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Fabrication of a Novel Covalent Organic Framework Membrane and
Its Gas Separation Performance

Fu, Jingru Ben, Teng*
(College of Chemistry, Jilin University, Changchun 130012)

Abstract Herein, we employ 2,5-dimethoxyterephthalaldehyde (DMTA) containing ether oxygen group in the structure as
the construction unit to react with tetra-(4-anilyl)-methane (TAM) through Schiff-based condensation reaction in a
Teflon-lined autoclave to synthesize a novel three-dimensional covalent organic framework named DMTA-COF.
Furthermore, the condensation reaction was confirmed by Fourier transform infrared spectroscopy (FT-IR). The crystal
structure of DMTA-COF was analyzed by the powder X-ray diffraction (PXRD) measurement in conjunction with structural
simulation. The morphology, thermal stability, porosity and pore distribution of DMTA-COF were measured by scanning
electron microscopy (SEM), thermogravimetric analysis (TGA), and N, adsorption-desorption at 77 K. The high affinity for
CO, adsorption was also confirmed by low pressure CO, sorption. Considering the relatively small pore size and the strong
CO, adsorption interaction of DMTA-COF due to an abundant of ether oxygen group and imine linkage, we synthesized one
continuous supported DMTA-COF membrane for H,/CO, separation. In our study, the porous Al,O53 support surface was first
coated with polyaniline (PANI) and was then further functionalized with aldehyde groups by reaction with DMTA at 150 C
for 1 h. Finally, in situ growth of the COF membrane utilizing the covalent linkage yielded a novel continuous DMTA-COF
membrane. X-ray diffraction (XRD) result indicated that the DMTA-COF membrane was pure phase and had high
crystallinity. From SEM characterization, we could see that the DMTA-COF membrane was compact and well intergrowth
and adhered to the support tightly. Gas separation performance results shown that DMTA-COF membrane had a high H,
permeance and selectivity of Hy/CO,. For DMTA-COF membrane, the 1:1 binary mixture gas separation factors of H,/CO,
calculated as the gas molar ratios in permeate and retentate side was 8.3 at room temperature and atmospheric pressure. And
H,/CO, separation factor of DMTA-COF membrane exceeded the corresponding Knudsen coefficient (4.7), with H,
permeance of up to 6.3X1077 molem Zes”'ePa”'. Because of its outstanding characteristics, the novel DMTA-COF
membrane is expected to be widely used in the field of H, purification and separation.

Keywords covalent organic framework; crystal structure; membranes; gas separation; H, purification
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Figure 1 PXRD patterns of as-synthesized DMTA-COF powder,

2,5-dimethoxyterephthalaldehyde (DMTA) and tetra-(4-anilyl)-methane
(TAM)
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Figure 2 (a) XRD patterns of activated DMTA-COF; (b) 3-fold
interpenetrated dia net of DMTA-COF
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Figure 4 (a) N, sorption-desorption isotherm of DMTA-COF at 77 K;
(b) the pore size distribution for DMTA-COF
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Figure 11 Single gas permeance of various gases through the DMTA-
COF membrane at room temperature and atmospheric pressure as a
function of their kinetic diameter. The inset shows the ideal separation
factors of the DMTA-COF membranes

N, 1 CHy /), HIAER/NNBEBRE. XEHT
DMTA-COF 5 B2 45 ¥4 v 5575 X & P Tk S Bk 1] DA K% T e
TR T AR I A AN e S O, 2 IR B SR
VAR AH EAE P, X5 550 DMTA-COF  BA &1
CO, EMJMIHERAE 7). B 5 WA LA H, DMTA-
COF X} CO, W B 48 (23.0 kJemol )izt kT CH, [IWR Fff
#5(10.5 klsmol "), FTLAE CO, %'i%& DMTA-COF fi [t it
i, H1F CO, 5 DMTA-COF Jis H A5 558 i Wi B 4 L
ER, KEM CO, 4 FHW M E DMTA-COF fLiEH,
BHAS T CO, MRIE I, I FEL T CO, 1B IE B R
K. AR ERAE 73 B8 R B R RIS E il R 2 L
k15, @it it %, DMTA-COF JE ) H,/CO, Hy/N,,
Hy/CH, 3RAE 42 B8 R &3 R 9.7, 5.1, 3.1(3R 1),
BT FTR R B AR YT B R BU(HL/COy: 4.7, Hy/Ny: 3.7,
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H,/CH,: 2.8), #H] DMTA-COF HA — & 1 H, 43 &5 F4li
PRI AE L A AL

F1 FIRFIET, DMTA-COF LI B4 53 S 4k 15 25 1 i
Table 1 Single gas separation properties of DMTA-COF membrane at
room temperature and atmospheric pressure

Gas (ilf) KC* Permeance” Permeance ISF*
H,/CO, 4.7 0.68 9.7
Hy/N, 3.7 6.6 1.3 5.1
H,/CH,4 2.8 2.1 3.1

“KC: Knudsen constant; ” Permeance: X 10”7 molem s 'sPa”'. ISF: Ideal

separation factor.

bEJ5, % DMTA-COF JRAE & % K& Ndtir T
SV E XU A SRR, R 2 s, IRA WA
I3 AR 20 B F B0 T R SR A 2 07 v A Bk B i )
RIS B kA, £idiHE Hy/CO, 1RE WA A
I B R 8.3, FIREEE T B2 3Ry LR
$(4.7), Wil T ZRISCERIRIER) COF B, 40 Caro
S 3R N3 = LSS RE U (APTES) &1 %2 FLAAL
FRFEJE B4 COF- LZU1 B(H,/CO,: 5.99)LL K 2016
A RATTUR R 2H PR R 5 i (PANT) 181 1 %2 £ — 4L
R B B B AT TR B COF-300 i
(Hy/CO,: 6.0). HHTMIE, COF EEA =i Hy/CO,
SERELON 14, REERZHT COF BRMIFLRT
(0.8~5nm), 54k 1 RFHfior 248, MITTFR S 7 COF fii
SRS B IR RV, I S A AR R A ) DMTA
VE BRI BITHI % T DMTA- COF i, 7E75 dhim 27y
[f) COF E:fii E5| N7 REMBEAZER], KRS T H
Xt CO, IR Fy, 155 T DMTA-COF JE 1)1k 240 B 3%
N, B3] TR T Hy/CO, 70 B IR RE.

R2 HIEEET, DMTA-COF M 1 0 1 [RTRA WU 5 SAR 143 B8 1k
i‘:ble 2 The mixture gases separation properties of the DMTA-COF

membrane at room temperature and atmospheric pressure with 1:1 binary
mixtures

Gas (i/f) KC* Permeance” Permeance SF*
H,/CO, 4.7 6.3 0.99 8.3
H,/N, 3.7 6.4 1.7 4.5
H,/CH,4 2.8 8.0 4.0 23
“ KC: Knudsen constant. * Permeance: X10 ' molem 2es” 'sPa ' ¢ SF:

Separation factor.

M2 B R LAE H, 1E Hy/CO, RULH 2 S Ak
H, 755885 6.3 X107 molem 2es 'ePa !, LA 4
H, B iEEEEAL, X2 W T KERH/E DMTA-COF fii
FLIEHM COo, fE—ERE LB T H, MBE. 7
Hy/CO, WA S RBE e, RSFE/NA Hy 2 7]
DA S R e FLIE R 8, 2R E AL KL, T
BT Hy, 5 CO, i FAAEM B4 1EH, Fril K b4
DMTA-COF fLI&[] H, 7 FBHAS T CO, HIiBiE, M5
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I CO, B K, AT HyCO, M5 B
P£; DMTA-COF JEAFRIGT CO, FLAT 158 i B8
H, K& CO, 7 FH WM EFLE S, PHAS T H A4
TGRS, FAXEg) )5 HAR KK CO, KB ZE A
TERRCR, XF8h 1% BRI Hy 1B 18 2 /S, B
KT CO, BIZBRFRMEEZZERT Hy, FFEF
AT HyCO, W /- Bk MM o, 28 LRk,
DMTA-COF JEEA 5 &) Hy/CO, 43 &k RE, FEIH A
T 3N EAR G R T 8O S DA e B R B
SR B 22 S B IR E

Ho/Ny S SR B9 85 R AR 4.5, W s T ot B
2% AR B R $0(3.7); Ho/CH, 13 85 R BN 2.3, ST
NS /T BABQ)YMEARK, X5 Gao 2PV
APTES 1&1fil1] 2 FLAMAREE R L4 1 COF-320 JEAT
FIH ) Ho/N, FlT Ho/CO, B 43 5 R BRI (Ho/N,: 3.5;
H,/CH,: 2.5). DMTA-COF HAHAKH Hy/N, F1 Hy/CH,4
N R, XAEHT DMTA-COF LR S8R (1.06
nm), T K TSMES T FER, ERKEE L
g9 T RSy 80N, FEUSAATE DMTA-COF JEH1)
BETERHBRYBES, n—J7m, £FRTEET,
DMTA-COF X} H,, N, A CH, (W B A 055, Xt 35k
7E Hy/CHy, Hy/N, S ARIS 75 i 2 AR 3 Ik R B 22 5 184
SRR EIEFEERE. X2 DMTA-COF [ Hy/
CO, 143 85 R B0 T Hy/N, Al Hy/CH, O JR A,

ARFT G0, TR S S B BRI RE IR A 2R AR )
BIE MR FEVESL IR P, T I P 3 SAFE A LA )
KZ, B ERRL R A B m SR BE i, Hak
PR LR, 2 TRER. a0 — AR B
BEERRNE, THBEME LA, B KRR AR5
V& ST Ss) Y v p S B S | S Ay N R N S E N 7
M2 BRAREE 2 K B ER. BTbL, W fa il & 2 &
P40 3 A 11 [] B S L A o VB B MR I SR o R —
B LORE R FUE HIESR. B 12 & Hy/CO, XA 5S4k
FIEBEVER TR R Hy M@ R E. IWEFAT
PLE H, 5 CHRIRIE ) COF JEAH EL, DMTA-COF fiE 2 31
T EERME A E B EE, IR T BRI« B s
FPRPY. 1] DMTA-COF fif 54T & Hy/CO, B35 /3 i
IR RE.

3 g

B, AE RN S I VA R R A 1R ) T —
P S A BA R 3D AN A HLE 2L(DMTA-
COF), M T4 &H KENRAER, e CO,
R T m s MR 3k 7). 2T DMTA-COF
1) CO, JE R FHAEF, 75 R AFLAE M1 2 FLAE RIS
R LA Th RE A Bl SR A A R ) T v ) 2% 15 2
TEUEEES:N) DMTA-COF . S i 41 R ~F i 43 350
IR B R BE ff B8 E1VE B, DMTA-COF R BLH T = 1)
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Figure 12 H,/CO, selectivity and H, permeability of DMTA-COF
membrane and other reported COF membrane in relation to Robeson’s
upper bound (2008)

Permeability is calculated as the membrane permeance multiplied by the
membrane thickness (molemem ~Zes  'sPa'). 1 Barrer = 3.348X10 '
molemem %es 'sPa”!

H, BEERNE, o Hy/CO, 5 B RN 8.3, Hy 75
FHEEEIS 6.3X1077 molem 2es 'ePa”!, B DMTA-
COF JEEAE H, FI2lA0 A 43 B8 453 EL AT 15 K A B2 F i ¢

4 LIERSY
41 RFIS5EE

BN (M, = 1.5X 10" W ST 4 ¥ 7 B4 1) 3
FE]); PO e 525 D 2 HBE (98 %) I S 35 Ak rp B HIH R R A
BRAH]; 2,5-— FARUEE S 2R — FHRE(97%) I 3K T 22 5 1L
EHAR(EEYERAA,; A &K O9%), 1ET
(99.8%), A INFR(99%)F1 S AL A4S (95%) 21 W K T | i
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AFL ABEOK, IE TR, S DA K DY S e i
A A5 78I AT K.

H A i3 IRAFFINITY-1 #4825 2T 46184
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A1, O3 FE 6 1) AL ER AR FH 5 et JL AT A8 1 1)
)55 7 SCHRARIE),

TEX AR T ORI B i Ja, e o JLk AT
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F& A5 mL RS 2R S mL oK I A NFREH T
W BZEH, S min, {§2,5- 7 A IR IS S
VR, 19 BTG IE I B VA, AR R IR A
M2 LA ERRIRE T Ll bz, JF HAEBMmERER
e —TsA FRCE; BEaF RV, T 150 CHEARH M
1 h NEHRE, BUHRNEAEERER, ARKETLK
M AN R P BRI, BT Jo /K DY Sk g 55
7, BE TR N T, &
422 DMTA-COF #4|&

7 HLF R P _EHERAFR & 25.60 mg 2,5-— H A FL 0 2K
T HIEE(DMTA)FI 2520 mg U &3 D0 2K H e (TAM) T
25.00 mL M ZEH, B 2R 2.00 mL #7285
HIFEEL 1.50 mL Jo/KAB = &2K 1 1.50 mL Jo/KIE T fE T
iR R, 3 HEA 5 min AR A, 53
WAL, B EREE T, MR R0 g
m0.30 mL ¥ E A 6.00 moleL ™' HIBEER /KR, #/n
ML N T 100 C/RM 3 d. B4 HRE, B4
FER, B SR ATE, I H I K ISR
RV, PRI T KU AR ol R, g,
FEYIT 100 CEATHE12 h, H&455)38.10 mg # 4 1)
DMTA-COF ¥R, 723K 75%.
423 DMTA-COF 2 #4414

I IAERAAR R 2,5- — F AU IR T HTRE(25.60 mg)
DY e 3 DU 2 R 5¢(25.20 mg) T 25.00 mL [N 2, B
J5 FHEFE 9 2.00 mL 73 S 284K O HOIG K IR T (1,50
mL)FI KA 52 (1.50 mL) T FiR RN . s
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U (2 AL B Z Bl _EACE RN R M &, Il 3 4r
M, F 100 CM 3 d. MNEEHRE, BHIE R,
HUt DMTA-COF i, FIJC/K DYk e 52 e s SR 1,
A E T oK DA Wi ot 7%, 43t DMTA-
COF JET 60 CHIZLZZFE 10 h.
43 SiEgEMK

SRR gAY HA SHIMADZU GC-14C 5,
AT, DL TCD A3, #<5  He, Kl
AREREAN 120 C, HAEREREN 30 C. Ak
BEEENEGIN, SEMEREER. T SERBEN
IR AL EAE KN T, A S AR R
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