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ABSTRACT

In a previous research work we studied the fatdrasterification reaction according to two methéaisextracting
the fat: with dichloromethane (GBI,) quantitatively leading to biodiesel and dieseleasolvent and it does not
recover after, leading to biodiesel to 67%. Theegliye of this work is firstly to optimize theseqesses proposed
using an experimental plan and to compare our iissuith those of the literature.
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INTRODUCTION

Morocco is a country that promotes sustainable Idpweent, knowing that the oil bill is estimated 2632 billion

dirhams [1] .To Overcome this deficiency, Morocdoying to diversify the renewable energy resourtss
introducing solar energy, olein and biomass that @otentially available resources. Morocco produmesually
8,000,000 tons of household and similar waste [} &0 % of the fermentable fraction to produce et gas or
solid fuel. These renewable waste found waste fiteanpoultry industry, With a production that riges590,000 t
with 2014 a growth rate of 7.4 % per year. [3] With estimated two kilograms per head we can estirtie
number of 295 million chickens ' heads. After eabbt head produces 500 grams of solid waste iS008,/ year
with a fat content of 28.1 % [4], the potentiallis .000t / year.

MATERIALS AND METHODS

The material and reagent that was used in this wgork

1-1 Material

= The 2 liter transesterification reactor fitted wiihcondenser and a tube containing anhydrous sosliujphate
and equipped with a magnetic stirrer capacity @QL&volutions / minute.

= A distillation apparatus ethyl alcohol for contiodj the trans esterification reaction.

= Arota steam machine to remove the solvents aitaand the usual equipment of the laboratory.

1-2 Reagent
Table 1: Products used in the method and their progrties

Product Utilisation

Dichlorométhane CKCl, | Solvent

Gasoil trade Solvent

Phénolphtaléine Colorindicator

Na;SQ, Drying

Ethanol GHsOH Alcool réactif

Caustic soda NaOH Catalyst

Dry chicken fat Raw material Purified

HCI (0.5N) Acid

Isopropy! Alcohol
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The raw material which is the raw chicken fat wa$te prepare biodiesel reagents were used in Table

1-3 Characterization Techniques
To characterize the final product (Biodiesel) weswiged gas chromatography coupled to mass spetityo(G& -
MS).

Analysis of our samples was determined in a systt@C-MS HP- 6890 / MSD - 5973. The sample wasales

in dichloromethane; 4 ml of this solution was ingetat 275 ° C in the injection orifice by meansaofautomatic
injector. The column was a 5 % of AT- 5 diphenylgbimethylsiloxaneAlltech( 25m_0.25mm_0.20 mm), and
helium was used as carrier gas at a constant pee828Bar column head . The gradients used wefellas/s: 60

° C (1 minute), heating at 6 min to 300 ° C, 10810 ° C and allowing 15 minutes between the ctisren

Table 2: Comparison of fatty acid composition of cttken oil

This | Chia-Wei Lin and Marulanda and Arnaud and Boey and Lee and Arnaud and
Fattyacids work | al, February 2015 al.(2010) (%) [6] al. (2004) al. (2011) | foglia, (2000) al.(2006)
(%) (%) [5] i (%) [7] (%) [8] (%) [9] (%) [10]
C14: 0 Myristicacid 1 0,96 - - 0,6 0,7 0,5
C16: 0 Palmiticacid 20 24.57 21.0 24.0 24.7 25.2 24.0
C16: 1 acidpalmétolénique 6 4.83 7.7 5.8 6.3 7.8 5.8
Stearicacid 7 5.80 5.5 5.8 4.5 4.5 5.8
C18: 1 Oleicacid 40 39.81 48.5 38.2 44.1 40.5 38.2
C18: 2 Linoleicacid 19 20.52 17.3 23.8 18.4 18.4 23.8
C18: 3 Linolenicacid 2,2 2.10 traces 1.9 0.2 0.7 1.9

In Table 2, we summarize the fatty acid compos#iohicken lipids used in this research and thegarison with
the literature [14-19]. Oleic acid Monounsaturaggdves the major component of chicken fat (409®. dhalysis
results are given in function of the equivalentyfatcid content (C < 14 traces , 1% myristic acidtC0, 20 % C16
palmitic acid : 0, 6% palmitoleic acid C16: 1, 7s¥garic acid C18 : 0, 40% oleic acid C18: 1 19%léit acid ,
C18: 2, 2% linolenic acid C18: 3 The remaining @0>) and are comparable with literature data (WNéerda et al ,
2010; Boey et al , 2011; Arnaud et al, 2004 ; Leeé Roglia , 2000; Arnaud et al, 2006 ). [5-10]

1-4 operative Protocol:

« Extraction of pure fat chickens:

After sorting of the waste, we proceeded to recaherfat contained in the waste. Then washing wilter to get
rid of any impurity, after the fat is allowed toydn a desiccator to use®s,

The second step is the grinding chicken fat. Tleigd fat is then recovered in order to extractphees solvent oil.
Thereafter, the solvent was removed by evaporakan.obtained oil is recovered in a dry materiddisTis one of
the conditions for the trans esterification reati®not influenced by the presence of traces @émar moisture.

* Trans esterification of the olil fat:
Having obtained the chicken fat oil is carried pedcting the latter with a base catalyst whichithis case sodium
hydroxide (NaOH).

For this purpose one has to take into accountabtoifs that influence this reaction to maximizevasgion of fats
in alkyl fatty acid esters.

We used an excess of alcohol molar ratio of 61dofel: fat). Was varied and the amount of catabettveen 0.9 %
and 1.3 % relative to the amount of oil used.Thehoe according to alcoholysis is for the preparatid methyl

and ethyl fatty acid esters. The catalyst is dis=blin alcohol with rigorous stirring to ensurerf@tion of sodium
ethoxide. The latter is subsequently added to tekgated oil at 45 ° C.

The mixture is stirred for 45 minutes keeping thmperature between 45 and 60 ° C, the time reqfinedroper
and complete reaction.
RESULTS AND DISCUSSION

2-1 Conversion rate:

The conversion rate reflects the performance ofstiesterification reaction, it is calculated focte@xperiment by
determining the amount of ethanol consumed, ta&gg basis the fatty acid oleic acid as a refereamwkfor kg dry
fat is added 6x46 = 2769 ethanol and after reactiere removed 400 g of the mixture is distilledrécover the
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excess alcohol unreacted. Which enables us to khevamount of alcohol that has reacted with thetfat table
below gives the amount of ethanol distilled basedhe conversion rate?

Table 2: The amount of ethanol distilled off as aufnction of conversion rate

Conversion rate (%) 0 38 70 80 86/ 90 92 94 96 100
Amount of ethanol distilled (g 94V 76,10 61p5%6,8| 54| 52,1] 51,15 50,2 492 47,85

2-2 Properties Biodiesel according to process A:

Table 3 Comparison of physicochemical properties dhe biodiesel produced according to method A witfuel manufactured oil chicken
and various combinations of alcohol [5]

Density Viscosity at Flash Water Calorific Fio Ccltl)c!dé)rope_rlflee; Srature
Propriété at15°C 40°Cin Point°® | sulfur content | value MJ/ poir\?{ poinl: o fiIteIr)abiIit;
3

Kg/m mm2 /s C (ppm) | oC o °C
our Bio 880 3.8 175 0 0 33.1 -12 -21 -3
Methyl esters from
methanol and oil (6:1 879.6 4.469 170 13 1390 ) ) ] )
Ethyl esters from
etanol and oil (6:1) 874.7 4.594 186 15 1707 - - - -
Mixed methyl/ethyl 1.2100
esters from methanol, 879.6 4.822 174 hax 1852 - - - -
ethanol and oil (3:3:1
CNS 15072/EN 101
14214 860-900 3.5-5,0 min 500 max - - - -

* NB: All measurements were achieved by a certdig@nization with SNC matching methods [5]

2-3 Optimization of the biodiesel manufacturing pocess by two methods:

The main objective is to optimize the intensive a&axtensive parameters (temperature, reaction tiheestirring
speed of the mixture, moisture, fat, the stoichimyef alcohol, and catalyst concentration) whiclfiience the
performance of the trans esterification reactiothefchicken fat.

Previous studies [11-18] have shown that the digplent of the equilibrium towards the formationtlod ester
biodiesel is done with an excess of alcohol of aMé the humidity must be zero and the reaction timost not
exceed 60 minutes with maximum agitation. Undeseheonditions, to obtain a better yield, it remdmsptimize
the two parameters of this trans esterificatiorctiea to know the temperature and the catalyst eoiration
knowing that excessive catalyst causes undesisapenification reaction.

Following these considerations we opted for a casitpalesign centered in the faces with three cepists for
both methods A and B.[20-21]

The approximate model that we propose for proceg¢ssad oil is extracted with dichloromethane ) & oil +
gasoil) is:

Y (X1, Xo) = @gtanXy +apX, + AuiXe” + BoaXo F AXiXa.

The coefficients are calculated using the resuit3 centre points; (0; 0) which correspond to tleénp (1.0 ; 40 °
C).

The results of experiments were run using the Mmi15 software. Yields will be scored, Tc (A) fmocess (A)
and Tc (B) for process (B) .Levels are in the failog table :

Table 4: design experience levels

Levels
-1 0 | +1
Catalyst (C) in% 09| 10| 11
Temperature (T)in°C | 30 | 40| 50
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) Results for the process (A)

Table 5: Results for Process (A)
(The reaction mixture consists 67 % of diesel aslgent) is noted by the return conversion (A)

Conversion rate
Catalyst | T°C Te( PA) A.]UMSTEE81 RESIDUELLE1
odel
Observed
0,9 30 0,38 0,40658 -0,0265789
1,1 30 0,86 0,87991 -0,0199123
0,9 50 0,90 0,88325 0,0167544
1,1 50 0,92 0,89658 0,0234211
0,9 40 0,70 0,69018 0,0098246
1,1 40 0,93 0,93351 -0,0035088
1,0 30 0,80 0,75351 0,0464912
1,0 50 0,96 1,00018 -0,0401754
1,0 40 0,92 0,92211 -0,0021053
1,0 40 0,90 0,92211 -0,0221053
1,0 40 0,94 0,92211 0,0178947

The analysis was done using the encoded data.
The following table gives the coefficients of theadel
Y (X1, Xp) = @tauXy +HagX + AiXe’ + BpXo F B1aXiXe.

Table 6: the coefficients of the model

. Coef(ErT) | T Student (observed
Terms Coefficients & ) .y :(SD) Coeff(/ SD ) p-value
Constant 0.92211 0,01868| 49,364 0.0Q0
Catalyst ; x1 0.12167 0,01487 8,184 0.0Q0
Temperature ; x2 0.12333 0,01487 8,296 0.0p0
Catalyst*Catalyst -0.11026 0,02289 -1,978 0.005
Temperature*Temperaturg -0.04526 0,02288 -1,978 0%0.1
Catalyst*Temperature -0.11500 0,01821 -6,316 0.0p1

S =0,0256973  SomCar-ErrPrév = 0,0251037

S = 0.0256973 = 98.71 % SoR square R square ()pe90.17 % R-Squared ( adjusted ) = 97.42 % MCAR -
ErrPrév = 0.0251037

The coefficients were estimated taking into accabatthree center points.

Coefficients analysis
As the pure erreur variance is unknown in advauasig the t-Student at confidence leveld = 0.95, to calculate
the dispersion around coefficientsa) associated with the effects of the factors amit hteractions.

The value ot at this confidence level 0.975 is given by thedent table, it isT(0.975 ; 5) = 2.571.
Ag; is given by the following formulp20-21 ].

Aai = t(1-a /2 ; ddl(ai ))*s(ai)

Which give pai =1 (0.975 ; 5) sai=2.571xcai at level confidence a 95% .

If [ali Aai| then the coefficiend; is statistically non-zero, or significant 95%.
If Aai| then the coefficierd; is statistically zero (not significant) to 95 %.
We give the calculus of differerft/ai |

A& [=2.571x 0,01868 = 0.04802628<0.92211] & |
Aa; | =2.571x 0,01487= 0.03823077 <0.12167 &
Ag|=2.571x 0,01487= 0.03823077 <0.12333 &
Aay [ =2.571x 0,02288= 0.05882448<0.11026 ar

Aap; | =2.571x 0,02288= 0.05882448>0.0452¢ &
Aay; | =2.571x 0,01821= 0.04681791<0. 11500| ah |
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The estimated model is:
Tc (A) =
(0,92211+0.04802628) + (0,12167+0.03823)X0,12333+0,03823)x
— (0,1102610,058824)?(-0,04526)52— (0,115+0.04681 )%,

The coefficient 0.0452 is not significant in the aeb

Table 7: Analysis of variance for process (A)

Source Degree of Freedom (DL) sum Squafe SomCarstju CM ajust | F observeq  p-value
Regression 5 0,278988 0,278988 0,055798 42,08 0,000
Linear 2 0,180083 0,180083 0,090042 67,91 0,000
square 2 0,046005 0,046005 0,023003 17,35 0,000
Interaction 1 0,052900 0,052900 0,052900 39,90 0,006
Residual error 5 0,006630 0,006630 0,001326
Inadequate (bias 3 0,005830 0,005830 0,001943 4,86 0.175
pure Error 2 0,000800 0,000800 0,000400
Total 10 0,285618

The residual dispersion is 0.00663 angifQof 5 degrees of freedom.

The sum square of pure errog ©0.0008 and is of 2 degrees of freedom.

The residual variances5= Qz / 5 = 0.001326, which giveS 0.0364138.

The pure error variance’3= Q, /2 = 0.0004 so & 0.02.

The residual variance (0 .001326) is greater tharrandom variance ( 0.00040 ).

A bias test (suitability) is needed to whether thifference is significant or not.

A bias test for process (A)
Since the coefficients were estimated based othtiee centre pointsSand &2 are no longer independent, then

we have: Q= Qo + Qyais
Where Qs is the bias of the dispersion. The degrees ofifseeare such thattdl(Qgr) = ddI(Q) + ddI(Quiaig)-

Then comparing the variance through the biais nagausing the ratio of Fischer - Snedeccor :
F= (Siais) /(S0)?

Where F is a Fischer -Snedeccor la#(1-a ; ddI(Qpias):ddI(Qg), [20-21].
In our caseQypiais = 0,005830 et S = Quiais /3 = 0,001943.

The observed Fischer statistic is:

Fob=(Siaid/(s0)? = 4,86, et F(0,95 ;3 :2) = 19hich is biger then f5s.
We conclud that there is no biais and the analgsisrrect, the model:

Tc (A) =
(0,92211+0.04802628) + (0,12167+0.03823)X0,12333+0,03823)x
—(0,11026+0,058824)%-0,04526%— (0,115+0.04681)X, .

is acceptable at 95% of confidence level .

Calculation of the regression coefficients estimatefor T ¢ (A), using data uncoded units
The change of variables of the formulas is theofeihg
According to the experiment, the variations are atonic with respect to each variable, the variablenge formula
is as follows:
X= [U - (Umin + Umax)/2 ] (Umax - Umin)/2

Where X is the variable corresponding to the cogbgmerimental variable U.

Vmin is the minimum value corresponding to theelegX = -1) and the maximum value Vmax correspogdimthe
level (X =1).

By replacing in the above formula are:
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Tc(A) = -17.1384 + 27.8693*C + 0.16354*T — 11.0263% 0.0004*T — 0.1150*C*T

Response optimization:
The desirability function takes into account thrils assigned to each response. It is definedlsvi®[20-21].
Suppose we have K replieél, Y, ....... ,X. For each responag,

Let Yi" is the value below which the respongds unacceptable, and" the value above which the respoiéés
acceptable.
Desirability di associatel is defined by:

di=0 it v
di = (Yi-YM) / (YM-Yi™) ify< YicyM
di=1 if wYi"

The composite desirability for all K answers isideél by:D(M) = [[]di(M)]*¥
Where M is a point of the experiment field.

Answers to optimize the conversion rate Tc (A):
In our case, we have an individual desirability{K)
We choose Tc (A)=0,93 et Tc (A = 0,98 Which give :

d=0 if Tc (40,93
d = 20Rdmt(PA) — 18,6  if 93, 0< Tc (A) <89
d=1 if Tc (40,98

We studied two scenarios :

Scénarionl.

Objective| Target| Lower Superiof
Tc(A) | Target 0.98 0.93 1

Starting point
Catalyst = 0.95
Temperature =45°C

Local solution
Catalyst = 0.962722 Temperature = 49.6928

Answersprovided
Tc (PA) = 0.980000, with a desirability equal to 1

Scénarion2.

Objective| Target| Lower Superiof
Tc(A) (%) | Target 0.98 0.93 1

Starting point
Catalyst =1
Temperature =45°C

Local solution
Catalyst=1 Temperature48,0275

Answers provided
Tc(PA) = 0,980000,with a desirability equal to 1

It can be said that for a yield of around 98% reggia catalyst concentration in the vicinity of &%@ a temperature
of 46 ° C.
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Conclusion for process (A)

The analysis of the design of experiments allowuonclude that the model

Tc (A) =
(0,92211+0.04802628) + (0,12167+0.03823)x0,12333+0,03823)x
—(0,11026+0,058824)%-0,04526)°— (0,115+0.04681)x,

is acceptable with a confidence level of 0.95 %.

The desirability of model analysis leads us toraffthat for a concentration in the vicinity of 1&d a temperature

around 46 ° C, one can have an efficiency of ardig¥b.

Graphics associated with the conversion rate (PA)

Diagranme de surface de To(PA)en fonctionde ( Catalysewr; Tenpérature)

To(PA)

diagranme de cotour Tc(A)

Rdmt(PA)
[ ] <05
Wos5- 06

06— 07

07- 08
W o8- 09
Woo- 10
. > 1,0

Température

30
0,90

0,95 1,00

Catalyseur

1,05 1,10

This diagram shows us if the% is fixed in Catalystthe
performance is almost proportional to the change inemperature,
where as if the temperature is fixed performance h&a concave
parabolic curvature.

This contour diagram allows us to see the constrais for each
performance.
In our case a catalyst concentration around 1% fores us to
experience with a temperature above 40 ° C

This diagram confire although if one wants a 98% yeld , it takes a
percentage of the vicinity of 0.95% and a temperate of 49 °C.
and that to achieve the 98% yield of the conversioaf the biodiesel
in chicken fat.

; Catalyse Températ : Catalyse Températ
Optfllmal Macf [nléégﬂ [495250251 Optfl’mal s [11'1001 [45582075]
Al Al 3 3
1,0000 min 0,90 30,0 1,0000 pip 0,90 30,0
Composite Composite
Désirabilité Désirabilité
1,0000 1,0000
e e I tmx ________ e
Rdmi{PA) / RAMI(PA)
Cible : 0,980 Cible : 0,980
y = 10,9800 y =0,9800
d =1,0000 d=1,0000

This diagram shows that if the temperature is redued in the
vicinity of 46 °C, we must work with 1% of the catdyst and that to
achieve the 98% yield of the conversion of the bidekel in chicken

fat.

[ Results for the process (B)

The reaction mixture consists of 67 % of diesed aslvent; performance is denoted by Tc ( PB)
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Table 8: Results for Process (B)

Temperature Tc(B) Tc(B)
Catalyst (°C) Observed | Mmodeéle
0,9 30 0,44 0,438596
1,1 30 0,86 0,841930
0,9 50 0,94 0,938596
1,1 50 0,92 0,901930
0,9 40 0,75 0,752807
1,1 40 0,90 0,936140
1,0 30 0,70 0,719474
1,0 50 0,98 0.999474
1,0 40 0,94 0,923684
1,0 40 0,93 0,923684
1,0 40 0,94 0,923684

The following table shows the model coefficients:
— 2 2
Y (X1, Xo) = @gtauXy +@Xp + 811Xy + BpoXp + AyoX1Xo,

These coefficients are estimated taking into actthenthree center points .

Tbale 9: the coefficient of the process B

- Coef(ErT) | T Student (observed
Terms Coefficients & ) .y :(SD) Coeff(/ SD ) p-value
Constant 0,92368 0,01318| 70,069 0.0Q0
Catalyst ; x1 0,09167 0,01049 8,738 0.0Q0
Temperature ; x2 0,14000 0,01049 13,345 0.0p0
Catalyst*Catalyst -0,07921 0,01615 -4,906 0.004
Temperature*Temperaturg -0,06421 0,01615 -3,977 110.q
Catalyst*Temperature -0,11000 0,0128% -8,561 0.000

S$=0,0256973 SomCar-ErrPrév= 0,0251037
R carré = 98,71% R carré (prév)=90,17 % et le Réc@just)= 97,42%

All coefficients are significant, and the modegmnerally acceptable.
Coefficients analysis:
As the random variance is not known in advanceygugie Student t confidence level @ = 0.95, to calculate the

font of noise associated with the effects of the#des and their interactions.

The value of t at this confidence level 1-.25 =78.%s the same as that of Process (PA)

[ai | [Aai) |
0,92368] > | 0,03388574
0,09167| > | 0,02696979

0,14 | >|0,02696979
0,07921] > | 0,04152165
0,06421] > [ 0,04152165

0,11 | >|0,03303735

The estimated model is:
Tc(PB) =

(0,93368£0,034 ) + (0,9167 +0,027)x1 + (0,1420,627)0,07921+0,041) x12
+(0,06421+0,041) x22 — (0,11+0,033) x12

Table10:The analysis of variance of the method (B)

Source Degree of Freedom (DL) sum Squafe SomCarstju CM ajust | F observeq  p-value
Regression 5 0,252171 0,252171 0,050434 76,37 0,000
Linear 2 0,168017 0,168017 0,084008 127,27 0,0p0
Square 2 0,035754 0,035754 0,017847 27,07 0,000
Interaction 1 0,048400 0,048400 0,0484Q0 73,29 0,006
residualerror 5 0,003302 0,003302 0,000660
Inadequate (bias 3 0,003235 0,003235 0,001018 32,35 0.1y5
pure error 2 0,000067 0,000067 0,000033
Total 10 0,255473
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The R square is 98.7 % is the R square adjustezeds97.4% the model is globally acceptable.
Except that the residual variance (0.000660) ishmgreater than the random variance (0.000033).
This is followed by a test of adequacy.

The residual error Qis 0.003302 and is of 5 degrees of freedom.

The pure error and §Js 0.000067 and of 2 degrees of freedom.

The residual variances5= Qg / 5 = 0.00066, which givex$ 0.0025698.
The error pure varianceys= Q, /2 = § = 0.0000335 or 0.0057879.

As in the process (A), the coefficients were estédebased on the three center points;a®d & are no longer
independent.

In our case, therefore,;S’Qpiais = 0.003235 = Q.;is/ 3 = 0.001078
The Fischer statistic is observed:

Fobs = (Siaid 2/ () 2 = 0.001078 / 0.00003235 = 33.32

F (0.95; 3: 2) = 19.2 which largely inferior tg,k

It is concluded that the statistics have a bias $kams to us to have the effect of diesel solfecibr we have
neglected in the process (B) of trans esterificatlyy cons in the process (A), We had better perémce namely
that the reaction proceeds in the absence of solven

V- Interpretation of results
The results obtained during this process have gabgrbiodiesel yield with the conversion rate cagach up to
98% under the conditions of 1% in the catalyst twedtemperature of 46 ° C.

Our work is the manufacture of biodiesel from clickat was compared to that of Chia-Wel et al [& has added
several very important points which are not congideat several previous studies described in tamture. These
points:

» The optimization of our results that have alreadgrbpublished [4].

» Using ethanol instead of methanol knowing thad iibixic and dangerous to health.

» The use of soda that proves cheaper than potassidroxide (KOH).

» The fat chicken waste and after grinding, is exeda@fter crushing or with Gigl, is recycled by distillation or
with the diesel is allowed to mixed with the finatoduct having a content of the order of 80% whighan
advantage for the process (PB).

» The comparison of the composition of different &kic fat never gives the same result, this giveghsii
different biodiesels.

CONCLUSION

The work we have carried out a valuation refersslaughter poultry waste “"chicken fat" noted thatsth are
collected from Moroccan butcher.

The results obtained by process (A) are optimaloperance standpoint which must be a percentageofrlthe
vicinity of the catalyst and a temperature of abds ° C to reach approximately 98% yield.

The synthesized biofuel has physicochemical pragsedonform to the standards cited in the liteeatiiherefore, it
meets the requirement for use as an alternativieofugiesel oil is obtained by feeding the tankhwit00% of the
biofuel obtained according to the method (A) or imixthe diesel for process (B ).

Although the method (A) is better than the methBJ df the optimization point of view, but it remaiacceptable,
in particular on the technical-economic and envinental because it avoids the use of expensiveaicl $olvents.
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