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Abstract This experimental work presents the results of a

study about the liquid–solid phase behavior of high molec-

ular weight n-paraffins (C24–C28 mixture and C36 pure) in

aliphatic (n-decane and squalane) and aromatic (xylene and

1-phenyl dodecane) solvents. The effect of asphaltenes of

different chemical nature over the liquid–solid behavior of

heavy n-paraffins is also studied. Differential Scanning

Calorimetry (DSC) was used to obtain the phase transitions

onsets and enthalpies as well as the wax solubility curves.

Crystallinity was studied by using both DSC and Infrared

Spectroscopy (FT-IR) techniques. The results obtained

and presented in this study showed that both, solvent and

asphaltenes as well as their chemical nature have a signifi-

cant effect on paraffin crystallization process.

Keywords Liquid–solid equilibrium �Wax precipitation �
Solvent–solute interactions � Asphaltenes � Crystallinity

Introduction

Precipitation and deposition of high molecular weight

n-paraffins (wax) and asphaltenes during the production,

transportation, and processing of petroleum fluids is a

common problem faced by the oil industry throughout the

world. As the search for oil and gas moves toward deeper

waters such as the Gulf of Mexico, the avoidance or

remediation of wax deposition has become a key aspect of

flow assurance [1]. Paraffin waxes in a crude oil start to

precipitate when the surrounding temperature is lower than

the wax appearance temperature (WAT) and they crystal-

lize out of the solution to build a 3D network with a

complex morphology [2]. It is generally regarded that

waxes consist of branched (iso), cyclic and straight chain

(normal) alkanes having chain lengths in excess of 17

carbon atoms (C17) and potentially up to and over C100 [3].

However, it is generally accepted that the crystallizing

materials that form the deposits are primarily n-alkanes [4,

5]. A description of the wax formation phenomenon

involves both the study of the temperature of appearance of

the first paraffinic crystals (WAT) and the determination of

the amount of precipitated paraffins below WAT also

called wax solubility or precipitation curves [6–8]. Gela-

tion occurs when paraffin crystals interact to form volume-

spanning networks which entrain the remaining liquid oil

and impart solid-like mechanical properties to the fluid [9].

The key driving force behind deposition and gelling is the

thermodynamic equilibrium of the solubility of the wax in

the petroleum. Therefore, a better knowledge of factors

affecting wax solubility will also improve the understand-

ing of wax deposition problems in the petroleum industry

[10]. The paraffin crystallization process can be influenced

by many factors such as paraffin composition, solvent

nature, polydispersity, rate of cooling, pressure, and the

presence of impurities [10–15].

The studies about the effect of solvent on solubility of

waxes reported in literature [10] have shown that waxes do

not exhibit ideal solution behavior when crystallizing and

that their solubility in a solvent increases as both the

L. A. Alcazar-Vara

Instituto Mexicano del Petróleo, Programa Académico de
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solvent molecular size and solvent solubility parameter

decrease. Furthermore, it has been reported that the mis-

cibility of n-paraffins in solid state depends strongly on

differences in molecular sizes (i.e., carbon number). An

n-paraffin mixture with a significant carbon number dif-

ference (e.g., nC30–nC36) appears to form eutectic solids

[16], whereas an n-paraffin mixture with a consecutive

carbon number distribution forms a single orthorhombic

solid solution [17].

The influence of the shape and size of the solvent on

solute–solvent interaction and on the n-alkanes solubility

has been also described in literature, hence it has been

reported that globular or spherical solvents destroy the

conformational order in liquid long-chain hydrocarbons

[18, 19]. Aromatic solvents have been reported as a help in

both inhibiting wax crystal formation and decreasing the

amount of the wax deposited [20, 21].

In recent years, the effect of the presence of impurities

such as asphaltenes on wax crystallization and gelation

processes has been studied [15, 22–24]. The asphaltene

fraction is formed by a variety of relatively large molecules

containing aromatic rings, several heteroaromatic and

naphthenic ring plus relatively short paraffinic branches

[25]. Some authors have proposed that asphaltenes form

aggregates with a core formed by aromatic regions, and

aliphatic chains on the periphery interacting with the sur-

rounding oil [26, 27] where these aliphatic portions promote

interactions with waxes. In this way, some researchers have

reported that asphaltenes play the role of nucleation sites for

the wax crystallization, increasing or decreasing WAT [15,

23, 24] and affecting rheological properties [22, 24]. How-

ever, most of these experimental studies reported in literature

have been carried out evaluating the effect of the solvent or

asphaltenes on cloud point or wax dissolution temperatures.

Nevertheless, the gelation and deposition processes are

actually originated due to the amount of paraffin crystals

formed during cooling below WAT. This makes important to

evaluate the influence of solvent or asphaltenes on the

amount of crystallized paraffin at temperatures below WAT.

The aim of this study is to get a better understanding of the

crystallization mechanism of high molecular weight n-par-

affins in the presence of solvents and asphaltenes of different

chemical nature where the liquid–solid phase behavior and

crystallinity are studied by means of Differential Scanning

Calorimetry (DSC) and FT-IR spectroscopy.

Experimental section

Paraffinic model systems

The high molecular weight n-alkanes used in this study

were obtained from Sigma-Aldrich with the following

purity grades: tetracosane, C24H50 (99 wt%), octacosane,

C28H58 (98 wt%), and hexatriacontane, C36H72 (98 wt%).

Solvents used were also obtained from Sigma-Aldrich with

the following purity grades: n-decane (99 wt%), 1-phen-

yldodecane, C18H30 (97 wt%), squalane, C30H62 (99 wt%),

and xylene (97 wt%). The asphaltene samples used in this

study, labeled as AsphPC and AsphIri, were extracted from

two Mexican crude oils of the southern region. These

asphaltenes of different chemical nature were characterized

by using elemental analysis, vapor pressure osmometry,

and 1H and 13C NMR spectroscopy to get their molecular

parameters. A previous study with details of the experi-

mental techniques used for the characterization of the as-

phaltenes and their effect on phase-equilibrium and

rheological properties of waxy model systems has been

submitted for publication. Table 1 shows some of the

molecular parameters of the asphaltenes used in this study.

As can be seen, the AsphPC asphaltenes are more aromatic

than AsphIri asphaltenes, and its aromatic core is also

bigger and more condensed, whereas the aromatic core of

AsphIri asphaltenes is richer in alkyl substituents com-

prising methyl groups, alkyl chains, and naphthenic rings.

DSC

The DSC method has been widely used for the study of

wax crystallization process [4, 12, 28] with satisfactory

results due to its simplicity, accuracy, and fast response.

The WAT, wax precipitation curves, crystallization, and

melting properties were determined by using a Shimadzu

DSC-60A differential scanning calorimeter. A calibration

procedure was performed using an indium standard. The

apparatus was continually flushed with nitrogen. Each

sample (between 10 and 20 mg) was first heated, held

isothermally for 1 min., and then cooled at a pre-defined

rate of 5 �C/min. In order to delete any thermal history

effects, two heating/cooling cycles were employed, so that

crystallization and melting properties were obtained from

the second cycle. The onset crystallization temperature

(WAT) was determined as the onset of the exothermic peak

during the cooling process corresponding to the liquid–

solid transition. Under heating conditions, the melting

temperature was recorded as the onset of the endother-

mic peak, whereas the wax disappearance temperature

(WDT), temperature at which the last precipitated paraffin

re-dissolves in the solvent, was recorded as the temperature

of the endothermic peak. The total energy released during

cooling or heating process is proportional to the area

between the base line and the exothermic peak or endo-

thermic peak, respectively, so that the enthalpies of crys-

tallization and melting were calculated from the integration

of heat flow curve. Assuming that the amount or fraction of

precipitated wax in the total wax content is proportional to
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the percent of accumulated heat released in the total heat

released (crystallization enthalpy), the amount of precipi-

tated wax at different temperatures can be determined by

dividing the accumulated heat released by the heat of

crystallization as has been reported in literature [7, 8, 29,

30]. The method described for the determination of the wax

precipitation curve is depicted in Fig. 1, where the accu-

mulated heat released for the exothermic peak related to

the crystallization of the system 6 wt% of C36 in n-decane

is plotted as an example.

The degree of crystallinity for pure solutes in solvent

systems was calculated by the following equation [31]:

Percent crystallinity ¼ DHm

DHm�
� 100; ð1Þ

where DHm is the melting enthalpy of model system

measured by DSC and DHm� is the melting enthalpy of the

100% crystalline solute.

Infrared spectroscopy (FT-IR)

The FT-IR was used to study in a qualitative way the effect of

asphaltenes over the crystallinity of solid phase formed

below the WAT for the C24–C28 paraffinic model system.

The FT-IR spectra were obtained by using a Bruker Tensor

27 spectrometer along with Opus v6.5 software. The FT-IR

spectra were collected in the range of 4000–600 cm-1. The

spectra obtained were an average of 16 scans with a spectral

resolution of 4.0 cm-1. The sample placed between NaCl

windows (41 9 23 9 6 mm, 0.1 mm lead spacer) was

loaded in a reflex liquid cell fitted into the heating/cryogenic

jacket. The sample temperature was measured with a cali-

brated type-K thermocouple inserted into the thermocouple

well of the sample cell holder by using a Fluke 51 II digital

thermometer. The temperature was controlled by using a

Neslab RTE-101 bath circulator. The experiments were

carried out at a cooling rate of 1 �C/min.

Results and discussion

Effect of chemistry solvent on liquid–solid phase

behavior

Figure 2 shows the DSC thermograms of the crystallization

and melting behavior of 6 wt% of hexatriacontane (C36) in

different pure and mixed solvents systems. As can be seen,

a single and well-defined peak is observed during cooling

and heating processes, related to the crystallization and

melting of the monodisperse sample of the heavy paraffin

C36 in different solvent systems. However, the endothermic

peaks seem to be broader than the exothermic, so while the

identification of the crystallization onset temperatures was

straightforward; the melting onset temperatures were dif-

ficult to identify.

Crystallization and melting properties of the model

systems investigated are shown in Table 2. The influence

of the solvent aromaticity over the solution of C36 in

n-decane was studied by adding mono-aromatic solvents:

xylene and 1-phenyldodecane. The data show clearly the

effect of the solvent chemistry on those properties. Lower

values of crystallization and melting enthalpies are

obtained in the presence of aromatic solvents. The mag-

nitude of the enthalpies decreasing is related to the aro-

maticity of the solvent mixture, where greater aromaticity

causes a greater diminishing of crystallization and melting

enthalpies. Hence, the aromatic single rings interspersed

Table 1 Molecular parameters of AsphPC and AsphIri asphaltenes

Symbol Definition Asphaltene sample

AsphIri AsphPC

RA Aromatic rings 7.09 20.69

fa Aromaticity factor 0.50 0.67

/ Condensation index 0.53 0.71

n Average number of carbon atoms per alkyl substituents 5.99 5.47

r Aromatic substitution index 0.55 0.37

nac Average length of the alkyl chains 11.84 11.12
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Fig. 1 Accumulated heat released for the DSC exothermic peak used

for determination of wax precipitation curve of the system 6 wt% of

C36 in n-decane
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among hexatriacontane molecules hinder their interactions,

preventing an efficient ordering during cooling, then the

paraffin crystal networks of a solid phase formed in such

circumstance result significantly less ordered, as indicated

by the lower values of the crystallinity index calculated

from DSC data (see Table 3) for the model systems with

aromatic solvents.

A way to explain the depressing effect of aromatic

solvents over the enthalpies of crystallization and melting

is through the entropy change that suffers the system dur-

ing liquid–solid phase transition. It can be assumed that

magnitude of the entropy change in the crystallization and

melting processes for a paraffinic–aromatic mixture is

lower than that for a 100% aliphatic system, like the C36-n-

decane system, because of the poor crystal network

ordering of the solid phase formed in the presence of

aromatic solvents, which is reflected in the lower values of

their crystallinity index. For another hand, a crystal net-

work with greater disorder introduced by the aromatic

molecules of the solvent is weaker, so its melting tem-

perature tends to be lower. The WAT is also lowered due to

the presence of aromatic solvents; however, in the case of

the 1-phenyldodecane, a less aromatic solvent than xylene

and with a greater molecular weight than decane, its ali-

phatic chain of 12 carbons has a significant ‘‘ordering’’

effect in the paraffinic crystal network that surpasses the

effect of its aromatic rings regards to the depressing of the

WAT and melting temperature observed with the xylene.

In contrast, by changing the solvent system from

n-decane to squalane (a C24 aliphatic chain with six methyl

branches), the WAT is significantly increased to 54.5 �C

with a dramatic depression of the enthalpy of crystalliza-

tion. This behavior is influenced by the size and structure

of the solvent, in a similar way to that observed for the

1-phenyldodecane–n-decane solvent system. The methyl

branches of the C24 iso-paraffin inhibits the efficient

ordering of C36 molecules during crystallization process,

forming a less ordered solid phase than that formed in

C36-decane system, which is reflected in the low enthalpy

of crystallization measured (6.36 J/g); on the other hand,

the highest WAT observed is a consequence of the greater

size of squalane respect to decane. In fact, as has been

reported, solubility decreases (greater WAT) as the solvent

size increases due to the inability of the bigger solvent

molecule to effectively contact and solvate the solute [10].

Furthermore, despite the disorder in the crystalline

arrangement caused by the six methyl branches of the

squalane, the effect of its size (24 carbon length) results in

the highest values of both temperature and enthalpy of

melting.

Table 2 shows also the WDT of C36 in different solvents

during melting process. Under ideal conditions, the values of

WAT and WDT should be similar; however, as has been

reported [4], differences between both values can be

attributed to the experimental uncertainty and kinetic effects

(e.g., supercooling). Our DSC results showed differences in

the range between 0.88 and 5.38 �C which could be attrib-

uted to the heating/cooling rate used of 5 �C/min. The effect

of solvent chemistry on WDT of C36 was similar to that

observed for the melting temperature discussed above.

The results presented before showed a significant

influence of solvent chemistry on crystallization and
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Fig. 2 DSC exothermic and endothermic peaks of 6 wt% of C36 in

different simple and mixed solvents systems: (a) 94% of n-decane,

(b) 47% n-decane ? 47% 1-phenyldodecane, (c) 47% n-dec-

ane ? 47% xylene, and (d) 94% of squalane

Table 2 Crystallization and melting properties of the system 6% of C36 in different solvents systems

Solvent system WAT/�C Enthalpy of

crystallization/J g-1
Melting

temperature/�C

Enthalpy of

melting/J g-1
WDT/�C Aromaticity of the

solvent systema

94% n-decane 43.2 13.54 30.52 12.48 45.6 0

47% n-decane ? 47% xylene 37.5 8.05 11.96 9.31 37.92 0.43

47% n-decane ? 47% 1-phenyldodecane 47.5 10.66 20.25 10.09 41.82 0.12

94% Squalane 54.5 6.36 37.1 12.56 52.89 0

a Calculated as the aromaticity factor of aromatic solvent multiplied by its molar fraction in the mixture, where aromaticity factor of the xylene

and 1-phenyldodecane are 0.75 and 0.333, respectively
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melting of C36; however, to get a better understanding of

the paraffin crystallization process in the presence of sol-

vents of different chemical structure at temperatures below

WAT, solubility curves were obtained by using the DSC

data as can be seen in Fig. 3. As expected, the crystalli-

zation process of C36 in squalane starts before respect to

the other systems, as a consequence of solvent chain

length, followed by the other mixtures according with their

respective WATs.

The chemical structure of the solvent affects signifi-

cantly the crystallization rate of the hexatriacontane C36.

Table 3 shows that the crystallization process is slower for

the systems with aromatic solvents. An evident conse-

quence of this is the fact that lower amounts of solids are

formed in these systems respect to the decane system

below of its WAT as can be observed in Fig. 3, this can be

attributed to the aromatic ring interfering with the normal

crystal growth, retarding the conformational ordering of

C36 molecules in the solid phase created.

The degree of crystallinity obtained by DSC for the solid

phase formed in the presence of squalane, shown in

Table 3, points out the effect of competition between the

size and branching of the aliphatic solvents in the

crystallinity of the solid phases formed. Due to the greater

size of squalane regard to the n-decane, it would be

expected a greater crystallinity index for the solid phase

formed in the presence of squalane; however, its ramifi-

cations limit the possibility of achieving an efficient con-

formational ordering of the crystal network in the solid

phase, which results in a crystallinity index value similar to

that obtained for the n-decane system.

Effect of asphaltenes on liquid–solid phase behavior

The effect of solvent and asphaltenes was studied on

liquid–solid equilibrium of the binary system C24–C28. The

composition used in these model systems was 15 and

10 wt% of C24 and C28, respectively, in the following

solvent systems: (a) 75% of decane, (b) mixture of 37.5%

of decane ? 37.5% of xylene, and (c) mixture of 37.5% of

decane ? 37.0% of xylene ? 0.5% of asphaltenes. DSC

exothermic peaks of these model systems are plotted in

Fig. 4 and their crystallization properties are shown in

Table 4. As can be seen, the presence of an aromatic sol-

vent as the xylene decreases slightly both WAT and crys-

tallization enthalpy due to the disorder effects generated by

Table 3 DSC crystallization data of the system 6% of C36 in different solvent systems

Solvent system Onset crystallization

temperature/�C

Endset crystallization

temperature/�C

DT/�Ca Dt/minb DSC

crystallinity/%c

94% n-decane 43.2 32.4 10.8 2.16 7.21

47% n-decane ? 47% xylene 37.5 23.5 14 2.8 5.38

47% n-decane ? 47% 1-phenyldodecane 47.5 22.5 25 5 5.83

94% Squalane 54.5 41.08 13.42 2.68 7.26

a DT = Onset–Endset
b For a cooling rate = 5 �C/min
c For a melting enthalpy of hexatriacontane = 172.9 J/g [32]
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the aromaticity as was discussed before. However, crys-

tallization properties were notably affected by the presence

of asphaltenes where their chemical nature played an

important role. It has been reported that flocculated

asphaltenes providing nucleation sites for waxes increase

WAT [15, 23], but also it has been reported [24] that

asphaltenes decreased very slightly the WAT, according to

this last study the effect of the asphaltenes on the WAT

depends of the aggregation state of the asphaltenes.

In our model systems, the results obtained showed a

slight increasing of WAT due to the presence of the ali-

phatic asphaltenes (AsphIri) and a decrease in the presence

of the more aromatic asphaltenes (AsphPC) with respect

to the C24–C28 in decane–xylene model system without

asphaltenes. For another hand, the crystallization heat

increases significantly in the presence of AsphIri asphalt-

enes, whereas diminishes moderately in the presence of

AsphPC asphaltenes. These results make evident the effect

of the chemical nature of different asphaltenes over the

crystallization behavior of paraffinic systems. A greater

abundance of aliphatic chains in AsphIri asphaltenes per-

mits a better interaction with the paraffins of the C24–C28

system promoting co-crystallization phenomena, where the

asphaltenes are partially integrated to the crystal network

and probably acting as nucleation sites, causing a slight

increasing of WAT. Moreover, the partial immobilization

of the paraffins engaged in the interactions with the as-

phaltene alkyl chains may promote a ‘‘quasicrystalliza-

tion’’ phenomenon of the paraffins in the asphaltene

network, such interaction results in exothermic effects as

has been reported in literature [33, 34], which explains

the significant increase of crystallization heat of the

model system with AsphIri asphaltenes as is observed in

Table 4. On the other hand, the most aromatic asphaltenes

(AsphPC) with a bigger and more condensed aromatic core

and with a smaller amount of aliphatic substituents inhibit

in some extent the paraffin–asphaltene interactions so that

they cannot be incorporated to the paraffin crystal structure

hindering nucleation process and crystal network growth,

which results in a WAT decrease with a lower crystalli-

zation enthalpy due to the formation of a disordered solid

phase.

The wax solubility curves of these systems are plotted in

Fig. 5, as can be seen the effect of solvent and asphaltenes

of different chemical nature is evident. Regarding to the

C24–C28 mixture in n-decane, the presence of xylene

reduces moderately both the amount of solid formed and

the WAT, although the temperature interval of their solu-

bility curves are very similar. However, the effect of

asphaltenes on wax solubility curve is very significant

considering its low concentration in the model system

(0.5%), particularly in the case of the more aromatic

AsphPC asphaltene. As in the case of C36 in different

solvents, the rate of wax precipitation for the C24–C28

mixture in xylene is significantly affected by the presence

of a small amount of highly aromatic compounds such as

the asphaltenes. The data in Table 4 shows also that the

presence of asphaltenes in the paraffinic system increases

around 25% the time required to precipitate the total of

paraffins (Dt) for a cooling rate of 5 �C/min.

These results show that asphaltenes are practically act-

ing in this system as inhibitors of the paraffins precipita-

tion. When the asphaltenes have a structure highly

condensed with a certain degree of aromatic substitution,

that allows some kind of interaction with the paraffins, the

inhibition effect is greater due to the steric interference and

the disorder generated in the paraffinic network which

difficult the molecular recognition among paraffin mole-

cules avoiding the growth of stable crystalline networks

and therefore the formation of the solid phase. Otherwise a

less condensed aromatic structure with a greater substitu-

tion degree have a better interaction with paraffins and

thus, it could play a role as nucleation site increasing both

WAT and the amount of solid phase formed, at least in a

certain temperature range as can be observed in Fig. 5, but

even in such case the disruptive effect that introduces the
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aromatic core of the asphaltenes prevails inhibiting the

crystallization process, as it was observed for the model

system with the AsphIri asphaltenes.

The absorbance bands of the infrared spectrum in the

region between the wave numbers 735 and 715 cm-1 have

been attributed to the rocking vibrations of long chain

methylene (LCM) groups that have four or more CH2

segments [35]. The LCM group is a major component of

the solid wax. The absorbance in this region increases as

the temperature of the hydrocarbon sample decreases, due

to the density change.

In Fig. 6 the FT-IR spectra at 720 cm-1 obtained at

different temperatures during cooling of the system formed

by 6 wt% of hexatriacontane (C36) in n-decane are shown.

At temperatures above WAT (43.2 �C), a single IR

absorption peak is obtained at 721 cm-1 indicating the

Table 4 DSC crystallization data of the binary system C24–C28 in different solvent systems and with asphaltenes

Solvent system WAT/�C Enthalpy of crystallization/J g-1 Endset/�C DT/�Ca Dt/minb

Decane 26.5 37.09 7 19.5 3.9

Decane–xylene 24.81 36.51 6.09 18.72 3.74

Decane–xylene ? AsphIri 25.66 58.42 1 24.66 4.93

Decane–xylene ? AsphPC 21.77 33.01 0.53 21.24 4.24

a WAT-endset
b For a cooling rate = 5 �C/min
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conformationally disordered structure of an amorphous

liquid phase. However, as the temperature is lowered an

splitting of this peak into a doublet is developed at 730 and

721 cm-1, which indicate the presence of an ordered

crystalline (orthorhombic) phase (730 cm-1) and a less

disordered amorphous liquid phase at 721 cm-1 [6, 36, 37].

The FT-IR spectra obtained allowed qualitatively

examining the effect of the asphaltenes on the crystallinity

of the paraffinic solid phase. Figure 7 shows the FT-IR

spectra in the range of 735–715 cm-1 of the system

C24–C28 in n-decane ? xylene with and without asphalt-

enes at temperatures below the WAT, 16 and 12 �C. At

730 cm-1 the model system without asphaltenes shows the

characteristic peak attributed to the creation of a crystalline

(orthorhombic) phase, whereas in the model systems with

asphaltenes this peak is not exhibited indicating a reduced

crystallinity of the solid phase formed in the presence of

these heavy aromatic compounds.

Conclusions

The liquid–solid phase equilibrium of the paraffinic model

systems studied in this study was affected by the chemical

nature of the solvent used. The aromaticity was found to be

a key factor that results in inhibition of the paraffin crys-

tallization process, decreasing WAT, by promoting the

creation of a solid phase partially disordered due to the

presence of aromatic single rings interspersed among par-

affin molecules hindering their efficient ordering during

cooling. On the other hand, the presence of asphaltenes in

the model paraffinic systems, even at small concentrations,

has a significant influence over the liquid–solid phase

transition of such systems. The asphaltenes effect over the

WAT and wax precipitation curve depends on their

chemical nature. The asphaltene aliphatic chains promote a

better asphaltene–wax interaction resulting in an easier

incorporation of asphaltenes into the wax crystal network,

where the normal crystal growth is just partially affected,

whereas the aromatic core of the asphaltenes causes steric

interference among paraffin molecules that inhibits and

disturbs the wax crystal growth which results in both,

retarding the crystallization process and decreasing the

amount of precipitated paraffin at temperatures below

WAT with a significant reduction of the crystallinity of the

solid phase created.

According to the results presented in this study, the

presence of a certain amount of asphaltenes in the crude oil

could naturally reduce the severity of the problems asso-

ciated with the formation of wax deposits in pipelines and

hydrocarbon production facilities. Although asphaltenes

under certain conditions may increase the wax formation

temperature, the wax deposits formed in the presence of

asphaltenes would tend to be unstable and weak, therefore

much easier to remove or dissolve.
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