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National Technica
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1836
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Chemical Engineering
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School of Che

ounded in 1917

Consists of the Sections :

v" Chemical Science

v" Process Analysis and Plant Design
v' Material Science and Engineering
v' Synthesis and Development of

Industrial processes

Incoming students : 140 per year
5 years studies
Courses : 9 Semesters

Diploma Dissertation : 1 Semester
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Unit of Hydrocarbon and E

d Activities

and Development of
Biochemical Processes

Fields of applications

Hydrotreatment of Petroleum Fractions

Diesel Hydrodesulphurization

ial reactors Naphtha Hydrodesulphurization

ale up / Scale down studies Benzene Hydrogenation

Biofuels Production
Reactor miniaturization

Biodiesel production processes

Bioethanol plant design
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Biodiesel Proc

CATALYTIC PROCESSES
Homogeneous Catalysis

mol); Reaction Temperature 61 — 64 °C

0 /1 (mol / mol); Reaction Temperature 61 — 90 °C

Heterogenous
atalysts (CaO , MgO , Ca(OH), , Mg(COH),),
ol / Oil =6 /1 (mol / mol); Reaction Temperature 150 — 210 °C

d catalysts ( Zeolites, superacids )
ethanol / Oil = 6 /1 (mol / mol); Reaction Temperature 150 — 210 °C

Methanol / Oil = 6 /1 (mol / mol); Reaction Temperature 150 — 210 °C

Methanol / Oil = 1-1.2 / 1 (mol / mol); Reaction Temperature 30 — 45 °C
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Main Characteristics of Pro

d water in Oil

g from catalyst

anol / Oil ratios

ynged reaction time

orrosive environment due to the presence of acid
Biodiesel, Glycerine need cleaning from catalyst

eterogeneous Catalysis
High Reaction Temperature, Pressure

Thermal Process
High Reaction Temperature, Pressure

Enzymatic Process

High Biocatalyst Cost / Low reaction rates
Naples, 12 December 2005



Technologie

Feedstocks

Cotton seed Oil / Acid Cotton Seed Oil
( 60,000 tn/year )

Sun flower QOil
( 10,000 tn/year )

Soya bean Oil
Imported

Used cooking Oils ( Olive Oil etc )
( 20,000 tn/tear)

Waste Animal Fats
( 20,000 tn/year )
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Thermal & Heterogeneous Catail
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Results of the The

on seed Oill

, MeOH/Oil=6/1
M Triglycerides

A Diglycerides

4 =
0.3 -

G
=

O Monoglycerides

@)

0.2 1
® @)
0.1 fg\e\ »
0 O 1 | 1 I 1 1 “l-

R

0 200 400 600 800 1000 1200 1400 1600
Time (min)

Naples, 12 December 2005



Results of the Thern

d Ol

Ol =6/1 \
M Triglycerides

A Diglycerides
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Results of the Cata
T=200°C , methanol / oil 6:1 ,
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Mathematical Model

1. Batch reactor

o

sity (d ,,ixture — CONstant)

<o apparent constant rates

2. Three reactions first order
each reacting component

erides reaction
ME + DG

ple Di- and Mono-glycerides reactions
DG + MeOH ME + MG

MG + MeOH ME + GL

|
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Reverse Equilibrium EXg
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1. Triglycerides Refined oils

CMeOH -C

(0,4

2. Diglycerides

> C 'CME 4 Kz 'CDG 'CMeOH

MG

K

MeOH Cox 4 20x CDG ' CMeOH . Cox

3. Monoglyce
=K, - Cog " Cpeon T K5 -Cg -Ce =K, -Cye - Cpe =Ky - Cys - Cyeon

RN, .C.. — K, C,. CypyC

20x DG 30x MG MeOH ~ “~ox

d%&’momgx— ROH. k=< _.&R'COOR + H,0
t —40x ME

40x MeOH H,O
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T=200°C
Acid Cottonseed ol
Solid Catalyst (HAS)

)
034 / 2"d Removal ]
0.0 a
°
’0

Mass ratio (gr/gr)

0le (P e

* @

L —

/ . < L —
¢ — — i

(0]0] 2P0

0.0Wt.% Cre = 0.0Wt.% Cre = 0.0Wt.%
o= 1.8Wt% | > Cp =05Wt% "~ Cog = 0.2wt.%
Cyc = 10.0Wt.% Cyi = 4.5Wt.% Cys = 2.0Wt.%

Oc¢utnra = 2.9wt.% O¢utnra = 1.4wt.% O¢utnTa = 1.0wt.%
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Catalyst D

-O- Fresh Catalyst
Non-Catalytic
(0]
-@- Used Ca 200°C

Refined Cottonseed oll

Molar Ratio 6:1

Mass ratio (gr/gr)

1wt.% Solid Catalyst (HAS)

Experimental Results
~ Super Acid Oill | Cig = 0.0wt. %

Refined - Cooked Palm oil :> Cpoc = 2.0-25wt. %
) Cyne =10.0-11.0wt. %

Crude Animal Fat
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Catalytic Esterificati

acidity 38.1wt.%)
| /oil :6/1
racid resin (1wt.% and 2wt.%)
emperatures : 90°, 100°, 110°, 120°C
pose : study the deactivation of the catalyst,
examine the influence of mass transfer phenomena,

find the kinetic and equilibrium parameters
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Batch No
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Results of Catalytic ES

o
w
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Kox= 44.771 gmix?/min-mol-gcat

K o= 45.522 gmix?/min-mol-gcat
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Flow Sheet

ethanol
Reactor

Feed Tank

o

X

8

Glycerin
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Typical Results of the Enzymat

System: Semi - Batch reactor

Oil : Refined cottonseed oil

Alcohol : Methanol

Gradual addition of Methanol up to |
Batch size: 10 g

Temperature : 35 0C,;

Biocatalyst : 4 %w/w Novc

refined cottonseed

Methanol Addition
l Methanol Addition =

|

(9/9
© o O
N O W

mass ratio (g
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20 B B R FEED STOCKS
62 — 64 °C | g
1 wt.% KOH

6/1 MeOH

Bilodiesel Collection
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N.T.U.A.

Yolumetric tanic VT
2250mmxhS00An (=250)

Yolumetric tonk VT2 Volumpiric tonk VT4
CH3OH+KDH: h750mm (=720 2350mmxh370mm (=350 Z3T0mmah 37 0mm (=331
100 rpm, Veg 1 H3PO4 solutiorn 20-301 Water: 20-300
marval point of level AL nt of level Mnucl set point of level manual set point of level
with rFlow with ove with overflow with overflow E3_PPD7.0
:I cover caver cover

phk cover
to vent
E
vT2

=87

Sanpling tank GT1
2450mmxh550mm (=B71)
Product 60l

GS3
Product tanks 1000 each

Beoctor RTL YWashing tonic WT1
E350mmxhl1150mm (=1110 225Demxh1150mn  (=1110
Ren:t:'ntsl ri T Reoctants: B
operoting pressure no vacuwun pump, vocuum down to 735mmHg
vertical condenser extemnr lut'eral heoting 3x750W
external lateral heating 3x730W no condensation inside cover
(heating)
stripping

oles, 12 December 2005
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Properties of our Biodiesell denVeuNhomCotoRSECHNON

Property Unit min max Biodiesel
T T T N N
DenS|ty at 15°C kg/m3
Vs a0 Lnwis | ss |5 | k2
Flash point
—-—
Cetane number 52.03
—-—
Copper strip corrosion (3h at 50°C) Rating Classl Class 1
n—“
Acid value MJkon/d 0.15
Linolenic acid methyl ester % (m/m)
—--
Monoglycerlde content % (m/m)
Dgyeere content s || 02 | _oor
Triglyceride content % (m/m)
—-
Group metals (Na K) mg/kg 0.08/0.15

Phosphorus content mg/kg _-
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N.T.U.A. Oxidation

SAMPLE N.A. Additive 1 Additive 2 Additive 3
Biodiesel from Sunflower oil 1.63h

~ 0.03 % 2.12 h. 3.60 h. -

= 0.06 % 1.48 h. 5.45 h. 1.7 h.
~0.25 % 3.55 h. 15.5 h. 3.15h.
~ 0.60 % 4.97 h. 23.8 h. 5.38 h.
Biodiesel from Cottonseed oil | 6.03 h

=~ 0.03 % 6.15 h. 8.62 h. -

~ 0.06 % 6.85 h. 11.8 h. 3.62 h.
=~ 0.25 % 8.63 h. 22.4 h. 6.50 h.
=~ 0.60 % 11.1 h. 38.6 h. 8.02 h.

Oxidation Stability according to EN-14214

Oxidation Stability Limits : 6.00 h.
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ADO
BBM
BHL
ADO + 2% BBM
ADO + 5% BBM
ADO + 10% BBM : OADO [IBBM WBHL

Improvement of Cetane Number
with the addition of Biodiesel

ADO 2% 5% 10 %o
Biodiesel Biodiesel Biodiesel

BHL : Biodiesel from Sunflower ol
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Conclusia

New, cost effective processes
Biodiesel p

Thermal, non-catalyti

v The enzymatic process appears as the most promising for
development if cheaper biocatalysts can be produced
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