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(57) ABSTRACT 

An organic compound having an affinity for a resin of a 
molded resin article and sublimation properties is allowed to 
penetrate/disperse into the surface of the molded resin 
article, thereby modifying and/or coloring a resin Surface 
layer. The molded resin article and the organic compound 
having the affinity for the resin and the sublimation prop 
erties are put into a tightly closable container, and the 
pressure and the temperature in the container are adjusted to 
place them in a saturated Sublimation pressure state of the 
organic compound, whereby a vapor of the organic com 
pound is uniformly deposited on the surface of the molded 
resin article and it further penetrates/disperses into the resin 
Surface layer, and in consequence, the resin Surface layer can 
be modified and/or colored. In addition, the modification of 
the resin Surface layer permits imparting a function thereto. 
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MODIFICATION METHOD OF SURFACE LAYER 
OF MOLDED RESIN ARTICLE, AND 

MODIFICATION APPARATUS OF SURFACE 
LAYER OF MOLDED RESIN ARTICLE 

0001) This is a Division of application Ser. No. 10/830, 
136 filed Apr. 23, 2004, which in turn is a Division of 
application Ser. No. 09/913,315 filed Aug. 10, 2001, which 
in turn is a National Stage of PCT/JP00/02098. The entire 
disclosures of the prior applications are hereby incorporated 
by reference herein in their entirety. 
0002 The present invention relates to a modification 
method of the surface layer of a molded resin article, an 
apparatus therefor and a molded resin article whose Surface 
layer is modified; a coloring method of the surface layer of 
a molded resin article, an apparatus therefor and a molded 
resin article whose Surface layer is colored; and a molded 
resin article to which a function is imparted by the modifi 
cation of the Surface layer. 

BACKGROUND 

Modification Method of Resin Surface Layer 
0003. As modification methods of molded resin articles, 
for example, methods of irradiating the articles with elec 
tromagnetic waves such as an X ray or a gamma ray are 
known. However, modification methods of modifying “a 
Surface layer” alone extending to a certain depth from the 
surface of each molded resin article but not modifying an 
inside portion of the molded resin article are extremely 
limited, and these methods are also accompanied by many 
restrictions. 

0004 For example, a method of hitting an ion beam of a 
metal or an organic compound on a resin Surface is known. 
However, some restrictions are placed on this method of 
hitting the ion beam, and for example, it is difficult to 
uniformly treat the whole of a resin film having a large area, 
it is also difficult to uniformly treat the whole surface of the 
molded resin article having a complicated shape, and the 
organic compounds usable as the ion beam are limited. 
0005 Moreover, for example, there is known a method 
(laser ablation method) of irradiating the resin surface with 
a laser pulse of a high power density for a short time to 
modify the resin surface. However, similarly on the laser 
ablation method, some restrictions are placed, and for 
example, it is difficult to uniformly treat the entire large-area 
resin film, and it is also difficult to uniformly treat the entire 
Surface of the molded resin article having a complicated 
shape. 

0006 Furthermore, for example, there is known a method 
of Subjecting the resin Surface to a plasma treatment under 
atmospheric pressure to oxidize/modify the Surface, but 
Some restrictions are placed on this method, and for 
example, the method cannot be applied to a surface which is 
hard to be oxidized, and the effect does not last for a long 
time. 

0007 When a treatment agent for modifying the resin 
Surface layer is a liquid, the treatment agent can be applied 
onto the surface of the molded resin article. On the other 
hand, when it is a Solid, it can be applied thereonto in the 
form of a solution obtained by using an appropriate solvent, 
or the molded resin article can be immersed in the solution. 
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However, in such a wet type method, the smoothness or the 
fine structure of the resin Surface is easily lost, and washing 
is further necessary So that the excess treatment agent may 
not remain on the resin Surface. During this washing, the 
effect of the surface treatment tends to be impaired. More 
over, when the solvent is used, some restrictions are placed 
on the method, and for example, there is an inconvenience 
that the resin surface swells owing to the solvent. 
0008 Moreover, there has also widely been used a 
method of mixing/kneading the treatment agent for modi 
fying the resin surface layer with the whole resin, followed 
by molding. However, in this method, the treatment agent 
which is usually necessary only for the Surface layer needs 
to be mixed with the whole resin, and as a result, the 
treatment agent mixed with the whole resin adversely affects 
the physical properties of the resin sometimes. On the other 
hand, in order to prevent the treatment agent mixed with the 
whole resin from adversely affecting the physical properties 
of the resin, some inconveniences are present. For example, 
the treatment agent cannot be added in a necessary and 
Sufficient amount, and kinds of treatment agents which can 
be mixed with the whole resin are restricted. 

Coloring Method of the Surface of Molded Resin Article 
0009. As a coloring method of the molded resin article, 
there are broadly used, for example, after kneading a dye or 
a pigment with a resin, (1) a method of injection-molding the 
resin to obtain a colored molded resin article, (2) a method 
of stretching the resin to obtain a colored film-like article, 
and (3) a method of spinning the resin to obtain a fiber-like 
article. 

0010. On the other hand, as a method of coloring the 
Surface only of the molded resin article without changing its 
internal composition, various coating methods and printing 
methods are broadly used. 
0011) Except for an especial method of depositing a 
dyestuffalone penetrable into the resin surface layer on the 
surface of the molded resin article by the coating method or 
the printing method and then allowing the dyestuff to 
penetrate thereinto, in the case of the usual coating method 
or printing method, a layer comprising a mixture of a binder 
resin and a dye or a pigment is formed on the resin Surface. 
Strictly speaking, Such a coloring method means not “col 
oring of the Surface itself, but “adding and attaching a 
colored film to the surface'. Therefore, if the resin surface 
is finely worked, there is a problem that the finely worked 
portion is buried with the added film. Moreover, when the 
coating method is used, the Smoothness or the like on the 
surface of the molded resin article tends to be impaired 
owing to dissolution or Swelling with the coating solvent. 
Therefore, it is required to avoid the dissolution or the 
Swelling of the resin Surface layer, but any appropriate 
coating solvent cannot be found. In consequence, it is 
difficult to apply the coating method on occasion. For 
example, when a film comprising a dyestuff and poly(methyl 
methacrylate) is formed on the surface of the molded resin 
article of poly(methyl methacrylate) by the coating method 
in which a solvent is used, the solvent for dissolving 
poly(methyl methacrylate) necessarily erodes the Surface of 
the molded resin article of poly(methyl methacrylate), and 
hence, it is not easy to obtain the Smooth coated Surface. 
0012. In the case of depositing a coating film or a print 
film containing a sublimable dyestuff on the resin surface to 
color the surface, the following problems further occur. 
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0013 (i) In applying or printing a composition compris 
ing the sublimable dyestuff and the resin, the sublimable 
dyestuff Sublimates in the course of a process sometimes. 
Therefore, control for maintaining the composition and 
control for uniforming the composition are not easy. 
0014 (ii) It is extremely difficult that the sublimable 
dyestuff alone is left as it is and other volatile impurities are 
removed. Therefore, it is not easy to prepare the coating film 
or the print film which does not contain the volatile impu 
rities other than the sublimable dyestuff. 
00.15 Besides the method of forming the coating film or 
the print film on the resin surface, a deposited film of the 
sublimable dyestuffmay be formed to color the molded resin 
article. In a usual vapor deposition method, temperature of 
a vapor deposition source is set to be higher than tempera 
ture of a substrate subjected to film formation, and the vapor 
of the organic compound which flies from the vapor depo 
sition source is deposited on the surface of the substrate 
subjected to film formation with lower temperature. In the 
film forming method under Such non-equilibrium condi 
tions, film thickness control is performed mainly by 
mechanical means. That is, a mask or a slit is placed in a 
space extending to the substrate to be filmed thereon from 
the vapor deposition source, and the concentration of the 
vapor of the organic compound is then controlled in a spatial 
manner, or the substrate to be filmed thereon is rotated, 
whereby the thickness of the deposited film can be uni 
formed. However, when a vapor pressure of an organic 
compound (dyestuff) is high and Sublimation easily occurs, 
it is not easy to obtain a uniform thickness of the deposited 
film only with Such mechanical means. 
0016. As an image printing method using Sublimation, a 
sublimable dye transfer method is known. That is, the 
sublimable dyestuff formed into the film on the surface of a 
sublimable dye transfer ribbon or sheet is heated with a 
heating head, Sublimated, and deposited or allowed to pen 
etrate into a transfer layer (thin film of thermoplastic resin) 
of a sheet surface disposed in the vicinity in the method. In 
principle, the method is equivalent to the vapor deposition 
method, and image density is controlled by a heating area 
and heating amount in the heating head. Therefore, this is 
Suitable for a purpose of printing an image having a fine 
gradation in principle of “pointillism', but unsuitable for 
coloring the resin Surface of a large area with a uniform 
density. Moreover, it is unsuitable for coloring the molded 
resin article having a complicated Surface shape. 

SUMMARY 

0017. The present invention solves the aforementioned 
problems, and an object thereof is to provide: 
0018 (a) a method of preparing a modified surface layer 
comprising a Sublimable organic compound and resin with 
a uniform composition on the Surface of a molded resin 
article; 
0.019 (b) a method of preparing a modified surface layer 
containing the Sublimable organic compound and containing 
no volatile impurity on the surface of the molded resin 
article; 
0020 (c) a method of efficiently preparing a modified 
Surface layer comprising the Sublimable organic compound 
and resin with a uniform composition on the Surface of the 
molded resin article: 
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0021 (d) a method of preparing a modified surface layer 
containing the Sublimable organic compound on the Surface 
of the molded resin article without deteriorating a surface 
smoothness of the molded resin article; 

0022 (e) a method of preparing a modified surface layer 
containing the Sublimable organic compound on the Surface 
of the molded resin article without deteriorating a surface 
structure when the surface of the molded resin article is 
Subjected to a fine processing: 

0023 (f) a method of preparing a modified surface layer 
containing a broad range of types of Sublimable organic 
compounds on the Surface of the molded resin article: 
0024 (g) a method of preparing a modified surface layer 
containing a Sublimable organic compound uniform in film 
thickness and/or composition on the Surface of the molded 
resin article without any complicated mechanical control; 
0025 (h) a method of preparing a modified surface layer 
containing a Sublimable organic compound having a uni 
form film thickness and/or composition on the surface of the 
molded resin article irrespective of an area size of the 
Surface layer, 
0026 (i) an apparatus for preparing the modified surface 
layer having the aforementioned characteristics (a) to (h) on 
the surface of the molded resin article; 

0027) () a molded resin article with the modified surface 
layer having the aforementioned characteristics (a) to (h); 
0028 (k) a method of preparing a colored surface layer 
comprising a Sublimable dyestuff and resin with a uniform 
composition on the Surface of the molded resin article; 
0029 (1) a method of preparing a colored surface layer 
containing the Sublimable dyestuff and containing no vola 
tile impurity on the surface of the molded resin article: 
0030 (m) a method of efficiently preparing a colored 
Surface layer comprising the Sublimable dyestuff and resin 
with a uniform composition on the surface of the molded 
resin article; 

0031 (n) a method of preparing a colored surface layer 
containing the sublimable dyestuff on the surface of the 
molded resin article without deteriorating the surface 
smoothness of the molded resin article; 

0032 (o) a method of preparing a colored surface layer 
containing the sublimable dyestuff on the surface of the 
molded resin article without deteriorating the surface struc 
ture when the surface of the molded resin article is subjected 
to the fine processing: 

0033 (p) a method of preparing a colored surface layer 
containing a broad range of types of Sublimable dyestuffs on 
the surface of the molded resin article; 

0034 (q) a method of preparing a colored surface layer 
containing a Sublimable dyestuff uniform in film thickness 
and/or composition on the Surface of the molded resin article 
without any complicated mechanical control; 

0035 (r) a method of preparing a colored surface layer 
containing a Sublimable dyestuff having a uniform film 
thickness and/or composition on the Surface of the molded 
resin article irrespective of the area size of the surface layer; 
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0.036 (s) an apparatus for forming the colored surface 
layer having the aforementioned characteristics (k) to (r) on 
the surface of the molded resin article; 

0037 (t) a molded resin article with the colored surface 
layer having the aforementioned characteristics (k) to (r): 
and 

0038 (u) a molded resin article in which the surface layer 
is modified to impart functional characteristics to the Surface 
layer. 

0039. In order to achieve the aforementioned object, a 
modification method of the surface layer of a molded resin 
article of the present invention according to claim 1 is 
characterized by: 
0040 placing, in a closed space, an organic compound 
having Sublimation properties and an affinity for a resin of 
a molded resin article to be coated, and the molded resin 
article; 

0041 placing the closed space in a saturated sublimation 
pressure state of the organic compound; 
0042 uniformly depositing a vapor of the organic com 
pound on the surface of the molded resin article; and 
0043 allowing the deposited organic compound to pen 
etrate/disperse from the surface of the molded resin article 
into its inside. 

0044. Here, a saturated sublimation pressure is also 
called a saturated vapor pressure, means a vapor pressure in 
a certain constant temperature of a thermodynamic system, 
and means that a Substance vapor pressure is in an equilib 
rium state on the solid phase surface of a substance. The 
saturated vapor pressure does not depend on a Substance 
amount, depends only on temperature, and monotonously 
increases with a temperature rise. A change state is repre 
sented by the following Clausis-Clapeyron equation. 

dp/dT =g/TAV (1) 

0045. Here, Q denotes an absorbed heat amount when a 
unit mass of Substance (Solid) turns to a gas (vapor) (Sub 
limation heat; the absorption of this heat amount does not 
cause the rise of a substance temperature), AV denotes a 
Volume difference per unit mass in a phase change from 
Solid to gas, p denotes a saturated vapor pressure, and T 
denotes a temperature. 

0046) Moreover, in order to achieve the object, a modi 
fication method of the surface layer of a molded resin article 
of the present invention according to claim 2 is characterized 
by: 

0047 placing an organic compound having Sublimation 
properties and an affinity for a resin of a molded resin article 
to be coated in a first closed space; 
0.048 on the other hand, placing the molded resin article 
in a second closed space; 
0049 controlling a temperature in the second closed 
space so as to be equal to or higher than the temperature in 
the first closed space; 
0050 brining a pressure in the first closed space to a 
saturated Sublimation pressure state of the organic com 
pound; 
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0051 controlling the pressure in the second closed space 
so as to be equal to or lower than the pressure in the first 
closed space; 
0052 subsequently, connecting the first closed space to 
the second closed space to form a third closed space in 
which the first closed space is combined with the second 
closed space, and further controlling the temperature and the 
pressure so that the whole of the third closed space may be 
in the saturated Sublimation pressure state of the organic 
compound; 

0053 allowing a vapor of the organic compound with 
which the first closed space before the connection is filled to 
diffuse into the second closed space before the connection; 
0054 uniformly depositing the vapor of the organic com 
pound on the surface of the molded resin article; and 
0055 allowing the deposited organic compound to pen 
etrate/disperse from the surface of the molded resin article 
into its inside. 

0056 Furthermore, in order to achieve the object, a 
modification method of the surface layer of a molded resin 
article of the present invention according to claim 3 is 
characterized in that: in the modification method of the 
Surface layer of the molded resin article according to claim 
1, 

0057 the organic compound is deposited on or contained 
in a sublimation source substrate in at least one manner 
selected from the group consisting of the following five 
manners (A) to (E) So that the organic compound can be 
deposited on the surface of the molded resin article: 
0058 (A) the organic compound being singly applied 
onto the surface of the Sublimation source substrate, or 
formed into a film on the surface; 

0059 (B) the organic compound and a binder resin being 
applied onto the Surface of the Sublimation source Substrate, 
or formed into a film on the surface; 
0060 (C) a porous particle impregnated with the organic 
compound being applied onto the Surface of the Sublimation 
Source Substrate, or formed into a film on the Surface; 

0061 (D) the porous particle impregnated with the 
organic compound and the binder resin being applied onto 
the surface of the sublimation source substrate, or formed 
into a film on the Surface; and 

0062 (E) a hole in the surface of a porous sublimation 
Source Substrate being impregnated with the organic com 
pound. 

0063 Additionally, in order to achieve the object, a 
modification method of the surface layer of a molded resin 
article of the present invention according to claim 4 is 
characterized in that: 

0064 in the modification method of the resin surface 
layer according to claim 3, 

0065 the surface of the sublimation source substrate, on 
or in which the organic compound is deposited or contained 
in any one manner of the aforementioned manners (A) to 
(E), is disposed in the vicinity of the surface of the molded 
resin article. 
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0.066 Here, “vicinity” means that the surface of the 
Sublimation source Substrate is as close as possible to the 
Surface of the molded resin article as long as the Surfaces do 
not contact each other. For example, if the surfaces of both 
the sublimation source substrate and the molded resin article 
are Smooth flat Surfaces with a surface concave/convex 
being less than 1 Jum, a distance between the flat surfaces is 
preferably reduced in a micrometer order. However, in 
consideration of ease of operation during Surface layer 
modifying/coloring treatment, this distance is set as a lower 
limit, and vicinity of several millimeters to about 10 milli 
meters is preferable. 
0067 Moreover, in order to achieve the object, a modi 
fication method of the surface layer of a molded resin article 
of the present invention according to claim 5 is characterized 
by: 

0068 in the modification method of the resin surface 
layer according to claim 1, 
0069 placing the molded resin article and the organic 
compound in a vacuum container, 
0070 exhausting air through a vacuum valve disposed in 
the vacuum container to reduce the pressure in the vacuum 
container to a saturated Sublimation pressure of the organic 
compound at a temperature which is equal to or higher than 
room temperature and which does not exceed a thermal 
decomposition temperature of the organic compound and/or 
the resin; 
0071 tightly closing all the vacuum valves disposed in 
the vacuum container to form a closed space; 
0072 raising the temperature in the tightly closed 
vacuum container up to a temperature at which a partial 
pressure of the organic compound reaches the Saturated 
Sublimation pressure in the reduced pressure state; and 
0.073 after the heating for a predetermined time, slowly 
cooling the vacuum container. 
0074 Furthermore, in order to achieve the object, a 
modification method of the surface layer of a molded resin 
article of the present invention according to claim 6 is 
characterized by: 
0075 in the modification method of the resin surface 
layer according to claim 3, 
0076 placing, in a vacuum container, the organic com 
pound deposited on or contained in the Sublimation Source 
Substrate in any one manner of the manners according to 
claim 3, and the molded resin article: 
0.077 exhausting air through a vacuum valve disposed in 
the vacuum container to reduce the pressure in the vacuum 
container to a saturated Sublimation pressure of the organic 
compound at a temperature which is equal to or higher than 
room temperature and which does not exceed a thermal 
decomposition temperature of the organic compound and/or 
the resin; 
0078 tightly closing all the vacuum valves disposed in 
the vacuum container to form a closed space; 
0079 raising the temperature in the tightly closed 
vacuum container up to a temperature at which a partial 
pressure of the organic compound reaches the Saturated 
Sublimation pressure in the reduced pressure state; and 

Jul. 20, 2006 

0080 after the heating for a predetermined time, slowly 
cooling the vacuum container. 
0081 Additionally, in order to achieve the object, a 
modification method of the surface layer of a molded resin 
article of the present invention according to claim 7 is 
characterized by: 

0082 in the modification method of the resin surface 
layer according to claim 4. 

0083 placing, in a vacuum container, the organic com 
pound deposited on or contained in the Sublimation source 
Substrate in any one manner of the manners according to 
claim 3, and the molded resin article: 
0084 exhausting air through a vacuum valve disposed in 
the vacuum container to reduce the pressure in the vacuum 
container to a saturated Sublimation pressure of the organic 
compound at a temperature which is equal to or higher than 
room temperature and which does not exceed a thermal 
decomposition temperature of the organic compound and/or 
the resin; 

0085 tightly closing all the vacuum valves disposed in 
the vacuum container to form a closed space; 
0086 raising the temperature in the tightly closed 
vacuum container up to a temperature at which a partial 
pressure of the organic compound reaches the Saturated 
Sublimation pressure in the reduced pressure state; and 
0087 after the heating for a predetermined time, slowly 
cooling the vacuum container. 

0088 Moreover, in order to achieve the object, a modi 
fication method of the surface layer of a molded resin article 
of the present invention according to claim 8 is characterized 
by: 

0089 in the modification method of the resin surface 
layer according to claim 1, 

0090 placing the molded resin article and the organic 
compound in a vacuum container, 
0091 raising the temperature in the vacuum container up 
to a temperature which is equal to or higher than room 
temperature and which does not exceed a thermal decom 
position temperature of the organic compound and/or the 
res1n; 

0092 while keeping the above temperature, exhausting 
air through a vacuum valve disposed in the vacuum con 
tainer to reduce the pressure in the vacuum container to a 
saturated Sublimation pressure of the organic compound at 
the above temperature: 

0093 tightly closing all the vacuum valves disposed in 
the vacuum container to form a closed space; and 
0094 after the heating and the pressure reduction for a 
predetermined time, slowly cooling the vacuum container. 

0.095) Furthermore, in order to achieve the object, a 
modification method of the surface layer of a molded resin 
article of the present invention according to claim 9 is 
characterized by: 
0096 in the modification method of the resin surface 
layer according to claim 3, 
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0097 placing, in a vacuum container, the organic com 
pound deposited on or contained in the Sublimation Source 
Substrate in any one manner of the manners according to 
claim 3, and the molded resin article: 
0.098 raising the temperature in the vacuum container up 
to a temperature which is equal to or higher than room 
temperature and which does not exceed a thermal decom 
position temperature of the organic compound and/or the 
res1n; 

0099 while keeping the above temperature, exhausting 
air through a vacuum valve disposed in the vacuum con 
tainer to reduce the pressure in the vacuum container to a 
saturated Sublimation pressure of the organic compound at 
the above temperature: 
0100 tightly closing all the vacuum valves disposed in 
the vacuum container to form a closed space; and 
0101 after the heating and the pressure reduction for a 
predetermined time, slowly cooling the vacuum container. 
0102) Additionally, in order to achieve the object, a 
modification method of the surface layer of a molded resin 
article of the present invention according to claim 10 is 
characterized by: 
0103 in the modification method of the resin surface 
layer according to claim 4. 
0104 placing, in a vacuum container, the organic com 
pound deposited on or contained in the Sublimation source 
Substrate in any one manner of the manners according to 
claim 3, and the molded resin article: 
0105 raising the temperature in the vacuum container up 
to a temperature which is equal to or higher than room 
temperature and which does not exceed a thermal decom 
position temperature of the organic compound and/or the 
res1n; 

0106 while keeping the above temperature, exhausting 
air through a vacuum valve disposed in the vacuum con 
tainer to reduce the pressure in the vacuum container to a 
saturated Sublimation pressure of the organic compound at 
the above temperature: 
0107 tightly closing all the vacuum valves disposed in 
the vacuum container to form a closed space; and 
0108 after the heating and the pressure reduction for a 
predetermined time, slowly cooling the vacuum container. 
0109 Moreover, in order to achieve the object, a modi 
fication method of the surface layer of a molded resin article 
of the present invention according to claim 11 is character 
ized by: 
0110 in the modification method of the resin surface 
layer according to claim 2, 
0111 placing the organic compound having the Sublima 
tion properties and the affinity for the resin of the molded 
resin article to be coated in a first vacuum container provided 
with a pipe to an exhaust system, an introducing portion of 
the organic compound and a connection pipe to a second 
vacuum container, closing the organic compound introduc 
ing portion and the connection pipe to the second vacuum 
container, reducing the pressure in the first vacuum con 
tainer through the exhaust system to a saturated Sublimation 
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pressure of the organic compound at a temperature which is 
equal to or higher than room temperature and which does not 
exceed a thermal decomposition temperature of the organic 
compound and/or the resin, and raising the temperature in 
the first vacuum container up to the above temperature; 
0112 on the other hand, placing the molded resin article 
in the second vacuum container provided with a pipe to an 
exhaust system, an introducing portion of the molded resin 
article and a connection pipe to the first vacuum container, 
and closing the molded resin article introducing portion and 
the connection pipe to the first vacuum container, 
0113 controlling a temperature in the second vacuum 
container so as to be equal to or higher than the temperature 
in the first vacuum container, 
0114 bringing a pressure in the first vacuum container to 
a saturated Sublimation pressure state of the organic com 
pound; 

0115 controlling the pressure in the second vacuum 
container So as to be equal to or lower than the pressure in 
the first vacuum container; 
0116 subsequently, connecting the first vacuum con 
tainer to the second vacuum container via a mutual connec 
tion pipe to form the third closed space in which the first 
closed space in the first vacuum container is combined with 
the second closed space in the second vacuum container, and 
further controlling the temperature and the pressure so that 
the whole of the third closed space may be in the saturated 
Sublimation pressure state of the organic compound; 
0.117) allowing the vapor of the organic compound with 
which the first vacuum container before the connection is 
filled to diffuse into the second vacuum container before the 
connection; 
0118 uniformly depositing the vapor of the organic com 
pound on the surface of the molded resin article: 
0119) heating for a predetermined time to allow the 
deposited organic compound to penetrate/disperse from the 
Surface of the molded resin article into its inside; closing the 
connection pipe which connects the first vacuum container 
to the second vacuum container, 
0120 controlling the temperature and the pressure in the 
second vacuum container for a predetermined time so that 
the vapor of the organic compound which remains inside the 
second vacuum container may penetrate/disperse from the 
surface of the molded resin article into its inside; 

0121 when the vapor of the organic compound exces 
sively exists in the second vacuum container, exhausting the 
vapor of the organic compound from the second vacuum 
container through the exhaust system; and 
0.122 then returning the temperature of the molded resin 
article in the second vacuum container to ordinary tempera 
ture. 

0123. Furthermore, in order to achieve the object, a 
modification method of the surface layer of a molded resin 
article of the present invention according to claim 12 is 
characterized by: 
0.124 in the modification method of the resin surface 
layer according to claim 11, 
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0125 instead of returning the temperature of the molded 
resin article in the second vacuum container to ordinary 
temperature in a final stage, 
0126 transporting the molded resin article under a 
reduced pressure into a fourth vacuum container which is 
disposed adjacent to the second vacuum container via a gate 
valve and in which the pressure can independently be 
controlled, and then returning the temperature of the molded 
resin article to ordinary temperature. 
0127. Additionally, in order to achieve the object, a 
modification method of the surface layer of a molded resin 
article of the present invention according to claim 13 is 
characterized by: 
0128 in the modification method of the resin surface 
layer according to any one of claims 5, 6, 7, 8, 9, 10, 11 and 
12, 
0129 uniformly depositing the vapor of the organic com 
pound on the surface of the molded resin article; and 
0130 in order to allow the deposited organic compound 
to penetrate/disperse from the surface of the molded resin 
article into its inside, 
0131 raising the temperature of the molded resin article 
to a temperature which is equal to or higher than a glass 
transition temperature of the resin and which does not 
exceed the thermal decomposition temperature of the 
organic compound and/or the resin. 
0132) Moreover, in order to achieve the object, a coloring 
method of the surface layer of a molded resin article of the 
present invention according to claim 14 is characterized by: 
0.133 in the modification method of the resin surface 
layer according to any one of claims 1, 2, 3, 4, 5, 6, 7, 8, 9. 
10, 11 and 12, 
0134) using a dyestuff having the sublimation properties 
and the affinity for the resin of the molded resin article to be 
coated as the organic compound to modify and simulta 
neously color the surface layer of the molded resin article. 
0135) Furthermore, in order to achieve the object, a 
coloring method of the surface layer of a molded resin article 
of the present invention according to claim 15 is character 
ized by: 
0136 in the modification method of the resin surface 
layer according to claim 13, 
0137 using a dyestuff having the sublimation properties 
and the affinity for the resin of the molded resin article to be 
coated as the organic compound to modify and simulta 
neously color the surface layer of the molded resin article. 
0138. Additionally, in order to achieve the object, a 
modification apparatus for the Surface layer of a molded 
resin article of the present invention according to claim 16 
is characterized by disposing: 
0139 a tightly closable container for placing an organic 
compound having Sublimation properties and an affinity for 
a resin of a molded resin article to be coated, and the molded 
resin article in a saturated Sublimation pressure state of the 
organic compound; 

0140 an exhaust system for adjusting a pressure in the 
tightly closable container; and 
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0141 heating means for allowing the organic compound 
to penetrate/disperse into the molded resin article, after the 
organic compound Sublimes and a vapor of the organic 
compound is deposited on the Surface of the molded resin 
article. 

0.142 Moreover, in order to achieve the object, a modi 
fication apparatus for the Surface layer of a molded resin 
article of the present invention according to claim 17 is 
characterized by disposing: 

0.143 in the modification apparatus for the surface layer 
of the molded resin article according to claim 16, 

0.144 a sublimation source substrate on which the 
organic compound is held in at least one manner selected 
from the group consisting of the following five manners (A) 
to (E) So that the organic compound can be deposited on the 
surface of the molded resin article: 

0145 (A) The organic compound is singly applied onto 
the surface of the sublimation source substrate, or formed 
into a film on the Surface; 

0146 (B) the organic compound and a binder resin are 
applied onto the Surface of the Sublimation source Substrate, 
or formed into the film on the surface; 
0147 (C) a porous particle impregnated with the organic 
compound is applied onto the Surface of the Sublimation 
source substrate, or formed into the film on the surface; 

0.148 (D) the porous particle impregnated with the 
organic compound and a binder resin are applied onto the 
surface of the sublimation source substrate, or formed into 
the film on the surface; and 

0.149 (E) a hole in the surface of a porous sublimation 
Source Substrate is impregnated with the organic compound. 

0150. Furthermore, in order to achieve the object, a 
modification apparatus for the Surface layer of a molded 
resin article of the present invention according to claim 18 
is characterized by disposing: 
0151 a tightly closable first vacuum container for placing 
an organic compound having Sublimation properties and an 
affinity for a resin of a molded resin article to be coated in 
a saturated Sublimation pressure state; 
0152 a tightly closable second vacuum container for 
placing the molded resin article in the Saturated Sublimation 
pressure state of the organic compound; 

0.153 a connection pipe for connecting the first vacuum 
container to the second vacuum container; 

0154 an opening/closing mechanism of the connection 
pipe; 

0.155 an exhaust system for independently adjusting the 
pressure in the first vacuum container; 
0156 an exhaust system for independently adjusting a 
pressure in the second vacuum container, and 
0157 heating means for allowing the organic compound 
to penetrate/disperse into the molded resin article, after the 
organic compound Sublimes and a vapor of the organic 
compound is deposited on the Surface of the molded resin 
article. 
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0158. Additionally, in order to achieve the object, a 
modification apparatus for the Surface layer of a molded 
resin article of the present invention according to claim 19 
is characterized by disposing: 

0159) in the modification apparatus of the resin surface 
layer according to any one of claims 16, 17 and 18, 

0160 a stirring mechanism for stirring the molded resin 
article of a powder form. 
0161 Moreover, in order to achieve the object, a modi 
fication apparatus for the Surface layer of a molded resin 
article of the present invention according to claim 20 is 
characterized by disposing: 

0162 in the modification apparatus of the resin surface 
layer according to any one of claims 16, 17 and 18, 

0163 a wind-up mechanism for winding up the molded 
resin article of a form selected from a textile form, a fiber 
form and a film form around a reception side reel from a 
Supply side reel under reduced pressure. 

0164. Furthermore, in order to achieve the object, a 
coloring apparatus of the Surface layer of a molded resin 
article of the present invention according to claim 21 is 
characterized by disposing: 

0165 a tightly closable container for placing a dyestuff 
having Sublimation properties and an affinity for a resin of 
a molded resin article to be colored, and the molded resin 
article in a Saturated Sublimation pressure State of the 
dyestuff; 

0166 an exhaust system for adjusting a pressure in the 
tightly closable container; and 
0167 heating means for allowing the dyestuff to pen 
etrate/disperse into the molded resin article, after the dye 
stuff sublimes and a vapor of the dyestuff is deposited on the 
surface of the molded resin article. 

0168 Additionally, in order to achieve the object, a 
coloring apparatus of the Surface layer of a molded resin 
article of the present invention according to claim 22 is 
characterized by further disposing: 

0169 in the coloring apparatus of the surface layer of the 
molded resin article according to claim 21, 

0170 a sublimation source substrate on which the dye 
stuff is held in at least one manner selected from the group 
consisting of the aforementioned five manners (A) to (E) so 
that the dyestuff can be deposited on the surface of the 
molded resin article. 

0171 Moreover, in order to achieve the object, a coloring 
apparatus of the surface layer of a molded resin article of the 
present invention according to claim 23 is characterized by 
disposing: 

0172 a tightly closable first vacuum container for placing 
a dyestuff having Sublimation properties and an affinity for 
a resin of a molded resin article to be colored in a saturated 
Sublimation pressure state; 

0173 a tightly closable second vacuum container for 
placing the molded resin article in the Saturated Sublimation 
pressure state of the dyestuff; 
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0.174 a connection pipe for connecting the first vacuum 
container to the second vacuum container; 

0.175 an opening/closing mechanism of the connection 
pipe; 

0176 an exhaust system for independently adjusting the 
pressure in the first vacuum container; 
0.177 an exhaust system for independently adjusting a 
pressure in the second vacuum container, and 
0.178 heating means for allowing the dyestuff to pen 
etrate/disperse into the molded resin article, after the dye 
stuff sublimes and a vapor of the dyestuff is deposited on the 
surface of the molded resin article. 

0.179 Furthermore, in order to achieve the object, a 
coloring apparatus of the Surface layer of a molded resin 
article of the present invention according to claim 24 is 
characterized by disposing: 
0180 in the coloring apparatus of the resin surface layer 
according to any one of claims 21, 22 and 23. 
0181 a stirring mechanism for stirring the molded resin 
article of a powder form. 
0182. Additionally, in order to achieve the object, a 
coloring apparatus of the Surface layer of a molded resin 
article of the present invention according to claim 25 is 
characterized by disposing: 
0183 in the coloring apparatus of the resin surface layer 
according to any one of claims 21, 22 and 23. 
0.184 a wind-up mechanism for winding up the molded 
resin article of a form selected from a textile form, a fiber 
form and a film form around a reception side reel from a 
Supply side reel under reduced pressure. 
0185. Moreover, in order to achieve the object, a molded 
resin article of the present invention according to claim 26 
is characterized in that: 

0186 a surface layer is modified by the modification 
method of the resin Surface layer according to any one of 
claims 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12. 

0187 Furthermore, in order to achieve the object, a 
molded resin article of the present invention according to 
claim 27 is characterized in that: 

0188 a surface layer is modified by the modification 
method of the resin surface layer according to claim 13. 
0189 Additionally, in order to achieve the object, a 
molded resin article of the present invention according to 
claim 28 is characterized in that: 

0.190 a surface layer is colored by the coloring method of 
the resin Surface layer according to claim 14. 

0191 Moreover, in order to achieve the object, a molded 
resin article of the present invention according to claim 29 
is characterized in that: 

0.192 a surface layer is colored by the coloring method of 
the resin Surface layer according to claim 15. 

0193 Furthermore, in order to achieve the object, a 
plastic lens of the present invention according to claim 30 is 
characterized in that: 
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0194 a surface layer is modified by the modification 
method of the resin Surface layer according to any one of 
claims 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12. 
0.195 Additionally, in order to achieve the object, a 
plastic lens of the present invention according to claim 31 is 
characterized in that: 

0196) a surface layer is colored by the coloring method of 
the resin Surface layer according to claim 14. 
0197) Moreover, in order to achieve the object, a resin 
coat lens of the present invention according to claim 32 is 
characterized in that: 

0198 a resin surface layer is modified by the modifica 
tion method of the resin Surface layer according to any one 
of claims 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12. 
0199 Furthermore, in order to achieve the object, a resin 
coat lens of the present invention according to claim 33 is 
characterized in that: 

0200 a resin surface layer is colored by the coloring 
method of the resin Surface layer according to claim 14. 
0201 Additionally, in order to achieve the object, a 
plastic film of the present invention according to claim 34 is 
characterized in that: 

0202) a surface layer is modified by the modification 
method of the resin Surface layer according to any one of 
claims 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12. 
0203 Moreover, in order to achieve the object, a plastic 
film of the present invention according to claim 35 is 
characterized in that: 

0204 a surface layer is colored by the coloring method of 
the resin Surface layer according to claim 14. 
0205 Furthermore, in order to achieve the object, a fiber 
of the present invention according to claim 36 is character 
ized in that: 

0206 a surface layer is modified by the modification 
method of the resin Surface layer according to any one of 
claims 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12. 
0207 Additionally, in order to achieve the object, a fiber 
of the present invention according to claim 37 is character 
ized in that: 

0208 a surface layer is colored by the coloring method of 
the resin Surface layer according to claim 14. 
0209 Moreover, in order to achieve the object, a plastic 
optical fiber of the present invention according to claim 38 
is characterized in that: 

0210 a surface layer is modified by the modification 
method of the resin Surface layer according to any one of 
claims 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12. 
0211 Furthermore, in order to achieve the object, a 
plastic optical fiber of the present invention according to 
claim 39 is characterized in that: 

0212 a surface layer is colored by the coloring method of 
the resin Surface layer according to claim 14. 
0213 Additionally, in order to achieve the object, a 
molded resin article of the present invention according to 
claim 40 is characterized in that: 
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0214 the surface layer of the molded resin article is 
modified with a fluorescent dyestuff having sublimation 
properties and an affinity for a resin of the molded resin 
article to be coated, by the modification method of the resin 
Surface layer according to any one of claims 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, 11 and 12 to impart a fluorescent light emitting 
function to the surface layer. 

0215 Moreover, in order to achieve the object, a molded 
resin article of the present invention according to claim 41 
is characterized in that: 

0216) the surface layer of the molded resin article is 
modified with a photochromic dyestuff having sublimation 
properties and an affinity for a resin of the molded resin 
article to be coated, by the modification method of the resin 
Surface layer according to any one of claims 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, 11 and 12 to impart a photochromic function to 
the surface layer. 

0217 Furthermore, in order to achieve the object, a 
molded resin article of the present invention according to 
claim 42 is characterized in that: 

0218 the surface layer of the molded resin article is 
modified with an organic metal compound having Sublima 
tion properties and an affinity for a resin of the molded resin 
article to be coated, by the modification method of the resin 
Surface layer according to any one of claims 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, 11 and 12 to impart an X ray and/or electron ray 
and/or ray absorption function to the surface layer. 
0219. Additionally, in order to achieve the object, a 
molded resin article of the present invention according to 
claim 43 is characterized in that: 

0220 an antibacterial or antifungal agent having Subli 
mation properties and an affinity for a resin of the molded 
resin article to be coated is used, and the modification of the 
surface layer is performed by the modification method of the 
resin Surface layer according to any one of claims 1, 2, 3, 4, 
5, 6, 7, 8, 9, 10, 11 and 12 to provide a surface layer with an 
antibacterial or antifungal function. 

0221) Moreover, in order to achieve the object, a molded 
resin article of the present invention according to claim 44 
is characterized in that: 

0222 a medicinal activity organic compound having Sub 
limation properties and an affinity for a resin of the molded 
resin article to be coated is used, and the modification of the 
surface layer is performed by the modification method of the 
resin Surface layer according to any one of claims 1, 2, 3, 4, 
5, 6, 7, 8, 9, 10, 11 and 12 to provide a surface layer with a 
medicinal activity function. 

0223 Furthermore, in order to achieve the object, a 
molded resin article of the present invention according to 
claim 45 is characterized in that: 

0224 an organic compound having Sublimation proper 
ties and an affinity for a resin of the molded resin article to 
be coated, and assuming a physiological activity to an 
animal/plant is used, and the modification of the Surface 
layer is performed by the modification method of the resin 
Surface layer according to any one of claims 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, 11 and 12 to provide a surface layer with a 
function as an agricultural chemical. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0225 FIG. 1 is a sectional view showing a schematic 
constitution of a modification/coloring apparatus for a resin 
Surface layer in one step of a modification/coloring method 
of the resin surface layer in Example 1. 

0226 FIG. 2 is a sectional view showing a schematic 
constitution of the modification/coloring apparatus for the 
resin Surface layer in one step of the modification/coloring 
method of the resin surface layer in Example 1. FIG. 2(A) 
is a sectional view showing a schematic constitution of an 
apparatus for connecting an end of a glass tube to a vacuum 
exhaust apparatus to reduce a pressure in the tube at room 
temperature. FIG. 2(B) is a diagram showing the glass tube 
tightly closed by melting and sealing a tube portion in the 
vicinity of the glass tube connection end. 

0227 FIG. 3 is a sectional view showing a schematic 
constitution of the modification/coloring apparatus for the 
resin Surface layer in one step of the modification/coloring 
method of the resin surface layer in Example 1. 

0228 FIG. 4 is a sectional view showing a schematic 
constitution of the modification/coloring apparatus for the 
resin Surface layer in the modification/coloring method of 
the resin Surface layer in Example 2. 

0229 FIG. 5 is a sectional view showing a schematic 
constitution of the modification/coloring apparatus for the 
resin Surface layer in the modification/coloring method of 
the resin surface layer in Example 5. 

0230 FIG. 6 is a sectional view showing a schematic 
constitution of the modification/coloring apparatus for the 
resin Surface layer in the modification/coloring method of 
the resin surface layer in Example 6. 

0231 FIG. 7 is a sectional view showing a schematic 
constitution of the modification/coloring apparatus for the 
resin Surface layer in the modification/coloring method of 
the resin surface layer in Example 7. 

0232 FIG. 8 is a sectional view showing a schematic 
constitution of the modification/coloring apparatus for the 
resin Surface layer in the modification/coloring method of 
the resin surface layer in Example 8. 

0233 FIG. 9 is a sectional view showing a schematic 
constitution of the modification/coloring apparatus for the 
resin Surface layer in the modification/coloring method of 
the resin surface layer in Example 9. 

0234 FIG. 10 is a diagram showing a situation in which 
a section of a resin pellet obtained in Example 1 is enlarged 
by an optical microscope and observed. One Scale gradua 
tion in the drawing is 10 um. 
0235 FIG. 11 is a diagram showing a spectrum change 
when a photochromic resin thin film prepared in Example 2 
is irradiated with an ultraviolet ray. 

0236 FIG. 12 is a sectional view showing a schematic 
constitution of the modification/coloring apparatus for the 
resin Surface layer in the modification/coloring method of 
the resin surface layer in Example 12. 
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DETAILED DESCRIPTION OF EMBODIMENTS 

0237) A preferred embodiment of the present invention 
will be described hereinafter in detail. 

Modification of Resin Surface Layer 
0238. In the present invention, the modification of the 
Surface layer of a molded resin article means that physical 
properties of a Surface layer portion to a predetermined 
depth from the surface of a molded resin article, such as 
density, hardness, impact strength, modulus of elasticity, 
Sound velocity, dielectric constant, magnetic permeability, 
electric conductivity, Surface resistance, Volume resistance, 
photoconductivity, static electricity charging order, charging 
properties, light transmittance, light reflectance, light polar 
izing properties, refractive index, second-order nonlinear 
optical Susceptibility, third-order nonlinear optical Suscep 
tibility, non-linear refractive index, hydrophilic nature, con 
tact angle with water, hydrophobic nature, lipophilic nature, 
gas transmittance and water absorbing ratio are changed so 
as to be different from those of a resin alone. Moreover, the 
above modification includes a case where the surface layer 
of the molded resin article is modified, oxidative decompo 
sition reaction, thermal decomposition reaction, optical 
decomposition reaction by an ultraviolet ray and/or a visible 
ray are Suppressed in contrast to a case of a resin alone. 
Moreover, the above modification includes a case where the 
surface layer of the molded resin article is modified to impart 
functions such as fluorescent, phosphorescent and photo 
chromic, photorefractive effects to the surface layer of the 
molded resin article in contrast to a case of a resin alone. 
Furthermore, the above modification includes a case where 
the surface layer of the molded resin article is modified to 
impart a physiological activity function and/or a medicinal 
activity function Such as an antibacterial action and antifun 
gal action to the Surface layer of the molded resin article. 
0239 Here, the thickness of the modified surface layer, 

i.e., the depth of the modified surface layer from the surface 
is a diameter of one atom or molecule as a lower limit and 
the whole thickness of the molded resin article as an upper 
limit. 

Coloring of Resin Surface Layer 
0240. When the light transmittance and/or the light 
reflectance and/or the light refractive index of the surface 
layer are changed by modifying the Surface layer of the 
molded resin article, an apparent color changes from that 
before the modification. That is, coloring of the resin surface 
layer can be regarded as one type of Surface modification. 
When a Sublimable organic compound for use to change the 
physical properties of the resin Surface layer is colored, color 
of the resin surface layer is obtained by adding the colored 
organic compound to an inherent resin color. 
0241. In the present invention, the modification of the 
resin Surface layer for a purpose of changing the apparent 
color of the molded resin article is called “coloring”. 
Molded Resin Article 
0242. The modification/coloring method of the surface 
layer of the molded resin article of the present invention is 
characterized by placing an organic compound having Sub 
limation properties and an affinity for a resin of the molded 
resin article to be coated in a saturated Sublimation pressure 
state of the organic compound, uniformly depositing a vapor 
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of the organic compound on the Surface of the molded resin 
article, and allowing the deposited organic compound to 
penetrate/disperse from the surface of the molded resin 
article into its inside. 

0243 Here, the molded resin article may be of an arbi 
trary form. Concretely, usable are articles obtained by mold 
ing a resin material into a block form, spherical form, 
hemispherical form, pellet form, cylindrical form, pipe form, 
tubular form, rectangular parallelepiped, cube, prism form, 
cone, triangular pyramid, square pyramid, lens form, flat 
plate form, sheet form, film form, thin film form, thin film 
form disposed on a substrate of glass or the like, fiber form, 
textile, plastic optical fiber, and the like; a molded plastic 
material having an arbitrary shape obtained by a molding 
method such as an injection molding method; and the like. 
The fiber-form molded resin article may further be pro 
cessed in a spun thread form, textile form, non-woven cloth 
form, and other forms. 

0244 Moreover, a size of the molded resin article is not 
particularly limited. That is, powder and/or fine powder of 
resin with a particle outer diameter of several hundreds of 
micrometers to several nanometers may be used. 
0245 Moreover, a combination of two or more types of 
resin may be molded. For example, the molded resin article 
having a sheet-like structure can be used in which, for 
example, a resin having an affinity for the Sublimable 
organic compound is formed into a first Surface layer and a 
lamination structure of other two or more types of resin is 
disposed under the first layer. Furthermore, the surface of the 
structure of materials other than resin may be covered with 
a film of the resin having the affinity for the sublimable 
organic compound. For example, a glass lens or plastic lens 
surface coated with a thin film of the resin having the affinity 
for the Sublimable organic compound can also be used. 
Resin 
0246. In the present invention, “resin' includes an 
organic compound polymer, organic polymer compound, 
plastics, polymer, and oligomer. It may be thermoplastic or 
thermosetting. Concrete examples include ketone resins, 
norbornane resins, polystyrenes, poly(C.-methylstyrene), 
polyindene, poly(4-methyl-1-pentene), polyvinyl pyridines, 
polyacetals, polyvinyl formals, polyvinyl acetals, polyvinyl 
butyrals, polyvinyl acetates, polyvinyl propionates, polyvi 
nyl alcohols, polyethylenes, polypropylenes, polybuta 
dienes, polymethyl pentenes, polyvinyl chlorides, chlori 
nated polyvinyl chlorides, chlorinated polyethylenes, 
chlorinated polypropylenes, polyvinylidene chlorides, poly 
tetrafluoroethylenes, polychlorotrifluoroethylenes, polyvi 
nylidene fluorides, polyvinyl methyl ethers, polyvinyl ethyl 
ethers, polyvinyl benzyl ethers, polyvinyl methyl ketones, 
poly(N-vinylcarbazole), poly(N-vinyl pyrrolidone), polym 
ethyl acrylates, polyethyl acrylates, polyacrylates, polyacry 
lonitriles, polymethyl methacrylates, polyethyl methacry 
lates, polybutyl methacrylates, polybenzyl methacrylates, 
polycyclohexyl methacrylates, polymethacrylates, polya 
mide methacrylates, polymethacrylonitriles, polyacetalde 
hydes, polychlorals, polyethylene oxides, polypropylene 
oxides, polyethylene terephthalates, polybutylene terephtha 
lates, polycarbonates (bisphenols--carbonic acid), polysul 
fones, polyether Sulfones, polyphenylene Sulfides, poly(di 
ethylene-glycol bisarylcarbonate), 6-nylon, 6.6-nylon, 
12-nylon, 6,12-nylon, polyethyl aspartiates, polyethyl 
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glutamates, polylysines, polyprolines, poly(y-benzyl-L- 
glutamate), methyl cellulose, ethyl cellulose, benzyl cellu 
lose, hydroxyethyl cellulose, hydroxypropyl cellulose, 
acetyl cellulose, cellulose triacetate, cellulose tributylate, 
alkyd resin (phthalic anhydride-glycerin), fatty acid modi 
fied alkyd resin (fatty acid-phthalic anhydride+glycerin), 
unsaturated polyester resin (maleic anhydride--phthalic 
anhydride--propylene glycol), epoxy resins (bisphenols--ep 
ichlorohydrin), epoxy resins (cresol novolaks+epichlorohy 
drin), polyurethane resins, phenol resins, urea resins, 
melamine resins, Xylene resins, toluene resins, furan resins, 
guanamine resins, diallylphthalate resin, and another resin, 
poly(phenyl methyl silane) and another organic polysilane, 
organic polygermane and copolymer/condensation copoly 
mer. Examples of copolymer include acrylonitrile+Styrene 
(AS resin), acrylonitrile+acrylate--styrene (AAS resin), 
acrylonitrile+ethylene--styrene (AES resin), acrylonitrile+ 
butadiene 

0247 +styrene (ABS resin), acrylonitrile+chlorinated 
polyethylene--styrene (ACS resin), methylmethacrylate-- 
butadiene-styrene (MBS resin), ethylene-vinyl chloride 
copolymer, ethylene-polyvinyl acetate copolymer, ethylene 
vinyl alcohol copolymer and other plastics. Moreover, 
usable is a polymer compound obtained by plasma-poly 
merizing a compound usually having no polymerizing prop 
erties, such as carbon disulfide, carbon tetrafluoride, ethyl 
benzene, perfluorobenzene, perflyorocyclohexane and 
trimethyl chlorosilane. 
Sublimable Organic Compound 
0248 Sublimation is a phenomenon in which a solid 
directly changes to a gas not via a liquid as an intermediate 
phase, and it is a general phenomenon which every solid 
occurs at a temperature equal to or less than a temperature 
at a triple point. However, for example, organic compounds 
Such as an azo compound having a large molecular weight, 
and an organic compound Such as ionic crystals of a poly 
mecyne dyestuff or the like is thermally decomposed irre 
spective of pressure without indicating a melting point, 
when it is heated up to ordinary temperature or more. It can 
be considered that Such a Substance does not actually 
possess the triple point, so that it does not Sublimate. For 
distinction from Such a Substance, an organic compound 
which can Sublime without causing thermal composition is 
called “the sublimable organic compound'. 
0249. As a concrete example of the sublimable organic 
compound, for example, the following group of compounds 
can be exemplified. 
0250) Examples of the sublimable and colorless organic 
compound include phenol derivatives such as 2.6.-di-tert 
butyl-p-cresol, butylated hydroxyanisole, 2,6-di-tert-butyl 
4-ethylphenol, 2,2'-methylenebis(4-methyl-6-tert-butyl phe 
nol) and 2,2'-methylenebis(4-ethyl-6-tert-butyl phenol). 
These compounds are known as plastic antioxidants, and by 
using these to modify the resin Surface layer, an oxidation 
preventing action of the Surface layer can be strengthened. 
Moreover, the compound can also be used for a purpose of 
changing density, hardness, impact strength, modulus of 
elasticity, Sound Velocity, dielectric constant, static electric 
ity charging order, charging properties, and refractive index 
of the resin Surface layer without changing a molded resin 
article color. 

0251 Examples of a sublimable, colorless and light yel 
low organic compound include phenyl salicylate, p-tert 
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butyl phenyl salicylate, p-octylphenyl salicylate, 2,4-dihy 
droxybenzophenone, 2-hydroxy-4-methoxybenzophenone, 
2,2'-dihydroxy-4-methoxybenzophenone, 2,2'-dihydroxy-4- 
4'-dimethoxybenzophenone, 2-(2-hydroxy-5'-methylphe 
nyl)benzotriazole, 2-(2-hydroxy-5'-tert-butylphenyl)benzo 
triazole, 2-(2-hydroxy-3',5'-di-tert-butylphenyl) 
benzotriazole, 2-(2-hydroxy-3'-tert-butyl-5-methylphenyl)- 
5-chlorobenzotriazole, 2-(2-hydroxy-3',5'-di-tert-butylphe 
nyl)-5-chlorobenzotriazole, 2-(2-hydroxy-3'-(3",4".5".6"- 
tetrahydrophthalimidemethyl)-5'-methylphenyl) 
benzotriazole, 2-(2-hydroxy-5'-methacryloxyphenyl)-2H 
benzotriazole and ethyl-2-cyano-3,3'-diphenyl acrylate. 
These compounds are known as ultraviolet ray absorbents 
for plastics, and by using these to modify the resin Surface 
layer, an ultraviolet absorbing action of the Surface layer can 
be reinforced. Moreover, the compound can also be used for 
the purpose of changing the density, hardness, impact 
strength, modulus of elasticity, Sound Velocity, dielectric 
constant, static electricity charging order, charging proper 
ties, and refractive index of the resin surface layer without 
changing the molded resin article color. 

0252) Examples of the sublimable organic polymer com 
pound for forming a single crystal exhibiting a second order 
nonlinear optical effect include urine and derivatives 
thereof, benzene derivatives such as m-nitroaniline, 2-me 
thyl-4-nitroaniline, 2-(N,N-dimethylamino)-5-nitroacetoa 
nilide and N,N'-bis(4-nitrophenyl)methane diamine, biphe 
nyl derivatives such as 4-methoxy-4-nitrobiphenyl, stilbene 
derivative such as 4-methoxy-4-nitrostilbene, pyridine 
derivatives such as 4-nitro-3-picoline=N-oxide, chalcone 
derivatives Such as 2.4,4'-trimethoxy chalcone, and thienyl 
chalcone derivatives. Since these organic compounds are 
colorless or yellow, they can be used to change the density, 
hardness, impact strength, modulus of elasticity, Sound 
Velocity, dielectric constant, static electricity charging order, 
charging properties, and refractive index, third-order non 
linear optical Susceptibility, non-linear refractive index, pho 
torefractive effect characteristic, and the like of the resin 
Surface layer without changing the inherent color of the resin 
Surface layer. 

0253 Concrete examples of the sublimable organic com 
pound (organic dyestuff) assuming light absorption in a 
wavelength band of ultraviolet, visible and near infrared rays 
include an azo dyestuff, porphyrin dyestuff, phthalocyanine 
dyestuff, tripherylmethane dyestuff, naphthoduinone dye 
stuff, anthraquinone dyestuff, naphthalene tetracarboxylic 
diimide dyestuff and perylene diimide tetracarbonate dye 
stuff. Each of these dyestuffs can be used to color the surface 
layer of the molded resin article. Moreover, when the 
dyestuff assumes fluorescence, a fluorescent assuming func 
tion can be imparted to the surface layer of the molded resin 
article. 

0254 Concrete examples of the sublimable azo dyestuff 
include azobenzene, 4-dimethylaminoaZobenzene, 4-dim 
ethylamino-3'-nitroaZobenzene, 4-dimethylamino-4'-nitroa 
Zobenzene, 4-dimethylamino-3-methyl-3-nitroazobenzene, 
4-dimethylamino-3-methyl-4'-nitroaZobenzene and 4-ni 
troaZobenzene. 

0255 Concrete examples of porphyrin dyestuff include 
porphyrin and tetraphenyl porphyrin. 
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0256 Concrete examples of the phthalocyanine dyestuff 
include phthalocyanine, copper phthalocyanine, cobalt 
phthalocyanine, nickel phthalocyanine and chloroaluminum 
phthalocyanine. 

0257 Concrete examples of the triphenylmethane-based 
dyestuff include crystal violet lactone, 3-diethylamino-6- 
methyl-7-chlorofluolane, 3-diethylamino-7-methylaminof 
luolane and 3-diethylamino-7-phenylaminofluolane. 

0258 Concrete examples of the naphthoduinone dyestuff 
include 1.4-naphthoduinone, 2,3-dichloro-1,4-naphtho 
quinone, 5-amino-2,3,-dichloro-1,4-naphthoduinone and 
8-phenylamino-5-amino-2,3-dicyano-1,4-naphthoquinone. 

0259 Concrete examples of the anthraquinone dyestuff 
mater include anthraquinone, 1-aminoanthraquinone and 
1,4-dihydroxyanthraquinone. 

0260 Concrete examples of the naphthalene tetracar 
boxylic diimide dyestuff include, naphthalene-1,4,5,8-tetra 
carboxylic diimide and N,N'-dimethylnaphthalene-1,4,5,8- 
tetracarboxylic diimide. 

0261 Concrete examples of the perylenetetracarboxylic 
diimide dyestuff include perylene-3,49, 10-tetracarboxylic 
diimide and N,N'-di-tert-butylperylene-3,4,9,10-tetracar 
boxylic diimide. 

0262 Examples of a sublimable and crystalline organic 
compound which causes a photochromic phenomenon 
include spiropyrians such as 6-bromo-1',3'-dihydro-1',3',3'- 
trimethyl-8-nitrospiro2H-1-benzopyran-2,2'-(2H)-indole), 
5-chloro-1,3-dihydro-1,3,3-rimethylspiro2H-indole-2,3'- 
3Hnaphtho2,1-b1,4oxazine). 5-chloro-1,3-dihydro-1,3, 
3-trimethylspiro2H-indole-2,3'-3Hnaphtho9,10-b1.4 
oxazine 6,8-dibromo-1',3'-dihydro-1", 3',3'-trimethylspiro 
2H-1-benzopyran-2,2'-(2H)-indole). 1',3'-dihydro-1',3',3'- 
trimethyl-6-nitrospiro2H-1-benzopyran-2,2'-(2H)-indole), 
1'3'-dihydro-5'-methoxy-1',3',3'-trimethyl-6-nitrospiro2H 
1-benzopyran-2,2'-(2H)-indole, 1',3'-dihydro-8-methoxy-1'. 
3',3'-trimethyl-6-nitrospiro2H-1-benzopyran-2,2'-(2H)-in 
dole, 1,3-dihydro-1,3,3-trimethylspiro2H-indole-2,3'-3H 
naphtho2.1-b1.4oxazine). 1,3-dihydro-1,3,3- 
trimethylspiro2H-indole-2,3'-3Hphenanthro9,10-b1,4 
oxazine, 1,3-dihydro-1,3,3-trimethylspiro2H-indole-2,3'- 
3Hnaphtho2,1-bipyran and 1,3-dihydro-5-methoxy-13, 
3-trimethylspiro2H-indole-2,3'-3Hnaphtho2.1-bipyran: 
fulgides such as 2,5-dimethyl-3-furilethylidene succinic 
anhydride and 2,5-dimethyl-3-furilisopropyridene succinic 
anhydride; and diaryl ethenes such as 2,3-bis(2,4,5-trim 
ethyl-3thienyl) maleic anhydride, 2,3-bis(2,4,5-trimethyl-3- 
thienyl)maleimide and cis-1,2-dicyano-1,2-bis(2,4,5-trim 
ethyl-3-thienyl)ethene. The photochromic dyestuff can be 
used to modify the resin surface layer, whereby photochro 
mic characteristics can be imparted to the Surface layer of 
the molded resin article. 

0263. Examples of the sublimable organic metal com 
pound include metallocenes such as titanocene, Vanadi 
nocene, chromocene, manganocene, ferrocene, cobaltocene, 
nickelocene and ruthenocele. Each of these sublimable 
organic metal compounds can be used to modify the resin 
Surface layer, whereby transmittance characteristics of an X 
ray or an electron ray can be changed. Moreover, since 
Vanadinocene, chromocene, manganocene, cobaltcene and 
nickelocene have a magnetic moment, each of these Sub 
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limable organic metal compounds can be used to modify the 
resin Surface layer, whereby magnetic properties can be 
changed. 
0264. Examples of the sublimable organic compound 
include dichlorophenols, trichlorophenols, tetrachlorophe 
nols, pentachlorophenols, p-chloro-m-Xylenols, p-chloro-m- 
cresol, 4-chloro-2-phenylphenol, 2,4,5,6-tetrachloro 
isophtharonitrile, 10.10'-oxybisphenoxyarsine, N-(trichlo 
romethylthio)phthalimide and N-(fluorodichloromethylth 
io)phthalimide. These compounds are known as the plastic 
antiseptic/antifungal agent, and by using these to modify the 
resin Surface layer, an antibacterial or antifungal function 
can be imparted to the resin Surface layer. By using the 
modification method of the surface layer of the molded resin 
article, as compared with a case in which the antiseptic/ 
antifungal agent is kneaded into the entire plastic, the use 
amount of the antibacterial/antifungal agent can be mini 
mized. 

0265 Similarly, by using the organic compound having a 
medicinal activity as the Sublimable organic compound to 
modify the resin Surface layer, a function as a medicine 
and/or agricultural chemical can be imparted to the resin 
Surface layer. For example, a medicine function Such as a 
pain relieving action can be imparted to the Surface layer of 
a molded resin article Such as a plastic film by using 
L-menthol (melting point of 43° C.), and another medicine 
function Such as a cardiotonic action can be imparted to the 
above surface layer by using camphor (melting point of 179° 
C.). Similarly, for example, the surface layer of a plastic 
sheet can be provided with agricultural chemical functions 
Such as a weed killing function, insect killing function, 
harmful insect inhibiting/avoiding function, plant growth 
promoting function, and plant growth inhibitor. 
0266. As the sublimable and crystalline organic com 
pound, 3,4-dimethoxybenzaldehyde (melting point of 40° 
C.), 3-oxy-2-methyl-4-pyron (melting point of 161° C.) and 
the like can be exemplified. These compounds are used as 
perfumes, and when the resin surface layer is modified with 
any of these compounds, a function of generating a strong 
perfume can be imparted to the resin Surface layer. 

EXAMPLE 

0267 Next, the method of the present invention will be 
described in more detail in accordance with examples. 

Example 1 

0268 As shown in FIG. 1, in a glass tube 10 (e.g., outer 
diameter=15 mm, inner diameter=12 mm, and length=200 
mm) having one closed end, there were placed 5 mg of 
crystals of cis-1,2-dicyano-1,2-bis(2,4,5-trimethyl-3-thie 
nyl)ethene (melting point of 121° C.; manufactured by 
Tokyo Kasei Kogyo Co., Ltd.) as an organic compound 20 
having Sublimation properties and an affinity for a resin of 
a molded resin article to be coated, and five or six pellets 
(cylindrical shape, outer diameter=about 2.5 mm, and a 
length=2.5 mm) of bisphenol A polycarbonate (manufac 
tured by Ardrich Chemical Co., Ltd.) as molded resin 
articles. Thereafter, as shown in FIG. 2(A), the other end of 
the glass tube 10 was connected to a vacuum exhaust 
apparatus 50, and air was exhausted at room temperature 
until a pressure in the tube reached 10 Pa or less. Subse 
quently, as shown in FIG. 2(B), a portion close to the 
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connection end of the glass tube 10 was molten and sealed 
with a glass tube sealing burner 60, and the organic com 
pound and resin pellets were put in a sealed glass tube 11 
having both the sealed ends, followed by sealing the tube in 
an airtight manner. 
0269. Next, as shown in FIG. 3, the sealed glass tube 11 
was disposed in a thermostatic chamber 70, and the entire 
sealed glass tube 11 was heated under precise temperature 
control by setting a temperature at which the sublimable 
organic compound Sublimes without thermal decomposition 
(110° C. in the case of the above-mentioned compound) as 
a lower limit, and setting a highest temperature among 
temperatures satisfying the following conditions as an upper 
limit. 

0270 (a) A temperature which does not exceed a melting 
start temperature of the Sublimable organic compound, 
0271 (b) a glass transition temperature of the resin (about 
150° C. with polycarbonate), 
0272 (c) a thermal deformation start temperature of the 
resin, 
0273 (d) a melting start temperature of the resin, 
0274 (e) a temperature which does not exceed a decom 
position start temperature of the resin. 
0275 Additionally, when carrying out the resin surface 
layer modification method and/or coloring method of the 
present invention without losing a Surface Smoothness of the 
molded resin article or a fine structure in the surface, 
temperature control needs to be performed not to exceed the 
thermal deformation start temperature of the resin. 
0276. In the present example, an inside temperature of the 
thermostatic chamber 70 was set to 110° C., and the set 
temperature was maintained with a precision of +0.1° C. for 
24 hours. Thereafter, the temperature of the thermostatic 
chamber 70 was gradually lowered to 25°C. for nine hours. 
Additionally, here, for example, when the sealed glass tube 
11 is taken out of the thermostatic chamber and rapidly 
cooled, a vapor of the Sublimable organic compound con 
tacts the inner wall of the cooled sealed glass tube 11 and 
agglomerates, and is deposited as crystals, and there is a 
possibility that a predetermined amount of the sublimable 
organic compound does not uniformly penetrate/disperse 
into the resin Surface layer. 
0277. In the present example, by gradually performing 
cooling to room temperature, taking out the cooled sealed 
glass tube 11, and cutting the sealed glass tube 11, the 
polycarbonate pellet was taken out in which the sublimable 
organic compound penetrated/dispersed into the Surface 
layer. The pellet was cut into round pieces with a cutter and 
observed with an optical microscope, and a section photo 
graph was taken as shown in FIG. 10. One graduation of a 
scale inserted into FIG. 10 is ten micrometers. As apparent 
from FIG. 10, it has been understood that the sublimable 
organic compound penetrates/disperses from the Surface of 
the polycarbonate pellet into the surface layer over a depth 
of about 90 micrometers, whereby the surface layer is 
modified/colored. 

0278. Furthermore, by measurement of light absorption 
spectrum of the obtained resin Surface layer, optical micro 
Scope observation (usual field of view), polarization micro 
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Scope observation, Scanning type electron microscope obser 
Vation of the Surface of the resin pellet, and transmission 
electron microscope observation of the resin pellet section, 
it was confirmed that the molecules of the sublimable 
organic compound were dispersed, i.e., dissolved into the 
resin pellet, whereby the surface layer was modified/colored. 
Additionally, any crystals of the Sublimable organic com 
pound were not observed in the surface and the inside part 
of the obtained resin pellet. 
0279. It was observed that the polycarbonate surface 
layer modified/colored by the penetration of the sublimable 
organic compound, cis-1,2-dicyano-1,2-bis(2,4,5-trimethyl 
3-thienyl)ethene turned to yellow by the irradiation of a 
visible ray from which an ultraviolet ray was cut and/or an 
infrared ray, and turned to red by the irradiation of the 
ultraviolet ray. That is, it was confirmed that a photochromic 
function was imparted to the resin Surface layer. 
0280 FIG. 3 shows a simplest embodiment of a resin 
Surface layer modification and/or a coloring apparatus of the 
present invention. That is, in the glass tube 11 having both 
the sealed ends, the molded resin article (resin pellet 30), and 
the organic compound 20 having an affinity for the molded 
resin article and Sublimation properties are disposed. In the 
glass tube 11, the organic compound is brought to the 
saturated sublimation pressure state. Moreover, the thermo 
static chamber 70 is heating means for sublimating the 
organic compound, depositing the vapor of the organic 
compound on the Surface of the molded resin article, and 
allowing the organic compound to penetrate/disperse into 
the molded resin article. 

Comparative Example 1 

0281. A sealed glass tube 11 was heated and slowly 
cooled by the same procedure as in Example 1 except that 
in a glass tube 10 having one end closed (e.g., outer 
diameter=15 mm, inner diameter=12 mm, and length=200 
mm), there were placed, for example, crystals only of 
cis-1,2-dicyano-1,2-bis(2,4,5-trimethyl-3-thienyl)ethene as 
an organic compound 20 having Sublimation properties and 
an affinity for a resin of a molded resin article to be coated. 
The vapor of the sublimable organic compound sublimated 
and generated during the heating returned to the Surface of 
the original crystals during the slow cooling, so that the 
vapor was not deposited on the glass wall of the glass tube 
11. Additionally, when the sealed glass tube 11 in a hot state 
was removed from a thermostatic chamber and rapidly 
cooled, the vapor of the Sublimable organic compound came 
in contact with the inner wall of the cooled glass sealed tube 
11, so that the vapor agglomerated and the organic com 
pound was deposited as crystals on the inner wall of the 
sealed glass tube 11. In view of the fact that the crystals are 
deposited on the inner wall of the sealed glass tube in this 
manner by the rapid cooling, it has been understood that the 
Sublimation proceeds by the heating, so that the sealed glass 
tube is filled with the vapor of the sublimable organic 
compound. 

Example 2 

0282) 2.0 g of Polymethyl methacrylate (PMMA) was 
dissolved in 200 ml of aceton. The resultant solution was 
added to 800 ml of n-hexane with stirring, and a deposited 
resin powder was then collected by filtration. This resin 
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powder was washed with n-hexane, dried under reduced 
pressure, and then pulverized. The thus obtained resin pow 
der was continuously heated at 100° C. under ultrahigh 
vacuum less than 10 Pa for two days to completely remove 
Volatile components such as a remaining solvent and the 
like. Subsequently, 100 mg of this powder was interposed 
together with a thick spacer having a thickness of 10 um 
between the glass substrate (thickness=0.14 mm, width=10 
mm, and length=20 mm) and an aluminum foil (thickness= 
20 um, width=10 mm, and length=20 mm), and another 
glass plate was further Superposed on the aluminum foil. The 
two glass plates were heated at 150° C. under vacuum, and 
then pressed (vacuum hot press method) to thereby prepare 
a PMMA film (film thickness=about 100 um) between the 
glass Substrate and the aluminum foil. Subsequently, after 
Sufficient cooling, the aluminum foil was stripped, so that a 
PMMA thin film 33 was obtained on a glass substrate 40. 
0283. In the glass tube 10 having one closed end (e.g., 
outer diameter=15 mm, inner diameter=12 mm, and length= 
200 mm), there were placed 20 mg of crystals of cis-1,2- 
dicyano-1,2-bis(2,4,5-trimethyl-3-thienyl)ethene as an 
organic compound 20 having Sublimation properties and an 
affinity for a resin of a molded resin article to be coated, and 
the glass substrate on which the above resin thin film 33 was 
formed. Next, the other end of the glass tube 10 was 
connected to a vacuum exhaust apparatus 50, and air was 
exhausted at room temperature until the pressure in the tube 
reached 10 Pa or less. Thereafter, a portion close to the 
connection end of the glass tube 10 was molten by a glass 
tube sealing burner 60, followed by sealing the tube, 
whereby the organic compound and the resin thin film were 
airtightly confined in a sealed glass tube 11 having both the 
sealed ends. 

0284 As shown in FIG. 4, the sealed glass tube 11 was 
disposed in a thermostatic chamber 70, and the sealed glass 
tube 11 was wholly heated at a temperature (10° C. in the 
case of the above-mentioned compound) at which the above 
Sublimable organic compound Sublimed without thermal 
decomposition, while the above temperature was strictly 
controlled. After 5 hours, the temperature of the thermostatic 
chamber 70 was gradually lowered to 25°C. in 9 hours. 
0285 According to the light absorption spectrum mea 
Surement, optical microscope observation (usual visual 
field) and polarization microscope observation of the 
obtained resin Surface layer, the scanning type electron 
microscope observation of the resin thin film Surface, and 
the transmission type electron microscope observation of the 
resin thin film section, it was confirmed that the molecule 
dispersion, i.e., dissolution of the Sublimable organic com 
pound occurred over a depth of about 20 micrometers in the 
surface layer of the resin thin film 33. Additionally, any 
crystals of the Sublimable organic compound were not 
observed on and inside the obtained resin thin film. That is, 
it has been understood that the Sublimable organic com 
pound penetrates and disperses through the Surface of the 
PMMA resin thin film 33 formed on the glass substrate 40 
to modify and color the surface layer (thickness=20 um). 
0286 The polycarbonate resin thin film modified with 
cis-1,2-dicyano-1,2-bis(2,4,5-trimethyl-3-thienyl)ethene 
prepared in the present example turns to yellow by the 
irradiation of the visible ray from which an ultraviolet ray is 
cut and/or an infrared ray, and turns to red by the irradiation 
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of the ultraviolet ray. That is, it was confirmed that the above 
thin film functioned as a photochromic thin film. The film 
irradiated with the visible ray obtained by cutting light of a 
wavelength less than 400 nm and the infrared ray and 
changed to yellow was irradiated with the ultraviolet ray 
(center wavelength=366 nm) of a black light for 2, 4, 6, 8, 
10 hours, and a result of measurement of an absorption 
spectrum change is shown in FIG. 11. The spectrum of 20 
minutes after the irradiation of the visible ray of a wave 
length of 400 nm or more and infrared ray is shown by a 
dotted line, the spectrum of two hours after the irradiation of 
the ultraviolet ray is shown by a long chain line, the 
spectrum after four hours is shown by a short chain line, the 
spectrum after six hours is shown by a two-dot chain line, 
the spectrum after eight hours is shown by a dashed line, and 
the spectrum after ten hours is shown by a solid line. 

Example 3 

0287 Besides the PMMA substrate in Example 2, the 
glass substrate 40 having the resin thin film 33 (film thick 
ness of 100 um) formed on the glass Substrate 40 (e.g., 
thickness=0.14 mm, width=10 mm, and length=50 mm) was 
prepared with poly(2-hydroxypropyl methacrylate) 
(PHPMA) by a vacuum hot press method. Subsequently, two 
glass substrates 40 with different types of resin thin films 
formed thereon were placed in the same sealed glass tube 11, 
and together with the organic compound 20 having the 
sublimation properties and an affinity for a resin of the 
molded resin article to be coated, similarly as Example 2, 
heating and slow cooling were performed. As a result of 
spectrum observation, it was confirmed that the sublimable 
organic compound was dissolved in the PMMA thin film 
similarly as Example 2 and that the Surface layer was 
modified/colored. On the other hand, no absorption attrib 
uted to the Sublimable organic compound was confirmed in 
the ultraviolet, visible and infrared ray absorption spectra of 
the obtained PHPMA thin film. This result can be interpreted 
Such that the Sublimable organic compound has an affinity 
for PMMA, but no affinity for PHPMA. Moreover, when 
there is no affinity, penetration/dispersion into the resin thin 
film does not occur. 

Comparative Example 2 

0288 With respect to the sealed glass tube 11 which 
contained only the resin thin film 33 (film thickness of 100LL) 
formed of poly(2-hydroxypropyl methacrylate) (PHPMA) 
on the glass Substrate 40 (e.g., thickness=0.14 mm, width= 
10 mm, and length=50 mm) by the vacuum hot press 
method, together with the organic compound 20 having the 
sublimation properties and an affinity for a resin of the 
molded resin article to be coated, similarly as Example 2. 
heating and slow cooling were performed. As a result of 
spectrum observation, no absorption attributed to the sub 
limable organic compound was confirmed in the absorption 
spectrum of the obtained PHPMA thin film. 
0289. As described above, from the observations of 
Examples 1, 2 and 3, and Comparative Examples 1 and 2, it 
has been confirmed that during heating in the sealed glass 
tube with the reduced pressure, the sublimable organic 
compound is Sublimes, the glass tube is filled with a vapor, 
and the vapor deposition process proceeds on cooling the 
vapor. Furthermore, when the heated state is kept without 
cooling, and the molded resin article (the pellet or the resin 
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thin film) having an affinity for the sublimable organic 
compound is placed in the state, the molecule dispersion/ 
dissolving of the Sublimable organic compound occurs in the 
resin Surface layer and the Surface layer is modified and/or 
colored. On the other hand, it has been confirmed that in the 
absence of the molded resin article having an affinity for the 
Sublimable organic compound, the Sublimable organic com 
pound once Sublimes, but by slow cooling, the Sublimable 
organic compound vapor returns to the crystal Surface. 
0290 Here, the affinity of the sublimable organic com 
pound for the resin can be understood as "presence/absence 
of stabilization by solvation energy'. That is, the resinherein 
serves as “a medium' for the Sublimable organic compound, 
and serves as “a solvent for a solution. In a case in which 
no affinity of the Sublimable organic compound for resin is 
recognized, resin serves as “medium with zero solubility”. 
In this case, since “there is no stabilization by the solvation 
energy', the Sublimable organic compound vapor cannot 
penetrate/disperse into the resin. Therefore, heating is per 
formed to provide the Saturated vapor pressure State, slow 
cooling is then performed, and the Sublimable organic 
compound vapor returns again to the crystal Surface to 
crystallize, which is a most thermodynamic stabilized state. 
On the other hand, when “there is stabilization by the 
Solvation energy', the Sublimable organic compound vapor 
having reached the resin Surface is not again vaporized. 
Because there is more stabilization when the vapor is 
dissolved into resin rather than when the vapor returns to the 
crystal surface. In other words, when “there is stabilization 
by the solvation energy', the “dissolution' into the resin 
from the crystal Surface proceeds via vacuum. Additionally, 
similarly as searching of the solvent Suitable for recrystal 
lization refining, “the presence/absence of the affinity' needs 
to be searched after repeated trial and error based on rules of 
thumb Such as similarity of molecular part structure and 
solubility parameter. In this case, it is also possible to use a 
calculation chemistry technique. 

Example 4 

0291. After preparing three glass tubes 10 having one end 
closed (outer diameter=15 mm, inner diameter=12 mm, and 
length=200 mm), disposing 20 mg of cis-1,2-dicyano-1,2- 
bis(2,4,5-trimethyl-3-thienyl)ethene as the organic com 
pound 20 having the Sublimation properties and an affinity 
for a resin of the molded resin article to be coated, and five 
or six pellets 30 (cylindrical shape, outer diameter=about 2.5 
mm, and a length=2.5 mm) of bisphenol A polycarbonate 
(manufactured by Ardrich Chemical Co., Ltd.) as the 
molded resin article in each of the tubes, and connecting the 
other end of the glass tube 10 to the vacuum exhaust 
apparatus 50, exhaustion was performed at room tempera 
ture until the pressure in the tube reached 10 Pa or less. 
Thereafter, the portion close to the connection end of the 
glass tube was molten and sealed with the glass tube sealing 
burner 60, and the organic compound and the molded resin 
article were placed in the sealed glass tube 11 with both the 
sealed ends in the airtight manner. 
0292 Each of the three sealed glass tubes 11 was placed 
in the thermostatic chamber 70, and the entire sealed glass 
tube 11 was heated under strict temperature control at the 
temperature (110° C. in the case of the above-mentioned 
compound) in which the Sublimable organic compound 
sublimed without thermal decomposition. The heating time 
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was set to 12 hours, 24 hours, 48 hours for the respective 
three. After the heating ended, the temperature of the ther 
mostatic chamber 70 was gradually lowered to 25° C. for 
nine hours. In any case, the crystals of the Sublimable 
organic compound remained. 
0293 For each of three types of the resin pellets in which 
the heating treatment time was set to 12, 24 and 48 hours, the 
optical microscope observation of section was made, and as 
a result, the depth of the penetration/dissolution of the 
sublimable organic compound was 55 m, 100 Lum and 190 
um from the pellet Surface in accordance with the heating 
treatment time. That is, it has been understood that when a 
Sufficient amount of Sublimable organic compound exists, 
the depth of penetration/dissolution of the sublimable 
organic compound, i.e., the thickness of the Surface layer to 
be modified can be controlled in accordance with the heating 
treatment time. Additionally, needless to say, the thickness 
of the surface layer to be modified can also be controlled by 
controlling a charge amount of the Sublimable organic 
compound to the molded resin article. 

Example 5 
0294 FIG. 5 is a sectional view showing a schematic 
constitution of a resin Surface layer modification and/or 
coloring apparatus of the present example. 

0295 Used as the molded resin article was a resin film 
300 (film thickness of 1 um) obtained by coating one surface 
of a circular glass substrate 400 (e.g., a diameter of 120 mm, 
a thickness of 0.6 mm) with a dichloromethane solution of 
polycarbonate resin by a spin coat method, and performing 
a deaeration treatment at 150° C. for two hours under high 
vacuum of 10 Pa. 

0296. On the other hand, by forming a film of sublimable 
organic compound (e.g., cis-1,2-dicyano-1,2-bis(2,4,5-trim 
ethyl-3-thienyl)ethene) on a sublimation source substrate 
240 (aluminum plate, for example, with a diameter of 120 
mm, thickness of 2 mm) by a melting method, a Sublimation 
Source was prepared. 
0297 Moreover, the sublimation source was disposed 
opposite to the resin film 300. A surface interval between the 
resin film 300 and a formed sublimable organic compound 
film 200 was set, for example, to 5 mm. When the surface 
interval is shorter, the vapor of the sublimable organic 
compound generated from the Sublimation Source reaches 
the resin film surface in a shorter time. However, if this 
interval is set to be extremely short, exhaust resistance 
increases during pressure reduction in a tightly closable 
container. An interval of the order of 1 mm to 10 mm is 
preferable. 

0298. A tightly closable container outer wall 110 is 
formed of stainless steel or aluminum, and is structured (not 
shown) to be vertically dividable in order to place or remove 
the substrate. 

0299. A tightly closable container interior 100 is con 
nected to a vacuum exhaust system 150 via a vacuum valve 
190 and a vacuum pipe 120, and the valve 190 is closed after 
performing exhausting to obtain a pressure of 10 Pa or less 
in the tightly closable container interior 100 at room tem 
perature. Thereby, the tightly closable container is closed. 
0300. A heater 710 as heating means, sublimation source 
substrate heater 720, resin film glass substrate heater 740, 
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and vacuum valve heater 790, for example, formed of 
aluminum with a sheath electric heating line embedded 
therein can be used. By disposing the heaters of materials 
high in conductivity without any gap, the portions of the 
tightly closable container interior 100 and vacuum valve 190 
can uniformly be heated. Here, if a place lower in tempera 
ture than other places exists in a part of the tightly closable 
container interior 100 and/or the vacuum valve 190, the 
Sublimable organic compound vapor generated by Sublima 
tion is cooled by the part, and possibly crystallized/depos 
ited, and attentions are therefore necessary. 
0301 For the sublimation source substrate 240 and sub 
limation source substrate heater 720, and the circular glass 
substrate 400 and resin film glass substrate heater 740, the 
substrate is closely attached to the heater via a plurality of 
holding clicks (not shown). 
0302) In the present example, the pressure of the tightly 
closable container interior 100 was reduced, and it was then 
heated by the heating means. At this time, temperature 
control was precisely performed so that the whole of the 
interior 100 might be a set temperature (e.g., 110°C.)+1° C. 
0303. After continuing the heating at the set temperature 
for 24 hours, the heating was stopped, and the temperature 
of the tightly closable container interior was gradually 
lowered to 25°C. in 12 hours. Subsequently, after returning 
the tightly closable container interior to atmospheric pres 
sure, the resin film 300 on the circular glass substrate 400 
was removed. 

0304 By measurement of light absorption spectrum of 
the obtained resin film 300, optical microscope observation 
(usual field of view), polarization microscope observation, 
scanning type electron microscope observation of the resin 
thin film Surface, and transmission electron microscope 
observation of the resin thin film section, it was confirmed 
that the molecule dispersion and dissolution of the sublim 
able organic compound occurred inside the resin film 300, 
and the surface layer was modified/colored. Moreover, any 
crystals of the Sublimable organic compound were not 
observed in the surface and the inside portion of the obtained 
resin film. 

0305. In the present example, the tightly closable con 
tainer interior 100 was subjected to pressure reduction and 
the heating was then performed. However, the heating under 
vacuum using the heater proceeds only by “radiant heat'. 
and therefore it cannot be said that the example is efficient. 
Particularly, in order to closely attach the circular glass 
substrate 400 and sublimation source substrate 240 large in 
area to the resin film glass substrate heater 740 and subli 
mation source heater 720 for improvement of heat conduc 
tion, it is necessary to apply a heat conductive silicone 
grease or the like. In order to enhance efficiency of the 
heating process without using the grease, after uniformly 
heating the tightly closable container interior 100, tightly 
closable container outer wall 110, and vacuum valve 190 to 
a predetermined temperature under atmospheric pressure, 
the pressure of the tightly closable container interior 100 
may be reduced to a predetermined pressure. During heating 
under atmospheric pressure, if there is a possibility that the 
resin or the Sublimable organic compound is oxidized/ 
deteriorated by oxygen in air, the heating may be performed 
after replacing the atmosphere in the tightly closable con 
tainer interior 100 with inactive gases such as a nitrogen gas 
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and argon gas. When the heating is performed under atmo 
spheric pressure, a gas amount is large as compared with the 
amount during pressure reduction, and therefore the entire 
tightly closable container interior can uniformly be heated 
by convection of a gas molecule. 
0306 Additionally, when a method of performing the 
pressure reduction after the heating is employed, and when 
a time necessary for performing the pressure reduction to 
obtain the predetermined pressure is long, the Sublimation 
from the Sublimable organic compound starts, and a part 
thereof escapes to the vacuum exhaust system 150. To 
minimize Such loss, the time necessary for performing the 
pressure reduction to obtain the predetermined pressure 
needs to be shortened as much as possible. For that, the 
exhaust resistance of the vacuum valve 190 and vacuum 
pipe 120 is reduced, and further high-efficiency vacuum 
pumps such as a turbo molecule pump may be used in the 
vacuum exhaust system. 
0307 When a technique of performing the pressure 
reduction after the heating is used, and when holes of porous 
particles Such as silica gel, diatomaceous earth, and Zeolite 
are impregnated with the Sublimable organic compound 
beforehand for use, much time is required to allow the 
Subliming vapor to disperse into the tightly closable con 
tainer from the holes, and it is therefore possible to reduce 
loss in a pressure reduction process. 
0308) During use of the technique of performing the 
pressure reduction after the heating, when Sublimation starts, 
“sublimation heat' is taken from the sublimation source in 
accordance with an amount of a Subliming vapor. To com 
pensate for the heat, it is necessary to continue the heating 
of the sublimation source, and carefully perform the tem 
perature control. In general, since the Sublimation does not 
rapidly proceed like boiling, even with the heating under 
vacuum, there is little possibility of causing delay in Supply 
of the Sublimation heat. 

0309 During high-speed exhausting of the tightly clos 
able container interior, devising needs to be performed so as 
to prevent the Sublimable organic compound from dispers 
ing. If the powder of Sublimable organic compound is 
deposited on the surface of the molded resin article, the 
Sublimable organic compound powder directly penetrates 
into the resin film, and there is a possibility that uniformity 
of penetration/dispersion of the Sublimable organic com 
pound into the resin film is deteriorated. 
0310. In order to prevent the sublimable organic com 
pound from dispersing, the “sublimation source' formed of 
any one of the following constitutions may be used. 
0311 (A) A film coated with or formed of the sublimable 
organic compound alone on the Surface of the Sublimation 
Source Substrate, 
0312 (B) a film coated with or formed of the sublimable 
organic compound and a binder resin on the Surface of the 
Sublimation source Substrate, 
0313 (C) a film coated with or formed of the porous 
particle impregnated with the Sublimable organic compound 
on the surface of the sublimation source substrate, 
0314 (D) a film coated with or formed of the porous 
particle impregnated with the Sublimable organic compound 
and the binder resin on the surface of the sublimation source 
Substrate, and 
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0315 (E) holes in the surface of a porous sublimation 
Source Substrate (e.g., anodized aluminum plate) impreg 
nated with the Sublimable organic compound. 
0316. When the binder resin is used for the film forma 
tion, in principle, it is preferable to select and use the resin 
which has no affinity for or no compatibility with the 
Sublimable organic compound and which allows the Sub 
limable organic compound to disperse as crystals or fine 
particles. This is because if the Sublimable organic com 
pound is dissolved in the binder resin, the “sublimation' in 
a strict meaning does not occur. 
0317. When the coating method is employed for the film 
formation, sufficient care needs to be taken in order to 
prevent the solvent from remaining in the coated film. In a 
case in which the solvent is used, the remaining solvent in 
the coated film has to be removed on a condition that the 
Sublimable organic compound is prevented from Subliming. 
This is not easy, and it is therefore preferable to employ the 
coating method in which no solvent is used if possible, for 
example, in which a ultraviolet-curing resin or an electron 
beam curing resin is used. 
0318. In a compound in which the sublimable organic 
compound is easily molten, a method is recommended in 
which melting and film formation are performed on the 
Sublimation source Substrate without any solvent. 
0319. When the sublimable organic compound is an 
easily molten compound, the holes in the porous particle or 
the porous Substrate can be impregnated without any sol 
vent. For example, the following melting method can be 
used. That is, after charging an appropriate amount of porous 
particles and fine powder of Sublimable organic compound 
into the tightly closable container provided with the vacuum 
valve, and continuing deaeration in room temperature, air in 
the holes of the porous particles is removed. Thereafter, by 
tightly closing the tightly closable container, and performing 
the heating, the Sublimable organic compound is molten. 
Subsequently, when the inactive gas is gradually introduced 
into the tightly closable container still in the molten state, the 
molten Sublimable organic compound penetrates into the 
holes of the porous particles. Subsequently, by performing 
cooling, and Subsequently pulverizing a block of the porous 
particles condensed by the Sublimable organic compound 
and impregnated with the Sublimable organic compound, the 
porous particles impregnated with the Sublimable organic 
compound, which have desired particle diameters, are 
obtained. By using the porous Substrate instead of the porous 
particles to perform the similar process, and finally scraping 
the deposited Sublimable organic compound from the Sur 
face of the porous Substrate, the porous Substrate impreg 
nated with the Sublimable organic compound can be 
obtained. 

Example 6 

0320 FIG. 6 is a sectional view showing a schematic 
constitution of a resin Surface layer modification and/or 
coloring apparatus of the present example. 

0321. As the organic compound 20 having the sublima 
tion properties and an affinity for a resin of the molded resin 
article to be coated, cis-1,2-dicyano-1,2-bis(2,4,5-trimethyl 
3-thienyl)ethene was placed in a tray 24, and introduced into 
a first vacuum container 510 via a vacuum door 560. By 
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closing the vacuum door 560, and vacuum valves 540 and 
570, the interior of the first vacuum container 510 turns to 
a first closed space 500. 

0322. On the other hand, the resin film 300 (film thick 
ness of 1 um) obtained as the molded resin article by coating 
one surface of the circular glass Substrate 400 (e.g., a 
diameter of 120 mm, a thickness of 0.6 mm) with the 
dichloromethane solution of polycarbonate resin by the spin 
coat method, and performing the deaeration treatment at 
150° C. for two hours under high vacuum of 10 Pa was 
introduced into a second vacuum container 610 via a gate 
valve 660 by utilizing a transport rail 670. By closing the 
gate valve 660, and vacuum valves 640 and 570, the interior 
of the second vacuum container 610 turns to a second closed 
space 600. 

0323 There was controlled the heating by a heater 620 
attached to the entire surface of the inner wall of the second 
vacuum container 610, gate valve 660 provided with a 
heater, and vacuum valves 640 and 570 provided with 
heaters, whereby the temperature in the second closed space 
600 was controlled to 110°C., i.e., the same temperature as 
in the first closed space 500. 
0324 Moreover, there was controlled the heating by a 
heater 520 attached to the entire surface of the inside wall of 
the first vacuum container 510, a heater 530 for the vacuum 
door 560, and vacuum valves 540 and 570 provided with the 
heaters, whereby the temperature in the first closed space 
500 was controlled to 110°C., i.e., the same temperature as 
in the second closed space 600. As described in Example 1, 
the sublimable organic compound sublimes in 110° C. 
without thermal decomposition. 

0325 By opening the vacuum valve 540 attached to the 
first vacuum container 510 to connect a vacuum exhaust 
system 550, the pressure in the first closed space 500 was 
brought to the saturated sublimation pressure state of the 
Sublimable organic compound, and Subsequently, the 
vacuum valve 540 was closed. Additionally, when the 
vacuum valve 540 is kept to be open, the sublimable organic 
compound vapor escapes into the vacuum exhaust system 
550. Therefore, in order to compensate for drop of pressure 
reduction degree by leak from each portion of the vacuum 
apparatus, control was performed by sometimes opening the 
vacuum valve 540 in such a manner that the pressure in the 
first closed space 500 reached the saturated sublimation 
pressure of the Sublimable organic compound. 

0326 On the other hand, by opening of the vacuum valve 
640 provided with the heater attached to the second vacuum 
container 610 to connect a vacuum exhaust system 650, the 
pressure in the second closed space 600 was set to be equal 
to or less than the saturated sublimation pressure of the 
sublimable organic compound at the temperature (110° C.). 
Thereafter, the vacuum valve 640 was closed, and in order 
to compensate for the pressure reduction degree drop by the 
leak from each vacuum apparatus portion, by sometimes 
opening and closing the vacuum valve 640, control was 
performed in Such a manner that the pressure in the second 
space 600 became equal to or less than the saturated subli 
mation pressure of the Sublimable organic compound. 
0327 Subsequently, by opening the vacuum valve 570, 
provided with the heater, for separating the first vacuum 
container 510 from the second vacuum container 610, and 
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connecting the first closed space 500 to the second closed 
space 600, the first closed space 500 and second closed 
space 600 were combined to form a third closed space. 
Furthermore, the temperature and pressure were controlled 
in Such a manner that the entire third closed space was 
brought to the saturated sublimation pressure state of the 
Sublimable organic compound. In this manner, the Sublim 
able organic compound vapor with which the first closed 
space 500 before the connection was filled and dispersed 
into the second closed space 600 before the connection. In 
this case, by slightly opening the vacuum valve 640 to the 
vacuum exhaust system 650 from the second vacuum con 
tainer 610, and controlling the pressure in the second 
vacuum container 610 to be lower than that in the first 
vacuum container 510, the process of allowing the sublim 
able organic compound vapor to disperse into the second 
vacuum container 610 from the first vacuum container 510 
is promoted. However, if the vacuum valve 640 is kept to be 
open, the Sublimable organic compound vapor escapes to the 
vacuum exhaust system 650. 
0328. As described above, the temperature and the pres 
sure are controlled to the predetermined levels, whereby the 
Sublimable organic compound vapor generated in the first 
vacuum container 510 is uniformly deposited on the surface 
of the molded resin article placed in the second vacuum 
container 610, and the deposited sublimable organic com 
pound can penetrate/disperse from the surface of the molded 
resin article into its inside. After continuing this process for 
a predetermined time, for example, ten minutes, and closing 
the vacuum valve 570 provided with the heater for separat 
ing the first vacuum container 510 from the second vacuum 
container 610, the vacuum valve 640 was opened to exhaust 
the remaining Sublimable organic compound vapor from the 
second vacuum container 610. Subsequently, after cooling 
the temperature of the second vacuum container 610 in the 
vicinity of room temperature, the gate valve 660 was slowly 
and slightly opened to return an interior of the second 
vacuum container 610 to atmospheric pressure, the gate 
valve 660 was opened and the molded resin article was taken 
Out. 

0329. By measurement of light absorption spectrum of 
the obtained resin film 300, optical microscope observation 
(usual field of view), polarization microscope observation, 
scanning type electron microscope observation of the Sur 
face of the resin thin film, and transmission electron micro 
scope observation of the resin thin film section, it was 
confirmed that the molecule dispersion and dissolution of 
the Sublimable organic compound occurred inside the resin 
film 300, and the surface layer was modified/colored. More 
over, any crystals of the Sublimable organic compound were 
not observed in the surface and the inside portion of the 
obtained resin film. 

0330 By using the apparatus of the present example 
(FIG. 6), and observing the aforementioned procedure, the 
temperature of the first vacuum container 510 is kept to be 
constant, and the Surface of the molded resin article can 
continuously be modified/colored until the sublimable 
organic compound charged into the first vacuum container 
510 is completely consumed. 

Example 7 
0331 FIG. 7 is a sectional view showing a schematic 
constitution of a resin Surface layer modification and/or 
coloring apparatus of the present example. 
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0332. In the modification and/or coloring apparatus for 
the resin Surface layer in the present example, a third 
vacuum container 612 is disposed adjacent to the second 
vacuum container 610 as the apparatus of Example 6 (FIG. 
6) via the gate valve 660 provided with the heater. 
0333. The molded resin article is placed on a transport 
rail 672 in the third vacuum container 612 via a vacuum door 
662. Here, by closing the vacuum door 662 and gate valve 
660, opening the vacuum valve 642, and adjusting the 
pressure inside the third vacuum container 612 by a vacuum 
exhaust system 652, the molded resin article can be intro 
duced into the second vacuum container 610 for treating the 
molded resin article without returning the pressure in the 
second vacuum container 610 for treating the molded resin 
article to atmospheric pressure. 

0334) Furthermore, by satisfying the following condi 
tions, without any trouble of crystallizing the sublimable 
organic compound 20 in the third vacuum container 612. 
while the temperature of the second vacuum container 610 
and first vacuum container 510 is kept, it is possible to 
continuously modify/color the surface of the molded resin 
article until the Sublimable organic compound charged into 
the first vacuum container 510 is completely consumed. 
0335). The temperature of the first vacuum container 510 
and second vacuum container 610 is adjusted to satisfy the 
saturated sublimation pressure condition of the sublimable 
organic compound 20. A concrete example is described in 
Example 6. 
0336 When the gate valve 660 is opened, it is necessary 
to satisfy a condition that the pressure reduction degree in 
the third vacuum container 612 is equal to that in the second 
vacuum container 610, the vacuum valve 570 is closed and 
that the Sublimable organic compound vapor is not present 
inside the second vacuum container 610. When the condition 
is not satisfied, the Sublimable organic compound 20 is 
possibly crystallized in the third vacuum container 612. 

0337 The temperature of the molded resin article intro 
duced into the second vacuum container 610 is preferably 
heated to the predetermined temperature before the intro 
duction. This is because the second vacuum container 610 is 
in the reduced pressure state, only the heating by the radiant 
heat is effective and much time is required for raising the 
temperature. Concretely, after performing the heating to 
obtain the predetermined temperature under atmospheric 
pressure immediately before the introduction into the third 
vacuum container 612, and delivering the material into the 
third vacuum container 612, the pressure reduction is 
quickly performed, and the material may be transported into 
the second vacuum container 610 in a “vacuum heat insu 
lation state'. 

0338 To transport the molded resin article treated in the 
second vacuum container 610 for a predetermined time into 
the third vacuum container 612 and then take out the 
material into the atmosphere, the following procedure is 
preferably performed. First, by closing the vacuum valve 
570 provided with the heater for separating the first vacuum 
container 510 from the second vacuum container 610, and 
opening the vacuum valve 640, the Sublimable organic 
compound vapor remaining in the second vacuum container 
610 is exhausted. In this case, the pressure in the third 
vacuum container 612 is adjusted to be equal to that in the 
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second vacuum container 610. Subsequently, after opening 
the gate valve 660, and transporting the molded resin article 
into the third vacuum container 612 from the second vacuum 
container 610, the gate valve 660 is closed. After the 
temperature of the molded resin article drops to the prede 
termined temperature, the molded resin article is taken out 
into the atmosphere by opening the vacuum door 662. Here, 
it is necessary to note a phenomenon in which the Sublim 
able organic compound is vaporized and detached from the 
resin surface layer in the third vacuum container 612 of the 
reduced pressure state. This cannot be ignored for the 
organic compound with a high Saturated vapor pressure. In 
order to prevent this, effective is a technique of introducing 
air or inactive gas into the third vacuum container 612 in a 
stage in which the temperature of the molded resin article is 
higher than the room temperature to return the pressure to 
the atmospheric pressure and rapidly cooling the molded 
resin article. 

Example 8 

0339 FIG. 8 is a sectional view showing a schematic 
constitution of a modification and/or coloring apparatus for 
a resin Surface layer in the present example. 
0340. In the modification and/or coloring apparatus for 
the resin Surface layer in the present example, adjacent to the 
second vacuum container 610 as the apparatus of Example 
6 (FIG. 6), a fourth vacuum container 616 is disposed via 
the gate valve 660 provided with the heater, and the third 
vacuum container 612 is further disposed via the gate valve 
662 provided with the heater. The fourth vacuum container 
616 in the present-example apparatus fulfills a role similar to 
that of the third vacuum container 612 in Example 7 (FIG. 
7) during the introduction of the molded resin article into the 
apparatus, but is used only to transport the molded resin 
article to the second vacuum container 610. The third 
vacuum container 612 in the present-example apparatus is 
used to take the molded resin article out of the apparatus, or 
to send the material to an apparatus (not shown) for the next 
process. Alternatively, the apparatuses for the next process 
Such as a sputtering apparatus (not shown) may be disposed 
in the third vacuum container 612. 

0341 The apparatus described in Example 7 (FIG. 7) is 
suitable for performing the modification/coloring only of the 
surface of the molded resin article. On the other hand, the 
present-example apparatus is suitable for continuously 
transporting the molded resin article to another processing 
process Subsequent to the modification/coloring of the Sur 
face of the molded resin article. 

0342. The molded resin article is placed on a transport 
rail 676 in the fourth vacuum container 616 via a vacuum 
door 666. Here, by closing the vacuum door 666 and gate 
valve 660, opening a vacuum valve 646, and adjusting the 
pressure inside the fourth vacuum container 616 by a 
vacuum exhaust system 656, the molded resin article can be 
introduced into the second vacuum container 610 for treat 
ing the molded resin article without returning the pressure in 
the second vacuum container 610 for treating the molded 
resin article to the atmospheric pressure. 
0343 Furthermore, by satisfying the following condi 
tions, without any trouble of crystallizing the sublimable 
organic compound 20 in the fourth vacuum container 616 
and/or the third vacuum container 612, while the tempera 
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ture of the second vacuum container 610 and first vacuum 
container 510 is kept, it is possible to continuously modify/ 
color the surface of the molded resin article until the 
Sublimable organic compound charged into the first vacuum 
container 510 is completely consumed. 

0344) The temperature of the first vacuum container 510 
and second vacuum container 610 is adjusted to satisfy the 
saturated sublimation pressure condition of the sublimable 
organic compound 20. The concrete example is described in 
Example 6. 

0345 When the gate valve 660 is opened, it is necessary 
to satisfy a condition that the pressure reduction degree in 
the fourth vacuum container 616 is equal to that in the 
second vacuum container 610, the vacuum valve 570 is 
closed and that no Sublimable organic compound vapor is 
present inside the second vacuum container 610. When the 
condition is not satisfied, the Sublimable organic compound 
20 is possibly crystallized in the fourth vacuum container 
616. 

0346) The temperature of the molded resin article intro 
duced into the second vacuum container 610 is preferably 
heated to the predetermined temperature before the intro 
duction. This is because the second vacuum container 610 is 
in the reduced pressure state, only the heating by the radiant 
heat is effective and much time is required for raising the 
temperature. Concretely, after performing the heating to 
obtain the predetermined temperature under atmospheric 
pressure immediately before the introduction into the fourth 
vacuum container 616, and delivering the material into the 
fourth vacuum container 616, the pressure reduction is 
quickly performed, and the material may be transported into 
the second vacuum container 610 in the “vacuum heat 
insulation state'. 

0347 To transport the molded resin article treated in the 
second vacuum container 610 for the predetermined time 
into the third vacuum container 612 and then take out the 
material into the atmosphere, the following procedure is 
preferably performed. First, by closing the vacuum valve 
570 provided with the heater for separating the first vacuum 
container 510 from the second vacuum container 610, and 
opening the vacuum valve 640, the Sublimable organic 
compound vapor remaining in the second vacuum container 
610 is exhausted. In this case, the pressure in the third 
vacuum container 612 is adjusted to be equal to that in the 
second vacuum container 610. Subsequently, after opening 
the gate valve 662, and transporting the molded resin article 
into the third vacuum container 612 from the second vacuum 
container 610, the gate valve 662 is closed. After the 
temperature of the molded resin article drops to the prede 
termined temperature, the molded resin article is taken out 
into the atmosphere by opening the vacuum door 664, or 
transported to the next process. Here, it is necessary to note 
the phenomenon in which the Sublimable organic compound 
is vaporized and detached from the resin surface layer in the 
third vacuum container 612 of the reduced pressure state. 
This cannot be ignored for the organic compound with the 
high Saturated vapor pressure. In order to prevent this, 
effective is the technique of introducing air or inactive gas 
into the third vacuum container 612 in the stage in which the 
temperature of the molded resin article is higher than the 
room temperature to return the pressure to the atmospheric 
pressure and rapidly cooling the molded resin article. 
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Example 9 
0348 FIG. 9 is a sectional view showing a schematic 
constitution of a modification and/or coloring apparatus for 
a resin Surface layer in the present example. In the present 
example apparatus, instead of the transport rail in the 
apparatus of Example 6 (FIG. 6), reel rests 802 and 812 are 
attached to the interior of the second vacuum container 610 
for treating the molded resin article. The reel rests 802 and 
812 are provided with a supply side reel 810 for supplying 
a resin film or fiber 333 and a reception side reel 800 for 
wind-up, and by rotating the reception side reel by mecha 
nisms such as a rotary introducing machine (not shown), the 
resin film or fiber 333 is continuously treated. 
0349 For the treatment, first the sublimable organic 
compound 20 having the Sublimation properties and the 
affinity for a resin of the molded resin article to be coated is 
placed in the tray 24, and introduced into the first vacuum 
container 510 via the vacuum door 560. By closing the 
vacuum door 560 and vacuum valves 540 and 570, the 
interior of the first vacuum container 510 turns to the first 
closed space 500. 
0350 On the other hand, the resin film or fiber 333 
wound up around the supply side reel 800 and the reception 
side reel 800 are introduced into the second vacuum con 
tainer 610 via the gate valve 660, and attached to the reel 
rests 812 and 802, so that the resin film or fiber 333 is taken 
up to the reception side reel 800 from the supply side reel 
810. By closing the gate valve 660 and vacuum valves 640 
and 570, the interior of the second vacuum container 610 
turns to the second closed space 600. 
0351) There was controlled the heating by the heater 620 
attached to the entire surface of the inside wall of the second 
vacuum container 610, a gate valve 660 provided with the 
heater, and vacuum valves 640 and 570 provided with the 
heaters, whereby the temperature in the second closed space 
600 was controlled to the same temperature as in the first 
closed space 500. For the set temperature, the temperature at 
which the organic compound 20 having the Sublimation 
properties and the affinity for the resin of the molded resin 
article to be coated sublimes without thermal decomposition 
is set as the lower limit, the highest temperature among the 
temperatures satisfying the following conditions is set as the 
upper limit, and temperature control is precisely performed. 
0352 (a) A temperature which does not exceed the melt 
ing start temperature of the Sublimable organic compound 
20, 
0353 (b) a glass transition temperature of the resin, 
0354 (c) a temperature which does not exceed the ther 
mal deformation start temperature of the resin, and 
0355 (d) a temperature which does not exceed the melt 
ing start temperature of the resin. 
0356. Moreover, there was controlled the heating by the 
heater 520 attached to the entire surface of the inside wall of 
the first vacuum container 510, a heater 530 for the vacuum 
door 560, and vacuum valves 540 and 570 provided with the 
heaters, whereby the temperature in the first closed space 
500 was controlled to the same temperature as in the second 
closed space 600. 
0357 By opening the vacuum valve 540 provided with 
the heater and attached to the first vacuum container 510 to 
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connect the vacuum exhaust system 550, the pressure in the 
first closed space 500 was brought to the saturated sublima 
tion pressure state of the Sublimable organic compound 20. 
and subsequently, the vacuum valve 540 was closed. Addi 
tionally, when the vacuum valve 540 is kept to be open, the 
vapor of the Sublimable organic compound 20 escapes into 
the vacuum exhaust system 550. Therefore, in order to 
compensate for the pressure reduction degree drop by leak 
from each portion of the vacuum apparatus, control is 
performed by sometimes opening and closing the vacuum 
valve 540 in such a manner that the pressure in the first 
closed space 500 reaches the saturated sublimation pressure 
of the sublimable organic compound 20. 

0358. On the other hand, when the vacuum valve 640 
provided with the heater and attached to the second vacuum 
container 610 is opened and connected to the vacuum 
exhaust system 650, the pressure in the second closed space 
600 is set to be equal to or less than the saturated sublimation 
pressure of the sublimable organic compound 20 at the 
temperature. Thereafter, the vacuum valve 640 is closed, and 
in order to compensate for the pressure reduction degree 
drop by the leak from each vacuum apparatus portion, by 
Sometimes opening and closing the vacuum valve 640, 
control is performed in Such a manner that the pressure in the 
second space 600 becomes equal to or less than the saturated 
Sublimation pressure of the Sublimable organic compound 
20. 

0359 Subsequently, by opening the vacuum valve 570, 
provided with the heater, for separating the first vacuum 
container 510 from the second vacuum container 610, and 
connecting the first closed space 500 to the second closed 
space 600, the first closed space 500 and second closed 
space 600 are combined to form the third closed space. 
Furthermore, the temperature and pressure are controlled in 
Such a manner that the entire third closed space is brought 
to the saturated sublimation pressure state of the sublimable 
organic compound. In this manner, the vapor of the Sublim 
able organic compound 20 with which the first closed space 
500 before the connection is filled and dispersed into the 
second closed space 600 before the connection. In this case, 
by slightly opening the vacuum valve 640 to the vacuum 
exhaust system 650 from the second vacuum container 610, 
and controlling the pressure in the second vacuum container 
610 to be lower than that in the first vacuum container 510, 
the process of allowing the vapor of the Sublimable organic 
compound 20 to disperse into the second vacuum container 
610 from the first vacuum container 510 is promoted. 
However, if the vacuum valve 640 is kept to be open, the 
vapor of the Sublimable organic compound 20 escapes to the 
vacuum exhaust system 650. 

0360. In the second vacuum container 610 filled with the 
vapor of the Sublimable organic compound 20, by rotating 
the reception side reel, the rein film or fiber 333 is moved to 
the reception side reel 800 from the supply side reel 810 at 
a constant speed, for example, 10 mm/minute. 
0361. As described above, by uniformly depositing the 
vapor of the Sublimable organic compound 20 generated in 
the first vacuum container 510 on the surface of the resin 
film or fiber 333 placed in the second vacuum container 610, 
the deposited sublimable organic compound 20 can be 
allowed to penetrate/disperse from the surface of the molded 
resin article into its inside. 
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0362. After the charged resin film or fiber 333 is all 
supplied to the reception side reel 800 by the supply side reel 
810, the vacuum valve 570, provided with the heater, for 
separating the first vacuum container 510 from the second 
vacuum container 610 is closed. Subsequently, the vacuum 
valve 640 is opened to exhaust the vapor of the sublimable 
organic compound 20 remaining in the second vacuum 
container 610, and the temperature of the second vacuum 
container 610 is cooled to the vicinity of the room tempera 
ture. Thereafter, the gate valve 660 is slowly slightly opened, 
the interior of the second vacuum container 610 is returned 
to the atmospheric pressure, the gate valve 660 is opened, 
and the resin film or fiber 333 wound up on the reception 
side reel 800 is taken out. 

0363 The present-example apparatus can preferably 
used, particularly, for a purpose of providing the Surface 
layer of the fiber with the photochromic function, or pro 
viding the surface layer of the plastic sheet with the ultra 
violet absorbing function. Furthermore, the apparatus can 
also be used for providing the surface layer of the plastic 
sheet with the medicinal activity function or the function as 
the agricultural chemical. 

Example 10 

0364 Similarly as Except 9 except that a plastic optical 
fiber is used instead of the resin film or fiber 333 in Example 
9, the surface layer of the plastic optical fiber is modified, a 
surface layer refractive index is changed, and the photo 
chromic function or the fluorescence function can be given. 

Example 11 

0365 Treatment was performed similarly as Example 1 
except that instead of cis-1,2-dicyano-1,2-bis(2,4,5-trim 
ethyl-3-thienyl)ethene used as the organic compound having 
the sublimation properties and an affinity for a resin of the 
molded resin article to be coated, 9,10-diphenylanthracene 
was used, instead of the pellet of bisphenol A polycarbonate 
used as the molded resin article in Example 1, a pellet 
(cylindrical shape, outer diameter=2.5 mm, and length=3 
mm) of polysulfone (manufactured by Ardrich Chemical Co. 
Ltd.) was used, instead of the heating temperature of 110°C. 
in Example 1, a treatment temperature was set to 150° C. 
and instead of the treatment time of 24 hours in Example 1, 
the treatment time was set to 48 hours. 

0366 When the pellet was placed in a dark place, and 
irradiated with an ultraviolet lamp, a bright blue fluorescent 
light was observed from the surface of a pellet. That is, it is 
apparent that the Sublimable organic compound penetrates/ 
disperses into the polycarbonate resin Surface layer, so that 
the surface layer is modified to impart a function of fluo 
rescence to the Surface layer. 

Example 12 

0367 FIG. 12 is a sectional view showing a schematic 
constitution of a modification and/or coloring apparatus for 
a resin Surface layer in the present example. This apparatus 
is suitable for the modification of the surface layer and/or the 
coloring of the powdery resin. 
0368. As the organic compound 20 having the sublima 
tion properties and an affinity for a resin of the molded resin 
article to be coated, cis-1,2-dicyano-1,2-bis(2,4,5-trimethyl 
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3-thienyl)ethene was placed in the tray 24, and introduced 
into the first vacuum container 510 through the vacuum door 
560. By closing the vacuum door 560 and vacuum valves 
540 and 570, the interior of the first vacuum container 510 
turns to the first closed space 500. 
0369. On the other hand, as the molded resin article, a 
colorless type (average particle diameter of 20 um) of 
thermosetting acrylic modified resin fine powder “Rub 
couleur” (manufactured by DAINICHISEIKA COLOR & 
CHEMICALS MFG. CO., LTD.) was introduced into the 
second vacuum container 610 through a vacuum door 668 
provided with a stirrer 668. During introduction, the vacuum 
valves 570 and 640 are completely closed. Additionally, by 
closing the vacuum door 668 and vacuum valves 640 and 
570, the interior of the second vacuum container 610 forms 
the second closed space 600. 
0370 Under atmospheric pressure, i.e., in a slightly open 
state of the vacuum door 668, there was controlled the 
heating by the heater 620 attached to the entire surface of the 
inside wall of the second vacuum container 610, aheater 630 
for the vacuum door 668, and vacuum valves 540 and 570 
provided with the heaters, whereby the temperature in the 
second closed space 600 was controlled to 110°C., i.e., the 
same temperature as in the first closed space 500. Further 
more, the powdery resin in the second vacuum container 610 
was stirred using a stirring blade 900 driven by a magnet 
coupling type stirring motor 680 attached to the vacuum 
door 668, so that the entire powdery resin reached the 
temperature. After the powdery resin temperature reached 
the temperature, the vacuum door 668 was completely 
closed. 

0371 Moreover, there was controlled the heating by the 
heater 520 attached to the entire surface of the inside wall of 
the first vacuum container 510, a heater 530 for the vacuum 
door 560, and vacuum valves 540 and 570 provided with the 
heaters, whereby the temperature in the first closed space 
500 was controlled to 110°C., i.e., the same temperature as 
in the second closed space 600. As described in Example 1, 
the sublimable organic compound sublimes in 110° C. 
without thermal decomposition. 
0372 By opening the vacuum valve 540 provided with 
the heater and attached to the first vacuum container 510 and 
connecting the vacuum exhaust system 550, the pressure in 
the first closed space 500 was brought to the saturated 
Sublimation pressure state of the Sublimable organic com 
pound, and Subsequently, the vacuum valve 540 was closed. 
Additionally, when the vacuum valve 540 is kept to be open, 
the Sublimable organic compound vapor escapes into the 
vacuum exhaust system 550. Therefore, in order to com 
pensate for the pressure reduction degree drop by leak from 
each portion of the vacuum apparatus, control was per 
formed by sometimes opening and closing the vacuum valve 
540 in such a manner that the pressure in the first closed 
space 500 reached the saturated sublimation pressure of the 
Sublimable organic compound. 
0373) On the other hand, the powdery resin in the second 
vacuum container 610 is stirred using the stirring blade 900 
attached to the vacuum door 668 and driven by the magnet 
coupling type stirring motor 680, the vacuum valve 640 
provided with the heater and attached to the second vacuum 
container 610 is gradually opened, and the vacuum exhaust 
system 650 is connected. Thereby, the pressure in the second 
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closed space 600 was set to be equal to or less than the 
saturated Sublimation pressure of the Sublimable organic 
compound at the temperature (110° C.). In this case, when 
the vacuum valve 640 is rapidly opened, the powdery resin 
vigorously flies up and therefore care needs to be taken. 
Subsequently, the vacuum valve 640 was closed, and in 
order to compensate for the pressure reduction degree drop 
by the leak from each vacuum apparatus portion, by some 
times opening and closing the vacuum valve 640, control 
was performed in Such a manner that the pressure in the 
second space 600 became equal to or less than the saturated 
Sublimation pressure of the Sublimable organic compound. 

0374 Subsequently, by opening the vacuum valve 570, 
provided with the heater, for separating the first vacuum 
container 510 from the second vacuum container 610, and 
connecting the first closed space 500 to the second closed 
space 600, the first closed space 500 and second closed 
space 600 were combined to form the third closed space. 
Furthermore, the temperature and pressure were controlled 
in Such a manner that the entire third closed space was 
brought to the saturated sublimation pressure state of the 
Sublimable organic compound. Moreover, the powdery resin 
in the second vacuum container 610 was continuously 
stirred using the stirring blade 900 driven by the magnetic 
coupling type stirring motor 680 attached to the vacuum 
door 668. In this manner, the sublimable organic compound 
vapor with which the first closed space 500 before the 
connection was filled and dispersed into the second closed 
space 600 before the connection. In this case, by slightly 
opening the vacuum valve 640 to the vacuum exhaust 
system 650 from the second vacuum container 610, and 
controlling the pressure in the second vacuum container 610 
to be lower than that in the first vacuum container 510, the 
process of allowing the Sublimable organic compound vapor 
to disperse into the second vacuum container 610 from the 
first vacuum container 510 is promoted. However, if the 
vacuum valve 640 is kept to be open, the sublimable organic 
compound vapor escapes to the vacuum exhaust system 650. 

0375. As described above, the temperature and the pres 
sure are controlled to the predetermined levels, whereby the 
Sublimable organic compound vapor generated in the first 
vacuum container 510 is uniformly deposited on the surface 
of the powdery resin stirred in the second vacuum container 
610, and the deposited Sublimable organic compound can 
penetrate/disperse from the surface of the molded resin 
article into its inside. After continuing this process for a 
predetermined time, for example, 12 hours, and closing the 
vacuum valve 570, provided with the heater, for separating 
the first vacuum container 510 from the second vacuum 
container 610, the vacuum valve 640 was opened to exhaust 
the remaining Sublimable organic compound vapor from the 
second vacuum container 610. Subsequently, after cooling 
the temperature of the second vacuum container 610 in the 
vicinity of room temperature, the vacuum door 668 was 
slowly and slightly opened to return an interior of the second 
vacuum container 610 to atmospheric pressure, the vacuum 
door 668 was completely opened and the molded resin 
article was taken out. 

0376 By the optical microscope observation and scan 
ning type electron microscope observation of the obtained 
powdery resin, it was confirmed that the entire surface of the 
powdery resin was uniformly colored by the photochromic 
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compound. Moreover, the presence of the fine crystals of the 
photochromic compound was not confirmed in the powdery 
resin. 

0377 The obtained powdery resin turns to yellow by the 
irradiation of the visible ray of the cut ultraviolet ray and/or 
the infrared ray, and turns to red by the irradiation of the 
ultraviolet ray. That is, by modifying the surface layer of the 
powdery resin, the function as the powdered photochromic 
resin was confirmed. 

Example 13 
0378. A plastic resin surface layer was modified using the 
photochromic dyestuff, and provided with the photochromic 
function similarly as Example 6, except that a poly(methyl 
methacrylate) plastic lens was used as the molded resin 
article instead of the polycarbonate resin thin film formed on 
one surface of the circular glass substrate 400 in Example 6, 
and a rest for holding a plastic lens edge was utilized. 
0379 Even by using a glass lens whose surface is coated 
with a resin instead of the plastic lens, the Surface layer can 
be similarly modified using the photochromic dyestuff and 
provided with the photochromic function. 
0380 Moreover, by using the usual sublimable dyestuff 
as the organic compound having the Sublimation properties 
and an affinity for a resin of the molded resin article to be 
coated instead of the photochromic dyestuff, the surface 
layer of the plastic lens or the resin coated lens can be 
modified, and also colored in an arbitrary color. 

Example 14 
0381. In a screw vial having a volume of 50 ml, there 
were placed 5 or 6 pellets (cylindrical shape, outer diam 
eter=about 2.5 mm, and length=2.5 mm) of bisphenol A 
polycarbonate (manufactured by Ardrich Chemical Co., 
Ltd.) as a molded resin article, and crystals of ferrocene 
carboxy aldehyde (manufactured by Ardrich Chemical Co., 
Ltd., melting point=117° C.) as an organic compound 20 
having Sublimation properties and an affinity for a resin of 
the molded resin article to be coated, and the screw vial was 
then sealed with a lid. Thereafter, the screw vial was placed 
in the thermostatic chamber whose temperature was set to 
120° C., and then heated under atmospheric pressure. With 
temperature rise in the screw vial, the sublimation of fer 
rocene carboxy aldehyde started, and the inside portion of 
the screw vial reached a saturated vapor pressure State. After 
continuing the heating for 4 hours, the inside portion of the 
screw vial was cooled to room temperature in 4 hours. 
0382. The surface layer of the obtained polycarbonate 
pellets was colored in a bright orange color inherent in the 
ferrocene derivative. 

0383. The section of each of the obtained polycarbonate 
pellets was observed and analyzed with an X ray micro 
analyzer attached to a scanning type electron microscope, 
and as a result, it was confirmed that an iron element was 
distributed over a depth of about 10 micrometers from the 
surface of the pellet. That is, it was confirmed that the 
molecules of the Sublimable organic compound were dis 
tributed in the resin pellet, in other words, the surface layer 
was modified and colored. 

Example 15 
0384 Ten commercial polypropylene dress hangers for 
as molded resin articles and 20 g of camphor (mp 178° C. 
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manufactured by Wako Pure Chemical Industries, Ltd.) 
which was put in a glass evaporating dish were placed in a 
vacuum drier (manufactured by Yamato Kagaku Co., Ltd., 
DP41 model), and a vacuum door was tightly closed. Next, 
a vacuum valve of an air Suction port was completely closed, 
and heating was started, with a vacuum valve of an exhaust 
port being slightly opened. When the surface temperature of 
an inside wall reached 100° C., the vacuum valve of the 
exhaust port was completely closed to obtain an airtight 
state. Thereafter, while an inside temperature was controlled 
so as to be within a range of 100° C. to 105°C., the heating 
was continued. Camphor in the glass evaporating dish was 
observed through an observation window of the vacuum 
drier, and after complete Sublimation, the inside temperature 
was kept in the above temperature range for 2 hours. Next, 
the heating was stopped, and the system was allowed to 
stand for 12 hours. The air Suction port was then opened so 
that the inside pressure might be the atmospheric pressure. 
Afterward, the vacuum door was opened, and the hanger 
was then taken out. Any camphor crystals were not depos 
ited in the vacuum drier and on the Surface of the hanger. 
The weight of each hanger was measured, and it was 
apparent that the weight increased as much as 2 g on 
average. It can be judged that camphor penetrates and 
disperses into the Surface layer of the hanger to increase the 
weight. The polypropylene dress hanger whose Surface layer 
is modified in this manner exerts an insecticidal function of 
camphor for a long term. 

Comparative Example 3 
0385 Camphor was kneaded with polypropylene and 
injection molding was then tried, but weight reduction due 
to the Sublimation of camphor was remarkable, so that it was 
difficult to obtain a molded material whose composition was 
constant. Moreover, since a large amount of a camphor 
vapor was generated in an operation environment, it has 
been found that for the preservation of the operation envi 
ronment and the atmosphere, a local exhaust device and an 
exhaust treatment apparatus are additionally required. 
0386 Next, a method was tried which comprised the 
steps of immersing the polypropylene dress hanger in a 
toluene Solution of camphor and then impregnating its 
Surface layer with camphor. The impregnation with a certain 
amount of camphor was confirmed, but toluene used as the 
Solvent also penetrates into polypropylene, and it is there 
fore impossible to use the hanger as a daily necessity as it is. 
Therefore, toluene was completely removed by heating/ 
drying the hanger at 60° C. under reduced pressure for a long 
time in a vacuum drier, and at this time, the weight of 
camphor in the hanger was about /so of the weight in 
Example 15. It has been understood that efficiency is 
remarkably low as compared with the method of Example 
15. 

POSSIBILITY OF INDUSTRIALUTILIZATION 

0387 As described above in detail, according to a modi 
fication method of the surface layer of a molded resin article, 
an apparatus therefor and a molded resin article whose 
Surface layer is modified, a coloring method of the Surface 
layer of the molded resin article, an apparatus therefor and 
a molded resin article whose surface layer is colored, and a 
molded resin article to which functional characteristics are 
imparted by the modification of the surface layer which are 
concerned with the present invention, 
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0388 it is possible to prepare a modified surface layer 
comprising a Sublimable organic compound and a resin and 
having a uniform composition on the Surface of the molded 
resin article, 
0389 to prepare the modified surface layer containing the 
Sublimable organic compound and containing no volatile 
impurities on the surface of the molded resin article, 
0390 to efficiently prepare the modified surface layer 
comprising the Sublimable organic compound and a resin 
and having a uniform composition on the Surface of the 
molded resin article, 
0391 to prepare the modified surface layer containing the 
Sublimable organic compound on the Surface of the molded 
resin article without impairing a Surface Smoothness of the 
molded resin article, 

0392 when the surface of the molded resin article is 
finely worked, to prepare the modified surface layer con 
taining the Sublimable organic compound on the Surface of 
the molded resin article without impairing the worked 
Surface structure, 
0393 to prepare the modified surface layer containing 
many kinds of Sublimable organic compounds on the Surface 
of the molded resin article, 
0394 to prepare the modified surface layer containing the 
Sublimable organic compound uniform in film thickness 
and/or composition on the surface of the molded resin article 
without any complicated mechanical control, 
0395 to prepare the modified surface layer containing the 
Sublimable organic compound having a uniform film thick 
ness and/or composition on the Surface of the molded resin 
article irrespective of a size of an area of the Surface layer, 
and 

0396 to provide the molded resin article having the 
modified Surface layer having the aforementioned charac 
teristics. 

0397) Furthermore, it is possible to prepare a colored 
Surface layer comprising a Sublimable dyestuff and a resin 
and having a uniform composition on the Surface of the 
molded resin article, 
0398 to prepare the colored surface layer containing the 
Sublimable dyestuff and containing no volatile impurities on 
the surface of the molded resin article, 
0399 to efficiently prepare the colored surface layer 
comprising the Sublimable dyestuff and a resin and having 
the uniform composition on the surface of the molded resin 
article, 
04.00 to prepare the colored surface layer containing the 
sublimable dyestuffon the surface of the molded resin article 
without impairing the Surface Smoothness of the molded 
resin article, 

04.01 when the surface of the molded resin article is 
finely worked, to prepare the colored layer containing the 
sublimable dyestuffon the surface of the molded resin article 
without impairing the worked Surface structure 
0402 to prepare the colored surface layer containing 
many kinds of sublimable dyestuffs on the surface of the 
molded resin article, 
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0403 to prepare the colored surface layer containing the 
sublimable dyestuff uniform in film thickness and/or com 
position on the surface of the molded resin article without 
any complicated mechanical control, 
0404 to prepare the colored surface layer containing the 
sublimable dyestuff and having the uniform film thickness 
and/or composition on the Surface of the molded resin article 
irrespective of an area size of the Surface layer, 
04.05 to provide the molded resin article with the colored 
Surface layer having the aforementioned characteristics, and 
0406 to provide the molded resin article in which the 
Surface layer is modified to impart the functional character 
istics to the Surface layer. 
04.07 Moreover, the functional characteristics can be 
imparted to the surface layer of the molded resin article by 
the use of a remarkably smaller amount of a functional 
material as compared with a case where the functional 
material is kneaded with the whole resin to give the func 
tional characteristics. 

What is claimed is: 
1. A modification apparatus for a resin Surface layer which 

comprises: 
a tightly closable first vacuum container for placing an 

organic compound having Sublimation properties and 
an affinity for a resin of the molded resin article to be 
coated in a Saturated Sublimation pressure State; 

a tightly closable second vacuum container for placing the 
molded resin article in the Saturated Sublimation pres 
Sure state of the organic compound; 

a connection pipe for connecting the first vacuum con 
tainer to the second vacuum container; 

an opening/closing mechanism of the connection pipe; 
an exhaust system for independently adjusting the pres 

Sure in the first vacuum container, 
an exhaust system for independently adjusting a pressure 

in the second vacuum container, and 
heating means for allowing the organic compound to 

penetrate/disperse into the molded resin article, after 
the organic compound Sublimes and a vapor of the 
organic compound is deposited on the Surface of the 
molded resin article. 

2. The modification apparatus of the resin Surface layer 
according to claim 1 which further contains: 

a stirring mechanism for stirring the molded resin article 
of a powder form. 

3. The modification apparatus of the resin surface layer 
according to claim 1 which further contains: 

a wind-up mechanism for winding up the molded resin 
article of a form selected from a textile form, a fiber 
form and film form around a reception side reel from a 
Supply side reel under reduced pressure. 

4. A coloring apparatus for a resin Surface layer which 
comprises: 

a tightly closable first vacuum container for placing a 
dyestuff having Sublimation properties and an affinity 
for a resin of the molded resin article to be colored in 
a Saturated Sublimation pressure state; 
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a tightly closable second vacuum container for placing the 
molded resin article in the Saturated Sublimation pres 
sure state of the dyestuff; 

a connection pipe for connecting the first vacuum con 
tainer to the second vacuum container; 

an opening/closing mechanism of the connection pipe: 
an exhaust system for independently adjusting the pres 

Sure in the first vacuum container, 
an exhaust system for independently adjusting a pressure 

in the second vacuum container, and 
heating means for allowing the dyestuff to penetrate/ 

disperse into the molded resin article, after the dyestuff 
sublimes and a vapor of the dyestuff is deposited on the 
surface of the molded resin article. 

5. The coloring apparatus of the resin Surface layer 
according to claim 4 which further contains: 

a stirring mechanism for stirring the molded resin article 
of a powder form. 

6. The coloring apparatus of the resin Surface layer 
according to claim 4 which further contains: 

a wind-up mechanism for winding up the molded resin 
article of a form selected from a textile form, a fiber 
form and film form around a reception side reel from a 
Supply side reel under reduced pressure. 

7. A resin article having a surface layer modified by a 
modification method comprising the steps of: 

placing, in a closed space, an organic compound having 
sublimation properties and an affinity for a resin of the 
resin article to be coated, and the resin article; 

bringing the closed space to a saturated Sublimation 
pressure state of the organic compound; 

uniformly depositing a vapor of the organic compound on 
the surface of the resin article; and 

allowing the deposited organic compound to penetrate/ 
disperse from the surface of the resin article into its 
inside. 
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8. The molded resin article of claim 7, wherein the resin 
article is a plastic lens. 

9. The molded resin article of claim 7, wherein the resin 
article is a resin coat lens. 

10. The molded resin article of claim 7, wherein the resin 
article is a plastic film. 

11. The molded resin article of claim 7, wherein the resin 
article is a fiber. 

12. The molded resin article of claim 7, wherein the resin 
article is a plastic optical fiber. 

13. A resin article having a surface layer modified by a 
modification method comprising the steps of 

placing, in a closed space, an organic compound having 
sublimation properties and an affinity for a resin of the 
resin article to be coated, and the resin article: 

bringing the closed space to a saturated Sublimation 
pressure state of the organic compound; 

uniformly depositing a vapor of the organic compound on 
the surface of the resin article; and 

allowing the deposited organic compound to penetrate/ 
disperse from the surface of the resin article into its 
inside; 

wherein a dyestuff having the Sublimation properties and 
the affinity for the resin of the resin article to be coated 
is used as the organic compound to modify and simul 
taneously color the surface layer of the resin article. 

14. The molded resin article of claim 13, wherein the resin 
article is a plastic lens. 

15. The molded resin article of claim 13, wherein the resin 
article is a resin coat lens. 

16. The molded resin article of claim 13, wherein the resin 
article is a plastic film. 

17. The molded resin article of claim 13, wherein the resin 
article is a fiber. 

18. The molded resin article of claim 13, wherein the resin 
article is a plastic optical fiber. 


