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Highly Selective Hydrogenation of Adiponitrile to Hexamethyleneimine
Catalyzed by Carbon Nitrogen Composited Nickel Catalysts

ZHANG Chenyang, JIA Chenxu, HUANG Jun’
(College of Chemical Engineering , State Key Laboratory of Materials-oriented Chemical Engineering ,
Nanjing Tech University , Nanjing 210009, China)

Abstract Hexamethyleneimine(HMI) is a crucial intermediate in the production of pharmaceuticals and agrochemi-
cals, including penicillin, herbicides, and fungicides. In this study, supported Ni-based catalysts were prepared
using solvent-assisted mechanochemical ball milling and pyrolysis, and the catalytic performance for the hydrogena-
tion of 1, 6-adiponitrile (ADN) to HMI was evaluate. The results demonstrated that the supported Ni-based catalyst
Ni/IM-C(R) exhibited high activity for the hydrogenation of ADN to HMI in 98% yield. The catalyst Ni/IM-C(R) was
prepared by co-ball milling nickel acetate, 2-methylimidazole and activated carbon, followed by calcination in N,
and then reduced by H,. The surface structures and the chemical properties of the Ni/IM-C (R) catalyst were charac-
terized via various techniques, including X-ray diffraction, X-ray photoelectron spectroscopy, scanning electron
microscopy, energy-dispersive X-ray spectroscopy, transmission electron microscope, and N, adsorption-desorption
measurements. The characterization results indicated that nitrogen-doped carbon improved the dispersion of Ni
nanoparticles in the Ni/IM-C (R) catalyst. The catalyst Ni/IM-C (R) displayed small Ni nanoparticles with high
surface, which directed the high activity for the hydrogenation of ADN to HMI. Without additives, the Ni/IM-C(R)
catalyzed hydrogenation of ADN exhibited excellent activity and high selectivity towards HMI. The Ni/IM-C (R)
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catalyst is stable and recyclable for several times without deactivation. The Ni/IM-C (R) catalyst is simple to be

prepared and the Ni/IM-C(R) catalyzed hydrogenation of ADN is promising for industrial applications.
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Fig.1 Hydrogenation of ADN to HMI with nickel catalysts

NI/TIOZ(R) ﬂ] Nl/Ale;(R) j\jﬁ/ﬂfjﬂj ’ Ig%/fE& Reaction conditions: 1 mmol ADN; 20 mg catalyst; 2.0 mL cyclohexane
&@YEEE ’ a:ﬂ%i&:{%%ﬁﬁﬁ":‘% ’ ﬂ: as solvent; reaction temperature: 150 ‘C; H, reaction pressure: 1.5 MPa;
Eﬂﬁﬂ? E@ﬁ?%‘rimﬁ@?ﬁ%'fﬁ& s I—ﬁgljfﬁ%ﬂ reaction time: 5.0 h. HMI: hexamethyleneimine; ACN: 6-aminocaproni-
:Bﬂ il ;H\:TZFK% E/‘in'ﬁ*%‘lﬂf ED% EJ:}’[‘ ] trile; HMDA : hexamethylenediamine; AND: adiponitrile.
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Fig. 3 XPS spectra of survey(A), C, (B), N, (C), and Nizp(D) for Ni/IM-C(R)
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Fig. 5 TEM images of Ni/IM-C(R)
Inset of (A): particle size distribution of the Ni/IM-C(R). Inset of (B): diffraction pattern of Ni/IM-C(R).

60

(A) —=— Adsorption
—— Desorption

50
40 -
30

20

10 -

Quantity adsorbed/(cm?-g-!, STP)

1
0 02 04 06 08
Relative pressure, p/p,

1.0

(dV/dD)/(cm* g~ 'nm~")

0.005

0.004

0.003

0.002

0.001

(B)

|

0

10 20 30 40
Pore diameter/nm

Fig. 6 N, adsorption-desorption isotherms(A) and pore size distribution(B) of the Ni/IM-C(R) catalyst
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Fig.7 Optimization of reaction conditions for the Ni/M-C(R) catalyzed hydrogenation of ADN to HMI
Reaction conditions: (A) 1 mmol ADN; 20 mg Ni/IM-C(R) ; 2. 0 mL solvent, at 180 °C, under 1. 5 MPa H,, for 5.0 h; (B) 1 mmol
ADN; 20 mg Ni/IM-C(R) ; 2. 0 mL cyclohexane as solvent, under 1. 5 MPa H,, for 5.0 h; (C) 1 mmol ADN; 20 mg Ni/IM-C(R) ;
2. 0 mL cyclohexane as solvent, at 180 “C, for 5.0 h; (D) 1 mmol ADN; 2. 0 mL cyclohexane as solvent, at 180 °C, under 1. 5 MPa
H,, for 5.0 h. HMI: hexamethyleneimine; ACN: 6-aminocapronitrile; HMDA : hexamethylenediamine; ADN: adiponitrile.

B 5 BESE T NI/IM-C (RO C I I SO i BE A2, S5 5L N 7(B) BEoR . 24 50z il BE A
100 ‘CH2 R 2 120 “CHF, 25 h G 2 IR 38 i 21% 38T 28 83%. >4 SOy ifit B T 22 180 “CHY, J
V5 b5 PR ORISR B 98%. [ il FEHE— 38Tt , S ib @™ i sE i, IOk B A
TR A T TR T A R TR R A SN, AR U SN R L o R A S i TR R R S
NAHEAT, RONEIREE 180 “CHY O NS 7E M G AbR N ik HoAT m e Rk

WEFE T Ni/IM-C(R) AL C B iU by Hp R s, 25 R 7(C) fos . AR IMEF
0.5 MPaltf, & —fEAREAEEAL . MASIESMO0.5 MPaTHE# 1.5 MPaJi7, & Al 254k, e
FEWC R B B 185 (99% ). TR 77 b T2 (i 5 700 v 2l A0 VS A B8 20 ST i, bR T IR A% TR, 14 im T
AL R T R A, AR R O RN . BT R TR, C SRR e e
Ak, IO A E] 98%.
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PE—FSE T NYVIM-C(R) R A2, 25 R 7(D). afLLE M, 7EREAFI R T, & it
HeFFERE R AR, B AR 54% MR OO, y= AR Z =P el =9 . RS , o
AT C RS CE O AL, HARR I B PR O R A A= A . 7 R 22 AOAEAL 590 T LA I g i 3ok
PP =8 98%. 1H 20 mg i — A~ BI{H, JF— 1

LA, SRR, 3150 100

R =z . i % | ]
H T TR NAIM-C (R I AR B 5 o0 | \g

R, WS T MK R AR, K § L " b "

U B A AR R 6 R, AR s 3 . 2

i e
TERBIFIRE L h N, B ZIEE HEA 24, o of 1

] 7% 493 ACN B S 132 JF Iy ik 2k, 1 75 b2 3 4 s 6

Time/h
(41%) , FEZBFEAT, 760 4 h 5 FEAR 2 9% /& , o ,
Fig. 8 Kinetic study of the Ni/IM-C(R) catalyzed

A MO R MITER Y 5 h Py 52 30 PRk | hydrogenation of ADN to HMI
THIFZH T AL, JHES hi kB A1 98% I Reaction conditions: 1.0 mmol ADN; 20 mg Ni/IM-C(R); 2.0 mL
B [FAEA D v (AR R AR ORI 2R L 2 eyelohexane as solvents under 1.5 MPa H,; at 180 °C. HMI: hexa-
B3] T A C BRI % 98%. 2 W B[] iE—2  methyleneimine; ACN: 6-aminocapronitrile; ADN: adiponitrile.
ﬁﬁﬁz{ﬁ%ﬁ_ﬂ;%ﬂﬂ:a NI ﬂ'ff E/‘] Ll& % , Ji ﬁj 6 h Using n-hexadecane as internal standard; determination by gas
BT B R ERL chromatoezaphy nd GEA
24 EAFREM

T HRIENIVIM-C (R) 1 e 1, NSO B A A8 64T R — 48 9 9R PRIS 0 , 25 2R LI 9.
Ni/IM-C(R)FEZ A B RS LR MR e T, O G MR AR YRR TE 98% LA L, PRI
Z M 97% WET T B2 91%, X 0] fe I B F 4k 5

Table 2 ICP-OES analysis of nickel content in reaction

[l e PR 52K . FH R 2 B9 TCP-OES 15 (A1 45 solution for the Ni/IM-C(R) catalyzed hydroge-
ATUUE 1, Nig s oI B, Ni 9K kL A nation of ADN to HMI

T2 ] A S0k 90 428 Ni iR AR AR . o THIERH Reaction Ni content'/leaching’ (mass fraction, %)
Ni/IM-C (R) AL C ZiE S A b S i LAAE 440 5 Fresh catalyst 0/<0.05

RAT, 0T TR SR, MR BT v

;F%E HTJ‘ ( He ﬂzﬁﬂ q&% 5% ﬂ:‘n 6-/5(‘% C H%ﬁ LI& %’E a. The Ni content in reaction solution by ICP-OES (detection
25% HTJ') R %&%{%ﬂcfﬂ])ﬁ R ,ﬁ\:ﬁ?’rfi’ﬁig jﬁ]fg%?j;fi limit, 5%107°) ; b. the Ni leaching with mass content based on fresh
1, Fe WA ARAR R AT AL SR TG A . 24 NVIM-COR) catalyst,

1o L ADN Conv.(%) HMI yield 100
;\'e\ /
T 80 = 80 —_— o
.2 < >
5 <
5 60| 5 60
= =
3 S a0t
§ 40 | =
=
5] L 20k —o— HMI
o 20 —o— Filtration test
0 0 1 1 1 1 1
1 2 3 4 5 0 1 2 3 4 5
Cycle number Time/h
Fig. 9 Reusability of the Ni/IM-C(R) catalyst for the Fig. 10 Schematic diagram of filtration experiment
hydrogenation of ADN to HMI for the Ni/IM-C(R) catalyzed hydrogenation
of ADN to HMI
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N NVIM-C (R)MEAL T, RTIUR5E B2 N . ifi FLYE Ni/IM-C (ROAEAL ) & I &AL, B T
A LI 8 A3 B AR AL A1, Ni/IM-C (R)HEA 0 AT D33 A3 SMEE BRI 5 0 s AL TR RS R . AR R
Ni/IM-C (R)HEAL IR G AT SRAR A 2 o A AL TG M R 48 1, AR 2R S vy W e LA R A ek, 5
FlEk.
25 2TREmMEHE

FEFSZISRCIE M, $R T NV/IM-C(R)fiEfL & B S AL FT fE S i . 4l Scheme 1 /R,
O i i — S LN S8 i B A A 6- L O . ZEAER IR, B AR TR, 6- 2k
CLE ) T2 I U051 N B9 ON FEFRAETE B3R O W B k&5 4 . Bl Ni/IM-C (RO ik i it — 2 &1k,
PO R 2 AR BRI R . 72 Ni/IM-C(R) AL & — R S AR sl R v, ARAR v
T g a7 Y) 6- 24 58 CIE R AR I ARAT, A28 T H AN RN, ARIF RO . miH,
C G R a] 7 4 6- 24 3 O e BE B, AR T o NN, R T A F AR ON . R,
Ni/IM-C (R) AR A & i S AL IR b Sy AT LS B E 5 8 A0 O S A PR

NH
CN CN
HZ NHz HZ NH HZ
i N
CN NH2 o

Scheme 1 Proposed reaction pathways of the Ni/IM-C(R) catalyzed hydrogenation ADN to HMI
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AR AT DL e EE AL O I R AL BIA O, 77 %3k 98%. Ni/IM-C(R)fEfEFIH C, N, O
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i o2 7 — . i R R A T2
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