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Chemical interaction between xenon difluorids (XeF2) and polymeric

materials was investigated. Zt was shown that the reaction occurs

on the surface of solid polymer layer and brings to chemical

modification of the surface properties of the polymer leaving the

bulk properties unchanged. The results of. various analysis of the

fluorinated samples (IR, FTIR-ATR, ESCA, bulk analysis etc) are

presented. The mechanism of reaction ia proposed.
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1. Introduction

Creation and application of fluorocontaining polymeric

materials is one of the most rapid developing branches of cheaical

science and industry.

Introduction of fluorine in chemical structure of polymer

macromolecule enables to create materials with new properties,

necessary for modern industry.

It is common knowledge that production of fluorocontaining

polymers is a rather complicated problem because of the

difficulties arising during polymerization of fluoromonomers and

their high cost [1]-

Chemical modification of polymer surface by means of

fluorocontaining compounds is alternative for production of

fluoropolymers.

Chemical modification resides in introduction of fluorine

atoms in the cheaical structure of the surface layer of a polymer

[2], and as it takes place the surface layer gains the properties

which are characteristic of flucrnpolymers, and at the same time

the bulk properties of the polymer remain unchanged.

The method of "direct fluorination" is widely used in laboratories

and in industry as a method of surface modification of polymers

and articles made of them.

The "direct fluorination" consists in the treataent of the

polymer surface by the flux of fluorine and nitrogen gas mixture,

where the fluorine concentration lays in the range of 1-10 vol.t,

and time - from several minutes to several hours. From the

chemical point of view during the contact of the polymer surface

and the gaseous mixture flux the chemical reaction of substitution

of hydrogen atoms to fluorine atoms in the polymer macromolecule



occurs on the surface of the polymer under certain conditions.

As a result of such treatment the surface properties of the

polymer change dramatically. So, for exaaple, the surface energy

is diminished, the wettability is changed over a wide range of

values, the corrosion- and solventresistance is improved, the

permeability for gases and fluids is significantly reduced etc.

As mentioned above, the method in question is widely used in

Industry, especially for modification of the articles made from

polyolefines. The most vivid example of using this method is

treatment of the inner surface of automobile fuel tanks made from

polyethylene and polypropylene, which results in dramatic decrease

of fuel vapors permeability. The method for decreasing of the fuel

permeability is patented in the USA under the name of "Airopak"

(2]. It is worth to note that despite some significant

drawbacks, the mentioned above method is widely used in industry

for surface fluorination of polyolefines, because in many cases it

is more economically profitable to fluorinate the surface of the

article made from polyolefinea, and thus obtain the properties of

a fluoropolymer on the surface, then to produce this article all

made from fluoropolymer.

The method of "direct fluorination" for surface modification

was expanded to other types of polymers during last years.

In the paper (3] the authors describe how with the same

procedure they succeeded in surface fluorination of aromatic

polysulfone film, used for production of asymmetric membranes for

gas separation.

In the USA patent [4] the method of improving the resistance

of polycarbonates for organic solvents by treatment of

polycarbonate surface with nitrogen-fluorine mixture, was

described.



It Is also known [5] that the usage of surface-fluorinated

polymers for membranes used for gas separation results in

improving tha membrane salectivity and other service

characteristics.

At the present tine the major fluorinating agent for surface

modification of polymers in laboratories as well as in industry,

is molecular fluorine, mixed with nitrogen or some other inert

gas. The effect of such mixtures on polymers was seriously

investigated in many studies [6]. In these studies it was clearly

demonstrated that under certain conditions the reaction between

gaseous fluorine and solid surface of a polymer could be

controlled.

However, fluorine is a toxic substance and under certain

conditions can react with ignition and explosion, when brought in

contact with organic compounds and causes severe burns on human

flesh (7).

This property of fluorine strongly complicates the

application of the said method. So, for example, in industry,

besides the sophisticated equipment for working with dangerous

gases, a reliable protection system against possible accidents}-and

special training of the personnel are needed. That, of course,

brings to increasing of tha final product cost. Same problems

arise when conducting laboratory experiments and researches.

In this work xenon difluoride was used as a fluorinating

agent. In case of positive results the advantages of xenon

difluorida using are obvious: the work with this chemical as well

as handling and storage, is much more safer comparing with

molecular fluorine, and at tha same time they ara very close in

reactivity.

with regard to the fact, that the cost of xenon difluoride,



synthesized in our Laboratory, is >uch less than on international

market, due to developed low-temperature catalytic synthesis

technology of noble gas fluorides, the application of xenon

dlfluoride is quite comparable froa economic point view with

application of molecular fluorine.

Crystalline xenon difluoride is a stable compound until

500'C, a.p. - 130'C, vapor pressure - 4.5 mn Hg (20'C).

The vapor pressure, which is considerably high for a solid

compound, enables to conduct the chemical reaction between vapors

of xenon difluoride and the surface of a polymer.

The aim of this study was Investigation of the possibility of

surface fluorination of various types of polymers: polyethylene

(PE), polypropylene (PP), aromatic polysulfone (PSF),

polyvinyltrinethylsilane (PVTHS), polymethylmethacrylate (PMMA),

polyuretiiane (PU).

The variety of polymers investigated is determined by several

reasons: first, the reaction of xenon difluoride with polymeric

materials was not conducted and investigated previously, though

this process is of certain scientific interest; second,

accomplishing of the chemical surface modification by means of

this new fluorinating agent are very attractive from technological

point of view.

2. Experimental part.

Preliminary washed in CCI4 or in C2H5OH the sample of polymer

film was fixed in cylindrical stainless reactor with volume about

6800 cm3. Certain amount of xenon difluoride was placed inside the

reactor. Then the reactor was closed. The scheme of laboratory

installation is shown on fig. 1.

In case the process should be conducted in the absence of

oxygen and moisture, the reactor was evacuated up to residual



pressure of 10~2 mm Hg. After some time the evacuation was

repeated, in order to decrease the content (traces) of oxygen and

moisture.

The surface modification took place in air-tight close volume

of the reactor in the vapors of xenon difluoride.

After certain time the reactor was opened, the left amount of

xenon difluoride was weighed, the samples were put under the

laboratory hood for 24 hours and after that weighed.

The film samples after treatment were characterized by means

of gravimetric method, bulk analysis, ESCA, ATR and IR-

spectroscopy, etc.

IR-spectrun were made on spectrophotometer "Parkin-Elmer

899", ATR-spectrus - on UNICAM SP 1000 with BECKMAN TR 25 unit and

reflecting element KRS-5.

3. Fluorination of Polyethylene film. Results and Discussion.

The high-density polyethylene (HOPE) film produced in Russia

(TU e-05-1525-77) with the thickness of 20 un and 50 pm was used

as an object for this investigation. Fluorination of HDPE film was

carried out under the following conditions: 20 pa film - 20"C, 50

Jim film - 35'C.

Gravimetric analysis showed, that with increase of the

fluorination time, the increase of treated samples weight was

clearly observed.

In our opinion, this fact indicated the chemical reaction ot

substitution, when light hydrogen atoms were replaced by heavier

fluorine atoms, has taken place.

The results of sample weight increase after fluorination are

shown in the table 1.

It is a Vnoun fact that the fluorination of polymeric

material by molecular fluorine ("direct fluorination") is a



chemical reaction on the surface of the polymeric material [2].

The depth of fluorination depends upon tha conditions of tha

reaction and ia limited by fluorine atoms diffusion into tha

polymer. In this case the analysis of tha dependency of sample

veight increase upon tha time of fluorination expressed in weight

percent dees not Bake aar.ae, because tha fluorination occurs in ?

thin surface layer, and such dependency is not informative. The

dependency of standard sample weight increase expressed in g/cm2

upon the fluorination time can bring more information. The

dependency of standard sample weight increase of HOPE film upon

the fluorination time is shown on the fig. 2.

The dependency has a pronounced linear character. At this

point is very important to note the following facts, first - with

increasing of fluorination time, after certain time one could

visually observe the destruction of the surface layer of the HDPE

film, but at the same time the sample weight was still increasing;

second - analysis of the ESCA data of the fluorinated HDPE film,

shown in table 2, showed that after 18 hours of the treatment the

quantity of fluorine atoms in the surface layer (50 A) was not

increasing, whereas the general quantity of fluorine according to

the bulk analysis data continued to increase and after 72 hours

reaches the value of 19,6%; third - the ESCA data shows that at

the starting period of reaction the surface layer of the treated

film consists of -CHF-CHj- groups. With the increase of reaction

time, more hydrogen atoms are substituted by fluorine atoms and -

CF2-CH2-and -CFH-CFH- groups become dominant.

All the three mentioned above facts, namely: linear increase

of the sample weight with the increase of fluorination time, the

absence of the increase of fluorine content in the surface layer

after certain time and chemical structure of the sample's surface



layer computed from ESCA data at various periods of reaction, can

be explained a* follows: during the surface fluorination of HDPK

fila the perfluorinated surface layer is not formed, and after

reaching the certain degree of fluorination - the substitution of

hydrogen atoms of fluorine - the diffusion of reacting particle

inward the fila begins.

Similar data and opinion was expressed in the article [9],

where PE film were fluorinated with molecular fluorine.

The results of differential scanning calorimetry (DSC)

analysis of treated and untreated HDPE has given another

confirmation to the fact that the fluorination of HDPE film occurs

only in the thin surface layer, the thickness of which according

our calculations, based on ESCA data, is about 0,1-0,5 fiu, and

does not change the bulk properties of the polymeric material.

So, according to DSC analysis data, the melting point of the

treated HDPE film did not differ from untreated samples.

The samples of treated HOPE film were also examined by IR-

spectroscopy. on the IR spectrum a new broad stretch appears in

the region of 1100 cm'1, which was identified as C-F bond. The

area of this stretch (i.e. intensity of absorption) increased with

the increasing of fluorination time.

On the fig. 3 the three IR spectra of fluorinated during

different time KDPE film samples are presented. A new stretch in

the field of 1700 cm'1 (valent vibration of c-O group) aroused

from formation of oxidation products, after the samples had been

taken out to the open atmosphere of air. The same phenomena was

observed by the authors of (10], while investigating the

fluorination of PE with molecular fluorine. The appearance of new

stretches in fluorinated HDPE samples in-the regions of 840 cm'1

»nd 520 cm'1 was attributed to the pendulum vibration of CF2 group

[11].



Tha stretch in the region of 2900 cm"1 of ATR spectrum

typical for valent vibration of CHj group did not disappear with

the increase of fluorination tiaa but Just became less intensive.

Obviously, this fact testified for the following: we did not

obtain the perfluorlnated layer on the surface (the ATR

spectroscopy enabled us to examine the surface layer up 2,7 jin

thick).

The chemical Modification of the polymer surface layer brings

to formation of pseudo-two-layered film; as a result the

fluorinated surface layer obtains new properties and can provide

improved resistance for various organic liquids, in particular,

petrol.

As mentioned above, the application of surface fluorination

for car fuel tanks, made fron polyolefines, results in

considerable decrease of the petrol vapors permeability of the

tanks (so-called "Airopak" aethod [2]). The "Airopak" method is

based on the usage of traditional gas aixture of F2 and N2. We

anticipated that the sane effect could be expected in case of

xenon difluoride treataent of the polymeric aaterials.

For conducting the appropriate test the 100 al and 200 al

containers made froa HDPE were used. They were treated with XeF2

by the saae procedure aentioned above.

The calculation of containers permeability were aade in

relation to the quantity of petrol evaporated froa tightly closed

containers during the period of 7 days. On the fig.4A and 4B the

results of permeability measurements for treated and untreated

containers are presented. It is clearly seen froa the figures 4A

and 4B that as a result of fluorination tha peraeability of

containers has decreased very significantly.



4. rluorination cf Polypropylene. Besult* end Discussion.

According to procadura mentioned abova in th« Chapter 2, the

surface fluorination of polypropylene (PP) film, aade in R U M la

(TU 6-05-1105-72), was investigated.

It should be not ad, that as in casa of interaction of HPPK

ar.d XeT2, the conditions of reaction strongly af facts tha PP

fluorination: in vacuum tha increase of the Maple weight is

nearly tvo tiaes higher as compared with reaction in the air (with

the sane fluorination tine). Tha elevating of the reaction

temperature provides aore coaplete substitution of hydrogen atoas

by fluorine atoms. It should be emphasized that if compared the

ESCA data for fluorinated PP and HOPE the quantity of the fluorine

atoms as for 100 carbon atoms under same time of treatment is

higher for HDPE -75 and 35 for HDPE and PP accordingly.

The ESCA analysis data corresponds with the bulk analysis

data, presented in the table 3.

The ATR spectra of fluorinated and untreated PP are presented

on the fig 5.

Fluorination of PP for 24 hours in vacuum brings to

disappearance of the stretches in region 1370 ca~l and 1450 en"1

in the IR-spectrum, which are refereed to vibration of -CH2-CH3.

Simultaneously, the strong increase of intensity of the stretch in

the region of 1640 cm"1 stand for partial oxidation of the surface

layer, which is also confirmed by ESCA data. The intensity of the

stretch in the region of 2900 ca"1 is also considerably decreased

in the IR-spectrum of tluorinated PP. That fact may be explained

by the substitution of hydrogen atoas for fluorine atoms.

The comparison of ATR spectra of PP films fluorinated in

vacuum and air, shows that reaction in vacuum is more effective.

The fluorination in the air ataosphere does not bring to



significant changes in ATR spectrum compared vitn untreated Pp

fila.

5. Fluorination of Aromatic Polysulfone. Results and Discussion.

As an object for research the Russian made aromatic

polysulfone (TO 6-05-211-939-80) film (PSF) 40 urn thick was used.

The fluorination of PSF film samples was carried out at 4CC,

with the procedure described in Chapter 2.

Two series of fluorination experiments were carried out

separately: in the first series the rectangle samples with size

80x60 mm were used, in the second - rectangles with size 100x40 mm

and rounds with diameter 60 mm. No changes by visual examination

of the treated samples were observed.

In the table 4 and 5 the results of weight measurements of

the PSF samples after treatment with XeFj are presented.

The dependency of standard weight increase (g/cm2) of PSF

snmp]. ..d fluorinatior time is presented on fig. 6. The

dependei . ' s a linear character as well as in case of

polyolefines fluorination.

The result o.'' hulk anaLysis of fluorinated PSF samples are

presented in the table 6. As evident from the fig.7, the quantity

of fluorine increased with the increase of fluorination time and

also had a linear character.

The fluorinated PSF film samples were examined by ATR

r.pcctroscopy, the ATR spectra of the untreated sample and the

sample fluorinated for 4 hours are presented on the fig.8.

The following assignments of the bands for untreated PSF film

are presented in the work [3]: the band at 2960 cm'1 is associated

with C-H stretching of the methyl groups; strong absorptions in

the 1600 - 1475 cm"1 region - benzene ring, bands at 1313 cm"1 and

1151 cm"1 - sulfogroup, bands at 1250 cm"1 and 1020 cm"1 the C-o

bond.
10



Basing on this data we analyze the spectrum of 4 hours

fluorinated PSF film.

From the said spectrum one can see the band at 2960 cm'1 has

nearly has disappeared and a new broad stretching has appeared at

1050 -1300 cm"1. It may be explained by partial substitution of

hydrogen in methyl groups of isopropylidene unit and formation of

CF2H and CFH2 groups. Considerable decrease of intensity at the

ie.jw-1475 cm'1 region and formation of a new band at 1670 - 1640

cm"1 is associated with partial fluorination of benzene ring. The

disappearance of the bands at 1313 cm"1, 1151 cm"1, 1250 cm"1 and

1020 cm"1 may be explained by fluorination of sulfogroup and C-0

bond. The results of the IR spectra analysis enable to state that

fluorination of PSF by XeF2 is not selective and occurs at each

functional group of PSF macroraolecule.

The depth of fluorination for this sample was calculated

basing on the ATR data and was equal to 4 /xm, i.e. 0.7 of tha

whole thickness of the sample.

The results of the swelling test also proved to be very

interesting. The fluorinated PSF did not swell in /.erosine during

7 hours at 80"C, while the untreated PSF showed about 2% weight

increase under the same conditions.

6. Fluorination of Polyvinyltrimethylsilane. Results and

Discussion.

The organosilicon polymer membranes based on

polyvinyltrimethylsilane (PVTMS) produced in Russia (TU 6-05-111-

261-81) were used as an object for investigation. The PVTMS films

are known to have considerably high gas permeability, which is not

typical for poiymere in glass condition. It may be explained by

the availability of free volume in polymer structure, because of



the peculiarities of macroaolecular chain* packaging of PVTMS,

which has large trimatliylsilyl substitutors at aach second carbon

atom of the main chain ; « ] .

The samples of PVTMS film having thickness 6-10-100 fim ware

prepared from solutions of hexane and chloroform.

The result* of gravimetric examination of fluorinated films

are presented on the fig. 9 and table 7. It is observed that with

increase of the quantity of xenon difluoride reacted, the weight

of the treated samples with thickness of 20-30 pa was increasing.

It should also be mentioned, that during the sane tine of

fluorination the more weight increase was observed when reaction

was conducted in vacuum. .__, _ .
• . " • * .

It is likely to propose that in this case the substitution

reaction again occurs on the surface of the film, with

fluorination degree of the surface layer depending upon the

reaction conditions (air or vacuum) and f 1-. orination time. This

assumption looks adequately reasoning from the bulk analysis data

of the fluorinated film samples, shown in the table 8.

The surface character of PVTMS film fluorination with XeF2

was also confirmed by comparison of IR spectrum and ATR spectrum.

Under examination of IR spectrum a naw broad stretch in the

region of 500 cm'1 was found and identified as deformation

vibration of CF2 group according to [12]. The dependency of

optical density and fluorination time of absorbance band for 500

cm'1 is shown on the fig. 10.

Prom the fig. 10 it is obvious that with increase of

fluorination time the optical density also increases, i.e. the

quantity of CFj-group increases.

Comparing the IR spectrum with ATR spectrum of PVTMS film

fluorinated for 16 hours, one can see that the intensity of the

12



band in tha region of 500 ca~l la h.lgher tor ATR spectrum, and

intensity of valent vibration of CH2-group (2S00-3000 ear*) la

aucfc higher in IR spectrum. It abould b* notad hara that tba ATR

method enables us to examine the surfaca layer less than 3 im

thick. That explains the differences in intensities and again

indicates that tba fluorination occurs in tha thin surface layar

(fig.11).

For investigation of tta fluor' <ated polymer structure tha

NMR method was used. Tha NMR- H spectra of untreated and treated

for 12 hours and 18 hours vare obtained. From the fig. 12 one can

see in the untreated film spectrum (solvent - CCI4) tha aathyl

proton signals of -81(013)3 group relatively Si(CH3)4 in tha fora

of intensive band under 0.02 ppei and also signals of matblna and

methylene proton under 0.85 ppa and 1.56 ppa relatively

[Si(CH3)3]2O. In the treated samples spectra tha broadening oC tha

signals and band shift characteristic of CH2-group is observed.

The presented above NMR analysis data enables to anticipate

that during fluorination the hydrogen atoa in aatbylene group of

the sain ohaln is substituted by fluorine atoa. According to this

assumption the final product looks like ( -CHT-CH-](Si(013)3. -

The gas permeability of tha fluorinatad PVTKS films were

examined by means of gas chromatograph "Gazochrom 3101" with N2

and CO2 Mixture, tha content of the last was 9 vol.%. On tha

fig.13 the dependency of permeability coefficient Pco2 and

fluorine content in the film is presented. It clearly seen that

introduction of fluorine brings to decrease of Pco2 tor 4 tiaes.

7. Pluorination of Kethylmetaerylata and Ketaorylio koid

copolyaer. Results and Disoussion.

As an object for investigation the film of aethylnetacrylata

and aetacrylic aoid copolymer produced in Russia (TO 6-36-4643693-

13



8-89) was used. TIM experimental procedure was M M a* described

in Chapter 3. Th« composition of the copolymer waa aa followst 70%

of methylmetacrylate and 30% of metacrylic acid.

The ESCA data analysis showed the presence of fluorine in the

treated sample*! 4.6 at.* for the sample fluorinatad in the air,

and 2.8 at.% for the saaplaa fluorinatad in nitrogen.

a. riuorination of Polyurethane. Reanlta and Diaonsaion.

Aa an object tor invaatigation the polyurathane samples

produced and send to us by BAYER AG were used. The experimental

procedures were same as described in Chapter 2. The treated

samples were analysed by ESCA in Central Research Laboratory of

BAYER AG in LeverKusen (Germany). The obtained results, presented

in the table 9, indicate that the surface layer contains

chemically bonded fluorine.

>. Conclusions

Basing on the performed research it was found out, that xenon

difluoride enters into chemical interaction with the surface of

the investigated polymeric materials. This process may be

considered as a chemical modification, i.e. reaction, when the

hydrogen atoms are substituted by fluorine atoms in the polymer

macronolecule.

The experimental results received in course of this research

enable to propose the following main stages of interaction of the

gaseous XeF2 with the surface of solid polymeric material,

responsible for chemical modification:

1. XeF2 -> Xer2(ads)

2. XeF2(ads) -> XeF* + P* ^(Xe + F* + P*)

3. R-H + F* -• R* + HP

«. R* + XeF(F)* -> R-F + Xe, R - radicals of investigated polymers.

14



Another mechanism when gas XeP2 interacts with the surface of

polymeric material via formation of short-lived intermediate

product of addition of Xe-P radical to polyaer macromolecule can

also be proposed. Such nechanisn Bay include the following stages:

1. XeP2(gas) -V R-H<solid) -> P-Xe-R(solid) + HP

2. P-Xe-R(solid) -> R-F(solid) + Xe(gas)

(compounds of Xe-P-R type are known and formed in reaction of XePj

with various organic compounds [8]).

The degree of fluorination, and consequently, the changes of

the surface characteristics (gas permeability, adhesion, contact

angle etc) can be varied by changing the conditions of the

process.

In conclusion we would like to mention, that the method of

polymer modification with xenon difluoride may find rather vide

application for treatment of polyaeric articles in car industry,

aviation and space technology, MMbrane production, packaging,

biocompatible materials etc. because of its simplicity,

availability and small ecological impact.



Table 1.

Haight Increase of HOPE Samples Aftar Fluorlnation
Fluorinatio
n Time, h

6
12
18
24
48
72

Height
Increase,
20j», %

6,0
9,5
11,7
12,5
27,0
57,0

Standard
Weight

Increase,
20ji», *

0, 000054
0,000094
0,000115
0,000124
0,000257
0,000555

Height
Increase,
SOjm, «

2,4

7,0
13,7
25,6

Standard
Weight

Increase,
50/J», %

0,000074

0,000206
0,000444
0,000760

Results of Analysis of Fluorlnated LDPE Film* sample
Table 2

Fluorination
Time, b

6

i:

18

24

48

72

Height
Increase,

%

6,0

9,5

11,7

12,5

27,0

57,0

Content
of

Fluorine
by Bulk

Analysis,
%

1 7

19,6

ESCA (for 100 C
atoms)

Fluorine
38

75

79

74

Oxyqen
22

~

24

19

— ,

12

* LDPS Film Thickness - 20 «im

Table 3
Content of Fluorine by Bulk Analysis of LDPE and Pt> Film Samples

(Fluorlnation Time - 24 h)

Content of
Fluoriner %

LDPE
Vacuum
1,65

PP
Vacuum
0,89

Air
0,23
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Table 4
Weight Increase of Fluorlnated PSF Samples (first series)
Fluorlnation

Tine, h
2
4
6
8
10

Height Increase, %

4.0
5,5
7,9
8.7
10,1

Standard Height
Increase, g/ca'

1.20
1,63
2,40
2.71
3,02

Table S
Height Increase of Fluorlnated PSF Staple (second series)

Fluorination
Time, h

0,5

1,0

2,0

4,0

Sample Shape

rectangle
round

rectangle
round

rectangle
round

rectangle
round

Height
Increase, %

0,5
0,3
1,6
1,8
4,8
3,9
8,7
7,0

Standard
Height

Increase,
g/cm1

0,18
0,12
0,48
0,51
1,37
1,36
2,57
2,85

Content of Fluorine By Bulk Analysis in PSF samples
Table 6

Fluorination Tine, h
0,5
1,0
2,0
4,0

Fluorine Content, %
0,40/0,38
0,72/0,75
2,94/2.87
5,76/5,85

Weight Increase of Fluorinated PVTHS samples
Table 7

N

1
2
3
4

Thick
ness,
JIB

30
30
100
100

Height
Increase

0,9
0,3
7,8
4,3

XeF2
Expenditure,

9

0,1912
0,0710
0,6442
0,1933

Quantity of
XeF2,g divided
by Quantity of

Polymer
1,89
1,22
2,57
1,15

Condition
of

Treatment

Vacuun 6h
Air 6h

Vacuum 6h
Air 6h
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Table 8

N

1
2
3
4
5

Content Of Fluorine in PVTMS Saaples
Fluori. nation

Tine, h

2
4
6
8
18

Content of

15 M»
-
-
-

1,35
5,50

Fluorine (%)

30 M"
0,45
-

0,93
-
-

by Bulk Analysis
for Fila

50 MB
-

0,19
0,36
0,40
-

Thickness

200 liB
-
-

0,28
—
-

ESCA Analysis of "Bayer" PO Samples
Table 9

N

1
2
3
4

conditions
of

Treatnent

Vacuun 4h
Vacuum 6h
Vacuum 8h
Air I8h

Elenent Content, at %

Na
0,6
0,6
0,7
0,9

F
3,3
3,8
3,8
6,7

O
18,3
17,6
17,6
17,8

N
7,6
7,6
7,9
5,2

C
68,7
69,1
68,2
66.8

Cl
0,1
0.1
0,1
0,1

Si
1,1
1.2
1.4
1,9

it
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