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DENTAL COMPOSITE MATERIAL HAVING The disclosure provides a composite material having a 
STABLE PASTY PROPERTY stably pasty property , especially provides a dental composite 

material that dentists and dental technicians may use stably . 
Matter enclosed in heavy brackets [ ] appears in the For example , the method described herein provides a stable 
original patent but forms no part of this reissue specifica 5 the composite material . 
tion ; matter printed in italics indicates the additions To keep a stably pasty property has been required for a 
made by reissue ; a claim printed with strikethrough pasty composite material if the composite material is filled 
indicates that the claim was canceled , disclaimed , or held in various syringe containers that are different in form . 
invalid by a prior post - patent action or proceeding . To obtain a consistent pasty property from an initial 

period to a later period in discharging from a syringe 
BACKGROUND container has been required for a pasty composite material 

The present disclosure relates to a dental composite filled in a syringe container . To obtain a consistent pasty 
material used for a filling restoration , a prosthetic restora property from immediately after manufacturing to after 
tion , a temporary sealing , a temporary adhering , a prosthesis 15 preserving for a certain period of time has been required for 
preparation , an adhesion , a cementation , a crypt fissure a pasty composite material . 
sealing in the dental field , more specifically , relates to a It was impossible to obtain a pasty property that is the 
pasty composite material prepared by mixing a silanated same at all times in a composite material discharged from a 
filler and a polymerizable monomer , which is used for a syringe container . 
composite resin ( including for a facing crown and for a A composite material discharged from a syringe container restoration or the like ) , a temporary sealing material , a includes unevenness and it was impossible to keep a stable temporary adhering material , a resin cement , an adhesive , a 
fissure sealant . pasty property . 

In the dental field , a composite material is prepared by A pasty property of a com osite material filled in a 
mixing a silanated filler and a polymerizable monomer in the syringe container changes according to a method of use 
form of a paste . The pasty composite material ( the compos 25 including a continuous use , an intermittent use , and the case 
ite material in the form of a paste ) is provided to dentists and that an unused term exists etc. , it was impossible to keep a 
dental technicians , which are the user of the composite stable pasty property . 
material , in a packaging container filled with the composite A pasty property of a composite material changes accord 
material . Although the composite material may be blended ing to a syringe container in which the composite material is 
with an adhesive monomer , a pigment , or the like , in 30 filled . To obtain a stable pasty property has been required for 
accordance with the purpose of use , the composite material a pasty composite material when each composite material is is generally prepared in the form of a paste by mixing a filled in different container . silanated filler and a polymerizable monomer in the appro The bubbles caused by mixing were observed in a com priate amount , and then is filled in a packaging container . It is difficult to stabilize a pasty property of the pasty 35 posite material filled in a syringe container . Therefore , it has 
composite material . For example , in the case where the been necessary to perform additional work to removing the 
composite material is filled in a syringe container , the pasty bubbles to a packaging process where the composite mate 
property of the pasty composite material at an initial stage of rial is filled in a syringe container . 
discharging from the syringe container is different from that Generally , an inspection process has been included in a 
at an end stage of discharging from the syringe container . 40 process of manufacturing a composite material . However , an 
Also , the pasty property of the pasty composite material appropriate time for performing a inspection process for 
immediately after production is different from that of the preparing stable a pasty composite material has not been 
pasty composite material preserved for a predetermined known . Further , in order to prepare a stable composite 
period . material , it has been important to find an appropriate time for 

The property of the composite material in which the pasty 45 performing the inspection process . The embodiments 
property is not stable significantly varies according to the described herein can prepare a composite material having 
packaging container used to package the composite material . stable pasty property by using an appropriate time for 

It is known that the pasty property and quality of the pasty performing an appropriate inspection process in a manufac 
composite material vary according to a mixing method or a turing process . 
mixing process in a paste production method . However , it 50 
has not been known that the composite material having a BRIEF DESCRIPTION OF THE DRAWINGS 
stable pasty property is obtained by a specific mixing 
procedure or a specific mixing method . A more complete appreciation of the present invention 

In a conventional paste , bubbles caused by the mixing and many of the attendant advantages thereof will be readily 
and / or a variation of a pasty property occur to cause non- 55 obtained as the same becomes better understood by refer 
uniform polymerization and the quality of final products ence to the following detailed description when considered varies greatly because of a large variation of a flow value 
after preparation . in connection with the accompanying drawings , wherein : 

FIG . 1 is preparing condition , mixing condition , preserv A consistent usability is required in a dental composite ing condition and evaluation result of mixed polymerizable material by dentists and dental technicians . 
monomer ; 

BRIEF SUMMARY FIG . 2A AND FIG . 2B are preparing condition , mixing 
condition , preserving condition and evaluation result of 

Dentists and dental technicians are requesting a composite composite material 
material having a stably pasty property . The stably pasty 65 FIG . 3A AND FIG . 3B are preparing condition , mixing 
property of a composite material to keep a good and condition , preserving condition and evaluation result of 
consistent usability . composite material ; and 

60 
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FIG . 4 is fluidity ( flow ) test result and difference between composite material preparing step includes a step of per 
present and last time at small amount preservation container forming a particulate filler kneading step , a defoaming step 
preservation . after kneading the particulate filler , a silanated filler knead 

ing step , and a defoaming step after kneading the silanated 
DETAILED DESCRIPTION 5 filler . 

The mixed polymerizable monomer preserving step pref 
Described herein is a composite material containing a erably includes a mixed polymerizable monomer evaluation 

filler , a polymerizable monomer , and a polymerization , step . Performing the mixed polymerizable monomer evalu initiator , and the composite material is produced by a ation step in the mixed polymerizable monomer preserving process that comprises : a mixed polymerizable monomer 10 step contributes a stable supply of the composite material . preparing step that includes a step of mixing a polymerizable Also , the composite material preserving step preferably monomer and a polymerization initiator to prepare a mixed includes a composite material evaluation step . Performing polymerizable monomer , a silanation step that includes a 
step of silane treating a filler to prepare a silanated filler , a the composite material evaluation step in the composite 
silanated filler preserving step that includes a step of pre- 15 material preserving step contributes to a stable production of 
serving the silanated filler in a silanated filler preserving the composite material . 
container , a composite material preparing step that includes Further , the small quantity preserving container is pref 
a step of mixing the mixed polymerizable monomer and a erably a syringe container . The composite material becomes 
silanated filler to prepare a composite material , a composite stable by preserving in a predetermined period in the syringe 
material preserving step that includes a step of preserving 20 container , which is a container used by an end user . 
the composite material in a composite material preserving The present disclosure also provides for a composite 
container , a composite material filling step that includes a material containing a filler , a polymerizable monomer , and 
step of filling the composite material into a small quantity polymerization initiator , and is produced a process 
preserving container , a small quantity preserving container which comprises a mixed polymerizable monomer prepar 
preserving step that includes a step of preserving the com- 25 ing step , a silanation step , a silanated filler preserving step , 
posite material in the small quantity preserving container . a composite material preparing step , a composite material 

Also described herein is a composite material containing preserving step , a composite material filling step , and a 
a filler , a polymerizable monomer , and a polymerization small quantity preserving container preserving step . 
initiator , and is produced by a process that comprises : a 
mixed polymerizable monomer preparing step that includes 30 material containing a filler , a polymerizable monomer , and Preferably present disclosure also provides a composite 
a step of mixing a polymerizable monomer and a polymer a polymerization initiator , and is produced by a process ization initiator to prepare a mixed polymerizable monomer , which comprises a mixed polymerizable monomer prepar a mixed polymerizable monomer preserving step that 
includes a step of preserving the mixed polymerizable ing step , a mixed polymerizable monomer preserving step , 
monomer in a mixed polymerizable monomer preserving 35 a silanation step , a silanated filler preserving step , a com 
container , a silanation step that includes a step of silane posite material preparing step , a composite material preserv 
treating a filler to prepare a silanated filler , a silanated filler ing step , a composite material filling step , and a small 
preserving step that includes a step of preserving the silan- quantity preserving container preserving step . 
ated filler in a silanated filler preserving container , a com The mixed polymerizable monomer preparing step 
posite material preparing step that includes a step of mixing 40 includes a step of charging a polymerization initiator into a 
the mixed polymerizable monomer and a silanated filler to polymerizable monomer in a mixing container , and mixing 
prepare a composite material , a composite material preserv- the polymerizable monomer and the polymerization initiator 
ing step that includes a step of preserving the composite at a mixing temperature of 1-60 ° C. for a mixing period of 
material in a composite material preserving container , a 1 minute 24 hours to prepare a mixed polymerizable mono 
composite material filling step that includes a step of filling 45 mer . 
the composite material into a small quantity preserving The silanation step includes a step of preparing a silane 
container , a small quantity preserving container preserving treatment liquid containing 1-40 % of silane coupling agent , 
step that includes a step of preserving the composite material and 99-60 % of organic solvent and / or water by mixing them , 
in the small quantity preserving container . and a step of charging the silane treatment liquid into the 

Further described herein is a composite material contain- 50 [ fillere ] filler in the container at the ratio of 1-15 [ parts by ] 
ing a filler , a polymerizable monomer , and a polymerization weight % of the silane coupling agent based on [ 1 part by ] 
initiator , and is produced by a process that comprises : a the weight the filler , and a step of mixing the filler and the 
mixed polymerizable monomer preparing step that includes silane treatment liquid at mixing temperature of 1-60 ° C. for 
a step of mixing a polymerizable monomer and a polymer- a mixing period of 1 minute - 24 hours to prepare silanated 
ization initiator to prepare a mixed polymerizable monomer , 55 filler . A silane treatment liquid is preferably prepared by 
a silanation step that includes a step of silane treating a filler mixing 1-20 % of silane coupling agent , 1-20 % of water and 
to prepare a silanated filler , a silanated filler preserving step 60-98 % of organic solvent . The silanated filler preserving 
that includes a step of preserving the silanated filler in a step includes a step of preserving a silanated filler for 1-600 
silanated filler preserving container , a composite material days of preserving period . 
preparing step that includes a step of mixing the mixed 60 The mixed polymerizable monomer preserving step 
polymerizable monomer and a silanated filler to prepare a includes a step of preserving 1-50 liters of mixed polymer 
composite material , izable monomer prepared in the mixed polymerizable mono 
a composite material filling step that includes a step of filling mer preparing step at preserving temperature of 1-23 ° C. for 
the composite material into a small quantity preserving a preserving period of 10 days - 1.5 years . 
container , a small quantity preserving container preserving 65 The composite material preparing step includes a step of 
step that includes a step of preserving the composite material performing a kneading step , and a defoaming step , at the 
in the small quantity preserving container , wherein ; the ratio of 0.1-9 parts by weight of the silanated filler based on 
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1 part by weight the mixed polymerizable monomer , which under a consistent operability , includes no variation , and 
includes a step of charging the silanated filler into the mixed may keep a property stably at an early stage , at a middle 
polymerizable monomer . stage , and at an end stage . 
When the composite material contains particulate filler , A pasty property of a composite material filled in a 

the material preparing step includes a step of performing a 5 syringe container changes according to the method of use 
particulate filler kneading step , a defoaming step after including a continuous use , an intermittent use , and the case 
kneading the particulate filler , a silanated filler kneading that an unused term exists etc. , and it was impossible to keep 
step , and a defoaming step after kneading the silanated filler . a stable pasty property . 

The particulate filler kneading step includes a step of In any case of a continuous use , an intermittent use , and 
kneading the mixed polymerizable monomer and a particu 10 the case that an unused term exists etc. , the composite 

material discharged from the syringe container may be used late filler at a kneading temperature of 5-60 ° C. for a under a consistent operability . kneading period of 5-30 minutes after charging the particu Applying a pressure to the composite material in the late filler into the mixed polymerizable monomer . The container means that the composite material in static con defoaming step after kneading the particulate filler includes 15 dition is pressurized to become the pasty composite material 
a step of defoaming from the mixed polymerizable monomer having reduced thixotropy . Then , the composite material is 
and the particulate filler at 5-200 Torr for a defoaming period discharged from the discharging port for releasing the pres 
of 5-30 minutes . sure . According to the quantity of the force applied to the 

The silanated filler kneading step includes a step of composite material , the thixotropy gradually decreases . 
kneading the mixed polymerizable monomer , the particulate 20 Once the thixotropy of the composite material decreases , 
filler , and a silanated filler at a kneading temperature of even if the force such as pressure is released , the state that 
5-60 ° C. for a kneading period of 5-40 minutes after the thixotropy decreases is kept for a while . The thixotropy 
charging the silanated filler . The defoaming step after knead- of the composite material increases by continuing the static 
ing the silanated filler includes a step of defoaming from the condition . When the force such as pressure is applied to the 
mixed polymerizable monomer , the particulate filler and the 25 composite material of which the thixotropy is not com 
silanated filler at 5-200 Torr for a defoaming period of 5-30 pletely reduced , the thixotropy is completely reduced more . 
minutes to prepare a composite material . In the conventional composite material , it is difficult to 

The composite material preserving step includes a step of control the thixotropy and to have a uniform pasty property 
preserving the 1-8 liters of composite material prepared in of the discharged composite material . The present disclosure 
the composite material preparing step at preserving tem- 30 solves the conventional problems . The present disclosure 
perature of 1-25 ° C. for a preserving period of 10 days - 1.5 provides a composite material which may keep for a fixed 

amount of time , and has a uniformly pasty property that the years . thixotropy decreases after discharging from the container . The composite material filling step includes a step of Further , bubbles mixing in the composite material when filling the composite material extruded from a nozzle using 35 filling to the small preserving container are prevented . The a filling machine into a small quantity preserving container composite material is preserving in the preserving container having 1-50 cc of volume . in the composite material preserving step . The preserving The small quantity preserving container preserving step amount of the composite material preserving container is 
includes a step of preserving the composite material in the larger than that of the small amount preserving container at 
small quantity preserving container at a preserving tempera- 40 the same time . This prevents the paste from a property 
ture of 1-40 ° C. for a preserving period of 50 days - 5 years . change at the initial stage because of a decreasing surface 

In addition to the above described steps , a defective area of the paste that contacts the outside . However , it is 
product may be found by performing evaluation steps , difficult to prevent the paste from “ solidification , ” which is 
thereby preventing manufacturing of a defective product . a property change at the surface . In a preferred embodiment , 
Further , these evaluation steps are important for obtaining a 45 the composite material is filled in the small quantity pre 
composite material having a stable pasty property . serving container before “ solidification . ” Therefore , in a 

The mixed polymerizable monomer evaluation step per- preferred embodiment , the composite material wherein the 
formed in the mixed polymerizable monomer preserving property change at the initial stage is prevented , and bubbles 
step is a step of performing at least one of a differential mixing in the composite material is prevented . 
scanning calorimetry ( DSC ) test , a hardening test , and / or a 50 The composite material is charged into the filling machine 
fluidity test and preferably performing all of a differential from the preserving container in the composite material 
scanning calorimetry ( DSC ) test , a hardening test , and a preserving step , and is continuously filled into the small 
fluidity test . amount preserving container . When the remaining amount 

The composite material evaluation step performed in the of the composite material in the filling machine becomes 
composite material preserving step is a step of performing at 55 low , the composite material is replenished from the preserv 
least one of a differential scanning calorimetry ( DSC ) test , ing container of the composite material preserving step . This 
a hardening test , and / or a fluidity test and preferably per- replenishing of the composite material from the preserving 
forming all of a differential scanning calorimetry ( DSC ) test , container of the composite material preserving step causes 
a hardening test , and a fluidity test . many bubbles mixing into the composite material resulting 

The final evaluation step performed in the small amount 60 from the solidification of the surface . However , the com 
preserving container preserving step is a step of performing posite material described herein reduces the bubbles mixing 
at least one of a differential scanning calorimetry ( DSC ) test , into the composite material during replenishing of the com 
a hardening test , and / or a fluidity test and preferably per- posite material . 
forming all of a differential scanning calorimetry ( DSC ) test , Performing an inspection step in the process of preparing 
a hardening test , and a fluidity test . 65 the composite material easily contributes a stable production 

The present disclosure provides a composite material of the composite material . Although performing many 
discharged from the syringe container , which may be used inspection steps contributes to a stable production of the 
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composite material , excessive inspection steps consumes the The organic filler can be obtained by polymerizing a 
composite material and increases the number of man hours monomer having a polymerizable group , and the type of the 
for production . An appropriate number of inspection steps organic filler is not specifically limited . Specific examples of 
and an appropriate timing of the inspection steps were the organic filler include unsaturated aromatics such as 
found . As a result , a defective product may be found to 5 styrene , a - methylstyrene , halogenated styrene , and divinyl 
prevent manufacturing the defective product and to prepare benzene ; unsatuated esters such as vinyl acetate and vinyl 
the composite material efficiently . propionate ; unsatuated nitriles such as acrylonitrile ; and 
By performing the particulate filler kneading step , a substances obtained by ( co ) polymerizing a single or a plu 

defoaming step after kneading the particulate filler , the rality of monomers having a polymerizable group such as 
silanated filler kneading step , and a defoaming step after 10 butadiene and isoprene . Substances obtained by polymeriz ing the monomers having a polymerizable group discussed kneading the silanated filler , the thixotropy of the composite earlier known in the dental field are particularly preferable . material becomes stable and obtains a composite material The method of manufacturing the organic filler is not having a uniformly pasty property . specifically limited , and may be any method in which the A filler before silanation used in the embodiments is not 15 monomers having a polymerizable group is subjected to an specifically limited , and a filler known in the art such as an emulsion polymerization , a suspension polymerization , a 
inorganic filler and / or an organic filler and / or an organic dispersion polymerization , or the like , and may be a method inorganic composite filler , for example , may be used without in which a polymer bulk generated in advance is pulverized . 
restriction . The grain shape of the filler before silanation Organic - inorganic composite fillers in which inorganic par 
may be any shape like a sphere , a massive , a needle , a plate , 20 ticles are contained in an organic polymer may also be used . 
a fracture , a scale , etc. , and is not specifically limited . For The inorganic particles to be contained in the organic 
obtaining a greater stability of the paste , the filler before polymer are not specifically limited , and those known in the 
silanation preferably has a sphere shape . The degree of art may be used . Examples of the inorganic particles include 
circularity of the filler before silanation ranges from 0.7 to particles of the inorganic fillers discussed above . The 
1.0 , preferably from 0.9 to 1.0 , and more preferably from 25 method of manufacturing the organic - inorganic composite 
0.95 to 1.00 . filler is also not specifically limited , and any method may be 

The degrees of circularity are determined by taking an used . Examples of the method include a method in which the 
image of the particles with a light microscope or a scanning surfaces of the inorganic particles are microencapsulated or 
electron microscope ( SEM ) and analyzing the image with an grafted with the organic substance , a method in which the 
image analyzer . The number of fillers to be analyzed per 30 inorganic particles are subjected to a radical polymerization 
sample may be 50 or more . The degrees of circularity are after a polymerizable functional group or a polymerization 
determined based on boundary lengths and area of the fillers initiating group is introduced into the surfaces of the inor 
before silanated . The degree of circularity e = ( 4 * . t . * S ) / ( L² ) ganic particles , and a method in which a polymer bulk 
is calculated with boundary lengths ( L ) and area ( S ) of the containing inorganic particles generated in advance is pul 
fillers before silanation , which are obtained by analyzing the 35 verized . 
image . The average grain size of the organic filler or the organic 

Specific examples of the inorganic filler include quartz , inorganic composite filler is preferably in the range of 1 to 
amorphous silica , aluminum silicate , aluminum oxide , tita- 100 um , more preferably 3 to 50 um , further more preferably 
nium oxide , zirconium oxide , various types of glass ( includ- 5 to 30 um . The inorganic , organic , and organic - inorganic 
ing glass obtained by a melting method , synthetic glass 40 composite fillers may be used singly or in combination of 
obtained by a sol - gel method , and glass generated by a gas several kinds thereof . 
phase reaction ) , calcium carbonate , talc , kaoline , clay , mica , After the surfaces of the particles of the filler , such as the 
aluminum sulfate , calcium sulfate , barium sulfate , calcium inorganic , organic , or organic - inorganic composite filler , are 
phosphate , hydroxyapatite , silicon nitride , aluminum nitride , treated by a method known in the art , the filler can be used 
titanium nitride , silicon carbide , boron carbide , calcium 45 for a composite material . The surface treatment may be 
hydroxide , strontium hydroxide , and zeolite . Among these , performed using a surfactant , fatty acid , organic acid , inor 
aluminosilicate glass , borosilicate , aluminoborate , and ganic acid , a silane coupling agent , a titanate coupling agent , 
boroaluminosilicate glass containing a heavy metal such as polysiloxane , or the like , for example . A preferable surface 
sodium , strontium , barium , and lanthanum and / or fluorine treatment method improves the wettability between the resin 
are preferable . The average grain size of the inorganic filler 50 component and the surface of the filler and imparts superior 
is not specifically limited , and is preferably in the range of properties to the composite material , and can be selected as 
0.5 to 10 um , more preferably in the range of 0.7 to 5 um . appropriate according to the required properties . The surface 

Ultrafine particle inorganic fillers such as aerosil gener- of the filler may be subjected , without restriction , to a 
ated by a gas phase method or particles of silica - zirconia surface treatment performed using a special surface treat 
oxide generated from a solution in a sol - gel reaction may 55 ment agent and / or by a special surface treatment method for 
also be used . Cohesive inorganic fillers obtained by agglom- the purpose of increasing the functionality of the filler . 
erating such ultrafine particles may also be used . Cohesive A silanated filler provided by a silanation step in which a 
inorganic fillers are crushing during kneading . Crushed filler is treated with a silane coupling agent is preferably 
inorganic fillers having 1 nm to 300 nm particle diameters used . Further , the silanated filler is preferably provided 
are classified as an ultrafine particulate inorganic filler , and 60 through a silanated filler preserving step in which a silanated 
crushed inorganic fillers not having 1 nm to 300 nm particle filler is preserved for a predetermined period . 
diameter are classified as an inorganic filler . The silanation step includes a step of preparing a silane 
The average particle size of ultrafine particulate inorganic treatment liquid containing 1-40 % of silane coupling agent , 

filler is from 1 nm to 300 nm . The ultrafine particulate and 60-99 % of organic solvent and / or water , and a step of 
inorganic filler is preferably , without any limitation , colloi- 65 treating a filler with the silane treatment liquid . The filler and 
dal silica ( trade names : Aerosil R972 , Aerosil 200 , Aerosil the silane treatment liquid are charged into a treatment 
380 , Aerosil 50 ( Nippon Aerosil Co. , Ltd. 5-50 nm ) . container and the filler is silanated at a treatment tempera 
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ture of 1-60 ° C. for a treatment period of 1 minute - 24 hours . weight , more preferably in a range of 75.0-98.0 parts by 
The silane treatment liquid is charged in a ratio of 1-15 weight relative to the whole component of a composite 
[ volume ) weight % based on the [ volume ] weight of the material . 
filler . As a result of silanation , the silanated filler may be a The polymerizable monomer used in the embodiments 
slurry . The silane treatment liquid is preferably charged by 5 may be , without any limitation , known monofunctional or 
spraying or dripping . multifunctional polymerizable monomers that are generally 
An aggregate is provided by drying the treated material at used for composite material . The polymerizable monomers 

a drying temperature of 60-200 ° C. for a drying period of are preferably those having an acryloyl group and / or a 
1-120 hours . The silanated filler is provided by crushing the methacryloyl group . 
aggregate . Examples of polymerizable monomers having no acidic 

The silane treatment liquid preferably contains 5-30 % of 
silane coupling agent , 50-70 % of organic solvent and / or monofunctional monomers ( non - crosslinkable mono 
0.5-25 % of water . mers ) , e.g. , ( meth ) acrylic acid esters such as methyl ( meth ) 
As the silane coupling agent , there can be preferably used , acrylate , ethyl ( meth ) acrylate , butyl ( meth ) acrylate , hexyl 

not particularly limited to , methyltrimethoxysilane , methyl- 15 ( meth ) acrylate , tetrahydrofurfuryl ( methacrylate , 2 - hy 
triethoxysilane , methyltrichlorosilane , dimethyldichlorosi- droxyethyl ( methacrylate , grycidyl ( meth ) acrylate , lauryl 
lane , trimethylchlorosilane , hexamethyldisilazane , vinylt- ( meth ) acrylate , cyclohexyl ( meth ) acrylate , benzil ( meth ) 
rimethoxysilane , vinyltriethoxysilane , vinyltrichlorosilane , acrylate , allyl ( methacrylate , 2 - ethoxyethyl ( methacrylate , 
vinyltriacetoxysilane , vinyltris ( ß - methoxyethoxy ) silane , methoxy polyethylene glycol ( methacrylate , glycerol 
y - methacryloyloxypropyltrimethoxysilane , y - methacrloy- 20 ( meth ) acrylate and isobornyl ( meth ) acrylate ; silane com 
loxypropyltris ( B - methoxyethoxy ) silane , y - chloropropylt- pounds such gamma .- ( methacryloyloxypropylt 
rimethoxysilane , y - chloropropylmethyldimethoxysilane , rimethoxysilane and .gamma .- ( methacryloyloxypropyltri 
Y - glycidoxypropyltrimethoxysilane , Y - glycidoxypropylm- ethoxysilane ; nitrogen - containing compounds such as 2- ( N , 
ethyldiethoxysilane , B- ( 3,9 - epoxycyclohexyl ) ethylt- N - dimethylamino ) ethyl ( methacrylate , N - methylol ( meth ) 
rimethoxysilane , N - phenyl - y - aminopropyltrimethoxysilane 25 acrylamide and diacetone ( meth ) acrylamide , 
and hexamethyldisilazane . Particularly preferably are meth- aromatic bifunctional monomers ( crosslinkable mono 
yltrichlorosilane , dimethyldichlorosilane and hexamethyld- mers ) , e.g. , 2,2 - bis ( 4- ( meth ) acryloyloxyphenyl ) propane , 
isilazane . 2,2 - bis ( 4- ( 3- ( meth ) acryloyloxy - 2 - hydroxypropoxy ) phenyl ) 
An organic solvent is preferably a volatile water - soluble propane , 2,2 - bis ( 4- ( methacryloyloxyethoxyphenyl ) pro 

organic solvent . As the volatile water - soluble organic sol- 30 pane , 2,2 - bis ( 4- ( methacryloyloxydiethoxyphenyl ) propane , 
vent , there can be exemplified methanol , ethanol , n - propa- 2,2 - bis ( 4 - meth acryloyloxytetraethoxyphenyl ) propane , 
nol , isopropyl alcohol , acetone , methyl ethyl ketone and the 2,2 - bis ( 4- ( methacryloyloxypentaethoxyphenyl ) propane , 
like . As required , these organic solvents can be used in a 2,2 - bis ( 4- ( methacryloyloxydipropooxyphenyl ) propane , 2 
plural kinds being mixed together . By taking toxicity to a ( 4 - meth ) acryloyloxyethoxyphenyl ) -2- ( 4- ( meth ) acryloy 
living body into consideration , it is desired to use ethanol , 35 loxydiethoxyphenyl ) propane , 2- [ 4- ( meth ) acryloyloxydi 
isopropyl alcohol and acetone . ethoxyphenyl ) -2- ( 4- ( meth ) acryloyloxytrietho - xyphenyl ) 

The silanated filler preserving step includes a step of propane , 2- ( 4- ( methacryloyloxydipropoxyphenyl ) -2- ( 4 
preserving a silanated filler for a preserving period of 30-600 ( meth ) acryloyloxytriethoxyphenyl ) propane , 2,2 - bis ( 4 
days . When a preserving period is short , matching with resin ( meth ) acryloyloxydipropoxyphenyl ) propane and 2,2 - bis ( 4 
deteriorates . Therefore , it is difficult to prepare a smooth 40 ( meth ) acryloyloxyisopropoxyphenyl ) propane , 
paste , and it is difficult to prepare a stable paste . aliphatic bifunctional monomer ( crosslinkable mono 
When a preserving period lasts for a long term , the effect mers ) , e.g. , 2 - hydroxy - 3 - acryloyloxypropylmethacrylate , 

of the silane coupling agent fades and it is difficult to prepare hydroxypivalic acid neopentylglycol di ( meth ) acrylate , eth 
a stable paste . ylene glycol di ( meth ) acrylate , diethylene glycol di ( meth ) 

The silanated filler is preserved in a hermetic container . 45 acrylate , triethylene glycol di ( meth ) acrylate , butylene glycol 
The volume of the container is 10-50 liters . The container is di ( meth ) acrylate , polyethylene glycol di ( meth ) acrylate , neo 
preferably made of polyethylene and formed into bag - shape . pentyl glycol di ( methacrylate , propylene glycol di ( meth ) 

The preserving temperature is at 1-50 ° C. and is prefer- acrylate , 1,3 - butanediol di ( meth ) acrylate , 1,4 - butanediol 
ably at 5-25 ° C. Preserving at high temperatures obstructs ( methacrylate , 1,6 - hexanediol di ( methacrylate , and glyc 
the effect of the silane coupling agent . 50 erin di ( meth ) acrylate , trifunctional monomer ( crosslinkable 
A proportion of the silanated filler in a composite material monomers ) , e.g. , 

may be optionally selected depending upon a material trimethylolpropane tri ( meth ) acrylate , treimethylolethane 
property required for a composite material . An filling tri ( methacrylate , trimethylolmethane tri ( meth ) acrylate and 
amount of low - viscous materials such as sealants , bonding pentaerythritol tri ( meth ) acrylate , 
materials , primers , tooth surface treating agents , opacifying 55 tetrafunctional monomer ( crosslinkable monomers ) , e.g. , 
agents and cements generally used in the dental field should pentaerythritol tetramethacrylate and ditrimethylolporpane 
be set at a relatively small level since higher fluidity required tetra ( meth ) acrylate . 
as material property is required for these materials . There- Examples of urethane - based polymerizable monomers 
fore , the amount is preferably in a range of 5.0-80.0 parts by may include di ( meth ) acrylates having a bifunctional or 
weight , more preferably in a range of 30.0-70.0 parts by 60 trifunctional or more - functional urethane linkage that are 
weight relative to the whole component of the composite derived from an adduct of a polymerizable monomer having 
material . In addition , a filling amount of high - viscous mate- a hydroxy group such as 2 - hydroxyethyl ( meth ) acrylate , 
rials such as a composite resin and a veneer crown resin 2 - hydroxypropyl ( methacrylate and 3 - chloro - 2 - hydroxy 
should be set at a relatively high level since , as the required propyl ( methacrylate , and a diisocyanate compound such 
material property , such the shapability is required that does 65 methylcyclohexane diisocyanate , methylene bis ( 4 - cyclo 
not cause deformation after shape adjustment . Accordingly , hexyl isocyanate ) , isophorone diisocyanate , diisocyanate 
the amount is preferably in a range of 50.0-98.0 parts by methylbenzene and 4,4 - diphenylmethane diisocyanate . 
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In addition to the aforementioned ( meth ) acrylate - based A known radical generator may be used as a polymeriza 
polymerizable monomers , other polymerizable monomers , tion initiator in the embodiments . Polymerization initiators 
for example , a monomer , an oligomer or a polymer having are generally classified into chemical polymerization initia 
at least one polymerizable group in the molecule may be tors that initiates polymerization by mixing the same with 
used for polymerizable monomers of the composite material 5 the monomers upon use , thermal polymerization initiators 
if desired . The polymerizable monomers other than the that initiates polymerization by heating or warming the 
( meth ) acrylate - based polymerizable monomers may have a composition , and photoinitiators that initiates polymeriza 
substituent such as an acidic group and a fluoro group in the tion by light irradiation . 
molecule . In the embodiments , the polymerizable monomer Among such polymerization initiators , examples of 
is not necessarily of a single component , and may be a 10 chemical polymerization initiators may include redox type 
mixture of a plurality of polymerizable monomers . If the polymerization initiator systems comprising an organic per 
viscosity of the polymerizable monomer at room tempera- oxide / an amine compound or an organic peroxide / an amine 
ture is extremely high , or if the polymerizable monomer is compound / a sulfinic acid salt , or an organic peroxide / an 
solid , the polymerizable monomer is preferably combined amine compound / a borate compound , and organometal type 
with a polymerizable monomer with low viscosity to be used 15 initiator systems that initiate polymerization by reacting 
as a mixture of the polymerizable monomers . The combi- with oxygen or water . 
nation is not limited to a combination of two kinds , and may Examples of the aforementioned organic peroxides may 
be a mixture of three or more kinds . include benzoylperoxide , parachlorobenzoylperoxide , 2,4 

The polymerizable monomers of the composite material dichlorobenzoyl peroxide , acetyl peroxide , lauroyl peroxide , 
may include only monofunctional polymerizable monomers , 20 tertiary - butyl peroxide , cumene hydroperoxide , 2,5 - dihy 
and may additionally include polyfunctional polymerizable droperoxy - 2,5 - dimethylhexane , methyl ethyl ketone perox 
monomers . A preferred polymerizable monomers may ide , and tertiary - butyl peroxide benzoate . 
include an aromatic bifunctional polymerizable monomer Examples of the aforementioned amine compounds may 
and an aliphatic bifunctional polymerizable monomer . More include a secondary or tertiary amine in which an amine 
preferably , the polymerizable monomers may includes 2,2- 25 group is bound to an aryl group , and particular examples 
bis ( 4- ( 3 - methacryloyloxy - 2 - hydroxypropoxy ) phenyl ) pro- thereof are p - N , N - dimethyltoluidine , N , N - dimethylaniline , 
pane ( Bis - GMA ) and triethylene glycol dimethacrylate N - B - hydroxyethylaniline , N , N - di ( ß - hydroxyethyl ) aniline , 
( TEGDMA ) . P - N , N - di - hydroxyethyl ) toruidine , N - methylaniline , and 

In the embodiments , the polymerizable monomers may p - N - methyltoluidine . 
include polymerizable monomers containing an acid group 30 Examples of the aforementioned sulfuric acid salts may 
such as phosphoric acid group , carboxylic acid group , include sodium benzenesulfinate , lithium benzenesulfinate , 
phosphonic acid , sulfonic acid group or the like in the and sodium p - toluenesulfinate . 
molecule as a part or the whole of the polymerizable Examples of the aforementioned borate compounds 
monomers so that the composite material can adhere to the include , trialkylphenylboron , and a sodium salt , a lithium 
teeth substance and a nonprecious metal . In order to enhance 35 salt , a potassium salt , a magnesium salt , a tetrabutyl ammo 
the property to adhere a precious metal , the polymerizable nium salt and a tetramethyl ammonium salt of trialkyl 
monomers may include a polymerizable monomer contain- ( p - fluorophenyl ) boron ( wherein the alkyl group is n - butyl 
ing a sulfur atom in the molecule . group , n - octyl group , n - dodecyl group or the like ) . 

The polymerizable monomers discussed above may Examples of the aforementioned organometal type 
include carboxylilc acid group - containing polymerizable 40 polymerizable initiators may include organic boron com 
monomers , e.g. , ( methacrylic acid , 1,4 - di ( meth ) acryloy- pounds such as triphenylborane , tributylborane , and a partial 
loxyethyl - pyromellitic acid , 6 - meth acryloyloxynaphtal- oxide of tributylborane . 
ene - 1,2,6 - tricarboxylic acid , N- ( meth ) acryroyl - p - aminoben- Azo compounds such as azobisisobutyronitrile , methyl 
zoic acid , N- ( methacryroyl - 5 - aminosalicylic acid , 4- ( meth ) azobisisobutyrate and azobiscyano valeric acid may be used 
acryroyloxyethyltrimellic acid and anhydride thereof , 45 as a thermal polymerization initiator used in the embodi 
4- ( meth ) acryroyloxybutyltrimellic acid and anhydride ments in addition to the aforementioned organic peroxide . 
thereof , 2- ( methacryroyloxybenzoic acid , B- ( methacryroy- The photoinitiator used in the embodiments may be a 
loxyethyl hydrogen succinate , B- ( meth ) acryroyloxyethyl photosensitizer . The photosensitizer may be used alone or in 
hydrogen maleate , 11 - meth ) acryloyloxy - 1,1 - undecanedi- combination with a photopolymerization promotor . 
carboxylic acid and p - vinylbenzoic acid ; phosphate group- 50 Examples of the aforementioned photosensitizers may 
containing monomers , e.g. , 2 - meth ) acryloyloxyethyl include a - diketones such as benzil , camphorquinone , 
hydrogen phosphate , 3- ( meth ) acryloyloxypropyl dihydro- a - naphtil , acetonaphtone , p , p ' - dimethoxybenzil , p , p ' - dichlo 
gen phosphate , 10- ( meth ) acryloyloxydecyl hydrogen phos- robenzylacetyl , pentadione , 1,2 - phenanthrenquinone , 1,4 
phate , bis ( 2- ( meth ) acryloyloxyethyl ) dihydrogen phosphate phenanthrenquinone , 3,4 - phenanthrenquinone , 9,10 
and 2- ( meth ) acryloyloxyphenyl hydrogen phosphate ; sulfo- 55 phenanthrenquinone and naphthoquinone ; benzoin alkyl 
nic group - containing monomers ; e.g. , 2- ( meth ) acrylamide- ethers such as benzoin , benzo in methyl ether and benzoin 
2 - methylpropanesulfonic acid , 4- ( meth ) acryloyloxybenze- ethyl ether ; thioxanthones such as thioxanthone , 2 - chloro 
nesulfonic acid and 3- ( methacryloyloxypropanesulfonic thioxanthone , 2 - methylthioxanthone , 2 - isopropylthioxan 
acid ; sulfur atom - containing monomers , e.g. , ( meth ) acrylate thone , 2 - methoxythioxanthone , 2 - hydroxythioxanthone , 
having a triazinethiol group , ( meth ) acrylate having a mer- 60 2,4 - diethylthioxanthone and 2,4 - diisopropylthioxanthone ; 
capto group , ( methacrylate having a polysulfide group , benzophenones such as benzophenone , p - chlorobenzophe 
( meth ) acrylate having a thiophosphate group , ( meth ) acry- none and p - methoxybenzophenone ; acylphosphineoxides 
late having a disulfide cyclic group , ( meth ) acrylate having a such as 2,4,6 - trimethylbenzoyl diphenylphosphineoxide and 
mercaptodithiazole group , ( meth ) acrylate having a thioura- bis ( 2,6 - dimethoxybenzoyl ) -2,4,4 - trimethylpentylphosphin 
cil group and ( meth ) acrylate having a thiirane group . These 65 eoxide ; a - aminoacetophenones such as 2 - benzyl - dimethyl 
polymerizable monomers may be used alone or in mixture of amino - 1- ( 4 - morpholinophenyl ) -butanone - 1,2 - benzyl - di 
two or more kinds . ethyl - amino - 1- ( 4 - morpholinophenyl ) propanone - 1 ; ketals 
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such as benzyldimethylketal , benzyldiethylketal and benzyl iodonium salt compound ; quaternary ammonium halides ; 
( 2 - methoxyethylketal ) ; titanocenes such as bis ( cyclopenta- and transition metal compound . 
dienyl ) -bis [ 2,6 - difluoro - 3- ( 1 - pyrolyl ) phenyl ] titanium , bis The composite material according to embodiments is 
( cyclopentadienyl ) -bis ( pentanefluorophenyl ) titanium and prepared by mixing a silanated filler , a polymerizable mono 
bis ( cyclopentadienyl ) -bis ( 2,3,5,6 - tetrafluoro - 4 - disiloxyphe- 5 mer , and a polymerization initiator . 
nyl ) -titanium . The composite materials may be colored with a coloring 

Examples of the aforementioned photopolymerization pigment in accordance with a product property . The coloring 
promotors may include tetriary amines such as N , N - dim- pigments are classified into inorganic pigments and organic 
ethylaniline , N , N - diethylaniline , N , N - di - n - butylaniline , pigments . Examples of inorganic pigments may include 
N , N - dibenzylaniline , p - N , N - dimethyl - toluidine , m - N , N - di- 10 chromates such as chrome yellow , zinc yellow and barium 
methyltoluidine , p - N , N - diethyltoluidine , p - bromo - N , N - di- yellow ; ferrocyanides such as Prussian blue ; sulfides such as 
methylaniline , m - chloro - N , N - dimethylaniline , p - dimethyl- vermilion , cadmium yellow , zinc sulfide , antimony white 
aminobenzaldehyde , p - dimethylaminoacetophenone , and cadmium red ; sulfates such as barium sulfate , zinc 
p - dimethylaminobenzoic acid , p - dimethylaminobenzoicacid sulfate and strontium sulfate ; oxides such as zinc white , 
ethyl ester , p - demtethylaminobenzoic acid amino ester , 15 titanium white , blood red , black iron oxide and chromium 
N , N - dimethylanthranilic acid methyl ester , N , N - dihydroxy- oxide ; hydroxides such as aluminum hydroxide ; silicates 
ethylaniline , p - N , N - dihydroxyethyl - toluidine , p - dimethyl- such as calcium silicate and ultramarine ; and carbons such 
aminophenylalcohol , p - dimethylaminostyrene , N , N - dim- as carbon block and graphite . Examples of organic pigments 
ethyl - 3,5 - xylidine , 4 - dimethylaminopyridine , N , N- may include nitoroso pigments such as Naphthol Green B 
dimethyl - a - naphthylamie N , N - dimethyl - b - naphthylamine , 20 and Naphthol Green Y ; nitoro pigments such as Naphthol S 
tributylamine , tripropylamine , triethylamine , N - methyldi- and Lithol Fast Yellow 2G ; insoluble azo pigments such as 
ethanolamine , N - ethyldiethanolamine , N , N - dimethylhex- Permanent Red 4R , Brilliant Fast Scarlet , Hanza Yellow and 
ylamine , N , N - dimethyldodecylamine , N , N - dimethyl- Benzidine Yellow ; poorly - soluble azo pigments such as 
stearylamine , N , N - dimethylaminoethyl methacrylate , N , N- Lithol Red , Lake Red C and Lake Red D ; soluble azo 
diethylaminoethyl methacrylate and 2,2 ' - ( n - butylimino ) 25 pigments such as Brilliant Caramine 6B , Permanent Red 
diethanol ; secondary amines such as N - phenylglycine ; F5R , Pigment . Scarlet 3B and Bordeaux 10B ; phthalocya 
barbituric acids such as 5 - butylbarbituric acid and 1 - benzyl- nine pigments such as Phthalocyanine Blue , Phthalocyanine 
5 - phenylbarbituric acid ; tin compounds such as dibutyltin Green and Sky Blue ; basic dye pigments such as Rhodamine 
diacetate , dibutyltin dilaurate , dioctyltin dilaurate , dioctyltin Lake , Malachite Green Lake and Methyl Violet Lake ; and 
diperacetate , dioctyltin bis ( mercaptoacetic acid isooctyl 30 acidic dye pigments such as Peacock Blue Lake , Eosin Lake 
ester ) salt and tetramethyl - 1,3 - diacetoxydistannoxane ; alde- and Quinoline Yellow Lake . These pigments may be used 
hyde compounds such as laurylaldehyde and terephthalal- alone or in combination of two or more thereof . In an 
dehyde ; sulfur - containing compounds such as dodecylmer- embodiment , the coloring pigment is preferably an inorganic 
captan , 2 - mercaptobenzooxazole , 1 - decanethiol and pigment , preferably titanium white , blood red , black iron 
thiosalicylic acid . 35 oxide or yellow iron oxide . 

The composite material of the present invention may The composite material described herein may comprise an 
further include an oxycarboxylic acid such as citric acid , ultraviolet absorbing agent such as 2 - hydroxy - 4 - methylben 
maleic acid , tartaric acid , glycolic acid , gluconic acid , zophenone ; polymerization inhibitors such as a hydroqui 
a - oxyisobutyric acid , 2 - hydroxypropioic acid , 3 - hy- none , a hydroquinone monomethyl ether , 2,5 - di ( tertiary 
droxybutanoic acid , 4 - hydroxybutanoic acid , and dimethyl- 40 butyl ) -4 - methylphenol , and butyrated hydroxyltoluene 
olpropioic acid to improve the photopolymerization promot- ( BHT ) ; an anti - discoloring agent ; an antimicrobial agent ; 
ing ability . and the other conventional known additives . The composite 

Those polymerization initiators used in the embodiments material may be packed in a single package , or divided into 
may be used alone or as a mixture of two or more thereof . two packs or the other type packages . The package of the 
In addition , these polymerization initiators may be used in 45 composite material may be determined depending upon the 
combination irrespective of the polymerization form and the kind of polymerization initiator or the use . 
kind of polymerization initiators . The amount of a polym- The effect of the composite material is provided by a 
erization initiator to be added may be appropriately deter- process that comprises at least a mixed polymerizable mono 
mined depending upon the use . In general , the amount may mer preparing step , a mixed polymerizable monomer pre 
be selected from a range of 0.1-10 parts by weight based on 50 serving step , a composite material preparing step , a com 
a polymerizable monomer . posite material preserving step , a composite material filling 
The polymerization initiator is preferably a photopoly- step , and a small quantity preserving container preserving 

merization initiator . The composite material that comprises step . Hereinafter , each process will be sequentially 
photopolymerization initiator is relatively easy to be described . 

polymerized without substantial air bubble entrainment . The 55 A mixed polymerizable monomer preparing step includes 
photopolymerization initiator is preferably a combination of at least a step of mixing a polymerizable monomer and a 
an a - diketone and a tertiary amine and more preferably , a polymerization initiator to prepare a mixed polymerizable 
combination of camphorquinone with an aromatic amine monomer , but the method of mixing is not particularly 
having an amino group directly bound to the benzene ring limited . It is necessary that a mixed polymerizable monomer 
such as ethyl p - N , N - dimethylaminobenzoate or with an 60 prepared in the mixed polymerizable monomer preparing 
aliphatic amine having a double bond in the molecule such step is in a uniform state after mixing . Therefore , it is 
as N , N - dimethylaminoethyl methacrylate . The composite necessary to mix so that there are no remainders such as a 
material , in embodiments , may comprise , depending upon polymerization initiator . Preferably , a mixed polymerizable 
the use , a sensitizing pigment such as coumalin , cyanine , monomer preparing step does not include a defoaming step . 
and thiazine ; a light acid generator which produces Broen- 65 A defoaming step is a step of defoaming air bubbles by 
sted acid or Lewis acid by light irradiator such as a s - triazine reducing the pressure below the atmospheric pressure after 
derivative substituted with a halomethyl group or diphenyl mixing , which is often performed at atmospheric pressure . 
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Performing a defoaming step may deteriorate a polymeriz- foil for enhancing a shading property . A mixed polymeriz 
able monomer , causes a reduction of the characteristic of a able monomer preserving container is preferably a hermetic 
physical property , and some polymerizable monomers may container . 
harden . A preserving temperature of the mixed polymerizable 

Further , it is necessary to charge a polymerization initiator 5 monomer preserving container is at 1-35 ° C. , and is prefer 
into a mixed polymerizable monomer . To charge a polym ably at 1-10 ° C. in a dark and cool place . A preserving period 
erization initiator into a mixed polymerizable monomer of a mixed polymerizable monomer preserving container is 
causes a reduction of the characteristic of a physical prop for 10 days - 1.5 years , preferably for 30 days - 1 year . 
erty and some polymerizable monomers may be harden . A mixed polymerizable monomer may be stabilized by 
Therefore , an excessive amount of a polymerization initiator 10 preserving to obtain a uniformly mixed polymerizable 

monomer . Further , a kneading period may be shortened and cannot be mixed . 
A mixing volume of the mixed polymerizable monomer is a stable paste may be prepared . When a preserving period is 

over 1.5 years , deterioration of a mixed polymerizable 1-50 liters per batch and is preferably 5-11 liters per batch . monomer occurs and a mixed polymerizable monomer When the mixing volume is small , not only a production is becomes a non - uniform state . When a preserving period is 
process becomes longer but also a stable production of a within one year , deterioration of a mixed polymerizable 
mixed polymerizable monomer becomes difficult . When a monomer is not observed and a uniform mixed polymeriz 
mixing volume is large , a polymerizable monomer often able monomer may be obtained and a stable composite 
deteriorates and the stability of the properties is affected . material may be prepared . 
A blender used in the method described in the embodi- 20 The mixed polymerizable monomer preserving step pref 

ments is not specifically limited ; and is preferably a mixer erably includes a mixed polymerizable monomer evaluation 
that mixes a polymerizable monomer and a polymerization step . A defective semi product is detected by inspecting a 
initiator in a mixing container with a blade . More preferably , semi product in a manufacturing process to increase a 
a blender is a tumbler mixer that mixes a polymerizable manufacturing yield of a final product . 
monomer and a polymerization initiator by rotation or swing 25 A mixed polymerizable monomer evaluation step per 
a mixing container . A deterioration of the contents in the formed in a mixed polymerizable monomer preserving step 
blender may be reduced by using a tumbler mixer . Although is a step of evaluating the mixed polymerizable monomer 
the mixing period is varied according to the blender , the formed in the mixed polymerizable monomer preserving 
mixing period is preferably for 1 minute - 24 hours , is more step . After the mixing in the mixed polymerizable monomer 
preferably for 15 minutes - 10 hours . The mixing temperature 30 preparing step , the mixed polymerizable monomer is 
is at 1-60 ° C. , preferably at 5-30 ° C. divided , and a portion of the mixed polymerizable monomer 
When a polymerization initiator used in the composite is placed in a mixed polymerizable monomer evaluation 

material is a chemical polymerization initia low tempera container that is different from a mixed polymerizable 
ture mixing is preferred and the mixing temperature is at monomer preserving container . A mixed polymerizable 
5-23 ° C. 35 monomer may be divided directly from the mixed polym 

During the mixing in this step , an additive agent such as erizable monomer preserving container . A mixed polymer 
a polymerization inhibitor , an antitarnish agent , an antimi- izable monomer is preferably divided into the mixed polym 
crobe agent , and an ultraviolet absorber is preferably mixed erizable monomer evaluation container immediately after a 
at the same time . This prevents the deterioration of the mixed polymerizable monomer preparing step . When a 
composite material and contributes to the stability of the 40 mixed polymerizable monomer is divided from the mixed 
composite material . polymerizable monomer evaluation container right away , a 
A permeability of a mixed polymerizable monomer is evaluation of a mixed polymerizable monomer may be more 

preferably 80-100 % . When a composite material is used as likely to be performed without problems . 
a dental material , a stable color reproducibility is required In the mixed polymerizable monomer evaluation step , a 
even though a composite material is colored with coloring 45 differential scanning calorimetry ( DSC ) test , a hardening 
materials , and the variations in color between lots become a test , and / or a fluidity test or the like is preferably performed . 
problem . Stable color tone stability is obtained as a perme- Each test is performed by a measurement method known in 
ability of the mixed polymerizable monomer is high . the art to determine the acceptance or rejection . Acceptance 
A mixed polymerizable monomer preserving step or rejection is determined based on whether the test result is 

includes a step of preserving a mixed polymerizable mono- 50 within a predetermined range . A detailed test method of the 
mer prepared in the mixed polymerizable monomer prepar- hardening test , and the fluidity ( flow ) test will be described 
ing step . A mixed polymerizable monomer is preserved in a in " characteristic confirmation test method ” below . 
mixed polymerizable monomer preserving container . The Although the predetermined range is important for deter 
volume of preserved mixed polymerizable monomer is 1-50 mining the stability of the mixed polymerizable monomer , 
liters , preferably 5-11 liters . 55 the predetermined range is widely changed depending on the 
When a tumbler mixer is used in the mixed polymerizable species of the mixed polymerizable monomer etc. 

monomer preparing step , the tumbler mixer is preferably By evaluating the divided mixed polymerizable monomer 
used as a mixed polymerizable monomer preserving con- in the mixed polymerizable monomer evaluation container , 
tainer as it is . the mixed polymerizable monomer preserved in the mixed 
A mixed polymerizable monomer preserving container is 60 polymerizable monomer preserving container may be evalu 

preferably made of a resin and is preferably made of ated . 
polyethylene . Further , a mixed polymerizable monomer The silanation step includes a step of preparing a silane 
preserving container is preferably translucent and is prefer- treatment liquid containing 1-40 % of silane coupling agent , 
ably excellent in a shading property . More preferably , a and 99-60 % of organic solvent and / or water by mixing them , 
mixed polymerizable monomer preserving container has 65 and a step of charging the silane treatment liquid into the 
shading rate of no less than 99.99 % . The shading rate of no [ fillere ] filler in the container at the ratio of 1-15 [ parts by ] 
less than 99.99 % may be reproduced by using an aluminum weight % of the silane coupling agent based on [ 1 part by ] 
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the weight the filler , and a step of mixing the filler and the charging amounts or small charging amounts , a kneading is 
silane treatment liquid at mixing temperature of 1-60 ° C. for not properly performed to generate a uniform composite 
a mixing period of 1 minute - 24 hours to prepare silanated material . 
filler . As a result of silanated , the silanated filler may be Depending on intended pasty property , a ratio for charg 
slurry . The silane treatment liquid is preferably charged by 5 ing the mixed polymerizable monomer and the silanated 
spraying or dripping . filler are 0.1-9 parts by weight of the silanated filler and 
An aggregate is provided by drying the treated material at 0.01-0.2 parts by weight of a particulate filler , based on 1 

drying temperature of 60-200 ° C. for drying period of 1-120 part by weight the mixed polymerizable monomer . 
hours . The silanated filler is provided by crushing the More specifically , the mixed polymerizable monomer is 
aggregate . 10 1-3 liters , the silanated filler is 1-6 kg , and the particulate 

The silane treatment liquid preferably contains 5-30 % of filler is 30-500 g . The composite material preparing step 
silane coupling agent , 50-70 % of organic solvent and / or includes a kneading step , and a defoaming step , and a more 
0.5-25 % of water . detailed embodiment is described below . 
As the silane coupling agent , there can be preferably used , The composite material preparing step includes a step of 

not particularly limited , methyltrimethoxysilane , methyltri- 15 charging the silanated filler after charging the mixed polym 
ethoxysilane , methyltrichlorosilane , dimethyldichlorosilane , erizable monomer into the kneading container , and then a 
trimethylchlorosilane , hexamethyldisilazane , vinylt- step of performing the kneading step and the defoaming 
rimethoxysilane , vinyltriethoxysilane , vinyltrichlorosilane , step . The kneading step is a step of performing a kneading 
vinyltriacetoxysilane , vinyltris ( B - methoxyethoxy ) silane , work , and the defoaming step is a step of performing a 
y - methacryloyloxypropyltrimethoxysilane , y - methacrloy- 20 defoaming work . 
loxypropyltris ( ß - methoxyethoxy ) silane , y - chloropropylt- It is important that the mixed polymerizable monomer is 
rimethoxysilane , y - chloropropylmethyldimethoxysilane , charged before charging the silanated filler , thereby short 
Y - glycidoxypropyltrimethoxysilane , Y - glycidoxypropylm- ening the kneading period to prevent the generation of 
ethyldiethoxysilane , B- ( 3,9 - epoxycyclohexyl ) ethylt- variation . 
rimethoxysilane , N - phenyl - y - aminopropyltrimethoxysilane 25 The composite material is preferably prepared using the 
and hexamethyldisilazane . Particularly preferably , methyl- particulate filler . In this case , the composite material pre 
trichlorosilane , dimethyldichlorosilane and hexamethyldisi- paring step includes a step of charging the particulate filler 
lazane are used . after charging the mixed polymerizable monomer , a step of 
An organic solvent is preferably a volatile water - soluble performing a particulate filler kneading step , a defoaming 

organic solvent . As the volatile water - soluble organic sol- 30 step after kneading the particulate filler , a step of charging 
vent , there can be exemplified methanol , ethanol , n - propa- the silanated filler , and a step of performing a silanated filler 
nol , isopropyl alcohol , acetone , methyl ethyl ketone and the kneading step and a defoaming step after kneading the 
like . As required , these organic solvents can be used in a silanated filler . Kneading may be facilitated by separating 
plural kinds being mixed together . By taking toxicity to the charging the particulate filler and the silanated filler into 
living body into consideration , it is desired to use ethanol , 35 multiple times . When the charging of the silanated filler is 
isopropyl alcohol and acetone . divided into multiple times , although the defoaming may be 

The silanated filler preserving step includes a step of performed after kneading every time , the defoaming is 
preserving a silanated filler for preserving period of 30-600 preferably performed after charging all silanated fillers . 
days . When a preserving period is short , matching with resin Kneadability of the particulate filler with the mixed 
deteriorates . Therefore it is impossible to prepare a smooth 40 polymerizable monomer is poor . Therefore , the particulate 
paste , and it is impossible to prepare a stable paste . filler and the mixed polymerizable monomer sometimes are 
When a preserving period lasts for a long term , the effect not kneaded enough . In some cases , a particulate filler 

of the silane coupling agent fades and it is impossible to kneading confirmation step is preferably performed , which 
prepare a stable paste . confirms that the kneaded product prepared by the particu 

The silanated filler is preserved in a hermetic container . 45 late filler kneading step and the defoaming step after par 
The volume of the container is 10-50 liters . The container is ticulate filler kneading has transparency , and the kneaded 
preferably made of polyethylene and formed into bag - shape . product was sufficiently kneaded and defoamed . If the 

Preserving temperature is at 1-50 ° C. and is preferably at composite material is prepared without the particulate filler 
5-25 ° C. Preserving at high temperatures obstructs the effect kneading confirmation step , there may be a part where the 
of the silane coupling agent . 50 particulate filler was not sufficiently mixed . It may cause a 

The composite material preparing step includes a step of variation in the final product of the composite material . 
kneading the mixed polymerizable monomer and the silan- Further , it is difficult to obtain a stable paste if there is a 
ated filler to prepare the composite material . The mixing variation caused by insufficient mixing . It is not preferable 
method is not particularly limited . It is necessary that the that the silanated filler is charged before the kneading of an 
composite material prepared in the composite material pre- 55 ultrafine particle filler , because it is difficult to perform a 
paring step is in a uniform state after mixing . particulate filler kneading confirmation step . The silanated 
An ordinary kneading machine may be used as a kneader . filler is preferably charged after the kneading the ultrafine 

Preferably , a kneader ( Inoue Seisakusho Co. , Ltd etc ) is used particle filler . 
for preparing a high viscosity composite material , and a It is necessary to knead the mixed polymerizable mono 
planetary mixer ( Inoue Seisakusho Co. , Ltd etc ) is used for 60 mer and the ultrafine particle filler until the whole is in the 
preparing a low viscosity composite material . uniform state . If the paste has transparency after a defoam 

Although a kneading container accompanies a kneading ing step after kneading the particulate filler , the paste may be 
machine , the volume of a kneading container is 0.5-50 liters , considered to be uniform . When it is not uniform , the 
preferably 2-20 liters . kneading and the defoaming are repeated . If non - transparent 
A charging amount for a kneading machine is 30-70 % of 65 ultrafine particle filler remains in the kneaded paste , it is 

the volume of the kneading machine , preferably 40-60 % of necessary to remove a part where the non - transparent ultra 
the volume of the kneading machine . When there are many fine particle filler remains , or to stop producing the kneaded 
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product . Similar work can be performed if the paste is using an aluminum foil for enhancing a shading property . 
semitransparent , even if the paste is not completely trans- The composite material preserving container is preferably a 
parent . hermetic container . 

In the silanated filler kneading step , the silanated filler is The preserving temperature of the composite material 
kneaded with the mixed polymerizable monomer or the 5 preserving container that preserves the composite material 
kneaded product of the mixed polymerizable monomer and prepared by the composite material preparing step , is at 
the ultrafine particle filler until becoming a uniform paste . In 1-25 ° C. , and is preferably at 1-8 ° C. in a dark and cool 
the defoaming step , air bubbles in the composite material are place . The preserving period of the composite material 
removed . Therefore , defoaming is preferably performed preserving container that preserves the composite material 
while mixing them . 10 prepared by the composite material preparing step is 10 

It is necessary to perform a defoaming step after kneading days - 1.5 years , is preferably 30 days - 1 year . 
The composite material is stabilized by preserving to the silanated filler for defoaming air bubbles in the com obtain the composite material having a uniformly pasty posite material . The defoaming step is preferably a step of property . When a preserving period of the composite mate defoaming air bubbles by reducing the vacuum to 5-200 Torr 15 rial preserving container is over 1.5 years from a point of in the kneading container . In this defoaming step , air bubbles time when the composite material is filled in the composite in the composite material expand thereby causing foaming material preserving container , a preserving period of the 

of the composite material . The defoaming step is generally small quantity preserving container used by dentists and 
performed while kneading in order to break the air bubbles . dental technicians , which are the final user , becomes shorter 
A kneading speed for breaking air bubbles is preferably 20 because the deterioration of the composite material occurs 
adjusted in accordance with the braking condition of air and the pasty property of the composite material is in a 
bubbles . A kneading condition is preferably determined by non - uniform state . When the preserving period is within one 
adjusting kneading speed with depression speed . The knead- year from a point of time when the composite material is 
ing is preferably performed while adjusting a degree of filled in the composite material preserving container , the 
depressurization 25 deterioration of the composite material is not observed and 

The kneading period and the kneading temperature may the composite material that is a uniform may obtain and a 
be optionally set . For example , it is preferable to perform the paste having a stable pasty property may be prepared . 
particulate filler kneading step at a kneading temperature The composite material preserving step preferably 
5-60 ° C. for a kneading period 5-30 minutes after charging includes a composite material evaluation step . A defective 
the particulate filler , the defoaming step after kneading the 30 semi product is detected by inspecting a semi product in a 
particulate filler at a vacuum degree of 5-200 Torr of for a manufacturing process to increase a manufacturing yield of 
kneading period 5-30 minutes , the silanated filler kneading a final product . 
step at a kneading temperature of 5-60 ° C. for kneading The composite material evaluation in the composite mate 
period of 5-40 minutes after charging the silanated filler , and rial evaluation step may be performed as follows . After 
the defoaming step after kneading the silanated filler at a 35 kneading of the composite material preparing step , a portion 
vacuum degree of 5-200 Torr for a kneading period 5-30 of the composite material is divided into the composite 
minutes . material evaluation container that is different from the 
When the polymerization initiator is a chemical polym- composite material preserving container . The composite 

erization initiator , low temperature mixing is preferred . In material is preferably divided into the composite material 
this case , the kneading step is preferably performed at a 40 evaluation container immediately after the kneading of the 
kneading temperature of 1-25 ° C. , 1 ° C. - room temperature , composite material preparing step . When the composite 
or 5-23 ° C. for a kneading period of 5-30 minutes , in this material is directly divided from the kneading container , the 
case . Further , in the defoaming step , the kneading is per- evaluation of the composite material may be more likely to 
formed at a kneading temperature of 1-25 ° C. , 1 ° C. - room be performed without problems . 
temperature , or 5-23 ° C. for a kneading period of 5-30 45 In the composite material evaluation step , a differential 
minutes at a vacuum degree of 60-200 Torr . scanning calorimetry ( DSC ) test , a hardening test , and / or a 

These kneading periods and kneading temperature differ fluidity test or the like is preferably performed . Each test is 
depending on the species of the kneader or the planetary performed by a measurement method that is known in the art 
mixer . to determine the acceptance or rejection . Acceptance or 

The composite material preserving step includes a step of 50 rejection is determined based on whether the test result is 
preserving the composite material prepared in the composite within a predetermined range . Although the predetermined 
material preparing step . range is important for determining the stability of the 

The composite material is preserved in the composite composite material , the predetermined range may be widely 
material preserving container . The volume of composite changed depending on the species of the composite material 
material preserved in in the composite material preserving 55 etc. A detail test method of a hardening test , and a fluidity 
container is 1-50 cc , and preferably 2-5 cc . with is 1-8 liters , ( flow ) test will be described in “ characteristic confirmation 
is preferably 2-5 liters . test method ” below . 
The composite material is divided into the composite By evaluating the divided composite material from the 

material preserving container from the mixing container that composite material evaluation container , the composite 
is used in the composite material preparing step . 60 material in the composite material preserving container may 
The composite material preserving container is preferably be evaluated . The composite material filling step includes a 

made of a resin and is preferably made of polyethylene . step of filling the composite material preserved in the 
Further , the composite material preserving container is pref- composite material preserving container into a small quan 
erably translucent and is preferably excellent in shading tity preserving container . 
property . More preferably , the composite material preserv- 65 The small quantity preserving container is a container that 
ing container has shading rate of no less than 99.99 % . The may be used on the end user side , and is generally called a 
shading rate of no less than 99.99 % may be reproduced by syringe container . The volume of the syringe container is in 
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a range of 1-200 cc . When using the composite material and the pasty property of the composite material is in a 
having a low viscosity , a syringe container may be a non - uniform state . When a preservation period is within five 
cylindrical injector type and the composite material maybe years , deterioration of the composite material is not 
discharged from the tip nozzle of the cylindrical injector observed and obtains the composite material that is a uni 
type by pushing a stick . When using the composite material 5 form and has a stable pasty property . 
having a high viscosity , a syringe container may be a The small quantity preserving container preserving step 
cylindrical injector type as is the case in a low viscosity , but preferably includes a final evaluation step . The final product the composite material may be discharged by screwing a in a production process is inspected to confirm adaptability stick . A small quantity syringe container may be a compule , for shipping . which is a single use container for cavity - filling . All of these 10 The final evaluation in the final evaluation step is a containers are a cylindrical container that discharge the evaluation of the composite material performed in the small composite material pushed by a piston . When a composite 
material discharging port of the cylindrical container is quantity preserving container preserving step . After the 
sharpened , the effect of composite material is remarkable . composite material filling step , an arbitrary small quantity 
The composite material is preserved in a small quantity 15 preserving container among many small quantity preserving 

preserving container . The volume of mixed polymerizable containers is evaluated . 
monomer in the small quantity preserving container is 1-50 In the composite material evaluation step , a differential 
cc , and preferably 2-5 cc . scanning calorimetry ( DSC ) test , a hardening test , and / or a 

The small quantity preserving container is preferably fluidity test or the like is preferably performed . Each test is 
made of resin , is more preferably made of polyethylene . 20 performed by a measurement method known in the art to 

Further , the small quantity preserving container is pref- determine the acceptance or rejection . Acceptance or rejec 
erably translucent and is preferably excellent in shading tion is determined based on whether the test result is within 
property . More preferably , the small quantity preserving a predetermined range . Although the predetermined range is 
container has shading rate of no less than 99.99 % , and is a important for determining the stability of the composite 
hermetic container . 25 material , the predetermined range is widely changed 

The composite material may be pushed out by pushing the depending on the species of the composite material etc. A 
stick of the cylinder and / or may be pushed out by screwing detailed test method of a hardening test , and a fluidity ( flow ) 
the stick according to viscosity of the paste . The composite test will be described in " characteristic confirmation test 
material preserving container may be an electric cylindrical method ” below . 
container or a desktop cylindrical container . The composite material may be shipped in the small 

The filling method from the composite material preserv- quantity preserving container to be used by dentists and 
ing container to the small quantity preserving container may dental technicians that are the user of the composite mate 
be by the existing method . rial . 

The composite material may be filled by a filling machine A characteristic confirmation test method for confirming 
that may be a filling machine that is known in the art . 35 an effect of the the composite material is described below . 

The following describes an example of a filling machine . Also specific test methods of testing items of a mixed 
The filling machine comprises a feeder into which a polymerizable monomer evaluating item and a composite 

composite material is charged , and a nozzle that discharges material evaluating item is described below . 
a composite material . A composite material charged into the Viscous Test : This Test is Also a Mixed Polymerizable 
feeder is discharged from the nozzle to be filled in the small 40 Monomer Evaluating Item 
quantity preserving container . A piston mechanism or a The mixed polymerizable monomer of 250 g was charged 
screw feeder may be used as the feeder . in a brown glass container and was left in a constant 

In charging the composite material preserved in the com- temperature room of 23 + -1 ° C. for 24 hours . Then a 
posite material preserving container into the filling machine , viscosity value of the mixed polymerizable monomer is 
a plurality of composite materials preserved in the compos- 45 measured by using B type viscometer ( BL type No. 3 rotor ) 
ite material preserving container are charged into the filling after 5 minutes . 
machine . Therefore , air bubble mixing into a conventional A viscosity value of 5000-10000 mPa.S is necessary , and 
composite material are observed . It was found that the air it is preferable to be viscosity value of 7000-9000 mPa.S. If 
bubbles may be reduced and / or prevented by the composite the viscosity value is within the above ranges , good paste 
material described herein , that may be formed using the 50 may be obtained . 
composite material preserving step and the small quantity Evaluation Criteria : 
preserving container preserving step described above . A : sufficiently mixed and no unevenness 

The composite material may be heated during filling , B : insufficiently mixed and generating dissolution 
preferably may be heated to 15-45 ° C. Hardening Test : This Test is Also a Mixed Polymerizable 

The small quantity preserving step includes a step of 55 Monomer Evaluating Item and a Composite Material Evalu preserving the composite material filled in the composite ating Item 
material filling step in the small quantity preserving con- A mixed polymerizable monomer or a composite material 
tainer for a pre - determined period . is filled in a metal mold with a hole having a thickness of 2 

The preservation temperature of the small quantity pre- mm and diameter of 15 mm . A surface of the filled mixed 
serving container is at 1-40 ° C. , and is preferably at 1-25 ° C. 60 polymerizable monomer or composite material is pressed 
in a dark and cool place . The preserving period of the small into contact with a transparent plate glass and cured by an 
quantity preserving container is for 50 days - 5 years , is optional polymerization method . For example , the filled 
preferably 100 days - 3 years . mixed polymerizable monomer or the filled composite mate 

The composite material is stabilized by preservation to rial in the metal mold was exposed to light for 180 seconds 
obtain the composite material that is a uniform and has a 65 using SOLIDILIGHT II ( Shofu Inc. ) to be cured . The 
stable pasty property . When a preservation period is over Vickers hardness ( kgf / mm² ) of the cured products was 
five years , deterioration of the composite material occurs measured by the following measuring method . 
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The transparent plate glass being pressed into contact with Each of five dental technicians confirmed match state of the 
the filled mixed polymerizable monomer or composite mate- surface . The most frequent grade was set as the result of 
rial was removed . The Vickers hardness on the surface of the evaluation . 
cured products , which was pressed into contact with a Evaluation Criteria : 
transparent plate glass , was measured using a micro hard- 5 A : Scratched portion of composite material with a resin 
ness tester ( made by Akashi Seisakusyo K.K. , merchandise ous spatula showed luster . The silanated filler matched 
code : “ MVK - E ” ) in 200 g load for 10 seconds . Measurement with the polymerizable monomer well at the scratched 
is performed 3 times in different positions and the average portion . 
value of the 3 measurement times is defined as the Vickers B : Scratched portion of composite material with a resin 
hardness of the cured products . ous spatula showed slight luster . The silanated filler 

matched with a polymerizable monomer at the Transmittance scratched portion . The hardened material was prepared by the same prepa C : Scratched portion of composite material with a resin ration method as hardening test . Transmittance of the hard ous spatula became slight white . The silanated filler ened material was measured in the wavelength range matched with a polymerizable monomer at the 
between 780 nm and 380 nm by means of spectrophotometer scratched portion . 
U - 3200 ( made by Hitachi Seisakusyo K.K. ) . Transmissivity D : Scratched portion of composite material with a resin 
of more than 95 % is necessary , and it is preferable to be ous spatula became white . The silanated filler did not 
transmissivity of more than 99 % . match with a polymerizable monomer at the scratched 
Property / Visual Test portion of surface composite material . 

The composite material preserved in the composite mate- Evaluation of Property Variation Between Lots 
rial preserving container was taken out at a surface of the Twenty composite materials preserved in small quantity 
composite material and an inner portion of the composite preserving containers for 120 days were prepared . The same 
material in composite material preserving container , and was test as the small amount property / visual test described above 
scratched with a resinous spatula . Each of five dental tech- 25 is performed to evaluate a property variation . 
nicians confirmed match state of the surface . The most The results of this evaluation show a comparison with 
frequent grade was set as the result of evaluation . extruded composite material with regard to the property / 

Evaluation Criteria : visual test . Therefore , it is a prerequisite that the results of 
this evaluation is within the result of the small amount A : Scratched portion of surface composite material with a resinous spatula showed luster . The silanated filler 30 property / visual test . The evaluations show whether the prop 

matched with a polymerizable monomer well at the erty is sensuously different between the small quantity 
scratched portion of surface composite material . preserving containers within the result of the small amount 

property / visual test . Scratched portion of inner composite material with a More specifically , for example , when evaluation criteria resinous spatula showed luster . The silanated filler 35 of the small amount property / visual test is “ A : Scratched matched with a polymerizable monomer well at inner portion of composite material with a resinous spatula scratched portion . showed luster . The silanated filler matched with a polym B : Scratched portion of surface composite material with a erizable monomer well at the scratched portion , ” it is a 
resinous spatula showed slight luster . The silanated prerequisite that all evaluation criteria of the 20 small 
filler matched with a polymerizable monomer at the 40 quantity preserving containers is “ A , ” and the evaluations 
scratched portion of surface composite material . show whether a sensuously difference of the property is 
Scratched portion of the inner composite material with observed between 20 small quantity preserving containers . 
a resinous spatula showed luster . The silanated filler Evaluation Criteria : 
matched with a polymerizable monomer at inner A : Observed no variation in all of 20 small quantity 
scratched portion . preserving container . 

C : Scratched portion of surface composite material with a B : Observed variation in five or less small quantity 
resinous spatula became slight white . The silanated preserving container among 20 small quantity preserv 
filler matched with a polymerizable monomer at the ing container 
scratched portion of surface composite material . C : Observed variation in six or more small quantity 
Scratched portion of inner composite material with a 50 preserving container among 20 small quantity preserv 
resinous spatula showed luster . The silanated - filler ing container 
matched with a polymerizable monomer well at inner Evaluation of Property Variation in Syringe 
scratched portion . The property is different between the One small quantity preserving container preserved for 120 
surface sample and the inner sample . days was prepared . All composite material preserved in the 

D : Scratched portion of surface composite material with 55 small amount preserving container was forced out and was 
a resinous spatula became white . The silanated filler did divided into 4 parts . 
not match with a polymerizable monomer at the The same test as the small amount property / visual test 
scratched portion of surface composite material . described above is performed to evaluate a property varia 
Scratched portion of inner composite material with a tion . 
resinous spatula showed slight luster . The silanated 60 The results of this evaluation show a comparison with 
filler matched with a polymerizable monomer at inner extruded composite material with regard to the property / 
scratched portion . The property is completely different visual test . Therefore , it is a prerequisite that the results of 
between the surface and the inner sample . this evaluation is within the result of the small amount 

Small Amount Property / Visual Test property / visual test . The evaluations show whether the prop 
All composite material preserved in the small amount 65 erty is sensuously different in the small quantity preserving 

preserving container for 120 days are forced out . The container within the result of the small amount property / 
composite material was scratched with a resinous spatula . visual test . 

45 



US RE48,730 E 
25 26 

Evaluation Criteria : FASG filler : Fluoroaluminosilicate glass filler ( average par 
A : Observe no variation ticle diameter of 1.8 um ) 
B : Observe substantially no variation Ultrafine Particle Filler 
C : Observe variation R - 972 

Bubbles Mixing Test 5 Polymerization Accelerator 
One small quantity preserving container preserved for 120 BBA •• Na : a sodium salt of 5 - n - butylbarbituric acid 

days was prepared . All composite material preserved in the EB : p - N , N - Ethyl - dimethylaminobenzoate 1 pts . wt . 
small amount preserving container is forced out . Then the OT : Dioctyltin dilaurate 2 pts . wt . 
composite material was exposed to light for 180 seconds Polymerization Initiator 
using SOLIDILIGHT II ( Shofu Inc. ) , and was cut every 1 10 CQ : Camphorquinone 

Polymerization Inhibitor millimeter to confirm presence of bubbles . BHT : Butylated hydroxytoluene Evaluation Criteria : The composite materials were prepared from materials A : No bubbles were observed shown in Table 1 , under the condition shown in Table 1. The B : Small bubbles were observed without problem in use 15 details are below . 
C : Big bubbles were observed with problem in use Preparing Mixed Polymerizable Monomer 

Fluidity Test : This Test is a Mixed Polymerizable Monomer The polymerizable monomer and the polymerization ini 
Evaluating Item and a Composite Material Evaluating Item tiator shown in Table 1 were mixed by mixer ( Aikosha Inc .: 

The composite material of 0.5 ml is placed on a glass BM ) which uses a blade for mixing or a tumbler mixer 
plate . Another one of a glass plate that is the same as the 20 ( Seiwa Giken Inc .: TM ) . Table 1 shows mixing periods and 
above is placed on the composite material . A weight is mixing temperatures . 
placed on the glass plate . The total weight of the weight and Among the numerical value of components of polymerizable 
the glass plate where the weight is placed is 400 g . Ten monomer shown in FIG . 1 , the numerical value of polym 
minutes after placing the weight , the weight is removed . The erization inhibitor ( BHT ) shows the adding amount with 
composite material was exposed to light for 180 seconds 25 respect to 100 pts.wt. total amount of components of polym 
using SOLIDILIGHT II ( Shofu Inc. ) . Image analysis was erizable monomer other than polymerization inhibitor ( i.e. 
performed by a personal computer to compute the spread polymerization inhibitor is an externally content . ) . 
area ( mm² ) . The obtained spread area is the flow value . A Preserving Mixed Polymerizable Monomer 
larger flow value indicates that the fluidity is superior . This After mixing , mixed polymerizable monomer is filled in 
test is performed ten times to calculate a standard deviation 30 the mixed polymerizable monomer preserving container ( the 
( mm ) of ten test samples . capacity is 10 liters ) having shading rate of no less than 
Intermittency Extrusion Test 99.99 % and being a bottle type container with a lid and is 
The composite material was gathered by 0.5 ml once in 24 preserved at 23 ° C. 

hours . After that without delay , a fluidity test was performed Evaluation Mixed Polymerizable Monomer 
to evaluate a variation of the numerical value of the fluidity 35 A fluidity test , a hardening test , and a transmittance 
of the composite material gathered once in 24 hours . measurement are performed with respect to the preserved 

Evaluation Criteria : mixed polymerizable monomer . The test results are shown in 
A : a variation of the numerical value is small ( less than 1 Table 1 . 
mm ) Silantion Method 

B : a variation of the numerical value is large ( 1 mm or 40 Silane Treatment Liquid : 
more ) Silane treatment liquid a : 3 % of y - methacryloyloxypro 

C : incapable of pushing out on the way . pyltrimethoxysilane as silane coupling agent , 77 % of 
ethyl alcohol , and 20 % of water . 

EXAMPLES Silane treatment liquid b : 30 % of y - methacryloyloxypro 
pyltrimethoxysilane as silane coupling agent , 69 % of 

The following shows the names and abbreviations of the ethyl alcohol , and 1 % of water . 
components used in the examples and the comparative A filler of 10 kg was heated and treated with 10 kg of 
examples . “ silane treatment liquid a ” or 2 kg of “ silane treatment liquid 
Polymerizable Monomer b ” . The silane treatment liquids were sprayed and were 
Bis - GMA : 2,2 - bis ( 4- ( 3- ( meth ) acryloyloxy - 2 - hydroxy- 50 mixed for about 90 minutes in a treatment container with 
propoxy ) phenyl ) propane , 60 pts . wt . string . Tables 2 and 3 shows which mixing machine is used . 
UDMA : di ( methacryloxyethyl ) trimethylhexamethylenedi- After mixing , the silanated filler was aged at 50 ° C. for 40 
urethan , 70 pts . wt . hours . Then , the temperature was raised and kept at 120 ° C. 
TEGDM : triethyleneglycol - dimethacrylate , 30 pts . Wt . Next , the silanated filler was cooled to obtain silanated filler 
3G : triethyleneglycol ( meth ) acrylate , 40 pts . wt . 55 aggregates . The aggregates were charged in a Henschel 
HEMA : 2 - hydroxyethyl methacrylate , mixer and was crushed at 1800 rpm for 5 minutes to prepare 
Polymerizable Monomer Bearing Phosphate Ester Group silanated fillers “ a ” and “ b , " of which the surfaces are coated 
2 - MEP : 2 - methacryloxyethyl phosphate with a poly ( organo ) siloxane . 
Bis - MEP : bis [ 2- ( methacryloyloxy ) -ethyl ] phosphate Silanted Preserving Method 
6 - MHPA : 6- ( methacryloxylhexyl phosphonoacetate The silanated fillers of which the surfaces are coated with 
Polymerizable Monomer bearing Dibasic Acid Carboxyl a poly ( organo ) siloxane are preserved in a polyethylene bag 
Group in 25 kg units at 10-25 ° C. for the preserving period as 
4 - AET : 4 - Acryloxyethyltrimellitic acid shown in Table 1 . 
4 - MET : 4 - Methacryloxyethyltrimellitic acid Preparing Composite Material 
Filler The silanated filler and mixed polymerizable monomer 
ASG filler : Aluminosilicate glass filler ( average particle preserved as shown Table 1 were mixed in an amount as 
diameter of 5 um ) shown Tables 2 and 3 by a kneader ( Inoue Seisakusho Co. , 
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Ltd : ND ) or a planetary mixer ( Inoue Seisakusho Co. , Ltd : Although the preceding description has been described 
PM ) . The mixed polymerizable monomer is charged first . herein with reference to particular methods , materials and 
The composite material is prepared by mixing under the embodiments , it is not intended to be limited to the particular 
conditions as shown Tables 2 and 3 . methods , materials and embodiments disclosed herein ; 
Preserving Composite Material in Composite Material Pre- 5 rather , it extends to all functionally equivalent methods , 
serving Container materials and uses , such as are within the scope of the 

The composite material is filled in the composite material claims . 
preserving container ( the capacity is 4 liters ) having a 
shading rate of no less than 99.99 % and being a tray type The invention claimed is : 
container with a lid and is preserved under the conditions as 1. A method for manufacturing a composite material 
shown Tables 2 and 3 . comprising a filler , a polymerizable monomer , and a polym 
Evaluating Composite Material erization initiator , the method comprising a mixed polym 
A hardening test and a property / visual test are performed erizable monomer preparing step , a silanation step , a silan 

with respect to the preserved composite material . The test 15 ated filler preserving step , a composite material preparing 
results are shown in Table 2 and Table 3 . step , a composite material preserving step , a composite 
Filling Composite Material into Small Amount Preserving material filling step , and a small quantity preserving con 
Container tainer preserving step , wherein : 

The composite material in the composite material pre- the mixed polymerizable monomer preparing step com 
serving container is charged into a cylinder of a filling 20 prises charging a polymerization initiator into a polym 
machine . The cylinder is set on the nozzle of the filling erizable monomer in a mixing container , and mixing 
machine . Three grams of the composite material is filled in the polymerizable monomer and the polymerization 
a cylinder , which is as small amount preserving container , by initiator at a mixing temperature of 1-60 ° C. for a 
a piston mechanism of the filling machine . For more detail , mixing period of 1 minute - 24 hours to prepare a mixed 
all of the composite material in the cylinder of a filling 25 polymerizable monomer , 
machine is filled in the cylinders as small amount preserving the silanation step comprises preparing a silane treatment 
container . After that , the composite material in another liquid containing 1-40 % of silane coupling agent , and 
composite material preserving container is continuously 99-60 % of organic solvent and / or water by mixing the 
filled in the cylinder of a filling machine to continue the silane coupling agent and the organic solvent and / or 
filling to the cylinders as small amount preserving container 30 water , charging the silane treatment liquid into the filler 
thereby obtaining the 2000 cylinder , which is as small in the mixing container at [ the ] a weight ratio of [ 1-15 
amount preserving container , filled with small amount com- parts by weight of the silane coupling agent based on 1 
posite material . The cylinders are attached with a stick , a part by weight the filler ) the silane coupling agent to 
nozzle , a cap or the like to complete filling to the small the filler of 1 : 100 to 15 : 100 , and mixing the filler and 
amount preserving container . the silane treatment liquid at mixing temperature of 

After filling to the small amount preserving container , 1-60 ° C. for a mixing period of 1 minute - 24 hours to 
small amount property / visual test , evaluation of property prepare a silanated filler , 
variation between lots , evaluation of property variation in the silanated filler preserving step comprises preserving 
syringe , bubbles mixing test , fluidity test , and intermittently the silanated filler for a preserving period of 30-600 
extrusion test were performed . days , 

The test results are shown in Table 2 and Table 3. In a the composite material preparing step comprises perform 
paste prepared by the method described herein , a change in ing a kneading step and a defoaming step , wherein 
properties was not observed in 120 days to 3 years . A change the kneading step comprises kneading the mixed polym 
in properties was somewhat observed , but the pasty property erizable monomer and the silanated filler at a kneading 
remained stable for 3 years - 5 years . Within 60 days , a pasty 45 temperature of 5-60 ° C. for a kneading period of 5-40 
property was not stable and a significant change is properties minutes after charging the silanated filler into the 
change was observed . After 5 years , a significant change in mixed polymerizable monomer to prepare a kneaded 
properties change was observed . mixture of the mixed polymerizable monomer and the 

The mixing method described herein provides stability of silanated filler , wherein a ratio of the silanated filler to 
the properties for 60 days - 5 years , preferably for 120 days - 3 50 the mixed polymerizable monomer is 0.1-9 parts by 
years . weight of the silanated filler to 1 part by weight of the 

Table 4 shows the difference of the fluidity test result mixed polymerizable monomer , and 
during the small amount preserving between the acceleration the defoaming step comprises defoaming the kneaded 
at the present time and the last time . It is shown that the mixture of the mixed polymerizable monomer and the 
composite material described herein is stable . Regarding the 55 silanated filler at 5-200 Torr for a defoaming period of 
" difference , ” the column “ 60 days after ” shows the differ- 5-30 minutes to prepare a composite material , 
ence between immediately after filling and 60 days after the composite material preserving step comprises preserv 
filling , the column “ 120 days after ” shows the difference ing 1-8 liters of the composite material prepared in the 
between after 60 days and after 120 days , the column “ 3 composite material preparing step at a preserving tem 
years after ” shows the difference between after 120 days and 60 perature of 1-25 ° C. for a preserving period of 10 
after 3 years , the column “ 5 years after ” shows the difference days - 1.5 years , 
between after 3 years and after 5 years , the column “ 6 years the composite material filling step comprises filling the 
after ” shows the difference between after 5 years and after composite material extruded from a nozzle of a filling 
6 years . The differences of the composite materials machine into a small quantity preserving container 
described herein are within 100 mm ? and keep a stable 65 having 1-50 cc of volume , and 
fluidity . The differences of the comparative composite mate- the small quantity preserving container preserving step 
rials are over 100 mm ? and do not keep a stable fluidity . comprises preserving the composite material in the 
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small quantity preserving container at a preserving liquid at mixing temperature of 1-60 ° C. for a mixing 
temperature of 1-40 ° C. for a preserving period of 50 period of 1 minute - 24 hours to prepare a silanated filler , 
days - 5 years . preserving the silanated filler in a silanated filler preserv 

2. The method for manufacturing a composite material of ing container for 30-600 days , 
claim 1 , wherein the composite material preserving step kneading the mixed polymerizable monomer and the 

silanated filler at 5-60 ° C. for 5-40 minutes to prepare comprises a composite material evaluation step of evaluat a kneaded mixture of the mixed polymerizable mono ing a portion of the composite material . mer and the silanated filler , wherein a ratio of the 3. The method for manufacturing a composite material of silanated filler to the mixed polymerizable monomer is claim 1 , wherein 
the method further comprises , between the silanated filler 10 0.1-9 parts by weight of the silanated filler to 1 part by 

preserving step and the kneading step of the composite weight of the mixed polymerizable monomer , 
material preparing step , defoaming the kneaded mixture of the mixed polymeriz 

able monomer and the silanated filler at 5-200 Torr for a particulate filler kneading step that comprises a step 
of kneading the mixed polymerizable monomer and 5-30 minutes to prepare a composite material , 
a particulate filler at a kneading temperature of 5-60 ° 15 preserving 1-8 liters of the composite material in a 
C. for a kneading period of 5-30 minutes after composite material preserving container at 1-25 ° C. for 
charging the particulate filler into the mixed polym 10 days - 1.5 years , 
erizable monomer , wherein a ratio of the particulate transferring a portion of the composite material to a 
filler to the mixed polymerizable monomer is 0.01 container having 1-50 cc of volume , and 
0.2 parts by weight of the particulate filler to 1 part 20 preserving the transferred composite material in the con 
by weight of the mixed polymerizable monomer , and tainer having 1-50 cc of volume at 1-40 ° C. for 50 

a particulate filler defoaming step after the particulate days - 5 years . 
filler kneading step comprises defoaming the mixed 5. The method of claim 4 , wherein 
polymerizable monomer and the particulate filler at the method further comprises , between preserving the 
5-200 Torr for a defoaming period of 5-30 minutes , 25 silanated filler and kneading the mixed polymerizable 

wherein the mixture obtained from the particulate filler monomer and the silanated filler , 
kneading step and the particulate filler defoaming step kneading the mixed polymerizable monomer and a 
is utilized in the subsequent composite material pre particulate filler at 5-60 ° C. for 5-30 minutes to 
paring step , prepare a kneaded mixture of the mixed polymeriz 

wherein the particulate filler is kneaded with the mixed 30 able monomer and the silanated filler , wherein a ratio 
polymerizable monomer and the silanated filler in the of the particulate filler to the mixed polymerizable 
kneading step , monomer is 0.01-0.2 parts by weight of the particu 

wherein the particulate filler is defoamed with the mixed late filler to 1 part by weight of the mixed polym 
erizable monomer , and polymerizable monomer and the silanated filler in the 

defoaming step , and defoaming the kneaded mixture of the mixed polym 
wherein the composite material prepared in the defoaming erizable monomer and the particulate filler at 5-200 

Torr for 5-30 minutes , step comprises the particulate filler , the silanated filler , 
a polymerizable monomer , and a polymerization ini wherein the mixture obtained from the defoaming of the 

kneaded mixture of the mixed polymerizable monomer tiator . 
4. A method comprising : and the particulate filler is utilized in the subsequent 

kneading mixing a polymerizable monomer and a polymerization 
initiator at a mixing temperature of 1-60 ° C. for a 6. The method for manufacturing a composite material of 
mixing period of 1 minute - 24 hours to prepare a mixed claim 3 , wherein the composite material preserving step 
polymerizable monomer , comprises a composite material evaluation step of evaluat 

preparing a silane treatment liquid containing 1-40 % of 45 ing a portion of the composite material . 
silane coupling agent , and 99-60 % of organic solvent 7. The method for manufacturing a composite material of 
and / or water by mixing the silane coupling agent and claim 1 , wherein , in the silanation step , the weight ratio of 
the organic solvent and / or water , charging the silane the silane coupling agent to the filler is 3 : 100 to 6 : 100 . 
treatment liquid into a filler in a mixing container at 8. The method of claim 4 , wherein , when charging the 
[ the ] a weight ratio of [ 1-15 parts by weight of the 50 silane treatment liquid into the filler in the mixing container , the weight ratio of the silane coupling agent to the filler is silane coupling agent based on 1 part by weight of the 3 : 100 to 6 : 100 . filler ] the silane coupling agent to the filler of 1 : 100 to 
15 : 100 , and mixing the filler and the silane treatment 
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