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Research Progress on Preparation Technology and Application of

Carbon Molecular Sieves Based on Different Raw Materials

HE Nieyan, LI Xueqin, LIU Peng, LI Yanling, SUN Tanglei, LEI Tingzhou

(Key Laboratory of Biomass Green-Safe & High Value Utilization Technology, Institute of Urban & Rural Mining,
Changzhou University , Changzhou 213164 , China)

Abstract ; Carbon molecular sieve( CMS) had the advantages of developed pore structure, uniform pore size distribution, high
thermal stability and chemical stability, which could be used in adsorption, catalysis and other fields. This paper started with the
preparation technology and application of CMS. The performance differences of coal, organic polymer and biomass as raw
materials for CMS preparation were introduced. The advantages and disadvantages of CMS preparation by activation method,
deposition method, thermal polycondensation method and template method were compared. Among them, the carbonization
method, activation method and thermal polycondensation method were simple to operate, but the carbonization method had high
requirements for raw materials. The activation method used KOH and other activators to produce toxic wastewater, and the
thermal polycondensation method consumes more energy. Both the benzene deposition method and the template method could
adjust the pore structure, but the benzene deposition was affected by factors such as deposition temperature and flow rate. The
template method, liked the activation method, was prone to produce toxic wastewater. The principle of CMS preparation by KOH
activation method and benzene vapor deposition method was emphasized. The CMS modification methods such as reducing CMS
grain size, introducing hollow or hierarchical pore structure, and retaining the catalytic active center provided by micropores
could improve CMS performance. The application status of CMS in adsorption separation, catalysis and other fields was

summarized, and the development direction of CMS was prospected, in order to provide theoretical guidance for improving the
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performance of CMS.
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FE“ WU B 50T, CO, 8 AR T G2 A A AR L HAT 31 S, 3420 FH [ A W Ao F 3R 4
B CO, Mg ie e otk IEPEAARER Y BRI B ) A B A AR R A e R S AR R
AR CO, FARMB L, Bl I R FLAR A AE 0.2 ~200 nm, Bk 53T ( CMS) 1E b —Fp sk
SERJRTEPE S (AC) , HALA AP AE 0.3 ~ 1.2 nm™! JF H CMS BA e R AR FLER m LR A 14
5] TR ERBNME LS S AR E RS A B A Re e M AR A T L CMS A SR W B R T AR /NG B, 4
KA FHBE, /THT CH, 5 CO, M8 SR M I EUAE 755 ; CMS 1R N AL, 724 9 % Ak
A IR e R (A2 S A R P RS T AL AT AE R R R ORIR R, R A KR & IR
A e T IREETS Y B T BRI DA CMS (UBIRERE L FUN 3R E AT Ak & R B bR, B
AW AL S R TREE (AR TR 2B, I TR R L Ak B3 AL ) AL AR ABURN HE
2 T RS X LR AT AR K A 52 )5 ], S ) JRORE AN 7 0 FLR pE S i gk, IR, AR BF 58 AN CMS
il 28 BERE vk B AT X EC A B T R[] SRR 28 1) CMS 22 8] 9 FL B 45 4 B REAIE 5 [RI B X CMS
(Rl 28 vk B LA il A A T RS B T CMIS 7 B A Ak S5 45038 174 1 FH BRER:, X6 AR ok & eyl st
117 RS, LI EGE CMS MBIt 5

1 o i 4 IR

1.1 AREERHE &S T 5

1.1.1 A RAR &2 5T 05 (CMS) AR R —F Al AA HLE , & 50% VAL Be st b /bt K 43, ol 41
TR JEIE TCIRIE AR R XA UG R SRR £ A3 CMS HAg JEOR R R hiAR
% TSR AL, O T 2s Al A T8k, e E IR A3 | e [ e i A S o
£ B CMS S5 H Pk RER AT, I B K 40 5 2 B BE ) 25 1 CMS FLBRZS5H AR ¥y — (IR P 28 /87 0 Yang
ST D)TEHBE R S5k}, 252 T ORI BerE CMS X CH, N, R4 W RRHe 123 B R B 52 , 45 SR 26 1] . ik
PERT CMS ) CH, N, B2 B 43901k 5. 28 F13.96 mmol/g, CH,/N, 4385 220K 1. 90 ; 436 Ak A A HL
RIS 9 CMS X CH, AN, AW R0 513551 7. 52 FlT 4. 63 mmol/g, CH,/N, 0B 2K 2,12, 5
PRV DLUTCIBE A R SRR R 5 A A A W IR IR 5 CMS , 45 5 & B AR R A0 R Jon s 22 40 5
M 6% HIERANG (ABREL AN S AL SR HE o 2:1) HI 4 A9 CMS B L A BRI B AL 2 He B ali A
S ECRHE £ B9 CMS AUER K, i fLFLZA N 0. 184 7 mL/g #2551 0. 329 9 mI/g; i fLZM 0.281 6 mL/g 2
5 0.512 8 mL/g,

1.1.2 2ANEH ST REWARARNEE ST (CMS)  AWlE S FREYE— K H—FhaULR s
Tl 1 71 G5k Btk B A ) AL S 0 5 R4 A A 24 R R AT RO i s
PEAG 2 REE A R NE (PAN) M A5 AR RS AR, 450 Bkl CMS e, H
FAE R . Su T LR IE 2 M R R B ok JFURE KOH Sy 375 Ak 71 461 55 — 2 911 45 22 B 19 13k FL e 4
CKS,#id 2 AE n(KOH) /n( CS) G AR IR BE 4 il 15 1 2 i 45 F4 A Ak 4k 25 R 7R :n (KOH) /n(CS)
401 0,800 C TGk 3 h il CKS-5 LR AL Ik 2 088 m®/g;700 C Fififk 3 h il CKS-7 *f
CH,/N,IRA S BIBEFEEIR R 3. 64, Liu 2517 LU i S 0% A1 25 ¢ R JRURE , F 9 115 3K 440 4 A A A it 2%
FEXT CMS PERERSZ IR, 5 R . CMS B RUFL R /N2 AL B | TSR 45 B L SR AR AR &
TR B A, BRIRE R 1500 °C il 4589 CMS-18 SR AR MSC-4K il A7 4A A 1L, XF C,H,/
C,Hy 7088 A2 BOM TAEZ B34 BTt . Fbaa st ™) DU s WA 2o Aokl b S, 175 CH, /N, 20 B &
R W R i R R Y CHL /N, 43 5 CMS

1.1.3 A AR A RAH &85 F 55 (CMS) AW FUET8 FI DG & VEDIE S A= A pLER , B 4
FEARRE AT FRA: ARBIAS SRRz SR BRI AL, KRB BB A L 5 i, AT S 15— 4%
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SR AR S AVERERN T CMS Ml . YR, BEE S & R AR BOR LR CMS 77 i 2 i
) TR AR TR T o R O i) K A R 430 A £ BB S 1), Demiral 2517 A
FRORFE R JERE, R F A AL - e SR TR, 7E 800 °C R il 451 CMS 1Y He R T LIk 2] 895 m?* /g, A%
R Jh 23 43 B vh o S N IR R B 98. 2% (E BRI R v, R A b O, MR R A AG , N, [T i %
Bk, @A R R 4y T 0 R A AL AL O R SE AT R (R AL 2 R K R R R 4
i, XS A W B 25 T 3K 6.6 mL/g, Tan 511 BFF 5 A Ak R 2 o dil S [ 4K 2 75 00 s R e AL S5 F 1) 5%
M) , &5 5 BH e AL I B 30 15, CMIS IS L AR L R 1 AR 1, 3o 2 R R 7 s Tl 1, LB & A Wi Fn e
SERON, FE— LA/ MY ALE . Mohamed 257 SRS BLAO S5 0F T, R 424 il 4 0 T
FE RN 1247 m*/g SHFLAFR R 0.51 em®/g B9 CMS, Horp AR 7E 2L CMS Xt 0, /N, 23 8 ek ik 2
7.6, M F7E 3 CMS X CO,/CH, 2 BSYEEEMET 400, AL, ST K Bk AR 2 242120 gkt
IBREACK ) BBk 5e > 2 B o W R AE P SR R AT Ak 2R ) TR CMS B B AT I 45
PEfE.

1.2 BOFHHIEIZE

1.2.1 &k L B AR YL f2E T Ik S W B A2 6 A, W B A= SRS 1
F(0, JKFESM CO, ) SFRRIEAT AN, B kh e Ak P 2 T 7 A= 3 FL A [] B B3 2 £ i 45 3 ZE LB 1 )
T 1), Herp, 2873 A il 25 130 M e AT B R A AL AR LR AR 1T CO, TR AR TR B i) 3 M e EL AT o
KA TFLARBURTE 22 (O FLR SF . Eish 25870 DL PR 0 JFURL, 280 25 AL 5 7E 900 C R L €O,
SEAE R T YRR AL BFSY K IR BE 25 05 TL A ) A3 BET b 22 0 AN FLARRRE/ N & Ak ) & 4 T
4 FEAR AR BB FLBR A P A B LB RO FTIT B FLBR A9 L FLBE A e inh | i 4% 3R i 72 1l H i
LA LR T LR A 894 m?/ g, FLIATR A 0.49 em’ /g, T FE IS AL AE A RHUR: AV A%
IR BRE A2, S A1 ARIEA L, W BRI AL A 7= SR FLER & B R BRI, Yi 57 EES ik )
BT — R BRI TE A, A S R S T SR 1 B B, DT R IR LR
5 TG i ELA A B AR T I A R AL, P L AR R 1.6 nm, LR T >2 600 m’/g,
FLBR R R IR

—) ) T —)
B R AR R B wefl
substances such as coal pulverization char
and straw it
o flowmeter
?.‘L%I:s_'lﬁ_xl_ _/j @
PIBET AL = - D i~ —
physical = E .
activation .
ug_l
TS DURRYIAH [hint g VUM
sediment- sedimentary high temperature gas washing
ary gas phase converter bottle

FLAZ 4% aperture adjustment
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Fig.1 Typical preparation process of the carbon molecular sieve
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o3, A K, 0 FUKZEA;2) WM& RS Z AT 3 762 C, 4% CO F1 CO, HaAk, [[ET K,0 #1 CO, |
CO J A B K, CO, T v BT | St e i i 22 4 (R B A e AN KAE T 53) Bl IR 15 31 800 °C Hif A
I 4 o R ) 28 S A, 7RI e 4 R PR S R 8 e 4 4 SR 4 R A, TR S SR L R R FL A A
4) {5 800 CHFHEI{A K,0 St S A i CO it —4 KALBR, AN Rl Ak 2 06 A0 R 28 2 il 4 A 7
HRITEAROCR L 1,

F1 FEWFFULF & FEERETFULR

Table 1 Activation effects of different chemical activators

) WAL S condition TEPE % activated carbon
Bkt AL — : ik
raw material activator /T Ml /min - BE/ (mg-g™")  HREAY (m?-g™") ref.
temperature time iodine value specific surface area
THASSE oil tea shell K, CO, 900 120 1100.5 — [30]
54 [HJE Y textile solid waste H; PO, 500 30 967 1 107.51 [31]
HhFFz pummelo peel ZnCl, 600 30 837 — [32]
45 F bamboo KOH 800 20 2 382 2 492 [33]

Yy B/ A2 A AR JRURH e 22 A~ 3 AR IR Bt RS A8 i IR AR AT BG AE . Caturla
SEUST LIRS M ERL T ZnCL AR TR AL IS PRI CO, M 3E AL, 45 T LR E A 3 000 mP/g Y
WS AN ENE AT SO0 TR R R PR RE 52 0 IR 2, pi 3R 2 WT RN, B A vk T A L SR AR Y
BEERPRL B AR B S AL AL s AT MBS A A A7 i A RO i R T, S5 W BTG A 12 A
PO, Ao Ak 5 A% At B ARG Al ek Tl B, LA A5 89 ¢ B R B8 LU SR TR AR A SR O FL B 4G
oy B RIS AL IS 5 B, B A A TR ROK G MRS T . ANV B AR i S A 1 AR 22 AL
BRATREIEA T TG AL AL BRAR A AR Bl T4y B/ A2 0 5 i W A LG, DT T 0 B i Al R 000 A o 1
Az SEBE T AR I R ORI A | R — R A R R SR I A R T

F2 ARFEHAAIEER R

Table 2 Effects of different activation methods on activated carbon performance

11k 2% condition W PESR activated carbon
L B A N - r— g, ik
method raw material activator B/ C fr )/ min 2, ,-1 Lol ref.
\ : (m*-g™") (mg-g™)
emperature time . Lo
specific surface area  iodine value
L7pL k5 nutshell CO, 900 180 1228 — [36]
physics JRAT garland CO, 900 100 947.81 901.36 [37]
o AR B Z aspen lignin H, PO, 800 120 1031 — [38]
%. T KA ZE corncob lignin - H; PO, 500 60 1 046 — [39]
chemistry
W] 1] 5 5% cocoa bean shell KOH 800 30 1 800 — [40]
BN 3 KOH//K#E
PR AL Shenfu 3# coal KOH/ water vapor 700 60 943 837 [41]
p
physics/ g
. L1 RRAT H; PO,/ 7KZES
chemistry 850 120 1 636.94 1148 42
kenaf rod H; PO, /water vapor [42]

1.2.2 ik DUBGAEE SRDTBRE MR DU , ORISR 48 A RIS AL A Al L R A
el o A WA AL AR IR 2 7E 2 USRS B9 2 ALADRL AL N AR BSE AL
PEALY BRI SRR LU e i 22 A SRR R LA 28 R 2 (R IR AR DTS 246 £
FLAFRHE D B S I R 805 2 T A R U e I AR E T A T BT BRI 15 FLAR RS e . W I
(TR T 00 A A I S AR LA A1 R Y e 2 2 SR OB | L DTURRUB AR i i ] 2
iRt
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TRUTRR
carbon laydown
+ +
DURHI ShFEAL BRUTBESLAL  BROUBYESLD
before plughole carbon deposition carbon deposition
deposition in the pores at the orifice

B2 BOAREARE
Fig.2 Basic principle of carbon deposition

DURRE B UTRGUS R i 3l 7 4 ARy 245, AR DURHLEE AN DO B A 56 R IR A DR A B
WA YRR B E LB b A 47 30 238 b S I 0 258 bR i HC A AL Bt 3 1 2 20 b i 3 5 Bl 2 IR 2 |
T, BN 3 LA B A, 3OSz BIBR G, B P AS e B A FLBR Y 8 2R 1, SRR 2R AR R LR A
FIAL 5 S TTRRIR BE R T 58 — R 0 AR EE I, 2 77 2 2 el A% BT (M H0) o 8 R0 I M e A1 3 T AR i 4
il DR R DR e A 7 U A A0 2 T, DA T ol FLE 3 2, 3 B0 S T IR DORUE L O AL BE IS
A IEET L 5% BIA ML CGIEE B) TR 4 h 5 A R BN FRE, 700 °C R 4k 45 min S5 il 755%
Sy FRT 2SS 0,/ N, 3B i 0 ik ; Bl B OB BE i B2 5, DOBRZEFL IR 111 Ak ) AR B 4 /)N
TABER, BT ASLEL, O, 81 N, 4 B R B/ B N, 78 CMS iy JUs AL RE L 0, K, B
NP BUR B/ N RRE H O, SRaRAR S LB JFURL i £ A 8% 43 F 0 CMS-1 REWE 2 CH,/N, 2B
W B B R . David 22 4E 3.5 x 107 ¢/mL N, , BUFIEE J 800 °C 41F T , RS MHIBRUTRNE:  F2K
Z4#% 30 min , 15 B HEBIERA H S0 AT 38 TR 8, DB 72 rp 2448 i F D OB B L
A —E W RZ I, AR RGE A A% AU A7 B & AR ZEFLBR 3 sl ZE AL B A 1Ak (HAFEFLBRA 11 4k
BRI AT 42 1Y 5 I Ah | fE R i TUAR & 5 i S AL S W PE BT 4544 73 7 B it I/ AN RN B2 | 46k I
& e A G AR B | S ] A A G
1.2.3 A& PRARRIETA/NUAE  HOE W b B 22 ek & 4RSS, 76 1000 ~ 1 200 °C A =3 i
SAERE— AR PRI R A PRIT Y LUA AR N JRORL, 2 e Ak SRR TS AL B T ARG
BT Pl 40 CMS R K FLER M M 2 ~ 50 nm, FNETEE) DL R 47 48 0 58, 42 KOH
TGk AL S A DURUR il 2 LR 2 — LR R 93% (1) CMS; 78 800 C T X CMS #Ab#E 1.5 h )5,
CMS H LA E A 85% . Verma 25N fF 5T b BEXT Rk CMS 1 AC ROTALERFLBRZR B 52 00, 45 31 7
CMS 7£ 1 100 K T #AFSS , 7305 O, Ar BRI i & .
1.2.4  #Ack BARESE UEA AR LA 0 H A 20 R S5 EER0NR R i 2% Hh B 0, HE g A ks
TR R FLAS R AR SE X5 PH AR UM Bk B R L 2 0 A A5 30 A9 % LE R 10 BN 6 m®/g, JEAR |-
WA FLEEHE , R0k A AR VR R T RS R 7= A T K i LA D i B L, AR A FL PR BB 119 52 1
R T AT A B 2 1 TG R A RS A B L DL B AR B A7) Libbrecht AN 5T
TR AT SRR 5 R M (p/s) L BIRN B A I BE XoF 7™ it 14k BB 19 52 ), A6 B AR EE A 400 ~ 1 200 °C Fll p/s
oA 0.83 ~0.25 Z54F Tl 45 17 Al KL A FLBK (SMC) |, FF#3 /5 SMC BA AR R I FH11L42

£ U 1w R0 1 S R A | L VA =95 N 3 A PR e = A B o B PR A = i 3
(A, XTSRS CMS HAEE M, CMS 64 T2 A mibik Gk iRk A48 Rk 5,
HAF R EI 2 T 2SR 3, MR 3 AT, He Ak 2 5 A7 B A il 28 o JE A RHAY T 25 (0 R
BRI WA, OB U e R B A UTC 1 M 1) TR B 2 7 A B T A ) I, 3% B AR AL
T PR FLBR IS ZE L WIS AL R AT Tk e 0 1 B 28 i AL A HLIS FLBR o 5% B B4 A Tk RGP
S 5, 1 45 ve L G T ARG e S b L0 (E B Ak vk RERE 750, A2 300 A 125 ol R i % 1k 741
A JE T B AR TR, 28 5 77 A BRI K i R BT Y7 B T RRURIVB AR 325 4 vl 45 4 L

[43]
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BT RE (il L/ N BTG B0 23 R AR ORI 52 e DR B8 1) S ) 5 T ASE AR ok 5 2 00 R e sl 1
IR IO AR A TV L B, A5 5 7 AR R K X A 3 s e o BR BT RRURIABE A 1k A, 38 3k Xof
CMS AT, I8/ N ARRL RS TR 23T A h 5 A 250 s 2 R AL A5 M 45 Wl (i fLAR o0 A s AR v, —
FEREIE bR B AL S L A AT 1k P oL A B8R v B W 1A 1 Wi AR5 TP B8 7 RO kT
J& 43O AR A5 S R RT3 25000 DURH R BE e %8 Rl CMS R 7 et | 5 o i i vt
o, fLARAE 0.5 ~0.55 nm Z 6 5 ANAE H, Sk W1 1 B AN SR B 1 A2 o 1 = T, [ B A% R 1) 7 0%
FRIBIRAL L XEFLES g #EAT T 0AE
R3 CMS AEHETZHMERSR
Table 3 Advantages and disadvantages of different preparation processes for CMS

T technology 5 merit Bl demerit

etk e R . .
. T2 B simple process Yo JERHEL SR #5515 higher requirements for raw materials

carbonization
WG AL s g% (0 35 PR, B AE ) 5 green environmental UFRTFZE FLBRARAK  BEFE R poor specific surface area, low
physical activation protection and easy to operate porosity and high energy consumption
(=T IAPS LB | B 8] %, B 7™ 5 = low temperature, A EEA, 55 77 A 45 ¥ K 7K alkali consumption high, easy to
chemical activation short time, high carbon yield produce toxic wastewater

HEVTRRE » ) ¥ YE YL
ARYLBAL benzene A5 B i AL prepare uniform micropores LR SRR

deposition method easy to block orifice and pollute the environment
AR T4 FRAE ¥ simple process and easy to . .. . .
. AEFE higher energy consumption
thermal polycondensation  operate
P A 47 il FLAR 25 4 Sy i B R 5% 0K, 5 75 G4 PR 5% use acid or alkali in
iM% template method A ‘
controllable aperture structure reaction process, easy to pollute the environment

PA s N VNS RN

2.1 ®srF 0% TR BR

CMS W B 771 3 52 4y L R Ak 82 B P R AL A A 52 e, 40 3L A Pl YR e g BIK 3 8 BRI 1) T
WAk B T 47 0 fhe R R S R O R 550 3% 1 =2 D A P A R s o B TR R B 1) 5 1 e
P 22 8] HL I R T A2, CMS W BRHHILER AN &l 3 firs®

YT sSHEyM R b ST
molecular diffusion  knudsen diffusion intracrystalline diffusion ~ molecular 150
..o.o ..o.o .‘.’..0 0
L] o . . . ° . . . .. .
. . ® 00 .. 108 =
O 0 9y o - o g 100
&§ nudse =
I I I I I | E,l()" knudsen )
NLY ( 2 S &0 ny  wn
10716 molecular knudsen
O O O : . A ) 0
V] «® . . . .
™ e ° 1000 100 10 1 0.1 1000 100 10 1 0.1
.
00 e? te 0 FL2/m FL2/m

B3 SFHAERTIT 8 (a) BRI BREFFUAEE(b) Hom

Fig.3 Effect of pore size on diffusion(a), diffusion coefficient and activation energy(b)

CMS ALARRIUA AL X H, 0, 58/~ SUPR I B g 3, o vl W2 B A= 3l b2k IR RS 2 R0 A
BLISY . TS BT R RIARLAR AP A A 0 e Xt 245 0 K 2 il vy O B, 285 SR T . R R RLAR 1
AW I TR A B 2S ERZS S B RCRAN [R])  REAR O, M S B SBCR B 5 35 AR ek A Wi
FFEACE IR HLEIA G, 2R ¢ & U E RE T B B ol SV P R 2B i v ) A B
o3 WM, By REMIZE AT SR A I ao-mr AHELAR T, 38 5 A 0 5 X B 288 B K2 RS RE T3 5 2B W0 ki AR R AL
FLBRZ AR TE A B (A1 e A P L E R B A 0 3 oA T B0 23 B R A i 1 18 O S I

[61]
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THIRETT, R RIS L Yy e Ve I, SRV RV, R PR o3 Uk i 4R REAS A ke 25 i 3 1h
A=, (0 2 AR T B PR, PR R M /DS DR I — B R B Bk e A A ) 1 e T A I =400
2.2 HmOFIHERATELT

fiie 737 FH R 56 7500 T 198 7 Y b 2658 SR, e 4 i A A A 700 R S X4 iy 2 B2 AR5 7 1], CMS L
AR PR, AR BRAR A AL R 2R AR A AT LB 0 40 4 8 S AL 9 i 43 15, 70 SR s ol
W5 T LR, CMS ZRRRIIE T, I BIFFE T e 07 38 4 B A AL 706 CMS A 1790 28 Ak 1) ik
FEA—EE X, Du % L4 S w5 BT A R R JFORL B T i A AR Ak 50, R
R 2 T 1A 19 4 T S ARV A R P (SR A T2 0 A R A A A . ARl ol A e, SRR S b
R KA T B A A RO, (M T INEi A Z 1L, T K Fe, 0,38 A FeO th— 4R 5 T AL
EPE, 7E 800 CRLEE T, AR I e 28 4 AL 1 A Tl % AL SRR 31 93, 5% , HL Il CO IR I8 15
Tsoncheva 2“7 FH i P4 2k 1 3% Ni, Zn, -aFe, O, {46 Tl P& o FF 2 SRl o 4 ol &0, PP I 2 1k %6 3k
60% , Chellappan 25 FERE AL AL W1 5 h 48 ARETE Fe, O, 98 KL 7 8 AR B A AL 0] | 445 L0 BE K b7
TMBEAT PR 78 U I E] 45 min HEALF 8L 3% WIRAE ST |, A ol A SOk A W I3 A 7= A
Yrseim, An 251 LU R 0 BB AL 0], 7E 500 °C R A FH S s B R A e IR e L AR 2%
ST RS 45 3R W] Fe/ AC AL TG 2 T 52 SR 7 38 [l 1% -Fe/ AC AL A 43
(77 3R 5] 37.09% , Lin 25170 DL KGR IR0}, SR FH B R 16 Thk 1 45 28 W 5 S a8k ) 4 Ll g
PIBAEALT AT 7 5 A% B IR 20 AL L0 i SR B R G i LT
2.3 BAOFHATFSHEEE

e 53 0 L AT AR R 110 R RS B | T 8 ol e A 8 R 235 4 359 50 S AR a5, T L R A0/ VA 0 33 [
SEM, SR ALY I SRR 2 T (A SR KSR RS IR GUR 5 ) BT A s 43 s ok
BN IE O g5 53 el J2 388 2o 56 4305 A M € 0% 8 R AR AT 20 72 LA, A 1 5 3 R AR o F
0 o B8 B de- = P L 130 (MR EE 50250 ) TR A, T 05 0 18 45 81 1) A o 4 43 (9 4l B 35 7 99% LA 17
B TAVEE) LA R JEORE, 28 AR L R TR 1 500 m®/g A BSR4 T3 , A AR (i rh #4T [#]
SEA, AT T TR, 23 B RO, 0, N, HE DAV WA S5 e s T A2 A B IRT K H, L0, (N, .CO [ CH, &
C,H, .C,H, C,H SR e, Bk T LAl R 5 O R FR), 4o ad $0% fii i g R A5
AR B4 R HE R T AR A B 230 BRI T X B 2 R 0 1) S AE R A, 45 SR A LB )
TIRAEAT IR A B S N T 2R P2 521 fbe i A i i &0 T 25 iR R I s BB iy 20 7Y

3 ¥

ARG B R AR , A B 2310 ( CMS ) H5 A AR IR 5% 46 D e R IMEL AL~ A RE U™ i
AT L Sifp R R D5 e ) A ] o At BRI (R, el JEORE R 4 R A 37 1 LA R FLAR ) 7 26 A0 B o 4 11 L
RN BRAUS AL AT 2 5 AR BE i AR 20 07 )™ il 2 L RTF 527 18], AR T LA LLR
TG FIVEMIIE, FEAAE 1) FERAC AT A A b oGS JRLEE | I ] 45 A 3R A I 42 DA B AR 2 IR
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