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(BERRH | BLERH . fHERH ) X Cu-SAPO-34 AL
P PACTE R AR, DIBIRE— B A Stk
il # Cu-SAPO-34 ALY T 5%

1 L E S

11 EEHHE &

NH,"-SAPO-34 : K¢ [t & 73 B0y 27 % WO IR B
VS H/SAPO-34 7311 (R T R A HEAL TR ) TR
BRI (BN 1 /20 mL) , EF 80 CIHEIE /K
HRIZUSEFE 2 b, i B v AN W i 2K fif K
W pH AAEORFFTE 3 ~4 Z 18], Kot AT ahas, M
R ZERKHUE R IB R E P, 90 CTHE 16 h. &
S FIRIRAESEATES 2 Y NH, " 5246, 153 NH,"-SA-
PO-34.

Cu-SAPO-34: ¥4 0.05 mol/L AYEL R4 ( B BR 4
AR ) WS NH,"-SAPO-34 7y i s IR &
o] (B 10 /183 mL) , EF 70 CAEIEKIE
TR ZUERE 8 h, R T RIE, R 2R R OK
THVERIEM T, 90 C T 16 h, SR)5 T Hiipm
H1 550 Chbe 4 h. 5o FHERHL20 MPa JE 47
JER, sy, B3k 0.450 ~0. 180 mm Cu-SAPO-
34 43 FOm AL TERRGR | R R A 1R i o £ 1)
Cu-SAPO-34 73T Ak 7] 43 5l 7y Cu(A)-SA-
PO-34, Cu(S)-SAPO-34 F1 Cu(N)-SAPO-34.

1.2 ISR

X SR ATSS (XRD) = SR ] D/MAX-RAX #I X G
LATHHL (RIGAKU 24 &) X Ir il 45 (14 4 A AL AT
it ) i R ZE A R AT XRD I, ] Cu Koo A & 55
P (y=0.154 06), HFAHiMAE 20=10° ~80°, #H K
0.02°, X IFZRA L FE 40 KV, 45137 100 mA.

HLURHI £ 45 5 TR (ICP) « SR CPS-8100 AYfY)
FLJRRH 15 55 B0 TR R SRS ( H A B R )
SEMEALRI AR Cu 56, W AR AR 0 T &
RIS MR E AN 10 g/mL.

e AN FLES 14 (BET) 5% H§ NOVA2000 %Y
FER AR 23 7 A ( 2 [ Quantachrome 23 7] ) Il 5E fi
AT IR R R, 005 RIPREARE T 150 °C 5 UAb 34
24 h. @it BET BALFRAEAHR AY R mA, i
BJH ARG B LA AL o A S S8

H, B 7 Jhil & )i (- H,-TPR ) : >R H] CHEM-
BET-3000 1k W [ 4% ( € E Quantachrome /3 7)) i#F
17 H,-TPR UE. BIEH0.03 g BERVET U B A1k
SRS IRHR , TER 2l He U4 PR Tl 28 500 °C

FFE IR 30 min( DABR ZAEALRIR AT , SRIERH
BEWRE, BV AR 3% 10% 1) H,/Ar
BAS, AW E K 100 mL/min, £f TCD JHELFR
SEJE, LL10 °C/min FFZ 950 °C, 3f:F] TCD Kl
.

NH, F5 THi B (NH,-TPD) « 5k H] TP-5076
A2 A ( R E SR 7)) 3#E47 NH,-TPD il 7
0.1 g EALFIRE B T A4 RO e, STesl
He (30 mL/min™") 4R = IEINHAE 500 °C -4
30 min, DABREAMEAEFIRMmZATT, RGRN=E
80 °C , F NH, Wzt 30 min, FFH He W4 1 h L |
BHRL VR, &IGTE He KA T LA 10 C/min fy
FHEEZTE ZE 900 °C, I TCD £ il 2 /Y i
B i
1.3 EFFEETEM

P AT PRI AE WES-3015 FH -t 14
CREEFEAL S A 7. BRI TR A AR AR
J: 500x10° NO, 500x10° NH,, 5% 0O,, i N, {E
MR, MRS 60 000 b, S TR S Rk
100 ~550 °C. S & NO, &% H 42i-HL NO/NO,
SHTAX (& [E Thermo 24 7)) SEBFFEL AT, 4k 57
G PE(NO b3 ) 4% T i it
@(NO +NO,),s, = @(NO +NO,) 1

(N0 + N0, $1000%)

2o (%) =

2 HR51HE
2.1 Cu-SAPO-34 {4k 5l ICP, BET & XRD 44f
12 3 PO [A] 4 I ) £ 19 Cu-SAPO-34 43
AR Y ICP J BET 43Hrgs L. fak |l A, i
TTEACH G, ALY b 22 1 BURITFL 2 35 4 B AR,
1A Cu J&, fEALFIM LR BRI FL AR — 2P B IR
MR Cu™ He B A A [ 4 R F 47 B8 28 6 il 1%
Cu(A)-SAPO-3 . Cu (N)-SAPO-3, Cu(S)-SAPO-34
LRI Cu S AHIE, 435900 2.97% | 2. 63% |
2.88%. &1 Hg 3 FhAS [ 4 U5 4% 1 Cu-SAPO-34
AR B XRD K. HE 1 ATRIE L 3 4>
Cu-SAPO-34 H il 1 HAT B (% 25 b Ay 25 44 19 e A1
U, HoUg s B2 A, {7508 BR o8 B 1Y H-SAPO-34 11y
CHA & Zu 25 #912". Cu (S)-SAPO-34 f# fk 7 7¢
35.3°F138. 5° 5 B . /Y CuO ¥y R AR Ak 06, TG
Cu( A)-SAPO-34 ., Cu ( N)-SAPO-34 & 75 5 Il %I
CuO FFEIE.
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x1 FEEES&EH Cu-SAPO-34 {471y ICP X BET 5347
Tablel ICP and XRD analysis results of the Cu-SAPQO-34 catalysts prepared under different copper sources

Samples

Chemical composition/ %

Surface area

Pore volume

Cu Al P Si /(m* - gh) /(em’ - g™)
Cu( A)-SAPO-34 2.97 18.5 17.2 6.5 265. 408 0.1577
Cu(N)-SAPO-34 2.63 18.9 17.6 6.8 255.76 0. 1509
Cu(S)-SAPO-34 2.88 18.8 17.5 6.6 270.294 0. 1521
NH,-SAPO-34 - - - - 417.072 0.2177
H-SAPO-34 0 18.9 17.6 6.9 568.523 0.2604
— Cu-SAPO-34 45t 1k 71 15 14 o i i 25 Al e 4
‘ Cu0 —, TR ST R R AT, S NO Ak R B
LM 100% , PRI H; BLAFHOREALIERE. 3 R0 A0 0 5 35
mwwwwm - WEHESEACAHIR, (FL o G I 05 T R 22 00 3 )
MMMW T e FIMEACAR PRI FEF - Cu(A)-SAPO-34>
g L Cu(S)-SAPO-34> Cu(N)-SAPO-34, DAt iig 4 A 4l
= MMWW"M Cuth)- sm R PO 00 9 PR BRI P00 L T TR T 1
B8, NO, BEALHRTE 200 CIkF] 85.2% . HWHRFTH:
‘w’“w\w“"‘” S e ekl SR, X300 1 SR L S R AR AT T
10 20 30 40 SI0 6I0 7I0 80 gﬂ}%’j‘ ﬁ:}%ﬁ
20/¢) 2.3 H,-TPR

B LS [) R ] 5 ) Cu-SAPO-34 fEAEFIHY XRD [&]4%
Fig. 1 XRD patterns of the Cu-SAPO-34 catalysts prepared

under different copper sources

2.2 Cu-SAPO-34 fELFIRYEMEITM
P 2 S AT i 5 ] 6 1Y) Cu-SAPO-34 {4151 119
PRI A SR 20T LR A [R] U5 A B

100 F

" ///// \
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2 40t
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—a— Cu(S)-SAPO-34
20 b —e— Cu(N)-SAPO-34
—a— Cu(A)-SAPO-34
0 1 i1 | 1 1
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Pl 2 ANIR] i 5] 45 1) Cu-SAPO-34 AL 1) NH;-SCR %
Fig. 2 Activity of the Cu-SAPO-34 catalysts prepared under

different copper sources

FIA H,-TPR XAk ) i 4 o 1) 47 A6 T8 Xk
17504, B3 AR 5 45 1) Cu-SAPO-34 fiitfk,
FI H,-TPR &%, & 3 #J %1, 3 Ff Cu-SAPO-34
PEACTR S BLE 22 H, JHFENE, i 2R Cu )Fh

H[FAFFET Cu-SAPO-34 figfb iRl rh, H 3 FloA [A]fi
4%;.UE@%@W¢%%&M§€EWIEJ. R TS IX

Cu(A)-SAPO-34

Cu(S)-SAPO-34

Cu(N)-SAPO-34

1 1
400 450

t/°C
Pl 3 A [l i D5t 45 119 Cu-SAPO-34 fEALFRIY H,-TPR [&138%
Fig.3 H,-TPR profiles of the Cu-SAPO-34 catalysts prepared

1 1 1
250 300 350

under different copper sources
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Yl F H,-TPR [&[3% [ peakfit 2K 4 ik 47 43 0 b
B, 3 MEALIAY H, I8 5 il 2 9 2 B S N I8 i
. 260 °CJI 38 J5 g T & F CHA 58 N 1 IRS7
Cu®™ i 5k Cu™™, 290 °C i} i ik S i I J
CuO 3B 5 Cu®®', 320 °C B 3 B0 01 8 7
FIASEHN DOR i Cu™ iR J5 K Cu™ | 370 C ik
DL 480 °C Fff i Y i JR 0 IH J& T Cu” 38 5
Cu®™. H1 3 2 B9 H,-TPR & 3155 45 5wl 0,
Cu(S)-SAPO-34 HAHE L CuO, 5 XRD 45 4
. Cu(N)-SAPO-34 11y Cu® & f5/b, Cu(A)-SA-
PO-34 CHA %8 NP Cu™ & 2 F Cu(S)-SA-
PO-34, H 1A %N DR F iy Cu® & &/ T
Cu(N)-SAPO-34, %54 NH,-SCR I 1k 45 5 FEi A

WEFESMHT, K Cu™ g fi AL 0 11 3 AR IR 06 e v
O ARRTRM B 1A Cu™ AT Bl X 1k 3R
ST BT AT, CHA SE A I9RST. Cu™ STRkECK, 7
BAEN DOR F Y Cu™ STERFS /. H 3 Fit Cu-SA-
PO-34 fiE AL 5] (¥ Cu™ 15 4y 368 J IR 2 LY 45 Oy
Cu(A)-SAPO-34<Cu (S)-SAPO-34 <Cu ( N )-SAPO-34,
55 AR TS R R — B R R A D ] 5 A
Cu(A)-SAPO-34 f AL 1Y Cu™ &8 Ji U6 T 2 Je 1K,
ORI PR R AR Cu® i 1R T IR
JEE T REA A THEALTR A AP IR IRLIS 1. DR A ] BE 2
Cu™JH I 10 JE 3 BE AR AR, 7EARIRL R NO M7 5
L NO, , M fe gt SCR RN 9 A A=, ifiEfl
7R BRI TG 1 21 6 .

& 2 AE$EIRS &8 Cu-SAPO-34 f£{Lf) H,-TPR EEHHER

Table 2 Quantitative results of the Cu-SAPO-34 catalysts prepared under different copper sources

Samples Isolated Cu®* in the CHA cage Cu0 Cu’™ ions on D6R in the sodalite cage
Cu(A)-SAPO-34 151.852 180. 847 159.774
Cu(S)-SAPO-34 73.856 411.177 624.932
Cu(N)-SAPO-34 157.61 343.276 9.091

2.4 XPS
FI XPS RALRMTFEHEA I K Cu M 2F0 7
i, XPS iEEI A 4 s, i Cu 2p,, B XPS K%
Cu(A)-SAPO-34

935.4eV /4
y
/

-

1 1 1 1
945 940 935 930
Binging energy/eV
P 4 [P 45 Cu-SAPO-34 fEALFHIRY XPS &3
Fig. 4 XPS spectra of Cu 2p,,, in the Cu-SAPO-34

catalysts prepared under different copper sources)

E‘[%ﬂ, Cu 2p3/2 igﬁ%/l\m%, ﬁ%ﬂﬁ 935. 4 %ﬂ

933.2 eV. 935.4 eV b Cu 2p,, WEFE943.2 eV 45
—AMERE TR I, R i )T 8 T Cu®/CuO |
XPS 062 933.2 eV fh i Cu 2py, W, HJE T
Cu"fy XPS j86 > Syt — B G AL K i Cu
S SRR, XF Cu 2p,, #AT T 0IELG. &
3 AR R M Co &80T, HRATAL, ML
Cu( A)-SAPO-34 F1 Cu (S)-SAPO-34 3 W Ff fii 1k
A, Cu (N)-SAPO-34 fy ICP il 75 iy & Cu 7 &
(Cuyyy) FAK, (HFRMA Cu F i (Cu,,y,. ) F R, AP
Cu oo’ Cu, 15, RIIHEA T F RN ERIE N B Cu
/b, XA A HERZ Cu(N)-SAPO-34 {4k 551 1 14 i
ZIWFEFE Z—. Cu(A)-SAPO-34 FI Cu(S)-SAPO-
34 AL I LT Cu ML, B Cull/Cu .,
B2, I Cu(A)-SAPO-34, Cu(S)-SAPO-34 3
i Cu™ %/, T gy XRD 1 H,-TPR AJ %1, Cu(S)-
SAPO-34 [fJ CuO & &1%%, M Cu(A)-SAPO-34,
Cu(S)-SAPO-34 ff) Cu™ £ JE L CuO 7£7E. H I
BEH] Cu(A)-SAPO-34 731 N R JE N AT G R A 1T
Z IR Cu™, T {75 Cu(A)-SAPO-34 [ fi#fL
VSR, XPS 555 H,-TPR 5 AHW) 4.
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Table 3 Cu content analysis results of the Cu-SAPO-34 catalysts prepared under different copper sources

Cuf.f,f aaaa Cu:\ufure Clpuce
Samples Cuypee” % Cu,,./ %
/ Cuyy, / Qe P /Cuyyy/ %
Cu(A)-SAPO-34 1.499 78.21 21.79 2.97 50.47
Cu(S)-SAPO-34 1.472 67.437 32.563 2.88 51.11
Cu(N)-SAPO-34 1.752 68.982 31.018 2.63 66.6

2.5 NH,-TPD
LS AR 5 5 1 Cu-SAPO-34 i Ak 57 11
NH,-TPD [&] 3% , I ifit 0% J& T W Fff 7 SAPO-34 43+

— W_QADN_24
s O—SArU—354

100 200 300 400 500

'S A [) R 9 45 79 Cu-SAPO-34 fEAL 5 F) NH;-TPD &%
Fig.5 NH;-TPD profiles of the Cu-SAPO-34 catalysts

prepared under different copper sources

i 2 Tk b NH, B 30 BfF % NH Ji56 0
J& TR kg 8 I R S 2R R Y
Lewis R P {7 |- #1 Cu® 7 A () Lewis B2 17 LY
NH, JBiFfHig, J& Frhmetbnrt " i od)s T b e
g3 ¥ e 48 Si-OH-Al 1) B FRYEN: 1Y NH, JBERise
J& FRRERYENL. K 4 AR IR 4 1) Cu-SAPO-
34 AR R BR B, R 3 R, 4 Rk R Y
MR E /NI K . H-SAPO-34> Cu(S)-SAPO-34>
Cu(A)-SAPO-34> Cu(N)-SAPO-34, 3| A Cu J5
A7) S R B i /D 1Y i PR AT B S - A ek #R Hp Cu
PRl o 98 43 0 00 5B 4y BR YA 3k H-SAPO-34
iR s %, {HJLF A NH,-SCR {1, Cu(A)-
SAPO-34 figta/NT Cu(S)-SAPO-34, {H K5I 1
5, UL Cu-SAPO-34 467 iy i I 1 M 5 1R
HSCHR/N, BRYEN N NH, AR i, IR
BRSNS SCR N 40 BR. ik A [m] J3t B
TS B NH, 3R & A, & BLAS [m] ] T i) 4 1Y
3% Cu-SAPO-344 171 5 N H, i3t B i 25 oIS 1

% 4 FNEAES &R Cu-SAPO-34 (£ FI MBS
Table 4 Acid content of the Cu-SAPO-34 catalysts prepared under different copper sources

Samples Si S, edium Shigh Sl
Cu(A)-SAPO-34 1 867.8 2 849 385.9 5102.7
Cu(S)-SAPO-34 2399.3 2823.8 891.5 6114.6
Cu(N)-SAPO-34 1885.5 2374.9 720.7 4 981.1

H-SAPO-34 2334.5 1266.9 2 541 6142.4

H-SAPO-34 (A&, i #E F ik NH, i B it 22 W] 4l v
F H-SAPO-34 #{k. 28] Cu™ B/t T Si-OH-Al
FRIER) H A5 5 0055 T B 42 Si-OH-Al 1) B R4
fr0 T Cu™ AR B BAT B 5 SR, AT R
WISTE AT Lewis FRVEN 55, FRIEGR B 4%, 3K
fiirblE NH, (g R S m. 3 A [ i 58 il 45 7 4

e, o NH, BB B = IRUF 2 Cu (A) -SAPO-
34>Cu(S)-SAPO-34> Cu(N)-SAPO-34, FH]H R
PSR BERUIBET , 5 HEACR B TG PEE R Y . e
ABFTEFR W, Cu-SAPO-34 i 4l 75 1) 2 18 56k J5E XF
NH,-SCR J AR L, AR5 A H T A 15 1 A
A NH, 7 i .
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K AN [] 4] 15 1] #5 (19 Cu-SAPO-34 i 16 5] 1Y
NH,-SCR & i M3 A AR, (H RS A R
2201, 3 R AT B AR TS PEIUT A Cu (A) -SA-
PO-34>Cu(S)-SAPO-34> Cu(N)-SAPO-34, LI
] A 0 DR T %) A A ) PR IR PR B s (NO, F2 Ak
HIE 209 CikF 85.2% ). AN [ 4 Y5 e il 76 4 4 711
(R B R XN DL S Bt 5 B AN TA). Cu™ D
F R AR S P L, HAZ T CHA ZE 9 By 9KA7
Cu™ BT Bk e K, T Cu® 0 B 38 5T B2 5 N
Cu(A)-SAPO-34<Cu (S)-SAPO-34 < Cu ( N )-SAPO-34,
JISE A I 5 PR Ry Cu (A ) -SAPO-34> Cu (S)-
SAPO-34>Cu ( N)-SAPO-34. #3{IGHY Cu® i 14 16 J&
WA B2 Cu & i (JLIE CHA ZE N Iy R
Cu™" ) R i 14 B 8 35 A ) i A 790 7 o AR L 3%
PE. DA R i by B Y5 25 9 Cu (A)-SAPO-34 fiifk,
R Co™ SR IR e fIG, Cu™ SR %, Mk
e, PO AR O I P A

S 3k
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Effects of Copper Sources on Selective Catalytic Reduction
of NO with NH; of Cu-SAPO-34

SU Qian, HUANG Yan®, ZHANG Yin, LI Yuan-yuan, TANG Nan,

ZHANG Jun-feng, YANG Liu-chun
( Department of Environmental Science and Engineering, Xiangtan University, Xiangtan 411105, China)

Abstract: Three kinds of Cu-SAPO-34 zeolite catalysts with different copper precursor were prepared by ion-ex-
change method, their catalytic performance in selectively catalytic reduction of NO,_ with NH; were investigated and
analyzed by ICP, XRD, BET, H,-TPR, XPS, NH;-TPD, among other characterization technologies. The results
showed that the activity of Cu-SAPO-34 catalysts prepared with different copper source had little change when the
temperature was high, but there were significant difference at medium and low temperature. The activity order of
those catalysts at medium and low temperature were as follows: Cu( copper acetate ) -SAP0-34 > Cu ( copper sul-
phate ) -SAPO-34 > Cu( copper nitrate ) -SAPO-34. The best medium and low temperature catalyst activity was Cu-
SAPO-34 catalyst with copper acetate as copper source, its conversion of NO, reached 85.2% at 209 °C. Charac-
terization results indicated that catalysts with different copper sources showed different copper species forms and
number of copper species and acid strength. The reason why catalyst made by copper acetate as copper source
demonstrated the best activity at medium and low temperature was that the original reduction temperature of Cu’*
was the lowest, the content of Cu”* was high enough and the acidity was the strongest.

Key words: Cu-SAPO-34; copper sources; catalytic reduction



