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Abstract © Apart from hydrates, asphaltenes, and inorganic minerals, paraffinic waxes are also
very important in flow assurance area. Evaluation of wax gel behavior has been important as
off=shore oil recovery becomes more popular in oil production. Restart after either planned or
emergency shutdown requires pump operation in high pressure since a waxy oil forms troublesome
gel. In this paper, vane method is introduced to determine wax gel strength by determining yield
stress. Prediction of gel strength are discussed in qualitative and quantitative manners.

Keywords = wax gel, wax precipitation temperature, vane rheometer, yield stress, recovery of gel
strength
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Fig. 1. Conceptual diagram to compare the
characteristic properties of waxy oil.
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Fig. 2. Carbon number distribution data of

three different waxes that used in
literature.
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Fig. 3. Dimensions of vane fixture and
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Fig. 4. Comparison of yield stress determinations between cone—plate

system and vane system.
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Table 1. Example of model oils to represent their yield stress values in Figure 7

Model Wax Amount of wax (wt.%)
Reference Model Oil Wax—2 5
Model Oil - 1 Wax—1 7
Model Oil - 2 Wax—3 3
Model Oil - 3 Wax—2 3
e $R9 ga 5o e due) GAE A
sl Az Aoz e WA e 2
A 2904 FueTL L5} Yol nel mE
S AgHog F71% AL & 5 Agh FAT
i He AEsHe] Frlele AF 5 PEgdo
718l etro] ERol wetd akdch oA
Q 270 3712 LAELS, Wax-1 { Wax-2 <
Wax-3 £08 &2 &4 EIXE 7R W
. oF 2L oo SAB RS G 2EOY 3
0 50 .100 150 200 250 %%—% %Hlﬁ]—q’m WaX_:)) ] ;TE—GE];% E%_(E_OE]
Rotation of motor (degree) ] Wax—1 %—E Wax—2 7} @_%% E’_TZ‘“_QO]_Tq—
Fig. 5. Torque readings of vane method for H W5t A =2 2LoA A Aol AEtE

the model oil containing low vacuum
gas oil as a wax (10wt.%) in the 3:1
v/v mixture of mineral oil (Chevron
Superla=37) and kerosene.
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o d
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> Ty
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T; T,
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Fig. 6. Yield stress behavior of the gelled oil
during breakage and cooling
environment.
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Fig. 7. Prediction of vyield stress values in
temperature ~ variance when  wax
amounts and carbon distribution vary.
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v o=, 558 WAR(estar) st floiA=
18 HEE ARgstolof gt kA0 do] Aty
AL He e 9% T 229 T
o] ¢F 2wt.% ool = Aol 5] Hztsttt
£ Zo] &9 ok AfAd AT SIsiA
Aol Zido] Wolel wef, 2hA e lo] it
T Z7FH "3 &0 U0 Aste] tigt ¥
A gotx]A =it} Ao Fr EAuHoz
-t g enes Wol AH8ston,
woll e HlQl FlenEe] oF A e

o)

|o

detel Arfstec) ghadle] Bl gEge
e B4 WS drodRye o) 3

_ai

2
2 oot N 2 ri e i

gEge W, A et 2Esb wobwd
Z7hstgn. Zeke AT 93 L=u9l ol
A AgoR Weize] uet 43HoE FHRS
o & qoleh. B¢, 2209 EEE AryE
of A PYAA Holo] eiA WY P
2E-AYE 2 meld 7187 Aol B

t}.

References

1. K. Oh, M. D. Deo, Characteristics of Wax
Gel Formation in the Presence of

Asphaltenes, ZEnergy Fuels, 23(3), 1289
(2009).
2. H. P. Rgnningsen, B. Bjorndal, A. B.

Hansen, W. B. Pedersen, Wax Precipitation

from  North Sea  Crude Oils. 1.
Crystallization and Dissolution
Temperatures  and  Newtonian  and

Non—Newtonian Flow Properties, Energy
Fuels, 5(6), 895 (1991).
3. http://www.alaskacenters.gov/the—alyeska—
pipeline.cfm (accessed on Sep. 14th, 2015)
4. R. M. Roehner, N. Dahdah, J. Fletcher, F.
Hanson, Comparative Compositional Study

10.

11.

12.

13.

14.

- 503 -

of Crude Oil Solids from the Trans Alaska
Pipeline System Using High Temperature
Gas Chromatography, Energy Fuels, 16,
211 (2002).

H.P. Rgnningsen, Production of Waxy
Oils on the Norwegian Continental Shelf:
Experience, Challenges, and Practices,
Energy Fuels, 26, 4126 (2012).
http://dec.alaska.gov/spar/ppr/response/
sum_fy11/110108301/factsheets/fact_Pigging
.pdf (accessed on Sep. 14th, 2015)

A. Uhde, G. Kopp, Pipeline Problems
Resulting from the Handling of Waxy
Crudes, /. Inst. Pet, 57, 63 (1971)

. T. C. Davenport, R. S. H. Somper, The

Yield Value and Breakdown of Crude Oil
Gels, J Inst. Pet, 57, 86 (1971)

T. S. Golezynski, E.C.  Kempton,
Understanding Wax Problems Leads to
Deepwater  Flow  Assurance  Solutions,

World oil, 227, D7 (2006).

Annual  Book  of  ASTM-Standards,
Petroleum  Products, West
Conshohocken, Pa.: American Society for
Testing and Materials, Sec. 5. (1999).
Coutinho, J.A.P. and Ruffier—Meray, V.
and

Lubricants,

Measurements
Modeling of Paraffinic

“Experimental
Thermodynamic
Wax Formation in Undercooled Solutions,”
Ind. Eng. Chem. Res., 36, 4977 (1997).

K. Oh, Prediction of Precipitated Wax
Amounts using FTIR Spectroscopy, Korean
Chem. Eng. Res., 51(3), 376 (2013)
Roehner, R. M. and Hanson, F. V.
“Determination  of ~ Wax  Precipitation
Temperature and Amount of Precipitated
Solid Wax versus Temperature for Crude
Oils Using FT-IR Spectroscopy,” Energy
Fuels, 15(3), 756 (2001).

K. Ferworn, A. Hammami, H. Ellis,
Control  of  Wax  Deposition:  An
Experimental  Investigation —of  Crystal

Morphology and An Evaluation of Various
Chemical Solvents, SPE37240. In: SPE
International ~ Symposium  on  Oilfield
Chemistry, Houston, TX, February (1997).



15.

16.

17.

0734

P. Singh, H.S. Fogler, N. Nagarajan,
Prediction of the Wax Content of the
Incipient Wax-Oil Gel in Pipeline: An
Application  of the  Controlled—Stress
Rheometer, /. Rheol, 43, 1437 (1999).

K. Oh, M. Jemmett, M. D. Deo, Yield
Behavior of Gelled Waxy Oil: Effect of
Stress Application in Creep Ranges, /nd.
Eng. Chem. Res., 48, 8950 (2009).

K. Oh, M. D. Deo, Yield Behavior of
Gelled Waxy Oil in Water—-in—Qil (w/o0)
Emulsion at Temperatures below Ice
Formation, Fuel 90, 2113 (2011).

18.

19.

20.

- 504 -

R LR

K. Oh, K. Gandhi, J. Magda, M. D. Deo,
Yield Stress of Wax Gel
Method, Pet. Sci.
(2009).

Q. D. Nguyen, D. V. Boger, Yield Stress
Measurement for Concentrated
Suspensions, J. Rheol., 27, 321 (1983).

Q. D. Nguyen, D. V. Boger, Direct Yield
Stress  Measurement  with  the
Method, ]J. Rheol., 29, 335 (1985).

using Vane
Technol, 27, 2063

Vane



