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A B S T R A C T

Nitrogen doped carbon supported iron catalysts were prepared from pyrolysis of a multidentate nitrogen ligand
iron complex supported on chitosan at different temperature, and showed good performances in the reduction of
4,4′-dinitrostilbene-2,2′-disulfonic acid (DNS acid) to 4,4′-diamino-2,2′-stilbenedisulfonic acid (DSD acid) with
hydrazine hydrate (N2H4·H2O) as reductant. Characterization results revealed that the iron is mainly present in
the form of Fe2O3 and metallic iron nanoparticles. The doped N atoms functionalized as anchoring sites to
stabilize iron nanoparticles, which endows the catalysts with excellent activity and superior reusability.

1. Introduction

4,4′-Diamino-2,2′-stilbenedisulfonic acid (DSD acid) is an important
intermediate widely used for manufacturing dyes, pigments and fluor-
escent brightener [1–5]. Now, DSD acid is mainly produced from iron
powder reduction of 4,4′-dinitrostilbene-2,2′-disulfonic acid (DNS acid)
in China [1,2]. The reduction of DNS acid with iron powder can tolerate
co-existence of C]C double bond in the structure affording DSD acid
with high selectivity, but generate large amount of iron mud harmful to
environment. Therefore, efforts were made to develop alternative pro-
tocols to prepare DSD acid, such as electrochemical reduction [6] and
catalytic reduction of DNS acid using various reductants [2,7]. The
electrochemical reduction protocol encountered the bottleneck of low
current efficiency [6]. In 2012, Chen et al. reported the preparation and
the catalysis of gold nanoparticles supported on three metal oxides for
the reduction of DNS acid to DSD acid with H2, CO and HCO2Na as
reductants [2]. A selectivity higher than 94% was achieved over the
three Au NPs containing catalysts. However, the high cost of noble
metal based catalysts will become a big obstacle for the manufacture of
DSD acid belonging to a less expensive product.

It is well known that hydrazine hydrate (N2H4·H2O) is a good hy-
drogen source for the reduction of nitro compounds to amines over iron
based catalysts [8–10], [14–16]. In principle, only nitrogen and water
are the byproducts in the reduction of nitro compounds with N2H4·H2O.
On the other hand, iron is non-toxic, cheap, and easily available.

Therefore, it is promising to develop an efficient and sustainable iron
based catalyst for the conversion of DNS acid to DSD acid using
N2H4·H2O as reductant.

Recently, nitrogen doped carbon supported metal catalysts have
attracted much attention due to their excellent activity and selectivity
in the reduction of nitro compounds with various hydrogen sources
[11–23]. The doped nitrogen could facilitate the transfer hydrogenation
of nitro compounds, due to the synergistic effect between the doped
nitrogen and the metal species in the catalysts as revealed by Beller
[15,16]. Beller [15] also found that the performance of a catalyst could
be controlled by the ligand in the complex and the support in the
preparation of the heterogeneous catalyst. The nitrogen numbers co-
ordinated to center metal in a complex is of great importance to give
highly active species in the prepared catalyst. Meanwhile, a suitable
match of a complex with a support is also important to afford a catalyst
with good performance.

Herein, nitrogen doped carbon supported iron catalysts (FeNC-T,
T=700, 800, 900 °C) were prepared through pyrolysis a multidentate
nitrogen ligand iron complex Fe(phen)(pydic) absorbed on chitosan at
different temperature, and applied to the reduction of DNS acid to DSD
acid with N2H4·H2O. N2H4·H2O functionalized as hydrogen source en-
dows this strategy a green route to synthesis DSD acid. Characterization
results revealed that iron species mainly exist in the form of Fe2O3 and
metallic iron nanoparticles and anchor on the doped nitrogen atoms,
thus affording the catalysts good performances in application.
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2. Experimental

The experimental procedures were given in Supplementary in-
formation.

3. Results and discussion

3.1. Catalyst characterization

XRD and XPS were performed to disclose the compositions and
valence states of as prepared catalysts. As shown in Fig. 1a, diffraction
peak located at 2θ of 26° is assigned to graphitic carbon [24], the ones
at 2θ of 35.6°, 44.7° are assigned to Fe2O3 [25,26] and metallic iron
[13,25,27], respectively. It is also found that with the pyrolysis tem-
perature raised to 900 °C, diffraction peaks of Fe3C is observed in the 2θ
range of 40 to 50°, indicating partial transformation of metallic iron into
Fe3C [27]. Pyrolysis at high temperature of an iron and carbon-con-
taining material led to reduction of iron species to metallic iron by
carbon, and the metallic iron was chemically extremely active to react
with other atoms such nitrogen and carbon to form FeNx or FeCx species
[27].

XPS survey scan spectra are shown in Fig. 1b, the signals of C, N,
and Fe are observed in the spectra of all the three samples. It is found
that the content of nitrogen decreases with the increase of pyrolysis
temperature, which is in consistent with elemental analysis (Table S1).
Careful deconvolution of N 1s spectra (Fig. 1c) reveals that surface
nitrogen species exist in the forms of graphitic N (401.3 eV), pyrrolic N
(400.4 eV), Fe-Nx N(399.3 eV) and pyridinic N (398.7 eV) [27,28]. The
contents of the four nitrogen species and the total nitrogen content in
the three catalysts were determined by XPS, and the results are listed in
Table S2. The total nitrogen content in the catalysts decreased with
increase of pyrolysis temperature in the preparation of catalysts.
Though the total nitrogen content in FeNC-800 is lower than that in
FeNC-700, the nitrogen content of Fe-Nx N in FeNC-800 (0.65%) is
higher than the ones in FeNC-700 (0.58%) and FeNC-900 (0.48%).
Deconvolution of Fe 2p spectra reveals peaks at the binding energies of
710.0 eV, 712.8 eV, 716.5 eV. The peak at 710.0 eV is ascribed to the

binding energy 2p3/2 of Fe(III) species [29,30] The peak at 716.5 eV has
been identified as a satellite peak corresponding to Fe 2p3/2 [31]. The
peak at 712.8 is attributed to FeNx 2p3/2 [30] while the peaks at
723.2 eV and 725.7 eV are attributed to the binding energies 2p1/2 of
Fe2O3 and FeNx 2p1/2 [30].

(Fig. 1d). The separation of Fe (III) 2p3/2 and Fe (III) 2p1/2 is
13.2 eV, indicating the existence of Fe2O3 in the catalysts [13]. Com-
bined with the fitted N 1s XPS spectrum, we can conclude that partial
Fe species exist in the form of FeNx, which means iron coordinating
with doped nitrogen.

The morphologies and microstructures of catalyst FeNC-800 were
revealed by TEM. As shown in Fig. S1, the iron nanoparticles show a
homogeneous dispersion. Corresponding element mapping images in-
dicate a homogeneous dispersion of element C, N, and same location
area of FeNx and Fe2O3. The element mapping images in combination
with XPS analysis indicate that Fe2O3 species rooted in the FeNx species
to form iron nanoparticles, which is of great importance in determining
the catalysis of the catalysts due to synergistic effect between iron na-
noparticles and nitrogen doped carbon support [32,33].

N2 adsorption-desorption analysis revealed that all catalysts display
type-IV isotherms (Fig. S2), indicating the presence of mesoporous
pores in the catalysts. As shown in Table S3, catalyst FeNC-800 has the
largest specific areas of 125.34m2 g−1. Pyrolysis at temperature either
higher or lower than 800 °C would lead to decrease of specific areas of
the catalysts. Larger specific areas will endow more active species ex-
posing to reactants in catalytic run. Therefore, FeNC-800 will show
good performance compared to the other ones in the reductive con-
version of DNS acid to DSD acid with N2H4·H2O.

3.2. Catalytic performance

Preliminary experiments indicated that catalyst FeNC-800 gave best
results in the reduction of DNS acid to DSD acid with N2H4·H2O in water
among the three FeNC-T catalysts. Therefore, the effects of various
parameters including reaction temperature, amount of N2H4·H2O and
catalyst loading on the catalysis of FeNC-800 were investigated in water
by maintaining reaction time 5 h, and the results are given in
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Fig. 1. (a) XRD patterns (b) XPS survey scan, (c) high resolution XPS analysis in N 1s region, and (d) detailed Fe 2p spectra of catalyst samples.
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supplementary information (Table S4a–c). The suitable reaction tem-
perature, amount of N2H4·H2O and catalyst loading were determined to
be 140 °C, 4.5 equivalents N2H4·H2O to DNS acid and 7mol%, respec-
tively. In this case the conversion of DNS acid reached close to100%,
with 80.3% selectivity of DSD acid. Herein, intermediate 4-amino-4′-
nitrodiphenylethylene-2,2′-disulfonic acid (ANSD acid), and some uni-
dentified oligomers were found in the reaction mixture, which led to
the decrease of the selectivity of DSD acid. No 4,4′-diaminobibenzyl-
2,2′-disulfonic acid (DAD acid) was detected in the reaction, indicating
that this protocol can tolerate co-existence of C]C double bond in DNS
acid. DAD acid is generally generated from over hydrogenation of DSD
acid in the hydrogenation of DNS acid to DSD acid, leading to decrease
of the selectivity of DSD acid [2].

Efforts were made to improve the selectivity of DSD acid by per-
forming the reaction in organic solvents, but failed due to its poor so-
lubility of DNS acid in organic solvents. Thankfully, introduction of
appropriate amount of methanol into water could improve the reaction
in some degree (Table S5). Initially, the selectivity of DSD acid in-
creased with the introduction of methanol, and reached its maximum of
83.1% at methanol to water volume ratio of 2:3. Instead, further in-
crease of methanol content led to a decrease of the selectivity of DSD,
probably due to the low solubility of DNS in methanol. Therefore, the
suitable solvent is the mixture of methanol and water in volume ratio of
2:3. After the suitable solvent was gotten, the reaction time was eval-
uated and determined to be 5 h (Table S6).

Based on the above results, the optimized reaction conditions were
obtained, which were reaction temperature 140 °C, catalyst loading
7mol%, 4.5 equivalents N2H4·H2O, methanol to water volume ratio of
2:3, and reaction time 5 h. In this case the yield of DSD acid reached
83.1%.

The catalysis of as prepared catalysts was compared under the op-
timized reaction conditions. As shown in Table 1, catalyst FeNC-800
showed best selectivity towards DSD acid, and catalyst FeNC-700 per-
formed slight worse compared to catalyst FeNC-800, but better than
catalyst FeNC-900. The selectivities of DSD acid over the three catalysts
were in agreement with the Fe-Nx N contents in FeNC-700 (0.58%),
FeNC-800 (0.65%) and FeNC-900 (0.49%). The higher the Fe-Nx N
content in the catalyst is, the higher selectivity of DSD acid is. This can
be ascribed to that the higher FeNx N content will lead more Fe2O3

nanoparticles formed, rooting in FeNx species. Fe2O3 nanoparticles
rooting in Fe-Nx species can be confirmed by element mapping images
(Fig. S1). Fe2O3 nanoparticles rooting in FeNx species are active species
in the reduction of DNS acid to DSD acid with N2H4·H2O. Therefore, the
catalyst FeNC-800 performed best among the three catalysts. The lar-
gest specific areas of FeNC-800 might be another reason that FeNC-800
showed best performance in the reaction. Besides, the poor perfor-
mance of FeNC-900 compared to FeNC-700 and FeNC-800 could be
partially ascribed to the transformation of iron species into Fe3C in
FeNC-900.

Instead of DSD acid, nitroso and hydroxylamine intermediates as
main products were detected over iron-free material NC-800, indicating
their necessity of iron species in the catalysts. It is known that ferric
trichloride in combination with active carbon (FeCl3/AC) was very
active in the reduction of nitro compounds with N2H4·H2O [34].
Therefore, the reaction was also carried out with FeCl3/AC as catalyst.
Though the conversion of DNS acid was near 100% in the presence of
FeCl3/AC, the selectivity towards DSD acid was only 45%. The results in
combination with the catalytic results of FeNC-800 indicated the great
importance of the texture properties of FeNC-800, and presence of sy-
nergistic effect between iron nanoparticles and nitrogen doped carbon
support in FeNC-800.

Finally, the reusability of FeNC-800 was examined for three recycles
(Fig. 2) and no obvious decrease in activity was found in the recycle
runs, indicating the excellent stability and reusability of FeNC-800
catalyst.

4. Conclusion

In summary, nitrogen doped carbon supported iron nanoparticles
were readily prepared through pyrolysis an iron complex Fe(phen)
(pydic) absorbed on chitosan. In these materials, the iron nanoparticles
anchor on the doped N atoms in the carbon matrix. These materials,
especially FeNC-800, as catalysts exhibited high activity and selectivity
in the reduction of DNS to DSD with N2H4·H2O, and had advantages of
easy recovery and good reusability, endowing this strategy a green and
sustainable route to synthesis DSD acid from DNS acid.

Acknowledgement

We acknowledge the financial support from the National Natural
Science Foundation of China (Grant NO. 21776056) the Natural Science
Foundation of Hebei Province (CN) (Grant No. B2018202253).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.catcom.2019.105822.

References

[1] W. Peng, F. Zhang, G. Zhang, B. Liu, X. Fan, Selective reduction of 4,4′-dini-
trostilbene-2,2′-disulfonic acid catalyzed by supported nano-sized gold with sodium
formate as hydrogen source, Catal. Commun. 12 (2011) 568–572.

[2] Y. Chen, W. Peng, S. Wang, F. Zhang, G. Zhang, X. Fan, Supported nano-sized gold
catalysts for selective reduction of 4,4′-dinitrostilbene-2,2′-disulfonic acid using
different reductants, Dyes Pigments 95 (2012) 215–220.

[3] I.N. Bazanova, N.V. Kholodkova, V.P. Gostikin, Reduction of 4,4′-dinitrostilbene-
2,2′-disulfonic acid with hydrogen on raney nickel, Russ. J. Appl. Chem. 75 (2002)
436–440.

Table 1
Catalytic performances of different catalysts.

Entry Catalyst Conversion (%)a Selectivity (%)a

1 FeNC-700 99.8 83.1
2 FeNC-800 99.9 84.1
3 FeNC-900 99.9 78.6
4 NC-800 59.8 –
5b FeCl3/AC 99.9 45.0

Reaction conditions: DNS acid 0.5 mmol, methanol 2mL, water 3mL, hydrazine
hydrate 2.25mmol, catalyst 50mg (7mol% Fe), reaction temperature 140 °C,
1 bar N2, reaction time 5 h.

a Conversion and selectivity were determined by HPLC external standard
method.

b FeCl3 15mg, AC 30mg, methanol 10mL, DNS 0.5mmol, hydrazine hydrate
2 mmol, reflux temperature, 5 h,1 bar N2.

1 2 3
0

20

40

60

80

100

co
nv

er
si

on
 a

nd
 s

el
ec

tiv
ity

Recycle times

 conversion
 selectivity

Fig. 2. Recyclability of catalyst FeNC-800.

P. Cao, et al. Catalysis Communications 132 (2019) 105822

3

https://doi.org/10.1016/j.catcom.2019.105822
https://doi.org/10.1016/j.catcom.2019.105822
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0005
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0005
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0005
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0010
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0010
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0010
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0015
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0015
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0015


[4] W. Gao, S. Zhang, J. Yang, L. Huang, Metal phthalocyanine catalyzed oxidation of
4-nitrotoluene-2-sulfonic acid to 4,4′-dinitrostilbene-2,2′-disulfonic acid, Dyes
Pigments 44 (2000) 155–159.

[5] W. Zou, Q. Xia, W. Zhao, F.-B. Zhang, G.-L. Zhang, Solubility of disodium 4,4′-
dinitrostilbene-2,2′-disulfonate and sodium 4-nitrotoluene-2-sulfonate in aqueous
organic solutions and its application feasibility in oxidation stage of DSD acid
synthesis, J. Chem. Thermodyn. 70 (2014) 239–244.

[6] M. Noel, P.N. Anantharaman, H.V.K. Udupa, An electrochemical technique for the
reduction of aromatic nitro compounds, J. Appl. Electrochem. 12 (1982) 291–298.

[7] A. Corma, P. Serna, Chemoselective hydrogenation of nitro compounds with sup-
ported gold catalysts, Science 313 (2006) 332–334.

[8] N.M. Patil, T. Sasaki, B.M. Bhanage, Immobilized iron metal-containing ionic liquid-
catalyzed chemoselective transfer hydrogenation of nitroarenes into anilines, ACS
Sustain. Chem. Eng. 4 (2016) 429–436.

[9] K.J. Datta, A.K. Rathi, P. Kumar, J. Kaslik, I. Medrik, V. Ranc, R.S. Varma, R. Zboril,
M.B. Gawande, Synthesis of flower-like magnetite nanoassembly: application in the
efficient reduction of nitroarenes, Sci. Rep. 7 (2017) 11585.

[10] R. Yun, S. Zhang, W. Ma, X. Lv, S. Liu, T. Sheng, S. Wang, Fe/Fe3C encapsulated in
N-doped carbon tubes: a recyclable catalyst for hydrogenation with high selectivity,
Inorg. Chem. 58 (2019) 9469–9475.

[11] M. Yuan, Y. Long, J. Yang, X. Hu, D. Xu, Y. Zhu, Z. Dong, Biomass sucrose-derived
cobalt@nitrogen-doped carbon for catalytic transfer hydrogenation of nitroarenes
with formic acid, ChemSusChem 11 (2018) 4156–4165.

[12] X. Cui, K. Liang, M. Tian, Y. Zhu, J. Ma, Z. Dong, Cobalt nanoparticles supported on
N-doped mesoporous carbon as a highly efficient catalyst for the synthesis of aro-
matic amines, J. Colloid Interface Sci. 501 (2017) 231–240.

[13] R. Yun, L. Hong, W. Ma, W. Jia, S. Liu, B. Zheng, Fe/Fe2O3@N-dopped porous
carbon: a high-performance catalyst for selective hydrogenation of nitro com-
pounds, ChemCatChem 11 (2019) 724–728.

[14] W. Zhang, W. Wu, Y. Long, F. Wang, J. Ma, Co-Ag alloy protected by nitrogen doped
carbon as highly efficient and chemoselective catalysts for the hydrogenation of
halogenated nitrobenzenes, J. Colloid Interface Sci. 522 (2018) 217–227.

[15] F.A. Westerhaus, R.V. Jagadeesh, G. Wienhöfer, M.-M. Pohl, J. Radnik, A.-E. Surkus,
J. Rabeah, K. Junge, H. Junge, M. Nielsen, A. Brückner, M. Beller, Heterogenized
cobalt oxide catalysts for nitroarene reduction by pyrolysis of molecularly defined
complexes, Nat. Chem. 5 (2013) 537–543.

[16] R.V. Jagadeesh, A.-E. Surkus, H. Junge, M.-M. Pohl, J. Radnik, J. Rabeah, H. Huan,
V. Schünemann, A. Brückner, M. Beller, Nanoscale Fe2O3-based catalysts for se-
lective hydrogenation of nitroarenes to anilines, Science 342 (2013) 1073–1076.

[17] R.V. Jagadeesh, K. Natte, H. Junge, M. Beller, Nitrogen-doped graphene-activated
iron-oxide-based nanocatalysts for selective transfer hydrogenation of nitroarenes,
ACS Catal. 5 (2015) 1526–1529.

[18] R.V. Jagadeesh, D. Banerjee, P.B. Arockiam, H. Junge, K. Junge, M.-M. Pohl,
J. Radnik, A. Brückner, M. Beller, Highly selective transfer hydrogenation of
functionalised nitroarenes using cobalt-based nanocatalysts, Green Chem. 17
(2015) 898–902.

[19] D. Cantillo, M. Baghbanzadeh, C.O. Kappe, In situ generated iron oxide nanocrystals
as efficient and selective catalysts for the reduction of nitroarenes using a

continuous flow method, Angew. Chem. Int. Ed. 51 (2012) 10190–10193.
[20] Z. Zhao, H. Yang, Y. Li, X. Guo, Cobalt-modified molybdenum carbide as an efficient

catalyst for chemoselective reduction of aromatic nitro compounds, Green Chem.
16 (2014) 1274–1281.

[21] M. Shalom, V. Molinari, D. Esposito, G. Clavel, D. Ressnig, C. Giordano,
M. Antonietti, Sponge-like nickel and nickel nitride structures for catalytic appli-
cations, Adv. Mater. 26 (2014) 1272–1276.

[22] H. Guo, R. Gao, M. Sun, H. Guo, B. Wang, L. Chen, Cobalt entrapped in N,S-codoped
porous carbon: catalysts for transfer hydrogenation with formic acid,
ChemSusChem 12 (2019) 487–494.

[23] J. Long, Y. Zhou, Y. Li, Transfer hydrogenation of unsaturated bonds in the absence
of base additives catalyzed by a cobalt-based heterogeneous catalyst, Chem.
Commun. 51 (2015) 2331–2334.

[24] F. Zhang, C. Zhao, S. Chen, H. Li, H. Yang, X.-M. Zhang, In situ mosaic strategy
generated Co-based N-doped mesoporous carbon for highly selective hydrogenation
of nitroaromatics, J. Catal. 348 (2017) 212–222.

[25] J. Li, J.-l. Liu, H.-j. Zhou, Y. Fu, Catalytic transfer hydrogenation of furfural to
furfuryl alcohol over nitrogen-doped carbon-supported iron catalysts,
ChemSusChem 9 (2016) 1339–1347.

[26] Y. Li, Y.-X. Zhou, X. Ma, H.-L. Jiang, A metal-organic framework-templated
synthesis of γ-Fe2O3 nanoparticles encapsulated in porous carbon for efficient and
chemoselective hydrogenation of nitro compounds, Chem. Commun. 52 (2016)
4199–4202.

[27] W.-J. Jiang, L. Gu, L. Li, Y. Zhang, X. Zhang, L.-J. Zhang, J.-Q. Wang, J.-S. Hu,
Z. Wei, L.-J. Wan, Understanding the high activity of Fe-N-C electrocatalysts in
oxygen reduction: Fe/Fe3C nanoparticles boost the activity of Fe-Nx, J. Am. Chem.
Soc. 138 (2016) 3570–3578.

[28] L. He, F. Weniger, H. Neumann, M. Beller, Synthesis, characterization, and appli-
cation of metal nanoparticles supported on nitrogen-doped carbon: catalysis beyond
electrochemistry, Angew. Chem. Int. Ed. 55 (2016) 12582–12594.

[29] X. Cui, Q. Zhang, M. Tian, Z. Dong, Facile fabrication of γ-Fe2O3-nanoparticle
modified N-doped porous carbon materials for the efficient hydrogenation of ni-
troaromatic compounds, New J. Chem. 41 (2017) 10165–10173.

[30] V.M. Dhavale, S.K. Singh, A. Nadeema, S.S. Gaikwad, S. Kurungot, Nanocrystalline
Fe-Fe2O3 particle-deposited N-doped graphene as an activity-modulated Pt-free
electrocatalyst for oxygen reduction reaction, Nanoscale 7 (2015) 20117–20125.

[31] M. Tian, X. Cui, M. Yuan, J. Yang, J. Ma, Z. Dong, Efficient chemoselective hy-
drogenation of halogenated nitrobenzenes over an easily prepared γ-Fe2O3-mod-
ified mesoporous carbon catalyst, Green Chem. 19 (2017) 1548–1554.

[32] H. Yin, C. Zhang, F. Liu, Y. Hou, Hybrid of iron nitride and nitrogen-doped gra-
phene aerogel as synergistic catalyst for oxygen reduction reaction, Adv. Funct.
Mater. 24 (2014) 2930–2937.

[33] M. Chen, J. Liu, W. Zhou, J. Lin, Z. Shen, Nitrogen-doped graphene-supported
transition-metals carbide electrocatalysts for oxygen reduction reaction, Sci. Rep. 5
(2015) 10389.

[34] T. Hirashima, O. Manabe, Catalytic reduction of aromatic nitro compounds with
hydrazine in the presence of iron(III) chloride and active carbon, Chem. Lett. 4
(1975) 259–260.

P. Cao, et al. Catalysis Communications 132 (2019) 105822

4

http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0020
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0020
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0020
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0025
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0025
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0025
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0025
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0030
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0030
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0035
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0035
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0040
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0040
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0040
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0045
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0045
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0045
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0050
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0050
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0050
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0055
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0055
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0055
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0060
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0060
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0060
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0065
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0065
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0065
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0070
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0070
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0070
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0075
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0075
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0075
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0075
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0080
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0080
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0080
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0085
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0085
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0085
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0090
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0090
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0090
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0090
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0095
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0095
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0095
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0100
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0100
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0100
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0105
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0105
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0105
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0110
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0110
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0110
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0115
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0115
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0115
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0120
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0120
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0120
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0125
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0125
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0125
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0130
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0130
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0130
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0130
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0135
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0135
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0135
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0135
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0140
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0140
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0140
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0145
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0145
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0145
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0150
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0150
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0150
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0155
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0155
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0155
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0160
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0160
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0160
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0165
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0165
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0165
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0170
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0170
http://refhub.elsevier.com/S1566-7367(19)30284-5/rf0170

	Nitrogen doped carbon supported iron catalysts for highly selective production of 4,4′-diamino-2,2′-stilbenedisulfonic acid
	Introduction
	Experimental
	Results and discussion
	Catalyst characterization
	Catalytic performance

	Conclusion
	Acknowledgement
	Supplementary data
	References




