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AT PE AR S e, Vigil 502 4 L 25 fEAL ]
HOIASRBIFR, nT U ROs D i g A AL, S e fEfl
F A A . LA R Souza 2 AR, FE
FFEMEALTR O M BiF, A BRI A] ek A AL
PERE. HIEAE Cu-ZeO, HEALTR oS BhsR M, il
Ji, Cu-M 05-Zr0, HEALTR T T = £ e I Bt 205 v A
B2 . LR B A s, HA @ AE Cu-Zr0,
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X LR SN A AR T T ik
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(NH, ) (Mo,0,, + 4H,0 Fl ZrO (NO, ), &5 IF HfiH
PR i il BTA TR A, K S SR A 0 PR 2 7K i i B
W B(REMN SR TR /R 1.5 1 1),
FER AT b, RIEERE T, B A RV B I
T AL TTTE FC A PR, T 2 i pH=12, BRIL 2 h,
FHABAK PR 8 (VR L B e By R R ke
MICHE L&Y A ), R0 KuEvEE T
120 C 1446 4 T4 10 h, 7E 500 °C H 3 b v k% e
5 h, AFEMEALRIRTIR A CuO-M,0,-Zr0, , SR 5 Rk
FIRTARPRIE A . BFIE | 943, BUREAR 0.45 ~0.28 mm
(AL AT R A2 .

b IR AE AR R AT AR AR B R A T R
J5U, Pl AE 2581 °C, M A<(0.05 MPa) it Ji
4 h g, PSR A A H B IR, Bl
Cu-M,0,-Zr0, AL, f-17F 0.5 mol/L A A L4
. B4 —Fric i Cu-M,05-Zr0, (30 :
X :20), Hrp X=0, 10, 30, 50, 70 345142 N
CMZ-0, CMZ-1, CMZ-2, CMZ-3 Fl CMZ-4.
1.2 LTI A9 R

FEARBN 250 mL (R RS, nAJRURH 4
. TR (FREE/R 2.5 2 1), 60 mL B4k
Jed.s g AR, HARERSEZNER6 KRG,
FARSMAEZE P E S35 0.5 MPa, 5% 5 i 400
r/min, BERE 165 C, FFIGR N, Ry iFEf 4
PR R, Tt R R 1 4 P HE R REAE 0.5
MPa, JCH AR AT f iR AR R, %
BESE4Ja, K6 NI O S, USRS R
A WA RSN, B O B SRR )
HEEREN. R4k A Agilent-1200 7 5 5%
WA TSR, (B 3% 4 8 Sax 58 B 25+ 58 b,

T slAH N 0. 01 mol/T. AYBAEFR & — Bk 5% Pl (W TR 1A
pH {E=3), #:i 30 °C, P 200 nm, IR FHSMx
PoE . TESCI AR, X RN R A A e R
TN R A A E T
1.3 ELFBRIE

X SFEAT S (XRD ) P 7 78 H A< B2 B AL 2
Z3FEIY D/max2550-18 kW A58 X G 4 A 5 X b3
1, Cu(A=0.15418 nm) #4845}, 40 kV, 4
Higi 250 mA, A AREUEOGR, ELAH, M
J¥26=20° ~90°. LRI (BET) Il € 7 5[5 Hes4
2y w] NOVA-2100e Yy BRI B E 34T, A0 Bt
it AR THIE JE (H,-TPR) 78 3¢ [ S 24 W
ChemBET-3000 BI{L "2 fHAL F AT, FRURO. 1 g f
AFNEE S, 25 mL/min 7 # AT He L4 10 °C/min
A FHEECR IR T2 500 °C, fHiR ERLFH,
RSN, VR H, - Ac(IRRLEL) =3 27 BOIR G
(30 mL/min), A 10 C/min B FHIRHE R T B
500 C.

2 R 5L

2.1 f{L 7B XRD RAER S DEA BS R BB 80

TR AT, %48 T YR S AR I B
A Cu-ze0, AL F DEA #1415 208 % DA
R, W4 | R, SR A R, Cu-Mo0,-Z:0, HfiE
TLHERERRAT , DA HUHEHIEHy 96. 3% .

SRR ] B9 ) Cu-Ze0, AL AIREFT XRD
FAESMHT, W 1. 4EE L AT, Cu-M,0,-Z:0,
HEALRIZE 20=43°4b Cu WIRSIEIEIR SRS, 450
1, AR, Cu-M,0,-Z10, fi i) Al A1k A 8 5
A RACHETE S T B oe A TR 4.

& 1 Cu-ZrO, LT s A=) B I B fiE 1L 1 B

Table 1 Catalytic performances of the Cu-ZrO, catalysts with different additives

Catalyst Mole ratio Conversion of DEA/% Selectivity of TDA/%

Cu-Zr0, 3:2 93.1 95.5
Cu-Zn0-Zx0, 3:5:2 78.2 85.2
Cu-Ni0-Zx0, 3:5:2 85.3 89.3
Cu-MnO,-Zr0, 3:5:2 92.2 91.7
Cu-M, 0,-Zr0, 3:5:2 100 96.3

Reaction conditions: reaction temperature 165 °C , reaction pressure 0.5 MPa, reaction time 4 h,

DEA : NaOH(mole ratio)=1:2.5
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2.2 AEMEMAFIAMRXT DEA it S & IS0

225 TR M, & &XF Cu-M,0,-Zr0, f
EFIE SN VERE R sZ . R AT LLE 1, M,
B RN ) e AR AR K, B M,/ Cu JBEJR
et 073 383 5/3 BF, SO % 68.0% -
F+5) 100% , (HARZLHE N M,/ Cu BE/R L2 7/3 B,
RN AR R [, Rk, My BRI A7 — 1t
fEEa, WL Z5 5, M, B 32 2858 i
P A A 0 1 3 MOk 5 e i B R R B 2 Cu-
M, 05-ZrO, 20 30 = 50 : 20 B}, AL E 1L PE
ey, DEA L 20T ik 100% , IDA BEFEM ]Ik
96.3% .
2.3 Cu-M,,0,-ZrO, {EL % XRD RK1E

P& 2 kA [R) 21 43 BiE EE 19 Cu- M, O, - ZrO, 4 £k 71

& 2 A[E Cu-M,0;-ZrO, X FIER T DEA B SR 5 B 5200
Table 2 Effect of the Cu-M,0;-ZrO, catalysts composition on the DEA dehydrogenation

Catalyst composition

Conversion of DEA Selectivity of IDA

Catalyst (mole ratio) /% /%
30:10:20 68.0 88.3

30130 : 20 97.6 94.7

Cu-M, 0,710, 30150 : 20 100 9.3
30:70: 20 98.8 93.2

30190 : 20 94.3 92.9

Intensity

Reaction conditions; reaction temperature 165 °C , reaction pressure 0.5 MPa, reaction time 4 h,

DEA : NaOH(mole ratio)=1: 2.5
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A I B B S k59, H2Y4 M,/ Cu EEJR LA T 5/3
BF, Cu BYRFEDE TR BE KT T B, CuO F1 Zr0, FRAE
WA P ) B B . 24 Cu-M,0,-Zr0, (B /R [4) = 30 :

50 : 20 B}, BRTE 20=30°4LF 055 1 Zr0, FFAEIE
Hh, HAKE Cu (ARAEE, 0] CuO T Bk 58
2. MNEI2 AT 0L, My/Cu EE/R LG HR 0/3 g hn%) 5/3
AR, Cu BYATT ST Z HHG 3R R B, 1 CuO HYATT
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1 CuO Y38 B, (HE @ M, & 5 RO & 36 K
CuO 1 ZrO, fki4E, 50 CuO AL 5
2.4 Cu-M,0,-ZrO, 4L 71 BET &4

33 AR ST L) Cu-M,,0,-Zr0, {4k
(1) BET FRAELEH. 3 vl I, SHUCHEM AL T 485
AT FLBREE #, B8R T L R M BRI EL AL 2%,
4 T HALR. MMk CMZ-0, CMZ-1, CMZ-2,
CMZ-3 il CMZ-4 ) BET & i 143 %1 K 116.5,
145.6, 164.3, 171.3 % 172.2 m*/g. 24 M,/Cu Ji

IRHART 573 If, BE M, & 8RR n, FEALR AY
T BURIALA RN, FLARWN; 1524 M,/ Cu BE/R L
KT 573 B, HALFIMG ELFLAR K, bR mAE L
AN, fFLAREEIN. B3R 2 A1, Cu-M,0,-ZrO,(JBE/R
) =30 : 50 : 20( B} CMZ-3) fi 1k 1) B A fe A AL
DEA BistERE, mi LA T CMZ-4. ik,
TN L FL AR A FE M Cu-M,,0,-Zr0, {67
{b DEA JRE A nE— R .

R3EAFIBLRERA, FLEMALE
Table 3 The specific BET results of catalysts

Catalysts Surface area/(m” - g™) Pore volume/(em® + g™") Pore diameter/nm
CMZ-0 116.5 0.29 6.9
CMZ-1 145.6 0.30 5.3
CMZ-2 164.3 0.34 4.7
CMZ-3 171.3 0.38 3.8
CMZ-4 172.2 0.43 5.0

2.5 Cu-M,0,-ZrO, &L 7# TPR F{E

K 3 AR 4 43 B b Y Cu0-M,,0,4-Zr0, ik
FIE H,-TPR RAEZER. & 3 s, K M, 0, 2k
P CuO-Zr0, AL th Y CuO B A P A~ ik Ji U
(210 F1294 °C) , X FEH] CuO FEHALT H 777 P Rl
IR, AR F R AEAL ) & 0 BUES A CuO 38 5t
W, R I BN AL R R A CuO BRI, HiR
I R R LU AT e e i B 2 K4S 22, BMEEAR 7
HRAE CuO 7 EZ L. 24 M,/ Cu BE/R AR T 5/3
BF, AT TR % o e i DA B ML, 5 1 1 58 ¥ 1)
MRIR T 1A 3l , Mo/ Cu BE/R HLAET 5/3 1), 4k
1) 5 1 A JEL I HH B AE 258 C 224y, S5AEf Ak CuO 11
T JEELIE 300 CVRH LG, 2 AL A IR T R
TARZ , ML o BEA R AL R PR RE O R A —
FIERAE. X Fh LS 32 B M0, [N ALAE T CuO-
Zr0, LA A A WA AR, 38 T ks
CuO WIS, AR T HEAR 90 A0 A SR TR RE , fof 74
FTE 5y Tk ). {H4 M/Cu R HK T 5/3
B, AR Y i e I i e i ML, B 7 385 1 S5 17 )
Rl 7 RS B, AR R A D 0 K. R
M, O i f AL Fe T M, AOHEBEAR &, B a5 T — i

Sr4, MITTBHAS T AJE CuO BRI ). 25 1Tk,
4 Mo/ Cu BE/R AT 5/3 i, e H T CuO-M,,0;-
Zx0, {1k J5
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Fig. 4 Effects of reaction temperature on the DEA

dehydrogenation reaction
Reaction conditions ; reaction pressure 0.5 MPa,
reaction time 4 h, DEA : NaOH(mole ratio)=1: 2.5,
Cu-M,,0,-Zr0,(30 : 50 : 20)
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Fig. 5 Effects of reaction pressure on the DEA

dehydrogenation reaction
Reaction conditions; reaction temperature 165 °C ,
reaction time 4 h, DEA : NaOH(mole ratio)=1: 2.5,
Cu-M,,0,-7r0,(30 : 50 : 20)
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Fig. 6 Effects of reaction time on the DEA dehydrogenation reaction
Reaction conditions; reaction temperature 165 °C ,
reaction pressure 0.5 MPa, DEA : NaOH (mole ratio) =
1:2.5, Cu-M,0,-Zr0,(30 : 50 : 20)

2.8 Cu-M,, 0;-ZrO, AL FI TR E N

1E FR T B B RN AR AF T, X Cu-M, 0;-
2r0,(30 = 50 = 20) P47 7 AGE PRI, MAEEAR W
B 7. AR R e S N EE A AT 12 0, MR
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Fig. 7 Influence of reuse on catalyst performance
Reaction conditions; reaction temperature 165 °C ,
reaction pressure 0.5 MPa, reaction time 4 h,
DEA : NaOH('mole ratio)=1 : 2.5, Cu-M,0,-Zr0O,
(30 :50 :20)
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Study on Cu-M,, O, -ZrO, Catalysts for Synthesis of
Iminodiacetic Acid from Diethanolamine Dehydrogenation

WU Jun, DUAN Zheng-kang, LI Wen-juan, JIN Shi-liang
(College of Chemical Engineering , Xiangtan University, Xiangtan 411105, China)

Abstract; Cu-M,0,-ZrO, Catalysts with different content of M, promoter were directly prepared by coprecipitation
method, using nitric acid as solvent, and sodium hydroxide as precipitator. Characterization method including X-
ray diffraction, N,-physisorption and H,-temperature-programmed reduction were carried out elucidate the structure
character of the catalyst with the catalytic performance. Catalysts for iminodiacetic acid synthesis from dehydrogena-
tion of diethanolamine were studied. The dehydrogenation reaction conditions, including reaction temperature, re-
action pressure, and reaction time, were studied in detail to obtain the optimal Cu-M0,-ZrO, catalytic perform-
ance. The results show that Cu-M,0,-Zr0, catalysts (the mole ratio was Cu : Mo : Zr=3 : 5 : 2)) were exhibited
excellent catalytic activity. The optimal reaction conditions were as follows: reaction temperature 165 “C , reaction
time 4 h, and reaction pressure 0. 5 MPa. Under these conditions, the conversion of diethanolamine reached
100%, and the selectivity of iminodiacetic acid reached 96.3%, and the catalyst could be repeated for twelve times
with no obvious activity decline. The characterization results indicated moderate M, content promoted the reduction
of CuO, and increased the surface area and pore volume of the catalysts, and significantly decreased the reduction
temperature of the catalysts, and improved the catalytic performance of catalysts.

Key words: Cu-M,0;-ZrO, catalyst; diethanolamine; iminodiacetic acid; dehydrogenation; catalytic



