o’ fA l‘l . N
S +y aJlio hed gt Y-YY axino NF-Y WQ)‘ OQ.J)S).B VY G)LOJJ
s’ ==

SIS S Gt (DY (e
Pl Ol Oaamnd gl 3l yoto O oS 0>
Olwiey 310 4 il 05 4o

"5.>l.375,.o.c Olbdue loww! Lo g ' 9 ol i “*Gg)ﬂé» 313 y4e0 “‘s.gJUa O
Ol el () s SaSS () S ol (Srio olKiSNS (o cdige 0aSiiSls -
Q‘ﬁl Ol (Ol ST gsL’) ,J,m‘ S oKl ‘L;?ij ey oaScidle Y

VESYNYIYA i pdy gyl VE Y BIYA il s f s

LXVCS

S5 5 G ol golio 0 el B Cegane ol Cii )l ieals ez ge pl i o 55b O gaadgal
255 2l gillar (Sxio b9y Gm sl 95 e ol Ci (6, 5 eV JLil Gl sl i 5o Dl
odle ay ols ey S asyie SLd o e oleend OLLS 5 ool o glbiond LS 5 5l colaiul bl ek
Pl cii JLSlw 10 0gzge (Sauzmy 0,0 el Cii g9 dn (90l Jlmy (Kicls plord la Sl e o ) Slas
Slels i ppe slos el )y slaes ials joLate 4y a8l Jle20 lapSt 3dad o, Shoe (55l Jae 09300 el
St Joce (S anazgi Lot esliil ol oot addse Glse ay Sileg)l g () Eemme an el o
St 55 il it S ol ol 5, (a5t el 5 et et yorlite 4 Gl s o tle
Sl it it 53 Sty o 31 Lo a6 it (ol acallan (sl 5 il e Ui b i ooty s
i aigms g 53 6 adlo (6 sTaar polite dy b ealiwl S aad (o Lil3dl 5 TAD 5l YL sla
Sloslisl Ly 5 and 505 8w (sl ()00 0 00 laazly po maly o)las Sb 3ol asged 90 ol e 4y pls
o sl ol o pesdl o) Shos ot (o liBe (Slles Ll b )3 o)les 5B Gl 0 ) Shee s -k g
ot e 8L a8 s s e i s b S8 el S5m0 it 5 tinge s Ly L 3
o s Sl 5ol 3 Shat (i ot e B Ly e S S e S8 S, Jpne L ol
eyl 45 S s i i i) o nin 33 5 b Slyn 3,5k (5 e Sl s 4 Ly 3y
Gl (it Sl 9l (Hoe il e lasity o eile vl oo (i mls e BT 8 () 050 w0

DS el g les slagSs

—ilo c(ygamd g0l (5 5lamrly s Lo b (S (5l ¢ 2135 gl g0l 1S LIS
Ol Jogunet

mozaffarian@ aut.ac.ir S S w0l
(DOI:10.22078/pr.2024.5189.3304) : Jluzs awliss




ot s L5
FoVE AFY oyl 0958 IFF o)lods ;,&_/jz

SlS 5 5l esliial (g, o 5 g, Ll [7] 5l
Q9SS by il S et Itlise (ploed
DSlbige oy 5 ol lie 5 sl 05 e
S0 aS Sl pls et BloS 5 5l ise cdla ]
ol Jleyi g ol Jloy ks S slap S
3 sl (HeSge 2 ()b S (o0 9,
edliwl LSl iomen o)l sobl> g sl g
—Sebaasl o)l Sliadel e ol el
b oy G e oelleul o
=hd aaxg L oS o Lol pls s ygmd 5ol
(r».laﬁ Coms )‘ ool Q—" souLD_w")‘ M Oo9=
- h¥se slagys an ey Ly ol ol b8 Jp >
S 9 090 ge (Hi9 e SLadign g (hady
g s el il S 5 cga 5l laopdlaul

25 oS8Ty s JleS Sl (o Ay 5 A
Sy Cds oS 5 )y Ll oo gl 5L8
ol ] s (e 4 g 05 o0 game
i Ly 05 b oo S ), S99 Lo
ol asile 45 ax s s coi SloS 5 l
S LT o Ll sl ggil> (5,5
JS—is eel (kS 4 Lagn;, Wsb o0 >
e Ll 05y Lol i cod sl (gedyol Sy
=ty 5wl 550 dlawl &l ool g e
Gl o sonie 13U el I3 63lal
gy S ol V] 8l oo i (sl
el 5550 Sl ged gl (gl o el 4
s e s (Al il el g (Sob Sid aalllas

1. Hydrolysis
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1. Emulsion Stability Index (ESI)
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1. Support Vector Machine (SVM)
2. Coefficient of Determination (R?)
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1. Hyperparameters Tuning
2. Particle Swarm Optimization
3. Bayesian Optimization
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1. Ubbelhode viscometer (Type 1C)
2. Required Centrifugal Force
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1. Pitch Blade Impeller
2. Disc Impeller

LB plsl o)

Sloslaiwl b wiaiign Jow SO ol jo asllacs ool jo
O A (;}‘)Ja 03— Ay u}“—"‘“‘}“ A g0l )L_.Q}
e+ mL )5_54.47 L)—" 6|)_> D oola SERC
die el B, 1 ()0 4 (el asiged o
Gloo Hui L 5l ey o ools 1,3 Y - min Gae 4
O g Yoo o mpm e s Ly aiged gz o3, 1
PR L aiBe 0 Sae dn g sl ges adlyn L
b A e GBS dus e gel L asgal
A gpmdgol WS 0 SeS (e Ly LIS
Agel x> smolod [0 Sy S8 Slas s
L sl 5 GBS g e v adiged sl 5
S d Slas i a5l oo abses Lael gl o
ATeyd § S CB Sy a8 SaSTy anjel
B iulo; jo atan (S Cue A dmas dAges 3l
s 3l e D9 (s 2 0 (55 l0b Lo (55l
Ogemd gl (6 ,J0l dasl i lol o aus e gal
L Golhe ol co g gl aiiged iy 72 61—
Al adtie Vo ahal)

As

Ar+Re O
=39 S0 ) i i 4 Ar g Re cAs a_laly - ol o

Ogdgol ;2 Silagl 5 oy el LS
o Ve mL reolesl a5 e e ol ol

ESI =




ohBes 9 (A (s

(Sby9el 00ls) pl cais g gl diges oz sl Gl Slikes Ll i ¥ Jguar

St el wos |G il so | S ST ) | (O s | el | s,
o oS Gl S s
Vo/A ARJDY 2 A b \ \
AYIA 2N/ 2 Y- b \ Y
alll APIY ¥ = b \ v
VAIY A% 2 = 3 \ ¥
Va/A ANIF v 1Y b \ 5
3-/A 23y s A 5. \ )
Y 23/10 v Voo ;. \ v
AQIA AP v A ;. \ A
Ay 4y v Y- ;. \ R
23/A 344 5 " ;. \ .
Vol N v Voo 5 v
av/A oY v 'y . .| 4y
19/ al 5 Voo 5 v |y
VoY DYIY v A > v | oy
28/3¥ Al 5 )Y 5 v | e
APIY at/p v A - Y|
AY/A AV/AD 2 A - Yoy
WA/ A$/A ¥ ) 2 YA
29/A iz v Y- 2 Y|
19/0 WP 2 )Y ;. v |y
PYIN FYIND v 1Y 5 v
VAIY WF Y- b v | oy
oY £a10 Y A & v vy
VFIY AY ¢ bou N N I
i AY # A > v | v
av/A YA v A .. e | 1
A¥/A ) 5 A ;. v | vy
AT AIY v = - v | v
28y 19/48 s = - v | v
14/40 14/ 5 )Y ;. v |y
Al oY v A 5 f |l n
N vais 5 A 5 £ | vy
DAY a v " 5 e | vy

1. Training Data




ot s L5
FoYY AP iyl 5295958 IYF olad ;',01_/}4

i, Al

Y Jgoz asll

FYIA \id ¥ VY- - ¥ vE
Verx AY 5 VY- b ¥ Yo
YYIY sV Y A 5 ¥ Y5
ASIY 2 5 A 5 ¥ YV

9 /A VY Y Voo 5 ¥ YA
45/A b 5 Voo 5 ¥ ¥4
LE/A A Y VY- 5 ¥ f

C byl o0lo) oty ylo p dla b conlin Joo ags sl pl3 i diged y2 gl piulesl lnlp F Jgur

30 5 3ok ik amys | 97 in’;“’ = :':‘; (pm) ke | (O Lo | cgudiel | s,

$A VY Y A- 5 \ )

13/24 23/ 5 VY- 5 \ fY

2 sV 5 A b- Y Y

29/40 A 5 Ve 5 Y ¥

Yy $VIA 5 Ve b Y £

13/24 /A Y \Y- 5. Y f5

$4 Ve/f 5 Ve b ¥ v

ay 13/44 5 VY- 5. ¥ A

5 ol sl e 1ot bl Jin (omio e jolite o iy (el sl Giales] Ll Jgaz
30 5 ales sl oy | ol 5 (sl sl oy | iy 00 58, ol | (ppm) Sl | (°C) Loy | s,

2 5 Y A- b )
YaIA sY 5 A- 5 Y
ASIN £ 5 Voo b Y
54 Yo Y VY- 5 ¥
WY a¥ 5 A- 5 5
AN AY Y Ve 5 5
/A A/ 5 Ve 5 %

TaYair ae sloaS s o sle pdle 5, S0b

1. Validation Data
2. Multilayer Perceptron (MLP)

Ol Dl p0sdle

sba g, glel 51 S plas—ay oo ol
Dg—go Dg—mme o )L e Al 6,50
2 e g SLedbl o nail o on by,
S5 At Sl 0I5 B Laesls (351
Lol Ay A G gy Ol L 031 50

uwy‘é‘f\vh)‘wow‘&)wu—‘w"b‘&w
G N R W I C RGP E N CEL g -3 ol S 1 sl

@ °C:o#e °C: @Nles oAl (S 5dss Ve » ppm




S50 5 (oo (>

Lo golhae g - daine J 5,5 lawgi (6399 (sLmosls

a):i(ai*_ai)(p(xi) ®

i=1

b ey as ¥ ahl) soy0 )l et
emlpo il e LY cnlil 5 (US)S) s
Oygmo dn O adoles 31 F alal) (o 5Ls o 50 551,85

MaX (.« {—gi(ai +ai*) +i(—ai +ai*)yi
i=1

i=1

,%ii(ﬂxi +a[*)(faj +aj*)k (x[ 2 X )}

j=li

a,a €[0,C] i(—ai +a,.*):0 )
i=1

dmle 7 atal, Ly 3ollae (aly polie iy
os_uk_;o
N
F(s) =5 (a0 k(e0) ®
i=1

Koo (xi,x)zExp(—;/"xl —x||2) 55 Bl cnlpe
5o ookl ylaciio )lo o dle 90 2 (3lw Joe sl
o 655 stae Jloy 8 Shos ussS 5,5 o IS >
Sz b sladse b aezlye pllin S0 S 90 @

LYAL 518 00l oSl o5 pon g a g5 BB

Lo eyl e
sle Gu o gawamasa>g Ly asllas 0l o
slo el bl s sl i3l e sl Lo
A L Gi Tk ) Se sl bty o eile
=k A ol ool s ey Sy 3,8
P e Sl sl oS IS
ey a5 @ lizee Olallasly g clin 5 8le 5 o
Ol o S oo o L el bl 8 (o5l waing

1. Hyperplane
2. Support Vector Regression (SVR)

P9y o=l b @) )Lasl LB s Gl S s
CebB L oold acgamme L (gum am slaosls gl
5 sl a bl dle (6,S 0l sla g, a4
FB Ol L Tammbiol (o e g5 ol g0 o
Sl o il d 0e i o i Lmoolo
aS o = Dleesls aman ol SO i Ly S
g 09— o adS T il by o Laisla
obe Gighy (=l o Ol s e 5l g Laie
P orbe gl S cul (il Glaiiy o —
wlad 4 Laools Jlasl aadsy olacio jlo o opiils
Gl e del Jlaml fml g aslo ], =850 Sy
odzy sladoe e (it DS
v a ol iy o, e ble sl S 0sb o0
=l S g Glader o> (s S Ao
u_w?u S8 u_wL».o J_>)5 )‘ oala ! JQHGA
adoly oo Y ) Joe oazmy 9 (s nd alys
Gl ol o pile b IS adoles ¥

Lyvl 39— oo Pg—me Laosls o3l

.1 2 <

min E”a)” +C;§’_+§’_ X
Oemile 45 diw (g ,molae Ko Vo aal) 0 & 48
J=B ez Jlaso sl z )l o)l ol oy jls o
Szl sleosls (Sl an 0S8 Jos o i
oo3lp Gl aS Cl Glamas Jlo s jlo s ¥ alal,
3 ke ccula e 2l C g ccul 3L Laosls
A4S Wgds pndas (gl aisS a ol Lo il )b o alal)
Sabs mslie aze g Jlo il ojlasl ggoone
Lyl ien 05-d (S oo (o yieS 0350
gl o ¥ akal) )3 95290 sla el o 00l 2

T * il 8, el
{y 1_a) (/7(_x ’)S€+§i}

@' o(x.)-y <48,

J‘_o.».:‘ )| o— Y d_'a.:lj )Q 09_‘>5.4 JLA).’ )‘d)_g



ot s L5
FoVE AFY oyl 0958 IFF o)lods ;,&_/jz

i s oals oL IS (6l oyl o s
coyodadaly R0 —w)pQalal, L sollae pgo
=l 5 Gl o el kS e (Ko
M M_afa el ool oli_’l.: JS 6‘)_’ u’_:)?u
Pood e akaly 0088 e b Ve akal) b golhae
Lbowgiond o immlihogncS iy
{ (NEH 85 )prediclion (NEL85 ) prediction

AND
(NEH 85 )Expen'mental (NE’ 85 )

AND R J >20.9
Experimental
N Q)
R i;(y[_y)(y[ -y )

\/[z;’=l(yi —Y)ZZLI(%*—W)ZJ

S gl ab) e (b B jews (2 il e
sl (ledily slm ) (o i Sy S
Kt e e M 3 TAD 5 505 5 5
Oy Glge ay cdly bl sla ools gl )
Olimiy 50 = etle (slo el )l 3 el ooy 55
s oo S 4 o i o s
Ol [y Olaiimiy oy eile (sl il 18 oo
&l i ,o3d1 5l oolai ol oMl e a2 o
shestiial Lo (lw oo ds ol b18 (a6l
D5 s Lo Jl58la 5 0 (28 i o 5N
ool ul Lo L el bld o Le lySle 3 o o8 5
g on (e At D90 4 o 95
Jo— loyl bl ol s sl o
Ol o eile Lagl 3o g 00 005 o>
O e p latlyo S 0g-d o0 Szl (920 4
S d e g0l slpodls (sl
1L o

O v\_vm sJ..\_A )‘ oolax
Wgds oo (s o3ls Bl JS 5 b, slwosls
S5 9 bl sleosls (glym sl o po D j5m0 0
odas 01,8 g oad Pol adsl i sols oKL

Se—biss )l S5 bl

1. Basic Sediment and Water (BS&W)
2. Master Loop
3. Bayesian Optimization

FENTIpUER

ey g bl e e 4 TAD 5l ST ity
A Bae sl o8 L plye (Ko
ol 3 g ol e O i Cerio y3 L 48 S
SBL Y anl el o 5 0 (g S S
et G blie j0 0o o jlal b 8L
SIS me e madlee y0 pls Cdiolpen O (e
b ol el Y volZ Bl o le5Sed
o el S e S el J8las Vel
adaly o 0cilb ool ZAAD als cois g dgel dsges
Ol pzm o3 Sk oz s 5 s Vwf Vwi Ve Y
S5 Gl 5l g oot O oy 4l ol o
IM <0.003 - Ra =0.85(Y)

c c

e B S P e A
Ao A S e S AAD G S g 5 e L],
Josylael g s o 1 YU (Bae 2l (glwaige
sl il 5l gyl g smaz lasss ol 4
OSan yal,blhd dcgozme o ol an lool o Lol
eolie ey Sl oy Geile (6l
Slass ol pa s, o slacl slox aSa s oy o
8 o o de gl g ol Lol gla bl )3
s S oS ol jlaie slalo el )y
acgeme o elllp o sloddl> i 6 Lo
At Ol o p edile sl (S laal
FURPUES. JUN SR N (PR ES N ¢ PN SO SR
b ol o il a8 polie ol
sboosls sl plaidy Jlom Gedle ol o 9
l_g d-)LhA Je‘ Gb)_“’ G )‘ oola l_) ‘rw)}gj
S (NE, ) «(NE ) 5 jodain o oy p A ala)
O 9 =S gl ylond]y slass g i an A alal)
il o Jae (—i590] slmosls gl TAD 5,5

(NEH 85 )prediction (NEL 85 )

OR prediction > 095
(NEH 85 )Experimental (NEL 85 )

Experimental
M)

ele Jame (im G o3l (bt Hews Sl e



S50 5 (oo (>

5B Sl 513l )13y el
B ol oog sially 158
2 el (a) e}
G e{uin(c), mmx(c)}

(o ytallyl B gy 4y

R :{5,’0,

M e andg o Ji,5 olom]

el axdy o gl @ plundy

6.3)5.-:-‘- e osls ol

h

v

Oletly 10 ordile g LS duwlie

2l @bl

v

el b

o3

Cauw ol

YL 9 Sy o oS b sy il led
iyl els (gl y St g 5

ol Fuly dsgazo

S St 5 S e Sl osliial b b el )bld oo (6l a8, )15 4 (g 0)le> b ¥ SR

Ol 9Bl (Sl Gelad Ay aly anld il wllS
Shles Ll a5 el (bl J2B (5900
ools Asged 93 tpg DBl (LSS Joogd 1o (sl
4 ail glasss an Bl o L (g gal 0
TAD 5| aS 65505 5 TAD YL oylosnd ools Sy
oad ad)S I 0 Sy anazg b Joe (o

Dy (o) (9 A

ey g s
753 Joallygiss Ly ollae slilojl plosl 51 ey
Lo ollae co i 5l oo ol b3k oo )d o
S o0ls 1, ¥ i 5 g 0dh delona ¥ alal
lamez ) gloosls (6l ¥ oz 5 (g0l
gy byl i Ly gallae clilojl (pizean 0
LS D jgo iy Oge—dgol 59,y O Sy o
=58 e a0 i (3l ooy Sl e bt
5 Ose—dsol 10 j5—b Ol e ggazme d oadloe
Al e ile] A8 e 4 00 S 55, Ll e

3 ez 0,00 0,68l g0 (g3lwosly (gl
iy A YeY) b L [l sle
il o 5l 8 s sola ol a8 iole;l molis
4.’g.,_..~:‘ a_sJlae LJ,M_>u O— P b0 Laools x.)L?Lu‘
5 oygel slaools e ol Lt & g0 o (Sl
5590l 00ls g i sod ozl il Joe o b))
s adgl Jao =lhb gl a S oleosls sy
‘) osls oli_:l.: JS AN )‘ O— 1_49&.‘: g Al
‘r,.Lcaoalo ‘ruu ‘r)l.:))‘ Lchaa.:b ws_wso bLal_w
o g sl alas o8 s adgl Joe hjgmel jo 4
oolawl Jow s byl sl — adsl g5 Jow
85 ol 3l (=l slwosls Glsas! gl m 09—i o0
Al a8 )8 1 g s 4SS A 0ol B0
3929 (=l sl 03lo asged ¥ gl 1o 51 el
oo le an il LSS (S8 dss g0,
Sl oS 58, Ol Caid g Sl G e lale
o=l coley Jdo il sy Sl dad 90
Golgp—inn Jomo pSTa s el , bl o ou a =SS



ot s L5
FoVE AFY oyl 0958 IFF o)lods ;‘,&_/j’/f

L =l an 0gd oo il (Sl 5l 6l TAD
o Jloial LAND s s o ,631 51 sl
=52, 3,18 355 Sl Gdal cwlio o Slas
TARIY 4o Jliz! ) Sy jlase 5l oolawl L as

| i S o lay il
aa AVA S (S 0 ) Shes pande i Jlos] S
obd o Hlis 35 0 IS e e (iol38 £A0/A
slo el s o olas 6l S
s s Lt el gl o il
TAIY ay IAYID 51, o St sdas 1S 5, Slas
Gl oo ba_i Jaw rizmen 020 o Juals
Iy allasl o, Slas JolS b Ly St Gglss
Laosls JS (sl3l amy (o5,ke amy ol 00ls s i3
TAD ) ieS o olie Joe A 5l aS L], Ly
Gl e A VS g F ISs S e S
el (S Gle 6l il ) ol s

ul :b)‘o).g O 5le J.A_o 99 )‘ oolai o ‘_J ‘) <9

S 5l ool

5) )l w20 )I oolo" “

i Tl S

s, alae

L Joae o sla ol Ll 3 emnls (591 goz 3 s
5 g i (ilwdiate o oSl Sl ool
£ s o dealies aslllan fyml,d s S50
y OS—s Gdas 5o sl amy Jos o Lo el L] 3

A2 o s

72 sl bl bl 3 ot o i slie 4 4z il
L 5Shat ot iy e 59 405 s g
gl .oy b sl s o ile leslaiul
bin 5 SLas 05,53 4 ol (50 s 4
olosil) cealial o, Shae 5 (LAD 51 VL oLasil,)
=l Gl ) 20 el TAD Gl eS
Sl ) 23 el TSt b Ay
S s el D ISy Gl S ok

s oo gl ) o S Gl 6l

e 55 )l ".A)'l oolas

laas oo plas ¥ S

cel oty oy ola zal bl o iliss ol
YL clanbondl, olwliss js Jos cods iyl

05 Gelai digas y2 0,Sles (siluse sl 03d et sla il bl g Slatie F Jgi

Sy Je O

Sy Joe i
Gl Sl gl

Gll (S b Ak

¥t ‘5&)’9&1 oaly x>

A ‘SJLL)‘)l ool e

S es

"ng glaw

3
o Y 7.90/d
3
3 Yo 7a5/¥

7406/6 185/v

17.0/A

Sy bl 0298 2 giiso Olosily llS (i oy

o=l ol YL oLty

(226 ) 02l a0 dib uls

sk olusd)

O3 g8 g e Oledily pUIS hu h
W clesi

ok ol Y oleadly

(52025 gulo) 02 S22 b gl

A K 3l (sl AT b 5 ity 3 el S o (S, w3 e e B S

1. Confusion Matrix
2. Noise Level



\

oM

Soany Sl 62580 5y pitve Oloily llS

it 020 95N s poen Olad) e e

Sy ABIS e Glenily e e

H

b < w > & S
S S e B o

O
o T

-< > -

~

f
U
&
[

r
3 | 5 7
3 ¥ LAF 3 _,;
5 v
)
o
2
-
=]
i Py e F
3
1
3
. 3
ARD TAB/Y 791/Y
ol Oleaily W olenity ol Olesdly W oleaity
(2025 gal2) 033 20 dab pulss (2025 gulD) 025 521y aub uls

o OS5 Bela sl (pBRalel mli 5 Gl o edle @l e (o) p ) e ple B S

u"‘J}‘T wala

correlation coefficient(R)= /1A

Pr Yo A %
(igt029) fS58 Galas Qlasil

sl aals

&

correlation coefficient(R)=-/AY

Fe Y A Q.
(g2029) FS& Galas Glandl

Gt 05 35N e Ol S e

Sy SIS e Oledil) e e

o= el aaly

90 | correlation coefficient(R)=-/AY

Folg
Ve A+ g
((et209) | 55 Godas Qlanl
e Jlzel wols
qp | correlation coefficient(R)=-/A> @
q o}
o)
Ad
As
\{)
Y.
70
Vs A+ q.
(229 55 Galas lesily

o o=

e 030 95 sy em Ol

Oleddly (o A

Sy B e

o

correlation coefficient(R)=- /%

-

¥ Yoo A %
(g2029) FS5& Galas Glanily
L2l g yana

correlation coefficient(R)=- /¥

4 Y. As 1
(g2029) £S5 Galas Olanly

wdll (S el (sl (2ol @l b bty o oedle Joo 90 @l (cnt (B30 F JSCE



ot s L5
FoYY AP iyl 5295958 IYF olad ;',01_/}4

sl eals

e el a3l

FENTIpUER

Lo 0313 £ gamme

correlation coefficient(R)= /1A

correlation coefficient(R)= . /v <>

correlation coefficient(R)=- /1%

-
.

1 1 -
! : .;
5a. b %
3 % 3
3 A 3 3 A
i, ¥ i,
X X > X
. 1 9,.
2. 3 2
2 l. 1
i i R
3 o - 3o
Y - Y. A= - i Y A 9. O 5 Y. K 9.
(2225) 58 Galas Glanily ’ (2029 58 Galas Qlasily (t229) o5 Golas Olasily
Sisalaols i gzl 00l L 0303 £ gona
correlation coefficient(R)=- /15 correlation coefficient(R)= +/A¥ correlation coefficient{R)= - /A¥
D
1 3 9.

>

~
o

Sy P (e Qo) (et Sy
<
Sy Ay e Ol ot Sy

o
.

>
.

b

Sy SIS (e Ol (o ey
<

o

ds  Fe Yo Ar Q. V.
(o) 55 Gadar Olanil,

(g20o9) &5 G5 Gladdl,

9 o 5o Y. A 9.
(2025) 55 Golay Olansl,

o 555 Gl gl (2Rl s bl oy edle Joo 99 @l (i S3ln ¥ JSE

VW) bl jonge jl jolais .aas o oylois
Jos slaosls slasi g o gin sl i 5 4y
éﬁl.d‘_gl)_g |) UL_M_M..» )b)_g u.,_sz Jus g0 o)_ﬂ.e.c

RMSE = /lie% OV
ni=1
i:Z:lei| ov)

MAE =2
n

Slesla ol a0 i ¥V oo > g Ll S
oo gl i o0, sl A S e
Gl g Lty o eile sl el 2
YL sleplend; Gl Jos (Ko oy p0
S o0 S oYL (Siad o 9 0 AD
2 5= G 0, Sas 05 (5 Jloixl L

1. Correlation Coefficient
2. Root Mean Square Error (RMSE)
3. Mean Absolute Error (MAE)

s SS9 Y P JE- ST QN W DN g LS
ool O s 5l oola il L ouls pdais
Bl JS 5 (—jgel slmosls (6 1 by Syl
o—id,8 s o Lo Loyl L1 oy Ll o jlo sols
9 2 bl slwosls (gl by o ile
U"")’“’[V‘.“’)ﬁi”)“") ‘c\...: DS n s
KU WONCIP-3] vy KOS - K- S = B [ W)

el YU slaglen],y ay b

) le)_, e
odal Cwdty oolie as ang L jglate e 4
PEtalel Zals s oo |
sleslawl Ly Jaw 2 o0l oo yin y—olie g
Slrspe goome gl Jd o (Ko c o
Sl bl Joplos Tlas 3 llae 08 asgis 5 TLlas
285 Syao T3l seS o TAD 5 5L sla L),

Lyl 0

5_9‘)_7.;‘)..\7 4\.._...:[.7.9 05_’76 u_u).'@ V'Y 9 AR Ja_a‘e)



o1y 5 ol o

@ 5D Bl ln il @l b gty o edle Joe 90 @S (s i G3ln Y J9u

TAD §l oS olondl,

TAD sYL land],

MAE

RMSE

R

MAE

RMSE

R

Sole!l Julos
ED)

A

\id

</AY

AA)

\AS

<AY

&M))L:ML’OM@.«-IG—AJJJA

YN

t/4

</A

YA

NS

</VE

LJ")"’ M)ji” L’ PR ”I J\-\A

o o8 Galas sl b oy cdle Jow 50 5 (aBslesl @S o )bl Jebs A Jgus

TAD 5l peS lend],

TAS YL leaily

MAE

RMSE

R

MAE

RMSE

R

P NES;
Jow

Y/ ¥

Y

<IAF

i

;

AN

A_ima))L:.xAlaa..\mp.ﬁla&JJ.c

Y/I¥

f/f

<Jaf

f/4

#1N

- IVY

i )b ead pudal Jo

et 5 e Sl o e tle Jae
Osr—dgal 51 jo— Ol gilslaz ;0 YLy slagleal,

el s e
S sl jloslaul L aes oo lis A Joo>
Yk slaplendly jo Loyl bl 8 o o ol
B lawgle g Ol ks 0Ty, o i JAD
03,5 Wy Bl o S Gl sl et
ol Koy oy0 e ile 5 glel o o
Sme leslaiul waas oo plis (S 5-dai g0 0
o= eiile gl ol 1,8 o o 6l oy S
o G 9 At s il eel iy
e o olFas 5l Ll gt o Ll o, Sles
slad sl z )l mbeosls gl a s cl s iy )|
ey s ) Jpd B eyl i ey
P e iz 05 (igel 5 (bl sLseols
S 5 5 a5 bl Lo dagyge ol g5
A Joas g asly pasie slael on S 53-8, O
) i e 45 09— mlaS S5
deo co lid 4 S g A S sl a s
S i i1 el (5l Sy Jgna 1 oslic
e O ool Sl eslaial sl 4y Jos
it Sl s A Ja e 2B s
D $leipmd sl o 5 il S 5elas o, Sl

‘39—""6“ 005..\_‘790 )‘

g (sl | S el s, T e o
ot 4= Sl 5 0l pante s pls
ool wl L abl , Ko (Slhdes Lyl i jo 7l
e 9y a8 3l 02y Jlaiml AT (S Jlne
Hlsmen B tylojl mali Ly Jume 5,0 plosendl,
Joe sl Jlaie ul 4 ST 90,0 il ails
Sy Hme loolawl o vczen awl 1Y i
el 0ol Uz Gl o lawgin )z ials cels
2l Lt Sl e bwgie oz ials L
b il mals (i 50 Jos &80 ¢ Jae
oolatwl el (S8 3ol sl (ke S e
Oile sl el b8 e gl Sy jlne
Obesly sl Joo s Bl oz ge (il
s (lym Ao )0 09l o0 1A I YL sle
U slaylonsly 4y b Cws (gl cill S
Gy o sXl Sl oolaiul L Lo il Ll )8 oo
I ibios G m—,88) 5l e el e 4
Db o (Tt e 0Py o=l L Sl 9
00 (e e bawgie &jgo d ogdle 4y
Dyl ez molie Ly (6, S Jus vy
Ao plts ¥ Jsiz 0 05 2ge (5ylel Sl
ol Slaoloaly sl K Jsma 5 oolis
2500 Gy ot 98N Ay o (6008 B TAD
Bt lmlonly (i 5 koS SBs 4]
=k sl Gaa oy ccul o e oS el



ot s L5
FoVE AFY oyl 0958 IFF o)lods ;',01_/}4

»
o
]

correlation coefficient(R)= /Y|
o

>
o

<
o

23 PR3N 2 ise S Gala Qladil) s Sy

b
>4

0 Yo Ad A1

(229) &S5 Galas Olessly

-
o

o
correlation coefficient(R)= - /AY

Ad

<
o

S LS 0980 e (15 3285 QLo it oy
o

b
>4

0 A\ Ad @

(2025) S Galas Olansly

Al O Gelas Je el (sl et o eile e 59 (it @l b plile] mls Gl A JSCl

»
4

correlation coefficient(R)= - /YV¥

<
4

O 98N 3 gt (S5 Gl Glodil) i Sy
>
>3

o

\-
4

o Yo Ad 10

(2025) &5 Galas Olaasl,

correlation coefficient(R)= -/AY

<
o

S LS 020980 o gitan IS5 Gl laddl) i Yoy

b
4

Ad @

Yo
(2r9) S5 Galas Olessl,

0

o 5 el sl e o etle Jae 59 gl b alinlegl b 5l 4 JSC

Oleily 90 ba 88 1 5o ai oSl ulwl ool odass
ke an aeulools (a1, YU leadl,) ez
uLWd_th(S‘)—JM))l—MA[—)OMMJA—A
Sl 1 7AD 5l YL lalendl, 7Y e e e Bo Ly o
B0 AS 50,0 (diS (o (e i d > digel
i N ES RGN /4 RN OPISNL SRS | | B W PN =S g KW
ol (el slaools gl molis 5 Ll
B LS e L oad pday Jos cwans oo
slapleaily oy b S 5dss o ) Slos g8 0B
o ,o3d L oo oS Joe d s TAD YL
Gl adiged ;o (sl laity oy Joe g0zl

Aeas o Lis TAD YL slalonsly o f) S

WuLon_odwu‘uaM/\JS_m)003y_Cd_a
Gedxi sl 1y 7AG 51 YL sl ylenily lacig lo s
SM‘OOMW‘)M_UJ_AUU)MM;GJ‘ULM
= e ol il a1 7AD 5 1 seS lendly, S laad
e s GBS hle an el ooly e 25 A )
Al Sl ey mmiw el glaools (gl o ) Sas
JSLS‘J‘fS./'\H
m=,55] (6l 4SS a0 40 sl TAF o0l dcgazo

Weo )3 AD 1SV sl el gl

5 il (o VY PP o 5 a olie ol e je
sl i bl 5 o S Gdas ol 1 S
s_LMu))l_.Mu,uLw‘)Jm.\_wp_hb.un\_a‘r,)L_cm
1AD )'l =YL QLa..\.il) )‘—P;—“;—*—’uus—w Gl

Joe aS Tise,0 wnlooly s il e an )

TAD YL slagled]y ;o o Ll sloosls sl lacii o ile Jao 99 s 5 alRaslejl mls o s ,bel Judos 4 Jgaor

Gl (S elas ]

Skl Jud=s

MAE RMSE MAE

RMSE

T/ \ild O/A

7Y t_iw)wl.w‘).:o..\.wry.‘a.u

AR A YA

a4 O sl b oads odas




S50 5 (oo (>

S Bl o, o dle sl pial L8
Sl el sl St 5l o, Shes (i3 o
O3 =980l A S VA 51 5L sl lend],
2 gl oas olb Jas o, Sles ogdle 4y 0)ls
ssbie 4o doa gaadgel gl S L (S8 3das
8,5 )8 ey Syse SO 90 0 (i el
e 51 osll aias e i i Ll gl
Sl Joe (i B 0S 0 SeS S
D Sl a2l ssgaow 3l 7L slaosls

bl e iS5l

S8 5 Sis

o OB il amsy glye 5l By
9 gk g Sldee slaaxly (e wiige g oS
o 4 Dy ol G ble Lo 05, 0 (5,08
JLsS gl ol 5l ga—me 5 (b slacsle>
Ayle ly leyad g Sis

laailis 5 e3Mle
oS (gl a S 5 S1EY a S el s a, oF
e oY sl iy slals

s sl B8 ka5 sl g

0 gdowe )| E)lé (_ng ools saisS ) )JOLM & &

L2 ool w)‘)_: 6‘)_) 4_7‘5‘ 4_7&»9).)‘ JLA).:)L)).’ HO
09_....: - oolai_wl

Sk j0 04290 Sileg,l LS =59 S—e o AT
ol

Pl i )0 09290 cuidlaw] S duo s HAS

(dor 2z yal)b) et oo il oC

el gy iy L (o200 jmolie o OMS e,
Ol 1o

s i Silogyl 5 () gz o eidlal
R S0 oolo sl

S Gl leaily Ra

Pl S )0 9750 (p)) (F)9 deo o Re

GySd

GialS el ol cdi o 9 i *vj)b—.’.li. Oge—d 9ol
JLisl jo oligad 59,5 pls o )
Sl 5 d—d o0 pls o Vb 5 5SS
O Sy 4S5 310 092 pls iy st
g Lol j e geadsal 65l o Ly
= e ol 5 L slal YU olasi g (Saezmn
A4S wlio adlgn S Ozl ¢ ygadgol (5 losl
Lol )L, 5 emdsel ool (i of bwss
5 P JLb oly
slaille Lo oSt 3 lad el 15 el
Jo—e S vg2g 0l c a ol ol ol>

ddo b 058 e 2k

Lo ol islejl slodanip i als e el el
Slo—s g Siild Lot A _Sgei £oii Ay A4
sloasly sloan e So i pals ccl odle
S5l pohate 008 (o ()l 0 9 (oS
St ue_cfola u)_>m )‘ oolaiul l_> aS Sl ‘_,’_>LA)
u_.wl.uo [RPREE S ﬁl_‘> Ceds )‘ uol_'> (5‘4_119.0 r:l_‘>
Ol cars 5l aalllas ool )0 0gd pdas Jos
e ply—ie ay Silog)l g () Es—azme 4
i Sl il sl pls ce s (g ol
S0 eiile 5l gl sla Sl 3dad o Sas
slage—tle Gilr o S b eoliiul iy
atle Lol slm il 5 ot ety o
sl el )bl 3 lae oo Glaalay a > L

sy 3l ool wl sl an ety o, ile
ool o gllas o de g alS Ly oo
Hlre Olee an 7ol i 0 S ials
e lyie dn (Shwon oy il Lol
Lo solei—ion o o8l o Shoe 0l o lass o9
oSy los i S o, )5 A S s v 5]
z—ls ol alie oyls las iy lo sl el )Ll )3

l ).) <

2 oo joslii ol was oo Gt




ot s L5
FoTF OFeY ol o998 YF oylos ;‘,&_/jz g} allie

u’l‘..;.l.oﬂ 05_,..; d_J;u OLAJJ‘) as Hub.’ a_cgexe INE, .

Sk (g ol adgl ol o Ol oz a0 )0 W, Sl TAD 5l i
P 05— Gl pleadly 45T (o oolS aegezaNE

Paye Ghalos] (220 Jlade sl TAD ) S

st polie (Sl Y b Cuis x> Ve

bwgiadye gioleil oo s (ot oy ylade 9%, B s (gl gal (9,0 ol o O adgl o> oV
Oleis Hlo o u*—**’_L" o LB S (90 oale (BL 5 <l >,

oile lawg oo o i oolie wgie:y” =155 3edsel ]
Ol lo Pl i @ 0aisS 38, Ol C

‘QL..o.s‘ )‘ - 09"-“‘J9"°‘ )‘ OML\? )9_w g_j ["JDVZ

gzl
[1]. Abdel Raouf M. E. (2012). Crude oil emulsions- composition stability and characterization, Edition 1,
Crude Oil Emulsions- Composition Stability and Characterization, BoD—Books on Demand, InTech. https://doi.
org/10.5772/2677.
[2]. Vafajoo, L., Ganjian, K., and Fattahi, M. (2012). Influence of key parameters on crude oil desalting: An ex-
perimental and theoretical study, Journal of Petroleum Science and Engineering, 90, 107111, doi.org/10.1016/].
petrol.2012.04.022.
[3]. Bhardwaj, A. and Hartland, S. (1994). Dynamics of emulsification and demulsification of water in crude
oil emulsions, Industrial & Engineering Chemistry Research, 33(5), 1271-1279. https://doi.org/10.1021/
i€00029a025.
[4]. Speight, J. G. (2014). Chapter 3 - Corrosion in Refinery Units (J. G. B. T.-O. and G. C. P. Speight (Ed.),39—
66, Gulf Professional Publishing, doi.org/10.1016/B978-0-12-800346-6.00003-X.
[5]. Talebi, H., Maghsoudy, S., and Habibzadeh, S. (2022). Synthesis and characterization of corrosion inhibitor
nanoparticles in oil and gas industry, Iranian Chemical Engineering Journal, 21(124), 7-29, doi.org/10.22034/
ijche.2021.309739.1144.
[6]. Saad, M. A., Kamil, M., Abdurahman, N. H., Yunus, R. M., and Awad, O. 1. (2019). An overview of recent
advances in state-of-the-art techniques in the demulsification of crude oil emulsions, Processes, 7(7), 470, doi.
org/10.3390/pr7070470.
[7]. Ramirez-Corredores, M. M. (2017). Asphaltenes. In The Science and Technology of Unconventional Oils,
41-222, Elsevier, doi.org/10.1016/B978-0-12-801225-3.00002-4.
[8]. Lashkarbolooki, M. and Ayatollahi, S. (2018). Effects of asphaltene, resin and crude oil type on the interfacial
tension of crude oil/brine solution. Fuel, 223,261-267. doi.org/https://doi.org/10.1016/j.Fuel.2018.03.029.
[9]. Schorling, P. C., Kessel, D. G. and Rahimian, 1. (1999). Influence of the crude oil resin/asphaltene ratio on
the stability of oil/water emulsions, Colloids and Surfaces A: Physicochemical and Engineering Aspects, 152(1):
95-102, doi.org/10.1016/S0927-7757(98)00686-4.
[10]. Kokal, S. and Al-Juraid, J. (1999). Quantification of various factors affecting emulsion stability: watercut,
temperature, shear, asphaltene content, demulsifier dosage and mixing different crudes, In Proceedings - SPE
Annual Technical Conference and Exhibition, 2 (PI), 91-99, doi.org/10.2118/56641-ms.
[11]. Rondén, M., Pereira, J. C., Bouriat, P., Graciaa, A., Lachaise, J. and Salager, J. L. (2008). Breaking of water-
in-crude-oil emulsions. 2. influence of asphaltene concentration and diluent nature on demulsifier action, Energy
& Fuels, 22(2), 702—707. doi.org/10.1021/ef7003877.
[12]. Ramalho, J. B. V. S., Lechuga, F. C. and Lucas, E. F. (2010). Effect of the structure of commercial poly
(ethylene oxide-b-propylene oxide) demulsifier bases on the demulsification of water-in-crude oil emulsions:
elucidation of the demulsification mechanism, Quimica Nova, 33, 1664—1670, https://doi.org/10.1590/S0100-
40422010000800009 .
[13]. Shi, Y., Chen, J. and Meng, H. (2022). Experimental study on the performance of an electric field en-
hanced separator for crude oil production fluid, Journal of Petroleum Science and Engineering, 212, 110315, doi.
org/10.1016/j.petrol.2022.110315.



ol yen 9 (Al (s e Gl 2L i

[14]. Tadros, T. F. (2005). Applied Surfactants, Wiley, doi.org/10.1002/3527604812.

[15]. Ahmadi, S., Khormali, A. and Meerovich Khoutoriansky, F. (2022). Optimization of the demulsification of
water-in-heavy crude oil emulsions using response surface methodology, Fuel, 323, 124270, doi.org/10.1016/j.
fuel.2022.124270.

[16]. Adewunmi, A. A., Kamal, M. S. and Olatunji, S. O. (2022). Demulsification of crude oil emulsions us-
ing ionic liquids: A computational intelligence approach, Journal of Petroleum Science and Engineering, 208,
109279, doi.org/10.1016/j.petrol.2021.109279.

[17]. Dhandhi, Y., Prakash, O., Naiya, T. K. and Guria, C. (2022). Statistical design and process optimization for
using chemical demulsifiers for the dehydration of the crude oil, Journal of Petroleum Science and Engineering,
217, 110876, doi.org/10.1016/j.petrol.2022.110876.

[18]. Uetani, T., Kai, J., Hitomi, T., Seino, H., Shimbori, K. and Yonebayashi, H. (2020). Experimental investiga-
tion of crude-oil emulsion stability: effect of oil and brine compositions, asphaltene, wax, toluene insolubles, tem-
perature, shear stress, and water cut, In SPE Production and Operations, 35, 2: 320-334, doi.org/10.2118/192064-
PA.

[19]. Kazemzadeh, Y., Ismail, I., Rezvani, H., Sharifi, M. and Riazi, M. (2019). Experimental investigation of sta-
bility of water in oil emulsions at reservoir conditions: Effect of ion type, ion concentration, and system pressure,
Fuel,243,15-27,doi.org/10.1016/j.fuel.2019.01.071.

[20]. Lashkarbolooki, M. and Ayatollahi, S. (2018). The effects of pH, acidity, asphaltene and resin fraction
on crude oil/water interfacial tension, Journal of Petroleum Science and Engineering, 162, 341-347, doi.
org/10.1016/j.petrol.2017.12.061.

[21]. Malley, J. D., Malley, K. G. and Pajevic, S. (Eds.). (2011). Error analysis and model validation, In statisti-
cal learning for biomedical data, 215-244, Cambridge University Press, doi: 10.1017/CB0O9780511975820.012.
[22]. Wang, Y. G., Wu, J., Hu, Z.-H. and McLachlan, G. J. (2023). A new algorithm for support vector re-
gression with automatic selection of hyperparameters, Pattern Recognition, 133, 108989, doi.org/10.1016/j.pat-
€0g.2022.108989.

[23]. Apriyadi, M. R., Ermatita and Rini, D. P. (2023). Hyperparameter optimization of support vector regression
algorithm using metaheuristic algorithm for student performance prediction, International Journal of Advanced
Computer Science and Applications, 14(2), 144-150, doi.org/10.14569/1JACSA.2023.0140218.

[24]. Zhou, T., Hu, Q., Hu, Z. and Zhen, R. (2022). An adaptive hyper parameter tuning model for ship fuel
consumption prediction under complex maritime environments, Journal of Ocean Engineering and Science, 7(3),
255-263, doi.org/10.1016/j.joes.2021.08.007.

[25]. Alvarado, J. G., Delgado-Linares, J. G., Forgiarini, A. M. and Salager, J. L. (2019). Breaking of water-in-
crude oil emulsions. 8. demulsifier performance at optimum formulation is significantly improved by a small
aromatic content of the oil, Energy & Fuels, 33(3), 1928-1936, doi.org/10.1021/acs.energyfuels.8b03994.
[26]. Umar, A. A., Nnakenyi, N. 1., Abba, M. K. and Roy-Omeni, I. H. (2021). Surfactants as integral components
of chemical demulsifiers BT - surfactants in upstream E&P (T. Solling, M. Shahzad Kamal, & S. M. Shakil Hus-
sain (Eds.), 443466, Springer International Publishing, doi.org/10.1007/978-3-030-70026-3 16

[27]. Awad, M. and Khanna, R. (2015). Support Vector Regression, In Efficient Learning Machines, 67-80,
Apress, doi.org/10.1007/978-1-4302-5990-9 4.

[28]. Forghani, Y., Tabrizi, R. S., Yazdi, H. S., & Akbarzadeh-T, M. R. (2008). Support Vector Machines, In 2011
18t International eConference on Computer and Knowledge Engineering, ICCKE 2011, Springer New York, doi.
org/10.1007/978-0-387-77242-4.



Petroleum Research
Petroleum Research, 2024(April-May), Vol. 34, No. 134, 1-5
DOI:10.22078/pr.2024.5189.3304

Predicting the Performance of Commercial

Demulsifiers for Separating Brine Water from

Crude Oil Emulsion using Support Vector
Machine

Hassan Talebi!, Mehrdad Mozaffarian*!, Bahram Dabir' and Nima Esmaelian Amrabadi’

1. Department of Chemical Engineering, Amirkabir University of Technology (Tehran Polytechnic), Tehran, Iran
2. Department of Textile Engineering, Amirkabir University of Technology (Tehran Polytechnic), Tehran, Iran
mozaffarian@aut.ac.ir
DOI1:10.22078/pr.2024.5189.3304

Received: July/20/2023 Accepted: March/18/2024

Introduction

In crude oil reservoirs a stable emulsion of salt
water in crude oil is produced due to: the proximity
of salt water to crude oil, strong mixing and the
presence of natural surface active compounds such
as asphaltene, resin and solid particles [1]. Emulsion
of crude oil causes reduction of crude oil quality,
increased viscosity, corrosion of equipment used in
various sectors of the oil industry, and poisoning of
catalysts in oil refineries. The most common method of
demulsification of crude oil emulsion is the application
of chemical compounds. The most important challenge
of this method is the selection of suitable chemicals
based on different operating conditions, because the
performance of chemical compounds depends on the
structure and compounds present in the crude oil,
especially the structure and amount of asphaltene
and resin [2]. For example, the results of the study
by Anisimov et all [3] show that with the increase in
the ratio of resin to asphaltene, the size of dispersed
asphaltene particles decreases and the dispersion rate
increases drastically. In addition to the ratio of resin
to asphaltene, the amount of asphaltene present in
the continuous phase is also important, because the
amount of asphaltene directly affects the density of
produced chemical surfactant’s composition. The
results of Anisimov and Ramala study shows that the
distribution size of asphaltene particles is directly
related to the performance of commercial demulsifiers

as well as the degree of aromatic nature of crude oil.
On the other hand, it is not possible to determine the
exact structure of asphaltene and resin. In addition
to the importance of crude oil characteristics, the
performance of chemical surfactants is also dependent
on operating conditions. Generally, in industrial units,
the temperature of the emulsion is raised by furnaces
and heat exchangers before entering the desalting unit,
because the performance of electrical desalterrs depends
on the viscosity of the continuous phase and the ionic
strength of the emulsion [4]. The majority of industrial
desalters located in the desalting region of the country
operate with alternative current and perform better
with lower ionic strength and viscosity. The amount of
applied heat is usually limited by considering the time
of the year and the type of crude oil.

Increasing the temperature for the emulsion has
limitations such as the limited heat load capacity of
the furnaces and reduced quality of crude oil in case of
evaporation of light compounds in the oil. In addition
to increasing the temperature, dilution water is used to
increase the diameter of the dispersed particles, which
increases the probability of collisions of the dispersed
phase. Costs incurred by acquiring dilution water are
a challenge for operational units. However, the most
important operational challenge is the costs incurred
by the supply and environmental harm of surfactants,
which means that the consumption concentration
should be optimal. Until now, other methods such as



Petroleum Research, 2024(April-May), Vol. 34, No. 134

the response surface method, machine learning, etc.
have been used to optimize operating conditions. For
example, Dhandhi et al. [5] investigated the effect
of three parameters; the demulsifier concentration,
process temperature and settling time on the
performance of two chemical demulsifiers based on
the efficiency of brine water separation from crude oil
using the response surface method.

The problem with most of the studies done on
predicting the efficiency of chemical demulsifiers in
the operation of separating salt water from crude oil
emulsion is the lack of checking the type of crude oil
in the model. In fact, models that are designed even
with high coefficients of determination, but without
considering the type of crude oil are not practical
because a model that is designed only for a specific
emulsion sample predicts the results for only one
sample with high accuracy. The reason for not paying
attention to the type of crude oil in these studies is
the complexity of the structure of crude oil and the
large number of parameters affecting the stability of
brine water emulsion in crude oil. The most important
parameter affecting the efficiency of an intelligent
model is the ability of the model to predict the results
for the evaluation data [6]. In this study, the preparation
of an intelligent model that has the ability to predict the
performance of commercial demulsifiers in any set of
conditions, especially against the change of crude oil
type, was investigated by a support vector machine. The
most important point for the design of support vector
machine is the tuning of hyperparameters, because
most of the models and methods provided for setting
Hyperparameters cannot have the same performance
as theoretical and practical results. In this research, a
recursive and innovative algorithm was used to adjust
Hyperparameters with the priority of reducing risk and
increasing the correlation coefficient for efficiencies
higher than 85% in predicting the results.

Materials and Methods
Materials
Crude Oil

Four samples of crude oil were obtained from the
National Iranian South Oil Company. Normal heptane
and alumina column were used for SARA analysis. In
addition, the percentages of water and salt, viscosity
and specific density of each sample were determined
according to international standards. The stability
index was determined according to Equation 1.

Esr =45 (1)
Ar+Re
Demulsifier

Two samples of widely used demulsifiers were
prepared in the southwestern units of the country.
The prepared demulsifiers used in operational units
are different from each other in terms of structure and

performance.

Dilution Water
Distilled water with pH=7.2 was used.

Methods

At first, to prepare a suitable sample for evaluating
the final model, a new crude oil sample was prepared
from the blending of four initial samples. To prepare
a new sample, the same volume of 4 oil samples was
poured into a container at a temperature of 55 °C and
mixed for 5 minutes to make the new sample uniform.
Experiments were performed on four prototypes at
temperatures of 50 and 60 degrees, concentrations
of 80, 100, and 120 ppm, and the ratios of dilution
water to crude oil emulsion were 3 and 6%. For each
test, 10 ml of each crude oil sample was mixed with
a stirrer for 5 minutes at a speed of 4000 rpm at the
conditions of temperature, dilution water ratio and
the desired demulsifiers concentration. The contents
were transferred into plastic bottles and placed in a
thermal oven for 12 hours. The performance of each
demulsifier was determined according to Equation 2.

2
= 2
0.1, +V)) @
Support Vector Machine
Performance results for each demulsifier were

categorized into two groups of above 85% performance
and below 85% performance. Considering the
advantages that a support vector machine can provide,
this model was used to predict the performance results
of each demulsifier according to four parameters;
Emulsion stability index, temperature, demulsifier
concentration and ratio of dilution water to crud oil
emulsion. The efficiency of the support vector machine
depends on the tuning of hyperparameters in this
method of machine learning. Due to the importance
of selecting the demulsifiers, a recursive algorithm
was used to adjust the hyperparameters. The applied
algorithm is different from the common algorithms
that generally evaluate the coefficient of determination
to tune the hyperparameters. In the applied method,
two parameters of correlation coefficient and risk of
error were used for tuning. To compare the efficiency
of the proposed algorithm, the results of the adjusted
model based on forecasting risk were compared with
the adjusted model with the Bayesian optimization
algorithm. The kernel function of the support vector
machine for both demulsifiers is Gaussian function

Results and Discussion

After tuning the hyperparameters using the heuristic
algorithm based on the risk of error and the algorithm
based on the Bayesian optimization method for both
commercial demulsifiers, the results were categorized
into two classes of efficiency, namely efficiencies
above and below 85%. The results show that the



optimization algorithm based on risk of error and
correlation coefficient predicts the type of efficiency
class for demulsifier A and demulsifier B better than the

Bad Efficiency

Good Efficiency

Prediction Class of Performance with Risk Model

Bad Efficiency good Efficiency

Class of Performance (Experimental)

Fig. 1 Confusion matrix for Demulsifier A.

Bad Efficiency

Prediction Class of Performance with Risk Model
Good Efficiency

Bad Efficiency

Good Efficiency

Class of Performance (Experimental)

Fig. 2 Confusion matrix for Demulsifier B.

For a better comparison of the applied algorithm,
the results were fitted between the experimental
data and the prediction of both models for training
data, validation and the total database and for both
demulsifiers. The results of the comparison between
the two optimization methods for demulsifier A show
that the risk of error based algorithm is generally
less accurate than the Bayesian algorithm for total
database, but the accuracy of the risk algorithm for
validation data, which indicates the efficiency of the
model for data outside the training space, is better than
Bayesian algorithm. Examining the model prepared
for this demulsifier and for the evaluation data shows
that the model tune based on the risk of error predicts
the results much better than the model based on the

Petroleum Research, 2024(April-May), Vol. 34, No. 134

Bayesian algorithm by 2 and 4.2 percent, respectively.
Fig. 1 and 2 show the confusion matrixes of the results.

Bad Efficiency

Prediction Class of Performance with Bayesian Model
Good Efficiency

Bad Effick Good Effici
Class of Performance (Experimental)

Bad Efficiency

Good Efficiency

Prediction Class of Performance with Bayesian Model

Bad Efficiency
Class of Performance (Experimental)

Good Efficiency

Bayesian algorithm. Fig. 3 and 4 show the fitting
results for demulsifier A for the initial database and the
evaluation data, respectively.

Similar to demulsifier A and according to Fig. 5, the
risk-based model for evaluation data performs much
better than the model based on the Bayesian algorithm.
The results show that by using the support vector
machine, which is tuned based on risk of error and
correlation of coefficient, it is possible to predict
the operating conditions and the type of demulsifier
suitable for each crude oil sample with an accuracy
of more than 85%. Predicting the performance of
demulsifiers is very important in reducing laboratory
and operational costs in the oil industry.
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Conclusions

Emulsion of brine water in crude oil is considered
harmful in many ways. Due to the high complexity
of the $tructure of crude oil, especially the active
surface compounds of asphaltene and resin, predicting
the stability of crude oil is a complicated matter.
The selection of commercial demulsifiers and the
determination of optimal operating conditions depend
on the stability of the emulsion. By using the stability
index and modeling with support vector machine,
the performance of commercial demulsifiers can be
predicted. To improve the prediction of the model and
increase the accuracy of the evaluation, a recursive
algorithm based on the risk of error and the coefficient
of determination was used to tune hyperparameters.
By using the above mentioned algorithm, the
prepared model increases the accuracy of predicting,
and increases classification of the performance of
commercial demulsifier into high and low efficiencies.
Also, the model’s evaluation results for the tuned
model based on risk of error are much better than the
model based on the Bayesian algorithm.
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