1 PROTECTI ON AND REPAI R OF STRUCTURE SURFACES W TH HAND- LAI D COWPCSI TE
MATERI ALS Field of the Invention [0001] The present invention relates to
protection and repair of structures against corrosion, weathering and

chem cals. [0002] In particular, this hnventi on relates to nethods of
protecting and repairing marine structures with hand-|aid conposites,
particul arly gl ass-epoxy conposites. Background of the Invention [0003] In
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Background of the Invention
[0003] In the marine industry, manmade structures are usually protected by
painting. Such structures include ships and other vessels, inshore structures
such as port and harbor facilities, and offshore structures such as oil rigs.
[0004] However, paint, even high-quality paint, has low mechanical strength
and is thus relatively brittle or “soft”, that is, it is not able to withstand knocks. Any
impact with hard objects, such as tools dropping on painted surfaces, may
cause the paint to chip and crack.
[0005] In addition, if the painted surface has sharp corners or is irregular,
paint over these surfaces and corners are also susceptible to cracking and
abrasion. When paint cracks, the underlying substrate is exposed to the
elements and corrosive chemicals. This exposure will cause rust, which will in
turn, compromise the integrity of the structure.
[0006]  Structures in the marine industry are additionally exposed to sea or salt
water which accelerates corrosion. As such, rectifying cracks in the paint of
painted marine structures is more pressing than for structures not subject to salt
water.
[0007] To rectify these cracks in the paint, the current methods are to first
remove the compromised paint and any rust present, followed by repainting of
the substrate.



[ 0008] The nethods used to renove the old paint are determ ned by the
severity of the rust. These include sand bl asting, w re scrubbing, power
and hand sandi ng. The degree of surface preparation in the industry is
usually to neet Standard SA2-1/2 undeé | SC8501- 1: 1988. [0009] While the
procedure for preparing substrate surfaces for painting is apparently
sinple, surface contours of the substrate may not allow p
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prot ect ef100011] A tougher coating that is often used in the art for challehging,
corrosive environments is the group of polymer resins commonly known as
epoxy. The unpolymerized epoxy resin may be applied as a powder or liquid. As
a powder, it is usually electrostatically sprayed on and then heated to melt and
crosslink the epoxy molecules. This polymerizes or “cure” the epoxy. As a liquid,
epoxy is usually mixed with a hardener to cure it.
[00012] The durability of epoxy coatings may be improved by additives. For
example, RU2211231C1 by Kravtsov et al uses finely ground quartz glass
powder as an additive. On the other hand, in US6294597, Rinde et al teaches
the use of an inorganic filler with an epoxy resin to protect a substrate.
[00013] Another invention by Proshin et al (RU2188802C2) adds, among
other ingredients, 20 mm long polyethyleneterephthalate fibers to the epoxy to
enhance resistance of the protective coating. In these inventions, the additives
are added to the epoxy, mixed and then the mixture is applied to the surface to be
protected.
[00014] A departure from these epoxies with additives as a protective
coating is that of JP62127482A2 by Hirata and Sugimoto. Here, the inventors




[ 00014] A departure fromthese epoxies with additives as a protective
coating is that of JP62127482A2 by Hirata and Sugi noto. Here, the inventors
3 teach the use of an elastomer formed into a "rubber"” sheet and adhered to
surfaces with a flexible epoxy resin tg protect submarine steel structures.
The el astonmer rubber sheet is not mx8d with the epoxy. Rather, the epoxy
is only used as an adhesive. [00015] However, even with these
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portions of marine structures than that afforded by methods of the current art is

needed.

Summary of the Invention
[00017] The preéent invention seeks to provide a method for a coating to
protect and repair surfaces of structures.
[00018] Accordingly, in one aspect, the present invention provides a
method for coating a substrate, the method comprising preparing the surface of
the substrate; applying a fiber sheet wetted with an unpolymerized liquid resin
over the surface; smoothening the fiber sheet to remove bubbles; allowing the
resin to polymerize partially; applying one or more other fiber sheets wetted with
the unpolymerized liquid resin; and allowing the resin to polymerize fully wherein
a fully-polymerized protective composite of resin and fabric that conforms to the
surface of the substrate is obtained.
[00019] In another aspect, the present invention provides a method to repair
defects such as depressions in the surface of structures. The method for




a fully-polynerized protective conposite of resin and fabric that conforns
to the surface of the substrate is obtained. [00019] In another aspect,
the present invention provides a nmethod to repair defects such as
depressions in the surface of structures. The nethod for 4 patching a
depression in a substrate conprises préparing the inside surface of the
depression; preparing the surface adjacent to the depression; applying a
fiber sh@atchirg Eedepiieshicaninumsubsinatel cardptisef prepasiignthieninsidersurtager ek si on;
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pr ot ect i ¥@bsipatROs! distafierl. i ng of resin fiber sheet on the substrate. Brief
Description of the Draw ngs [00021] A preferred enbodi nent of the present
i nvent i o00Q20] nowlrwehem@thef aspsctdhecpresent invgnijery pervidssaappatingda h
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layer of a fiber sheet in a polymerized resin matrix, the compOSIte obtained by

applying the at least one fiber sheet wetted with the resin in an unpolymerized
liquid form over the surface of the substrate; smoothening the fiber sheet;
allowing the resin to polymerize partially; adding one or more additional resin-
wetted fiber sheets; and allowing the resin to polymerize fully; thereby forming a

protective cbmposite coating of resin fiber sheet on the substrate.

Brief Description of the Drawings
[00021] A preferred embodiment of the present invention will now be more

fully described, by way of example, with reference to the drawings of which:

[00022] FIG. 1 illustrates the cross-section of coatings of the present
invention;
[00023] FIG. 2 illustrates the present invention as applied to the corner of a

structure such as a brine tank;
[00024] FIG. 3 shows how the present invention may be applied to the
welded joint of two structure members; and




[00023] FIG 2 illustrates the present invention as applied to the corner
of a structure such as a brine tank; [00024] FIG 3 shows how the present
invention may be applied to the welded joint of two structure nenbers; and
5 [00025] FIG 4 shows how areas damag%d by rust may be repaired by the

nmet hod of the present invention. Detailed Description of the Draw ngs
[00026] A detailed description of the present invention will now be given
in accol@RE wit FlG. frsbpws kew aneasidamaged b et mayche repairednby the
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the invention nay be practiced wthout such details. Sone of these details
may not be described at length so as not to obscure the invention. [00027]
There are nmany advantages of the present invention over the prior art. The
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fabricating osite structures, However, the trend for such techni ques

is towar8g& The irst advantage is that minor surface 'defects such as uneven surfaces
formed during fabrication, or pitting caused by the removal of rust, may be
rectified by the method of the present invention.
[00028] Another advantage is that the coating obtained by the method of the
present invention is tougher than conventional paint, can withstand accidental
shocks and knocks by tools, and lasts significantly longer than either paint or
epoxy alone.
[00029] Yet another advantage is that the predisposition of corner surfaces
formed by welded members to rust can be protected against corrosion by the
method of the present invention.
[00030] In brief, the present invention uses a resin to protect a substrate but
reinforces the resin with plies or layers of a suitable fabric-like material,
essentially hand applying the materials, curing it to form a tough, protective
composite. The techniques used are similar to those used for hand fabricating
composite structures. However, the trend for such techniques is towards
manufacture of composite products such as vehicles (bicycles, ships and
aircraft) and not towards the use of such composites for protection and repair of
existing structures. As the direction of the art of fabricating composite items
points away from the methods taught under the present invention, the present
invention should be seen as inventive.



manuf acture of conposite products such as vehicles (bicycles, ships and
aircraft) and not towards the use of such conposites for protection and
repair of existing structures. As the direction of the art of fabricating
conposite itens points away fromthe gethods taught under the present
invention, the present invention shouPd be seen as inventive. 6 [00031] A
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mat ri x ar conposi ave been use I'es such as the
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r ei nf or ceestriesasech ab dhe widrtasalosmgimedyng field where pre-fabricated
composites of such “engineering plastics” are used for their structural, and
electrical and thermal insulating properties. An example of such a product is
glass-epoxy, available as rigid sheets of various thickness, similar to plywood.
[00034] In the present invention, unlike that of JP62127482A2 by Hirata and
Sugimoto, the composite is not pre-fabricated and simply brushed on, but largely
hand-laid as a protective coating for marine structures. It is readily apparent that
manual fabrication is necessary for the coating to drape well, so as to conform to
the curved surfaces, angles and corners of marine structures.
[00035] As such, other reinforcement materials such as commonly
obtainable cotton, linen or paper sheets are not suitable as they do not drape
well. Also, these materials absorb and retain water and are hence further
unsuitable. The material must also be easily used by semi-skilled or unskilled
workers and do not require special handling.
[00036] To practise the present invention, several main types of materials
are needed. Any organic or inorganic sheets that drape well, have no or low

water absorption, and meet the desired strength characteristics may be used. In



obt ai nabl e cotton, |linen or paper sheets are not suitable as they do not
drape well. Also, these nmaterials absorb and retain water and are hence
further wunsuitable. The material nust also be easily used by sem -skilled
or unskilled workers and do not require special handling. [00036] To
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[00039] The preferred matrix material is epoxy resin in a liquid form,
obtainable from various suppliers. However, other suitable resins may also be
used to practise the invention. There are many types of epoxies and suitable
examples are those that are moisture resistant, have low cure shrinkage and
sufficient flexibility and toughness to resist commonly-encountered knocks from
workers working around the structures. Also usable are epoxies that have
thermoplastic or rubber additives pre-mixed in them.

[00040] After testing various epoxies, the present invention uses bi-
component epoxy comprising a Component A of the epoxy is mixed in the
manufacturer’s suggested ratio of 100:42 by volume with Component B. This
may be done by mechanically-stirring the mixture in the suggested ratio in a low-
speed mixer at 400-600 rpm for five minutes. The mixture thus prepared is
curable at ambient temperature. Specifically, this mixture cures in 72 hours at
15°C. A catalytic accelerator may be used to speed up the curing process if
desired. When fully cured, the epoxy has a tensile strength of 10,500 psi, a

tensile modulus of 461,000 psi and a maximum elongation of 5%.




[ 00040] After testing various epoxies, the present invention uses bi-
conponent epoxy conprising a Conponent A of the epoxy is mxed in the
manuf acturer's suggested ratio of 100:42 by vol une with Conponent B. This
may be done by mechanically-stirring the mxture in the suggested ratio in
a low speed m xer at 400-600 rpm for five mnutes. The mixture thus
prepared is curable at anbient tenperature. Specifically, this mxture
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sheet is then neasured and cut. The size and shape of the sheet is
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invention render unnecessary any protracted sandblasting or cleaning as

needed for painting.

[00044] A piece of the reinforcing aramid-glass fiber sheet is then
measured and cut. The size and shape of the sheet is predetermined to overlap
the spot to be covered by five to 10 times in the two linear dimensions.

[00045] The fiber sheet is then wetted, preferably saturated, with the
prepared bi-component epoxy mixed and silane coupling agent and laid over the
spot to be covered. Saturation of the fiber sheet may be done by immersing it in
a tank of mixed unpolymerized epoxy and silane coupling agent.

[00046] A roller brush dampened with the epoxy mixture is then used to
remove air bubbles in the fiber sheet and smoothen any “bunching” of the
material. During application of the fiber sheet, it is important not to stretch or
distort the fabric, otherwise voids may be formed in the matrix after the epoxy has
cured. Additional epoxy may be applied by brushing or spraying if desired, or to
smoothen out uneven patches.

[00047] Before the matrix has fully cured, a second fabric sheet of similar
shape but smaller than the first sheet is similarly wetted or saturated with the

epoxy mixture and laid over the first sheet. The degree of curing is to allow the




prepared bi-conponent epoxy m xed and silane coupling agent and |l aid over
the spot to be covered. Saturation of the fiber sheet may be done by
imrersing it in a tank of m xed unpol ynerized epoxy and silane coupling
agent. [00046] A roller brush danpened with the epoxy m xture is then used
to renpve air bubbles in the fiber shfet and snoothen any "bunching" of

the material. During application of the fiber sheet, it is inportant not
to stret €arligr sheets tor temaip aditered fo teheuhdteate asddsotriey shifed dyrtbe i n t he
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shape but smaller than the first sheet is simlarly wetted or saturated
wi th t hethadpdihe subsegueninsheeds.d over the first sheet. The degree of curing

ist I 9 li.er. sheets t i. her to the, subst.rate and not
e sni 1t P84T he PREARGRARTSao B L BdudhoR o Ik SeborafhSRLE ce of
curing i prefetably faid lat anGRgh e WH@?ﬁéés&% the firdtl SHEelty. PR RPfigBagf t he
epoxy of the laid sheet with that of the subsequent sheets. [00048] For
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appl i ed brushi ng or §pray|ng_|f.des|red, or to snoo hen out uneven
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subsequent fabric layer is obviated. [00050] This process is repeated

until a ShaRgdhe erieriRtier of die faticifor areh supesgueny fabiic tayepis sriatadot ect i on
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of 1.5 mm will provide sufficient protection for the substrate under most
environmental conditions. Severe environmental conditions may dictate a thicker
coating as appropriate.
[00051] In general, each subsequent layer of the fabric sheet is similar in
shape but smaller in area to the Iayér already laid. This is to_create a “feathered”
edge 100 so as not to present an abrupt edge that encourages peeling of
coating (FIG. 1A). For additional protection against peeling, another perimeter
110 of composite may be similarly built up around the edge of the first coating
against peeling (FIG. 1B). A coating without the feathered edges or the
perimeter, while not as durable as one with these features, remains under the
scope of the present invention.
[00052] Once fully cured, this hand-laid coating will form a protective
composite of aramid glass epoxy 120 over the substrate 130. The inventors
have found that the composite of the present invention has a maximum tensile
strength in the warp direction of 66,720 psi and maximum elongation of 5.0%.
[00053] FIGS. 2A and 2B show the elevational view and cross-section,

respectively, of the method of the present invention applied to the corner of a




coating as appropriate. [00051] In general, each subsequent |ayer of the
fabric sheet is simlar in shape but smaller in area to the |ayer already
laid. This is to create a "feathered" edge 100 so as not to present an
abrupt edge that encourages peeling of coating (FIG 1A). For additional
protection agai nst peeling, another pel'q meter 110 of conposite may be
simlarly built up around the edge of the first coating against peeling
(FIG 1 siructnre suech ag W\btih@mnk-h%hﬁ%ﬁ\fd@rf@@lf@dgw&hetcﬁmpqﬁﬁi(w@tlﬁ, whi | e
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130. The inventors have found that the conposite of the present invention

has a mafiersamecaramid glass epgxhcpmposéewar p direction of 66, 720 psi and
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These two figures show the conposite coating 200 |laid over the weld 210 of
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angle to_each other. To achieve the conposite coating 300, strips of
epoxy- satQf086kd f abhe Presardringntignemay\adsn he wsgggedernais witiing i caepded 10.
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substrate 420 are _renoved by conventional nethods such as chipping and
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bordering the depression or damaged area is also prepared. Thereafter, the
depression of the damaged substrate may then be filled 440 by conventional
methods (FIG. 4B). These include patching the eroded spots with a mixture of
epoxy and suitable fillers 440, well-known in the industry, to form a smooth even
surface.
[00056] Alternatively, small swatches of the epoxy-saturated fabric 450 may
be used to patch and fill these spots, building up to the surface of the structure in
a similar manner as taught above. Thereafter, the earlier steps of the method of
the present invention directing to building up of layers of the composite 460 may
then be used to protect the damaged area.
[00057] The rationale for clearing the substrate surface 430 bordering the
damaged spots is to allow for the method of the present invention to coat the
damaged area as described above (FIG. 4B). Shown in FIG. 4B are the corroded
areas patched and coated by the method of the present invention without any
reinforcing parameters. Alternatively, reinforcing parameters 470, as taught by
the method of the present invention, may be fabricated. Tests by the inventors
have shown that damage as severe as extending to 25% of the thickness of the

substrate for non-load bearing structures may be repaired by the method of the



bordering the depression or damaged area is al so prepared. Thereafter, the
depression of the damaged substrate may then be filled 440 by conventi onal
nmet hods (FIG 4B). These include patching the eroded spots with a m xture
of epoxy and suitable fillers 440, well-known in the industry, to forma
snooth even surface. [00056] Alternatﬂ/ely, smal | swatches of the
epoxy-saturated fabric 450 may be used to patch and fill these spots,
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be pr ot eptatdctivEneoatingisi agtaRight be siveaass to beghbiavtedry al so be used to
repair mnor defects in the surface to be protected. [00059] The present
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fabricated is tougher and more durable than coatings that are merely painted or
sprayed on.
[00061] The teachings of the present invention overcome, or at least
alleviate, the problem of the prior art. It will be appreciated that although only a
few preferred methods has been described in detail, various modifications and
improvements can be made by a person skilled in the art without departing from

the scope of the present invention.




protective coatings as taught on structures to be protected. [00060] It
w Il be apparent to one skilled in the art that the present invention is
novel and inventive over the nmethods of the prior art as the coating thus
fabricated is tougher and nore durable than coatings that are nerely

pai nted or sprayed on. [00061] The t ek hi ngs of the present invention

overcone, or at least alleviate, the problemof the prior art. It wll be
appreci ated that although only a few preferred nmethods has been descri bed
in detail, various nodifications and_ inprovenents can be nade by a person

skilled in the art w thout departi ngCWm the scope of the present
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conprising: preparing the s ace o e substrat €] aB%] ying a fiber sheet
wetted w th aprepapiogythersurfadel ofdhesubsiyate;over the surface; snoot hening

the fiber sheet to renpve bubbles; allowng the resin to polynerjze
partially; apPPRYiG %ﬁgebﬁﬁﬁr‘@e@?%Mtlhfqrbé?g@ﬁ@@f@eaé'ﬂf’@drﬁﬁq ﬁvqr e
unpol ymer i zedf,u,Lfé idresin;, and allowing the resin to polynerize fully

whereby a ful[y-pol'yneri zed protective conposite of resin and fabric that
conforns to smeotherirg theofibeéhsheethist neatave sulntiles;i ned. 2. A net hod

according to ai.m the preparing further conprising: renoving corrosion
and exi sting éﬁ%‘l"f‘ﬂégedﬁs'ﬂﬁ Yﬁ’?aé?@,aﬁ!ﬁi'é{’ removi ng any debris on the
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further conpris » cutting the fiber sheet to an appropriate size and
shape; liquid resin; and

allowing the resin to polymerize fully
whereby
a fully-polymerized protective composite of resin and fabric that conforms

to the surface of the substrate is obtained.

2. A method according to Claim 1, fhe preparing further comprising:
removing corrosion and existing coatings on the substrate; and

removing any debris on the substrate.

3. A method according to Claim 1, the applying a fiber sheet further
comprising:
cutting the fiber sheet to an appropriate size and shape;
wetting the cut sheet with the unpolymerized liquid resin and

placing the cut fiber sheet onto the substrate.

4, A method according to Claim 1, wherein the fiber sheet comprising glass

and aramid fibers.
5. A method according to Claim 1, wherein the resin is epoxy resin.

6. A method according to Claim 1, wherein the resin is a bi-component epoxy

resin.



wetting the cut sheet with the unpolynerized liquid resin and placing the
cut fiber sheet onto the substrate. 4. A nethod according to Claiml,
wherein the fiber sheet conprising glass and aramd fibers. 5. A nethod
according to Caim1, wherein the resin is epoxy resin. 6. A nethod
according to Caim1, wherein the resitis a bi-conponent epoxy resin. 13
7. A nethod according to Claiml, wherein the resin is a bi-conponent
epoxy resin with a silane coupling agent. 8. A nethod of patching a
depressign in,a sybstrate, .th t.hod c r.ising. . preparing the. inside
surface & ne ainat atshtong o Bty T, Bk Thd esinfi Seo it

depr essi on; agp@g} e withDg kilgheebupiid 8gend. t h an unpol yrmeri zed |iquid
resin into the epression; snoothening the fiber sheet to fit into the
depression; allowing the resin to polynerize partially; applying one or

nore ot hgr fiRer she ted with the unpal rjz | i,guid resin until
the surffe of R BLedGhE s Bablresi  oubSrlss dhoae B e frishd

unpol yneri zedptdpaiting theShsideVdilrfddeeof thiel d&stedgiBhESSi On; snoot heni ng t he
fiber sheet to renpve bubbles; allow n% the resin to polynerize partially;
appl yi ng one prepasing thermnfacenadjaceiidodhaedansessiph t he unpol yneri zed
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to the surfacgepfedsign:substrate is obtained. 9. A method according to Caim

8, the preparing further conprising: _
smoothening the fiber sheet to fit into the depression;

allowing the resin to polymerize partially;

applying one or more other fiber sheets wetted with the unpolymerized
liquid resin until the surface of the substrate;

applying a fiber sheet wetted with the unpolymerized liquid resin over the
filled depression;

smoothening the fiber sheet to remove bubbles;

allowing the resin to polymerize partially;

applying one or more other fiber sheets wetted with the unpolymerized
liquid resin; and

allowing the resin to polymerize fully

whereby

a fully-polymerized protective composite of resin and fabric that conforms

to the surface of the substrate is obtained.

9. A method according to Claim 8, the preparing further comprising:
removing corrosion and existing coatings on the substrate; and

removing any debris on the substrate.

10. A method according to Claim 8, the applying a fiber sheet further
comprising:
cutting the fiber sheet to an appropriate size and shape;
wetting the cut fiber sheet with unpolymerized liquid resin and



removi ng corrosion and exi sting coatings on the substrate; and renoving
any debris on the substrate. 10. A nethod according to Claim8, the
applying a fiber sheet further conprising: cutting the fiber sheet to an
appropriate size and shape; wetting the cut fiber sheet with unpolynerized
liquid resin and 14 placing the cut fitter sheet into the depression. 11. A
nmet hod according to Caim8, wherein the fiber sheet conprising glass and
aram d fi ber splacing thenewtfiueraheet ditadhe oegradsinrg, wherein the resin is
epoxy resin. 13. A nethod according to Caim8, wherein the resinis a

bi - conponent epoxy resin. 14. A nmethod according to Caim8, wherein the
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coating to protect a substrate, wherein the coating of a conpositfe

conprises at PRedsraone filbgysr of a fiber sheet in a polynerized resin
matri x, the conposite obtained by: applying the at |east one fiber sheet
wetted with the resin in an wunpolynerized liquid formover the surface of

the substipat eA nsstRed ReBbriing e CldiRes, WherRln thd 1< ROepOE feBfi.N tO
pol ynmeri ze partially; adding one or nore additional resin-wetted fiber

sheets; and allowing the resin to polymerize fully; thereby formng a
protectiyg coppasiidy S0ahig 8 chfi e WHdEh RB58LInIE 4 BEcombBRérHrbxy

resin.

14. A method according to Claim 8, wherein the resin is a bi-component

epoxy resin with a silane coupling agent.

15. A coating to protect a substrate, wherein the coating of a composite
comprises at least one layer of a fiber sheet in a polymerized resin matrix,
the composite obtained by:
applying the at least one fiber sheet wetted with the resin in an
unpolymerized liquid form over the surface of the substrate;
smoothening the fiber sheet;
allowing the resin to polymerize partially;
adding one or more additional resin-wetted fiber sheets; and
allowing the resin to polymerize fully;
thereby forming a protective composite coating of resin fiber sheet on the
substrate.




