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Preparation of SO,”/Zr0, catalyst and its performance
in the esterification of pyrolytic rubber seed oil
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Abstract; Esterification of pyrolytic rubber seed oil with SO,>/ZrO, soild acid as catalyst was investigated ; the
effects of zirconium sources, calcination time and temperature on the catalytic performance were considered. The
acidic properties of the SO,”/ZrO, catalyst were characterized by temperature-programmed desorption of
ammonia (NH,-TPD) and pyridine adsorption infrared spectroscopy (Py-IR). The results indicated that the
S0,*/Zr0, solid acid prepared by using ZrOCl, as zirconium source and calcined at 550 C for 4 h exhibits high
catalytic activity and stability in the esterification of the pyrolytic rubber seed oil. The esterification product
obtained as a bio-oil was superior to those prepared via conventional methods; its properties are similar to those
of 0" diesel oil.
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Table 1 Catalytic activity of different catalysts
Catalytic 2mol/L H,SO, Na, CO, S0,*/Zr0, MCM-41 SBA-15 USsYy
Acid value of 80.34 80. 34 70. 65 78.88 72.53 78.88
pyrolysis oil w/

(mg-g™")

Acid value of 4.37 5.76 0.27 62.88 55.32 58. 65

product w/(mg-g™")
Esterification rate w/ % 94.56 92.83 99. 62 20.28 23.73 25.65

reaction condition; reaction time 6 h, reaction temperature 100 C, m( methanol) :m(oil)=1.25:1, m(catalyst) :m(oil)=5%
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Table 2 Effects of source of zirconium on performance of SO,*/ZrO, solid acid catalyst

Source of zirconium Zr(SO,), Zr(NO,), ZrOCl, -8H,0
Acid value of pyrolysis oil w/(mg-g™") 83.81 83.81 70.65
Acid value of product w/(mg-g™") 23.31 9.92 0.27
Esterification rate w/ % 72.19 88.16 99.62

reaction condition: reaction time 6 h, reaction temperature 100 C, m( methanol) :m(oil)=1.25:1,

m( catalyst) :m(oil)= 5%
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Figure 2 Py-IR patterns of catalyst
with different source of zirconium
a: ZrOCl,; b: Zr(SO,),; c: Zr(NO,),
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Figure 3  Effects of calcination time and temperature
on performance of SO,”/Zr0, solid acid catalyst
H: time; O: temperture
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with different calcination temperature
a: 750 C; b: 550 C; ¢: 350 C
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Table 3 Reusability of the catalyst

o Acid value of pyrolysis
Reaction times

Acid value of product o
Esterification rate w/%

oil w/(mg-g™) w/(mg-g™")
1 111.45 1.78 98.40
2 111.45 3.62 96.75
3 111.45 7.60 93.18

reaction condition: reaction time 6 h, reaction temperature 100 C , m(methanol) :m(oil)=1.25:1, m(catalyst) :m(oil)= 5%
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Table 4 Component of the product

Retention time #/min Component name Pct total/ %

9.234 methyl caprylate 3.168
10.725 methyl nonanoate 3.089
12.138 methyl decanoate 5.358
13.451 pentadecane 4.475
14.692 hexadecane 3.120
15.892 heptadecane 4.597
19.194 methyl hexadecanoate 14.589
21.113 methyl 11- hexadecenoate  18.122

® 5 ERUUFWSZRIR EYRH (GB/T20828) 1 0° 55 ( GB252-2011) Ayl AE
Table 5 Properities of the product compared with pyrolysis oil, bio-oil( GB/T20828)
and 0" diesel (GB252-2011)

Items Pyrolysis oil Product Biodiesel 0% diesel
Density (20 C) 882 861 ~885 820 ~ 860
p/ (kg-m™)
Viscosity (40 T) 4.21 4.17 ~4.5 3.0~8.0
w/(mm’-s™)
Moisture content w/ % 0.37 0.19 - -
Calorific value Q/(kJ-g™") 38.08 42.03 ~38 46
Acid value w/(mg-g™") 70 ~110 0.27 <0.8 <0.08
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