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Abstract — The propylbenzene (PB) produced through the hydrogenolysis of 1-phenylpropanol (PP) has the potential
for significant market growth and commercial application. In this context, nitrogen-doped carbon (NC) has the capacity
to alter the physical and chemical properties of a given substance, thereby rendering it a highly versatile catalyst support
for hydrogenolysis reactions. In this study, we investigated the effect of the mass ratio of melamine on nitrogen doping
and catalytic activity. The NC was obtained by modulating the mass ratio of melamine and calcination. Subsequently,
the 5 wt% Pd/NC catalysts were fabricated using a strong electrostatic adsorption method. Among the catalysts, Pd/
NC67 exhibited the highest activity with a PP conversion rate of 96.1% and a PB yield of 98.8%. These results indicate
that the incorporation of nitrogen into the carbon support, within a specific range, decreases, which subsequently
influences the reaction activity. These results indicate that the incorporation of nitrogen into the carbon support within a
certain range enhances the dispersion of Pd and reduces the particle size, and the amount of base point affects the
reaction activity.
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2-4. XIXIAH & =0He| SM&A
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Fig. 1. (a) N, adsorption-desorption isotherms and (b) pore diameter distributions of the supports with various ratio of melamine.
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1-phenylpropanol 5423} 3 Hh-§

Table 1. Textural properties of supports with various ratio of melamine

Samples Surfage area Vmigma Vmgsob Pore diameter
(m7g) (cm”/g) (cm”/g) (nm)

CB 1295.77 0.25 1.83 12.57
NC33 1515.46 0.29 2.32 13.37
NCs50 1501.48 0.28 1.97 11.39
NC67 1331.20 0.25 1.60 10.38

NC100 24.65 0.02 0.19 21.66

*The micropore volume calculated by using the t-plot Frenkel Halsey Hill
isotherm (FHH) method

PCalculated by the Barrett Joyner Halenda (BJH) method from the desorption
isotherm
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SIQIT) oleldt Avb: w3 Ayl o w EAE FE, 7)Y
& Ao ® vlof g A o] hAEkAl frkal Al ATH35]. wh
2hA], E3HE U] depile] Ak vt 55 dAE o st
el Eo] B Al oFo] SN, B WAt Vs
o} 7] -] 9l 7)7F 1Ak A 0 Al

TR, 217) v byl Ak vjea] =3 2 dAjzle g A
A A el Foig T57|E skt A BgE o] 838l e
W, 7 A¥= Fig. 20 YERQITE 28 A X A= 1,182 em™' 9}
1,564 cm™' oA 7 7)1 9] 997} ERIE 1o, o]i= C-09 C=C<]
AEFR o ) F3ITH36]. 3,000-3,650 cm o]l SR HES ¥ =
= N-H 2153153 AR Aol Folld & #Afel] 7]Q1gk Ao w2
AFRFTH37]. Bebrle] dAe] S AR AR A= deprle] g
o] Z71shaA] 1580 em ™7} 1205 em™'of) &l P52 A7)
7} A= s Rl o] ¥ gk 3352 C=N¥} C-N&] 4]
% A% 935 vepdd, depyle] dx2E Sl Dt A A
o &3 H3e-S o 5 2ArH38,39]. wEsk Wepvl o] Ak u|7k S}

o oo

(a) g-C;N, (002)

C (002)

S NC100
NC67
NC50

NC33

Intensity (a.u.)
>~

10 20 30 40 50 60
2 Theta (°)

23t A7) =33% Pd/C 0] Alx 271

Transmittance (a.u.)

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Fig. 2. FT-IR spectra for functional groups on supports with vari-
ous ratio of melamine.
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Fig. 3. (a) XRD spectra and (b) Raman spectra of the supports with various ratio of melamine.
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Table 2. Elemental composition of supports with various ratio of

melamine
Samples Pyridinic N Pyrrolic N Graphitic N Oxidized N N Contents
(%) (%) (%) (%) (at%)
NC33 335 223 343 9.8 1.3
NC50 32.0 25.7 32.6 9.7 1.6
NC67 32.1 28.2 30.1 9.6 1.9
NC100 51.6 314 14.3 2.7 52.8
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Fig. 5. XRD patterns of catalysts with various ratio of melamine.
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Table 3. Physicochemical properties for catalysts with various ratio of melamine
Samples BET surface area Viiero Veso” Pore diameter Dpg© Crystallite size” Basicity
i (m?lg) (cm’/g) (em’/g) (nm) %) (nm) (mmol/g)
Pd/CB 1190.86 0.26 1.94 15.20 5.0 26.36 1.51
Pd/NC33 1152.98 0.22 1.79 13.12 33 23.61 1.61
Pd/NC50 1181.74 0.23 1.82 13.25 35 21.67 1.80
Pd/NC67 1229.61 0.24 1.91 13.56 43 20.65 1.88
Pd/NC100 41.69 0.01 0.22 19.45 24 12.72 24.74
“The micropore volume calculated by using the t-plot Frenkel Halsey Hill isotherm (FHH) method
bCalculated by the Barret Joyner Halenda (BJH) method from the desorption isotherm
Pd dispersion calculated by pulse CO chemisorption based on the CO uptake
dCalculated by the Scherrer’s equation of the Pd(111) peak
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Fig. 7. CO,-TPD results for functional groups on supports with
various ratio of melamine.
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Fig. 8. (a) H,-TPR profiles and (b) enlarged figure of the H,-TPR profiles for catalysts with various ratio of melamine.
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