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A& 7tE o] ES] @728 A[SHDecarboxylation)& Bsto] FEAES ARSIt Zn, La, Mgel 444 W&
T O E A2, AxH SHE o&sto] SYAEIIEY0|ES] B7I2EA|S} 93-S 55 2YYAE & A
gato] & F& FFO WE Fv] EZEAT 49 A@IAC diste] dAxstatt. Ax"H FWE X-ray

diffraction (XRD), N adsorption-desorption isotherm, Field emission-scanning electron microscopy
(FE-SEM) ¥ NH3/COz-temperature programmed desorption (TPD)E ©]-&5to] E2]-35H4 EA HA-S AP
on, FYAE 7IEYC|ES A E FHH SYAE &2 IRlsto] S 5T #AAE gRlstyet. Zn/La
oj¢A Zufjo] Mgo] BAH A A & ¥r]H e v|&o] 1.85% 7 A WEbF, 1o ot 88.06%2] SYAIE
FEE 7MY =2 S €42 ‘/}E}Lﬂo*q' 2 A A3E Bot SFAEY T4 S 2HY A E A"

Ee Hgo] 25 48T AL L & Uit

Abstract In this study, glycidol was synthesized by the decarboxylation of glycerol carbonate to increase
its sustainability caused by a glycerol surplus in bio-diesel production. The ternary mixed oxide catalysts
were prepared using Zn, La, Mg using an excess impregnation method. The glycidol was synthesized by
the decarboxylation of glycerol carbonate over the prepared catalysts. The physicochemical properties
of the catalysts were analyzed by X-ray diffraction (XRD), N, adsorption-desorption isotherm, field
emission-scanning electron microscopy (FE-SEM), and NH3/COz-temperature programmed desorption
(TPD), the properties were correlated with the conversion of glycerol carbonate and the glycidol yield.
The Mg-doped Zn/La ternary catalyst showed the highest catalytic activity with an 88.06% glycidol yield.
The acid/base site density ratio on this catalyst was 1.85, indicating that the acid site is more distributed
than the base site. In conclusion, the acid site density was a more decisive factor in the decarboxylation

of glycerol carbonate than the base site density.
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2.1 S04 M=

E Ao A8H Eui= HA Zne Lao] sdHoz
A2E Zn/La EF AR MgZt " Wo=E A
ZE¥c}t WA zinc nitrate hexahydrate [Zn(NOs)»-6H:0,

Sigma-Aldrichl®} lanthanum nitrate hexahydrate
[La(NO3);°6H,0, Sigma-Aldrich)E Zn/La%] EH|7}

5:57} A st SRl 9499 =71 1.2 Mo] H
A EAFHT. 1 F sodium nitrate (NaNOs,

Aldrich)®} sodium hydroxide (NaOH, Yakuri)2&
AAste], 2F pH7L 6.00] =A sttt F4H0] A
H 8N 50 ColAl 18A1ZFERt S(aging) AZ F,
AEE RS ZESHL SFRTE ARSSto] e ol
59 EeES 8] AASH. o] & dojdl A=
100 TAlA 24412 AXSE &, 371 £91719] 450 Tl
Al GAIZE 2795t0] Zn/La T ASHE S0 A Z5H
= magnesium  nitrate  hexahydrate
[Mg(NO3),-6H0, Sigma-Aldrichl®} Zn/La Z1(8g)
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HS 100 CTolA] 24417 A= =, F7] E99719] 450
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Az Svis =89 %0 ot Mg-ZL, Zn-ML,
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Fig. 1. Schematic diagram of the experimental
apparatus for reaction
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Fig. 2. Decarboxylation of glycerol carbonate to
glycidol
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Fig. 3. X-ray diffraction patterns of ternary mixed
metal oxide catalysts (#: ZnO;, *: Laz0s3; 4:
La(OH);; @: MgO)

AzH Mg-ZL, Zn-ML, La-ZM &1 A=-9] SEM
AR T AIE Fig. 40 YRR Al 71A] S Z+
Zt 2 Y= JEE =, Mg-ZL e £43,
Zn-ML 9A= 39 BYTR9 JHE EA,
La-ZM9] %% Zn/Mg o 9A Zul] A EAt=]o] &
A5 7t T o= XRD 2404 Yehd 2
et Fgote AL & 4 AST

"""" o' ¥

Fig. 4. FE-SEM images of ternary mixed metal oxide
catalysts (a) Mg-ZL (b) Zn-ML (c) La-ZM
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Table 1°] YeRHATE AFH9] 2 Mg-ZL ) Zn-ML
) La-ZM A2 Eo] BExr]o] Q= 5, 7" &
2 7Zn-ML ) Mg-ZL ) La-ZM9] &A1& Yery it At
Aoj thgt A714 9] vl&S ALt 23t Mg-ZL £19]

HlL 1.852, AFdo] §714e vlef o ol a0l
oItk AL o % k. E MEEH] A Lag T

it

A5t La-ZM Z0j7} 7P 2 v RHEAS

Table 1. Physicochemical properties of catalysts

Surface area Acid ,Sitf Base ,Sitf Acid/base site
Catalysts (m/g) density density densit
& (umol/g) (umol/g) i
Mg-ZL 12.28 9.42 5.09 1.85
Zn-ML 14.35 8.10 9.97 0.81
La-ZM 16.19 3.85 3.49 1.1

® measured by NH3-TPD, ° by measured by CO,-TPD

SeliErtavol g B2 EAsE B 2PN
oA 7n0 T F4

242 ehis v,
HERE 57 2 B0 A AY/AH el
3712 918} S o] F7h A= el YeHIOl

Table 2. Decarboxylation of glycerol carbonate to
glycidol over ternary metal oxide catalysts

Conversion Glyd.d (.)1 GlY.CidOl Acid/base
Catalysts © Selectivity Yield site density®
" %) &) 4
Mg-7ZL 95.73 91.99 88.06 1.85
Zn-ML 94.87 66.20 62.80 0.81
La-ZM 98.63 79.43 78.34 1.1
* estimated by NH3 and CO,-TPD
100 20
80 16 g
=]
- =3
E 60 / 12 §
° X
3 ,, / g
3 %/ g
S 4} / 08 ®
Q -3
20 / 04 ‘é
=
7 0.0
Mg-ZL Zn-ML La-ZM
Catalysts
Fig. 5. Correlation of glycidol yield and ratio of

acid/base site density on the catalysts surface
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Fig. 6. Reaction mechanism for decarboxylation of
glycerol carbonate to glycidol
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