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Catalytic Hydrogenation of Furfural to Downstream Products
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Abstract: The development and utilization of biomass resources as substitutes for traditional fossil
resources are expected to meet society’'s demand for cleaner production, industrial decarbonization, and
a more sustainable future. Furfural is a key platform compound derived from agricultural by-products
such as corncobs and straw. It is primarily produced from the hemicellulose component of

lignocellulose via dilute acid hydrolysis. Currently, furfural is widely used in the fine chemical,
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polyester, petrochemical refining, pharmaceutical, and pesticide industries, demonstrating its industrial
viability. Due to its reactive aldehyde group and furan rings, along with other characteristic functional
groups, furfural can be further converted through hydrogenation, ring-opening rearrangement,
condensation, oxidation, and other reaction processes into alcohols, ketones, diols, and other high-value
chemicals and high-density oxygenated fuels. Producing furfural downstream products improves its
added value, extends the furfural industry chain, and contributes to decarbonization and carbon
emission reduction in related fields, thereby supporting the global carbon neutrality goal. This paper
reviews the recent research progress in the catalytic hydrogenation of furfural to alcohol products,
including the preparation of furfuryl alcohol via hydrogenation and transfer hydrogenation. The former
offers milder reaction conditions and simple operation, while the latter effectively mitigates safety risks
associated with high-pressure hydrogen, such as flammability, explosivity, and diffusion. Furthermore,
the paper summarizes research progress on the furfural-based preparation of cyclopentanone,
cyclopentanol, pentanediol, tetrahydrofurfuryl alcohol, and other high-value chemicals. However, due
to furfural’s chemical reactivity, the preparation of high-value chemicals such as cyclopentanone,
cyclopentanol, pentanediol, and tetrahydrofurfuryl alcohol at high substrate concentrations remains
challenging. Preventing side reactions, such as the polymerization of furfural, is crucial for future large-
scale applications. Selective activation of furfural’s active functional groups and chemical bonds is
essential for achieving high selectivity of target products. Finally, this paper discusses the challenges
associated with furfural in thermal catalysis systems and industrial applications, and proposes future
development directions. In recent years, new catalytic systems such as photocatalysis and
electrocatalysis have seen significant progress. Applying these new methods to furfural conversion will
provide new routes for utilizing furfural and other biomass-derived platform chemicals. Future
directions in furfural catalytic hydrogenation include developing novel catalytic systems, suppressing
side reactions, exploring new strategies, integrating traditional thermal catalysis with new catalytic
systems, and employing innovative reactor designs. We believe that economically viable and
sustainable reaction systems will be achieved in the future.

Keywords: Biomass resources; Furfural; Catalytic hydrogenation; Catalysts; High-value
chemicals
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Table 1 Performances of catalysts for FFA hydrogenation to FAL
AL TREE/C LK F1/MPa Ff i1/ 7R % ik
Pt/BN-U10 80 1.00 3.0 90.7 [12]
PtSn, s/CNTs-100 140 2.00 4.0 99.9 [13]
Ru/ZP-A 90 1.25 7.0 60.1 [14]
Na-Cu@TS-1 110 1.00 2.0 91.2 [15]
Cu,;Co,/MgAIO, 110 2.00 2.0 99.9 [16]
CuMg;AlO, 120 1.60 1.5 97.4 [17]
Cu, 5Co, sAl 150 2.00 3.0 97.2 [18]
Ni@OMC 180 3.00 4.0 98.0 [19]
Niln,,/MgO-Al, 05 100 2.00 1.0 98.9 [20]
NiCoCuZnFe/C-800 120 3.00 9.0 100.0 [21]
(NdPO,),/Co,P 140 4.00 1.0 97.0 [22]
CuO-Pd/C 170 CH,0,* 3.0 98.1 [23]
Pd-ZrO, 170 i-PrOH* 12.0 92.9 [24]
Zr@PS-MSA 150 i-PrOH* 2.0 99.6 [25]
Zr@PAN 150 i-PrOH* 2.0 90.3 [26]
Zr@OMC 180 i-PrOH* 6.0 93.2 [27]
NiZr,/Co0O,-400 180 i-PrOH* 2.0 83.5 [28]
Co/ LaMnO; 240 C,H;OH* 5.0 93.6 [29]
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Table 2 Performances of catalysts for the hydrogenation of FFA to CPO or CPL

fEALH 7] R/ A F1/MPa i 1] /h R % Sk
Pd/NiMoO, CPO 150 4.0 6.0 85.3 [38]
Pd/Co,0, CPO 150 2.0 2.0 84.1 [39]
Pt/CeO,@ZSM-5 CPO 160 2.0 6.0 97.2 [40]
Cu-NI/AI-MCM-41 CPO 160 2.0 5.0 96.7 [41]
CuNiZn/ALO;, CPO 170 3.0 0.5 80.0 [42]
Ni-Cu@MOE-5 CPO 150 2.5 5.0 96.0 [43]
Cu0/Zr0, CPO 160 8.0 1.0 50.0 [44]
Ni@NP-C CPO 130 1.5 2.0 86.7 [45]
Ni@HCS CPO 150 2.0 1.0 99.1 [46]

Ni/ TiO, CPO 140 5.0 4.0 70.0 [47]
Ni-Cu-NPC CPO 160 2.0 3.0 88.7 [48]
Co@NC CPO 200 3.0 3.0 86.5 [49]
Co/CoO,@N-CNTs CPO 130 1.5 10.0 79.4 [50]
C00,/Nb,05 CPO 160 2.0 6.0 61.0 [51]
Ni,Co,@C CPL 160 1.0 1.0 96.0 [52]
Ni/C-Mo-BTC CPL 140 2.0 2.0 94.0 [53]
Ni;Co/ELAC CPL 140 1.0 2.0 94.0 [54]
Co@Co-NCs CPL 150 4.0 6.0 90.0 [55]
Cu-Co-Al/SCB CPL 140 3.0 5.0 97.5 [56]
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A R [ 1 4 4k 72 B, RAJPUROHIT % ™ W58 T
Ni 1 Tio, AL FI7E AR R A TiO, sl H 4 %
B, LR AR B S L=k CPO, I
[iB 2 S Y IS 3 A R TR e A e
J& 2 T FL AT A 4B, FE 140 °CL S MPa & AE N
SR 4 h, 1352 70% () CPO F= 3, CAL %™ fifi
FH B Wk-MOFs, 3 12 12 5t 2 A B T —Fi £ 2000 4
J& 19 4 & A HLE A AL ] Ni-Cu-NPC, HH A
ZOER & B IE N . ER MR, NS
Ni B9 BAE R T R A A O AN o A 4R
T EHE RO R, 7E 160 °CL 2 MPa &SR]
TV 3 h, CPO J= 3R 1] 3k 88.7%

Co JLMALFI M INERE S50, 7€ FFA AR
JFE] CPO Yy i N, i 23 3 B Jin & %] CPL.
U, 5 2% FL A D7 sl 5 3 1 i A ke T 45
Co I 58 A RE 1 /2 42 & CPO 3 £ M 19 SC i .
LI 2 S T —F N BRI B Co@NC,
N R FHEAL T 55 3% 5 B v s, 3458 T FFA 7E 4
PR30 1 A Wi B, I HL B G = 1 o B S fk, 7E
200 °C. 3 MPa &% J1 F W 3 h, CPO J= 3%k
86.5%. RANAWARE 25 646 7 N 458 2% 1 0
KA AL 7 (Co/CoO,@N-CNTs) , 5% T HAEAR
F@ER PR, ECBEP WY EEN
THFOL, Ifii £ 7K A 1 7= ) F %2y CPO I CPL, X}
e 1 BH 7K AT BEJ& FAL S5 3 Piancatelli FF 24 (1) ¢
. 7E 130 C. 1.5 MPa S < JE /1 F & 10 h,
CPO J= [ 3k 79.4%. Nb,Os H. & F & 1% 5 W
R A7 A5, BEA Rt FAL & A2 JF R d HE S, 1
# T AEY SR I 8 i 4 T —Fh CoO,/Nb,O; fit
7, B 5% & B CoO Lt Co,0, EAT T fmy 1 W it
HREHEAE FFA N 036 PR 07 5, AR 70 B 1R B T
¥, 7€ 160 °C. 2MPa S <& J1 T R 6 h f5 15 2]
61% [) CPO j=3, £ L JriR, 7E4 8 FFA 4k m

Z i CPO i Ak 71 75 22 2% LA Ak 4 in &0 37 P X
Hn =P Bt s my | i fb gk R g5+ (3% 2 Wik
D705 SRS L AR ) XSRS A IR B ASE X DA B AR AN ) i
FIRZR T W PERE IR, 82 B 1k 3F 5% 45 J8 7% S hE
o I B A U . FEAL S R A, LA SE
FFA M@= 1k -
22 INREE

CPL /& CPO it — L & (=4, I 75 2 7E
CPO AL 1 JE At 35 352 i 16 14 4 J 1 I & g
Ji, e AW FEAE D TIET 4R Cu. Ni, Co.
Co. NiH f 3 T Cufiy in & o5 £, & FFA
I il 4 CPL AR Bt & Jm , vlad i A (W] 42 Jd
2 (6] 1 P ] 355 1 ok B2 s i AL PR BE o 4N, XTA
S A 22 FLA S b 7 3R [RIIE GG N Co #1115

T3, AT e AR 4 1 S DA ey Lm0
f£ 160 °C. 1 MPa & <& J1 F & 1 h, CPL i
2kF] 96%. KM, XIA %5 8% Ni, Mo 4@
AR R AR BRI () 2 LR L I, M EE Y
FEJR LR 5 2 2 I, 7E 140 °C. 2 MPa &< & 11
ZAM R IV 2 h, 1453 94% ) CPL 7# 3%, GUO
2 e (o P AR TR 95 A S 190 T A A R 25T M e
# Ni Fl Co, AR FLBR L5 # X FFA (W54 A0 A 5%
M, 7€ 140 °C. 1 MPa &< 5 F W 2 h, CPL 119
A Ay 94%., LI 25 3 5k i P R A T — b
Co@Co-NCs {4k 7], Co HURLAY K /INFT Co-N 3 5
B al R, SRR R R, e TE S
PRI SRS WIE L, 7€ 150 °C. 4 MPa &K
IR B 6 h, CPL f=51% 90% LI 1. GONG %
i LDHs 137 4 9 5 42 f# 1L 57 Cu-Co-Al, 171 25 3]
AR I, Cu-Co & & A7 TE A EAEH, eI
T ASE A RSP A B30T 4 1R 67 e s ] e A i HE S
f£ 140 °C, 3 MPa & <& 1 F ) ¥ 5 h, 15 F|
97.5% ) CPL f=3%, i Mt/ fmigAl, &8
A sk LDH A7 A= B AL, 2Ep i i 40
T e 25 JETE T L i SRR AL BE T L BRIR R
IR Y R OGE T B E HE N A R T, LA S B
FEAL R R vE PR A AL A

3 HEBELNSHEHSRES X "8

THFOL J& FAL WRME3F | e #evE i & a0 =4,

[ B2 PeD . USRI A5 Ak 27 i 1) S ZE w44, L
A N FEAN (B, TG FRA — 808 321 Jon L il
#& THFOL X /> B 5% 15 e A 7= SR AR B 57 B AT
7



Fg g X FAL F1 THFOL #E—#5 s . A3
7= 41 PeD ), H e A 1,2-PeD il 1,5-PeD ]
fiE 19 }% 120 FAL/THFOL b /Y 2 5 i 5% 5 5 fif
C—O HTETE A M B T Wi, SeBF 3R, 1,4-
PeD I 1] RE " A 42 g FAL 7855 R PE A7 5 4
T &4 T Pianctelli FHE, 4= AT LA/APA if —20
A E =Y,

7£ FFA — B 35 i &0 3] THFOL (1) f# fk 1 72
H, JE S 4R B Ak B 5 4 JE A R A et e, Horp
Ni VBRI PE & R gl i 2, % 5 HAAE 5 4
J& T IR E FH S 458 X FEA By & 564k, 76 46 1 B
SRS, BT S B 4% A B i
F1, 3 H FFA JLP- 4444k THFOL, FFA f#fk
Hn4 2] PeD 5 1, 1,2-PeD 5 1,5-PeD #f5 /2
(] f& THFOL JF#85], |§ T k2™, Hir
PR g e R T R O 4 JE e R IR A
FR I A L A AR (A TR A0 A 5 4 1) o
DA% JEE M AE A AL ) L B % B 5 2500 S 4 T
SEMEAL I RE S 26 IR N S5 18 45 25 = % PeD j~

R AR 5 4 S A R A e B b n] DUE o 5
b 4 J8 25 7 A D [R5y ket R pE AR SR . HE
KF 1,4-PeD (W HRIEF D, I H i FAL im& I+
545 27, dE] R T RE R LA/APA, 2 I 1%
%, P, R A E A [ AT A SRR A p
(AL 7] BE A L BE FAL JT 3R, 48 i Hode b .
ARATLRIR T AR FRA ik in & il % THFOL 5
PeD iR, FFEXHEAL T AR T 25 (35 3) .

Yoo onm,

P ,LH? g "on
P 1, 5-PeD
~ ~d g OH H
THFOL H”QH—/ B
1 OH
H, H 1,2-PeD
Q O 0 OH - OH H,
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Fig. 4 Possible pathways produce PeD from FFA'™

%3 MT FFA &S #& THFOL 5 PeD ML 7 K HiksE
Table 3 Catalysts for the hydrogenation of FFA to THFOL or PeD and their performance

[l 7= HEE/C S KT/ MPa ] /h FEH % Sk
Ni-Cu-Al THFOL 140 3.00 4 98.0 [68]
Ni-ReO,/TiO, THFOL 130 3.00 4 97.6 [69]
Ni-CA THFOL 80 3.00 3 99.8 [70]
Ni-AC THFOL 30 NaBH, 7 99.0 [71]
Pt-Fe/MT 1,2-PeD 140 1.00 10 71.4 [72]
PtMgAIO 1,2-PeD 160 3.00 1 64.6 [65]
RuSn/ZnO 1,2-PeD 140 3.50 6 84.5 [73]
AI(OH),/Cu 1,2-PeD 170 4.50 6 34.1 [66]
Ru-FeO,/AC 1,4-PeD 80 0.20 20 86.0 [74]
Ni/SiO, 1,4-PeD 150 3.00 2 85.3 [75]
Cu/SiO, 1,4-PeD 120 4.00 24 86.2 [76]
Pt@ALO; 1,5-PeD 45 0.45 8 75.2 [77]
Ni-C00,-ALO; 1,5-PeD 160 3.00 6 475 [78]
CuCo/CeO, 1,5-PeD 150 3.00 4 53.4 [79]
ZnCo-LDH 1,5-PeD 160 4.00 4 46.9 [80]

3.1 WEHEE

FEITAE A RGE T, JE SR 4 8 Cu. Ni LA
B RHEAL RN, Cu AN FFA F ARG & 1
PE, T Ni %} FFA [ C=C #fl C=0 # R T
SR PRI 0TS T, i A T 1% ke T 6 1k R 3R _E A
8

C—O #2024 i, 36 £ M & ok g 28 B Y
C—=C #LIS e b 7. RAO 2 R
DUVEDR Ni Fl Cu 195 & Uk 0 B7E AL L, LA 2-
T A RS AARTE 140 °C F1 3 MPa &S T
N 4 h, 7] 15 5] 98% () THFOL =%, Al #F Ni-



Cu 7E H R /1L, B AT 2 18] () HL 1 A b i 1 44
fb 3 % . LIN % % Ni-ReO, 5 W 11 2 7E
TiO, Z4& I, ¥ FFA 7£ 130 °C #1 3 MPa &S & /1
TR 4 h, THFOL 7= %3k 97.6%, i1 #8 A ReO,
k5 Niz [ 7= A 5 A0 B AE H LLAE #F FFA b
C=0 HERIME, 32 & RN 3, FI AT IR Ry 45
A5, SHENG 27 il 46 7 — Mg 54y
PR Ni HEAL ), 78 80 °C 1 3 MPa &< JE J7 R
AT AT LAAS5] 99.8% B THFOL ;=3 45 3%
AH i 4 78 235 0 NS b 2 i AR R, ik J2 B R A
S Z, [k G 6 PR N R Rk
AL 75 B HE SRR 1, SR R &y =X,
MATSAGAR %" 15 4 a4 46044 T 18 Ni £ 2%
76 PR AL, 75 3] T 99% (1) THFOL j=3K, 4%
BB AR MR T B8 &< FFA RS
TN, (B S AN RE S R AL A FRA, 2B 80 fi
M2 8NS5 FAL (0O ECAE I INGE 7 Wk PR 7E Ni 26
R S S oy op oy & 1) | =W B (I BT
AL, X FFA i C=C/C=0 # ikt Ak 215
| THFOL 757 38 ) G4
32 12-R=E2

T4 SR FLMEAL FILE IR AN 254 T % FRA 41k
INEE] 1,2-85 B BAR A 1 8RS A T
Hl 7= E 1,5-PeD 324 L. 10, CAO %17 ¢
Pt Fll Fe 119 4 J 40 K JIURL 43 HICOE 7o Ml BR 1 6 40 A4
I, 48 2] (%) Pt-Fe/MT 4 1k 71| B& 1% 76 140 °C F0I
1 MPa & 3K 1 0 2 F 7 fif 1,2-PeD 11 7= 235 3|
71.4%, 25 F L W N Fe 2| Pt ML FH BT T
Pt 4 J& (7 s X WK I FR A 0 03 1k, Fe® X TR 3R S i
EE TR . (AR R 4R, XAk
H ] 3E 47 98 45, WANG % I3 1 T — & 4
PY/MgAIO i Ak 551 > I8 5 4802 o il 4 s S ik 2
[B) A A EAEF, f5cm ol LAAS 21 64.6% 1Y 1,2-PeD 7=
HKBFSE KR P AR UE C—O BER ISR, 7R
F14) e 3 8 M U1 T e A 790 F 0k g B A 1 fi W oA
. UPARE %" ¥ RuSn & 4 713 7E ZnO I, 1
140 °C 1 3.5 MPa 1Y) & < J1 T 7] ik 84.5% 1)
1,2-PeD 7=, iX £ # T RuSn & 4 A Fl ZnO
PR AR [ R SERVE A, ez iR R, FFA L
1) 8-C—O B Y1 1k R LU a-C—O FE TP, FR
il 7 1,5-PeD FUHAB NS 5 4 S 0 o JF 53 42 )8 2
HEALFTE FRA (3% £80E in & p th oA 84 i 3%
B, AR 2 5 0 BER A v . LI 45 SR M
A AT B 7V, 7E Cu ok 81 AR 4B 4A

169, PP R AICOH) o/Cu REfSE 4 =7 1,2-PeD 1Y
e FENE, 76 170 °C F11 4.5 MPa K 5V 6 h Eik 5]
34.1% BY7=3R, ZAR R _E IR ¢—0—C
S 5 BT AT W, A AR A 1,2-PeD. BiRIR R
W, B4 SR AL A AR, R AT 1,2-
PeD fBI-F- A B m M PeE, (A H AT R FAE R &8
(IR 30, HIFHHLEE AN B E . I & B4 il
SE A BNE L R KA ) AR B 4 i A Ak R LA S BN
H ] A ) o ) B P T B, 78 R I AR AR 197 ] v
BEAE T .
33 14- K"

TELL FFA N J5URMEE AL I ZU 3 1,4-PeD A 72
W, SR AR AR BRAGAFE 20 RO, S R R
Hh R A 1 BN R A 3 5 1,4-PeD BEEME 11 ¢
HE . Ru i AL BE 5 76 1R Y I N 2k A5 3
E5HY 1,4-PeD 773 il LIU 27 438 T —Fh
35 76 3% PE % F 1Y RuFeO, f 4L, 78 353 K #ll
0.2 MPa &< 71 F REFS 5] 86% (1) 1,4-PeD j= 34K,
WF5 45 R0 FeO, MIMA T T Ru [958 IF
R AT A L0 700 00 2 2 B R B8, 0¥ FFA 7K ff B LA
FIREI R . Ru 5 Fe Z [ fF7E LT 7%, #l T
Ru 55 Fe Mif i, Ni JEA A0 5538 5 A7 7E 2 B &
PR A, R, GAO 27 4% Ni 5 P &4kt
TUERAE Si0, -, P O &0 LA ] R 2 0 &
Ao AE 150 °C Al 3 MPa &K H Y 4544 F rl 45
85.3% (1) 1,4-PeD j= 3, Z5 K W] P—O S5t {7 7E
(Y R M AV 5 AT B 1 FFA | C=0 % i) 3 1% Fft
AR TIFAEHN . Cu iS4 ML FFA
A3k AR b Y JF 3R 5 HE, ZHENG 2587 )& i 1 J2
AREERR ER A AR Y —Fh Cu/SiO, AL, {8 2 A
RIS FFA 46, nIAE 120 °C fil 4 MPa &<,
JE SR 153 86.2% 1) 1,4-PeD 773, 7K FRI 1A FI 3500
S (A AL R0 A R M B AR, T £ FH £ B A S s 7 ]
PLAR B AR ) 0 R M 5 e e . BRI, 1,4-
PeD P Ak S I %A% /T SR ML B A 2, AR T HoA
PeD, S A5 2R My, (BT iz By & andE hy
A B RS AR, B B i T i
FERANE, oAb 56 52 I 2% 14 o8 o FH H Al A= 4 5
B FAE R SO L FFA IR a0 AT 475K
(98
34 15-K"FE

Wi THFOL/FAL | C—O & it hin & 2L i fig
H3N = P2 1,5-PeD, i L FFA y JFoR B £
B T 22 (1 @1 S I, 0GR B AN TR) A7 B ) C—O B
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SR PEIRI AR Y 1,2-PeD 251 P24, R 24
AR A 2 R P SRR I I SR ) R A . R
K&, St & B e IR A A N A B AR
AR, YEH 2607 @it kA S i SR R, Al
FH Pt 38 00 E AL AR AR5, DA SRR N1 A I
#, 7E 45 °C F1 0.45 MPa E/SE S N Al 193] 75.2%
() 1,5-PeD =3, Z5 LR W2 AR R 0 m fi Ak R IE
KT Pt Fl AL 2Z [ 9 5 4 = P35 A0 B A FH A B &5
A A B TR R 1 AUk A0 55w B9 TR A 1) e D4 T,
I LSRR B 0 A B AR 4 3 1,2-PeD fY
IR

UTAFER, E Bt 4 I HE A AR — 3 i A 1k
FFA #| 1,5-PeD #53%2 K 1, {H Cu. Ni, Co 548
I e A AT TR S B AR TS 2 R RN, 2R H bR
7R B B BRI, S E1,5-PeD 1 77 R 3 3k AL Ky
40%~60%. 1|1, KURNIAWAN %" % 1 T iR
&4 B AL AL Ni-CoO,-ALO;, 1E 160 °C Al
3 MPa &3 E S RN 6 h Al 15 47.5% ) 1,5-PeD
PR, 45 W] NI° Fll CoO, b RYAZS A F T4
A B W R, AE FFA B9 C=0 #En & 4 i FAL
Ji, C—O W M E R A L Co* L, Bl 2L A%
1,5-PeD. 7E CeO, # {k I+, WANG 25" i Ji] Cu
&M Co 4 J@ o Bt A8 43 B, W55 Co & CeO,
(4 A B A FH DA R4 Ak 390 26 1T 4 Co I Ak
RS, 48 = = I BB, AL FIAE 150 °C A
3MPa G A 4T 4 4 hnl 45 1 53.4% (1)
1,5-PeD 7= %, A & H BN I F Co” %I i ZIF-
8177 4kt — Fl LDHs f# £ 77 ZnCo, 7E 160 °C Fil
40 bar E/5)E S F Al 15 46.9% 1Y 1,5-PeD 7=, 45
TR, Co M5 AR T A BT RR I8 A1 it &) 107 1R
75 i, Co™ 5 Zn” Z A I HL P ARSI T S0
fiff 25 W2 BEE, FEA A A Ao B85 =T A 1) 7 F 3R I
Mo DAL, #F FFA” — 83k In & &) 1,5-5% Bt
Ferh, it & & | s . X FFA B RS 1 0% b
A K Rl v A0 Ak SR A A TR 4R = A i
EEINP S

4 ZRSRZE

FFA 7EMHE AL IR R o S A il 4 1 e =4
O 2 B G Gl IR A ™ BT T RE IR EE R
Z—o RN MAE L L, THET £K4
& A 70 A il 4 = (BT W# 774 FAL, CPO. CPL,
THFOL. PeD (% ff fk 7 fig & 81 . H + FAL Ml
THFOL A] 78 i FA 14 N R il 4%, i v E o 5% 45
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InE AR Bk R e, R N 5E®E . T CPO,
CPL. PeD K Jy ££ £ JF ¥4 /Piancatelli 55 2 i, X
RGN EE | SRR DT W SR, 7
RATW, (HFEERALE] A B A, % B AR R e K
i R N ) e o ) R WTIRC 51| ISR IR /B 51 3
AT REAFAE B (B4, HED AT BB A% S by B A2 . B4k,
P2 o 4 B W I S PR AN S SR R v R Y
o, o SR A BE J) g CPO TR JE i & E
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ZIMsEg . BT, B8 FFA A SRR
Tk B E REH], ¥ JCA RN 58 A i ik i &=
FErh FFA 76 =V iR B N R AR AL . SRl A 45 )
R FR I B RUREIR B L AR P G L
Wy BEPE AR R BRI AT 5 A2 FFA LA Tolk
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YT 53 I E AL T AR 5T 7 1) .
AR, St/ rL AR AR 7R DR PR R SR L AICRE 19 47
SOV HITE FRA N Sk, BBA5 28 m 1y H bR
Yy, A0 SZ BTS20 254, THI I 1 22 18] 5 Pk ik
W= ar e AR R KA. A IR AR B S
3 FFA 1 R UE =i S AR, X fHi15 FFA 1)
AR I S AR B A B R & RS Tk ki 1.
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