Recent Development of CO, Removal
by Membrane Separation in DICP

Dr. Jie Xingming

Dalian Institute of Chemical Physics (DICP)
Chinese Academy of Sciences (CAS)




Outline

Brief introduction of our group

Novel cellulose membrane for CO,
removal

Polyimide membrane for CO, removal

Membrane absorption for CO, removal




Part 1 Our Group
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Laboratory of Environmental Engineering
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wastewater treatment %7K Ab3
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Novel Membrane Technology Group

Group Leader: Prof. Yiming CAO XY A5 R
Academic advisor: Prof. Quan YUAN  ZEM R+t
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Part 2 Novel Cellulose
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Cellulose One of the most ideal membrane

materials
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Most abundant organic resource;

Naturally degradable; CIRSpN S

Biology compatible; &
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Hydrophilic, foul resistance; KK, 54
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Cellulose Hydroxyl groups, hydrogen bonding, cannc

be dissolved by commonly used solvents
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Traditional methods of processing cellulose 147

* Modification 2t cellulose acetate, cellulose nitrate

Regeneration 4 cellphane, cuprophane

Problems of these chemical treatments including
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Inevitable cellulose degradations 44k & [&fi&

Severe environment problems ¥ iEy5 4L

Demolishing the excellent characteristics of
cellulose

Z

ot 2 0L 7 1A B A TE




N-MethylMorpholine-N-Oxide
New solvent for cellulose
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NMMO can open the intrinsic hydrogen bonding of
cellulose, and form new bonding with its hydroxyl groups,
in this way cellulose is dissolved by NMMO.
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What are the advantages of this new
dissolving method? NMMO¥ &1L =

Physical dissolution, protecting cellulose from
degradation
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Friendly solvent, without environmental pollution
NI, BRI 4R

Simple dissolving process, and solvent is recyclable
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This process has been successfully applied in

textile industry to prepare Lyocell fiber, so what
we want to ask is
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Can it be used for membrane preparation”
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Development of novel cellulose
membrane preparation in our group
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Cellulose flat membrane for gas separation
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Chemical modification of cellulose
membrane
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Cellulose hollow fiber membrane for
gas separation and oil/water separation
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Spinning of cellulose hollow fiber
membranes 4% & &= A 4R R ) &

Dope composition
Spinning method
JE RIS Bore liquid (BL)
b e Flow rate of BL
T of BL
Coagulant bath (CB)
T of CB
Spinneret
Coaglationbath  CHFMcontirer [l M) spinneret
Spinning pressure
Spinning rate
Room temperature

10wt%Cellulos
Vet spinning
Deionized
@ateecms3/min
80 °C

Tap water
20°C
0.7mm/1.4mm
80°C
0.18MPa

50 cm/min
25°C




Morphology of wet cellulose hollow fiber
membranes B £ 4k 2% 1 25 21 45 B B 25 14
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Precipitation paths in instantaneous and delayed demixing

Delayed phase separation iR AHS 55

Hydrogen bonding between Cellulose and NMMO &
53

Low coagulation temperature &5 &%




Morphology of naturally drled cellulose
hollow fiber membranes B 3R T4 /5 K 45 14

Naturally drylng method 25 °C, RH 50%

(a) Overall cross section (b) outer part (c) inner
Trep@8ndous shrinkage, Homogeneously dense
structure, many tiny cellulose crystals J&| %1
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Gas permeability of dry cellulose hollow
fiber membrane T RERI S KIS E M Re

Very poor and difficult to be measured, because
Cellulose hollow fiber membrane prepared shows

EHEE, MU, REEE:

High degree of polymerization

High degree of crystallinity

Very dense membrane structure




Gas permeability of water-swollen cellulose
hollow fiber membrane 7K hiK J5 I /) 4: BE

Influence of water content on its gas permeabilit
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Water cortent of CHFEM (i, %) Water content of CHEM (wi %)

Test condition: 25°C, pressure difference 0.5MPa
Saturation value 0.75GPU, 1GPU=1%x10-




Gas permeation mechanism in water-
swollen cellulose hollow fiber membrane

Cellulose membrane must be humidified, why?
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Dry cellulose HFM No space
Strong hydrogen bonding

Dense structure

Water swells cellulose

Forming new hydrogen bonding
Supplying permeation path
RSB E KB E




Gas permeation mechanism in water-
swollen cellulose hollow fiber membrane

Influence of pressure difference
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Test condition: 25°C, with a wet gas flow of 60ml/min




What makes CO, permeate so fast in
water-swollen cellulose hollow fiber

membrane? CO,BER R R &

Gases permeate through water paths in cellulose
hollow fiber membrane following solution-diffusion

mechanism S 418
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Carbon dioxide has greater solubility coefficient in
water than other gases CO,7K H ¥ FE B K

Water has an additional facilitated effect for

carbon dioxide permeation: CO,+2H,0<=>HCO,’
+H,0* KX CO, A s e MAE 5 ZE/EH




Comparison between cellulose hollow fiber
membrane and cellulose acetate membrane

YR T 2R Sl IR A 4E R TR B T e E e

IDCOZ I:>N2 I:>CH4 I:>H2
barrer barrer barrer barrer

CAFM 5.0 0.23 0.14 8.4
CHFM 112.5 2.55 3.83 7.07

a(CO,/N,)  a(CO,/CH,)  a(CO,H,)
CAFM 22 35 0.60
CHFM 45 30 16

1barrer=1x10-19%m3(STP)scm/(cm?ss.cmHg)




Brief conclusion

Cellulose hollow fiber membrane prepared is
suitable for acid gas, especially CO, separation.
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Proper membrane drying method should be
selected.
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Asymmetric membrane preparation is being
studied.

JG A K EPBEIEr Science, 2004, 91, 1873-

1880.




Part 3 Polyimide Membrane
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Chemical Structure of Polyimide
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Dianhydride Diamine

moiety —#&F | moiety %
v’ Stiff backbone chains ‘& 42455 1% [&
v’ Flexible side-group 4%k
v" High glass transition temperature
I AR R S ey

v’ High fractional free volume & B H /&

Polyimide




Preparation of 6FDA-MLI/TMPDA(50/50) polyimide
B PR LI Th FE 2R B W i i) ) e

With the introduction of -SO,Li: fEERLIEE 15[ A ] LA
the solubility of CO, in material would increase, which lead
to an increase of the permeability of CO, and its separation

factor over CH,. #&INCO, M EE, [REBES D




Preparation of 6FDA-MLiI/TMPDA(50/50)
polyimide membrane B8 Bk V. & i ) 1 %

Filtration L&

;blﬁ;giminating " Solvent .
i olvent removing
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Polyimide dope Casting % /i Homogeneou
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Gas permeability of 6FDA-MLI/TMPDA(50/50)
polyimide membrane 2% B Wiz I i) AR5 32 1
&b

B€ |nfluence of test temperature & /& &0

B COocH,
EZAR M,
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Permeability(Barrer)
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3.05 3.10 3.15 3.20 3.25 3.30 3.35 3.40 3.45

1000/T(K™)

The relationship is in accord with Arrhenius’ equation.
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Brief conclusion

Preliminary test results of 6FDA-
MLi/TMPDA(50/50) polyimide membrane shows
considerable CO, permeability and separation
factor over CH,.

30°C, 0.2MPa T Bl i) & hs PR Li ok 2 2R B WV i
CO, 3% Z $(59.8barrer, X}CH, % & & $133.8.

Continuing works such as polyimide synthesis and
membrane preparation are being carried out.
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Part4 Membrane absorption
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Definition of membrane absorption
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The combination of membrane gas separation and
liquid absorption. BS54k B S5 AARKAHS &

Gas separation membrane Gas absorplion membrane

Absorplion
fluic
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Innovation points of membrane absorption
developed in our group
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Dense hollow fiber membrane absorption
process

Liquid ph “grid.gas/phase tan be controlled separately
SR A R B 2

High loading density, high effective membrane area

ESIEZRE, RALERTAR

Phenomena such as bubbling, flooding and entrainment
that are often happened in porous membrane can be
avoided.




Module for membrane absorption
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Membrane Absorption Liquid

Membrane: Silicone rubber/Polysulfone asymmetric

membrane iR ERR R INIE X FR IR
Absorbent: H,O, TEA, DEA, EA, NaOH solution

Weik: /K, TEA, DEA, EA, NaOH®&E




Gas permeability of prepared module for
membrane absorption RS KB IEERE
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Membrane absorption performance using
different absorbent A~ [7] & WK ) 52
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Vanious absorbents

Test condition: C_ ¢orment 2%10°mol-m-3 , liquid flow rate

1.39%10°m3-s1 | liquid pressure 0.2MPa, gas pressure




Influence of absorbent concentration on
membrane absorption performance
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Crason / 10"mol m”™

Test condition: liquid flow rate 6.94x10-m3.s-1, liquid pressure
0.2MPa, gas pressure 0.16MPa




Influence of liquid flow rate on membrane
absorption performance Y4433 i 5 i

Test condition: C_ ¢orpent 2%10°mol-m-3 , liquid pressure 0.2MPa,
gas pressure 0.16MPa




Influence of liquid pressure on membrane
absorption performance % & 151

Liquid pressure P/ MP:

Test condition: C_ ¢orhent 2%10°mol-m-3 , liquid flow rate

1.39%10°m3.s"1 , gas pressure 0.16MPa




Comparison of different separation
processes

ZNEiPuNES:

PA: physical absorption; CA: chemical absorption;

P: permeation; PV: vacuum permeation.




CO, removal results of membrane absorption

REER WS ot Bk C O, SE B 35 SR

L1

Test condition
water , flow rate 2.5m3-h-1, pressure 0.2MPa;
CO, 25% /N, 75%, flow rate 0.4Nm3-h-1, pressure 0.16MPa.




Brief conclusion

CO, transfer in liquid phase should be control
step during physical absorption, and chemical
absorption can greatly accelerate the rate.
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Membrane absorption for CO, removal with
dense hollow fiber membrane module shows
satisfactory application potential.
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