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Oil Types

Diesel
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Different O1l Types = Ditferent Sample
Introduction Challenges

Crude Solidified at Room Temperature
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Different Oil Types = Different Sample Introduction
Challenges

Viscosity and Physical Properties

!

Sample Uptake, Nebulization, Aerosol Transport

!

Sample Introduction Components
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Standard Test Method for

Multielement Determination of Used and Unused Lubricating
Oils and Base Oils by Inductively Coupled Plasma Atomic
Emission Spectromelry (ICP-AES)’
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Standard Test Method for

Determination of Additive Elements in Lubricating Oils by
Inductively Coupled Plasma Atomic Emission Spectrometry’
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High-Solids Capable Nebulizer is Recommended
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7.3 Nebulizer—A Babingion-type™* high-solids nebulizer
is strongly recommended. This type of nebulizer reduces the
possibility of clogging and minimizes aerosol particle effecs

7.4 Peristaltic Pump, (Recommeéndedq—f p=tiorsiuc
pump is strongly recommended to provide a constant flow of
solution, The pumping speed must be in the range 0.5 10 3
mL/min, The pump tubing must be able to wn'hstqnd at leas)
6 h exposure to the dilution solvent. Viton tubing is typically
used with hydrocarbon solvents, and poly-vinyl chloride
twbing is typically used with methyl isobutyl ketone.

1.5 Solvent Dispenser, (Optional)—A solvent dispenser
calibrated to deliver the required weight of dilution solvent
for a ten-fold dilution of test specimen is very useful.

7.6 Specimen Solution Conlainers, '30 10 120 mL (! 10 4
oz.), glass or plastic vials or bortles, with scTew caps.

7.1 Ultrasonic Homogenizer, {Recangmended)—A bath-
type or probe-type ultrasonic homogenizer to homogenize
the sample, .

1.8 Vortexer, (Optional)—Vortexing the sample is an
alternative to ultrasonic homogenization.

8. Reagents and Materials

8.1 Purity of Reagents—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended
that all reagents conform to the specifications of the Com-
mittee on Analytical Reagents of the American Chemical
Society where such specifications are available.® Other grades
may be used, provided it is first ascertained that the reagem
is of sufficiently high purity 10 permit its use withour
lessening the accuracy of the determination.

8.2 Base Oil—U.S.P. white oil, or a lubricating base oil
that is free of analytes, and having a viscosity at room

temperature as close as possible to that of the sarnples to be
analyzed.

NotE 2. Caution—Lubricating base oils contin sulfur, For sulfur

detcrminations, white oil s rccommen o i
e ded for the preparation aof

8.3 Internal Standard—oﬂ-éolublé cadmium, cobalt, or

yitrium'® are required when the internal standardization
option 1s selected.

8.4 Organomerallic Standards—Multi-~lement standards.
containing 0.0500 mass % of each element, can be pre
from the individual concentrates. !0 Refer to Practice D 4307
f;' :d procedure for preparation of multicomponent liquid
blends. When preparing multi-element standards. be cartain
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Images of Non-concentric Nebulizer,
Compared to Glass Concentric Nebulizer

NON-CONCENTRIC
GAS CHANNEL CONCENTRIC
is larger than GAS CHANNEL
concentric sample converges to a
channel small and restricted

area which easily clogs

SAMPLE

CHANNEL
NON-CONCENTRIC GAS CONCENTRIC
SAMPLE CHANNEL CHANNEL SAMPLE CHANNEL
is 0.75 mm or 5x is very small
larger than concentric at 0.15- 0.25 mm

sample channel



OptiMist® Nebulizer Sample Introduction

Geometry Prevents Blockages

A

1.0mm ID
0.50-0.75 mm /

0.50—-0.80 mm

N
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Robust and Reliable Nebulizers for Oils Analysis

OptiMist® Ultimate and  OptiMist® Extreme

US Patent # 11,378,518
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Carbon “Bullet” in Organic Matrix
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Limitations of Organometallic Standards
for ICP-OES/ICP-MS QOil Analysis

*Carbon Build-up on the Torch
*Excessive Wear of the Sample Introduction Components

!

EXTRA MAINTENANCE

!

SIGNIFICANT COST for HIGH PRODUCTIVITY LABORATORIES!



Limitations of Organometallic Standards
for ICP-OES/ICP-MS QOil Analysis

* Calibration Standards Must be Prepared Dally!
» Separate Calibration for Sulfur is Required

Organometallic Standards are Made from Sulfonated Compounds

* Shelf Life: 6 - 12 months
e Limited Availability of the Analytes

QTS



Sample Deposition (Carbon Buildup)
on the Torch Injector Tip




Sample Deposition (Carbon Buildup)
on the Torch Injector Tip
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Sample Deposition (Carbon Buildup)

Inside the Torch Inside the Torch Injector
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Limitations of Organometallic Standards
for ICP-OES/ICP-MS QOil Analysis

« Carbon Build-up on the Torch
» Excessive Wear of the Sample Introduction Components
* Calibration Standards Must be Prepared Daily!
» Separate Calibration for Sulfur is Required

Organometallic Standards are Made from Sulfonated Compounds
* Shelf Life: 6 - 12 months
* Limited Availability of the Analytes

QTS



Aqueous Calibration - Why NOT?

Aqueous Standards and Oil Samples are
not Naturally Compatible (Mixable)

What if They Could Be Mixed?

QTSP



Could Aqueous Calibration with ASOSolv '™
Provide a New Approach to ICP Oi1l Analysis?

* Reduced Carbon Build-up
* Reduced Wear of the Sample Introduction Components

* Stability after Dilution with ASOSolv ™ - TWO WEEKS!
*?

* )
e
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Thank you for your attention!
Questions ?

SERGEI@TXSCIENTIFIC.COM

WWW.TXSCIENTIFIC.COM
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Introducing ASOSolv™

MIKE BOOTH, INNOVATIONS AND APPLICATIONS DEVELOPMENT MANAGER

™

ic Refine your results.

m INORGAN _
VENTURES | Redefine your industry.




WHAT IS ASOSOLV™

« ASOSolv™ is a newly developed solvent used for the

ICP analysis of oil samples

« ASOSolv™ is comparable to other commercially available solvents for
metals analysis of oil samples.
« ASOSolv™ is unique due to its compatibility with agueous standards.

Aqueous Standards in Organic Solvent

a INORGANIC | Refine your results.
VENTUR ES | Redefine your industry.



WHAT IS ASOSOLV™ NOT?

« ASOSolv™ is not a direct replacement for
traditional organometallic standards.
« ASOSolv™ is a part of sample/standard prep.

* No CRMs will be provided in an ASOSolv™ matrix as a stock or custom at this
time.

INORGANIC | Refine your results.
VENTUR ES | Redefine your industry.



BENEFITS OF ASOSOLV™

Flexibility

o Compatible with both aqueous and traditional organometallic CRMs

High Purity Solvent

o Trace Metals Impurity Data for 66 elements on each lot of ASOSolv™

Sustainability

o ASOSolv™ is sourced from green, less toxic starting materials compared to traditional solvents

Clean Workflow
o ASOSolv™ leaves little to no carbon buildup on ICP Sample Introduction Systems

INORGANIC | Refine your results.
VENTUR ES | Redefine your industry.



BENEFITS OF ASOSOLV™ &
AQUEOUS CRMS

* More Elements
o CRMs designed for use with ASOSolv™ will include 33 elements. Sulfur included!

 Easy Standard Preparation
o CRMs are designed for fast and easy 10x dilutions to reach working standard concentrations.

o Stability

o Prepared working standards are stable for weeks.

INORGANIC | Refine your results.
VENTURES | Redefine your industry.



BENEFITS OF ASOSOLV™ &
AQUEOUS CRMS

 More Tests Per Bottle

o Aqueous CRMs are certified in wt./wt. with a density much higher than
traditional organometallic standards.

o 30% increase in analyte comparing a 500mL of aqueous CRMs vs. 400g of
traditional organometallic CRMs when ug/g concentrations are the same.

» Benefits of an IV Stock

o Fast 2-day turnaround time for ASOS Series CRMs, designed for use with ASOSolv™.
o 5-year TCT shelf life

a INORGANIC | Refine your results.
VENTURES | Redefine your industry.



HOW TO USE ASOSOLV™

» |f using traditional organometallic standards:
o Simply dilute as you would with any other solvent!

» |f using aqueous standards:

o We recommend using our ASOS series standards and perfroming 10X dilutions.

o For ASOSolv™ to remain effective,
the organic solvent must remain
as 90% of the matrix.

o The ASOS CRM series is split for

stability and to prevent spectral
interferences.

m INORGANIC | Refine your results.
VENTURES | Redefine your industry.
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Results NIST SRM 1085¢c NIST reported 95% Percent Recovery NIST SRM
NIST SRM 1085¢ Certified Values Coverage Interval 1085c Certified Values
Best Lines (nm) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Ag 328.068 292 290-309 98.0%
Al 167.078 292 264 - 321 100.0%
B 182.641 311 4 301-308 102.3%
Ba 230.424 301 306 296 - 317 98.4%

15

K 766.491 282 282-309 95.6
294 294-305 98.0%
298 289-311 99.7%
Mo 203.909 3 295-316 101.3%
Na 589.592 2 289-310 97.7%
Ni 231.604 299 295-316 97.7%
P213.618 302 302-307 99.3%
Pb 220.353 308 294-312 101.7%
Si 288.158 297 288-297 101.4%
Sn 189.991 292 291-306 98.0%
Ti1334.187 299 288-311 99.7%
V 292.464 291 278-291 102.1%
Zn 334.502 281 273-296 98.6%
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INORGANIC | Refine your results.
VENTURES | Redefine your industry.

S

RESULTS OF USING
ASOSOLV™ & AQUEOUS
CRMS

NIST SRM 1085c

Tested against a calibration curve
made from aqueous CRMs
diluted in ASOSolv™

Most elements returned results
within 2% of the certified values



ASOSOLV™ PURITY & EDIBLE OILS
APPLICATIONS

' Samples ADD
1 1 @ 05 sy’g BORDONDZ?_IV.7
1 1 FAVLR06 T T08 AM
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* Low Trace Metals
Impurity levels in
ASOSolv™ open the
door to low detection
limit applications.

Display Options:

INORGANIC | Refine your results.
VENTUR ES | Redefine your industry.

0 ug/g As Standard



ASOSOLV™ PURITY & EDIBLE OILS
APPLICATIONS

* Low Trace Metals
Impurity levels in
ASOSolv™ open the
door to low detection
limit applications.

iNORGANid Refine your results. ‘ | o
VENTURES | Redefine your industry. o || * o — e L e 8mre

0.15 ug/g A—S_Standard




ASO SO].VTM IV Part # Size (mL) Kit Price

Pr d ASO0S-1-CAL-500PPM 2x500 $404
ts &

O uc S ASO0S-1-CAL-200PPM 2x500 $299
Pl'lClng ASO0S-1-CAL-100PPM 2x500 $265
ASO0S-1-CAL-50PPM 2x500 $256

ASOS-1-CAL-10PPM 2x500 $239

ASO0S-1-CAL-5PPM 2x500 $234
500 mL $58 ASOS-1-CAL-2.5PPM 2x500 $232

1 gallon $108 ASOS-1-CAL-1PPM 2x500 $231

5 gallon $478 ASOS-1-CAL-BLANK 2x500 $230




* CRMs deSigned for IV Part # Size (mL) Kit Price
ASOSolv™:

AS0S-1-CAL-500PPM 2x500 $404
 Designed to be diluted 10x
each to support working ASOS-1-CAL-200PPM 2x500 $299
standards ranging from O-
50 pg/g ASOS-1-CAL-100PPM 2x500 $265
. o @
Elements Spllt IntO AS0S-1-CAL-50PPM 2x500 $256

two matrices:

. Ag, Al, B, Ba, Bi, Ca, Cd, Cr ASOS-1-CAL-10PPM 2x500 $239
Cu, In, K, Mg, Na, Ni, P, Pb,

S and Srin HNO3 ASO0S-1-CAL-5PPM 2x500 $234
» As, Be, Fe, Hg, Li, Mn, Mo, ASO0S-1-CAL-2.5PPM 2x500 $232

Sb, Se, Si, Sn, Ti, V, Zn, and

Zrin HCI/HE ASOS-1-CAL-1PPM 2x500 $231

ASOS-1-CAL-BLANK 2x500 $230




CAN ASOSOLV™ BENEFIT YOUR
Reliable Supply Chai WORKFLOW?

o Organometallic standards are difficult to source consistently, with slow response times and long order lead times.
ASOSolv™ and ASOS series CRMs are stock products.

Adressing Standard Instability

o Organometallic CRMs can be prone to quality and stability issues due to their starting materials, causing lot-to-lot
variability. Ageuous standards are shelf stable and working standards diluted with ASOSolv™ are stable for 2 weeks!

Struggle with Instrument Downtime?

o Carbon buildup on the ICP Sample Introduction System forces analysts to stop, clean, or swap equipment between oil
and aqueous sample runs. ASOSolv™ burns clean and limits carbon buildup.

Running Both Oil and Aqueous Samples?

o Switching between oil and water-based analyses requires significant time, equipment changeover, and added
maintenance overhead. Try running both sample types in ASOSolv™!

Limited Element Coverage with Traditional Organometallic CRMs

o Stock ASOS series CRMs cover 33 elements including sulfur! Other CRMs can be designed as custom products tailored
for easy use with ASOSolv™, including expansion into rare earth elements.




A SMARTER APPROACH
to OIL ANALYSIS

METHODS, CHALLENGES,
AND MODERN SOLUTIONS
FOR ICP LABORATORIES

Traditional oil analysis methods can introduce
challenges related to solvent handling, standard stability,
and contamination control. This guide explores practical

approaches to elemental analysis and demonstrates
how ASOSolv™ supports safer, more flexible workflows
for wear metals, additive elements, and edible oils.

TRUSTED BY LABS WORLDWIDE SINCE 1985

MORE ASOSOLV™ RESOURCES

APPLICATION NOTE

Testing Wear & Additive Metals in Lubricating Oils
ICP-QES Analysis Using Aqueous CEMs and ASQOSolv™

Summary

Inorganic Ventures has developed a hybrid aguecus/organic sehvent ayatem for ICP-0ES calibration of wear
and additive metals in lubricating oils. This approach pairs aqueous inorganic certified reference materiala
(CRMz) with AS0Sol™, a bio-derived organic aclvent that provides complete miscibility for both aquecus
standards and cil samples. The method was validated againat MIST SRM 1085¢ (Wear Metals in Lubricating
@il), with most elements recovering within 2% of certified valuea. The hybrid approach covers all elementa
required by ASTM D5185-18 and ASTM D&595-16, adds aulfur to the calibration panel, and ia compatible with
both agueous and traditional organometallic CRM workflows.

Background

The determination of wear metals, additive elements, and contaminamts in lubricating & base cilz by ICP-0ES
i a critical quality and condition monitaring tool for engines, gearboxes, and industrial machinery. Theas
analysea have traditicnally relied on crganemetallic certified reference materials (CRMz). While functional, this
approach carries well-documented limitationa: organometallic standards have variable long-term stability,
impede the analysiz of aulfur (a key diagnostic element), and reguire dilution in solvents auch as kerosene or
xylene that present significant heakth and envirenmental hazards.

Inorganic Ventures has developed ASOSolv™ to address each of these limitaticne. By using agqueous inorganic
standards diluted in AS0Sclv™, laboratories gain the stability and traceability of aqueous standarda while
retaining full compatibility with their existing oils teating workflowa.

Method Overview

Calibration Standards

The ICP-0ES was calibrated for 27 elements waing two aeta of six calibration standarda (0.1, 5,10, 20, and 50
pg/g). Standards are prepared &= 1:10 w/w dilutions of 10x agueous concentrates in AS05ch™, which
contained cobalt (Co) and yttrium (¥) a= internal standarda at concentrationa of 15 pafg and 5 pg/g.
reapectively. Thia single-step dilution proceaa mirrors the workflow already in uae in most oila testing
laboratorizs. For this experiment, the two standard sets were aplit by matrix for elemental stability:

= Set 1 (1% v/v HNO3): Aqg, Al B, Ba, Bi, Ca, Cd, Cr, Cu, Fe, In, K, Li, Mg, Mn, Na, Ni, B Pb, 5, V. and Zn (22 elementa)
= Set 2 (2% w/v HCl / 0.06% v/v HF): Mo, Sb, Si, Sn, and Ti (5 elements)

Sulfur ia included in the HNO; atandard set. This iz @ meaningful advantage as traditional organometallic
gtarting materials are commaenly alkyl aryl aulfonates, which contribute large, unquantified ameounts of aulfur
to the standarda and make S detarmination impossible. The aguecus inorganic S used in these hybrid
standarde containg no carmyover centamination, enabling accurate aulfur determination from the zame
calibration run.

Sample Preparation

il zamplea ara diluted 1:10 w/w directly with AS050lk™ containing Ce and Y internal standards. Becausa the
dengity of AS0Solv™ {~0.88 g/mL =t 20°C) iz close to the denaity of typical lubricating oila, velume-to-volume
dilutiona are aleo acceptable and conaistent with most current leboratory practices. This sample preparation

procedure was intentionally designed to mimic the traditional organometallic CRM workflow to minimize any

digruption during methed adoption.
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APPLICATION NOTE

Testing Trace Metals in Edible Oils
ICP-OES Analysis Using Aqueous CRMs and ASOSolv™

Summary

Inorganic Ventures has extended ita hybrid aquecus CRM/organic aclvent methodelogy to the analyais of trace
mietals in edible oila by ICP-OES. This approach uses agueous incrganic CRMa diluted in ASOSchv™, to calibrate
for 22 elements relevant to edible il safety and quality. The methed iz designed to meet the low detection

limit requirements imposed by international regulatery action limits for heavy metala in food-grade oils.
AS0Solv™a trace metallic impurity (TMI) profile and ultra-low background for regulated analytes make it
uniguely guited to this application, where salvent blank contributiona can be the limiting factor in achieving low
detection limita.

Background

Regulatory bodies worldwide zat atrict action limite for heavy metals in edible oils, reflacting the public health
gignificance of dietary expoaure to contaminamts such as arsenic, cadmium, lead, and mercury.

Element Action Limits (ppm)

Aa 0.10

cd

0.08-0.10

Zn

Table 1 Regulatory action limits for heawy metals in edible oils

Achieving these detaction limits reguirea not only sensitive instrumentation but also diluents and calibration
standards with rigorously controlled trace element backgrounds. Traditional crgancmetallic oil standarda and
many commercial aclventa are not well-auited to thiz tagk: their TMI profiles are not reliable, and background
contributiona from the diluent can elevate detection limita or create false positives for regulated analytes.
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