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PROCESS FOR THE PRODUCTION OF PLASTIC COMPONENTS
'FOR CONTAINING ANDIOR TRANSPORTING FLUIDS

'rms mvmnon relates to a process for the production of plastis ©
components, eg components for contalning and/or transporting fiulds, wherein the
components are strengthened or relnfomed by a resin-impregnated fibrous material._
The invention also relates to such s@'engthened 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
which adheres to a surface thereof, by contacting sald 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 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

20

of subjecting said surface of the component to activation thereof.

By activation s 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
in cross-section, suitable for contalning 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
of ethylene and propylene, eg ethylene-propylene-diene monomer
elastomer (EPDM), or blends of '_,such polymers. Any suitable surface
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'activation method may be used, such as corona discharge activation, energy beam
activation or plasma activation. Particularly for Iarge _scale applications, the surface
activation s preferably surface fiuorination. Accdrdingly,' the polyolefin material
may be selected from polyethylenes, polypropylenes, copolymers
5 of ethylene and propylene and blends of such polyolefins. the
' surface activation being selected from at Ieast one of corona

'discharge activation, ‘energy beam activation, plasma activation
and surface fluorination activation; and the surface activation may act to provide the

surface-activated component with a surface tension at 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'surfa_ce' _fluorination'teehniqne'.een"be used to fluorinate the
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 fluorine-
15  contalning gas to provide fluorine substituents bound to sald surface. Examples of
- suitable fiuorinating techniques include, for example,"titose described in US Patents
Nos. US 3,647,613; US 3,862,284; US- -3,865,61 5; US 4,020,223;
us 4,081,574; US 4,142,032; US 4,296_51 51;  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 preferably surface

- oxyfluorination, and Is by -exposing the surface to be ﬂuorinated 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 meidng point of the material of the

' component, typically 20 - 100 ° C. By oxyﬂuorination is meant that the surface is
provided with fluorine and oxygen substituents; eg on -CH, and/or -CH- groups
forming part of the surface. The fluorine-containing gas may comprise fluorine itself
30 (Fz), it may comprise gaseous compounds contal_n,inﬁ fluorine such as CF6' or SF6, '
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it may 'comprise a fluorinated 'noble gas such as )_(eF'z:, -

. fluorohalogen such as:CIF, BrFg, IF7, or the llke. It should further be oted that
both fluorination and oxyfluorination can in principle be carried out in inert liquid
" media in which a fluorinating compound such as a fluorine-containing gas of the type

mentioned above is dissolve_d, with or without oxygen '(02 or 03); The fiuorine-
contalning gas may form part of a mixwre with other gases, such as oxides of
sulphur, oxides of nitrogen or oxides of carbon, halogens, interhalogens, nitrogen,

-~ oxygen, ozone or mixmre_s'thereof, such as air.- The proportion of the fluorine-

containing gas' in such gas mixwure can vary wit_hln wide limits, the fluorine-containing
gas forming 0,1-99,9% by volume of saild mixture, 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, temperature
control 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
‘mixture 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
above, the gas mixture preferably comprises 5 - 20% by volume of the fiuorine-
contalning gas and 5 - 95% by volume of oxygen.

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 leas_t 45 mN/m.

After the oxyﬂuorlnatfon of the surface, the: surface may be sublected to post-
ﬂuormation hydrolysis 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
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4
hydrolysis treatment may be carried out by brln_gln_gf_ the fuorinated surface into
contact with atmospheric molsture for a sufficient period of time for a desired degree
‘of hydrolysis to occur, or by contacting dle_ surface with an aqueous baée for a
sufficient period of time; or by contacting the surfaéei-Wlﬂl an aqueous acid for a
sufficient period of time, or by bﬂnglng the surface Into contact with water for a
sufficient period of time, to obtain a desired degree of hydrolysis.

The resin used to Impregnate the fibrous material "(_and/or to cause the fibrous
‘material to adhere to the activated surface as described hereunder) may be a curable

~ settable thermosetting resin, eg a polyester or an epoxy resin. Examples of polyester -
" resins sultable in particular for adhering the fibrous material to the activated surface

are those avallable in South Africa as CRYSTIC 392 (isothalic neopentyl giycol
unsaturated polyesterresin), CRYSTIC 600 (bisphenolic unsaturated polyester resin)
and CRYSTIC N7384PA (isothalic preaccelerated unsaturated pblyester resin) from

* NCS Resins, a division of Sentrachem Limited. Generally, for the impregnation of

the fibrous layer, any sultable 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
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
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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polyester, a polyoleﬁn, ora polyamide such as KEVIAR (registered trade mark),

- may also be used. : Mixtures of said fibres may also be used. Both the inorganic and

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

reinforcing. material may have fibres which are selected from glass fibres, carbon
fibres, polyester fibres, polyamide fibres, polyolefin fibres and mixtures thereof. The
fibres may be in the form of chopped strand mat, unldirectional roving, woven

- roving or continuous roving.

- According to an important feature of the invention, the reinforcing material

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 _!s 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 fayers, 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
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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the pipe surface or the tank surface.” Accordingly, the surface may be subjected to |

degreasing prior to activation thereof. Furthermore, the surface may, after activation
thereof and prior to the contacting; be subjected to degreasing. If desired, the pipe
or tank may be packaged after degreasing thereof until the pipe or tank is required
to be subjected to fluorination and/or to wrapping thereof by the resin impregnated
material. ' - '

_ ‘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
. routine experimentation will be employed to detennine_which degreasing agents are

compatible with the pipe surface or the tank surface and 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-
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
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
resin which lmpregnates 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. -
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Plasdcs pipes are widely used for the transport of fiuids and the pressure in

. such pipes may vary from sub-atmospheric (vacuum) up to tens of atmospheres.

Polyoleﬁn pipes and tanks are reinforced by the process of the invention to increase
their pressure rating and/or to Increase their rigidity. For both purposes, the
reinforcing process according to the invention Is similar. However, thicker layers of

 resin-impregnated fibrous mateﬁal are typlically required to Increase pressure rating.

| For increasing the pressure rating of said polyoleﬁn pipes, hand laminating or
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

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 multidirectional manner) typically impregnated with a polyester resin or epoxy

'resin, is then typically laminated into place. These Iayers can be altemated with

layers of unidirectional roving or woven roving, or laminating can be restricted to
sald chopped strand mat. ‘The laminating process is preferably finished with a glass
or other synthetic fibre tissue (eg a thin glass iibre 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 'wrapping Is again conveniently started by coating the activated surface with
sald CRYSTlC 600 or 392 or PRO-STRUCT 7907 resins and laminated to the

required 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 laminating' or tape wrapping

| _process for increasing the pressure rating of said polyoleﬁn pipes and increasing the

rigidity of said polyoleﬁn pipes and tanks, and only the thickness of laminating is
changed if required In iilament winding, a glass fibre filament is dipped through a
resin bath and wrapped on eg a pipe in one continuous strand unidirectionally along
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| unidirecdonally in the opposite direction, Thus, the ﬂlament k applied ina

10

_ bidirectional way. .

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

_ﬂlament winding, are substantlally different, certain ratios of fibre to resin, ratios of

catalyst, temperature and many others remain a common denominator. It will be
appreclated that filament winding will normally be more effective than hand
lamination or tape wrapping '

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

- material and said surface belng activated.

15

20

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

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 wldi reference
to the accompanylng drawings

In the drawings
Figure 1 shows a plot of shear strength (MPa) against sample number for high
density polyediylene pipe samples provlded with a relnforcing of epoxy resin-

| impregnated glass fibres or polyester resin-lmpregnated glass ﬁbres according to the

- process of the invention, with reference to the required shear strength according to

25

British Standard B S. 6464;
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Figure 2 shows a plot of shear strength (MPa) against sample number for
polypropylene pipe samples provided with a reinforcing of epoxy-resin impregnated
glass fibres or polyester resin-impregnated glass ﬁbres according to the process of the
invention, with reference to the required shear strength according to British Standard
B.S. 6464; '

Figure 3 shows aplotof shear strength (MPa) against sample number for high
density polyethylene and polypropylene pipe samples provided with a 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;

' 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-impregnated fibres according to the invention, with reference to the
requrred shear strength according to British Standard B.S. 6464;

Figure 5 shows a plot of lap shear strength against pre-oxyfluorinatlon

_' degreasing time;

Figure 6 shows a plot of lap shear strength against oxyﬂuorlnatron time for
PP;
Figure 7 shows a plot of lap shear strength against oxyﬁuorination time for
Figure 8 shows a plot of lap shear su'ength against oxyﬂuoﬁnation pressure;
| Figure 9 shows a plot of lap shear. strength for each of the resln materials
when TCE Is used asa degreasing agent and oxyﬂuorination Is employed
' Figure lO shows a plot of lap shear strength for each of the resin materials

_when TCE is used as a degreasing agent a_nd_ ﬂuorina_tion is employed

| ‘Figure 11 shows a plot of PAS units_against hydrolysis time of HDPE and PP;

Figure 12 shows a plot of relatlve PAS peak heights (RF.l.) unis against |

: hydrolysls time of HDPE and PP in air.

Push out tests were done on HDPE and PP pipe samples which were provided

with extemal reinforcing of epoxy resin-impregnated glass fibres by the process
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according o the invention Similar tests were done on similar pipe samples provided

with a simifar reinforcing of polyester resin-impregnated glass fibres by the process
according to the invention |

Five pipes were used, two HDPE pipes and three PP pipes. The HDPF. pipes

-were each 110 mm OD class 6 pipe having a wall thickness of 6 mm. The HDPE
“was GM 5010 available from Megaplpe, a division of Mega Plastics which in tum

is a division of Sentrachem Limited. The PP pipes were 90 mm OD class 4 pipe
haying a wall drickn_ess of 5 mm. 'l'he PP was PPH 2222 available from Megapipe.

The HDPF. pipes were relnfonced in accordance with the process of the
invention by the following procedure l-lalf of the first pipe was knurled (roughened)

~on its outer surface while the other half- was left smoolh on lts outer surface. The

rough and smooth outer surfaces of pipe were then fiuorinated. The ﬂuorination was
carried out batchwise in an 11 ,mz mild steel reactor. A pipe sample was placed In
the reactor and the reactor was evacuated to an absolute pressure of 20 kPa. Then

~aF 2/N 9 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 rovlng available from NCS Resins a division of
Sentrachem l.imited, 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 manufactnrer of PRO-STRUCT 988. The hand
laminatmg involved the application of the epoxy resin onto the pipe followed by a
layer of the glass fibre mat. The process was contmued altemating between the -
glass and the resin until said thickness was achleved 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 rollers commonly used in the
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industry. For the first 1 - 2 mmof the wrapping, the resin to glass mass ratio was
'50:50 and was then changed to 30:70 until the thickness of 4 mm was obtained.

The second HDPE pipe was 'rough‘ened on half of lts outer surface, and the

~ rough and smooth outer surfaces were fiuorinated, in the same way as described for

the first HDPE pipe. After fluorination, the pipe was wound by hand Iaminating with
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
recommended by, the supplier of CRYSTIC 600

" 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:

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 tesrs 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 ovemrapping and measuring the force
required to do so. The shear strength or "push-out” strength was then caiculated
as follows: | |
Shear strength (MPa) = _ F

. d.n.h

- where F = maximum force required to shear the pipe from the overwrapping [N]

d = pipe outer-diameter (mm)
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" h = remaining encapsulated plastics liner length (mm)

- The push out test results are summarised in Table 1 below. The supporting |

strength profiles viz. the strength profile of the HDPE pipe samples, the strength

. piofile of the PP pipe samples, the strengdt profile of the pipe samples using epoxy
5 resin and the strength proﬁle of the plpe samples using polyester resin are shownin
the accompanying Figures 1 to 4 r_espe_ctively Each of Figures 1 - 4 shows for
comparison the required shear strength according__ to the British Standard B.S. 6464.

. 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 that 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



Table 1: SUMMARY OF RESULTS OF THE PUSH OUT TESTS
SHEAR STRENGTH (MPa)

PE in Epoxy resin - smooth

PE in Epoxy resin - rough

PP in Epoxy resin - smooth

PP In Epoxy resin - rough

PE In Polyester resin - smooth

PE In Polyester resin - rough

PP In Polyester resin - smooth 1 (low temperature wrapping +20 °C)

PP In Polyester resin - rough 1 - do.

PP in Polyester resin - smooth 2 (high temperature wrapping +26 °C)
10 PP In Polyester resin - rough 2 do.

Average 1 Highest and lowest not Included :

OO ONUTLL LN =
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Table 2 a_Epoxy Resi

DPE (smoo

PCT/US95107637 -

HIGHEST

MAXIMUM

SHEAR

SAMPLE PIPE ,
|| NO. VALUE OUTER | SHEAR STRENGTH
OF PIPE DIAMETER | FORCE [MPa]
5 LENGTH Imm] IN] .
1 31 _ 110 59.7. 5.5
2 30 1 110 70.0_ 6.75
3 30 | 110 70.3 6.78
10 4 31 | 110 59.3 5.72
5 30 110 5! '

15

.20

'HIGHEST

Table 2 b Epoxy

VALUE

: OUTER

in/HDPE (rou

FORCE

30

30

OF PIPE =DIAMETER [MPa]
LENGTH - [mm.l IN1
[mm] SRR . :
1 30 110 52.8 5.10
| 2 31 110 57.9 5.41
3 31 . no . 558 . 5.21
4 B
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| Table 3 a PoMrL_ﬂDEE (smooth)

PIPE | MAXIMUM
OUTER | SHEAR FORCE
DIAMETER | [N] :
110. 472
110 46.1
| 111 56.0
10 5 29 111 . 61.4
i 110 . 56.1
Table 3 b Polyester/HDPE (rough)
SAMPLE | HIGHEST
- I NO. | VALUE
15 OF PIPE
-| LENGTH
| [mm]
29
29
20 29
30
29



. WO 95/35339 PCT/US95/07637

16
T.a'le' X Cé dark)/PP (rou

HIGHEST - IpPE
VALUEOF |OUTER
PIPE LENGTH | DIAMETER |
fmm] mm]

31 _ 89
29 90
T s
30 | 8
330 | 89

SAMPLE HIGHEST
NO. VALUE

: - | OF PIPE
LENGTH
[mm]

__30
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Table 5 a CRYSTIC 600 (lighter)/PP_(rough)

| VALUE | OUTER
|OFPIPE - | DIAMETER
LENGTH = |[mm]

[mm]

31 90
89

SAMPLE | HIGHEST
NO. | VALUE
- | OFPIPE
LENGTH
[mm]

30
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Table 6 a Epoxy/PP (smooth)

SAMPLE | HIGHEST | MAXIMUM SHEAR

VALUE | SHEAR - | STRENGTH
OF PIPE DIAMETER | FORCE ~ |[MPa]
LENGTH mm] - [IN] - 1
1 31 | 9 | 3837 | 44
2 30 | 9 | 4548 5.3
3 _30 89 |  39.82 4.75
4 31| 9 | 4198 4.8
5 30 4037 | 4.8

Table 6 b Epoxy/PP (rough)

OF PIPE
LENGTH
[mm]

30

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
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curing accordlngto the manufacturer’s speclﬁcations, the testsamples were sub]ected
to push out tests as detcrlbed above.

Table 7 a Epoxy/HDPE
"~ Machine Wrappin: '

HIGHEST | PIPE

1 VALUE | OUTER
OFPIPE | DIAMETER
| LENGTH [mm]

| [mm] . -

310 | 1120
294 | 1110
-30.5 ~112.0

~ Table 7 b Epoxy/PP -
- Machine Wrapping

15 | SAMPLE | HIGHEST | PIPE

NO. VALUE - { OUTER
OF PIPE DIAMETER
LENGTH [mm]
_ : [mm] . :
20 . - 30.0 i 1 10.0

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
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speciﬁc variables when hydrolysis times were invesdgated in coniunction with the

shear strength test technique as hereinbefore described.

Lap shear adhesive strengdis were derived from adhesive strengths obtained
by applylng polyester by itself (ie without glass fibre reinforcing) to masked areas on
plastics sheet surfaces 26mm wide and either 10mm or 1 S5mm long (overap 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

- sheet. The purpose of the steel backing plate was to eliminate the occurrence of any
tumning mor_nent in the: .o_verlap ioint of the plastics sheet under stress, and also to

reduce or eliminate any peeling characteristics 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
tensometer fitted with a SkN load cell).. Each test co-ordinate was derived from an
average of five (quintuplet) lap shear strength tests. |

- All resins used were obtained from NCS Resins, a division of Sentrachem

' Limited and are set out below

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

Crystic 392 - Isothallc neopentyl glycol unsaturated polyester resin.
Crystic 600 -

Bisphenolic unsamrated polyester resin.

. The piastics sheet material samples used were:

1) 2mm thick black pigmented GM5010 based HDPE-PEZOO obtamed from
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.

rr N
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EFFECT OF DEGREASING PP SURFACES PRIOR TO OXYFLUORINATION

Pipe surfaces were cleaned of oll and dust contaminants to facllitate effective
| a_cti\_ration (by means of oxyfluorination) of the pipe surfaces. Degreasing can be an

important step owing to p__osslble contamlnati_bn of pipe surfaces durin_g pipe
- production (by extrusion equipment) as well as during the handling of pipes

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 bleed on to plpe surfaces. It should also be noted that, for

' brushes

industrial-scale appllcaﬂons, chemical degreasing can be supplemented or replaced
_ by mechanical degreasing, eg by means of rotating brushes similar to car-wash

The followlng experimental conditions were employed:

Evaluation method
De'greasirlg agent

Pipe Material
 Degreasing method :

20

25

30

Drying time before
oxyfluorination

Surface Activation

" PP Surface area to N
gas volume relation-
ship. :

oxyfluorinated surface:

Drying of surface
after hyd'rolysis s

Lap shear tests. -

MEK (methyl ethyle ketone) and TCE (trichloro-
ethylene)

PP (PPH1022) from Megapipe

Immersion in degreasing égent at room temperature for

-5 minutes was followed by wiping of the surface with

degreasing agent-dampened tissue paper, followed by air

" drying at amblent conditions.

Variable between 5 minutes and 24 hours.
10___kPa_ alr + 40 kPa Fo/N, mixture comprising 15%
Fo by volume for 0.5 hours at 50°C.

300 cm?/2600 cn®.
Hydrolysis technique for o

Immersion  immediately after oxyﬁuarination in
demineralised water at room temperature for 18 hours.

24 hours natural air drying at ambient conditions
(exposure to ambient air).
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I.apshearoveriap S o L
dimensions : length: 10mm, width: 26mm.

Resin @ Crystic 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 DEGREASING:
o LAPSHEAR = | LAP SHEAR |
B | STRENGTH (MPa) | STRENGTH (MPa) _
0083 8.3 6.4 |
05 |84 7.8
10 |1 | 102 |95 -
2 9.7 _ |ss 1
4 - 104 |86 -
11.1 8.7
|'5.8 8.1
15 . When TCE was used for degreasing, the tests demonstrated a 60 - 70%

'failu_re rate at the epoxy/PP 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 oxyﬂuorinated 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 resuited in ﬁihﬁveIY'pdor"average' |
(8.5 MPa) lap shear strength when compared with using TCE over the complete
drying-time range. Substantially similar tests had earier repeatedly given lap shear
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strengths in excess of 13 MPa, when oxyfluorinated PP was lightly degreased with
TCE at least 3 weeks before oxyfiuorination. It Is believed that the use of other

_ degreasing 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
_ as on the time 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)
Limited has been used successfully. ' '

| EFFECT OF VARYING OXYFLUORINATION CONDITIONS ON LAP SHEAR

STRENGTH OF A POLYESTER-OXYFLUORINATED POLYOLEFIN BOND.

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

EFFECTfOF OXYF u0m TION TIME AND TEMPERATURE

“The following experimental conditions were employed

 Evalution method  : Lap shear tests
Materla__l. o : PP (PPHlozz) and HDPE (black GM5010 based
j PE300)
Degreasing agent  : TCE B : -
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
' _ 'volume F, at 50°C.
b) 40 kPa F2/°2 mixture comprlslng 20% by
volume Fz at 20°C, -

Oxyfluorination time : Variable between 10 seconds and 1 hour.
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Polyolefin surface =
area to gas : o .
volume B
-relationship 300«_:m.2/2600cm’.
5 Hydrolysls of - | |

~ oxyfluorinated surfaee " Immersion immedlately ‘after oxyﬂuorination in
R demlnerallsed water at room temperature for 1 8 hours.

Drylng 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.

Tabulated 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 (Independe"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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. experimental pressures was less than 5 seconds. Factors that could influence this
minimum time possibly inciude the presence of additives in the PP.

At both temperatures, it is apparent that in the case of black piglnented
HDPE (PESOO), a minimum time of between 1 and 10 minutes was required

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 experimenml conditions were employed

Evaluation method

Material

Degreasing agent :
Degreasing method :

Drying time before
oxyfluorination

Oxyfluorination

Oxyfluorination
pressure

. Polyoleﬁn Surface
‘area to gas

volume relationship :

" Hydrolysis of
oxyfluorinated
surface

Drying of surface

after hydrolysis

- Lap shear overlap
dimensions

~ Resin

Lap shear tests.- =
PP (PPH1022) and HDPE (black GMSOIO based

'PE300).

TCE.
Surface was wiped with TCE-dampened paper tissue.

Approximately 3 weeks.

A F2102 mixmre comprising 20% by voiume F o Was
used at 50°C and 20°Cfor0.5 hrs.

k Variabie between 0.5 kPa and 80kPa. .
300 cm2/ 2600 cm®

Immersion  immediately after oxyfluorination in

demineralised water at room temperature for 3 hours.

24 hours natural alr drying at ambient conditions.

_length: 10 mm, width: 26 mm.

Crystic 392.
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Tabulated lap shear strength results for the PP and HDPE at the various
pressures are shown in Table 10 below.

OXY FLUORINATION LAP SHEAR STRENGT
5 | PRESSURE (kPa) | ON PP (MPa) ON HDPE (MP. H

10

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 reactlvlty of PP when oxyfluorinated due to its 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.

ORINATI N VERSLIS OXYFLU N \Tl N AS SURFACE ACTIVATION
TEC_I-_lngUE FOR ADHESION R

25 Fluorination invoives treating plastics pipé surfaées with pure ﬂuorihe, ora
fluorine and Inert gas (eg nitrogen, helium, argon etc) mixture, or a fluorine-
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containing gas such as XeFy, CIF3, BrFs, IF-, CF4, SF4 or the like. Oxyfiuorination
in tum involves surface activation with a gas mixture of which at least two of the
components are a fluorine source such as those mentioned above for fluorination,
and oxygen (or an oxygen containg gas) respectively, le at least one fiuorine

. 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 :
. Materdal o
Degreasing agent  :
Degreasing method :"

Lap shear tests.
" HDPE (black GMSOl‘O'based PEBOO).
TCE. -
- Pipe surfaces were wlped with TCE-dampened paper

'tlssue.

| Drying time before
oxyfluorination and
fluorination

Oxyfluorination
conditions 2

Oxyfluorination
pressure

Fluorination .
. conditdions :

Fluorination pressure:

' Hydrolysls of actlvated
surface
Lap shear overlap
dimensions - :

Resins - :

Two days.

50°C for 0.5 hrs.

10 kPa air + 20 kPa Fo/Oq milxture comprising 20%

_ by volume Fz

'50 C for approxlmately 3 hrs.
A FZIN 2 mixture comprising 20% by volume Fowas

used at a pressure sufficient to give the surface a
ﬂuorlne mass loadlng of 60pgl<:mz after ﬂuorlnatlon

Hydrolysis by exposure to moisture in amblent air for

g longer than 2 months

Jength: 15 mm, width: 26 mm.

Cryst.lc 392 Crystlc 600, N7384PA, Dion 9100



10

WO 95/35339 o | : PCT/US95/07637
28 |

‘The results demonstratlng dlfferences in resin adhesive strength for the two
activation techniques (ﬂuorlnatlon and oxyﬂuorlnatlon) are shown in Table 11 below

~ and are Hlustrated in Figure 9 _(oxyﬂuor_lnathn) and Fl_gu_re 10 (ﬂuorln_ation)

| .‘l'al.)le l I

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

Dion 9100

‘N7384PA

Oxyﬂuorination resuited in higher lap shear resin adh_e_tlve strengths with a
broader range of resins when comparetl 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.

 EFFECT OF HYDROLYSIS CONDITIONS ON LAP SHEAR STRENGTH

15

20

25

- Immediately after oxyfluorination an 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

The following experimental condltions were employed:
Evaluation method : Lap shear tests. |
Material -+ PP (PPH1022) ‘and HDPE (black GMSOIO based -
| - PE300).
Degreasing agent TCE. S -
Degreasing method : Surface was wiped with TCE-dampened paper tissue.
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- Drying time before .
oxyfluorination :
Oxyfluorination '

“conditions s

Polyolefin surface.
area to gas volume
- relationship :

Hydrolysis of activated
surface

* Hydrolysis mediums
| lnvestigated at 20°C:

Drying of surface -

after hydrolysis  :
Lap shear overlap
dimensions ' :
‘Resin

29 ' PCT/US95/07637

Approxlmately 3 weeks.

40kPa F9/Oy mixture comprising 20% by volume Fz

at 50 C for 0.5 hrs,

300 cmz( 2600 cm>

Immersion = immediately after oxyfluorination . in
hydrolysis medium

e 0.5 M aqueous NaOH solution for 120 minutes.

e05M aqueous HCl solution for 120 minutes.
e Demineralised water for 120 minutes.
e Atmospheric water vapour for 69 hrs.

24 houl__'s na_tural .'_alr drying at ambient conditions.

length: 10 mm, width: 26 mm.

* Crystic 392.

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

Hydrolysis medium

. !gb_.!g 12 o

Lap shear strength on PP | Lap shear strength
] on HDPE (MPa

in the case of PP, air and water hydrolysis 'gave slightly higher bond _strengths"
with Crystic 392, while in the case of HDPE, water and HCI gave marginally higher
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o values. From a practical point of view, it appears that v water would be the preferred

choice of hydrolysis medium. Practical Issues Include cost, ease of handling and time
required for substantially full hydrolysis of the surface. Water effected substantlally

| - full hydrolysis in less than 3 hours compared to air hydrolysis which required up to =

120 hours.

- DETERMINATION OF 'MINlMUM HYDROLYSIS TIMES FOR DIFFERENT

HYDROLYSING MEDIA

A freshly acuvated surface typlcally contains acyl ﬂuoride chemical functional
groups that undergo hydrolysis During hydrolysis the activated surface is regarded
as being unstable. 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 lnfrared-photoacoust.lc spectrum ( FTIR-PAS) technique
was used as a quantifying technique. The _hydrolyslng medla 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 medlum results are tabulated in Table 1 3 and normalised FTIR-PAS peak
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 ln an lmmedlate drastlc reducﬂon in IR band lntensltles.
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Table 13 - FTIR-PAS peak heights at 1844 cm™!

Oxyfiuorinated

Oxyfluorinated | Oxyfluorinated Oxyfluori-
(min) |PPinHCl =~ |PPinwater | HDPE in HCI | nated HDPE
| solution - .| solution .| in water

5.5 5.5 3.9 39

139 . 4.1 - -
le |- . 2.1 1.4
l1s |- 1 2.1 1.3
l2s |25 |24 . .
30 |- . 1.7 0.9 _,
leo |- . 0.8 0.7 i
I% 72 | 2.1 2.2 A . |

Time

Table 14: Normalised FTIR-PAS peak helghts at 1844 cm™!

(hrs)

Oxyfiuorinated HDPE

Oxyfluorinated PP

0

0.55

0.5

4

0.51

0.47

24

0.39

0.29

31

0.27

72

0.24
0.14

0.20

79

10.13

0.08

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
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that adhesion primarily Involves the outer 1 nm depth of material under the

oxyfluorinated surface, and that the times required to achive stabilisation in the |

above results represent the times required to achleve maximum hydrolysation in the
respective media. For oxyﬂuorinated PP and HDPE water and HCI each hydrolysls
took less than 3 hrs, and in the case of air, hydrolysis took less than 120 hrs.

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 following experimental conditions were empioyed

Evaluation method :  Lap shear tests.

Material K PP (PPH1022).

Degreasingagent : = TCE. _ ' -
Degreasing method : Surface was wiped with TCE-dampened paper tissue.
Drying time before |

oxyfluorination - Appro)drhately 3 weeks.

‘Oxyfluorination 40kPa F9/O4 mixture comprising 20% by volume F,

at 50°C for 0.5 hrs.
Polyolefin surface |
area to gas volume 9 3
relationship oy 300 ecm*“/ 2600 can”
_ Hydrolysis of activated -
surface | _ immersion immediately after oxyfluorination In

| hydrolysis medium at room temperature for 18 hrs.
Hydrolysis medium : Demineraiised water
Drying time of

~ surface after

hydrolysis : 'V'ariable.between' 5 minutes and 24 hrs.

Lap shearoverlap =~ -
dimensions :  length: 10 mm, width: 26 mm.

Resin s Crystic 392.
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| It is' belleved that the_epoxy resin used to join the shear test sheets to the
backing plates Is adversely affected or infiuenced by a wet surface. The backing plates
were therefore first joined to the sheets in usual fashion before tests were conducted.

* Different drying times were then simulated by wetting the surface with a water-

dampened tissue and then allowing various times to elapse before the polyester resin
was applied to the test surfaces.

| Table IS below demonstrates the effect of varying post-hydrolysis drying
times of the surface before application of the polyester resin :

Table 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 opt_imum adhesion.
However, drying times less than 3 hours showed adhesion which was not
unacceptable. Because ambient conditions change from day to day, as well as with

- seasons and location, the above results are expected to 'vary, within limits.
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STRENGTH USING A POLYESTER RESIN

So-called ﬂeece-backed PP sheeting Is typlcally used to manufacture large

container reservoirs in industry.

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

wettability of the surface and provides mechanical interiocking sites for the resin used

for the adhesion. The main appllcatlon of fieecing 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 polypropyiene:- 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:-

e
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a)  Gas Mixare: 10kPa Alr, 10kPa Ny, 30kPa Fo/N, mixture
comprising 15.8% by volume Fo
b) H uorigation Temgeragg 50°C
- ¢)  Fluorination Time: 30 minutes
Hydrolysis Conditions:- 1 week exposure to molsture in ambient air
‘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 thereby making testing very -
difficuit. The sificone 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 iength) The various
laminates were then tested.

, The lap shear results for the various grades of polypropylene are set out in
Table 16 below.
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 Table16: = Lap shear resuits obtained for polyproylene
Sample " Lap Shear Strerigth (MPa)
Trovidur PP/V 7032 | Trovidur PP 7032 PPH 1022
Crystic 600 | Crystic | Crysic | Crystic | Crystic. | Cryste
600 | 392 | 600 | 392
1 8.244 4.144 12.12 1061 | 9.113 | 14.20
_ ' _ Substrate
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 Paform | Platfoom | Platom | Poor | Platform | Poor
' Fallure . Fallure Failure .Glue-line | Fallure Glue-
: , o line
Aversge [ 8.173 | 4067 10.66 8959 | 11.10 | 12.49

Based on the above laps shear strength results it is evident that by using
fluorine surface-treated PPH 1022 material optimum cost (as the PPH 1022 material
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 -
6 hereunder. The tests in Examples 1 - 6 were carried out some months after the
_ tests fflustrated in Tables 1 - 7, with a 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

accompanying Tables 17 - 21.

In the Tables:
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Table 17 shows shear strengths (MPa) against sample number for
polypropylene pipe samples having a reinforced polyester resin-impregnated glass
fibrous material applied by filament winding according to the process of the
invention, with reference to the required shear strength according to British Standard
B.S. 6464; :

Table 18 shows shear su'engths (MPa) against sample number for
polypropylene 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
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

20

25

30 .

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;

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;
and )

Table 22 shows shear strengths (MPa) against sampie number for high density
polyethylene pipe samples having a reinforcement of epoxy resin-_i_mpregnated fibrous
material applied by filament winding according to the invention, with reference to

~ the require"'d.shear strength act'._ording to-British Standard B.S. 6464.

The ﬂuorination of the pipes was can'ied out batchwise in anlim mild steel
reactor. Pipes were placed in the reactor and the reactor was evacuated to an

-absolute pressure of 10 kPa. Then a FZ’NZ mixture comprising 20% by volume

Fo was bled into the reactor to a total pressure of 30 kPa. The fluorination was
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carried out at room temperature for 30 minutes, after which the reactor was
evacuated and the pipes removed o S

- For Example 1, six polypropyl_ene pipes were used. The polypropyiene
materal was PPH2222. The pipes were all 110mm OD Class 10 piping having a
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 PP6 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 reinforcing to the pipes. On all the

.pipes this resin was feft to gel before the layers of resin-impregnated reinforcement
- were applled :

~ For Example 2, four polypropylene 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

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.-

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 8.5mm. All the polypropylene pipes |

were degreased with MEK before fiuorination. Of the polypropylene pipes, pipe
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
adhesion of the fibrous réinforcement to the pipes, to evaluate degreasing (and no
degreasing) after fluorination and before the resin-impregnated reinforcement was



10

15

20

25

30

WO 95/35339

PCTIUS95/07637
-39 '

' appllgd, to evaluate an alternative sampling technique. On all the pipes the resln
used for adhesion of the reinforcement, and the reinforcement, were applied more

or less simultaneously. In other words, the resin applied to the plpe,surface"was not

 lefit to gel before the resin-impregnated fibrous reinforcing layers were applied.

For Example 4, four nigﬂ density polyethyiene pipes were .used, the material

'being GM5010." The pipes were all 90mm OC class 12 piping having a wall

thickness of 10.5 mm. All the pipes were degreased with MEK before fluorination.

- All the pipes were subjected to a 'pr_oprletary treatment after fluorination whereby

the pipe surfaces were wiped with 5% aqueous HCl solution, using Kimwipe paper,

. being then rinsed with demineralized water and left to dry. None of the pipes was
subjected to any other degreaslng 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
surface, and the reinforcing Iayers, 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

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 relnforcement
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
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-



WO 95/35339 ' | . o PCT/US95/07637
40 ' '
STRUCT 988 as a resin for impregnating the reinforcement. The PRO-STRUCT

7907 was applied as a coating and left to-gel before the layers of resin-impregnated
ﬁbrqus reinforcement were applied.

Pipe samples were cut from the midpoint outwards and numbered as follows:

Two testing techniques Were used ie 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 plpe 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 finer of
each test piece, 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
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Table 17

PCT/US95/07637

Pipe number

(Material) .

nation
resin

PP1
(Poly-prop)

Dion 9100

PP2
(Poly-prop)

PP3
(Poly-prop)

PP4 (Poly-
prop)

]
(Poly-prop)

Dion
2100

PP6
(Poly-prop)

Primer +
Crystic
600
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Pipe
number
(materfal) .

Adhesion
resin

PPI
‘(Polyprop)

PP2
(Polyprop)

PP3

{Polyprop)-

PP4

(Polyprop)




EXAMPLE 3

Table 19

Test results (Alternative Sampling Technl

Pipe Adhesion | Impreg- | Sample Pipe Od | Push Fallure | Shear Average | Sample | Pipe Push Fallure
number resin nation | number (mm) out load stress of number | OD out load stress
(material) resin - length | (kN) (Mpa) | samples (mm) | length | (kN) (Mpa)
(mm) (Mpa) 1 (mm) :
PP1 Crystic | Crystic | PP1/1 110 200 | 57.07 | 83 7.77 | PPI/A 110 |20 92.46 13.4
(Polyprop) | 600 600 | PP1/2 110 200 | 48.25 7.0 PP1/B 110" | 20 90.06 13.0
: _ : PP1/3 110 200 72.13 | 104
PP1/4 110 "200 | 5214 |. 75
PP1/5 110 200 | 6430 | 9.3
PP1/6 110 20.0 | 35.37 5.1
PP1/7 110 200 | 63.12 9.1
PP1/8 110 20.0 37.31 5.4
PP2 Crystic Crystic | PP2/1- | 110 200 | 73.13 | 106 11.04 PP2/A 110 | 20 93.04 13.5
(Polyprop) | 600 600 PP2/2 110 200 | 8253 | 119 PP2/B 110 20 99.56 14.4
' : PP2/3 110 20.0 6400 | 9.3
PP2/4 110 200 | 86.71 | 125 ‘
PP2/5 110 20.0 | 59.85 8.7
PP2/6 | 110 200 | 87.66 | 12.7
PP2/7 110 200 |73.32 | 106
PP2/8 110 200 | 83.26 | 120

~ GEESE/S6 OM
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Table 19 (Continued)

20

PP3 - | Ciystic | Crysde | PP3/1 110 |200 |[41.81 | 60 |855 |pP3/A |110 97.54¢ | 14.1
(Polyprop) | 600 600  |pPp3/2 - |t10 |20 |5945 | 86 | PP3/B | 110 |20 97.17 | 14.1
B PP3/3 | 110 |200 [51.23 | 7.4 -

PP3/4 110 | 200 |67.55 | 9.8

PP3/5 110 | 200 |e69.78 | 101

PP3/6. | 110 | 200 |4950 | 7.2

pp3/7 110 | 200 |é4.21 | 9.3

pp3/8 | 110 | 200 |é69.20 | 100
PP4 Cysic | Crystic |[Prast [ 110|200 |s881 | 85 1032 |pr/A [110 |20 65.46 | 9.5
(Polyprop) | 600 600 | PP4/2 110 [200 |78.85 |11.4 pP7/B | 110 |20 96.69 | 14.0
: | pP4/3 | 110|200 |77.32 | 11.2 |

pra/4 | 110 | 200 | 7094 | 10.3

pP4/5 | 110 | 200 | 7552 | 109

PP4/6 110 | 200 |63.64 | 9.2

110|200 |74.11 [10.7

PP4/7
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Table 19 (Continued)

PE1 Crystic Crystic | PE1/1 110 200 | 75.53 | 109 | 10.11 | PE1/A | 110 20 88.42 | 12.8
(Poly- 600 600" PE1/2 110 20.0 | 68.42 | 9.9 PE1/B | 110 20 86.10 | 12.5
ethylene) ' PE1/3 | 110 200 | 7692 | 11.1 .

PE1/4 | 110 200 | 7493|108

PE1/5 | 110 20.0 | 52.88 | 7.7

PE1/6 | 110 20.0 | 73.75 { 10.7

PE1/7 | 110 20.0 | 58.62 | 6.5

PE1/8 | 110 200 | 7784|113
PE2 Crystic Crystic | PE2/1 110 | 20.0 | 74.08 | 10.7 | 1002 | PE2/A | 110 20 94.63 | 13.7
(Poly- | 600 600 PE2/2 | 110 200 | 72.89 | 105 PE2/B | 110 20, 90.22 | 13.1
ethylene) PE2/3 | 110 200 | 76.71 | 111

PE2/4 | 110 200 | 78.48 | 114

PE2/5 | 110 20.0 | 75.61 | 10.9

PE2/6 | 110.- | 20.0 | 69.55 | 10.1

PE2/7 | 110 200 | 74.81 | 10.8

PE2/8 | 110 200 | 75.91 | 11.0
PE3 Crystic Crystic | PE3/1 110 20.0 | 42.89 | 6.2 7.82 PE3/A | 110 | 20 73.36 | 10.6
(Poly- 600 600 PE3/2 | 110 200 | 46.47 | 6.7 PE3/B | 110 20 6474 | 9.4
.ethylene) PE3/3 | 110 | 20.0 | 46.60 | 6.7 1

PE3/4 | 110 200 | 5142 ) 74

PE3/5 | 110 200 | 61.72 | 8.9

PE3/6 | 110 20.0 | 58.73 | 85

PE3/7 | 110 200 | 67.53 | 9.8

PE3/8 | 110 200 | 56.92 | 8.2
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Table 19 (contlnugd)

PE4 Cysic | Crystic | PE4/t | 110 | 200 |1835| 27 |532 |PE4/A | 110 |20

(Poly- | 600 600 |PE4s2 | 110 | 200 |39.39 | 5.7 PE4/B | 110 | 20

_ ethylene) PE4/3 | 110 |200 |33.72 ) 49 "

i PE4/4 | 110 | 200 |63.04 | 9.1 |

pe4ss | 110 | 200 | 1024 | 1.5 | L |
PE4/6 | 110 |200 |48.05 ] 70 | | :
PE4/7 | 110 | 200 | 2096 | 3.0 i R B
PE4/8 | 110 | 200 |60.39 | 8.7
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EXAMPLE 4
Table 20

TEST RESULTS ' TEST RESULTS (ALTERNATIVE -
SAMPLING TECHNIQUE)
Pipe Number | Adheslion resin | Impreg- Sample | Pipe | Push Fallure | Shear
| (Material) . | nation | number | OD | out load Stress
resin (mm) | length | (kN) (Mpa)
: . | (mm) _ :
PE1 ' ‘Crystic 600 Crystic PEI/A |90 |20 57.78 | 10.2
| Standard wall | NCS 600 NCS | PE1/B 90 | 20 60.54 | 10.7
| thickness . U I ' -
‘ (Polyethylene) .
PE2 Crystic 600SB | Crystic PE2/A - | 90 20 69.58 | 12.3
Standard wall " 600SB PE2/B 90 |20 63.12 | 11.2
thickness
(Polyethylene) :
PE3 Dion 6694 Dion PE3/A |90 |20 56.89 | 10.1
Standard wall B . | 6694 | PE3/B |90 20 53.89 | 9.5
thickness R T Ny o .
(Polyethylene) e . L
PE4 -+ | Crystic 392 Crystic | PE4/A | 90 20 66.66 | 11.8
Standard wall 392 PE4/B8 |90 |20 64.03 | 11.3
thickness :
(Polyethylene)

6EESE/S6 OM
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Table 21

TEST RESULTS

Adheslon
resin

Impregnation

resin.

Sample
number

Crystic

Derakane

411

PP1/1

| PP1/4

PP1/2 -
PP1/3

PP1/5

(Polyprop)

Derakane

PP2/1
PP2/2
PP2/3
PP2/4

8y
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- It is an advantage of the lnv_ention that it bermirs poiyo(eﬁn pipes and tanks to
15  bestrengthened or reinforced by a réstn-imprggnated 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 simifar processes in which the
bond is a mechanical bond. As a result, the pipes or tanks, eg glass fibre reinforced PP

pipes or tanks, can be manufactured at lower cost. | |
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1. In the producﬁon of a component of a plastics material which ks strengthened

‘and reinforced by a resin-impregnated  fibrous material which adheres to a surface
thereof, by contacting sald 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 sald 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 subiecting sald surface of the component to
activation thereof. ' '

2.  Aprocessas claimed in claim 1, in which the polyolefin material is selected from
polyethylenes, polypropylenes, eopolymers of ethylene and propylene
and blends of such polyolefins. the surface actlvatlon bemg selected
from at Ieast one of corona discharge actlvation, energy beam actrvation,
plasma activation and surface ﬂuorinatlon activatlon

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 claim 3, in which the activation is by surface fluorination
and is by exposing the surface to be fluorinated to a fluorine-containing gas at a
pressure of 1-500kPa, ata temperature above 0°C and below the melting point of the
material of the component. |

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

Sheet Has Been Reﬂlaced
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7. A process as claimed In claim 6, in which, after said oxyﬂuorination, the surface
is subjected to hydrolysis. :

8. A process as claimed In any one of the preceding claims, in which the fibrous

material Is subjected to surface fluorination thereof _prior to Impregnaﬂon thereof with
resin.

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
is 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
Is different from the resin which Impregnates the fibrous material, each resin being
selected from epoxy resins and polyester resins ' |

13. A process as claimed in any one of clalms 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
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
resin-impregnated fibrous material which adheres to a surface thereof, whenever
produced in accordance with the process of any one of claims 1 - 13.
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