Bl g S g sdmghy - sole 4y i

YWAA 50l cpgm o ey e 3lge Jlo A g
Ol @l yia! cpaasil

O 5 B S By 2 Jollen ddginiyld yil o)y

P PR AP W SO PNV WA (X g SR
azar.khodabakhshikoolagi@mail.um.ac.ir «agie (gwss 3 olSiils «(55,0LiaS 0aSiils (pinmgu SlSe (wdige ¢ 55 (seoeiils )
hassan.sadrnia@um.ac.irsgice owgs 8 olKiils «(55,9laS 0aSLisls (pivmomg SlSe cwdigeo 09,5 Luisls =Y
tabasizadeh@um.ac.ir agie (w98 olRiils «(65,5lis 0aSLidly (i g SSlSo cwdigws 05,5 Lokl -V
ghobadib@modares.ac.ir ;) o5 (yw,de Couyi olKiils (55,5l 0uSiils pipmsn Sle gwdige 09,5 sliwl -F
cbolors odis g
QVNYIYY o pdy AYNVNY Mol o 3T dl jo AVANTCdl s &4,6)

55 s g 00l a3l Wi e an I (s Jllon 09 de Lulpd ) e Sl B82S 0 oSy
0as (guypp ol Jrdl abais § S8z w5555 atile (] (So5d oo Sloogas (S 3, » g Shles Lulyd
Ol d 5o i Lade Coyd g ad jatis (ol Siis e Slge 5 AL Jgibl g4 VY caslllas ol s el
Syl ¢ 30 g5 (S3l9m o eSS B9, 4 YO C g Ve 'C ¥0 C slos 4w ,0 9 el VY 4 FA FF
oy g Lo Lialdl b aS ols (las ol b s LS5 4w b ol Jlans!l abaiis § Sy o Soloiew 91,5
PP a5 AgS s 1y (gyloloe Hil s a8 eole go5 il oo LralS Jleil abads o JEs s9,0,8
VIOYVE €St liue 4 el YY 5l am g YO 'C slos o ,Sitas (oo 4 b e Jgililgu o lailinl l5ue 40 (59,315
Olme b S Copd glp cels YY 5l as o YO T sl 50 o lailil Hlade a4 JK> oy pas el Cassa
Joililas o lailinl ol a4 Jusl abis op 5 oo5 Hlgea YEO C Jlusl abaii .ob awls +/208- glem®
oabas Jgbloer Ol ryider 032 Ceelo VY loj 5 ¥o'C (slos jo S oy 4y bgipe 45 0b )58
5 Joiblon g (sl oaisadl )] (hg, i (5155 el VY aw g ¥O 'C sles yo S Do 4 bogyje o VE grL?

sl 4l JIS 531,50 < J3ibls 100S g ks

Ao dio

szl lp @leaineS bidgs (S p g Cwl 035 Cdr 93 Bz sl 3 1) (S938lyg) 4 S e s
S (_ngQ}}w £y ;‘_i....u.:/" _‘9 9 slaleds L_.;L&a)‘lf )Li;;il ..\...5‘5...5 d.sj.,o Q—l )‘ B Slosls fSis S (_ngg;‘:}}..u 6L&:MUﬁ

o Lyl Gloz el )3 JBgfer 3w 50 Sy S e imly Jellsn s RalS ) el b
slaygige yo 1y ean ¥l @l lassl pals el (ol ply asljey st g (Say 4528 I8 gie (o it pdyazs
Jlo b i Bras 0oyd Yol Ve 4 Wlgh oo (5 gm Joibl pe c0ler ol 5o [V ams o 2alS aST5- s
I¥leal Yoot Jlo b anslie o Jsibl adgs cud b (sl cin iolidl aiajls cpl g duo s Yo

0955 5o Joblem adgs ol o jo e S aalss )0 ) (lnl o 655 adss 5l cenlae e lse cnl 56550 g
paiS Gbla Slgl 3 sz o 0ed o ddgi Hliwes liwl Ho Wi 4 S ) ol odes e &5 el LY YL ol

YA



HLol3 &l g 00lj pmads dazte i jduo e (Y §S iSulas 3]

Stz a3l oa] slolo b e ol Consl del a5 el (Lo yo jid IS Y o 2 G5 1oV lee 4
Lol acsls

Ol e B slaaid plsl3 slotme Jdoar asia g Siad (5918 5l Jolo a8 slaos gl 8 500 5 Ladle
Slaios (0wt eslital joas )3 (65mi g 9 9 Lowiins 2lg3 oo 45 Wil 1o 9s5 (slp (295 Sl o5 S5
el ozl Jlslyd sy e St 5,50, 5l slabanly plyieas B oyl I Joiblsn adg 45 oS anl ety
olge Zolaw i3l g PH 15,580 (sly aasul 51 5068 eolaul c ol slaall; g5lu @l sloasjo jrals ol B yas
L]l ode b anslin yo (sdie

Sohes 5 dnsgs sl oud plonl a3 Slgo 5l Joilils g5 alyd (S5 59, » ook Sldllas (9256
Lod Gy Ve wid cale oy 50 S osliinl Joilila oy (sl il nisn Gl Jpaze S plrea JLade ol
256 9y 2 a5 6,50 Bz 5o [Plas 21T UNY Jgbl cdald ot g 4BBS 590 Yo ek 90 i 0 C
95 10 Jolao PH cga8 i 5o p )5 00 clile )0 Joiblsn oy ook (o yiden il ploxl Do 59, 52 S Ll
ol Gl sloss,s (0,5 belse b oasasS 590 51 Joiblgw odgs oy pas cslallia o IV]oal cavoas ¥4°C loo
g o 4l (YO o Ve YYC) calises slales g (el £ 9 ¥ o) 0500 Oglite slaceln ((ao,0 YO g YO N0 )
TN Edl o il 331 Jgiblom cdale 2ol b dw ja (ial38l b a8 o9 aigSonl 4 gl

S9zod ( Sl Glaygige 13 Rl CE e S larear da Sl () g addllas sl 1) (oSl (6551 ol
gy 4 3Kl CS e Sy plgieds Gl e 05 el g yesd 03 3l Olgiee ) S a5 ol 10l
@leor® SlaS 5 bl o0k Glie 4 Sl (Soe Gy SloES g pliord 5 (o b (ely> 45 W8 ol il
9y 3t ekhome 35 503 iy eoalply s 13 bces | (g5 Gl 5 s5ise o Shes a5 oIS i ag]
(Pl Sleogar amlie Gululy aims oo )18 36 cod |y j5ige 9 Bl Sleogas &5 Cl plaShy (o2
$ 35 0l 05800 o1 Foml 05038 5 U8 5 e crge pol (al a5 009 (a3 51 VL UK el abais 5 Jlsilogs les
3y belse Jlesl aladi oy - Jobl g bglora j0 dsyo Voo @ ao,o Ve 5l Joill olie o]0 L [‘\]Ql)m 9
oo g ST sae il corge (o 4 Jeiblen ol as ol o (uismen isle Lial38l VY C 4 - C
Sl Jsllsm anan Jlaie ol 058 g0 ondindss bslive (oI5 (5 (ol crge ;0o (a5m Sl 5 oad Jlanilogs
coge Alige (Jpd spise 4 Jebl VO Gl a5 558 coli IV e T uygs 88 S0 U | s b STy
g il alais iyl

5 Josm b ol Fohar o Shee Gl lales jo Wil U wldl b SBoea b cE s So 9515
Gl 4 e g adlol (F+ C o VY MMPSS 6o 5,8) o 4 Joilil a5 Sl wisls olas cauleyl o [V ]l Ken
756 Ee |y jge o Shee Dliogad Lafitae &5 Sl (J 9w 2 e CoolS SG 5 JB 05800 Lol 59515
5 CHsw  sibeyom oosl wlblsyl s S L e Silmohy) 5 ol sae asle Gleogas Ko ass e )8
3 oo 3> e o b o5 V¥ o5en 5 silalys YIS o 15 5 b il sha g
locens Gl Jl g abe als (Jsibl aoys (il b cbsle JSz o5 aizil)o gl o )S a1 Jsibil
3318 )3 (s g anlllas 9590 1) (i a0 bl alise

lol adgs Ll b ol Lol st adgs (g0iB 5 (gl es Joh cilizen olge j1 Jolblgms aiini clalllas o

J9blem odgi ay lalpd cw)p @ cllie (pl jo sl onis cw)p S g Glgieas Joillen (S8 el sy, 2

1. Atomization



YWAA 50l cpg o )lads (@205ls0 Jlo c3l il § G g oidgh — sole 4 005

(95,5 wile ol (b wpe Sloogas (S oy p bl ol U G g 0ad Sl 0 ey an ) S5 ge
! 00 o ‘)535‘° B oolazwl L.S‘)" U—‘ JL:.H..J‘ alag; 9 dli}

o g5 9 Olgo

|y g

Jas og Sag Lo cupd 5 Sas ol wiBjaniy (e Jolts Joiblen addss ulul plsieds sadoslatiul (a8 Slse
Aie ST LY cond b S oyl g odlo 5 aidjatizr (wdle ad ags s ()5 Caie 5 S Al
S 5k,

St Sy g Ll 5o e sae o 4 98T 50 i ealitl \°mﬁ“5‘3 355 Lo Olyeds (6 YIB (38 (350 S
Omb 0 el SOl 6T el lem 5 )5 5 ‘Q] YL 5o Gy SO alo,l B Lol e JSo jo Les e el LB L
S Y Oliee @ lge 1 plaS” jo 058 plowl By 30 53,55k 4 5L e 6ol paises Jb S el Y o B ol 4 5
(5 Y legomme) 2l 52 55 5 Ve o &0 Sonlog Lo 55 51 (laili yasie i8S 18 58T 50 0 alSlar psboay
565 9 ye3S HE sload 4y has sl Germleg Slo joste ;0 35250 slap T Jos g s g1y b 009381 535150 4,
ooyt e b Sl B 338 (59 S yplgmns] 1)+ b bglie PH g 53 by o 0 5l 6555l sl
T30 s5) sl ess Sl e 53 0sdise eS| Stuliol 4 Jsililse o jgam 43 a5z wid plail lsacy
Sl STy B 1o 1, 5555555 5 555 e 18 2550 550 T el 5 95 o S 555558 5 5555 4 5 5L
S oo ho S aeSlss 5 Ul 4
C12H32011 + H;0 = CHy504 + CgHy,06
CeHz,0, — 2C,HsOH + 20, )
Olej aw 53 osle d yo (6l oddss Joiblon laaises ol ool af35 5 550 Y0+ (59, p 00LS jeST (700 593
C ondpehas &)l 4z 0 b HguslasS G 0 g o zl,5eul YO C 5 ¥ 'C YO C slos aw ;o g el VY  FA Y
b el sl bl pez (gles 45 YA/

S g (S SS9 s pS el
Joillem cdale g 5031l
1,8 oolawl 5,40 GC analyzer (Aligent 6890) olSiws wole ;o ] cdale lie cywils slp (Jgilblen odgs 51w
2 oolaiwl Jal> 515 lgieas FIYOOYMIMIN o5 3 YO+ 'C sles ;o pgude 55 L HP-PLOT MolSeive (ygiw 5l .cé,5
A plool dgie g olKEils cowd 0uStils o TGO cans .ol Sl s laibiul lsiedy do s A8 s Joili]
iyl Cawddy iy Jso 8 5l Joililse clile

Bioethanol concentration (%v.v'l) =Ai/A *100 )

1. Fermenter

2. Saccharomyces cerevisiae
3. substrate

4. Invertase

5. Zymase
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Figure 1- bioethanol GC graph of sugar beet molasses at 35°C and after 72h
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Figure 2- bioethanol concentration in 1) sugarcane molasses, 2) sugarcane juice and 3) sugar beet molasses
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Tablel- Variance analysis of fermentation condition effect on bioethanol viscosity

source Sum of squares | df Means of square F- value Sig
time 1.2675 2 0.63373 58.89" 0.000
temp 5.9290 2 2.96450 275.48™ | 0.000
material 0.9337 2 0.46684 43.38"™ 0.000
Time*temp 0.6516 4 0.16290 15.14™ 0.000
Temp*material 0.4591 4 0.11476 10.66™ 0.000
Time*material 0.0550 4 0.01374 1.28 0.291
Time*temp*material 0.2771 8 0.03464 322 0.005
error 0.5811 54 0.01076
total 10.1539 80
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Table 2- Means comparison of temperature-material interaction on bioethanol viscosity

Temperature(°c)
) 25 30 35
material

sugar beet M 1.6581° 1.0985¢ 0.9403°
Sugarcane M 1.6925° 1.1226° 1.3184°
Sugarcane J 15131 0.9862% 0.8390°
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Table 3- Means comparison of temperature-time interaction on bioethanol viscosity

Temperature (°c)
] 25 30 35
Time(h)
24 1.92647 1.1257¢ 1.1054¢
48 1.6326° 1.08257 1.0615%
72 1.3048° 0.9991% 0.9308°
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Glucose + 2ADP — 2Ethanol + 2CO, + 2AT
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Figure 3- time-temperature-material interaction on bioethanol viscosity
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Table 4- variance analysis of fermentation condition effect on bioethanol density

source Sum of squares df Mean of square F- value Sig
time 0.00 2 0.0000801 0.271" 0.035
temperature 0.005 2 0.002 8.248" 0.001
material 0.002 2 0.001 3.560" 0.035
Time*temp 0.001 4 0.000 0.703 0.593
Material*temp 0.003 4 0.001 2.440 0.058
Material*time 0.001 4 0.000 0.764 0.554
Material*temp*time 0.002 8 0.000 0.855 0.559
error 0.016 54 0.000
total 77.095 80
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Figure 4- main effect of temperature, time and material on bioethanol density
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Table 5- variance analysis of fermentation condition effect on bioethanol flash point

Source Sum of squares df Mean square F- value Sig
Time 878.22 2 439.111 1756.44" 0.000
Temperature 897.26 2 448.778 1795.11" 0.000
material 740.22 2 370.111 1480.44™ 0.000
Temp*time 122.44 4 30.611 12244 0.000
Temp*material 98.44 4 24.611 98.44™ 0.000
Time*material 85.78 4 21.444 85.78" 0.000
Temp*Time*material 73.56 8 9.194 36.78" 0.000
error 13.50 54 0.250
total 2909.72 80
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Table 6- means comparison of temperature-time interaction on bioethanol flash point

Temperature (°c) o5 20 35
Time (h)
24 41.667° 35 29.66°
48 34.667° 30° 27°
72 30° 27° 25.333°
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Table 7- temperature-material interaction on bioethanol flash point

Temperature (°C) 25 30 35
material
sugar beet M 33.6667° 31° 27°
Sugarcane M 40.3333° 35.3333° 29.666"
Sugarcane S 32.3333¢ 25.667" 25.667"
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Figure 5- temperature-time-material interaction on bioethanol flash point
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Table 8- time-material interaction on bioethanol flash point

Time(h) 24 48 72
Material
sugar beet M 35 27° 27°
Sugarcane M 40.667° 35° 29.667°
Sugarcane S 30.667° 29.667° 25.666"
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The investigation of production processing effect on some bioethanol
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In the current paper, the optimum conditions for bioethanol production from sugars were surveyed. Then the
operational condition effect on some physical characteristics of bioethanol fuel was investigated. 27 types of
bioethanol samples from sugarcane molasses, sugar beet molasses and sugar cane juice were produced at
anaerobic fermentation condition in three different temperature levels of 25 °C, 30°c and 35 °C and in three
different time levels of 24h, 48 h and 72 h. Then the values of density, kinematic viscosity and flash point
were calculated in triplets. The results showed that with increasing the temperature and time processing, the
viscosity, density and flashpoint would be decreased. The sugar type had a significant effect on these
parameters. The closest value of viscosity to its standard amount was related to sugarcane molasses,
producing at 25 °C and after 72 h fermentation, which was 1.5174 cSt. The nearest amount of density to its
standard value was reported 0.9560 which was attributed to sugarcane juice producing at 35°C and after 72
hours and for flashpoint it was 24.5 °C which belonged to sugarcane juice at 30 °C and 72 hours. The most
bioethanol concentration was 74 gr.L"* which was produced from sugarcane juice at 35 ¢”and after 72h.

Keywords: bioethanol, fermentation, viscosity, density, flashpoint
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