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Abstract

The massive emission of CO: has seriously damaged the global ecological environment.
At the same time, CO>, as an important renewable resource, has great use value. Therefore, it
is urgent to explore a green, efficient and economical method of CO; capture. In recent years,
the development of membrane separation technology has injected new blood into gas separation.
Two-dimensional supported deep eutectic solvent membrane (2D-SDESM), as a new gas
separation membrane, has excellent CO, separation performance and shows great application
potential. However, this kind of composite membrane is still in the development stage. It is of
great theoretical significance to clarify the gas separation mechanism of 2D-SDESM and the
influence of various factors on the gas separation properties for the preparation of novel 2D-
SDESM. In this thesis, the graphene oxide (GO) is used as a supporting membrane for example.
And the effects of hydrogen bond donor (EG) and hydrogen bond acceptor (ChCl) ratio in deep
eutectic solvent, GO layer spacing and GO oxidation degree on the gas separation performance
of GO-SDESM were studied by molecular dynamics simulation method, and the gas separation
mechanism was further revealed. The specific research contents are as follows:

Firstly, the effect of hydrogen bond donor/acceptor ratio on the gas separation performance
of GO-SDESM was studied. The results show that the difference of interaction between deep
eutectic solvent and different gas molecules is the physical origin of the CO; separation
performance of the composite membrane. With the increase of EG molar ratio, the interaction
energy between ChCl and EG molecules is weakened, and the free volume in GO-SDESM is
increased, which promote the diffusion of gas molecules and increase the permeability.
However, when the content of EG increased to a certain extent, the permeability of N> increased
rapidly, and the CO; selective performance of the composite membrane decreased.

Then, the effect of GO layer spacing on the gas separation performance of GO-SDESM
was studied. The results show that the permeability of gas increases monotonically with the
increase of GO layer spacing. However, the selectivity of CO2 showed a trend of first unchanged
and then plummeting. The analysis shows that with the increase of layer spacing, the layered

distribution characteristics of deep eutectic solvent between membrane are more obvious, the



interaction between ChCl and EG molecules is reduced, and the gas diffusion and transport
ability is enhanced. These three factors promote the increase of gas molecular permeability. For
selectivity, when the GO layer spacing increases to a certain critical value, the permeability of
N2 will exceed the permeability of CO2. And GO-SDESM will lose the separation performance
of CO».

Finally, the effect of the oxidation degree of GO on the gas separation performance of GO-
SDESM was studied. The results show that with the increase of GO oxidation degree, the
layered distribution of deep eutectic solvent is more obvious among membrane, the interaction
energy between ChCl and EG decreases, and the free volume in GO-SDESM increases. The
above factors lead to the improvement of the dissolution ability and diffusion ability of COz in
the deep eutectic solvent, thus promoting the molecular diffusion of CO,. However, the
dissolution capacity of N2 in deep eutectic solvent is very small, so the transmembrane transport
capacity is greatly limited. Therefore, the composite membrane shows excellent CO; selection
performance.

Key words: Two dimensional supported deep eutectic solvent membrane; Molecular

dynamics simulation; CO> separation
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Figure 1-1 Carbon capture and utilization processes commonly used in industry!?!
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Figure 1-6 Diagram of a deep eutectic solvent supported membrane!”8!

PRI T, Amira S HL [RS8 NUPVER — Uil 26 HE RGP R SCEE I, I Rl E
B COx AR B . FEXITEFE A, A IR G IR A 22 FLAR T R PR L s 771,
PAUESRAR SR ) o B e . 45 IR R, CO 4> TIBEMERERIE 25.5 x 10° GPU, i
FEVEREM LU AL SR S VBRI N 1 2.7 1% . BEIRWTFU RO R, MR SL AT 2 &
JEAE CO A5 B IS i ok T A B2 . Craveiro 55 NBOHE 7L T R IR 0% (PTFE) 5
SACNEBRE IR S VA T R A I CO2 UM B TR RE - BT FT 45 RABR W E B X CO2 1Y
WEHPE T No M CHa 2075 R E AR SR AT B IR IS S 7 S T S 19 73

FPERE, COL MHXT T CHa A1 Ny FIERAE 430 30 A1 18, o4 By gl it s ali A
10



EA RS (FRZR) Fll il 22 A i S

VIR oy B ERE, JF HATHE T R EWIBAALER) “ D adh LR 7.

1E 2019 4, WL K 22520 AR e B B KR 3L VA 71 78 B A A S8 AR B T I AT
TAEMRS EPERERI RIS T EAHERR, MR IRTE SRS LRI & T —4ER 3k
AT R G I AT A, R BT T IR SRR R 00 B B COp SR S PERE I RE I, 7E
IR SR AT T BRI A PE RE RSB MERE . AR AUAE IR R, 5 Now CHy Ha AL,
PRI A TR A BN COr B AL (i R, IF B G B 3R v I iR e 1t
AN ANE, LEA I (8] BCE T, T Re TR 5 0 1K R 7 B PR AR LRI 78 O IR R I
FEIR T AR I I 70 S P FRAE S A 43 B A FL 0 S ], AR S I T K&
248 NIUR| ] Mxene A 8HS G IRBRS IR L 7 AR 45 & il % 78 2 — 4 SCPEBOM R
W FC 2 R R TisCoTo SCHE MRS SR VAR BHE R TR 1) COp 2hBStERE, [FIFERA
R R AR R APE. COy IZIETERE R 2.635 X 10° GPU, Xf Na.
CHa Ho FIEFEMERE S T8 319.15. 249.01. 12.38, JEILH T AEH ML 71 COL 43 B T RE
Mubasher 25 N\ B4R RS 7 (ChClF1 EG). ZMREF4ER . A S8BIG 4 T 3HH
ORI d T 7R S P - F 0 25 TR W A I IR R L R e 3 AR e MR S (CO)
7 EPERE, COo/CHa A1 COo/Na HIIEFENE 73750 30.4 #1 25.5. BRELZ AL, WHFIE RIS
SRR R AT RN oy BSPEREAH LL, COn MIk BRI RESR & 10T 2 5. [ X Sty
R IR SE S ) 5 A TT A W) R P S IR £ 4 32 45 6 TR U 52 A4 40 28 JEAE R
A LLE— B HEBh IR IE SV TR RO — Bl R COL R A B I S (Vi 7). BRIk Z Ah, TR L
FRVE TR SO R RE A 2 N FHTE CoHa/CoHe S S4R 53 B . Deng 55 NUVHIIE T — R4
KT URIL B VAT SCHEIE 73 1 CoHa/CoHe HIRIT T . BFFEAE REW], 5 ChCl/Hili. ChCl/ L
W P 2E R SE SIS AR B, ChCl/ 2 W i 28 1 (R VR 3 4 Y 7 B AT SE 0 ) SR 2 B 1
fe, EEHT ChCl ML [ 5 F 2 [AAFELETE 2 15 S0, NI SEINA FI T CoHa W Ff
NGy F AL

BTE 2, BB AEPDRAIR L AT R e, IR BN TR R . BT
RN E G T WA RS, AR E TR s BET, RZEET ST
SRTRAE T URILAVET e R AL LU, 2D-SDESM. AU 4 s L, 7EIA
B T PRI B 73 5 K e R0 o

11



b
il
]\J}‘\E
&

1.4.4 2D-SDESM By & 53k

ITEEAE R R, PRI EIE A A I O 2 N B S RSk o IR R, KR
WEFC R, G R % 7 VA RE 6 0 35 IR R SRy B9 1R8I PR RE RIE B 1 e (35861, 1
] BEREFH A AR IR S S A R RO A RAR SE 2, BROKFRBE S T 52 IR S A 73 125
PERE S FoE I S A e TR G 31— Fh &3 [ ) 46 7 20 Tt a2 G IR A s M 2 0
o FURRILERE AR EEROR, e tEZE, KRR RS R R ORIk,
MR TR I VAT B A BRI 4 77 200 7 KRB, BTSN IR RINE
(871, JF e A7 1R ik UTOVR L 2 i g 82
RBUEA AR T 5, BAERAERIR . S A4E P B ACEENSS, BON T &
#7752 — o Zhou %5 N U AE FIR BHAAE 24 /NI NIl 4% T —FhE: T PTS-Asp A
SRR AT E G 5 T A, Dietz 5 ABRI R EEASI% 7 12 FiR
(RIS VR IL ARV R S HE I . (HR PR A IR, B TRk s AR s It 22, (A
R BHE A B BT SO IR IE VA TR B 78 B SCPE R FLBR A, AR R BERARR 17 JBE PR <A 43
YERE. AT BERE A AR JOX AN R, TSR H T IR Bk i IR I A T S A R
FER B RN — € R, R IR S A B R R BE B AR B S B, IF BB
T IS AT AS s BRIz Ah, S R 1 i e 6 /N SRR T IR A A N S I
JERE . Bin & ANUIE UCRA T DR BHEH & T IRILSIE RIS, EHE 175 1 bar (1)
WEE T E AR 3 WK, (ESCHEIE L& T A B S RS RIE IR . 2K bltth, Dou &
FF S ENEFEARGE 7 — BRI EAR, BB R E S R 2 IR Sk R 2 S
KL PN B O 05, HVPAET 10 PR FRIVRIE ISR 2 Bk Re . BRIt Ah, B2
HIEVE R H RS20 5 ) 2 TR SR L i FH 1 7 ik 2 —, RRRE TR B AT AR 3 S IS %
fi. Lin 58 NBERF BB ANR BUHL GNE, B—IREI& T 4 SR ILRE
FIE A 15 JeF R HIE R 77720K GO 4r BRI+ 2 2 GO Wi, SRJEHARIL R
VTR R, JRIDR B RN FIR B R GO Mg kg b, B R FH iR 1
TIEEBRIERTT 2 RIIRILRIER], BT COo/Ny U B YERE. JEoK, AT TH]
FAH RN 7 141 46 1 LA MXene Ay S P 1 1R L S v 70V 52 A RS, RUE I b 77 2 e 8 il
FILASIMRILRIE R E A, (R B, I I R fl &, BRE| T HAE
o BT HBGE 5240, SIESE TR S IR DL S ME (R e oF 4 2 X F

12



IS (R S #6065

REHRAE HZIUFEIE . RS IRE 2 s 2 & S AR E M B 5 i — o B ELE.
5 CO fHBIEP. THR FERTED . A HLA AR AP,

HBA:HBD
1:3
80°C

.

Betaine (HBA) Synthesis of DES
®

|
2
3 5 i Synthesis of Membrane
Separation performance of Membrane

B 1-7 BRSSP & AR )

Figure 1-7 Deep eutectic solvent supported membrane preparation process!®*!
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Table 2-1 The charges and parameters of atoms in each molecule

Molecules Element Charge(e) £(kcal/mol) a(A)
N (N2) -0.4040 0.0728 3.3180

P (Ny) 0.8080 0.0000 0.0000

Gas C (COY 0.6500 0.0559 2.7570
0 (COw -0.3250 0.1600 2.5650

C (sp» 0.0000 0.0700 3.5500

C (Epoxide) 0.1400 0.0660 3.5000

C (HydroxyD) 0.1500 0.0700 3.5500

G0 O (Hydroxyl) -0.5850 0.1700 3.0000
O (Epoxide) -0.2800 0.1400 2.9000

H (Hydroxyl) 0.4350 0.4600 0.4000

C 0.1450 0.0660 3.5000

H 0.0600 0.0300 2.5000

EG O (Hydroxyl) -0.7000 0.1700 3.0700
H (Hydroxyl) 0.4350 0.0300 2.5000

Cl -1.0000 0.7100 4.0200

C2 0.1450 0.0660 3.5000

N -0.2600 0.1700 3.2500

ChCl C3 0.1300 0.0660 3.5000
O (Hydroxyl) -0.6830 0.1700 3.1200

H (Hydroxyl) 0.4180 0.0000 0.0000

H 0.0600 0.0300 2.5000
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Figure 2-3 The number of gas molecules permeated by ChCI/EG at different molar ratios
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Figure 2-4 The permeability and selectivity of GO-SDESM modulated by the ChCI/EG molar
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Table 2-2 The gas selectivity of GO-SDESM modulated by the ChCI/EG molar ratios

ChCI/EG 1:1 1:2 1:4 1:6 1:8 1:10
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Figure 2-6 (a) The interaction energy between the gas and DESs changing with simulation time, (b)
Independent Gradient Model (IGM) iso-surfaces of DES and CO», (c) Independent Gradient Model
(IGM) iso-surfaces of DES and N»; Weak attractions are displayed with green iso-surface, and strong

attractions are displayed with blue iso-surface, repulsions are displayed with red iso-surface
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Figure 2-7 (a) The interaction energies between DES and CO; with the different EG/ChCI molar
ratio; (b) The interaction energy between ChCl (EG) and CO; with EG/ChCI molar ratio of 1:1; (c)
Independent Gradient Model (IGM) iso-surfaces of ChCl and CO,, (d) Independent Gradient Model
(IGM) iso-surfaces of EG and CO;; Weak attractions are displayed with green iso-surface, and

strong attractions are displayed with blue iso-surface, repulsions are displayed with red iso-surface
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Figure 2-12 The free volume diagram of DES at different content of ChCl and EG
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Figure 2-13 (a) and (b) are the permeability and solubility of gases under confined and bulk phase

conditions, respectively
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Figure 2-14 The density distribution of DES in the confined and bulk phase state; (a) represents the
restricted state and (b) represents the bulk phase state
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Figure 2-15 The interaction between ChCl and EG in DES in the bulk phase and confined phase
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Figure 3-1 The model diagram of GO-SDESM, d represents the size of the layer spacing
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Figure 3-4 (a), (b), (c), (d) and (e) respectively represent the density distribution of DES at different

layer spacing; (f) represents the interaction energy between GO and each molecule in DES
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Figure 3-6 The diffusion behavior of CO; gas molecules at different layer spacing; the direction of

the arrow represents the direction of diffusion of the gas, and the bright areas represent areas where

the gas molecules are more likely to permeate and diffuse
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Figure 3-7 The diffusion behavior of N, gas molecules at different layer spacing; The direction of
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the gas molecules are more likely to permeate and diffuse

R ERY], R RER SRS T W EAEH . WIERIE R EG 70T
5 ChCl 7y T Z WA BAE 2R Sk SR R 2 —. T, 2l 8 TAEARZ
RN, RILGEA S Ay T2 R EAER . IR EERIT EG 7§ 5 ChCl 401
Z M EAEH], THEARE 3-8 PR,

Kl 3-8 (a) WoR JAEARREMEET, WILEERD T 560 T Z MR EAER
MBI LRI, RILEIEFIF5 COy Z IR HIAH FLAE a4 im K TRt s ) 5
N2 735 Z [ AR ELAE AL, Itk — 20 i B 17 2 ) ) AR A AN 25 AR TR I e T RAC S PR B
COx MBS . FAMRATRI &N, BEE R IAIFERIAR AL, IRIL VAR 1 5 U7 7 Z 1 B AH
HAEM VAR #a)ilil, SURIEZEY B P — R s Bk ER 2 5
— RIS SRR, P S IRIIBE A . B 3-8 (b) SRR T AEANEZ EEE TR

43



%3 % EPEX GO-SDESM Sk 4 B LR I R 1

LRI EG 5 ChCl Z A EAE . A aT DUBA 2 A BB 45 J2 1R] 1984k, ChCl
5 EG Z [a AR EAE R A T I R0 . 75 B3 T8 1 45 o] AR Sk d i 77 1 o
EG # ChCl 43 Z [A] (R AH FLAE R 2 5 R S VA 7RG BE () R B R e —, A EE R
REEERR R, AR TS0 T8 8 R . 2 GO JZFE N 20 A i, EG 5 ChCl
PR BAR LR AR R (-61.49 keal/mol), MRS IRSE SV RORE RS AR5 K, BEASFI TR 3
SRS T S AR TSR T3 B, XAATHSE B 3. % GO Z[alig i,
EG 5 ChCl P& Z IRIRAH EAEFH 0L T R . H2 2 mEE% 25 A F1 28 A
), GNP TR A AR L3 R AR (O9-58.3 keal/mol. -58.55 keal/mol).
SR GO JZAIFEM 20 A $8im#) 25 A i), A EAEH g -61.49 keal/mol FRiF-58.55
keal/mol. 2 GO JZ[HEEIGINE] 30 A iF, PIZ BOAH BAEFH S — L T BRI &, itk
) 9338 2 [A] BRI AH ELAE FH 2A-57.3 keal/mole FRAITAILIE TS 238 GO-SDESM ()2 H] fHfE %
A R B AR IR S, SR VA TR BE TR ISR 2B PR e, SRTTIVH S 45 R — 3

-0.2 63
_ (@) _ (b) [ IChCl & EG
= -0.4 = 62 - 61.49
E g =
gi-0-8- —a— DES-CO, &
5 —e—DES-N, E 397
-3.0
g £
T -3.24 S
g *""'_f"k_-—_-—ﬂ“"“—-—a A g i
E 34+ = 56-
'3-6 T T T T T 55 T T T T T
20 23 25 28 30 20 23 25 28 30
Distance (A) Distance (A)

B 3-8 (a) RREEAFZMEET, HFHEEANEE2TZRBPMEEER; (b) ChClE EG
ST Z A EAE A
Figure 3-8 (a) Representing the interaction between DES and gas molecules at different layer
spacing; (b) the interaction between ChCl and EG molecules

3.4 KRB

fEAE TAE, JATE 7T AFEZEEIEEK] GO-SDESM #5 3-% H 2r 7 5h 11 #4510
7. W9 T GO JEREMEEE (20A, 23 A, 25A, 28A, 30A) % GO-SDESM < {&
B HERERIRCM, R R L]

44



EA RS (FRZR) Fll il 22 A i S

B, WA TR E 2 R EE SR Ay B AR . A4S RE W, GO-SDESM [ 4
SrETERES GO M MBEG & BV R . B ZREERIN, SAEKBEERER 2
IR . 2 GO ZEEE N 23 A F125 A Z[EE, LK GO-SDESM FIf % A K 4F
[t COL BB MERERIE TR MERE . JZRIPEIE NS 28 A I, No (ISR RAE T 51, ILi N
HIBEFEL T COy BiER, GO-SDESM k& T AR . &% EAANS
EERERLE R MERE, AN YZMEE d=23 A~25 A I}, GO-SDESM A7 1A 4k
BEAE.

B, WA SRS ATE R AR L IRIL AT S SR I AR BAE A . ChCl
5 EG ZIEMAHTEAER . SRR RAT RESHEER T 2 B A5 B LR 50 o
WA K, 2 GO JZ (B AUIC N R S v 775 2 72 IS v [ s v 46 B8 DX 88k, AN T
SRS TG BRI AN, PRI SRR B RO SR AR T R ) ZE #8= s S AR
HUR) EER R . TBEAE 2 R R RO B N,  TRL S VA R R o ) DX I % AR R B IR 3 1
Z MR SRR RE I AN IR S A RRS B2 0 E BT o X S T A

BB RERI IR

2

45



34 % FALEEXT GO-SDESM K4y B M BE KI5

845 SIEX GO-SDESM S84 B eI 2N
4.1 5|8

KB FOAE R0, V700 (R P R ARk 4 28006 23 2 i 2 JRL PR 23 B e
MR BPIE P RAT BT RS VAR T S SRR L. GO 2 (A RR
% GO-SDESM Sk 7r B HERE I SE A . W L4 AR B, J2 (PR RROE A AU G IR L
R ARAS e s m AR 7 B PERE . BHULWT AT, GO JZIEFEXT GO-SDESM M4k
BEMEAERE RS BENER . SUbFEM, GO Mfb#msrdew 28, Ri&H KR
E REE] CREE FEMIAEIL) . XL H fe BN SURRZEERE R A 55 B 2252,
TE 58— 2 PAH 5 32 PR 2= TR (F L A3 BUESE . GO 2R TH 1B AE FA B S ARHE AN R (1 & 1k
TERAERENAR A, S Sk S oox BT M R (A R D ) B, FER B2 B SRS
BT, GO EREBIM S & LA IR A SR AT 2 . GO EERA
VTR A3 AT IRAS (10 23 M 8 AR 2 o 20, X B[R 34T W) AR I R2 I GO A R
63

)
[aYay

i

T, EARZERRATER T —Fh A S L2 R L] (ChCLEG=1:2) HIVRIL M
BRI, KT ARIEAE K GO-SDESM A, BF5 T GO HIEALE X GO-SDESM S 44
SETERERIRC I, RN H AL H .

4.2 1SR KRG A
4.2.1 =B

AR DU S50 i 45 (R S A A SR 2 U, M T AN 4-1 o AN [R) SR FE TR 4
Woh BIERAL . T F Y DES Al GO-SDESM Rk | F 55—, GO WIZRFE
N25A, ¥ 40 MESLEEFST (ChCl. EG) AR GO EIRN. 5, ERAKE
AP IR — AN EA R, LM E N2 HIE N 200 A CO2 73781 200 4> N2 70
T, MRS TRIERLE, VISR E N S MPa; KA MM ES E R E N KEN 15
nm WBEE, HIEREEN 0 MPa. [, 7 iSRRG S A o 25 I it R
FMBIEEFATY B, ERPRNERNSIE = 1A A PR E T NI He AR (2
% He AR -5 HAth 731 2 IR A BLAE D o 2%, BEABERLR RIFAAATN 3.3 x 8.1 x 30 nm®s

46



EA RS (FRZR) Fll il 22 A i S

FEZ=AT5 1A BRI T AT 726 o BRIEZ AN, fER, B TS 8206 (GO)
Fi RS MR S SE T > TR A, A SR LR B SRR T LU He AR#ASHEAT T
[ € DL o

4-1 AHENERENARESEE

Figure 4-1 Diagram of graphene oxide with different degrees of oxidation
422 BHEE

REREANFT IR AIGSE AR E T8 AEH A B R
H Nose-Hoover it #% /7% BN, 847 BRI KEEN 1£s, B 1000 £ 5t1H—KAH
KH . B RGURAE 298 K IR FIIEN RS (NVT) HidhiT. A T Ak 5|
BRZCPHIIRAS, G Z U IHR, RAH BRI 24 20 ns. #T 5 ns BT RGP
i, REUS 15 ns MBAEER AT Gt 5

4.3 HER5TTL

431 FEIENEST GO-SDESM HIS A4 E M aEHI =20

fE LEg, ATKIL GO EIAIFEE 20 GO-SDESM 73 & P e S AU AL i) i) =5 22 [A]
R o MRABLMERBI TS RERN, GO R E AE 121 RENE 2 52 IR 2 [ PN 8 77 ) 3 A
WESHE M R 7> SRR AR A = TAET, TZHT TAEAFREMRE T, GO-
SDESM [ Sk B tERE, SR 4-2 Pros. MERAPATBURIEAFRANE T, S
PR EERER 2 R AE R R, I I AL B SRS B VE BERC A RE AR K -

47



34 % FALEEXT GO-SDESM K4y B M BE KI5

—
=

501 © 0/C=02_CO, (a) ] [ Permeance & CO, (b) 1.302
0/C=0.3_CO,

w0d © orc=04_co,
— N, (0/C=0.2/0.3/0.4)

—
(o]
L

—
=
1

30
0.703

Number of Passed Molecule
Gas permeance (IOGGPU}

=

0

20 1 0.6 0.573
0.4
10 4
0.2
0
T T T T T T 0!0 T T T
0 3 6 9 12 15 0.2 0.3 0.4
Time(ns) 0/C

Bl42 () REEEARAEULET, [SBELITHREEHE: b)) REEEFAAEMLET, CO;
NTHIBER
Figure 4-2 (a) Represents the number of gas molecules permeated under different oxidation
degrees; (b) represents the permeability of CO; molecules under different oxidation degrees
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Figure 4-4 The diffusion behavior of CO2 gas molecules under different oxidation degrees; The
direction of the arrow represents the direction of diffusion of the gas, and the bright areas represent

areas where the gas molecules are more likely to permeate and diffuse
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ChCl and EG molecules under different oxidation degrees
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Figure 4-8 The free volume and occupied volume of DES at different oxidation degrees
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(2) #HE—BHF7T T GO HIJZAEEXT GO-SDESM SR % B M BE IS . W 7o 4t R
H, CO, Al N, HIIBIEH 4424 GO-SDESM JZ [ (3 i £ 8 _EF+H o %, 1M COo2 iy
HEREERR SRR, R R R . M2 BN 23 A~25 A B, GO-SDESM 1)
COy 4y B PEREfAE . FARRDUN, 42 M EERE N, R S A 70 (2R 50 A5 58 0 B &
ChCl #1 EG 43T Z [HAHEAEHREREAG CREEE TR ARREE 7k Ti8@E R M.
CO F No I UL S RE I AR 31 T A 80k - B, 242 R EESG N B3 — 15 YA, N,
Rz ZERE T COMBIER, I GO-SDESM k2% | CO, 7 B TERE .

(3) FT GO RIEARFFRMER, BFF T GO HISEALEXT GO-SDESM 47y B 1 g
IS BEFCES R, COx KNBENMERE RIS GO HE A AL R A2 45 B AL 5+
1M N2 73 TARATRBEY L X B @& R LA A0 . FlIki% GO-SDESM 4
WETE 0.4 B B A ALK COx 7y BIPERE . R EIALE T LU R R, Bl GO E b Z g,
PRAL AT B IR AR 4 Aii s ChCl 5 EG 27 2 IAIAH HLAE FH BEFE K GO-SDESM
H ARG COL 7 HURE JI A RE T S H SRR aE T SR T 1

gi b, ASCONE M EAE e ARSI B AR EETT IR AT I | S A
AR Z AR 2 (M I EE5] . GO-SDESM /2 [A] BE A1 AL BEXT GO-SDESM 44453 75 14 e
HISZI, WIHE T GO-SDESM )UK 7 B LRI LM <A 7 B PERE L . e S5k
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