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Abstract: The reduction of nitrogen oxides (NO,) in industrial flue gas is crucial for achieving
coordinated control of fine particulate matter (PM, 5) and ozone (O;) in China’s atmosphere. The most
common NO, removal method for stationary sources is selective catalytic reduction (SCR) technology
using NH; as a reducing agent, referred to as NH;-SCR. However, the negative effects associated with
NH; introduction, such as secondary pollution caused by NHj slip and higher carbon emissions, have
gradually attracted widespread attention in recent years. This article provides a review and outlook on
the research status and application prospects of selective catalytic reduction technology using carbon
monoxide (CO) as a reducing agent (CO-SCR). Research has shown that developing high-performance
catalysts is the key challenge for CO-SCR technology. CO-SCR catalysts can be broadly categorized
into two types: transition metal oxides and supported noble metal materials. Typical catalysts, including
Cu-, Co-, Mn-, and Ir-based catalysts, are reviewed in this article. The microscopic reaction process of
CO-SCR involves three main steps: (1) the adsorption of reactant molecules, (2) the conversion of

intermediate molecules, and (3) desorption and diffusion of product molecules. Among these steps, the
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preferential adsorption of NO molecules on the active site, followed by dissociation, is deemed to be the
rate-determining step. The interaction between NO and the substrate strongly depends on the surface
state and tends to occur at oxygen vacancies on transition metal oxides, while it occurs at unsaturated
coordination cation centers on supported noble metal materials. In addition, the impact of CO/NO,
oxygen (O,), sulfur dioxide (SO,), and water vapor (H,O) on CO-SCR performance has also been
discussed in detail. For example, on the surface of Ir-based catalysts, I’ (serving as the main active site)
is unlikely to remain unchanged throughout the entire reaction process. It is anticipated that Ir’ will be
converted to oxidized I’ after donating electrons to the anti n* orbital of the NO molecule. If new
electrons are not replenished promptly, the catalytic activity will gradually decrease as oxidized I
becomes the predominant species, which is the primary reason for the poor stability of the catalyst in the
presence of O,. Interestingly, SO, stabilizes the catalyst and facilitates the generation of It’ sites under
0O,-containing conditions. Therefore, future research should prioritize the development of catalysts
tailored to specific applications, and refine the CO-SCR reaction model under diverse conditions, with a
focus on synergistic technologies such as the selective circulation coupling of CO-SCR in steel sintering
flue gas. Furthermore, the high cost of catalysts remains a crucial obstacle hindering the widespread
adoption of CO-SCR technology.

Keywords: Pollution control; Denitration technology; Collaborative control; CO-SCR; Gas-solid

phase reaction; Catalyst
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Table1 CO-SCR performance of Cu-based catalysts
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e DR ERER R NOFEILH/% NJbHNE% RIEIC 5%k
UL BBE% NOMe COM% 0% HASHE  VeusB Vs
CuFe-N/C Ar 084 0100 020 0 Ar 30000h " 100 100 225 [18]
Cu0/CeO,Fe,0; N, 040 0080 0.6 0 N, 30000 h! 100 40 175 [19]
Cuy-ALO,  Hy/He 500 0100 0.0 0 H,  30000mL-g h’ 100 — 400 [20]
Fe,Cu/RHA ~ — 2000 0020 020 10 N, 15915h" 100 100 200 [21]
Cu0.@ZIF-67  — 800 0050 010 2 N, 26000 h” 95 100 300 [22]
CWCeO,Fe,05  Ar 355 0080 0.6 0 Ar 300000 > 95 90 200 23]
CuCe — 500 0050 010 5 N, 90000 h™" 100 100 350 [24]
CuCoAlO, — — 0050 010 0 N, 15300 h" 100 100 250 [25]
Cu:Ce/ONT  He 090 0025 050 0 He 12600 h" 25100 — 220 26]
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Table 2 CO-SCR performance of Co-based catalysts
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C0,0,-0.05 He — 0100 02 0 He 35000h" 100 95 275 28]
CoO,., — — 5000 150 0 Ar — 98 100 450 [32]
y-xCoFe,05 N, 500 5000 100 0 He  31000mL-g'h’ 100 100 350 [33]
CogpHCo0W/CZO N, — 0100 02 50  He 20000 h™ 100 100 250 [31]
La-Co-O Ar 050 0800 08 — Ar 20000 h™ 100 — 400 [34]
Co,4Cu, 0, N, — 5000 50 25 N, 50000 h" 75 — 200 [35]
Co-Fe/ASC — — 0100 05 0.1 N, 20000k 100 100 300 [36]
Co/BEA — 400 0085 05 30  He  75000mL-g'h’ 12 — 300 [37]
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Table 3 CO-SCR performance of Mn-based catalysts

N Y A
WALE FE 4R SR A .
ixtal ar GRE NO ¥4k %/% N, WePetk/% REE/C 2% 30k
VR BE% Noe COM% 0/% AWK ViusHi Vs

Mn/TiO, He 10 004 004 2 He 50000 95 — 200 [38]
CuMnO, Ar — 0100 020 — Ar 13000k 100 90 300 [39]
Cu-Mn/ALO;, N, 3 0.055 090 16 Ar 10 000 h™' 78 — 180 [40]
MnCuFe,0, He — 0500 100 — He  150000mL-g -h" 100 — 250 [41]
10%MnO,/TiO,  He — 0.040 004 2 He 50000 h™" 95 — 200 [42]
CuO/MnO,-CeO,  He 12 0500 100 — He  240000mL-g 'h' 100 100 250 [43]
Mny:Co,-0, CON, 656  0.00 020 5 N, 20000 h”! 100 100 200 [14]
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Table 4 CO-SCR performance of Ir-based catalysts

e R NORL/ Nt HIE/T
R SEIE% Nom o 0% oA Vonsi Viguss ik

Ir/Si0, H/He  1.00 0050 030 10 2x10°S0, 1% H,0, He 750000 2540 — 250 [48]
/WO, HyHe 500 0050 030 5 2x10°S0, 1%H,0,He 60000 mL-g h' 414 2490 300 [40]
IRW/ALO;  Hy/N, — 0.005 070 5 120 000 mL-g "h”" 87 — 200 [49]
IrRWZSM-5  He — 0005 060 5 100000 h ' 100 — 2590 [50]
Ir/WO,/SiO, He 0.50  0.050 030 5 2x10°S0, 1% H,0, He 75000h " 79 — 280  [51]
Ir/WO;-Si0, N, 2,00 0.050 050 15 N, 320000 49 — 225 [52]
IrRbys@SBA-15  — 1 0.040 030 5 2x107 80, 40000 h" 80.3 — 250  [53]
IrSn, s/MFI — 1 0.060 030 5 2x107 SO, 40000h " 83.5 — 280  [54]
I'W-WO,/KIT-6  Ar 1 0.100 040 1 N, 50000 h"' 100 — 250 [55]
Nb,O4/It/SiO,  He — 0050 003 5 He 75000 h" 80 — 280 [56]
Ir/ZSM-5 N, 036 0040 080 5 N, 16000h™ 76 — 250 [57]
Ir/HNTs N, 050  0.060 030 5 N, 40000 h" 78 — 250 [58]
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AT DU R A T NO 1 5 LA KA 5 5 SRR P 1Y)
i # . CHEN %'V S% HI M Ak 38 IR B R T
M/Pt/CeO,/ALO;( M: Mn. Cu) f fk. 5 Fl Pt/CeO,/
ALO; fEALF, F85 HFH F CO-SCR J v, iid %
T FEE B A AL 7 B 45 4 . BEARE B . R HDIR
BEEWAT T RGMSE . 45 RFEW, B/ i
& JE )5, PtAEAL TR FE R TR, CO WL B E 1 4R
fhid M RE 3 B 2 $E T . R ilE Cu BRI,
ML 2R T ™ A B Pt IR, Ce™ 26 T 4



PP, Ccu’'/Cu’, Cet/Ce’ R PP ] 1 P [
A FH 75 i Ak 790 3% 1 A R B S 2s  o 3K X) 4
f5 CO-SCR PERER 2 S /EH . 2ot Cu ey
Pt/Ce0,/ALO; 4L 7 7 80~240 °C FE L H 1L 5+ Y
CO-SCR 71k, 7E 160 °C I, iZ k7% NO, #1k
RIKE] 100%

1.2.3  Ag AIEALH]

I 58 3 7 A A FL WO, (m-WO,) | 4
EAgHIF T AWM T Ag/m-WO, AL . 38 3
W Ag FTORAR Y B, 1B T HAT R R RS
(EP Ag-O Fefi &0 mfefb il . #FoR R W, 78 250 °C
1 O,/COMRELL A 2.5 + 1.0 ISR, B Ag-O
1 0.3 Ag/m-WO, fit 1£ 5 (0.3% Ag) 7 55 8 73%
) NO AL R 1 100% 117 N, e 860, HAE b 1k R
AL T 2B Ag-O [ 5 Ag/m-WO, i 1L 51 (5%
Ag). Bk, 0.3 Ag/m-WO, AL HI7E 15 h Fa
PEDIR At R B0 AR S T AP . DFT 315345
FW, 0.3 Ag/m-WO, fi {7 i Ag 45 19 B A 45
Fafl Ag 1) d g ol 1) SRR BE R EEIT, inag T
Ag XA RNA NLO* T CO* AW [

25 L RTIR, B B4 R AR R X NO i1k
AL PERER I AL S 0 3E 1, (BRI A R &, A
T A RHURL A, AR AR AR B b PR T R .
AR, B 4R Bt 4 AE B A AL S5 1R T BT P A 2K 1]
AR . B, TR SIS TR
E PR AR T DI B R A PR
124 FHAb5reElEH

WEN 251 %6 3L AT L3 i 14 5 4 48 Ak )
FHB A% 0% 4 Ja AL - 50 A s (S AL RS, AT A
5 CO fiEfbid Jit NO By i M Al = ik #60E (K1 2) .
5 Cu,0(110)#f I, Pd,/Cu,0(110) |5 Pd JFi 145
A 1A 5 R I B i Pd,-Ov/Cu,O 4544 ¢
£ Ov/Cu,0(110) F 1, NO i i1 T 18 it N 3553 18 o
TE Ov I, SR 5 M BT UM BN A 0 N+, i —20
i1t Eley-Rideal #L1il 5 <4 NO i HEIE B N,O.
7 Pd,/Cu,0(110) -, NO W] fii ] T W Ff} £ Pd-Cu
BRfis b, 55— 0t O i FE T Ov i 4 Y
NO JE R — 2k ONNO. fsh 1) 2= 115401, —
IR ONNO JE B N, 13 12 LU IE i N,O 3545 A,
1 300~1 000 K 19 i FE i [l 4, Pd,/Cu,0(110) X
N, BJREEENE R 100%.

YANG %N #F 58 T 48 7F TiO, 49K A |- i
J5F Rh, FIATHE Rh, FEM RO, IE42H CO
PE W B 7E BA T Rhy A7 05, T NO W Bt 78 1A 7%

Pd,/Cu,0(110)
N, JEMfE—7=4)

Cu,0(110)
T<550 K N,O & EZ =4

2 Cu,0(110)%01 Pd,/Cu,0(110) KT
CO iFJ&E NO #l18"™
Fig.2 Mechanism of NO reduction by CO on Cu,0O (110)
and Pd,/Cu,O (110) surfaces'®’

Rh, v 5, E . NO 5] AMNGE T Rhy 47 5 0% B
A CO MR M, i Rh, £ 45 1Y NO*ff 2 5 2L
N*{ T B, I 5 55 — A4 NO*&h 4 7= A= 3if ¥ Rh-
N,O, FE 455400 Nyo WANG 257 38 7 AR X i
8 25 LAE Rh/CeCuO, 4k 7] rf i) 5 22 /E 7
H, Fi4b BEAE FH R, Rh/CeCuO, fi Ak #] 1 i CuO
1 Rh,O5 A RGEA 5, 7= A AN BR824 7, il T
NO () MRS, MR o L2 R s ek

2 HEXF CO-SCR FiRE LTI BER 2

2.1 CO/NO ttBIRIR M

CO SEMRILMRBIAS T8 4 W A L =4, Hoik
FE 22 TOLUE sz m e K. I CO/NO il /252
M) CO-SCR AHREM T T 282 —. W
CO-SCR Jz i (X (1)) B4k 2115 Ll 1, CO/NO
1B, NO BIA] 58 42 g, AR T #E SEBR Tk 0 <
H1, CO/NO i # KT 10,

2NO +2CO — N, +2CO, (1)

PAN % % B Fe,0,/Si0, Ak 1% Ik CO-
SCR i P £ Bfi %5 CO/NO Fb Ay 438 Jinnif & 25 42 5
1E CO/NO N 7. 150 °C B}, NO, ¥ {0l L 34 5]
90%. #—LHR T O, WEEH 6.1% M xMF T,
CO/NO [t %} Co-Fe,0,/SiO, f# 1k % CO-SCR 1 fig
(5% M, & B CO/NO 7 6~12 [, CO il NO,
(1) 5 AL F B 90%. SR 1M, 24 CONO K T
6 B, NO, bR 25 i E FRAIK, 3k vl g 2 A ik ) 36
TR S AN R LAY . 2 CO/NO L i 12 1,
CO FAb 3 b ZREAR, (AR FFTE 86.5% LA . H
UL T CO Fil NO, 2Z [H] /4 5 4 W B, Js o
T CO S 2 m ) PIK 5
22 O, I

TV A R il A AE 6%~18% FY vk E O,
X — ML FERAE 3175 CO-SCR AN A 2 Il & 24 1

7



RN G ALE o A EEF CO M NO Y B 42 ) B,

O, 2435 3 kA AR Rz ((2)(3))

Hr cowt 0, HEE LR CO, I i 72 & TN

¥R JE A, 3 3 CONO L2zt = ki, 24

0,/CO=0.5 i, CO A LRI KWK X CO-SCR S i
FEHEART] Z AL

2C0O+0, - 2CO, (2)

2NO + 0, — 2NO, (3)

ZHOU %52 5 7 W # O, e Ji X 1k 770 3

BN, BT T 5%, 10% F1 15% O, WJEXT Ir/WO,-

Si0, £k 7 I A 05 M R s, WESE R R, BE &
O, WRE G, NO, Fefb F B Wil#AR, 11 CO 44k
RN, R X ST (XRD) A X HH4 b
TFHETE (XPS) RAE M T Oy X SN f4 5% 1,
RIL O, Al LLK Ir AL R IrO,, T NO, fYid
J5 . LI % 58 5 §F 9% PUSAPO-34 Fl Re/USY /i
TEFIEA BT CO-SCR A £, TRl REIE 52
T, 0, 7% CO I J5E NO py#iilsa . >4 O, MR T
0.1% i, CO-NO Jz B A 25 & A= o 58 15 i,
0,/CO W& B L% NO AL B R, O, iInA
TE B O(s) 3 B CO(s) B i ek 20, TG il 1
NO %54k, INOMATA 25 it T /WO, 764
[ O, &8 5 F, XF CO-SCR Sz )i M BE 521 .
5% & B, 2> O, I A5 T NO [ N, 1Y%
fk, AR T NO 1] N,O i 564k . 4 O, & s ik 3
3% ~ 5% i, HEALTIE PO e S A Ak, R Ts
PEB B, WANG 47 7R T 1/WO,-Si0, 75
ANE) £ R 0, %F CO-SCR [ 1 Y 5 Wi HlL
B, W R I, R NIRRT 250 C, O, B
KT 5% W}, O, REME L IE NO 7 i 4k 751 2 T Y Wit
BF, DT B 22 () NO W B il o 3 635 1 v
[ 445 CO B A= i N, #l1 CO,, #2# T CO-SCR
B RE . BE & RN IR E TR (=250 C),
O, TE 1 7] 2 18T 1) W B 385 58, NO i W i D) 52 )
. DR, O, 5 CO Z [al By 4 Ak s by i 35 S ith
fi, MH T CO Xt NO BIif 5. PAN 257 1) 4%
Wi AR UR, R AL UTE Ll THF 0, + CO +
NO & & ) CuCoAlO,@C fEALF . 24 [ i A & v
WA 5% 0, if, CuCoAlO,@C fEAL 7 1Y NO #41k,
FRARFELE 85% VL b, RIS P &bt
ZAEGE K BN, AR LR BB B T LR O, TR Ak
0%, T CO 5 0, H#E N A CO,, fF—
SERRRE AR HE T AR S A B A AT NO + CO N,
BB T %A R P AL RE . GHOLAMI 457 1
8

0, 5T, it XF— & 1] La-Fe/AC i AL 57 2F
AL PERED 78 & B0, SR R A O, 5 W B 31 28 4
RpL s b, B C(0) HAaW . C(O) SHEAEE
A5 (*O) SN AR B CO, I8 42 @ 7 A5 (%), B
JE K NO i85 h N,O 58 N, MR H Y O, 1T AT
i C(O) E AW A il B S Ak 4 R A A5 (F) 1
TEH . i TFERmEAESWIIEIEER-, 0, % NO
03 Ji A B2 #E 7 . HANEDA 457 % 1r/Si0,
FEARIR O, & BAFAE F AL ERENEAT T HLER, 7E
5% O, 1T, AL ) NO #54k 01 i F %, 5
CO F bR A it m . Mo &, £ CO-SCR X
DR ZR Y O, X NO i JE ELA i/, i i
T CO &k

Ib4h, NO 7 O, fEH N H#E A& FHON, i
PR M. LIU %" R BUM T A A1,
WINT 5% 0, 253 100 °C F Mn,Co, O, fEfL5H
() N, BEEEPE M 100% T FE2 50%, Bl 5 B2 o7t B
HE—2 Tk, N, BERRPE FRE S 25%.
2.3 SO, I

SO, XA [ CO-SCR A Ak 751 Bl 14 fiE 1) 5% i)
ZRR ., W R, SO, 5 NO, 761 1 4 )8 A
A 2 A7 76 52 4 W B, 30 0 A 1R A i U 4 I 4
A9 2 1T R AR AR D BG4V PHES 1, k] NO, Rz A
AR

SIERRA 27§58 T TiO, 11 £ iy CuO fiE 1k
FITE 0,. SO, fE7E F CO 5 NO ByiF#E. 7E 500 °C
T, R RS FA T IE A 0,. SO, K ZE RS
W5 &3, CuO/TiO, L7 NO F1 CO Y #% ik
RLAM TR, SO, MFE7E S 2 CuO/TiO, i 1k 7
FEIY LR IR R, 8 4 Ak 0401 2 TR B 0% 1 67 a5 V)
Wr SO, J , i AL 77 Ay 15 P R BE K &2 2900 U /K - o
PAN %" 498 T S0, 5. 4 %t Mn-Ce-Fe-Co/TiO,
AL % PR B B . 7E 200 °C T, 24 A 5x10°
SO, B, fit 1k I NO #% 4k = 1L 3 % Ik & 20%.
GUO %™ %}t # 5 11 Ce-La/MgALO, , Ak 7k
177 3RAE, ARG AL EIE L T AL(SO,);.
MgSO, F1 Ce(SO,), FEH it . X LEmi R EE 1B 1k
EEY R AN PN IS E X VA @ |
B

SRIM, E AT K Z 558 & 48 A i SO,
X F AR A Ir B ALY CO-SCR 16 PEA i 1
Fl. HANEDA %" 5 3 78 J2 17 /<40 vl A /b
(1) SO,, & FRAK Uk BE 9 SO, AT DL 15 4 4k 7] 114
MPERE . ZHOU 265 227 S0, ¥k i %) /WO,



Si0, AL FIPERERY S . 24 SO, W AE 5%10 °~
5x10 * {5 [ I, SO, F O, I 3L/ B 4w T
Ir/WO,-SiO, f# 1L 7 f) CO-SCR Mt i 7f 7 . 4
SO, #¢ & 15 5] 0.070% I, CO-SCR it fiFg 1% 4 B .
TR ZAFGEIESE SO, W EEXT Ir FeAk Y CO-
SCR G MEAFFENG FHE . M B Tl AR,
FIF CO-SCR J i, {H 24 J3 i b It B B, i v
Bz B g . BAIZE PSR T O, fF 76 F
IrRb@SBA-15 {4k 5 I+ SO, XF CO 3£ fbif
Ji NO, 520 o A% 7 il % 18 21 (TPSR) 45
T, A OSARPAELE SO, B, S il B = T
255 °C J&i, CO. NO Hl NO, By e B T4 R R 1t
AN, H SR RS CO. X UERH SO, BIAF7E
REAEMH CO My %Mk, (R A S iR P A EZM
CO TR NO, T4 &5 T NO, 78 = il T 1Y
e, LLEY et RRE R, 78 O, fA1E T
SO, X} 1r/SiO, #E L 7] CO-SCR A % i & 1 ik 1
o TR X 2k W ORG240 45 7 35 ( XAFS) il
XPS 432, SO, ¥ Ir 4k 24 B JLF- 1% A 5
M. DRIFTS 43 #1 2B, SO, o] LIl CO + 0, X
IS, AT B 22 4 CO Al T3l BRI 1tk 1 o7 48 1
Y NO, .

WANG %"V WF 55 W] T 76 &% A& 1F T S0,
XF CO iR J5E NO () fie E AL FE . WF 9% & B, 3l A
SO, J&, Ir AT AS S (1 Wy BE | fhi b e &
254k, JE DRIFTs #l DFT 25538, 7€ O, il
SO, [F] B £7 7E B, SO, B 46 E Ir 3 I #% %A 1k Ky
SO, Bl J& A= B 1% SO, i 2= Sio, #Ak I, I 7F
Si0, M FEHE AR G RRER YA . R THE R R
(TPD) 25 it — 20 R W, 444 3R 10 1) ik R 2k )
J A T A R T O, P LG IR T BT, 28 v 0 R T
CO # O, & Ak, i3 £ 1 CO 5 NO J b, fig i
T NO By Ji
2.4 H,0 I

1 CO-SCR I i}, H,O & W Bt 7 Ak ) I,
H H,0 5 CO. NO 77 5a 4 W B, DT B AR A £k
FIE A TE . 5 SO, AH H, 8% H0 XAk
5% Wi J2 T 396 B . HE 25 BY AR A & oA
5% 1) H,0 Ji , H-CuCo-CeO, 1 1k 5 ) 1% P M
100% P52 2y 90%. Y] H,0 J&, NO 54 {k8 X
BRI o TEHELEST 50T, H,O e wiHiE AL
FI P A 8RR, ZHOU 2552 S b pa g il < 8 K
i R A BESE TR [A] H,0 % & X I/WO,-
SiO, fEALFITE 225 C B fEALIERE R SE I . BF5E K

P, 24 RS HE A 3% H,0 Ji, NO, ik K%
i 749 20%, iff — L #m HO & & & 12% )5,
NO, 542 A %AW B84k, CHEN 25 (R
¥ KB CuCoO/TiO, MIELIHHEF I TE SO, 58 H,0
FEAE T, AT LT WA Z 25 . 24 SO, M
H,O [RIFEAERT, H1 T H,O 1 SO, i AH B 4 H 1
PEBRRRZE SRR AR, 1 TR B AR R L, i i AL 750 2K
i . HANEDA %" 5% % Bl H,0 %} [/WO,/SiO,
WAL TG A PR AR, 2 B oK IR EE e
NI & A (WGS, CO(g) + HO(g) = CO,(g) + Hy(g))o
TR A B HL, AT AR I 3 PR A
FH, T A IS P . YOO 265 858 T WS,
AP H,0 fE7E I, RWALO, | CO iR JF NO ) J2
N AL . A[E NO Fl CO 43 JE R i) Rh/ALO, i B
M2 AR (FTIR) 45 5 3R BH, N* 5 CO Il NO 7+
TE 5w 4k N, NO/CO ¥R JE Hepe s T s H NH; .,
N,O Fll N, i A= i 3 %% . NO/CO [t {H # /N B,
N*{ 55 CO A= i NCO*, BfiJ5 7 ALO, 1
ik — 25 K i A i NHy; 24 NO/CO B 38 R, A
NO H & fi A9 N*5 NO(E NO*) Fil N* 2 ), {1
JEfE Rh K i JE B N,O Fil N, WANG 2™ 557
TR AL S ELAL AR AR Pd/CeO, i L NO HY 5
M. BT B, A ARAE H,O I, Ov B8
BT H,O AW B, FifiJ5 5 Pd — AR #E—NCO
—CN 9 P K fi#, 4 B NHyo B 41, CO i H,O
) WGS 7= E 19 H, 3% H R T ae 8 1 Pd Py Fp
Fl Ov ¥ ax Lo Al A Rl J5 A NH;.

3 FHitH5RE

ARSCHEEET TR CO it fkik i NO, R
WF5E 1 R, A48 DL ok 0 4 e ALk | £ 3 ot
4 )@ CO-SCR EALF, DL KA [A] 40 < & 44 % CO-
SCR LAl PEBEAYRZM . CO-SCR &Ik 5 b ¢ £
FE U R A FE AR, W ELS W 7 o BT B0 (9 B
FE R, AR R IV T 56 T AN (] g FH 45038 A 4 A 7

(1) 4K 8k %8 45 40 8 #5018 25 #8 & co-
SCR Mt Al : H8KBe 45 0 < & A 24 300 mg/m” #Y
NO Fl 0.8x10°~2.0x10* mg/m’ 9 CO, X< ik B —
AR I E 130~170 °C, #FEREA O,. SO,. H,0, —
WERLSEY) T, SR, A KAR IR AR . 8 05
eyl i 22 S A K o AR I R Tl 15 RE e £
AR FE R 5 2200 (2024 4F R YAIERAT L 5 Bl
e AR e R, AR Bt MR e B PR R AR AT
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DR R KAE BOR AR 25 TEBE4s & 42 R IR 4
FIH . R, BEHEAE R CONO H | % 40UXUAE & i
W IE 3R CO-SCR Mt filf i 4k 571, 7T LA S 3L CO Fnl
NO, 1= R FIHE .

(2) HR A i v A XU R AR« 0B = b B
P S B A 20~100 mg/m’ (49 NO i1 100~5 000
mg/m’ {5 CO, M I B — 42 i 76 100~300 C.
T 9 = b A XU A O, B JEARIK, CO-
SCR Ak 16 M 25 S AR R A 38 i I /K F- o DR,
[ H 3 5T CO-SCR AL 7 HP IR . 98 CO/NO
Lb Y R A e 1

(3) &R 4 T2 BLAN: NH, 2 —Fil BT &
() S RB AR, W R ERE I R A B 24 ik ok, R
NH; B AL Ge A A SR 512 B0 K R RiR ok Ik 1 i
BEMER AR, WNBRIEER I BRI R T 2R b
TR, NH, 2 S MAA R EY, HiE
BRBE ] A P EORR NO, . Lk « DL
JRE ARG 4 R P & g, NO, I HE R i7F 2530
R BRAL

H AT, R Ir S0 AR & A1 A B
I A, H A AT 2 BR il CO-SCR AR
RHBER FHA EERE . B, & @ sk AR
AU R AL AR R R L, BT
PR B 5 0 JR, 0 ok 1 A AR S 3 S A T o A
— PR S AR e v o TR SRR i 5 T A
T 480 25 {0 28 R4 25 7 R 1R R P R 5T, DA ok —
AR RE . BLAh, 2R S AR 5% CO-
SCR Jz i HLER 14 52 Ml v oA 56 4= B, A R IO Jn i
WA AXAR B TR, 5635 v ] 7 ) 0 R 7™ ) 1Y)
A AR . TR A G5 A R R AR AT B
SR, O AR AR BE A A ) O AR R S B
A
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