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聚丙烯配方中酚类抗氧化剂和芥酸酰胺
增滑添加剂的分析

通过 Agilent 1120 一体式液相色谱和安捷伦方法

转换软件的卓越性能获取 ASTM 等效方法

本文实验使用带有 UV/VIS 检测的 Agilent 1120 一体式液相色谱对酚类抗氧化剂（例如维

生素 E）及聚丙烯配方中的芥酸酰胺增滑添加剂进行了分离和检测。该方法以 ASTM 方法 

D6042-09 为指导而实施，并在安捷伦方法转换软件（2.0 版）的帮助下，针对各种色谱柱

尺寸进行了适应性改进。分离中使用了安捷伦 ZORBAX Eclipse Plus 色谱柱。对 Agilent 

1120 一体式液相色谱检测标准品的线性进行了分析。实验采用 Tinuvin P（紫外线吸收剂）

作为内标物。此外，还讨论了通过改变色谱柱尺寸降低进样量对峰形和灵敏度的影响。
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Name:

Formula:

Molecular weight:

CAS No:

BHT

C15H24O
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Name:

Formula:

Molecular weight:

CAS No:

Isonox 129

C30H46O2

438.69

35958-30-6

2,2 -Ethylidene-bis(4,6-di-tert-butylphenol)
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Name:

Formula:

Molecular weight:

CAS No:
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Molecular weight:

CAS No:

Irganox 1010

C73H108O12
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6683-19-8

Pentaerythritol tetrakis(3,5-di-tert-butyl-4-hydroxyhydrocinnamate)
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Vitamin E
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10191-41-0
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Molecular weight:
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Tinuvin P 2-(2-Hydroxy-5-methylphenyl)benzotriazole
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Octadecyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionateName:

Formula:

Molecular weight:

CAS No:

Irganox 1076

C35H62O3

530.86

2082-79-3
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Tris(2,4-di-tert-butylphenyl) phosphateName:

Formula:

Molecular weight:

CAS No:

Irgafos 168

C42H63O3P

646.92

31570-04-4
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Table 1

Chemical details of antioxidants and Tinuvin P

Introduction

Polymers are susceptible to degradation by ultraviolet light,
heat and oxygen. To control this degradation process, various
additives are blended into the polymeric material. These addi-
tives are also used to modify some of the physical properties
of polymer formulations. Erucamide, Irgafos 168, Irganox
1010, Vitamin E (tocopherol), Irganox 1076, BHT, and Irgafos
168 are often used as antioxidants to prevent the degradation
of polypropylene polymer formulations. HPLC methods are
available for the quantitation of an additive or mix of additives
in a polymeric material. ASTM D 6042-091 describes a con-
ventional HPLC method for this purpose. 

Accuracy of analysis is the most important requirement for
ensuring that the additives and levels are suitable for the
intended use. A liquid chromatography system with robust
gradient pump, precise autosampler, and linear UV detector
are required to execute this method. This Application Note
evaluates the ability of the Agilent 1120 Compact LC to exe-
cute the ASTM D-6042 method for quantitation of the above
mentioned additives. The ultraviolet (UV) absorbance for the
compounds are measured at 200 nm and Tinuvin P is used as
an internal standard according to the ASTM method. The
samples for the analysis are prepared by an ultrasonic bath
extraction procedure using a solvent mixture of 75:25 (v/v)
dichloromethane:cyclohexane1. Chemical details of antioxi-
dants and Tinuvin P are tabulated in Table 12,3. 

Experimental

Chemicals 
All antioxidant standards and Tinuvin P were purchased from
Sigma-Aldrich. HPLC grade water was freshly taken from a
MilliQ water purification system. Super gradient grade ace-
tonitrile (ACN), isopropyl alcohol (IPA) and dichloromethane
(DCM) were purchased from Labscan (Bangkok Thailand).
Cyclohexane for sample extraction was purchased from SD
Fine Chemicals (India). 

Sample/Solution preparation
• Individual stock solutions are prepared in IPA to 

1000 µg/mL.

• Standard mixtures of BHT, Isonox 129, Erucamide,
Irganox 1010, Vitamin E, Irganox 1076, Irgafos 168, all 
125 µg/mL in IPA, were prepared by diluting individual
standard stock solutions.
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• Dichloromethane and cyclohexane were mixed in the
ratio 75:25. A 7.5 mg amount of Tinuvin P was added to
150 mL of the above solvent mixture to prepare an extrac-
tion solvent mixture with an internal standard (Tinuvin P)
concentration of 50 µg/mL.

• Samples: Three polypropylene formulations (self-prepared
from polypropylene sample tubes, from poly propylene
syringes, and packaged drinking water bottles) were
extracted by ultrasonication according to Method ASTM-
D6042-09. All three polypropylene formulation extracts
were spiked with 25 µg/mL standard mix.

• Linearity levels of standard mixtures were prepared at the
following concentrations: 4 µg/mL, 8 µg/mL, 16 µg/mL,
32 µg/mL, 64 µg/mL, 100 µg/mL. A concentration of
approximately 50 µg/mL Tinuvin P was maintained in all
linearity levels as an internal standard.

Columns
Agilent ZORBAX Eclipse Plus C18, 150 × 4.6 mm, 5 µm 
(p/n 959993-902)

Agilent ZORBAX Eclipse Plus C18, 150 × 3.0 mm, 3.5 µm 
(p/n 959963-302)

Agilent ZORBAX Eclipse Plus C18, 100 × 3.0 mm, 3.5 µm 
(p/n 959961-302)

Agilent ZORBAX Eclipse Plus C18, 50 × 4.6 mm, 3.5 µm
(p/n 959943-902) 

LC system 
An Agilent 1120 Compact LC, consisting of a gradient pump
with integrated degasser, autosampler with vial tray, column
oven, variable wavelength detector, and Agilent EZChrom Elite
Compact software was used.

LC Parameters
The LC method used was ASTM-D6042-09. The run time was
30 min, with no post run time. The method details and the
gradient used are tabulated in Table 2. 

Parameter Details

Column Agilent ZORBAX Eclipse Plus C18,
150 × 4.6 mm, 5 µm 
(p/n 959993-902)

Column Oven 50 °C

Mobile phase A Water

Mobile phase B Acetonitrile

Flow rate 1.5 mL/min

Needle wash Using 100% acetonitrile

Injection volume Variable, 10 µL and 5 µL

Detection 200/4 nm; no reference

Peak width > 0.125 s

Data acquisition rate 20 Hz

Time %B

0 75

5 100

25 100

25.1 75

30 75

Table 2
LC method details (ASTM method).

Procedure

A blank injection was performed in all trials to check the
chromatographic interference in the resolution. Standard
spike mix, extracted samples, and spiked extracted samples
were also injected. The retention times of extraction solvents
and individual standards were confirmed by individual 
standard injections.

Results and Discussion

Effect of injection volume on peak shape
According to method ASTM D 6042-09, DCM and cyclohexane
in the ratio 75:25 are used for the extraction of antioxidants
from polypropylene formulations. Both DCM and cyclohexane
are immiscible with the acetonitrile and water mobile phases.
Upon injection of the extract, a peak splitting is observed with
an injection volume of 10 µL. When the injection volume was
reduced from 10 µL to 5 µL, the peak shape improved 
(Figure 1). The effect of injection volume was not prominent
with standards dissolved in IPA. 
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Based on the observed injection volume effect, a 5-µm injec-
tion volume was maintained throughout this study. According
to the ASTM method, the lowest level of phenolic antioxidant
detectable under optimum conditions is approximately 
2 µg/mL and the suggested injection volume is 10 µL. To
maintain the same on-column concentration while checking
the limit of detection, a 4 µg/mL standard solution was pre-
pared and 5 µL were injected. The observed signal-to-noise
(S/N) values for all individual peaks are included in Table 4.

Chromatographic representation of ASTM method
A standard spike mix of all additives at a concentration of 
125 µg/mL in IPA was prepared and injected. The representa-
tive chromatogram of the standard spike solution as per
ASTM method using an Agilent ZORBAX Eclipse Plus C18,
150 × 4.6 mm, 5 µm column is shown in Figure 2.

An unknown peak was observed at approximately 
13.2 minutes, which is an impurity from Irgafos 168.

The chromatograms of the three extracted samples overlaid
with spiked standard mix is shown in Figure 3.

Erucamide was present in all three extracted samples. In
Sample I, the unknown peak was very prominent along with
trace amounts of Irganox 1010, Irgafos 168 and Irganox 1076.
Sample II contained Irganox 1010, an unknown peak and
Irgafos 168, while Isonox 129 and Irganox 1076 were present
in trace levels. Sample III, contained Irganox 1010, an
unknown impurity, Irganox 1076 and Irgafos 168 in trace 
levels only.
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Figure 2
Representative chromatogram of a standard mix as per ASTM method (all
at 125 µg/mL in IPA). (Column used: Agilent ZORBAX Eclipse Plus C18, 
150 × 4.6 mm, 5 µm).
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Trace: 1
Trace: 2
Trace: 3
Trace: 4

Column used:  Agilent ZORBAX Eclipse Plus C18, 150 × 4.6 mm, 5 µm
Trace: 1  Spiked standard mix
Trace: 2  Extracted Sample from poly propylene syringes
Trace: 3  Extracted Sample from poly propylene sample tubes
Trace: 4  Extracted Sample from packaged drinking water bottles

Figure 3
Chromatographic overlay of three extracted samples with spiked standard
mixture.
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Figure 1
Effect of injection volume on peak shape. The lower trace (A) is with 10 µL
injection volume and the upper trace (B) is with 5 µL. 

Linearity and precision 
Linearity tests were performed in the concentration range 
of 4 µg/mL to 100 µg/mL. The linearity levels were 4 ppm, 
8 ppm, 16 ppm, 32 ppm, 64 ppm and 100 ppm. To demonstrate
the precision of area and retention time, five replicate samples
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A calibration graph was constructed by plotting the peak area
of each standard against nominal concentrations (4 µg/mL, 
8 µg/mL, 16 µg/mL, 32 µg/mL, 64 µg/mL, and 100 µg/mL).
The linearity of the relationship between peak area and con-
centration is demonstrated by the correlation coefficients
obtained above r2> 0.999. The overlaid linearity curves for all
standards are shown in Figure 5. ASTM signal-to-noise ratios
for all standards at 20 ng on-column (4 ppm solution, 5 µL
injection) concentration along with r2 values are tabulated in
Table 3. The RT RSD across the linearity levels is also includ-
ed in Table 3.

S/N(ASTM) RT RSD across the
value at linearity levels

Compound r2 Values 4 ppm level, 5 µL (6 levels)% 

BHT 0.9998 650 0.19 

Isonox 129 0.9999 234 0.05 

Erucamide 0.9999 15 0.02 

Irganox 1010 0.9999 245 0.12 

Vitamin E 0.9999 131 0.10 

Irganox 1076 0.9999 263 0.24 

Irgafos 168 0.9999 244 0.38 
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Figure 4
Graphical representation of RSD for (A) RT and (B) area.
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Figure 5
Linearity curves for all standards.

Table 3
r2 values and S/N for each standard at 20 ng on-column concentration and
RT RSD for each standard across linearity levels.

Trials with reducing column dimension and 
particle size
In order to demonstrate the improved sensitivity and reduced
analysis time by changing the column dimensions and particle
size, the initial ASTM method was recalculated using Agilent
Method Translator software for three other column dimen-
sions. Agilent ZORBAX Eclipse Plus C18 columns were used
for this study. The screenshots of Method Translator are
shown in Figure 6, and the corresponding chromatograms are
shown in Figure 7.

for all linearity levels were injected and relative standard devi-
ation (RSD) for retention time (RT) and area were calculated.
The graphical representation of RSD for RT and area can be
shown (Figure 4 a and b). The observed RSD values through-
out the linearity levels for retention time (<0.18%) and for
area (<0.92%) are well within the acceptance limit of 1.0%
which confirms the excellent precision in area and retention
time. 
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Agilent ZORBAX Eclipse Plus C18, 50 × 4.6 mm, 3.5 µm

Agilent ZORBAX Eclipse Plus C18, 100 × 3.0 mm, 3.5 µm

Agilent ZORBAX Eclipse Plus C18, 150 × 3.0 mm, 3.5 µm

Agilent ZORBAX Eclipse Plus C18, 150 × 4.6 mm, 5 µm

Figure 7
Chromatographic separation of additives using various column dimensions. 

Column 1

Column 2

Column 3

Column 1: Agilent ZORBAX Eclipse Plus C18, 150 × 3.0 mm, 3.5 µm 
Column 2: Agilent ZORBAX Eclipse Plus C18, 100 × 3.0 mm, 3.5 µm
Column 3: Agilent ZORBAX Eclipse Plus C18, 50 × 4.6 mm, 3.5 µm

Figure 6
Agilent Method Translator screenshot.

1. TinuvinP

2. BHT

3. Isonox 129

4. Erucamide

5. Irganox 1010

6. Vitamin E

7. Unknown (Impurity from Irgafos 168)

8. Irganox 1076

9. Irgafos 168
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Resolution values for two critical pairs (Isonox 129 and
Erucamide and Irganox 1010 and Vitamin E) were evaluated to
illustrate a comparison in chromatographic performance.
(Table 4). The S/N value for Erucamide (20 ng on-column) is
included in the same table. With 5 cm columns, the first sol-
vent peak starts eluting at 0.4 minutes, affecting the ASTM
S/N calculation. Therefore, S/N values were calculated man-
ually by selecting 0 to 0.35 minutes as the noise region
(ASTM uses a default noise region of 0 to 0.6 minutes for the
calculation).

Table 4
The resolution values for critical pairs along with observed S/N value for
20 ng on-column concentration of Erucamide using Agilent ZORBAX
Eclipse Plus columns.

150 × 4.6 mm
5 µm

Original  150 × 3.0 mm 100 × 3.0 mm 50 × 4.6 mm
Critical pairs method 3.5 µm 3.5 µm 3.5 µm

Isonox 129  4.25 5.71 3.17 2.47 
Erucamide

Irganox 1010  1.86 2.56 1.83 1.31 
Vitamin E

S/N value 48 168 225 108
for 20 ng 
Erucamide
on-column

The Agilent ZORBAX Eclipse Plus 100 × 3.0 mm, 3.5 µm col-
umn gives a better peak height compared to other column
dimensions used in this study. This improves S/N values
above the conventional ASTM column dimension of 150 × 
4.6 mm, 5 µm. The lowest resolution value observed with this
column was 1.83, (between Irganox 1010 and Vitamin E) and
is well within the Standard Pharmacopeia specification limit.
Resolution provided by ZORBAX Eclipse Plus 50 × 4.6 mm, 
3.5 µm column between Irganox 1010 and Vitamin E is usually
not acceptable by Pharmacopeia (1.31), but included here to
demonstrate the effect of resolution and sensitivity by 
reducing the column length.

Conclusions

Phenolic antioxidants, Vitamin E and Erucamide slip additives
in polypropylene formulations are well resolved and detected
using Agilent’s 1120 Compact LC with variable wavelength
detection at 200 nm UV/VIS detection. The excellent perfor-
mance of Agilent 1120 Compact LC pump is established by
demonstrating high precision for retention times and areas as
well as excellent signal-to-noise ratios. Exceptional linearity
of the Agilent 1120 Compact LC detector is demonstrated.
The observed r2 values for all standards are >0.999. This
Application Note also demonstrates the applicability of
Agilent Method Translator software to obtain an equivalent
method from ASTM D6042-09 when using different column
dimensions.  Improvement in peak sensitivity and lowest
detection limits are shown by reducing the column diameter
and particle size.
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