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Solvent-free hydrogenation of nitrobenzene to aniline catalyzed by Pd/r GO
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Abstract: Three kinds of Pd-based catalysts, Pd/GO, Pd/rGO and Pd/C-HNO; were prepared by using
graphene oxide (GO), reduced graphene oxide (rGO) and activated carbon (C-HNOs) supported Pd
nanoparticles. The samples were characterized by XRD, XPS, N, adsorption-desorption, SEM, TEM and
HRTEM. The activity and selectivity of three catalysts for solveless hydrogenation of nitrobenzene were
investigated and compared with that of Pd/C catalyst (Pd mass fraction 10%). The results showed that the
coupling effect between Pd nanoparticles and rGO nanosheets led to the highest Pd specific surface area
(178.37 m?/g) and Pd dispersion (43.75%) of Pd/rGOs among three catalysts. Under the conditions of
Pd/rGO mass concentration of 10 g/L, H, pressure of 1 MPa, reaction temperature of 90 °C and
nitrobenzene of 5 mL, the yield of aniline increased with the increase of the reaction time. Nitrobenzene
was completely transformed and the yield of aniline reached 100% within 100 min. In addition, Pd/rGO
exhibited 97.1% aniline yield after being used for ten times.
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7. AR L AT Pd 42 )@ e 3 T AR A TR
PERIREM,  TTIE AN [ B A Rk A4 X A b 18 5 1 412
SRR, JESTH PAIC (AL AL 35 2 A7 X
Ho, BTETF & —Fh R i R B TG A R Jn 4
k51

1 SRIGERSY

11 RAFENEE

STEPIERAA . SR . AR . OREE . RINEE .
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THRARABRAR; GO, Tolkg, FHMakERHEAR
ZvH]; Pd/IC (Pd Fifesr48 10% ), SE[E Alfa Aesar
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SU-8010 ¥ & S 4 s+ W f4% ( SEM ), HAS
Hitachi 2\ ] ; JEM-2100F i% 5 i 7 . is ( TEM ),
H7 JEOL /A %) ; DIMAX 2550 BIMS R X SF247 5t
X (XRD), HA Rigaku 27 ; iCAP6300 Hi gk
BEBE TR L 6B (1ICP-AES ), Escalab 250 XI
B X FHEOGH T REREIL, & Thermo Fisher 24 7] ;
Autosorb-1 4= H 3h W MY , 25 [# Quantachrome 23 7 ;
25 mL mER M A, EE Par AR ; 7890B-5977A
RIS A 3 B 56 X ( GC-MS), [ Agilent
NEIS
1.2 Pd/GO. Pd/rGO. Pd/C-HNO; &I #l &

Pd 44K ki i i Schlenk £ AR H14. # 0.15 g
(0.49 mmol ) Z N ERAS . 15 mL Kk Fl 3.81 mL
(11.59 mmol ) JHfEMA 250 mL = OB+, FilR

THhEZS 15 min, N #hk, LA 2.44 mL( 5.48 mmol )
SRR, FUGEZS, IRAWIINIAE 100 °C, %
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VSR SR R ad RS 50 PR N skbedff, DR
FHiE (40 °C/min) Z 290 °C. W WLE S (0 78 hy B
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BAPIEA N, BHIFRFFHREZE 450 °C, ik
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Bk BRE 1 h 53] rGO, AC I RTE=EIR F R
JH 0.3 mol/L TSR EFT 4 h A FRALTE . 3o sE T AL B S
1) AC TE LB F /K h e A3 pH=7, i J57E 110 °C
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THORE WA, IR 12 he RE
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Fig. 1 XRD patterns of samples
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Fig. 2 N, adsorption-desorption isotherms of GO, rGO,
C-HNO;, Pd/GO, Pd/rGO and Pd/C-HNO;
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P FIr 3
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Table 1 Textura properties of GO, rGO, C-HNO;, Pd/GO,
Pd/rGO and Pd/C-HNO;

He 2% T A/ (m2/g) LEinm  fLEA/(cmd/g)
C-HNO; 853.15 3.21 0.25
Pd/C-HNO; 508.58 3.31 0.18
GO 57.25 441 0.05
Pd/GO 3.87 26.23 0.02
rGO 476.18 14.03 2.47
Pd/rGO 154.17 7.82 0.70

. i BET FREIFEMAR,

2.3 SEM &7
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AT RE N A A S AR TS 1
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Fig. 3 SEM images of samples
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Pd/GO ) HRTEM & (& 4c., f Aili) /"1 Pd 4
Kok HA RAFHES A 4k M 480, 0.223 nm |1
d MY Pd(111) 5 6 d [ EEAXT R, WERH T
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Fig. 4 TEM images of C-HNO;z(a), rGO (d) and GO (g), as well as TEM and HRTEM images of Pd/C-HNO; (b, c), Pd/rGO

(e, f) and PA/GO (h, i)
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Bf 7 A Ko Y B R A B AR M SR 4R 7 AC -, 1T Pd
5 B 8 9 R B AR FH e B AR T 3% Tv 5 AU AT
B A2k B, B A S Pd kLT 22 8] A AR B4R
FdsE, fi Pd R ELLY R, 3R 1 AT, GO
H R AN 57.25 melg, Pd/GO i #B4r Pd 44K
B RE BRI, rGO MEZILEE I FBUEEH
F R AL, A AT Pd 98 AR T A0 b A 1, DA 2
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35¢ I ra/GO
300 I Pd/rGO
[ ] Pd/C-HNO,
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Fig. 5 Pd particle size distribution of Pd/GO, Pd/rGO and
Pd/C-HNO3
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Mk, 5RILE 6.
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AT Pd® B Pd 3ds, 1 Pd 3dy,; 337.6 F
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Fig. 6 XPS spectra of Pd 3d and C 1s for Pd/rGO (a, b),
Pd/GO (c, d) and Pd/C-HNOs (e, f)

W3 2 fron, PR Pd 3d G X iy il A2 1
Af A3 PdrGO. Pd/GO F1 Pd/C-HNO; H i
n(Pd® : n(Pd**+Pd%)., %IT rGO ik PdIrGO, JE
IR E 85.01% 1 Pd L4 B AL, FEIR /KL
14.99%f# Pd LI Pd—O—C JERXfEFE. XF T Pd/C-
HNO;, JEE/R/%1 58.53%0Y Pd 4 R4, BE/RATEL

41.47% 2 F A0S, PAIGO iy Pd EEA T 48
A& (EE/R5r4150.52% ),

# 2 PdIGO. PdIrGO. Pd/C-HNO;HY Pd 17 2k 245
Table 2 Pd loading conditions of Pd/GO, Pd/rGO and

Pd/C-HNO4
e POOUREE PO AR GO
%" Biftinm®  rEU%” S EU%”
Pd/C-HNOs 111 7.04 58.53 33.01
Pd/GO 1.01 7.78 50.32 34.21
Pd/IrGO 1.05 6.91 85.01 37.66

OHy ICP-AES 183]; @ TEM ESHE5]; G Pd®#l
fifs Pd #1F Y Pd 3d XPS IE AR L1545 8] ; @i C—O Ffr
H CHFI C 1s XPS IETH R LT85,

AN, XF PdirGO. Pd/GO #il PA/C-HNO; #4171
CO Jik i B R AL, MATEY Pd 5358 A8 i 3% 1T
BULZ 3.

% 3 Pd/GO. Pd/rGO. Pd/C-HNO; 1 Pd - HiUE Fi4: &

FeFmR
Table 3 Pd dispersity and metal specific surface area of
Pd/GO, Pd/rGO and Pd/C-HNO3

AL 5 Pd 3B 1% Pd 43 J& LR 1 R/ (m?g)
Pd/C-HNOs; 35.84 159.67
Pd/GO 34.15 152.14
Pd/rGO 43.75 178.37

% 3 Al%n, PAIrGO (1) Pd 4@ H R mifik
178.37 m?lg, B & T Pd/GO Fil Pd/C-HNOs, It4F,
Pd/rGO 7£ 3 AL i R B e =i 9 Pd 3R,
by 43.75%, %4585 XRD, TEM ., HRTEM 43 #r 4k
R—3 ., PdIrGO FMHKE M Pd 4 )& LR AR FII3
R B TR T AR A TS %

26 fE{iEgEERE
2.6.1 R B AR & 69 AL R A A K OK e BOR
9% )

e 1.4 W TTE, RREHAL AR, B
Pd/ rGO. Pd/GO Fil Pd/C-HNO; (¥} 50 mg) T
B FEAR P TR I & R, HEALTI S 60 min (4
i M W3 4,

# 4 PdIGO, Pd/rGO. Pd/C-HNO; K it Pd/C AL
Table 4 Catalytic activities of Pd/GO, Pd/rGO, Pd/C-HNO;
and commercial Pd/C

A% HEFENEI% TOR/[mol/(h-
1% A WA M MOluip]
Pd/GO 49.8 5.0 0 95.0 0.453
Pd/rGO 79.8 0 0 100.0 0.698
Pd/C-HNO;  50.9 4.8 0 95.2 0.425
Pd/C 67.4 3.6 0 96.4 0.062
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t % 4 741, Pd/IC-HNO;., Pd/GO i Pd/rGO
TS B HE AL 245 51 50.9% . 49.8%F1 79.8%, 4
XPS 255, RIA] Pd LA fh 7 i Pd® f) B8 R 2 B0
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JEEIR Ay LB Th i, RS REE AR B Th R . BLAh,
Pd 4K ) L 3R TR 5 40 WO 1) S T A B T
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PR S e PO AL TR 1 o
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7 A R 2% 10 °F 48 b fiF 3% 2% i & s B, PdIrGO |
Pd/GO. Pd/C-HNO; Fl Pd/C ( R ) 1% i %
(TOR) Wk 4 fi/m. HT PdrGO. Pd/GO #i
Pd/C-HNO, 71 2k Pd 1) Jit 1t 4348 43 51124 1.05%.,1.01%
1 1.11%, ifi PA/C Y Pd 450k 10%, K
Pd/rGO ki M i 2 = T Pd/C. PdirGO HA M
AR S . (1) rGO MhERIFLES M, HARK
HFLE, AR TFRERNET; (2) PArGO T
Pd k25870 (16.91 nm ) FIEE = B 43 BUEE (43.75% ),
FHEHEZN Pd JETFS5ERN . FHit, PdrGO
i Pd/IC HA W A TG 1 o
2.6.2 B EBE T PAIrGO AL 5 3k ¥ hm S5 R 44

# ok

R 1.4 RIS, REEHAL SRR,
S NS X PdirGO A AL L 2R I & A A e 1)
S, GERULE 7, M 7 AT, AR ON  E
rh, i R A A 3R OR e 5 S5 B T[] £ A 4330
TR F T, B 100 min B, YL SE 4 g
b, HRer= A3 100%, 7614 Ry fedr, R
sl P AOREE B — o R AL EOR . HiE
SN R TR] R SE 4, AR b GRS P R R T R AIG
100 min B 7= F [ %
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Fig. 7 Effect of reaction time on the hydrogenation of
nitrobenzene to aniline over Pd/rGO
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Fig. 8 Effect of temperature on the hydrogenation of
nitrobenzene to aniline over Pd/rGO
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