAS N K, CHAUDHURI H, BHANDARI R K,

Purification of helium from natural gas by pressure swing

adsorption [J]. Current Science, 2008, 95 (12): 1684-1687.

[20] DAS N K, KUMAR P, MALLIK C, et al. Development of a

by pressure swing adsorption Separation and

et al.

[19]

helium purification system using pressure swing adsorption

[J]. Current Science, 2012, 103 (6) : 631-634.

17



