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The Rapid Identification Method of Additives 
in Polypropylene by Mass Spectrometry 

T. YOSHIKAWA, K. USHIMI, K. KIMURA, and M. TAMURA, 
Polymer Research Laboratory, Ube Industries, Ltd., 

Goi, Ichihara City, Chiba, Japan 

synopsis 
For the rapid identification of additives such as antioxidant, ultraviolet absorber, 

and slipping agent, polypropylene containing such additives was heated in a tube con- 
nected directly to the inlet system of a mass spectrometer. The vapor of the additives 
evaporating out of the polypropylene was led to the reservoir and then submitted to 
mass spectrometry to give spectra for identification. 

INTRODUCTION 

The identification of additives in polypropylene usually needs their 
separation by solvent extraction. This procedure demands a large 
quantity of materials and a long operation time. Mass spectrometry 
possesses high sensitivity and can distinguish between homologous com- 
pounds. Because many additives with homologous structure and common 
functional groups are generally used for polypropylene, mass spectrometry 
is particularly suited for their identification. 

The authors found that additives in polypropylene could be identified 
without extraction procedure by carrying out mass spectrometry for the 
volatile matter of polypropylene heated in a tube connected to the inlet 
system of the mass spectrometer. 

The present paper describes the limits of detection and the application 
for the routine analytical work of this “direct evaporation method.” 
The fragmentation of various phenolic model antioxidant compounds 
as base for analysis, is also discussed, inasmuch as only a few papers’s2 
have been published on the phenolic compounds related to antioxidant. 

EXPERIMENTAL 

Materials 

Polypropylene (Ube Industries, RlFI = 5 )  was reprecipitated from 
benzene-methanol, washed with methanol, dried under vacuum, and used 
as the base polymer. For the preparation of polypropylene containing 
known additives, the base polymer was mixed with solutions of additives 
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in carbon tetrachloride and the mixtures were dried under vacuum. The 
mixtures thus obtained were compression molded at 190°C for 1 min 
into a film with a thickness of 1.0 mm to be used for mass spectrometry, 
Various grades of polypropylene pellets commercially available were used 
as purchased. 

The model antioxidant compounds were distilled or recrystallized 
before use to give the melting or boiling points as given in Tables I and 11. 

Mass Spectra 

The mass spectra were obtained with a Hitachi RMU-6 single-focus 
mass spectrometer under the following conditions : ion source temperature, 
250°C; ionization voltage, 80 V; accelerating voltage, 1.2 kV; ionizing 
current, 80 microamperes. The temperature of the sample inlet system 
(Hitachi MG-141) was kept between 250" and 350°C according to the 
volatility of the additives. 

An additive (ca. 20 mg) or polypropylene (0.2 g) was placed in a glass 
tube which was connected to the heated sample inlet system. By heating 
the tube with an electric furnace to the same temperature as the inlet 
system, the additive sublimed and was led into the reservoir (1000 ml) 
of the inlet system. For all samples the evaporation was found to be 
complete within 30 min. The vapor of the additives stored in the reservoir 
was then submitted to mass spectrometry. 

RESULTS AND DISCUSSJON 

Mass Spectrum of Phenolic Model Compounds and Commercially 
Available Additives 

Alkylphenols. Table I shows the numerous peaks for phenol, methyl- 
phenols, and tertbutylphenols. All methylphenols show P, P-1, P-29, 
CBHS+, and a peak a t  mn/e 39 due to benzene ring fission. Ortho- and 
me&-cresols, but not paya-cresol, show P-18 due to the elimination of 
H20. Phenols with a tert-butyl group or groups have peaks a t  P and 
P-15, the latter being always the base peak. Except for 2,6-di-tert-butyl- 
phenol, they show P-43, (P-CH,CO), and CeH5+. Those with two 
tertbutyl groups show C4H9+. 

Diphenols. Table I1 shows the abundant peaks for various diphenols. 
Their base peaks are either P, P-15, C*Hg+, or a peak corresponding to 
the fission between two phenolic nuclei. Diphenols, isopropylidenedi- 
phenols, and thiobisphenol show no fission between the phenolic nuclei. 
Diphenols with tert-butyl groups show P-15, except for compounds no. 5 
and 13, and C4H9+, except for no. 9. As for methylenediphenols without 
substituents, it is interesting that the 4,4'-isomer possesses the P-1 peak, 
whereas the 2,2'-isomer shows no P-1 peak. 

Table 111 shows the main frag- 
mentation peaks for the important commercially available antioxidants, 

Commercially Available Additives. 
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TABLE I V  
Published Chemical Structure of Additives 

No. 
(Table 111) 

1 
2 

Chemical structure 

2,6-Di-tert-butyl-p-cresol 
Pentaerythritol tetraester of 2-(4-hydroxy-3,5-di-tert-butyl- 

pheny1)propionic acid 
Octadecyl-3-(3,5~i-tert-butyl-4-hydroxyphenyl)propionate 
1,1,3-Tris(2-methyl-l-hydroxy-5-tert-butylphenyl)butane 
2,2 '-Methylenebis (4-methyl-6-tert-butylphenol) 
4,4 '-Butylidenebis( 3-methyl-6tert-butylphenol ) 
2-(2-Hydroxy-3,5di-tertbutylphenyl)-5-chlorobenso triasole 

ultraviolet absorber (Tinuvin 327), and slipping agents (amides). The 
published structures for BHT and Antioxidant 2246 (Table IV) are identi- 
cal to compound no. 1 of Table I and no. 5 of Table 11, respectively. 

The most intensive peaks with m/e larger than 200 for each additive 
are given in the order of relative intensity. A peak or a set of peaks 
at  these mass numbers characterizes the additives in the polymer. Even 
for antioxidants with high molecular weight and without parent peak 
such as Irganox 1010, the fragmentation peaks are usable for their identifi- 
cation. 

Figure 1 shows, as an example, our interpretation of the mass spectrum 
of Topanol CA based on the result of the mass spectra of the model com- 
pounds. 

mle 339jmle 205 

Fig. 1. The fragmentation of Topanol CA. 

Detection of Additives in Polypropylene by the Direct 
Evaporation Method 

Limit of Detection. The last column in Table I11 shows the limit of 
detection of additives in the prepared polypropylene film using 0.20 g poly- 
propylene film for each measurement. The limit of detection is defined to 
be the lowest concentration in phr (part per hundred parts resin) of addi- 
tives where the most intensive peak of the additive can be distinguished 
from the background peak. It was revealed that even high molecular 
weight antioxidant in an amount as low as 0.1 phr could be detected. 
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Fig. 2. The mass spectrum of the volatile matter of polypropylene base polymer heated 
a t  280°C. 
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Fig. 3. The mass spectrum of the volatile matter of a polypropylene pellet sample 
heated a t  280’C. 

Application for Polypropylene Pellets. As the blank test, Figure 2 
shows the mass spectrum of volatile matter of polypropylene base polymer 
when the sample tube and the inlet system were heated at  280°C. The 
peaks are thought to be originated by the volatile fraction or the pyrolytic 
product of the base polymer. Owing to these peaks, the peaks with m/e 
less than 200 are not recommendable for the analysis of the additives. 

Figure 3 is an example of the mass spectrum of the volatile matter of 
commercially available polypropylene pellets, showing the presence of 
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BHT (220(P) and 205), dilauryl thiodipropionate (514(P), 346, 329, and 
273), and Irganox 1076 (530(P) and 515). 

By this procedure, the most generally used additives in various kinds of 
polypropylene pellet,s commercially available were revealed, as shown 
in Table V, to be (a) BHT, (b) dilauryl thiodipropionate, (c) high molecular 
weight phenolic antioxidant, and (d) slipping agents. 

TABLE V 
Additives Detected by the Direct Evaporation Method in Various 

Polypropylene Pellets 

Polypropylene 
sample no. Additives detected* 

~~ 

Polypropylene 
sample no. Additives detected 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

1, 2, 5 
1, 2, 5, 9 
1, 2, 5, 9 
1, 2, 9 
1, 2, 7 

1, 2, 7, 9 

1, 4 
1, 2, 10 
1, 4 
1, 4 

1 
none 

1 

a Numbers correspond to those in Table 111. 
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