236 48 55 4 W
2022 4F- 8 H

5T
JOURNAL OF MOLECULAR CATALYSIS ( CHINA ) Aug. 2022

i fk Vol.36, No.4

XEHS: 1001-3555(2022)04-0398-15

B A 1 4L 57 F T i L AR L F L BRI SR R

% ﬁ&‘ 19 Z’j—i)’(lﬂ)f] 1’2*’ —;4.?— 1,2%
(L PR T RS fhe TARSERE L 115 TRPH 110142; 2. T T80 T4 B Ho R T8 50805, 1157 YEFH 110142)

T - BB A R PMSCT B v B OURRA T Sl Sl i) St , TR AR AT P A AR W BT IR AR O TE2E . b
Ve RS e B 7 1 R P B T BRI ) Fg EAHE A A s R BRI (BT AR 32 32 563, b Hr i ek
A FURR A BRI BTN . ITARA | SR I A 500 f A 4P H ) UAR A [ P Ah 2 e i A 3
MIEER T AL T H e A & SLRR OSBRI I3 Ak R FLBR A S AR T o0 #r , I3t
W TR RIS PR P Z X S BT A A (R RE R HH R, X ASRAR DA ) 4 R EA T T 2R

KEEIR - [FEAAEALR]  Hlh s FURR kb A AR
FES S 0643.36; TQ032.4 HERFRERD: A

TERLO BRI T R T, SRR
ZUT ARSI R ENE B, BRAE BT A 1 208
HE b A BA DGR B E T RAERRR . PR X
B ERR R ERE IR . HOR A AR
IMSCHEIA T REOARALEE,  TIRE] X" HAR, ik
AR BRENAT BN BRAGII 4 B R

HO OH
n_/

Ethylene glycol

[0}

HO \)J\/ OH H,

1, 3-Dihydroxyacetone L

04\I/\OH

Glycerol
OH
Glyceraldehyde
(0] OH
HO CH,

Lactic acid

OH g
- Ho\_)\/orl —‘Lb

DOI: 10.16084/j.issn1001-3555.2022.04.009

FARBAR L H U A e e R e R
FEEEN ) (B 100 kg A= 5a0mT LB H 10 kg T
T, SR | SR SRR A A BN R IR
FUBR . M, 1.2- 9 "l HmR . RIS
RZ BB R (B 1), SR Hh A T %
R A B T4 A e Tl A 2 et

H,
cu, CH,
HO /\n/ o J\/ OH
o
P 1 lycol
H,0 Hydroxyacetone S UL
OH o
L
3-Hydroxypropanal
HO  H OH OH
. J\)
~ 2
o {-‘\/ o
Acrolein 3-Hydroxypropionic acid

Pl 1 HE A A R A AR g

Fig.1 Different pathways for the conversion of glycerol into useful chemicals'*’

s BE#A : 2022-04-28; & B HH#A : 2022-06-10.

ELWAB: IL7T8 2I3EA T BHLQUFTA A T H (XLYC2002001); 1574 FARBRF 54 1 L35 H (2021-MS-255); JLBHTT P 4ERHL QBT A
A FHFTRI(RC210184) (LiaoNing Revitalization Talents Program (No. XLYC2002001); Natural Science Foundation of Liaoning Province, China (No.

2021-MS-255); Shenyang Young and Middle—aged Science and Technology Innovation Talent Support Program, China (No. RC210184) ).
EZ B : FERL(1997-), Y5, L5824 (Tang Cheng(1997-), male, master degree candidate).

*SEAFECER N, E-mail : lishuangming@syuct.edu.cn; E-mail: ssyu@syuct.edu.cn.



55 4 4 RO EARMEAR T H b A AL & SURR T St 399

FLIR (Lactic Acid, LA) HAT AN i e 7 14k 5+
Hfk: L+ D) 7 LRI &)z, e
Mt Tl P AECRIEA . FEG5SUT TP | 72
B Dol A Ea Al CanEe 4k 570 . B 771 45) FEFL
5 Tl PR pH AR 30 B L s ] A
BIMPLA) " B AT L, REL T S
Flag G BRHEAYSE . 2RI T 7L 16.2%
AR K, T 2025 44551 1.96 % 10°4 1,
20164FFLIR BRI AL 12.9445800, Titit 2025
AEFLIR AR T LN 23k 8] 984236 08 .
TELER A T S SR AG A, IR £ H v e Ak
Sy BB R FLIR BAT 2 55 rT AT

TR A Wy Can s 2 W R REAE) 2844 ) 2 T T LA
e RELIR T EAE A W  Wa A rh A E T  dok
R AR AT R 2E | bR SR A L Y
AT A A R LR — RO
TERYFE . Kishida %8 5 AR S8BT 76 T
it 7K B 0 2R B FLR £, Sharninghausen 252! i1 ff
FE P AR AEAL I (KOH . LiOH F1 NaOH) fi#fk H- i 7k

. low efficiency and productivity high cost

. low temperature high yield

(4)Fermentation

S?<q§"(}{j|----.>

Sugars Bacteria

PIAL R ZLIREL . AR B R AE iR . R tE
AT, BARGR R . A, LR
AL FLIR I L R h 27 RO NEY)

E— 2 AR AL h T TR AR AE R AK H I &
BROE BUH M) f3G fhae b 7). 4k, 31
Mg A 7 O MGG R T ) BE A8, | T 28 9% A ]
TR AL A AL T 1) e e (1 2 2 A 7= 2L B AN [m) T
LREE). AL AL T AR L ZLRR 46 31
FEB B H I A i (S A R RN
F) . 7 (e S A A — 2 R DR o /K A B 7 T
M NEREE S AL M LR . AR S B8 T, N R
A M FLRR B IS FE AR : B BT, P9 R S A i
Cannizzaro BEHENFLIR ; AEGTEA BT, YRS 8 o
A AR R L 1) 26 SRR Ao A e A FLIR . PRI
AV T BRI AR, 2708 T ARk B R 1L
FIEEAL H I A R ZLIR B AR DG SCHR, 43 1T H i
AR FLBR A L NGEARHLEE , e T R ML P
FIPRIZR , X IRAF 0 )R A S A et i S e

(1)Hydrothermal conversion

@ high alkaline

@ 1ioh alkatine £ &
‘ ¢ ¢

(2)Selective oxidationor dehydrogenation

¢ ! ° Glycerol
in alkaline medium

Lacticacid

. Alkali-free green chemistry

(3)Selective Oxidation
in Non-Alkaline Media

K2 A Sl IR AR T LBk

Fig.2 Different process routes for the production of lactic acid

1 BT BT By B 4L 571

1.1 SEEMELF

R R A TR R A ) S R T ST
HAT RUF G GHE M R AL TERE , H b fEfes
P LR B 55— 20 o 2 T I S0 AHHITE . Xiiao

S5 2V 58 % B, CuCr(Cu-Cr BE K HE Ry 0.5) 4 £k 51
X H B A AR IR B g R, X AT RS AN AR
A5 P 2L R B FH RIS PR R IR AT G, T
Cu/Cr(0.5) H W22 5 CuCr, 0, %54, 1 F CuCr,0, 7t
RO B AP 7R H I S0 T LG CuO BRI ER . 3%
PEAR TR DT BRORLAR FIZE fb B8 784k, LA KGR o)



400 4 F O fk

o536 4

TR AN, T AR . Li%E P X Cu-Crfii
FI( 43 M 64.0%Cr,Cu0, . 24.0%Cu0 ., 1.0%Cr0,%5)
F1 Cu-Zn-AE AL 1 (B 73 K 63.5%Cu0 | 24.7%7n0 |
10.1%A1,0, F1 1.3%MgO) {94 1k 1 BB #E 47 X L, AH
T Cu-Cr AR, Cu-Zn- AL 0 i 2 1 0
Fb AR K. 78175 C R R 4 h, FLERISCR A F)
94.9%. [7) B} i T 2 19 23R 5 Ji e B 2 v — 2%
KFR TN AL 5t A 7R P S 0 1 £ P
TR, T A 5 T S AR A 2 Yk o LR
S]SE

CuO FYZERE i Cu B R0 7 S T4 A, A& 2
A% Gt BRI T2, J5E RN T
7K J& T Bronsted B . Palacio %:[24] K H IR0
FERE A T AR 38 (1) CuO/CeO, fEALFH . T4 11
oo N RS S CaO M, RIS WERE] CeO, T B
AR 1Y CuO URE . X R 4B K B, T i i 111
IR LD, ARSAT Co™ Al Cu A2, H LA
M i R B A RN, H I A AR S LR 1Y)
VERR ML A3, M5 b 3R 0 90% B, e T 2K
3 19 CuO/CeO, AL 7 X LR 1Y BE LI &5 T 90%.
FEAEALFIE A S WU , IR A4 B TR, (1
FLIR A BE BRI AR AR | A BAT B m A e
[ B ok B4 Ji 7 2R A AL 7] Au/CeO, R 42 i T 2 A
AL AuCu/CeO, FOIFFE % B, NaOH 199 5 W 12k
AR AuCu/CeO, AT 36 M, X ZLIR 1Y BEFEtEA
Frsg . AEEFRIIEPRIEAR I, AuCu/CeO, fiEALTILE
55 AN TEIA PP DR EE = A R FAs e H e B, i
Au/CeO, HEALTIFESS 2 MG i ALt BA B R
Yang 2520 % 914 Cu 1 24 294 30% I, CuO/Z:0,
WAL H I 5 bR B . #£ 180 °C. 1.4 MPa
N,. 0.2 g4, NaOH/ H i I EE /R EE R 1 - 1, %t
10 mL HIHE W 8 h, HIM A% R 100%, F
PR PRV N 94.6%. ZrO,/EREAAR , BEGEAEHE CuO 43
5, H 3 5 19 CuO T BB 2335 % Zr0, LR . itk
R A AE T NaOH/ Hh i UERAL AT Z AR
%

Moreirag‘-’ft[zﬂ W3R T A R #; MK(AIZO3 . ZnO Fl
MgO) 1 4% F 5 A AL 771 (20% CuO) 78 18 2237 B2 v 25
B ELRR . YN AE 240 °C L H Il AR
K 10% . 23 6] 3 BE(WHSV) 282 h™' . NaOH/ H i
(A IR LR 1.0 B I Ak 3516 H Tl 0 7 AL 3R 2
R R, X LR 3B 53 A 80%~90% . [H] . fEfk
L BB 15 5 BE RN« Cu/ALO3<Cu/ZnO<Cu/

MgO. 4 NaOH/ HMEE /R L 0.5 B, LR 3 £
W 5 AR 2 1 B I T 388 . {H Bt NaOH ¥R 52
FIBE I, SRR AR, 20 K

Bruno 25 2 YRR R T ML RN RS,
52 T LA CaO . MgO 1 xCaO/MgO (x=5%, 10%, 15%
(B 223 K00 ) M 3R (1) Cu B0 28 A4 b 50 488 A H 3k 1
FLR . 5256 %W, 5 CuCa Ml CuMg AL I AH 1L, 7E
xCaO/MgO | 1 2% Cu 1) 8 16 751 ¢ 20 1S B0 4 19 fE Ak
PERE, X AT B2 RN A A SR S B bR A T
V2 BB 57 254345 . NaOH/ H I B R L (i 18 fin £
B (1,2- T8 ) BB ieAIR, 4B R HLAE 1.25 B
HATFLRR T N 96.9%. e FHHLIH ik 451
PEAT MRS, AL R Y R Ar R e, A
AL . Lin % SRR AL 7 (CaO . MgO 5,
Sr0) 4 F A AL 7 (Cu, CuO . Cu,0 B Cu,Cr,05) H
[ fH A T s LR RN TN . %R I e g i
A R FLIR (i A rh o= A T U, AR SEAE A )
O A N R NI 3 AVAA S ATS I - ¢ 8 = A
SAET, LR IR B 529% (W) 5 1 B 408, T IRD),
B 31%.

TEREAN (R 60 1) 0 Jo (e B 1 S Al 8 R
B AT . ARBREE 11 Zr0,) Bz AR, A il o) L R 4
HEBRE S50, TT DATTAR A0 X S0 A 5200 . Yin
450 MgO | ZrO, FIESSERE K AT (HAP) 244, i
TR B T AR A & Cu B i, &
BB Cu(16)/HAPfEAL I LA 55 . . s 4,
TEH ML A FLIR I R Hh B R AR T
M. AN R 230 °CTR AL 2 h, 2 H A%
IR F]91% i), FLRREBEMEILE] 90%.

Suthagar 25 3 51 SR 95 15 12 RIC 0 v ) 4%
Si0, 171 2K 1) 44 K i A1 k55 (PR R Fl NaOH AR S T U
F). DLVE I 45 1 Cw/Sio, LRI PR ZAE R UTTE
) A EE T R 25 (A A AL 35 (NaO HL A R U 3
F), FCAORAR ORI 5] 43 e A L R &
P, 4 Y R 15% (B0 50 i, R IR
FERGIN, GORE AR 2 & AR FT RS 4 . TR
B, 4 61 2t R 15% (T /3 B0 B, ZLIR IR R,
FEIH 98% 1 HM AL AL 4% . Zavrazhnov 252 5% 4
YR FIURL(Cu NPs)WE A AL AL H L A A 7L,
IR DI 20 R U N etk Y (= S QI Y AN T
LR TR RS R, FERRE R T T8
SN 5 AR A FE 1k (Ea =104.0 k] mol ™)
FHEG, 78 NaOH F1 Cu NPs ALK B FIVER T, 2



#

44 RO EARMEAR T H b A AL & SURR T St 401

HIEAR T BT AL AE (Ea = 81.4 k] »mol ™), [AIAHXT 2
PLEAR AT S BRI AT

55 AT A AL 7] (NaOH 25) 7K B A HE L 4
AR P 52007 TR A O AT, Xof H il ol LR 1 e
AR, 5 AN SR AR BAT B R 2855k
12 REBEMELT

PRI S N BAT S AT I, B AT
b C—H By T EA S TE R, 6 C— C R 24015
P32 . Purushothaman 25 233 IR K CeO, 71 211
Au, PR Au-PrgAE R HEAL T il FLIRR . 5250 45
SRR W I A, Hh % A3 99%, 3L
TR I JEEPEPE Ry 80%. XU 1 42 IR Z [ A AE B R 500

Au L4 & BHES - PIRESHETE , 540K CeO, RN
I Ce™ FIBRAENT 5, , 42K CeO, FIK O, Fa s My AL
Yrslad ALY, RO JE 0 BRI VE F el T TP
B8, P T AT T AR

Ftouni 25 7E He SR AEAE T, X FLMR A LEHE
IR 75%~80%, 1,2- PN - BE A4 <10%. T 1E
H, 55T, FLIR B BE B FEAK 3 65%~70%, 1,2-TH
TR R B ~25%. PR AR (C L Zr0, F1
TiO,) 1, PYZrO, AT 2A 8 i i e Ak R s e
(Y BE PR . Tang %5 A il 3R AE 200, b B 5 15 4
HRY 4K PLAEEAL TR, 76T H, 1 2508 T AL H- il A0
O F6 7% A AL £ FLRR AN A C BE (] 3) L NaOH

HO/‘\l/QO

PY/ZrO,

HO /\|/\ OH -
. HO
Glycerol Transfer-hydrogenation

Cyclohexene

Cyclohexane

OH )

NaOH
- OR
Rearrangement

R

(0]

OH
Lactic acid (R=H or Na)

Pl 3 LI Ay 32 DR B H I LR i

Fig.3 Catalytic route of glycerol to lactic acid using alkene as hydrogen acceptor ™~
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Co AL B S RO REALMERE . HHM AL AR 1] 15 97%,
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B4, POM) e H- i A% 1k D 7R iy aod i v B AT
I HEALTE (R 1), X AT RE 5 AT T B B 6 R R
FIVE AL ST 154 5. Tao 2547 4l 46 1 HLPW 0,
FTHPW,,0,0 42 22 BRAE AL ] T H il 2L, Horp
HSPW120401’%1&%’”&’{%&&%%1%, SN A 60 °C |
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Table 1 Oxidation of glycerol to lactic acid in the presence of different heteropolyacids (salts) and oxygen

Catalyst O, pressure/MPa Glycerol conversion/%  Selectivity to lactic acid/% Ref.
H;PMo,,0,, 0.5 90.0 88.0 [47]
H,PW,0, 0.5 48.0 60.0 [47]

H;PMo,0,/C 0.5 98.0 94.0 [47]
AlPMo,,0,, 1.0 93.7 90.5 [48]
CrPMo,,0,, 1.0 88.0 85.3 [48]

500 kPa ] O, )1 F RS h, HIHEIFELRE R 90%,
FLER P K 88%. HPA 7ERR R IR I ZSAE A EE T
W BT RN 1, (8 S 4R TR A A A A R T
TE & B SV 25 F R . HPMo/C AR AR H Il 1k ik
2 98%, FLIR VEFEIE LT 94%, TEEREH 5 k%A 1
TSR

R R B A Z RERANES T K, X i b R 7E
S A HGARES 5 IR BEAY BT 43 85 ok [R]R 2%
ZIRER HA 155 iR VAL R AR SR A s, 72 H
WAL AL i rp B AR s IR G 1 . Tao 2514
W 5 Ty TR 07 1 AT 8 Cr™* B A 25 48 (POMs) 44,
PR JE L, il HE CrPMoy, 0, AL AIPMo,,0,
PEAT] . b ATPMo 0, fHE A 77 2 B0 4 5 i 1) 16 1
(H M FE AL %R 93.7%, FLER B EEFEME N 90.5%). A

7] 2% 5 407 19 o o 4 o 8 o 1) F T A B ARSI
BT R PTER aH Ih EEBE K AL R AT LRI
IR ) K o U T2 T LA PR Ak M FLIRR . 5 CrPMo
FH L . AIPMo 2 3001 O 25 9 AL s o . sk, i T
MPMo £h B &5 B T 7K, REAS M — 2R 454 h
BB B RO Ay, AR HHE 0 35 R R 7K g R R
PRI , ALPMo 2 B8 H el A 0 LR P
i RS A AR A (A g H, -
PMo,,0,, x=1~3, fal %k Ag,PMo) & i, 52 0] LA 42 55
H,PMo,,0,0 B AL S5 LA, 4 H i 4 A il o i 4
ORI, RPN 2 5 K R AR, th
75 Ag A F Tl P s — 2 Bk A LR, H
T 2% A8 R LR 1 T R 15 POM ) 4 AL 1 i
{37 45 B HL S B AE b (3 2), I ELIZAEAL R FE AR ERE

&2 POM i s HYER FE FN S AL F SR BB L 3 EoH it | B FLER AL B MR 201

Table 2 Effects of acidity and redox potential of POM sites on their catalytic activity for the oxidation of glycerol to lactate

ot R Pty USRS Ol Ol e
H,PMo,,0,, +0.20 0.03 1.04 83.0 72.0 [49 ]
Ag,H,PMo,,0, +0.63 0.69 1.23 85.0 75.0 [49]
Ag,HPMo,,0, +0.75 0.76 1.01 87.0 78.0 [49]
AgsPMo,,0, +0.80 0.86 0.94 89.0 81.0 [49]
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Table 3 Resulis of the conversion of glycerol to lactic acid catalyzed by partial solid catalysts under different reaction conditions

Lactic acid Glycerol

Catalyst Operating conditions Selectivity /% Conversion /% Ref.

Cu-Zn-Al 175 C, Ratio LiOH/glycerol:1.5 94.9 98.9 [23]
Cu0/Zx0, 180 °C, P(N,):1.4MPa, NaOH/glycerol:1.1 94.6 100 [26]
Pi/Zx0, 160 °C, P(N,):20bar 99.0 96.0 [35]
Pt/ZnO 240 °C, Ratio NaOH/glycerol:1 80.0 85.0 [36]
5%Pt/C 230 °C, Ratio NaOH/glycerol:1.25 74.0 99.0 [38]
Pi/C 90 °C, Ratio LiOH/glycerol:1.5 69.3 100 [37]
Nio/graphite 230 °C, Concentration of NaOH:1.1 mol/L 922 97.6 [42 ]
NiO/CaO 290°C, NiO/Ca0(4.84mmol/g,,) 414 89.3 [43]
Co0;0,/Ce0, 250 °C, Concentration of NaOH:0.6 mol/L 79.8 85.7 [44]
NiCo/CeO, 160 °C, Ratio LiOH/glycerol:1.5, P(N,):2.0 MPa 95.9 97.0 [46]
Pt/Sn-MF1 100 °C, glycerol/Sn(mol mol™'):226 80.5 89.8 [50]

Pt/Nb,O4 140 °C, P(0,):0.5 MPa, glycerol(O.S mol/L) 91.0 81.0 [51]
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Research Progress of Solid Catalysts for Catalytic Conversion of
Glycerol to Lactic Acid

TANG Cheng ', LI Shuang-ming"*", YU San-san'?’
( 1. College of Chemical Engineering, Shenyang University of Chemical Technology, Shenyang 110142, China,
2. Key Laboratory of Chemical Separation Technology of Liaoning Province, Shenyang 110142, China )

Abstract: With the implementation of China's dual carbon action plan under the new global climate agreement, it
is extremely important to develop and utilize renewable biomass resources. As the main by-product of biodiesel in
the production process, catalytic conversion of glycerol into various high value-added derivatives has received wide
attention, among which selective oxidation of glycerol to lactic acid has great application prospects. In recent years,
the catalytic oxidation of glycerol to lactic acid using solid catalysts has become a hot research topic for scholars at
home and abroad. In this paper, the research status of solid catalysts for the catalytic conversion of glycerol to lactic
acid is reviewed, the reaction pathway of catalytic conversion of glycerol to lactic acid is analyzed, and the factors
affecting the catalyst activity are discussed. The development of related catalyst preparation is prospected.

Key words: solid catalyst; glycerol; lactic acid; carbon neutral; oxidation reaction



412 a7 536 &

(D FRUIEREE

L) i b EREB £ BT R, b EREEBE 22 N A2y BRI T £ S 1] [ NS A T R AT %
AP . FEIR A 5P A O R SRR . REA EARIE S BRI . TR DR R AR SR . AR
S Te8 Gl . MRl . DuBhiEfl . AL R SR # R AL S 3l )% AR R IS AT Mo
fEEE AR R FHAE . Tl A R ch ARG . R 2R AR AR . AL R AL R S A TE AL . R TR R R
Az USRI R B A AR A D 5 R AESF 5 I AR . A PIARYGA | 3238 0 5 2R RIS AL K T Al Hh AR
A TAERBH A . DP9 | SRR R TR IMA: | UGHARSE Ll A A B

AR WA R, BB R, K16 A, 2516 J7 5, & MHE #r 30.00 76 . o B A5 4E TS : ISSN 1001-3555/
CN 62-1039/06. lif &85 : 54-69. E\lmail {54fi : FZCH@licp.cas.cn\ 3L : www.jmechina.org\ i1 22 JH T B )R 44T . IR A 4
Tl B R

EfRESRSEM

1. H R, S AR, RAR I IR SO 5 (TSR PR i A ) 3 20— R, 2R s A
2. KR —X P (LT BN ). R R AR SCERERL A0S SR . RS L /NG L B TA . B RUK, 5IRIE Z AL TETER .
3. R S e R | IR AT SO R ZRENN . SCRIE LS
WFFEIESC : — AT 6000 F(F &, . 200 FAY ST E ALY 2000 BRI 45 BB SCHTE ) .
WFFE IR = 2 4000 F(F 1A FBHEHHE ).
WFFEPRAR - TSSO AT, 2500 20 A (o G DRI ) , Hh SO SR AL 7 R Ay 0 S 2
4. 18308 H— RO 20 4S5 . N RS AET AFS S ARE IR 2 1R RV A RS — U B R 4
YeSCAFR . IFAEIE SCHT . SRS | 45 3~5 AR Y | S S S
SRS INE ST VPRS- i S e N I S O S B RSP = ST 8 o
6. 2% SCIRIMVEFR AN 3 AR, 28050 Z2F 3 AM—MEFI £ 3 A, J5hn 557 3 “et al” . AR PR FHIBUT 4 il |
R
LE AEE . BA AR CE | URES) . RHL - ARG AR | Rk T
W AR SUES . T4 AR B G0 ) ik i
W R L g LRSS . AR AR AR R TS
LR LR REE Y GRIER, TR AR
* SOk AR () SO B, 2800 W) anE
Zhong Shun-he (ZIIF1), Kong Ling-li (FLAHH ), Lei Ze (F¥F), et al. U (E - —F BN CE4) [ T 1.J Mol
Catal ( China) (43 Fifk), 2002, 16 (6):401-407.
S IR CCREARR ) : L& (M) g e 4@ (IND WPl D
gD (IR ]D wsE(LS]) BRI PD);
7. SR R T A TR TR E T A
8AEEWEMER B IS , —MNiAE 2 /4N A & ks | d R E U]
9. AT SR A | S SO EORE i SR S BRI A DG SCHE A R P A A K (b E AR ) OB . A& R R
PRt TETERCARIN A
10. kM —4 %52, RITRGIH | 0058 280 AR SO ) 2 A%
1L ORFE SR —VEF A NG R M) I AE4E T HRRR 2240
12. TEVEF BB R f 7 RO CEESR FHLUT G S HERRER I - Word #8645, AL RTTIE ).
R - HOR 22N T op ERNEBE 22 N F Y BRI o T4 ) G
MEECZAS 730000; B 3% < (0931 )-4968226; 15 H. : (0931 ) 8277088.



