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Study on Preparation of Cu—-ZrO, Catalyst Coated by Nitrogen—Doped Carbon
and Catalytic Dehydrogenation Performance

Wang, Yongsheng Zhao, Yunlu Zhao, Zhenzhen Lan, Xiaolin Xu, Jinxia
Xu, Weixiang Duan, Zhengkang*
(College of Chenical Engineering, XiangTan University, Hunan Collaborative Innovation Center of New Chemical
Technologies for Environmental Benignity and Efficient Resource Utilization, XiangTan 411105)

Abstract Glyphosate is one of the most widely used herbicides in the world. Current production of glyphosate starts with
iminodiacetic acid (IDA). One method of producing IDA starts with the catalytic dehydrogenation of diethanolamine (DEA)
using Cu-ZrO, (CZ), which is a fairly simple, pollution-free, and cost-effective process. The Cu-ZrO, catalysts used in this
dehydrogenation are fairly efficient and inexpensive, but they tend to agglomerate and inactivate. The development of highly
efficient and stable Cu-ZrO, catalyst is of great significance. Carbon coated nano-metal particles are a new type of
nano-carbon/metal composite materials. Metal materials can be imparted in a small space due to the surface acidity and alka-
linity of carbon coated materials and their unique structural characteristics, which is of great significance for the dispersion
and oxidation resistance of the loaded nano-metal materials. In this study, melamine was used as a carbon source and a nitro-
gen source to prepare a Cu-ZrO, nanocatalyst (CZ@CN catalyst) coated with nitrogen-doped carbon (CN) with core-shell
structure. The effect of different molar ratios of copper and melamine on the catalyst was studied. Scanning electron micros-
copy (SEM), transmission electron microscopy (TEM), X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS),
N, physical adsorption and desorption test (BET), H, temperature-programmed reduction (H,-TPR) were used to investigate
the morphology and structure of the catalyst. The catalytic performance of the catalyst for the dehydrogenation of diethano-
lamine was investigated. When the molar ratio of copper to melamine is 4:1, the prepared CZ@CN-1 catalyst has the highest
catalytic activity. The yield of sodium iminodiacetic acid is 92.80%, and the reaction time is shorter than that of ordinary CZ
catalyst by 40%. The yield of sodium iminodiacetic acid still reaches 88.45% after reusing 8 times. The results showed that
the introduction of the CN layer makes the catalyst exhibit more Lewis basicity. Meanwhile, it is beneficial to the activation
of hydroxyl groups and the transfer of hydrogen in the dehydrogenation reaction. The CN layer can also stabilize copper na-
noparticles and improve the stability of the catalyst.

Keywords Cu-ZrO,; diethanolamine; iminodiacetic acid; nitrogen-doped carbon; transfer dehydrogenation
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Table 1 Compositions and structure data of catalysts

Content‘/wt%

Complex o Sper’/(m?eg ") VY (emPeg™") d,%nm De,*/nm
CzZ 14.6 22.5 0.036 3.4 23.6
CZ@CN-1 14.4 19.8 2.5 28.6 0.045 3.6 11.3
CZ@CN-2 14.0 203 2.7 20.2 0.030 3.6 11.0
CZ@CN-3 13.7 21.0 3.0 15.4 0.024 5.1 10.5
CZ@CN-4 13.3 219 3.1 9.6 0.019 3.4 10.9

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“Determined by elemental analysis. * Specific surface area calculated using the
BET method. ¢ Total pore volume.  Mean pore diameter. ¢ Average crystallite

size of metallic copper particles based on XRD pattern.
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Figure 1 (a) The XRD patterns of the samples; (b) The XRD patterns of
CZ and CZ@ CZ-1 roasted for 2 hat 150 C
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Figure 2 SEM images of CZ (a), CZ@CN-1 (b, ¢), CZ@CN-2 (d), CZ@CN-3 (e) and CZ@CN-4 (f)
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Figure 3 The TEM (a, b) images of CZ@CN-1; high-magnification STEM image (c) with EDS mappings of Cu (d,), Zr (d,), C (d;) and N (d4) elements
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Figure 4 Nitrogen adsorption-desorption isotherms (a) and pore size
distribution curves (b) of samples
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F2 FEMHT 2R A TR T LR RS R
Table 2 Catalytic performance of samples in the dehydrogenation of
diethanolamine

fefbs kA DSIDA  RMIEE/ HIEFEA WIS
FE b Fifg  W%/% min WE/C IF1A)/min
CZ@CN-4 2 86.0 240 110 35
CZ@CN-3 2 89.1 180 110 35
CZ@CN-2 2 90.3 120 110 30
CZ@CN-1 2 92.8 90 90 25
cz 2 923 150 130 30
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Figure 5 CO,-TPD profiles for the samples (a); H,-TPR profiles of
unreduced samples (b)

Intensity/a.u.

T ERRYELL, LT 380 C IR BR UE TT LA JE v o 4 i
FE Lewis BlPEAL(MSLB), AT 560 °CHIKIER] LLIH
J& TR Lewis BEPEAI(SSLB)!'™!). B CN & &i%HT
W% AT 560 CHBE Lewis BRI VA28 I8 55 35714
JHN 380 CHIMLFIETE &, {H 140 Chb CO, it HIEIR
Wi, UHIREE CN WS 0 135 in 5 204 s el 1 467 F1
AR IR A7 T 2 T 95 el e 57 R 4 . S el e A7 ) 9
KRN CN EidJE FBEUE ZrO, 10 B AL S8
i {E CZ@CN-1 FEgh P I Lewis 455 R £
SEHTIE Y1 CN EEEM K CN EH BEAR&E TR
FUE ) N Pfh. 25-E AR v R I mT &, Aot fr
(RGN R DAY N — R S B, LA R gERR

Acta Chim. Sinica 2019, 77, 661—668



1 F F ®R

B3E 4 JEFE I CN 2 5] A0 DA S LSRR i CZ@CN
T AR PO,
2.6 H,EEFARILEH-TPR)

Sb N TR AR JRFE 5L I Ho-TPR E3E. 5 MR
HRLE 160 CHI175 CHHE H LML JF I, 160 C
)3 JER Ve A FH AR 2R T 1 70 B CuO Mt Ji 5] ke
(19, 76175 “CHidk R IE 2 i fb A CuO MIEJE 51 2. B

“REFBINEZHIEZ, 160 CHI 175 CHIEJR
WEEWIRES, FES CZ@CN-2 A1 CZ@CN-3 1E 195 C i
PIE JF 0, i CZ@CN-4 75 220°C HBLIA R I, X 72 i
FHENE] ZrO, 1 Cu> Pk IR, F AR I S 4 bt

= IREUE B B BB N ) =i T MR, KRR
CN 25 Cuz MMM EAEH, 5804 R ) =
F. Sk TR0 CuO B JE BN R, BAE BN
KA CuO R S #E R, 7F Hy-TPR RALHAEERA
BURHIE IR, HE5 CZ@CN-1 HIE IR B RAK, 45
A3 1A, CZ@CN-1 A Lk CZ H/MH) Cu ddhi T,
S8 11.4 F123.7 nm. FrPAFES: CZ@CN-1 fEALFH]E
A AT, X5 AR = /B0 Cu YR
/N Cu R RS 2%
2.7 X HZ&ABTEEIE(XPS)

NTHEFFEN CZ@CN-1 R Cu. Zr. C.
N SRR ETIRE, 5 CZ@CN-1 LT T
XPS FAE. WK 6a Fin, FEih CZ@CN-1 REAF(EE
Cu. Zr. C. O. N fifpcz. El 6b 1) Cl w7 #F XPS
Btk b4y 284.6. 285.6. 288.6. 288.9 1 289.8 eV 5
ANE, HHAET C—CH#. C—O . C=0 8. C—N
A 0—C=0 BME™. & 6c NFEH CZ@CN-1 1)
Nls &7 3% XPS K, 7 399.8eV £ 400.5 eV 4b4y i H
AN, 43 3R 55 JFF LA H-N-(C), 7 2R I 1 i s 724 1
JEF 5 = ANBR S AR A SR U Y, DL g R
HEA N SR RIS RSN E, R T R B RKE. K
6d A CZ@CN-1 5 CZ LTI Cu 2p =53 HF XPS K3,
5 CZ EALFIA L, CZ@CN-1 1AL 7] Cu 2p M= A&
AT, XEHTEEWHME CN 222 A A H
SEEYF BT CN BT
2.8 MESH(TG)

78 CZ@CN-1 5 CZ A& TG Bl HEW]
A1, 0~180 ‘CZ I PHANFE it ot = HR H B T B, X2 A
AL K 2 A . 180~460 °C 2 18] CZ@CN-1 i
WFFEANKRE; CZ AR FE N ZrO, 2 AR b
IKHIBERR. 460~750 °C 2z [a] AN AL 7RI Y 2% B 3 L2
H T &ML BER 51 21, JF H CZ@CN-1 L7k
HIEE KT CZ ALF, 2B RTEXTEHEIRE M, CN #
Z MR, T CZ@CN-1 AL T = i gl A
B, fEAVEVE R RSCEEMRIR, FEUR N E N ERE 2
Jil EFE, B CN Z5INME— 2RI E, £ 460 °C iyl

Acta Chim. Sinica 2019, 77, 661—668

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

KIHBEORIAIFEE CZ@ON AL, By Ik AE sl M55
Cu PR T HIRSS, DRAFHEALTR TS 1

5
8
>
‘@
C
I3
=
200 400 600 800 1000 1200
Binding energy/eV
5
Ky
>
‘0
c
5
£
282 284 286 288 290 292
Binding energy/eV
(© N 1s
4005
5
Ky
= 399.8
(%]
C
8
£
396 399 402 405
Binding energy/eV
(d) Cu2p
932.78
5
s cz
>
3 932.98
c
|5
E
CZ@CN-1

930 935 940 945 950 955
Binding energy/eV
B 6 KA CZ@CN-1 41 a). C Is (b)s N Is (c)Fl Cu 2p (d) XPS
FAEF CZ FE LY Cu 2p (d) XPS EAE
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Figure 8 FT-IR spectra of the CZ and CZ@CN-1 samples
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Figure 9 Recyclability of CZ and CZ@CN-1 catalyst in the dehydro-
genation of diethanolamine
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H% BEARBAWAER Cu-Zr0, ALF], N5 8445
AL S M H AR e M . U LT ) Cu AL
FEALHT I B
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4 I

41 ZLHHBENE

FHER H (Cu(NO;),*3H,0), |~ ARk v T,
AEAL B (ZrOCL8H,0), iR fr T A (L BT A F
FRAF; AAMI(NaOH), RETTEE R R EARA
Fl; ZOBERE(DEA), TR TR T = %%
2 (CsHgNe), |~ ARk M v Btk ) 25 7 /K (H0),
SEIG S E ) TAES (LI >99.9%); Tk s < (A
>99.9%).
42 ZHRDE

FREL 6.44 g ZrOCl,*8H,0. 2.42g Cu(NO;),*3H,0 LA
Je— 52 JRE M) C3HgNg 7T 600 mL Z8 13K, $ii Pk
SEATAMR, JERRIE IR A BVETR; PRI 4.8 g S AN
BT 250 mL K, RFZBFEMA G GIRA SR+,
{FH AR G 4R #: 6 h. FiElErE 2 it
J5, FZABKGRRIEME FIERERE 7 M pH H%
T 7. BRI E T 60 CHAE AR T, K THEpr
E AT ok, B TR A S, £ N, SEF
550 CHEE 4 h, 15 CuO/ZrO,@CN RiUR{A. K152 (1)
CuO/ZrO,@CN H SRR AN L, 7E Hy 5T, BA
3 C/min FITHEEZFE S 350 C, IHEZIRE NiEJF 4 h,
E AR BEIR VA H145 3] Cu/ZrO,@CN AL 7).
4.3 FIE

FEI Tecnai G2 F20 ZYiZ& i x0H + RMEL(TEM, 3%
[ FEI 2 #]); SU8200 A7k i 44 85 (SEM, HAH
S A]); TGA-50 BYFA I A (36 1H TA A F]); TriStar 11
3020 ZYLLRTAFIFLE 0 HTAC(BET, 32 [H 2 vl BREG 42
AL A TR A F]); AutoChem 11 2920 %4> [ Zh 8 7 T+
12 X (H,-TPR. CO,-TPD 2 o7 2R 2 su A 28 A [R
AF]); NICOLET 380 ZY{df Bt 2L 4L i (FTIR, 3EH
Je i 118 7]); Dmax-2500/PC Y X 5282 ok R ATHMX
(XRD, HAH kA 2x4t); 1200 Y R it (38
2 16 A F)).
4.4 XTSI

¥ 10 g —OmERE. 2 g LA, 8.5 ¢ EEMEN (F
T 80 mL EEFA)VMAEFIE RN EF. K R pEE
REME, AN N, HEZ 5~6 S INEZ 1 MPa, 4 °“C/min
FITFHRE R TR, THEZE 160 C, 7EHH A 400 r/min BE4T
irE, AR E TR SRR 4SRRI
% 1.5 MPa J5 T HHFAE, F5 % 1 MPa J& < AR,
Had B HER PIARF AR, RS FE R B
PR 37 20 min P JCAR AL RIAR R S5 87 45 3. SR VA €2
W AT E B b, AR B B A e A 15 A (Hypersil
SEX, 5 pum, 4.6 mm X250 mm), M52 5 —
LREN IS
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