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i111~nr 
METHOD FOR THE PRODUCTION OF COMPOSITES 

THIS INVENTION relates to a method of producing a composite material. 
In particular, It relates to a method of producing such composite materials for 
making suuctures and/or artifacts wherein a substrate Is protected against corrosion ·. 

s and/or penneadon of fluids by a surface cladding. It also relates to a method of 
produdng such composite matertats wherein one component Is strengthened or 

reinforced by another· component. The Invention also relates to such composite 
materials, partlcularly when produced by means of said method. 

According to the lnvendon, there Is provided a method of producing a 
to composite matertal, the method comprising: · 

15 

subjecting a surface of a polyolefln component comprising a polyolefln 
material to surface actlvadon thereof; and 

adheslvely securlng together the polyolefin component and a substrate 

component selected from cemenddous components and metal components, at the 
activated surrace of the polyoleftn component. 

By surface actlvadon Is meant that the surface of the polyoleftn component 
Is brought Into cont.act with a fluid In a fashion whereby atoms, molecules and/or 
radicals derived from the fluid are Incorporated Into the surface of the component. 

The polyoleftn component may act to protect the substrate component, the 
20 polyoleftn component fonnlng a· surface cladding for the substrate component. The 

polyolefln surface cladding may protect the substrate component against corrosion. 
The po1yolefln surface cladding may Instead or In addition protect the substrate 
component against penneadon of fluids, pardcularty when the latter Is cementltlous. 
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Any suitable surface activation method may be used, sudl as corona discharge 

or plasma processes. For large scale appllcadons, the surface actlvadon Is preferably 

surface fluorinadon. Thus, more particularly, the surface activation may be selected 

from· corona discharge· ac:tlvatlon, plasma actlvad~n and surface fluorinadon 

5 activation, the surface actlvadon providing the activated polyolefln component 

surface with a surface tension at 20°C of at least 40 mN/m, the polyolefln material 
. . . . . 

10 

being selected from polyethylenes, _polypropylenes, copolym11rs of ethylene 

and propylene and blends of such pol)lolefins, su_cfl as ethylene-pl'()pylene 

dlene monomer elastomers. The polyolafins used include unmodified or 

modified polyolefins, eg those modified by containing ethyl vinyl acetate 

as an impact modifier. 

Any suitable method can be used to fluorinate the surface of the polyolt!fin 

comp_onent which Is fluorinated before It Is adhesively secured to the cemenddous 

or metal substrate component. By fluorinated Is_ meant that the surface of the 

15 polyolefln component Is treated with a fluorine-containing gas to provide fluorine 

subsdments bound to said surface. Any suitable tluorlnadng process may be used 

for this purpose, for example the fluorinadng processes described In US Patents Nos. 

us 3,647,613; us 3,862,284; us 3,865,615;_ us 4,020,223; us 4,081,574; 

us 4, 142,032; us 4,296, 151; . us 4,508,781; us 4,536,266; 

20 US 4,557,945; US 4,764,405; and US 4,869,859 as well as published European 

Patent Appllcadon EPO 214 635, and South African Patents Nos. 85/9500 and 

87/8240, at last some of which describe teehnlques which can be adapted for the 

oxytluoririadon described hereunder. 

Conveniently, the actlvadon Is by surface fluorinatlon activation, more 

25 panlcularly surface oXytluorinadon, the ftuorlnadon being by exposing the polyolefln 

component to be fluorinated to a fluorine-containing gas at a pressure of 1-500 kPa, 

preferably 5-1 SO kPa, at a temperamre above 0° C and below the meldng point of 

the polyoleftn material of the polyoleftn component, typically 20 • 100 ° C. By 

oxyfluorinadon Is meant that the surface Is provided with fluorine and oxygen 

30 subsdtuents, eg on -CH2 and/or ·CH3 groUJ>S fanning part of the surface. The 

-
' 

' 
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fluorine-containing gas may be fluorine Itself (F2), It may be a fluorinated noble gas 

such as XeF 2, or It may be a ftuorohalogen such as CF3, BrF5, IF7 or the like. The 

fluorine-containing gas may fonn part of a mixture with other gases, such as oxides 

of sulphur, oxides of nitrogen or oxides of carbon, halogens, interhalogens, nitrogen, 

5 oxygen, ozone or mixtures thereof, such as air. The proportion of the fluorine. 

containing gas In such gas mixture can vary within wide limits, the fluorine-containing 

gas fanning eg O, t -99, 9% by volume of said mixture, typically fanning 1 - 30% 

by volume thereof. Particularly preferred gas mixtures Include those comprising 5 -

20% by volume of fluorinadng gas such as F 2 and 5 - 95% by volume oxygen (02 
10 or 0 3), so that the surface fluorlnadon Is a surface oxytluorinatlon. 

In a pardculariy preferred version of the method the surface ftuorination 

activation may be by exposing the polyolefln component to the fluorine-containing 

gas at a pressure of S' - t SO kPa and at a temperature of 20.100°C, the gas 

comprising 5 - 20% by volume fluorlne and 5 -95% by volume oxygen. As 

15 described In more detatl hereunder, adhesively securing the activated surface of the 

polyoleftn component to the substrate component may be effected by means of an 

adhesive composition comprising a thermoseaing resin. 

The fluorinadon under the above process conditions will usually take place In 

a reactor comprising a vacuum chamber with provision for feeding thereto and 

· 20 withdrawal therefrom of gases, pressure control,-temperature control and conttol of 

the composldon of gas mixtures therein, and the process will usually be carried out 

batchwise. 

When the polyoleftn cladding component Is In the fonn .of a sheet, It may, 

however, be treated In a roll·to-roU process using a fllm fluorlnator as the reactor, 

25 with similar ftuorinadon conditions to those described above with reference to the 

batch process. The absolute pressure tn such reactor will typically be one 

aanosphere, ± 20 kPa. The gas mixture composldon may be such that the fluorine 

(F2} content Is 5 to 20 o/o, the remainder being made up of other reactive gasses,. 
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or Inert gasses, eg N2• The proportion of said other gases In the mixture may be 

between 5 and 95 %, the balance being made up by an Inert gas such as ~· 

As Indicated above, the surface actlvadon, slich as the surface fluorinadon . , 
may be such as to provide the activated polyoleftn component surface with a surface 

5 tension at 20° C of at least 40 mN/m, preferably at least 45 mN/m. 

The substrate component may be a cemenddous component made of a 

cemenddous material such as cement, concrete, cemenddous mortar or a related 

cement-containing material. The cemenddous substrate. component may. be flat, 

being eg a concrete wall or floor, or tubular, being eg a concrete pipe. The substrate 

10 component may Instead be a metal component, such as mild steel component, and 

may be tubular, being eg a pipe, although It may, Instead be a box or container-type 

· structure. Accordingly, the material of the substrate component may be selected 

from cement, concrete, cemenddous monar or mild steel, the thennosettlng resin 

being selected from epoxy resins and polyester resins. 

15 The polyolefin component, when used rc;>r daddlng, may be of an 

appropriate shape, depending on the shape of the substrate component. Thus, the 

polyolefin component may be a flat or curved sh~ When the substrate component 

Is tubular, eg a pipe, the polyoleftn component may be a pipe, a polyolefin pipe 

fonnlng an external and/or Internal cladding or llnlng for the cemenddous or metal 

20 pipe, as the case may be. 

·The cladding or other poiyoleftn component may be of po~yethylene, such 

as high density polyethylene (HOPE), polypropylene (PP), or copolymers of 

ethylene and propylene, such as ethylene-propylene-diene monomer elastomer 

(EPDM), modified or unmodified, as Indicated above, or blends of such 

25 polyolefins. 

· Adhesively securing the fluorinated surface ·of the polyoleftn cladding 

component to the cemendtlous or metal substrate component may be effected by 
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using a suitable _adhesive composldon, such as a thennosetting resin as Indicated 

above. The adhesive composldon may comprt,se a curable settable thennosetting 

resin, eg an epoxy resin or polyester resin. Suitable epoxy resin-based adhesive 

~~positions are those available In South Africa as PRO-ST~UCT 121 and PRO-

S STRUCT 30/71 from Pro-Struct, a dMslon of KayMac Limited. Suitable polyester 

resin-based adhesive composldons are a polyester resin adhesive paste available In 

South Africa as FREE FIX 40/6345 from NCS Resins, a division of Sentrachem Ltd, 

a resilient lsophthallc polyester .resin adhesive available In South Africa as GELCOAT 
. . 

65 fromsatd NCS Resins, and an lsophthallc, non-accelerated resilient polyester resin 

10 adhesive available In South Aftica as POL YLITE 8130 from said NCS Resins. 

The method inay Include the step, prior to the adhesive securing, of 

subJecdng the activated surface of the polyoleftn component to hydrolysis, to 

enhance the adhesion of the fluorinated surface to the adhesive composldon. The 

hydrolysis Is particularly effective when the actlvadon Is by oxyfluorlnadon and the 

15 · adhesive securing step Is by means of an epoxy adhesive composition. The hydrolysis 

may be effected by contacting the oxyfluorinated surface with water at an elevated 

temperature for a sufficient period of time, eg by Immersing the polyoleftn 

component in water overnight at 50 °C, to hydrolyse any hydrolysable chemlcal 

groups on the fluorinated surface of the polyolefin component. Exposure of the 

20 fluorinated surface to atmospheric air for extended periods of dme should also result 

In full hydrolysis of the fluorinated surface. In particular, the hydrolysis may be by 

contacting the activated surface of the polyolefln component with liquid water ·for 

a period of 2 - 6 hours. 

The surface may be sub)ected to degreasing prior to fluorlnadon thereof 

25 and/or after fluorlnadon and prior to the adhesive securing of the cladding 

component to the cementtdous or metal substrate component. Accordingly, the 

surface may be subJected to degreasing prior to activation thereof. Furthennore, the 

surface may, after activation thereof and prior to the adhesive securing, be subjected 

to degreasing. 
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Suitable· degreasing agents used to degrease the surface may be .selected from 

trichloro·ethylene (TCE); acetone, ethanol, methyl ethyl ketone (MEK) and xylene. 

Water-soluble detergents can also be used. Nawrally roudne experimentadon wtll 

be employed to detennlne which degreasing agent$ ·are compatible \_\'Ith the surface 

S and with the resins employed In tile process of the Invention~ 

10 

As Indicated above, the polyoleftn component may be secured to th~ 

substrate component to fonn a surface cladding of the substrate componen~ 

Furthennore, Instead, the substrate component may be secured to the polyolefin 

component to fonn a surface cladding of the polyolefin component. 

Thus, Instead of using the polyolefin component to protect the substrate 

component, _the substrate comJ)onent may be used for strengthening andfor 

reinforcing the polyolefin component. The polyoleftn c0mponent in this case may 

be tubular or hollow cylindrical, eg drcular or square In cross-section, suitable for· 

containing and/or transpoltlnga fluid. In partlallar, the polyolefin component may 

·1 S be a pipe or pipe titting, or a tank, the metal reinforcing component fanning an 

external cladding or lining for the polyoiefln pipe, pipe fitting or t.ank. Typically In 

· this case, the polyoleftn materlal of the polyolefin substrate component ls again 

polyethylene, such as high density polyethylene (HDPE), polypropylene (PP), or 

copolymers of ethylene and propylene, such as ethylene-propylene-c:llene 

20 monom'r elastomer (EPDM), modified or unmodified, or blends of such 

polyolefins. The metal strengthening or reinforcing component may be 

of mild steel. The surface activation method, Including the surface 

fluorination method, for activating the surface of the polyolefin substrate 

component before It Is adhesively encapsulated or clad by the metal 

25 reinforcing component; may be similar to that des°'bed above for protection of the 

substrate component· by the polyoleftn component; and adhesively securing the 

reinforcing component to the polyoleftn component may be effected using a similar 

adhesive composition as described above for protection of the substtate component 

by the potyotefin component. A suitable adhesive composition Is an epoxy restn-

30 based adhesive such as that avatlabte In South Africa as PRO-STRUCT 7907 A and 

.. t 
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B from Pro-Struct, a division of KayMac Limited. Typically, the resin may be cured 

by using a suitable curing agent or catalyst, eg a commercial curing system or 

package suppiled by, and used In the appropriate amount as recommended by, the 

manufacturer of the particular resin used. This veislon of the method may also 

S Include the further step, prior to the adhesive securing, of subJecting the· fluorinated 

surface of the polyolefin substrate component to hydrolysis, as described above, to 

enhance the adhesion of the· oxyfluorlnated surface to the adhesive compasldon. 

Plastics pipes are widely used for the transport of fluids and the pressure In such 

pipes may vary from below aanospheric (vacuum) up to tens of atinospheres. 

1 O Polyoleftn ·pipes and tanks can be 11ned or encapsulated by metal reinforcing 

components In accordance with the method· of the lnvendon to Increase their 

pressure radng, and/or to Increase their rigidity. Such composite pipes and tanks 

combine the advantages of the strength (for pressure) and rigidity of eg steel and the 

relative chemical and abrasion resistance of polyolefln plastics. 

15 

20 

25 

The lnvendon extends to a composite material comprising a polyolefin 

component and a substrate component adhesively secured together, the substrate 

component being selected from cemenddous components and metal components, 

and the components being secured together at a surface of the polyoteftn component 

which ls activated. 

The composite material may be made in accordance with the method of the 

Invention. 

The lnvendon wlll now be described, by way of non-llmlting lllustradve 

example, with reference to the foilowlng Examples and with reference to the 

accompanying dlagrammadc drawings. 

Examples 1 - 3 Illustrate the method of the lnvendon applled to the 

protection of cemenddous substrates by a po[yoleftn surface cladding. Example 4 

illustrates the method of the Invention applied to the strengthening of a polyolefin 
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component by a metal reinforcing surface daddlng. ~mple 5 Illustrates the 

method of the Invention employing various resins. EXample 6 Dlustrates the method 

of the Invention employing various degreasing agents. Example 7 Illustrates the 
. . '. t 

method of the lnv~ndon employing various drying times prior to oxyfluortnation. 

S Example ~ lllutrates the method of the Invention employing various oxyfluorl~ation 

methods. Examples 9A, 98 anci 9C Illustrate,~~ method of the Invention 

employing varying activation times. Examples 1 OA and 1 OB lllusttate the method 

of the Invention In the light of various adhesion tests and klnetia tests. Examples 

_ 1 1 A and. 1 1 B Illustrate the method of the Invention employing various hydrolysis 

10 media. Example t 2 lllusa-ates the method of the lnven~on employing varying drying t 
times after hydrolysis. Example 13 Illustrates the method of the Invention with 

regard to degreasing of substrates after activation and prior to adhesion. 

In the -drawings: 

Figure 1 shows a plot of shear strength (MPa) against sample number for 

1 S polypropylene pipe samples provided with an exterior lining of mild steel, with 

reference to the required shear strength according to British Standard B.S.6464; 

Figure 2 shows a plot of peel strength against time for Prost111a 30/71 with 

hydrolysis In water; and 

Figure 3 shows a plot of mass change against time for activation of HDPE with 

20 a F2/02 mixture comprising 10% by volume F2• 

25 

EXAMPLE 1 <Resin Choice> 

The following experimental conditions were employed: 

Material 

Gas Mixture 

• . 
• . 

Oxy-fluorlnatlon Time 
and Temperature : 

Black HDPE (PE 300) 

1 OkPa air,· 20kPa F 21N2 mixture comprising 200/o by 

volume F2• 

30mln at 50°C 
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Surface Dimensions 

Resins 

length: 200mm, width: 200mm, thickness: 2mm 
a) -Pro-Struct 12·1, 

b) Pro-Sttuct 30/71, 

c) Free Fix 40-6345, 

d) Gelcoat 65, 

e) Polyllte 8 t 30. 

The HOPE dies (untreated and activated) were stuck to a concrete wall wing the 
above resins by means of hand pressure. After one week a force was applied to the 
dies to endeavour to peel the dies from the wall. 

The results of these adhesion tests are set out In Table 1 below. 

Table I: Results of adbeslon tests between PE 300 and concrete using various 
adhesives 

Resin Manufacturer Type of Resin Observadon 

Pro-Struct 1 21 Pro-Sauce Muld-purpose Breakllne within 
Epoxy the Concrete 

Pro-Struct ·30/71 Pro-Suuct Abrasion Resist.ant Breakline within 
Epoxy the Concrete 

FreeFlx 40/6345 .. NCS Resins Fiiied Polyester Adhesive Failure 
Adhesive Paste between Adhesive 

and Concrete 

Gelcoat 65 NCS Resins Resilient Adhesive Failure 
lsophthallc between Adhesive 
Polyester Resin and Concrete · 

Polyllte 8"130 NCS Resins lsophtbalic, Non- Adhesive Failure 
accelerated, between Adhesive 
Resilient and Concrete 
Polyester resin 

· None of the untreated HOPE dies remained stuck to the concrete wall. 

' 

I 
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The results In Table 1 Indicate that epoxy resins appear to be the most 

suitable. Pro-Sauct 30/71 (polyamldo-amlne curing agent) appeared to be the niost 

suitable resin due ~ Its cost, ease of mixing, ease of application and It removed less 

concrete from the wall compared to the other resins when the peel tests were 

5 conducted. 

EXAMPLE2 

From the reslilts of Example 1 It was clear that further work should be focused on 

the use of epoxy adhesives. The aim of the further work was to optimise the t 
fluorinadon condldons for maximum adhesion between the epoxy adhesives listed In 

10 Table 1 and fluorinated polyolefln sheet. 

-Black pigmented HDPE strips (26 x 300 mm) were cut from a PE 300 sheet. The 

strips were placed In a stainless steel vacuum reacdon vessel which was evacuated and 

then charged with a 10/90 F 2102 mixture. The vessel was kept at SO °C and the 

strips were fluorinated for different periods of dme to provide a surface fluorine 

15 concentradon of 55,4 pgf /an2• After the selected period of time, the fluorinatlng 

aanosphere was evacuated from the vessel and the strips removed. 

The adhesive strength of PRO-STRUCT 30/71 on these strips was evaluated by T­

peel tests, according to.ASTM D 1876-92. The only changes to the prescribed 

ASTM procedure were that the pulling rate used was 200 mm/min and that the 

20 signal Integration Interval was 10 an. 

From the T ·peel tests, It was clear that the optimum treaanent time for maximum 

adhesion was reached within 30 minutes, using the above treaanent conditions. It 

was also observed that a post·treaanent of the fluorinated surface by hydrolysis had 

a material Influence on the adhesion strength. It wa5 found that the maximum 

25 adhesion strength (typically 8 N/mm) was obtained when the strips were submerged 

In water overnight at SO °C. Strips which were glued Immediately after fluorinadon 



W095/3S341 

THIS SHEET HAS BE~N 
REPLACED 

11 

PCT/US951076JS 

without post-treaanent by hydrolysis, or which were treated with a basic solution, 

eg a NaOH soludon, showed relatively weak bonding to the epoxy adhesive. 

The Applicant has found the Improved adhesion arising from the hydrolysis to be 

surprising and cannot account therefor. However, without being bound by theqry, 

5 the Applicant believes that the fluorinadon treatment may fonn acyl fluoride- and 

carboxyllc acid groups on the surface of the polyolefln component. On hydrolysis, 

the acyl fluoride groups may either be removed or they may be transfonned Into 

additional carboxyllc add groups. These carboxylfc acid groups possibly act as curing 

agents for the epoxy resin. A chemical bond may thus actually be formed between 

t O the adhesive and the fluorinated surface, which can lead to the high bond strength 

between the polyolefln component and the epoxy adhesive. This mechanism would 

explain why basic hydrolysiS of the fluorinated surface does not enhance adhesion to 

the epoxy adhesive, since basic hydrolysis leads to the fonnadon of salts on the 

polyoleftn surface, and not to additional carboxyllc acid groups. 

15 

20 

EXAMPLE3 

Tests slmllar to Example 1 were canied using dies of EPDM Instead of HOPE. In 

control tests, dies which were not fluorinated showed no adhesion to the concrete 

wall using PRO-STRUCT 30nt as adhesive. When the dies were fluorinated as In 
Example 1, adhesion was so strong that breakllne within the elastomer was obsesved. 

EXAMPLE4 

Push out tests were done on a PP pipe which was provided with· an external 
lining/cladding of a mild steel pipe by the method according to the Invention. The 

PP pipe was 90 mm OD class 4 pipe having a wall thickness of S mm. The PP was 
avallable from Megaplpe, a division of Mega Plastla, which Is In tum a division of 

25 Sentrachem Limited. The outer surface of the PP was fluorinated In a manner to 

that described In Example 1~ the same fluorinatlon condldons. After 
----

' ------"/Ii Hi~· 
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fluorinadon, the PP pipe was Inserted Into a pipe of mild steel. The outside diameter 

of the PP pipe was 1 mm smaller than the Inside diameter of the steel- pipe. At each 

end of the steel pipe, a cup flange was bolted, each cup flange lncoi'poradng a spacer 

to keep the steel pipe and the PP pipe apart and also nozzles to allow both adhesive 

5 to be Infected and air to escape. This technique Is lmown as ·crack infection. The 

PP pipe and the steel· pipe were then smpended at about ± 60 ° and an epoxy- . 

containing adhesive compC:>sldon, available as PRO-STRUCT 7907 A and B from 

Pro-Strua, was then lnJected Into the bottom mp flange under pressure, from a 

pressure pot-where the adheslVe composition Was ·alSo premlXed. Curing of the 

10 epoxy adhesive was by means of a dlring agent package supplied by,· and used In an 

amount as recommended by, the manufacturer of PRO-STRUCT 7907 A and B. 

The epoxy adhesive was allowed to partially cure after which the'cups were removed 

and the composite .pipe allowed-_ tG stand undl · ru11 mre was-achieved. 

The composite pipe was cut Into 60- mm lengths to fonn samples numbered as 

1 S follows: 

II 1 2 3 4 s 6 11 

. A 15 mm length of the PP was machined out of each end of each 60 mm length for 

the purposes of push out tests conducted In accordance with B.S. 6464. The push . 
out tests Involved the remaining length of the PP pipe of the test pieces being pushed 

20 · out of the metal daddlng and measuring the force required to do so. The shear 

strength or "push-out" strength was then calculated as follows: 

Shear strength (MPa) = F 
d.n.h 

where F = maxlm~m force required to shear the PP ·pipe from the steel pipe 

25 daddlng [N] · 

d = PP pipe outer diameter (mm) 

h = remaining encapsulated Inner plasda liner-length (mm) 



W095135341 PCTIUS95/07635 

13 

The push out test results are summarised In Table 2 below. The supporting strength 

profile of the steel dad PP pipe samples Is shown In the accompanying figure. The 

figure shows for comparison the required shear strength according to the British 

Standard ·B.S. 6464. Table 3 shows the average shear forces, taking all the test 

5 results, as well as the average when disregarding the highest and lowest values. The 

standard devladon and variance Is also shown, and then finally, whether or not the 

shear strength of the pipe samples matches or exceeds that specified by B.S. 6464. 

From Table 3, It can be seen that the pipe samples, though not complying to B.S. 

6464, fared well. 

10 Table 2 Steel/PP 

SAMPLE HIGHEST PIPE. MAXIMUM SHEAR 
NO. VALUE OF OUTER SHEAR STRENGTH 

PIPE DIAMETER FORCE [MPa] 
LENGTH [mm] INl 

[mm] 15 

1 30 111 10.98 1.05 

2 30 110 14.56 1.4 

3 30 110 14.21 1.3 

4 30 t 10 12.93 t.2 

2Q s 30 110 12.22 t.17 

6 30 110 13.07 1.26 
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Table 3 

SHEAR STRENGTH (MPa) . 

Average. 1.23 

Ave.,age 1 1.23 

5 Std devn 0;.ll 

Valiance . 0.01 

Acceptable NO 

Average 1 Highest and lowest not lnduded. 

Two methods were employed to evaluate adhesion strength, namely a T·peel test 

lQ and a Lap shear test (ASTM test method) 

I-Peel Test CASTM D 1876-921: 

Polymer strips (300mm width x 26mm length and 2mm thickness) were glued 

along - 22cm of the length thereof. After curing the Joints were evaluated using 

an lnstton 4465 tensometer with a SOOON load cell and a crosshead. speed of 

15 200mm/mln. The peel strength was obtained from the average peel ·rorce over the 

central 20cm of peel. 

Lao Shear Test CASTM D 1002-72>: 

Polymer strips (26mm wl~ x SOmm length) were_ mounted ~nto . roughened mild 

steel platfomis with Pro-Sb11ct 30/71. The strips were masked with masking tape· 

20. leaving 1 Omm available for testing. The physical overlap dimensions were 26mm 

.width x 1 Omm length. This. procedure was used to ~llmlnate any _peel forces. The 

· adhesion strength was evaluated using an lnstron 4465 tensometer with a SOOON 

load cell and a crosshead speed of Smm/mln. 

t 
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MATERIALS USED 

The material used was PE 300 HDPE In the fonn of dies. PE300 Is a GM 5010 

based High Density Polyethylene (HDPE} which was obtained from Malzey Plastfa, 
Pretoria, South Afrfca. 

ExaJDple S 

OXYFLUORINATION COMPARED WITH FLUORINATION 

The following experimental conditions were employed: 

Material : Black HOPE (PE 300) 

Degreasing Agents 
10. Prior to Activation TCE 

Surface Area Activated : 0.0312m2 

Gas Mixture : a) lOkPa air, 40kPa F21N2 mixture comprising 

t 1.6% by volume F2 
b) 40kPa F21N2 mixture comprising 11.6% by 

is volume F2 

20 

Oxyfluorinatfon Time 
and T emperaurre 

Hydrolysis technique 

Test Method 

Dimensions 

Restn 

a) 30mln at 50°C 

b) 3hrs at S0°C 

: Exposure to moisture In air for 1 week 

: Lap Shear 

: length: 26mm, width: 1 Omm, glue-line thickness: 

0.16mm 

Pro-Struct 30/71 

The results of the lap shear tests conducted are set out in Table 4 below 
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Table 4: Results of the tests conductred on black PE 300 with oxyfluorlnatlon and 

fluorinadon 

Sample Number ·Lap Shear Strength (MPa) 

Oxytluorinadon Fluorinadon 

1 11.00 1.786 

2 15.1.~0 1.392 

3 9.788 1.464 

4 Poor Glue-line Poor Glue-llne 

5 - - .. 

Average 11.97 1.547 

As can be seen In Table 4, oxyfluorlnadon has better adhesive properties than 

fluorinadon on PE 300 with Pro-strucc· 30/71. 

DEGREASING PRIOR TO ACTIVATION 

Various contaminants that can Influence activation as well as the adhesion 
. . 

15 process n:aay be present on the surface. It Is desirable to clean the surface thoroughly 

20 

prior to actlvadon. Sample surfaces were degreased by wiping each surface with a 
tissue properly wetted with a degreasing apnt. 

Example 6: CHOICE OF DEGREASING AGENT 

The following experimental conditions were employed: 

Material 

Degreasing Agents 
Prior to Activation 

: Black HDPE (PE 300) 

: : .. a) Trlchloro-ethylene (TCE), 

·t 
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b) Methyl Ethyl Ketone (MEK), 

c) Ethanol (EtOH), 

d) Handy Andy (H/A) available from Lever 
Industrial (Proprietary) Lhnlted. 

Drying Time Prior 
to Activation . 24hrs . 
Surface Area Activated . 0.124Sm2 . 
Gas Mixture . 1 OkPa air, 40kPa F 21N 2 mixture comprising t 5% by • 

volume F2 
Oxytluorinadon Time 
and Temperature . 30mln at 50°C •··• 

Hydrolysis technique . Immersion in water at room temperature for 1 Bhrs . 
Drying Time Prior to 
Adhesion t week 

Test Method T-Peel 

Dimensions . length: 300mm, width: 26mm, thickness: 2mm . 
Resin Pro·Struct 30/71 

The results of the peel tests conducted are set out In Table 5 below. 

Table 5: Peel test results obtained for PE 300 with Pro-Struct 30/71 with various 

demaslng arents pl1or to oxv-fluorlnatlon 

Sample Peel Strength (N/mm) 
Number 

TCE :MEK Ethanol Handy Andy 

1 5.109 4.310 3.246 3.750 

2 4.704 3.210 3.738 4.066 

.Average 4.906 3.760 3.492 3.908 

Degreasing with TCE prior to oxy-fluorlnadon gave the best results. The four 

particular degreasing agents were chosen as they cover a broad spectrum of chemical 

groups I.e. an alcohol, a ketone and a soap. 
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EXAMPLE 7: DRYING TIME PRIOR TO OXV-FLUORINATION 

The following experimental condldons were employed: 

Material . Black HDPE (PE 300) • 

Degreasing Agents 
5 Prior to Activadon . TCE • 

Drying Time Prior 
to Actlvadon · • a)- 3 months . 

b) 24hrs .. 

Surface Area Activated 0.156m2 
t 10 Cias Mixture lOkPaalr, 40kPa F21N2 mixture comprising 15.8% • • 

by volume F2 
Oxyfluorinadon Time 
and Temperature 30mln· at 50°C 

Hydrolysis technique • Immersion In water at room temperature for 18hrs • 
15 Drying Time Prior to 

Adhesion . 72hrs . 
Test Method T-Peel 

Dimensions length: 300mm; width: 26mm, thickness: 2mm 

Resin • Pro-Saua 30/71 • 

20 The results of the peel tests conducted are.set out In Table 6 below. 
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Table 6: Peel test results obtained for PE 300 with Pro-Squct 30/71 with a long 

drvtng dme Prior to oxv-fluorinadon 

Sample Number Peel Strength (N/mm) 

3 Months 24hrs 

l 0.8335 5.109 

2 1.608 4.704 

3 1.007 -
4 2.887 -
5 1.229 -

Average 1.513 4.906 

Table 6 shows that a lo~g drying dme prior to actlvadon (after degreasing) caused 

reduced peel strengths. It Is believed that adverse effects arising from addidve 

mlgradon from the bulk of the polymer to the surface are reduced by the degreasing 

step, the degreasing step thus resuldng In more effective oxyfluorinadon. Without 

15 the degreasing, additive on the surface can be fluorinated or oxyfluortnated, Instead 

of the bulk polymer, and this Is undesirable. 

20 

25 

EXAMPLE 8: CHOICE OF OXYFLUORINATION METHOD 

The following experimental condidons were employed: 

Material : Black HDPE (PE 300) 

Degreasing Agents 
Prior to Activadon 

Drying Time Prior 
to Actlvadon 

Surface Area Activated 

Gas Mixture 

MEK 

: 24hrs 
r 

: 0.0624m2 

a) F2102:- 57kPaofa F2to2 mixture comprising 

l 0% by volume F2 
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Oxyfluorlnadon Time 
and Temperature 

Hydrolysis technique 

b} 

c) 
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F21N2 + Air .=- 50kPa air, 7kPa F IN . . - 2 2 
mixture comprising 15.8% by volume F2, the 

toal mixture of air, ·F 2 and N 2 comprising 

10% by volume F2 · 

t 0-40 :- t OkPa air, 40kPa F 2/N 2 ·mixture 

comprising t 5.8% by volume F 2 

: 30mln at 50°C 

: Immersion In 0.48N soludon of Hydrochloric Add 

.. 

(HC) for t Shrs f 
Drying Time Prior 
to Adhesion 

Test Method 

Dimensions 

Resin 

24hrs after rinsing with distilled water 

: T-Peel · 

length: 300mm, width: 26mm, thkkness: 2mm 

Pro-Sttuct 30/71 · 

The results of the peel tests conducted are set out In Table 7 below. 

Table 7: Peel test remits obqlned for PE 300 with Pro-Sauct 30/71 with various 

oxvnuorlnadon methods -

Oxyfluorlnadon Peel strength (N/mm) 
Method 

1 2 Average 

a} F2to2 2.192. t.665 1.929 

b} F21N2 + Air t.543 0.9083 1.226 

c} 10-40· 4.363 2.954 3.658 

25 The 10-40 condldon yielded the best peel strengths when combined with the 

degreasing, hydrolysis and drying steps described In &ample 8. 



W095/35341 PCT/US95/07635 

21 

EXAMPLE 9: ACTIVATION TIME 

The following experiment.al condldons were employed: 

. Examnle 9A: ActlVation Time Studv using F 2102 

Material . Black HDPE (PE 300) . 
5 Degreasing Agents 

Prtor to Actlvadon . TCE • 

Surface Area Activated . O.t56m2 
• 

Gas Mixture . 50.9kP-a F 2102 mixture comprising 10% by volume . , __ 

F2 

10 Oxyfluorination Time 
and Temperature . 2mln, 1 Omln, 20mln and 30mln at 50°C . 
Hydrolysis technique Immersion In water at 50°C for t 8hrs 

Drying Time Prior 
to Adhesion • 1 hr at S0°C followed by 24hrs at room temperawre • 

15 Test Method . T-Peel • 

Dimensions . length: 300mm, width: 26mm, thickness: 2mm . 
Resin . Pro·Struct 30/71 . 

The reslilts of the peel tests conducted are set out In Table 8 below: 
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Table 8: Peel strengths obtained for PE 300 with Pro-Sauct 30/71 with various 

oxvftuorlnadon dmes 

... 

Sample Peel Strength (N/mm) 
Number 

· ... -:20• 2mln lOmtn. 
'• 

30mln 

1 3.7909 6.904 8.7309 6.268 

2 1.553 6.123 7.311 · '7.5597 

3 5.413 5.393 7.2613. 8.235 

4 2.951 8.461 7.3083 9.2347 

5 - 6.8838. ·- -
Average 3.4063 6.75296 7.6526 7.8248 

The data In Table 8 are Illustrated In figure 2. 

As can be seen In figure 2, the peel strength reaches a plateau after about 1 Smln 

of oxyfluorlnadon. It appears that 20 - 30 min Is the preferred oxyfluorlnadon dme · 

15 for PE 300 with Pro-Struct 30/71 under these hydrolysis condldons. 

Example 98: ~action Dme Study using the 10-40 Oxytluorlnadon Metbod 

Material • Black HDPE (PE 300) . 
Degreasing Agents 
Prior to Actlvadon TCE 

20 Drying Time Prior 
to Actlvadon 24hrs 

Surface Area Activated . o.0624m2 . 
Gas Mixture .1 OkPa air, 40kPa F21N2 mixture comprising 15.8% 

by volume F2 
25 Oxyfluorlnadon Time 

and Temperature . 1 min, 1 Smln and 30mln at 50°C . 
Hydrolysis technique . Immersion-In water at room temperature for 18hrs . 

• 

t 
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Drying Time Prior 
to Adhesion . 1 week . 
Test Method . T·Peel • 

Dimensions length: 300mm, width: 26mm, thickness: 2mm 

Resin . Pro-Sauct 30/71 . 

The results of the peel tests conducted are set out In Table 9 below. 

Table 9: Peel test results of PE 300 with Pro-Struct 30/71 with varying 

oxvfluorlnadon dmes 

Sample Number Peel Strength (N/mm) 

1 min 15 mln 30mln 

1 1.457 4.385 5.109 

2 0.9284 4.847 4.704 

Average 1.1920 4.616 4.906 

Table 9 shows that the longer the oxyfluorfnadon dme, the better the adhesion 

15 with Pro-Struct 30/71. There Is however a cut off dme where adhesion decreases 

due to the formadon of a weak boundary layer within the polymer. In such cases, 
, 

a thln layer of the polymer breaks from the bulk. It appears that It Is not the 

adhesive-polymer Interface that falls. This phenomenon Is Illustrated In Example9C 

below. 

20 EXAMPLE 9C; Excessive Reaction Time lnvestlgadon 

25 

Material : Black HDPE (PE 300) 

Degreasing Agents 
Prior to Actlvadon 

Drying Time Prior 
to Actlvadon 

Surface Area Activated 

Gas Mlxmre 

: TCE 

1 month 

: 0.156m2 

: 50. 9kPa F 2102 mixture comprising 10% by volume 

F2 
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and Temperature . . 
Hydrolysls technique . • 

Drying Time Prior 
to Adhesion . . 
Test Method . . 
Dimensions • • 

Resin 
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2Shrs at 50°C · · 

PCT/US95/0763S 

Immersion In water at S0°C for 1 Bhrs 

24hrs 

T·Peel 

length: 300mm, width: 26mm, thickness 2mm 

Pro-Sauct 30/71 

The results of the peel tests conduaed ate set out In Table 1 O below: 

10 Table 10: Peel strengths obtained on over activated PE 300 

15 

Sample Number Peel Strength (N/mm) 

l 0.5715 

2 1.3860 

3 . 
4 . 
5 . -

·Average 0.9788 

As can be seen In Table 10, peel strength decreased when the surface was over· 

activated~ The resin within the Joints was bl~ck after peeling, lndicadng a weak 

20 boundary layer. Only two va~ues a~ s_hown sl'1ce the other three samples gave no 

peel measurements. 

EXAMPLE 10: SUBSTRATE AND SURFACE AREA ACTIVATED 

The following experimental condldons were employed: 

Examole 1 OA: Adhesion Tests 

2s Material : Black. and Natural HDPE (PE 300) 



5 

10 

l5 

20 

W095135J41 PCTIUS95107635 

25 

Degreasing Agents 
Prior to Activadon . TCE • 

Surface Area Activated . 0.0936m2 and 0.156m2 . 
Gas Mixture • 1 OkPa air, 40kPa F 21N2 mixture comprising 11.6% . 

by volume F2 
Oxytluonnatlon Time 
and Temperature . 30mln at 50°C . 
Hydrolysis technique . Exposure to moisture in alr for 1 week . 
Test Method . T·Peel . 
Dimensions . · length: 300mm, width: 26mm, thickness: 2mm • 

Resin . Pro-Struct 30nl . 

The results of the peel tests conducted on natural and black PE 300 are set out 

in Table 11 below. 

Table t 1: Results of tbe peel tests on black and natural PE 300 for different 

activated surface areas 

Sample 0.0936m2 Peel 
Number Strength(N/mm) 

Black Natural 

1 3.74 .2..808 

2 4.422 4.104 

3 2.541 3.665 

4 

s 
Average 3.568 3.525 

0.1 S6m2 Peel 
Strength(N/mm) 

Black Natural 

2.224 1.941 

2.837 1.828 

2.519 2.195 

2.604 Poor Glue-line 

2.195 . 
2.546 . 2.039 

From Table 11 It can be seen that black PE 300 gives slightly hlgher peel strengths 

25 than natural PE 300. Higher peel strengths were obtained as the activated surface 

area decreased. This was expected for tluorlnatlon reactions since the same amount 
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of fluorine was used Irrespective of the area treated which reduced actlvadon on 

larger treated surface ·areas. With oxyfluoi'lnadon this was not expected since the 

reacdon did not proceed to compledori within 30m1n as oxyfluorlnadon reacdons 

are usually very slow (and appear to be Inhibited by the presence of oxygen) 

s Example 1 OB: Klnedcs Smdy 
- . . 

Material : . Black and Natural HDPE (PE 300) 

Gas Mixture F2102 comprising 10% by volume F2 
Dimensions : length: Smm, width: Smm, thlclmess: 2mm (0. 9an2) 

Change of mass was monitored using a Perkin Elmer TG2 for a period of 1 hr 

10. -lOmin (70mln). The sampling frequency was 0.2Hz under lsothennal condldons 

at 50°C. 

The results of the klnedc smdles on black and nat:ural PE 300 are set out In Figure 

3. 

As can be seen In Figure ~, black PE 300 oxyfluorlnates faster than natural PE 

15 300 for dmes under 60mln. At 60mln, both substrate surfaces reacted at the same 

rate. Namral PE 300 reacted faster at dmes longer than 60mln than black PE 300 

did. The mass changes were 0.02mg/cm2 ~nd 0.013mglcm2 for black and na~ral 
PE 300 respectively at typical oxy-ftuorlnadon dmes used In adhesion Sbldles, eg 

30mln. It Is believed that the reason why namtal PE 300 has lower adhesion 

2o properdes than black PE 300 (Table 8) Is that namral PE 300 oxyfluorlnates far 

slower at times of 30mln and therefore has a lower degree of acdvadon. 

HYDROLYSIS OF ACTIVATED POLYMER SURFACE 

On oxyftuorlnadon of HDPE carboxyllc add, acyl fluoride and fluorocarbon groups 

are fanned on the surface. During hydrolysis the acyl ftuprlde groups are converted 

25 Into carboxyllc acid groups which It Is believed act as. a curing agent for epoxy resins, 

le a chemical bond Is actually fanned between the HDPE and the epoxy resin. 

,_ 
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EXAMPLE 11: CHOICE OF HYDROLYSIS MEDIUM 

Examole 1 JA: Hvdrolvsls Medium Study on HOPE activated using F2to2L 

Material . Black HDPE (PE 300) • 

Degreasing Agents 
5 Prior to Actlvadon . TCE • 

Surface Area Activated . 0.156m2 . 
Gas Mixture . SO. 9kPa F2J02 mixture comprising t 0% by volume . 

F2 

10 
Oxyfluorinadon Time 
and Temperature . 30mln at 50°C . 
Hydrolysis technique . a) No hydrolysis . 

b) Immersion In 0.1 M Sodium Hydroxide (NaOH) 

at S0°C for Smln 

c) Immersion in water at 50°C for 1 Shrs 

15 Drying Time after 
Hydrolysis . 1 hrs at 50°C followed by 24hrs at room temperawre . 
Test Method . T-Peel . 
Dimensions • length: 300mm, width: 26mm, thlclmess: 2mm . 
Resin Pro-Struct 30/71 

20 The results of the peel tests conducted are set out In Table 12 below: 
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Table 12: Peel menms obqlnecl .on ·PE 300 with Pro-Struct ·30/71 using 

different hydrolvsls mediums 

Sample Peel Strength (N/mm) 
Number 

No Hydrolysis NaOH Hot Water 

1 0.6959 - 6.268 

2 0.7800 - 7.5599 

3 1.346. - 8.235 

4 1.704 - 9.2347 

5 - - -
Average 1.131 - 7.848 

From the results In Table 12, It appears that a hydrolysis step Is necessary and t,hat 

the correct choice of hydrolysis medium Is very Important. It can be concluded 

from the above .results that acyl fluoride groups on the polymer surface do not 

15 enhance the adhesion but actually decrease the adhesion propelties with Pro-Sttuct 

30/71. 

No values for the samples hydrolysed In NaOH could be measured thus lndlr~dng 

that the NaOH treaanent weakened the bond dramadcally. With the NaOH 
. ;:- .. . 

treaanent, hydrolysis did lnldally oca.1r but due to a large excess of base In the 

20 system, deprotonadon of the carboxyllc acid group followed yielding an Ionic salt on 

the surface. 

25 

Examole 11 B: Hydrotvsls Medium Study on HDPE Activated using. the 10-40 

Oxvfluorinatlon Method 

Material . Black HDPE (PE 300) . 
Degreasing Agents 
Prior to Activation TCE 

Drying Time Prior 
to Acdvadon 24hrs 
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Surface Area Activated • 0.156m2 . 
Gas Mixture . 1 OkPa air, 40kPa F 2JN 2 mixture comprising 11.60/o . 

by volume F2 
Oxyfluorlnadon Time 

5 and Temperature . 30mln at 50°C • 

Hydrolysis technique • a) Exposure to moisture In air for t week . 
b) Immersion In 0.48N HQ for 18hrs 

Drying Time after 
Hydrolysls . 24hrs . 

10 Test Method . T-Peel . 
Dimensions . length: 300mm, width: 26mm, thickness: 2mm . 
Resin Pro-Struct 30/71 

The results of the peel tests conducted are set out In Table 1 l below. 

Table 13: Peel stren2ths obtained on PE 300 with Pro·Stntct 30/71 using 

15 different hydrolvsls media 

Sample Number Peel Strength {N/mm) 

Air HO 

1 2.224 4.67 

2 2.837 2.674 

20 3 2.519 2.5420 

4 2.604 3.584 

5 - 3.047 

Average 2.546 3.299 

Similar Increases In peel strength as for the HC hydrolysis had been previously 

25 witnessed with water. It appeared to be better to hydrolyse the surface with a wet 

process than with air for adhesion with Pro-Struct 30/71. Water gave the best 

results. 



.L J. 

W09S/35341 PCT/US9S/0763S 

30 

Examnle 12: DRYING TIME AFTER HYDROLYSIS 

The following experimental condldons were employed: 

Material • Black HDPE (PE 300) . 
Degreasing Agents 

s Prior to Actlvadon . TCE . 
Drying Time Prior 
to Actlvadon . 24hrs . 
Surface Area Activated 0.156m2 

Gas Mixture 50. 9kPa F 2102 mixture comprising 10% by volume 

10 F2 
Oxyfluorlnadon Time 
and Temperature 30mtn at 50°C 

Hydrolysis technique • Immersion In water at 50°C for 18hrs • 

Drying Time after 
15 Hydrolysis • lhr . 

Test Method . T·Peel . 
Dimensions . length: 300mm, width: 26mm, thickness 2mm . 
Resin • Pro-Stn1ct 30/71 . 

The results of the peel tests conducted are set out In Table 14 below. 

20 Table 14: Peel strengths obt.alned on PE 300 with Pro-Struct 30/71 after a 

drvlng time of 1 hr 

Sample Number -· Peel Strength (N/mm) 

1 0.8950 

2 1.340 

25 3 2.057 

4 1.224 

5 -
Average 1.379 
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On comparison between the results In Example 11 A (peel strengths of 7.8 N/mm 
were obtained on dry samples) It can be seen that It Is undesirable to use Pro-Struct 
30/71 on a wet substrate. It Is Important that the polymer Is properly dried prior 
to adhesion. 

s DEGREASING AFTER ACTIVATION PRIOR TO ADHESION 

Once the surface of a polyolefln component has been activated, subsequent 
handling can contaminate the surface rendering ft relatively Inactive towards 
adhesion. A funher cleaning step can therefore be an Important step to promote 
the adhesion properties of the activated surface. 

10 During transportation of activated HDPE sheets to a user, the sheets may become 

15 

20 

25 

contaminated. The contamination may be due to dust as well as fats and offs as a 
result of handling of the sheets. Since dirt on the surface of the HDPE sheet will 
Interfere with the adhesion It Is Important to clean the sheet prior to glueing. 

EXAMPLE 13: 

The following experimental conditions were employed: 

Material Black HDPE (PE 300) 
Degreasing Agents Prior 
to Activation . TCE • 

Drying Time Prior to 
Activation . 24hrs . 
Gas Mixture . 10kPa air, 40kPa F21N2 mixture comps:tstngt 1.6% . 

- by volume F2 : 

OXyfluortnadon Time 
and Temperature . 30min at 50°C . 
Hydrolysis technique • Exposure to moisture In air for 1 week • 

Degreasing Agents 
Prior to Adhesion • a) TCE 

iiiiUIT • 

b) Acetone 
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c) Ethanol 

d) MEK 
e) Xylene 

: 3hrs 
: ·Lap Shear 

: length: 26mm, width: 1 Omm, glue-line thickness: 
0.16mm 

Pro-Saua 3on1 

lo. The results of the lap shear tests are set out In Table 15 below. 

15 

20 

25 

Table 15: Lap shear values obqlned · for ·PE 300 degreased with various 
degreasing agents prior- to adhesion 

Sample Lap Shear Strength :(MPa) 
Number 

Control TCE Acetone Ethanol MEK Xylene 

1 11.21 6.331 10.42 4.673 4.950 .. . 5.346 

2 ·10.14 10.71 10.62 6.481 6.054 8.796 

3 10.9 8-.438 Platfonn 5.585 6.068 4.262 
.. Fallure 

4 Poor 8.188 Platfonn 8.669 5.012 9.385 
Glue- Failure 

line 

5 Poor Poor Platfonn 4.946 7.792 Platfonn 
Glue- Glue- Failure Failure 

llne line 

Average 10.75 8.416 10.52 6.071 6.083 6.947 

As can be seen from Table 15, degreasing of the surface prior to gluing made a 
difference to adhesion strength. Acetone appeared to be the best degreasing agent 
for this particular system, I.e. black PE 300 and Pro-Struct 30/71, as the shear 

30 strength was practically the same as the control samples. 

·• 
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It must be stresSed that these results showed only an Interaction with the surface 

and the resin and do not necessarily give similar results when used together with peel 

tests. However, It can be seen that degreasing prior to adhesion with Pro-Struct 

30/71 Is not recommended. 

s It Is an advantage of the tnvendon that It provides a method of protecting a 

cemendtlous or metal substrate component, eg against corrosion, corrosive. or 

aggressive chemicals or the like, using a polyolefln cladding, which does not Involve 

mechanical securing methods. It Is a fulther advantage that the lnvendon provides 

a method of strengthening a polyolefin substrate component, using a metal cladding, 

10 which similarly does not involve mechanical securing methods. 
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1. A method of produdng a composite material, the method comprising: 

subjecting a surface of a polyoleftn component comprising a polyoleftn material 

to surface actlvadon thereof; and 

s adhesively securing together the polyoleftn component· and a substrate . 

component selected from cementidous· components and metal components, at the 

activated surface of the polyoleftn component. 

2. A method as claimed In dalm 1, In which the surface activadon is selected from 

corona discharge actlvadon, plasma activation and surface fluorlnation activation, the 

10 surface actlvadon providing the activated polyolefln component surface with a 

surface tension at 20°C of at least 40 mN/m, the polyolefin material being selected 

from polyethylenes, polypropylenes and copolymers of ethylene and propylene 

and blends of such polyoleflns. 

3. A method as claimed In dalm 2, In which the activcation Is by surface 
' 15 fluorlnadon actlvadon, the fluorinadon being by exposing the polyolefin component 

to a fluorine-containing gas at a pressure of 1-500 kPa, at a tempera~re above 0°C 

and below the meldng point of the polyolefin material of the polyoleftn component. 

4. A method as claimed In claim 3, In which the surface fluorinadon actlvadon is 

by exposing the polyoleftn component to the fluorine-containing gas at a pressure of 

20 5 - 1 ~o kPa and at a temperattlre of 20-100°C, the gas comprising s - 20% by 

volume fluorine and 5 -95% by volume oxygen, so that the surface .fluorinadon is 

a surface oxyftuorinadon. 

5. A method as dalmed In any one of the preceding claims, In which adhesively 

securing the activated surface of the . polyoleftn component to the substrate 

25 component Is effected by means of an adhesive · composition comprising a 

thennosettlng resin. 

I 1111111111111 11111 1111111' 1111 
* C L M S * 



W095/35341 
THIS SHEET HAS BEEN 

REPLACED ., PCT/US95/07635 

35 

6. A method as claimed In claim 5, In which the material of the subs~te 

component Is selected from cement, concrete, cemenddous mortar or mlld steel, the 

thennosettlng resin being selected from epoxy resins and polyester resins. 

7. A method as claimed In any one of the preceding claims, which lnclu~es the 

s step, prior to the adhesive securing, of subJecting the activated surface of the 

polyolefln component to hydrolysis. 

8. A method as claimed In claim 7, In which the hydrolysis Is by contacdng the 

acdvated surface of the polyoleftn component with liquid water for a period of 2 -

6 hours. 

10 9. A method as claimed In any one of the preceding. claims, In which the surface 

Is subjected to degreasing prior to acdvadon thereof. 

10. A method as claimed In any one of the preceding claims, In which the surface, 

after activation thereof and prior to the securing, is subjected to degreasing. 

11. A method as claimed In any one of the preceding claims, In which the 

15 polyolefin component Is secured to the substrate component to fonn a surface 

cladding of the substrate component. 

12. A method as claimed In any one of claims 1 - 10 Inclusive, In which the 

substrate component Is secured to the polyoleftn component to fonn a surface 

cladding of the polyolefln component. 

20 13. A composite material comprising a polyoleftn component and ·a substr.ate 

component adhesively secured together, the substrate component bel.ng selected 

from cemenddous components and metal components, and the components being 

secured together at a surface of the polyolefln component which ls acdvated. 

14. A composite material as claimed In claim 13, whenever produced In accordance 
---·---·---··---

25 with the method of any one of claims 1 • 12. 
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