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surface of the polyol efin conponent, the actlvatlon belng by surface

oxyfluorination actippl PAVENTION Yeldts {d'S nfithdd 'o? Prdducing a composite matertal,
In particular, it relates to a method of producing such composite materals for
making structures and/or artifacts wherein a substrate s protected against corrosion .

5 and/or permeation of flulds by a surface cladding. It also relates to a method of

producing such composite materials wherein one component Is strengthened or
reinforced by another component. The invention also relates to such composite
materials, particularly when produced by means of sald method.

According to the Invention, there is provided a method of producing a
10 composite material, the method comprising: -
subjecting a surface of a polyolefin component comprising a polyolefin
material to surface activation thereof; and
adhesively securing together the polyolefin component and a substrate
component selected from cementitious components and metal components, at the
activated surface of the polyolefin component.
15 |
By surface activation Is meant that the surface of the polyolefin component
Is brought Into contact with a fiuld In a fashion whereby atoms, molecules and/or
radicals qeﬂved from the fluid are incorporated into the surface of the component.

The polyolefin component may act to protect the substrate component, the

20 polyolefin component forming a surface cladding for the substrate component. The
polyolefin surface cladding may protect the substrate component against corrosion.

The polyolefin surface cladding may instead or in addition protect the substrate
component against permeation of fiulds, particularly when the latter is cementitious.




conmponent to an oxyfluorinati

; s BbeiReRREg e Pr 3 JHiS SHEET HASTRIEN Pa
and at a tenperature above Ofer

jjt he mel §i ng pREPUIACED t he -
pol yol efin material of the poly, gnt . 20 By surtace

activationVP25334ht that the sur ol yol ef i n conpRER/HSISI63sr ought
into contact with a fluid in a fashion wheyeby atons, nol ecul es and/or -

- radicals derived fromthe fluid are incorp%rated into the surface of the
pol yol ef i n conmponent -~ The pol yol efin conponent nay act to protect the

cl'addi ng for | he nyShblesurtace acuilongtiod iAPORRC, sich &Pt AREIAEE, |
repl acenment artplasmalprocesses.1 Porlarge scalelapplications, the surface activationds pyeferdbiy
surface ol aqgl it R i) oM parkélisy, W tale RRLAH sy Be'elctl
from corona discharge activation, plasma activation and surface fiuorination
5 activation, the surfac_e activation providing the activated polyolefin component
‘surface with a surface tension at 20°C of at least 40 mN/m, the polyolefin material
~ being selected from polyethylenes, polypropylenes, copolymers of ethylene
and propylene- and blends of such polyolefins, such as e_thyl.e_.ne'-prqbylene
diene monomer elastomers. The polyolefins dséc_l include_umﬁodiﬁed or
10 modified polyolefins, eg those modified by .__cont.ai_ni_tz_l _ettiyl vinyl acéhte
as an impact modifier. ' '

Any suitable method can be used to fluorinate the surface of the polyoléfin
component which Is fluorinated before it is adhesively secured to the cementitious
or metal substraté component. - By fiuorinated is meant that the surface of the
polyolefin component Is treated with a ﬂuoﬂne-contalnlhg gas to provide fiuorine
substituents bound to sald surface.  Any suitable fluorinating process may be used
for this purpose, for example the fluorinating processes described in US Patents Nos.
us 3,647,613; US 3,862,284; US-3,865,6 15; 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 Application EPO 214 635, and South African Patents Nos. 85/9500 and
87/8240, at last some of which describe techniques which can be adapted for the
oxyfluorination described hereunder. '

15

Conveniently, the ;ictiiratton is by surface fluorination activation, more

25 particularly surface oxyfluorination, the ﬂuorinati,o_n being by exposing the polyolefin
" component to be fluorinated to a fluorine-containing gas at a pressure of 1-500 kPa,
preferably 5-150 kPa, at a temperature above 0° C and below the melting point of

the polyolefin material of the polyolefin component, typically 20- 100 ° C. By
oxyfluorination Is meant that the surface is provided with fluorine and oxygen

30 substituents, eg on -CH, and/or -CHy groups forming part of the surface. The
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10 or O3), so that the surface fluorination is a surface oxyfluorination.

In a particularly preferred version of the method the surface fluorination
activation may be by exposing the polyolefin component to the fluorine-containing
gas at a pressure of 5 - 150 kPa and at a temperature of 20-100°C, the gas
comprising 5 - 20% by volume fluorine and 5 -95% by volume oxygen. As

15 described in more detall hereunder, adheslvely securing the activated surface of the
polyolefin component to the substrate component may be effected by means of an
adhesive composition comprising a thermosetting resin.

The fluorination under the above process conditions will i:sually 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 control of
the composition of gas mixtures therein, and the process will usually be carried out
batchwise.

When the polyolefin cladding component Is in the form of a sheet, it may,

however, be treated in a roll-to-roll process using a film fluorinator as the reactor,

25 with similar fluorination conditions to those described above with reference to the
batch process. The absolute pressure in such reactor will typically be one
atmosphere, + 20 kPa. The gas mixture composition may be such that the fiuorine

(Fz) content is 5 to 20 %, the remainder being made up of other reactive gasses,.
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surface. As Iindicated above, the surface activation, such as the surface fluorination,
may be such as to provide the activated polyol_eﬂn 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 cementitious component made of a
cementitious material such és cement, concrete, cementitious mortar or a related
cément-conta!ning material. The cementitious 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 aboxor oonﬁirier-type
- structure. Accordingly, the material of the substrate component may be selected
from cement, concrete, cementitious mortar or mild steel, the thermosetting resin
being selected from epoxy resins and polyester resins.

15 The polyolefin component, when used fc‘ir cladding, may be of an
appropriate shape, depending on the shape of the substrate component. Thus, the
polyolefin component may be a flat or curved sheet. When the substrate component
is tubular, eg a plp_g, the polyolefin component may be a pipe, a polyolefin pipe
forming an external and/or intemal cladding or lining for the cementitious or metal

20 pipe, as the case may be.

“The cladding or other polyolefin component may be of polyethylene, such

as high density polyethylene (HDPE), 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 fiuorinated surface of the polyolefin cladding
component to the cementitious or metal substrate component may be effected by
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The method may include the step, prior to the adhesive securing, of
subiecﬁné the activated surface of the polyolefin component to hydrolysis, to
enhance the adhesion of the fluorinated surface to the adhesive composition. The
hydrolysis is particularly effective when the activation Is by oxyfluorination 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 polyolefin
component in water overnight at 50 °C, to hydrolyse any hydrolysable chemical
groups on the fluorinated surface of the polyolefin component. Exposure of the

20 fluorinated surface to atmospheric air for extended periods of time should also resuit
in full hydrolysis of the fiuorinated surface. In particular, the hydrolysis may be by
contacting the activated surface of the polyolefin component with liquid water for
a period of 2 - 6 hours.

The surface may be subjected to degreasing prior to fluorination thereof
25 and/or after fluorination and prior to the adhesive securing of the cladding
component to the cementitious or metal substrate component. Accordingly, the
surface may be subjected to degreasing prior to activation thereof. Furthermore, the
surface may, after activation thereof and prior to the adhesive securing, be subjected
to degreasing.
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5 and with the resins employed In the process of the invention.

As indicated above, the polyolefin component may be secured to the
substrate component to form a surface cladding of the substrate component.
Furthermore, instead, the substrate component may be secured to the polyolefin '
component to form a surface cladding of the polyoleﬁn component.

10 Thus, instead of using the polyoleﬁn component to protect the substrate
component, the substrate component may be used for strengthenlng and/or
reinforcing the polyoleﬁn component. The polyolefin component in this case may
be tubular or hollow cylindrical, eg circular or square In cross-section, suitable for’
containing and/or transporting a fiuid. In particular, the polyolefin component may

15 be a pipe or pipe fitting, or a tank, the metal reinforcing component forming an
external cladding or lining for the polyolefin pipe, pipe fitting or tank. Typically in

" this case, the polyolefin material of the polyolefin substrate component is again
polyethylene, such as high density p_olyeﬂlylene (HDPE), polypropylene (PP), or

copolymers of ethylene and propylene, such as ethylene-propylene-diene
20 monomer 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 described above for protection of the

substrate comp‘on‘en_t'by the polyolefin component; and adhesively securing the
reinforcing component to the polyolefin component may be effected using a similar
adhesive composition as descﬂbed above for protection of the substrate component
by the polyolefin component. A sultable adhesive composition is an epoxy resin-
30 based adhesive such as that avallable in South Africa as PRO-STRUCT 7907 A and
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Plastics pipes are widely used for the transport of flulds and the pressure in such
pipes may vary from below atmospheric (vacuum) up to tens of atmospheres.
10 Polyolefin ‘pipes and tanks can be lined or encapsulated by metal reinforcing
components in accordance with the method- of the invention to increase their
pressure rating, 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 polyolefin plastics.

15 The invention extends to a comboslte material comprising a polyolefin
component and a substrate component adhesively secured together, the substrate
component being selected from cementitious components and metal components,

and the components being secured together at a surface of the polyolefin component
which is activated.

20 The composite material may be made in accordance with the method of the
invention. '

The invention will now be described, by way of non-limiting Hiustrative
example, with reference to the following Examples and with reference to the
accompanying diagrammatic d_rawlngs.

25 Examples 1 - 3 illustrate the method of the invention applied to the
protection of cementitious substrates by a polyolefin surface cladding. Example 4
illustrates the method of the invention applied to the strengthening of a polyolefin
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- times after hydrolysis. Example 13 lllusu'ates the method of the invention with
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In the drawings. |
Figure 1 shows a plot of shear strength (MPa) against sample number for
15 polypropylene pipe samples provlded with an exterlor 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 Prostruct 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 F,.
EXAMPLE 1 (Resin Chols

The following experimental conditions were employed:

Material . Black HDPE (PE 300)

Gas Mixture :  10kPa air, 20kPa F5/No mixture comprising 20% by
25 - - volume F,. |
Oxy-fluorination Time .

and Temperature  : 30min at 50°C
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surface may be subjected to degreasi n? *oxyfl uorination thereof
and/or after fluorination and prior to the adhesive securing of the

cl addi ng 25 conponent to the cenentitious or netal substrate
conponent . ATbeHPRE tlles (unsreated and activated) were stuck to a concrete wall using the

above resins by means of hand pressure. After one week a force was applied to the
tiles to endeavour to peel the tiles from the wall.

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

Table 1: Results of adhesion tests between PE 300 and concrete using various

adhesives
Resin Manufacuirer Type of Resin Observation
Pro-Struct 121 Pro-Struct Multl-purpose Breakline within
Epoxy the Concrete
15 Pro-Struct -30/71 Pro-Struct Abrasion Resistant | Breakline within
Epoxy the Concrete

FreeFix 40/6345. NCS Resins Filled Polyester Adhesive Fallure
Adhesive Paste between Adhesive

and Concrete
Gelcoat 65 ~ NCS Resins Resilient Adhesive Fallure
20 Isophthalic between Adhesive
- Polyester Resin and Concrete
Polylite 8130 NCS Resins Isophthalic, Non- | Adhesive Failure
' accelerated, between Adhesive
Resilient and Concrete

25 Polyester resin

- None of the untreated HDPE tiles remained stuck to the concrete wall.
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EXAMPLE 2

From the results of Example 1 it was clear that further work should be focused on

the use of eboxy adhesives. The aim of the further work was to optimise the .

fluorination conditions for maximum adhesion between the epoxy adhesives listedin
10 -Table 1 and fluorinated polyolefin sheet.

" Black pigmented HDPE strips (26 x 300 mm) were cut from a PE 300 sheet. The
strips were placed in a st'ainles_s steel vacuum reaction vessel which was evacuated and
then charged with a 10/90 Fo/O, mixture. The vessel was kept at 50 °C and the
strips were fluorinated for different periods of time to provide a surface fluorine

15 concentration of 55 4 nglcmz. After the selected period of time, the fluorinating
atmosphere 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 cm.

From the T-peel tests, it was clear that the optimum treatment time for maximum
adheston was reached within 30 minutes, using the above treatment conditions. It
was also observed that a post-u'eaurient of the fluorinated surface by hydrolysis had
a material influence on the adhesion strength. '_lt was found that the maximum
25 adhesion strength (typically 8 N/mm) was obtained when the strips were submerged
in water overnight at 50 °C. Strips which were glued immediately after fluorination



10 - Thus, Instead of using the rotefn H’nent to protect the
substrate conponent, the substrate r&éﬁEﬁT Hﬁg% gsed for strengthening
and/ or rei nw&%%%{lﬂg the pol yol ef i n| conpdEhACERhe pdl yol ef i npcERRRSES | N
this case may Be tubul ar or hollow cylrndrical, eg circular or square In
cross-section, suitable for containing and/or transporting a fluid. In
particul ar, the polyolefin conponent nmay 1511 be a pipe or pipe fitting,
or a tank, the nmetal reinforcing conponent form ng an external cladding or
lining for thayibutopdstitrealingft by yRrdlviis, Giowhich! wére trdated St ¥ balicisBiition
case, the polyolefin material of”the polyolefin substrate conponent 1S ’
agai n pol yet hmeaQHmllﬂleiSQDMﬂe&ﬂyEb'dwgﬁt bonding to ithe@poxy atihesivey| ene
(PP), or copolyners of ethylene and propyl ene, such as

et hyl ene- propyl ene-di ene nononer 20 el astoner (EPDM, nodified or

unmodi f 1 ed, orTHd AlppHcait kClound! the ﬁ{ﬁrmal_d d8KesioH aising FrONY the RyafbIlfs to be

If
rei nforcing conponent may be of mld steel. The surface oxyfl uorination

met hod, for acurpdsingiand cannot-acaountotherefor.p dlowever, withoutsheing bound by theory,
before Lkt Is hegi vel ngaps ted or ¢l b he netal crei nfargi
conponeft m%ﬁéigpwﬁﬁeﬁ%ﬁf #ﬁ??‘ @&@‘!ﬁ"ﬁ?@%&ﬁ%ﬂﬂw may,targ ?Qﬁ fﬁ‘\"%ﬁé and
substrate 25 carboxylileideR'Eidups bnithe sﬁﬁad@bﬁfh@pﬂ?&kﬂﬂ%pﬁiéﬁna@}?ﬁg&ﬂlysls,
securing the reinforcing conponent to the polyol efl n conponent may be
ef fect ed usi ngthg asyhflueride grastpsumay either be removed or they may be transformed Iinto
additional carboxylic acid groups. These carboxylic acld groups possibly act as curing
agents for the epoxy resin. A chemical bond may thus actually be formed between
10 the adhesive and the fluorinated surface, which can lead to the high bond strength
between the polyolefin 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 formation of salts on the

polyolefin surface, and not to additional carboxylic acld groups.

@4
=
C—

15 EXAMPLE 3

Tests similar to Example 1 were carried using tiles of EPDM instead of HDPE. In
control tests, tiles which were not fluorinated showed no adhesion to the concrete
wall using PRO-STRUCT 30/71 as adhesive. When the tiles were fluorinated as in
Example 1, adhesion was so strong that breakiine within the elastomer was observed.

20 EXAMPLE 4

Push out tests were done on a PP pipe which was provided with-an extemal
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 5 mm. The PP was
available from Megapipe, a division of Mega Plastics, 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, using the same fiuorination conditions. After

——

-~ This Sheet Ha

i



corrp05|t|on as described.above for protectjon of the substrate conmponent by _"_

t he pol yol ef I n conponent . -A'Suitable adheS| ve conposition |Is an epoxy

resi n-based. adhesive such as that avail able In South Africa %?TRUCT
7907 A anWOESBS¥M Pro- St ruct;” “a” AVENDED "SHEET REPLACENI Eﬁ%ﬁ"g Shis is
the repl acement sheet 1 6 DEC 1997 Date2 16/12/97 di vision of Kay Mac
Limted. Typically, the resin nay be cured by using a suitable curing agent

or catal yst uoﬂglaﬁonpﬂled?kplpb wasinsng:ed jntocaapipe of mildsteels Theloutstdddianioter Used -
par 1 cul ar Gtale BP IBEWEE Y raim nas A &ﬂﬁ%dﬁmﬁﬁ&@e&é&f%d&?&m |
1 or§ nat ecd O the steet B0k cing AR Ras VOl edctf i RheencorpGrii Aipotd .
descri bed abdseep the steehpipecand the PPrpipe apanfand also nozzles to allow both adhesive -
5 to be injected and air to escape. This technique Is known .'ascrack injection. The
PP pipe and the steel pipe were then suspended at about + 60 ° and an epoxy- .
containing adhesive composition, available as PRO-STRUCT 7907 A and B from
Pro-Struct, was then Injected into the bottom cup flange under pressure, from a
pressure pot where the adhesive composition was also premixed. Curing of the
10 epoxy adhesive was by means of a curing agent package supblled by, and used in an
~ amount as recommended by, the manufacturer of PRO-STRUCT 7907 A and B. L
The epoxy adhesive was allowed to partially cure after which the ‘cups were removed
and the composite pipe allowed to stand until full cure was-achieved.

The composite pipe was cut Into'60'mm lengdi: to fom sampleé numbered as
15 follows: ' ' '

\ 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 d1e_ test pieces being pushed

20 out of the metal cladding 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 = maximum force required to shear the PP plpe from the steel pipe
25 cladding [N] '
d = PP pipe outer diameter {mm)
h = remaining encapsulited inner plastics liner length (mm)




_the oxyfluorinated surface to the adhesive conposition. Plastics pi pes are
wi dely used for the transport of fluids and the pressure in such pipes may

.vary from?g E)ﬁlsﬁ‘imSphe“ c (vacuum) up to tens of . at npsphempeg/uddsbyeasefin
pi pes and HRS>Can be 10 | i ned or encapsul at ed by netal reinforcing

conponents in accordance with the nethod of the invention to increase their
pressure rating, and/or to increase theil3rigidity. Such conposite pipes
and tanks conbi ne the advantages of the strength (for pressure) and

rigidity of r f
pol yol efin ﬁs‘ﬂs@%m?&g%aﬁ %ernt | gn%(lg}tpe g@%ﬁ?&l@kﬁ%g@?
material wh GﬂErOMQMdladrPRaplpersdmpts Mhuwnm&mammmvinseﬁguree rFheon.
Thelnventlonvvlll no bedesrlb non-limting illust e
exanpl e, wi flguresbows ﬁ?%ﬁﬁ‘@'\!@ régeﬁﬂh F&Fgf@réﬁc@%@%‘ t he
acconpanyin
illustrate %ﬁga@?ﬂ tﬂe%i\}gﬁtﬁhéglsame ave‘c’iage Sheﬁgp%fre%se?il%ilnon o} € test
cenerB i ti ousesuliss hs welb as the avepage/whe disregardiagehe highest-and lowestprafues. The
Iplol ;3} ;? ;[ ﬁs Sgar}l%aﬁhg%gﬂggl 3%1 variat\ilceenltsla?so S?POQVDI andttﬁen Iﬁ?laﬁ y Wi ehe%greg} Rgt 818
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
HIGHEST ' MAXIMUM | SHEAR
NO. VALUE OF | OUTER SHEAR STRENGTH
PIPE DIAMETER FORCE [MPa]
LENGTH [mm] [N]
15 [mm]
1 30 111 10.98 1.05
2 30 110 14.56 1.4
3 30 110 14.21 1.3
4 30 110 . 12.93 1.2
2 5 30 110 12.22 1.17
6 30 13.07 1.26



1 6 DEC 1997 8 conmponent by a netal reinforcing surface cladding. Exanple 5
il lustrates the nethod of the invention enploying various resins. Exanple 6
illustrat egyd ?ﬁs%ﬁthOd of the invention enploying various degreasing
agents. Exanple illustrates the nethod of the invention emfSI&89847638r i ous
drying times prior to oxyfluorination. 5 Exanple 8 illustrates the
nmet hod of the invention enploying various oxyfluorination nmethods. Exanples
9A, 9B and 9C illustrate the nethod of tHe invention enploying varying
activation times. Exanples 10A and 10B illustrate the method of the
invention in the Iight of various adhe sts and kinetics tests.
Exanpl es 11A and 11B |IIustrate t he. ne the i nvention enpl oyi ng
various hydrolysis I0 1 "" 4 StTjpt es the net hod of the
i nventi on enpl oyi ngvaryi ng drgi Lls Exanple 13

Il lustrates the nethod of the1| b degr easi ng of
substrates after activation a ‘the dr awi ngs:

Ave_rage 1
5 Std devn

Varlance

Average 1 Highest and lowest not included. | q

Two methods were employed to evaluate adhesion strength, namely a T-peel test
10 and a Lap shear test (ASTM test method)

T-Peel Test (ASTM D 1876-92):
Polymer éu'lps (300mm WIdth X 26mm Iehg_th and 2mm thickness) were giued

along ~ 22cm of the length thereof. After curing the joints were evaluated using
an Instron 4465 tensometer with a 5000N load cell and a crosshead. speed of -

15 | 200mm/min. The peel strength was obtained from the average peel force over the
central 20cm of peel.
Lap Shear T 2-7

Polymer strips (26mm with x 50mm length) were mounted onto roughened mild
steel platforms with Pro-Struct 30/71. The strlps were masked with masking tape
20 feaving 10mm available for testing. The physical overlap dimensions were 26mm
width x 10mm length. This procedure was used to eliminate any peel forces. The
~ adhesion strength was evaluated using an Instron 4465 tensometer with a 5000N
load cell and a crosshead speed of 5Smm/min. |



Figure 1 shows a plot of shear strength (MPa) agai nst sanple nunber for | 5
pol ypropyl ene pi pe sanples provided with an exterior lining of mld steel,
wi t h referemngeokasishe required shear strength according to Br iwag&é%ngard
B. S. 6464; Figure 2 shows a plot of peel strength against time Tor T uct
30/71 with hydrolysis in water; and Figure_3 shows a plot of mass change

against time for activation of HDPE with 285 a F2/02 m xture

conpri si ng 10mMrr] . EXAMPLE 1 (Resin Choice) The follow ng
experi nment al enpl oyed: WMateri al : Bl ack HDPE
(PE 300) Gas M xture 10kPa air, 20kPa F[err]/Nerr] mxture
conprising 20% by 25 vol une

. F )
T T or Snat T atesiaksedrwian BE-I0 HDPE in the Somm of e CPESOOE 2 GM 5010

based High Density Polyethylene (HDPE) which was obtained from Maizey Plastics,
Pretoria, South Aftica.

5 Example 5 .
OXYFLUORINATION COMPARED WITH FLUORINATION

The following experimental conditions were employed:

Material : Black HDPE (PE 300)

Degreasing Agents
10 Prior to Activation : TCE

Surface Area Activated : 0.0312m2

Gas Mixture : a) 10kPa air, 40kPa FZINZ mixture comprising
11.6% by volume Fz
b) 40kPa F2/N2 mixture comprising 11.6% by
15 volume Fo
Oxyfluorination Time
and Temperature : a) 30min at 50°C

b) 3hrs at 50°C
Hydrolysis technique : Exposure to moisture in air for 1 week

20 Test Method : Lap Shear
Dimensions : fength: 26mm, width: 10mm, glue-line thickness:
0.16mm
Resin - : Pro-Struct 30/71

The results of the lap shear tests conducted are set out in Table 4 below



9 Surface D nensions: | | engt h: 200mm  wi dt|hpy @ GHPET HAS BREN$S: 2mm

Resi ns a) Pro-Struct 121,f b) q‘@p* uct 0/71 c) !
Free Fix 40/ 6345, 5 'P]EPL

Pol yl i t e WA%PS34the HDPE til es (untreated and acti vat ed) me‘?%r’gﬁgﬁ’@?{‘#o a
concrete wall using the above resinslby nmeans of hand pressure. After one
week a force was applied to the tiles to endeavour to peel the tiles from

t he vvalll!’é Theresltsf A S|ntts ar. e set out in
Tabl e | s e tef * PE 3Q0 with oxviiiie ‘

8 0] s 1) e (LSRN A @nd and
Resin “%BEJ%‘&%F'#E?Q?ZLY‘S& o prgagt’ﬁﬁﬁi”rer MLt - put pose.
S AR e BN T e R
Oxyfluorination __ Fluonnation
5 1 11.00 | 1.786
2 _.15.120 o 1.392
3 9.788 1.464
4 ] Poor Glue-llne | Poor Glue-line 4
5 T R ' . - -
10 Average ne7 | - 1547

As can be seen in Table 4, oxyﬂuoﬁnation has better adhesive properties than
fluorination on PE 300 with Pro-struct 30/71.

DE! G PRIOR TO ACTI
Various contamlnams that can infiuence activation as well as the adhesion
15 process may be present on the surface. It is desirable to cean the surface thoroughly
_ prior to activation. Sample surfaces were degreased by wiping each surface with a

tissue properly wetted wlth a degreasing agent.

Example 6: CHOICE OF DEG . ASING

The following experimental c_:bnditions were employed: Sheet Has Been Revilaced

T

20  Materal . : Black HDPE (PE 300)

Degreasing Agents _ .
Prior to Activation :=-a) Trichloro-ethylene (TCE),



» Epoxy t he Concrete FreeFix 40/6345 NCS Resi ns Filled

Pol yest er Adhesi ve Fail ure Adhesive Paste " bet ween Adhesive and
«Loncret e 5 NCS Resi ns Resi | i ent m%g&@’g
Failure | seg%oﬁ%asﬁ?lc bet ween Adhesive Pol yester Resin PCan ﬁgr ete
Polylite 8130 NCS Resi ns | sopht k, Non- Adhesi ve Failure
accel erat ed, bet ween Adhesive Resilient and Concrete

Pol yester resin None of the untreated HDPE tiles renai ned stuck to the
concrete wall. This is the replacerpgnt Metiptl EhFNKEONSHIMEK)) 0 JUN 1996

¢) Ethanol (EtOH),
d) Handy Andy (H/A) avallable from Lever
Industrial (Proprietary) Limited.

5 Drying Time Prior '
to Activation : 24hrs

Surface Area Activated : 0.1248m?
Gas Mixture : 10KkPa air, 40kPa FZIN 9 mixture comprising 15% by
. volume Fz
10 Oxyfluorination Time
and Temperature .+  30min at 50°C
Hydrolysis technique : Immersion in water at room temperature for 18hrs
Drying Time Prior to
Adhesion : 1 week
15 Test Method : T-Peel
Dimensions : [ength: 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
20 de ing agents r to oxy-fluorination
Sample Peel Strength (N/mm)
Number

25 2 4.704 3.210 3.738 4.066
. Average 4.906 3.760 3.492 3.908

Degreasing with TCE prior to oxy-fluorination gave the best resuits. 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.



10 The results in Table 1 indicate that epoxy resins appear to be the nost
suitable. Pro-Struct 30/71 (polyam do-am ne curing agent) appeared to be *
the nost suitable resin due to its cost, ease of mxing, ease of

applicati YPB34, [ enpved | ess concrete fromthe wall comPFHEUS9Q763h e

ot her resins when the peel tests were 5 conducted. EXAMPLE 2 Fromthe
results of Exanple 1 it was clear that fug her work should be focused on

t he use of epoxy adhesives. The aimof the further work was to optinise the
fluorination_conditiaons. for naxi mum adheS| on_bet ween the epoxy adhesives
listed i n 10EXAMPEE it e I | LiEN ‘ ) : A M ack pignented
HDPE strips .(26 x 300 mm) were cut froma PE 300 sheet The strips were

pl aced in a stainless steel vacuumreaction vessel which was evacuated and
t hen charged \Mﬁdfoﬂowgaaqﬁmieﬂwqoﬂdlﬂomwenrempﬂsyed-vessel was kept at 50
[err]C and the strips were quorlnatedtﬁR géfferent periods of time to
provide a su If 1 uorine 15 : Blagh E (HE 3Q0)¢ 55,4 [err]gF/ch[err]

After the Seb@&eﬁ&né’?@eﬁ% of time, the fluorinating

L A

5 Prior to Activation : TCE
Drying Time Prior
to Activation ¢ a)~ 3 months
- b) 24hrs -

Surface Area Activated : 0.156m?
10 Gas Mixture 10kPa air, 40kPa FZIN 2 mixtnre comprising 15.8%

| by volume Fz
Oxyfluorination Time .
and Temperature : 3O0min at 50°C
| Hydrolyslé 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: 2mmy
Resin ' : Pro-Struct 30/71

20 The results of the peel tests conducted are set out in Table é below.



; at nosphere was evacuated fromthe vessel and the strips renoved. The

adhesi ve strength of PRO STRUCT 30/71 on these strips was eval uated by T-
speel tests ng to ASTM D 1876-92. The only changes to i bed
ASTM pr ocedvtgragg%:’gg that the crosshead speed used was 200 mﬁrﬁiﬁvang %

t he 20 signal integration interval wag 10 cm Fromthe T-peel tests,
it was clear that the optinmumtreatnent tine for maxi num adhesi on was
reached within 30 m nutes, using. the above treatnent conditions. It was

al so observedTablt 64 tteitrréﬁﬂm tfbp mmatm-s 2830/ DY with a fon
hydrol ysis had a nateri a uence on the adhesion strength. It was tound
that the maxi num 25 drying time-priofta oXY-fIUOK gesihi cally 8 NNnm was obt ai ned
when the strips were subrrerged in water overni ght at 50 [err]C. Strips

whi ch were glued i medi ately after fluorinati on AMENDED SHEET

‘Sl'maztis the r Epl aCengn aSCamm:i LN&{I{TE} HtPLﬁgeﬁl\ﬁ_\gngg‘-uiﬁlm;rrms I's fhe repl acenent

3 Months 24hrs
5 1 0.8335 5.109
2 1.608 4.704
3 1.007 .
4 2.887 .
5 1.229 .
10 Average 1.513 4.906

Table 6 shows that a long drying time prior to activation (after degreasing) caused
reduced peel strengths. It Is believed that adverse effects arising from additive
migration from the bulk of the polymer to the surface are reduced by the degreasing
step, the degreasing step thus resuiting in more effective oxyfluorination. Without

15 the degreasing, additive on the surface can be fluorinated or oxyfluorinated, instead
of the bulk polymer, and this Is undesirable.

EXAMPLE 8;: CHOICE OF OXYFLUORINATION METHOD

The following experimental conditions were employed:

Material : Black HDPE (PE 300)
20 Degreasing Agents
Prior to Activaton @ : MEK
Drying Time Prior
to Activation : 24hrs
Surface Area Activated : 0.0624m2
25 Gas Mixture : a) F9/Ogy:-57kPaofa F9/O4 mixture comprising

10% by volume Fq



Date: w thout post-treatnent by hydrolysis, or which were treated with a
basi ¢ solution, eg a NaOH sol ution, showed relatively weak bonding to the
epoxy adhesive. The Applicant has found the inproved adhesion arising from
t he hydr oWG9$35841 be surprising and cannot account ther ef orPCTHIRISOTE3S

wi t hout bei ng -bound by theory, 5 the Applicant believes that the
fluorination treatnment nmay formacyl fluoride- and carboxylic acid groups
on the surface of the polyolefin conpon#ht. On hydrolysis, the acyl
fluoride groups may either be renpved or they may be transforned into

addi ti onal carboxylic acid group S carbo lic
act as curing agents for the epo EPI‘N &Cal%d%ﬁﬁuﬁ?&mal 'y

be forned between 10 t he adhesmkmcbdﬁwlhngELWBﬁvélﬁﬁ@F thdi ch -
can lead to the high bond strength bet en t he p?bﬁgl fin corrponen and t he
epoxy adhesive. This nmechani sm woul d mbug, ¢ gz ;yﬁommisinme :

fluorinated surface does not enhance ﬂg%e@, Mﬁk?he epoxy adhesive, since
basi ¢ hydrolysis leads to the formation of’ sa o0& the pol yol efin surface,

and nog to additional carboxylic gci d1Q40ups. 10KPa air, 40kPa II’?glNoz ‘mixture

:E?}(g\/g;g gf TaE}DSE. S|| nm | ar to Exanpl el 1 c\/‘\,erﬁgﬂsr?grige&bugy uEnlel EPDM

Oxyfluorination Time
and Temperature : 30min at 50°C
Hydrolysis technique : Immersion in 0.48N solution of Hydrochloric Acid

10 o (HQY) for 18hrs q
Drying Time Prior _ _
to Adhesion : 24hrs after rinsing with distilled water
Test Method : T-Peel - |
 Dimensions : length: 300mm, width: 26mm, thickness: 2mm

15 Resin : Pro-Struct 30/71

The rsﬁlts of the peel tests conducted are set out in Table 7 below.

Table 7: Peel test results obtained for PE. 300 with Pro-Struct 30/71 with various
oxvyfluorination methods

Oxyfluorination | Peel strength (N/mm)
20 Method ' : '
1 2 | Average
a) Fo/Oy 2192 | 1665 | 1929
b) Fo/Ng + Alr | 1.543 09083 | 1.226
c) 10-40 4.363 2.954 - 3.658
25 The 10-40 condition yielded the best peel strengths when combined with the

degreasing, hydrolysis and drying steps described in Example 8.



,-‘cont_rol tests, tiles which were not fluorinated showed no adhesion to the
concrete wall using PRO STRUCT 30/ 71 as adhesive. Wen the tiles were

fluorinate |n. Exanmpl e 1, adhesion was so strong that bre ' {hi n
t he el asto&é‘?gﬂg@‘“obser ved. 20 PERRSS VPLE

4 Push out tests were done on a PP pipe which was provided with an external
lining/cladding of a mld steel pipe by tiag nmethod according to the

i nvention. The PP pipe was 90 mm OD cl ass 4 pipe having a wall thickness of
5 mm The PP was avail abl e from Megapi pe, a division of Mega Pl astics,
which is in tEXAMPLE & siAGTHY ATION TI&ESent rachem Limited. The outer
surface of the PP was fluorinated in a manner simlar to that described in
Exanpl e 1, using the sanme fluorination conditions. After WO 95/ 35341

PCT/ US95/ 07635 iy @lrePfnerititecdidiibmewdRserployetied i nto a pipe of
mld steel. Th(.arhé%)uftol? egalégdrreter of the PP pipe wgs 1 nmsmaller than the
I nside dianeter of the steel pipe. At each

. Example 9A: Activation Time Study using le_Oz

Material : Black HDPE (PE 300)
5 Degreasing Agents '
Prior to Activation : TCE
Surface Area Activated  : 0.156m?
Gas Mixture .1 50.9kPa F9/O4 mixture comprising 10% by volume
F2

10 Oxyfluorination Time

and Temperature 2min, 10min, 20min and 30min at 50°C

Hydrolysis technique : Immersion in water at 50°C for 18hrs

Drying Time Prior )

to Adhesion : 1hr at 50°C followed by 24hrs at room temperature
15 Test Method : T-Peel

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

Resin : Pro-Struct 30/71

The resiilts of the peel tests conducted are set out in Table 8 below:



end of the steel pipe, a cup flange was bolted, each cup fl ange

I ncorporating a spacer to keep the steel pipe and the PP pipe apart and *
al so noz | | ow bot h adhesive 5 to be infecte

escape. ‘ﬂ!{lS?s}P%é nique is known as crack injection. The PPQS?%gggdna:’s{h
steel pipe were then suspended at about err] 60 [err] and an epoxy-

cont ai ni ng adhesi ve conposition, availabfe as PRO STRUC 7907 A and B from
Pro-Struct, was then InJ ect ed into the bottom cup fl ange under pressure,

froma pre abOba)
Curing of ?@é"ﬁé— P { I :
package supplied bMMnm ﬁmwn amount as recomrended by, the '
manuf act urer of PRO STRUCT 7907 A and B. The epoxy adhesive was allowed to

partially cure after whi ch .the cups were rem)ved and the conposite pipe

al | oned t o pstame—omp-r+—tot-t—ctrr-e—v |pe was cut
into 60 nm|l o form sarrpl PeelrSnmtbc(Na(mm) 5 1 2
3 4 Number6 = of each end
-of - eac® 60 sin ted I'n |
accor dance [ Mai ning |ength -
of the PP pi

2 1.553 6.123 | 7311 | 7.5597

3 5.413 5.393 | 7.2613 | 8.235

4 | 2951 | 8461 | 7.3083 | 9.2347 q

10 5 | - | 68838 | - .
Average 34063 6.752_96_ | 7.6526 1 7.8248

The data in Table 8 are lllustrated in Figure 2.

As can be seen in Figure 2, the peel strength reaches a plateau after about 15min
of oxyﬂuorlnation. It appears that 20 30 min is the preferred oxyfluorination time
15 for PE 300 with Pro-Struct 30/71 under these hydrolysis conditions.

Example 98: _Reaction Time Study using the 10-40 Oxyfsorination Method
Material : Black HDPE (PE 300)
Degreasing Agents
Prior to Activation + TCE

20 Drying Time Prior

' to Activation | : 24hrs

Surface Area Activated  : 0.0624m?
Gas Mixture : 10kPa air, 40kPa leN 2 mlxmre comprlsing 15. 8%

by volume Fz

25 Oxyfluorination Time
and Temperature : 1min, 15min and 30min at 50°C

Hydrolysis technique : Immersion-in water at room temperature for 18hrs



20 out of the metal cladding and neasuring the force required to do
so. The shear strength or "push-out" strength was then cal cul ated as

foll ows: Shgglhssizzgnagth (MPa) = Fd[err].h where F i ce
required to shear the PP pipe fromthe steel pipe 25 %ﬂgﬂ%&%
cladding [N] d = r emai ni ng

PP pi pe outer di ang?er (m) h =
encapsul ated I nner plastics liner length (m) WO 95/ 35341
PCT/ US95/ 07635 13 The push out test results are sunmarised in Table 2
bel ow. The sDpying fTimg Pstorength profile of the steel clad PP pipe sanples is
shown in thetpnpcdhesionyi ng figure. Theeeki gure shows for conparison the
requi red shear strength according tqQ the British Standard B.S. 6464. Table

3 shows the Eﬁ‘ér@@@’%ear forces? T'fﬁﬁhg all the test
Dimensions : length: 300mm, width: 26mm, thickness: 2mm

5 Resin : Pro-Struct 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
oxyfluorination times -

Sample Number Peel 'Strength (N/mn'l).
10 fmin | 15min 30min
1 1.457 4,385 5.109
2 0.9284 4.847 4.704
Average 1.1920 4.616 4.906

15

20

25

Table 9 shows that the longer the oxyfluorination time, the better the adhesion
with Pro-Struct 30/71. There Is however a cut off time where adhesion decreases
due to the formation of a weak boundary layer within the polymer. In such cases,
a thin layer of the polymer breaks from the bulk. It appears that it 'is not the

adhesive-polymer Interface that falls. This phenomenon is lliustrated in Example 9C
below.

EXAMPLE 9C: Excessive Reaction Time Investigation
Material + Black HDPE (PE 300}

Degreasing Agents
Prior to Activation :

Drying Time Prior
to Activation

Surface Area Activated
Gas Mixture

TCE

1 month
: 0.156m2

: 50.9kPa FZ/OZ mixture comprising 10% by volume
F
2



5 results, as—wett—as theaverage when_di gar di ng t he hi ghest and
| owest val ues. The ﬁﬁ&gﬂg@g&ig@&\@%&e@n ' E’(q.{p(SaB s al so shown, and then

finally, whether or str ) | E[jhe pi\pe sa | es es or
exceeds MP5/§§éUf|e “M“w H Fr om=1ak t can %Jr}?%%%gt t he
pi pe sanpl es, though to B. S 6464,

far ed vvel . 10
Table 2 Steel /PP SAMPLE  H GHEST 24 p| pg MAXI MUM SHEAR NO.
VALUE OF OUTER SHEAR STRENGTH PI PE DI AVETER - FORCE
[ MPa] LENGTM 258 Time [N [mm] 1 30 111
10. 98 30, . 14. 56 1.4 3
30 %’" erawre,, ,,%°: 25hrs gt SOLE 30 110
12.93 HydrolysBQechnique 5 : Immersion ifiGvater at 50°CLfér 18hrs .  12. 22
1.17 6 ,_391 110 13. 07 1.26
Drying Time Prior
5 to Adhesion : 24hrs
~ Test Method : T-Peel
Dimensions : length: 300mm, width: 26mm, thickness 2mm
Resin : Pro-Struct 30/71

The results of the peel tests conducted ate set out in Table 10 below:

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

Sample Number Peel Strength (N/mm) |
1 | 0.5715
2 - 1.3860
3 -
15 4 .
5 e
"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 black after peeling, indicating a weak

20 - boundary layer. Only two values are shown slnce the other three samples gave no
peel measurements.

EXAMPE : SUBSTRATE AND SU FA_CEARF.AA .IV D
The following experimental cohdlﬁbns were employed:

Example 10A: _Adhesion Tests
25 Material :+ Black and Natural HDPE (PE 300)



WD 95/ 35341 PCT/ US95/ 07635 14 Table 3 SHEAR STRENGTH (MPa) Aver age

1.23 Average 1 1.23 5 Std devn
0.11 Vari ang}go ;35341 0- 01 Accept abl e NO Average 1 Hi ghest and | owest
not include net hods were enpl oyed to eval uate adhesi on ECFBHGHPT63S
nanely a T-peel test 10 and a Lap sheggr test (ASTMtest nethod) T-Peel
Test (ASTM D 1876-92):

Degreasing Agents

Prior to Activation : TCE

Surface Area Activated : 0.0936m? and 0.156m>

Gas Mixwure : 10kPa air, 40kPa Fo/N, mixture comprising 11.6%

by volume Fz
5 Oxyfluorination Time

and Temperature : 30min at 50°C

Hydrolysis technique : Exposure to moisture in atr for 1 week

Test Method : T-Peel

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

10 Resin : Pro-Struct 30/71

The results of the peel tests conducted on natural and black PE 300 are set out
in Table 11 below.

Table 11: Resuits of the peel tests on black and natural PE 300 for different
activated surface areas

15 Sample 0.0936m? Peel 0.156m? Peel
Number | Strength(N/mm) Strength(N/mm)
Black Natural Black Namral
i 374 | 2808 | 2224 | 1941
2 4.422 4.104 2.837 1.828
20 3 2.541 3.665 2.519 2.195
4 I 2,604 Poor Glue-line
5 - - . 2.195
Average 3.568 3.525 2.546 2.039

From Table 11 it can be seen that black PE 300 gives slightly higher peel strengths
25 than natural PE 300. Higher peel strengths were obtained as the activated surface
area decreased. This was expected for fluorination reactions since the same amount



Pol ymer strips (300nm w dth x 26mm | ength and 2nm t hi ckness) were gl ued
along - 22cmof the length thereof. After curing the joints were eval uat e€d
usi ng an_l ns g 4465 tensoneter with a 5000N | oad cell ead
speed of “1%9§'5 1 200minmin. The peel strength was obt ai nemggﬁﬁ@average
peel force over the central 20cm of pee%es LaD Shear Test (ASTM D 1002-72):
Pol ymer strips (26mmw th x 50nm | engt hf"were nounted onto roughened mld
steel platforms with Pro-Struct 30/71. The strips were nasked W th nasklng

tape 20  of fludrfidVwas uséd e atn:gn\igobféuiehréaee’eanea Qﬁre )i ﬁégé@ §h P

di nrensions were 26mm w dth x ength. .This proce
el i m nat e dangeptreatadosurface areas. a\musowﬂmrlmﬁgnnhismm expected isihog theen

e On 4R RHE AERGH, pickb To SRRehH dathfh 30RH o8 Gy RaGHEASor Rtons

PCT/ US95/ 07f@%siiélly very slow (and appear to be inhibited by the presence of oxygen)

5 Example IOB: Kinetics Study

Materlal 2. Black and Natural HDPE (PE 300)
Gas Mixture : F2/02 comprising 10% by volume Fz
Dimensions ~: length: Smm, width: Smm, thickness: 2mm (0.9cm?)

Change of mass was monitored using 5 Perkin Elmer TG2 for a period of I'hr

1Q -10min (70min). The sampling frequency was 0.2Hz under isothermal conditions
at 50°C. |

The results of the kinetic studies on black and natural PE 300 are set out in Figure
s s _ _

As can be seen in Figure 3, black PE 300 oxyﬂuorlnates faster than natural PE

15 300 for times under 60min. At 60min, both substrate surfaces reacted at the same

rate. Natural PE 300 reacted faster at times longer than 60min than biack PE 300

did. The mass changes were 0.02mg/cm? and 0.013mg/cm? for black and natural

PE 300 respectivelj at typical oxy-ﬂuodnaﬂon_tlmes used in adhesion studies, eg

30min. Itis believed'that the reason why nawral PE 300 has lower adhesion

20 | properties than black PE 300 (TabIe 8) Is that natural PE 300 oxyfluorinates far
slower'a't times of 30min and therefore has a lower degree of activation.

'HYDROLYSIS OF ACTIVATED POLYMER SURFACE

On oxyfluorination of HDPE carboxylic acid, acyl fluoride and fluorocarbon groups

are formed on the surface. During hydrolysis the acvl ﬂuoride groups are converted

25 into carboxylic acid groups which it is believed act as a curing agent for epoxy resins,
" ie a chemical bond is actually formed between the HDPE and the epoxy resin.



‘MATERI ALS USED The material used was PE 300 HDPE in the formof tiles.
PE300 is a GV 5010 based Hi gh Density Pol yethyl ene (HDPE) which was

obt ai ned frw@d¥pkzugy Pl astics, Pretoria, South Africa. 5 PCT/US9SI07635
Exanpl e 5 OXYFLUORI NATI ON COVPARED W TH FLUORI NATI ON The fol I'ow i

experinmental conditions were enployed: Materi al . Black HDPE ( PE
300) Degreasing Agents 10 Prior to Ac®’vation . TCE Surface Area
Activated: 0.0312n2 Gas M xture :a) |OkPa air, 40kPa F2/ N2

m Xt ure conpLy,Si 0% EEEE!::&F rr]/Nerr] mxture
conpri sing 1%5 &ﬁbl& 6?3 Dlh‘h vol une F2
Oxyfluorination Tinme and Tenperature a) 30mn at 50[err]C

Example 11A: Hydrolysis Medium Study on HDPE activated using F9/Og:

Materdal : Black HDPE (PE 300)
Degreasing Agents
5 Prior to Activation : TCE

Surface Area Activated  : 0.156m?
Gas Mixture ' : 50.9kPa F»/O, mixture comprising 10% by volume
FZ '

Oxyfluorination Time
10 and Temperature

30min at 50°C
Hydrolysis technique : a) No hydrolysls
b) ImmersioninO.1M Sodium Hydroxide (NaOH)
at 50°C for Smin
¢) Immersion in water at 50°C for 18hrs
15 Drying Time after

Hydrolysis : Thrs at 50°C followed by 24hrs at room temperature
Test Method : T-Peel

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

20 The results of the peel tests conducted are set out in Table 12 below:



b) 3hrs at SOC Hydrol ysis techni que : Exposure to noisture In air for 1
week 20 Test Met hod . Lap Shear Di nensions : Iength

26mm w dth: 10 gl ue-line thickness: 0.16nm Resin -

Pro- St ruct” %W%he results of the | ap shear tests conductl’e%r"é?émg@? out

In Table 4 bel ow 16 Table 4: Results of the tests conducted on bI ack
PE 300 with oxyfluorination and fl uoringagi on Sanpl e Nunber

Lap Shear Strength (MPa) Oxyfluorination FI uorination 1

11. 00 1.786 5

15. 120 Table 12: Peel Struct 30/71
' different hydrolysis medi

Sample o Peel Strength (N/mm_)

5 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 ¢
10 5 . - . |
Average 1.131 - 7.848

From the results in Table 12, it appears that a hydrolysls step Is necessary and that |
the correct chqlce of hydrolysis medium Is very important. It can be concluded
from the above resuits that acyl fluoride groups on the polymer surface do not

15 enhance the adhesion but actually decrease the ladhesion pmpertis with Pro-Struct
30/71. |

No values for the samplé hidrolysed in NaOH could be measured thus indicating
that the NaOH treatment weakened the bond dramatically. With the NaOH
treatment, hydrolysis did Initially occur but due to a large excess of base in the

20 system, deprotonation of the carboxylic acld group followed yielding an ionic salt on
the surface.

Example 11B: Hydrolysis jum Study on HDPE _Activated using the 10-40
Oxyfiuorination Method

Material : Black HDPE (PE 300)
25 Degreasing Agents '

‘Prior to Activation : TCE

Drying Time Prior

to Activation : 24hrs



3

: 9. 788 1.464 4
Poor d ue-line Poor G ue-line 5 Average 11. 97
2.547 10 9%?”9 n be seen in Table 4, oxyfluorination has better
adhesi ve propertres than fluorination on PE 300 with Pro-strRETESPI63s

DEGREASI NG PRI OR TO ACTI VATI ON Vari ous contam nants that can influence
activation as well as the adhesion procesgg MYy be present on the surface.
It is desirable to clean the surface 15 t horoughly prior to
activation. Sanple surfaces were degreasgd by w ping each surface with a
ti ssue properSurfacetArea Mﬁh&ddegr@ﬂﬁﬂmsggent. Exanple 6: CHO CE OF

DEGREASI NG AGENT, The foll ow ng experJi nt al ngd tions,were enployed:
Mat eri al Gas l"igxture P f@ﬁ@i’r Imammfﬁ C°'{T‘Bﬁsi&drleé% ng

Agents Prior to Activation . ' Trichl oro-et hyl ene (TCE),
AVENDED SHEET This is btyh‘éo'tr"é‘p?la? akenent sheet

Oxyfluorination Time

5 and Temperature : 30min at 50°C
Hydrolysis technique : a) Exposure to molsture In air for 1 week
b) Immersion in 0.48N HCI for 18hrs
Drying Time after
Hydrolysis : 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 13 below.

Table 13: Peel strengths obtained on PE 300 with Pro-Struct 30/71 using
15 different hydrolysis media

Sample Number Peel Strength (N/mm)

20

5 - 3.047
Average 2.546 3.299

Similar increases in peel strength as for the HCl hydrolysis had been previpusly
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.
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b) Met hyl

Et hyl Ketone (MEK), c) Ethanol (EtOH), d) Handy Andy (H A) *

avai l able from Lever Industrial (Proprietary) Limted. 5 Drgi nvcg Ti me
Prior to WO%Fa4lon © 24hrs Surface Area Activat e§CT/USISNOT63S

0.1248nferr] Gas M xture :lgBI?a air, 40kPa Flerr]/Nerr] mxtre
| 0

conprising 15% by volune F[err]

yfluorination Tinme and Tenperature

30mn at 50[err] C Hydrolysis technique : Inmmersion in water at room
tenperat ur leL82t s DRYING TIME AFTER HYDROLYSIS '

10

20

25

The following experiiﬁental conditions were employed:

Material + Black HDPE (PE 300)

Degreasing Agents S

Prior to Activation : TCE

Drying Time Prior |

to Activation : 24hrs

Surface Area Activated : 0.1 56:';12

Gas Mixture : 50.9kPa F9/O, mixture comprising 10% by volume q
| | R

Oxyfluorination Time L '

and Temperature ~: 30min at 50°C

Hydrolysis technique : Immersion in water at 50°C for 18hrs

Drying Time after

Hydrolysis : T

Test Method : T-Peel | »

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

Resin + Pro-Struct 30/71

Tﬁe results of the peel tests conducted are set out in Table 14 below.

Table 14: Peel strengths obtained o PE”_ ro-Stru 0/7 after a
drying time of 1hr

Sample Number ~ Peel Strength (N/mm) |

1 0.8950
2 - 1.340
3 2.057
4 1.224
5 i
Average 1.379

3



Drying Tinme Prior to Adhesion 15 Test Met hod

T- Peel Di nensi ons : dt h: 26mm t hi ckness:
2mm Resi n WO 9535341 : Pro-$tructRBE/ATEDThe results of the peel tests
conducted are set out In Table 5 | test reSGEUSIYUB6ET ned
for PE 300 with Pro-Struct 30/71 with various 20 degr easi ng
agents prior to oxy-fluorination Sanple 31 Peel Strength (N nmm
Nunber TCE MEK Et hanol Handy Andy 1 5.109 4. 310 3. 246

4,908 3,760 On orypartson bebivean dye Rl In Fadimpic,) 14 (peel st 7.8 W/ mom
oxy- f 1 uori nat e @btfinéd 8n iy sarmples I:Scanmesefeﬁlﬁaﬂqeustur@&ﬁblﬁwh?@lwg

agents were chosen as they cover a road spectrum of em cal dgroups I
an al cohol , a3Qdi7dnen arwetsubstpte. [t is lmportant that the polymer Is properly dried prior

to adhesion.

5 DEGREASING AFTER ACTIVATION PRIOR TO ADHESION

Once the surface of a polyolefin component has been activated, subsequent
handling can contaminate the surface rendering it relatively inactive towards
adhesion. A further 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
contaminated. The contamination may be due to dust as well as fats and oils 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:

15 The following experimental conditions were employed:
Material ¢ Black HDPE (PE 300)
Degreasing Agents Prior '
to Activation : TCE
Drying Time Prior to

20 Activation : 24hrs
Gas Mixture : 10kPa air, 40kPa F2/N o Mixture comprislngl 1.6%

- by volume F2
Oxyfluorination Time
and Temperature : 30min at 50°C

Hydrolysis technique : Exposure to moisture in air for 1 week

25 Degreasing Agents
Prior to Adhesion

(14

. This Sheet Has Been Re,illaced

) mmn I




WD 95/ 35341

EXAMPLE 7: DRYING TI ME PRI OR TO OXY- FLUORI NATI ON The fol | owi ng experi ment al
conditions were enployed: Materi al

Degr easi NP 234 5

Activation : a)- 3 nonths b) 24hrs Surface Area Activated 0.1
56n2 10 Gas M xture . | OkPa air, 40kPa F[err]/Nerr] mxture
conprising 15.8% by vol ume F2 Oxyfluori @on Tine and Tenperature :
30m n at 50C
c) Ethanol
d) MEK
e) Xylene
Drying Time Prior _
5 to Adhesion : 3hrs
Test Method : ‘Lap Shear ,
Dimensions : length: 26mm, width 10mm, glue-line thickness:
0.16mm
Resin : Pro-Struct 30/71
10 The results of the lap sh'ear tests are set out in Table 15 below.
- Table 15:
Sample Lap Shear Strength (MPa)
Number .
15 Control | TCE | Acetone | Ethanol | MEK Xylene
1 11.21 6.331 10.42 4,673 | 4950 |.. 5.346 -
2 10.14 10.71 10.62 6.481 6.054 8.796
3 10.9 | 8.438 | Platform | 5.585 | 6.068 | 4.262
Failure
20 4 Poor 8.188 | Platform | 8.669 | 5.012 9.385
Glue- Failure '
line |
5 Poor Poor | Platform | 4.946 | 7.792 | Platform
Glue- Glue- | Failure Fallure
25 line fne |
Average | 10.75 | 8.416 | 10.52 6.071 6.083 6.947

Prior to Activation

PCT/ US95/ 07635 18

. Bl ack
. TCE Dryi ngPCAESRIS, ¢ o

As can be seen from Table 15, dégreasing of the surface prior to giuing made a
difference to adhesion strength. Acetone appeared to be the best degreasing agent
for this particular system, l.e. black PE 300 and Pro-Struct 30/71,
30 strength was practically the same as the control samples.

as the shear

L



.Hydr ol ysi s techni que : Immersion In water at roomtenperature for 1 8hrs

15 Drying Tine Prior to Adhesion . 72hrs Test Met hod

T- Peel Di_nensions - length: 300mm wi dth: 26 j :
2nm Resin WO 95R3s34l : Pro-Struct 30/71 20 .  The ?&E}l‘ﬁgﬂg&%ﬁe
peel tests conducted are set out in Table 6 bel ow WD 95/ 35341

PCT/ US95/ 07635 19 Table 6: Peel test resulsggs obtained for PE 300 with
Pro-Struct 30/71 with a l-ong drying time prior to oxy-fluorination Sanple

Tu mber b.rggggbesét;ees?g& &a&%%@ul&b sHowed only an intzedi'g&fonSWlth 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.

5 It is an advantage of the invention that it provides a method of protecting a
cementitious or metal substrate component, eg against cotrosion, corrosive. or
aggressive chemicals or the like, using a polyolefin cladding, which does not involve
mechanical securing methods. It is a further advantage that the invention provides
a method of strengthening a polyolefin substrate component, using a metal cladding,

10 which similarly does not involve mechanical securing methods.



2 1. 608 4.704 3 1.007 4

2.887 5 1.229 10. AV—Q-Lage—— 1.513
4.906 Table 6 shows that a long d T/HngSHEE’r’eHltﬁ BENtjo activation (after
degr easi nWP 588343d reduced peel s rengREPLACED | s bgl i eved mzvsa@m'éﬁ%e

effects arising fromadditive m grattomr—fromrthe bul Lyner to the
surface are reduced by the degreasing step, the degraaﬁs[,gtﬁt p thus '
resulting In nore effective oxyfluori natfon. Wt hott . . -'? dcefSi ng
additive on the surface can be fluorinated or oxyfl uotw d of

- the bulk polyner, and this Is undesirable. EXAMPLE 8:

OXYFLUORI NATI ON METHOD The fo&g&gﬁperl ment al conditions were errpl oyed:

Mat eri al . Bl ac 300) 2Q - Degreasi ng Agents Prior .
to Activation : MEK Drying Tlinme Prior :

1. A method of producing a composite material, the method comprising:
subjecting a surface of a polyolefin component comprising a polyoleﬁn material
 to surface activation thereof; and o
5 adhesiveiy seculing together the polyolefin component and a substrate
component selected from cementitious components and metal components at the
activated surface of the polyoleﬁn component.

2. Amethod as claimed in claim 1, In which the surface activation ks selected from

corona discharge activation, plasma activation and surface fluorination activation, the

10 surface activation providing the activated polyolefin component surface with a
 surface tension at 20°C of at least 40 mN/m, the poiyoleﬁn material being selected

from polyethylenes, polypropylenes and copolymers of ethylene and propylene
and blends of such polyolefins.

3. A method as claimed in claim 2, in which the activcation Is by surface
15 fluorination activation, the fiuorination being by exposiné the polyolefin component
to a fluorine-containing gas at a pressure of 1-500 kPa, at a temperature above 0°C
and below the melting point of the polyolefin material of the polyolefin component.

4. A method as claimed in claim 3, in which the surface fluorination activation Is
by exposing the polyolefin component to the fluorine-containing gas at a pressure of

20 5- 150 kPa and at a temperature of 20-100°C, the gas comprising 5 - 20% by
volume fiuorine and 5 -95% by volume oxygen, so that the surface fluorination is
a surface oxyﬂuorination. | |

5. A method as claimed in any one of the preceding claims, in which adhesively
securing the actlvated surface of the polyolefin component to the substrate
25 component is effected by means of an adhesive composition comprising a

thermosetting resin. ”!I,"J mllL, "I"" "Ilsl l”!" _




111y OIIGCL CCT Keﬁlaceﬂ

to Activation . 24hrs Surface Area Activated : ﬂlw MJIHII
Gas M xture :a) F2/07F l‘ﬂ s Py 'r]/q

conpri sing 9 volunme F2 =~ WO 95/

PCT/ US95/ o?&g’%"‘b) Flerr]/Nerr]l_+ A REPLAGEBKPa ajr, 7kPa 1 erri/Nierr]
m xture conprising 15.8% by volunme F[err], the total m xture of air, Flerr]
and N err] conprising 10% by vol une F[ergg 5

c) 10-40 :- 10Pa air, 40kPa Flerr]/Nerr] mxture conprising 15.8% by

vol ume F2 QgyflAofielifdd @8 dhifffecPlif! TP, Ahtifiich the mated"Bf Zhe Yab&i4dkC

component is selected from cement, concrete, cementitious mortar or mild steel, the
thermosetting resin bcing selected from epoxy resins and polyester resins.

- 7. A method as claimed in any one of the preceding clalms, which includes the
5 step, prior to the adhesive securing, of subjecting the activated surface of the
polyolefin component to hydrolysis.

8. A method as claimed in claim 7, in which the hydrolysis is by contacting the

activated surface of the polyolefin 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 activation 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 form 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 polyolefin component to form a surface
cladding of the polyolefin component.

20 13. A composite material comprising a polyolefin component and a substrate
component adhesively secured together, the substrate component being selected
from cementitious components and metal components, and the components bétng
secured together at a surface of the polyolefin component which is activated.

14. A composite material as claimed in claim 13, whenever produced in accordance

25 with the method of any one of claims 1 -
A O A IIII




-4
. Hydrpl ysis technique > Imersion in 0.48N solution of Hydrochloric Add 10
(HC) for 18hrs Drying Tine Prior to Adhesion . 24hrs after
rinsing with distilled water Test Method . T-Peel _Di j

| engt h: BWQrﬁﬂ”Wdt h: 26mm thickness: 2mm 15 Resi n PQTHEQ%%&S
Pro-Struct 30/71 The results of the peel.fgggs conducted are set out in
Tabl e 7 below. Table 7: Peel test results ained for PE 300 with
Pro-Struct 30/71 with various oxyfluorination nethods Oxyfluorinatlon

Peel strengt h( Nl 20 et haod 1l —2
Average a) F[lerr]/Jerr] 2.192 1. 665 1.92P b)
Flerr]/Nerr]f + A r 1.543 0. 9083 1.226 c) 10-40
4. 363 4. 954 3.658 25 The 10-40 condition yielfded the
best peel strlengt hs] when conbi ned with the degreasing, ,ydrolysis“ind
drying steps |descriped in Exanple 8.
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EXAMPLE 9: ACTI VATION TI ME The foll ow ng experinental conditions were

enpl oyed: Examml e 9A: Activation Tinme Study using Flerr]/Jerr] Materi al
Bl ack HDPEO(9835380) 5 Degreasi ng Agents Prior to ActivafCaPSIsO7eiTE

Surface Area Activated : 0.1 56n2 Gas M xture : 50. 9kPa
Flerr]/err] mxture conprising 10% b2/\3)| une F2 10 Oxyfl uorination
Ti me and Tenperature :2min, 1 Omn, 20mn and 30m n at 50C
Hydrol ysis technique : Imersion In water at 50C for 1 8hrs

O
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‘Dryi ng Tinme Prior to Adhesion 1 hr at 50[err]C foll owed by

24hrs at room tenperature 15 Test Met hod . T-Peel D nensions
: length: 3 . dt h: 26mm thi ckness: 2nmm Resin X
Pro- Struct S%e results of the peel tests conducted are OO

Tabl e 8 bel ow WD 95/ 35341
PCT/ US95/ 07635 22 Table 8: Peel strengStfs3obtained for PE 300 with
Pro-Struct 30/71 with various oxyfluorination tines Sanple

Peel Strength (N mm) Nunber 2mn 10m n 20m n 30m 1 3. 7909
6. 904 8. 7309 6. 268 o
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2 ' 1.553 6. 123 7.311- 7. 5597 3 5.413 5.393

7.2613 8.235 4 2.951 | THIS SHEEBHAS BEENT 3083 9.2347 10
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can
be seen In Figure 2, the peel strength reathes a plateau @S
of oxyfluorination. It appears that 20-30 mn is the pref
oxyfluorination time 15 for PE 300 with Pro-Struct 30/71 un

hydrol ysis conditions. Exanple 9B: Reaction Tine Study using the 10-40

Oxyfluorinati on Method Materi al . Black HDPE ( PE 300)
Degreasi ng Agents Pri Q(METHIGDIFORITHE PRODUCTHON OF COMPOSITES™® Prior to
Acti vati on . 24hrs Surface Area Activated : 0.0624n2 Gas M xture

1 OkPa air, 40kPa F[err]/Nerr] mxture conprising 15.8%

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 structures and/or artifacts wherein a substrate is protected against corrosion

5 and/or permeation of fluids by a surface cladding. It aiso relates to a method of

producing such composite materials wherein one component Is strengthened or

reinforced by another component. The invention also relates to such composite
materials, particularly when produced by means of sald method.

According to the invention, there is provided a method of producing a
10 composite material, the method comprising:
subjecting a surface of a polyolefin component comprising a polyolefin
material to surface activation thereof; and
adhesively securing together the polyolefin component and a substrate
component selected from cementitious components and metal components, at the
15 activated surface of the polyolefin component,
the activation being by surface oxyfluorination activation by exposing the polyolefin
component to an oxyfluorinating gas mixture at a pressure of 1 - 500 KPa and at
a temperature above 0°C and below the meiting point of the polyolefin material of
the polyolefin component.

20 By surface activation is meant that the surface of the polyolefin component
is brought into contact 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 polyolefin component may act to protect the substrate component, the
polyolefin component forming a surface cladding for the substrate component. The

Thie is the replacemont
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by vol'ume F2 25 Oxyfl uori natioM_ne_aadl&mpemture
15mi n and 30min at 50C Hydrol ysis | EdISnSHEET HAS BEENYr Si OnnsiShewata:diee

Met hod

tenperature for 18hrs WO 95/35341  REPLACED
PCT/ US95/ 07635 23 Dryl ng Ti me Prior—tuo Adfrestor
Iengt

T- Peel Di nensi ons 2 WI dt h:

26mm t hi ckness: 2hm 5 Resin Pr o- Struct 30/71 The
results of thpolyelfin anface cladding mdy pratestthecsubstrate Comtpporenb against corgsion:

Peel test res
oxyfluorinati

10

15

20

25

%Iéfpﬁ%glggn g’sglgfa}’:\”é tcpadﬁgnog_ l?‘;[agluilczgtegg ’o?%nV%JJEﬁXﬁ r;%iotne%t the substrate

component against permeation of fluids, particularly when the latter is cementitious.

The oxyfluorinating gas mixture may comprise at least 5% by volume of a
fluorine-containing gas and at least 5% by volume of oxygen, the gas mixture being
at a pressure of at least 5KPa and at a temperature of at least 20°C. Preferably said
gas mixture comprises 5 - 20% by volume of the fluorine-containing gas and 5 -
95% by volume of the oxygen, the gas mixture being at a pressure of 5 - 150KPa
and at a temperature of 20 - 100°C,

More particularly, the surface activation may provide the activated polyolefin
component surface with a surface tension at 20°C of at least 40 mN/m, the
polyolefin material being selected from polyethylenes, polypropylenes, copolymers
of ethylene and propylene and blends of such polyolefins, such as ethylene-propyiene
diene monomer elastomers. The polyolefins 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 oxyfluorinate the surface of the
polyolefin component which is oxyfluorinated before it Is adhesively secured to the
cementitious or metal substrate component. Any suitable fluorinating process may
be used for this purpose, suitably modified to provide for oxyfluorination, for
example the fluorinating 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;
UsS 4,296,151;US 4,508, 781; US 4,536,266; US 4,557,945; US 4,764,405;
and US 4,869,859 as well as published European Patent Application
EPO 214 635, and South African Patents Nos. 85/9500 and 87/8240, describe
techniques which can be adapted for the oxyfluorination described hereunder.
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Sanpl e Nunber Peel Strength (NNmm 10

mn 15 nmin 30min 1 4111;85heemasae R eL
2 0.9284 4. 847 THIS S%g’éﬁg Bgsg en e . 616
4.906 Table 9 shows that the |ongek—the r| natli on t| “

t he adhesi on 15 with Pro-Struct 30/71. jl'here IS however a cu
wher e adhesi on decreases due to the formation of a weak boundary Iayer

wi thin the pol yner g !'t FRInGASH s niéahf"tﬁ%f'hgﬁsél urf%f:ettf‘ﬁe&ﬂ{!nter fiGaM aham

the bul k. It appear [t I's not t ve-poly ace that
falls. This pbuygmasuhstlnnents legsan «CH md/mﬁﬁlkegreﬁpd)fﬂmﬂng part of thexunfinte

FOPE. ( Pe 300, THE QPHeriTatDE s, Thbeire, -%mtr 5 TSAEL LS, (F2), 1t mapee 3 Prngiiceess
Prior 25 heblgas ‘éﬁéﬂ QsﬂXer, or it may'bela fi@dtohalogen such as CIF, BrFs, IF or the
5 like. The oxyfluorinating gas mixture will typically be one in which the fluorine-
containing gas forms part of a mixture with one or more other gases, such as oxides

of sulphur, oxides of nitrogen or oxides of carbon, halogens, interhalogens, nitrogen,
oxygen or mixtures thereof, such as air, at least one of which other gases will contain
oxygen. The proportion of the fluorine-containing gas In such gas mixture can vary
10 within wide limits, the fluorine-containing gas forming eg 0, 1-99,9% by volume of
said mbxture, typically forming 1 - 30% by volume thereof, although, as indicated
above, particularly preferred gas mixtures include those comprising 5 - 20% by -
volume of fluorinating gas such as F2 and 5 - 95% by volume oxygen (02 or 03).

As described in more detail hereunder, adhesively securing the activated
15 surface of the polyolefin component to the substrate component may be effected by
means of an adhesive composition comprising a thermosetting resin.

The oxyfluorination under the above process conditions will usually take place

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

withdrawal therefrom of gases, pressure control, temperature control and control of

20 the composition of gas mixtures therein, and the process will usually be carried out
batchwise.

When the polyolefin cladding component is in the form of a sheet, it may,
however, be treated in a roli-to-rolf process using a film fluorinator as the reactor,
with similar oxyfluorination conditions to those described above with reference to the

25 batch process. The absolute pressure in such reactor will typically be one
atmosphere, + 20 kPa. The gas mixture composition may, as indicated above, be
such that It has a fluorine (F9) content is 5 - 20 % by volume , the remainder being
made up of other reactive gases, or Inert gases, eg N,. The proportion of said other

This is the replacement sheet
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‘Sur face Area Acti vated : 0.1 56n2 Gas M xture : 50. 9kPa

Flerr]/derr] mxture conprising 10% by vol une F[err] 24 Oxyfluorination
Ti me and Tenperature 25hrs at 50[err] C Hydrol ysis techni que
| mersion in water at 50C for 18hrs Drying Time Prior 5 t o Adhesi on

24hrs Test Met hod eel Di nensions

: T-
| ength: 300mm w dth: 26mm thickness 2mm Rgsi n

P o U144 0 e i, Ay Stk 3 57 456 b blng

activated PE pde up by an Inert gas such as No.

As indicated above, the surface oxyfluorination, may be such as to provide
the activated polyolefin component surface with a surface tension at 20° C of at
5 least 40 mN/m, preferably at least 45 mN/m.

The substrate component may be a cementitious component made of a
cementitious material such as cement, concrete, cementitious mortar or a related
cement-containing material. The cementitious 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, cementitious mortar or mild steel, the thermosetting resin
being selected from epoxy resins and polyester resins.

15 The polyolefin component, when used for cladding, may be of an
appropriate shape, depending on the shape of the substrate component. Thus, the
polyolefin component may be a flat or curved sheet. When the substrate component
is tubular, eg a pipe, the polyolefin component may be a pipe, a polyolefin pipe
forming an external and/or intemal cladding or lining for the cementitious or metal

20  Dpipe, as the case may be.

The cladding or other polyolefin component may be of polyethylene, such
as high density polyethylene (HDPE), 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 polyolefins.

25 - Adhesively securing the fluorinated surface of the polyolefin cladding
component to the cementitious or metal substrate component may be effected by

~  Thieisthe replacement sheet
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Sanple Nunber Peel Strength (Nmm 1

0.5715 2 1.3860 3 15 4 5 Average
0.9788 As can be seen in Table 10, peel strength decreased when the surface
wWas over- activated. The resin within the joints was bl ack after peeling,

I ndi cating a weak 20 boundary | ayer. ly two val ues are shown since
the other three sanples gave no peel neasurenents. EXAVPLE 10: SUBSTRATE

A0 SURCACE A CHATE S St BB S8 5 bk R hicre
Bl ack and Nat ybaieHOfHe adivesReConipositions nidyecdrfiphisiCs ¢aribls baeiblé WdvRidse et T

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

compositions are those available in South Africa as PRO-STRUCT 121 and PRO-

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

resin-based adhesive compositions 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 isophthalic polyester resin adhesive available in South Africa as GELCOAT

65 from said NCS Resins, and an isophthalic, non-accelerated resilient polyester resin

10 adhesive available in South Africa as POLYLITE 8130 from said NCS Resins.

The method may include the step, prior to the adhesive securing, of
subjecting the activated surface of the polyolefin component to hydrolysis, to
enhance the adhesion of the fluorinated surface to the adhesive composition. The
hydrolysis is particularly effective when the adhesive securing step is by means of an

15 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 polyolefin component in water overnight at 50 °C, to
hydrolyse any hydrolysable chemical groups on the fluorinated surface of the
polyolefin component. Exposure of the oxyfluorinated surface to atmospheric air for

20 extended periods of time should also result in full hydrolysis of the oxyfluorinated
surface. [n particular, the hydrolysis may be by contacting the activated surface of
the polyolefin component with liquid water for a period of 2 - 6 hours.

The surface may be subjected to degreasing prior to oxyfluorination thereof

and/or after fluorination and prior to the adhesive securing of the cladding

25 component to the cementitious or metal substrate component. Accordingly, the
surface may be subjected to degreasing prior to activation thereof. Furthermore, the

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

to degreasing.

Thia is the replacemont sheet
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Degreasing Agents Prior to Activation . TCE Surface Area Activated
0.0936nferr] and 0.156nferr] Gas M xture . 10kPa air, 40kPa
Flerr]/Nerr] mxture conprising 11.6% by volune F2 5 Oxyfluorination
Ti me and Tenperature : 30m n at 50[eér] C Hydrol ysis technique
Exposure to noisture In air for | yweek Test™ Met hod . T- Peel

Resin Suitable degfdsigp 23E Tyod b lpere i shttacdfigy be seffBlelliyom
conduct ed on writhiord-ethylenel (TECE)Picetone, sathanolf methyl ethyl ketone {(MEK) and xylene.
Water-soluble detergents can also be used. Naturally routine experimentation will
be employed to determine which degreasing agents are compatible with the surface

5 and with the resins employed in the process of the invention.

As indicated above, the polyolefin component may be secured to the
substrate component to form a surface cladding of the substrate component.
Furthermore, instead, the substrate component may be secured to the polyolefin
component to form a surface cladding of the polyolefin component.

10 Thus, instead of using the polyolefin component to protect the substrate
component, the substrate component may be used for strengthening and/or rein-
forcing the polyolefin component. The polyolefin component in this case may be
tubular or hollow cylindrical, eg circular or square in cross-section, suitable for
containing and/or transporting a fluid. In particular, the polyolefin component may

15 be a pipe or pipe fitting, or a tank, the metal reinforcing component forming an
extermnal cladding or lining for the polyolefin pipe, pipe fitting or tank. Typically in
this case, the polyolefin material of the polyolefin substrate component is again
polyethylene, such as high density polyethylene (HDPE), polypropylene (PP), or
copolymers of ethylene and propylene, such as ethylene-propylene-diene monomer

20 elastomer (EPDM), modified or unmodified, or blends of such polyolefins. The metal
strengthening or reinforcing component may be of mild steel. The surface
oxyfluorination method, for activating the surface of the polyolefin substrate
component before it is adhesively encapsulated or clad by the metal reinforcing
component, may be similar to that described above for protection of the substrate

25 component by the polyolefin component; and adhesively securing the reinforcing
component to the polyolefin component may be effected using a similar adhesive
composition as described above for protection of the substrate component by the
polyolefin component. A suitable adhesive composition is an epoxy resin-based adhesive such
as that available In South Africa as PRO-STRUCT 7907 A and B from Pro-Struct, a
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In Table 11 below. Table 1 1: Re e Cand
natural PE 300 for different activafti8 WT S ?{ISSS}]%HQSI °ed '
0. 0936n{ err] Peel 0. 1| 56n] EEPLAGHY| Numﬂ’ml’”
Strength(N mm) Bl ack Nat ur al 51 ack 3. 74
2.808 2. 224 1.941 2 2 4.104 2. 837

1.828 20 2.541 2.519 2.195 4
2,195 Aver age d%‘aa dfayMac Limised. Typlcally, the reshy may be cursd fog using a siable

1 it can be sqgufin I’agén@blacdtal?ﬁ, €92 commerchal cufing wstarmbepadegb SHPPMW}SH'WS

than natural PE 3 H gher peel strengths were t as the activ d
surface area dised eias@l? 3%@@@#%@5@6%@?‘"\‘@@2@ &@n &Cpt')" ‘gflt ﬁ'@e

the same anrDurHarl;k:ular resin used. This version of the method may also include the further step,
5 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 oxyfluorinated surface to the adhesive composition. Plastics pipes are widely

used for the transport of fluids and the pressure in such pipes may vary from below

atmospheric (vacuum) up to tens of atmospheres. Polyolefin pipes and tanks can be

10 lined or encapsulated by metal reinforcing components in accordance with the
method of the invention to increase their pressure rating, 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 polyolefin plastics.

15 The inventions extends to a composite material whenever produced in
accordance with the method of the invention.

The invention will now be described, by way of non-limiting illustrative
example, with reference to the following Examples and with reference to the
accompanying diagrammatic drawings.

20 Examples 1 - 3 illustrate the method of the invention applied to the
protection of cementitious substrates by a polyolefin surface cladding. Example 4
illustrates the method of the invention applied to the strengthening of a polyolefin

Thiz iy {u repacement sheet
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of- fluorine was used Irrespective of the area treated whidhsieaddesd,
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not expected since the reaction did}not to cdnpl e
as oxyfluorination reactions are us nd app
I nhi bited by the presence of oxygen) 5 npl e 10B: Kinetics Study

tertal | oot SRR, Y B e ¥ e e
I ength: 5mm %@Hh'ad d‘?’fﬁb uﬁx}ehﬁbﬁ%@loﬁﬁy\léﬁb&%:ﬁf rii)\arﬁiilé'&ﬂuﬁh@?ﬁﬁ M@ﬂ\od

noni tored using a Perkin period of
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500C. The resul f I ur

et out in Fi dupthod of 8 BLEHIE ebpblie valid 5k ine Bddi Ty Smidndtsn

oxyfl uogi nat egxhapies illirates dicimethdtof the invention employing various oxyfluorination
methods. Examples 9A, 9B and 9C illustrate the method of the invention
employing varying_activation times. Examples 10A and 10B illustrate the method

of the invention in the light of various adhesion tests and kinetics tests. Examples
11A and 11B illustrate the method of the invention employing various hydrolysis

10 media. Example 12 illustrates the method of the invention employing varying drying
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 sampfe number for
15 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 Pro-Struct 30/71 with
hydrolysis in water; and
Figure 3 shows a plot of mass change against time for activation of HDPE with
20 a FZ/OZ mixture comprising 10% by volume Fz.

EXAMPLE 1 (Resin Choice)

The following experimental conditions were employed:

Material : Black HDPE (PE 300)

Gas Mixture : 10kPa air, 20kPa FZ/N o mixture comprising 20% by
25 volume Fo.

Oxy-fluorination Time

and Temperature : 30min at 50°C
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15 : » 300 for tines under 60m n. At 60m n, both substrate surfaces reacted
at 'the sane rate. Natural PE 300 reacted faster at tines |onger than 60m n
than bl ack PE 300 did. The mass changes were 0.02ng/cn2 and 0.01 3ng/cnt

bl ack and nat ur al
used i n adhesion studies,
natural PE 300 has | ower adhesi on 20

300 o

(Table 8) Is tgglg?é@?%@ﬁsi

30m n and there

as a lower degr

PE 300 respectively at typical
eg 30mn. It is b

oxy-fluorination tines
| eved that the reason why
properties than black PE 300

ehiOR00RT ol 20BYEh fljchrieBEr2

ACTI VATED POLYRESINSURFACE On exyfl adri nPro-Soruet 1IZPE car boxylic add, acyl

fluoride and fl uorocarbon groups a
hydrol ysis the acyl fluoride group
add groups which it

is believed actyas FredlE

RORRBES,,

re forned on e_surface. During
b arepcf%‘%&'é'ﬁf%/ﬁ:

i nto carboxylic

for epoxy resins, le

a chemcal bond is actually fornmed between t d the epoxy resin.
WO 95/ 3%341 Gelcoat 65, PCT/ US95/ 07635 27
e) Polylite 8130.
The HDPE tiles {untreated and activated) were stuck to a concrete wall using the
above resins by means of hand pressure. After one week a force was applied to the
tiles to endeavour to peel the tiles from the wall.
10 The results of these adhesion tests are set out in Table 1 below.
Table 1: Results of adhesion tests between PE 300 and concrete using various
adhesives
Resin Manufacturer Type of Resin Observation
Pro-Struct 121 Pro-Struct Multi-purpose Breakline within
Epoxy the Concrete
15 Pro-Struct 30/71 Pro-Struct Abrasion Resistant | Breakline within
Epoxy the Concrete
-FreeFix 40/6345 NCS Resins Filted Polyester Adhesive Failure
Adhesive Paste between Adhesive
and Concrete
Gelcoat 65 NCS Resins Resilient Adhesive Failure
Isophthalic between Adhesive
Polyester Resin and Concrete
Polylite 8130 NCS Resins Isophthalic, Non- | Adhesive Failure
accelerated, between Adhesive
Resilient and Concrete
Polyester resin

None of the untreated HDPE tiles remained stuck to the concrete wall.
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*EXAMPLE 1 1: CHO CE OF HYDROLYSI S MEDI UM Exanpl e 11A: Hydrol ysis Medi um

Study on HDPE activated using Flerr]/derr]: Materi al . Bl ack
HDPE ( PE 300) Degreasing Agents 5 Prior to Activation . TCE Surface
Area Activated : 0.1 56n2 Gas M xture : 50.9kPa F2/02 m xture
conprising 10% by vol unme F2 Oxyfl uorinati oqui me 10 and Tenperature

: 30min at 50[err]C Hydrolysis techni que - a) No hydrolysis b) Inmersion
In 0.1 M Sodi um Hy ' OthaM - | I t
50C for 1ghrs 15 " THRYEH M Tabie Mcaethabioly resdi"HipeaP to' Bk # Hhod
fol |l onwed by 2stitablest ProsStruct3 et la(polyariidetanmipe karing agent) appeared (O Rethle most
suitable resin due to 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.
EXAMPLE 2

From the results 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

fluorination conditions for maximum adhesion between the epoxy adhesives listed in
10 Table 1 and fluorinated polyolefin sheet.

Biack pigmented HDPE strips (26 x 300 mm) were cut from a PE 300 sheet. The
strips were placed in a stainless steel vacuum reaction vessel which was evacuated and
then charged with a 10/90 FZIOZ mixture. The vessel was kept at 50 °C and the
strips were fluorinated for different periods of time to provide a surface fluorine

15 concentration of 55,4 ygF/cmZ. After the selected period of time, the fluorinating
atmosphere 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 crosshead speed used was 200 mm/min and that the
20 signal integration interval was 10 cm.

From the T-peel tests, it was clear that the optimum treatment time for maximum
adhesion was reached within 30 minutes, using the above treatment conditions. It
was also observed that a post-treatment of the fluorinated surface by hydrolysis had
a material influence on the adhesion strength. It was found that the maximum
25 adhesion strength (typically 8 N/mm) was obtained when the strips were submerged
in water overnight at 50 °C. Strips which were glued immediately after ﬂuoriﬁation
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*Di rensi ons : length: 300mm w dth: 26mm thickness: 2nmm Resin

: *Pro-Struct 30/71 20 The results of the peel tests conducted are set
‘out in Table 12 bel ow WD 95/ 35341

PCT/ US95/ 07635 28 Tabl e 12: Peel strengths obtained on PE 300 with
Pro-Struct 30/71 using different hydrolysi ﬁérredi unms Sanpl e

Peel Strength (N mm) Nunmber No Hydrol ysis NaCH Hot Water 1
(7): gggg 3 Table 4: 34 esult ? tests conductedo B ick PE 300 with oxyfluorination
9.2347 10 5 and fluorination -
Sample Number Lap Shear Strength (MPa)
Oxyfluorination Fluorination
1 11.00 1.786
5 | 2 15.120 1.392.
3 9.788 1.464
4 Poor Glue-line Poor Glue-fine
5 - g
Average 11.97 1.547
10 As can be seen in Table 4, oxyfluorination has better adhesive properties than

fluorination on PE 300 with Pro-struct 30/71.

DEGREASING PRIOR TO ACTIVATION
Various contaminants that can influence activation as well as the
adhesion process may be present on the surface. It is desirable to clean the surface
15 thoroughly prior to activation. Sample surfaces were degreased by wiping each
surface with a tissue properly wetted with a degreasing agent.

Example 6: CHOICE OF DEGREASING AGENT
The following experimental conditions were employed:

Material : Black HDPE (PE 300)
20 Degreasing Agents
Prior to Activation : a) Trichloro-ethylene (TCE),
AMENDED SHEET This Is the repimcemont sheot
IPEA/EP
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= Average 1.131 7.848 Fromthe results In Table
12, ‘it appears that a hydrolysis step is necessary and that the correct
choi ce of hydrolysis nediumis very inportant. It can be concluded fromthe
above results that acyl fluoride groups on the polynmer surface do not 15
enhance the adhesi.on but actually decreasegt‘ﬂe adhesi on properties with
Pro-Struct 30/71. No values for the sanple ydrol ysed I n NaOH coul d be
nmeasured thus indicatin 3.]51{ t he NaOH treat nent weakened the bond
QpYidiinating

dramatical ly. % eat nent, rolysis~-did initially occur but
due to a | ar gandxFIBRERMUE,se in the Zoggﬁrssﬁ;sﬁs(frﬁ deprotonation of the

carboxylic aciuydrofsis techniqued yi ed di nglmmeisioni in water 2050 fonrlBire.
Exanpl e 11B: de ol .tsi S Megi um Study on HDPE Activated using the 10-40
oxyfl uori nat i REPE a2l gaprs : Black HDPE (PE 300) 25
Degr eas? ng Agdft M to Activation STCE Drying Tine Prior
Test Method : T-Peel -
Dimensions : length: 300mm, width: 26mm, thic_kngss 2mm
Resin : Pro-Struct 30/71

The resuits of the peel tests conducted are set out in Table 10 below:

10 Table 10:  Peel strengths obtained on over activated PE 300
Sample Number Peel Strength (N/mm)}
1 0.5715
2 1.3860
3 -
15 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 black after peeling, indicating a weak
20 boundary layer. Only two values are shown since the other three samples gave no

peel measurements.

EXAMPLE 10: SUBSTRATE AND SURFACE AREA ACTIVATED
The following experimental conditions were employed:

Example 10A: Adhesion Tests

25 Material : Black and Natural HDPE (PE 300)

‘Thia is the replacemont sheo
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vt 0sAct i vati on . 24hrs WO 95/ 35341

PCT/ 4S95/ 07635 29 Surface Area Activated : 0.1 56n2 Gas M xture

: 10kPa air, 40kPa F[err]/Nerr] mxture conprising 11.6% by vol une F2
Oxyfluorination Tine 5 and Tenperature : 30mn at 50[err]C
Hydr ol ysi s techni que : a) Exposure to isture in air for 1 week b)

| mersion in 0.48N Ha for 18hrs Drying Ti fter Hydrolysis :

24hrs 10 Test h s el ] ' :
length: 300mm wi e %ﬂ?ﬁ”‘?ﬁi"cﬁ?‘r’f&%"s tHe fefifts Il ERIMBRTPIA (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.

5 DEGREASING AFTER ACTIVATION PRIOR TO ADHESION

Once the surface of a polyolefin component has been activated, subsequent
handling can contaminate the surface rendering it relatively inactive towards
adhesion. A further 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 contaminated. The contamination may be due to dust as well as fats and
oils 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 gluing.

EXAMPLE 13:

i5 i The following experimental conditions were employed:
Material : Black HDPE (PE 300)
Degreasing Agents Prior
to Activation : TCE
Drying Time Prior to
20 Activation : 24hrs
Gas Mixture : 10kPa air, 40kPa F5/No mixture
comprising1 1.6% by volume Fz
Oxyfluorination Time
and Temperature : 30min at 50°C
25 Hydrolysis technique : Exposure to moisture in air for 1
week .
Degreasing Agents
Prior to Adhesion : a) TCE
b) Acetone
This is the replcement sheot
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Resih * : Pro-Struct 30/71 The results of the peel tests
conducted are set out in Table 13 below Table 13: Peel strengths obtained

on PE 300 with Pro-Struct 3DL74,~u%i—Hg 15 ) . d
hydrolysis media Sanple Numbe Replaced Peel Strength ?WH%HAS BEEN

G S e

Aver age 2. 546 3.299 SI peel
strength as for the Ha hydrol ysis had been previ o“ﬂ]ﬂ”gﬁmﬂﬁml ssed with
water. |t appeared to be better to hydrolyse the strfécé wtthsa Wet process

than with air for adhesion with Pro-Struct 30/71. Water gave the best
results. 1. A method of producing a composite material, the method comprising:

subjecting a surface of a polyolefin component comprising a polyolefin
material to surface activation thereof; and
adhesively securing together the polyolefin component and a substrate
5 component selected from cementitious components and metal components, at the
activated surface of the polyolefin component,
the activation being by surfacé oxyfluorination actl_vation by exposing the polyolefin
component to an oxyfluorinating gas mixture at a pressure of 1 - 500 KPa and at
a temperature above 0°C and below the melting point of the polyolefin material of
10 the polyolefin component.

2. A method as claimed in claim 1, in which oxyfluorinating gas mixture
comprises at least 5% by volume of a fluorine-containing gas and at least 5% by
volume of oxygen, the gas mixture being at a pressure of at least 5KPa and at a
temperature of at least 20°C. '

15 3. A method as claimed in claim 2, in which the gas mixture comprises 5 - 20%
by volume of the fluorine-containing gas and 5 - 95% by volume of the oxygen, the
gas mixture being at a pressure of 5 - 150 KPa and at a temperature of 20 - 100°C.

4, A method as claimed in any one of claims 1 - 3 inclusive, in which the
surface activation provides the activated polyolefin component surface with a surface
20 tension at 20°C of at least 40 mN/m, the polyolefin material being selected from
> polyethylenes, polypropylenes, copolymers of ethylene and propylene and biends of
such polyolefins.

5. A method as claimed in any one of the preceding claims, in which adhesively
securing the activated surface of the polyolefin component to the substrate

This is the replacement sheat
AMENDED SHEET
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conditions were enplo

Exanpl e 12: DRYI NG TP WSIS The follomﬁng experi-wental
Degr easi ng Agents 5 |vat ion :: TCE Dry§ ng Tﬂ&ELW 3

Acti vwation

PCT/U895/07635

24hrs Surface Area Acggvat ed

. 50.9kPa F[err]/Jerr] mxture conprisi-ng. 10% by voiune 10
F2 Oxyfl uori nesrpondntrds seffectedhisy ahears of an adhesRencanpbfiGiohly dopiptisiig a

t echni que

10

15

20
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mersion In water at 50C for 18hrs

" thermosetting resin.

é. A method as claimed in claim 4, in which the material of the substrate
component s selected from cement, concrete, cementitious mortar or mild steel, the
thermosetting resin being selected from epoxy resins and polyester resins.

7. A method as claimed in any one of the preceding claims, which includes the
step, prior to the adhesive securing, of subjecting the activated surface of the
polyolefin component to hydrolysis. '

8. A method as claimed In claim 7, in which the hydrolysis is by contacting the
activated surface of the polyolefin component with liquid water for a period of 2 -
6 hours.

9. A method as claimed In any one of the preceding claims, in which the surface
is subjected to degreasing prior to activation 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
polyolefin component Is secured to the substrate component to form a surface
cladding of the substrate component.

12. A method as clalmed In any one of claims 1 - 10 inclusive, in which the
substrate component Is secured to the polyolefin component to form a surface
cladding of the polyolefin component.

13. - A composite material, whenever produced in accordance with the method
of any one of claims 1 - 12,

———

Thig is the ropim '
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Dryirng.Tinme after 15 Hydrol ysi s : I hr Test Met hod

. T-Peel Dinension lacembé@inghlidet 300nm wi dt h: 26 7
Resi n This 'S trlé‘e(;e%??uct 30/ 71 The results of th?FéiIB ME&T SﬂEET
conducted are set out r} % 14 bel ow. 20 Tabl e 14: Pepl strengths
obt ai ned on PE 300 Daté:h é;bl r-bct 30/ 71 aft]er a drying tipe| ofl1 8 DEC Bfrplie
Nunber Peel Stfength (Nmm) 1 0] 8950 2

1.340 25 3 2.057 @

1.224 5 Average 1.379

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 structures and/or artifacts wherein a substrate is protected against corrosion

5 and/or permeation of fluids by a surface cladding. It also relates to a method of

producing such composite materials wherein one component is strengthened or

reinforced by another component. The invention also refates to such composite
materials, particularfy when produced by means of said method.

According to the invention, there is provided a method of producing a
10 composite material, the method comprising:
subjecting a surface of a polyolefin component comprising a polyolefin
material to surface activation thereof; and
adhesively securing together the polyolefin component and a substrate
component selected from cementitious components and metal components, at the
15 activated surface of the polyolefin component,
the activation being by surface oxyfluorination activation by exposing the polyolefin
component to an oxyfluorinating gas mixture at a pressure of 1 - 500 kPa and at a
temperature above 0°C and below the melting point of the polyolefin material of
the polyolefin component.

. 20 By surface activation is meant that the surface of the polyolefin component
is brought into contact with a fluid in a fashion whereby atoms, molecules and/or
radicals derived from the fluid are incorporated into the surface of the polyolefin
component.

The polyolefin component may act to protect the substrate component, the
25 polyolefin component forming a surface cladding for the substrate component. The
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dirt on the surface of the HDPE sheet will interfere with the adhesion it

Is inmportant to clean the sheet prior to gluing. EXAMPLE 13: 15

The foll owi ng exper iTRNbAHiUoRRGtihg SASMDRIR Bap|convtise at least 5% by volume of a
5 fluorine-containing gas and at least 5% by volume of oxygen, the gas mixture being
at a pressure of at least 5kPa and at a temperature of at least 20°C. Preferably said

()

L

gas mixture comprises 5 - 20% by volume of the fluorine-containing gas and 5 -
95% by volume of the oxygen, the gas mixture being at a pressure of 5 - 150kPa
and at a temperature of 20 - 100°C.

10 More particularfy, the surface activation may provide the activated polyolefin
component surface with a surface tension at 20°C of at least 40 mN/m, the
polyolefin material being selected from polyethylenes, polypropylenes, copolymers
of ethylene and propylene and blends of such polyolefins, such as ethylene-propylene
diene monomer elastomers. The polyolefins used include unmodified or modified

15 polyolefins, eg those modified by containing ethyl vinyl acetate as an impact
modifier.

Any suitable method can be used to oxyfluorinate the surface of the
polyolefin component which is oxyfluorinated before it is adhesively secured to the
cementitious or metal substrate component. Any suitable fluorinating process may

20 be used for this purpose, suitably modified to provide for oxyfluorination, for
example the fluorinating 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; US 4,557,945; US 4,764,405;
and US 4,869,859 as well as published European Patent Application

25 EPO 214 635, and South African Patents Nos. 85/9500 and 87/8240, describe
techniques which can be adapted for the oxyfluorination described hereunder.
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oxygen substituents, eg on -CH 9 and/or -CH3 groups forming part of the surface.

The fluorinating gas mixture may be fluorine itself (FZ)' it may be a fluorinated
noble gas such as XeFZ, or it may be a fluorohalogen such as CIF3, BrF 5 lF7 or the
5 like. The oxyfiuorinating gas mixture will typically be one in which the fluorine-
containing gas forms part of a mixture with one or more other gases, such as oxides
of sulphur, oxides of nitrogen or oxides of carbon, halogens, interhalogens, nitrogen,
oxygen or mixtures thereof, such as air, at least one of which other gases will contain
oxygen. The proportion of the fluorine-containing gas in such gas mixture can vary
10 within wide limits, the fluorine-containing gas forming eg 0,1-99,9% by volume of
said mixture, typically forming 1 - 30% by volume thereof, although, as indicated
above, particulaily preferred gas mixtures include those comprising 5 - 20% by
volume of fluorinating gas such as FZ and 5 - 95% by volume oxygen (02 or 03).

As described in more detail hereunder, adhesively securing the activated
15 surface of the polyolefin component to the substrate component may be effected by
means of an adhesive composition comprising a thermosetting resin.

The oxyfluorination under the above process conditions will usually take place
in a reactor comprising a vacuum chamber with provision for feeding thereto and
withdrawal therefrom of gases, pressure control, temperature control and control of

20 the composition of gas mixtures therein, and the process wilf usually be carried out
batchwise.

When the polyolefin cladding component is in the form of a sheet, it may,
however, be treated in a roll-to-roll process using a film fluorinator as the reactor,
with simifar oxyfluorination conditions to those described above with reference to the

25 batch process. The absolute pressure in such reactor will typically be one
atmosphere, + 20 kPa, The gas mixture composition may, as indicated above, be
such that it has a fluorine (FZ) content of 5 - 20 % by volume, the remainder being
made up of other reactive gases, or inert gases, eg N 9 The proportion of said other
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o rs Test Method i : Lap Shear D nensions :
26mm  wi dt h:  Dien gé Q-ﬂ/tﬁ t hi ckness: 0.16nmm Resin 16ﬂE§I‘:W99
Pro-Struct 30/71 10 he'results of the_] ap shear testslate—set—outr—Tn
Tabl e 15 bel ow. Table 15: Lap shear val ues‘obtained for PE{300 decreased

‘(“a})hsx‘;‘;'r ng r Sﬁ&ﬁﬁé".ﬁ kygg()a?lﬂfa%t Cintited. yﬁ%aﬁ‘qht%%ir%sr}n Sn%}) l)ee cured by using a suitable
curing agent or catalyst, eg a commercial curing system or package supplied by, and
used in the appropriate amount as recommended by, the manufacturer of the
particular resin used. This version of the method may also include the further step,

5 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 oxyfluorinated surface to the adhesive composition. Plastics pipes are widely
used for the transport of fluids and the pressure in such pipes may vary from below
atmospheric (vacuum) up to tens of atmospheres. Polyolefin pipes and tanks can be

10 lined or encapsulated by metal reinforcing components in accordance with the
method of the invention to increase their pressure rating, 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 polyolefin piastics.

15 The invention extends to a composite material whenever produced in
accordance with the method of the invention.

The invention will now be described, by way of non-limiting illustrative
example, with reference to the following Examples and with reference to the
accompanying diagrammatic drawings.

20 Examples 1 - 3 illustrate the method of the invention applied to the
protection of cementitious substrates by a polyolefin surface cladding. Example 4
illustrates the method of the invention applied to the strengthening of a polyolefin
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Example 8 illustrates the method of the invention employing various oxyfluorination
methods. Examples 9A, 9B and 9C illustrate the method of the invention
employing varying activation times. Examples 10A and 108 illustrate the method
of the invention in the light of various adhesion tests and kinetics tests. Examples
11A and 11B illustrate the method of the invention employing various hydrolysis
media. Example 12 illustrates the method of the invention employing varying drying
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
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 Prostruct 30/71 with
hydrolysis in water; and

Figure 3 shows a plot of mass change against time for activation of HDPE with
a F2/02 mixture comprising 10% by volume Fz.

EXAMPLE 1 (Resin Choice)

The following experimental conditions were employed:

Material : Black HDPE (PE 300)
Gas Mixture : 10kPa air, 20kPa F 2/N2 mixture comprising 20% by
volume F2.

Oxy-fluorination Time
and Temperature : 30min at 50°C
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surprising and cannot account therefor. However, without being bound by theory,

5 the Applicant befieves that the fluorination treatment may form acy! fluoride- and
carboxylic acid groups on the surface of the polyolefin component. On hydrolysis,
the acyl fluoride groups may either be removed or they may be transformed into
additional carboxylic acid groups. These carboxylic acid groups possibly act as curing
agents for the epoxy resin. A chemical bond may thus actualty be formed between

10 the adhesive and the fluorinated surface, which can fead to the high bond strength
between the polyolefin 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 hydrofysis leads to the formation of salts on the
polyolefin surface, and not to additional carboxylic acid groups.

15 EXAMPLE 3

Tests similar to Example 1 were carried using tiles of EPDM instead of HDPE. In
control tests, tiles which were not fluorinated showed no adhesion to the concrete
wall using PRO-STRUCT 30/71 as adhesive. When the tiles were fluorinated as in
Example 1, adhesion was so strong that breakline within the elastomer was observed.

20 EXAMPLE 4

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 5 mm. The PP was
available from Megapipe, a division of Mega Plastics, which is in turn a division of

25 Sentrachem Limited. The outer surface of the PP was fluorinated in a manner similar
to that described in Example 1, using the same fluorination conditions. After
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material to surface activation thereof; and

adhesively securing together the polyolefin component and a substrate
component selected from cementitious components and metal components, at the
activated surface of the polyolefin component,
the activation being by surface oxyfluorination activation by exposing the polyolefin
component to an oxyfluorinating gas mixture at a pressure of 1 - 500 kPa and at a
temperature above 0°C and below the meiting point of the polyolefin material of
the polyolefin component.

2. A method as claimed in claim 1, in which oxyfluorinating gas mixture
comprises at least 5% by volume of a fluorine-containing gas and at least 5% by
volume of oxygen, the gas mixture being at a pressure of at least 5kPa and at a
temperature of at least 20°C,

3. A method as claimed in claim 2, in which the gas mixture comprises 5-20%
by volume of the fluorine-containing gas and 5 - 95% by volume of the oxygen, the
gas mixture being at a pressure of 5 - 150 kPa and at a temperature of 20 - 100°C.

4, A method as claimed in any one of claims 1 - 3 inclusive, in which the
surface activation provides the activated polyolefin component surface with a surface
tension at 20°C of at least 40 mN/m, the polyolefin material being selected from
polyethylenes, polypropylenes, copolymers of ethylene and propylene and blends of
such polyolefins.

5. A method as claimed in any one of the preceding claims, in which adhesively
securing the activated surface of the polyolefin component to the substrate

Illlllll IlIIII Illll |II|I \I ||||
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conprising a componentisselected from cement, concrete, cementitious mortar or mild steel, the

5 thermosetting resin being selected from epoxy resins and polyester resins.

7. A method as claimed in any one of the preceding claims, which includes the
step, prior to the adhesive securing, of subjecting the activated surface of the
polyolefin component to hydrolysis.

8. A method as claimed in claim 7, in which the hydrolysis is by contacting the
10 activated surface of the polyolefin component with liquid water for a period of 2 -

6 hours.

9. A method as claimed in any one of the preceding claims, in which the surface
is subjected to degreasing prior to activation thereof.

10. A method as claimed in any one of the preceding claims, in which the
15 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, which includes the
step of cladding the substrate component by means of the polyolefin component.

12. A method as claimed in any one of claims 1 - 10 inclusive, which includes
the step of cladding the polyolefin component by means of the substrate component.

20 13. A composite material, whenever produced in accordance with the method of
any one of claims 1 - 12,

L
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(57) Abstract

{54) Title: METHOD FOR THE PRODUCTION OF COMPCSITES

The invention provides a method of producing a composite material. The method comprises subjecting a surface of a polyolefin
component comprising a polyolefin material to surface activation thereof, followed by the step of adhesively securing together the polyolefin
component and a substrate component. The substrate component is selected from cementitious components and metal components, and the
securing takes place at the activated surface of the polyolefin component. The invention also extends to a composite material comprising
a polyolefin component and a substrate component adhesively secured together. The substrate component is selected from cementitious
components and metal components. The components are secured together at a surface of the polyolefin component which is activated.
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