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Coupled Plasma Mass Spectrometry (ICP-MS)'
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Trace Metals in OrganicsbyICP-MS
UOP Method 1005-14

Scope

method s for desermining the concentrations of alun nuulu\l arsenic (As), calcium (Ca),
cadmium (Cd), chromium (Cr), cobalt (Co), copper (Cu), um (G, lead (Pb), ihiom
. manganese (Mn), molybdeaum (Mo), et i, palladium (Pd). phosphorus
). potassium (K), sodium (Na), strontium (Sr), tin (Sn), titanium (Ti), vanadium (V),
pdpid cpee in organic malrices such as crude petroleum, asphalt, vacuum tower
bottoms. vacuum gas oils, atmospheric gas oils, diesel and jet fucls and their bleading components,
pyrotysis o, and Tty acd dervatves by Iductively Coupled Plasia - Mas Speciomety (ICP-
MS). The lower limits of quantitation for the aboe elements, are listcd in Table 1. Determination of

ble if they are comp other
Table 1
A 002 K 003 Pd 001
As 001 U 001 Pt 001
ca 003 Mg 002 Sn 001
cd o001 Mn 001 st 001
Co 001 Mo 001 T 003
cr 0o Na 006 v o001
cu 001 NI 001 n o001
Fe 002 P 050 zr oo
Ga 001 Pb 001

Alternatively, many of the elements listed above can be determined using UOP Method 389, “Trace
etals in Organics by ICP-OES.” Some of the clements listed above may be analyzed by Atomic
Absorption Spectroscopy (AAS). See UOP Metbod 391, “Trace Metals in Petroleum Products or
Organics by AAS.” for specific metals and their range of quantitation.  Metals known t be noa
volatile may be analyzed by UOP Method 407, “Trace Metals in Organics by Dry Ashing - ICP-

" Many of these elements can be determined in erosene using ASTM Method D111,
Middie Distillate Fucls by Inductively Coupled Plasma Atomic

Determination of Trace Elements
Emission Spectrometry (ICP-AES).
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Trace Metals in Organics by ICP-OES
UOP Method 389-10

Scope

‘This method is for determining the concentrations of aluminum (AI), calcium (C), chromium (Cr),
cobalt (Co), copper (Cu), iron (Fe), lead (Pb), lithium (L), magnesium (Mg), mangancse (Mn),
mohfucaumn: (Mol ke, 04 i (i (), platinum (P), potassium (K)
sodium (Na), strontium, (Sr), in (Sn), itanium (TH), vanadium (V), and zinc (Zn) in organic
such as crude petrolcum, mphum. vacuum fower bottoms, vacuum gas oils, atmospheric gas sy
diescl and jet fuels and their blending components, pyrolysis oils, and fatty acid derivatives by
Inductively Coupled Plasma — Optical Emission Spectrometry (ICP-OES). The lower limits of
quanitation for the above elements, except palladium, are listed in Table 1 see Nove.

Table 1

Al 005 L 003 Pb 0.04
Ca 008 Mg 004 Pt 001
Co 0.02 Mn 001 Sn 0.10
Cr 0.04 Mo 0.01 Sr 0.01

0.01 Na T 003
Fe 009 Ni 003 v 001
K 005 P 0Mm Zn 0.03

Determination of additional clements is possible if they are not volatilized during the ashing step
and do not form insoluble sulfates. Two differen! reagents are used in sample preparation, depending
upon the sample matrix.

Alternatively, some of the clements fisted above may be analyzed by Atomic Absorption
pocumco (AAS). Sce UOP Method 391, “Trace Metals in Petroleum Products or Organics by
for specific metals and their range of quantitation. Metals known to be non-volatile may be
nn:lyud by UOP Method 407, “Trace Metals in Organics by Dry Ashing - ICP-OES.”

References
ASTM Method D193,
UOP Method 391, “Trace Metals in Petroleum Products or Organics by AAS,” www.astm.org
UOP Method 407, “Trace Metals in Organics by Dry Ashing -

Specification for Reagent Water,"” www.astm.org
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Trace Metals in Organics by ICP-MS
UOP Method 1005-14

A, arsenic (As), calcium m.

Vo) ickel (N3, pllaciom (P, phspborus
(P). platinum (PY), potassium (K), sodium (Nai (S0), tin (Sn), fitanium (Ti), vanadium (V),
zine (Zn), and zirconium (Zr), in organic malrices such as crude petroleum, asphalts, vacuum tower
bottoms, vacuum gas oils. atmospheric gas oils, diesel and jet fucls and their blending components,
rolysis oils. and fatty acid derivatives by Inductively Coupled Plasma — Mass Spectrometry (ICP-
MS), The lower limits of quantitation for the above clemcnts, are listed in Table 1. Determination of

additional elements is possible if they are compatible with other analytes during digestion.
Table 1

A 002 K 003 Pd 001
As 001 L 001 Pt 001
Ca 003 Mg 002 sn 001
cd 001 Mn 001 St 001
Co 001 Mo 001 T o3
cr o001 Na 006 Vo001
cu oot N 001 n o001
Fe 002 P 050 2 o001
Ga 001 Pb 001

Altermatively. many of the elements listed above can be determined using UOP Method 389, “Trace
Metals in Organics by ICP-OES.” Some of the clements listed ahove may be analyzed by Atomic
Absorption Spectroscopy (AAS). See UOP Method 391, “Trace Metals in Petroleum Products or
Organics by AAS.” for specific metals and their range of quantitation. Metals known 10 be noa-
volatile may be analyzed by UOP Methou 407, “Trace Metals in Organics by Dry Ashing - ICP-
OES." Many of these elements can be determined in kerosene using ASTM Method D111
dion of Trac  Middie Distillate Fuels by Inductively Coupled Plasma Atomc
Specirometry (ICP-AES)."
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Liquid petroleum products - Determination of nickel and
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Trace Metals in Organics by ICP-OES

UOP Method 389-10
Scope

‘This method is f

. calcium (Ca), chromium (Cr),

cobalt (Co), copper (Cu), iron m» lead (Pb), ||I||um| (Li), magnesium (M), mangancse (Mn),

molybdenum (Mo), nickel (Ni), palladium (Pd),

o
sodium (Na), mm\mm.th) tin (Sn), titanium (T3), vanadium (V), and
ssphalts, vacuum tower botioms. vacuum gas oils, atmospheric gas sy

such as crude p

)., platinum (PY), potassium (x).
ric

(Zn) in organic

(ot Jc e and hr bling componeals, pyvlyls il e fly i dfvaives by
). The

Inductively Coupled Plasma — Optical Emission
quantitation for the above clemen

Spectromelry (ICP-OE
 except palladium, are listed in Table 1; see Nore.

lower limits of

Table 1
Lower Limits of Quantitation, malkg (mass-ppm)
Al 0.05 L 003 Pb 0.04
Ca 008 Mg 0.04 Pt 0.01
Co 0.02 Mn 001 sn 010
Cr 0.04 Mo 001 Sr 001
Cu 001 Na 0.04 To003
Fe 009 Ni 003 vV 001
K 005 P o1 Zn 003

Determination of additional clements is possible if they are not volal

6 during the ashing siep

and do not form insoluble sulfates. Two different reagents are used in sample preparation, depending

upon the sample matrix.

Alteratively, some of the clements listed above may be analyzed by Atomic Absorption
Spectroscopy (AAS). See UOP Method 391, “Trace Metals in Petroleum Products or Organics by
known to be non-volatile may be

AAS,” for specific metals and their range of quantitation. Metals
analyzed by UOP Method 407, “Trace Metals in Organics by Dry Ashing - ICP-OES.

References
ASTM Method D1193,

‘Specification for Reagent

UOP Method 391, “Trace Metals in Petroleum Products or Organics by AAS,
UOP Method 407, “Trace Metals in Organics by Dry Ashing - IC
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Determination of lead, nickel, chromium, copper. zinc,
arsenic, cadmium, thallium, antimony, cobalt, manganese
and vanadium in burner fuels derived from waste mineral

oils — Inductively coupled
method

1 Scope

This standard specifies a method for the
determination of the concentration of lesd, nickel,
chromium, copper, zinc, amenic, cadmium,
thallium, antimory, cobak, manganese and
vanasium present in burner fuels d

waste mineral oils, by inductively coupled plasma
mass spectrometry (ICPMS]

Range maikg
16

16

20800
150
Cadmism  1-6
Antmany 146

Thalium 16
Manganese  1-20
Arsenic 16
Cabal 16
Chromium 16
Coppar 370

WOTE | — Fur e purpoase of #ia s che
terms =% {myim)* and "% (141" are used to represent
Tespeciively i mass action and e vohame
tractian,

WOTE 2 — Tun prooaders pmsss eommrarions
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Qenraby in 1ha 1 nayy 1o 80 nalg rang

insirument, tha dilusion tactar and iha cleanliness af ifve
reagents and squipment used far the sampla digestion.
The Nigh concentration kmits af cetarmIned by e
roduct of the maximum cancentration of analyte used
Tor the ealibration, and tha samgle dhaion tactar.

plasma mass spectrometry

Hote 3 = The descripiion of wasia mineral ol that ae.
CCIpTALAE NPT 0t The PIOGUCHON Of Processed Fust
il given in Appendix & af tha Enviranment Agency’s
Quality Praracal for Processad Fuast Qi

WARNING — The use of this standard may invokve
hazardous materials. operations and equipment.
This standard does not purpart to addrezz all of
the safety and envirenmental problems aszociated
i e wze It s the responsiity of the waer
of thiz standard to establizh aporopriate =

Realth and amvisanmmanta practices and determine
the applicability of regulatory limitations rior to
uze.

2 Normative references

The fallawing referenced  documents  are
for the apalication af

For dated references, anly the edition cited applies.

For undated references, the latest edition of the

referenced document fincluding any amendments)

apalies.

IP 476, Manual sampling.
3 Principle

A test portion is digested with niic acid in 3
or PTFE i

The schution is diuted with high purity water and
introduced inta an ICP mass spectrometer by use
of a penistaltic pump, and the count rates for
specified isatapes of the elements of interest are
measured. Element concentrations are determinest
fram calibeation curves prepared fram solutians.
af multi-element standards in 2 % nitric acid,
analysed in th manner a5 the samples.

A multi-element internal standard s used
compensate far matrix effects andfor instrument
drift. The mudiielernent internal standard may be
added 1o the sample salutions and standards or
added an-line 10 the ICPMS instrument using the.
pesistaliic pump.
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What's the importance of quality crude oil?

ASTM D7691

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.

CRUDE OIL IS
FIRST SENT TO
A FURNACE

LIGHTWEIGHT GASES
RISE THROUGH
THE TRAYS

TRAYS

CRUDE OIL IS
HEATED TO
750°F

DOWNCOMERS

HEAVY, UNREFINED
OIL MOVES

DOWNWARD —_

GASES ~--— —

BOTTLED AND NATURAL GAS

—t, — - NAPHTHAS
GASOLINE

i, — KEROSENES
KEROSENE
FOR HOME
HEATERS,
JET FUEL

|
2

570°F
- - GAS OILS
DIESEL FUEL

280 e | UBRICANTS
MOTOR OIiL

e Oeh - FUEL OIL:
FUEL FOR

SHIPS,
CANDLES

ASPHALT
ROAD TAR



Why should we analyze Lubricating oils?

ASTM D4951

Detergents

Antioxidants

Antiwear agents

To achieve the specification of the
lubricating product determine!!




Why should we analyze used Lubricating oils?

ASTM D5185 ﬂ
o
s 9V




-Turbine Fuels
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The impact of contamination in Middle Distillation fuels?



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

ASTM D8110

* 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 s
from direct distillation of petroleum.

It's very important feedstock for gasoline !
formulation.

YOUR SCIENTIFIC SPECIALIST




/

i
g

(I (ll
\\\."WHHHH
*HUHHJHUH
iMHHI)HIH!H
1iHHHH\!¥|HlH

EHHHIHI
1

wl;HHHHIH!




g ]




W W

Hydrogen

Li

Lithium

11
Na

Sodium

19
K

Potassium

37
Rb

Rubidium

55
Cs

Caesium

87

Analyte -« Interferences
Be Excitation | Th |312997 5000/ I
Beryllium Be (234.861) Intensity 2 Ag 313.002 818|1
Excitation v 313.027 450000/ 1
12 Be (313.107) Intensiy 1 Ce |313.033 11429| 1
Excitation Be  313.042 40000000 1
excrtatior
Mg_ Ta  |313.058 51154/1
MEGRESIMY | | Be (265.045) Bu [313.073 10000 1
20 Ho  [313.077 25000/ 11 7
Be (249.473) |Intensity Rh  [313.079 9311
Ca Bx Nb  |313.079 300000 I Co
Calcium Be (332.134) Intensity 2 Gd 313.081 8966 I Cobalt
Excitat v|Ti [313.081 70000(1 ¥
38 Interferi i 15
nterfering Lines
Sr - Rh
Strontium D Rhodium
35000000
56 17
30000000
Ba 25000000 Ir
Barium Iridium
20000000
88 15000000
Ra 10000000
Radium 5000000
o i3
313 31301 31302 31303 31304 31305 31306 31307 31308 =
Wavelength (nm)
Europium
90 91 92 93 94 95
Th Pa u Pu Am
Thorium Protactinium Uranium Neptunium Plutonium Am

28
Ni
Nickel
46
Pd
Palladium
78
Pt

Platinum

64
Gd

Gadolinium

Cm

Curium

29

Cu

Copper

47

Ag

Silver

79

Au

Gold

65

ww

Tb

Terbium

Bk

Berkeliun

30
Zn

Zinc

48
Cd

Cadmium

80
Hg

Mercury

66
Dy

Dysprasium

@

a3

Cf

Californium

B

Boron

13
Al
Aluminium
31
Ga
Gallium
49
In
Indium

81
Tl

Thallium

67
Ho

Holmium

o
©

Es

Einsteinium

C
Carban
14
Si
Silicon
32
Ge
Germanium
50
Sn
Tin
82
Pb

Lead

68
Er
Erbium
100
Fm

Fermium

N

Nitrogen

15
P

Phosphorus

33
As

Arsenic

51
Sb

Antimony

83
Bi

Bismuth

69
Tm

Thulium

101
Md

ID Detector

Se

Selenium

52
Te

Tellurium

84
Po

Polonium

70
Yb
Ytterbium
102
No

Nobelium

2
He
9 10
F Ne
Fluorine Nean
17 18
Cl Ar
Chlarine Argan
35 36
Br Kr
Kryptan
53 54
I Xe
lodine Xenon
85 86
At Rn
Astatine Radon

71
Lu

Lutetium

103
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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 ‘1
Multi-Element Analysis of Crude Oils using ( /|

Inductively Coupled Plasma Atomic Emission Spectrometry u ||

INTERNATIONAL
T tandards Waorldwide

Diluent Preparation

Internal Standard concentration

Solvent is about 10 — 20 mg/kg




ASTM D7691

Multi-Element Analysis of Crude Oils using ( 7
Inductively Coupled Plasma Atomic Emission Spectrometry —u ||
INTERNATIONAL

-.T rani .|I.- 1r( .'I""' I.-".-."rli I ft .'I.'"..".' [ .'.' -

- Standard x grams

Standard Preparation - Base oil 4x from standard
* Diluent 45x from standard

Calibration | Organometallics [Base oil Diluent | Final concentration
point Standard (q) (9) (9) (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 ! uj|

‘ INTERNATIONAL
™9

? ra .’J(.I'.- AN 15 ';'j'.-'rl.".i rldwide
Sample handling and preparation
**x* It is not required when the sample is at a low pour point.*** I

Mgy
Ty

2 3 7
50 —-60 °C
|
%i
b
) I
|
Heat the specimen at 50 — 60 °C Mix to homogenize the specimen 3 . Ldlyz
>



ASTM D7691
Multi-Element Analysis of Crude Oils using 7
Inductively Coupled Plasma Atomic Emission Spectrometry !ujl

INTERNATIONAL

Standards Worldwide

Operating and Method parameter

\l_l‘ll!\,\‘mllll\lll
.

Torch Quartz torch

Nebulizer V-groove nebulizer

Spray chamber Organic Spray chamber

Injector Quartz1.0 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 2.0L/min

Nebulizer gas flow 0.65 L/min

Radial Viewing 10 mm S | dlyz
Height _
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20

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

25991

180

160

140

120

100

20

60

40

20

34143

2500

2000

1500

1000

R T

309.27

309.28

309.29

3093

309.32

309.33

309.34

V 309.311 nm

309.35

Recovery [%]

Fote.

140
130
120
110
100
90
80
70
60
50

Y 360.073 (ASTM D7691-16-Radial-FR) |

15
Sample Number

/

INTERNATIONAL

Recovery [%]

110

-
o
o

-
o
o

95

Fe 259.940 (ASTM D7691-16-Radial-IFR)
V 309.311 (ASTM D7691-16-Radial-iFR)

o}

Recorsy Ruee [T

Ni 341.476 (ASTM D7691-16-Radial-IFR) |

20

30

40
Sample Number

50

60

70




ASTM D7691

Multi-Element Analysis of Crude Oils using

Inductively Coupled Plasma Atomic Emission Spectrometry

Ratio

Calibration [EYES

0.020 +

0.015 +

0.010 +

0.005 +

0.000

Ratio

0.07

0.06 -

0.05 1

0.04

0.03 -

0.02

: : : : |

T T T T T T

0.08 -

Ratio

05 +

0.0

Concentration [ug/g]

ONAL
rfdwide

Parameter

) =b"x+a

Gonfidence Deltaat 90%

StdErm

Parameter

fx)=b'x+a
Confidence Defta ot 90%

StdEm

Parameter

) -bx+a
Confidence Defta at 90%

StdEm

Rel. St [%]

R 0.999]
BEC -0.060 ugfg BEC| 0.001 pgig| BEC| 1404 yglg|
IDL{LOD) 0,121 pgfg| IDL{LOD) 0.011 /g ) IDL{LOD) 0.035 uglg|

Ratio

Calibration ST

Calibration [T

035 f-T-~

0.30 +

025 +

0.20 +

Ratio

0.15 +

0.10 +

005 +

Concentration [pg/g]

Parameter

) -b'x+a
Confidence Delta at 90%

StdEm

Parameter

flx)=bx+a
Confidence Delta at 0%
+/-0.000

a -0.001 +/-0.000 0.000) 0.000} a 0.001 +0.000 0.000 0.000)
R 0.997] R 1.000
BEC 0128 gl BEC| 0.036 ug/g|
IDL(LOD) 0.006 ug/g - IDL(LOD}| 0.002 ug/g|




ASTM D7691 ~.
Multi-Element Analysis of Crude Oils using (

Inductively Coupled Plasma Atomic Emission Spectrometry —ul ] / |
INTERNATIONAL

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 LOD = 3SD of sample blank
Fe 259.940 Radial 0.007 0.025  (Repeat 3 times, 10 vial)
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




ASTM D7691

Multi-Element Analysis of Crude Oils using

Inductively Coupled Plasma Atomic Emission Spectrometry

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

Al
Ca
Fe
Na
Ni
Si
V

0.006
0.071
0.007
0.152
0.023
0.028
0.007

0.021
0.237
0.025
0.506
0.078
0.093
0.022

INTERNATIONAL

T tandards Worldwide

Element mg/kg
Aluminum 1
Barium 0.2
Boron 1
Calcium 0.1
Chromium 0.1
Copper 0.1
Lead 1.4
Magnesium 1
Manganese 0.1
Molybdenum 0.2
Phosphorous 1
Potassium 0.5
Silicon 4
Zinc

0.5



ASTM D7691
Multi-Element Analysis of Crude Oils using ' /|

Inductively Coupled Plasma Atomic Emission Spectrometry !
INTERNATIONAL

Standards Worldwi

Table 1. Certified Values =y é:\"aiimml Aunstitute of Standards & Technology
ey

Element Mass Fractions Methods of Analysis Certificate of -'AH&[QEIE
(me'ke) Standard Reference Material® 1634c
c Trace Elements in Fuel Oil

I+

0.0051 ICP-MS, INAA This Standard Reference Material (SRM) is intended for use in the evaluation of methods and the calibestion of

Cobalt 0.1510
! PR R 2 apparatus used for the determination of trace chements in fuel oils and other materials of a s
Nickel 17.54 + 0.21 ID-ICPMS., LEI SRM 1634 is a commercial “No. 6" residual fuel ol as defined by ASTM D396 - 13¢ Standard Specification for

Fuel (hils [1]. A unit of SRM 1634 consists of 100 mL of the fuel oil.
=
Vanadium 28.19

040 ICP-AES, INAA Certified Values: A NIST ce

I+

tified value is a value for \\l ch NIST has the highest confid
that all known or suspected sources of bias have been inve: ted or taken into account [2]. The certified values for

S — — — — SRM 1634¢ were established usil [hL equally weighted means of the results of two independent analytical
methods. Certified values reported as mass fractions and their uncertainties are listed in Table 1 [3].

Reference Values: A NIST reference value is a poncertified value that is the best estimate of the true value based
on available data; however, the value does not meet the NIST criteria for certification [2] and is provided with
associated uncertaintics that may reflect only measurement reproducibility, may not include all sources of
uncertainty, or may reflect a lack of sufficient ical ag ent among multiple analytical methods. Reference
values reported as mass fractions and their uncertainties are listed in Table 2 [3].

Information Values: A NIST information value is considered to be a value that will be of use to the SRM user, but
the uncertainty sssociated with the value or oaly a limited number of
alues cannot be used 1 establish merological traceability. Information

insufficient information is available to as
analyses were performed [2]. Information
values as mass fractions and property values are given in Table 3 [3].

1634e lot is valid, \Mlhm the measurement uncertainty

Wavelength Viewing  SRM 1634c Measured by Recovery s i s e

in this certificate (sec “Instructions for Storage and Use™). The certification is nulluﬁuj |rthL SRM i da

(nm) mode (mg/kg) ICP-OES Percent e S ot 7 e N o et

oceur that affect the ification before the expiration of this ifi NIST will
ration (see attached sheet) will facilitate notification.

Analyte
Ni 341.476 Radial  17.33-17.75 17.40 99.2 S

Overall direction and coordination of the analytical leading 10 certification were performed by

R.L. Watters, Jr., of NIST,

V 309.311 Radial  27.79 - 28.59 28.07 99.6 ons s i ot o i e v g ) S ety of T 1

(Beacon, NY'); and by U. Reus, H. Buddeker, and A. Prange of GKSS Rescarch Center (Geesthacht, Germany).

rlow and certification

ity studies by X- fluorescence were performed by PLA. Pella and AF
for the various clements were performed by DA Becker, R. Demiralp, 1.D. Fassen, R.R. Greenberg,
. Murphy, P.J. Paulsen, M.S. Rearick, R Sarsswati, G.C. Turk, LJ. Wood, and L. Yu of the NIST

Chemical Sciences Division.

Statistical analysis was performed by S.B. Schiller of the NIST Statistical Engincering Division.

Carlos A. Gonzalez, Chief
Chemical Sciences Division

Gaithersburg, MD 20899 Sieven 1. Choquetic, Dirccior
Certficate Tssue Date: 21 October 2020 Office of Reference Materials
¢ o Last !

SRM 1634¢ Page | of 3



Multi-Element Analysis of Distillate Products by
} iICAP RQplus

S ASTM D8110-17

This analysis includes Aluminum, Arsenic, Calcium,
Copper, Iron, Lead, Magnesium, Nickel,
Potassium, Sodium, Vanadium
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Spec Element coverage of ICP-MS

Pu Am Cm Em
B (- E (- [Tt O O _— -
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Sci
Spec 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).
ﬂ This is achieved by ionizing the sample with inductively coupled plasma and then
|

using a mass spectrometer to separate and quantify those ions.

S
o — c c
c
S g 2 S 2 S
© N © © © = .
o c N N N ¢ Solutiondroplet
>; R s = Gas o : e
e - lons 2 Atom § a Solid 2
V c = — (1] )
N - © > T
+
MX (MX),
/ N\
/// \
’/ (| \‘\
\/ ‘ a o - — s
\ +ti+q = 9 Torch —-se L ‘
\ ) P R aROEERENIR 0. J Nebulizer
\\\ t J // &3
\\\ // Spray chamber ——— § 0=

Atmospheric pressure
YOUR SCIENTIFIC SPECIALIST
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Spec 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 1, ' "
Skimmer cone '
Extract/on lens -

<1x10™ torr

Interface

@mii’:ril-i _‘

Atmospheric pressure

YOUR SCIENTIFIC SPECIALIST
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Spcc Polyatomic interference

40Ar.1 GO
4OCa1 60

4OAr3SCl

ANALYTE | POTENTIAL INTERFERENT PRECURSORS

4550 13C180, 12C18QO.H, 44CaH, 32812CH, 281¢C, 33812¢ | H,C,0,8,Ca

T 31P16Q, 46CaH, 35CI12C, 325 14NH, BN H, C,N,O,P,S,ClCa
49T 31p180: 4BCaH, 3EC|14N, 3?C|12(3: 328150H, 335160 H, C, N, O, P, S ClCa
50T 345150, 328180, 3EC|HNH, CI2CH H, C, N,QO,S,Cl

51\/ 3EC|1EO, 3?C|14|\|, 345160 H H, O N, S ClI

20 BAFIEQ  40AF12C IBCIBOH, FTCIT4NH, #4880 H . C, O N,S ClAr
**Mn FICI"BO, ©Na’28, “Na*'PH H, O, Na, P, S, Cl Ar
56Fa 4'3Ar150, 40Ca160 O: Ar: Ca

5TFe “'JAHEOH, 41Ca%0H H, O, Ar, Ca

58N “'JAHBO, 41](:5180: 22Na35C] O: Na: C|: Ar: Ca
59Co “'JAr"BOH, 4303150: 23N a35CIH H, O, Na, Cl, Ar, Ca
60N 4403150, 23Na¥C| O, Na, Cl, Ca

®TNi #4Ca'®OH, **Ar¥Na, **Na‘’CH H, O, Na, Cl, Ca
B3Cu 4'3Ar23Na: 12015035@: 12014N3?C|: 31p325: 31p1502 C.N, O, Na, P, S Cl
847n 3281502: 3252: 35Ar12(3150: BBAeruN: $BCa160 C.N, O, S ArCa
B5C 3251502H, SESQH: 14N15035C|, 480 8 16OH H: |\|: O= S: C|= Ca
667N 34g 16 32634G 33 48C 180 0,C,S

69Ga 3251802H, 3432H, 3?C|1502 H, O, S, Cl

9Zn 34318Q,, #Cl, 0, 5, Cl

SAs “0Ar#SH, 40Ar¥Cl, +9Ca *2Cl. *'ClH H, S, Cl, Ca, Ae
77Se 4OAr F1C|, 40Ca FTC Cl, Ca, Ar

78Se 40A AT Ar

80Se 40Ar, 40Ca,, *0Ar*lCa, 325,180, 28160, Q.S Ar, Ca

YOUR SCIENTIFIC SPECIALIST
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Spec KED — Kinetic Energy Discrimination

- 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

lonic Radii (pm)

Simple Species

YOUR SCIENTIFIC SPECIALIST

Quadrupole setto

filter out exact mass

R
of target analyte
e.g. /5As+
-18V
ArCl™*
21V
.‘ ®
@
75AS+
40Ar35CI*




Spcc 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

YOUR SCIENTIFIC SPECIALIST




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

» Xational Institute of Stmdards & Teelmology

Standard Test Method for Elemental Analysis of Distillate B Certificate of Analysis

Standard Refarence Matenal™ 1634¢

Products by Inductively Coupled Plasma Mass
Spectrometry (ICP' M S) e e e o e e B S S o St

.
» covpmenc il ¢ detrad by ASTM DOPE « T3¢ Swmviond Spvitoaan Oe
Foal U1 A v of SR 2604

sghaus condidmace & i
T

A NTST ferwnce <shon v 5 oo ortfied <abse St
w. e vadae doss 2ot Taeet B NTST croena &
bty reflecs enly sweverwmwnd repreducibiity
griect 3 ack of wfficier vatancal agreses mmong meliph
B onans mod Goonr v s e Lsed i Tkle 2 [3)

Designation: D8110 - 17

Certified Values

Standard Test Method for

Elemental Analysis of Distillate Products by Inductively
Coupled Plasma Mass Spectrometry (ICP-MS)’

Thiz mandard @ boocd usder (he Sxod Sosigrasion DELIO; the muonbvr immedistely fellowing de designation lndhcates e yoar of u 1’*!-.'1"1‘
origiaal adoption oc in the cxie of sevision, the year of dast sevision. A weenbis s prenieses indicates the yeur of last mappeoval. A
wapeosript epuiben () indicites en cdaueial Change Bnce the last sevision o reappeeval

Cobalt
Nickel .

Vanadium 28.19
Arsenic 0.1426 £ 0.0064

INTRODUCTION

AR, Wadig 12 CAEBGTOR Ve pedaied By

<3
Ln
N
I+
S
I

Certain elements present in digtiltae petroleum can cither adversely or constructively affect the
performance of the peoduct nnd thes impacts its utility and market value, The industry has traditionally
refied on inductively coupled plasma atomic emissiva spectrometry (FCP-AFS) or stomic absocption
spectroemeliry (AAS) 1o determine the concentration of these elemenls proscot in the product. As
specifications have hecome muore stringent, & meed (o cxlead these messurements Lo lower
pMoying mare scnsitive measurement technologics has acisen. Inductively

were pertormaed Uy 1 Swbe formeely of Twesco, L
o Al GXSS Rurerct Conter (Growitucht Ones

H
S
4
=

formsed by PA Mls and AF Murdew wad Cemticme
DA Becke, X Duzieap, 10 Srues. X0 Coweisng
LS, GC. Tek, LY Wood asd L Ye of te NIST

concentrations by cm

1 coupled plasma mass spectrometry is deal for this application for most distillate petrodeum products. 1 “3 + ‘:
By applying ICP-MS for elemental analysis of these products, the coscontration tange of detectable SE|EI‘II um {} I (.l..ﬂ - UU{}- E 1£) ST
clements can be extended [rom low 0 sub ng/g (ppb mess) to 1000 ng/g (pph mass) for some Bari“m 1 E
‘ elements #
Soevem 7 ¢ e, Dowcrsr

Ot 0 of Raferssa s Mawrals

Chlorine 45
Sodium 3

Pape b ot




Sample Preparation Procedures

Measured density of
Standards and Sample.

ICP-MS model iCAP RQ
Thermo Scientific

[ == = | == =
‘........
= = =
uLTRASONIC (50
0 O HEATER TIMER

Before diluting, it's homogenized by

sonication.

For very viscous oils, the sample

can be pre-heated to 60 °C,
15 min.

/ e /.7
Weighing the appropriate Vortex mixer
amount. to homogenized

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.



Operating parameters of iCAP RQplus ICP-MS

Torch

Torch

Nebulizer
Spray chamber
Injector

Interface

Sample tube
Drain tubing

Plasma RF power

Coolant gas flow
Auxiliary gas flow

Nebulizer gas flow

Quartz torch organics

Quartz torch organics

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

Cyclonic Quartz
Quartz 1.0 mm ID

Pt Sample cone
Pt Skimmer cone

Solvent Flex pump tube 0.51 mm ID (Orange/White)
Solvent Flex pump tube 1.02 mm ID (White/White)

1550 w

14 L/min
0.8 L/min

0.5 L/min

Sample cone
Skimmer cone

Nebulizer



Measurement mode and limit of detection information

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 LOD = 3SD of sample blank
Pb KED 208 0.24 . :
Si KED 78 36.81 (Repeat 3 times, 10 vial)

V KED 51 0.55




%Recovery of SRM 1634c Trace Elements in Fuel Oil

SRM 1634c
(mg/kg)

Analyte Mass
(m/2)

Measure by ICP-MS
Conc. (mg/kg)

%Recovery

As 75
Na 23
\' 51
Ni 60

0.1362 - 0.1490
37.0

27.79 — 28.59
17.33-17.75

0.14
36.98
28.55
17.33

98.60
99.94
101.06
98.80

%Recovery 95 - 105 %

M| MO | ]|

60Ni (KED_Or

P G|

2 3000
£

= 2000

Intensity [cps] (1073)

V . . . . . . . . . . T . 000 :

T
T
3

1000 :

] 3
Concentration [gikg]

Concentration [ug/kg]

Concentration [ug/kgl

Concentration [ppb]
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SUMMARY

The iICAP PRO Series and iICAP 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 D81 10 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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