" *REPLACEMENT SHEET PROCESS FOR THE PRODUCTI ON OF PLASTI C COVMPONENTS FOR
CONTAI Nl NG AND/ OR TRANSPORTI NG FLUI DS THI'S | NVENTION rel ates to a process

for the production of plastlcs 5 conponents, eg conponents for contalnlng
“and/ or t MeMeSA5B39 ng f ein the conponents are st PEAFSAUPOA7 or
reinforced by a re5|n | adgeld fibrous material. The invention also
relates to sucThl ei nforced conponents, . in particul ar pipes
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mat er i als taOMponentsare smngthen&cboueinfomed hmmslndnmregnated fibrous material._
The invention also relates to such strengthened or reinforced components, In
particular pipes and tanks, particularly when produced by means of sald process.

According to the invention, in the production of a component of a plastics

material which is strengthened and relnforced by a resin-impregnated fibrous material

10 which adheres to a surface thereof, by contacting said surface of the component with

~ a fibrous materfal impregnated with a resin In a settable state, and effecting setting

of the resin while causing the fibrous material to adhere to sald surface of the

component, there is provided the process which comprises using as the plastics

~ material a polyolefin material and which includes the step, prior to the contacting,
15 of subjecting sald surface of the component to activation thereof.

By ac_tivation is meant that the surface of the comp.onént Is brought into
contact with a fluld in a fashion whereby atoms, molecules and/or radicals derived
from the fluid are incomorated Into the surface of the component.

- The component may- be tubular or holiow cylindﬂcn_l, eg circular or square
20 In cross-section, suitable for containing and/or transporting a fiuid. In particular the
‘component may be a pipe or pipe fitting, or a tank. While the polyoleﬂn' materfal |
may . be any suitable hydrocarbon '-"polymer. typic,al_ly,. the polyolefin
material is polyethylene (PE),- eg high density polyethylene (HDPE),
polypropylene (PP), or polyolefinic copolymers. such as copolymers
25 of ethylene and propylene, eg - ethylene-propylene-diene monomer
elastomer (EPDM), or blends of '_,such polymers. Any suitable surface
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surface activation being selected from at Ieast one of corona

discharge activation, energy beam actival_;qqn, plasma activation
and surface fluorination activation; and the surface activation may act to provide the

surface-activated compo‘nent with a surface tension '5t'20°C of at least 40 mNIm. .
1o The polyolefins used include unmodified or modified polyoleﬁns, eg those modiﬁed
' by containing ethyl vinyl acetate asan Impact modiﬁer |

Any suit’abl'e'suljfa_ce' ﬂuoﬂnatio:i'teéhﬁique'.één"be used to fluorinate the
surface of the component before the fibrous mate&al%is adhesively secured thereto.
By fluorinated is meant that the surface of the pipe or tank is treated with a fluorine-
15  contalning gas to provide fluorine substituents bound to sald surface. Examiples of
- suitable fiuorinating techniques include, for example, those 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
20 published European Patent Application EP O 214 635, and South African Patents
Nos. 85/9500 and 87/8240, at least some of which describe techniques which can
be adapted for the oxyfluorination mentioned hereunder.

Preferably the activation is by surface fluorination, more pi-eferably surface

- oxyfluorination, and Is by -exposing the surface to be ﬂuoﬁnated to a fluorine-

25 - contalning gas at a pressure of 1-500 kPa, preferably 5-150 kPa, and at a
" temperature above 0° C and below the meldng polnt of the material of the

' component, typically 20 - 100 ° C. By oxyﬂuorlnatlon is meant that the surface is
provlded with fluorine and oxygen substituents, eg on -CH2 and/or -CH3 groups'
fon'ning part of the surface. The fiuorine-containing gas may comprise fluorine itself

30 (Fz), it may comprise gaseous compounds contalnlng fluorine such as CF6 or SF6, |
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Appl i cati on gkygen? ofofié or mbduﬁstﬂ'lbreéf,r suchnasrait.cThe proporéion ftheaflubrine- -
87/8240, at l:&?é%ntﬁé) grr;as iglsu X Qni?(gfrcerér? ‘emgy vﬁgﬂn Wide n%’i‘::, tple ?I?lorine-contalning
10 gas forming 0,1-99,9% by volume of said mlxture, typically forming 1 - 30% by
- " volume thereof. Parﬁcularly'preferred gas mixtures include those comprising 5-
20% by volume of ﬂuorinatlng gas such as Fz and 5 - 95% by volume oxygen (02
- or 03), SO that the surface fluorination s a surface oxyfluorination. The fluorination
" will usually take place In a reactor comprising a vacuum chamber with provision for
15 feeding thereto and withdrawal therefrom of gases, pressure control, temperatiire
" control and control of the composition of gas mixtures therein, and will normally be
- 'carrie.d out batchwise. Accordingly, the fluorine-containing gas may form part of a
' niixmfe with other gases, the fiuorine-containing gas forming 1-30% by volume of
sald mixture and the temperature being 20-100°C; and in this case, as indicated
20  above, the gas mixture preferably comprises 5 - 20% by volume of the fiuorine-
' containing gas and 5 - 95% by volume of oxygen. 2

As indicated above, the surface fluorination may be such as to provide the
_ surface activated component with a surface tension at 20° C of at least 40 mN/m,
prefergibly at least 45 mN/m. '

25 "‘Aﬁérﬁmé'qﬂﬂﬂbﬁh'atfbn of the surfaéé,: the surface maybesuble_ctedtopos_t-
~ fluorination 'hYdrbl'ysis treatment, as far as possible to hydrolyse additional
hydrolysable chemical functional groups on the surface. In other words, after said
oxyﬂuorlnation, the surface may be subjected to hydrolysis to hydrolyse non-
hydrollsed chemical functional groups on the surface. The post-fluorination



be adapted for the oxyfluorination nentioned hereunder. 25 Preferably
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The resin used to’ lmpregnate the ﬁbrous materlal (and/ort:o cause the fibrous

-material to adhere to the activated surface as described hereunder) may be a curable
- settable thermosetting resin, ega polyester or an epoxy resin. Examples of polyester
10 resins sultable in particular for adhering the fibrous materfal to the activated surface  {
are those avaflable In South Africa as CRYSTIC 392 (isothalic neopentyl glycol
unsaturated polyester resin), CRYSTIC 600 (bisphenolic unsaturated polyester resin)
and CRYSTIC N7384PA (isothalic preaccelerated un'saﬁlrated pblyester resin) from
- NCS Resins, a division of Sentrachem Limited. Generally, for the impregnation of
15  the fibrous layer, any suitable polyester resin is used. - Examples of suitable epoxy
“resins for adhesion of the fibrous layer to the acﬂvatéd surface are those available in
South Africa as PRO-STRUCT 7907 from Pro-struct, a division of KayMac Limited,
DION 6694 and DION 9100 (bisphenol epoxy vi;jyl esters) avalfable from from
NCS Resins, a division of Sentrachem Limited, and DERAKANE 470 and
20 DERAKANE 8084, epoxy vinyl ester resins avallable in, South Africa from Dow
Chemical Company. An example of an epoxy resin which can be used for
impregnating the fibrous material is PRO-STRUCT 988, also avallable from Pro-

. struct. ' '

Typically, the cﬁrln'g of the resin will comprise using a suitable curing agent
_25 or catalyst, eg a commercial curing system or package supplied by, and used in an
amount as recommended by, the manufacturer of the resin used.

The resin-impregnated fibrous material may comprise inorganic ﬁbres, eg glass
" fibres or carbon (eg graphite) fibres. High tenacity synthetic plastics fibres, eg of a
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surface oxyfluorination. As indicated above, the surface fluorination may
be such as to proéicderding:to an important feature of the lnvention, the reinforcing material

10 - optionally comprises a plurality of resin-impregnated fibrous layers, the layers
. adjacent and nearer the pipe or tank surface being resin-rich and the layers further
away from the pipe or tank surface being resin-poor. Typically, the mass ratio of
resin to ﬁbre§ in the layer nearest to the pipe or tank surface is greater than 70:30
and the mass ratio of resin to fibres in the layer furthest away from the pipe or tank .
15  surface Is less, being about 70:30 for chopped strand mat, about 50:50 for
: unidirectional or woven roving, and about 30:70 for continuous roving. Typically
the highest mass ratio of resin to fibres is maintained for the first few millimetres
thickness closest to the activated surface, eg 1 - 2 mm. In other words, the process
" may comprise reinforcing the component with a plurality of resinélmpregnated
20  fibrous layers, the mass ratio of resin:fibres in the layer closest to the activated
~ surface of the component being at least 70:30, preferably at least 80:20 or more,
such as 90:10 ormore, and the mass ratio of resin:fibres in the layer furthest from
the activated surface of the component surface being 70:30 - 30:70, sald mass ratio |
' decreasing in a direction away from the activated surface and normal thereto. By
25  this means, a good wetting by the resin on the surface of the pipe or tanks achieved
| which improves the adhesion of the resin to the pipe or tank surface.

The surface of the pipe or the tank may be subjected to degreasing prior to
fluorination thereof and/or after fluorination and prior to applying the layer of resin-
- impregnated miaterial thereto to improve the adhesion of the wrapping material to
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hydr ol ysi s. résin used to inpregnate the fibrous material (and/or to
cause the fibrous ; S - -

_ ‘Suitable degreasing agents used to degrease the pipe surface or the tank
surface may be selected from acetone, ethanol, methyl ethyl ketone (MEK) and

 trichloro-ethylene (TCE). Water-soluble detergents can also be used. Naturally

10 routine experimentatio_n.will be emp__loyed to detelm.ine- which degreasing agents are

' compatible with the pipe surface or the tank surface alid with the resins e,mbloyed

*in the process of the invention. | |

According to a further feature of the invention, to improve the adhesion of
the wrapping material to the pipe surface or tank surface when the resin in the resin-
15 impregnated fibrous wrapping material is a polyester resin, one or more _layers or
coatings of an epoxy resin may be applied, eg by painting, to the activated surface

of the pipe or tank prior to applying the layers of polyester resin-impregnated fibres
thereto. The resin used to impregﬁ_ate the fibrous material and the resin used to
cause the fibrous material to adhere to the surface of the ccmponeht may be the
20 same, or they may be dlt‘ferent. Accordingly, causing the fibrous material to adhere
 to the surface of the component may be by means of a resin which is different from
the resin which impregnates the fibrous material, each resin being selected from
" epoxy resins and polyester resins. Instead, causing the fibrous material to adhere to
the surface of the component may be by means of a resin whic_h Is the same. as the
25  tesin which impregnates the fibrous material, each resin belng selected from epoxy
resins and polyester resins. ' '

Application of the resin-impregnated fibrous layers to the fiuorinated surface |
- of the pipe or tank may be by hand laminatlon, tape wrapping or filament winding. -



material to adhere to the activated surface as described hereunder) nmay be
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curing of the resin will conprise using a suitable curing agent 25
an amount e recoRRERmE therhtesshfe g SRR olEtH Blnes, haitarh r%’aa‘éi%"r "
tape Wrapping is conveniently started by coating the activated surface with the resin
. (eg CRYSTIC 600' CRYSTIC 392 or PRO-STRUCT 7907)' used to cause the
10 impregnated fibrous material to adhere thereto. A layer of glass fibre chopped |
strand mat (I.e a chopped strand mat of glass fibres or filaments pressed together
ina muitidirectional manner) typically impregnated with a polyester resin or epoxy
'resin, is then typically laminated into place. These Iayets can be altemated with
layers of unidirectional roving or woven roving, or laminating can be restricted to
15 sald chopped strand mat. ‘The laminating process is preferably finished with a glass
~or other synthetic fibre tissue (eg a thin glass fibre mat) and the resin is cured
according to the resin manufacturer’s specifications, to set it.

For increasing the rigidity of said polyolefin pipes or tanks, hand lamination

or tape 'w_rapping Is again convenlently started by coating the activated surface with

20  sald CRYSTIC 600 or 392 or PRO-STRUCT 7907 resins and laminated to the

reouired thickness with chopped strand mat by itself or with chopped strand mat

' alternating with unidirectional roving or woven roving. To finish the laminating
process, said glass or other synthetic fibre tissue is again used.

Filanient winding Is similar to the above hand Iaminating' or tape wrapping

25 _process for increasing the pressure rating of said polyoleﬁn pipes and increasing the
rigidity of said polyoleﬁn pipes and tanks, and only the d1ickness of laminating is
changed i required In ﬁlament winding, a glass fibre filament is dipped through a

resin bath and wrapped on eg a pipe in one continuous strand unidirectionally along



The resin-Inpregnated fibrous material may conprise inorganic fibres, eg
glass fibres or carbom (eg graphite)y fibres. H.gh tenacity synthetic
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catalyst, temperature and many others remain a common denominator. It will be

appreciated that filament winding will normally be more effective than hand
lamination or tape wrapplng ' '

‘The invention éxtends also to a component of a plastics material which is
strengthened and reinfonced by a resin-impregnated flbrous matertal which adheres
 to a surface thereof, the resln being set, the plastics material belng a polyolefin

- material and sald surface belng activated.

10

The invention extends further to a component of plastics material which is
strengthened and reinforced by a resln-impregnated ﬂbrous material whlch adheres

15 to a surface thereof, whenever produced in accordance ..with the process described
above. . |

The Invention will now be described, by way of non-limiting flustrative
example, with reference to the following tests and experiments and wlth reference
t.o the accompanylng drawings

20 ~ In the drawings
Figure 1 shows a plot of shear strength ( MPa) agalnst sample number for high
density polyediylene plpe samples provlded with a relnforcing of epoxy resin-
| impregnated glass fibres or polyester resin-impregnated glass ﬁbres according to the
- process of the lnvention, with reference to the required shear strength accordlng to
25 British Standard B.S. 6464; -



*1 5 unidirectional or moven rovi ng, and apbout 30: 70 for continuous roving.
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PCT/ US95/ 07 gérsity polyethylene and polypropylene pipe samples provided with a reinforcing of
epoxy res_ln-lmpregnated fibres according to the process of the invention, with
reference to the required shear strength according to British Standard B.S. 6464;
10 ' Figure 4 showsa plot of shear strength (MPa) agamst sample number for high
' density polyethylene and polypropylene pipe samples having a reinforcing of
| polyester resin-lmpregnated fibres according to the invention, with reference to the
requrred shear strength according to Brltlsh Standard B.S. 6464; _
| Flgure 5 shows a plot of lap shear strength against pre-oxyfluorlnatlon
15  degreasing time;
| Figure 6 shows a plot of lap shear strength against oxyﬂuorlnation time for

\1-4

PP;
Figure 7 shows a plot of lap shear strength against oxyﬁuorlnation time for
HDPF. | :
20 Figure 8 shows a plot of lap shear strength against oxyfiuonnaﬂon pressure;
' | Figure 9 shows a plot of lap shear. strength for each of the resln materials
when TCE Is used asa degreasing agent and oxyﬂuorlnation Is employed
' Flgure lO shows a plot of lap shear strength for each of the resin materlals
_when TCE is used as a degreasing agent a_nd_ ﬂuorina_tion is employed
25 k ‘Flgure' 11 shows a plot of PAS units against hydrolysis time of HDPE and PP;
and" _ e - 8 __ _
__ Flgure 12 shows a plot of relatlve PAS peak heights (RF.L) unis agalnst |
: hydrolysls time of HDPE and PP in air.

- Push out tests were done on HDPE and PP plpe samples which were provided
30 with extemal relnforcing of epoxy resln-impregnated glass fibres by the process



6 the pipe _surface or the tank surface. Accordingly, the surface may be
subj ected to degreasing prior to activation thereof. Furthernore, the:
surface may, after activation thereof and prior to the contacting, be

subj ect egyg gx38s®r easi ng. | f desired, the pipe or tank nayporusesdsesed after
degreasing thereof until the pipe or tang is required 5 to be subjected.
to fluorination and/or to wapping thereof by the resin Inpregnated

mat eri al . Suitabl e 'degreasing agents. used to degrease the p| pe surface or
the tank supéesidings the ivehtohs Sirliftess Mepé\donedn sifliar piisiifp tdi?; gt one
(MEK) and trichloro-ethylene (TCE). Wter-soluble. detergents can

used. Nat ur with,a similar re @mﬁ&@fwﬁﬁﬂhﬁﬁ rimpregnated glassfibrey by the ptecessm ne

whi ch degre n atible with the pipe surface or the tank-
surface andga‘}‘gﬂi% @s‘ﬁ&éﬂt@ﬁgpoyed in the process.of the invention.

According to a further feature of the Invention, to I'nprove the adhesion of
the wapping material to the pipe surface or tank surface when the resin In

the resin- 15  FiNgRipaawere usedy swe RPBE pines and three P pipes Re}@&piu&m n,

o e, TG O O g M P o R R,

the | ayer S was IGMY5010ravaitable-from TMegapips] 4 division ohMeghmasiib@m&ﬁ i wpgd to
| mpregnat e the fi brous mat erial :and the reﬂ’n used t.o '
Is a division of Sentrachem Limited The pipes were 90 mm OD class 4 pipe

h_aying a wail tIﬁclm_ess of 5 mm. The PP was PPH 2222 available from Megapipe.

_ The HDPF. pipes were reinfonced in accordance wich the process of the {
10 invention by the following procedure Half ofthe first pipe was knurled (roughened)
on its outer surface while the other half was left smooth on Its outer surface. The
rough and smooth outer surfaces of pipe were then ﬂuorinated The ﬂuorination was
carried out batchwise inan l 1 m3 mild steel reactor. A pipe sample was placed in
the reactor and the reactor was evacuated to an absolute pressure of 20 kPa. Then
15 o a F 2/N o mixture comprising 20% by volume F, was bled into the reactor to a total
pressure of 30 kPa. The fluorination was carried out at room temperamre for 30
minutes, after which the reactor was evacuated and the sample removed. The
ﬂuorinated pipe was then wrapped by hand laminating with-a glass fibre mat, either
chopped strand or unidirectional roving available from NCS Resins a division of
20 Sentrachem Limited, using an epoxy resin avallable as PRO-ST RLICi' 988 from Pro-
struct, a division of KayMac Limited, to a thickness of 4 mm. Said PRO-STRUCT
. 988 was cured using a commercial curing package supplied by, and used in.an
| amount as recommended by, the manufacwrer of PRO-STRUCT 988. The hand
_ laminatmg involved the application of the epoxy resin onto the pipe followed by a

25 layer of the glass fibre mat. The process was contmued alternating between the

glass and the resin until said thickness was achieved after which a final layer of a thin
layer of tissue (thin glass ﬁbre mat), available from NCS Resins, was applied. It is
important in this process to eliminate all air bubbles from between the fayers of glass
and resin, by rolling them out with special applicator roliers commonly used in the



cause the fibrous material to adhere to the surface of the conponent nay be
the 20 sanme, or they nay be different. Accordi ngly causi.ng the fibrous -

mat eri al e to the surface of the conponent nay be by nmeans of a
resin V\hl{@ﬁ)"%g'g%rfferent fromthe resin which I npregnates ?ﬁ'@’”ﬁ?ﬁ?’éﬁk
material, each resin being selected fromigpoxy resins and pol yester resins.
| nstead; causing the fibrous nmaterial to adhere to the _surface of the

conponent najndustryy Forathve firkt a-rzmmoﬂmehvrhppihb,eﬂﬁmn% gl nids
whi ch |rrpregg§ﬂ§8[i5‘la))U ous gggm\gg éach resin being sel ect edr?rom
epoxy resins n chan :7Qamth thethickness o fHmmwassgbtained.
fibrous layers to the fluorinated surface of the pipe or tank may be by
hand | am nation, tape_ w apping or filanment w nding. WO 95/ 35339

o the b eoaur e T econd BUBCE T e Foo b atmephor o actat v

tens of gt rmg?ﬁé?i’!d S'PBPS"&’&&F ﬁ“n% ﬂ“?ﬁmgdﬂéhﬁ égfﬁPW@a described ;

FrEEe ) 5 PO ARE B, Qi o
sald glass fibre mat using a polyester resin avallable as CRYSTIC 600 from NCS
Resins to a thickness of 5 mm. This treatment was less labour intensive than that for -
the first HDPE pipe The hand faminating process was similar to that used for the
first HDPE pipe, using a curing package supplied by, and used in an amount

IIO : recommended by, the supplier of CRYSTIC 600
o The PP 'pipes were treated and wrapped in a similar fashion, except that one
was wrapped using said epoxy resin and two were wrapped using said polyester resin,

~one at low temperature (+20 °C) and one at high temperature (+26 °C).

" The pipes were cut into 60 mm lengths to form samples numbered as follows:

15

A 15 mm length of the HDPE or PP was machined out of each end of each

.60 mm length for the purposes of push out tes_rs conducted in accordance with B.S.

6464. The push out tests involved the remaining length of the HDPE or PP pipe of

the test pieces being pushed out of the ovemrappihg and measuring the force

20  required to do so. The shear strength or "push-out" strength was then calculated
 as follows: |

Shear strength (MPa) = _ F
o . darh
- where F = maximum force required to shear the pipe from the overwrapping [N]

25 d = pipe outer diameter (mm)



5 reinforcing process according to the invention is simlar. However,

t hi cker layers of resin-inpregnated fibrous material are typically required
to increase pressure rating. For increasing the pressure rating of said -
pol yol ef W@ 9513538, hand | am nating or tape wapping i s conPCTiUSIR/IG7§37St ar t ed
by coating the activated surface with tﬂg resin (eg CRYSTIC 600, CRYSTIC
392 or PRO STRUCT 7907) used to cause t i mpregnat ed fi brous
material to adhere thereto. A layer: of gl ass fibre chopped strand mat (i.e.

a chopped strandgmat of gl ’H’ é Nt s eRresse ther In a
mul tidirectional hmanner) t?@ﬁé@ &f‘ﬁﬁ#‘ﬂ #Q%Pﬁ Feﬂ%él'y&g‘ﬂ r resin or
epoxy resin, |Is then typicall y lam nated Into place. These |ayers can be.
alternated, with_|ayers of unidirectional roving or woven roving, or .

| ani nating can b&he Push oyt &est results are summarisecbinoTable il rbelowndkhe sTlpporr.ln

oot ) 22, BHHRER Drbfiel Vi) 308 bl HE ok DE Bk i She S0

to the resipfofilnof des PP pipessanmsies, Imem profiResf thé pifesamples ashig @ﬁmbhe

es or hand | am nation or-tap

rigidi of said pal yolefln pi
Wr appi % i sre§ "KP prqlﬁgp&mealmamwuusmm)'es&r iresin are shonh'e

with 20 9 Iamnated '
to the requl re%ﬁ%kﬁf%% g%pﬁﬁ%ﬁ%&bgf@g@fnfo WS Eﬂropped
strand. mat edmparison the required shiedr steerigtivacdordingito theBritish\Stand£d BIS. 6464.
finish the | am nati ng process sai d gI ass or ot her synt hetlc fibre tissue

I's again used.
Table 1 also shows the average shear forces, taking all the test results as well

- as the average when disregardlng the highest and lowest values. The standard
10  deviation and variance is also shown, and then finally, whether or not the shear
| strength of the pipe samples matches or exceeds tha_t specified by B.S. 6464.

From Table 1, it can be seen that the smooth PP pipe samples wrapped using
- the polyester resin comply with B.S. 6464 The other pipe samples, though not
complying to B S. 6464, fared well.

15 Detailed results, with the parameters used in the calculation are give in Tables
2-7 below. o '



Filament winding is simlar to the above hand | am nating or tape w apping
25 process for Increasing the pressure rating of said polyolefln pipes
and Increasing the rigidity of said polyolefin pipes and tanks, and only

t he thi ckié@95/3§8339 ani nating is changed If required. In fil crecxsosionds7ng, a
~glass fibre filanment is dipped through a_resin bath and wapped on eg a
pi pe I n one continuous strand unidirecti&éally al ong 8 the pipe. The
applicator armthen returns along the length of the pipe unidirectionally
in the opposite direction. Thus, the filament is applied in a bidirectional
way. VWiile the three processes, i.e. hand |l amnation, tape w apping and
machine 5 filament w nding, are substantially different, certain ratios of
fibre to resin, ratios of catalyst, tenperature and many others renain a
common denomi nator. It wll be appreciated that filanment wi nding wll
normal |y be nore effective than hand | ami nation or tape wapping. The

i nvention extends. further to a conponent of plastics material which is 10
strengthened and reinforced by a resin-inpregnated fibrous material which
adher es ' — : Co
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to a surface thereof, whenever produced in accordance with the process

descri bed above. The invention will now be described, by way of
non-limting illustrative exanple, with reference to the follow ng tests
and expevopsss3se and with reference 15 to the acconpanyi nFCafCSHEE” 1 n the

drawi ngs: Figure 1 shows a plot of shegqr strength (MPa) agai nst sanple
nunber. for high density pol yet hyl ene pipe sanples provided with a
rei nforcing of epoxy resin- inpregnated glass fibres or polyester
resin-inpregnated gl ass fiablec? aawimé.mbpg (mootif)ocess of the
invention, with referencé to the required shear strength according to
British Standard B.S. 6464 to |IIustrate the strength proflle of HDPE

pi pes; Figere=t=stms= S AL L LI R A RSl L L LAY T— e b

for polyd SAMBI% |WHE§1§I es prchPEed with I M Mcing|o y- re| n.

i mpr egnatfeMQ5 gl agsVALRlEs or pcrg reg S r egnat ed SI NG'BHe

accordind to the pldEPIPBf the ijrNAMETER MEG ference t& MPad r equi ed

shear Strength accqrLlENGTHb Bri tildmmiandar f{INIS. 6464 to |l lustrate tfe

strength jprofile of_mhpes Fidure 3 shows a plot of shedr strength {iMPa)
er

agai nst danple nu I.gh dén5|t on=ther nd pollypr opyl ene pi pe
SR ST AT 118 2.7 5%

2 | 30 | 10 70.0_ 6.75
3 30 | mo | @ 703 6.78

of 4 | 3 | 10 _59.3 _ 572 |
5 30 | 110 | 578 5.57 {

Table 2 b Epoxy Resin/HDPE (roug

| 'HIGHEST
NO. VALUE .oum - R - ,
OF PIPE DIAMETER | FORCE | [MPa]

_30
30

15 LENGTH | fmm IN]
1 0 | 110 | 528 - 5.10
2 31 | 110 57.9 5.41
20 3 33, | 110 | 558 | 5.21
i _




30 reinforcing of epoxy resin-inpregnated fibres according to the process
of the invention, with reference’to the required shear strength according
to Brltlslgvég ‘QJd B.S. 6464 to illustrate the strength profile u5|ng an
epoxy resin, Hgure 4 shows a plot of shear strength (MPa) V98076 anpI e
nunmber for hlgh density pol yet hyl ene and.pol ypropyl ene pi pe sanpl es having
a reinforcing of 35 polyester resin-inpregnated fibres according to the
invention, with reference to the This is the replacenment sheet AMENDED
SHEET 9 required shear st G0l - h Standard B.S. 6464
toillustrate the strength pro -Sastg - a-pot-yester—tesin; Figure 5 shows
a plot of |ap shear strength agalnst pre oxyfluorlnatlon degrea5|ng tinme
for TCE andpebdstt=l Sebolt ooyl o radiaabing-—a-ncadogdnant Lol o a

failure aftpsAMPREY HIGH : ' hp]pg a pl ot} pfaAXmuUMear s gmﬁ agai| st.
oxyfluorinaliN@,t1 1ME UEE: | OUTER SHEAR FORCE STRENGTH
| o DIAMETER INI [MPa] =
> | [mm]
110. . . 4.7
110 . 4.6
| 111 56. 5.5
10 - B : K 111 _ . 6.0

"_5-6

Table 3 b Polyester/HDPE (rough)

SAMPLE | HIGHEST
- I NO. - | VALUE
15 OF PIPE
-| LENGTH

| [mm]

29
29
20 29
30
29




Figure 7 shows a plot of |lap shear strength against oxyfluorination time
for HDPE;, 10 Figure 8 shows a plot of |ap shear strength agai nst -
oxyfluorination pressure; Figure 9 shows a plot of |ap shear strength for
each of -tWO98R83Bh naterials when TCE is used as -a degreasircresysiotssand
oxyfluorination is enployed; Figure 10 shows a plot of |ap shear strength
for each of the resin materials whenigCE is used as a degreasi ng agent and
fluorination is enployed; 15 Figure 11 shows a plot of PAS units
agai nst hydrolysis tinme of . HDPE and PP (IR peak = 1848 cnferr], baseline
2000 - 1532 cnferr]); Frsplae Dy . p frahiehy ve PAS peak hei ght s

(REL) units agai nst hydro air (IR peak =.1844

cni, base line 2000 - 1532 cr‘r{ err] : F| gure 13 shovvs Iap shear

{FHIGHES o2 Fi| QIPE " shbMAXRMUMear s
d VALLIB Ofhen QQUTER i na] SHEAR i s. enpl og
| RIPE LENGTHis || DIAMETER |FORGE hs for v

!%}i nat ed PR !mmErrpI oyEfNInd the resir t
‘p S eail S reng ns - BI’ va I'QUS 8% eas_l %
29 90 | = 48.28
3 | 90 __ 540
30 | 89 552
3 | 8 | 616

Table 4 b CRYSTIC 600 (dark)/PP (smooth)

SAMPLE HIGHEST
NO. VALUE

: - | OF PIPE
LENGTH
[mm]

__30




-oxyfluorinated PP is enployed and the resin is N7384PA; and Figure 17 shows
a plot of lap shear strength against post- degreasing drying tine in hours

when oxyfluorinattion is enployed using MEK or TEC as degr
‘and t he r'¥Qi9%3338 ng CRYSTIC 392. Push out tests were done
pi pe sanpl es which were provided wth
resi n-i npregnat ed gl ass flbres by the
‘sheet AMENDED SHEET O

PCT/ US95/ 07637 10 accor.“—? A= Enter) iy
simlar pipe sanples prOV|ded mnth a 5|n1lar relnforC|ng of pol yester

resi n- II'TpI’

,,,,,,,,

er nal

Lrougn

agent
oSl
reinforcing of epoxy -
ocess This is the repl acenent

ts were done on

e el sometugmsc e e P ﬁi‘mp' Rk
was GM 50. ) aval_l_ablep piep NEgapl PRIAM 1 FOR I\/Ega PI als 1 hfin
tun 50 |LENGTH | [mml  |[NI 1
| | [mm] - | |
1 31 90 440 5.02
2 30 89 53.2 6.3
3 30 90 50.71 5.98
w0l 4 29 90 56.0 6.8
5 30 55.5 6.5

20

| HIGHEST

VALUE

OF PIPE
LENGTH
[mm]

30




I's a division of Sentrachem Limted. The PP pipes were 90 nm CD cl ass 4
t hi ckness of 5 mm The PP was PPH 2222 avail abl e from

pi pe having a wal |
Megapi pe.

the 10 wo9dsmgsiti on by the followi ng procedure.

The HDPE pi pes were reinforced in accordance with the process of
Hal f of poeUkIsIHE3TPI Pe was

knurl ed (roughened) on Its outer surface while the other half was |eft
snooth on its . outer surface. The rougljgand snooth outer surfaces of pipe
were then fluorinated. The quorlnatlon was carried out batchwise in an 11

mld steel

nerr]

react or.

reactor was evacuated to an gapp

Flerr]/ N err]
reactor to a total
room t enp{rEst
t he sanpl ¢

A pipe sanple was placed in the reactor and the
8bth30 kPa. Then 15

tCE; P
50% %y vgl'o u:me Fﬁﬁ

m xture COI’TpI’I sl ng

a

err] was bled.into the

pressure of 30 kPa. The fluorination was carri ed out at

HIGHES'IUOF_I- naj
JVABUEI bre maj
" @F NIPE Resi ns
LENGTHabl e a

(hm}ed, to a

EtPEpl pe Wa

NAMETER o
5 [} STRUG

t hi ckness

sMMélMﬂMpped

OUTERer dJhSHBAR strand of

nFORCEO ~ Sent}
[TINB8  f r om Pr o-

of 4 mrm Said P

and

JSH‘M _
STRENG TN ifonal
ftPaln Uni t gd,
struct, a

RO- STRUCT 94

cured usi’
as reco
| nvol ved
| ayer of

brci al ;ﬁu” ng

i fationggf the

p'a-c kﬁ suq

2POXYOE €Si N

- oreTTet
30

T u8t;,9t:bb

39.82

pl'ted ﬂ%ﬂand u

ont o 4&50\gg pi pe

31

90:

__41.98

30

Table 6 b

90

 40.37

oxy/PP (rough]

In Table 7 below, there are presented detalled results similar to. Tables 2 - 6
above using smooth HDPE and PP pipe samples. ovéerwrapped by machine wrapping
using sald epoxy resin PRO-STRUCT 988. A glass filament was dipped In a bath of -
the epoxy resin/curing system and wrapped on the pipe in one continuous strand
unidirectionally along the pipe. The applicator arm then moved along the length of
the pipe unidirectionally in the opposite direction. Thus, the filament was applied
in a bidirectional way. The general thickness of the laminate was 5 mm. After

25



glass and the resin until said thickness was achieved, after which a final
| ayer of a thin Iayer of tissue (thin glass flbre mat), avail able from NCS
Resi ns, @g% It is:Inportant In this process to elinmnate all air
bubbl es fron1 Ween the |ayers of glass and resin, by rol PERYSI¥S UL
with special applicator rollers como by used in t he WD 95/ 35339

PCT/ US95/ 07637 11 Industry. For the first 1 -- 2 nmof the wapping, the

(i cknesscaigackening B e ayfeunt ot Suoh Erc e et alletia 1l

of Its outepushouttests ashdesaibed abgveand snoot h out er surfaces wer e

fluorinated, in the same way as described for .5 the first HDPE pi pe.

Af t er quorlnatlon t he pi pe was wound by hand | am nating with said gl ass

flbre mat using a polyester re YSTI C 600 from NCS Resins

to a thickness of 5 nmm This tregﬂﬂgﬁﬁ%ggéﬁgﬁgs | abour I ntensive than that

for the first HDPE pipe.. “The han rocess was simlar to that
oE 3 curing « _

used for the firsi and used

in an ano
5
- : STRENGTH
| DIAMETER | [MPa]
[mm]
16 _1120 4.31
1110 1.83
- 112.0 _4.81
~ Table 7 b Epoxy/P
15 | SAMPLE | HIGHEST | PIPE
NO. | VALUE OUTER
OF PIPE DIAMETER
LENGTH [mm]
[mm]
20 30.0 _110.0
29.5 110.4

The varlous experimems descrlbed below serve to demonstrate the effect of i
various process variables on the process of the invention The effects of these
25 variables are expressed in terms of final lap shear adhesive strength ‘achieved by
varying the relevant process variable while keeping the remaining variables constant.
A different quantifying technique was used to evaluate the effect of change§ in



The PP pipes were treated and wapped In a sinilar fashion, except that one
was wr apped using said epoxy resin and two were w apped using said

pol yest egy, one at |ow tenperature (20 [err]C) and one_at hi
terrperaturefs?jfgs [err]C). The pi pes were cut into 60 mm| e gif '%7%?7orm
sanpl es nunbered as follows: 15 : 1 4

-5 A 15 mmlength of the HDPE or PP was %%.Chl ned out of each end of each 60
mm | ength for the purposes of push out tests conducted In accordance with

op i pe.of “PRGNE YaNaBlL WHEA rorRk Y Ve BB, b EBbinRlen b e

measur i ng ishearf sirengti? test technigite asihereinbefere. d&Serbedhear strength or
"push-out” strength was then calculated as follows: Shear strength (MPa) =
F d.[err].h where F = maxinum force required to shear the pipe fromthe
over w appi ng [N]LapEshear adhesive strengths were derived from adhesivenstrengti{swbtained\O

95/ 35339 by applylng polyester by itself (le without glass fibre reinforcing) tﬁﬂésl%s %lé%Z g§17
5 plastics sheet surfaces 26mm wide and either 10mmor 1 S5mm long (overlap length)
and measuring the lap shear strengths thereof. The plastics sheets used to
manufacture the lap shear joints were 60mm fong, 26mm wide and 2mm thick.
The reverse sides of the sheets were giued to 26mm wide and 6.25mm thick steel
backing plates by means of an epoxy resin over the full length and. width of each
10 . sheet. The purpose of the steel backing plate was to eliminate the occurrence of any
'  tuming mor_nent in the: .o_verlap joint of the plastics sheet under stress, and also to
reduce or eliminate any peeling c;haracteristics' in the lap shear test. . A further
purpose. of the steel plate was to serve as a mechanical attachment for the
application of a shear force in the mechanical test apparatus (Insron 4465
15 tensometer fitted with a 5kN load cell). Each test co-ordinate was derived from an
average of five (quintuplet) lap shear strength tests. |

S~

- All resins used were obtained from NCS Resins, a division of Sentrachem
' l.lmited and are set out below:

Crystic N7384PA - Isothalic preaccelerated unsaturated polyester resin
20 Dion 9100 - Bisphenol epoxy vinyl ester.

Crystic 392 - Isothallc neopentyl glycol unsaturated polyester resin.

Crystic 600 -

Bisphenolic uns'atufated polyester resin.

-~ The plastlcs sheet material samples used were: _
1) 2mm thick black pigmented GM5010 based HDPE-PEZOO obtamed from
25 Malzey Plastics (Proprietary) Limited, Pretoria, Republic of South Africa
2)  22mm thick natural colour PP (PP1022) - also obtained from Maizey Plastics
(Proprietary) Limited, Pretoria, Republic of South Africa.



12 h remai ni ng encapsul ated plastics liner length (nm The push
out test results are summarised in Table | below The supporting strength
profiles viz. the strength profile of the HDPE pi pe sanples, the strength -
profil e @odsmasdsP pi pe sanples, the strength profile of tlpgrRisBgoss P! €s
usi ng epoxy 5 resin and the strength profile of the pipe sanples using
pol yester resin are shown in the accorrpzhyl ng Figures 1 to 4 respectively.

Each of Figures 1 - 4 shows for conparison the reqU| red shear strength
according to the Bri

oﬁ. t he average
shear for cBFFEGEK O DEGRE g K pUCRINATION 1
di sregardi ng the-hi ghest and | onest vaI ues. The st andard 10 devi ation

and variance |Is al so shown, and then final| whet her or not .t he shear
strength of the Pippsuefacesiwereceanedof ol l and drisygonts nantetq faclligateeffective

6464. From jiRaflon (by hé‘aﬁedf%x?ﬂﬁaﬂﬁiﬁan tdfethé surficeq DgréR Ty cin b& apred
usi ng the po ester resin,co V\H The, ot hereﬁqs g émrrpl es,
t hough not Impartant.gep cowing t@ %r@&%ﬁ“? °'1 pipe surfaees dusdng Ripe; ¢ s,
with tige PasRuRCAOA (byeexiriisibceqiflbieht) a®well as duting the' Hahdling of pipes! oW
. thereafter during transit and storage. Degreasing can also act to remove surface
blooms: arising from processing additives and performance stabilizers such as
antioxidants which can bieed on to pipe surfaces. It should also be noted that, for
industrial-scale appllcaﬂons, chemical degreasing can be supplemented or replaced

10 by mechanical degreasing, eg by means of rotating brushes similar to car-wash
'brushes

~ The followlng experimental conditions were employed:
Evaluation method Lap shear tests.

Degreasing agent  : MEK (methyl ethyle ketone) and TCE (trichloro-

15 | S ' ethylene)
Pipe Material : PP (PPH1022) from Megaplpe
Degreasing method : Immersion in degreasing agent at room temperature for

-5 minutes was followed by wiping of the surface with
degreasing agent-dampened tissue paper, followed by air

20 - ; ~. drying at ambient conditions.
Drying time before ,
oxyﬂuqunati__on :.  Variable between 5 minutes and 24 hours.
Surface Activation : 10_kPa_ air + 40 kPa FZIN 2 mixture comptising 15%

o Fy by volume for 0.5 hours at 50°C.
25 PPSurfaceareato = | o

~ gas volume relation- o

ship- . - 300 cm?/2600 cm?.

Hydrolysis technique for o e L 3
oxyfluorinated surface:.  Immersion immediately after oxyfluorination in

30 ' demineralised water at room temperature for-18 hours.
Drying of surface

after hydrolysis : 24 hours natural air drying at ambient conditions
o (exposure to ambient air). -
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[err] WO 95/ 35339 - PCT/ US95/ 07637
14 Table 2 a EDOXY Resin/HDPE (smooth) SAMPLE HI GHEST PI PE
MAXI MUM WO 95/353395HEAR NO! VAL UE 'OUTER RGTAF95/07637 |
STRENGTH OF Pl PE DI AVETER FORCE - [MPa] 5 LENGIH
[ i [N 1 31 22110 - 59. 7 - 5.5 2
30 110 70 0 6.75 3 - 30 110
20'7‘;’ 5 Lapsh@aéﬁvér?ap 4 o 31 5 sy 59.3
' dimens : ljeﬂgth: 10mm, %dt?\: 26mm. '
Clystic 392.

The lap shear strengths of the bonds formed as a function of pre-
5 oxyﬂuonnation degreasing time are shown in Table 8 below and in Figure 5.

TIME (hours) .. TCE DEGREASING: = | MEK DE_GRFASING:
- LAP SHEAR = ‘LAP SHEAR '
_ o 'STRENGTH (MPa) ' .STRENGTH (MPa) '
'0.083 83 6.4 |
0.5 ' 8.4 7.8
10 | 1 _ 10.2 195 :
2 9.7 |88 1
4 | 104 186 |
11.1 8.7
| 5.8 8.1
15 When TCE was used for degreasing, the tests demonstrated a 60 - 70%
fallure rate at the epoXyIPP interface rather than at the polyester/PP interface. From
this result and with reference to the results when MEK was used it appears possible
that:
a) .  Excessively thorough degreasing (eg vapour degreasing) ‘with TCF. can be
20 | dlsadvantageous when epoxy resin Is used
b) The values shown above when TCE was used represent minimum shear
strength values between Crystic 392 polyester and die oxyﬂuor_inated PP
surface. -The marked decrease in resin strength arising from long drying"times
- (24 hrs) may not necessarily be representative of the polyesterIPP resin
25 ~strength. '

Pre-oxyfluorination degreasing with MEK resulted in reihﬁveIY'pdor"average' |
(8.5 MPa) lap shear strength when compared with using TCE over the complete
drying-time range. Substantially similar tests had earlier repeatedly given lap shear



Table 2 b Epoxy Resin/HDPE (rough) SAVPLE H GHEST - Pl PE

MAXI MUM SHEAR NO. . VALUE OUTER SHEAR = :
STRENGTH 15 -~ .. . OF PIPE DI AVETER FORCE [ MPa] LENGTH
[ WO ISH3¥mi 1 30 | 110. 52cfrus9sn7637 5. 10
2 31 110 . : "5.41 20 3

31 110 55.8 5. 223.1. 4 30 110

66..5 6.42 5 110 '58.0 o 5. 69

| 2%2?925?2? TR I e oL tE’ar nrhaagvﬂmﬁmes“?"ﬂ?‘%%nw ° 3
SHEAR NO. xyfiuorinadon. kozdrelievedstiratnberuse of other
_ degreaslng agents (or even soaps) prior to oxyfluorination, can Inﬂuence the process
_In various ways, the influence being dependent on the degreasing agent used as well
5  ason the ime interval between degreasing and ﬂuorlnatlonloxyﬂuorlnadon, and on
 the regime to which the PP surface Is exposed. It should further be noted that
degreasing can also in principle be carried out using water-soluble detergents, prior
to surface fluorination or oxyfluorination. In small-scale tests Handy Andy
household detergent, avallable in South Africa from Lever Industrial (Proprietary)

10 Limited has been used successfully. '

| FFECT OF VARYING OXYFLUORINATION CONDITIONS ON LAP SHEA
STRENGTH OF A POLYESTER-OXYFLUORINATED POLYOLEFIN BOND.

Plastics pipe outer surfaces were degreased and cleaned of any contaminants,
eg dust etc. '

15 EFFECTfOF OXYF u0m TION TIME AND TEMPERATURE

“The following experimental conditions were employed

 Evalution method  : Lap shear tests
Material : PP (PPH1022) and HDPE (black GM5010 based
' PE300)

| 20 Degreasing agent TCE o : :
Degreasing method : Surface was_'wlped with TCE-dampened paper tissue.

', Drying time before
‘oxyfluorination : . Approxlmately 3 weeks. - :
Oxyfluorination : a) 40 kPa F2/°2 mixture comprlsing 20% by
25 R _ o ‘volume Fo at 50°C.

'b) 40 kPa Fy/O, mixture comprising 20% by
volume Fq at 20°C, |
Oxyfluorination time : Variable between 10 seconds and 1 hour.



OF Pl PE DI AVETER [N - [MPa] 5 LENGTH

[m] | 29 110 ' 47.2 4.7 2 29
110 - 4.6 3 ' 29 111 56. 0
. '5.5 10 Wo’#’@’ﬂ’- 29 11 1 61. 4 PCTISOS/F637 29
110 56. 1 5.6 56.1 Taﬂe 3 b Pol yester/HDPE (rough) SAMPLE
H GHEST PIPE MAXI MUM SHEAR NO. VALUE QUTER
- SHEAR STRENGTH 15 - OF Pl PE DI AVETER FORCE
[ MPa] LENGBiyolefin surfice [N 29 © 110 60. 2
6.0 2 areato&% . 110 54.7 ' 5.5 20 3
29 vohithe 63.7 - 6.3 4 .30 - 110
63.1 ‘relatioftshlip> ~ : 2300em?¥/2600chi? @@ 69.0 6.9
5 Hydrolysls of - | |

~ oxyfluorinated surfaée " Immersion immedlately ‘after oxyﬂuorination in
. | R demlnerallsed water atroom temperamre for 1 8 hours.
Drying of surface .
after hydrolysis : 24 hours natural air drying at ambient conditions.

10 Lap shear overlap |
dimensions : - lengd\ IO mm, width 26 mm.

Resin : Crystic 392.

Tabt_xlated lap ‘shear strength resuits for the pipe samples at the two
temperatures are shown in Table 9 below. '

Oxyfluorination PP oxyfiuorinated
time (minutes) y at 20‘C oxyfluorinated at oxyfluorinated at
R : _ . 50°C 20 C

 The data ln Table 9 are illustrated in Figures 6 and 7 for PP and HDPE
respectively.

The minimum time (Indepénde’ﬁt’ of the two tempe’ra_tures investigated)
required for sufficient or adequat_e surface activation of the PP surface at the
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CRYSTI C 600 (dark)/PP (rough) SAVPLE HI GHEST Pl PE MAXI MUM
 SHEAR NO. WE OF { OUTER  SHEAR ' STR LENGTH
DI AVETER H%ﬁ? [MPa] 5 [mi [moi[N] 1 g@ﬂﬁ%ﬂ&

58. 2 6.71 2 29 2590 ' 48. 28 5. 83 30
90 54 0 . 6.36 4 30 89 55. 2

6.37 10 11 Table 4 b
CRYSTI C 600 mimmnﬂ Q@H%%Wasmman ) mds o Facors FthatEcould inﬂugnqefmis

SHEAR NO H OF PI
SHEAR MO Fm‘iéﬂéhﬂﬁ time possibligiﬂdfﬁﬂe theShFedehce oé l\addil:ives iﬁfﬁ@[’ﬁr

At both temperatures, it is apparent that in the case of black pigmented
HDPE (PESOO), a minimum time of between 1 and 10 minutes was required
5 sufﬁciently or adequately to activate the surface.

In the case of both PP and HDPE, thes_e minimum times can be influenced by
the F2:02 ratio and total pressure used.

. EEFECT OF OXYFLUORINATION PRESSURE

" The foliowing experimenmi conditions were employed

10 Evaluation method Lap shear tests. -
Materlal . : PP (PPH1022) and HDPE (black GMSOIO based
o 'PE300). '

Degreasing agent : TCE.
Degreasing method : Surface was wiped with TCE-dampened paper tissue.
15 Drying time before
~ oxyfluorination : Approximately 3 weeks.
Oxyfluorination : A F2102 mixmre comprising 20% by voiume F o Was
used at 50°Cand 20°Cfor 0.5 hrs.

. Oxyfluorination
20  pressure

. Polyoleﬁn Surface

k Variabie between 0.5 kPa and 80kPa. .

‘area to gas L
volume relationship : 300 cmZ/ 2600 cm3
" Hydrolysis of
25 oxyfluorinated : _ '
surface : Immersion immediately after oxyfluorination in
_ demineralised water at room temperature for 3 hours.
Drying of surface =~ = © - - o |
after hydrolysis : 24 hours natural air drying at ambient conditions.
30  Lap shear overlap | -
~ dimensions : _length: 10 mm, width: 26 mm.

~Resin :  Crystic 392,



1 30 90 75.7 ' 8.9 2 30

90 | 77. 4 9.1 3 29 89 . 77.9
9.2 20 31 . . 89 69. 7 8.0 20 31 5
30 WO 9555339 73. 1 - 8.6 WO 95/ 35339 pcTusesnTesy
PCT/ US95/ 07637 17 Table 5 a CRYSTIC 60g (1 i ghter)/PP (rough) SAMPLE
HI GHEST Pl PE MAXI MUM - “Y SHEAR NO VAL UE OUTER
SHEAR STRENGTH OF PI PE DI AVETER FORCE [MPa] 5
LENGTH [ ] Tabulat[etl] lap shear strength results for the9PP and HDPE4£r. the various
5.02 2 % 53.2 30
90 rggsufgs are shown ig ‘Ij%e 10 below.
ble 10
OXY FLUORINATION LAP SHEAR STRENGTH

5 | PRESSURE (kPa) | ON PP (MPa) ON HDPE (MP.

The shear strength for 50 kPa at 20°C was posslbly unreliable.

* The 50°C resuits are {llustrated in Figure 8.

‘PP showed appreciably hlgher bond strengths than HDPE. It is believed that

15 this Is due to the higher reactivity of PP when oxyfluorinated due to lts higher

number of end groups as well as the fact that the PP Is free of black pigment. HDPE

appears to require at least 2 kPa at 50°C and 10 kPa at 20°C for sufficient or

adequate surface activation thereof. It is possible that PP requires fess than 0.5 kPa

of the F5/O9 mixture at the experlmental conditions for sufficient or adequate

20 Surface activation thereof. It thus appears that increases In fluorine (FZ) partial

"pressures are substantially more effective than increases in temperature, to obtaln
quick activation of the polyoleﬁn surface.

UORINATION VERS! 1S OXYFLL RINAT] N AS SURFACE ACTIVATION
TECHNIQUE FOR ADHESION -

25 Fluorination invoives treating plastics pipé surfaées with pure ﬂuorihe, ora
fluorine and Inert gas (eg nitrogen, helium, argon etc) mixture, or a fluorine-



10 4 29 - 90 56.0 6.8 5 30

90 55.5 ' 6.5 Table 5 b CRYSTIC 600 (lighter)/PP (snooth)
SAMPLE Hi 35330 PIPE" * . MAXI MUM SHEAR NO VALUE :

~ QUTER  SHEAR STRENGTH 15 . OF PIPE  PCT/USPSQTEIER |
FORCE " [MPa] LENGTH ™ [N 1 30 | 90
67. 3 7.9 2 30 90 58. 6 6.9 20
3 29 90 64. 1 7.8 4 31
89

8.2 s gﬁ%@!@gﬁs Sllch a?xaFZr C“:3r BI‘FS, ﬁ;07’ CF4, SF6 or?ﬂe like. Oxyﬂuo%aﬁon
PCT/ US95/ 07betumdnvalves:sirfaceasivation wlﬂlracgah)nmm whiclat feast two of theP! PE
MAXEMM " componelis‘afe a fluorine source such as those mentioned above for fiuorination,

and oxygen (or an oxygen containg gas) respectively, le at least one fiuorine
5  component and at least one oxygen component. In principle both fluorination and

oxyfluorination can take place with the reagent gases dissoived in a suitabie inert

liquid solvent such es a FREON which ls.c_onucte_d with the polyolefin surface. |

The following experlmental conditions were employed

- Evaluation method : Lap shear tests.
lQ - Material e " HDPE (black GMSOl‘O'based PEBOO).
Degreasingagent : =~ TCE."
Degreasing method :°  Pipe surfaces were wlped with TCE-dampened paper
S 'tlssue. ' -
Drying time before - "
15 - oxyfluorination and - .
fluorination s+ Two days.
Oxyfluorination '
conditions : 50°C for 0.5 hrs.
Oxyfluorination S o -
20 pressure : 10 kPa air + 20 kPa F2/02 mixture comprising 20%
' - by volume Fz :
Fluorination . :
. conditions T 50°C for approxlmately 3 hrs.
Fluorination pressure: : | A FZIN 2 mlxtnre comprising 20% by volume Fo was |
25 ) o used at a pressure sufficlent to give the surface a
ﬂuorlne mass loadlng of 60pgl<:mz after ﬂuorlnatlon
' Hydrolysls of actlvated

surface : | Hydrolysis by exposure to moisture in amblent air for
- T longerthaanonths

30 Lap shear overlap
dimensions - : - length: 15 mm, width: 26 mm.

Resins - : Crystlc 392 Crystlc 600, N7384PA, Dion 9100



NO. VALUE | OUTER SHEAR - STRENGTH OF PI PE

DI AVETER FORCE ~ [MPa] 5 - LENGTH I mi

[N] [ ] 31 90 38. 37 4.4 2 |
30 &'”5’3%9- | 45. 48 5.3 3 PGHUSIS07637 . gg
39. 82 4.75 10 4 31 g - 90. 41. 98

4.8 5 30 90 ® 0 40.37 . 4.8 Table 6 b
Epoxy/ PP (rough) SAMPLE H GHEST . PIPE MAXI MUM

SHEAR 15 ~ NO. The restiits Hemonstrating diffefetites in resinSadbesive strength for thETRENGTH

OF PI[ Eﬁq | afﬂvaﬂgﬂ éwﬁnﬁggs f%ﬂon and gxyﬂuoﬂnahyﬁ)?&g sngn n Table 11 lzélqwz

gg ~and arg gllustrated in Figaire 98(oxyﬂuorlnatlon4 and Ngure 10 fiﬂuorlnaﬂon) 30
. 4 -

34. 05 4.0

5 o | Oxyfluorinated substrate Fluorlnated substrate
.. Lap shear su'ength (MPa). Lap shear strength (MPa)

Dion 9100'_ _
‘N7384PA

10 Oxyﬂuorination resuited in higher lap shear resin adh_e_slve strengths with a

" broader range of resins when compare'cl to fluorination. With certain resins, (eg Dion

9100), a fluorinated surface was shown to be capable of providing resin adhesive
strengths comparable with those of an oxyfluorinated surface.

_ E_FFE_CT OF HYDROLYSIS QON_ DITIONS ON LAP SHEAR STgF.NCTl;l
15 : lmmedlately after oxyfluorination 'a'n: activated polyolefin surface undergoes
~ a hydrolysis reaction when brought into contact with atmospheric air. During this

hydrolysis, the surface s chemically unstable and generally unsuitable for the
‘application of resin. Accelerated hydrolysls is thus desirable,

DETERMINATIOH OF THE OPTIMUM HYDROLYSIS MEDIUM

20 . The following experimental condltions were employed:

Evaluation method : Lap shear tests. |
Material -+ - PP (PPH1022) and HDPE (black GMSOIO based -
o PE300).

Degreasing agent . TCE. Lo
25 Degreasing method : Surface was wiped with TCE-dampened paper tissue.



5 29 90 37. 84 4.6 In Table 7

bel ow, there are presented detailed results simlar to Tables 2 - 6 above :
usi ng sm)gﬁ §e and PP pi pe sanpl es overw apped by machi ne vvrag{gl n%

usi ng sai d epoxy reS| n PRO STRUCT 988. #gglass filanment wadd

bath of the epoxy resin/curing systemand wapped on the pipe in one
continuous strand unidirectionally along the pipe. The .applicator ann then

noved al ongPMﬂgﬂ B the pipe unidirectionally in the opposite
direction. oyflyoripagion i | anent Wmﬁma&l)'l:hwaebbdl rectional way. The
gener al thlmﬁfﬂ ohhe lam nate was' 5 nm After = WO 95/ 35339
PCT/ US95/ 07 curing agcor dy t he
testsagipl es were subjected to pus QFbm&nﬁg%ﬁgqﬁgﬁiﬁ%gqub&wg%é 7 a -
Epoxy/ PDPE Machi ne Wapping 5 atop Pl PE -
MAXI MUM  Polyolefin Sifdce . NO VAL UE- OUTER SHEAR
STRENGTH  area to gas volume 2 3 |
- relationship : 300 cm®/ 2600 cm
Hydrolysis of acﬂvated |
10  surface Immersion = immediately after oxyfluorination . in
. hydrolysis medium.
~* Hydrolysis mediums -

| lnvestigated at 20°C: e 0.5 M aqueous NaOH solution for 120 minutes.
. o ® 0.5 M aqueous HCl solution for 120 minutes.
15 L e Demineralised water for 120 minutes,
S e Atmospheric water vapour for 69 hrs.

Drying of surface -~ - . SR o
after hydrolysis 3 24 hours natural air drying at ambient conditions.
~ Lap shear overlap _ ' ' :
20 dimensions = length: 10 mm, width: 26 mm.
- Resin :  Crystic 392.

| Tabulated lap shear strength resuits for the PP and DHPE and hydrolysis
media are shown in Table 12 below.

25 Hydrolysis medium Lap shear strength on PP | Lap shear strength
on HDPE (MPa

30 In the case of P_P, air and water hydrolysis 'gave slightly higher bond _strengths"
with Crystic 392, while in the case of HDPE, water and HCI gave marginally higher



OF PI PE D AMETER FORCE [ MPa] " LENGTH

_ [ ]
N 10 1 31.0 112.0 4469 4.31 2
29.4 111. 0 18. 75 1.83 3 - _Qg 67
112.0 WO9BS3}9 50 4.81 Table 7 b Epoxy/ PP MHCHI e Wappi ng 15
SAMPLE HI GHEST PIPE - M3 Mum SHEAR NO.
VAL UE - QUTER SHEAR STRENGTH OF PI PE

3[))|0 Al(\)/ETER Faltes. From a practical poIHCQF view) . tbpears that watéFiwould be thé . féfred 1

110. 4 choii:egﬂnydroiysis me%iung l;@cgcal Issues inéuégcgst, ease of hgqcil?ng and time

37. 1 ot uiﬁedl&sriaubsunﬁaIMﬁJllehtym'olysk rofsthelnafaoeb%tbfﬁﬁmé& : n?'h
enonstrate e rocess n rocess, o e

i nvention. ¥ & xﬁginﬁps&tﬁéggjﬁg \FQW%F@E" gﬂ'@%ﬂ |rﬁq't“5?¢rﬂpép

final 1%:p sHED hedisesi ve strength achi eved by varying the rel evant process

varlable whi | e keeplng the remaini ng vari abl es constant.

- DETERMINATION OF MIN!MUM HYDROLYSIS TIMES FOR DlFFF.RENT
HYDROLYSING MEDIA '

A freshly acuvated surface typicaiiy contains acyl ﬂuoride chemical functional

groups that undergo hydrolysis During hydrolysis the activated surface is regarded

10 . asbeingunstable. PP and HDPE surfaces were _oxyﬂuonnated with 100 kPa F9/O4
mixture comprising.20% by volume Fo at -50°C for 16 hours. A decrease in
infrared peak intensity of the acyl fluoride functional groups on the surface was
monitored as a function of exposure time In the hydrolysation medium. For this
purpose a Fourier transfonn infrared-photoacoustic spectrum ( FTIR-PAS) technique

15  was used as a quantifying technique. The _hydrolysing media used were 0.05M
solutions of HCl and NaOH, as well as pure demineralised water and ambient air.

- The results for HCl and water hydrolysis on PP and HDPE surfaces are shown
in Figure 11. The results for air hydrolysis are shown in Figure 12. The aqueous
hydrolysis medium results are tabulated in Table 1 3 and normalised FTIR-PAS peak

20 heights (1844 wrt +3000 cm l), corresponding to air hydrolysls, are shown in
Table 14. No data were obtained for NaOH since immersion in this hydrolysing
medium resulted in an irnmediate drastic reduction in IR band Intensities.



A different -quantifying technique was used to evaluaté the effect of
changes In WO 95/ 35339

PCT/ US95/ 07637 20 specific variabl es when hydrolysis tines were

i nvest i gaW@PS/353:%conj unction with the shear strength test u’eu’msmms'as
herel nbef ore described. Lap shear adhesijge strengths were derived from
adhesi ve strengths obtained by applying polyester by itself (ie wthout
glass fibre reinforcing) to masked areas on 5 pl astics sheet surfaces
26nm wi de and eit her 10rnTable 135nFTIRPAS(] H 8441 nmeasuring the

| ap shear strengths thereof. The plastics sheets used to manuf act ure t he

| ap shear joints were 60mm | ong, 26nmm wi de and 2mm t hi ck. The reverse Si des
of the sheefS_Werel di Ucd T O ZOME W 0g ang. 62 et e
by neans of a'ﬁiﬂé?)o Pxy8yprinatedr _tQa,tyﬂuoﬂnated
sheet. The gutmpie| BP I HClst cel |pBR in waten at ¢ |

occurrence 1! an L&Hﬂgﬂ momentl.ln the overI

under stres and g to reduce r el i m nat .-m
in the lap gss) WP P e __ k

a mechali cal ittachMt for the 41 :
le 1. - 2.1 1.4
s - 1. 2.1 1.3
l2s |25 T4 |- . I|.
e -l los
10 feo |- - _los  Joz |
l72 120 2.2 S
lizo |- - los Joz ]
15
Oxyfluorinated HDPE Oxyfluorinated PP
0.55 0.5 |
051 0.47
20 | 0.39 | o029
| 024 0.27
014 0.20
loiz -
008 -
25 FTIR-PAS has a substrate penetration depth of approximately 20 microns

(zm) in the frequency domain of the acyl fiuoride absorption band. It is believed



appli-cation of a shear force In the nechani cal
15 tensoneter fitted with a SkN | oad cell).

Each test co-ordi nate was

derived froman average of five (quintuplet) lap shear strength tests.

resins u

obt ai ned from NCS Resi ns,
and are set out below Crystic N7384PA

‘unsaturated pol yester resin
epoxy Vi nyl .

ester.

Crystic 392
unsat ur at edthao! adirslon prifianily GivolvésctifiOuter 1 nm dep th Bf

unsaturated
2mnm t

o Edre%@?a%ééﬁ e e o

3 | sot hal i ¢ preaccel erated
Dion 4100 - Bi sphenol
- | sothalic ‘neopent yl egcoI

h%tépn ) rtheS

Mal zey Pl asibove l@ﬂllmpmmetdmu required ¢b athieve ﬁﬁmﬂﬂ.ﬁm‘h h?ﬁm ith

2) 22mm t hi.c
Pl astics (
95/ 35359

10

15

20

25

30

e ndgt, Fif pRifudnatdd PR 354 k0RE, w4 o ARG ek st

took less than 3 hrs, and in the case of alr, hydrolyss tooRTas dvarb1 205, 21

DETERMINATION OF THE OPTIMUM DRYING TIME WITH WATER AS
HYDROLYSIS MEDIUM S |

" After hydrolysis in efther an aqueous HCl solution or in water, the surface of

~a component should be dried before the application of the resin can take place.
- After HCl-medium hydrolysls the surface should be rinsed with water to remove any

residual acid thereon, before drying.

The followingexﬁeﬂniental conditions were employed:

Evaluation method :
Material K
Degreasing agent  :
Degreasing method :

Drying time before
oxyﬂuorination :

‘Oxyfiuorination

Polyolefin surface
area to gas volume
relationship '

_ Hydrolysis of activated

surface

Hydrolysis medium :
Drying time of

~ surface after

hydrolysis

Lap shear overlap -
dimensions :

Resin

Immersion

Lap shear tests.
PP (PPH1022).

. TCE. .

Surface was wiped with TCE-dampened paper tissue.

Appro)drhately 3 weeks'.' |
40kPa F/O mixture comprising 20% by volume Fy
at 50°C for 0.5 hrs..

300 cm2/ 2600 em®

immediately after oxyfluorination In
hydrolysis medium at room temperature for 18 hrs.
Demlneralised water

| V'arlable.between' 5 minutes and 24 hrs.

fength: 10 mm, width: 26 mm.
Crystic 392.

test apparatus (lnsron 4465

a division of RWYSISAEEIVLi mit ed

H?ies USEC?‘V\BI’ e:



EFFECT OF DEGREASI NG PP SURFACES PRI OR TO OXYFLUORI NATI'ON Pi pe surfaces

- were cleaned of oil and dust contam nants to facilitate effective
activation ébé neans of oxyfluorinadon) of the pipe surfaces. Degreasing
can be an t step owi ng to. possible contamnation of POXISISM6ITCcCeS
~during pipe 5 production (by extrusi 03 equi pnent) as well as during the
handl i ng of pipes thereafter during tranS|t and storage. Degreasing can

al so act to renmove surface bloons arising from processing additives and

per ; or mance st abi :lta Bebelieved thatsthenépoxy’ ﬂﬁntmeufmoqtbirpﬁfe ﬂieefdm%hléét ﬁltol%e
surf aces. u 0 r industrial-sca |ca i ons,
cheni cal deg p@&&‘ﬁglag%?ﬁs B@"eﬁf&b?&?@ﬁagﬁl ep %H’eﬁﬂl ace ?h?rﬁ
$ﬁgrfeals: ng, mr@mmﬁﬁt]olné%t?ﬂfemmm fashion perorewweret éut hied
e follown condi tigns e v i 0 0

Lap shear te&l&ﬁ%ﬂéﬁﬁg%@ dhen M%ﬂg& '33 P"(!ﬁgg’ mr'TCE
(trichl g o- Hampened tissue and then allowingvaﬁoet tisties wklaﬁs@befbbé the Jsolyester resin PP
(PPH 1022) from I\/EB QF&&EDE%I ﬁg % nmethod : - ‘Inmersion in degreasing
agent at rooMe £ € Aot SHIAERut es was fol | owed by wiping of the
surface w t_h degrea5| ng agent danpened tissue paper, followed by air

' Table IS below demonstrates the effect of varying post-hydrolysis drying

times of the surface before appllcatlon of the polyester resin :

Table 15

15 Given the inherent scatter In results characteristic of the lap shear test
" method, the values obtained In the time interval between and including 0.25 to 3
hours do not represent a significant trend The improvement at 6 hours, however,
- Indicates improved adhesion. Drying times, at ambient. condltions, in excess of 3
hours, are thus desirable after hydrolysis, in order to achieve optimum adhesion.
20  However, drying times less than 3 hours showed adhesion which was not
unacEeptable. Because ambient conditions change from day to day, as well as with

- seasons and location, the above results are expected to 'vary, within limits.



20

bef ore oxyfl uori nati on Vari abl e between 5 m nutes and 24 hours.
Sur face Q@S on 10 kPa air + 40 kPa F[err]/Nerr] mxture

conpri si %6 by volune for 0.5 hours at 50[err]C. 25PCI/USPENI6IT ace
area to gas volune relation- ship 34 : 300 cn®/ 2600 cnB.
Hydrol ysi s technique for oxyfl uori nat ed surface I'mrersion imedately
after oxyf 0, :

at room t cesUleON

5

10

15

20

25

drying at anbient conditions. Drying tine

So-called ﬂeece-backed PP sheeting Is typlcally used to manufacture large
container reservoirs in industry. :

Due to low wettabilities, low surface energies induced by low polarities and
low interactions across interfaces, polyoleﬁns generally do not have good adhesion
properties. To facilitate use of polypropylene in adhesion appllcatlons, a polyester
fleecing is attached to the polypropyl___ene The polyester fleecing improves the

‘wettabllity of the surface and provides mechanical interlocking sites for the resin used

for the adhesion. The main application of fleecing Is in the manufacture of large
storage tanks ( ﬂeeclng on the outslde), eg to store aggresslve or corrosive chemicals.

The tanks are then reinforced with polyester resin-impregnated glass fibre. This
construction technique provides the user with a strong storage tank that is resistant
to various chemicals.

MATERIALS USED

a)  Commercially available polypropylene:- Trovidur PP 7032 (Grey) obtained

in ‘South Africa from Intematio (Proprietary) Limited; Krugersdorp.

b) 'Commerc'la'lly avallable polypropylene (Amparglas):- PPH 1022 (Natural)
obtained from Ampaglas South Africa (Proprietary) Limited. |

c) Commercially available fleece-backed polypropylene:- Trovidur PP/V 7032
obtained from Intematio (Proprietary) Limited.

The following experimental conditions were employed:

The various polypropylene surfaces were degreased with TCE and allowed to
dry.

Fluorination Gonditions of Non-fleeced Materials:-

dem neral [ sed wat er

e



Lép shear overl ap di mensi ons l ength: 10mtm wi dth: 26mm Resin
Crystlc 392. The | ap shear strengths of the bonds fornmed as a function of .
pre- 5 oxyiguesisssat on degreasing tinme are shown in Table 8 bel ow and in

Figure 5. Table 8 TIME (hours) TCE DEGREASIHNG PCT/USRAAT637
DEGREASI NG LAP SHEAR LAP SBEAR STRENGTH (MPa) 0. 083

8.3 6.4 0 5 - 8. 4

7.8 10 1 _ 10. 2

9 7 884 a)  Gas Mixture: 1QkPa Alr, 10kPa N, 30kPa szu,_ﬁmmre
11.1 ' 8. 7c8ﬂ1(§>rising15 .8% by volume Fo>- 8

8.1 15 When TCE faor reaS| ng, tests denonstrated a 60
- 70% failure. rate atb he EBIEINCAUPIL; iE S22 (2 & than at the

pol yester/ PP int erface) Fr Fadrinag eﬁmeg 30%]1“1{&3 reference to the resul ts
_'Wnen M‘;K was useﬂl ﬁﬁ?%% %Sé-s-' week exposure to moisture in ambient alr

‘Resins Used:- Crystic 600 and Crystic 392 '

Evaluation Method:- Lap Shear Tests

~ Silicone sealant was used as a masking agent on the fleece-backed samples
since the polyester fleecing absorbed the polyester resins théreby making testing very -
10 difficult. The sllicone sealant prevented absorption of the polyester resin and did not
' adhere to the resins tested. A laminate was then made using polyester resin and
three layers of surface tissue made from non-woven glass fibre veil material, to form
an unmasked shear area of 312mm (26mm width x 12mm length) The various
laminates were then tested.

15 | The lap shear results for the various grades of polypropylene are set out in
Table 16 below. |



that: a) Excessivel y thorough degreasing (eg vapour degreasing) with TCE
can be 20 di sadvant ageous when epoxy resin is used. b) The val ues
shown above when TCE was used represent mnimum shear strength val ues

bet ween W0/%¥15339392 pol yester and the oxyfluorinated PP spchasssorése mar ked
decrease In resin strength arising frod6long drying tinmes (24 hrs) may not
necessarily be representative of the polyester/PP resin 25 st rengt h.
Pre-oxyfluorination degreasing mnth NEK resulted in relatively poor average
(8.5 MPa) | ap shear 32&%L§¢ 2 seliPaed RONROIVRIGDVIETE over the conplete
drying-ti me range. Substantlally S|n1lar tests had earlier repeat edl y glven
| ap shear \WN 95/ 35339 PCT/[JSA5/ 07637 23 strengths In excess of 13 MPa,

when oxyfluaappet fd PP was |i ghtl y gfﬁﬁ E& CE at | east 3 week;
bef or e oxylf Nﬁg&,ﬂ 58 e RM ot-hex
Trovldur PPN 7032 o . _Trovidur PP 7032 PPH 1022
Crystic 600 Crystic - Crystic Cnmk Crystic. | Crystic
1 8.244 4.144 1212 | 1061 | .13 | 1420
_ ' _ Substrate
5 2 | 7766 | 3885 | 1145 | 953 | 1200 | 11.89
: _ S Substrate . ' '
3 | o769 | 3958 | 8413 | 71z | 1303 | 11.32 ‘
4 6913 4282 | Platorm | Poor | 1025 | 12.56
' : - - Fallure - Glue-line ]
5 Plaform | Plafom | Plaorm | Poor | Phtform | Poor
Fallure . Fallure Fallure .Glue-line | Fallure Glue-
: , o line
Average 8.173 . - 4.067 10.66 8.959 11.10 12.49
10 Based on the above laps shear strength results it is evident that by using

fluorine surface-treated PPH 1022 material optimum cost (as the PPH1022 materlal
is the least expensive) and performance benefits can be obtained.

Further push-out tests of the general type described above, with reference to
Tables 1 - 7 and Figures 1 - 4 were carried out, and are described in Examples 1 -
‘15 6 hereunder. The tests in Examples 1 - 6 were carried out some months after the
_tests'fllustrated in Tables 1 - 7, witha better understanding of the invention, and led
to improved resuits.

The Invention will now be d_escribed, by way of non-limiting illustrative
example, with reference to the following Examples 4 - 6, and with reference to the

20 accompanying Tables 17 - 21.

In the Tables:



"degreasing agents (or even soaps) prior to oxyfluorination, can influence
the process in various ways, the influence being dependent on the

degreasin ent- used as well 5 as on the tine intervak '
“degr easi H@”éﬁﬁ ¥l uorinati on/ oxyfluorinatlon, and on‘the r ﬁﬁ%@@}\%l ch the
PP surface is exposed. It should furt_.;ﬁar be noted that degreasing can also.

In principle be carried out using water-soluble detergents, prior to
surface fluorination or oxyfluorination. In snmall-scale tests Handy Andy

househol d det e‘ram@tl7ammaljhea|r rstrengthis. AMPa) aagainst sample humberri for

XYL UCHI0 ol EAPIeh bl (ol R St rin FBRlgneed giis™ "

PG-YESTEWFWNAI pplieDbyOfiEméntBaifding’| atsording to ptheo progess wff dﬁes wer e

OV ooriRERtish, MfTersten i SEaPR RS e et Fisodfi pd Resh. SEabHARA (] on
wer e eﬁplmg,ed aI ution nmethod . : Lap -shear. tests Material o
o (P 0] R e W 5T o, R .,
tissue. polypropYIene pipe samples having a reinforcement of polyester resin-impregnated
glass fibrous material applied by tape wrapping according to the process of the
. invention, with reference to the required shear strength according to British Standard
10 B.S. 6464; .
~~ Table 19 shows shear strengths (MPa) against sample number for
polypropylene and high density polyethylene pipe samples having a reinforcement
of polyester resin-impregnated glass fibrous material applied by tape wrapping
- according to the process of the invention, with reference to the required shear
15 strength according to British Standard B.S. 6464; |
' Table 20 shows shear strengths (MPa) against sample number for high density
polyethylene pipe samples having a reinforcement of polyester resin-impregnated
fibrous material applied by tape wrapping according to the invention, with reference
to the required shear strength according to British Standard B.S. 6464;

20 - - Table 21 shows shear strengths (MPa) against sample number for
polypropylene pipe samples having a reinforcement of polyester resin-impregnated
fibrous material applied by hand lamination according to the invention, with

reference to the required shear strength according to British Standard B.S. 6464;
25 ~ “Table 22 shows shear strengths (MPa) against sample number for high density
~ polyethylene pipe samples having a reinforcement of epoxy resin-impregnated fibrous
material applied by filament winding according to the invention, with reference to
* the required shear strength according to British Standard B.S. 6464.

* The fluorination of the pipes was carried out batchwise in an 11 m3 mild steel

30 reactor. Pipes were placed in the reactor and the reactor was evacuated to an
absolute pressure of 10 kPa. Then a Fo/N, mixture comprising 20% by volume

Fo was bled into the reactorto a total pressure of 30 kPa. The fluorination was



Drying tinme before oxyfluorination : Approxi mately 3 weeks.

- Oxyfluorination = a) 40 kPa F2/02 m xture conpri sing 20% by 25
- volunme F2 at 50C. b) 40 kPa F2/02 mixture conprising 20% by volume F2 at
20[err] C. ¥RPPIF? i nation time: Variabl e between 10 sécdRGHUSISAT687 hour .
WD 95/ 35339 : PCT/ US95/ 07637 -
24 Pol'yolefin surface area to gas vol une3gel ati onship
300cn{err]/2600cnferr]..5 Hydrolysis of oxyfluorinated surface I nmer si on

terrper at ure ours
evacuated and the pipes removed

| medi at el Ve éxﬁguﬁﬁflldbﬂi tftipeRiturd '?ond% Hﬁﬁ@ﬂeﬁ SSfter’ Whfth fle rOUor was
-For Example 1, six polypropylene pipes were used. The polypropyiene
materal was PPH2222. The pipes were all 110mm OD Class 10 piping having a
5  wall thickness of 8.5 mm. None of the pipes was degreased before fluorination. Pipe
numbers PP1 - PP4 were degreased with MEK and pipe numbers PP5 and PPé were
degreased with acetone after fluorination and before reinforcement was applied.
The reinforcing technique used was filament winding. The primary aim of Example
1 was to evaluate resins for adhesion of fibrous reinfbrcing to 'the pipes. On all the
10  .pipes this resin was left to gel before the layers of resln-lmpregnated reinforcement
- were applled ' '

" For Example 2, four polypropyiene pipes were used. The polypropylene

material was PPH2222. The pipes were all 90 mm OD Class 10 piping havinga
 wall thickness of 7.0 mm. None of the pipes was degreased before fluorination. All
15 the pipes were degreased with MEK after fluorination and before reinforcement was
applied. The reinforcing technique used was tape wrapping. The primary aim of
Example 2 was to do repeatability tests on CRYSTIC 600 as a resin for adhesion of
reinforcement to the pipes. This resin was left to gel before layers of the resin-

impregnated fibrous reinforcement were applied.-

20 For Example 3, four polypropylene and four high density polyethylene pipes
were used, whose polypropylene material and polyethylene material were
respectively PPH2222 and GM5010. The polypropylene pipes were all 110 mm

. OD class 10 piping having a wall thickness of 8. Smm. All the polypropylene pipes |
: ~ were degreased with MEK before fluorination. Of the polypropyiene pipes, pipe

25 numbers PP1 and PP2 were degreased with MEK (and pipe numbers PP3 and PP4

were not degreased), after fluorination and before the resin-impregnated fibrous
 reinforcement was applied.” Similar degreasing was applied to the high density
polyethylene pipes. The reinforcing technique was tape wrapping. The primary aim
of Example 3 was to do repeatability tests on CRYSTIC 600 as the resin for

30  adhesion of the fibrous réinforcement to the pipes, to evaluate degreasing (and no
degreasing) after fluorination and before the resin-impregnated reinforcement was



Drying of surface after hydrolysis 24 hours natural air drying at
anbi ent condltlons 10 Lap shear overl ap di nensions | engt h:
10 MM Wi di/be S35 Resin . . Crystic.392. Tabul ated | ap
shear strengtﬁ results for the pipe sanples at -the two tenpBCHUSIHGI6IN e
shown In Table 9 bel ow 15 Table 9 - Lap Shear
Strengths (MPa) Oxyfluorination PP oxyPPuorl nated PP oxyfl uori nated
HDPE - HDPE tine (m nutes) at 50[err]C at 20[err]C

oxyf I uori nat gwplied, tocgvdluateian-alteiatdvesaipiingQechnique. On all the ﬁlbeﬁ the l'ésin

? 4?8 _used6foy adihesion of the néig?ozeemerit, and the rtﬁ.in{por(?emgnr5 were appl}ed more -
9.1 or lessiéimultdneously. In other wbids, @he resin appliedtd.the pipe surface whd nbt
10.1'75 10 o left tolgelsbejfozreA' the reslri-gngrejgna&d ﬁbroui_geigfogéing Jlayers were apglgal‘r’ 20
13. 3 ' 13.3 ' 10.5 25 60 - 10.6, 13.8
9.9 5 1i1=or Ecample 4, four high density polyethyliene pipes were used the material

'being GM5010." The pipes were all 90mm OC class 12 piping having a wall
thickness of 10.5 mm. Al the pipes were degreased with MEK before fiuorination.
- All the pipes were subjected to a proprietary treatment after fiuorination whereby
the pipe surfaces were wiped with 5% aqueous HCI solution, using Kimwipe paper,
10 - being then rinsed with demineralized water and left to dry. None of the pipes was
subjected to any other degreasing after fluorination before reinforcement was
applied. The reinforcing technique used was tape wrapping The pnmary aim for
Example 4 was to evaluate other resins instead of CRYSTIC 600 for adhesion to the
pipe of the fibrous reinforcement. On all the pipes the resin applied to the pipe
15  surface, and the reinforcing layers, were applied simultaneously, before any gelling
of the adhesive resin applied to the pipe surface '

For Example 5, two polypropylene pipes were used, the material being
PPH2222. The pipes were 50 mm OD class 10 piping having a wall thickness of
40mm. All the pipes were degreased with MEK before fiuorination. None of the
20 plpes was degreased after fluorination and before fibrous reinforcement was applied.
The reinforcing technique used was hand [amination. The primary aim for Example
5 was to evaluate CRYSTIC 392 as a resin applied to the pipes for adhesion of the
fibrous reinforcement to the pipes. On all the pipes this resin was applied as a |
_coating and left to cure before the layers of resin-impregnated fibrous reinforcement
25 were applied.

For Example 6, one high density polyethylene pipe was used, the material
being GM5010. The pipe was of 160 mm OD class 10 piping having a wall
thickness of 15.0 mm. The pipe was degreased neither before fluorination nor after
fluorination and before reinforcement was applied. The reinforcing technique used

30  was filament winding. The primary alm for Example 6 was to evaluate PRO-
STRUCT 7907 as a resin for adhesion of reinforcement to the pipe and PRO-



The data in Table 9 are Illustrated In Figures 6 and 7 for PP and HDPE
respectively. The mninumtinme (independent of the two tenperatures

i nvesti gat %&B required for sufficient or adequate surface activation of the
PP surf a0 WD 95/ 35339 PCT/US9S/07637

PCT/ US95/ 07637 25 experi nment al pressurqﬁ)mas | ess than 5 seconds. Factors
that could Influence this m ninumtine possibly include the presence of
additives In the PP. At both tenperatures, it is apparent that in the case

of bl ack plsammfo% afésihloﬁ:)r, inmmmauntg@enreinfmfceheh?m{hel PmﬂﬁﬁWUq‘Ut es
was requir su i en or uat e vat e urface. |n
t he cage of WapsPR ?ff Xﬂ%ﬁﬁ&%ﬁ?ﬁ%?‘%@lﬁe@@f@fw Reegmated ¢ he

"F2:02 rati dibrogs tmmfbrqenmwae @applled.EFFECT . OF OXYFLUCORI NATI ON PRESSURE The

. follow ng experinmental conditions were enployed 10 Eval uati on net hod

Lap shear tests.
Pipe samples were cut from the midpoint outwards and numbered as follows:

Two testing techniques Were used le a standard and an altemative technique.
 In the standard technique a 20 mm length of the HDPE or PP was machined out of
a 60mm length of pipe sample for the purposes of liner push-out tests. In the
- .- altemative technique 20mm lengths of plpe samples were cut and no HDPE or PP (
10 - was machined out. . Tooling was designed appropriately for the purpose of liner -
push-out tests.

The push-out tests. involved the pushing of the HDPE liner or the PP liner of
each test plece, out of the reinforcing, and the measuring the force required to do
so. The shear strength or push-out’ strength was then calculated as follows:

Shear strength (MPa) = F/ n.d.t
: where F maximum force required to shear the pipe from the overwrapping (N)
d = pipe outer diameter (mm) -
¢ = liner push-out length (mm)
20 Results for Examples 1 - 6 are set forth respectively in Tables 17 - 22

. hereunder.



‘Mat eri al . PP (PPH 1022) and HDPE (bl ack Gvwb010 based PE300).
Degr easi ng agent : TCE. Degreasing nethod : - Surface was wiped with -
TCE- danpened er tissue. 15 Drying tine before oxyflug

'ApprOX| Wgsgg?/veeks Oxyfluorination : A F err]/ @/ﬂ%tﬁw&?ure
conprising 20% by volunme F[err] was used4at 50[err]C and 20[err]C for 0.5
hrs. Oxyfl uori nadon 20 pressure Vari abl e between 0.5 kPa
and 80kPa. Polyolefin Surface area to gas vol une rel adonship: 300
cnferr]/ 2600 cnferr] Hydrolysis of 2EXAMPEEXNf | uori nated surface
| mersion imediately after oxyfluorination in dem neralised water at
roomtenperature for 3 hours. Drying oflableitf ace after hydrol ysis . 24
hours natural air drying at ambi ent conditions. : . _

10

20

25

30

35

40

Pipe number

(Material) .

resin

PP1
(Poly-prop)

Dion 9100

PP2
(Poly-prop)

PP3
(Poly-prop)

Dera-kane
470

PP4 (Poly-
prop)

]
(Poly-prop)

PP6
(Poly-prop)

Primer +
Crystic
600




30 Lap shear overlap di nensions S |l ength: 10 nm w dth: 26
nm Resin Crystic 392. WO 95/ 35339

PCT/ US95/ 07637 26 Tabul ated | ap shear strength results for the PP and HDPE
at the vﬂ?aﬁﬁssﬁ essures are shown In Table 10 bel ow. TabIRCT{Us95/07637°

OXYFLUORI NATI ON - LAP SHEAR STRENGT 42 AP SHEAR STRENGTH 5
- PRESSURE ( kPa) ON PP (MPa) ' . ON HDPE (MPa) 5 C 20
50[err]C _ 20[err]C 0.5 13.2 10. 7 -
6.4 4.0 2 : , %‘z 12. 4 8.7
4.1 10 13.9 A 10. 3 10.9 20
14.7 13.8 11.2 9.9 10 0 : 14. 2
13.2 ' . . : :

. Pipe | Adhesion

5 || number | resin

(matertal) |

PPI
‘(Polyprop)
10

15

PP2
(Polyprop)

20

PP3
25 {Polyprop)-

30

.2
(Polyprop)

35




80 : ' 14. 3 : 12.9 11.4 8.9 The shear
strength for 50 kPa at 20[err] C was possibly unreliable. The 50 C results
are Illustrated In Figure 8 . PP showed appreciably higher bond strengths

than HDPEVOPSR3phel j eved that 15 this jg due to the hi ghBET/DE¥SHi ty of

PP when oxyfluor|nap;ﬁ,g,g;ggilff higher nunber of _end groups as well as
the fact that the PR Tq free of | bl ack pi gment. [HDP appears to fequire at
| east 2 kPa at 50 Cland R)E(Ea hte=2[ err] C for |sufé€i ckent or adgquate
surface activation t %eé s',‘_"ﬁb33| bIe tha P_P"reqw res les§ than 0.5
kPa of t*he F[err]/ Olergf—ra-c-tif—e pe oreH—ahs-{ f or
sufficient or adequdt €20 surfage activation t ereof It thus agpears that
increases In fluorirfe Fé.cpa-rt aﬁ&ressures areos.‘ﬁbstantlally DI €
effective than incrgp n_rgEem)@gure to obta‘grngck actlvatlon of the
pol yol efin surface. ,9! hA JS—C =T - ACE
ACTI VATI ON TECHNI QUE} FER ADH ,LJV 25 - Flucrlnatlon |nvolve< treating
pl astics pipe surfade?wWE h. E Slgorine, or 3 Llyorine and Ingrt gas (eg
ni trogen, helium aro%m c§ xtoree, or a fluqriNm- :
2l 2o E |22 oo
8
= o b
o 82 | 3o
Sl 28 | &g & &
& 9 | <«
£ 28 ~ o
SLES| & -
€S 8| ~ i
§3§ MmMoSnme—e| QA NV O
™ gEE SN NoOmOK] OC=a N NON
(13 O
P w— " -
X B | |55z |38339035 nnscegay
S2E | RENNINSR RITIZSRS
s .EE| eeocooco| eooceoqo
SBSE| RRIAKKKIKIR| ARKKKKK’R
o
2E |2922922209 cooeeese
| ™
| 2 8 —~NMETNOND ~NMTNON®
o B | SSEIS3RY SRSSSSSS
ol t'n'g &&&&&&&& &n.&n.n.n.n.&
s 8 4
O = v
ﬂ.-a.-
%% | 58 58
=
(=]
£5 |%s fg
3 |58 58
= a a
o e 2
£8 s S
BEZE | =8 a8
=g as - a s
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~containing gas such as XeF[err],

SF[ err]

with a gagmﬁg Tf?e of

conponent and at

whi ch at

and oxyfl uori nation|cgnet ake place
suitable inert |iquild=sBl vent ‘such

- pol yol efi n surface.
Eval uati on net hod |
(black GVB010 based PE4R0) .

Pi pe surfaces

before 15
Oxyfluorination

ClF[err],
CnyIuorlnation in turn Involves surface activation

| east’ two of44t he conponent sPETASATEITOr | ne
source such as those nenti oned above for quorlnatlon
oxygen contai ni ng g '

PCT/ US95/ 07637 27

BrF[err], IFerr], CFerr],

and oxygen (or an
one quorlne 5

Table 19 (Continued)

| egst, one oxygen onp nent In brinciple both fluorination
t he reagg¢nt :gases dissolved in a
& T FREON which'is contacted with the
The follow ng. gxperinental ceénditions were enployed
«thap shear t sks% 10 Materi al HDPE
Degread gggagent . : TCE. Degr easi ng net hod
e\ ped wit h [TEE®™danpened paper tissue. Drying tine
oxyflugrination and T1juorinatrton Tmn days.
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pressure
e sufficient to

Oxyfl uori nadon 20
m xture conprising 20% by vol une

m Xt ure.conpri si NCII0S951996370! une

50[err]C for approximately 3 hrs.
@Sed at a pressur

50[err]C for 0.5 hrs.
A Flerr]/Nerr]

'+ 20 kPa F[err]/derr]

F2. Fluorination conditions

10 kPa air
Fl uori nat ivwe 998533 ur e:
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. (eg Dion 9100), a flyugrjnated sarr

28 The results denonstrating differences In resin adhesive strength for the
two. activation techniques (fluorination and oxyfluorinaton) are shown in

Table 11 below and are Illustrated in Figure 9 (oxyfluorination) and Figure
10 (fl uokygedases) - Table | | 5 Resi n P UsHO ted
substrate Fl uorinated substrate Lap sheadéstrength (MPa) Lap s

strength (MPa) Crystic 392 : 9.9 6.1 Crystic
600 10 g4 3.5 Dion 9100 11.6
10. 9 N7384PA 10. 4 4.6 10

Oxyf | uori nadon result®dain hi gher |

p shear resin adhesive strengths with a
"broader range of re$iNSwhen conpar

dto fluorination. Wth certain resins,
e was shown to be capable of providing
wi th those of an oxyfluorinated

| ONS ON LAP SHEAR STRENGTH 15

activated polyol efin surface under goes
nto contact with atnospheric air.

is chemcally unstable and generally

resin adhesive strepghh® conpar abl
" surface. EFFECT OF YSI S° CONDI
| medi ately after oyt . f
‘a hydrolysis reacti pn when brought
During this hydrol y$iQ.Qthe surfac
unsuitable for the :

110
110

PE4/A
PE4/B

Table 19 (continued)
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‘application of resin. Accelerated hydrolysis is thus desirable.

DETERM NATI ON OF THE OPTI MUM HYDROLYSI S MEDI UM 20 The foll ow ng
experi ment al candl ti ons were enpl oyed: Evaluation nethod : Lap shear
‘tests. Mat@PPERI : PP (PPHL022) and HDPE (bl ackP @’/ﬁwgf?gsed
PE300) . Degreasi ng agent : TCE. 25 _Degreasing nethod : Surface was
w ped with TCE-danpened paper tissue. - 40 95/ 35339 29

PCT/ US95/ 07637 Drying tine before oxyfluorination Approxi mately 3
weeks. Oxyfluorination conditions ; 40kPa Fferr]/err] mxture
conprising 20% by volune F[err] 5 _ at 50[err]C

for 0.5 hrs. Polyolefin surfape._
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area to gas volune rel ationship : 300 cnferr]/2600 cnferr]

Hydrol ysis of activated 10 surface | mrer si on :

i medi at e*é ﬁ: oxyfluorination in hydrolysis medium Hydrolysis

medi uns - & B’gt ed at 20 [err]C * 0.5 M aqueous NaCOH SRITASSN76Dr 120
mnutes. * 0.5 Maqueous Ha sol ution forggl20 minutes. 15
* Dem neralised water for 120 .m nutes. * Atnop

€r__vapour for 69

‘hrs. Drying of surface after hydrolysis .24 hours natura__ ai r drying
at anbient conditions. Lap shear overlap 20 - dl mensions.. -, . !

length: 10 nm width: 26 nm Resin o Crystlc 392, Tabul at ed
| ap shear strength results for the PP and DHPE and hydrol ysis nmedi a are
shown in Table 12 peFrrm—Ffar-gtt=ft——r——jrdre =i S medi um Lap shear

-
N

strength on PP Lap s

Averag&
of -
samples, 4
(Mpa)

Shear
Stress
(Mpa)

Fallure
load
(kN)

fength

(mm)

Push
out

le 5 _

Table 21
Pipe
oD
(mm)

TEST RESULTS

number

2
=
E

A
s

k-
&
5

E

Derakane

1 411

resin.

Adhesion

resin
-Crystic

392

Pipe
number
| (Polyprop)

| pp2



(‘MPa) on HDPE (MPa) Air | 12. 8

8.0 Herr]o 12.5 8.2 HC
11.6 9.2 NaOH 11.8 7.9
30 - WOPS3A case of PP, air and water hydrol ysi s gavecHusdsét

hi gher bond strengths with’ Crysdc 392, wHPle In the case of HDPE, water and
HCl gave marginally higher ~ WD 95/35339

PCT/ US95/ 07637 30 val ues. "From-a pract i.cal int of view, it appears t hat
wat er woul d be the preferred choice ofb%@mg-&ysi s nmedium Practical |ssues

I ncl ude cost, ease of handling and ti ma.gar?j%qg'gred for substantially full
hydrol ysis of the surface. Water effect stant tally full hydrol ysis in

| ess t han e —— aogarad to oir byudeol,y bt ol VTR ~V- EREToW L 0
hours. DETH RI\/I NATION OF M NI MUM HYDR%-F I\/ES FOR DI FFERENT "
HYDRG_YSI N vERA ﬂsﬁﬁg :
Pipe Adhesion | Impregnation | Sample | Pipe | Push - | Fallure | Shear Average
5 l number - | resin_ resin = | number | OD jout | load Stress of .
(Matertal) . (mm) | fength | (KN) (Mpa) | -samples i
' _ : ' (mm) {. (Mpa)
PEI Pro-Struct | Pro-Struct PE1/1 | 160 | 10.36 | 40.28 7.7 ]| 9.06 |
{Polyethyl | 7909 - | 988 " {PEt/2 | 160 13.53 | 44.88 6.6
10 flene PEI/3 | 160 | 13.54 | 70.17 | 10.3
PE1/4 | 160 14.86 | 67.23 90
PE1/5 160 12.04 | 65.17 10.8
. PE1/6 160 15.33 | 76.64 9.9

Itisan advantage of the lnvention that it permirs polyoleﬁn pipes and tanks to

15 bestrengthened orreinforced by a restn-impregnated fibrous wrapping material. As the
bond between the resin and the surface activated pipe or tank is believed to be a
chemical bond, the process Is less labour intensive than similar processes in which the

bond Is a mechanical bond. As a result, the pipes or tanks, eg glass f‘bre reinforced PP
pipes or tanks, can be manufactured at lower cost.



A freshly activated surface typically contains acyl fluoride chem cal
functional groups that undergo hydrolysis. During hydrolysis the activated
surface is regarded 10 as being u abl e. PP and HDPE surfaces. were
oxyf | uoWm9s/asd3wi th 100 kPa F[err]/err] m xture conpri RGTYPSIYI63Hy vol une
F2 at 50 C for 16 hours. A decrease In infrared peak Intensity of the acyl
fluoride functional groups on the surface was nDnltoreo as_a _function of

e MM e S

e 15 was
used as a* guantti f yi ng tec ni que. The. hydr olysing—twdi-g—Hsad— Nere 0. 05M

solutions of HCl and NaO—| as well as. pure dem neral I sed water and anbi ent

air. Th -resdﬂt@emfﬂd“@%ﬂfml’w& f\asplastics matedalowhidvds swengthenedir e

The aquEpie TSra ) O & FETMepr: F“Z“B?“é“f‘%‘ﬁte?‘%{w %’3‘%‘%‘9% shifgee 2

nor mal i $Berepk; P@ﬁ&ﬁngz@ @hp thes sompopents with chifibreps | material
t
obt aLned Pzéﬁ'ﬂsé“ With 9*#'%%‘?%?%%@%‘5%9%"8 ‘?"‘*s%efs‘ﬁ%%m@rfégm 'n an

| medi aséusineshe Sibraus swetesial ta adheretausal d sufase 0 dle Companars; tiss poocess
PCT/ US9 Wlﬂé’l’? édmoprises using as the plastics material a polyolefin material and which includes

the step, prior to the contacﬂng, of sub]ecting sald surface of the component to
activation thereof.

2.  Aprocessas claimed in claim 1, in which the polyoleﬁn material is selected from ‘
10 polyethylenes, polypropylenes, copolymers of ethylene and propylene

and blends of such polyolefins. the surface aotlvatlon bemg selected

from at Ieast one of corona diseharge activation, energy beam aetlvation,

plasma activation and surface ﬂuorinatlon actlvatlon

3. A process as claimed In any one of the preceding claims, in which the surface
15 activation acts to provide the surface-activated component with a surface tension at
20°C of at least 40 mN/m.

4. . A processas clalmed in claim 3, in which me'acti?ation is by surface fluorination
and is by exposing the surf_ace'to be fluorinated to a fiuorine-containing gas at a

pressure of 1-500 kPa, at a temperature above 0°C and below the melting point of the
20 material of the component. '

5. A process as claimed in claim 4, in which the ﬂuorlne-contatnin_g gas forms part
of a mixture with other gases, the fluorine-containing gas fonning 1-30% by volume
of said mixture and the temperature being 20-100°C.

6. A process as claimed in claim 5, in which the gas mixture comprlses 5-20%
25 by volume of the fluorine-contalning gas and 5 - 95% by volume of oxygen, so that
the surface fluorination is a surface oxyﬂuortnation '

This Sheet Has Been Reﬂlaced

B IIII IIII|I W




31 'Tabl e 13 - FTI Wt' 1844 cnferr i £ Y OrEn;
Oxyfl uori nat ed fI"'ﬂrl nat ed Oxyfluorl- (mn). _|ﬂ'rHI$ '?:E:&T FéAS BEEN>

~ wat er sol ution ' LACED
“in water ‘8095'3533%}_% ””,ﬂ ﬂ'[,lm &{ 3.9 : :

3.9 - 6

i. é 5 7. A pl'oéesﬂs clalmed In claim 6, in which, after sald oxyﬂuorinitidn the surface
2.1 2.2 - 120 -

0.8

1

440 0o B A groz:eszsoaslc[q_imed in any one of the ﬁreceding claims, Elswhlch the fihrous '

0.32 material k&ubkoeWﬁea&ﬁbwmmemw&eﬁom
cnfer rs] Ti rEe (hrs) Oxyfl uori nat ed HDPE - Oxyfl uorl nated PP

9. A process as..clalmed, in claim 8, in which the reinforcing material has fibres
which are selected from glass fibres, carbon fibres, -polyester fibres, polyamide fibres,
polyolefin fibres and mixtures thereof,

10. A process as claimed in any one of the preceding claims, in which the surface
10 s subjected to degreasing prior to activation thereof.

11. A process as claimed in any one of the preceding claims, in which the surface,
after activation thereof and prior to the contacting, is subjected to degreasing.

12. A process as claimed in any one of the preceding claims, in which causing the

fibrous material to adhere to the surface of the component is by means of a resin which
15 s different from the resin which Impregnates the fibrous material, each resin being

selected from epoxy resins and polyester resins '

13. A process as _clalméd in any one of claims 1. - 11 inclusive, in which causing the
fibrous material to adhere to the surface of the component is by means of a resin which

is the same as the resin which impregnates the fibrous material, each resin being
20 selected from epoxy resins and polyester resins.

14. A component of a plastics material which is strengthened and reinforced by a
resin-impregnated fibrous material which adheres to a surface thereof, the resin being
set, the plastics material belng a polyolefin material and said surface being activated.

15. A component of a plastics material which is strengthened and reinforced by a
25 resin-impregnated fibrous material which adheres to a surface thereof, whenever
produced in accordance with the process of any one of claims 1 - 13.

i This Sheet Has Been Reﬂlaced




0 0. 55 0.5 4 0.51

0.47 20 24 - 0.39 : 0.29 31

0.24 0.27 72 - 0.14 - 0. 20
"79 WO095/35339 0. 13 S _ - 168 R PCT/USYS/G7837 -
25 FTI R- PAS has a substr'aﬂe/p@etration dept h of approxi mately 20

mcrons ([err]m In the frequency domain of the acyl fluoride absorption

band. I1t_ls helieved WD 95/ 35339
PCT/ US99/ 07637 32 that adhesion primarily involves the outer 1 nm depth of
mat eri alf under ‘the oxyfluorinated surface, and that the fines required to
achive dtabilisation in the above results represent the ginmes required to
achi eve Jmaxi num hydrol ysation in the respective nedia. Hor oxyfluorinated
PP and HDPE, wpter and HCl each rolysis 5 took | espuphan 3 hrs, and
In the dase of Jai\, hydrolysis k I ess than 120 hrs.

SAMPLE NUMBER
FIG |

%
| §
|

-=- Epoxy ~smooth
—&-Epoxy-rough
~¥-Polyester-smooth
-a-Polyester-rough

Standard

T 1 | ) r =T

o & v 9 W © 0 <
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DETERM NATI ON OF THE OPTI MUM DRYI NG TI ME W TH WATER AS HYDROLYSI S MEDI UM
After hydrolysis In either an agueous Ha solution or in water, the surface
.of a conponent should be dried before the application of the resin can take
pl ace. 10VO 93P HC - nmedi um hydrol ysis the surface shoulRETHESISATSEd Wit h
water to renove any residual acid t yqoz, before drying. The follow ng

? "EVal

experinmental conditions were enpl oy uation method Lap shear
tests. Materi al PP (PPH -3022). 15 Degr easi ng agent
TCE. Degreasi-ng met hod : . Surface was w ped wi th TCE-danpened paper
" tissue. YETg tT e Der ore oxXylragortrmatton , Approxjmately 3 weeks.
Oxyfl uory nati on 40kPa F2/02 m xture conprising 30% by vol une
Flerr] 2p at 50[err]C for 0.% hrs.. Polyol efin
surface prea to gas volune relationship : 300 cpferey/ 2600
crmerr drol ysi s,o0f, acti vg},ed I —
-
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" 25 surface : | mersion |Imediately after
oxyfluorination in hydrolysis nmediumat roomtenperature for 18 hrs.

. Hydrol ygl Ldm Deni neral i sed water Drying tine of surface after 30
hydr ol ys%ilvégggg’&érl : Vari abl e between 5 ninutes and ZXHWYSOIIH shear
overl ap di nensi ons : Ieggqh'y 10 mMm width: 26 mm Resin

Crystic 392. WD 95/ 35339 : .

PCT/ US95/ 07637 33 It is believed that the epoxy resin _used to join the

shear tgst sheets to the backing plates |Is adversely ﬂect ed or influenced
by a we] surface. The backing plates were therefore firg¢t joined to the
sheets |n usual fashion before tests were conducted. Dif§ferent drying tines
were then sinmulated by wetting the surface with a water{ 5 danpened
tissue hnd then al | owi ng varigogs tines o el apse beforeptde pol yester resin
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was applied to the test surfaces. Table 15 bel ow denponstrates the effect of
varyi ng post-hydrolysis drying tinmes of the surface before application of

- the poly in. Table 15 10 Drying tinme (hours) ap
shear st ?@h&%ﬁg%ﬁpa) 0. 25 10.1 1 PCT’US95’.°76J7
9.4 3 9.0 4/17 14.5 15

G ven the inherent scatter In results characteristic of the |l ap shear test
nmet hod, the values obtained in the tine interval between and |ncluding 0.25
to 3 houfs do not represent a significant trend. The Inpjovenent at 6
hours, hpwever, Indicates |Inproved adhesion. Drying tinmeg¢, at ambient
conditions, in excess of 3 hours, are thus desirable afte¢r hydrolysis, in
order to} achi eve opti num adhesi on. 20 However, drying{tinmes less than 3
hours shpwed adhe§i oméwhi ch wa accept alfge. Becaus¢-inbi ent
conditions change\from\Jay to d asf well as/with seasofs and | ocati on,

t he above results QJre ex limts.
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WD 95/ 35339 ' PCT/ US95/ 07637 34
COVPARI SON BETWEEN COMMERCI ALLY AVAI LABLE FLEECE- BACKED PP SHEETI NG AND
{OXYFLUCRI NATED PP SHEETI NG | N TERM5S OF LAP SHEAR STRENGTH USI NG A POLYESTER
RESI N So-wel95/8883¢ | eece- backed PP sheeting is typically useRCI/us9s®mesfact ure
l'arge 5 container reservoirs in g§f1%7ry.,Due to low wettablildes, |ow
surface energies |Induced by | ow pol i‘es and |l ow i nteractions across
i nterfaces, polyolefins generally do not have good adhesi on properties. To
facilitate use of polypropyl ene in adhesion applications, a polyester
fleecing | sfattached to0 the polypropylene. The polyester tTlheecing |Inproves
the 10 ttability of'tie surface and provides nechanic%&finterlocking

t

sites for the resin used f9r the adffesion. The main applic tNon of fleecing
s in the nufacture of |&arge stofage tanks (fleecing on the outside), eg
to store aggressive or cor[osive hem cals. The tanks are §hgn reinforced
wi th polyester resin-inpregnated/glass fibre. This construftehdon techni que
provi des the user with a strong torage tank that Is resisfant 15 to
various chgm cals. MATERI ALS USED : ga

L ©

4 16

12

TIME (HOURS)
FIG 5

6 8 I0

4

2
—eo— TCE

-0~ —MEK
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‘a) Commerci al Iy avail abl e pol ypropyl ene: - Trovidur PP 7032 (G ey)
obtained in South Africa fromliIntematio (Proprietary) Limted, Krugersdorp.
_b) Commerci al ly avail abl e pol ypropyl ene (Anpargl as):- PPH 1022 (Natural)
20 wo 955839 ned from Anpagl as South Africa (Propriet FjUspsnneszed. c)
Commerci al I'y avail abl e fl eece-backe ypropyl ene: - Trovi dur PPN 7032
obtained fromInternado (Propriet aré)/ L¥m ted. The follow ng experinmental
condi ti ons were enpl oyed: The various pol ypropyl ene surfaces were degreased
with TCE and allowed to 25 dry. Fluorination Conditions of Non-fleeced

Materi al s: - WD 95/ 35339 _
PCT/ US95/ 07637 35 Q) GAS MXture. TUOKPa Ar, I0KPa Nerr 30kPa
Flerr]/N err]l m xture conprising 15.8% by volune F[err] b) Buori nation .
Tenper at ure: |50C C)? . Fluoriation Tinme: 30 m nutes [ ©
l .
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5 Hydrol ysis Conditions:- | week exposure to noisture |In anbient
air Resins Used:- Crystic 600 and Crystic 392 Eval uati on Method:- Lap Shear
Tests Silicone seal ant was .used as a masking agent on the fl eece-backed
‘sanpl es sWoces/35389 pol yester- fl eeci ng absorbed t he pol yest ePCTA893563Ther eby
maki ng testing very 10 difficult. The silicone seal ant prevented

- absorption of the polyester resin and/§ @ not adhere to the resins tested.
A |l am nate was then nmade using pol yester resin and three | ayers of surface
ti ssue made from non-woven gl ass fibre veil material, to form an unmasked
shear area of 312mP2 (26mm wi dth x 12mnm | ength). The various | am nates were

then tested. ﬁ The | ap shear results for the various] grades of

pol ypropyl ene jare set out in Table 16 bel ow. WO 95/ 35339 i _
PCT/ US95/ 07631 36 Tale 16: @ p shear results obtained for p8ypr opyl ene’
Sampl e fap Shear Strength (MPa)

FIG 7

20

--9---20 °C

—e—50 °C

— T T ®
o e o] O < N
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‘Nunber Trovi dur PP/V 7032 Trovi dur PP 7032 PPH 1022 Crystic
600 Crystic Crystic Crystic Crystic Crystic 392
.600 392 - 600 392 1. 8. 244 4.144
12.12  WO9§391 9.113 14.20 Substrate 5 2CT/US95/07637. 766
3.885 11. 45 9. 153 8 1|2700 11.89 Substrate 3 9.769
3. 958 8.413 7.112 / 3703 11.32 4 6.913
4.282 Pl atform Poor 10. 25 12.56 Failure G ue-Une 5
Pl at f or m Pratform Pratform Poor— P& orm Poor
Failure Fai l ure Fal l ure Gue-line Failure G ue- line
Aver age 8.173 4. 067 10. 66 8. 959 11. 10 12. 49
10 Based on the above | aps shear strength resufts It Is evident
that by wsing_flugring surfacg-treated PPH 1022 material [@pti num cost (as
the PPH | 0229,mat ri aIEXIs the?l east expensive) and perfoph@nce benefits can
be obtai ped. RFurther push-out|tests of the general type flescribed above,
with referenca toj \ '
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Tables 1 - 7 and Figures 1 - 4 were carried out, and are described in
Exanples 1 - 15 6 hereunder. The tests In Exanples 1 - 6 were carried
out sone nonths after the tests illustrated In Tables 1 - 7, with a better
‘under st and¥P 853832 he i nvention, and I ed to inproved resulté‘nﬁﬁﬁﬂpﬂventlon
wi |l now be described, by way of noqalnnztlng [I'lustrative exanple, with
reference to the follomﬁng Exanpl es and with reference to the 20
acconpanying Tables 1 7 - 21. In the Tables: WO 95/ 35339

PCT/ US95/ 07637 37 Table 17 shows shear strengths (MPa) against sanple
nunber for pol ypropyl ene pipe sanpl es having a reinforced pol yest er

resi n- | npregn M ndi ng
according to tthe process of the Invention, with reference to tthe required
shear strength according to British Standard 5 B.S. 6464; Tablle 18 shows
shear strengtiis (MPa) agai nst sanple nunber for . -
— IR §
N
~
Z
o
O
. — 1
I <
o
i)
o
§u.
1 Q
= %
5=
[t o
&)
N
"
— 7777772777772 ¢
: -
(2]
o=
(14
O

o @® © ¢ o o
(OdiN) HLONIYLS MVIHS dv

14-
12-

SUBSTITUTE SHEET (RULE 26)



*pol ypropyl ene pipe sanples having a reinforcenment of polyester
resin-inpregnated glass fibrous material applied by tape w apping accordi ng
to the process of the Invention, with reference to the required shear
"strengt hw@e¥¥5dhg to British Standard 10 B.S. 6464; Tabl g’@‘@’%ﬂ%’(ﬁ"shear
strengths (MPa) agai nst sanple nun%er fqz pol ypropyl ene and hi gh density
pol yet hyl ene pi pe sanpl es having a @ A 8r cement  of pol yest er
resin-inpregnated glass fibrous material applied by tape w appi ng accordi ng
to the process of the invention, with reference to the required shear 15
strength according to British Standard B.S. 6464; Table 20 shows shear
strengths (MPa inst i I hyl ene pi pe
sanpl es having a reinforcenent of polyester resin-I|npregnated| fibrous -
mat eri al applji ed by tape w apping according to the invention,|wth
reference to ({the required shear strength according to British| Standard B. S.
6464; 20 - Tabl e 21 shows shear strengths (MPa) agai nst panpl e nunber

~ for pol ypropyl ene pi pe sanpl-es having a reinforcenent of polygster
resin-inpregrjated fibrous material applied by hand | am nati on| aggording to
the Inventior, with reference to the required shear strength acéording to -
British Standard B.S.. 6464; and 25 T : ‘& rengths .
(MPa) agai nst| sanpl e nunber for high density Q}\

NT384P

I
DION 9100

FIG 10

—y 00000

CRYSTIC392 CRYSTIC600

T - T T T
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pol yet hyl ene-pi pe sanpl es having a reinforcenent of epoxy resin-I|npregnated
fibrous material applied by filanent w nding according to the Invention,
‘with reference to the required shear strength according to British Standard
B.S. 6464 . WOR¥3§3B%orinati on of the pipes was carried out baraIwsss®7éam an 11
mMerr] mld steel 30 reactor. Pipes _were placed In the reactor and the
reactor was evacuated to an absol utlel pfﬂe?sure of 10 kPa. Then a
Flerr]/Nerr] mxture conprising 20% by volunme F2 was bled into the reactor
to a total pressure of 30 kPa. The fluorination was WD 95/ 35339

PCT/ US95/ 3163-7—38—ea444-e-d-gu-t—a1_mnm.i_enper ature faor 30% nutes, after

whi ch thelreactor was evacuated and the pi pes renmoved. K Exanple 1, six
pol ypr opy| ene pi pes were used. The pol ypropyl ene materi 4| was PPH2222. The
pi pes werf all 110mm OD C ass 10 piping having a 5 lM®udl L thickness of 8.5
nm None pf the pipes was degreased before fluori nati n.LeRi pe nunbers PP 1

- PP4 werp degreased with MEK and pi pe nunbers PP5 and RRD were degreased
with acetpne after fluorination and before rei nforcf; ntl was appl i ed.

1200 1400

1000

TIME (min)
FIG |

800
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200 400
—e— HDPE HZO
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* The reinforcing technique used was filament w nding. The primary ai m of
Exanple 1 was to evaluate resins for adhesion of fibrous reinforcing to the

pi pes. On al

° of

None of the

| the 10 pipes this resin was left to gel before the |ayers

resi nwopseasat ed reinforcenent were applied. For Exanpicrnéseshrdsy
pol ypropyl ene pi pes were used. The
pi pes were al

oI.%roperne mat eri al was PPH2222. The
ﬁ ﬂ% having a wall thickness of 7.0 nun.
Al 15 t he pi pes

90 mm OD C ass 10
pi pes was degreased before fluorination.

were degreased with MEK after fluorination and before reinforcenment was

applied. The relnfor0|ng technlque used was tape mwapplng

of Exanpl e 3
adhesi on of
|'ayers of 'tH

Qe primry aim

relnforcenent to the plpes ThIS resin was | eftf "To gel before
e resin- inpregnated fibrous reinforcenegt were¢ applied. 20

For Exanpl e |3, four pol ypropyl ene and four high denstty pollyet hyl ene. pi pes
were used, vhose pol ypropyl ene materi al and pol yethyllene ngf\@ri al were
respectivel y PPH2222 and GWb010. The polypropylene pi\pes wer=&¢ all 1 10 mm
OD cl ass 10 |pi ping having a wall thickness of 8.5mm W I the pol ypropyl ene
pi pes were degreased with MEK before fluorination. O}the pol ypropyl ene
pi pes, pipe |25 nunbers PP1 and PP2 were degreased pth (and pi pe
nunbers PP3|and PP4 were not degreased), after fluorifatiof&nd before the
resin-inpregnated fibrous
O
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‘reinforcement was applied. Simlar degreasing was applied to the high

density pol yet hyl ene pi pes.

The reinforcing techni que was tape w appi ng.

.The primary aimof Exanple 3 was to do repeatability tests on CRYSTIC 600

as the r eaxows/3s339 30

adhesi on of the fibrous reinforcenmmdarusesntes? pi pes,

to eval uate degreasing (and no degreasing) after fluorination and before

the resin-inpregnated reinforcenen
PCT/ US95/ 07637 39 appl i ed,

On al

1 349

WO 95/ 35339

to evaluate an alternative sanpling technique.
t he pipes the resin used for adhesion of the reinforcenent,

and t he

rei nforcenent, were applied nore or |ess simultaneously. In other words,

the resin appli gg—tothe prpe surface was not teft to gelpefore the
resin-inpregnatgd fibrous reinforcing |ayers were applied. 5 ' For
Exanpl e 4, four {high density pol yethyl ene pi pes were used, the jpateri al
bei ng GW010. The pipes were all 90mm OC cl ass 12 piping having a wall
t hi ckness of 10.]5 Mt Gmid 36 Sitof—Go-GH=8-2:5-8-Ch itV af=D I
fluorination. Al t fe—pipes—~ere—Stbiecied—o—a—propretary treAEgﬁnt after
fl uorinati on whqgr eby—the—p+pe—surtaces—were—wped—wth—ble-aguHes C
sol ution, using [Ki mrpe—paper '
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-10

being then rinsed with dem neralized water and left to dry. None of

t he pi pes was subjected to any ot her degreasing after fluorination before
rei nforcenent was applied. The reinforcing technique used was tape

i nstead o

*Wr appi ngwfoT%g%%

i mary aimfor

| C 600 for adhesion to'the pipe of the fibrous

Exanpl e 4 was to eval uat e OpOEMSYSTEITS

reinforcement. On all the pipes th§ 4¢4ih applied to the pipe 15

surface, and the

rei nforcing |ayers,

the materi al

were applied similtaneously,
any gelling of the adhesive resin applied to the pipe surface.
5, two pol ypropyl ene pi pes were used,

were 50 mm OD da
wer e degreased w
degreased after
The reinforcing
Exanple 5 was to
adhesi on of the
resin was applie
resin-inpregnate
one high density
pi pe was of 160
The pi pe was deg

bef ore

For Exanple
bei ng PPH2222. The pi pes

TOprprng naving a wal It hi ckness of 40nm | the pipes
th MEK before fluorination. None of the 20 gi pes was
f | uorination and before fibrous reinforcenent wgs applied.

[ echni que used was hand | am nation. The prinmary faimfor
eval uate CRYSTIC ' ' ppes for
f i brous rei nfqrceng P : di B8s this
dl as a coatind and HelH—Fe—<tre—berere theTayeHs <of
 fibrous reinforcement—25 Were apptied—For|Exanpl e 6,
pol yet hyl ene pi pe was used,'the material bei ng |GW010. The
™ OD cl ass 10 piping having a wall thickness off 15.0 nm
reased neitherbefore fluorination nor after gg
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“fluorination and before reinforcenent was applied. The reinforcing

t echni que used 30 was filament Wi nding. The primary ai mfor Exanple 6
was to evaluate PRO- STRUCT 7907 as a resin for adhesion of reinforcenment
‘to the piwe9sissizfPRO- WO 95/ 35339 : PCT/US95/07637

PCT/ US95/ 07637 40 STRUCT 988 as a .[lgig.}or I mpregnating the reinforcenent.
The PRO STRUCT 7907 was applied as é aling and left to gel before the

| ayers of resin-inpregnated fibrous reinforcenent were applied. Pipe

sanpl es were cut fromthe m dpoi nt outwards and nunbered as follows: 3 1 2
.4 Two testing techniques were used |l e a standard and an alternative

technique. In tl chni gue a . ng 0 € or PP was
machi ned out of ja 60mm | ength of pipe sanple for the purposes of |iner
push-out tests.|In the alternative technique 20mm | engths of pijpe sanpl es
were cut and no|HDPE or PP 10 was mnmachi ned out. Tooling was [desi gned
“appropriately for the purpose of |iner pus—eimt-estsme— Y
: ' w
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2
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FIG I5
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* The push-out tests Involved the pushing of the HDPE liner or the PP |liner
of each test piece, out of the reinforcing, and the neasuring the force
required to do so. The shear strength or 'push-out' strength was then

< cal cul at |l ows: 15 Shear strength (MPa) F/ [ er rgcrudosiobeaane F = .
v? 98135338
orce re

maxi mum quired to shear the pipe fromthe overwapping (N) d pipe.
outer dianeter (mm e = liner pusﬁ-w’v ?ength (nrmm 20 : Results for
Exanmples | - 6 are set forth respectively in Tables 17 - 22 hereunder.

WO 95/ 35339 :
PCT/ US95/ 07637 41 EXAMPLE | Table 17 Test Results Pipe number Adhesi on

| mpr eg- Sanple—Pipe Push — Eailure ——Shear—Average—

MEK

——

ACETONE

ETOH
FIG 16

TCE
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5 (Material) resin nadon Nunber aD out | oad
Suess " of resin (mm |l ength (tonnes) (MPa) sanples

tmm (Mpa) PP1 Di on Di on 9100 PP1/ 1
PP1/ 2 110 20.0 6. 14 8.7 PP1/3 110 20.0 6. 40
9.1 1Q 17/1 Z PP1/ 4 110 20.0 6. 50
9.2 PP1/5 110 20.0 5.82 .3 PP1/6 110 20.0 6. 50
9.2 PP2 .crystic Crystic PP2/ 1 110 20.0 7.15
10. 1 9.10 (Poly-prop) 600 600 PP2/ 2 110 o 20.0
6. 00 8.5 15 - . i PP2T3 110
20.0 6. 22 8.8 PP2/ 4 110 20.0 6.41 - 9.1{PP2/5 110
20.0 6.70 9.5 PP2/6 110 20.0 6. 00 8. 5{PP3
Der a- kane Derfakane . PP3/ 1 110 20.0 4.88 6.9 8.49 20 .
(Pol y-prop) 470 411 PP3/ 2 ~ 110 20.0 .80 8.2
PP3/ 3 110 20.0 4.55 6.5 PP3/4 110 20.0 6. 80
9.7 :
| T
|
'
1
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- N
/
|
' o
| 4
3
] I
I w O
/ =L
-
|
| Ne)
X
w ¢
=
H
X
L T T O !

(OdW) HLONIYLS UV3HS dv1

SUBSTITUTE SHEET (RULE 26)



* PP3/5 11 20.0 .37 i 10.5 PP3/ 6 110 20.0 6. 50

9.2 25°  PP4 (Poly- e Derakane . PP4/1 110 20.0

5. 48" 7.8 lsShEetH@s : 084 411 PP4/2 - 110
20.0 * 6.00 ” thinced 110 20.0 4. 44 6.3 PP4/4 110
20.0 5.74 m, 110 30.0 4.8 S |
PP4/ 6 110 ; 7 3 PP5 L—Tﬂlﬁ SHEET HAS BRERN )i ¢
PP5/ 1 110 .- 20 0 3. 30 '5.22 (Rply- prfi-ACED 100 600
PPS/2 - 110 20,0 2.90 4 1 PP5/ 3 TTO 20.0 2.42
3.4 PP5/4 20.0 4.90 7.0 35

g’f’g’ gpe 110 Pngr%ltns‘ésr rok ?%E PléODL?@ﬂ@FD;\Z ng PLAJleHg com?@r\%mg

7.1 8.21 (Poly- pFO}R)CONTJKN\HNI@ ANDSOR TRANSFRIRTING FLum;@ : 20 0

5. 80 8.2 600 - PP6/ 3 110 20.0 5.45 7.7
40 _ PP6/ 4 110 . 20.0 - 6.40
9.1 PP6/5 110 20. 0 5. 65 8.0 ' )

THIS "INVENTION relates to a process for the production of plastics

5 components, eg components for containing and/or transporting fluids, wherein the
components are strengthened or reinforced 'by a resin-impregnated fibrous
material. The i__nvention also relates to such strengthened or reinforced
components, in barticular p?pes and tanks, particularly when produced by means

- of said process.

. 10 By way of background the Appllcant is aware:that- published Japanese
| Patent Application JP-A-62/070 028 discloses treatment of thermoplastic resin
polyolefin, with a low temperature tetrafluorocarbon plasma. This treatment,
however, is for the purpose of preparing the polyolefin surface for laminating the
polyolefin with a layer of thermosetting resin by heating. |

15 According to the invention, in the production of 8 component of a plastics
material which is strengthened and reinforced by a resin-impregnated fibrous
material which adheres to a surface thereof, by contacting said surface of the
component with a fibrous material impregnated with a resin in a settable state, and
effecting setting of the resin while causing the fibrous material to adhere to sdid

20 surface of the component, there is provided the process whlch comprises using as
the plastics material a polyolefin material and which mcl( des the step, prior to the
contactlng, of subjecting said surface of the component to activation thereof, the
activation being by surface fluonnatron by exposing the surface to be fluormated
to a fluorine-containing gas at a pressure of 1- 500 KPa, at a temperature of above

25 0°C and below the meltgng point of the rnatenal of _the comp'onen_t.

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

AMENDED SHEET 1o e



‘PP6/ 6 110 20.0 6.41 9.1 . WD 95/35339

.PCT/ US95/-:07637 42 EXAMPLE 2 Table 18 Test Results Pipe * Adhesi on

I npreg Sanple Pipe Push Failure Shear - Average 5. . -Rumber -
resin ' -nadon nurrber oD out | oad stress  of (rraterl aIB
resin Iength (kN) (N@a) sarrpl es (mj -

E(J!Vgg) ( Ilztljlly_pr Opil'he()%ynponen%m%/ el—*’PPY‘;" °"§t9"°w CV"Q@"gal eEQé'gBﬁgaT%zsﬂiPOe
PP1/3 9 cross-sétidn, sGRabBR for &analﬁﬂjﬁi/a‘hd/o%ansportﬁfb QfIUIQGQn%rtlcéﬂarZhe
PP1/5 90 - 20.0 64.74 11.4 PPl/6

component may be a pipe or pipe fitting, or a tank. While the polyolefm matertal
may be any suitable hydrocarbon polymer, typically, the polyolefin material is
5 polyethylene (PE)}, eg high density polyethylene (HDPE),‘ polypropylene (PP), or
polyolefinic copolymers such as copolymers of ethylene and propyiene, eg'
~ ethylene-propylene-diene monomer elastomer (EPDM), or blends of such polymers.
Accordingly, the polyolefin material may be selected from polyethylenes,
polypropyienes, cop.olymers of ethylene and propylene and b_lerids of éuch
10 polyolefins; and the surface activation may act to provide the surface-activated
| component with a surface tension at 20°C of at least 40 mN/m. .The polyolefins
used i'nclude unmodified or modified polyolefins, eg those modified by containing

' ethyi vinyl acetate as an impact modifier.

--Any suitable surface fluorination technique can be used to fluorinate the
15 surface of the component before the fibrous material is adhesively secured thereto.
'By fluorinated is meant that the surface of the pipe or tank is'treated with a
ﬂuorihe-containing gas to provide fluorine substituents bound to said surface.
Examples of suitable fluorinating techniques include, for example, those described
in US Patents Nos. US 3,647,613; US 3,862,284; US 3,865,615; US
20 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 EP O 214 635, and South African Patents
Nos. 85/9500 and 87/8240, at least some of which describe techniques which can

be adapted for the oxyfluorination mentioned hereunder.

25 Preferably the activation is by surface fluorination, more preferably surface
oxyfluorination, and may be by exposing the surface to be fluorinated to a ﬂuori_ne-
containing gas at a pressure of 5-150 kPa, and at a temperature typically of 20 -
100 ° C. By oxyfluorination is meant that the suiface is provided with flucrine and

-' oxygen substituents, eg on -CHj and/or -CHg groups forming part of the surface.

30 The fluorine-containing gas may comprise fluorine itself (Fz), it may comprise

gaseous'compounds'contain-ing fluorine such as CFg or SFg, it may comprise a

fluorinated noble gas such as XeF 5, or it may comprise a fluorohalogen such as
Yo .
Thi 1 the replacemont shoot
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"PP1/7 90 20.0 68.63 12.1 15

PP1/8 90 20.0 72.06 12.7 PP2. Crysdc Crystic PP2/1
-, 90 20.0 9.69 1.7 9. 64 (Pol yprop) --—j 2/2 90
20.0 57.41 10.2 PP2/3 90 120.0  56.7 THISBH&EPPWE'M ©20.0
58.27 10.3 20 3 PPREPLAGHD 0.0
61.31 10.8 PP2/6 90 20.0 65.36 11: 90 20.0
60.38 DTIFZ, BPEéBIF-/,%.»r the ZmleOlt slﬁﬁnl&?urthlar beBnbEY that bothGi¥8fih&tion and
Crystic PP( 1 10.9 10.63 25 (Pol yprop)
600 PIEXY uorg@tlon canzla Bnnmg bg carfigdgoppdin Jnertgliquid meglig’in lqj'ga

_ééS/ZGPP?’/ﬂ‘horlr%im(? coﬁ'{bcﬁmd §ch’7@$ 2 ]foo?ereE)@’éﬁtamlgﬁ gas ofdnd typ%ﬂr?é@mon%g 2

PP3/7  @boveis dz%ﬁqbved efslth@r W'motg cmfqu (O gor 04); Foedluorge-gentaining gaps
Crysti 6 mayf¥ahigart oPB4hiktureWith othe? dases dud as xifes of Zuﬁ:%ur, oxides of

nitrogen or oxides of carbon, halogens, interhalogens, nitrogen, oxygen, ozone or
mixtures thereof, such.as air. The proportion of the fluorine-containing gas in such
gas mixture can vary within wide limits, the fluorine-containing gas forming 0,1-
99,9% by volume of said mixture, typically forming 1 - 30% by volume thereof.

10 Particularly preferred gas mixtures inciude those comprising 5 - 20% by volume of
ﬂuorinating_ gas suchas Fy and 5 - 95% by volume oxygen (05 or O3), so that the
surface fluorination is a surface oxyfluorination. The fluorination 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

15 control of the composition of gas mixtures therein, .and will normally be carried out
batchwise. Accordingly, the fluorine-containing gas may form part of a mixture
with other ga'ses, the ﬂuorine-containing' gas forming 1-30% by volume of said
mixture and the temperature being 20-100°C; and in this case, as indicated above,
the gas mixture preferably comprises 5 - 20% by volume of the fluorine-containing

20 gas and 5 - 95% by volume of oxygen, so that the surface fluorination is a surface .
oxyfluorination. - ’

As indicated above, the surface fluorination may be such as to provide the
surface activated component with a surface tension at 20° C of at least 40 mN/m,
pre'ferably at least 45 mN/m.

25 After the oxyfluorination of the surface, the surface may be subjected to
post-fluorination hydrolysis treatment, as far as possible to hydrolyse additional'
hydrolysable chemical functional groups on the surface. In other words, ‘after said
oxyfluorination, the surface may be subjected to hydrolysis, to hydrolyse non-
hydrolised chemical funﬁ:tional groups on the surface. The post-fluorination -

This Sheg
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“tPolyprop) 600  .600 PP4/2 90 @ % 8.3 PP4/3 90
20.0° 14.36 - 2.5 35 - cf \0)0 m 20. 0

?309%@417 WS'zo 0 W%ﬁﬁg&ﬂﬂﬁﬁiﬁx&“@g‘%_ 20. 0 11 125'085
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“WD 95/ 35339 PCT/ US96/ 07637
48 [err] WD 95/ 35339 -

PCT/ US95/ 07637 49 Exanple 6 Table 22 TEST RESULTS Pi pe Adhesi on
~lnpregnation Sanple Pipe Push Failure  Shear Aver age 5
nunber resin . resin ‘numberg CD out | oad Stress
'(()}‘vp(;\/aterlal) ( (nmm length (kN) .
a licat h r
Pro Struct p?é)eElmhe a6POD icator, arm t en réM?ﬁE %ﬁi‘ng the Iergé'éh It glt%% Plpe

7909 wggdirectionally npngnezoppggﬁe dquglcyg Thuq;nghe fl@n@ergng.) apphed in a
PEI/3  X8irectidialPday. 70. 17 - 10.3 PEL/4 160 14.86  67.23 9.0

While the three processes, i.e. hand lamination, tape wrapping and machine

5 filament winding, are substantially different, certain ratios of fibre to resin, ratios

of catalyst, temperature and many others remain a common denominator. It will

be appreciated that filament winding Wl" normally be more effective than hand
lamination or tape wrapping. _

The invention extends further to a c.ompohent of plastics material which is

10 strengthened and reinforced by a resin-impregnated fibrous material which adheres
to a surface thereof, whenever produced in accordance with the process'-desc_ribed
above. _ ' |

. The invention will now be described, by way of non-limiting illustrative
example, with reference to the following tests .énd experiments and with reference

15 to the accompanying drawings. | '

' In the drawings: .

Figure 1 shows a plot of shear strength (MPa) against sample number for
high density polyethyl_ene pipe samples provided with a reinforcing of epoxy resin-
impregnated glass fibres or polyester resin-impregnated glass fibres according to

20 the process of the invention, with reference to ‘the required shear strength
according to British Standard B.S. 6464 to illustrate the strength profile of HDPE
pipes; |

Figure 2 shows a plot of shear strength (MPa) against sample number for
polypropylene pipe samples provided with a reinforcing of epoxy-resin impregnated

25 glass fibres or polyester resin-impregnated glass fibres according to the procesé of

" the invention, with reference to the required shear strength according to British
Standard B.S. 6464 to illustrate the strength prof'ile of PP pipes;

Figure 3 shows a plot of shear strength (MPa) against sample number for
high density polyethylenéc and polypropylene pipe samples provided with a

30 reinforcing of epoxy resin;impregnated fibres according to the process of-the
invention, with reference to the required shear strength according to British
Standard B.S. 6464 to illustrate the strength profile using an epoxy resin;

Figure 4 shows a plot of shear strength (MPa) against sample number for
high density polyethylene and polypropylene pipe samples having a reinforcing of

35 polyester resin-impregnatéd fibres according to the invention, with reference to the
. \

This is the rophumm sheét
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'PE1/ 5 160 12. 04  65.17 10.8 PEI/ 6 160 15. 33 76. 64 9.9 It
i s an advantage of the invention that it permts polyolefin pipes and tanks
.to 15 be strengt hened or reinforced by a resin-inpregnated fibrous
wrapping material. As the bond between the resi'n and the surface activated
pi pe or tank Is believed to be a chem cal bond, the process Is |ess |abour
I ntensive than simlar processes in which the bond is a nmechanical bond. As
a result, rdlfifrd BRSarCstréAaSacEErdNG2S BritRiestaiddrare el dfsipsg 1P
can be rrarr?tt?f actured at |ower cost. @ WS 95/ 35339r P8 ﬁug{ré 50
PCT/ US95/ &¥yengthl profile pisitg apgp@y@stardasiéf a conponent of. a plastics materi al
which |s stren o8l MAvE & BIGY 6fdap: to BRI nati
g?&ﬁ@ B aﬁ sHE eétt%/h%mj% gt Ste 6)&” jnation

material which eres to a surface thereof, ontdcting said surface of
t he conpotegneasind tine i fior olSEnandrMEK. i ther EGFaresulis indigatingi # predgminant
set t abl f t4 ting of the resin while 5 causing the

fi brous§n;r§alttag¢°?m @?g"g fgér}ewng'glg'd surface of the conponent, the process

whi ch conpri sebigwe fyshewsreplot afttap sheat streagttaagaingtoaf/flnorimatonaimaridr
whi ch Inc‘lf,fg,des the step, prior to the contacting, of subjecting said

surface of the conponent to - ,
Figure 7 shows a plot of lap shear strength against oxyfluorination time for
HDPE; | |
10 Figure 8 shows a plot of lap shear strength against oxyfluorination pressure;

Figure 9 shows a plot of lap shear strength for each of the resin materials
when TCE is used as a degreasing agent and oxyfluorination is employed;

Figure 10 shows a plot of lap shear’strength for each of the resin materials
when TCE is used as a degreasing agent and fluorination is employed;

15 Figure 11 shows a plot of 'PAS units against hydrolysis-timé of HDPE and PP
(IR peak = 1848 cm™!, baseline 2000 - 1632 cm™};

Figure 12 shows a plot of relative PAS peak heights (REL) units against
hydrolysis time of HDPE and PP in air (IR §eak = 1844 cm'1, base line 2000 -
1532 em™1); | |

20 Figure 13 shows lap shear strengths for various degreasing agents when
oxyfluorinated PP is employed and the resin is CRYSTIC 392; |

Figure 14 shows lap shear strengths for various degreasing agents when
oxyfluorinated PP is employed and the resin is CRYSTIC 600;

Figure 15 shows lap shear strengths for various degreasing agents when

25 oxyfluorinated PP is employed and the resin is DION 9100;

Figure 16 shows lap shear strengths for various degreasing agents when
oxyfluorinated PP is employed and the resin is N7384PA; and

Figure 17 shows a plot of lap shear strength against post-degreasing drying
time in I"{o_urs when oxyfluorinattion is employed using MEK or TEC as degreasing

30 ag'ent' and the resin being CRYSTIC 392. | '

Push out tests were done on HDPE and PP pipe sampies:which were provided
with external reinforcing of epoxy resin-impregnated glass fibres by the process
| | \ .-'! ) -{‘ :
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activation thereof. 2. A process as clained In claiml, in which the
polyolefin material is selected from1Q  polyethylenes, poI ypropyl enes,
copol yners of ethylene and propyl ene and bl ends of such pol yol ef i ns, t he
surface activation being selected fromat |east- one of corona_di '
activation, ener gy beam act i vation, pla activati
fluorination activation process *as cl ai ned
_precedi ng pkai ns,’ Inw e surface 15 activatio
surface- actlvat ed conpone W|th a surface tension at 20[err]C of at | east
40 MV m 4. r& s,;»\h claimed.in claim3, In which the activation Is
- by, surfaceDmmrl tron and |Is by exp““* J:ihe surface to be fluorinated to
a fluorine-containing gas at a pressur€=ér—1-500 kPa, at a tenperature

~ above O[err]C and bel ow the mel ting point" of the 20 material of the
conponent . 5. A process as claiped in . claim I n,whi.c . . .
f1 uori ne- dent alh?nﬂ'% Produgrgg Bgr'? GPMPIRSRY, |‘°3 B tma%tﬂ?ﬁarmag?@ whigh is
fl uorine- Qﬂ@hgtﬁ%ﬁ& ﬂ?&réﬁ@fd?bé&bﬂ«a&@%lbh‘nm@gwﬂe@ﬁbmmwalIvﬁ'uahdidhbees
tenperature béing 20-1 00[err]C cess as clainmed In l_.al%
whi ch thetg@ssunfmwéereefrpbv §8§t@t1ngee@t¢2%" Pbthgcogprenrnt wit "-”“
fluoring: mreﬁan[rnsre@,%te@%ﬁq a 1351 #Ya \é@h%?e gfateXKAENsFidind8éttiteof the
surface fluorirnation™s a surface oxyfluorination.

resin while causing the fibrous material to adhere to said surface of the component,

the process which comprises using as the plastics material a polyolefin material and
which includes the step, prior to the contacting, of subjecting said surface of the
component to activation thereof, the activation being by surface fluorination by

10 “exposing the surface to be fluorinated 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
material of the component. ' .

2. A process as claimed in claim 1, in which the polyolefin material is selected
from polyethylenes, polypropylenes, copolymers of ethylene and propylene and
15 blends of such polyolefins.

3. A process as claimed in a_ny' one of the preceding claims, in which the
~ surface activation acts to provide the surface-activated component with a surface
tension at 20°C of at least 40 mN/m. '

4, A process as claimed in any one of the preceding claims, in which the
20 fluorine-containing gas forms part. of a mixture with other gases, the fluorine-

containing gas forming 1-30% by volume of said mixture and the temperature
being 20-100°C.

5. A procéss as claimed in claim 4, in which the gas mixture comprises's -
20% by volume of the fluorine-containing gas and 5 - 95% by volume of oxygen,
25 so that the surface fluorination is a surface oxyfluorination.

\
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Thi s¥Sheet — 51 1. In the production of a conponent of
& pl astlcs | whi ch is strengt hened and rei nf-or ced by a fibrous
_materi al gmn ”u 'm jated with a resin which-adheres to a surface
" of the corrpo 3 said surface 5 of th¢ ¢ompon "vvr’r‘-ﬁ‘ i d
fibrous materi al |rrpregnated wi'th the resin in a set Ilable ﬁt,,@lte,h,hﬁél =N
effecting setting of the resinto causg said resin-it LMS :'E
material to adhere to said surface of l%e conponent, the process

conpri sés usiMgpraseddas WidsifiddCin BRAGAIS N dvHehy afelisaideketiualinatd W@h&“
I ncl udes the step, prior to the cont acti ng, of subjecting said sur‘?ace of
the conBYHage '5@”@?@@9IW§?YQ§@N%I’ eof, the activation being by surface
fl uorination by exposi ng the surface’ of the conmponent to a
fluorine-containing gas at a pressure of 1 - 500 kPa, the gas being at a
tenper aZure & pabosss &[sed:la]rﬁ‘e@rid arhe opkasf ithe psmt:edlny chdi mbhén O AL €Y

havi ng rreltl n%ei) I ove sali d gas terrperatur&‘ process as
cl ai ned Prows matekial js,s FEWdt %SB‘%P‘?%ff‘é’lqu egpof E"Qérf‘ééme@saﬁmm
pol yes hyh&88% wiRlr¥emopyl enes, copol ymers of ethylene and propyl ene and

8. A process as claimed in claim 7, in which the reinforcing material has fibres
which are selected from glass fibres, carbon fibres, polyester fibres, polyamide

fibres, polyolefin fibres and mixtures thereof.

S. A _process'as claimed in any one of the preceding claims, in which the

10 surface is subjected to degreasing prior to activation thereof.

10. A process as claimed in any one of the preceding clairhs, in which the
surface, after activation thereof and.prior to the contacting, is subjected to

degreasing.

11. A process as claimed in any one of claims 1 - 10 inclusive, in which causing
15 the fibrous material to adhere to the surface of the component is by means of a
resin which is different from the resin which impregnates the fibrous material, each

resin being selected from epoxy resins and polyester resins

12. A process as claimed'in any one of claims 1 - 11 inclusive, in which causing
the fibrous material to adhere to the surface of the component is by means of a
20 resin which is the same as the resin which impregnates the fibrous material, each

resin being selected from epoxy resins and polyester resins.

13. A comﬁo'nent"o_-f- a plastics material which is strengthened and reinforced by

aresin-impregnated fibrous material which adheres to a surface thereof, whenever

produced in accordance with the prbcess of any one of claims 1 - 12, .
- Thin is the ropheemlm
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bl ends of such polyolefins. 3. A process as clainmed in any one of the
preceding clains, in which the surface activation a
surface-activated conponent with a surface tension ltné}ﬂ_@@gﬁj{;mﬁsﬂ@sti] 40
mMVm 20 4. A process as clainediin any one of theg preCfS g in
which the fluorine-containing gas forms fart of a gasD4® X rb Qamﬂloth%
gases, the fluorine- containing gas form ng 1-30% by=:

m xture and the PRQEESS HAR JHE RBOPUICTHON OFe PLASTIC ZLOMRNENTS. 5 A
process as clained i ises 5 -

20% by vol unme of theegﬂgméwww&%igmﬁ%@wgol ume of
oxygen, so that the surface fluorination is a surface oxyfluorination.

6. A process as claimed in claimb5, in which, after said oxyfluorination,

the surface is U éUVEBJTl@Myghamwpsa process fielodbespepdudtioinmed plassiey

cur  ace o Ay reg kEBmenls 1P ohes M /By raEb Bl gy WRFgbiife' ©

components are strengthened or reinforced by aresin-impregnated fibrous material.

The invention also relates to such strengthened or reinforced components, in

particular pipes and tanks, particularly when produced by means of said process.

By way of background the Applicant is aware that published Japanese

10 Patent Application JP-A-62/070028 discloses treatment of thermoplastic resin
polyolefin, with a low temperature tetrafluorocarbon plasma. This treatment,
however, is for the purpose of preparing the polyolefin surface, by etching, for

laminating the polyolefin with a layer of thermosetting resin by heating.

According to the invention, in the production of a component of a plastics

15 material which is strengthened and reinforced by a fibrous material which has been
impregnated with a resin which adheres to a surface of the component, by
contacting said surface of the component with said fibrous material impregnated
with the resin in a settable state, and effecting setting of the resin to cause said
resin-impregnated fibrous material to adhere to said surface of the component,

20 there is provided the process which comprises using as the plastics material a
polyoiefin material and which includes the step, prior to the contacting, of
subjecting said sﬁrface bf the component to activation thereof, the activation being

by surface fluorination by exposing the surface of the component to a fluorine-
containing gas at a pressure of 1 - 500 kPa, the gas being at a temperature of

25 above 0°C and the plastics material of the component having a melting point

above said gas temperature.

By activation is meant that the surface of the 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.



8. . Aprocess as clained in claim7, in which the fibrous material has
fibrés vhich are selected from polyester fibres, polyan de flbres

pol yol efin fibres and m xtures thereof. 9. A pr ogess—=as—ctaiFet Any
one .of the preceding clains, in which the 10 surfad eREBLAOEMéG’LTé’d*EtES .
degreasing prior to activation thereof. 1®. A prodess asq{g n gny
one of the preceding clains, in which the surface, TDater Yo va{roﬁ t fjer eof
and prior @8:3 kﬂ!FgorlnE?.cot t’@ﬁ like dushaddddrther hegrata """"" nogsahoas
clained in one .o cl usi,ve, | n.whi c usi ng t he

fi brous na?’g\%){‘écf”’{a&'%[hﬁ@P tBr'?WBilesBPf%%'é'ero‘t”hE’ é’(‘ﬂbg madigyinnedieh & a
resin whi chuosnating %bﬂ‘modrfd)mjéﬁ%sr@?Idﬂ;rW&LﬁhthWﬁﬁwt@Istﬁé‘ ¢ M&Hfoned

material, each resin being selected fromepoxy resins and po ester re5| ns.
12. A proeReve isdissalyesbawith ofvyitheie axfygendOpmorOs). [Khe ﬂuws;e-aentammggam

r h e s rface of t.he mpone
g? ursr{eggsé 2’?‘ g f%lﬂr esr??rf g rh?;{'%u Vﬁ%e%gnéggéat%ﬁ A PRidgs;aof I‘?uilrﬁﬂ'f é’l’féf{]eésofhe
fibrous natiemoigah, oremdtes of carbue, halcgdnse iredriidlogens) Mitropea) BRyGer dXInest er
resins. 13.. A co one a pI tics material which is strengt hened and

r ei nf or ced"B§f IS rﬁopﬁﬂpéﬁﬁé‘ﬂred he Bropestinn ot theflugrnegontaisingsgasinsuch
surface t *@Jseﬁﬁxtu‘l‘@%ﬁﬁ‘/\?dry%i?ﬁﬁ'\c\ﬁihé Wi hENGFINY-ESheblHing 938 $3Pmlg BIY-

one of clains
99, 9% by volume of said mixture, typically forming 1-30% by volume thereof. _

10 Particularly preferred gas mixtures include those comprising 5 - 20% by volume of
fluorinated gas such as Fo and 5 - 95% by volume of oxygen (05 or 03), so that
the surface fluorination is a surface oxyfluorination. The fluorination will usually
take place in a reactor comprising a vacuum chamber with provision for feeding
thereto and withdrawal therefrom of gases, pr.essure control, temperature control

15 and control of the composition of gas mixtures therein, and will normally be carried
out batchwise. Accordingly, the fluorine-containing gas may form part of a gas
mixture with other gases, the fluorine-containing gas forming 1 -30% by volume
of said gas mixture and the temperature of the gas mixture being 20-100°C; and
in this case, as indicated above, the gas mixture preferably comprises 5 - 20% by

20 volume of the fluorine-containing gas and 5 - 95% by volume of oxygen, so that

the surface fluorination is a surface oxyfluorination.

As indicated above, the surface fluorination may be such as to provide the
surface activated component with a surface tension at 20°C of at least 40 mN/m,

preferably at least 45 nM/m.

25 After the oxyfluorination of the surface, the surface may be subjected to
post-fluorination hydrolysis treatment, as far as possible to hydrolyse additional
hydrolysable chemical functional groups on the surface. In other words, after said
oxyfluorination, the surface may be subjected to hydrolysis, to hydrolyse non-

hydrolised chemical functional groups on the surface. The post-fluorination
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polyester, a polyolefin, or a polyamide such as KEVLA registered trade mark),
may also be used. Mixtures of said fibres may also be used. The synthetic fibres
may be fluorinated. Thus, the fibrous material may be subjected to surface
fluorination thereof prior to impregnation thereof with resin: and the fibrous
material may have fibres which are selected from polyester fibres, polyamide fibres,
polyolefin fibres and mixtures thereof. The fibres may be in the form of chopped

strand mat, unidirectional roving, woven roving or continuous roving.

According to an important feature of the invention, the reinforcing material
optionally comprises a plurality of resin-impregnated fibrous layers, the layers
adjacent and nearer the pipe or tank surface being resin-rich and the layers further
away from the pipe or tank surface being resin-poor. Typically, the mass ratio of
resin to fibres in the layer nearest to the pipe or tank surface is greater than 70:30
and the mass ratio of resin to fibres in the layer furthest away from the pipe or tank
surface is less, being about 70:30 for chopped strand mat, about 50:50 for
unidirectional or woven roving, and about 30:70 for continuous roving. Typically
the highest mass ratio of resin to fibres is maintained for the first few millimetres
thickness closest to the activated surface, eg 1 - 2 mm. In other words, the
process may comprise reinforcing the component with a plurality of resin-
impregnated fibrous layers, the mass ratio of resin:fibres in the layer closest to the
activated surface of the component being at least 70:30, preferably at least 80:20
or more, such as 90:10 or more, and the mass ratio of resin:fibres in the layer
furthest from the activated surface of the component being 70:30 - 30:70, said
mass ratio decreasing in a direction away from the activated surface and normal
thereto. By this means, a good wetting by the resin on the surface of the pipe or
tank is achieved which improves the adhesion of the resin to the pipe or tank

surface.,

The surface of the pipe or the tank may be subjected to degreasing prior to
fluorination thereof and/or after fluorination and prior to applying the layer of resin-

impregnated material thereto to improve the adhesion of the wrapping material to
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1. In the production of a component of a plastics material which is
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strengthened and reinforced by a fibrous material which has been impregnated with
a resin which adheres to a surface of the component, by contacting said surface
of the component with sa_id fibrous material impregnated with the resin in a
settable state, and effecting setting of the resin to cause said resin-impregnated
fibrous material to adhere to said surface of the component, the process which
comprises using as the plastics material a polyolefin material and which includes
the step, prior to the contacting, of subjecting said surface of the component to
activation thereof, the activation being by surface fluorination by exposing the
surface of the component to a fluorine-containing gas at a pressure of 1 - 500
kPa, the gas being at a temperature of above 0°C and the plastics material of the

component having a melting point above said gas temperature.

2, A process as claimed in claim 1, in which the polyolefin material is selected
from polyethylenes, polypropylenes, copolymers of ethylene and propylene and
blends of such polyolefins.

3. A process as claimed in any one of the preceding claims, in which the
surface activation acts to provide the surface-activated component with a surface
tension at 20°C of at least 40 mN/m.

4, A process as claimed in any one of the preceding claims, in which the
fluorine-containing gas forms part of a gas mixture with other gases, the fluorine-
containing gas forming 1-30% by volume of said gas mixture and the temperature
of the gas mixture being 20-100°C.

5. A process as claimed in claim 4, in which the gas mixture comprises 5 -
20% by volume of the fluorine-containing gas and 5 - 95% by volume of oxygen,

so that the surface fluorination is a surface oxyfluorination.
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6. A process as claimed in claim 5, in which, after said oxyfluorinétion, the
surface is subjected to hydrolysis.

7. A process as claimed in any one of the preceding claims, in which the

fibrous material is subjected to surface fluorination thereof prior to impregnation

thereof with resin.

8. A process as claimed in claim 7, in which the fibrous material has fibres
which are selected from polyester fibres, polyamide fibres, polyolefin fibres and

mixtures thereof.

9. A process as claimed in any one of the preceding claims, in which the

surface is subjected to degreasing prior to activation thereof.

10. A process as claimed in any one of the preceding claims, in which the
surface, after activation thereof and prior to the contacting, is subjected to

degreasing.

11. A process as claimed in any one of claims 1 - 10 inclusive, in which causing
the fibrous material to adhere to the surface of the component is by means of a
resin which is different from the resin which impregnates the fibrous material, each

resin being selected from epoxy resins and polyester resins.

12. A process as claimed in any one of claims 1 - 10 inclusive, in which causing
the fibrous material to adhere to the surface of the component is by means of a
resin which is the same as the resin which impregnates the fibrous material, each

resin being selected from epoxy resins and polyester resins.

13. A component of a plastics material which is strengthened and reinforced by
aresin-impregnated fibrous material which adheres to a surface thereof, whenever

producerdwi'n accordance with the process of any one of claims 1 - 12.



