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Fig.1 a) Reducing agent and metal reduction potential sequence diagram; b) Actual reaction phenomenon image
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Fig.2 Route of selective hydrogenation of naphthalene

P 2 ZRk i U o i 2 P

2 RS

2.1 Ni-™Al 4L FI R R

R T WS ER R G JE A AR AR, X
BT X SR R AT RAE. T B Ik e e s =
H s EAEAL, pXRD R i ] A8 2 1 5 00 2R It 0 i
TR B T A 8 A, BRI AR 30° 2 AT,
R BT A A A A 30031 90° -4 5404, BEdh T F 2 L
SH1R AL Ni-"ALy . Ni-"™Al, Ni-™Al, ,#l Ni. 54§
BEESAHLL, B SRR NB A, &IRERHE
U () W i A e /. BB A AR T R BN, WA )
A R A%, IEWTAR DGR o5 PR 4 R ny TA] B,
PRET AR SAS. B 3a ATE, Ni 44 KRy
pXRD A 20=44.66° . 51.86° . 76.30° kb fiyik 5
B FCC BIZERAY (111) | (200) F1(220) & i AH AT
I, T 7E 26 = 39.33°, 41.66°, 44.66°, 58.58°
71.24°  78.19°, 86.07°, 88.15°4bHIHL T 75 7 HEFH
f9(010) ., (002) . (011) ., (012) ., (110). (103) .
(112) F1(201) AHTEAFHFIE. 7EXSEMEGrh ) BE R
TR BB, 707 AL ) S5 A8 2 s 0 EE T R
R FERIT R L SE 55 1 HERL R B I R AR 45 5



504 I S S 4 %32 %
g e | NAL 3.530
i 3.532
§ 1252 | Ni—Al 3.534 %
3 E 3536
z 2
S > 1.251 | 538
£ g IS8 2
g i-Al 2 3.540 &
g % )‘, . % x ek s » S1250 | 2
- 2 . . Ni-"™Al, Ni—"AT} ‘é Ni— ™AL, 3.542 §
A s o Ni-™Al, - S 1.249 3.544 =
v NioAL Ni—™Al, a
A R - 3 4 f 3.546
Al 2 1.248 T Y
L . . = 0 10 20 30 40 50 60 70 80

40 45 50 55 60 65 70 75 80 85 90 44.0

@ wern @@@@@ @@@

 recs %?& %Q%%%

Ni-™Al,;,

445 450 455

@@@@@

Al concentration/%

OND
@}@E%Z%@"’p

Ni-™Al, Ni—"Al,

Bl 3 a) Ni-" Al X4 @ M AL, Ni 4 J@AAL R pXRD &% &% FCC Ni (49 (111) 416 9 pXRD B[ 5

b) fRILE S

5 Ni (220) AT A AR S ORI T EE G 2R 5 ) Ni-™ AL R T AL 451 14 5

(FCC: L7k, HCP: 73T i)
Fig.3 a) The pXRD patterns of Ni-" Al_bimetallic and Al, Ni monometallic catalysts; The right is the

pXRD profiles of NPs at (111) reflection of FCC-type Ni; b) Relation of Al concentration with the value of lattice

parameter and inter-planar spacing correspondent to (220) reflection; c) Simplified structure diagram of

Ni-™Al, samples. (FCC: Cubic type, HCP; Hexagonal type)

Wi pXRD EIE, FI GRS & F 5 AlAd 280
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Table 1 Physical properties of Ni-™ Al samples, ratio of crystal FCC and particle sizes of

different crystal sizes based on pXRD patterns

Particle size/nm‘" The FCC crystal Ni : Al molar Surface area

Sample HCP FCC ratio/% > ratio”’ /(m?> g )@
Ni 28 18 60.68 - 32
Ni-" Al , 20 8 76.95 244 ¢ 1 90
Ni-imA]l 0 7 100 0.59:1 199
Ni-imAl3 0 4 100 0.18 : 1 98
Al - - - - 46

(1) The cubic (FCC) and hexagonal (HCP) particle size calculated by XRD spectra;

(2) The proportion of cubic FCC calculated by XRD spectral ;

(3) Elemental analysis by ICP-AES;

(4) Analysis of BET specific surface area for N,-physical adsorption
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Fig.4 XPS results of the Ni-" Al bimetallic catalysts for a) Ni 2p and b) Al 2p
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Fig.5 Ni-" Al, bimetallic catalyst for a) TEM image, b) HRTEM image and c) particle size of statistic
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Fig.6 a) H,-TPR results of Ni monometallic Ni-" Al bimetallic catalysts. b) H,-TPD results of

Ni monometallic and Ni-™ Al_bimetallic catalysts. (Y axis values on the same scales)
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Fig.7 a) Conversion of naphthalene and b) tetralin selectivity versus temperature at 1.53 g h gnaph’l; c)

Conversion of naphthalene and d) tetralin selectivity versus contact time at 240 °C over Ni-™Al_ catalysts.

(3% naphthalene and 1% octane as ISTD in 96% n-decane. (mass fraction) )
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Fig.8 Activity comparison of Ni-"Al_ catalysts
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Chemical Synthesis of Ni-™ Al Nanocatalysts
for Selective Hydrogenation of Naphthalene

CAO He, CHEN Xiao ", DU Yan, LIANG Chang-hai”
( Laboratory of Advanced Materials and Catalytic Engineering, School of Chemical Engineering,
Dalian University of Technology, Dalian, 116012, China)

Abstract: The formation of metal interstitial or intermetallic compounds by doping non (like) - metal into metals is
an important means to design highly efficient and selective catalysts. Based on the metal reduction potential, Ni-"
Al nanocatalysts have been synthesized successfully at room temperature using lithium-naphthalenide as a strong re-
ducing agent, anhydrous NiCl, and AICl, as substrates, which have been used in the selective hydrogenation of un-
saturated aromatic hydrocarbons. The as-prepared samples were characterized by pXRD, N, physisorption, XPS,
TEM, H,-TPR and H,-TPD. The selective hydrogenation of naphthalene as a probe reaction showed that Ni-™ Al
catalysts presented high activity and single selectivity for the selective hydrogenation of naphthalene to tetralin. The
electronic effect between nickel and aluminium can adjust the adsorption performance of tetralin, the intermediate
product, to avoid excessive hydrogenation. Among them, Ni-"Al, catalyst had purer FCC crystalline phase of Ni
and more suitable Al doping amount than other samples, showing high conversion of naphthalene (97%) and excel-
lent selectivity to tetralin (98%). In addition, Ni-" Al, catalyst presented high stability during 47 h with 3598
nmol/ (gy; s) consumption rate of naphthalene and 99% selectivity to tetralin.

Key words: chemical synthesis; cubic crystal ; nanoparticles; selectivity hydrogenation ; naphthalene
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