
(19) 

US 20040052997A1 

(12) Patent Application Publication (10) Pub. No.: US 2004/0052997 A1 
United States 

Santo (43) Pub. Date: Mar. 18, 2004 

(54) 

(76) 

(21) 

(22) 

(51) 

COMPOSITE PRESSURE CONTAINER OR 
TUBULAR BODY AND COMPOSITE 
INTERMEDIATE 

Inventor: Ietsugu Santo, Toyohashi (JP) 

Correspondence Address: 
OBLON, SPIVAK, MCCLELLAND, MAIER & 
NEUSTADT, RC. 
1940 DUKE STREET 
ALEXANDRIA, VA 22314 (US) 

Appl. No.: 10/244,749 

Filed: Sep. 17, 2002 

Publication Classi?cation 

Int. Cl.7 .............................. .. B32B 1/08; B05D 3/02 

Process for Production of Prepreg Tow 

(52) US. Cl. ...................................... .. 428/363; 427/385.5 

(57) 
One embodiment of the present invention relates to a 
composite pressure container or tubular body, Which 
includes: 

ABSTRACT 

a prepreg toW Winding obtained by a process that 
includes: 

contacting at least one ?ber With an uncured ther 
mosetting resin, to form a coated ?ber; 

Winding said coated ?ber around an outer shell, 
form, liner, or mandrel; and 

curing the resin; 

Wherein said uncured thermosetting resin includes at 
least one surface active oligomer or polymer. 
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Fig. 1 Process for Production of Prepreg Tow 
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COMPOSITE PRESSURE CONTAINER OR 
TUBULAR BODY AND COMPOSITE 

INTERMEDIATE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a composite pres 
sure container, tubular body and/or composite intermediate 
produced using a prepreg toW process, reinforced ?bers and 
prepreg toWs for use in same, and methods of making and 
using same. 

[0003] 2. Discussion of the Background 

[0004] In recent years, composite molded articles have 
been increasingly used in applications such as CNG (com 
pressed natural gas) tanks, breather oxygen tanks, e.g., for 
?re?ghters, hydrogen storage tanks, e.g., for fuel cells, 
off-shore pipes and ?yWheel rotors. These articles are gen 
erally produced by the ?lament Winding method 

[0005] The ?lament Winding method is suitable for the 
production of cylindrical or spherical molded articles, and it 
is quite advantageous because it facilitates automated manu 
facturing processes. This method also alloWs great reduction 
in the Weight of the article, e. g., by replacing ordinary metals 
With a composite. 

[0006] Generally, in the ?lament Winding method, a rein 
forcing ?ber is dipped in an impregnation bath containing a 
loW-viscosity resin, and, after removal of the excess resin, is 
Wound on a mandrel or a form to produce a pressure 
container or a tubular body. 

[0007] For pressure containers, in order not to leak the 
stored compressed liquid or gas, a plastic or metal liner is 
used, and the reinforcing ?ber is Wound around the liner 
outer shell to enhance the strength of the liner. 

[0008] In a “Wet” ?lament Winding method, a reinforcing 
?ber that is not impregnated With resin is impregnated With 
resin formed in situ, to form a reinforcing ?ber. The rein 
forcing ?ber is then Wound on a mandrel such as the 
above-mentioned liner. The Wet ?lament Winding method is 
still used as a mainstream process. 

[0009] Epoxy resin is mainly used as the resin in ?lament 
Winding. To facilitate impregnation, loW-viscosity resin is 
generally used. In the Wet ?lament Winding method, the 
resin composition, curing agent or catalyst are generally 
selected so that the curing reaction proceeds gradually at 
room temperature. 

[0010] The above-mentioned resins are good for the pro 
duction of small molded articles. HoWever, When producing 
large composite structures, for example, it takes a long time 
to complete the Winding, and thus the use of the resins 
Wherein the curing reaction proceeds at room temperature is 
a problem. To solve this problem, the so-called “prepreg 
toW” is sometimes used. 

[0011] In a prepreg toW, a latent curing agent or a resin 
composition having a latent curing property is generally 
selected, and it is stored at a loW temperature or room 
temperature. Because of the latent curing property, the 
curing reaction proceeds very sloWly, and thickening of the 
resin does not occur even if the Winding is carried out at 
room temperature. In addition, since the prepreg toW resin 
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generally has a relatively high viscosity When compared to 
Wet method resins, the prepreg toW resin adheres less to a 
roll or to a guide. Even if the prepreg toW resin does adhere 
to the roll or guide, hoWever, resin thickening does not 
occur, as noted above. Therefore, the requirement for sol 
vents or solvent resin removal is desirably minimiZed. Thus, 
large molded articles can easily be produced With great 
effect. 

[0012] Pressure containers have attracted much interest 
because they are particularly suitable for storing and/or 
preserving an energy source that replaces gasoline. These 
pressure containers have heretofore been produced With 
metallic materials, Which are heavy. When metallic pressure 
containers are used in automobiles, operating costs are high, 
and payload must be limited. It has been found that the use 
of composite pressure containers can realiZe a high burst 
pressure With light Weight, and thus an all composite or 
partial composite pressure container has come to be used. 

[0013] Continuous attempts have been made to minimiZe 
the Weight in pressure containers, and one of the most 
important requirements is to maximiZe ?ber strength trans 
lation of the particular reinforcing ?ber used but minimiZe 
the amount of material required. 

[0014] One of the problems heretofore associated With the 
production of composite pressure containers is that the 
substantial tensile strength (as hoop strength) of a pressure 
container decreases relative to the reinforcing ?ber tensile 
strength (strand tensile strength). A general performance 
standard of a composite container is to exhibit a ?ber 
strength (?ber strength translation) from the reinforcing ?ber 
strength to the hoop ?ber tensile strength in the composite 
pressure container. The ?ber strength translation directly 
in?uences the design Weight strength and the material cost 
of a pressure container. When the ?ber strength translation 
is increased by even several percentages, it is quite advan 
tageous in vieW of the cost. For this reason, it is extremely 
important to increase the hoop ?ber tensile strength of a 
composite pressure container. 

[0015] US. Pat. No. 5,356,499 reports that the burst 
pressure of a hoop ?ber of a pressure container that is 
reinforced With a reinforcing ?ber or the ?ber strength 
translation of a reinforcing ?ber calculated therefrom is 
improved by adding an appropriate amount of a surface 
active agent to the resin composition Whose viscosity has 
been chemically adjusted in advance. According to the 
patent, the use of a surface active agent markedly increases 
the ?ber strength translation in comparison With the absence 
of the surface active agent, and further its coefficient of 
variation (CV) of the burst pressure is minimiZed by the use 
of an appropriate amount of the surface active agent, espe 
cially the use of a prepreg toW. In this technique, the 
combination of a room temperature curing agent and a latent 
curing agent, appropriate adjustment of resin viscosity With 
a room temperature curing agent, and a surface active agent 
in an amount of less than approximately 1% contribute 
toWard improving the ?ber strength translation of a com 
posite pressure container. The level of the ?ber strength 
translation, hoWever, is at most 90%, and there is room for 
further improvement. 

SUMMARY OF THE INVENTION 

[0016] Accordingly, one object of the present invention is 
to solve the aforementioned problems. 
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[0017] Another object of the present invention is to pro 
vide a composite pressure container or tubular body using a 
prepreg toW in Which the ?ber strength translation of a hoop 
?ber is improved. 

[0018] Another object of the present invention is to pro 
vide a composite pressure container or tubular body using a 
prepreg toW, Which can be produced in an ecologically 
friendly manner. 

[0019] These and other objects have been achieved by the 
present invention, the ?rst embodiment of Which provides a 
composite pressure container or tubular body, Which 
includes: 

[0020] a prepreg toW Winding obtained by a process 
that includes: 

[0021] contacting at least one ?ber With an uncured 
thermosetting resin, to form a coated ?ber; 

[0022] Winding said coated ?ber around an outer 
shell, form, liner, or mandrel; and 

[0023] curing the resin; 

[0024] Wherein said uncured thermosetting resin 
includes at least one surface active oligomer or 
polymer. 

[0025] Another embodiment of the invention provides a 
process for producing a prepreg toW and/or a prepreg, Which 
includes: 

[0026] contacting at least one reinforcing ?ber With: 

[0027] a thermosetting resin, and 

[0028] a solution or an aqueous emulsion that 
includes Water, to form a coated ?ber; and 

[0029] vaporiZing the Water from the coated ?ber. 

[0030] Another embodiment of the invention provides a 
process for producing a prepreg toW and/or a prepreg, Which 
includes: 

[0031] producing at least one reinforcing ?ber; 

[0032] contacting the reinforcing ?ber With: 

[0033] a thermosetting resin, and 

[0034] a solution or an aqueous emulsion compris 
ing Water, to form a coated ?ber; and 

[0035] vaporiZing the Water from the coated ?ber. 

[0036] Another embodiment of the invention provides a 
prepreg or prepreg toW, Which includes at least one ?ber, at 
least one thermosetting resin, and at least one surface active 
oligomer or polymer. 

[0037] Another embodiment of the invention provides a 
reinforced ?ber, Which includes a ?ber, at least one thermo 
setting resin, and at least one surface active oligomer or 
polymer. 

[0038] Another embodiment of the invention provides a 
pressure container or tubular body, Which includes the above 
reinforced ?ber in contact With an inner shell or liner. 
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[0039] By the present invention, an ecologically friendly 
process is possible, and the ?ber strength translation of a 
hoop ?ber in a composite pressure container or tubular body 
is greatly improved. 

BRIEF DESCRIPTION OF THE DRAWING 

[0040] Amore complete appreciation of the invention and 
many of the attendant advantages thereof Will be readily 
obtained as the same becomes better understood by refer 
ence to the folloWing detailed description When considered 
in connection With the accompanying draWings, Wherein 

[0041] FIG. 1 is a schematic vieW shoWing a preferred 
process for producing of a prepreg toW. 

DESCRIPTION OF REFERENCE NUMERALS 

[0042] 1. creel 

[0043] 2. resin addition device 

[0044] 3. impregnation roller 

[0045] 4. resin feed pipe 

[0046] 5. resin tank 

[0047] 6. oven 

[0048] 7. Winder. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0049] Various other objects, features and attendant 
advantages of the present invention Will be more fully 
appreciated as the same becomes better understood from the 
folloWing detailed description of the preferred embodiments 
of the invention. 

[0050] The present invention relates to a pressure con 
tainer or a tubular body in Which a reinforcing ?ber Wound 
on a pressure container or a tubular body in a hoop layer or 
layers exhibits a tensile strength as a hoop strength at a high 
achievement rate (high ?ber strength translation) relative to 
a delivered reinforcing ?ber tensile strength. More speci? 
cally, the invention relates to a resin, a surface active 
additive, a composite strength, an uncured resin viscosity, a 
resin content and its composite intermediate Which are most 
appropriate for improving, When producing a composite 
pressure container or tubular body using a prepreg toW, a 
strength of the composite container or tubular body, sub 
stantially a ?ber strength translation inside the composite 
pressure container or tubular body. 

[0051] Until the present invention, prepreg toWs have been 
formed by a method in Which the viscosity of a thermoset 
ting resin is decreased using an organic solvent; a reinforc 
ing ?ber is impregnated With the thermosetting resin; and the 
solvent is then volatiliZed and dried. In vieW of solvent 
regulation associated With environmental problems in recent 
years, high cost of solvent recovery and solvent recovery 
devices, and fear of defective composite products caused by 
residual solvents, solventless methods have been used. 

[0052] In the present invention, a surface active polymer 
or oligomer is used, and Water is used as a diluent. 

[0053] In the preferred process for producing a prepreg 
toW as shoWn in FIG. 1, a resin solution containing a surface 
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active polymer or oligomer is charged into a resin tank 5, 
and fed to a reinforcing ?ber bundle With a metering pump. 
After the ?ber is fully impregnated With the resin solution 
using a resin impregnation roll 3, Water is volatiliZed With an 
oven 6. 

[0054] The Water content of the resin aqueous solution or 
emulsion here is preferably 90% or less, based on the Weight 
of the solution or emulsion. It is more preferably 50% or 
less, more particularly preferably 40% or less, more espe 
cially preferably 30% or less, and most preferably, 20% or 
less, based on the Weight of the solution or emulsion. These 
ranges include all values and subranges there betWeen, 
including 89, 80, 75, 61, 60, 59, 55, 51, 47, 45, 42, 38, 35, 
25, 18, 15, 10, 9, 5 and 2%. 

[0055] The viscosity of the emulsion With Which the ?ber 
is contacted or impregnated is preferably 1 to 10,000 cps. 
More preferably, the viscosity is 10 to 1,000 cps, more 
particularly preferably, 50 to 100 cps. These ranges include 
all values and subranges there betWeen, including 2, 15, 25, 
75, 200, 500, 750, 1,500, 5,000, 7,500, and 9,000 cps. 
[0056] In controlling the amount of the resin in the rein 
forcing ?ber, it is preferable to use a metering pump in each 
Weight. The resin may also be distributed in each Weight by 
controlling With a shim or a needle valve. Feedback con 
trolling via a shim or a needle valve With in-line detection of 
resin content is also preferable. The simplest and preferred 
method uses a gear pump. Combinations of metering and 
controlling methods are possible. 

[0057] In the conventional method for controlling the 
amount of resin, the resin is excessively adhered, and the 
excess resin is then squeeZed out. In comparison With this 
method, the constant feed method makes it easy to control 
the amount of resin fed to each Weight, and it further 
dispenses With a squeeZing-out step, and this can reduce the 
possibility of damaging the ?ber and increase the production 
rate and is therefore preferred. 

[0058] In resin impregnation, it is especially preferable 
that the constantly fed resin adheres to the ?ber bundle 
continuously to start impregnation. A device for contacting 
and impregnating the resin is preferably one in Which the 
resin is continuously fed, and the ?oWing resin is preferably 
one in Which the resin can be continuously be fed and in 
Which the ?oWing resin makes ef?cient contact With the 
reinforcing ?ber bundle and particularly at the start of 
impregnation. 
[0059] Reinforcing ?ber is comprised of many ?laments. 
“Impregnation” preferably means the respective surfaces of 
all or substantially all the ?laments is Wet With resin or resin 
emulsion. Before impregnation, the reinforcing ?ber surface 
is facing the air or surrounded by air. The air is believed to 
be replaced With uncured resin or resin emulsion by capil 
lary effect or resin ?oW through the bundle of ?laments. The 
?lament surface(s) is in contact With resin after impregna 
tion. 

[0060] In the case of resin emulsion, the Water molecules 
vaporiZe during heating and ?nally only or substantially 
only the resin (containing small quantity of Water volatile) is 
in contact With ?lament surface. 

[0061] In the resin tank, it is preferable that the surface 
active polymer or oligomer is stirred and more preferably 
constantly stirred Without agglomeration. 
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[0062] As a drying method With an oven, any method Will 
do, but it is more preferable that the temperature can be fully 
controlled. A method in Which temperature-controlled air, 
unreactive gas or reactive gas ?oWs countercurrently With 
the ?ber feed direction is preferable as the easiest and surest 
method. 

[0063] Drying time is not particularly limited. The total 
exposing time at elevated temperature is preferably con 
trolled such that the volatile content (and most preferably 
Water content) should be less than 2% and more preferably 
less than 1%. Drying temperatures of preferably 100-200° C. 

(212-392° F.), more preferably 100-120° C. (212-250° are used, Which ranges include all values and subranges 

therebetWeen, including 105, 110, 115, 125, 130, 140, 150, 
160, 170, 180, 190 and 195° C. 

[0064] As the reinforcing ?ber suited for the composite 
pressure container or tubular body, various ?bers are avail 
able, and they are not particularly limited. The ?bers can 
selectively be used according to the usage and properties 
required. A mixture of ?bers is also possible. 

[0065] As the reinforcing ?ber, a glass ?ber is suitable as 
it is a general reinforcing ?ber, historically. HoWever, carbon 
?ber, boron ?ber, aramid ?ber, polyester, polyethylene, 
nylon (polyamide), polypropylene, E-glass, S-glass, carbon 
graphite, and organic polymer ?ber called PBO (polyphe 
nylene benZo-bis-oxaZole) ?ber are also suitable. Combina 
tions of ?bers are possible. 

[0066] In the Wet method, a combination of loW-viscosity 
epoxy resin and liquid amine curing agent, acid anhydride 
curing agent, imidaZole curing agent or catalyst is preferred. 
The preferred resin component of the prepreg toW is 
described beloW. 

[0067] Preferable examples of the resin, Which exhibits a 
thermosetting property, include epoxy resin, unsaturated 
polyester, vinyl ester, bismaleimidetriaZine, cyanate ester, 
benZoxaZine and bismaleimide. Combinations of resins are 
possible. Epoxy resin is most preferable in vieW of the 
chemical resistance and cost. 

[0068] It is preferable that the epoxy resin is selected from 
the group including a reaction product of epichlorohydrin 
and a compound containing at least one hydroxyl group, 
epoxidiZed cresol novolak, epoxidiZed phenol novolak, a 
reaction product of an aromatic hydroxyl compound and 
glyoxal, glycidylaniline, glycidylaniline derivative and 
bisphenol A novolak derivative. Combinations are possible. 

[0069] More speci?cally, it is preferable that the epoxy 
resin is selected from the group including 4,4‘-(isopropy 
lidenediphenol), isopropylidenediphenolbis(2,6-dibro 
mophenol), an epoxidiZed cresol novolak formed by gly 
cidylating a cresol condensate resulting from resination of 
cresol With an acid catalyst, bisphenol A novolak, a tetrag 
lycidyl ether of a tetrakis(4-hydroxyphenyl)ethane resin, 
4,4‘-methylenebis(N,N-glycidylaniline) and N,N-diglycidy 
laniline. Mixtures are possible. 

[0070] As the curing agent for curing the epoxy resin, it is 
preferable to use an aromatic amine curing agent selected 
from the group including diaminediphenylsulfone, diamino 
diphenylmethane, phenylenediamine and isomers thereof, a 
curing agent selected from the group including an aliphatic 
amine curing agent, an aromatic amine curing agent, an acid 
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anhydride curing agent, a phenol curing acid and a Lewis 
acid or a curing agent selected from the group including 
dicyandiamide, ethylenediamine, diethylenetriamine, trieth 
ylenetetramine and hexamethylenediamine. Diaminodiphe 
nylsulfone and dicyandiamide are especially preferable as a 
curing agent. Combinations are possible. Other curing 
agents may optionally and preferably be incorporated as 
appropriate to adjust the shelf life of the prepreg toW. 

[0071] It is especially preferable that the catalyst of the 
epoxy resin is selected from the group including a tertiary 
amine, a LeWis acid, a urea compound and an imidaZole. 
Combinations are possible. Speci?cally, it is more prefer 
ably selected from the group including benZyldimethy 
lamine, pyridine, triethylamine, tetramethylbutanediamine, 
2-methylimidaZole, 2-ethylmethylimidaZole, BF3MEA, 
phenyldimethylurea, 3-pheny-1,1-dimethylurea, 1,1‘-4-(me 
thyl-m-phenylene)bis(3,3‘-dimethyl)urea, 3-(3,4-dichlo 
rophenyl)-1,l-dimethylurea, 4-diamino-6-(2‘-dimethylimi 
daZolyl-(1‘)), 2,4-diamino-6-(2‘-methylimidaZolyl 
(1‘))ethyl-S-triaZine, 1-benZyl-2-methylimidaZole and 
2-heptadecylimidaZole. They may also be used in combina 
tion. 

[0072] Regarding the surface active oligomer or polymer, 
since the resin, and preferably the epoxy resin, is generally 
undissolved in Water, it is preferably dispersed in Water 
through the surface active oligomer or polymer. An affinity 
of the surface active oligomer or polymer for the epoxy resin 
and Water is therefore preferably taken into account. 

[0073] Many surface active agents are available. For the 
prepreg toW using the epoxy resin in the composite pressure 
container or tubular body in particular, an appropriate 
molecular Weight is preferably taken into account. 

[0074] The molecular Weight of the surface active agent 
oligomer or polymer is preferably at least 5,000 and at most 
30,000. When the molecular Weight is less than 5,000, it is 
dif?cult to obtain a stable thermosetting resin emulsion. 
When the molecular Weight exceeds 30,000, it is difficult to 
mix the resin. More preferably, the molecular Weight of the 
surface active agent is from 5,500 to 25,000, more particu 
larly preferably from 7,500 to 20,000, more especially 
preferably from 10,000 to 17,500, and most preferably from 
12,000 to 15,000. 
[0075] Unless otherWise speci?ed, the term, “molecular 
Weight” used herein means number average molecular 
Weight. 
[0076] It is preferable that the surface active oligomer or 
polymer has one or more hydrophilic atoms or hydrophilic 
groups in its main chain or side chain. Preferable examples 
of hydrophilic atoms or groups include oxygen, nitrogen, 
amino group, nitro group, sulfonic acid, sulfonate, hydroxy, 
sulfonyl, carboxylate, carboxylic acid, phosphonate, phos 
phate, ester, ether, and the like. Combinations are possible. 
One or more oxygen atoms in the main chain is most 
preferred. It is preferable that, in the repeating unit of the 
surface active oligomer or polymer, at least 1/10 of atoms 
relative to the other atoms in the main chain are oxygen 
atoms. More preferably, at least 2/10 are oxygen atoms, more 
particularly preferably at least 4/i, and most preferably 6/io. 

[0077] Homopolymers and copolymers are suitable for the 
surface active oligomer or polymer. Block copolymers, 
random or statistical copolymers, and graft copolymers are 
preferable. 
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[0078] It is preferable that part or all of the surface active 
oligomer or polymer has an affinity for the epoxy resin used. 
In one method, by introducing an epoxy skeleton, for 
example, a bisphenol-A skeleton into the main chain, the 
compatibility With an epoxy resin other than the surface 
active oligomer or polymer can be increased. In this case, it 
is preferable that the molecular Weight of an epoxy skeleton 
is 300 or more, more preferably 500 or more, and most 
preferably 700 or more. 

[0079] Preferably, the surface active oligomer or polymer 
is a reaction product of polyethylene glycol or polypropy 
lene glycol and an epoxy resin. 

[0080] Apreferred example of the surface active oligomer 
or polymer may be formed by reacting 2 mols of polyeth 
ylene glycol With 1 mol of a bisphenol-A epoxy resin Which 
is 468 g/mol per epoxy equivalent. 

[0081] The content of the surface active oligomer or 
polymer is preferably at least 1% and at most 10%, more 
preferably at least 2% and at most 10% based on the resin 
solid content. These ranges include all values and subranges 
therebetWeen, including 1.5, 2.5, 3, 4, 4.5, 5, 5.5, 6, 6.5, 7, 
7.5, 8, 8.5, 9, and 9.5% based on the resin solid content. 

[0082] When the content of the surface active oligomer or 
polymer is less than 1%, the surface active effect is loW 
Which has an adverse effect on a stability of an emulsion. 
Further, When it is more than 10%, Water is easily absorbed 
to decrease a heat resistance. 

[0083] It is preferable that the curing agent, catalyst or 
curing accelerator is a poWder at room temperature. 

[0084] The particle diameter of the poWder is preferably 
20 pm or less, more preferably 10 pm or less. When the 
particle diameter is more than 20 pm, a stability in an 
emulsion or a slurry is poor and precipitation tends to occur. 
These ranges include all values and subranges therebetWeen, 
including 18, 16, 14, 12, 8, 6, 4, 2 and 1 pm or less. 

[0085] The folloWing mechanical characteristics for the 
prepreg toW in the composite pressure container are pre 
ferred for exhibiting a high ?ber strength translation. 

[0086] It is preferred that the interlaminar shear strength or 
SBS (short beam shear) in evaluating a unidirectionally 
oriented laminate according to ASTM D 2344 (incorporated 
herein by reference) is at least 8 Ksi and at most 18 Ksi, and 
the ?exural strength in a 90° direction (FS90) evaluated 
according to ASTM D 790 (incorporated herein by refer 
ence) is at least 8 Ksi and at most 22 Ksi. 

[0087] Ksi is a unit for pressure. Ksi is an abbreviation of 
kilopound (LB) per square inch. 1 Ksi means 6.89 MPa. 

[0088] When the SBS (Short Beam Shear) is higher than 
18 Ksi or the FS90 is higher than 22 Ksi, the adhesion 
betWeen the reinforcing ?ber and the resin is very strong, 
and the tensile strength is less exhibited. In order to obtain 
higher tensile strength of composite, the composite should 
have optimum adhesion betWeen ?lament and resin. If 
composite has a strong adhesion betWeen ?lament and resin, 
local ?lament failure may tend to cause catastrophic failure 
to transverse (90°) direction at a relatively loWer stress level. 
If the adhesion is optimum, the initial failure may stop 
locally and also optimum adhesion may help appropriate 
stress transfer from ?lament to ?lament. One the other hand 
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Weak adhesion may cause loW stress transfer between ?la 
ments and the stress imbalance betWeen ?laments may be 
extreme. It may cause a loWer tensile strength. There must 
be an optimum range of adhesion. Speci?cally, Short Beam 
Shear (SBS) and 90° ?exure are not direct criteria for 
adhesion but they are strongly related to adhesion properties 
and ?nally to tensile strength translation. 

[0089] “Hoop state” or “hoop layer” means a layer or 
layers Where prepreg toW is Wound in the circumferential 
direction to form a tubular or cylindrical shape. In order to 
Wind the prepreg toW closely on the Whole surface of tubular 
body Without cutting the prepreg toW, a small Winding angle 
relative to the circumferential direction is needed and it is up 
to the Width of prepreg toW. Accurately Winding angle is not 
perpendicular to circumferential direction. This is called a 
hoop layer. After Winding the ?rst hoop layer, the second 
hoop layer may be Wound With an opposite Winding angle 
atop the ?rst layer. Several hoop layers may be added as 
appropriate. “Hoop state” is a generic naming of a hoop 
layer or some hoop layers. Wound prepreg toW layers are 
cured or hardened to utiliZe as a composite article. Cured 
composite of pressure containers or tubular body may be 
tested in burst strength by applying inner pressure in pres 
sure containers or tubular body. 

[0090] For pressure containers, additional helical layers 
may be needed, Wherein the prepreg toW is placed With 
higher angle relative to the hoop toW direction (circumfer 
ential direction). The main purpose of helical layer is to Wind 
or Wrap prepreg toW to cover the domes or spherical parts of 
pressure container. Almost all pressure containers have hoop 
and helical layers, but some types of pressure containers 
have only hoop layers. HoWever, a composite pressure 
container has at least a hoop layer. Failure of pressure 
container in burst test initiates at hoop layer of container or 
is designed as the failure initiates at hoop layers or hoop 
state. 

[0091] The failure feature of hoop strength for pressure 
container or tubular body can be regarded as a tensile mode 
in burst test, and the achieving rate of its tensile strength is 
an important factor to de?ne the capability of pressure 
container or tubular body. 

[0092] “Fiber Strength Translation” is de?ned as a tensile 
strength achieving rate hoW the ?ber actually exhibits their 
tensile strength in a hoop state compared to the tensile 
strength evaluated in a strand tensile test. Original ?ber has 
its inherent tensile strength, Which can be measured in 
tensile strand test speci?cally based on ASTM D2343. It is 
called “Strand Tensile Strength” or “Delivered Tensile 
Strength” and is de?ned as 0st. Its number is provided by 
?ber supplier or acquired by measurer based on ASTM 
D2343, the entire contents of Which are hereby incorporated 
by reference. 
[0093] In pressure containers or tubular bodies, reinforc 
ing ?bers Which are coated and/or impregnated With resin 
are Wound on the liner and cured. From inside the liner, 
hydraulic pressure is applied until the liner and composite 
shell bursts. The pressure at burst is called the burst pressure. 
The actual pressure applied on inner surface of composite 
shell is de?ned as Pact. 

cacFR/t'pam 
[0094] Where (I is composite tensile stress at burst, R is 
inner radius of composite shell, and t is the thickness of the 
composite shell. 
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[0095] Actual ?ber tensile strength is de?ned as folloWs: 

(From/W 

[0096] Wherein: 

[0097] of: ?ber tensile strength at burst 

[0098] Vf: Fiber Volume ratio in composite shell 

[0099] Fiber Tensile Strength Translation is de?ned as 

[0100] Tensile Strength Translation=of/ost(%) 

[0101] Further, When the SBS (Short Beam Shear) 
strength is loWer than 8 Ksi, the transmission of stress 
betWeen ?laments is reduced less, and this poses a problem 
in the composite performance. Further When the SBS 
strength is loWer than 8 Ksi, the stress transfer betWeen 
?laments is not ef?cient, and the stress imbalance betWeen 
?laments is extreme, Which causes loW tensile strength 
translation. 

[0102] Aprepreg toW having a strength of 300 Ksi or more 
in the NOL ring test according to ASTM D 2290 (incorpo 
rated herein by reference) is preferable for the composite 
pressure container or tubular body. Accordingly, a reinforc 
ing ?ber having a high strength is preferred. 

[0103] Likewise, in a ring burst test, it is advisable that a 
?ber strength translation is at least 80%. These mechanical 
properties are preferable for the composite pressure con 
tainer using the prepreg toW to exhibit the ?ber strength 
translation of at least 80%. 

[0104] The ring burst test used herein is established by 
Mitsubishi Rayon Co., Ltd. Speci?cally, the ring burst test is 
described in JPl 104379, incorporated herein by reference. 
The test result of this method can provide a criterion hoW the 
prepreg toW can exhibit a tensile strength translation in the 
actual tubular body or pressure container, Which includes 
hoop part of pressure container by applying hydraulic pres 
sure from inside of the ring. The specimen has a cylindrical 
shape and the actual siZe is 500 mm of inner diameter, 510 
mm of outer diameter and 25 mm of cylindrical length, 
Which is machined With 0.1 mm of tolerance from longer 
cylinder part made by ?lament Winding process. The speci 
men shall be installed in a matched metal die and from inside 
the specimen hydraulic pressure is applied. More concretely 
?uid for pressuriZing is poured in a rubber-like tube locating 
inside of the specimen and actually the pressure is applied on 
the inner surface of specimen till the specimen fails or 
breaks. Strain gauge is attached on the outer surface of the 
specimen and the strain can be recorded and also the 
hydraulic pressure is recorded. The ring burst test exhibits a 
burst pressure that is close to that of actual pressure con 
tainer or tubular body, and its failure is considered as tensile 
mode. On the other hand NOL ring test also exhibits a tensile 
failure mode of tubular body. The difference is the Way of 
applying force. The ring burst test is more practical than 
NOL ring test for hoop strength of pressure container and 
tubular body, and it is more useful than NOL ring test to 
assess prepreg toW capability. There is no ASTM standard 
equivalent to ring burst test. 

[0105] Other properties of the prepreg toW such as resin 
viscosity and resin content are preferably taken into account 
as they may affect the mechanical properties of the com 
posite pressure container or tubular body in the ?lament 
Winding process. 
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[0106] Preferably, the number of ?laments in the toW 
count of the prepreg toW is betWeen 500 and 300,000. If the 
toW count is less than 0.5K, manufacturing cost of the 
toWpreg is very high. In addition, too many spools are 
needed for ?lament Winding process, Which is undesirable. 
If the toW count is more than 300K, tension difference 
betWeen both sides of prepreg toW may be higher than the 
prepreg toW With smaller toW count, Which may reduce 
tensile strength translation. The above range includes all 
values and subranges therebetWeen, including 750, 1000, 
1100, 1500, 2000, 5000, 10,000, 15,000, 20,000, 25,000, 
50,000, 75,000, 85,000, 95,000, 99,000, 100,000, 150,000, 
200,000, 250,000, 275,000, and 295,000. 

[0107] It is preferable that the resin viscosity of the 
prepreg toW is 10,000 to 1,000,000 cps at 75° F. When the 
resin viscosity is less than 10,000 cps, the resin is bled out 
on the surface in Winding the prepreg toW on a spool. When 
the resin viscosity is more than 1,000,000 cps, a void is 
formed betWeen prepreg toWs in Winding the prepreg toW on 
a mandrel, and this may decrease the ?ber strength transla 
tion. The aforementioned resin viscosity range includes all 
values and subranges therebetWeen, including 12,000, 
15,000, 25,000, 50,000, 100,000, 150,000, 500,000, 750, 
000, and 900,000 cps at 75° F. 

[0108] It is preferable that the Width of the prepreg toW is 
uniform. Astandard deviation is adjusted to, preferably 0.01 
inch or less, more preferably 0.005 inch or less. These ranges 
include all values and subranges therebetWeen, including 
0.009, 0.007, 0.006, 0.004, 0.003, 0.002, and 0.001 inch or 
less. When the standard deviation of the toW Width is large, 
a gap betWeen toWs or overlapping thereof may occur to 
decrease the uniformity of molded articles and have an 
adverse effect on the ?ber strength translation of the hoop 
?ber. 

[0109] The ?ber volume content of the prepreg toW is 
preferably 40 to 95%, more preferably 65 to 75%. These 
ranges include all values and subranges therebetWeen, 
including 51, 55, 57, 59, 61, 63, 67, 69, 71 and 73%. When 
the ?ber volume content is less than 40%, a large amount of 
the resin is present betWeen layers, Which may have an 
adverse effect on the ?ber strength translation. Alternatively, 
a large amount of the resin is bled out on the surface to 
deteriorate the appearance. 

[0110] The term, tubular body, is generally referred to 
herein to mean a pipe, such as an offshore, overground, 
underground, or underWater pipe, a tube, transfer pipe, tank, 
cylindrical object, circular object, rotor, ?yWheel rotor and 
the like. The tubular body may have one or more means of 
attachment to an axle, turning lathe, or spindle as appropri 
ate, or it may have a ?ange or connecting or sealing means 
on one or both ends. The term, pressure container, is 
generally referred to herein to mean a container used to 
store, preserve, carry, and/or deliver a compressed liquid, 
gas, other ?uid, supercritical ?uid, foam, poWder, aerosol, 
and the like. The pressure container may include one or more 
Wound ?bers, resins, liners, and shells as appropriate. The 
pressure container may include one or more plastic, metal, 
and/or composite shells and/or liners or any combination 
thereof as appropriate. Preferably, the reinforcing ?ber is 
Wound around the liner outer shell to enhance the strength of 
the pressure container. The pressure container may also 
include one or more valves, valve attachment means, content 
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delivery means, ?anges, threads, regulators, caps, relief 
valves, pressure gauges, and/or connectors as appropriate in 
any combination. 

EXAMPLES 

[0111] Having generally described this invention, a further 
understanding can be obtained by reference to certain spe 
ci?c examples Which are provided herein for purposes of 
illustration only and are not intended to be limiting unless 
otherWise speci?ed. 

Example 1 

[0112] One mole of polyethylene glycol having a molecu 
lar Weight of 7000 Was reacted With one mole of diglycidyl 
ether bisphenol-A Which Was 188 g per epoxy equivalent to 
form a copolymer having a Weight average molecular Weight 
of approximately 8,000. One kilogram of this copolymer 
Was mixed With 11 kg of an epoxy mixture of EPON 828, 
EPON 1050 and EPON 1001F of Shell at a ratio of 45/45/10, 
to form a resin mixture. This resin mixture Was uniformly 
mixed With 880 g of dicyandiamide and 440 g of 3-(3,4 
dichlorophenyl)-1,1-dimethylurea. The average particle 
diameter of dicyandiamide and 3-(3,4-dichlorophenyl)-1,1 
dimethylurea Was 10 pm, to form a resulting resin mixture. 

[0113] The resulting resin mixture Was heated at 70° C., 
and poured into the same amount of deioniZed Water held at 
70° C., to form a solution. The solution Was stirred at 1,500 
rpm. The temperature Was then decreased to 35° C. to form 
an emulsion. The amount of the copolymer added Was 
approximately 8%. 

Example 2 

[0114] A prepreg toW Was produced using a prepreg toW 
production apparatus shoWn in FIG. 1 using the emulsion 
formed in Example 1. The emulsion Was charged in a resin 
tank 5, maintained at 35° C., and alWays stirred With a stirrer. 
The resin emulsion Was fed to a resin impregnation device 
through a resin feed pipe 4 With a metering pump. 

[0115] A spool of 12,000 ?laments of carbon ?ber TR50S 
manufactured by Mitsubishi Rayon Company Ltd. Was 
installed in a creel. A carbon ?ber toW Was fed to the resin 
impregnation device and brought into contact With the resin 
fed from the resin tank. Subsequently, the ?ber Was impreg 
nated With the resin through a resin impregnation roll, and 
Water Was then dried With an oven 6. The toW Was Wound 

With a Winder 7. The production rate Was 15 m/min, and the 
resin content Was 30% by Weight. 

Example 3 

[0116] The prepreg toWs produced in Example 2 Were 
used, and they Were arranged unidirectionally to form a 
unidirectional prepreg. TWelve plies of the prepreg Were 
laminated, and cured in an autoclave at 275° F. for 2 hours 
to form a unidirectional laminate. 

[0117] From the unidirectional laminate, test pieces for an 
interlaminar shear strength (SBS) and a 90° tensile strength 
(FS90) Were prepared, and SBS and FS90 Were measured 
according to ASTM D2344 and ASTM D790 (both incor 
porated herein by reference). 
[0118] SBS and FS90 at 75° F. Were 15 Ksi and 16 Ksi 
respectively. 
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Example 4 

[0119] A NOL ring test piece having an inner diameter of 
146 mm, a thickness of 1.50 mm and a Width of 6.35 mm 
Was prepared using the prepreg toW formed in Example 2. 
The curing Was conducted at 257° F. for 2 hours. 

[0120] The NOL ring burst test Was conducted according 
to ASTM D2290. 

[0121] A hoop tensile strength Was 645 Ksi, and a ?ber 
strength translation recorded 92.1% and the coef?cient of 
variation Was 2.3%. 

Example 5 

[0122] A ring burst test Was likeWise conducted using the 
prepreg toW produced in Example 2. 

[0123] A Te?on ring (5 mm thick, 500 mm of outer 
diameter) Was used as a mandrel, and a hoop Was Wound 
thereon. The product Was then cured under the same curing 
conditions as in Example 4 to prepare a test piece, Which has 
the same dimension as aforementioned. 

[0124] A hydrostatic pressure Was exerted from inside to 
burst the ring. At this time, a ?ber tensile strength calculated 
Was 670 Ksi. A tensile strength translation Was 95.7%, and 
CV (Coef?cient of Variation) of the burst pressure Was 1.6%. 

Comparative Example 1 

[0125] An emulsion Was produced in the same manner as 
in Example 2 except that the amount of the surface active 
copolymer formed in Example 1 Was changed to 0.5% and 
the Water content to 50% respectively. HoWever, the emul 
sion stability Was not good. 

[0126] Instead, a resin mixture Was formed as in Example 
2 except that the content of the surface active copolymer Was 
changed to 0.5%. A prepreg toW Was produced using the 
resin mixture. The resin content Was 30%. 

Comparative Example 2 

[0127] An emulsion Was produced in the same manner as 
in Example 2 except that the amount of the surface active 
copolymer formed in Example 1 Was changed to 4% and the 
Water content to 50% respectively. 

[0128] A prepreg toW Was produced under the same con 
ditions as in Example 2. The resin content Was 30%. 

Comparative Example 3 

[0129] The same tests as in Examples 3 to 5 Were con 
ducted using the prepreg toWs in Comparative Examples 1 
and 2. The results are shoWn in Table 1. 

TABLE 1 

Ring burst 

Prepreg toW Fiber 

Content of strength 
surface active ILSS FS90 NOL ring Strength translation 

Material agent (%) Ksi Ksi Ksi (%) 

Ex. 2 8.3 15 16 645 653 93.3 
Comp. 0.5 9 10 553 560 80.0 
Ex. 1 
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TABLE 1-continued 

Ring burst 

Prepreg toW Fiber 

Content of strength 
surface active ILSS FS90 NOL ring Strength translation 

Material agent (%) Ksi Ksi Ksi (%) 

Comp. 4.0 13 17 660 647 92.4 
Ex. 2 

Example 6 

[0130] The prepreg toW in Example 2, Comparative 
Example 1 or Comparative Example 2 Was Wound on an 
aluminum pressure container liner having a diameter of 6.4“ 
in the same pattern to prepare a test piece. Subsequently, a 
bottle burst test Was performed by a method described in 
ASTM D2585-65, incorporated herein by reference. 

[0131] The results are shoWn in Table 2. 

TABLE 2 

Prepreg toW Ring burst 

Content of surface active Strength Fiber strength translation 
Material agent (%) (‘70) 

EX. 2 8.3 678 96.9 
Comp. 0.5 550 78.6 
Ex. 1 
Comp. 4.0 666 95.1 
Ex. 2 

[0132] Obviously, numerous modi?cations and variations 
of the present invention are possible in light of the above 
teachings. It is therefore to be understood that Within the 
scope of the appended claims, the invention may be prac 
ticed otherWise than as speci?cally described herein. 

1. A composite pressure container or tubular body, com 
prising: 

a prepreg toW Winding obtained by a process comprising: 

contacting at least one ?ber With an uncured thermo 
setting resin, to form a coated ?ber; 

Winding said coated ?ber around an outer shell, form, 
liner, or mandrel; and 

curing the resin; 

Wherein said uncured thermosetting resin comprises at 
least one surface active oligomer or polymer. 

2. The composite pressure container or tubular body as 
claimed in claim 1, Wherein the surface active oligomer or 
polymer has a molecular Weight of at least 5,000 and at most 
30,000. 

3. The composite pressure container or tubular body as 
claimed in claim 1, Wherein the surface active oligomer or 
polymer comprises a main chain, and at least one oxygen 
atom is present in the main chain. 

4. The composite pressure container or tubular body as 
claimed in claim 1, Wherein the surface active oligomer or 
polymer comprises a bisphenol skeleton. 
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5. The composite pressure container or tubular body as 
claimed in claim 1, Wherein the surface active oligomer or 
polymer comprises a main chain, Which comprises at least 
one oxygen atom and a bisphenol skeleton. 

6. The composite pressure container or tubular body as 
claimed in claim 1, Wherein the surface active oligomer or 
polymer comprises: 

at least one bisphenol skeleton having a molecular Weight 
of 300 or more; and 

at least one skeleton comprising an oXygen atom in its 
main chain and having a molecular Weight of 300 or 
more. 

7. The composite pressure container or tubular body as 
claimed in claim 1, Wherein the prepreg toW Winding eXhib 
its an interlaminar shear strength of at least 8 Ksi and at most 
18 Ksi and a ?eXural strength in a 90° direction of at least 
8 Ksi and at most 22 Ksi in a unidirectional composite. 

8. The composite pressure container or tubular body as 
claimed in claim 1, Wherein the prepreg toW Winding eXhib 
its an NOL ring test strength of 300 Ksi or more. 

9. The composite pressure container or tubular body as 
claimed in claim 1, Wherein the prepreg toW Winding eXhib 
its 80% or more of tensile translation in a ring burst test 
Where an inner pressure is loaded on a composite ring 
obtained by orienting a ?ber in a circumferential direction. 

10. The composite pressure container or tubular body as 
claimed in claim 1, Wherein the uncured thermosetting resin 
has a viscosity of from 10,000 to 1,000,000 cps at 75° F. 

11. The composite pressure container or tubular body as 
claimed in claim 1, Wherein the prepreg toW Winding has a 
?ber volume content of from 50% to 75%. 

12. The composite pressure container or tubular body as 
claimed in claim 1, Wherein said thermosetting resin com 
prises an epoXy resin. 

13. The composite pressure container or tubular body as 
claimed in claim 12, Wherein the epoXy resin is one or more 
resins selected from the group consisting of a reaction 
product of epichlorohydrin and a compound containing at 
least one hydroXyl group, an epoXidiZed cresol novolac, an 
epoXidiZed phenolic novolac, a reaction product of an aro 
matic hydroXyl compound and glyoXal, glycidylaniline 
derivative, bisphenol A novolac derivative, and combina 
tions thereof. 

14. The composite pressure container or tubular body as 
claimed in claim 12, Wherein the epoXy resin is one or more 
resins selected from the group consisting of 4,4‘-(isopropy 
lidenediphenol), isopropylidenediphenolbis(2,6-dibro 
mophenol), an epoXidiZed cresol novolac formed by gly 
cidylating a cresol condensate resulting from resination of 
cresol With an acid catalyst, bisphenol A novolac, a tetrag 
lycidyl ether of a tetrakis(4-hydroXyphenyl)ethane resin, 
4,4‘-methylenebis(N,N-glycidylaniline), N,Ndiglycidyla 
niline, and combinations thereof. 

15. The composite pressure container or tubular body as 
claimed in claim 12, Wherein the epoXy resin comprises at 
least one aromatic amine curing agent selected from the 
group consisting of diaminodiphenylsulfone, diaminodiphe 
nylmethane, phenylenediamine, isomers thereof, and com 
binations thereof. 

16. The composite pressure container or tubular body as 
claimed in claim 12, in Which the epoXy resin material 
comprises at least one curing agent selected from the group 
consisting of an aliphatic amine curing agent, an aromatic 
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amine curing agent, an acid anhydride curing agent, a phenol 
curing agent and a LeWis acid. 

17. The composite pressure container or tubular body as 
claimed in claim 12, Wherein the epoXy resin material at 
least one aliphatic amine curing agent selected from the 
group consisting of dicyandiamide, ethylenediamine, dieth 
ylenetriamine, triethylenetetramine, heXamethylenediamine, 
and combinations thereof. 

18. The composite pressure container or tubular body as 
claimed in claim 12, Wherein the epoXy resin is curable by 
at least one catalyst selected from a tertiary amine, a LeWis 
acid, a urea compound, an imidaZole, and combinations 
thereof. 

19. The composite pressure container or tubular body as 
claimed in claim 18, Wherein the tertiary amine catalyst is 
selected from the group consisting of benZyldimethylamine, 
pyridine, triethylamine, tetramethylbutanediamine, 2-meth 
ylimidaZole, 2-ethylmethylimidaZole, BF3MEA, phe 
nyldimethylurea, 3-pheny-1,1-dimethylurea, 1,1‘-4-(methyl 
m-phenylene)bis(3,3‘-dimethyl)urea, 3-(3, 
4dichlorophenyl)-1,1-dimethylurea, and combinations 
thereof. 

20. The composite pressure container or tubular body as 
claimed in claim 1, Wherein the surface active oligomer or 
polymer is a reaction product of polyethylene glycol and an 
epoXy resin. 

21. The composite pressure container or tubular body as 
claimed in claim 20, Wherein the surface active oligomer or 
polymer is formed by reacting 2 mols of polyoXyethylene 
glycol With 1 mol of a bisphenolAepoXy resin Which is 468 
g/mol per epoXy equivalent. 

22. The composite pressure container or tubular body as 
claimed in claim 1, Wherein the surface active oligomer or 
polymer is present in said resin in an amount of at least 1% 
and at most 10% based on a resin solid content. 

23. The composite pressure container or tubular body as 
claimed in claim 1, Wherein the surface active oligomer or 
polymer is present in said resin in an amount of at least 2% 
and at most 10% based on a resin solid content. 

24. The composite pressure container or tubular body as 
claimed in claim 1, Wherein said resin is curable by a catalyst 
or a curing accelerator that is a room temperature poWder. 

25. The composite pressure container or tubular body as 
claimed in claim 24, Wherein the poWder has a particle 
diameter of 20 pm or less. 

26. The composite pressure container or tubular body as 
claimed in claim 24, Wherein the poWder has a particle 
diameter of 10 pm or less. 

27. A process for producing a prepreg toW and/or a 
prepreg, comprising: 

contacting at least one reinforcing ?ber With: 

a thermosetting resin, and 

a solution or an aqueous emulsion comprising Water, to 
form a coated ?ber; and 

vaporiZing said Water from said coated ?ber. 
28. The process as claimed in claim 27, Wherein the Water 

content of said solution or emulsion is at most 90% by 
Weight. 

29. The process as claimed in claim 27, Wherein the Water 
content of said solution or emulsion is at most 20% by 
Weight. 
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30. The process as claimed in claim 27, wherein the 
viscosity of said solution or emulsion in contact With the 
reinforcing ?ber is 1 to 10,000 cps. 

31. The process for producing the prepreg toW and the 
prepreg as claimed in claim 27, Wherein the Water is 
volatiliZed by heating. 

32. The process as claimed in claim 27, Wherein said 
contacting further comprises impregnating said ?ber With 
said resin. 

33. The process as claimed in claim 27, Wherein said ?ber 
is selected from the group consisting of carbon ?ber, oXi 
diZed ?ber, graphite ?ber, boron ?ber, glass ?ber, organic 
?ber, and combinations thereof. 

34. The process as claimed in claim 27, Wherein the ?ber 
comprises at least 500 ?laments and at most 300,000 ?la 
ments. 

35. The process as claimed in claim 27, Wherein the ?ber 
is tWisted. 

36. The process as claimed in claim 27, Wherein the ?ber 
is partially cut or is composed of cut ?laments. 

37. A process for producing a prepreg toW and/or a 
prepreg, comprising: 

producing at least one reinforcing ?ber; 

contacting the reinforcing ?ber With: 
a thermosetting resin, and 

a solution or an aqueous emulsion comprising Water, to 
form a coated ?ber; and 

vaporiZing said Water from said coated ?ber. 
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38. The process as claimed in claim 37, Wherein said ?ber 
is selected from the group consisting of carbon ?ber, oXi 
diZed ?ber, graphite ?ber, boron ?ber, glass ?ber, organic 
?ber, and combinations thereof. 

39. The process as claimed in claim 37, Wherein the ?ber 
comprises at least 500 ?laments and at most 300,000 ?la 
ments. 

40. The process as claimed in claim 37, Wherein the ?ber 
is tWisted. 

41. The process as claimed in claim 37, Wherein the ?ber 
is partially cut or is composed of cut ?laments. 

42. The process as claimed in claim 37, Wherein said 
contacting further comprises impregnating said ?ber With 
said resin. 

43. A prepreg or prepreg toW, comprising at least one 
?ber, at least one thermosetting resin, and at least one 
surface active oligomer or polymer. 

44. A reinforced ?ber, comprising a ?ber, at least one 

thermosetting resin, and at least one surface active oligomer 
or polymer. 

45. A pressure container or tubular body, comprising the 

reinforced ?ber as claimed in claim 44 in contact With an 

inner shell or liner. 


