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PROCESS FOR.THE. PRODUCTION OF .PLASTIC COMPONENTS 

· FOR CONTAINING· AND/OR TRANSPORTING FLUIDS 

THIS ·INVENTION relates to a process for the p~ducdon of plastic$ 

components, eg components for co~talnlng and/or transporting fluids, wherein the 

5 components are strengthened or reinforced by a resin-Impregnated fibrous material._ 

The ln~endon also relates to such ~ngthened or reinforced components, In 

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

According to the Invention, In the production of a component of a plastics 

material which Is strengthened and reinforced by a resln .. lmp~ted fibrous material 

io 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 ~ said surface of the 

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

material a polyoleftn materlal.and which lndudes the step, pdor to the contacting, 

15 of subjecting said surface of the component to activation thereof • 

. By activation Is meant· that the surface of the component Is brought Into 

contaa With a fluid In a fashion whereby atoms, moleeules and/or radicals derived 

from the fluid are Incorporated Into the surface of the component. 

. The component may: be tubular or hollo~ cylindrical, eg dratlar or square 

20 In cross•sectlon, suitable for contatntng and/or transporting a fluid. ·in particular the 

component may .be a pipe or pipe titting, or a tank. While the polyoleftn material · 
may . be any suitable hyd~carbon ·polymer, typic:aUy, the polyolefln 

material Is polyethylene (PE), · eg high density polyethylene (HOPE), 

polypropylene (PP), or polyolefinic copolymers. such as copolymers 

25 of ethylene and propylene, eg · ethylene-propylene-dlene. monomer 

elastomer (EPDM), or blends of such polymers. Any suitable surface 
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· acdvadon method may be used, such as corona d#arie actlvadon, ene.rgy beam 

acdvadon or plasma actlvadon. Particularly for la~:scale appllcadons, the surface 

acdvadon Is preferably surface fluortnadon. Accd~ingly, the polyoleftn material 
may be selected from polyethylenes, polyp..Opylenes, copolymel8 

5 of ethylene and propyle~e and blends of ·.such polyolefins, the 
. ~ .. : . 

sufface activation being sele~d from .. at. ·1easf one of corona 
. . ~ . 

discharge activation; energy beam activation, plasma activation 
·and surface fluorinadon actlvadon; and the surface aFtJvatlon may aa to pr0vlde the 

surface-activated comp0nent with a surface tension at 20°C ofat lea5t 40 mN/m. . 

10 The polyolefins use4 include unmodified or modified polyoleftns, eg those modified 

by containing ethyl vinyl acetate ~ an lmpaa modifier. 
•·.: 

Any suitable· surface· fluorinadon ·technique· tin· be used to fluorinate the 
. . . 

surface of the component before the fibrous materlaf Is adhesively secured thereto. 

By fluorinated Is meant that the surface of the pipe. or.tank Is treated with a fluorlne-

15 containing gas to provide fluorine substltuents bound to said surface. Examples of 

suitable fluorinatlng 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 pu.bllshed European Patent Application EP 0 214 635, ·and. South African Patents 

Nos. 85/9500 and 87 /8240, at least some of which describe techniques which can 

be adapted for the oxyfluorlnadon mendoned hereunder. 

Preferably the activation Is by surface fluorlnatlon, more preferably surface 

oxyfluorlnadon, and ,15 by ·exposing the surface to be fluorinated to a fluorlne-

25 containing gas at a pressure of 1 ·500 kPa, preferably 5-150 ~a, and at a 

temperature abe>Ve 0° c· and ··below the meltlng· point· of. the material· of the 

component, typically 20 - 100 ° C. By oxyfluorina~on Is meant that the surface Is 

provided with fluorine and oxygen substftuents, eg on -CH2 and/or -CH3 groups· 

fanning part of the surface. The fluortne-contalntng gas may comprise fluorine Itself 

30. (F2), It inay c;omprlse gaseous compounds containing fluorine such as CF 6 or SF 6, 
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It may ·comprls~ a fluorinated noble gas such as· )CeF2, ·~=tFiffiiiit=rnmnm~:a===:!.l 
i 

. fluorohalogen such as CF3, B.rF5, IF7, or the like. It should further be oted that 

both fluorlnadon and OXyfluorlnadon can In prindple be carried out In Inert liquid 
. . 

media· In which a fluorinadng compound such as a fluorine-containing gas of the type 

5 mentioned above Is dissolved, with or without oxygen (02 or 0 3); .The fluorine­

containing gas· may fonn part of a mlxmre with other gases, such as· oxides of 

sulphur, oxides of nitrogen. or oxides of carbon,· halogens, lnterhalogens, nitrogen, 

oxygen, ozone or mlXUJres thereof, such as air.·. The proportion of the fluorine- · 
. . 

containing gas In such gas mlXUJre can vary within wide llmlts, the fluorine-containing 

1 O gas forming O, 1·99,9% by volume of said mlxttlre, typically fonnlng 1 • 30% by 

· .volume thereof. Particularly preferred gas m~res Include those comprising 5 -

20% by volume··of fluorinadng gas such as F2 and 5 • 95%·by volume oxygen (p2 
or 03), so that ~e surface fluorinadon· ls a surrac~oxyfluorination. The fluorinatlon 

wlll usually take place In a ~r comprising a vacuum chamber with provision for. 

15 feeding thereto and withdrawal therefrom of gases, pressure com;rol, teinperatilre 

control and control of the composldon of gas mlxmres therein, and wlll nonnally be 

· carried out batchwlse. Accordlngly, the fluorine-containing gas may fonn part of a 

mixture with other gases, the fluorine-containing gas fonnlng 1-30% by volume of 

said 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 fluorine­

containing gas ·and 5 • 95% by volume of oxygen. 

As Indicated above, the ~urface fluorinadon 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 mN/m. 

25 · · Atir the q~uorinatfon of the surface,, the,surface may be sublected to post· 

fluorinadon hydrolysis treatment, as far as possible to . hydrolyse · addldonal 

hydrolysable chemical functional groups on the surface. In other words, after said 

· oxyfluorinadon, · the surface may be subjected to hydrolysis; to hydrolyse non­

hydrollsed chemical functional groups on the surface. The post-fluorlnadon 
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hydrolysis treaanent· may be canted out by brfngfn' the ~uorinated surface Into 

contact with atmospheric molsUrre for a sufficient peripd of time fora desired degree 

of hydrolysis to ocarr, or by contacting the surfa~ With an aqueous base for a 

sufficient period of dme; or by contacting the surfa~: ·with an aqueous. add for a 

5 sufficient period of dme, or by bringing the surface. Into contact with water for a 

sufficient period of dme, to obtain a desired degree. Qf hydrolysis. 

The resin used to:fmpregnate the fibrous material·(and/orto cause the fibrous 
. . . 

. material to adhere to the a~ated surface as descrlbe(f hereunder) may be a curable 

settable thennosetdng resin, eg a polyester or an epoxy resin. Examples of polyester 

· 10 · resins suitable in particular for adhering the fibrous material to the activated surface f 
are those available In South· Afrlca·as CRYSTIC 392 (lsothalic neopentyl glycol 

unsaturated polyester resin), CRYSTIC 600 (blsphenolic uns.aturated polyester resin) 

and CRYSTie N7384PA (lsothallc preaccelerated unsaturated polyester resin) from 

NCS Resins, a division of Sentrachem Limited. Gen~rally, for the lmpregnadon of 

15 the fibrous layer, any suitable polyester.resin Is used •. Examples of suitable epoxy 

·-resins for adhesion of the fibrous layer to the activated surface are those available In 

South Africa as PRO-STRUCT 7907 from Pro-saua, a division of KayMac Limited, 

DION 6694 and DION 9100 (blsphenol epoxy vinyl esters) available from from 

NCS Resins, a division of Sen~chem Limited,. and DERAKANE _470 and 

20 DERAKANE 8084, epoxy vinyl eSter resins available In. South Africa from Dow 

Chemical Company. An· example of an epoxy resin which can be used for 

impregnadng the fibrous material Is PRO·STRUCT 988, also available from Pro­

sauct. 

Typtcally, the curing of the resin wlll comprise using a suitable curing agent 

2·5 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.graphlte) fibres. High tenacity synthetic plastla fibres, eg of a 
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polyester, a pol~oleftn, or a po1Yamide such as KEVLAR· (registered trade mark), 

may also be used. MIXtures of said fibres may also be used. Both the Inorganic and 

the synthedc fibres may be fluorinated. Thus, the fibrous material may be subjected 

· to surface fluorinadon thereof prior· to· lmpregnadon thereof with resin; and the 

5 reinforcing. material may have fibres which are selected from glass fibres, carbon 

fibres, polyester fibres, polyamlde fibres, polyolefin fibres and mixtures thereof. The 

fibres may be In· the fonn of chopped strand mat, unldlrecdonal roving, woven 

roving or condnuous roving. 

According to an Important feature of the invendon, the reinforcing material 

1 O · 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 rado of · . . 

resin to fibres In the layer nearest to the pipe or tank surface Is greater than 70:30 

arid the mass ratio of resin to fibres In the layer furthest away from the pipe or tank 

1 S surface Is less, being about 70:30 for chopped strand mat, about 50:50 for . 

unldlrectlonal or woven roving, and about 30: 70 for condnuous roving. Typically 

the highest mass rado 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 

20 fibrous layers, the mass ratio of resln:flbres In the layer closest to the activated 

surface of the component being at least 70:30, prefera~ly at least 80:20 or more, 

such as 90: lO otmore, and the mass ratio of resln:fibre5 In the layer furthest from 

the activated surface of the component surface being 70:30 • 30: 70, said mass ratio 

decreasing In a direction away from the activated surface and nonnal thereto. By 

25 this means, a good wetting by the resin on the surface of the pipe or tank·ls achieved · 

which Improves the adhe51on of the resin to the pipe or tank ·surface. 

The surface of the pipe or the tank may be subjected to degreasing prior to 

fluorlnatlon thereof and/or after fluorlnatlon and prior to applying the layer of resln­

lmpregnated 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 

5 to be subjected to ftuorinatlon and/or to wrapping thereof by the resin Impregnated 

material • 

10 

. Suitable degreasing agents used to degrease the pipe surface or the tank 

surface may be selected from acetone, ethanol, methyl ethyl ketone {MEK) and 

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

routine experimentation.will be el'l'.l~loyed to detennlne which degreasing agents are 

compatible with the pipe surface or the tank surface and with the resins employed 

· . 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 re51n may be applied, eg by paintln1, to the activated surface 

of the pipe or tank prior. to applying the layers of polyester resin-impregnated fibres 

thereto. The resin used to Impregnate the fibrous material and the ·resin used to 

cause the fibrous material to adhere to the surface of the component may be the 

20 same, or they may be different. Accordlngly, causing the fibrous material to adhere 

to the surface of the component may be by means of a resin which Is different fiom 

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 which Is the same. as the 

25 ·resin which Impregnates the fibrous material, each resin being se_lected from epoxy 

resins and polyester resins~ 

Appllcadon of the resin-Impregnated fibrous layers to the fluorinated surface 

. of the pipe or tank may.be by hand lamination, tape wrapping or.filament winding. 



W095/35339 PCT/US95/07637 

7 

• 
Plastla pipes :alt widely used for the transpdtt of fluids and the pressure In 

such pipes may vary from sub-aanospherlc (vacuum) up to tens of aunospheres. . . . : 

Polyolefln pl~es and tankS are reinforced by the process of the Invention to lnaease 
their pressure rating and/or to Increase their rigidity. For both purposes, the 

5 reinforcing process according to the Invention Is similar. However, thicker layers of 
resln·lmpregna~d fibrous material are typically required to lnaease pressure rating. 

. . 

For increasing the pressure rating of said polyolefin pipes, hand laminating or 
tape \\trapping 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 
In a multldlrecdonal manner) typically Impregnated with a polyester resin or epoxy 
resin, Is then typically laminated Into place. These laye~ can be alternated, with 
layers of unidirectional roving or woven roving, or laminating can be restricted to 

15 said 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 manufadurer's specifications, to set It. 

For Increasing the rlgldlty of said polyolefin pipes or tanks, hand lamination 
or tape wrapping Is again conveniently started by coating the activated surface with 

20 said CRYSTIC 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 
altemadng with unidirectional roving or woven roving. To finish the laminating 
process, said glass or other synthetic fibre tissue Is again used. 

Fiiament winding Is similar to the above hand laminating or tape wrapping 
25 process for Increasing the pressure rating of said polyolefin pipes and Increasing the 

·rigidity of .said polyolefin plpe5 and tanks, and only the thickness of laminating Is 

changed If required. In filament winding, a glass· fibre filament Is dipped through a 
resin bath and wrapped on eg a pipe In one continuous strand unldlrectlonally along 
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the pipe. ·The a~pllcatOr ann then returns alorl~. ~,the length of· the pipe 

unldlrecdonallY In the opposite direction. Thus, ~~-• filament Is applied In a ... ·'· 

bidirectional way. 

. ;,-, : 

While the three processes, ·1.e. hand laminadon, :upe wrapping and machine 
s filament winding, are substandally different, certain rad~ :of fibre to resin, rados of 

catalyst, temperature and. many others remain a com~dri denominator. It wfll be 
appreciated that· filament winding wlll nonnally be' :1nore effective than hand 

.····; . ., . 

lamination or tape wrapping. 

The Invention extends also to a: component of a. plastics material which is 

lO strengthened and ·reinforced by a resin-Impregnated fibrous material which adheres 
. ··::.. . 

to a surface thereof, the resin being set, the plastics:' material being a polyolefin 
.. · i 

material and said surface being activated. 

The Invention extends further to a component··~~ plasdcs material wh.lch is 

strengthened and reinforced by a resin-impregnated fibrous material which adheres 
is to a surface thereof, whenever produced In accordance .With the process described 

above •. 

The lnvendon will now be described, by Ylay of non·limltlng lllustratlve 
. · .. 

example, with reference to the following tests and experlinencs and with reference 
to the accompanying drawings. 

20 In .the drawings: 
Figure l shows a plot of shear strength (MPa) againsfsample number for high 

density . polyethylene pipe samples proVlded with a. refnfOl-dng ·oi "epoxy resin· 
Impregnated glass fibres or polyester reslri·hripregn~ced · llass 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 

polyproJ>Yiene pipe samples provided with a reinforcing of epoxy·resln Impregnated 

glass flbres·or poly~r resin-Impregnated gla$s flbre5.accordlng to the process of the 

Invention, with reference to the required shear strength according to British Standard 

5 e.s. 6464; 

Figure 3 shows a plot of shear strength (MPa) against sample number for high 

densltY 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 ~ccordlng to British Standard B.S. 6464; 

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

polyester resin·lmp_regnated .fibres according to the_ lnvendon, with reference to the 
. . ' . . 

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

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

15 degreasing time; 

Figure 6 shows a plot of lap shear strength against oxyfluorination time for · 

PP; 

Figure 7 shows a plot of lap shear strength against oxyfluorination time for 

HDPE; . 

20 Figure 8 shows a plot of lap shear strength against oxyftuorinatlon 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 oxyfluorinadon Is employed; 

Figure 10 shows ·a plot of lap shear strength for each of the resin materials 
. ' 

whe~ TCE Is used as a degreasing agent and fluorination Is employed; 

25 ·figure t t shows a plot of PAS units against hydrolysis time of HDPE and PP; 

30 

and 

·Rgure 12 ·shows a. ~lot of. relative PAS peak heigh~ (REL) units against 

hydrol)rsts time ·or HDPE. and-PP In air. 

Push out tests were done on HDPE and PP pipe s~mples which were provided 

with . external. reinforcing of epoxy resin-Impregnated glass fibres by the process 
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according to the lnvendon. Similar tests were done ~n similar pipe samples provided 

with a similar reinforcing .of p()~r resin-Impregnated gl3Ss fibres by the process 

according to the invendon. 

Five pipes w~re used, two HDPE pipes and three PP pipes. The HDPE pipes 

5 were eadl 110 mm ()I) class 6 pipe having a wall thickness of 6 mm. The HDPE 

10 

~ ;· . 

was GM 5010 available from Mepplpe, a division of Mega PlaStlcs which In tum 

Is a diVlsion of Sentrachem Limited. The PP pipes were 90 mm OD class 4 pipe 

ha~ng a wall thlckDess of 5 mm~ The PP was PPH 2222 available from Megaplpe. 

The . HDPE pipes were relnforc:ed In accordance with the· process ·of ~e 

lnvendon by the follo"'1n1·procedure. Half of the first pipe was knurled (toughened) 

on Its outer.surface Whlle·the other half·was· left smooth.on Its outer surface. The 

rough and smooth outer mrfaces·of pipe were then fluorinated. The fluorinadon was 

earned out batchwlse In an 11 m3 mlld steel reactor. A pipe sample was placed In 

the reactor and the reaCtor was evacuated to an absolute pressure of 20 kPa. Then 

15 a F 21N 2 mixture ~omprislng 20% by volume F 2 was bled Into the reactor to a total 

pressure of 30 kPa. The fluorinadon was canied out at room temperature for 30 

minutes, after which the reactor was ~acuated and the sample removed. The 

fluorinated pipe was then \vrapped by hand lamlnadng with· a glass fibre mat, either 

chopped strand or unidirectional roving available from NCS Resins, a division of 

20 Se~trachem Umlted, using an epoxy resin avallable as PRO-STRUCT 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 t;y, the manufacturer of PRO-STRUCT ·9ss. The hand 

lamlnadng lnvolved the applicadon of the epoxY resin onto the pipe followed by a 

25 layer or"the llass fibre mat. The process was condnued, altemadng between the 

glass and the resin undl 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 layers of glass 

and resin, by rolling them out with special applicator rollers commonly used In the 

c 
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industry. For the first 1 • 2 mm of the wrapping, the resin to glass mass rado was 
. 50:50and was then changed to 30:70 until the thickness of 4 mm was obtained. 

The second HDPE pipe was roughened on half of Its outer surface, and the 
rough and smooth outer surfaces were fluortnated,_ln the same way as desaibed for 

. . 
5 the first HDPE pipe. After ftuortnatlon, the pipe was wound by hand.lamlnadng with 

said gla$s fibre mat using a polyester resin available a5 CRYSTIC 600 from NCS 

Resins to a thickness of 5 mm. This treaanent was less labour Intensive than that for · 
the first HDPE pipe. The hand lamlnatlng process was similar to that used for the 
first HDPE pipe, using a curing package supplied by, and used In an amount 

10 · recommended by, the supplier of CRYSTIC 600. 

15 

· 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 fonn samples numbered as follows: 

I 1 s I 
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 ~ts 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 overwrapplng 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 
d.".h 

where F = maximum force required to shear the pipe from the overwrapplng [NJ 
25 d = pipe outer·diameter (mm) 
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h -= remaining encapsulated plastics Jlner length (mm) 

The p~h ~ut test results are summarised· In Table .. 1 below. The supporting 
strength profiles viz. the strength profile of the HDPE pipe samples, the strength 
profile of the PP pipe samples, the strength profile of the pipe samples ~Ing epoxy 

5 resin and the Stl"e;nrth profile of the pipe samples using Pe>lyester resin are shown Jn 
the accompanying flg\lres 1 to 4 respectively. Each of Figures l - 4 shows for 
comparison the required shear strength according to the British Standard B.S. 6464. 

, . 

Table 1 also shows ~eaverage shear forces, taking alld1e test results, as well t 
as the average when disregarding the highest ·and lowest values~ The standard 

1 O deviation and variance ls 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. 



Table 1: SUMMARY OF RESULTS OF THE PUSH OUT TESTS 

SAMPLE II ·1 I 2 I 3 
NO. 

R s~s 5.1 4.4 

6.75 5.41 5.3 

H 6.78 5.21 4.75 

5.72. 6.42 4.8 

4.8 

1 PE In Epoxy resin - smooth 
2 PE In Epoxy resin • rough 
3 PP In Epoxy resin - smooth 
4 PP In Epoxy resin - rough 
5 PE In Polyester resin • smooth 
6 PE In Polyester resin • rough 
7 PP In Polyester resin - smooth 1 
8 PP In P~lyester resin - rough 1 
9 PP In Polyester resin • smooth 2 
10 PP In. Polyester resin • rough 2 

Average 1 Highest and lowest not Included 

SHEAR STRENGTH (MPa) ... 

I 4 I 5 I 6 I 7 ,. 8 

4.4 4.7 6 7.9 5.02 

4.5 4.6 5.5 6.9 6.3 

4 5.5 6.3 7.8 5.98 

4 6 6~1 6.4 6.8 

4.6 ' 5.6 6.9 8.2 6.5 
.. . ·.· 

{low temperature wrapping ± 20 °C) 
do. 

(high temperature wrapping ± 26 °C) 
do. 

I· 9"T'I01 
8.9 6.71. 

9.1 5.83 

9.2 6.36 
·9 6.37 
8.6 . 7.ll 

.... w 

~ 
IO 

~ 
"' ~--
IO 

"d 

~ 
~ se 

~ 
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Table 2 a Enoxv Resln/HDPE <smooth) 

5 

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

OF PIPE DIAMETER FORCE [MPa] 
LENGTH lmm] . [N] 
[mm] 

1 31 110 59.7. 5.5 

2 30 110 70.0 6.75 -
3 30 110· 70.3 6.78 

10 4 31 . 110 . 59.3 S.72 

5 30 110 57.8 5.57. 

Table. 2 b Epoxv. Resin/HD PE Crough) 

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

15 OF PIPE ·DIAMETER FORCE {MPa] 
LENGTH [mm] [N] 
rmml 

1 30 110 52.8 5.10 

2 31 110 57.9 5.41 
. 

20 3 31 . 110 . 55.8 5.21 

4 30 110 66.5 . 6.42 

5 30 110 58.0 5.69 
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Table 3 a Polves.ter/HDPE <smooth) 

SAMPLE HlGHEST PIPE MAXIMUM SHEAR 
NO.· VALUE OUTER SHEAR FORCE STRENGTH 

5 
OF PIPE DIAMETER [NJ [MPal 
LENGTH Imml 
fmm1 

1 29 110 47.2 4.7 
2 29 110 46.1 4.6 
3 29 11 l .56.0 5.5 

10 4· 29 lll 61.4 6.0 
5 29 110 56.1 5.6 

· ...... 

Table 3 b Polyester/HOPE <rough) 

15 

SAMPLE HIGHEST PIPE MAXIMUM SHEAR 
NO. VALUE OUTER SHEAR STRENGTH 

OF PIPE DIAMETER FORCE [MPal 
· LENGTH [mm]. [NJ 
. Imm] 

1 29 110 . 60~2 6.0 
2 29 110 54.7 5.5 

20 3 29 1.10 63.7 6.3 
4 30 110 63.1 6.1 
5 . 29 110 69.0 6.9 
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Table 4 a CRymc 600 Cdartd/PP Crough) 

5 

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

PIPE LENGTH DIAMETER FORCE [MP a] 
·[mm] rmm1 (NJ 

1 ·31 89 s8.2 6.71 
2 29 90 48.28 5.83 
3 30 90 54.0 6.36 
4 30 89 55.2 6.37 

10 5 30 89 61.6 7.11 

Table 4 b CRYSTIC 600 Cdarkl/PP <smooth) 

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

OF PIPE DIAMETER •FORCE IMPa] 
LENGTH [mm] IN] 15 
[mm] 

1 30 90 75.7 8.9 
2 30 90 77.4 9. J 

3 29 89 77.9 9.2 

20 4 31 89 69.7 8.0 
5 30 90 73.1 8.6 
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Table 5 a CRYSTIC 600 CJlgbterl/PP trouehl 

SAMPLE HIGHEST PIPE MAXIMUM SHEAR 
NO. VALUE OUTER SHEAR STltENGTH 

s· 
- . 

OF PIPE DIAMETER- FORCE IMPa] 
LENGTH [mm] [N] 
[mm] 

l 31 90 44.0 5.02 
2 30 89 53.2 6.3 
3 30 .. .' 90 50.71 5.98 

10 -4 29 90 56.0 6.8 
5 30 90-- --, 

55.5 6.5 

Table 5 b CRYSTIC 600 OlRht;eO/PP <smooth) 

-· 
SAMPLE HIGHEST PIPE - MAXIMUM SHEAR 
NO. VALUE OUTER SHEAR STRENGTH 

15 OF PIPE DIAMETER FORCE [MPa] 
LENGTH [mrri] [N] 
[mm] 

l 30 90 67.3 7.9 
2 30 90 58.6 6.9 

20 3 29 90 64.1 7.8 

4 31 89 55 .• 8 6.4 

5 30 90 69.3 8.2 
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Table 6 a Epoxy/PP fsmoothl 

SAMPLE HIGHEST PIPE MAXIMUM SHEAR 
NO. VALUE OUTER SHEAR STRENGTH 

OF PIPE DIAMETER FORCE [MPa] 
LENGTH [mm] INJ 
[mm] 

1 31 90 38.37 4.4 
2 30 90 45.48 5.3 
3 30 89 39.82 4.75 

4 31 90: 41.98 4.8 

5 30· .. 90 40.37 -4.8 

Table 6 b Epoxy/PP Crough) · 

SAMPLE HIGHEST PIPE MAxlMUM SHEAR 
NO. VALUE OUTEll .· SHEAR STRENGTH 

OF PIPE DIAMETER. FORCE [MPa] 
LENGTH (mm] [NJ 
[mm] 

1 30 89 36.72 4.4 

2 JO 89 37.98 4.5 

3 30 89 33.4 4.0 

4 30 90 . 34.05 4.0 

s 29 90 37.84 4.6 

In. Table 7 below, there are presented detailed results slmilar to.Tables 2 - 6 
above using smooth HDPE and PP pipe samples. overwrapped by machine wrapping 

2s using said 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 condnuous strand 
unldlrecdonally along the pipe. The appUcator ann then moved along the length of 
the pipe unldlrectionally In the opposite direction. Thus, the filament was applied 
In a bldlrecdonal way. The general thickness of the laminate was S mm. After 
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curing according to the manufacturer's speclficadons, the test samples were subjected 
to push out Usu as described above. 

SAMPLE HIGHEST 
NO. VALUE 

OF PIPE 
LENGTH 

·rmm] . 
. . . 

1 31.0 

2 29.4 

3 . 30.5 

SAMPLE HIGHEST 
NO. VALUE 

Of PIPE 
LENGTH 
(mm] 

1 30.0 

2 29.5 . 

3 29.5 

Table 7 a Enoxy/HDPE 
Machine Wrapping 

PIPE MAXIMUM 
OUTER SHEAR 
DIAMETER FORCE 
rm1111 [NJ 

112.0 44.69 
. 111.0 18.75 

112.0 49.52 

Table 7 b Epoxy/PP 

Machine Wrapolng 

PIPE MAXIMUM 
OUTER SHEAR 
DIAMETER FORCE· 
(mm] [N] 

110.0 40.2 

110.4 58.7 

.111.0 87.1 

SHEAR 
STRENGTH 
[MP a] 

4.31 . 

L83 

4.81 

SHEAR 
STRENGTH 
[MPa] 

3.68 

5.72 

8.12 

. . The· various experiments d~crtbed below serve to demonstrate the effea of 
.. . ·. ... . ' 

various process yarlables on the process. of the. invendon. The effects of these 
25 variables are expressed In te~- ~f final lap ·shear adhesive strength achieved by 

varying the relevant process variable while keeping the remaining variables constant. 
A different quandfylng technique· was used to evaluate the effect of changes In 
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spedftc variables when hydrolysls times were lnveSdgated, In conJunctlon with the 
shear strength test technique as herelnbefore described. 

. . 

Lap shear adhesive stre11gths. were derived from adhesive strengths obtained 
by applying polyester by Itself (Je without glass fibre reinforcing) to masked areas on 

5 plasda sheet surfaces ~6mm wlde·and either 1 Omm or 1·smm long (overlap lengdi) 
and measuring the lap shear urengths . thereof. The plastia . sheets Used to 
manufaca.rre the lap shear folnts were 60mm long, 26mm wide and 2mm thick. 
The reverse sides of the sheets were glued to 26mm wide and 6.25mm thick steel 
backing plates by means of an epoxy resin over the ftilflength and width of each 

10 . sheet.. The purpose of the steel backing plate was to eliminate the oc.currence of any f 
turning moment In . the· overlap Joint of th~ plastla sheet under stress, and also to . 
reduce or eliminate any· peeling c;haraaerlstla In the lap shear test. . A further 
purpose. of the steel plate w~ to serve as a mechanical attachment for the 
application of a shear force ·In the mechanical test apparatus (lnsron 4465 

15 tensometer fitted with a SkN load cell). Eadl test co-ordinate was derived from an 
average of five (quintuplet} lap shear strength tests. · · 

AU resins used were obtained from NCS Resins, a division of Sentrachem 
Ll111lted and are set out below: 
Qystlc N7384PA • lsothallc preaccelerated unsaturated polyester resin. 

20 Dion 9100 Blsphenol epoxy vinyl ester. 
Qystic 392 lsothallc neopentyl .glycol unsaturated. polyester resin. 
Crystie 600 Blsphenollc unsaturated polyester resin. 

. The plastics sheet material samples used were: : . 
t ) 2mm thick black pigmented GMSO 10 based HDPE·PElOO obtained from 

25 Maiiey Plastics (Proprietary) Limited, Pretoria, Republic of South Africa 
2) 22mm thick natural colour PP (PP 1022) ~ also obtained from Maizey Plastics 

(Proprietary) Limited, Pretoria, Republic of South Africa. 
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EFFECT OF DEGREASING PP SURFACES PRIOR TO OXYFLUORINAIION 

Pipe surfaces were deaned of oil and dust contaminants to facilitate effective 
activation (by means of oxyfluorinatl.on) of the .Pipe surfaces. Degreasing can be an 
lmponant; step owing to possible contamination of pipe surfaces during pipe 

S production (by extrusion equipment) a5 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 perfonnance stabilizers. such as 
antioxidants which can bleed on to pipe surfaces. It should also be noted that, for --
Industrial-scale applications, chemical degreasing can be supplemented or replaced 

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

15 

20 

25 

30 

brushes. 

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

Degreasing agent · : MEK (methyl ethyle ketone) and TCE (trlchloro­
ethylene) 

Pipe Material • . 
Degreasing method : 

Drying time before 
oxyftuorlnadon . . 
Surface Activation : 

PP Sur.face area to 
gas volume relation· 
ship : 
Hydrolysis technique for 
oxyftuorlnated surface: 

Drying of surface 
after hydrolysis • • 

PP (PPH1022) from Megapipe 
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 
drying at am~lent conditions. 

Variable between S minutes and 24 hours. 
10 kPa air + 40 kPa F 21N 2 mixture comprising 1 So/o 
F2 by volume for o.s hours at·S0°C. 

300 cm2/2600 cm3• . 

Immersion · Immediately after oxyfluorinatlon In 
deminerallsed water at room temperature for. 18 hours. 

24. -hours ·natural air drying at ambient conditions 
(exposure to ambient air). 
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The lap shear strengths of the ·bonds · fonned as a function of pre­
s oxyftuorlnadon degreaslnJ dme are shown In Table. 8 below and In Flpre S. 

Table 8 

TIME {hours) ··- TCE DEGREASING: . MEK DEGREASING: 
LAP SHEAR ·LAP SHEAR 
STRENGTH CMPa) STRENGTH CMPa) 

' . 

0.083 ·s.3 6.4 

0.5 8.4 7.8 

10 1 10.2 9.5 
2 9.7 ' 8.8 
4 10.4 8.6 

7 11.1 8.7 

24 5.8 8.1 

15 When TCE was used for degreasing, the tests demonstrated a 60 - 70% 

20 

25 

failure rate at-the epoxy/PP Interface rather than atthe 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 TCE can be 

disadvantageous when epo>tY resin Is used. 
b) The values shown above when TCE was used represent minimum shear 

strength values between Crystle 392 polyester and the oxyfluorlnated PP 
surface. ·The marked dec;rease in resin strength arising from long drying dm~ 
(24 hrs) may not necessarily be representative of the polyester/PP resin 
strenJtll. . _ . . 

Pre-oxyfluorlnadon degreasing with MEK resulted In relatively ·poor ·average· 
(8. S MPa) lap shear strength when compared with using TCE over the complete 
drying-time range. Substantially similar tests had earlier repeatedly given lap shear 

f 
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strengths In excess of 13 MPa, when oxyfluorinated PP was. llghdy degreased with 
TCE at least 3 weeks before oxyftuorlnadon. It Is belleved that the use of other 
degreasing agents (or even soaps) prior to oxyfluorinadon, can Influence the process 
In various way$, the Influence being dependent on the degreasing agent used as well 

S as on the dme lnteival between degreasing and fluorinadon/oxyfluorinadon, 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, pnor 
to surface tluorinadon or oxyfluorinadon. In small-scale tests Handy Andy 
household detergent,: available In South Africa from Lever· Industrial (Proprietary) 

10 Limited has been used successfully. 

EFFECT OF VARYING OXYFLUORINATION CONDITIONS ON LAP SHEAR 
STRENGTH OF A. POL YESTER-OXYfLUORINAJ"ED POLYOLEFIN BOND. 

Plasdcs pipe· outer surfaces were degreased and cleaned of any contaminants, 
eg dust etc. 

1 S EFFECT OF OXYFLUORINA TION TIME AND TEMPERATURE 

20 

25. 

· The following experimental. conditions were employed: 
Evalutlon method 
Material. 

Degreasing agent 
Degreasing method 
Drying. time before 
·oxyfluorinatlon 
Oxyfluorlnatlon 

. .. 

. • 

• . 

. . 

. • 

Oxyftuortnatlon dme : 

Lap shear test$ 

PP {PPH1022) and HDPE (black GMS010 based 
PE300) 
TCE 
Surface was wiped with TCE·dampened paper tissue. 

Approximately 3 weeks. 
a) 40 kPa F2102 mixture comprising 20% by 

. volume F 2 at 50°C. 
b} 40 kPa F2102 mixture comprising 20% by 

volume F 2 at 20°C. 
Variable between JO seconds and 1 hour. 
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300cm2/2600cm3• 

5 Hydrolysis of 
oxyftuorinated. surface: lmmel31on Immediately · after oxyfluorlnadon In 

demlnerallsed water a~ room temperature for 18 .flours. 
Drying· of surface 
after ·hydrolysis · . . 24 hou13 natural air drying at ambient condfdons. 

10 Lap shear overlap 
dimensions length: 10 mm, width: 26 mm. 

Crystie 392. 

15 

20 

25 

Resin . . 

Tabulated lap ·shear strength results for the pipe samples at the two 
temperatures are shown in· Tabre 9 below. · 

Table 2 · - Lap. Shear Strenl!ths CMPal. 

Oxyftuorlnatlon PP oxyftuorlnated PP oxyfluorlnated HDPE ,,. HDPE 
time (minutes) at so·c at20"C oxyfluorlnated at oxyftuorlnated at 

so·c 2o·c 
0.16 9.6 12.2 5.2 5.4 
o.s . 11.2 14.8 6.7 .7.9 
1 13.S 12.2 9.1 10.1 
4 11.05 1"3.8 10.6 11.S 
10 12.4 11.6 I 1.1 11.5 
20 10.7 · 14.5 10.1 12.6 
30 13.1 13.3 13.3 10.S 
60 10.6 13.8 9.9 11.5 

The data. In. Tab.le 9 are Illustrated In Flgu~ 6 and 7 for PP and HDPE 
respectively. 

The minimum time (Independent' of the two temperatures lnvesdgated) 
required for sufficient or adequate surface activadon of the pp surface at the 

( 
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experimental pressures was less than 5 seconds. Factors that could Influence this 
minimum dme possibly Include the presence of additives In the PP. 

At both temperatures, It Is apparent that In the case of black pigmented 
HDPE (PE300), a minimum dme of between 1 and 10 minutes was required 

5 sufficlentiy ·or adequately to activate the surface. · 

10 

15 

20 

25 

·30 

In the case of both PP .and HDPE, these mlnlmu~ times can be Influenced by 

the F2:o2 rado·and total pressure used • 

. EFFECT OF OXYFLUORINATION PRESSURE . 

· . The following experimental condldons were employed: 
Evaluadon .method Lap shear tests.· 
Material : PP (PPH1022) and HDPE (black GMSOlO based 

PE300). 
Degreasing agent 
Degreasing method 
Drying dme before 
oxyfluorinadon 
Oxytluorlnatlon 

Oxyftuorinatlon 
pressure 

. Polyolefin Surface 
area to gas 

• .. 

. . 

volume relatlom;hlp : 
Hydrolysis of 
oxyfluortnated 
surface 

Drying of surface 
after hydrolysis 

· Lap shear overlap 
dimensions 
Resin 

• . 

. . 

. . 

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

Approximately J weeks. 
A· F 2102 mixture comprising 20% by volume F 2 was 

llSed at SO· C and 20 • C for 0.5 hrs. 

Variable between 0.5 kPa and 80kPa •. 

Immersion Immediately after oxyfluorinadon in 
demlnerallsed water at room temperature· for 3 hours. 

24 hours natural air drying at ambient conditions. 

length: 10 mm, width: 26 mm. 
Crystle 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. 

Table 10 

OXYFLUORINATION LAP SHEAR STRENGTH LAP SHEAR STRENGTH 
PRESSURE (kPa) ON PP CMPal . ON HDPE CMPa) 

.so·c 2o·c so·c 2o·c 

0.5 13~2 · 10.1 6.4 4.0 

2 11.9 12.4 8.7 4.1 

10 ll.9 .. 10.6 . 10.3 10.9 

20 14.7 13.8 11.2 9.9 

50 14.2 13.2. 9.0 7.4 

80 14.3 12.9 11.4 8.9 

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

The 50 • C results are Illustrated In Figure 8. 

PP showed appreciably higher bond strengths than HDPE. It Is believed that 
15 this Is due to the higher reactivity of PP when oxyfluorinated due to lt.s higher 

nu~er of end gR,ups as well as the fad: that the PP Is free of black pigment. HDPE 
appears to require. at least 2 kPa at 50 • C and t 0 kPa at 20 • C for sufficient or 
adequate surface activation thereof. It Is possible that PP requires less than 0.5· kPa 
of the F 2102 mlxtQre at the experimental conditions for sufficient or acJ.equate 

20 surface activation thereof.· It thus appears that Increases In fluorine (F 2) panlal 
·pressures are substandally more effective than Increases In temperature, to obtain 

. . 
quick actlvadon of the polyolefin surface. 

FWORINATION VERSUS OXVFLUORINATION AS SURfACE AC:'flVATION 
TECHNIQUE FOR ADHESION 

25 Fluorinatlon Involves treating plasda pipe surfaces with pure fluorine, or a 
fluorine and lnelt gas (eg nitrogen, helium, argon etc) mixture, or a fluorine-
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containing gas such as XeF2, CF3, Brf5, IF7, CF 4" SF 6 or the like. Oxyftuol1nadon 
In tum Involves surface actlvadon with a gas mixture of which at least two of the 
components are a fluorine source such as those mendoned above for fluortnadon, 
and oxygen (or an oxygen contalng gas) respectively, le at least one fluorine 

S component and at least one oxygen component. In principle both fluorination and 
. . . . 

oxyftuorlnation can take place with the reagent gases dissolved In a sultabie Inert 
. . 
liquid solvent such as a FREON which Is. contacted with the polyoleftn surface. 

_The following experimental conditions were employed: 
Evaluation method : Lap shear tests. 

10 , Material : HOPE (black GMSOlO·based PE300). 

15 

20 

25 

Degreasing agent · : · TCE. ' · · · · 

Degreasing method : · · Pipe surfaces were wiped with TCE-dampened paper 

·. . . . 

Drying drrie before 
oxyfluorinadon and 
fluorinadon : 
Oxytluorinadon 
conditions 
Oxyfluorinadon 
pressure 

. • 

. • 

· Fluorlnatlon 
conditions : 
Fluorinadon pressure: 

Hydrolysis of activated 
surface : 

~e. 

. two days. 

50 • C for 0.5 hrs. 

10 kPa air+ 20 kPa F2102 mixture comprising 20% 
by volume F2• 

50. c: for approximately 3 hrs. 
A F 21N 2 mixture· comprising 20% by volume F 2 was 
used at a pressure · mffldent to give the surface a 
tluorl.ne mass loading of 60pg/cm2 after tluorlnatlon. 

Hydrolysis by exposure to moisture In ambient air for 
- longer than 2 months. 

30 Lap shear overlap 
dimensions : · . . -length: .15 mm, width: 26 mm. 
Resins : ·· Crystle 392,.Crystlc 600, N7384PA, Dion ~100. 
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The results de111o~dng differences In resin ad~eslve strength for the two 
actlvadon techniques (ftuorlnatlon and oxyftuorlnadon) are sho\vn In Table 11 below 
and are Illustrated In figure 9 (oxyfluorinadon) and Figure .1 O (ftuorinadon). 

Table 11 

Resin (4yftuorinated··substrate · Fluorinated. substrate 
Lap sh~r strength .. (MPa) Lap shear strength (MPa) 

Crystle 392 9.9 6~ 1 
Crystle 600 10.4 3.S 

Dion 9100 11.6 
.. 

10.9 
.. 

.N7384PA 10.4 4.6 

10 Oxyfluorinadon resulted In higher lap shear resin adhesive strengths with a 
broader range of resins when compared to ftuorlnation. 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 

1s Immediately after oxytluorinadon al1 activated polyolefin surface undergoes 
. . 

a hydrolysis reaction whera brought Into COJ'.ltact with atmospheric air. During this 
hydrolysis, the surface Is chemically Unstable and generally unsuitable for the 
applicadon of resin. Accelerated hyd~lysls Is thus desirable. 

DETERMINATION OF THE OPTIMUM HYDROLYSIS MEDIUM 

20 . The following experimental conditions.were employed: 
Evaluation method : 
Material. 

Degreasing agent 
25 Degreasing method 

Lap shear tests. 

· PP (P.PH1022)· ·and HDPE (black GM5010 based 
PE300). 
TCE. 
Surface was wiped with TCE·dampened paper tissue. 

f 
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· Hydrolysis mediums 
Investigated at 2b • C: 

Drying of surface · 
after hydrolysis • .. ' 
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·Resin . 
• 
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Approximately 3 weeks. 

40kPa F2to2 mixture comprising 20% by volume F2 
·at 50 • C for 0.5 hrs. 

Immersion Immediately after oxyfluorination In 
hydrolysis medium. 

• 0.5 M aqueous NaOH solution for 120 minutes. 
• 0.5 M aqueous HC ·solution for 120 minutes. 
• Demlneralised water for 120 minutes. 
• Atmospheric water vapour for 69 hrs. 

2.4 h~urs namral air drying at ambient conditions. 

length: 10 mm, width: 26 mm. 
Crystle 392 • 

Tabulated lap· shear strength remits ·for the PP and DHPE and hydrolysis 
media are shown In Table 12 below. 

Table 12 

Hydrolysis medium Lap shear strength on PP Lap shear strength · · 
CMPa) on HDPE CMPa) 

Air 12.8 8.0 

H.,O 12.S ·8.2 

HC l.1.6 . 9.2 

Na OH . - 11.8 7.9 

30 In the case of PP, air and water hydrolysis gave slightly higher bond strengths 
with Crystie 392, whlle In the case of HDPE, water and Ha gave marginally higher 
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values. From a practical· point of view, It appears that water would be the· prefen-ed 
choice of hydrolysis medium~ Practical Issues Include cost, ease of handling and time 
required for substandally full hydrolysis of the surface. Water effected substandally 
full hydrolysis in less than 3 hours compared to atr·hydrolysis which required up to 

5 120 hours. 

DETERMINATION OF MINIMUM HYDROLYSIS TIMES FOR DIFFERENT 
HYDROLYSING MEDIA 

A freshly activated surface typlcally contains acyl fluoride chemical funcdonal 
groups that underg9 ~ydrolysls. ·During hydrolysis the actlva~d surface is regarded 

IO . as being unstable. PP and HDPE surfaces were oxyfluorinated with lOO kPa F 2102 ( 
mlxUJre comprising .20o/o by volume F2 at 50 • C for 16 hours. A decrease In 
Infrared peak Intensity of the ·acyl·fluorlde functional groups on the surface was 
monitored as a function of exposure dme In· the hydrolysadon medium. For this 
purpose a Fourier transforin lnfrared·photoacou$dc spectrum (FTIR·P AS) technique 

15 was used as a quandfylng technlqu_e •. The hydrolysing media used were O.OSM 
solutions of HQ and NaOH, as well as pure demlnerallsed water and ambient air. 

The results for HO and water hydrolysis on PP and HDPE surfaces are $hown 
In Figure I 1. The results for air hydrolysis are shown In Figure. 12. The aqueous 
hydrolysis medium results are tabulated In Table 13, and nonnallsed FTIR·PAS peak 

20 helghu (1844 wrt ±3000 an·1), corresponding to air hydrolysis, are showri In 
Table 14. No data were obtained for NaOH since Immersion In this hydrolysing 
medium resulted In an Immediate drastic reduction In IR band lntensldes. 
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Table 13 - FIIR-PAS beak heights at 1844 cnl 1 . 

Time Oxyfluorinated Oxyfluortnated Oxyfluorinated Oxyfluori-
(min) PP lnHC PP In water HDPEln HO nated HDPE 

solution solution In water 
0 5.5 5.5 3.9 3.9 

s s 3.9 4.1 - -
6 - - 2.1 1.4 
15 - . 2.1 1.3 
25 2.5 2.4 . . - . 
30 - . 1.7" 0.9 

10 ·60 - - 0.8 0.7 
72 2.1 2.2 - . .. 
120 . . .. 0.8 0.7 
200 . 1.9 . -
1440 0.8 1.1 . . 

15 1680 . 0.32 0.02 

Table 14: Nonnallsed FTIR·PAS peak heights at 1844_cni 1. 

Time (hrs) OXYfluorinated HDPE Oxvfluorinated PP 
0 0.55 0.5 
4 ·a.st 0.47 

20 24 0.39 0.29 
31 0.24 0.27 

- . 

72 0.14 0.20 
79 0.13 -
168 .0.08 -

25 FTIR·PAS has a substrate penetration depth of approximately 20 mlcrom 
(µm) In the frequency domain of the acyl fluoride absorpdQn band. It Is believed 
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that adhesion ·primarily Involves the outer· t nm depth of material ·under the 
oxyfluorinated surface, and that the times required to achlve stablllsadon In ~e 
above results represent the dliles required to achieve maXlmum hydrolysatlon In the 
respective media. For oxyfluorinated PP and HDPE, water and Ha each hydrolysls 

5 took less than 3 hrs, and In the case of air, hydrolysls took less than 120 hrs. 

DETERMINATION OF THE QPDMUM DRYING TIME WITH WATER AS 
HYDROLYSIS MEDIUM 

· After hydroly$1s In either an aqueous HO solution or In water, the surface of 
a component should be . dried before the applleadon . of the resin can take place. 

10 After HC·medlum hydrolysis the surface should be rinsed with water to remove any 
residual acid thereon, before drying. 

The following .experimental conditions were employed: 
Evaluadon method : Lap shear tests. 
Material : PP (PPH 1022). 

1 5 · Degreasing agent : TCE.· 

20 

25 

30 

Degreasing method : 
Drying time before 
o)o/fluorinadon 
. Oxyfluorinadon 

Polyolefin surface 
area to gas volume 

. . 
• • 

reladonship :· 
Hydrolysis of activated 
surface : 

Hydrolysis medium : 
Drying dme of 
surface after 
hydrolysis 

Lap shear overlap 
dimensions 
Resin 

. . 

Surface was wiped with ICE-dampened paper tissue. 

ApproXlmatelY 3 weeks. · 
40kPa F2102 mixture comprising 20% by volume F2 
at SO· C for 0.5 hrs. 

300 cm2/ 2600 cm3 

Immersion Immediately after oxyfluorlnadon In 
hydrolysis medium at rc>om temperature for 18 hrs. 
Demlneralised water 

Variable between 5 minutes and 24 hrs. 

length: 10 mm, width:· 26 mm. 
Crystle 392. 

f 
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It IS believed that the. epoxy resin used tC> Join the shear test sheets to . the 
backing plates Is adversely affected or Influenced by a wet surface. The backing plates 
were therefore first Joined to the sheets In usual fashion before tests were conducted. 
Different drying dmes were· then simulated by wetting the surface with a water-

5 dampened tissue and then allowing various times to elapse before the polyester resin 
was applied to the test surface5. 

10 

Table 15 below demonstrates the effea of varying post-hydrolysis drying 
times of the stlrface before. ap.pllcadon of the polyester resin. · 

Table 15 

Drying time (hours) La1> shear strength (MPa) 

0.25 10.1 

1 9.4 

3 9.0 

6 14.5 

t S Given the Inherent scatter In results characteristic of the lap shear test 

method, the values obtained In the dme 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·amblent-condldons, 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 
unacceptable. Because .ambient condldons 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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COMPARISQN.BETWE~N CQMJ1ERCIALLY AVAl.LABLE FLEECE·BACKED pp 

SHEETING ANDoXYFLUORINAIED PPSHEEDN<;t,IN TERMS OF LAP SHEAR 
STRENGTH USING A POLYESTER RESIN 

. . . 

So-called fleece-backed PP sheeting Is tYPlcally used to manufacture large 
S · container rese1Volrs In Industry. 

Due to low wett,abllldes, ·low surface energies Induced by low polarldes and 
low lnteracdons across Interfaces, polyoleflns generally do not have good adhesion 
properties. To facilitate use of polypropylene In adhesion appll~dons, a polyester 
fleecing Is attached to the polypropyl~ne. The polyester fleecing Improves the 

I 0 ·wettablllty of the surface and provide$ mechanical Interlocking sites for the resin used f 
for the adhesion. . The main appllcadon of fleecing ·ts In the manufacture of large 
storage tanks (fleecing on the. outside), eg to store aggressive or cOfroslve chemicals. 
The tanks are then reinforced with polyester resin-Impregnated glass fibre. This 
construction technique provides the user with a strong storage tank that ts resistant 

I S to various chemicals. 

MATERIALS USED 

a) 

b) 

20 
c) 

25 dJ:y. 

Commercially available polypropylene:-Trovldur PP 7032 (Grey) obtained 
In ·South· Africa· from lntemado (Proprietary) Limited; Krugersdorp. 
Commercially available polypropYlene (Ampargtas):-. PPH I 022 (Natural) 
obtained from .Ari1paglas South Africa (Proprietary) Limited. 
Commercially available fleece-backed polypropylene:-Trovldur PPN 7032 
obtained from lntemado (Proprietary) Limited. 

The followlng experimental condldons were employed: 

The various polypropylene surfaces were degreased with TCE and allowed to 

Fluorinadon Condldons of Non-fleeced Materials:· 
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a) Gas Mixture: 10kPa Air, lOkPa N2, 30kPa F21N2 mixture 
comprising 15.8% by volume F2 

b) Fluorinadon Temperature:. S0°C 
c)' Eluorfnadon Time: 30 minutes 

5 Hydrolysis· Condldom:- 1 week exposure tt> moisture In ambient air 
Resins Used:~ Crystle 600 and Crystle 392 
Evaluadon 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 

10 ~lfficult. .The slllcone sealant prevented abson>don 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 3 l2mm2 (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. 
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Table 16:· · lap shear rpdts obtained for polypropylene 

Sample • Lap. S~ear Strerigth · (MPa) 
Number 

Trovldur PP/V 7032 Trovldur PP 7032 PPH 1022 

Crystle 600 Qysdc Crysdc Crystle Qysdc. Qysdc 
392 600 392 . 600 392 

1 8.244 4.144 12.12 10.61 9.113 14.20 
Substrate 

5 2 7.766 3.885 11.45 .9.JSJ 12.00 11.89 
Substrate 

l 9.769 3.958 .. 8.413 7.112 13.03 11.32 

4 6.913 4.282 Platfonn Poor 10.25 12.56 
Failure Glue-One 

s Platfonn Platfonn Platfonn Poor Platfonn Poor 
Failure FaUure FaUure Glue-line Failure Glue-

line 

Average 8.173 4.067 10.66 8.959 11.10 12.49 

J.O Based on the above laps shear strength results It Is evident that by using 
fluorine surface-treated PPH 1022 material opdmum 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 - 1 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. Illustrated In Tables 1 - 1, with a better understanding of the invention, and led 
to improved results. 

The Invention wlll now be described, 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: 
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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 

lnvendon, with reference to the required shear strength according to British Standard 
5 B.S. 6464; 

Table 18 shows shear strengths (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 

lnvendon, with reference to the required shear strength according to B_ridsh 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 lnvendon, 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 lnvendon, 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 ~-.reinforcement of polyester resin-impregnated 

fibrous material ·applied by hand lamlnadon according to the lnvendon, with 

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

and 
'25 ·Table 22 shows shear strengths (MPa} against sample number for high density 

p~lyethylene 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 8-.S. 6~64. 

The fluorlnatlon of the pipes was earned e>ut batchwlse In an 1 :1 m3 ·mild steel 
. . 

30 · reactor. Pipes were placed In the reactor and the reactor was evacuated ·to an 

. absolute pressure of 10 kPa._ Theri a F 21N2 mixture comprising 20o/o by volume 

F 2 was bled Into the reactor ·to a total pressure of 30 kPa. The fluorination was 
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canied out at room ·temperature for 30 minutes, after which the reactor was 
evacuated and the pipes removed. 

For Example 1, six polypropylene pipes ·were used. The ·polypropylene 
material was PPH2222. The pipes were an 1 1 Omm OD Cass t O piping having a 

5 wall thickness of 8.5 mm. None of the pipes was degreased before fluorlnadon. Pipe : 
numbeB PP 1 - PP4 were degreased With MEK and pipe numbm PPS and PP6 were 
degreased with acetOne ·after fluoril1adon arid before reinforcement was applied. 
The n:tnforclng technique used was· filament winding. The primary aim of Example· 
t was to evaluate resins for adhesion of fibrous reinforcing to the pipes. On all the 

1 0 . pipes this resin was left to gel before the layers of resin-Impregnated reinforcement 
were applied.· 

For Example· 2, four polypropylene pipes were used. The polypropylene 
material was PPH2222. The pipes were all 90 mm:OD Cass 10 piping having a 
wall thickness of 7.0 mm. None of the .pipes was degreased before fluorlnadon. All 

15 the pipes were degreased with MEKafter fluorinadon 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 layeB of the resln­
lmpregnated .. flbrous 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 andGMSOtO. The polypropylene pipes were all t 10 mm 

. OD class 10 piping having a wall thickness of 8.Smm. AH the polypropylene pipes 
were degreased with MEK before fluorinadon. Of the polypropylene pipes, pipe 

25 numbeB PP1 and PP2 were degreased with MEK (and pipe numbeB PP3 and PP4 
were not degreased), after fluorinadon and before the resin-Impregnated fibrous 
reinforcement was ·applied. Slmllar 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 reinforcement to the pipes, to evaluate degreasing (and no 
degreasing) after ftuorlnadon and before the resin-Impregnated reinforcement was 
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applied, to evaluate an alternative sampling teehnlque. On all the pipes the resin 
. used for adhesion of the reinforcement, and the reinforcement; were appUed more 
or less simultaneously. In other words, the resin applied to the pipe surface was not 
left to gel before the resin-Impregnated fibrous reinforcing layers were applied. 

5 For Example 4, four hlgfa density polyethylene pipes were used, the material 
being GM5010.· The pipes were all 90mm OC clas$ 12 piping having a wall 
thickness of 1 o.s mm. All the pipes were degreased with MEK before fluorinatlon. 
All the pipes were subjected to a proprietary treatinent after fluorinatlon whereby · 
the pipe surfaces were wiped with So/o aqueous HQ solution, using Klmwlpe paper, 

10 ·. being then rinsed with demlnerallzed water ~nd left to dry. None of the pipes was 
subjected to any other degreasing after fiuortnatlon before reinforcement was 
applied. The reinforcing technique used was tape wrapping. The primary a_lm for 
Example 4 was to evaluate other resins instead ofCRYSTIC 600 for adhesion to the 
pipe of the fibrous reinforcement. On all the pipes the resin applied to the pipe 

1 S 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 SO mm OD dass 10 piping having a wall thldcness of 
40mm. All the pipes were degreased with MEK before ftuorinadon. None of the 

20 pipes was degreased after ftuorlnadon and before fibrous reinforcement was applied. 
The reinforcing technique used was hand lamlnadon. 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 GMSO 10. The pipe was of 160 mm OD class 10 piping having a wall 
thickness of 15.0 mm. The pipe was degreased neither before fluotination nor after 
fluotinadon and before reinforcement was applied. The reinforcing technique used 

30 . was filament winding. The primary aim for Example 6 was to evaluate PRO­
STRUCT 7907 as a resin for adhesion of reinforcement to the pipe and PRO-
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STRUCT 988 as a resin for lmpregnadng the reinforcement. The PRO-STRUCT 
7907 was applied as a coating and left to gel before the layers of ~In-Impregnated 
fibrous reinforcement were applied. 

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

s I 1 · s I· · 3 . 1 . , .. 2 I . ·4 I. 6 f 8 I 
Two testing techniques were used le a ~ndard and an altemadve technique. 

In the S(andard technique a 20 mm length of the HDPE or PP was machined out of 
. . .. . 

a 60mm length. of pipe s~mple for the purposes ·of liner ·push-out tests. In the 
. . altemadv~ technlqµ,e 20mm lengths of pipe sarnples were cut and no HDPE or PP. 

10 was. ma~hined ou~.- Tooilng was designed appr~priately for the purpose of liner 
push-out tests. 

15 

The push-out tests. lnvolVed the pu5hlng of the HOPE liner or the PP liner of 
each test piece, out of the reinforcing, and the measuring the force required to do 
so. The shear strength or 'Pl:fSh·out' strength was then calculated as follows: 

Shear strength (MPa) = F/ ".d.t 

· where F ~ maximum. force required to shear the pipe from the overwrapplng (N) 
d = pipe outer diameter (mm) 
t = liner push-out length (mm) 

20 Results for Examples 1 - 6 are set forth respectively In Tables 1 7 - 22 
hereunder. 
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EXAMPLE 1 

Table 17 

Test Results 

5 
Pipe number Adhesion lmpreg- . Sample Pipe Push Failure Shear Average 
(Material) . . resin . nation ~...-r OD Out load Sttess of 

resin (mm) lengds (tonnes) (MPa) samples 
(mm) (MP a) 

PP1 Dion Dion 9100 PP1/1 110 20.0 5.75 8.2 8.78 
(Poly-prop) 9100 PP1/2 110 20.0 6.14 8.7 

PP1/3 110 20.0 6.40 9. l 
PP1/4 110 20.0 6.50 9.2 10 
PP1/5 .110 20.0 5.82 8.3 
PP1/6 110 20.0 6.50 9.2 

PP2 Crysdc Crysdc PP2/1 110 20.0 7.15 10.l 9.10 
(Poly-prop) 600 600 PP2/2 110 .20.0 6.00 8.5 

PP2/3. t 10 ,. 20.0 6.22 8.8 
PP2/4 TlO 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 o,ra-kane Derakane PP3/l 110 20.0 4.88 6.9 8.49 
(Poly-prop) 470 411 PPJ/2 110 20.0 5.80 8.2 20 

PPJ/J 110 20.0 4.55 6.5 
PP3/4 110 20.0 6.80 9.7 
PPJ/5 110 20.0 7.37 10.5 
PPJ/6 110 20.0 6.50 9.2 

25 PP4 (Poly· Dera-kane Derakane PP4/1 110 20.0 5.48 7.8 7.50 
prop) 8084 411 PP4/2 HO 20.0 6.00 8.5 

PP4/J 110 20.0 4.44 6.3 
PP4/4 110 20.0 5.74 8.1 
PP4/5 110 20.0 4.88 6.9 

30 Pit4/6 110 20.0 5.15 7.3 

PPS Dion Crysdc . PP5/1 110 20.0 3.30 . 4.7 5.22 
(Poly-prop) 9100 600 PP5/2 110 20.0 2.90 4.1 

PP5/3 110 20.0 2.42 3.4 .. 
PP5/4 ' i 10 20.0 4.90 7.0 

35 PP5/S .. HO 20.0 4,99 ·6~9 

PP5/6 110 20.0 3.66 5.2 

PP6 Primer+ Crysdc PP6/l. 110 20.0 5.00 7.1 8.21 
(Poly-prop) Crysdc 600. PP6/2 110 20.0 5.80 8.2 

600 PP6/3 l 10 20.0 5.45 7.7 
40 PP6/4 110 20.0 6.40 9. t 

PP6/S 110 20.0 5.65 8.0 
PP6/6 t 10 20.0 6.41 9.1 
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EXAMPLE2 

Table 18 

Test llesulcs 

5 
Pipe Adhesion lmpreg Sample Pipe Push Failure Shear Average 
number resin -riadOn number OD out load stress of 
(mater1a1) resin (mm) lenph . (kN) (Mpa) samPles 

(mm) (Mpa) 

PPt Crystle Crystle PPt/1 90 20.0 tl.69 2.4 9.82 
· (Polyprop) 600 600 PP1/2 90 20.0 19.38 . 3.4 

10 PPl/3 90 20.0 69.38 12.3 
PPl/4 90 20.0 65.96 11.7 
PP1/5 90 20.0 64.74 11.4 
PPt/6 90 ... ·; . 20.0 70.50 12.5 
PPl/7 90 20.0 68;,63 12.l 

15 PP1/8 90 20.0 72.06 12.7 

PP2 Crystle Crystle PP2/1 90 20.0 9.69 1.7 9.64 
(Polyprop) 600 600 PP2/2 90 20.0 57.41 10.2 

PP2/3 90 20.0 56.70 10.0 
PP2/4 90 20.() 58.27 10.3 

20 Pr2/5 90 20.0 61.31 10.8 
PP2/6 90 20.0 65.36 11.6 
PP2n 90 20.0 60.JB 10.7 
PP2/8 90 20.0 66.97 11.8 

PP3 Crysdc Crysdc PP~/1 90 20.0 61.60 10.9 J0.63 
25 {Polyprop) 600" 600 PP3/2 90 20.0 67.04 11~9 

PP3/l 90 20.0 69.09 11.2 
PP3/4 90 20.0 60.70 10.7 
PPl/5 90 20.0 57.80 10.2 
PP3/6 90 20.0 64.40 11.4 

30 PP3n 90 20.0 63.70 11.3 
PP3/8 90 20.0 36.28 6.4 

PP4 Crystie Crysdc PP4/l. 90 20.0 11.48 2.0 7.60 
(Polyprop) 600 600 PP4/2 90 20.0 46.87 8.3 

PP4/3 90 20.0 14.36 2.5 

35 PP4/4 90 20.0 63.91 11.3 
PP4/5 90 20.0 63.65 11.3 
PP4i6 90 20.0 5.85 1.0 
PP4/7 90 20.0 69.43 12.3 
PP4/8 90 20.0 68.11 12.0 



EXAMPLE 3 

Table 19 

Test Results 

Pipe Adhesion lmpreg· Sample Pipe Od Push Failure Shear 

number resin nadon number (mm) out load stress 

(material) resin lenlth (kN) (Mpa) 
(mm) 

PP1 Crystle Crysdc PP1/1 110 20.0 57.07 8.3 

(Polyprop) 600 600 PP11.2 110 20.0 48.25 7.0 
PP1/3 110 20.0 72.13 10.4 
PP1/4 110 . 20.0 52.14 . 7.5 
PP1/5 110 20.0 64.30 9.3 
PP1/6 110 20.0 35.37 5.1 
PP1/7 110· 20.0 63.12 9.1 
PP1/8 HO 20.0 37.31 5.4 

PP2 Crysdc Crysdc PP2/1 · 110 20.0 73.13 10.6 

(Polyprop) 600 600 PP2/2 110 20.0 82.53 11.9 
PP2/3 110 20.0 64.00. 9.3 
PP2/4 110 20.0 86.71 12.S 
PP2/5 110 20.0 59.85 8.7 
PP2/6 110 20.0 87.66 12.7 
PP2/7 110 20.0 73.32 10.6 
PP2/8 110 20.0 83.26 12.0 

,, 

Average 
of 
samples 
(Mpa) 

7.77 

11.04 

Test resulu (Alternative Sampling Technique) 

Sample Pipe Push Fanure · Shear 
number OD out load Stress 

(mm) length (kN) (Mpa) 
(mm) 

PP1/A 110 20 92.46 13.4 
PP1/B 110. 20 90.06 13.0 

PP2/A 110 20 93.04 13.5 
PP2/B 110 20 99.56 14.4 

\ 

~ w 

~ 
~ 
I:! 
~. 

"d 

~ 
fa 
~ 
~ 
~ 
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Table 19 {Continued) ~ 
PP3 Crystle Crysdc PP3/1 110 20.0 41.81 6.0 8.55 PPl/A 110 20 97~54 14.1 
(Polyprop) 600 600 PPl/2 110 20.0 59.45 8.6 PP3/B 110 .20 97.17 14.1 

PP3/3 110 20.0 ·s1.21 7.4 
PPl/4 110 20.0 67.55 9.8 
PPl/5 110 20.0 69.78 10.1 
PP3/6 ·· 110 20.0· 49.50 7.2 
PPJ/7 110 20.0 64.21 9.3 
PP3/8 110 20.0 69.20 10.0 

PP4 Crysdc Crysdc PP4/1 110 20.0 58.81 8.5 10.32 PP7/A 110 20 65.46. 9.5 
. (Polyprop) 600 600 PP4/2 HO 20.0· 78.85 11.4 PP7/B 110 20 96.69 14.0 

PP4/3 · 110 20~0 77.32 11.2 
PP4/4 110. 20.0 70.94 10.3 
PP4/5 110 20.0 75.52 10.9 :t 
PP4/6 110 20.0 63.64 9.2 
PP4/7 110 20.0 74.ll 10.7 

a 

I 
..... 



PEI Crystle Crystle PE1/1 110 20.0 
(Poly- 600 600 PE1/2 110 20.0 
ethylene) PE1/3 110 20.0 

PEl/4 110 20.0 
PE1/5 110 20.0 
PE1/6 110 20.0 
PEl/7 110 20.0 
PEl/8 110 20.0 

PE2 Crystle Crystle -PE2/1 110 20.0 
(Poly- 600 600 PE2/2 110 20.0 
ethylene) PE2/3 110 20.0 

PE2/4 110 20.0 
PE2/5 110 20.0 
PE2/6 110- 20.0 
PE2/7 110 20.0 
PE2/8 110 20.0 

PE3 Crystle Crystle PE3/1 110 20.0 
(Poly- 600 600 PE3/2 110 20.0 

_ethylene) PE3/3 110 - 20.0 
PE3/4 110 20.0 
PE3/5 110 20.0 

- - PE3/6 110 20.0 
PE3/7 110 20.0 
PE3/8 110 20.0 

Table 19 (Continued) 

75.53 10.9 10.11 PEI/A 
68.42 9.9 PE1/B 
76.92 11.1 
74.93 10.8 
52.88 7.7 
73.75 10.7 
58.62 6.5 
77.84 11.3 

74.08 10.7 10.02 PE2/A 
72.89 10.5 PE2/B 
76.71 11.1 . 
78.48 11.4 
75.61 10.9 
69.55 10.1 
74.81 10.8 
75.91 11.0 

42.89 6.2 7.82 PE3/A 
46.47 6.7 PE3/B 
46.60 6.7 
51.42 7.4 
61.72 8.9 
58.73 8.5 
67.53 9.8 
56.92 8.2 

110 20 88.42 
110 20 86.10 

110 20 94.63 
-110 20, 90.22 

110 20 73.36 
110 20 64.74 

12.8 
_ 12.S 

13.7 
13.1 

10.6 
9.4 

~ 
~ 
~­
~ 

:::-. 

.. 
UI 

.,, 
~ 
~ 
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~ 



Table 19 (continued) 

PE4 Crysdc Crysdc PE4/l J JO 20.0 18.35 2.7 
(Poly- 600 600 PE4/2 110 20.0 39.39 5.7 
ethylene) PE4/3 110 20.0 33.72 4.9 

PE4/4 110 20.0 63.04 9.1 
PE4/5 110 20.0 10.24 1.5 
PE4/6 110 20.0 48.05 7.0 
PE4/7 110 20.0 20.96 3.0 
i>E4/8 ·110 .20.0 60.39 8.7 

5.32 PE4/A 110 20 
PE4/B 110 . 20 

~ 

67.53 9.8 
65.65 9.5 

• OI 

$! 
0 

m e· 
\0 

.,, 
~ 
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TEST RESULTS 

Pipe Number Adhesion resin lmpreg-
(Material) nadon 

resin 

PE1 Crysdc 600 Crysdc 
Standard wall NCS 600NCS 
thickness .. 

(Polyethylene) 

PE2 Crystle 600SB Crysdc 
Stand~rd wall 60058 
thickness 
(Polyethylene) 

PE3 Dion 6694 Dion 
Standard wall 6694 
thickness 
(Polyethylene) ·-·· ... 

PE4·· Crysdc 392 Crysdc_ 
Standard wall 392 
thickness · 
(PoJYethylene) 

EXAMPLE 4 

Table 20 

TEST RESULTS (ALTERNATIVE 
SAMPLING TECHNIQUE) 

Sample Pipe Push Failure 
number OD out load 

(mm) length . (~N) 
(mm) 

PE1/A 90 20 57.78 
PE1/B 90 20 60.54 

PE2/A · · 90 20 69.58 
PE2/B 90 20 63.12 

PE3/A 90 20 56.89 
PE3/B 90 20 53.89 

PE4/A 90 20 66.66 
PE4/B 90 20 64.0l 

Shear 
Stress 
(Mpa) 

l~2 
·10.1 

12.3 
11.2 

10.1 
9.5 

11.8 
11.3 

~ 
..J 

~ 
'° ~ 
t 
'° 

"'d 

~ 
~ 
~ 

~ 



Pipe Adhesion Impregnation 
number resin resin 

PPl Crysdc Derakane 
(Polyprop) 392 411 
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(Polyprop) 392 411 

Examole 5 

Table 21 

TEST RESULTS 

Sample Pipe 
number OD 

(mm) 

PPl/1 so 
PPl/2 · 50 
PPl/3 50 
PPJ/4 50 
PP1/S so 
PP2/1 50 
PP2/2 50 
PP2/3 50 
PP2/4 50 
PP2/5 50· 

Push 
out 
length 
(mm) 

20·.o 
20.0 
20.0 
20.0; 

~-

20.0 j 

20.0 
20.0 
20.0 
20.0 
20.0 

.... 

Failure Shear-
load Stress 
(kN) (Mpa) 

31.59 10.1 
30.12 9.6 
31~54 10~0 
31.49 10.0 
32.00 10.2 

28.66 9.1 
31.99 10.2 
32.43 10.3 
30.16 9.6 
31.64 10.l 

Average 
of 
samples 
(Mpa) 

9.98 

9.86 

·:.· 

,,. 
Q) 

~ 
Q 
\0 

m 
~ 

· · ·· I I "d 
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ta 
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-~ 



. 5 

10. 

W095/3SJJ9 
.... 
.. ~.= 

Pipe Adhesion · lmprepadon 
number resin resin 
(Material) 

PEl Pro-Struct Pro-Struct 
(Polyerhyl 1909 988 
ene) 

49 

Example 6 · 

Table 22 

TEST RESULTS 

Sample Pipe 
number OD 

(mm) 

PE1/1 160 
·PE1/2 160 
PE1/3 160 
PEl/4 160 
PE1/5 160 
PE1/6 160 

Push FaUure 
out load 
lenadl (kN) 
(mm) 

10~36 40.28 
13.53 44.88 
13.54 70.17 
14.86 67.23 
12.04 65.17 
15.33 76.64 

·. . . 

PCT/US95/07637 

Shear Average 
Sam of 
(Mpa) -samples 

(Mpa) 

7.7 9.06 
6.6 
10.3 
9.0 
10.8 
9.9 

It Is an advantage of the lnvendon that it pennlts polyolefin pipes and tanks to 

15 be strengthened or reinforced by a resln·lmpr~gnated ftbrous 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 whlclf 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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THfS SHEET HAS BEEN 
REP'-ACED 

1. In the production of a component of a. plastics m~~I which Is strengthened 
and reinforced by a resin-Impregnated fibrous material .which adheres to a surface 

' ' ' 

thereof, by contacting said surface of. the compone11~ .with a fibrous material 
Impregnated with a resin In a settable state,· and effecdng setting of the ~In While 

5. catislng the fibrous material to adhere to said surface of tile component, the process 
which comprises using as the plasda material a polyolefi~:'IUaterial and which Includes 
the step, prior to the. ·contacting, of sub)ecdng said surface of the component to 
activation thereof. 

2; A process as claimed In claim 1, In which the polyolefin material Is selected from 
10 polyethylenes, polypropylenes, copolymers of ethylene and propylene 

and blends of such·. polyolefi·~s, the surface actiiration ·being selected 

from at least one of corona discharge activation:,' .energy beam activation, 

plasma activation and surface fluorination activation. 
. . . .. . . 

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 process as claimed In claim 3, In which the actiVadon Is by surface fluorinadon 
and Is by exposing the surface to be fluorinated to a fluorine-cc>ntalnlng 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 fluorine-containing gas forms part 
of a mixture with other gases, the fluorlne-containlng gas fanning 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 comprises 5 - 20% 
25 by volume of the fluorine-containing gas and 5 - 95% by volume of oxygen, so that 

the surface fluorinadon Is a surface oxyfluortnadon~ 
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7. A process as claimed In claim 6, In which, after said oxyfluorinadon, the surface 
Is subjected t.o hydrolysis. 

8. A process as claimed In any one of the preceding claims, In '!hlch the fibrous 
material Is subJected t.o surface fluorinadon thereof prior t.o lmpregnadon thereof with 

5 resin. 

9. A process as.claimed_ In claim 8, In which the reinforcing material has fibres 
which are selected from glass fibres, carbon fibres, polyester fibres, polyamlde fibres, 
polyolefin fibres and mixtures thereof. 

10. A process as claimed In any one of the preceding claims, In which the surface 
· 10 Is ·subJected t.o degreasing prior t.o activadon thereof. 

11. A process as claimed In any one .of the preceding claims, In which the surface, 
after actlvadon thereof and prior t.o the contacdng, Is sub)ected to degreasing. 

12. A process as claimed In any one of the preceding claims, In which causing the 
fibrous material t.o adhere to the surface of the component Is by means of a resin which 

15 Is different from the resin which Impregnates the fibrous material, each resin being 
selected fro~ epoxy resins and polyester resins 

1 _~.. A process as claimed In any one of claims 1 - 11 Inclusive, In which causing the 
fibrous material t.o 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. 

1°4. A. component of a plasda material Which Is strengthened and reinforced by a 
resin-impregnated fibrous material which adheres to a surface thereof, the resin being 
set, the plasda material being a potyolefin material and said surface being activated. 

1-5. A component of a plasda material which Is strengthened and reinforced by a 
25 resin-Impregnated fibrous material which adheres t.o a surface thereof, whenever 

produced In accordance with the process of any one of claims 1 - 13~ 


