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Objective: The main objective of this study is to investigate the effect of water and sodium
chloride as the most common salt on the asphaltene adsorption on dolomite in the presence
of products of Bacillus subtilis.

Materials and methods: Asphaltene was first extracted, and Fourier transform infrared
spectroscopy (FTIR) and elemental analyses of asphaltene were performed. Micro-dolomite
was prepared, and X-ray fluorescence spectroscopy (XRF) analysis was performed. Bacillus
subtilis bacterium had grown in the dolomite presence, and FTIR analysis of dolomite was
evaluated before, and after bacterial products. Then, a toluene solution containing asphaltene
and water solutions containing sodium chloride were prepared at concentrations of 1000 to
40000 mg/L, and the asphaltene adsorption was investigated in presence of 20 and 50%v
NaCl solution and in presence of bacterial products.

Results: In two phase system (dolomite and toluene containing asphaltene), the presence of
bacterial products resulted in decreasing asphaltene adsorption from 28 to 19.4%w. The
presence of deionized water in a system, including toluene containing asphaltene and
dolomite without bacterial products, reduced the asphaltene adsorption, and the asphaltene
adsorption decreased from 28%w to 10.7%w in the presence of 20%v, and to 7.1%w in the
presence of 50%v deionized water. In three phase system, including dolomite with bacterial
products, deionized water increased asphaltene adsorption. With increasing NaCl
concentration from 1000 to 3000 mg/L, the asphaltene adsorption decreased, however, with
further increasing NaCl concentration from 3000 to 40000 mg/L, the asphaltene adsorption
increased. The simultaneous presence of NaCl solution and bacterial products had a
significant effect on reducing the performance of bacterial products in the adsorption of
asphaltene on dolomite rock.

Conclusions: Bacterial products in deionized water increases the adsorption of asphaltene,
however, the presence of sodium chloride greatly reduces the effect of bacterial products on
the adsorption of asphaltene.

Citation: Hosseini, Zabihi, Schaffie, Ranjbar (2025). Evaluation of the effect of water and sodium chloride solution on the adsorption
of asphaltene dispersed in toluene on dolomite in presence of bacterial products, Journal of Separation Science and
Engineering, 16 (1), 17-33. http//doi.org/10.22103/jsse.2025.5050

© The Author(s).

Publisher: Shahid Bahonar University of Kerman

VY



YoF1-a-FY 25l

Homepage: htips://jsse.uk.ac.ir/

9a> 33 Cornglyd 59 PP 50 Jolre Guilliw] Lz 5 WIS i Joloee 5 O 556 b5
S )35 L C:Y,.apu

(I g'h\‘

ooy o T gmadls yae T (eapd Loy ¢ (gt il
hhosseini399@yah00.com:asbl, .o\l eylo,S ciyle S il sl olKzils o pwaige 5 (8 0aSiils 5 5 s cwdige 09,5 )

zabihi@uK.aC.ir:asbl, .ol pl (lo )5 cyle,S ol g olSiils ¢ cwdige 5 (58 00SLiils I g Cai cawidige 09,5 ¢ Joiumms odiumn g5 .Y

m.schaffie@uk.ac.ir:asbll, .o\l nl cyle,S (lo S il aupds olKiils ¢ pwiige g (58 0aSiils 8 5 i wdige 09,5 .Y
m.ranjbar@uK.ac.ir:asbll, .o\l pl oyle,S (lo,S il aups olKisls ¢ pwdige g (8 0aSzlS (yore (cwdige 05,5 .F

0 S > Jlio oledb
i p S gt Gy WIS s 5 O U (o i ol (ol Ban T s By sole o £95

ol Gl Gushls 6751 DY same j5hm ) plla]
Eross® st i mie i laslll 5 w03 gl pillawl bl I, g olge
oyl (il 5T g 0l ags Cnglys s s plonl eilli] (g paie LT 5 (FTIR)
5 b o0l ) Cepoglys y 5 sl oslansls (6525 305 plol T (XRF) Ll ax

A gy 6 7Sl Y o 0l Slams g BB Cunglsd Ermg i a6 o i il 5T o doxsny )l
B bl ;o w5 moans S g5l o Jaloo 5 edlins] g5l (35l Jsloms s VECE/e 0/ ) sl

oo Jolme comao 0 00 5 Yo jgas 0 udlaw] Gds e g o ool Fee v emg/L

353 (i p 050 675l DV ganme jeh 3 WIS
o 575l DYgame jeie (pllan] G5l gl 5 Cunslsd) (S350 e 0 il
(055925 ) g 9w O jgam 00,5 o)z aue,0 VAT 4 as o YA 5l udlaw] Lis ials
ol Ciz 1l carge (5551 (gt Cumglyd g ilanl gl Hglys Jald s 5

VEE/+D/VD 1ol o3 gllol Jolb il
VECE/eS/PY by
VECE/+Q/ Ve lacs]

Yo yeam 0 o, VeIV Jlade 4 asy YA Slade jl pdlaw] Gds (e 5 00,8 15 3ulS ©lals
50l mals o5bes Ol emmas,e B jeax 0 epmasye VI a4 g ol ezeasge

Ol il 1930 o] Hgax g iSL oY > Cowglgs Jolis (6316 aw o - .
2z el wse oins ol hpho $FSL SYgame 9l Samglgs Jolt 5 — ] s i
Oedlaw! Qi Gl Yoo emg/L B Ve v e 51 aullS oo Slad cdale goli8l b o udlan

h . b ..‘y
il o] i e Fee e MGIL B Y 3l o il iy Gl b Lol el aals S i

s3a> Ll o on illinl Qo (33l crse 0 s 2l 50 6L SV same (S <l

Be5 e mals ol |y edlaw] i ye 6,55l Y gase [5l IS g

13 Cuogl9d (59, uf,.',a 23 Jolore U_,JLA.«:T O3> p s PR Joloo 9 UT PRy u‘-'lf-))l (V) jummiy SR (ST ¢ > aleuwl
http//doi.org/10.22103/jsse.2025.5050 .V V-FF 1V (F)isilulaz pwiige 9 pole 4 1is .5 )5Sk OV guazmo )gua>

@ O OB 3 s © OloyS iab g ol&Kiils : bl

BY NC

YA



VEF b F ojlod conain 0,95 Silwlaz wiige 9 pole 4 i

dodie—)

g SlasSla 5l g Wed (o0 Se33 395 yee 0L @ (3l Gl S (5 31 5l (6)le po e Al L
Sesls ool ol OIS ie (5l cpl 3l adey .l (69,0 (e 399 5 i S (3 5l el
90 EeTU A J;Lo.’ a5 Alewm 2 Lg‘o% )ti.é-l...u Lg‘)lo L(bu_..JLo.w 1 w‘u_...JLo.wTus...u) M u.s‘c\.l.o}
Cuis Jolss e slalaze ploreds (20595008 0B ;0 S gshaw [1] W)ls ol (555 52 25y 5 Joloee
ol 2 (2l 50 Wl oo s o0 2 S (nl (e la T 50 &5 (Y50 g e s O
Sezge eillin] b oK odaw sla Sy ,aasd 55 mee Jelos 5 (S il atils ke ol o &Yl
Sl Ty et 0 ot i o o slalae 0 S sae g Sileg, L sl je—ax Lo a4 S
Sleg, | sla M 40 a5 axiwd YU lcws 3000 059 b SLaS 5 lapdlaw] [2] wijls o550 Kiws xban
Gl ((Fagl 5 Olysd WS (o0 g (Sl Sl Pl 50 g i 0aiS Ty O jgan Gigle g i il
Tobs 59y 2 2gm 5 9 el T ol Az o s | (Sae il a1l g (35 Se S (g dydsks
Sl 5 g 0ad By ol po Jld LS 5 e (iSen r [4] 093 ki Sk d5ue 5 10 S (S
RN )_..,L Cond |y cad Gl b s (0 9 90,1080 Sl e Sl p Sl oo plB Cil )0 09290
Ol diedgn 3,5 50 Sy Jold prlKe aiile wds g Sdo] Koy Jolas j0 150 035150 95 puimon
DBl xS (o0 )18 4z g 3,90
u..\.’> u‘).»-A -\ u‘)li&.@ 9 (51"' ﬁ).‘> ..\J)b)s})., L§|°)"9 WA-Q‘ )‘ s».\.))b).,sn L.)T ‘;Aaj_m).’ u‘).u.su
oo Ly o pdlin T alizee adgl slacdale o o dw bo g Sl ,S S sladiges (59, p odliw |
Sl g9, wd il cel dla Wl adgl cdale goljslas wsls i 2,55 ek a0 Ll ais S
5 B [6] aas o malS 1) idliw | G e fudlaw T lasds sl jeas> 5 oad Slo,S § Swawle
9 V) 6‘5‘-”“ Lw.AJLQMJT cdale ‘;.)T 6)5":’ )1 (5‘95' AL goro 6‘)-.’ 03 L5>|J'b <5’L‘°u-’l-°)1 (Y’\/\) Q‘)&o@
Soglie (S, ST lgreds Ol (§,9h 4T B co yLdS sdelewsds gl asls plxil eod &, SYlw oS S
Jodoie oo S (5 2 eillaul iz (V1) S 5 (g5 [T]0S Joe gy pl 50 dili o
b 2l phd G052y a5 Waw ;) am pl @ Wl oS (pw 0 yed Ol ol jpa > 0l cen IS (55l
Ol Sl g 0 Sl aw 55l 90 lapt e )3 oS 5 P15 (anglsd Sl S 55, 2 Olnl S
VB wlgion 630 99 plnaw o )0 @32 (SSLl Gl lp w85 A g oy 2 (Seelind 5 (Sl
JJK,;L“ Sloyg cdale Jlasdlas L (Y- YY) )2 g g0l [O] w6318 s pis 3l i o jo

Sy o)ﬂ&ﬁwlfuy 09 ww &Nu‘ su.)‘):09)'{.c¢9m6.ow.o9jso® U;mw),)oﬁw

)9



OLen 5 s lasl [10]omo co flins Canglss Ko (Sdigh 5 (59, pemdS g b dieds 90 S| a0 s
O g Caoglgd el T 31 gy (Sealins g Sl T2l g0 j0 o ialojl (6 S plsl L (V2 YY)
iz paS ola el )b o piege a5 ol lis sdwl Cass 4 s sl dliw] Gis o (g paie GLUS S
09 Sailog,] izmed 50,555 5 gk s> )38 g0 Il LBl lsieas Caaglys 59 illa]
6l S i g9, ilien ulin] g5 F 155 oy b (VYY) o 50 g ook (g palls [11] el puttlins]
kS 535 g B pplins | Sl i 4 S Copan IS _onbans (slo Spg aS aiidl 3 onns IS
23 ) SoelS 3l (s plss dppeillan T (s la S5 5l (55U Ssoe Wsm 5 (Sl Iy Sl
oS bl s Ll pizmen 58 uled aysly 5 (oomd 2ol e omlan la Sy et Sl Wl oo 4T i e
Ky il ] il 5o 39 58U SMelss g (55000 sloo a5 i 5 £95 2 50k 3 9> b sl
Soslite 1L asly S e o s C8bjb p Seod Sllé 5 £93 13l (o 4 (Vo VY) Ko 5 (J 2] 5l
Pl (225 Gl S ojluil S § Sadol el (e Joled (s sl Wl 00y Ol a9 235
5083 e i |, Sis i 5 o olsd 0dd G5 ol 5o T sloKas 0525 45 ol s gl caiols
[12] wos oo Gl (55 sl lenil 5 (Sange slog s

O S g5y prllin] Qe o o Jslowe slacSlad jaa 1 o) jliie 4y (ilie Sl
WIS s Jsloe jpiam 0 cpillin] i (6,5l SV guama 36 pgas 55 Sledbl Lol ol oad ol
orllan | Sl anlp ob)l Wbl Sueglgs iz Sl Glnl (S8 (3l el Sl 4 az g5 b ] sgace
3e 5 (6,5l Va5 ool ul b s bl o3l yokiie & a5 eds Seai b o g o
23 Ol peleitlow ushl (6L Y gmazme 136 e (ul 5o 1 095 dude WlgS (oo (Seglgo
ol g (ol (ol ans I ad ol WIS o Sed g9l 0l g ol jpam (en Sl o Gl |
5 St g Cuoglsd s (g5 Grillans] G WIS o Sad g o3ins Ol (5L DY garme o5 Cul
5 Hs sl i Blsins WIS s ClE (DT oz do 0 (g S DY game j5do ile (ol i
idlos dtnly e Ol eillinl i

Lo by, 9 lge ¥

S 3l oolaiwl  aBaslesl pels b (Ll oglS (LS &8 ,18) kS puow Sas 5l g (pl o
s 230 )5 gl 055930 ol b g oud Clow] Cunglgd digas latl .l ouids solaw! Q3> lgieds Cunglgo
ol ie 5l SLSS polie a3 e ol gaiudils aliBe sla e Ol)d O jgods cdld il diged
oyl rwcads 3BT ogd oo diSlil Cunglgd 5,500 Q3> O jgods aS Wul bglbe 2 LY g A P
2Ol @l 5 ab esliial Conglsd S g5 (090 (i § DlaS F 90yd e (sl (XRF) (oSl ans]
o g 22,0 Y/ 5 ST eSS 0,0 YA/OD (6ly1o diges V Jgu 0 azgi bl ool (5158 ) Jgu
O ol @l )0 diged duo o FRIA (i oS canl S5 4 p3Y il digad 09 Segles Lo a5 Cnl wlS]
Lol (LOD) Y a8,

! Loss in ignition



VEF b F ojlod conain 0,95 Silwlaz wiige 9 pole 4 i

Canglgs Siw XRF 56T Jgur
Table 1: XRF analysis of dolomite rock

MnO MgO K20 Fe,O3 CaO BaO Al;0O3 SiO; Sy
Component
0.01 21.44 0.05 0.4 29.55 0.01 0.32 1.34 Qo yd
Percent
Zn Pb Cu Cr.03 TiO, SO3 P2Os Na,O S 5
Component
<0.01 <0.01 <0.01 <0.01 0.05 <0.05 0.02 <0.01 Qo yd
Percent
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Figure 4: Effect of deionized water on asphaltene adsorption in absence and in presence of bacterial products
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Figure 5: Effect of various NaCl concentrations on asphaltene adsorption in system including 20 and 50 %v NaCl
solutions in absence of bacterial products
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Figure 6: Effect of various NaCl concentrations on asphaltene adsorption in system including 20 and 50 %v NacCl
solutions in presence of bacterial products
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