Mot 7 %

2011 Chinese Journal of Catalysis Vol. 32 No. 8

XEHRS: 0253-9837(2011)08-1418-06 DOI: 10.3724/SP.J.1088.2011.01020 L 1418~1423

RIB R HRMKREXNHOEH M Ru LT L& R IEHIER

= N =R 2 s > K <= (2 b
w R E, TR, RSN, BAE, AEM
PEMFRAEMFNEREAECEBERE AL RE, T 7 A% 116023

b

TEE: LG N BRIE AR, S A SO TR S & T A B R IR GKE . T R SRR B, RS B S  A 1 £ BE R
KA, B K/ 10~15nm, BE S 10~20 nm. X F 286 B F R 45 SR 0H, W O 15 2% BBk 9 K8 45 0 v, 2 22 DAtk g B 20 R EAR Y
BATTE. 56 X ST ERAT IR 2 e 1l 45 B R L, B 2% I 10t s, BB Je s b, (BRI A BRI . 5 R B4k
PURE AL, BB B 9K E 730 Ru M40 R) F A s R S TE IS 0, T 650 °C 1145 1995 2 99 K & 47 201 Ru {46 7000
PEAF N B3 e, 1X T B A BT AR R R 1B A R BE G SR AL I 45 1R TR

XHIA: HERMTR, BBk, G, 5, RIKE

FESES: 0643 XRKFRIRES: A

W g B HA: 2010-10-14. % H#: 2011-05-27.

SEANELR AL HIE: (0411)84379969; £ E: (0411)84379128; . F 1 44: panxl@dicp.ac.cn
ik R AL EELIE: (0411)84686637; 1% E: (0411)84379128; , T 1 44 : xhbao@dicp.ac.cn
HeKkE: BREABFES (11079005, 21033009).

Enhanced Ammonia Synthesis Activity of Ru Supported on Nitrogen-Doped
Carbon Nanotubes
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Abstract: Nitrogen-doped carbon nanotubes (NCNTs) were synthesized via chemical vapor deposition using acetonitrile as the carbon and
nitrogen sources. Transmission electron microscopic characterization showed clearly tubular morphology of NCNTs with inner diameter of
10—15 nm and wall thickness of 10-20 nm. X-ray photoelectron spectroscopy (XPS) indicated that nitrogen species were incorporated into
CNTs and the predominating type of nitrogen species were pyridinic and quaternary nitrogen. XPS, X-ray diffraction, and Raman spectros-
copy showed that with increasing temperature the total amount of nitrogen species decreased but the nanotubes were better graphitized. Ru
supported on NCNTs exhibited an obviously enhanced activity in ammonia synthesis as compared with the CNT-supported Ru catalyst. In
particular, in the temperature range of 550~750 °C, the NCNTs obtained at 650 °C after deposition of Ru yielded a better activity, which was
most likely attributed to the promoting effect of nitrogen doping and the graphitization of nanotubes.
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Fig. 1. TEM images of purified nitrogen-doped carbon nanotubes
prepared at 750 °C (denoted as NCNT(750)) under different magnifica-
tions.
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Fig. 2. XRD patterns of CNTs and NCNTs synthesized at different

temperatures.
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Fig.3. XPS spectra of NCNTs prepared at different temperatures (a) and XPS spectra of N 1s for NCNT(550) (b), NCNT(650) (c), and NCNT(750) (d).
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Table 1 Relative concentration of different N species in NCNTs estimated from XPS measurement

Relative concentration (%)

Sample Total N content (%)

Pyridinic N Pyrrolic N Quaternary N Oxidized- pyridinic N
NCNT(550) 8.8 48.1 12.5 30.9 8.6
NCNT(650) 4.0 46.4 6.8 35.1 11.7
NCNT(750) 2.2 34.9 9.4 37.4 18.3
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Fig. 5. Raman spectra of CNTs and NCNTs synthesized at different

temperatures.
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