PETROLEUM TECHNOLOGY- Part I

TERMINOLOGY & CLASSIFICATION OF PETROLEUM


Table for division of Petroleum & Related materials into various classes:

Natural materials
Manufactured materials
Derived materials

Petroleum 
Wax
Oils

Mineral wax
Asphalt 
Resins

Asphalt or bitumen
Tar
Asphaltenes

Asphaltite
Pitch 
Carbenes

Asphaltoid
Synthetic crude oil 
Carboids

Bituminous rock



Natural materials:
Petroleum & the equivalent term “crude oil” cover a wide assortment of materials consisting of 

· mixtures of hydrocarbons

· other compounds containing variable amounts of sulfur, nitrogen & oxygen with varying

volatility, specific gravity, & viscosity.

· organically combined metals in heavier oils such as vanadium & nickel in amounts upto 

thousands of ppm.

Mineral Wax: These occur as yellow-to-dark-brown, moderately hard substances, composed largely of paraffins fusing from 60° C (140° F) to as high as 95° C (205° F). Associated with considerable mineral matter, they are usually found as a filling in veins & fissures or as an interstitial material in porous rocks. Also termed as “ozokerite”.

Asphalt: Native asphalts (bitumens) include a variety of naturally- occurring, reddish brown-to-black, bituminous materials of semisolid viscous-to-brittle character which can exist in nature in a relatively “pure” form or may contain up to 50 % or more mineral matter. Frequently, the asphalt (bitumen) is found filling pores & crevices of sandstones, limestones, or argillaceous sediments, in which case the organic & associate mineral matrix is known as rock asphalt.

Asphaltite: These are a variety of naturally occurring, dark brown-to-black, solid, & involatile bituminous substances, which are differentiated from native asphalts by their high content of material insoluble in n-pentane (asphaltene) & consequent high temperature of fusion (approx. range: 115 to 330° C, 240 to 625° F). Two distinct bitumen types are “Gilsonite” & “Grahamite”. 

Asphaltoid: These are a further group of brown-to-black, solid bituminous materials of which the members are differentiated from the asphaltites by their infusibility & low solubility in carbon disulfide. They are also called as asphaltic pyrobitumens, as they decompose on heating into bitumen like materials.

Bituminous rock: These are difficult to define precisely since the organic contents of sediments are highly variable with respect to both type & amount. Characteristically, the bituminous material is found impregnating relatively shallow sand, sandstone, & limestone strata, or as filling in veins & fissures in fractured rocks. Deposits of this type are distributed widely; the richer sand & limestone deposits contain as much as 20 % bituminous material & have been worked by mining methods for paving, flooring, & roofing materials.

Bituminous rocks generally have a coarse, porous structure with the bituminous material in the voids.

An important class of bituminous rocks is the so-called oil shales. These are argillaceous, laminated sediments of generally high organic content, which can be thermally decomposed to yield appreciable amounts of oil, commonly referred to as shale oil. 

Manufactured materials:
Wax: These are an important constituent of various petroleums. “Paraffin Wax” term is used for the colorless, translucent, highly crystalline material obtained from the light lubricating fractions of paraffinic crude oils (wax distillates). The commercial products that melt in the approx. range of 50 to 65° C (120 to 150° F) contain mostly n-paraffins with some isoparaffins. Dewaxing of heavier fractions leads to semisolid materials known as petrolatums & solvent de-oiling of the petrolatum or of heavy, waxy residua results in dark-colored waxes of sticky, plastic-to-hard nature. Although amorphous in appearance, these waxes are actually composed of exceedingly fine crystals & contain, in addition to n-paraffins, appreciable amounts of isoparaffins & long chain cyclics. Commercial grades have a m.p. of 70 to 90° C (160-195° F) range.

Highly paraffinic waxes are also produced from peat, lignite, or shale oil tar, & paraffin waxes known as ceresins, also may be prepared from ozocerite, which is itself quite similar in character to waxes from petroleum & is frequently admixed with them.

Asphalt: They result from petroleum processing & their resemblance to the native asphalts is quite remarkable. It is now common practice to distinguish between the two types of asphalts by use of the qualifying terms- native & petroleum. When the asphalt is produced simply by deep distillation of an asphaltic crude, the product is referred to as residual or straight-run petroleum asphalt; if prepared from solvent extraction residues or by light hydrocarbon precipitation, or if blown or otherwise treated, then the qualifying name should be given as a prefix.

Tar & Pitch: Tars are the result of the destructive distillation of many bituminous, or other organic, materials & are brown-to-black, oily, viscous liquids. Tar is most commonly produced from bituminous coal & also referred to as coal tar. The most important factor in determining the yield & character of coal tar is the carbonizing temperature. Three general temperature ranges are recognized & the products have acquired the designations: low temperature tar ( approx. 450 to 700° C; 840 to 1290° F); mid-temperature tar ( approx. 700 to 900° C; 1290 to 1650° F); high- temperature tar ( approx. 900 to 1200° C; 1650 to 2190° F).

Treatment of the distillate of the tar with caustic soda causes separation of a fraction known as tar acids, while acid treatment of the distillate produces a wide range of organic nitrogen compounds known as tar bases. The residue left following removal of the heavy oil, or distillate, is pitch, a black, hard, & highly ductile material.

Synthetic Crude Oil: Coal, oil shale, bitumens, & heavy oils (i.e. those petroleums having API gravity < 20°) can be upgraded by a variety of processes to produce a marketable & transportable product. These products vary but the principal product is a hydrocarbon that resembles a conventional crude oil, hence the term synthetic crude oil or “syncrude”. The synthetic crude oil however it may be produced, can actually be refined by the usual refinery system.

Derived Materials:
Asphaltenes, Carbenes, and Carboids: Certain solvents dissolve petroleum & other petroleum-related products into various fractions that are sufficiently distinct in character allowing them to be given different names. 

A typical solvent is n-pentane. When petroleum, petroleum residua or bituminous materials are dissolved in n-pentane, a brown-to-black, pulverulent, amorphous material separates out

(insoluble part) & is designated as asphaltenes. These asphaltenes separated from crude oil residua & most native asphalts are found to dissolve readily in benzene, carbon disulfide, chloroform & many other chlorinated hydrocarbon solvents.

However, a part of this insoluble material may also not dissolve in some strong solvents, leading to further classification. Carbon disulfide is one such strong solvent. The residual material insoluble in carbon disulfide is designated as “carboids” & material soluble in carbon disulfide but insoluble in carbon tetrachloride is defined as “carbenes”.

Resins & Oils: The n-pentane soluble portion of a petroleum, commonly known as maltenes, can be further subdivided by percolation through any surface active material such as fuller’s earth or alumina, to yield an oil fraction & a more strongly adsorbed, deep red to brown semisolid material known as resins. These resins contain considerable amounts of aromatic hydrocarbons as well as some sulfur, oxygen & nitrogen containing compounds. Removal of the resins from the n-pentane-soluble material leaves the oils, which may, in addition to the hydrocarbons present, have an appreciable amount of sulfur containing compounds along with oxygen & nitrogen based organic compounds.

Resins & oils collectively called as maltenes were sometimes also referred to as petrolenes. However current petroleum chemistry designates the low boiling (<300° C/760 mm Hg) pentane soluble material as petrolenes & the high boiling (>300° C/760 mm Hg) pentane soluble material as maltenes.         

 Thus based on the aforementioned criteria, pentane- soluble portion of undistilled petroleum is generally a mixture of maltenes & petrolenes.

CLASSIFICATION OF PETROLEUM:
By Compound type:
a) Paraffin Base: This classification was based on the fact that some petroleum oils separated paraffin wax on cooling leading to the conclusion, that these consisted mainly of paraffins (e.g. methane, ethane, propane etc. with generic formula CnH2n+2).

b) Asphaltic Base: These were the petroleum oils which gave no seperation of paraffin wax on cooling again leading to the conclusion that these predominantly contained cyclic (or napthenic) hydrocarbons.

c) Mix Base: These petroleum oils leave a mixture of paraffin wax & asphaltic bitumen when subjected to nondestructive distillation & hence the name.

d) Hybrid Base: These are basically asphaltic oils that contain a small amount of wax.


                                                                                                                                                        

          

The figure above gives the classification based on the aforementioned type of petroleum oils.

Correlation Index:

An early classification methodology based itself on the quantum of distillation residue. If the residue contained less than 2 % wax than it was classified as asphaltic. If residue contained more than 5 % wax than it was called paraffinic. Another methodology, suggested division according to the chemical composition of the 250 to 300° C fraction (refer table below). But this method created a difficulty, since, in the fractions boiling above 200° C the molecules can no longer be placed in one group because most of them are of a typically mixed nature. Purely napthenic or aromatic molecules occur very seldom; cyclic compounds generally contain paraffinic side-chains & often even aromatic & napthenic rings side by side. More direct chemical information is often desirable & can be supplied by means of the correlation index.

This index, developed by the U. S. Bureau of Mines, is based on the plot of specific gravity at 60/60° F versus the reciprocal of the boiling point in degrees Kelvin for pure hydrocarbons on which the line described by the constants of the individual members of the normal paraffin series is given a value of CI = 0, & a parallel line passing through the point for the values of benzene is given as CI = 100. From this plot, the following empirical equation is derived:

CI = 473.7d – 456.8 + (48640/K)

Where K is the average boiling point, determined by the Bureau of Mines standard distillation method & d is the specific gravity.

The values of the index between 0 & 15 indicate a predominance of paraffinic hydrocarbons in the fraction; values from 15 to 50 indicate a predominance either of napthenes or of mixtures of paraffins, napthenes, & aromatics; values above 50 indicate the predominant aromatic character.






































































































































































































































Correlation Index of Total Distillates Boiling above Gasoline

It is also possible to describe a crude oil by an expression of its chemical composition on the basis of the correlation index figures for its middle portions. The above figure is constructed based on this principle. The horizontal axis represents a progression from paraffinic oils to aromatic oils with 0 representing n-paraffins & 100 representing benzene. The position of a crude on this scale is determined by the avg. correlation index for its fractions boiling between 200° C at atmospheric pressure & 275° C at 40 mm Hg, & the paraffinic, or cyclic nature of the fractions, & thereby, the nature of the bulk of the crude, are expressed directly. The height of the vertical bar above the horizontal indicates the wax content of the heavy gas oil & light lubricating fractions of that crude &, hence, the crystalline wax content of the crude can be assessed. The length of the vertical bar below the horizontal is a measure of the carbon residue (Conradson) of the undistilled residuum &, thereby the content of each crude. By combining these indicative properties with results of distillation, the petroleum can be classified in terms of composition & application.

By Density :
Density (specific gravity) since the early times of petroleum processing has been the principal method of classification. It is still used as an index for finding out the proportion of gasoline & particularly, kerosene present. However, density measurement remained an important criteria for classification till other properties of crudes were discovered & came into use. Nowadays, it is only one of the various properties for  petroleum classification & no clasification is solely based on density.

The use of density values has been advocated for quantitative application using a scheme based on the “American Petroleum Institute” (API) gravity of the 250 to 275° C (1 atm) & the 275 to 300° C (40 mm Hg) distillation fractions. See table below :

Classification of Petroleums according to Specific (or API) Gravity


          Light (b. p. 250-270° C) fraction                Heavy (b. p. 275-300° C) fraction  

Class
API* 60°/60° F
Sp. Gr.
Type
API

60° F
Sp. Gr.

60°/60° F
Type

Paraffin
> 40.0°
< 0.8251
Paraffinic
> 30.0°
< 0.8762
Paraffinic

Paraffin-

Intermediate
> 40.0°
< 0.8251
Paraffinic
 20.1° -29.9°
0.9334 –0.8767
Intermediate

Intermediate-Paraffin
33.1° - 39.9°
0.8597 – 0.8256
Intermediate
> 30.0°
< 0.8762
Paraffinic

Intermediate
33.1° - 39.9°
0.8597 – 0.8256
Intermediate
20.1° -29.9°
0.9334 –0.8767
Intermediate

Intermediate – Napthene
33.1° - 39.9°
0.8597 – 0.8256
Intermediate
< 20.0°
> 0.9340
Napthenic

Napthene – Intermediate
< 33.0°
> 0.8602
Napthenic
20.1° -29.9°
0.9334 –0.8767
Intermediate

Napthene
< 33.0°
> 0.8602
Napthenic
< 20.0°
> 0.9340
Napthenic

Paraffin – napthene
> 40.0°
< 0.8251
Paraffinic
< 20.0°
> 0.9340
Napthenic

Napthene – Paraffin
33.0°
> 0.8602
Napthenic
> 30.0°
< 0.8762
Paraffinic

The above table is a very comprehensive classification & most crude oils found world wide can be classified as paraffin, intermediate or napthene based as per above table.

Heavy oils are also classified according to a term known as “characterization gravity”, defined as the “arithmetic avg. of the instantaneous gravities of the distillates boiling at 177° C, 232° C & 288° C vapor line temperature at 25 mm Hg pressure in a true boiling point distillation”.

In addition, a method of petroleum classification that is based on other properties, as well as the density of selective fractions has been developed. The method consists of a preliminary examination of the aromatic content of the fraction boiling upto 145° C as well as that of the asphaltene content, followed by a more detailed examination of the chemical composition of the naptha (b.p. < 200° C). For this analysis, a graph is used which is a composite of curves expressing the relation between percentage distillate from the naptha, the aniline point (this is used to find out the paraffin-napthene ratio), refractive index, specific gravity, & the boiling point.

Definition of API gravity : The following equation defines API gravity in degrees:

Degress API = {141.5/ (sp. Gr. 60°/ 60° F) } – 131.5

Where sp. Gr. Is the specific gravity of the oil at 60° / 60° F ( 15.6° / 15.6° C).

Specific gravity term is used, since it is a ratio of the mass of volume of the substance to the ratio of the mass of the same volume of water & because the specific gravity of water is equal to unity at equal temperatures, sp. gravity becomes a more convenient tool for measurement instead of absolute density which is directly a function of the temperature.

Specific Gravity or API gravity is practically measured by means of simple instruments called hydrometers.

By Carbon Distribution:
The distribution according to volatility of the various fractions of petroleum is considered the main property for classification & any fractionating column with sufficient number of theoretical trays may be used for generating a curve in which the boiling point of each fraction is plotted against percentage by weight.

A method known as the n-d-M method (n: refractive index, d: density, M: molecular weight)

Is used for characterization of various fractions of petroleum. This method enables determination of carbon distribution &, thus, indicates the percentage of carbon in aromatic structure (%CA), the percentage of carbon in napthenic structure (%CN), & the percentage of carbon in paraffinic structure (%CP).The yield over the various boiling ranges can be estimated &, for example, in the lubricating oil fractions the percentage of carbon in paraffinic structure can be divided into two parts, giving the percentage of carbon in paraffinic side-chains. The percentage of normal paraffins present in lubricating oil fractions can be calculated from the percentage of normal paraffinic carbon (%CnP) by multiplication by a factor that depends on the hydrogen content of the fractions. It may also be possible to extrapolate the carbon distribution to the gasoline range on one hand & to the residue on the other hand; a high value of %CA at 500° C boiling point indicates a high content of asphaltenes in the residue, whereas a high value of %CnP at 500° C boiling point usually indicates a waxy residue.

Viscosity-Gravity Constant:
The viscosity- gravity constant was one of the early indexes proposed to characterize (or classify) oil types & is an indication of the paraffinicity of crude oil.

vgc = {10d – 1.0752log (v-38)} / {10 – log (v – 38)}

where d is the sp. gravity 60° / 60° F & v is the saybolt viscosity ay 38° C. For oils so heavy that low-temperature viscosity is difficult to measure, an alternative formula

vgc =  {d-0.24-0.022log (v – 35.5)} / 0.755

has been proposed in which the 99° C saybolt viscosity is used. The viscosity gravity constant is of particular value in indicating a predominantly paraffinic or cyclic composition. The lower the index number, the more paraffinic the stock; for example, napthenic lubricating oil distillates have vgc = 0.876 while raffinate obtained by solvent distillation of lubricating oil distillate has vgc ~ 0.840.

Definition of Saybolt Viscosity in relation to Petroleum: The Saybolt universal viscosity is the time in seconds required for the flow of 60 ml of petroleum from a container, at a constant temperature, through a calibrated orifice. The entire apparatus for viscosity measurement contains a constant temperature bath & a pre-calibrated capillary viscometer such as Cannon-Fenske, Ubbelohde, Fitzsimmons, & Zeitfuchs & the efflux time of the liquid from the viscometer gives the relative viscosity measurement. The calibration liquid for the viscometer is a standard solution of known viscosity & essentially all practical viscosity measurements are relative measurements using a standard, rather than absolute measurements.

The relationship between saybolt viscosity & kinematic viscosity is expressed by the equation

Kinematic viscosity = a x Saybolt sec. + (b / Saybolt sec.)

where a & b are constants.

The saybolt universal viscosity equivalent to a given kinematic viscosity varies slightly with the temperature at which the measurement is made, because the temperature of the calibrated receiving flask used in the saybolt method is not the same as that of the oil. A table is used to convert kinematic viscosities from 2 to 70 centistokes at 38° C (100° F) & 99° C (210° F) to equivalent saybolt universal viscosities in seconds.

Kinematic cSt viscosity
Saybolt Sec.


100° F ( 38° C)
210° F ( 99° C)

2
32.6
32.9

10
58.9
59.3

20
97.8
98.5

30
140.3
142.3

40
186.3
187.6

50
232.1
233.8

60
278.3
280.2

70
324.4
326.7

Appropriate multipliers are listed to convert kinematic viscosities over 70 centistokes (cSt). For kinematic viscosity determined at any other temperature the equivalent Saybolt universal value is calculated by use of the Saybolt equivalent at 100° F ( 38° C ) & a multiplier that varies with the  temperature:

Saybolt sec at 100° F ( 38° C ) = cSt x 4.635

Saybolt sec at 210° F ( 99° C ) = cSt x 4.667

The Universal Oil Products (UOP) Characterization factor: 

This factor is perhaps one of the more widely used of the derived characterization or classification factors & is defined by the formula:

K = ( TB )1/3 / d

Where “TB” is the average boiling point in degrees Rankine & “d” is the specific gravity 60° / 60° F.  This factor has been shown to be additive on a weight basis. It was originally devised to show the thermal cracking characteristics of heavy oils; thus, highly paraffinic oils have K~ 12.5 to 13.0 while cyclic (napthenic) oils have K~ 10.5 to 12.5.

CONCLUSION :
All the classification systems mentioned above are based on the assumption that an oil can be more or less characterized by the properties of one or of a few fractions, but the properties of certain fractions of a crude oil are definitely not always reflected in those of other fractions of the same oil. It is true that some crude oils have a different chemical character in low-boiling & high-boiling fractions & any method of classification in which the properties of a certain fraction are extrapolated to the whole crude oil, must be applied with caution, as serious errors can arise.

It is usually necessary to combine a boiling range analysis with the carbon distribution in the various fractions to gain a reasonable perspective of the crude.
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