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Abstract: Chabazite (CHA) zeolite membranes exhibit superior performances in light gas separations owing to the
eight-membered ring channel structure with small pore size (0.38 nm), adjustable surface characteristics, and high
material stability and preparation reproducibility, and have gradually become one of the hot spots of zeolite membrane
research in recent years. This review article first introduces the basic characteristics, the two typical CHA zeolite
membranes (SAPO-34 and SSZ-13 membranes), then compares the synthesis and preparation methods of CHA zeolite
membranes (in-situ synthesis, secondary growth synthesis, microwave heating methods) and analyzes their advantages

and disadvantages in application status. The influences of their key synthesis conditions of the secondary growth as the
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mainstream synthesis method on the qualities of SSZ-13 and SAPO-34 membranes have been elaborated in detail,

mainly including 1) the seeding conditions, such as carrier type, seeding crystal and seeding approach; 2) the

hydrothermal synthesis conditions, such as crystallization time and temperature, water content, silica-to-alumina ratio,

structure directing agent, and cation type; 3) the calcination approaches, such as conventional calcination, staged

calcination, and rapid heating treatments. After comparative analysis, the preferred synthesis conditions of the above

two typical CHA zeolite membranes are proposed. Furthermore, the modulation of membrane surface chemistry is

discussed for the enhancement in gas separation, such as silica-to-alumina ratio adjustment, ion exchange, heteroatom

substitution, amino-group functionalization, and surface modification. The detailed characteristics of gas separation in

various gas mixture systems and the permeation properties of different single gases on CHA zeolite membranes are

analyzed and summarized as well. Finally, the future development of CHA zeolite membranes is prospected.
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Fig. 2 Schematic diagrams of CHA zeolite membrane preparation methods
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Tablel Comparison of CHA zeolite membrane synthesis methods

Method Advantage

Disadvantage

Status of use

@ Low success rate

In-situ synthesis @ Simple production equipment

@ Easy to use

@ Long synthesis time
® Difficult to control

Less research, basically used for the
synthesis of SAPO-34 membrane

@ Simple production equipment
@ High success rate
® Short synthesis time

Secondary growth

@ Tedious steps

More research, conducive to large-scale
mass production

@ Tedious steps

(O High success rate

Microwave heating o
@ Short synthesis time

@ High equipment cost
(3 High energy consumption

New method, still in basic research
stage
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SSZ-13 JEHEIE & T MBI RSk 8, fln:
Lee 245 b T W Fh ik 48 L (S/AI=100 . =0 ) 1
SSZ-13 JEAE COy/N, 73 B tERE 2 =, KIAET
FRSAT TR 24 Si/AL HE A 100 B4 hn 3 oo I5f, CO/N, 43 55
ZHHH~4.8 T E~6.0; IR, COYN, 7
B A% H 10 272 18,

2)FHBE FA#e. CHA JRBH & 7R A8 e AMY
REAE UB ISR TH 5 S IR PR, iR & R2m
ANFESARIBIEAT N, BB 7 R0 (R SRR,
5 ERIRME 4> F I 45 7175, BH S 1 R e R
K, SAMEIFBEAER M, 5 AMHE TG,
JEE P FLOB R A R 2 R AR 8 Ak, TR M SR 2 11
i 9 3 8580, Hong 48R A Li™. Na™s K'\ NH,"
A Cu® X} H-SAPO-34 BT B 750 e, Horh Stk
I KA # )5, COo/CH, 5 B IE PSR T T 60%,
ERTE & @bk B g i N 2% . Chew 251PTR
FIAS R f B = B B 7 (Ca® . Mg™™ . sr*'. Ba®") 5
H-SAPO-34 #7254, H 5 Ba® ' #HJa 1
SAPO-34 JE[] CO,/CH, 7 Bk FEESE T2 240%,
32 B PRIE TR BH 25 73450 T R COL 4 T Y
WS B 1 RE (B 4(b))s

bR, A R R AR B AR S AT

% 2 SSZ-13FEFN SAPO-34 fE ik ERMIEEHFT AR
Table2 Summary table of preferred conditionsfor secondary synthesis of SSZ-13 membrane and SAPO-34 membrane

Influencing factors

SSZ-13

SAPO-34

Seed Support
conditions

a-A1203, mullite
Seed crystal Ball milled nano seeds
Seeding method Dip coating

Hydrothermal Formula (structure

Non-pure silica: 1SiO, : (5-100)Al,05 : (0.1-0.2)NaOH :

a-Al,O5

Flake nano seeds

Wipe, electrophoretic deposition
1ALO; : (1-2)P,0s5 : (0.3-0.6)SiO, :

synthesis directing agent, (0-0.06)KOH(Oriented growth regulation) : (1-4)TEAOH : (0-1.6)DPA : (55—
conditions Si/Al, water (0.05-0.6)TMAdaOH : (0-0.05)TEAOH : 400)H,O

content, cationic (40-120)H,0

species) Pure silica : 1SiO; : (0.5-1.4)TMAdaOH :

(0.5-1.4)HF : (3-6)H,0

Temperature 160-170 C 180-230 C

Time 24-72 h 6-30 h
Calcination ~ Conventional 400-550 'C (6-12 h), temperature rise and fall rate 400-480 ‘C (4-10 h), temperature
conditions calcination 0.2-1 ‘C/min rise and fall rate 0.5— 2 C/min

Rapid heat treatment 700-1000 ‘C (0.5-2 min)+conventional calcination

700 ‘C (1-5 min)+conventional
calcination
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W CHA B (R B H) A K, Sato 25058 i 78 & B
NI KORBLE SSZ-13 JR AR it 72 2> H B ol FEZ
A, BoFRELLL, A KNS FIEE, 3B F
& RRFRIE S IR, BEE A R A, 25—
FRTEAS WM, 28 AR B W0E K, Wik
SSZ-13 FEHY[1, 1,17, Fh AL e B i) A= K o d 284, i 451%
PR fLIE R AR 8, T IRE R E D&
B EMENIEAE 130 CZ&M T, £5%F HyO(50wt%)/
NMP(50wt%) TR & 1K R 1170 &, RERE1F3) 1100 17
B AR 36 kgm >h ' 1) H,0 BB @ & .

MET B, 4xF SSZ-13 %, Ti JR 7@ it B
REAE T Al JRFSLBR R 78, R
Ti-CHA Ji&, 5@EhkadiiE CHA A EL, Ti-CHA fi%
HA W ke e v . IR M L R sk T, A
MR HEAE & K6 ISR B (B 4(c)). Araki
28819530 S/Ti LA 347 19 Ti-CHA JEZE 1150 °C #
Wb K 75 CHIBEERIAWALEE 5 d Ja, H AR
BEMRFEANAS; S5aEfk CHA JEAHLE, CO, BRI
W PEVERS R, 11 COL/CHy M HMER S T 1.7
5% 38,

HREThREA  7E CHA R 8 2 R B Rt
IR ATk 5 B P SR B o BT X SAPO-34 i, &
S e M E B IR I, #7422 SAPO-34 [f)-OH 3
M, HAbEILILF AT S SAPO-34 H 42 48 IR T HAL,
Horh g 5 R AR B2 AN S B 1 40 10
JE e 65 G b 3k CO,, 1R HE CO, R 2 W B

»Si @Al
[ ' ®Ti ®Na*

4 CHA 7y 9 i 2 1A 2 % B (Z2) AU () UK 20 B LR &

(K 4(d)). Carreon 250NEE — . U AN g J LA
RIS F A B FiE 4, @l FT-IR i
WESE TR B 1 O 5 # 2 SAPO-34 54 |F; 5
KM SAPO-34 A LL, T 2 i mE R fE
B SAPO-34 JEEf COYN, 438 R m T
167%.

S)RMEBM. FIH Si-0-Si ZEEHMILMES, ¥
TEGEAL KM BE AL S )i B SSZ-13 JEESRTH, 1A
B 1 50 SR T AR PR B, DUIR kR T R B, (HX
PR B AL 0, FRBEHRBE
AR, DT BB A& R B ek
e SV P A 27 B0 7R 325 38 3o ol o 3 T 1) FR 0 15
IR = QRIS AT A A, LRSS 1-E
PIEEBRIE R A RIhE 10wt%~15wt% & K I 3 (1)
BB S Y(VTEOS, AMD, VMD)##% 5| SSZ-13
FEFERTH I, 3 CO,/CH, SEFEE(108) I8 T 9 17,
CO,EEME(1.9x10 7 mol'm 2-s '"Pa YU FEK T 25%.
Liu 25V P 5 28 T ¥ 3 5 i Bk 22 1) (0 e e A S
K Swiel Bt A 1 DK P 5 8973 (RTTLs) iy 9K 47 2
B A Fm, fF COo/CH, HIIEFVERT)IRE T 7 15,
1M CO, [155%(1.0x107 mol-m >~ Pa &K T 44%.
32 CHA S FREEMSESENA

CHA 73 F i BB TE SR 43 28 1 3R B ARCOK 1 B
7y, SR EEETIE Nyy Hyw CO, BLA CHys
CoHe C3Hg SRR K SR8 b, AXHE S
oy B AR R IR R . WS FIE 6 2 RlCE T

[24,36,49,83,87]

Fig. 4 Schematic diagram of gas separation mechanisms on CHA zeolite membrane before (left) and

after (right) the modulation of membrane surface chemistry

[24,36,49,83,87]

(a) Si/Al regulation; (b) Cation exchange; (c) Heteroatom replacement; (d) Amino functionalization
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Fig. 5 Separation performances of different gas mixtures on
CHA zeolite membranes

Temperature range: —25-80 °C; Pressure range: 0.05-0.9 MPa
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Fig. 6 Performance of gas with different kinetic diameters on
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CHA 73 T IfiBEAE A5 AR 20 B8 1A 2 P (K 0 B RS (7
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ER).

5T Hybtleih R, BT & sh ¥ EAEME
BOK, HAE CHA 00 B 1 45 25 1 A 2 Bk
T L& > RN 5T Ke/Xe(# % < B
CoHy/CoH(AT MR IR R, 550 B S AR 73 180 7)
FHAEWACRII M ZEA KR, Fo 8 6E b = m K
Bt 5 R N B AR SR e R Rk E . R R AR
FAIE CHA JBE B/ 4> B PERE QIR 3 FiR

TERZREERARZ — IR AEHESH COs
N 5 2% R A AR I 2% R S AR [0 47 78 AN 2> 7638
BAMTEmEHEE, E4 TR ESBRICR
SRR, 7™ E AR ARSI ek BT, R AR
S CH4(0.38 nm). CO5(0.33 nm). N,(0.364 nm)F]
3715 HARYE S CHA 4y i i FL44£(0.38 nm)AHII,
H CHy2593x10% cm’, 0) . CO»29.11x10% cm’,
4.30x10 % esu-cm?)s Ny(17.4x10% emr’, 1.52x10 2 esu-em?)
(AR AL 2 R DU AR R AR A7 /E 22 5, [RIk, WI%EF CHA
43 i BEE 3 THT W B 5 FL AR 07 43 VB F X CO/CHy
COY/N, EMRRIAT 4 B, AL 6 Fion. K
B AR A SR A R B R 1B
i CHA 7> i 3R 1 55 F BESE = CO B IEE N
[E AT 3 5 COo/CHyy CO/N, 43 B i e, Bk
S RRIC SN 4,

RIRHER T Now CO 55— B8N o3 o AU,
AFAE — e B R R AR (29 CoHew C3Hgn
C4Hyp), HARKERAK, (EUIR M 55, 5
IX A I S S AR 2 B R R T PR B R T s
SCBR Ay B R . W I T I R AR X
CO,/CH, 73 BRS04 PR B 19%~9% 1) 74
ot 2 W 35 PR A B ARUR, HO6) No/CH, 20 5 (52 K
TXF COo/CHy 23 B )5, FEZF N CO, M T
N, 5P be BAT R AW 54 /7. Chisholm 25
FIFH SSZ-13 M BESE(CHy C3Hgs n-C4Hio) 20 B8
H CO,, KL C3Hg Ml n-CyH o BIRBHFE SSZ-13
R b, AR AE SSZ-13 B FLE T, HAES
EIREY T, AT CHe X COo/CH, 43 & 1)K,
X P RE 4R (CsHs n-C4H o)Xt CO, 7E SSZ-13 i |
(195 3% B 1R AR /N

&3 CHAZFIHIEN Hyo BRESE, BESKH S Bk

Table3 Separation performances of H,, hydrocarbon and noble gases on CHA zeolite membranes

nifrrllbagr Ref. Thickness/um Temperature/'C Pressure/MPa Gas se})/e;atlon, (x1 O,g)’(georﬁ??. Z%Pa’l) selse?t)f\fii;,o;l(/Y
1 Kalipcilar”) 10-40 25 Hy/n—C,Hyq 14 8.7
2 Zhengt”! 10 30 0.2 C,H,/C,H; 0.29 11
3 Feng!’” 43 20 0.138 Kr/Xe 12 35
4 Yang[®? 3.7 22 H,/C;Hy 8.4 810
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Table4 Separation performances of CO,/CH,4, CO,/N,, No/CH,, Ho/CH,4 on CHA zeolite membranes
nierrrlll?elr Ref. Thickness/um Temperature/’C  Pressure/MPa Gas se);()/a;atlon, (Xlo,{gzrlr'nneﬁg Z?{Pa’l) selSe ecrt)ia\fiig,o;l(/Y
| Kosingl! i 20 0.6 CO,/CH,4 25 42
20 0.6 CO,/N, 25 12
5 — 20 0.27 CO,/CH, 2.1 178
u 6-8
20 0.27 N,/CH, 0.18 9
3 Song™! . 25 0.2 CO,/CH, 5.6 56.5
25 0.2 N,/CH, 0.89 10
A LB 5 25 0.2 CO,/CH, 1.16 213
25 0.2 N,/CH, 1.07 13
5 Yul”! 1.5 24 0.9 CO,/CH, 79 76
6 Karakilic®! 2-4 22 0.2 CO,/CH, 2.6 176
Qiu!®®! 0.44 20 0.14 CO,/CH, 48 153
; Kidal™ - 40 0.1 CO,/CH,4 17 54
40 0.1 H,/CH, 11 34
9 Tang!®! 10 20 0.2 CO,/CH, 9.3 208
10 Kidal®! 5 25 0.1 CO,/CH,4 40 130
11 Imasakal®® 3 40 0.3 CO,/CH, 15 115
12 Maghsoudi® 20 30 0.1 CO,/CH, 0.34 21.6
13 yylloo 1.3 3 0.9 CO,/CH, 84 47
14 LB 5 80 0.14 CO,/CH, 2.0 270
INEE S - 24 0.138 CO,/CH, 1.6 67
16 Carreon®! - 22 0.138 CO,/CH, 3.8 170
22 0.138 CO,/CH, 5.0 245
17 Vennal®%! —
22 0.138 COy/N, 2.1 39
18 Huangh” 2 22 0.074 N,/CH,4 4.93 11.3
19 Chen™" 2-3 25 0.1 CO,/CH, 1.18 160
20 Chang*! - - 4 CO,/CH, 6.1 88
21 Liu* 3 30 0.1 CO,/CH,4 12 95
22 Rehman™)! - 80 0.4 CO,/CH, 473 65
23 LB 7-15 25 0.1 COy/N, 18.5 29.8
24 i 4-6 22 7 CO,/CH, 0.4 100
25 Zhang!™™ - 20 4.6 CO,/CH, 8.2 55
26 Noble!! - 22 0.14 CO,/CH, 1.2 170
27 gpil'od 2-4 22 0.14 CO,/CH, 23.2 186
28 gpjl'® 4-5 22 0.14 CO,/CH,4 16.8 256
29 pilios 3 - 4 CO,/CH, 13.2 62
30 Bail'®™! 0.8 - 0.2 CO,/CH,4 25.3 70

4 HiESRE

AL TN T CHA & RS Uk
DN, Sl T BHAETE M CHA 735 i A #
JivE, REARRDT T I KA B T O A gk
PR B S R BAEIH9Y T CHA 7T
X A Jo AR 73 S R E DA B N ¥ g, A LT T
TR B SR NG, D94 A TIBE T 17 1 3 0 A

He~F

it &M SRR M T HERR S,

Ze0d 20 FF K R, CHA 731 i I AE i) 45 5 U4
rESTTHEAS T g bR, SR CHA HRAE K Fr b
WA A BRI 2518 B T4 80 F WA — Ik
AL, CHA 701 R S 96 = S/ S & il 2 H
T, RGOk SRR R R Z LT
RE S B &R 7> PERE AR HE T 12, FLAh R IR . ik
B A A B R B S5 U PR AT AR SR AR T .

B
5



%6

FAH, & WA TR IR A A RS S AR B U R 589

T SEBLTME N, CHA 75§ i ) gk B A ] 46 3%
FEAT, BIRC AR SRR, (HAYIRAFAE A &
Py R R R 5B RO A A0
#& CHA 7 T AL A H B L, AT
H e R R BEARGH) & B CHA 7y i i, {ELR
JoE I IR M UK B EOR, AR FIRAR R
PRI AR RA, HATH I a- A0 5 53R A3
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B B TR 518 AT REFE PR 5 7] 7L
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