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WS R TR MR A5G0 R AR UR AN v & BRI R ALY, IR U RIS (4-NP)
AR MBI R, H8HE AR, iR M0 G Ry R R L R Bz, 3¢ R4 (SEM),
PES (TG AMLHAE (FTIR) BRI T B ML RIE 17K, B4R, LLTIO ARG & M #K R L
PR SR (M R AT A AT BRI & AL LRI KRB B /(7. 3£2.4) nm), REGLBORIRE . Ak H
Ag 5 4-NP MBI a2 LLA 1:230 1, S8 RMI RN 85T 10 min. XEAEAAFRES -2 R MR, B
f— e RUE SRR RR R ), KT 400 CTFESE 1 b, LiEHEREE: KT 400 C
N2 by AL MR . TR B LRSI AT TIR, RIS B D (4
Ha YR IR SRS, AR PP FER MRS R 7 .

XN HYERE RELT MW ME FEHBLE

HEF %S TQ426.6 XRFRAE: A

REBAKEAN T HABAELFERERE, E50. ARLIAARRPSIETSFEE
HfL. SRR EBAKTRS KT ERENBEM LSS, HPYBETEME, AR RSERRK
B, EERRAES WEERESE, TATHESRERNESBALERY, BiZEFEIIAMER
M, SWR—EMIESER, EEMRZENEHATR BRIERK, B8R RKER MHE T %A
WU G IE 7 BN K BEAR S ep R R A, FUA i & 5 & B EBIRL, TEFIM B MR
Fl, SN, BARSFAEENEYRE, TEEYWFRERNERFNTRBEPFIMER. Huang %555
FREHRERAEZR TH & TR 55~80 nm HIFPKRBR AR ZMER (Z/AARE) BHKER
W, mAMELRARMLERN. BReEIRMEKFMFE DO MR FHATE RO8 Bk, 7
B Au(IIDF PA(ER M AT AT IR AT IR AL IR, 2B RSB AR S MEEAT. HERTEN
WERBHE, ZERIHOELTIRER CO R4EMMEE, HILAMREEFHMPRER, #UNERRE
WHTE, BHARENREBHKBRKEREHZE K. Vilchis-Nestor %1 A % 2 BURK 1 %
Au(AgAu)/SiO,-AL,O; Fl AwSIO,-ALO; LR, SEGIATTIEIEML, Z7EH & MEATILRE CO
SAEME RN F BRI L ERROENIEE. AT, REORTRREEEANSE % EETFE &
AR RAMAEYMEBRTENSELT, FEMEYEFRSHISRED, CREFALKZESH KR
FEERA RARRDGRE FE 6 &MEARN, EALEBRREFEREBEMSSERELE EHRE. MR
BRI & T E L — Do, AMENEREBRRENTEELNHEITR. ATEXASEH
BUA, Bt FEAE FEMS AR BIN A & AR GRERAT, FUBERR (4-NP) MERMN
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FERI RN, ERENTEE, BRGSO E TR N, HRARPMBEE (SEM),
WESY (TG) MLAEIE (FT-IR) SEX LT RAE .

1 SLEERBS
L1 fELTRIEI&

RIBAELTN REBER, HEUEE AgNO;, MAMLTREBMBAKEH ZE-FKER, BIMAR
& (FRER 6 FEE: TiOy, Si0;, Zr0y, a-ALO;, HEIMEK L) EBTEEMRF6h, F50CH
THEMP TR 120, HEATETRE A M 0.5 HFRHTRPMA 10mL ZHTFK, BHEET 30°C
IKIBIBARH LA 150 v/min &% 12 h, M/ELHMIESH 0.05 gmL HIF5EHE K. BUEEFSEHIR BB
LKA AT RAER 120 5, BT S50 CATTRMETTHE 24 b, BRATHRANTREB. BEE
EALTATSR A B T L E—E R4 Tk, BMEELFIEL.

1.2 fEALFIEM

EA 4-NP ISR R ARER [ B A4 IR P S B SO mL YRR 10 mmol/L (9 NaBH, & T # 5
B, EHFIA 500 pL #KE A 10 mmol/L # 4-NP A, BIMA—EEZKMELF, FETH AR,
RIS 5 min BUbE. RESERE, HREEGHEOSEBMEAR, FMEANFMAEEFKEREE
KBRS, StER 3R, BT TR RABIFEL 4-NP R R 3T AR .

KA ARBREATELE: EROFNAEESHRMNERT, —HELRTSRREE £,
B 4-NP (PR i 72 28 KB R RIS () 55— F R EBR B RE R E H. BT iZRM& R+ NaBH, [
FIBKKEIL 4-NP, BEMRFATHIAAREN—HRMT, RAERRERdc/di=ke, Hb, k BRR
RNERER, BLAmn", ¢ HZERD 4NPIRE. WARBTRMETHRTE, £ TH In(c, /o)
ffa) ¢ fE LS BB E LRI R ERER, K ¢,/ B t W %I & op 4-NP RIS SR T 5256 4-NP Tl ig R
B2 R,

EVRN AR B RSN, B2 /N FRETF 60 min, MELFISERA, HE AT 60 min,

1.3 HEHLFISRAE

FKH TU-1900 BU4E5M 3 DR (UV-Vis) 15 #7 4-NP IR BHE . ¥ 200~800 nm. B 4-NP i
SURBIRIHEAT, RIS, 4-NP 7E 400 nm L HIURYOESRREE WIS, PRt EEER) (4-AP) £E 300 nm
KPP AN T 38 KL,

KREE LEO 2R LEO-1530 B R H i F EMEE (SEM) EMEEMFHHALE, HER
EALFER, MM RFESBR L, FEINEBE 30KV, SHEAN 1.0 nm F#THE. £EHM Sigma Scan
Pro 4 X EAGIMB B BRI BT HAZ R . AT HREIEAHERNY, ST 9K BRI EE 200 MU L.

HALTIRE SR (TG-DTG) KH TG-209F1 BB, FEEEEAFIELKDEYREG TR
Hi. FfM6mg, FETEE 30~800 C, FEHZEN 10 C/min, SHRHIES, SHHA 20 mL/min.

KT Nicolet Advatar 330 {8 37 £ S L CFT-IRIUS 7B 1, 2 B 4 om™', 334476 B 4 000~400 cm”'
R BLAT f& 877 MR W L AR IREE 50 CHIE S TIRMT TRBIMAK. AR RS TIRH KBr H
RIEFEL 1:100 1BE, HELSEEH BT R)K.

2 BREVHS

2.1 FEHxm
6 Fh AR, RAEYDE ik % it SRR & B9 0.5% Mg ARMELAY, 2R ERART 4-NP
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MERBLERNE, GRAET 1. BRAH, L Tiop NEIKSI & B KR LT R A BT ORI ET. X
T TiO, A SEMA T Ag [FFERTUNM TR, XMIRARIL{E A A8 ZOtums 3 b gk 4R ik
KK, FEERERTHE LN MELTIKSEM B (B 1) TTUEH, S5 a-ALO; NEEHEL
FURALL, LA TiOy 98k M REAL IR MY KRR AN BRI 5] Rk, LA TiO, gk k) & 9 181 Ry
HOR R R B AR 1

F1 FRERGHEHARBEATEINPINERE PR

Table 1 Effects of supports on catalytic activity for hydrogenation of 4-NP reaction

Catalysts Agla-Al,03 Ag/SiO; Ag/TiO, Ag/Zr0, Ag/kaolin Ag/diatom earth
fr/min <120 <45 <10 <30 <90 <120

Note: Calcination conditions were 400 “C for 1 h. the molar ratio of Ag to 4-NP was 1:230

1 A/ TIOE AL A FIAgla-ALO AL F(BIFISEMES R
Fig.1 SEM images of Ag/TiO»(A) and Ag/a-Al,O3(B)

2.2 4K ARAEN
KA HYE R 5 & SR BN 0.5%) Ag/TiO, BT, NaBH, 5 4-NP ¥ HHIBZ th 7y 100:1, %%
Ag 1 4-NP ¥R B Z LE XS 4-NP AL INE R B oM, 2 R RE 2,
£24¢ 5 4Ne PEORZIE NP MEREHRW

Table 2 Effects of molar ratio of Ag te 4-NP on catalytic activity for hydrogenation of 4-NP reaction

Molar ratio of Ag to 4-NP 1:230 1:460 1:920 1:1 380 1:1440
fr/min =10 =20 <40 =60 >60
Nole: Ag/TiO, was calcinated at 400 °C for | h

B# 2 AT%0, bEE Ag M 4-NP IR BZ LB/, 38N, JERFH Ag M 4-NP YR E LA
1:230 &), 7/NFEZTF 10 min: 25 Ag A1 4-NP ¥R

B2 /N 11380 B, (AFET 60 min. HRIEX b:f I
BRUMRE, DL FEFB OMF) EEA, BFR £ [ u

IS [BMIMIPF N 7, RMER-BREDE  §

Ag/TiO, LT, FHEATF 4-NP INERF, HEAEP & 2|

Ag L5 4-NP RN EZ LIS 1:190 B, £79 6 min. i@ 10:-

B AT RN, SRR YR R & Ag/TiO, HE1L 7 0 2 4 6 8 10 12 1
% 4-NP ISR SLAAT ST A A AR P dameterfom

) e e - 42 R 0. 5% A g/TIOfEAL A F
XA E ik & Ag/Ti02 L FXT 4-NP INE Fig.2 The dislrib;nion o/fsilver nalnoparticlc size on

0.5% Ag/TiO; catalyst

RARBIFRAESE, —HESRAE%, B K0 ’
REAAEMEMRS TRAEENENETRARLATEMER, MARLFEBMNKBH~EMELEM, A
HOAmEEAC KA AR, F i TR AL IR EARARBR A NS, FIIRER (7.3£2.4) nm.
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2.3 BRFHHRR

23.1 BB RHREL RS P TR
KAEDEFEEFEELREEN 2.0%8 Ag/TiO, 0.180

LT, BT R R A HEACFIE M (LUR B R R & oSt

0.150

B ) APEBAAIER) M0, SRR, mET [T

&1, RN EVGER E AR AR T A S o)
EFHE, BOAEMBERSHRMR 400 Clt. ZEHRME . o

—a— calcination for 1 h

%ﬁ)ﬁ?y J:%i% 1h {%Mﬁ']%ﬁ@ﬁﬂﬁ%ﬁﬁﬁ%q:% 0.125} — —cakination for2 h

£ 2 h IRELLF TS 300 400 500
TI'C
ANFRETRERE 1 h B 09 Ag/TiO, HE ALK SEM K3 62 R R BB O 1 A K T
mE 4 frac. BEREN, 400 C FESEMELT, ik Fig.3 The change of reaction rate constant with

calcination temperature

RIARARBIRL KNS 2], B ritesF, AR RE
BRGS0 500 CTERMELR, BRERMIPKRBR LR —ETREMHE.

Y '
Pda ASFELRE BB HIA g/ TIORE LRI SEMES B
Fig.4 SEM images of Ag/TiO: calcined at ditferent temperature
A-400 C: B-500 C

KHEVNIE RIS %, RERERIEIRE Ag/TiO, (f 102

B 2.0%) BAAEHTHE ST, HRAES. 876 g:fﬁmw“ for £
MR IR th: BERIEREREI T, HUNREE o o 2w 2
Bigeb, B1500 CHA, ATIRRATAER. 30~100C 5 oy g
MRBRREEREMHDASERFE WEOR o {°' 2
Bk REMENT AR E. &4 ELANE T o6} Jos B
K1 BRI A, WH R LRE LR "0 o0 200 00 a0 5w o0 700

FEO6 SR, K HRIBURE 55 4 ) (04 EL 4 Y 74 mjwvm{immmmm

w, MAERTBOEMRGRPENT, #i5ER TG-DTG M4

TE K SRR 1 B 2 LR, BRI A ) FiRSTO-DHG s o A IO catalys

in air atmosphere

EHEE A MERREA ST 500 Cr, £M)E
VRGeS, BAMPPKBTRERSR NTRE—EREMEAR, BUFEETR. HBEAEE 500 CE
A, BUFIRFERHATAE, ERLKEIEMRCEMHE, TAREFEELSE —SRIBMKRE
RIS, RISt AE L ETE T .

Shoh, ORI R T £ A RAEYR 4T AR SRR, XE- 5 THEWEYRTES K
SR, X LEFEAF A MBS B LA 1077 R T 9K R B0k 0 A R AR B AR IR AR
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2.3.2 REGERAE R HEAGTE & 46 A M A KR
BB X Ag/Tio, (FUERE 2.0%) L F & 516

FtBmB L 6, hETA, KB N 400 C ‘[ Sy [
. AT ELAIMBSIETASIN, TURpeME B of —
N2h R BN RBR TR Lh il 5
f. S of

FERRE N 400 CHY, EHEH X Ag/TiO, (Fi# f
B 2.0%) fEAL TR SR 7 BiR. AT, ol Ll Ll Ll
BEE R HOR IR, R URIR A KRR 0 — Tre
ERENEAE, BLRNREHKRES R L3, Pho KeRIL A AG/TIOMNE AL A1
SR AR, WA A b R i Bl et
XULE T BRI 2 h BOREAL A B A AT reusability o Ag/TiO;

P7 AR ATBEIR (7] T 20 M A g/ TOLHE K AU SEMES
Fig.7 SEM images ot Ag/TiOa calcined at 400 °C
A-1h:B-2h

24 FHIBHASREAIZNR
X T 0 05 5t 0T R O K SRR 1718 0SS 4T 61 (FT-IR)
i, &“RRE 8.

1]

leaf biomass silver nanoparticle

a
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1720

24 a-before reaction
b-after reaction
(A) 1384 ®
1076
2000 1800 1600 1400 1200 1000 800 6Q0 400 2000 1800 1600 1400 1200 1000 800 600 400
Wavenumber / cm’' Wavenumber /cm’”

K8 H: SR FT-TR P43
Fig.8 FT-IR spectra of samples
B 8(A)RT &N, G R AT RIS R A 1076, 1324, 1384 F1 1720 cm™ 40375 B B TRk, B
1076 1 1 324 cm™ MIMRICIE S B B £ B HAL W HI-C-O (M4EIRENM-OH BRI 4L, | 384 cm’
(TR U % B3-COOH R 4EIRENFAE, 1 720 cm™ MRS RHC=0 Ry 4EiRaN= 4", 5% FaTaoy &
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M AL, T EE R SAENHR HRTE 1324 e AR IEH BTIRES, TIZE 1 384 F1 1720 om™ MR
WS FisR. mLTHER, X AgREFEANFERFEHBHEFNEZRER S, MBRRANT
B Ag R, BENEBEGEARE, HMhRMEE K RIS R R IEAE ATigE. dR 8B)IA,
5 I8 H T SR B 1B A K SRIBURIZE 1 037, 1073, 1384 A1 1 602 cm™ &bF B S AR YKE, A, 1037
11073 cm™' kb HIIR 4R I% 43 HUAL R -C-O-C-BR-C-O- B AR IREN, 1 384 em™ AR W& FK-COOH HIM4ER
5, 1602 cm’ IR R-C=C-fa Rz, -C-0-C-, -C-O-, -C=C-FI-C=0 KERE T FHEHHH
KIEM AT SD, R, SR H R R AL S (NEE) £ SHKRRBREEE SRR,
BERIPFBIER, PP IRBR AR .

F R E RS SRR, EARRE T awkhoutcaonatn
1 h15 8920 11 8 E J92.0% K Ag/TiO HE 457 1) c-aalenation &t 500 °C
FT-IRAE9. WEATEn, RERMFE200 CFEHEH
BEALFIZE D 362 em™ (H-C=ORIHR 4R =24 &b %2
B EMRYIE, T1F500 C TR ML R >
AR SR B AT AR . EH AT RN, SRR BT
KBRS SPPK RPN R R & &R .

2000 1800 1600 1400 1200 1000 800
Wavenumber / on’

BHALHER, AT E Ed R, KRR &Y B9 TR N HE HINATIO
B HRE EHEEFEREBEFRC=0-AgkK il AL IR FT-IR (i

Fig.9 FT-IR spectra of Ag/TiO; calcinated
at difterent temperature

AE R R SRABURL, M T 388 1 2 1) fir BEL ik 3877 LE oK
B E RO B X TR, RERACET
RRELTN, REF-C=OZEMMREY, FmPKRBA RS ZIHARIPER: TT500 CREHELR,
REJLFRA-C-ORHMIZE, TRRMAKRMHAERRE T RKE—ERZHHEE.

34 i

a) KRG RG] & FER R AR ML, CLA-NP ISR AR R, BL TiO, AB A H & K
AREUF BB BT EACEN: EYNE R & N LR R PKRBR D, EEMRBYE, SR
H Ag #1 4-NP I E 2 LR 1:230 B, 5e & RMNEHE /M FEE T 10 min.

by XHELFIBEAT —E FAFLIE IR, RBHIREZBREIKBRAENEDR, IRHKRBH S
HURAREEM, MEERBEVRAORPERT, KRBT RASRKERSHEAR, Bif6EE QRS
W E M E F A,

) FAEMRER P2 RIS RKE R &Y 5 AR 2T FE AR TRER, Hd, KL
SR HRE FNEE T SRARESEER, Miifeilid a7 B A BB k4 4b 5 2 4K SRR K
8 BEAL LR 50T B vE R 3 5 1 A 1
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Biosynthesis of Silver Catalyst for 4-Nitrophenol Hydrogenation by
Reducing Cinnamomum Camphora Leaf Extract

Lin Ling, Wang Huixuan, Liu Cheng, Huang Jiale, Li Qingbiao

(Department of Chemical and Biochemical Engineering, College of Chemistry and Chemical Engineering, Xiamen University:
National Engineering Laboratory for Green Chemical Productions of Alcohols, Ethers and Esters:
Key Lab for Chemical Biology of Fujian Province . Xiamen 361005, China)

Abstract: The supported nano-silver catalyst(Ag/TiO,) was prepared by in situ reduction and incipient wetness

impregnation method using the aqueous extract of cinnamomum camphora leaf, and the effects of carriers and
calcination conditions on performance of the catalyst were investigated by 4-nitrophenol(4-NP) hydrogenation.
The catalyst was characterized by means of scanning electron microscope(SEM), thermogravimetric analysis(TG)
and Fourier transform infrared spectrophotometer(FT-IR). The results showed that the biosynthesized Ag/TiO,
catalyst, with Ag nanoparticle size (7.3£2.4) nm, demonstrated excellent performance in catalyzing hydrogenation
of 4-NP, and when the molar ratio of Ag to 4-NP was 1:230, the time for complete conversion of 4-NP to
Aminophenol (4-AP) was less than or equal to 10 min. The catalytic activity and reusability of the catalyst could
be improved through calcination. The catalyst calcined at 400 C for | h in air exhibited better catalytic activity
and calcined at 400 ‘C for 2 h exhibited better reusability. The action mechanism of Ag and cinnamomum
camphora leaf extract was studied and the results showed that the heterocyclic compounds in the extract could
complex with Ag through carbonyl groups, which prevented the Ag nanoparticles on the surface of catalyst

gathering.

Key words: bioreduction; silver catalysts; 4-nitrophenol; hydrogenation; cinnamomum camphora leaf extract



