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Introduction

Per- and polyfluoroalkyl substances (PFAS) are known
to play an important role in the semiconductor
industry. For example, PFAS-containing lubricants
used in manufacturing processes mainly include
perfluoropolyether (PFPE), polytetrafluoroethylene
(PTFE) and others that are believed to be of very low
toxicity.! With environmental regulations &
manufacturing restrictions continuing to expand in
their scope, the semiconductor industry is facing the
challenge of sustainability.? Reliable workflows are
needed to ensure effective monitoring and control of
PFAS in upstream processes. This study established a
workflow based on solid phase extraction (SPE) and
LC/MS/MS for analyzing over 100 PFAS from
semiconductor lubricant matrix.

Experimental

Instrumentation

Agilent 1290 Infinity Il LC system (fitted with a PFC-
Free Conversion Kit to minimize background)
interfaced with a 6475 triple quadrupole mass
spectrometer was used for the analysis (Figure 1).
The chromatographic separation was on a ZORBAX
RRHD Eclipse Plus C18 column with ammonium
acetate and methanol mobile phase system.
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Figure 1. The 1290/6475 LC/TQ instrumentation

Methodology

The LC/TQ acquisition method used in the application
note is built based on the commercial Agilent PFAS
MRM Database (part number G1736AA) and is also
available as an electronic eMethod (part number
G5285AA). Data acquisition and processing were
performed using MassHunter Acquisition software (v:
12.0) and Quantitative Analysis software (v:12.0).

Experimental

Sample Extraction

The lubricant liquid sample was from a
semiconductor manufacturer. Organic solvent
methanol/dichloromethane, 50/50, v/v) extraction
was applied to remove fat content in the lubricant
sample before SPE.3 Figure 2 illustrates the sample
preparation in detail. 4
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Figure 2. Lubricant sample extraction procedure




Results and Discussion

Calibration Performance and Method Sensitivity

In this study, 71 native PFAS were target analytes and the
other 37 compounds were used as surrogates or internal
standards. All 71 analytes demonstrated a wide analytical
range of at least three orders of magnitude with good
linear or quadratic fit of R2 =0.99. Figure 3A and 3B show
the calibration curves for PFHpS and PFENA, respectively.
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Method Recovery and Precision

Matrix spiked QCs recovery was used to evaluate the
method accuracy and reproducibility in this study.

Three technical preparations were performed for both
low spiked QC (LSQ) and high spiked QC (HSQ). The
measured concentration of each analyte in spiked QC
sample was corrected by subtracting its native level
present in the un-spiked lubricant sample.

For low spiked QC samples, 42 out of 71 analytes met
recovery 70-130% with %RSD<20. Figure 5A and 5B
show the chromatogram overlay of triplicate
preparations of LSQ for PFOA and PFQOS, respectively.
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Figure 3. Calibration curves for PFHpS (A) and PFNA (B)

The LOQ distribution for 71 PFAS analytes is mapped in
Figure 4. LOQ for 14 compounds were not determined
due to the challenges associated with sample
preparation.
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Figure 4. Distribution of LOQ for the 71 PFAS analytes
in a lubricant sample

Figure 5. The chromatogram overlay of triplicate
preparations of LSQ for PFOA (A left) and PFOS (B right)
at 0.5 ug/kg



Results and Discussion

For high spiked QC samples, 58 compounds obtained
recovery between 70-130% with %RSD <20, which
demonstrated the excellent efficiency and reproducibility
of the developed WAX based SPE protocol for PFAS
extraction from oil containing lubricant samples (Figures
6 and 7).
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Figure 6. Recovery distribution of HSQ samples
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Figure 7. Recovery precision (n=3) of HSQ samples

Lubricant Sample Analysis Result

The native level of PFAS present in the lubricant sample
was also studied.

Figure 8 shows the MRM overlay of blank lubricant
sample. Approximate 15 native PFAS in sub-ppb level
were detected from lubricant samples, such as PFBA,
PFBS, PFDA, HFPO-TA, PFOA, PENA, PFHXA, PFHpPA,
PFPeA, etc., which are substances of concern in global
regulations including EPA 1633, EPA 533, EPA537.1,
ASTM, ISO 21675, SW-846 8327 and EU 2022/2388.
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Figure 8. MRM chromatogram of the matrix blank

Conclusions

 Areliable workflow for quantitation of trace levels of
PFAS in semiconductor lubricant, based on SPE
cleanup and LC/MS/MS was developed.

« The Agilent Bond Elut PFAS WAX cartridge offered
selective and effective extraction for matrix cleanup and
preconcentration of PFAS analytes in lubricant.

» The workflow performance confirmed the applicability
of the Agilent PFAS MRM Database and eMethod, for
quantitation of PFAS using the Agilent 6475 LC/TQ
system.

» This workflow enables a ready-to-use protocol for
lubricant suppliers and semiconductor manufactures to
monitor trace levels of critical PFAS in lubricants.
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