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Research subject: Oil extracted from the underground oil reservoirs
contains heavy hydrocarbons such as waxes, asphalts, and resins that
can appear as solids in compounds. Changes in factors such as tempera-
ture, pressure, etc. cause the formation of solid paraffin wax deposits
in these compounds. The wax precipitate formed mainly contains par-
affins, naphthenes, and to a lesser extent aromatics. The formation of
these sediments can block the underground pores, reduce their perme-
ability, and cause premature depreciation of the facility. The issue of wax
sediment formation and the factors affecting it have been discussed by
researchers for many years and different methods have been studied to
control it. In this project, by examining SiO, nanoparticle, as chemical
inhibitor, acceptable results were obtained in reducing the wax appear-
ance temperature (WAT).

Research approach: First, using differential scanning calorimetry, a
temperature of 25 °C was obtained for the crude oil cloud point. Then,
by adding nanoparticles at different concentrations, this temperature
was significantly reduced for different amounts of nanoparticles. Polar-
ized optical microscopy was also used to examine the structure change
of wax crystals. To investigate the flow behavior of crude oil, the appar-
ent viscosity parameter was used at different shear rates. Then, changes
in depositions resulting from the addition of nanoparticles were studied
using wax deposition of oil samples by two analyses of X-ray diffraction
(XRD) and scanning electron microscopy (FESEM) coupled with EDAX.
Main results: At concentrations of 250, 500 and 1000 ppm, these
nanoparticles reduced the WAT of the crude oil sample to 15, 19.5 and
14.5 °C, respectively. Microscopy also showed the change in the struc-
ture of wax crystals to a disk after the addition of nanoparticles. In this
regard, according to X-ray diffraction analysis, it was found that the
nanoparticles had no chemical interaction with wax molecules, confirm-
ing the calorimetric results. The change in the layered structure of the
wax precipitate to a fine-grained structure by adding nanoparticles was
also a result of microscopy.
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Table 1 Results of crude oil Atmospheric separation

°API Gas density

GOR (SCF/STB) T (°F)

329 0.8670

1045.6 755
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Table 2 Results of Sara crude oil test

Asphaltenes (mass %) Resins (mass %)

Aromatics (mass %) Saturates (mass %)

1.7 7.0

23.1 68.2
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Table 3 characteristics of SiO, nanoparticles

Specification Unit Sio,
BET specific surface area, ABET (m?/g) 73.705
Average particle size, dave (nm) 30.72
Average pore diameter, dBET (nm) 20.78
Total pore volume of pores (ecm3/g) 0.3829
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Figure 1 Microscopic image of Si0, nanoparticles
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Table 4 Different concentrations of SiO, nanoparticles

Nanoparticle

Value (ppm)

Sio

2

250

500 1000

Y ol e s i 52 o e it



8558 )30 STy 2T Si0, 39l 1 oy
g g0 ploul FESEM TESCAN MIRA3

ol gi g il O-Y-Y
XRD Rigaku Ultima IV S0l 55 5 oyl lawgs
Al o cwday Cu LFF (L = V.OF0A A) o0l Ly
oKX _wo B u..\_w&w} )I o— 9 C‘)M‘ ASTM 237
‘_;‘l_>|5) 0dgd—2ro 4O u_‘f..x.,Sl).: 6l_®5§J‘ ..\_>)j‘5;o )l)_e

cxygmbls Y

Lo gy (Zlo S (903l gl )Y

Ol ol 4 a8 V-Y-Y 8 pa S e biles

iyl f gty ) 55 4 aigad ol g el
Sl (b sladiges 5 (0)39L (90 (Bl
Verrg Oe e YO- ppm e bale 4w y0 SI0) &l)de 56
o (49,0 ;0 ddged By b o alBlas s bay plaS )
el e a S oo )18 o g oS
J—95 9055 4 2 o 03l g 4 Sgei o3l sLad)b
o sbed el e gl slaSe S s
S glgh il e ax uloaSs HLSs ol 4 Sged g0
a0 Slood g aiges glwd (i dlodS (LS, By
ool omle)S c )b o Cglar Jdoay 050 o
Ol =l Sglii 5 sl Soglatin a0 00ls g agal
o=l 5l e Bue 053 o oy Lood > 1y (65,
Sl (WAT) o b gl LSis slos o i (9]
S8 Gl S a8 cess (i sladiged b
oS5 sles (S35 9 (B e (e 50 S S (o0
3 g o 5 (WAT) S5 5L
Cdyb o i eaieo il A S 09 g 000 logad
i lpaiged 4 (e o Sl Ladiged (b S
D el 58 A aole 5L8 5 5L s aliw] o
et Ll da g L (b sladises sl -
5L s i Bgel i Su gl aS Bl ks
30 CnSl S O yody o 88 bg g0 glaloged jo
doy Ly olgs glym a5 Jb o 05 oo 00 Jlogad
Sl s oye g als ISb an (mleasb YL S sk
Lo Bun oS olgl 5l aigd oas 5L6 i (> 5o
Sty 59, @lyd536 ol ,5BSI0)L @l 3530 asliae ||
1 DSC 903l ol b sl pls i (i 0l 2
(WAT) ol opdgl joab (slos omlonls |18 15 sliwe
5 S g0 033 Ho by ol 1 o S e Wl b
Oy L STy (S ol aelol (sl (udS s el
0 aS —les del sl by s walgs okl L8 4y
i 0 (WAT) (g 1) g Bl =il Lo jlog o QT
ged sl Led = (e )F L jloged ¥ ISt o 15 o0

DSC (9! g oo oolai_l sl o i sladigal
plul Perkin Elmer 8000 zu—wls 5 o—s (59, ,—
sl eolawl L olws ygaml pd S 053 oo
e Vo LV o) aged o 0900 plal pgmai]
Saedy o, F il 4> 0 4 gl jo lol (p,5
03595t ;3 Ly § Sg—b 0 03l Oyl >4 385 VY-
a0 0 Ce,w ol F asilovaspp-Ve LA Sl

Dgis oo S aaBy ool 5 sl

b3 )9 (s 95wy S0 Y-Y-Y

25k Oyl (e (sl (e (695 155wy S
)9_1.3 Q—‘Jﬁ‘ ‘-}ALMA-' 6Loo Qé)s‘ Cwd 4 9 o..\_wJ.&uu
— ;.))L!a.' ul’L‘o‘ CPM ‘U_" — 0531_(: 09_..4‘540 oblﬁ.._...)‘
=212 1) Lagl 359,90 5 JliS L 5 STy Hob 0l
b8 058y S 51 I =l e mlple S e
=L, ¢l Sy O 90 Ly (OLYMPUS BX51)
l_Q)ﬁl.} o)"..\_ﬂ 9 JLMJ Qo)a—‘ Cmwd Ay ionad g WAT
a8 F e Do s lol Ladiges .l soi oolau!
ol F ilw a0 <10 Ce o Lo oS il 4z 0 -0
el oo Jodo 59 S e Slalllae gl STy sln sl

Towwg pl 5 ¥-Y-Y

Sk aged (Sojalsh) i) Sl gl g Lateas
oslai_wl Physica MCR301 ziwg,il 5 5l Lo Lo pls
S d Ladigad laol jotate ol ol il ool
e Ve ol S lwa s ofe sl el
72 9T et pe b imleyl B Wigdoe NS
gol S clwa >0 gV A0 Ve sloabes ;o asges
BRIY R TR IRy A IEPEY ) RO S LD JUp B ST

.a_ﬂsa Cwd 4y 48,8

e (P95 (o 95mwg S PV
QHGA oolaz_ul ulj.bs_ul.u ‘_a l_ibu] U“_'Sf"'b)" 9 J‘J‘ﬁ
S ejjj)b ‘) H‘)L‘ 6LQJS‘5 SN 1) d_L'>).n )bj
) S I olyo Lslwa s Ls oS =
uﬁLABJS...a .L:_..u}.v (5 Q_)).»S/‘SA)‘)J oli.';_..mb)é l_bcbj.o.v
s Sy sl EDAX 5L ST iy islo;] FESEM
9 &) Oied 9 (8Ll STy 50 D393l H9ax
L FESEM a5 olKin 05— oo ool l_aoi colale
sl Sledbl o dgi (glm ol (JiSKmw (lgeay
PPy San Lawg (IS p gl Gy (09 ool

oy — (oo (ol 6075 Sb gl sl Ay G (SRR (ool alilad WA



DsC

-26.4

-26.6

-26.8

N
<

-27.2

=27.4

Heat Flow Endo Up (mW)

-27.6

-28.2 L

-20 -10 o 10 20 30

859058 50 « STy JuSit 10, Slydgil S s

40 50 &0 70 280 90 100

Temperature(C)

0,360 o pl> s Lol siugy rwle S loges VS
Figure 2 DSC cooling curve of untreated crude oil
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Figure 3 DSC cooling curves of crude oil with different concentrations of 250 (purple), 500 (green) and 1000 (blue)
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Table 3 Surface area, pore diameter and pore volume of catalysts with different amounts of manganese loading

WAT (°C) Value (ppm)
250
Crude 0il- SiO, 19.5 500
14.5 1000
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Figure 4 CPM images of crude oil at WAT: (a) Blank oil (b) 0il+SiO0,
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Figure 5 CPM images of crude oil at temperature of 0 °C: (a) Blank oil (b) 0il+SiO,
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Figure 8 FESEM images of wax deposits: (a) untreated crude oil, (b) treated crude oil with SiO, nanoparticles
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