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Received Abstract

28 September 2021 In case of the paraftin deposition in the producing oil fields, the flow assurance can be deteriorated

Final version Received leading to decrease in production and inefficient field operation. In this study, to inhibit the paraffin

23 November 2021 deposition in advance, a customized chemical product was developed by blending the chemical
components that can interfere the crystalline growth and disperse the paraftin components in crude oil

Accepted for the Kazakhstan field. The performance of the product was verified using pour point measurement

27 December 2021 and cold finger test. Futhermore, by optimizing the performance of the inhibitor through flow

simulation the complete product was successfully developed displaying over 90% inhibition rate per
1,000 ppm as targeted. The processes of the development and performance evaluation of the
customized product for inhibiting paratfin deposition are presented in this study.
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Fig. 1. Technologies for the treatment for paraffin deposition (Kim ef al., 2019).
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Fig. 2. Schematic representation of a wax crystal (Mohammed, 2011).
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Fig. 3. Chemical types and selection methods.
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wolx|7] Al&betH, Y5 skl A AR 5 L AL
7 SR E A2 gRgote] IS gt o] - Ao
B RS = AL, gt 242 AR o] =717 H
H2L7h 7P B2 3T -2 vl A of] b 7] AR
ghet o] AAA o] Fxtell HI4, &, Gum, Hef, oA
9, ¥ 5ol 2=, A= S AX 1P ER
AAsHA| Elth(Fig. 2). &2 1852 = 12t (normal
paraffin) 0 2 2 3141 % & Z(macrocrystalline) €A

0] 4 g2} d(iso paraffin) T} Afo |22 T2kl (cyclo paraffin)
5 2 1A% u]AF(microcrystalline) &FA 2 B3 4= Qlct
(Nehiem et al., 2006). =% 12132 A< (chain shape)
TREPA AR Hdte] T 717sItH(Sulaimon
and Yusoff, 2015). o]&{gt wha}d A& 01 e A5 v es}
of AT} o ARES 2Tk 2 B Sab
= et

sistd| B8
a5} - Frol= kb 242 Aldo] Aolshs o414
(inhibitor) 2} A}Z-of| A| A SH= A| A A|(dissolution) & L&

HE R

a4 9k, SFEHAI 0 v 7)Y o] wet oA Al o] ¢
ol S5 A, AANBA, B BRE 4 ol
ARl = G747t UKLim ef al., 2013). 2} BF8}A|=
Fig. 39} o] §20] whe} 1314 ek,

oFIH U M KB eial
454 73

shetgl ko] 44 TS WA A0 A o
Ao, U52) =Sk 5 (pour point) & 0.2
K, 9 84 270l whHE shetel 22s0] Y o] WAEHA
UEE Af B4 WFAT)E o]tk whetrie] 14
S22 AL 4k glom, 22 97 AR g
FgoI A ol ARgEc

2R¥Y Z4

A sk gl i A2 Aeh AAste = 54
o] glo], Tehrl oo} gAFTHEA TS 2 B o]
B5te] 37 X TEANES AT 2R
FAIA 2A 9 S Wafichs Wolth e el $5
&2 2= PE-copolymer ester, ethylene/vinyl acetate copol-
ymer, polyacrylate, olefin/ester copolymer, ester/vinyl acetate

copolymer, polymethacrylate, alkyl phenol resin 5-©] itk



A Ae) Tety

24 28

seb o AL A 2ol HUSES RF1
ok o] REEE AS H2shA)7 e ol g
Q] 31 52 2 alkylarylsulfonate, | HEAJA| 2} -5-AFSt

BATAE 26 22 ol e,

H do

83 28

812 AHg-5to] sfekal oho] HES E02H of
o] A4 et Shse] AL AASHE Wilolh o
F2Q] TR EZ Z xylene, toluene, benzene, carbon tetra-
chloride, trichloroethylene, perchloroethylene, carbon
disulfide 5-°] )t}

ojabE A AdE i

A 19

FIALE AEF o] A] BB 7L AT )| 2] 92 A8 A ALEFo)

7P B EA T shHRA, $7] AR S o) %
7R Al 53-4 340 B A Q5] S vhEels Bl
BA] HHALE 712 2L 9lon, Ed] A B2 A7)
AL Gl TEsto] thirAQl dH-g A A
B2 A4 2tk Volozh et al., 2003).

2 Aol A=t A1 W wkebd A 247 AEE
O 2 HASHAL Qe S AT oA AR M ES A
sko] 2 AA A 7ol ARE-SFAT(Fig. 4). |2 712
EA)0 Table 13} 2t}

mlabE EE SRIH I
skeba A AR A shebn ehael 23S
WSk v AU ZS K gste] iy @) 2 55E 2

N
>4

Fig. 4. Crude oil and wax sample.

Table 1. Properties of crude oil sample
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* Cross-polarization microscopy

i<

* Nuclear magnetic resonance

* Laser and collimator solids detection system

* Near-infrared scattering

* Fourier transform infrared spectroscopy

* Sonic testing device

* High-pressure, cold-stage microscope technique
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Oil gravity Pour point

Viscosity Reservoir temperature

38.74 API -20°C

2.24cP 41°C
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Table 2. Principal components and functions of chemicals

Main function Ingredient Functional description

Consideration

Miscellaneous polymer

Alkylphenol-formaldehyde resins, The pourpoint of crude oil

P int . . . . P int d is th rt
out porn N-vinylpyrrolidone/a-olefin and viscosity under the same ourp (?1n rop 15 the prope. Y
depressant . . .. most affected by crystal modify
copolymer, Hexatriethanolamine temperature condition
oleate esters
Oil-soluble polymer base The effect of interfering the Raw materials used in the product
polyethylene, . N are hydrocarbon solvents soluble
Crystal . crystallization process of paraffin .
. EVA(Ethylene vinyl acetate), . . components which should not
modifier and hindering the growth of .
polymethacrylate, affect post-processing
crystals lowers
polyolefin copolymer (separator, refinery)
Breaks up and decomposes the
ffin deposits by changing th . .
. Surfactant base paraiin eposl.s Y cranging N ©  Surfactants are widely applied to
Dispersant surface properties so that paraffin

Surfactant,

& Detergent Oleic imidazoline

can simultaneously flow with
main oil stream and prevents

re-adhesion to inner pipe wall

oil-water separators and corrosion
inhibitors in oil fields

Organic solvent base
kocosol, 1-2-4TMB, Ethylene
glycol monobutyl ether,
Kerosene, Diesel,
Condensate, etc.

Ensure product stability by
dissolving paraffin inhibitor
components and the solvent
itself dissolves paraffin
components directly

Solvent

Preliminary review is necessary
due to the substances whose use
is restricted depending
on the demand

Table 3. Lab scale evaluation methods comparison

Parameter Pour point test

Cold finger test

Subject of analysis Pour point (temperature)

Paraffin deposition rate (weight)
Inhibition rate (percentage)

Minimum sample

volume 4.5 mL 100 mL
(per single analysis)
Test duration Less than 1 hr 24 hr

Measurement No measurement parameter due to Differential temperature
parameter automatic measurement of ASTM standard Rotating speed
Able to estimate chemical efficiency
Pros Able to detect the boundary temperature by direct measurement of deposit
with small quantity of sample Evaluation method adopted by major
E&P companies
Cons Hard to predict paraffin deposition due to Hard to reflect pressure, fluid velocity

its material measurement based test method

Long test duration

wPsHe slebale] 1 QAR RIS oAl £ Al 4RIH M5t
R aTHE A RS S 4 GOt AL
S0z ofelgel ik 253 5%

BATOIAE AN S S Sl S5 S shehE AAEA 269 A ESHS B HER
¥k cold finger 4B ANSHAT, B TS A S-S TSI S5 24 Al (stat)
Table 37} e}, Aol 2= AL 5o AF % SFAol A
A AT 5%
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A B9 -65°C ~ +51°C
744 1 1.0°C ~ 3.0°C
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Fig. 5. Pour point tester. oFg o] ZX|(@)H 1L o] = A&7} o} A §-E5}ar Qirt= Al
o]t}
ueHs B Ql(dynamic) Aol MBS Tt H AR LR drolrlua kS AL v
A PR ARt lonk, H471718 AHgatd A Eatel ol gl AH(©) ) Lt EelE T 12
2 7o) pstEE shel oAA AR A5 moh iR AlRe) S50 Hek,
o 2geh 4= Qleh 2 Aol A iRt AAIAIE A8t fad ks
A0 AR i Tanakaiilo] MPC-102S W9l 2% AvHs AAHE A9 Z-9ol o414 Felo] oJ3t
(Fig. 5) 0 AJoRe v} e, S50 WSl A9 gl Aow Uehton, AZE B
“t-$-3EE : ASTM D6749, D97, 1S0 3016 L EQEES 213k E R o] Yol A Kol
CA|2 Q7T 45mL 9 THTable 5).

Table 4. Standard test method for pour point measurement

Standard number Title
ASTM D 5853 Standard Test Method for Pour Point of Crude Oils
ASTM D 97 Standard Test Method for Pour Point of Petroleum Products

Standard Test Method for Pour Point of Petroleum Products

ASTM D 6749 L
(Automatic Air Pressure Method)

Standard Test Method for Pour Point of Petroleum Products

ASTM D 5949 . .
(Automatic Pressure Pulsing Method)

Standard Test Method for Pour Point of Petroleum Products

ASTM D 5950 A
(Automatic Tilt Method)
1SO 3016 Petroleum products - Determination of pour point

Pressure rise No pressure
detected rise detected

Specimen is Specimen is
still flowing NOT flowing

Fig. 6. Principle of pour point detection.
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Table 5. Pour point test results

Parameter Model oil Prototype A Prototype B
Concentration, ppm 0 500 1,000 2,000 500 1,000 2,000
Pour point, °C 4 4 5 4 1 -3 -5
Differential temperature, °C - 0 1 0 -3 -7 -9

% Model oil was used for the experiment
Model oil composition :

Paraffin wax deposit 5 g + Paraffin-based mineral oil 95 g

Table 6. Cold finger test conditions

Parameter Condition Criterion
Bath temperature 50°C Operation company standard, near paraffin wax melting point
Finger temperature 20°C Target field condition(ambient temp. 20~237TC)
Test duration 24 hr Operation company standard, maintain the course of time for paraffin wax to be
attached
Purpose of rotating is to maintain thermal equilibrium and to simulate shearing force
by inner-pipeline fluid flow
Rotating speed 100 rpm Lower rotating speed represents severe condition

Minimum rotating speed of the test system(100rpm) was selected to minimize the
influence of shearing force by inner-pipeline fluid flow

% Model oil was used for the experiment
Model oil composition :

Paraffin wax deposit 5g + Paraffin-based mineral oil 95 g

Fig. 7. Cold finger test system.
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(water bath) 2 G- E| o] 131, cold finger XFx] 670 ¥
Ypzz FAso] 7 Ay AR SEE geleio] A
Ago) 155 PAekirkFig. 7).
Cold finger A1F£. Th&: Ak} o] Aasteir.
1) Water bath 2 =5 A3 2(50°C) 2 $-23c}
AT R Lox 207 E 7} bottleo]| B33}
3) 2t bottles wtehal 27 A S AT FE R E)
%]—]:]—
4) AA| A 57} TS LERHANA AIEE AR 4=
Q== water bathof| A 1A] 7} 0|4} FE3| @7} &=

£ FAgt



A Aol skekd 2 o AA AN 599

Fig. 8. Cold finger test experimental procedure.

Table 7. Inhibition rate test results (prototype)

Parameter Blank Prototype A Prototype B
Concentration, ppm 0 500 1,000 2,000 500 1,000 2,000
+
Bath Weina;ﬁergtowel 232177 233192 233977 233719 233635 233776  23.1602

Bath + Paper towel

. . 24.8161 24.5310 24.1392 23.5856 24.3655 23.6990 23.4264
+ Deposit weight, g

Paraffin deposition, g 1.5984 1.2118 0.7415 0.2137 1.0020 0.3214 0.2662

Inhibition rate, % - 24.19 53.61 86.63 37.31 79.89 83.35

5) Cold finger 2 2H5-A17] 31 W42 23kA] A A2l oAxllN| Ms 2xi5}
L5 2 cold fingerE {254 A|F-S 23Ysict

6) AZE A& 717 A 3(24 A7) cold finger unitof A] SEDAE =X
cold finger& £-2]3}4] cold finger | F-2+% w1} L= ARAE(flow loop test) AF2|= Y-8-23A4L S0
o A =S wEsta YAEe] FAE SR R AR 22004 vkl 2k Ao G =

7 sfel W oA S Bde e ATt ulmalel  FRoASS ARRA0R FAgo = b A &

stebal A2 GRS SR shetn A2 o4 AT olAA|e) SkE BohE 4 ik ATolA] Mg
22 Ak, FERALARAA S A4 B0 4t AR 24
(dynamic flow)ellA] stebel 32 ARHE BARE 4= Qs

Fig. 8% cold finger A@aPga} AvpRoln, oA AHFAF DAREYR, QLm-fo 224, @H2E

52 Table 73t o] A 94 S AL AAE  3URR LA =] UrFig. 9). AREYNE stehn o
AHBE 500, 1,000, 2,0009] EQEppm) A2 AHsE  27hgHGE UfAIR] QAT TS Slote] T
of shels}giet. B F4 S 1000 ppm e JEOR A W o] AEAof | w S T Elo] 9w, LG

22 Bl oF79.89% ol £7HE Lreh ol
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Technical data

- Cooling pool temp. : -30 ~ 80°C

- Pumping rate. : 0 ~ 90mL/min

- AP measurement range : 0 ~ 290psi
- Sample heating range : Max. 70°C

- Test coil : 2m / 2mm / 2um
( Length / I.D. / Roughness )

Fig. 9. Paraffin wax flow loop test system.

Paraffin wax flow loop test result

25
‘%z 20 :
g blank :
g
2 15 ~500ppm o
w
g
o —1000ppm
S 10
[ e
<
&
=
5 °
o I

0 2000 4000

6000 8000 10000 12000

Time, sec

Fig. 10. Pressure differential profile with respect to the paraftin inhibitor concentrations.
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Table 8. Inhibition rate test results (optimized product)
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Parameter Blank Optimized product

Concentration, ppm 0 500 1,000
Differential pressure, psi 20.000 2915 1.740

Test duration, sec 11871 11871 11871

Differential pressure 6.065 0.884 0.528

change rate, psi/hr

Inhibition rate, % - 85.42 91.29
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