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Disclosed is a scheme whereby a continuous fiber reinforced 
thermoplastic resin composite material applicable to pro 
duction of a reinforcing material of various thermoplastic 
injection products and manufacture of a fiber reinforced 
thermoplastic plastic part using 3D printing can be produced 
by a simple method to have an excellent mechanical prop 
erty . The present invention provides a continuous fiber 
reinforced thermoplastic composite material in which a 
plurality of yarns or tape intermediate materials are com 
bined together to form a rod shape , and a method for 
producing the same . 
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CONTINUOUS FIBER REINFORCED 
THERMOPLASTIC RESIN COMPOSITE 

MATERIAL AND METHOD FOR 
PRODUCING SAME 

TECHNICAL FIELD 

[ 0001 ] The present invention relates to a continuous fiber 
reinforced thermoplastic resin composite material and a 
method for producing the same , and more specifically , to a 
continuous fiber reinforced thermoplastic resin composite 
material which can be used as a reinforcing material of a 
thermoplastic resin injection product and a method for 
producing the same . 

BACKGROUND ART 

maintained at a predetermined ratio , and temperatures of the 
plurality of roll forming machines need to be individually 
controlled . 
[ 0005 ] Korean Patent No. 0766954 relates to a fiber 
reinforced polymer rebar having a self - impregnated protru 
sion and a manufacturing method thereof , which uses a 
typical pultrusion process as a method for manufacturing a 
fiber - reinforced polymer rebar . The above - mentioned patent 
discloses a technique of manufacturing a rod having a 
circular cross section by impregnating continuous fibers in a 
resin and then passing the continuous fibers through a nozzle 
by applying a drawing force , and winding a second fiber and 
a third fiber along the outer circumferential surface of a first 
fiber in order to form protrusions on a surface , but other 
expensive equipment is required since a process for braiding 
fibers should be further interlocked in a pultrusion process . 
The pultrusion machine is a large equipment , which can 
secure economical product costs only when mass production 
is maintained , and an added equipment is also a large expensive equipment , which requires great initial invest 
ment . 

[ 0006 ] Korean Patent No. 1714772 relates to a 3D object 
manufacturing robot for manufacturing a 3D object using a 
formable plastic material , and although strands , yarns , tows , 
bundles , bands or tapes are exemplified as the material 
which is used , there is no mention of any method for a 
molding process , such as compaction of an input material , 
and there is no presentation of examples with respect to an 
actual product application , so that it is impossible to identify 
whether a quality , which can be used as a reinforcing 
material for strength , rigidity , uniformity of cross - section 
and surface , and the like , is implemented . 
[ 0007 ] R. Matsuzak et al . ( R. Matsuzak et al . , Scientific 
Reports ( Nature ) , Vol . 6 ( 2016 ) 23058 ) discloses a method 
of using a continuous fiber reinforced composite material in 
a 3D printer , which increases the strength and rigidity of a 
product , but a process , in which a continuous fiber bundle 
and a resin are separately supplied to be instantaneously 
impregnated , is used , and the method , in which a supplied 
thermoplastic resin is dissolved by heating at a nozzle of the 
3D printer and instantaneously impregnated in a continuous 
fiber separately supplied , further includes a impregnating 
process , and thus there is a problem in that a 3D printer 
device becomes large and it is difficult to increase the 
production speed . Since the impregnation state of the ther 
moplastic resin determines the strength and rigidity of the 
composite material , it is necessary to maintain an excellent 
impregnation state by maintaining a high temperature and 
high pressure state for a long time , and mounting a device 
for forming a high temperature and high pressure state in the 
3D printer device makes it difficult to maintain and use the 
3D printer device and achieve fast productivity , increases the 
unit cost of production , and causes a low quality . 

[ 0002 ] The continuous fiber reinforced polymer rod has 
been used for various purposes as a structural reinforcing 
material . Typically , the continuous fiber reinforced polymer 
rod has been used as a rebar which is inserted into concrete 
instead of a steel bar , and recently , has been introduced into 
an insert injection process and used as a reinforcing insert 
which is inserted into an injection molded part , thereby 
improving mechanical properties of various injection parts 
and reducing weight . In addition , the continuous fiber rein 
forced polymer rod has been also introduced into 3D print 
ing equipment , and thus , an attempt has been made to 
manufacture a product having high mechanical properties by 
adding continuous fiber into a resin and stacking a string or 
rod - shaped composite material reinforced with the continu 
ous fiber , thereby manufacturing a structure , from the exist 
ing method of manufacturing a stacked structure using only 
a thermoplastic resin . 
[ 0003 ] In general , the most conventional method of manu 
facturing a continuous fiber reinforced polymer in a rod or 
string shape is a pultrusion method , in which glass fibers or 
carbon fibers are impregnated in a molten resin , a drawing 
force is applied thereto , and the resultant resin is passed 
through a nozzle , thereby manufacturing a rod having a 
circular section or other various cross sections . The 
pultrusion is capable of implementing high productivity and 
excellent quality , but is suitable for mass production and 
thus requires a large and expensive pultrusion machine and 
can secure economical production costs only in mass pro 
duction . Therefore , this process is not suitable for a product 
group requiring a small quantity batch production . 
[ 0004 ] Korean Patent Laid - open Publication No. 2016 
0054661 discloses a uni - directional continuous fiber rein 
forced thermoplastic composite material characterized by 
using pre - impregnated thermoplastic composites . In the 
pre - impregnated composite , thermoplastic resin is impreg 
nated into reinforcing fibers having a continuous fiber rein 
forced film shape . Rolling the resultant composite to form a 
circular section rod , and then cutting the rod to a predeter 
mined length . However , the process of rolling a thermoplas 
tic composite material having a thin film shape , which is 
generally produced by rolling the thermoplastic composite 
material to form the thermoplastic resin composite material 
into a rod shape , induces defects in which the film is not 
rolled but crushed or crumpled , and the reinforcing fiber is 
broken during the process . In order to solve this problem , a 
plurality of roll forming machines are required , and a 
somewhat complicated process is required , for example , an 
inlet and an outlet of the roll forming machine need to be 

a 

DISCLOSURE OF THE INVENTION 

Technical Problem 

[ 0008 ] Accordingly , the present invention has been made 
to solve the above - mentioned problems , and it is an object 
of the present invention to provide a scheme which produces 
a continuous fiber reinforced thermoplastic resin composite 
material applicable to production of a reinforcing material 
for various thermoplastic injection products and manufac 
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ture of a fiber reinforced thermoplastic plastic part using 3D 
printing by a simple method so as to have an excellent 
mechanical property . 

Technical Solution 

[ 0020 ] Also , there is provided a method for producing a 
continuous fiber reinforced thermoplastic resin composite 
material characterized in that the rod discharged through the 
nozzle may be rotated to form a spiral shape . 
[ 0021 ] Additionally , there is provided a method for pro 
ducing a continuous fiber reinforced thermoplastic resin 
composite material characterized in that the nozzle may 
have a diameter ratio of the inlet end to the diameter of the 
outlet end of 1.5-5 and a length ratio of the outlet end to the 
diameter of the outlet end of 2-10 . 
[ 0022 ] In addition , there is provided a method for produc 
ing a continuous fiber reinforced thermoplastic resin com 
posite material characterized in that the nozzle may be 
formed in multiple stages and has a reduced diameter toward 
the outlet . 

[ 0009 ] To solve the above problem , the present invention 
provides a continuous fiber reinforced thermoplastic com 
posite material in which a plurality of yarns or tape inter 
mediate materials are combined together to form a rod 
shape . 
[ 0010 ] In addition , there is provided a continuous fiber 
reinforced thermoplastic composite material characterized 
in that the composite material may have a porosity of 1-10 
vol % . 
[ 0011 ] In addition , there is provided a continuous fiber 
reinforced thermoplastic composite material characterized 
in that the composite material may satisfy Expression 1 
below on the basis of the cross - section of the composite 
material : 

a 

a 

Advantageous Effects 

1 

a 

[ 0023 ] According to the present invention , provided are a 
continuous fiber reinforced thermoplastic resin composite 
material and a method for producing the same , which can 
achieve high productivity and excellent quality only with a 
simple combining process without having a pultrusion 
device and a thermoplastic resin impregnating device by 
using a process for combining together using a yarn or 
tape - type intermediate material in which a continuous fiber 
is impregnated in a thermoplastic resin in advance . 
[ 0024 ] In addition , the method for producing a continuous 
fiber reinforced thermoplastic resin composite material 
according to the present invention can allow the continuous 
fiber reinforced thermoplastic resin composite material to 
have various sizes and cross - sectional shapes only by the 
injection amount of combined intermediate materials and the 
change of a nozzle shape . 

a 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.2 mm - ' sP / As5 mm [ Expression 1 ] 

[ 0012 ] In Expression 1 , P and A may be a cross - sectional 
circumference length and a cross - sectional area of the com 
posite material , respectively . 
[ 0013 ] In addition , there is provided a continuous fiber 
reinforced thermoplastic composite material characterized 
in that the tape may have a thickness of 0.1-1.0 mm and a 
width of 3-30 mm . 
[ 0014 ] In addition , there is provided a continuous fiber 
reinforced thermoplastic composite material characterized 
in that the combining may be performed by introducing 2-10 
yarns or tapes . 
[ 0015 ] In addition , there is provided a continuous fiber 
reinforced thermoplastic composite material characterized 
in that the continuous fiber may be a glass fiber or a carbon 
fiber . 
[ 0016 ] To solve the above another problem , the present 
invention also provides a method for producing a continuous 
fiber reinforced thermoplastic resin composite material , the 
method including the steps of : ( a ) continuously introducing 
a plurality of yarns or tape - type intermediate materials into 
a heating unit ; ( b ) heating the intermediate materials to a 
temperature equal to or higher than the melting point of a 
thermoplastic resin contained in the intermediate materials 
to melt at least a portion of the thermoplastic resin on the 
surface of the intermediate material ; and ( c ) passing at least 
two of the molten intermediate materials through a nozzle to 
be combined together to form a rod shape . 
[ 0017 ] In addition , there is provided a method for produc 
ing a continuous fiber reinforced thermoplastic resin com 
posite material characterized in that the intermediate mate 
rial may have a continuous fiber content of 30-60 wt % and 
a thermoplastic resin content of 40-70 wt % . 
[ 0018 ] Furthermore , there is provided a method for pro 
ducing a continuous fiber reinforced thermoplastic resin 
composite material characterized in that the heating in step 
( b ) may be performed at a temperature higher than the 
melting point of the thermoplastic resin by 20-40 ° C. 
[ 0019 ] In addition , there is provided a method for produc 
ing a continuous fiber reinforced thermoplastic resin com 
posite material characterized in that the nozzle may have a 
cross - sectional shape in which a bend is not formed , or one 
or more recess and protrusion are formed . 

a 

[ 0025 ] FIGS . 1 and 2 are a flow chart and a schematic 
diagram , respectively , showing a process of producing a 
continuous fiber reinforced thermoplastic composite mate 
rial according to the present invention . 
[ 0026 ] FIG . 3 is a photograph showing a state in which 
intermediate materials used in the present invention are put 
into a heating device according to each form of the inter 
mediate materials . 
[ 0027 ] FIG . 4 is a picture illustrating a nozzle having 
various inner diameter , length and cross - sectional shape in 
the present invention . 
[ 0028 ] FIG . 5 is a photograph showing various shapes of 
the continuous fiber reinforced thermoplastic resin compos 
ite material prepared according to the present invention . 
[ 0029 ] FIG . 6 is a schematic cross - sectional view inside 
the nozzle according to an embodiment of the present 
invention . 
[ 0030 ] FIG . 7 is a view illustrating a shape of a nozzle 
according to an embodiment of the present invention . 
[ 0031 ] FIG . 8 is a photograph showing a state in which 
flexural strength is measured in Test Example of the present 
invention . 
[ 0032 ] FIGS . 9 and 10 are cross - sectional photographs of 
the intermediate material and the rod - shaped composite 
material according to Example 10 of the present invention , 
respectively . 

a 
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MODE FOR CARRYING OUT THE INVENTION 

e 

a 

[ 0033 ] Hereinafter , preferred embodiments of the present 
invention will be described in detail . In describing the 
present invention , if a detailed description relating to well 
known technology is considered to obscure the subject 
matter of the present invention , the detailed description may 
be omitted . Throughout the specification , a part is referred to 
“ include ” an element , the part does not exclude other 
elements but may further include other elements unless 
otherwise indicated . 
[ 0034 ] The present inventors have made research on a 
method of making a continuous fiber reinforced thermoplas 
tic resin composite material , which can be applied to the 
production of reinforcing materials of various thermoplastic 
injection products and the production of fiber reinforced 
thermoplastic plastic parts using 3D printing , have excellent 
mechanical properties with a simple manner . As a result , it 
was observed that only a simple combining process can 
achieve high productivity and excellent quality without 
having a pultrusion machine and a thermoplastic resin 
impregnating device by using a process for combining 
together using a yarn or tape - type intermediate material in 
which a continuous fiber is impregnated in a thermoplastic 
resin in advance , and the present invention was achieved . 
[ 0035 ] Therefore , the present invention discloses a con 
tinuous fiber reinforced thermoplastic composite material in 
which a plurality of yarns or tape intermediate materials are 
combined together to form a rod shape . 
[ 0036 ] According to the present invention , the production 
of the continuous fiber reinforced thermoplastic composite 
material can be performed by including the steps of : ( a ) 
continuously introducing a plurality of yarns or tape - type 
intermediate materials into a heating unit ; ( b ) heating the 
intermediate materials to a temperature equal to or higher 
than the melting point of a thermoplastic resin contained in 
the intermediate materials to melt at least a portion of the 
thermoplastic resin on the surface of the intermediate mate 
rial ; and ( c ) passing at least two of the molten intermediate 
materials through a nozzle to be combined together to form 
a rod shape . 
[ 0037 ] Hereinafter , the present invention will be described 
in detail through a process of producing the continuous fiber 
reinforced thermoplastic composite material according to 
the present invention . 
[ 0038 ] FIGS . 1 and 2 are a flow chart and a schematic 
diagram , respectively , showing a process of producing the 
continuous fiber reinforced thermoplastic composite mate 
rial according to the present invention . 
[ 0039 ] Referring to FIGS . 1 and 2 , the method for pro 
ducing the continuous fiber reinforced thermoplastic com 
posite material according to the present invention , which 
uses a heating device having a nozzle , includes the steps of : 
( a ) introducing intermediate materials into a heating unit of 
the heating device ( S100 ) ; ( b ) melting the intermediate 
materials ( S200 ) ; and ( c ) passing the melted intermediate 
materials through the nozzle ( S300 ) . 
[ 0040 ] In the present invention , an intermediate material 
200 , which is introduced into a heating device 100 , is a 
continuous fiber reinforced thermoplastic composite resin , 
and the thermoplastic resin may include , but is not particu 
larly limited to , for example , a polypropylene resin , a 
polyethylene terephthalate resin , a polycarbonate resin , a 
polyamide resin , or the like , and preferably , a polypropylene 
resin . Therefore , the intermediate material can be beneficial 

and cost - effective to improve both strength and shock 
absorption performance . The polypropylene resin may 
include polypropylene alone or a resin copolymerized with 
polypropylene and a different kind of monomer , and for 
example , one selected from the group consisting of a poly 
propylene homopolymer resin , a propylene - ethylene copo 
lymer resin , a propylene - butene copolymer resin , an ethyl 
ene - propylene - butene copolymer resin , and a combination 
thereof . 
[ 0041 ] In addition , the continuous fiber may be a material 
conventionally used in the art in producing a fiber - reinforced 
composite material to improve strength and rigidity of a 
resin , and preferably may be a glass fiber or a carbon fiber . 
[ 0042 ] The continuous fiber constituting the continuous 
fiber reinforced thermoplastic resin composite intermediate 
material 200 means a fiber which is not broken but continu 
ously present therein . For example , like continuous fibers in 
a unidirectional ( UD ) sheet , the continuous fibers may be 
produced by a continuous process . Therefore , the interme 
diate material may be a continuous fiber reinforced thermo 
plastic resin composite intermediate material produced by 
continuously supplying continuous fibers to the continuous 
process . 
[ 0043 ] FIG . 3 is a photograph showing a state in which 
intermediate materials used in the present invention are 
introduced into the heating device according to each form of 
the intermediate materials . 
( 0044 ] Referring to FIG . 3 , the intermediate material in the 
present invention is in the form of a yarn ( FIG . 2A ) or a tape 
( FIG . 2B ) . 
[ 0045 ] The yarn generally means a thermoplastic compos 
ite material in the form of a noodle reinforced with continu 
ous fibers in the art of composite materials , and a composite 
material which is drawn - molded and sold may be generally 
used . For example , the yarn is an intermediate material 
produced during the production of the long - fiber composite 
material ( LFT ) which is commonly sold in the market of the 
thermoplastic composite material , and in the present inven 
tion , the yarn having a diameter of 1-3 mm may be prefer 
ably used . 
[ 0046 ] The tape type is formed by , for example , slitting a 
composite material in a sheet form , and the present invention 
may preferably use the tape having a thickness of 0.1-1.0 
mm and a width of 3-30 mm , more preferably a thickness of 
0.2-0.8 mm and a width of 5-25 mm , even more preferably 
a thickness of 0.3-0.7 mm and a width of 5-20 mm , and most 
preferably a thickness of 0.4-0.6 mm and a width of 5-15 
mm . When the width of the tape - type intermediate material 
is too large , the composite material may be crumpled when 
being introduced into the heating device or the fiber may be 
broken during the process . 
[ 0047 ] In the present invention , a pultrusion device and a 
thermoplastic resin impregnating device is not separately 
provided by using a process for combining together using a 
yarn or tape - type intermediate material in which the con 
tinuous fiber is impregnated in the thermoplastic resin in 
advance . 
[ 0048 ] Here , 2 to 10 yarns or tapes may be simultaneously 
introduced into the heating device within the range of the 
diameter of the yarn or the thickness and width of the tape , 
preferably 3 to 8 yarns or tapes , and more preferably 3 to 6 
yarns or tapes . As the injection amount ( the number of yarns 
or tapes ) of the intermediate material which is combined 
together increases , the flexural strength tends to decrease , 

a 
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and the combining efficiency may decrease , however , in the 
present invention , as a result of an experiment to be 
described below , it was confirmed that a glass fiber - rein 
forced polypropylene rod , in which 3 to 6 intermediate 
materials are introduced and combined together , exhibits a 
high flexural strength of 300 MPa or more within the 
injection amount range , and thus can be sufficiently used as 
a rebar for a structure . 
[ 0049 ] Meanwhile , the intermediate material 200 may be 
formed with a content ratio of a continuous fiber of 30-60 wt 
% and a thermoplastic resin of 40-70 wt % . When the 
content of the continuous fiber does not reach a predeter 
mined range , it may be difficult to achieve a rigidity rein 
forcing effect , and when the content is excessive , viscosity 
of the resin may increase during a process of combining and 
nozzle - discharging , and thus molding may be difficult . 
[ 0050 ] The yarn or tape - type intermediate material 200 
may be continuously unwound from a plurality of bobbin 
reels 300 while being wound around the plurality of bobbin 
creels 300 so that the yarn or tape - type intermediate material 
200 may be introduced into the heating unit of the heating 
device 100 without being entangled . 
[ 0051 ] The intermediate material 200 introduced into the 
heating unit of the heating device 100 is heated and melted 
in the heating unit . That is , the intermediate material 200 is 
heated to a temperature equal to or higher than the melting 
point of the thermoplastic resin contained in the intermediate 
material 200 to melt at least a portion of the thermoplastic 
resin on the surface of the intermediate material 200 , and 
thus several intermediate materials 200 are pre - combined 
together . 
[ 0052 ] At this time , the temperature of the heating unit 100 
may be set to be equal to or higher than the melting point of 
the thermoplastic resin constituting the intermediate mate 
rial 200 , but may be preferably 20-40 ° C. higher than the 
melting point of the thermoplastic resin . For example , when 
the thermoplastic resin is a polypropylene resin having a 
melting point of 160 ° C. , the temperature of the heating unit 
100 may be set to 180-220 ° C. When the temperature of the 
heating unit 100 is set to be less than or too close to the 
melting point , the thermoplastic resin on the surface of the 
composite material may be introduced into the nozzle with 
out being completely melted , and thus the combining per 
formance may be deteriorated and the mechanical properties 
may be deteriorated , and when the temperature of the 
heating unit 100 is set to be too high , the effect of increasing 
the mechanical properties may not be great as compared to 
increasing the process cost . 
[ 0053 ] The heating source of the heating unit 100 may 
include , but is not particularly limited to , for example , a 
halogen lamp , a hot air heater , and a laser heater . 
[ 0054 ] The intermediate materials , which are melted in the 
heating unit 100 and pre - combined , pass through the nozzle 
400 to be finally combined together to form a rod shape . 
That is , the intermediate materials , in which the thermoplas 
tic resins at least on the surface of the intermediate materials 
are melted while passing through the heating unit 100 , are 
introduced into the nozzle 400 , and are combined together 
by being pressured while the cross - sectional area of the 
inside of the nozzle is getting smaller than that of the heating 
unit , thereby forming a rod shape . 
[ 0055 ] Amaterial of the nozzle 400 may include , but is not 
particularly limited to , for example , a phosphor bronze 
material containing 0.05-0.5 wt % of phosphorus ( P ) , which 

is processed and has excellent heat resistance , corrosion 
resistance , and abrasion resistance ( hardness of 100HB or 
more ) . In addition , the nozzle may be used in which the 
inner surface of the nozzle 400 may be polished to be 
precisely refined to an average surface roughness Ra of 1 um 1 
or less , and in this case , when the composite material passing 
through the nozzle 400 is compressed inside the nozzle 400 , 
damage to the material due to friction in slipping between 
the composite material and the nozzle surface may be 
minimized . 
[ 0056 ] In the present invention , as shown in FIG . 4 , the 
nozzle 400 may be mounted on or detached from the heating 
device 100 , and may be manufactured in various inner 
diameter , length , and cross - sectional shapes to change the 
cross - sectional size of the rod - shaped continuous fiber rein 
forced thermoplastic resin composite material 500 formed 
according to the injection amount of the intermediate mate 
rial 200 by applying various outlet diameters . Meanwhile , 
FIGS . 4D and 41 show a shape in which the inner cross 
section of the nozzle becomes narrower from the inlet end to 
the outlet end . 
[ 0057 ] In addition , when a nozzle , in which recess and 
protrusion , such as ribs or grooves are formed around the 
circle , is applied in the nozzle 400 , except that the cross 
sectional shape of the inner diameter is a simple shape ( see 
FIGS . 5A and 5D ) such as a circular shape without a bend , 
or when the rod is rotated and pulled out , a thread shape or 
a twist shape may be formed on the surface of the formed rod 
( see FIGS . 5B and 5C ) . 
[ 0058 ] The composite material finally produced according 
to the various shapes of the nozzle 400 may satisfy the 
following Expression 1 as a cross - sectional reference . 

0.2 mm - ' sP / As5 mm [ Expression 1 ] 

[ 0059 ] In Equation 1 , P and A may be a cross - sectional 
circumference length and a cross - sectional area of the com 
posite material , respectively . 
[ 0060 ] Meanwhile , in the present invention , the inner 
cross - section of the nozzle 400 may have a shape which 
becomes narrower from the inlet end to the outlet end , and 
considering the combining efficiency of a yarn or tape - type 
intermediate material according to the present invention , 
preferably , the ratio of the inlet end diameter ( L2 ) to the 
outlet end diameter ( L1 ) may be 1.5 to 5 and the ratio of the 
length ( L3 ) to the outlet end diameter ( L1 ) may be 2 to 10 
( see FIG . 6 ) . 
[ 0061 ] Meanwhile , a nozzle system may be considered , 
which may improve a reduction in productivity due to a load 
caused by compaction of the composite material when 
passing through the nozzle 400 and a reduction in mechani 
cal properties due to an increase in porosity caused by 
insufficient compaction . That is , in the present invention , the 
nozzle 400 is formed in multiple stages and has a diameter 
reduced toward the outlet , so that the compaction is 
smoothly performed by controlling the compaction time of 
the composite material , thereby further improving mechani 
cal properties ( see FIG . 7 ) . 
[ 0062 ] The continuous fiber reinforced thermoplastic 
composite material 500 produced according to the present 
invention may have a porosity of about 1 vol % to about 10 
vol % , preferably about 1 vol % to about 5 vol % . When the 
continuous fiber reinforced thermoplastic composite mate 
rial 500 is produced to have a porosity of less than 1 vol % , 
heating is required at a temperature higher than necessary , 

a 
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Example 5 
[ 0070 ] A rod - shaped continuous fiber reinforced thermo 
plastic resin composite material was produced in the same 
manner as in Example 2 except that six intermediate mate 
rials were introduced thereto ( see FIG . 3B ) . 

Example 6 
[ 0071 ] A rod - shaped continuous fiber reinforced thermo 
plastic resin composite material was produced in the same 
manner as in Example 3 except that the temperature of the 
heating unit was set to 170 ° C. 

which may lead to a reduction in productivity without an 
additional strength improvement in the finally produced 
rod - shaped composite material 500. In addition , When the 
continuous fiber reinforced thermoplastic composite mate 
rial 500 produced to have a porosity of more than 10 vol 
% , productivity may be improved , but it may be difficult to 
satisfy required mechanical properties . 
[ 0063 ] The continuous fiber reinforced thermoplastic 
composite material produced according to the present inven 
tion can achieve high productivity and excellent quality only 
with a simple combining process without having a pultru 
sion device and a thermoplastic resin impregnating device 
by using a process for combining together using a yarn or 
tape - type intermediate material employing a nozzle without 
using a plurality of roll forming machines having a high 
defect rate in the related art . 
[ 0064 ] In addition , the composite material according to the 
present invention is produced by a process of combining 
together using a yarn or tape - type intermediate material in 
which the continuous fiber is impregnated in the thermo 
plastic resin in advance , thereby producing a rod - shaped 
composite material product suitable for various uses such as 
a material for a rebar and a material for a 3D printer in a 
product group requiring a small quantity batch production 
with high productivity and low costs . 
[ 0065 ] Hereinafter , the present invention will be described 
in more detail with reference to Examples of the present 
invention . 

Example 7 
[ 0072 ] A rod - shaped continuous fiber reinforced thermo 
plastic resin composite material was produced in the same 
manner as in Example 3 except that the temperature of the 
heating unit was set to 190 ° C. 

Example 8 
[ 0073 ] A rod - shaped continuous fiber reinforced thermo 
plastic resin composite material was produced in the same 
manner as in Example 3 except that the temperature of the 
heating unit was set to 200 ° C. 
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Example 9 
[ 0074 ] A rod - shaped continuous fiber reinforced thermo 
plastic resin composite material was produced in the same 
manner as in Example 3 except that the temperature of the 
heating unit was set to 210 ° C. 

Example 1 

[ 0066 ] Continuous fiber - reinforced thermoplastic resin 
composite intermediate materials ( glass fiber - reinforced 
polypropylene , glass fiber content : 50 wt % ) were prepared 
in the form of a yarn ( diameter : 1.2 mm ) , and six interme 
diate materials were introduced to a heating unit of a heating 
device ( see FIG . 3A ) , and then were heated to pass through 
a nozzle to be combined and molded , thereby producing a 
rod - shaped continuous fiber - reinforced thermoplastic resin 
composite material ( diameter : about 7 mm ) . The heating unit 
temperature was set to 180 ° C. and the production rate was 
set to 0.5 m / s . 

Example 10 
[ 0075 ] A rod - shaped continuous fiber reinforced thermo 
plastic resin composite material was produced in the same 
manner as in Example 3 except that the temperature of the 
heating unit was set to 220 ° C. 

Example 2 

[ 0067 ] A rod - shaped continuous fiber reinforced thermo 
plastic resin composite material was produced in the same 
manner as in Example 1 except that the intermediate mate 
rials were prepared in the form of a tape ( thickness : 0.5 mm , 
width : 12 mm ) and three intermediate materials were intro 
duced to the heating unit of the heating device . 

Test Example 
[ 0076 ] Flexural strength ( see FIG . 8 ) and a porosity of the 
rod - shaped continuous fiber reinforced thermoplastic resin 
composite materials produced according to Examples 1 to 
10 above were measured according to the following method , 
and the results are shown in Table 1 below . The cross 
sectional photograph of the intermediate material and the 
cross - sectional photograph of the rod - shaped composite 
material according to Example 5 are shown in FIGS . 9 and 
10 , respectively . 
[ 0077 ] [ Method of Measuring Flexural Strength ] 
[ 0078 ] The flexural strength was measured in accordance 
with ASTM D4474 standard , and the maximum load point 
was measured by applying a three - point bending load to the 
rod - shaped continuous fiber reinforced thermoplastic resin 
composite material produced as shown in FIG . 8 . 
[ 0079 ] [ Method of Measuring Porosity ] 
[ 0080 ] A porosity was measured in accordance with 
ASTM D2734 standard and calculated according to Expres 
sion 2 below . The theoretical ideal density of the composite 
material is compared with the experimentally measured 
actual density , and thus the porosity is calculated by Expres 
sion 2 below . The porosity was calculated as an average 
value after three or more measurements using different 
samples . 

Example 3 

[ 0068 ] A rod - shaped continuous fiber reinforced thermo 
plastic resin composite material was produced in the same 
manner as in Example 2 except that four intermediate 
materials were introduced thereto . 

Example 4 

[ 0069 ] A rod - shaped continuous fiber reinforced thermo 
plastic resin composite material was produced in the same 
manner as in Example 2 except that five intermediate 
materials were introduced thereto . 
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0.2 mm - ' sP / As5 mm [ Expression 1 ] 
[ Expression 2 ] Porosity ( % ) = = ( 1 Actual density Ideal density x 100 

TABLE 1 

Interme 
diate 

material 
Form 

Number Heating unit 
of temperature 

strands ( ° C . ) 

Flexural 
strength 
( Mpa ) Division 

Porosity 
( vol % ) 

3 
4 
5 
6 

Example 1 
Example 2 
Example 3 
Example 4 
Example 5 
Example 6 
Example 7 
Example 8 
Example 9 
Example 10 

Yarn 
Tape 
Tape 
Tape 
Tape 
Tape 
Tape 
Tape 
Tape 
Tape 

180 
180 
180 
180 
180 
170 
190 
200 
210 
220 

415 + 17 
376 + 39 
362 + 19 
337 + 38 
312 + 39 
278 + 23 
358 + 34 
373 + 40 
365 = 42 
386 24 

2.5 + 0.1 
3.1 + 0.7 
4.9 + 0.3 
4.6 + 0.6 
4.3 + 0.5 
5.4 + 0.9 
4.5 + 0.7 
3.1 + 0.1 
4.8 = 0.7 
3.3 + 0.1 4 
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[ 0081 ] Referring to Table 1 , FIG . 9 , and FIG . 10 , it can be 
seen that in the case of the composite material produced by 
combining three to six yarns of an intermediate material 
having a diameter of about 1.2 mm or three to six tapes of 
an intermediate material having a thickness of about 0.5 mm 
and a width of about 12 mm , the composite material showed 
good porosity of about 5 vol % or less and excellent 
mechanical properties having a flexural strength of about 
300 MPa or more . However , when the temperature of the 
heating unit is close to the melting point of the thermoplastic 
resin ( see Example 6 ) , the flexural strength is relatively 
deteriorated , and when the temperature of the heating unit is 
above a predetermined level , the degree of the flexural 
strength increase compared to the temperature increase is 
not large , and thus it can be confirmed that the preferable heating temperature range is present in the combining pro 
cess according to the present invention . 
[ 0082 ] Hitherto , the preferred examples of the present 
invention have been described in detail . The description of 
the present invention is only for illustration , and it could be 
understood that particular embodiment could be easily 
changed without changing the technical spirit or essential 
features of the present invention by one of ordinary skilled 
in the art . 
[ 0083 ] Accordingly , it should be interpreted that the scope 
of the present invention is represented by claims hereinafter 
rather than the detailed description , and all changes or 
modifications derived from the meaning , range and equiva 
lent concept of claims are included in the scope of the 
present invention . 

1. A continuous fiber reinforced thermoplastic composite 
material in which a plurality of yarns or tape intermediate 
materials are combined together to form a rod shape . 

2. The continuous fiber reinforced thermoplastic compos 
ite material of claim 1 , wherein the composite material has 
a porosity of 1-10 vol % . 
3. The continuous fiber reinforced thermoplastic compos 

ite material of claim 1 , wherein the composite material 
satisfies Expression 1 below on the basis of the cross - section 
of the composite material : 

wherein , in Expression 1 , P and A are a cross - sectional 
circumference length and a cross - sectional area of the 
composite material , respectively . 

4. The continuous fiber reinforced thermoplastic compos 
ite material of claim 1 , wherein the tape has a thickness of 
0.1-1.0 mm and a width of 3-30 mm . 

5. The continuous fiber reinforced thermoplastic compos 
ite material of claim 1 , wherein the combining is performed 
by introducing 2-10 yarns or tapes . 

6. The continuous fiber reinforced thermoplastic compos 
ite material of claim 1 , wherein the continuous fiber is a 
glass fiber or a carbon fiber . 

7. A method for producing a continuous fiber reinforced 
thermoplastic resin composite material , the method com 
prising the steps of : 

( a ) continuously introducing a plurality of yarns or tape 
type intermediate materials into a heating unit ; 

( b ) heating the intermediate materials to a temperature 
equal to or higher than the melting point of a thermo 
plastic resin contained in the intermediate materials to 
melt at least a portion of the thermoplastic resin on the 
surface of the intermediate material , and 

( c ) passing at least two of the molten intermediate mate 
rials through a nozzle to be combined together to form 
a rod shape . 

8. The method for producing a continuous fiber reinforced 
thermoplastic resin composite material of claim 7 , wherein 
the intermediate material has a continuous fiber content of 
30-60 wt % and a thermoplastic resin content of 40-70 wt % . 

9. The method for producing a continuous fiber reinforced 
thermoplastic resin composite material of claim 7 , wherein 
the heating in step ( b ) is performed at a temperature higher 
than the melting point of the thermoplastic resin by 20-40 ° 
C. 

10. The method for producing a continuous fiber rein 
forced thermoplastic resin composite material of claim 7 , 
wherein the nozzle has a cross - sectional shape in which a 
bend is not formed , or one or more recess and protrusion are 
formed . 

11. The method for producing a continuous fiber rein 
forced thermoplastic resin composite material of claim 7 , 
wherein the rod discharged through the nozzle is rotated to 
form a spiral shape . 

12. The method for producing a continuous fiber rein 
forced thermoplastic resin composite material of claim 7 , 
wherein the nozzle has an inlet end and an outlet end and 
wherein the nozzle has a diameter ratio of the inlet end to the 
diameter of the outlet end of 1.5-5 and a length ratio of the 
outlet end to the diameter of the outlet end of 2-10 . 

13. The method for producing a continuous fiber rein 
forced thermoplastic resin composite material of claim 7 , 
wherein the nozzle has an outlet and wherein the nozzle is 
formed in multiple stages and has a reduced diameter toward 
the outlet . 
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