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PORTABLE APPARATUS FOR ANALYSIS OF A REFINERY 

FEEDSTOCK OR A PRODUCT OF A REFINERY PROCESS 

Related Applications 

5 This invention claims the benefit of U.S. Provisional Patent Application No.  

60/611,002 filed on September 17, 2004 and U.S. Provisional Patent Application 

No. 60/611,050 filed on September 17, 2004.  

Field of the Invention 

10 This invention relates to a portable apparatus for analysis of a refinery 

feedstock or of a product of a refinery process.  

Background of the Invention 

Any discussion of the prior art throughout the specification should in no way 

15 be considered as an admission that such prior art is widely known or forms part of 

common general knowledge in the field.  

Feedstock analysis, for example crude oil assay, is an important analysis 

that must be performed before feedstocks are refined in an oil refinery. Typically, 

an oil refinery will refine a large number of different feedstocks, including different 

20 crude oils, and blends of crude oils, each of which may differ in a number of 

important properties. In order to ascertain the optimum conditions for refining of 

each feedstock and to evaluate the potential value of a feedstock, such as the 

product yields, qualities and values obtainable, and the potential effects on the 

refining process of said feedstock, such as corrosion or deposition, often a large 

25 number of properties need to be analysed. Further impacts on refining processes 

such as corrosion, fouling or catalyst poisoning are normally not measured in an 

assay but estimated from other properties.  

Traditionally, this has been a time-consuming analysis, requiring a relatively 

large volume of material and taking 1-2 weeks to produce a partial set of analysis 

30 (assay) data, and up to 6 weeks to produce a full set. It is not uncommon for 

feedstocks to be purchased without a full assay being available to the purchaser, 

and, hence, the purchaser must make a number of assumptions on the value of the 

feedstock, for example, for a crude oil this may be based on knowledge of previous 

crude oils from similar regions. This presents particular risk in the valuation of new 

35 crude oil production, particularly from new production areas. It would be 

advantageous if a refinery feedstock analysis, preferably a full assay, were rapidly 

available to the potential purchaser.  
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In addition, rapid analysis of products of refinery processes is also 

desirable. Such products include intermediates in the overall refinery process, 

bitumen, products from the overall refinery process which are subsequently used 

as chemical feedstocks and products from the overall refinery process which are 

5 subsequently used as fuels or lubricants, or as blending components for fuels or 

lubricants, as well as the fuels (e.g. aviation, gasoline, diesel and marine fuels) and 

lubricants themselves.  

Descriptions of refinery processes, and the products therefrom, are well

known to the person skilled in the art, and are described, for example, under the 

10 chapter entitled "Oil Refining", by Walther W. Irion and Otto S. Neuwirth, in 

Ullmann's Encyclopedia of Industrial Chemistry, published by Wiley.  

WO 00/39561 relates to an automatic analysis method of crude oils using 

spectroscopy. Although the use of spectroscopy can give rapid analysis of a 

number of the crude oil properties required for an assay, the method of WO 

15 00/39561 still requires a significant quantity of crude oil, uses conventional 

distillation equipment and takes 2 days for an analysis, and the infra red spectra 

used for measurement does not contain information on all the properties normally 

required for a crude oil assay and thus some properties will be determined by 

secondary correlations at greatly reduced accuracy.  

20 It is an object of the present invention to overcome or ameliorate at least 

one of the disadvantages of the prior art, or to provide a useful alternative.  

It is an object of a preferred form of the present invention to provide for a 

determinative assay of a refinery feedstock or a product of a refinery process may 

be obtained from measurement only of the boiling point profile, density, and total 

25 acid number ("TAN") of the feedstock or product, optionally together with a 

measurement of sulphur content. Previously, it was not appreciated that a useful 

assay could be obtained using only these parameters. It is an object of a preferred 

form of the present invention to provide for a portable apparatus using which such 

an assay can be carried out rapidly and away from an analytical laboratory.  

30 

Summary of the Invention 

According to a first aspect of the present invention there is provided a 

portable apparatus for analysis of a refinery feedstock or a product of a refinery 

process, said apparatus comprising: 

35 (a) a first microfabricated analytical device for determination of the 

boiling point profile of a refinery feedstock or a product of a refinery 

process, and 
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(b) at least two further microfabricated analytical devices each of 

which contains or is employed in conjunction with a database and a 

mathematical algorithm, at least one of said at least two further devices 

5 being adapted for determination of the density of the refinery feedstock or 

product of a refinery process, and at least one of said at least two further 

devices being adapted for determination of the total acid number of the 

refinery feedstock or product of a refinery process.  

10 According to a second aspect of the present invention there is provided a 

method for analysis of a refinery feedstock or a product of a refinery process, said 

method comprising analysing the refinery feedstock or product of a refinery 

process using the portable apparatus of the first aspect of the present invention.  

Broadly, the present invention provides a portable apparatus for analysis of 

15 a refinery feedstock or a product of a refinery process, said apparatus comprising: 

(a) a first analytical device for determination of the boiling point profile of a 

refinery feedstock or a product of a refinery process, and 

(b) at least two further analytical devices each of which contains or is 

associated with a database and an algorithm, at least one of said devices being 

20 adapted for determination of the density of the refinery feedstock or product of a 

refinery process, and at least one of said devices being adapted for determination 

of the total acid number (TAN) of the refinery feedstock or product of a refinery 

process.  

The analytical devices present in the portable apparatus according to the 

25 invention are suitably microfabricated, and may be in the form of sensors.  

Microfabricated devices are devices in which the crucial analytical part or detector 

of the device is fabricated using techniques consistent with the micro-chip industry, 

and produces a spectrum or a simple electrical signal, in response to contact with a 

test substance. A simple electrical signal is fed to an associated set of electronics 

30 which either converts the input signal into a value for the property being measured, 

or further processes the signal using chemometric techniques. A spectrum may be 

used directly or mathematically treated before being subjected to chemometric 

techniques to yield the required property or properties. In either case, the value or 

spectrum is fed to a model generated from the relationship between values or 

35 spectra measured and the known composition or properties of such samples 

determined by previous analytical measurements.  
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In general, sensors produce a simple electrical signal, are extremely small and cheap, 
and are used to measure a single property. Other micro devices which produce a spectrum 
may be somewhat larger and more expensive, and may often be used to measure more than 
one property.  

5 It is a key feature of the present invention that the apparatus according to the 
invention should contain at least one device capable of determining the boiling point profile of 
the refinery feedstock or product of a refinery process, together with at least two other 
devices chosen to be those devices which are best suited to the property being measured.  
This matching of measurement device to property being determined differentiates from 

10 traditional methods where one device, typically an NIR spectrometer, has been used to 
measure all required properties via correlations between the spectra and previous analytical 
measurements.  

The first analytical device for determination of the boiling point profile may be capable 
of yielding the boiling point profile directly, but preferably yields the boiling point profile by 

15 using suitable software or models as described above, such as by reference to a suitable 
database comprising data of known samples, such as of known crude oils. By this means, 
very rapid analysis can be obtained in comparison with traditional methods, which require the 
oil to be physically separated into its components. The first analytical device preferably 
determines the true boiling profile (TBP) of a refinery feedstock or a product of a refinery 

20 process. The first analytical device is preferably selected from (i) a micro-distillation or micro
fractionation device, (ii) a micro-NIR spectrometer, (iii) a micro-oscillator device and (iv) a 

micro GC.  
The apparatus also comprises at least two further analytical devices, including at least 

one for measuring density and at least one for measuring TAN. Preferably the device for 
25 measuring density is an oscillating sensor, and the device for measuring TAN is an 

electrochemical sensor. Each of these additional devices may if desired also be capable of 

determining the boiling point profile, and preferably capable of determining the TBP, in 
addition to one or more further properties. For example, the first analytical device may be a 

micro-distillation or micro-fractionation device, and a second analytical device may be a 

30 micro-NIR spectrometer.  
Thus, in a preferred embodiment, the present invention provides a portable apparatus 

for analysis of a refinery feedstock or a product of a refinery process, wherein said apparatus 

comprises three or more analytical devices selected from a micro-distillation or micro
fractionation device, a micro-NIR spectrometer, a micro-oscillator device and a micro-GC. In 

35 a particularly preferred embodiment, the apparatus contains at least one, preferably at least 

three, devices selected from a micro-distillation or micro-fractionation device, a micro-NIR 
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spectrometer, a micro-oscillator device and a micro GC, together with an additional oscillating 
sensor and an electrochemical sensor.  

Typically, the apparatus described above, for example containing three or more of 
micro-distillation or micro-fractionation, micro-NIR, micro-oscillator and micro-GC devices can 

5 provide a significant quantity of the analysis data required for a refinery feedstock assay or 

analysis of a product of a refinery process.  
In addition, the further analytical devices of (b) may comprise a number of additional 

analytical devices to ascertain further required properties of the refinery feedstock or the 

product of a refinery process. Further, more than one device may be included in the 

10 apparatus to measure a single property. This apparent redundancy may be very valuable as 
the results can be used to cross-check each other.  

Further properties of the refinery feedstock or product of a refinery process which it 

may be desired to determine in addition to the boiling point profile, density and TAN will be 
sample dependent, and typically may include total base number (TBN), cold flow properties 

15 (such as pour point, freezing point and cloud point), viscosity, Research Octane Number 

(RON), Motor Octane Number (MON), cetane number, smoke point, Bureau of Mines 

Correlation Index (BMCI), refractive index, conductivity, sulphur content, nitrogen content, 
nickel content, vanadium content and combinations thereof. Preferably the apparatus 

contains at least one additional device for determining one or more of these properties. For 

20 example, the apparatus may contain an additional device for determining sulphur content, for 

example a pyrolyser coupled with a micro GC and a micro mass spectrometer, and/or an 

additional device for determining metal content, e.g. a metal specific sensor.  
Suitable devices for determination of said further properties may include micro 

conductivity/capacitance devices (e.g. for acidity), micro rheological devices (e.g. for 

25 viscosity) and micro spectroscopic devices, such as NIR, ion mobility/differential mobility, 
acousto-optical, acoustic, UV-Vis and Mid-IR spectroscopies (e.g. MID IR for naphthenic 

acidity). Micro-conductivity/capacitance devices, micro rheological devices, and acousto

optical devices are all available in the form of sensors and can form part of an array of 

sensors in the apparatus of the invention.  
30 The one or more further analytical devices in step (b) may determine density and TAN 

and optionally one or more additional properties of the refinery feedstock or product of a 

refinery process as a whole, and/or density and TAN and optionally one or more additional 

properties of one or more fractions of the refinery feedstock or product of a refinery process.  

Thus, in a further preferred embodiment, the present invention provides a portable 

35 apparatus for analysis of a refinery feedstock or a product of a refinery process, said 

apparatus comprising: 
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(a) a micro-separation device, capable of determination of the boiling point profile 
of a refinery feedstock or a product of a refinery process, for separation of the 
refinery feedstock or product of a refinery process into two or more fractions, 
and 

5 (b) two or more further analytical devices for determination of density and TAN of 
one or more of the fractions.  

In this embodiment, the micro-separation device provides separation of the refinery 
feedstock or product of a refinery process into at least two fractions, and said fractions can 
then be analysed by two or more further analytical devices.  

10 The micro-separation device of step (a) is capable of determination of the boiling point 
profile, and preferably is capable of determination of the TBP, of a refinery feedstock or a 
product of a refinery process. Preferably, the micro-separation device is the first analytical 
device of step (a) of the present invention. Most preferably, the micro-separation device is 
selected from a micro-distillation or micro-fractionation device and a micro-oscillator device.  

15 Alternatively, the two or more further analytical devices of (b) may comprise said first 
analytical device (a) for determination of the boiling point profile, preferably of the TBP, in 
addition to two or more analytical devices for the determination of density and TAN of the 
fractions.  

The further analytical devices of (b) are used for determination of density, TAN and 
20 optionally boiling point profile of one or more of the fractions produced in step (a). One or 

more further analytical devices may also be provided which can determine properties of the 
refinery feedstock or product of a refinery process as a whole.  

For example, the micro-separation device may be a micro-distillation or micro
fractionation device which is the first analytical device, and a second analytical device may 

25 be a micro-NIR spectrometer. The micro-NIR may be used, for example, to give data on 
density, amounts of saturates and aromatics in one or more of the fractions obtained from the 
micro-separation device, and, optionally, also in the total refinery feedstock or product of a 
refinery process.  

Alternatively, or in addition, the further analytical devices may also comprise a number 
30 of other analytical devices, as described above, to ascertain further required properties of the 

total refinery feedstock or product of a refinery process and/or of the fractions.  
Preferably the apparatus according to the present invention is hand-held, suitably 

having a total weight of less than 5 kg, such as 2kg or less.  
The apparatus according to the present invention requires only a small quantity of 

35 refinery feedstock or product of a refinery process (hereinafter the refinery feedstock or 
product of a refinery process may be referred to as "sample"), typically less than 100ml, such 
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as 10 ml or less, and preferably 1ml or less. Because of the small quantity of sample 
required the analysis can be performed in a significantly shorter time than conventional 
analysis, such as conventional crude oil assay.  

Typically, the apparatus according to the present invention provides an analysis in 
5 less than two hours, and preferably provides an analysis in less than 30 minutes, preferably 

less than 5 minutes, such as less than 2 minutes.  
The refinery feedstock may be any suitable feedstock that may be fed to a refinery, 

such as a crude oil, a synthetic crude (syncrude), a biocomponent, an intermediate, such as 
a residue or a cracked stock, or blends of one or more of said feedstocks.  

10 Preferably the refinery feedstock is a crude oil or blend of crude oils, optionally also 
comprising (blended with) one or more of a synthetic crude component, a biocomponent or 
an intermediate component, such as a residue component or a cracked stock component.  

Where the portable apparatus of the present invention is used for analysis of a 
product of a refinery process, the product may be an intermediate stream in the overall 

15 refinery process, a bitumen, a product from the overall refinery process which is subsequently 
used as a chemical feedstock, a product from the overall refinery process which is 
subsequently used as a fuel or lubricant, or as a blending component for a fuel or lubricant, 
or a fuel, for example an aviation, gasoline, diesel or marine fuel or lubricant itself.  

Where present, the micro-distillation or micro-fractionation device may be any suitable 
20 device which can be utilised to distil the sample to give fractions similar to those achieved by 

conventional distillation. For example, the micro-distillation or micro-fractionation device may 
distil a crude oil or other refinery feedstock to give fractions similar to those achieved by 
conventional refinery distillation in a crude distillation unit (CDU). The micro-distillation 
device may also be a micro engineered device comprising a micro-heater for vaporising the 

25 sample (e.g. crude oil), a suitable channel, for example a capillary, through which the 
vaporised sample passes to achieve a vapour liquid separation, a suitable condensing zone 
(typically a cooled zone, such as a micro-refrigerator) on which vaporised sample that has 
passed up the channel condenses, and a micro-sensor to measure the condensation of 
sample at the condensing zone. The micro-sensor may be an optical sensor. Preferably, the 

30 micro-distillation device is a micro-fabricated separation device, for example, on a silicon 
wafer. The micro-distillation device may be disposable. Where the micro-distillation device 
provides a series of fractions similar to those achieved by conventional distillation, then these 
fractions can be analysed by one or more further analytical devices.  

The micro-oscillator device, when present, is preferably an acoustic optical device or 

35 sensor. Micro-oscillator devices are based on measurement of the frequency of oscillation of 
the device, which changes with mass of material on the oscillator. Thus, if material 
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evaporates or condenses on the device, the frequency changes. As well as information on 

boiling point profile, acoustic optical devices may provide information on viscosity, cold flow 

properties, volatile contaminants and deposits formation. Suitable micro-oscillators are 

described in U.S. Patent Nos. 5,661,233 and 5,827,952.  
5 Micro-NIR, when present, may be used, for example, to provide information on boiling 

point profile and to give a simulated distillation curve, as well as to provide information on 

density and amounts of saturates and aromatics in the sample as a whole and/or in fractions 

obtained from a suitable separation step, such as a micro-distillation device. Sulphur and/or 

cold flow properties, such as cloud point and freezing point, acidity (TAN), Research Octane 

10 Number (RON), Motor Octane Number (MON), cetane number and smoke point may also be 

measured. Suitable micro-NIR analysers include the Axsun NIR-APS Analyser produced by 

Axsun Technologies Inc., Massachusetts.  
Micro-GC, when present, may provide a simulated distillation curve and can provide 

hydrocarbon speciation, such as of C1-C9 hydrocarbons. Suitable micro-GC devices include 

15 SLS Micro-technology GCs or other micro-chip based GCs such as those being developed by 

the University of Massachusetts.  
Micro-ion mobility/differential mobility spectrometry, when present, may be used to 

provide information on specific molecular types and particularly on polar molecules in the 

sample, for example contaminants such as organic chlorides or methanol, as well as 

20 sulphides and nitrogen compounds. Further, micro-ion mobility/differential mobility 

spectrometry coupled with a micro pyrolyser, can give enhanced nitrogen and sulphur 

analysis. Micro-ion mobility/differential mobility spectrometry is best implemented in 

combination with micro GC and/or a pre-fractionation/pre-concentration device. Suitable 

micro- ion mobility/differential mobility spectrometers include the Sionex microDMx.  

25 Micro-fabricated devices in the form of sensors are advantageous because of their 

small size and low cost. In a preferred embodiment of the apparatus according to the 

invention, the apparatus contains one or more micro devices which are sensors. A plurality 

of such sensors may be present, preferably arranged in the form of an array. Each sensor 

will be provided with an associated electronics to convert the sensor signal to a value and 

30 optionally a chemometric model to relate the value to the desired property. The sensor signal 

will contain information on the property being measured, or which is directly related to the 

property being measured.  
The present invention has the advantage that, due to their relatively small individual 

sizes and sample requirements, a number of different analytical devices may be arranged in 

35 a single portable apparatus. The apparatus according to the present invention includes at 

least 3 different analytical devices, preferably at least 5 different analytical devices, such as 
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at least 10 different analytical devices, allowing a number of properties of a sample (or of 

fractions thereof) to be ascertained using the apparatus, and providing a significant amount 

of data for the analysis, either directly or via a suitable database model as described further 

below.  
5 Due to its portability, the apparatus according to the present invention can be taken to 

the location of the sample to be analysed, and a rapid analysis of the sample obtained. For 

example, for crude oil analysis (assay), the apparatus may be used for "at location" rapid 

assessment/valuation of crude oils, for example on a crude oil tanker or in a land-based 

crude oil storage tank, during the loading or discharge of a crude oil tanker in a port or from a 

10 pipeline, or at an oil exploration drilling or production site, allowing the value of the crude oil 

to a potential purchaser to be quickly ascertained. At an oil exploration drilling site, the 

apparatus of the present invention may be used at the "well-head" on the drilling site to 

provide rapid analysis of a crude oil, for example, to provide rapid feedback of the properties 

of a crude oil at a test well allowing evaluation of said crude oil. In such application the oil 

15 may be passed through a pre-filter to remove contamination from the drilling process, for 

example from drilling additives, or suitable correction models may be used to correct the data 

obtained.  
Because of the relatively small size of the components of the apparatus according to 

the present invention, the power requirements are also relatively low. Hence, the apparatus 

20 may be operated from a suitable battery (or battery pack), preferably a rechargeable battery, 

without the battery requirements being too heavy to impact the portability of the apparatus.  

Preferably the apparatus comprises, or is at least compatible with, wireless 

communications, such as a wireless mesh network, and more preferably, with remote 

communications means, such as satellite-based data communication, such that the analysis 

25 results may be readily communicated to the potential purchaser, again reducing the time

scale on which the analysis data is available to the potential purchaser.  

Especially where suitable micro-devices are not available, the apparatus according to 

the present invention may be used in combination with other portable analysers, particularly 

those yielding elemental data, such as portable X-Ray Fluorescence (XRF) spectroscopy and 

30 Laser Induced Breakdown Spectroscopy (LIBS) to improve the breadth of assay.  

XRF, for example, can provide analysis of sulphur and metals content of a sample, for 

example of crude oil fractions. Suitable, portable, XRF analysers include those available from 

OXFORD instruments.  
Generally, the apparatus according to the present invention, optionally in combination 

35 with any other analysers, will generate data in respect of at least 10 key properties of the 

sample to be analysed, such as at least 20 key properties. For crude oil assay, for example, 
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the apparatus according to the present invention, optionally in combination with any other 

analysers, preferably provides data in respect of, or from which can be derived (as described 

further below), the majority of the key properties measured in a conventional crude oil assay, 

which include the boiling point profile, density, total acid number (TAN), cold flow properties 

5 (such as pour point and cloud point), viscosity, sulphur content, nitrogen content, nickel 

content, vanadium content and combinations thereof of the full crude oil and/or of fractions 

thereof. Similar properties are required for assay of other refinery feedstocks.  

The analysis data from the apparatus according to the present invention, and 

optionally any other analysers, may directly generate sufficient analysis data, for example 

10 assay data for the crude oil being analysed or valued.  

Alternatively, the analysis data obtained directly from the apparatus, optionally in 

combination with other analysers, may be enhanced via input to a suitable database model, 

typically a model derived from analysis data obtained from analysis of a large number of 

other samples. For example, for analysis of a crude oil, the analysis data obtained may be 

15 enhanced via input to a crude oil assay database model derived from assay data obtained 

from analysis of a large number of other crude oils. The crude oil assay database model may 

be used to generate a detailed assay with improved confidence.  

Similarly, for analysis a product from a refinery process, the data may be enhanced 

via input to a suitable database model of the product properties derived from analysis of a 

20 large number of similar (equivalent) products.  
As an example, where the analysis data obtained from the apparatus according to the 

present invention, and optionally any other analysers, is data from a multivariate analytical 

technique, such as NIR, the analysis data may be analysed by fitting the information to a 

linear combination of known multivariate analytical data in said database, such as described 

25 in WO 03/48759.  
Because of the rapid analysis obtainable from the apparatus of the present invention, 

analyses can be obtained more often and/or can be used for process optimisation. For 

example, the apparatus may be used at a refinery and regular analyses can be performed on 

blends of refinery feedstocks, such as blends of crude oils, produced (from two or more 

30 sources available) at the refinery, to ensure optimum configuration of the refinery for the 

blend. Further the apparatus may be used to verify consistency and/or quality of feedstocks 

on arrival at a refinery or blending station and/or may be used to provide on-line or at-line 

determination of feedstock quality and property data for input to blending and process 

refinery optimisation models.  

35 Where the apparatus of the present invention is used at the "well-head" on a drilling 

site, a number of apparatus' may be operated at different well-heads which use a common 
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transport mechanism, for example a common pipeline, to provide analysis of the 

crude oil from each well. Analysis of the individual crude oils and appropriate 

scheduling may allow more optimum composition of the final crude oil blend. In 

addition, by repeated analysis of the crude oils from different well-heads, changes 

5 in the individual crude oils with time can be used to predict the effects on the 

produced crude oil blend, or influence the blending to maintain a constant quality 

crude oil blend.  

Similarly, where the apparatus is used for analysis of a product obtainable 

from a refinery process, the apparatus may be used to check consistency and 

10 quality of the product at the refinery, or at subsequent locations, such as at 

chemical plants themselves, at fuels blending terminals or in fuel-containing tanks, 

such as in fuel tankers or stationary tanks at airports, dockyards or on petrol station 

forecourts.  

In a further aspect, the present invention also provides a method for 

15 analysis of a refinery feedstock or a product of a refinery process, said method 

comprising analysing the refinery feedstock or product of a refinery process using 

the portable apparatus previously described.  

The method may also comprise analysis of the refinery feedstock or 

product of a refinery process with one or more further portable analysers, 

20 communication of the analysis results to a potential purchaser, and/or combination 

of the analysis information obtained with a database model as previously 

described.  

Unless the context clearly requires otherwise, throughout the description 

and the claims, the words "comprise", "comprising", and the like are to be 

25 construed in an inclusive sense as opposed to an exclusive or exhaustive sense; 

that is to say, in the sense of "including, but not limited to".  

Although the invention has been described with reference to specific 

examples it will be appreciated by those skilled in the art that the invention may be 

embodied in many other forms.  
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A portable apparatus for analysis of a refinery feedstock or a product of a 

refinery process, said apparatus comprising: 

5 (a) a first microfabricated analytical device for determination of the 

boiling point profile of a refinery feedstock or a product of a refinery process, 

and 

(b) at least two further microfabricated analytical devices each of 

which contains or is employed in conjunction with a database and a 

10 mathematical algorithm, at least one of said at least two further devices being 

adapted for determination of the density of the refinery feedstock or product 

of a refinery process, and at least one of said at least two further devices 

being adapted for determination of the total acid number of the refinery 

feedstock or product of a refinery process.  

15 

2. A portable apparatus according to claim 1, wherein said first microfabricated 

analytical device is selected from 

(i) a micro-distillation or micro-fractionation device; 

(ii) a micro-NIR spectrometer; 

20 (iii) a micro-oscillator device; and 

(iv) a micro GC.  

3. A portable apparatus according to claim 1 or claim 2, wherein at least one of 

said at least two further microfabricated analytical devices comprises an 

25 analytical device that is capable of determining the boiling point profile in 

addition to one or more further properties.  

4. A portable apparatus according to any one of the preceding claims, the 

combination of said first microfabricated analytical device and at least two 

30 further microfabricated analytical devices comprising three or more analytical 

devices selected from a micro-distillation or micro- fractionation device, a 

micro-NIR spectrometer, a micro-oscillator device and a micro-GC.  

5. A portable apparatus according to any one of the preceding claims, wherein 

35 at least one of said first and at least two further microfabricated analytical 

devices present is in the form of a sensor.  
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6. A portable apparatus according to claim 5, the combination of said first 

microfabricated analytical device and at least two further microfabricated 

analytical devices comprising three or more analytical devices selected from 

5 a micro-distillation or micro-fractionation device, a micro-NIR spectrometer, a 

micro-oscillator device and a micro-GC, together with an oscillating sensor 

and an electrochemical sensor.  

7. A portable apparatus according to any one of the preceding claims, said 

10 apparatus comprising at least one of said first microfabricated analytical 

device and at least two further microfabricated analytical devices for 

determining sulfur content, and/or at least one of said first microfabricated 

analytical device and at least two further microfabricated analytical devices 

for determining metal content.  

15 

8. A portable apparatus according to any one of the preceding claims, which is 

additionally capable of measuring at least one of the following properties: 

total base number, any cold flow property, viscosity, Research Octane 

Number, Motor Octane Number, cetane number, smoke point, Bureau of 

20 Mines Correlation Index, refractive index, conductivity, nitrogen content, and 

combinations thereof.  

9. A portable apparatus according to any one of the preceding claims, wherein 

said at least two further microfabricated analytical devices determine density 

25 and TAN of the refinery feedstock or product of a refinery process as a whole 

and/or density and TAN of one or more fractions of the refinery feedstock or 

product of a refinery process.  

10. A portable apparatus according to any one of the preceding claims, said first 

30 microfabricated analytical device comprising: 

a micro-separation device, capable of determination of the boiling 

point profile of a refinery feedstock or product of a refinery process, for 

separation of the refinery feedstock or product of a refinery process into two 

or more fractions.  

35 
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11. A portable apparatus according to claim 10, wherein said micro-separation 

device is selected from a micro-distillation or micro-fractionation device and a 

micro-oscillator device.  

5 12. A portable apparatus according to claim 11, which apparatus comprises, as 

said micro-separation device and a micro-NIR spectrometer as at least one of 

said at least two further microfabricated analytical devices.  

13. A portable apparatus as claimed in any one of the preceding claims, wherein 

10 the apparatus is hand-held and has a total weight of less than 5 kg, such as 2 

kg or less.  

14. A portable apparatus according to any one of the preceding claims, wherein 

the apparatus comprises at least 5 different analytical devices.  

15 

15. A method for analysis of a refinery feedstock or a product of a refinery 

process, said method comprising analysing the refinery feedstock or product 

of a refinery process using the portable apparatus of any one of the 

preceding claims.  

20 

16. A method according to claim 15, wherein analysis data obtained from the 

portable apparatus is enhanced by input to a suitable database model.  

17. A method according to claim 15 or claim 16, said method comprising 

25 analysing a crude oil or a blend of crude oils.  

18. A portable apparatus for analysis of a refinery feedstock or a product of a 

refinery process, said apparatus substantially as herein described with 

reference to any one of the embodiments of the invention illustrated in the 

30 accompanying examples.  

19. A method for analysis of a refinery feedstock or a product of a refinery 

process, said method substantially as herein described with reference to any 

one of the embodiments of the invention illustrated in the accompanying 

35 examples.  
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