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Analysis of Phosphorus in Resin by EDX
- Phosphorus Screening Analysis Kit for TSCA -

 The screening analysis package provides everything necessary for analysis including control samples and software.
 EDX can simultaneously screen for phosphorus, RoHS elements, antimony (Sb) and chlorine (Cl).
 EDX-7200 can measure phosphorus concentration in resin with high sensitivity.

A. Urushizaki

Energy Dispersive X-ray Fluorescence Spectrometer EDX-7200

Phenol, isopropylated phosphate (3:1) (PIP (3:1)), is a phosphate
compound with three phenyl groups that are isopropylated as
shown in Fig 1. It is widely used in resins such as polyvinyl chloride
and polyurethane for the purpose of adding plasticity and flame
retardancy. Due to directives in the Toxic Substances Control Act
(TSCA), the U.S. Environmental Protection Agency (U.S. EPA) has
begun regulating the manufacture, processing, and commerce of
products and articles containing PIP (3:1). 1

Energy dispersive X-ray fluorescence (EDX) can not perform
qualitative or quantitative analysis of organophosphates, but it
can analyze the concentration of phosphorus (P) as an element.
Therefore, EDX enables screening analysis aimed at controlling
total P concentrations in regulated organophosphate compounds.
This application news introduces the flow of screening analysis of
P using PCEDX-Navi software and examples of screening analysis
of P in resins.

Fig. 1  Structure of PIP (3:1)

Shimadzu has long offered screening analysis kits that support
the analysis of RoHS 5 elements (Cd, Pb, Cr, Hg, Br), chlorine (Cl)
and antimony (Sb). By using these analysis kits, even novices
can screen samples and analyze harmful elements.
As an extension, the EDX-7200 adds a new P screening analysis
kit to support screening analysis of organo-phosphate
compounds in resins. EDX can, in one sample, simultaneously
measure P, RoHS elements, Cl and Sb.
P with the atomic number of 15 has a weaker X-ray fluorescence
intensity and hence is more affected by differences in resin
materials than elements with larger atomic numbers. In the P
screening kit, quantitative values are calculated using the most
suitable measurement and calculation conditions that correct
for the influence of the resin material.

P Screening Analysis Kit

 Introduction
Fig. 2 shows the threshold settings for the screening analysis kit.
From this display, you can set the threshold value for each
material and element.
The screening analysis software is also equipped with a time
reduction function that automatically shifts to the next
measurement condition when it is determined that a managed
element clearly exceeds, falls below, or enters a gray zone. The
time reduction function therefore significantly increases sample
throughput.

Screening Setting Display

Fig. 2  Setting Display (Example of Threshold Setting)

For equipment management, the P containing polyethylene
control sample included in the analysis kit is used. Fig. 3 shows
the appearance of the control sample.

Management Sample

Fig. 3  Check Sample of P Screening Analysis Kit

Measurement atmosphere Air

Limit of Detection [ppm] 12

*Measurement time: 100 sec, PE resin sample

 Limit of Detection
Table 1 shows the limit of detection of P in air atmosphere.

Table 1  The Limit of Detection




Tin in Resin Analysis Using EDX

- Sn Screening Analysis Kit -

The screening analysis package provides everything necessary for analysis, control samples and software.

EDX can simultaneously screen for tin (Sn), RoHS elements, antimony (Sb), and chlorine (Cl).

By using the PCEDX-Navi software, even those unfamiliar with analysis can operate from judgment to report output.

A. Urushizaki

Energy Dispersive X-ray Fluorescence Spectrometer EDX-7200

Organotin compounds have been used in a wide range of applications, including stabilizers and catalysts for resin products, ship bottom paints, antifouling agents, and preservatives. On the other hand, the toxicity of some organotin compounds has led to restrictions on their use around the world, such as the European Union's REACH regulations.

Table 1 lists the organotin compounds specified as restrictions in the REACH regulations. The manufacture, import and use of articles containing these substances are restricted. In addition, six more organotin compounds and their reaction products have been designated as candidate substances for approval, which are required to be communicated to the European Chemicals Agency (ECHA) and business partners.

Energy dispersive X-ray fluorescence spectrometry (EDX) can not perform qualitative or quantitative analysis of organotin compounds, but it can analyze the concentration of tin (Sn) as an element. Therefore, EDX enables screening analysis aimed at controlling total Sn concentrations in regulated organotin compounds.

This application news introduces the flow of screening analysis of Sn using PCEDX-Navi software and examples of screening analysis of Sn in resins.

Table 1  Organotin Compounds Specified

 in the REACH Regulations.1

Shimadzu has long offered screening analysis kits that support the analysis of RoHS 5 elements (Cd, Pb, Cr, Hg, Br), chlorine (Cl) and antimony (Sb). By using these EDX analysis kits, even novices can screen and analyze for harmful elements.

As an extension, the EDX-7200 adds a new Sn screening analysis kit to support screening analysis of organotin compounds in resins. EDX can, in one sample, simultaneously measure Sn, RoHS elements, Cl, and Sb.

Sn Screening Analysis Kit

Introduction

		Substance		Abbreviations		Control Value

		trisubstituted organotin compounds		ー		1000 ppm as Sn element

		dibutyltin compound		DBT		1000 ppm for elemental tin

		dioctyltin compound		DOT		



Fig. 1 shows the threshold settings for the screening analysis kit. From this display, you can set the threshold value for each material and element.

The screening analysis software is also equipped with a time reduction function that automatically shifts to the next measurement condition when it is determined that a managed element clearly exceeds, falls below, or enters a gray zone. The time reduction function therefore significantly increases analysis throughput.

Screening Setting Display



Fig. 1  Setting Display (Example of Threshold Setting)

For equipment management, the Sn containing polyethylene control sample is included in the analysis kit. Figure 2 shows the appearance of the control sample.

Management Sample

Fig. 2  Check Sample of Sn Screening Analysis Kit
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【執筆者名（フルネームで記載） 】

執筆者が部外の場合はSCOE担当者が連名で記載－営業・お客様らの問い合わせの際に使用



連名の場合、社外者（海外販社含む）には片数字を付与して所属名を記載する。

【機種名　型名】

ANの内容に対応できる現行の装置の型名を記載する。

　例）フーリエ変換赤外分光光度計　IRSpirit

　　　ガスクロマトグラフ質量分析計　GCMS-2030

　　　高速液体クロマトグラフ　Nexera XR

【はじめに】

　１. 背景（分野の簡単な説明）

 　2. 選択したトピックの重要性（テーマを選んだ理由）

 　3. 内容の主な項目（結果も含む）

本文で言及していないことは、記載しない。



背景の詳細説明が必要な場合は、別の見出しを設定して補足することとし、
「はじめに」の単語数制限は厳守する。（150-200 words※）

※ただし、和文から英訳したものはこの限りでない

【ユーザーベネフィット】

ユーザーにとっての利益となる項目を3点以内で箇条書きで述べる。

・ 分析の有効性

・ 作業性、前処理、

・感度、再現性、測手時間、拡張性 …



ベネフィットとは、メリット（ウリや特長）から得られる恩恵、ソルーション、体験のこと。ユーザーにとって何が有益であるかを簡潔に述べる。



例えば傘製品の特性が以下の場合、

手で持つところが木でできている

折れにくい構造になっている

ユーザーベネフィットは、

手が痛くならない

風の強い日でも大丈夫

となる。

【分析条件】（変更可）

実験条件と実験の内容、分析条件は表を用いて使用装置、付属品も記載する。

必要と判断される場合は装置構成表も添付する。（主にクロマト機種など、装置構成品数が多い場合）

【表題（－副題－）】

簡潔に記載（長い場合は副題を用い、3行以内とする）

副題は、最初と最後にハイフン（－）を用いる。

文章部分は、基本的に2段組で左上、左下、右上、右下の順にレイアウトする。

ガイドラインは［表示］メニューの［ □ガイド］にチェックを付けて表示する。
（2段組 テキストボックスの幅：8 cm）

原稿フォーマットの文書名：アプリケーションニュース原稿フォーマット英文
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Fig. 3  Sample appearance

Sample

Moldings made of Sn containing polyvinyl chloride (PVC) resin were analyzed. Figure 3 shows a photograph of the of the samples. When measuring, four molded articles were measured side by side.

<References>

List of ECHA REACH Regulation Restricted Substances (Annex XVII) URL: https://echa.europa.eu/cs/substances-restricted-under-reach (see 2023 - 3 -2)



Analysis Results

The samples were analyzed using the conventional screening analysis condition for RoHS and Sn elements. The judgment results are shown in Fig. 4. The quantitative values and  the judgement with "OK / ?? / ND” is displayed. The profile of Sn is also shown in Fig. 5.

Sn was measured in replicate 10 times. The results are shown in Table 2.



		Mean [ppm]		1641.7

		Standard Deviation (ppm)		20.3

		CV value [%]		1.2





Fig. 4  Screening Analysis and Judgment Results Screen

Fig. 5  SnKα Profile

Table 2 Replicate Results

Limit of Detection



The limit of detection for Sn in PE and PVC resins under screening analysis conditions (air atmosphere, 100 seconds) are shown in Table 3.

Table 3  The Limit of Detection for Sn in Resin Materials

		Material		PE resin		PVC resin

		Lower limit of detection [ppm]		3.4		5.7



Measurement conditions

Conclusion

The EDX-7200 Sn screening analysis kit features:

Everything necessary for analysis, control samples, and               software. 

Screen tin (Sn) simultaneously with RoHS 5 elements, Cl and Sb. 

Intuitive and easy to use PCEDX-Navi software allowing even those unfamiliar with analysis to easily operate from measurement to judgement to report. 



*See “Application News No. 01-00300-EN RoHS Screening Analysis by EDX" for the flow of analysis using the screening analysis kit.

*If Sn is detected, use other analytical equipment such as GC/MS to check whether it is a regulated compound.

		Equipment		:		EDX-7200

		Element		:		50Sn

		Analysis group		:		Screening

		Detector		:		SDD

		X-ray tube ball		:		Rh target

		Tube voltage		:		50 [kV]

		Tube current		:		Auto [μA]

		Collimator		:		10 [mmφ]

		Primary filter		:		#1

		Atmosphere		:		Air

		Integration time		:		100 sec

		Deadtime		:		Up to 30 (%)



Table 4  Quantitative Analysis Results
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【まとめ】

検討または考察した結果、明らかとなった点を記述する｡ 省略は不可。

末尾に、指導または援助してくれた人などに対する謝辞を入れる｡

商標帰属文

薬機法対応

No.を記載

発行予定の年月を記載

発行年をコピーライトに記載

【関連アプリケーション】

関連したアプリケーションニュース・ノートがある場合は、参考文献とは別に紹介する。同一機種に限らず、他機種の紹介でも可能。

・RUO-NAUS の場合の Disclaimer

「For Research Use Only. Not for Use in Diagnostic Procedures.

Not Available in the US and China.

Uses, applications, and availability of products in each country depend on local regulations.

Please contact Shimadzu local sales representative for more details.」
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Fig. 4 Sample appearance

Sample
Moldings made of P containing polyvinyl chloride (PVC) resin
were analyzed. Fig. 4 shows a photograph of the samples. When
measuring, four molded articles were measured side by side.

Analysis Results
A total of six elements, RoHS and P, were analyzed using
conventional screening analysis conditions. The judgment
result is shown in Fig. 5. The quantitative values and the
judgement with "OK / ?? / NG" is displayed. The profile of P is
also shown in Fig. 6.
P was measured in replicate 10 times. The results are shown in
Table 2.

Fig. 5 Screening Analysis and Judgment Results Screen

Fig. 6  P Kα Profile

Table 2  Replicate Results

Reference: Measurements under Vacuum
Measurements under vacuum atmosphere allow analysis of
even lower concentrations of P. Although it is a separate
condition from the RoHS screening analysis condition, it is
useful for analyzing P more sensitively or for screening only P in
resins.
Table 3 shows the limit of detection of P in vacuum atmosphere.
Fig. 7 shows a comparison of the P profile intensities under
vacuum and air atmosphere. Under vacuum, the detection limit
is 4.7 ppm, which is about 2.6 times more sensitive than in air.

Measurement conditions

Conclusion
The EDX-7200 P screening analysis kit features:
• Everything necessary for analysis including control samples,

and software.
• Screen phosphorus (P) simultaneously with RoHS 5

elements, Cl and Sb.
• Intuitive and easy to use PCEDX-Navi software allowing

even those unfamiliar with analysis to easily operate from
measurement to judgement to report.

*See “Application News No. 01-00300-EN RoHS Screening
Analysis by EDX" for the flow of analysis using the screening
analysis kit.

Equipment : EDX-7200
Element : 15P
Analysis group : Screening
Detector : SDD
X-ray tube ball : Rh target
Tube voltage : 50 [kV]
Tube current : Auto [μA]
Collimator : 10 [mmφ]
Primary filter : #1
Atmosphere : Air / Vacuum
Integration time : 100 sec
Deadtime : Up to 30 (%)

Table 4 Quantitative Analysis Conditions

Measurement 
atmosphere Air

Mean [ppm] 714.3

Standard deviation 
[ppm] 13.1

CV value [%] 1.8

Table 3  Limit of Detection

Measurement
Atmosphere Vacuum

Lower Limit of 
Detection [ppm] 4.7

*Measurement time: 100 sec,
PE resin sample

AirVacuum

Fig. 7  Comparison of
P Kα Profile Intensity

<References>

1) Persistent, Bioaccumulative, and Toxic (PBT) Chemicals under
TSCA Section 6(h) URL: https://www.epa.gov/ assessing-and-
managing-chemicals-under-tsca/persistent-bioaccumulative-
and-toxic-pbt-chemicals (see 2023-3-6)
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