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Production Technology of Ethyl Levulinate from Corn Stover
with Mechanical Grinding

XIAO Weihua LU Xue HOU Tao CHEN Xueli ZHAO Guanglu LIU Huan
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract; Alcoholysis liquefaction synthesis of levulinate esters from crop residues has attracted extensive
attentions in recent years. However, the natural dense structures of biomass have become a key obstacle
to the efficient use of straw for levulinate production. Ball milling is a new way of mechanical
pretreatment which can effectively damage the recalcitrance of biomass and promote the availability in
conversion and utilization. Ball milling can increase the production of ethyl levulinate significantly.
Sulfuric acid, phosphoric acid, p-toluene sulfonic acid, Al,(SO,), have been applied for the conversion
of biomass to ethyl levulinate. The results showed that the stronger the acidity of the catalyst was, the
better the catalytic effect was under the same H™ concentration. Sulfuric acid was found to be highly
active compared with other three catalysts under identical reaction conditions. And the acidity strength in
sequence was sulfuric acid, p-toluene sulfonic acid, Al, (SO, ), and phosphoric acid. The milling time
had the most obvious effect on the yield of ethyl levulinate. Elevated miling time can contribute to the
enhancement of reaction rate and conversion efficiency. However, the effect of filling rate and volume
ratio of the spheroids on the yield of ethyl levulinate was not significant. Furthermore, based on the yield
of ethyl levulinate, the optimal ball milling process was as follows: non-catalyst ball milling, 60 min of
the milling time, 35% of the filling rate, 2 of the volume ratio of spheroids, under this ball-milled
condition, the yield of ethyl levulinate was increased from 20.08% ( unmilled sample) to 33.34%
(milled sample). The research result can provide some references for the production of ethyl levulinate
from mechano-catalysis grinding of biomass.
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Fig. 1 Proposed reation pathway for sulfuricacid-catalyzed conversion of corn stover in ethanol medium

R R CAR 3 TR 2 0 S 2 PR RS- £ SR
FEY SRR TR (19 7 £ o A0 i 75 B0 915 55 5 A6 2 24 3R 3 3
W 0 e 2o v, R T 4 R AERRAE A AF R LK
A S T T B T e T A % R T RE B — AP
J S-SR KR T R E 2E T AR L R S BE N R &

il 122 7 ) S 2 T 4 2 K AR T BB Sk — 2
JiE K FRARTE A 0 5 K B 2 LA R A A L AR B
TR = o AR A
2.1 AREEAFZRKENEXREFERE~PIH
E;I]n
A AL T IR 158 BR B XoF B K AT 5 A 7 W) 7 R 5
WP 2 Fide 1 iR .
350
= = BM60
W = [ ARG + BM60
sl I BMO
§ 20r
>~2‘ 15+
10+
5_
1]= Dﬂﬂ M=
TR GHORRER RS R
=il
B2 Al RIS T Bk S A Ak 371 20 RO AT 2 1 79 R
VN A

Fig.2  Effect of ball milling with catalyst impregnated

and catalyst types on production of ethyl levulinate
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Tab.1 Effect of catalyst impregnated ball milling and catalyst types on yield of alcoholysis products %
W R RFAgfEE _ HEFLagER
EL ML LGO Glu EDGP EMF R Fur
BM60 33.75+0.21" 2.33£0.06" 7.64 £0.46" 4.51£0.02* 29.41 +0.07" 5.97 £0.22° 83. 61 27.47 £0.32°
Wik HEALFIIR BT + BM60 34,32 +0. 13" 2.22£0.02° 7.74 £0.15" 4.45 £0.00° 28.28 +0.21* 6.02 =0.26" 83.03 28.48 +0.09*
BMO 20.81 +£0.02* 2.25+0.06* 8.01 +0.41* 4.93+0.08" 31.19 £0.25° 5.99 £0.04*  73.18 29.35+1.01*
BM60 3111 £0.25" 3.41 £0.25" 11.63 £0.40* 3.28 +0.12* 29.99 +0.27* 6.45 +0.07" 85. 87 23.29 £0. 06"
MR LFIR B+ BM60  28.69 £0.41" 4.13 £0.16" 13.15+0.23" 3.75+0.01" 31.97 £0.54" 6.24 £0.01° 87.93 23.84 £0. 16"
BMO 16.70 £0.36* 3.19 £0.17* 11.46 £0.09" 3.98 +0. 10" 33.74 £0.09° 6.17 £0.16*  75.24 24.17 £0. 57*
BM60 0.71 £0.01" - 0.81 £0.05* - 2.53£0.11° - 4.05 2.89 £0.15*
B iR fEALFI B % + BM60  0.74 +0.01" - 0.83 £0.00" - 2.58 +0.09° - 4.15 3,15 £0. 20"
BMO - - 1.02 £0.03" - 2.62£0.01" - 3. 64 2.72 0. 12°
BM60 1.05 0. 09° - 2.04£0.05° 2.47 +0.36" 14.73£1.97° 2.06 +0.31*  22.35 5.23 £0. 54"
ki MEAL IR + BM60 3,17 0. 10" 1.28" 3.81£0.23" 3.53£0.08" 31.27 +0.63" 5.50 £0. 15" 48.56 24.14 £0.02"
BMO 1.21 0. 03" - 1.31£0.18* 1.64 £0.09" 6.961.51* 1.71 £0.06" 12. 83 5.63 £0.99*
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Fig.3 Effect of milling time on production of

alcoholysis products of corn stover
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