2
21 (monoglycerides)
1
(ester linkage) 21
(hydroxyl group) 2
(surfactant)
2000,
H-C-0OH : -
Ester linkage Fattv acid

2.1

(esterification)

2.2 2.3

(emulsifier)

(Pouilloux, Métayer et al,

2

(transesterification)



—OH

— OH

L-oh

glycerol

— OH

—OH

LV
0

monoglyceride

-OH

\Y
0

diglyceride

— OH
0 catalyst
+ S — — OH + h20
OH
— o Vv * !
fatty acid monoglyceride water
0
8 -R 2
0 catalyst z
+ on 77 =W — OH + H2o
OH
r ~ V. R'
0
fatty acid diglyceride water
0]
M 2
r2 r-0
catalyst
h20
+ RK =0 §%' +
OH
kni9=pér
R|
fatty acid triglyceride water

2.2

10



N
/O\
R H
AL
. ‘
H’\ _H
H 0
(0] A
-H J\ H
R"7\o P =5/ R 0"
R™® ™H
R
i
Ol
g N
RAV-n-H ' -
0 :
V
R R
2.3
ICH2—0CO—R
R ,O |
base
Y \CH, + aCfbH CH-OH  + CH-OCO-R
O CH2-OH CH2-OH
FAME Glycerol a-monoester  p-monoester
Monoglycerides
base +fame
CHr OCO-R FAME
+
CH-OCO-R =+ e CH-OCO-R CH-OH
CH2-0CO-R CH2-OH CH2-0CO-R
1,2-diester 1,3-diester
Triglyceride \" Diglycerides -

2.4 I

(Kaewthong, Sirisansaneeyakul et al., 2005)

+ CHjOH
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(fatty acid methyl ester, FAME)

2.4
2.11
cl cB
(continuous- stirred-tank reactor,CSTR) (220-250
)
70 40-60 % (Kaewthong,
Sirisansaneeyakul et al, 2005) (crystallization)
(distillation) 90
2.5
Fat or [
Fatty AciS, Synthesis Distillation Finishing
Glycerine,
Chemicals —
Crude Low Glyeerine free High Liquid Powder:
Concentrated Low Concentrated Concentrated Chips:
Monoglyceride Monoglveeride Monoglyceride Flakes
| =

2.5 (Fischer and Magdeburg., 1998)
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0.67 1

(acid distribution)

2.6
2
73 % 27 %
15 %
6 7% 8 9%
50% 7% 40%
3% (Fischer and

Magdeburg., 1998)

Fat. Oil

1

Splitting

i l

Fatty Acids Glycerine

| ‘ |
Esterification - » [nteresterification

Monoglyceride

2.6 (Fischer and Magdeburg., 1998)



2.2

2.1.2

€Y (&)

a-moiioglycericle

2.7

2.7

(isomer)

p-monoglyceride

14

OH



221

2.2.2

2211

2.2.1.2
2213
2214
2215
2.2.16

2.8

103

15
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Variation due to
molecular fluctuations

Variation associated with

% spatial distribution of density \
g
s A
s
=
"
o
s ‘Local’ value of
fluid density

v

Volume of fluid to which instruments responds

\ 4

2.8 (Kockmann., 2007)

2.2.3
2.2.4
(photochemistry)
(electro  synthesis) 2 (multi-
component reactor) (polymerization) -

(heterogeneous  catalyst)

1,000



2.3

2.3.1

500

2.10

i



2.9

2.10

(Weiler and Junkers., 2009)

L [mm]

(Weiler and Junkers., 2009)

18



2.3.2

2.11

(a)

(d)

00 0015 0w
% concentration of acid
2.11 (acetic acid)

0.1 mm/s; (a) 0.1 , (b) 0.5 , (¢) 2.0

(Harries, Burns et al, 2003)

19

(d) 6.0



2.4
2 (diffusion)
(mass convection)
2
phase flow) (multi-phase flow)
24.1
2.1 (Reynolds number,Re)
50 0.1 10
0.01-1000
Re = = 2.1
P , L
3

(laminar flow)
(transition flow)
(turbulent flow)

T 600x300x300

20

(single-

computational



fluid dynamics

(Kockmann., 2007)

(a) wuufi 1: Re < 10, straight laminar flow

(b) 2 : 10 < Re < 130, vortex or dean flow

2.12 (a) engulfment flow (b) vortex

(Kockmann., 2007)

dean flow

21



(c) LL‘U‘UVi 3: 130 < Re < 240, engulfment flow

2.13 (c) periodic pulsating flow (d) quasi-periodic pulsating flow (e)

chaotic pulsating flow 600x300x300 (Kockmann., 2007)

22
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2.4.2

(surface tension)

(wetting)
(flow regimes)
(interfacial shapes) 2
(interfacial
force) (cohesive force)
(surfactant)
2
(dispersed phase)
(continuous phase)
2.14

(Ehrfeld, Hessel et al, 2005)

(Wirth., 2008)
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2.14

(Wirth., 2008)

0-&100 &

00 0~

Bubbly

2.15

400 (.00 800 1000 1200
Total volume flow |rnl/h|

Plugs or slugs Chum Annular W ispy annular

(Nguyen., 2011)

24
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(gravitational force) (inertial
force) (viscous force)
2.15
(slug flow)
(Kumacheva and Garstecki)
2.16
slug (Fischer and Magdeburg., 1998)
ID=025mm
L 4 ID=05mm
ID=075mm

. 1 — ID=1mm
£ 100- = = =
'é <+ Deformed
= ' Interface Floy !
o ]
g 80 -
5
2 1
g 60 1
3 4
o 4
r ]
Q 404
s
= i
= 1
S 20

b = = =

1 Drop Flow

0 20 40 60 80 100 120

Volumetric Flow Rate of Cyclohexane [m!/h]

2.16
- (Fischer and Magdeburg., 1998)
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2.5

Kulkarni, A.A. (Kulkarni, Gorasia et al, 2007)
(Hydrodynamic) (residence time)
(Microreactor) (Mesh

microreactor)

2
0.774
Fang, W.F (Fang and Yang., 2009)
3
(Interface)
(lodine) (L-ascorbic acid)
(Pressure drop)
Chung, C.K. (Chung, Shih et al, 2011)
(short - mixing - length)
(Gap sizes)
(Baffle sizes)
Zhao, C.X (zhao, He et al., 2011)
(Zeolite) core-

shell, janus hybrid capsule micro gel particles
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Dummann, G. (Dummann, Quittmann et al, 2003)

(Capillary-microreactor)

(nitration reaction) (Single ring aromatic)
(exothermic) 2
(plug-flow) 2"
2
2
Ufer, A. (Ufer, Sudhoff et al.,, 2011)
(Hydrogenation) - ( - itrotoluene)

(Potassium  formate)

(Heterogeneous catalysis) (fluorescent particals)

(Slug)

(stirred tank)

(%Conversion)

Kashid, M. N. (Kashid and Agar., 2007)
( =0.5 mm)
70
( =0.75 1 )
100
Plazl, 1 (Znidarsic-Plazl and Plazl., 2009)

(Isoamyl acetate) (lipase)
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(Relative roughness) 1% 220 50
332 Y
(Syringe pumps) 2

1 25 45

Harries, N. (Harries, Bums et al., 2003) (Numerical
model)

(Computational fluid dynamic : CFD)

(Velocity distribution) (Speed map)

(Concentration map)

Kashid, M.N (Kashid, Platte et al., 2007)
( )
( )
Akbari, M.H. (Akbari, Ardakani et al., 2011)
(Methane
autothermal reforming)
Freitas, L. (Freitas, Da Ros et al.,, 2009)
Interestification Babassu
lipase AK, lipase PS, Calb L lipase G

[ [

(Polyvinyl acetate : PVA)
(silica -PVA composite) '
Babassu 10 %

45 Burkholderia cepacia (lipase PS)

, 90.9
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(productivity) 7 1
(glycerolysis) babassu 45
16 Lipase PS
9.7
4
Pouilloux, Y. (Pouilloux, Métayer et al, 2000)
(Octadecanoic acid)
110 16
30 (paratolulene sulfonic acid :

PTSA)
(NaC03

(Saponification)

68
32.3
, (Magnesium oxide: MgO)
(Zinc oxide: ZnO) 110
24
(Esterification)
Pouilloux, Y. (Pouilloux, Abro et al, 1999)
(ion-exchange resins)
4 Amberlyst 31, Amberlyst 16, Amberlyst 15 K1481
99 90
Amberlyst 31 ,
90
50 48
(Pores sites)
Heykants, E (Heykants, Verrelst et al., 1997) (Zeolite)

HFAU 1



100

112

(Laurie acid)

30
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