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Ultra-trace analysis of phthalate esters in ultrapure water
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Abstract

The increasing complexity and miniaturization of modern integrated circuit
demand lower defect density in the active region of the silicon devices. This, in turn,
necessitates the more stringent control of ultrapure water (UPW) that represents a
major source of contamination during the “wet-bench” processes. One of the most
potent surface-bound organic families is the phthalate esters, which could easily
release from the surface of polymeric materials such as plastic containers and pipes.
The current limit of organic contaminants in UPW, normally measured by total
organic carbon (TOC), becomes inadequate in addressing the organic ultra-trace
contamination for the next generation of fabrication technology (< 65 nm). Therefore,
the objectives of the present study.aré to develop a direct sampling and analytical
procedure by modifying the conventional:solid-phase extraction method, and to
evaluate the feasibility of multi-wall carbon nanotube (MWNT) as a novel solid
sorption material.

In the proposed method, UPW is.delivered through a sampling tube containing
hydrophobic sorbent to concentrate:the aqueous phthalate esters, much similar to the
air sampling procedure. The water content is then removed from the sorption tube
subjected to thermal desorption and analysis by gas chromatography-mass
spectrometry (GC-MS). This process removes the solvent-extraction procedure
necessary for the conventional solid extraction method, thereby eliminating analytical
problems associated with solvent interference. Several important parameters,
including sorption/desorption temperatures and durations, packing depth, sampling
flow rate, demoisturizing procedure, are optimized in this study based on the
analytical sensitivity for six different phthalate esters.

The method detection limit (MDL) and recovery rates for six different phthalate
esters are approximately 40.3~99.98 ng/L and 12~87%. The adsorption capacity of
DEP onto MWNTs (8.55 mg/g) is approximately 8.8 times higher than onto GAC
(0.965 mg/g), and followed a Langmuir-type adsorption isotherm. The results showed
that the MWNTSs exhibited greater adsorptivity for the six tested phthalate esters as
compared to the polymeric sorbents.
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