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What’s Petroleum
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DistillationFurnace

Basic steps for crude oils refinery

• Separation
• Conversion

• Treatment

Crude oil > Liquids and vapor > Petroleum fractions 

Streams

Intermediate distillate component > Finished product

Refinery technician

Finished product > Treatment to achieve specification.



Why should we test the Oil 
and Petroleum products?  







What’s the importance of quality crude oil?

Trace elements in crude oil can have an adverse effect.

• Refractory damage in furnace from Vanadium compound.

• Catalysts poisoned such as Iron, Lead, and Arsenic.

• Excessive atmospheric emission in combustion fuel.
• Superficial fusion on the fire brick by concentrating sodium 

compound.
• Some organometallic compounds are volatile which can lead to the 

contamination of distillate fractions and a reduction in their stability 

or malfunctions of equipment when combusted.

ASTM D7691



Why should we analyze Lubricating oils?

Antioxidants

Antiwear agents

Detergents

To achieve the specification of the 
lubricating product determine!!

ASTM D4951



Why should we analyze used Lubricating oils?

ASTM D5185



The impact of contamination in Middle Distillation fuels? 

Turbine Fuels

Diesel Fuels

https://www.welkinchemi.com/co
ntent/16114/scale

Naval Fuels

ASTM D7111



12

What is the effect of the contaminant in light and 
middle distillate fuels  

• Petroleum condensate and naphtha are 
derived products from crude oils.

• Petroleum condensate and naphtha are 
important raw materials for the petrochemical 
industry. It use in production of ethylene, 
propene, benzene, toluene, and xylenes.

• Naphtha is a colorless liquid that comprises 
a mixture of paraffinic, olefinic, naphthenic 
and aromatic with 5 to 15 carbon atom.

• The petrochemical naphtha can be obtained 
from direct distillation of petroleum.

• It’s very important feedstock for gasoline 
formulation. 

ASTM D8110







CID Detector

Plasma TV



Multi-Element Analysis in Crude Oils by 
iCAP PRO Series ICP-OES

ASTM D7691-23

This analysis includes Aluminum, Barium, 

Boron, Calcium, Chromium, Copper, Lead, 

Magnesium, Manganese, Molybdenum, 

Phosphorous, Potassium, Silicon, Zinc



ASTM D7691
Multi-Element Analysis of Crude Oils using 
Inductively Coupled Plasma Atomic Emission Spectrometry

Diluent Preparation

Solvent

1 Littre
ISTD

Internal Standard concentration 
is about 10 – 20 mg/kg

Diluent



ASTM D7691
Multi-Element Analysis of Crude Oils using 
Inductively Coupled Plasma Atomic Emission Spectrometry

Standard Preparation

Solvent

Base Oil

S
T

D

• Standard x grams
• Base oil 4x from standard
• Diluent 45x from standard

Calibration 
point

Organometallics 
Standard (g)

Base oil 
(g)

Diluent 
(g)

Final concentration 
(mg/kg)

1 0.20 5 50 2

2 0.40 5 50 4

3 0.60 5 50 6

4 0.80 5 50 8

5 1.00 5 50 10

QC 0.50 5 50 5



ASTM D7691
Multi-Element Analysis of Crude Oils using 
Inductively Coupled Plasma Atomic Emission Spectrometry

Sample handling and preparation

50 – 60 ⁰C

Heat the specimen at 50 – 60 ⁰C Mix to homogenize the specimen Pour into the sample container the analyze

*** It is not required when the sample is at a low pour point.***



ASTM D7691
Multi-Element Analysis of Crude Oils using 
Inductively Coupled Plasma Atomic Emission Spectrometry

Operating and Method parameter

Pour into the sample container the analyze

Torch Quartz torch

Nebulizer V-groove nebulizer

Spray chamber Organic Spray chamber

Injector Quartz 1.0 mm ID

Sample tube Viton pump tube 0.54 mm ID (Orange/White)

Drain tubing Viton pump tube 1.02 mm ID (White/White)

Plasma RF power 1350 w

Coolant gas flow 14.5 L/min

Auxiliary gas flow 2.0 L/min 

Nebulizer gas flow 0.65 L/min

Radial Viewing 
Height

10 mm



ASTM D7691
Multi-Element Analysis of Crude Oils using 
Inductively Coupled Plasma Atomic Emission Spectrometry

Fe 259.940 nm

Ni 341.476 nm

V 309.311  nm



ASTM D7691
Multi-Element Analysis of Crude Oils using 
Inductively Coupled Plasma Atomic Emission Spectrometry



ASTM D7691
Multi-Element Analysis of Crude Oils using 
Inductively Coupled Plasma Atomic Emission Spectrometry

Analyte Wavelength (nm) Viewing mode LOD (mg/kg) LOQ (mg/kg)

Al 396.152 Radial 0.006 0.021

Ca 315.887 Radial 0.071 0.237

Fe 259.940 Radial 0.007 0.025

Na 588.995 Radial 0.152 0.506

Ni 341.476 Radial 0.023 0.078

Si 288.158 Radial 0.028 0.093

V 309.311 Radial 0.007 0.022

LOD = 3SD of sample blank 

(Repeat 3 times, 10 vial)



ASTM D7691
Multi-Element Analysis of Crude Oils using 
Inductively Coupled Plasma Atomic Emission Spectrometry

Analyte LOD (mg/kg) LOQ (mg/kg)

Al 0.006 0.021

Ca 0.071 0.237

Fe 0.007 0.025

Na 0.152 0.506

Ni 0.023 0.078

Si 0.028 0.093

V 0.007 0.022

LOD = 3SD of sample blank 

(Repeat 3 times, 10 vial)



ASTM D7691
Multi-Element Analysis of Crude Oils using 
Inductively Coupled Plasma Atomic Emission Spectrometry

Analyte
Wavelength 

(nm)
Viewing 
mode

SRM 1634c 
(mg/kg)

Measured by 
ICP-OES

Recovery 
Percent

Ni 341.476 Radial 17.33 - 17.75 17.40 99.2

V 309.311 Radial 27.79 - 28.59 28.07 99.6



Multi-Element Analysis of Distillate Products by 
iCAP RQplus 

ASTM D8110-17

This analysis includes Aluminum, Arsenic, Calcium, 

Copper, Iron, Lead, Magnesium, Nickel, 

Potassium, Sodium, Vanadium
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Element coverage of ICP-MS
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Ion generation in ICP-MS

 Inductively coupled plasma mass spectrometry (ICP-MS) is a type of mass 
spectrometry which can detect metals and several non-metals at concentrations as 
low as one part in 1012 (ppt). 
  This is achieved by ionizing the sample with inductively coupled plasma and then 
using a mass spectrometer to separate and quantify those ions.

Ion source

Atmospheric pressure

<1
x1

0-5
 to

rr
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How to extract the ions into MS ?

 The positively charged ions that are produced in the plasma are extracted 
into the vacuum system, via a pair of interface “cones” and the “extraction 
lens” 

Sample cone
Skimmer cone

Extraction lens

Interface

<1
x1

0-5
 to

rr

Atmospheric pressure
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Polyatomic interference

40Ar35Cl

40Ar16O
40Ca16O
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KED – Kinetic Energy Discrimination

ArCl + Ca(OH)2H + 

Target 
analyte 

75As+ Quadrupole set to 
filter out exact mass 

of target analyte
e.g. 75As+

75As+
40Ar35Cl + Ca(OH)2H + 

-18 V

-21 V

• Any polyatomic species will have larger-cross section 

than single ions

• The larger poly-atomics will collide with the cell 

gas a greater number of times than the smaller 
analyte ions and lose energy

• Low energy ions cannot enter the mass analyzer
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Impurities in Distillate Products  using ICP-MS

This method was developed using the Thermo Scientific  iCAP  
RQ ICP-MS .

Direct Determination of Trace Metal Impurities in Condensate 

residue and Naphtha using ICP-MS

• Light Naphtha , Heavy Naphtha

– As , Pb , Cu , Na , Fe , Ni , V , Ca

• Condensate residue 

– Si and As



Standard Test Method for Elemental Analysis of Distillate 
Products by Inductively Coupled Plasma Mass 
Spectrometry (ICP-MS)

Standard Method and Standard Reference Material
(ASTM D 8110 – 17 & SRM 1634c)



Sample Preparation Procedures

Vortex mixer 

 to homogenized

Weighing the appropriate 
amount.

Before diluting, it's homogenized by 
sonication.

For very viscous oils, the sample 
can be pre-heated to 60 °C, 

15 min. 

ICP-MS model iCAP RQ

Thermo Scientific

Sample Preparation 

• Standard / sample / oil-based was diluted (by weight) in o-

xylene , p-xylene or  premisolv

• For all samples and standards to ensure that differences in 

viscosity were minimized such as the final solution (std and 

sample) contained 10% oil (by weight)

• Add internal Standard into standards and samples, mix to 

homogenized. 

Measured density of 
Standards and Sample. 



Torch Quartz torch organics

Torch Quartz torch organics

Nebulizer
Micro Flow PFA-50 (Self Aspirating Teflon)
(45-65 µL/min)

Spray chamber Cyclonic Quartz 

Injector Quartz 1.0 mm ID

Interface
Pt Sample cone
Pt Skimmer cone

Sample tube Solvent Flex pump tube 0.51 mm ID (Orange/White)

Drain tubing Solvent Flex pump tube 1.02 mm ID (White/White)

Plasma RF power 1550 w

Coolant gas flow 14 L/min

Auxiliary gas flow 0.8 L/min 

Nebulizer gas flow 0.5 L/min

Sample cone
Skimmer cone

Operating parameters of iCAP RQplus ICP-MS



Measurement mode and limit of detection information

LOD = 3SD of sample blank 

(Repeat 3 times, 10 vial)

Analyte Mode Mass (m/z) LOD (ug/kg)

As KED 75 0.1

Ca KED 48 0.36

Cu KED 63 0.05

Fe KED 54 0.26

Na STD 23 3.83

Ni KED 60 0.06

Pb KED 208 0.24

Si KED 28 36.81

V KED 51 0.55



Analyte   Mass      SRM 1634c          Measure by ICP-MS
       (m/z)                 (mg/kg)  Conc. (mg/kg)      %Recovery 

    As      75       0.1362 - 0.1490       0.14  98.60

    Na      23       37.0       36.98  99.94

    V      51           27.79 – 28.59     28.55             101.06

    Ni      60       17.33 – 17.75     17.33  98.80

%Recovery  95 – 105 %  

Na
As

V Ni

%Recovery of SRM 1634c Trace Elements in Fuel Oil



SUMMARY

  The iCAP PRO Series and iCAP RQplus is capable to analyze Petroleum 

products samples in accordance with the ASTM D7691 and ASTM D8110 

requirements respectively. The developed method allows to achieve excellent 

detection limits.

   The precision for unknown samples was verified according to the ASTM 

D7691 and ASTM D8110 with recovery measurements of a spike and triplicated 

sample analyses. 

   The accuracy of method have been presented by triplicate analysis of 

SRM1634c (Trace Elements in Fuel Oil).
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