P T LR

Soclrade

WMHdopmaums B3siTa U3 canTa: https://soctrade.ua

AHanun3 cma3o4HbIX MmaTepuanoB cornacHo ASTM D5185 Ha
npudope Avio 200 ICP-OES

Mpu ncnonb3oBaHUM TAXKENTON TEXHUKU BaXXHO UMEeTb BO3MOXHOCTb OLleHUBaTb €e COCTOsIHNe
BO BpeMsA 3KcnryaTtauuu, 4nsa npefoTBpaLleHusi NoNIOMOK U JOPOroCcTOsILEro PeMOHTA.

KnrouyeBbIM acnekTom siBnsieTca MOHUTOPUHI COCTOAHUA Macria Ui CMa3oYvHbIX MmaTepuanos,
ucnonb3yemMmbiX AOnA CMa3biBaHUA pPa3/iMdHbIX KOMMOHEHTOB, TaKuUX KaK ABUrartenu,
TPpaHCMUcCcum, KOpOGKVI nepegady v MHoruve pgpyrume BaXHble 4YacTu: ecrnu CMa30Y4HbIN
mMaTtepuan CriMlKoM CUNbHO Agerpagupyet ninm CtTaHOBUTCA CUNTbHO 3arpsA3HeHHbIM, OH MOXeT
noBpeanTb pa3findiHble KOMMOHEeHTbI.

HeCMOTpﬂ Ha TO, YTO HeobxoaMmMo KOHTpONMnpoBatb MHOXeCTBO NapamMmeTpoB CMa3O4HOIo
mMaTepuana, coaepxaHuwe MeTansyioB npepocTaBnAeT I/IH(bOpMaLI,VII'O O COCTOAHUN KakK
AaBurartensd, Tak MU caMoro macna, U nomMoraet onpeaerintb COCTOoAHUME AOBUratena wm
Heo6XxoaAMMOCTb 3aMeHbI Macra.

U3-3a BaxkHocTU 3aToro, ASTM cosgano metoq onsa aHanu3a macen: metog D5185.

MocKonbKy KOHLEeHTpauMu MeTaryioB o0bl4yHO npeBbiwarT 1 ppm, D5185 onpepenset ICP-
OES kak aHanuMTu4ecKyro MeToauKy.

Ona nabopatopuMi C BbICOKOW MNPOMYCKHOW CMNOCOGHOCTbLIO, NpeanoyYTeHue oTpaeTcs
MHOroanemMeHTHbIM uHcTpymeHTam ICP-OES, 3a cnocobHOCTbL OAHOBpEeMEeHHO paboTaTb Ha
MHOIMX AfIMHaxX BOJSIH.

Tem He MeHee, cyllecTByeT GonbLUOE KONMYECTBO NnabopaTopuil C MEHLLUMMU KONUYeCcTBaMM
o6pasLoB, rae CKOPOCTb aHanu3a He CTOfb BaXHa.

B aTux cny4yaax ngeanbHbIM UHCTPYMEHTOM AABNSAeTCA 6onee geweBbin rMOpPUAHbLINA
ckaHupyrowmn ICP-OES.

dta pabota Oyamer cocpenoToYeHa Ha aHanu3e CMa3o4HbIX MaTepuanoB C MOMOLWbIO
ONTUYECKOro 3MMUCCUOHHOrO CMNEeKTPOMeTpa C MHAYKTMBHO-CBA3aHHou nna3moun (ICP-OES)
Avio ™ 200 ICP, BbInonHsAA 006blYHYIO peanu3auuio metoga ASTM D5185.

CCBIJIKA HA HICTOYHHUK:

https://www.perkinelmer.com/lab-solutions/resources/docs/APP_013123 01 Avio 200 ASTM D5185 In-
Service Oils.pdf



https://soctrade.ua
https://www.perkinelmer.com/lab-solutions/resources/docs/APP_013123_01_Avio_200_ASTM_D5185_In-Service_Oils.pdf

Soclrade

SocTrade noctaBnsieT n o6cnyxuBaeT cneyuanm3npoBaHHOE U aHaNUTUYECKoe
na6opatopHoe o6opyaoBaHue. CneumanuaMpoBaHHOe — 3HA4YUT UCNOSNb3YeTCH B pamMKax
oaHon oTpacnu. Mbl 0CO6eHHO CUNbHbI B OCHaLLEeHUU nabopaTopuin arpo- 1 NULLEeBoOMn
NpoAyKUUK, a TakkKe fTabopaTopmn, KOHTPONUPYHOLMNX Ka4yeCcTBO HechTenpoayKTOB.
AHanuTtunyeckoe ob6opyaoBaHue — yHMBepcarnbHoe, HO 6oree CnoXxHoe U ucnonb3yeTca Ans
BbICOKOTOYHbIX aHaNIM30B B Hay4YHO-UCCe[oBaTebCKMX UITN Pa3BUTbIX NPOMbILLSIEHHbIX
naboparopusix.

3a roabl paboThbl B 3TOM CPaBHUTESIbHO Y3KOMN, HO O4€Hb MHTEPECHON 061acT!, Mbl HaKONUIKU
OrPOMHbIN ONbIT, KOTOPbIM XOTUM AeNnUTbLCA. [Mo3aToOMy NPOBOAUM KPYroBble UCTbITaHUS,
pa3pabaTtbiBaem HoBble [ICTY, coTpyAHM4YaeM C MHCTUTYTaMun, NpeaocTaBssas UM
oGopynoBaHue AnNA uccrnenoBaTenbCKUX U obpa3oBaTesibHbIX Lienen, yHactByemMm u
opraHusyem nabopaTopHble BbICTaBKU U KOHdepeHunn. B obwem, ¢ aHTy3nasmom
noakno4yaeMca K nobon aesaTenbHOCTU, HaNnpaBfieHHOW Ha NOBbILWEHUEe YPOBHA KOHTPONA
KavyecTBa U eCTEeCTBEHHbIX HayK B YKpauHe.

Canrt: https://soctrade.ua/

TenedoH:
Ten/cakc, +380 (48) 757-87-88 (MHOrokaHanbHbIN)

000 "COKTPEWA" 65016, YkpauHa, r. Ogecca, yn. JlutepartypHas, 12, ocdomuc 206

AneKTpoHHas noyra: office@soctrade.ua



APPLICATION NOTE

Author:

Dave Hilligoss

PerkinElmer, Inc.
Shelton, CT

Analysis of In-Service Oils |
Following ASTM DS185 Introduction

With heavy machinery, it is important
Wlth the AViO 200 ICP_OES to assess its status during operation o

prevent breakdowns and costly repairs.

A key aspect is monitoring the status
of the oil or lubricants used to lubricate various components such as engines,
transmissions, gearboxes and many other important areas: if the oil degrades too
much or becomes highly contaminated, it can damage various components. While
many aspects of in-service oils need to be monitored, the metal content provides
information about the condition of both the engine and the oil itself to help
determine the health of the engine and when the oil needs changing. Because
of its importance, ASTM created a method for the analysis of in-service oils:
method D5185.
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Since metal concentrations are typically greater than 1 ppm,
D5185 specifies ICP-OES as the analytical technique, along with
specific criteria, as outlined in Table 1. However, many labs
that run D5185 process hundreds of samples a day, making
strict adherence to the method a burdensome task. As a
result, shortcuts are often taken to improve sample throughput
while maintaining quality data. The most common modifications
are also shown in Table 1.

Table 1. Highlights of ASTM D5185 and common implementation.

Specified Common
by D5185 Implementation

Parameter
Elements Al, Ba, B, Ca,Cr, Cu, )
Elements important

[ s, bk A, to the components
Mo, Ni, £ K, Na, Si, being testeg
Ag, S, Sn, Ti, V, Zn
Sample Preparation By weight By volume
Internal Standard Cd, Co,orY Co

Varies between
10-25 samples

+10%

QC Frequency Every 5 samples

QC Limits +5%
For high-throughput labs, simultaneous ICP-OES instruments
are preferred for their ability to run many wavelengths at the
same time. However, there are a fair number of labs with lower
sample volumes where analytical speed is not as important.

In these instances, a lower-cost, hybrid scanning ICP-OES is

the ideal instrument.

This work will focus on the analysis of in-service oils using
PerkinElmer's Avio™ 200 ICP Optical Emission Spectrometer!
(ICP-OES), following a common implementation of ASTM D5185.

Experimental

Samples and Standards Preparation

In-service oil samples were obtained and diluted 10x by volume
with V-Solv™ as a diluent, which was spiked with 40 ppm
cobalt (Co) (to act as an internal standard). Calibration curves
were made from a 75 ¢St base oil as a blank, three V-23 stock
solutions at 50, 100, and 500 ppm (PerkinElmer), and a Metals
Additives Standard (MA4) (PerkinElmer) which contains Ca at
5000 ppm and P, Mg, and Zn at 1600 ppm. The blank and all
standards were prepared the same way as the samples. The

50 ppm V23 and the MA4 standards were used as QC samples
during sample analysis. The 50 ppm QC was used for all wear
and contaminant metals, while the MA4 was used as the QC
for the additive elements.

Instrument Conditions

All analyses were performed on the Avio 200 ICP-OES running
in radial mode using the conditions in Table 2, with the
analytes and wavelengths listed in Table 3. These wavelengths
have proven over many years to be interference-free in this
application when using a spectrometer whose measured
resolution is equal to or less than 0.008 nm at 200 nm. The
nebulizer gas flow was adjusted so that the tip of the “green
bullet” in the central channel was just below the top flat
plate, as shown in Figure 1.

Table 2. Avio 200 ICP-OES instrumental parameters and conditions.

Parameter Value

Nebulizer GemCone™ (modified Babbington)
Spray Chamber Baffled glass cyclonic

RF Power 1500 W

Torch 3-Slot Avio torch for organics
Injector 1.2 mm ceramic

Plasma Gas Flow 10 L/min

Aux Gas Flow 0.8 /min

Nebulizer Gas Flow 0.40 L/min

Torch Position -4

Sample Uptake Rate 2.0 mU/min

Sample Uptake Tubing Black/Black (0.76 mm id), Viton

Drain Tubing Red/Red (1.14 mm id), SolvaFlex
Read Delay 18 sec
Replicates 2

Rinse Between Samples 12 sec (fast pump at 6 mL/min)

Auto Integration Range 0.2 - 1.0 sec

Table 3. Analytes and wavelengths.

Wavelength (nm)

Al 394.401
Ag 328.068
B 249.677
Ba 232.527
Ca 315.887
Cd 228.802
Cr 205.560
Cu 324.752
Fe 259.939
K 766.490
Mg 279.077
Mo 203.845
Mn 257.610
Na 588.995
Ni 232.003
P 214.914
Pb 220.353
Sb 217.582
Si 288.158
Sn 189.927
Ti 334.940
Vv 292.464
Zn 213.857

Co (internal standard) 228.616



Figure 1. Correct position of green carbon "bullet" just below the second plate of Avio’s
unique Flat Plate plasma technology, when aspirating V-Solv.

Results and Discussion

With the instrumental parameters in Table 2, the Avio 200
ICP-OES can run a sample in five minutes, which includes
measuring the 23 elements listed in Table 3 and the internal
standard in two replicates. When fewer elements are measured,
the analysis time is further reduced. For a low-volume, in-service
oil lab running 10-50 samples a day, this analytical speed is all
that is required. The results from a typical in-service oil sample
are shown in Table 4.

Stability was determined by measuring the QC samples both at
the beginning and end of a run consisting of 15 in-service oil
samples. The results of the final QC sample appear in Table 5 and
show that all elements recovered within + 10% of the true
value, meeting the acceptance criteria of typical in-service oil labs.
These results demonstrate the stability of the methodology,
allowing a low-volume, in-service oil lab to easily perform their
daily analyses with the Avio 200 spectrometer.

Several instrumental considerations of the Avio 200 ICP-OES
contribute to its stability. First, the vertical torch means that any
non-ionized sample will drain back down the torch rather than
pooling in the injector, leading to few carryover effects. The shear
gas cuts off the end of the plasma, preventing deposition on the
axial window. Although axial mode is not used in this analysis, this
feature allows the Avio 200 to be used for other analyses without
having to worry about deposition or cone maintenance. Finally,
Avio’s unigue Flat Plate™ plasma technology, which forms the
plasma (as shown in Figure 1), is very robust and requires no
cooling, which leads to the increased stability. The flat plates also
reduce argon consumption: only 11.2 L/min of total argon were
used for these analyses.

Al
Ag
B
Ba
Ca
Cd
Cr
Cu
Fe
K
Mg
Mo
Mn
Na
Ni
P
Pb
Sb
Si
Sn
Ti
V
Zn

= lower quantification limit

Table 5. Final QC check samples of a 20 slmpls analytical run.

Element

Ag
B
Ba
Ca
Cd
Cr
Cu
Fe
K
Mg
Mo
Mn
Na
Ni
P
Pb
Sb
Si
Sn
Ti
Vv
Zn

Table 4. Results from a typical in-service oil sample.

Concentration RSD

16

<0.5"

81

<0.5"

2441

<0.5"

1

1
27

5
17
25

1

236

847

<0.5"

<0.5"
<0.5"
<0.5"

974

3.1

2.8
59
0.21

2.6
0.26
0.44

8.0

2.2
0.87
0.69
0.44

12

1.9

0.65

4.2

2.8

Final QC

Concentration % Recovery
(Ppm)

48
54
49
45
50
50
50
53
49
46
49
49
49
49
46
50
50
48
49
50
49
47

100
96
108
98
90
100
100
100
106
98
92
98
98
98
98
92
100
100
96
98
100
98
94



Conclusion

This work has demonstrated the ability of the Avio 200 ICP-OES to
analyze in-service oils following a common implementation of ASTM
method D5185. Although not as appropriate for high-throughput
labs running hundreds of samples a day, the five-minute analysis
time is fast enough for low-volume labs. However, as the number of
elements decreases, analysis time improves, making the Avio 200
an appropriate choice for labs wanting to implement D5185 while
taking advantage of the Avio 200 benefits.
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Consumables Used

Sample Uptake Tubing, Black/Black
(0.76 mm id), Viton

Drain Tubing, Red/Red (1.14 mm id),
SolvaFlex

Metal Additives Standard, MA4

V-23 Wear Metals Standard, 50 pg/g

V-23 Wear Metals Standard, 100 pg/g

V-23 Wear Metals Standard, 500 pg/g

Cobalt Internal Standard, 6% in
hydrocarbon oil

V-Solv Solvent

Sample Tubes, 17x100 mm, 1200

NO773118

09923037

N9308259
NO776108
N9308333

N9308243
NO776104
N9308317

N9308245
NO776105
N9308318

N9308249
NO776106
N9308320

NO776107
N9304168

N9308265
N9308378

NO777167

100 g
200 g
400 g

)
)
)
100 g)
200 g)
400 g)
100 g)
200 g)
400 g)
)
)
)
)

100 g
200 g
400 g

200 g
400 g)

1 gallon)
5 gallons)
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