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1. #E . BEKGFEOH T KN, WA 42 (NOy) ICX o THHERESNTWD, IGYRIFIZTIC A
~OEFNERL OB R MR & RLIR/2FHE LR TH Y R REHERE ORI O T T, 4%, NO; HEYD
L RDILRPTREEN D, BUE AW ALBRESCW A UEEIZ X 2 NO; VHEYK DAL it STV 5203,
AP AR R AL RGBS 23 < L MR I S LB T D | WA PR BRI EIRE NOy O ZIRAENANLE L5 9
M B 5, EARARGEE 2 > C NOy 2R~ L IEITRET 5 HIET, @l OEEIZ NOy Z i e EE(L T
XHHLVEIRE LTHER SN TWD, ZORJGIZIE Cu-Pd 47 E DS A ZIUIEN G TH Y . NO;y
IXHREE A A (NOy) LHiFB{EZESR (N,0) Z2RRHELTER (N) ~EBLIN2FRREINTWD,
[ AL ORIBEIT, N, Offic, KEICEE L W7 vE=7 (NHy) MEIETIHETHD, I T,
AHFFETIX, K NH; FIETOKF NO; @ EEL O - O DERABEDFEH A2 B E LT, #&E0
Cu-Pd 7 7 A& —Zfillif & L7z NO; B e A it L. £ OMBHERZB 62Nz LT,

2. EB 2 FHD CuPd 7 7AX—%ff L], KUb=rtnrl R (PVP) THRELIZI TAX—

([Cu,-Pd]pvp. n 1X Cuw/Pd DE/VEL) 1E, UGS O (N. Toshima and Y. Wang, Chem. Lett., 1993, 1611.) %
Ll L, 72U MU oA (SC) TREN LY 7 A% — ([Cu,-Pdlse) 1%, #57F (Y. Ishihara and
T. Hirai, Jpn. Kokai Tokkyo Koho, 2004-57954 (2004) to Catalysis & Chemical Ind. Co., Ltd..) %= & & IZFRHL L 7=,
Kot SEizan A RIRO Cu-Pd 7 7 A X —&{EMK (AC, Wako, 1155m* g ") (CHFF L, #%E#%, NO;
F721E NOy BT IZ W2,

WHEIZ X D Cu-Pd/AC i, 36 X OV PA/AC il 1%, PACL, & Cu(NO;), 2> H B R EIRETHE L, KFE (Hy)
BICALERSS . NO; IETTAUSIC V=, Pd/B-zeolite (X, NH, -B-zeolite (Zeolyst, Si/Al = 12.5, 800 m* g') &
PACL 736 A A U RHE TR L, 828 NO, BT UGz,

OGS IR R m 2 S S 4 UV, 288~333 K, 100~200 ppm NO; A (NaNO; &V §i#) F721%
74 ppm NO, % (NaNO, L 0 F%L) . H, {iiK 84 cm® h! O&METIT - 72, pH Z &4 5 7-012, HylZ 1k
R (CO,) #EA L, HEOHEF O NO;, NO, ., NH; (X FIA IZX Y, SN, N,OIXGCIlok W EE L,

3. FERLEER PVP 72013 SC 2 LEANE LT Cu-Pd 7 7 AKX =% L ACIZHFFT2H T, 9 4nm D4
BRLAZ R BICORFFT 2 FN TE o, E7MBEITIC LY Cu-Pd 7 7 2% —/AC 1Z, ¥E 7% Cu-Pd /31 A
A NVRLA-CTHER STV D Ny o 72 (Figure 1), Z Offilid, NO; 3%t CTHREAE Y O NO, 3 E iR A
AR DR R E 2 R L (Table 1), 2 OFIL NO; 72> 6 NOy ~DIEVER D Cu-Pd /34 A X LA
FNChHLFEER L, —FH, B@FOERIETHE L7 Cu-Pd/AC 12X D NO; iEIL TliX, Cu-Pd 7 7 A% —/AC
LR AR NO, BIRME 2 7R H 23y 2o 72 (Table 1), fBEAEHTIC X 0l O &R 15 TR L 72 Cu-Pd/AC
(21 Cu-Pd /3o A VR Oz, Pd KL DFFAE LRSS (Figure 1), Pd 12X 5 NOy DIEILA /R
WX 47z, Cu-Pd 7 7 A& —/AC PRI 3 2 ZEROFEEL, Cu-Pd DI, KTV 7 A% —HEFEIZ L
Bl E~DORE 2 D, EOFBEHITEB N T Cu-Pd 7 7 A X —ORHETH 5 @0 NO, IR 2 Rk 5
EH O LT, FRIZ, SC ZE(L Cu-Pd 7 7 A X —MEITZ NOy IR ILIEMER 5 2 72D T, L SC ZE(k
Cu-Pd 7 7 A & — % O IABEVER OfEBR 21T - 7=,

Table | Hydrogenation of nitrate with H,"

Catalyst pH" Reaction Conversion Selectivity!/ % WE'

rate’ /% N, N,O NO, NH; (liq)
Cluster 0.18 wt% [Cup-Pd]pyp/AC"  10.5 0.11 82.4 0 0 882 118 25.3
Conventional 0.18 wt% Cu,-Pd/AC® 10.5 0.03 39.8 19.0 0 619 19.1 25.2

*Reaction conditions: Reactant NO;~, 200 ppm (NaNOs 3.22 mmol dm’z); H, 3.5 mmol h’l; Reaction temperature,
333 K. °pH at outlet of the reactor. “mmol h' g-cat'. “On the basis of N atom. °g h dm”. Prepared with
Cu-Pd bimetallic cluster. EPrepared by a conventional impregnation using aqueous Cu(NOj3), and PdCl,.



Cu-Pd 7 5 Z & —filfilz & 5 NOy EIL TNO, 252 D& 3¢ L
M SHETT D720, NO IRITHHEZ T~ T-, Cu-Pd 7 7 A& —filfitic
Ui cu X5 NOyBTIX, 7MY KETIRHEIT LR 7228, ke T
HOMTEITL I, Ny EHR(EESRE (N,0) #5272, 2D Off

| e
Py PAA. Pd.] BLINE | SIS~ KL A A (OH) D5 % HEHI L . NO;
NO, IEIt & JAV Y pH THRHANTHET L7z, AR B NO;y Il i
b
a

!

rof

Intensity / a.u.

%“"”Mﬁkhﬂ 12 & D pH TH K NOs I EE(RAEME 23778, NO, I8 Tl EE 1L 7 /v

N X 0.3
i)
M""’"/K T— ) ) Gl T NOy MR KAFIE A R M35 72, NOy . NOy
; " B TCHE ~ DR EARIFE OB S | 1HME S ~D NO; 4513 OH
WX THESNT, NO, WA51E OH I X » CRLE &b FHAURE

ST, BLEXY Cu-Pd 7 7 A& —flillod NO; 3256 T NO, & 5- %
ZHEFEIX. NO; . NO, B X NOH OB G A5, NO; LG RIZ
Figure 1. XRD patterns of colloidal e g5z 5 Azp L7z NO, 12 P8 5E S MR W =D IC B
Cu-bd C;“Ste;‘gs"emd in Wf‘;f’;/zréd BUBMRTE, THEFIAL, 87 AH U IS T NOy R IT
D e e T9HC, &Y BB NOs &5 B TR e,

[Cupes-Pd]sc dispersed in water, (b) KIZ, W BT~z Cu-Pd 7 7 A2 —ORBEIE O, NOs D
AC, (¢) 2.0 Wt% [Cug3-Pd]sc/AC after  TCHEFLADEIEZRET LIz, 77471 U B TD NO; L T NO,-
H, treatment at 333 K for 23 h, (d) 5.0 A ZER L., HFPESMAETO NO,IEIL TN, & N,O AT 2 FICHEH
wt% PA/AC, () 3.0 wt% Cw/AC, and L NO; =T D1 (70 Y &) &, NO, ZiExd H ke

(f) conventional 2.0 wt% Cuy ¢-Pd/AC. (PPESAt) ZfAB DY, TBEOHE AR A7 (Figure 2),
NO; #ix{l . & Az R IRIE ORRBF AL OGS . AilE T NO; 28 NO, & — i NH; (23t S 41, % BT NO,
DFERITIEITL ST Nyy NyO KON NH; 1272 DR T &, EBRIC ZBIETNO; 2B IL TE D FHN 1o
oo Eio. BEICEUT D NHyEIRMIEZ, NOy & — B CiETT L2 A O NHy &R L DK<, TEBHENENRT
NO;BILIETH L FENH LN o7z, S LI NH;EIEZIMZ D792, fiBTH NHy 3 ER L TV D HEIZ
HH L, AEETO NOy b3 % FIF T NHy B IREA (K Lz e 2 A, HBEETO NH; BRI L AR 72
LHENY -T2, Cu-Pd 7 T AL —f XS T b NOSETTIEMEN B 2 F 0D R TREED NO;
DB T IE S AU NH BPUED 3 o7 HERI L7=, 2 2T, NOEICIEMEILH 203, NO; HICTEMED M
fRBEASE BEIZ BN T 5 & B 2 (Pd flBEICIE H UMBEHRR 21T o 7o, ZOFER E LTPAR-EA T A 23 NO,y
BT TR IRIE 2 R TR L S o7, £72 PAB-BA T A ML NO; IRARICKE T 5 NO, It T,
NO; IBICIEME 2 7R S TN TRINMEZ MR L2 F D . OB CIE NOy & O AMERNIZE A ENFERN
Inol, T, PAB-BAT A FNEBBEICHN T BIEE T EITo72 & 2 A, #HEHIE Y AT To NO; #x1b
ek FIF 5 & BT NH; BIRIENMK < 72 0 NH; B4 & fORK BHAZAED 0.5 ppm LLFIZ3H 5 0.6 ppm (ZH1 %
DENTEZ, ZHICE Y, ABKAERIC Cu-Pd 7 T A & —fill 2 )5 C & 5 ATREMEA R S vz,

Table 2. Two-stage hydrogenation of nitrate with H,"

30 35 40 45 50 55
26/ deg.

Entry Stage Catalyst pH®  Conversion Selectivity”/%

1% N, N,O NO, NH; (NH;ppm)
1 First 0.87 wt% [Cu,-Pd]sc/AC  10.5 95.1 0 0 93.6 6.4 (1.7)
2 Second  0.87 wt% [Cu,-Pd]sc/AC 6.5 100 24.7 65.9 0 9.4 (2.6)
3 First 0.87 wt% [Cu,-Pd]sc/AC  10.5 64.4 0 0 96.7 3.3 (0.6)
4 Second  0.87 wt% [Cu,-Pd]sc/AC 6.5 99.8 20.0 65.5 0 14.5 (4.0)
5 Second 1.0 wt% Pd/B-zeolite 6.5 63.5 70.7 25.1 0 4.2 (0.7)
6 Second® 1.0 wt% Pd/B-zeolite 6.5 64.5 54.9 41.9 0 3.2 (0.6)
7 Second’®® 1.0 wt% Pd/B-zeolite 6.5 64.5 96.8 0 0 3.2 (0.6)

*Reaction conditions: NO;~ 100 ppm (NaNO; 1.61 mmol dm’3); H, or CO,, 3.5 mmol h’l; Catalyst, 0.13 g (First),
0.25 g (Second); Reaction temperature, 298 K. °pH at outlet of the reactor. To adjust pH to 6.5, CO, (3.5 mmol
h™') was fed to the H, flow. °On the basis of N atom. “Reaction temperature, 288 K. °With 5.0 wt% Pd/AC in
the gas phase.
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Figure 2. Proposed two-stage process using
Cu-Pd cluster/AC for removal of nitrate in water. 5. XL FERRERD R b
* Kinetic and adsorption studies on hydrogenation of nitrate in

pH 10.5

water to nitrogen over Pd-Cu supported on active carbon, Ikkou Mikami, Yoshinori Sakamoto, Yusuke Yoshinaga, and
Toshio Okuhara, Appl. Catal. B: Environmental 44 (2003) 79.

* Cu-Pd bimetallic cluster/AC as a novel catalyst for the reduction of nitrate to nitrite, Yoshinori Sakamoto, Kou Nakata,
Yuichi Kamiya, and Toshio Okuhara, Chem. Lett. 33 (2004) 908.

+ A two-stage catalytic process with Cu-Pd cluster/active carbon and Pd/B-zeolite for removal of nitrate in water,
Yoshinori Sakamoto, Kyosuke Nakamura, Rie Kushibiki, Yuichi Kamiya, and Toshio Okuhara, Chem. Lett. 34 (2005)
1510.
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« Cu-Pd 7 7 AKX —/AC Zfilllt &9 2 /KHPREEEA A O " EBHERDE, SURK, A=A, #ig| B, mam
—, WK, 25 97 IR R 25 B #2006 4F 2A07.




