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SPECIFICATION 

TITLE OF THE INVENTION 

Light Reflective Sheet and Light Reflector Using it 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

The present invention relates to a light reflective 

sheet and a light reflector. More specifically, the 

p~esent invention relates to a light reflective sheet in 

which a protective layer is laminated on at least one 

surface of a porous resin sheet having a high light re-

flection efficiency to improve light resistance, light 

reflectance and/or structure holding properties, and a 

light reflector using the light reflective sheet. The 

light reflective sheet and the light reflector regarding 

the present invention are desirable as a light reflective 

sheet and a light reflector for use in back light units of 

liquid crystal displays of word processors, personal 

computers, televisions and the like, lights, copying 

machines, projector system displays, facsimiles, electron-

ic blackboards, and the like. 

(b) Description of the Prior Art 

In recent years, light ret)~l'>ive sheets have been ..... .,,,,,. . 
~ ~ ., . 

\ used in various fields, and.tin par~_icuJ.ar, a large number . ' .•{""- . . .. 
.. _: .. ·.. ·. "·:. . . ... ... "":··. 

of the light reflective sheets have .''.been q_tj..l-iz·ed :,.as ·main 
. \, ·.' ,. ·. ~. i· . . . ..... 

parts of liquid crystal displays Of rO~cl ~~US_SO~r:' f 1 ) .' ... 
. "~ '• .,., .j· 
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personal computers, televisions and the like. It is 

important that the light reflective sheets are of a thin 

type and permit saving energy. Furthermore, the area 

increase of each liquid crystal display and the improve­

ment of display quality have been required, and for the 

achievement of these requirements, it is necessary to feed 

a large quantity of light to a liqµid crystal portion. In 

order to permit the energy saving of the liquid crystal 

display, to accomplish the miniaturization and the thin 

structure of the liquid crystal -display, and to increase 

the quantity of light fed from a back light unit of the 

liquid crystal display, the light reflective sheet must 

have a high light reflection efficiency, and so the light 

reflective sheet capable of supplying a high luminance has 

been required. 

The back light unit of the liquid crystal_display can 

be mechanically classified into a system in which a light 

source is directly put under the liquid crystal portion, 

and a system in which the light source is put besiqe a 

transparent light guide plate. For the purpose of thin­

ning the liquid crystal display, the latter system is 

desirable. In this latter system, a part of light passing 

through the transparent light guide plate is transmitted 

to the liquid crystal portion, and·the remainder of the 

light passing through the transparent light guide plate is 

reflected on the light reflective sheet and then returned 

.•. ;. . ~ 
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to the transparent light guide plate to effectively uti­

lize the light. Therefore, owing to the leakage of the 

light between the transparent light guide plate and the 

light reflective sheet, and owing to the absorption of the 

light by the transparent light guide plate and the light 

reflective sheet, the light quantity which can be trans­

mitted to the liquid crystal portion is smaller than in 

the former system in which the light source is directly 

put under the liquid crystal portion. 

In the latter system, the light reflective sheets are 

installed at two positions of a lamp holder portion and a 

lower portion· of the transparent iight guide plate. If 

the absorption of the light and the leakage of current 

take place, the quantity of the light which is fed to the 

liquid crystal display from the light reflective sheet at 

the lamp holder portion decreases. Therefore, a material 

of the lamp holder installed beside the transparent light 

guide plate is required to have a high light reflectance 

and high electrical insulating properties. In addition, 

the light reflective sheet installed under the transparent 

light guide plate is required to have a high light re­

flectance and a low transmittance. 

Moreover, the color~ng and the surface enlargement of 

the liquid crystal displ~y have been demanded, and the im­

provement of the display quality of a liquid crystal is 

also required. In order to comply with these demands, it 
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is required to feed the largest possible light to the back 

light for use in the liquid crystal display. 

In reply to the above-mentioned themes, many light 

reflective sheets and the like have been suggested. For 

example, Japanese Patent Application Laid-open No. 

161029/1988 has disclosed a bi~xially stretched white 

polyethylene. terephthalate film obtained by melting and 

extruding polymer chips which comprises a polyethylene 

terephthalate containing 5 to 30% by weight of finely 

particulate calcium carbonate, and this film is character­

ized by satisfying a~45, 7~b~30 and a·log b~65 wherein~ 

is a whiteness degree (%) of the polymer chips and b is a 

void ratio (%) of the biaxially stretched film. 

In the white polyethylene terephthalate film, the 

content of the.finely particulate calcium carbonate is 

low, and it is at most 30% by weight. Therefore,· the 

porosity of the biaxially stretched film is at most 30%, 

so that its light reflectance is low. In consequence, the 

white polyethylene terephthalate film is not satisfactory 

as the light reflective sheet. 

Japanese Patent Application Laid-open No. 229053/1993 

has disclosed a light reflective sheet obtained by lami­

nating, a light reflecting film having a metallic thin 

film on the surface of a synthetic resin film, and a light 

scattering film formed by stretching a synthetic resin 

film containing a filler in at least a monoaxial direc-
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tion. It is also described that silver or an alloy con­

taining silver is preferably used as the metallic thin 

film. In the disclosed light reflective sheet, the syn­

thetic resin film having the metallic thin film of silver 

or the like is used as the light reflecting film, and a 

porous resin sheet is used as the light scattering film. 

Thus, the disclosed light reflective sheet can be consid­

ered to be an excellent light reflective sheet having a 

high light reflection efficiency. 

However, the light reflective sheet is not always 

satisfactory in point of light resistance to ultraviolet 

light and the like. If the porous resin sheet which is 

the light scattering film is hurt, its electrical insulat­

ing properties deteriorate.· For example, when the light 

scattering film is used as a light reflecting member in 

the back light portion of the liquid crystal display, 

leakage current is generated, so that a good deal of 

electric power is consumed sometimes. In the case that 

the light scattering film is used as the light reflective 

sheet under the transparent light guide plate, the metal­

lic thin film regularly reflects incident light. There­

for, when the light scattering film is hurt, a certain 

display portion al~ne, which receives the light regularly 

reflected at the ~urt position, becomes particularly 

light, and the other portions become dark, so that a 

luminance unevenness might occur on a display. 
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Furthermore, it has also been attempted that a white 

polyethylene terephthalate sheet containing a white inor­

ganic filler such as titanium dioxide is used as a light 

reflecting sheet~ Recently, ·in order to permit energy 

saving in a liquid crystal display and to accomplish 

miniaturization and a thin structu~e of the liquid crystal 

display, the beacon lamp used as the light source of 

display has tended to be miniaturized and the lamp holder 

reduced to a slender size. 

If said white polyethylene telephtalate film is used 

as the lamp holder, the stiffness of said film is too 

great to make a slender bent lamp holder, so the lamp 

holder becomes irregular in form. Therefore it is diffi­

cult to make a slender lamp holder which is suitable to 

throw the light on a transparent light guide plate of the 

liquid crystal display because of irregular form of the 

lamp holder. For the purpose of overcoming this drawback, 

it has been tried to thin the white polyethylene tereph­

thalate sheet, but there is.another problem that the light 

which passes through the sheet increases, so that the 

light reflectance efficiency deteriorates. 

In Japanese Patent Application Laid-open No. 

13925/1990, a metallic plate such as aluminum which is 

coated with a white paint has been described, and this 

metallic plate is used as the light reflective sheet. 

However, this kind of light reflective sheet is electri-
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THIS SHEET HAS BEEN 
REPLACED 

cally conductive, and for this reason, there is a drawback 

that leakage current is generated owing to dielectric 

current from a light source and a 1uminous efficacy dete-

riorates inconveniently. 

Japanese Patent Application Laid-open No. 232540/1992 

has disclosed a porous film obtained by stretching a 

'polyester film containing 2 to 25% by weight of a polyole­

fin, and a white polyester film obtained by laminating the 

porous film and a porous film formed by-stretching a 

polyester film containing 5 to 25% by weight of inorganic 

particles·. In examples of this publication, as a prefera-

ble embodiment of the white polyester film, a white porous 

film having a thickness of 188 µm is described in which a 

polyethylene terephthalate is used as a basic resin. 

However, because the basic resin is a polyester such as 

the polyethylene terephthalate, this porous film has a 

large stiffness, which leads to some problems. For exam-

ple, whe~ the above-mentioned porous film is used as the 

lamp holder or the like of the liquid crystal display, a 

gap arises between the light source and the white sheet, 

so that light leaks and the quantity of the light_ which is 

transmitted to the liquid crystal display portion and the 

like decreases inconvenie~tly. Alternatively, when it is 

used as the light reflective sheet under the transparent 

l~ght guide plate, the reflection of light by the inorgan­

ic particles is extremely limited, so that the high light 
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reflectance cannot be obtained, because any inorganic 

particles are not filled in the case of a single layer, or 

the content of the inorganic particles is.as low as. 5 to 

25% by weight even in the case 9f a multilayer. 

Furthermore, in Japanese Patent Application Laid-open 

No. 298957/1994, there has been disclosed a light reflec­

tive sheet obtained by stretching, ·at an area stretch · .. .• 

magnification of 1.2 to 15 times, a resin composition 

comprising 75 to 25 parts by weight of a resin having a 

refractive index of less than 1. 6 and 25 to 7.5 parts by 

weight of an inorganic filler. This light reflective 

sheet is an excellent light reflective sheet which can 

supply a high light reflectance by virtue of the irregular 

reflection of light on interfaces between the resin and 

voids formed by the s~retching and by virtue of the re­

flection of the inorganic filler itself. In addition, it 

is also described that another film may be laminated, but 

any characteristics of films to be laminated are neither 

disclosed nor suggested. 

SUMMARY OF THE INVENTION 

A first object of the present invention is to provide 

a light reflective sheet having an excellent light re­

flectance and electrical insulating properties as well as 

structure holding properties. A second object of the 

present invention is to provide a light reflective sheet 

having the above-mentioned characteristics and a high UV 
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light resistance and/or the further excellent light re­

flectance. A third object of the present_i~vention is to 

provide a light reflector using each of the above­

mentioned two kinds of light reflective sheets. 

The present inventors have intensively investigated, 

. and as a result, it has been found that a light reflective 

sheet which can solve the above-mentioned problems can be 

obtained by laminating a.protective layer having a specif­

ic light transmittance on one· surface or both.the surfaces 

of a porous resin sheet obtained by stretching a polyole­

f in resin sheet containing a specific amount of an inor­

ganic filler, and the light reflective sheet is desirable 

as a material· for a light reflector. In consequence, the 

present .invention has now been attained. 

That is to say, the first invention of the present 

application is directed to a light reflective sheet which 

comprises a porous resin· sheet and a protective layer. 

laminated on at least one surface of the porous resin 

sheet; the porous resin sheet comprising a polyolefin 

resin and 100 to 300 parts by weight of a finely powdery 

inorganic filler with respect to 100 parts by weight of at 

least a polyolef in resin; the porous resin sheet being 

stretched at an area stretch magnification of 1.5 to 20 

times; the light reflectance of the porous resin sheet at 

a wave length of 550 nm being 95% or more; the stiffness 

of the light reflective sheet being at least 50 mm. 



- 10 -

The porous resin sheet having a high light reflect­

ance is a flexible and extremely useful l~ght reflective 

sheet, but in certai~ uses, the light reflective sheet 

having the high stiffness is required. Thus, the light 

reflective sheet regarding this invention is characterized 

. by laminating the protective-layer having the high stiff­

ness on at least one surf ace of the poro~s res1n sheet to 

improve the stiffness of the light reflective sheet. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view illustrating one embodi­

ment of a back light unit in a liquid crystal display in 

which a light source is installed beside a transparent 

light guide pla~e. 

Fig. 2 is a perspective view illustrating one embodi­

ment of the back light unit further equiped a light leak­

age preventing auxiliary layer in the liquid crystal dis~· 

play shown in Fig. 1. 

Symbols used in Figs. 1 and 2: 

1 Light source 

2 Lamp holder 

21 Porous resin sheet 

22 UV light protective layer 

3 .... Light reflecting layer under transparent 

light guide plate 

31 ... Porous resin sheet 
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32 UV light protective layer 

33 Light leakage preventing auxiliary layer 

4 Transparent light guide plate 

5 Light diffusing sheet 

6 .... Lens sheet. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The s~cond inve~tion of the present application is 

directed to a light reflective sheet wherein the protec­

tive layer of the first invention is a UV light protective 

layer which ·increases the stiffness of the light ref lec~ 

tive sheet up to 50 to 150 mm and which has a function as 

the UV light protective layer; the total light transmit-· 

tance of the UV light protective layer is 80% or more; the 

total reflectance of a light beam having a wave length of 

550 nm irradia~ed on the surf ace of the UV light protec­

t.ive layer of the light. reflective sheet is 95.% or more; 

and after the surface of the UV light protective layer of 

the light reflective sheet has been irradiated with an 

ultraviolet light of 400 MJ/m2 at 80"C, deterioration 

ratios of the total ref iectances of light beams having 

wave lengths of 450 nm and 550 nm in the light reflective 

sheet are both less than 10%. 

The light reflective sheet regarding this invention 

is characterized by having a stiffness of 50 to 150 mm and 

characterized in that the porous resin sheet in which a 

light reflectance at a wave length of 550 nm is 95% or 
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more is used as a light reflecting layer, and.in that the 

UV light protective layer protecting the l?heet from the 

ultraviolet light and the like and having a total light 

transmittance of 80% or more is laminated on at least one 

surface of the porous resin sheet. Since the light re-

, fleeting layer comprises the porous resin sheet, it is 

rich in flexibility and it has many light reflecting 

layer-like portions on the surface and in the interior of 

the layer· itseif, and therefore it has an excellent light 

reflectance. In addition, the light reflecting layer has 

an advantage that its reflection is due to diffusion 

reflection. Moreover, since the UV light protective layer 

having the above-mentioned characteristics is laminated on 

at l~ast one surface of the porous resin sheet, the light 

reflective sheet is improved in both of light resistance 

to ultraviolet·light and the like and structure holding 

properties. 

The third invention of the present application is 

directed to a light reflective sheet wherein the protec­

tive layer of the first invention is a light leakage 

preventing auxiliary layer which increases the stiffness 

of the light reflective sheet comprising a porous resin 

sheet and the light leakage preventing auxiliary layer 

laminated only on the back surface of the porous resin 

sheet up to at least 100 mm and which has a light leakage 

preventing function; the total light transmittance of the 
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light leakage preventing auxiliary layer is less than 20%; 

and the total reflectance of a light beam.having a wave 

length of 550 run irradiated on the surface of the porous 

resin sheet of the light reflective sheet is 95% or more. 

The light reflective sheet regarding this invention 

is characteriz.ed in that the porous resin sheet in which 

the reflectance of the light beam having a wave length of 

550 nm is 95% or more is used as the light reflecting 

layer, and in that the light reflective sheet.in which the 

light leakage.preventing auxiliary layer and structure 

holding having a total light transmittance of less than 

20% is laminated only.on the back surface of the porous 

resin sheet has a stiffness of· at least 100 mm. Since-the 

light reflecting layer comprises the porous resin sheet, 

it is rich in flexibility and it has many light reflecting 

layer-like portions on the surface ana in the interior of 

the layer itself, and therefore it has an excellent light 

reflectance. In addition, the light reflecting layer has 

an advantage that its reflection is due to diffusion 

reflection. Moreover, since the light leakage preventing 

auxiliary layer having the above-mentioned characteristics 

is laminated the back surface of the porous resin sheet, 

the light transmitted through the porous resin sheet, if 

any, can be effectively reflected by the light leakage 

preventing auxiliary layer. The light reflective sheet is 

also improved in the structure holding properties. 
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The fourth invention of the present application is 

directed to a light reflective sheet whic~ is a laminate 

comprising the porous resin sheet and the protective 

layers laminated on both the surfaces of the porous resin 

sheet; the protective layer on the surface of the porous 

, resin sheet is a UV light protective layer having a func­

tion as the UV light protective layer and a total light 

transmittance of 80% or more; the protective layer on the 

back surface of the porous resin sheet is a light leakage 

preventing auxiliary layer having a light leakage prevent­

ing function; the total reflectance of a light beam having 

a wave length of 550 nm irradiated on the surface of the 

UV light protective layer of the laminate is 95% or more; 

after the surface of the UV light protective layer of the 

laminate has been irradiated with an ultraviolet light of 

400 MJ/m2 at 80"C, the deterioration ratios of the total 

ref lectances of light beams having wave lengths of 450 nm 

and 550 nm in the light reflective sheet are both less 

than 10%; and the stiffness of the laminate is at least 50 

mm. 

The light reflective sheet regarding this invention 

is characterized by having the features of the second and 

third inventions. 

Each of the above-mentioned light reflective sheets 

can be preferably used as a light reflective sheet of a 

device selected from the group consisting of back light 
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units of liquid crystal displays, lights, copying ma­

chines, projector system displays, facsimiles and elec­

tronic blackboards. 

Each of the light reflective sheets of the first, 

second and fourth inventions can be preferably used as a 

. light reflective sheet for forming a lamp holder consti­

tuting the back light unit of the liquid crystal display. 

Each of the light reflective sheets of the first, 

third and fourth inventions c_an be preferably. used as a 

llght reflecting layer.under a transparent light guide· 

plate constituting the back light unit of the· liquid. 

crystal display. 

The fifth invention of the present application is 

directed to a light reflector which comprises a transpar­

ent li9ht guide plate 4, a light reflecting layer under 

the transparent light guide plate 3 placed on one surface 

of the transparent light guide plate 4, a light diffusion ' 

sheet 5 mounted on the other surface of the transparent 

light guide plate 4, a lens sheet 6 placed on the surface 

of the light diffusion shee~ 5, a light source 1 installed 

on at least one side of a laminate of these members 3, 4, 

5 and 6, and a curved lamp holder 2 for covering the light 

source 1 in Fig. 1, 

the light reflective sheet of the first, the second 

or the fourth invention being used as the lamp holder 2; 

and/or the light reflective sheet of the first, the third 
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or the fourth invention being used as the light reflecting 

layer under the transparent light guide p~ate 3. 

The sixth invention of the present application is 

directed to a light reflector in which the light ref lec­

ti ve -sheet regarding the second or the fourth invention is 

. used as the lamp holder of the light reflector; and the 

light reflective sheet regarding the third or the fourth 

invention is used as the light reflecting layer under the 

transparent light guide plate of the light reflector. The 

features of the light reflector regarding this invention 

reside in that the porous resin sheet in which the re­

flectance of a light beam having a wave length of 550 nm 

is 95% or more is used as a light reflecting layer, and 

the light reflective sheet having a stiffness of 50 to 150 

mm in which a UV light protective layer having a total 

light transmittance of 80% or more for protecting the 

sheet from ultraviolet light and the like is l~minated on 

at least one surf ace of the porous resin sheet is used as 

the lamp holder, and in that the porous resin sheet in 

which the reflectance of the light beam having a wave 

length of 550 nm is 95% or more is used as the light 

reflecting layer, and the light reflective sheet having a 

stiffness of at least 50 mm in which a light leakage 

preventing auxiliary layer and structure holding having a 

total light transmittance of less than 20% is laminated on 

the back surface of the porous resin sheet is used as the 
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light reflecting layer under the transparent light guide 

plate. Since the light reflecting layer which is the lamp 

holder or the light reflecting layer under the transparent 

light guide plate comprises the_above-mentioned porous 

resin sheet, and it is rich in flexibility and it has many 

. light reflecting layer-like portions on the surface and in~ 

the interior of the layer itself, and therefore it has an 

excellent light reflectance. In addition, the light 

reflecting· layer has an advantage that its reflection is 

due to diffusion reflection. Moreover, since the UV light 

protective layer having the above-mentioned characteris­

tics is. laminated on at least one surface of the porous 

resin sheet constituting the light reflective sheet which 

can be used as the lamp holder, the light reflector is 

improved in both of light resistance to ultraviolet light 

and the like and structure holding properties. Further­

more, since the light leakage preventing auxiliary layer 

having the above-mentioned characteristics is laminated on 

the back surface of the porous resin sheet constituting 

the light reflective sheet which can be used as the light 

reflecting layer under the transparent light guide plate, 

the light transmitted through the porous resin sheet, if 

any, can be effectively reflected by the light leakage 

preventing auxiliary layer. The light reflector is also 

improved in the structure holding properties. 

An embodiment of the present invention will be de-
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scribed in more detail. 

A porous resin sheet of a light ref l~ctive sheet 

according to the present invention can be prepared by 

adding a specific amount of a finely powdery inorganic 

filler to a polyolef in resin, mixing them to obtain a 

. resin composition, molding an unstretched sheet from the 

obtained resin composition by~ for example, melt extru-

sion, and then monoaxially or biaxially stretching the 

unstretched sheet. The employment of the polyolefin resin 

as a basic resin permits successfully dispersing a large 

amount of the undermentioned inorganic filler. 

Examples of the polyolef in resin which can be used to 

prepare the porous resin sheet include high-density poly-

ethylenes, low-density polyethylenes, linear low-density 

polyethylenes which are copolymers of ethylenes and a . 
-olefins, polypropylenes, ethylene-propylene copolyme~s 

and poly-4-methylpentene resins. In any of these polyole-

fin resins, a large amount of the undermentioned finely 

powdery inorganic filler can be successfully dispersed, 

and what is better, the obtained porous resin sheet is 

advantageously rich in flexibility. 

The molecular weight of the polyolef in resin has an 

influence on·the moldability of the sheet, and if the 

molecular weight of the polyolef in resin is too high or 

too low, the moldability of the sheet deteriorates. In 

view of this fact, it is preferred that a melt index 

I . 
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(hereinafter referred to as "MI") which is a parameter of 

the molecular weight is in the range of from 0.5 to 7 g/10 

min (190"C, load: 2.16 kg) in the case. of the· polyethylene 

resin, in the range of from 1 to 10 g/.10 min (230"C, load: 

2.16 kg) in the case of the polypropylene resin, or in the 

range of from 10 to 70 g/10 min (260 ·c., load: 5. 0 kg) in _, .. -

the case of the poly-4-methylpentene resin. 

In this connection, the Mis of.the polyolefin resin 

in the present invention are values measured in accordance 

wlth a procedure prescribed in ASTM D-1238 under the 

above-mentioned conditions. 

As the finely powdery inorganic filler which can be 

used in the present invention, metal salts, metal hydrox­

ides and metal oxides are preferable. Examples of these 

compounds include metal.salts such as barium sulfate, 

calcium sulfate, magnesium sulfate, al~inum sulfate, 

barium carbonate, calc~um carbonate, magnesium chloride, 

magnesium carbonate and basic magnesium carbonate, metal 

hydroxides such as magnesium hydroxide, aluminum hydroxide 

and calcium hydroxide, and -metal oxides such .as calcium . 

oxide, zinc oxide, magnesium oxide, titanium oxide, alumi­

na and silica. In addition, clays such as calcium sili­

cate, cements, zeolites and talc are also usable. 

Of these enumerated inorganic fillers, barium sul­

fate, calcium carbonate, titanium oxide and magnesium 

hydroxide are preferable from the viewpoints of all of 
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miscibility with and dispersibility in the polyolefin 

resin, the stretchability of the sheet,· the void formabil­

ity and porosity of the obtained porou~ resin sheet and 

the like. More.preferable are barium sulfate and calcium 

carbonate, and most preferable is barium sulfate. When 

,barium sulfate or calcium carbonate is used, precipitated 

barium sulfate or precipitated calcium carbonate is pref­

erable, because it is excellent in dispersibility in and 

miscibility with the polyolefin resin. 

· Fu~thermore, the particle size of the finely powdery 

inorganic filler has an influence on the surface state of 

the obtained porous sheet, and in consideration of this 

fact, the average particle size of the finely powdery 

inorganic filler is preferably in.the range of from about 

0.1 to 7 µm, more preferably from 0.2 to 5 µm. 

The amount of the finely powdery inorganic fiiler to 

be added has an influence on the light reflectance· of the 

obtained porous sheet. If the amount of the finely pow­

dery inorganic filler.is small, the porosity of the ob­

tained porous resin sheet is low, and conversely if it is 

large, the porosity is high. In the porous resin sheet 

having the low porosity, the quantity of light reflected 

on interfaces between resin layers and air layers de­

creases, and so the porous resin sheet having the high 

light reflectance cannot be obtained. Therefore; the 

porous resin sheet suitable for the light reflective sheet 
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preferably has ·.the proper porosity and. the high light re­

flectance. If the amount of the finely pqwdery inorganic 

filler to be added is large, the porosity of the porous 

sheet increases but the productivity of the sheet and the 

strength of the porous resin sheet deteriorate. In view 

. of these points, the amount of the finely powdery inorgan­

ic filler to be added is in the range of from 100 to 300 

parts'by weight with respect to 100 parts by weight of the 

· polyolef in resin. 

When the finely powdery inorganic filler is barium 

sulfate, the amount of this filler to be added is in the 

range of from 180 to 300 parts by weight, preferably from 

180 to 250 parts by weight, with respect to 100 parts by 

weight of the polyolefin resin. When the finely powdery 

inorganic filler other than barium sulfate is used, its 

amount is preferably in the range of from 120 to 200 parts 

by weight with respect to 100 parts by weight of the 

polyolefin resin. 

For the formation of the porous.resin sheet for use 

in the light reflective sheet of the present invention, 

the resin composition is used which can be obtained by 

adding the above-mentioned finely powdery inorganic filler 

to the polyolef in resin and then mixing t~em, but some 

additives may be added to the composition, so far as the 

object of the present invention is not impaired. Examples 

of the additives include a stabilizer, a lubricant, a 
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dispersant, an ultraviolet absorber, a white pigment and a 

fluorescent brightener. 

Of these other additives, the additive having an 

ultraviolet absorbing ability can preferably be added. 

Typical examples of the additive having the ultraviolet 

. absorbing ability include benzophenone compounds such as 

2,4-dihydroxybenzophenone, 2-hydroxy-4-methoxybenzophe­

none, 2,2'-dihydroxy-4-me~hoxybenzophenone~ 2,2'-dihy­

droxy-4,4'-dimethoxybenzophenone, 2-hydroxy-4~methoxy-2'­

carboxybenzophenone, 2-hydroxy-4-n-octoxybenzophenone, 

2,2',4,4'-tetrahydroxybenzophenone, 4-dodecyloxy-2-hy­

droxybenzophenone and bis(5-benzoyl-4-hydroxy-2-methox­

yphenyl)methane, and benzotriazole compounds such as 

2-(2'-hydroxy-5'-methylphenyl)benzotriazole, 2-(2'-hy­

droxy-3' ,5'-di-tert-butylphenyl)benzotriazole, 2-(2'­

hydroxy-3'-tert-butyl-5'-methylphenyl)-5-chlorobenzotria­

zole, ~-(2'-hydroxy-3',5'-di-tert-butylphenyl)-5-chloro­

benzotriazole, 2- ( 2 '-hydroxy-5 '-tert-octylphenyl.) benzo­

triazole, 2-(2'-hydroxy-3',5'-di-tert-amylphenyl)benzo­

triazole, 2-[2'-hydroxy-3'-(3",4",5",6"-tetrahydrophthali­

midomethyl)-5'-methylphenyl]benzotriazole, 2,2'­

methylenebis[4-(l,1,3,3-tetramethylbutyl)-6-(2H-benzotria­

zol-2-yl)phenol]. 

The amount of the additive, for example, the ultravi­

olet absorber to be added is in the range ·of from 0.01 to 

5 parts by weight, preferably from 0.01 to 2 parts by 
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weight with respect to 100 parts by weight of the polyole­

fin resin. 

No particular restriction is put on a method for 

preparing· the resin composition by adding the finely 

powdery inorganic filler and if necessary, an ultraviolet 

absorber, a stabilizer, a lubricant,.a dispersant, a white 

pigment, ~ fluorescent brightener and other additives to 

the polyolefin resin, ·and then mixing them. For example, 

there can , be used a method which comprises mi-xing these 

materials at room temperature or a temperature in the 

viciil.ity of room temperature by the use of a ribbon blend­

er, a Henschel mixer, a supermixer or a tumbling mixer .• 

After mixing, kneading, melting ·and extruding the 

mixture in a temperature range of from a temperature 

higher than a melting point or a softening point of the 

polyolefin resin, preferably a temper~ture higher than the 

melting point or the softening point 2o·c or more to a 

temperature lower than a decomposition temperature of the 

polyolef in resin by the use of a single screw extruder or 

a twin-screw extruder equipped with a strand die to form 

molten strands, cooling, and then cutting them to form 

pellets. In order to uniformly disperse and mix the 

finely powdery inorganic filler in and with the polyolefin 

resin, the method which comprises forming the pellets is 

preferable. 

No particular restriction is put on a method for 



- 24 -

molding a sheet from the thus obtained polyolefin resin 

composition, either. For example, there can be used a 

known method such as an extrusion method using a single 

screw extruder or a twin~screw extruder equipped with a 

T-die, an inflation molding method using an extruder 

,equipped with a circular.die or a calender molding method. 
... . . •. ~~ .. ,.. . 

A temperature for the sheet molding.depends upon the 

kind of s~lected p~lyolefin resin, but it is usually in a 

temperature range of from a temperature higher than a 

melting point or a softening point of the resin to be 

used, preferably a temperature higher than the melting 

point or the softening poin1:: by 20 ·c or more to a tempe_ra-

ture lower than a decomposition temperature of the pol-

yolefin resin. 

The thus obtained unstretched resin sheet is then 

stretched in at· least a monoaxial direction by a known 
· ... --

method such as a roll method or a tenter method. The 

stretching may be carried out in one step or in plural 

steps. Alternatively, the stretching may be done in a 

biaxial direction. After the stretching, a heat fixing 

treatment may be carried out so as to stabilize the state 

of obtained voids, as needed. 

In order to obtain the porous resin sheet having the 

preferable porosity by carrying out the uniform stretch­

ing, while the sheet is prevented from cutting during the 

stretching, a stretching temperature is preferably less 
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than a bicut softening point of the resin (a value meas­

ured in accordance with a procedure presc~ibed in JIS K-

6760). 

Furthermore, a stretch magnification has an influence 

on the porosity of the stretched sheet, as in the case pf 

. the amount of the above-mentioned finely powdery inorganic 

filler to be added. If the stretch magnification is low, 

the porosity of the stretched sheet decreases, and if it 

is high, the porosity increases. However, if.the stretch 

magnification is too high, the sh~et is unpreferably cut 

during the stretching on occasion. From these viewpoints, 

the· stretch magnification is preferably. in the·range of 

from 1.5 to 20 times, more preferably from 2 to 15 times 

in terms of an area magnification. Concretely, in the 

case of the monoaxial stretching, the stret~h magnifica­

tion is preferably in the range from·l.5 to 8 times, more 

preferably 2 to 7.5 times. In the case of the biaxial 

stretching, the stretch magnification is preferably in the 

range of 1.5 to 7 times in one direction and in the range 

of from 1.1 to 3 times in a direction at right angles 

thereto. More preferably, the stretch magnification is in 

the range of 2 to 6.5 times in one direction and in the 

range of from 1.1 to 2.5 times in a direction at right 

angles thereto. 

Prior to the stretching, an embossing treatment may 

be applied to the surface of the unstretched film by the 
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use of an embossing roll or the like. Alternatively, 

after the stretching, the embossing treat~ent may be 

applied to the surface of the porous resin sheet. 

If the thickness of the porous resin sheet is insuf­

ficient, the light transmittance increases, so that the 

. light reflectance tends to deteriorate. Conversely, if 

the porous resin sheet is thick, the light reflectance 

does not change, but the_ productivity of the sheet dete­

riorates. Therefore, the thickness of the porous resin 

sheet which can be used as the light reflective sheet is 

usually in the range of from 50 to 500 µm, preferably 

from 50 to 400 µm,· more preferably from 50 to 300 µm. 

The porous resin sheet which can be obtained from the 

above-mentioned composition under the preparing conditions 

has a porosity of 40% or more. In using the porous resin 

sheet as the light reflective sheet, it is desired that 

the porous resin sheet has the high light reflectance. If 

the porosity of the porous resin sheet is less than 40%, 

interfaces between resin layers and air layers decrease, 

so that the light reflectance deteriorates. With regard 

to the porous resin sheet which can be used as the light 

reflective sheet, it is preferred that its porosity is at 

least 40% or more and its reflectance of light having a 

wave length of 550 nm is 95% or more. The higher the 

porosity of the porous resin sheet which can be used as 

the light reflectance is, the better, but the upper limit 
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of the porosity is about 70% from the viewpoints of the 

moldability and stretchability of the str~tched sheet and 

the like. Therefore, the porosity of the porous resin 

sheet obtained by the above-mentioned method is preferably 

in the range of from 40 to 70%, more preferably from 40 to 

60%. 

As a protective layer which will be laminated on the 

surface and/or the back surface o~ the porous resin sheet, 

there can be used, for ex~ple, a resin film obtained by 

molding a thermoplastic resin or the like by a known 

·method such as an extrusion method using a single screw 

extruder or a twin-screw extruder equipped with a T-die, 

an inflation molding method using an extruder equipped 

.with a circular die or a calender molding method. Alter­

natively, the protective layer may be a resin film formed 

by applying an organic solvent solution containing the 

above-mentioned resin onto the surface and/or the back 

surface of the porous resin sheet, and then drying it. 

Examples of the resin which can be used for the 

formation of the protective layer include polyester resins 

such as polyethylene terephthalate and polybutylene te­

rephthalate, polyvinyl acetate resins, polyacrylate resins 

such as polymethyl acrylate and polyethyl acrylate, po­

lymethacrylate resins such as polymethyl methacrylate, 

fluororesins such as polytetrafluoroethylene, polychloro­

trifluoroethylene, polyvinylidene fluoride, polyvinyl 
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fluoride and a copolymer of tetraf luoroethylene and hexa­

f luoropropylene, polyacrylonitrile resins, silicone re­

sins, and polyamide resins such as 6-nylon, 6,6-nylon, 

6,10-nylon, 11-nylon and 12-nylon. 

Above all, preferable are polyester resins such as 

. polyethylene terephthalate and polybutylene terephthalate, 

polyacrylic resins such as polymethyl acrylate, polyethyl 

acrylate and polymethyl methacrylate, and silicone resins. 

A temperature at which the resin film is-molded from 

the above-mentioned resin depends upon the kind of select­

ed thermoplastic resin, but it is usually in a temperature 

range of from a temperature higher than a melting point or 

a softening point of the resin to be used, preferably a 

temperature higher than the melting point or the softening 

point by 2o·c or more to a temperature lower than a decom­

position temperature 9f the resin. 

The resin film which can be used as the pro~ective 

layer may be a stretched film or an unstretched film. The 

stretched film can be obtained by stretcheng.the resin in 

at least a monoaxial direction in accordance with a known 

method such as a roll method or a tenter method. The 

stretching_may be carried out iri one step or in plural 

steps. Alternatively, the stretching may be done in a 

biaxial direction. After the stretching, a heat fixing 

treatment may be carried out so as to stabilize the state 

of obtained voids, as needed. Stretch magnification is 
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·preferably in the range of from 1.5 to 10 times in terms 

of an area magnification. Concretely, in the case of the 

monoaxial stretching, the stretch magnification is prefer­

ably in the range from 1.5 to 10 times, more preferably 2 

to 7.5 times. In the case of the biaxial stretching, the 

stretch magnification is preferably in the range of 1.5 to 

5 times in one direction and in the range of from 1.1 to 3 

times in a direction at right angles thereto. More pref­

erably, the stretch magnification is in the range of 2 to 

4 times in one direction and in the range of from about 

1.1 to 2.5 times in a direction at right angles thereto. 

The light reflective sheet of the present in~ention 

can be prepared by laminating the thus obtained protective 

layer on the surface and/or the back surface of the 

above-mentioned porous resin sheet by a hot pressing 

method or an adhesive method using an adhesive. Alterna­

tively, the light reflective sheet can also be prepared by 

applying, onto the surface and/or the back surface of the 

above-mentioned porous resin sheet, a solution in which a 

thermoplastic resin or the like is dissolved in a solvent, 

and they drying the solution. 

In this specification, the surface of the porous 

resin sheet means a surface on which light hits and re­

flects. 

The lamination of the resin film on the porous resin 

sheet can be accomplished by an adhesive method using an 
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adhesive or a fusing method using a hot pressing tech-

nique. In the case of the adhesive methoQ, a transparent 

colorless adhesive having a high light resistance can be 

preferably used. In order to heighten adhesive strength, 

it is preferable to apply a corona discharge treatment 

. onto the surface of the porous resin sheet and/or thermo-

plastic resin film. 

In the case that the solution in which the resin is 

dissolved in an organic solvent is applied onto the porous 

resin sheet, a solution in which the above-mentioned resin 

is dissolved can be used. A solution concentration is 

preferably in the range of from about 5 to 50% by weight, 

more preferably from 5 to 35% by we_ight, in consideration 

of coating properties. 

Examples of the organic solvent include aromatic 
.. 

solvents such as benzol, trial, xylol, solvent naphtha and 

high solvent naphtha, alcoholic solvents such as methanol, 

ethanol, butyl alcohol and amyl alcohol, ester solvents 

such as methyl acetate, ethyl acetate, butyl acetate, amyl 

acetate, octyl acetate, benzyl acetate and cyclohexyl 

acetate, and ketone or ether solvents such as acetone, 

methyl acetone, methyl ethyl ketone, cyclohexanone, glycol 

methyl ether, glycol ethyl ether, glycol butyl.ether and 

dioxane. 

No particular restriction is put on a method of the 

solution application, and a known method can be used. 
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Examples of the known method include dip coating, bar 

coating, spray coating, roll coating and screen coating. 

The solution is preferably applied so that its thickness 

may be uniform. After the application, the solution can 

be dried at a temperature of from 50 to 1oo·c for a period 

. of 1 second to 1 hour. 

In the present invention, three kinds of protective 

layers can be laminated on the porous resin sheet. 

That is to say, the first invention intends to im­

prove the stiffness.of the light reflective sheet by 

laminating the protective layer on the porous resin sheet, 

and in this case, the protective layer comprising a mate­

rial having a higher stiffness than the porous resin sheet 

(usually, the stiffness is in the range of about 30 to 80 

mm) is used. In the present invention, however, it is 

more preferable to use a pro.tective layer having a func­

tion of protecting the porous resin sheet from UV in the 

second invention, or a protective layer having a function 

of light leakage prevention in the third invention. 

In the second invention, a film having excellent 

transparency in which a total light transmittance is 80% 

or more is used, and this film is laminated on one surface 

or both the surfaces of the porous resin sheet. When the 

film is laminated on the surface, the light reflective 

sheet is used so that light may irradiate on the protec­

tive fayer. This protective layer is called a UV light 
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protective layer. The UV light protective layer has 

transparency that the total light transmittance is 80% or 

more, and the nearly colorless UV light protective layer 

is pref~rable. The thickness of the UV light protective· 

layer is in the range of from about 1 to 100 µm, prefera-

. bly from 1 to 70 µm, more preferably from 1 to 50 µm in 
. ·-·-

view of the transparency of the UV light protective layer, 

the stiffness and the light reflectance of the -obtained 

light reflective sheet, and the like. The lamination of 

the UV light protective layer on the one surface or both 

the surf aces of the porous resin sheet can prevent the 

deterioration of the porous resin.sheet by ultraviolet 

light and the like, and can improve the structure holding 

of the porous resin sheet. 

When the UV light protective layers are laminated on 

both the surfaces of the porous resin sheet in the second 

invention, the layer on the back surface functions as the 

protective layer of the first invention rather than as the 

UV light protective layer so as to give a reinforcement 

effect, and therefore the layer on the back surface may be 

a thermoplastic resin film having a total light transmit­

tance of less than 80%. 

However, the stiffness of the laminated light reflec-

tive sheet must not be in excess of 150 mm. 

An example of such protective layer is a white poly-

ethylene terephthalate having a thickness of about 30 to 
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50 µm. 

If the light reflective sheet regarding the second 

invention in which the UV light protective layer is lami­

nated on the one surf ace or both the surf aces of the 

porous resin sheet has the excessively large stiffness, it 

is difficult to form the light reflective sheet into a 

circular shape, when the light reflective sheet is used 

as, for example, a circular lamp holder of a liquid crys­

tal display. In addition to bad workability, the lamp 

holder becomes irreqular in form and the quantity of the.· 

light which can be transmitted to a liquid crystal display 

portion decreases. Accordingly, the stiffness of the 

light reflective sheet is preferably in the range of from 

about 50 to 150 nun, more preferably 73 to 150 nun. 

The light reflective sheet regarding the second 

invention has been developed in order to improve light 

resistant to ultraviolet light and the like and the struc­

ture holding properties of the porous resin sheet. Thus, 

it is characterized in that the thermoplastic resin film 

is laminated as the protective layer on at least one 

surface of the porous resin sheet. The light resistant to · 

the ultraviolet light and the like means that after the 

surface of the protective layer of the light reflective 

sheet has been irradiated with an ultraviolet light of 400 

MJ (megaJoule)/m2 at 80"C, deterioration ratios of the 

total ref lectances of light beams having wave lengths of 
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450 run and 550 run in the light reflective sheet are pref­

erably both less than 10%, more preferably less than 7%. 

If the deterioration ratios are 10% or more, the luminance 

of the light reflective sheet deteriorates with time in 

the case that light reflective sheet is actually used, so 

. that a large amount of electric power is consumed to 

maintain brightness inconveniently. 
I 

Here, the ultraviolet light of 400 MJ/m2 corresponds 

to the quantity of the ultraviolet light in the case that 

a specimen is irradiated with the ultraviolet light at 

ao·c for about 1000 hours by the use of, for example, a 

UVA351 type ultraviolet lamp (main wave length: 351 nm) 

made by Q-Panel Co. , Ltd. , t·he sample being about 10 cm 

away from the ultraviolet lamp. Usually, the lamp holder 

of a back light unit in the liquid crystal display is 

easily exposed to the ultraviolet light, but even when it 
. ·. . 

is irradiated with the above-mentioned quantity of the. 

ultraviolet light, any practical problem is not present, 

if the deterioration ratios of the total ref lectances of 

light beam~ having wave lengths of 450 nm to 550 run are 

both less than 10%. 

In the third invention, a film having a low light 

transmission in which a total light transmittance is less 

than 20% is used as the protective layer, and this film is 

laminated on the back surface of the porous resin sheet. 

In this case, the light reflective sheet is used so that 



• • 

- 35 -

light may irradiate on the porous resin sheet. This 

protective layer is called a light leakag~ preventing 

auxiliary layer. In order to further heighten the re­

flectance of the light reflective sheet, the opaque light 

leakage preventing auxiliary layer preferably having a low 

. light transmission is preferable. Its typical example is 

a film in which a total light transmittance is less than 

20%, preferably less than 15%. When such· a film having 

the low light transmission is laminated on the back sur-

f ace of the porous resin sheet, even the light which is 

not reflected on the porous resin sheet layer and which is 

transmitted therethrough can efficiently be reflected on 

the film toward the porous resin sheet. Furthermore, the 

lamination of the light leakage preventing auxiliary layer 

on the back surface of the ·porous resin sheet can improve 

the structure holding properties of the porous resin 

sheet. 

An example of the light leakage preventing auxiliary 

layer in which the total light transmittance is less than 

20% is a film obtained by adding 5 to 70% by weight of an 

inorganic filler to the re~in for the formation of the 

above-mentioned protective layer. Examples of the inor­

ganic filler include metal salts such as barium sulfate, 

calcium sulfate, magnesium sulfate, aluminum sulfate, 

barium carbonate, calcium carbonate, magnesium chloride, 

magnesium carbonate and basic magnesium carbonate, metal 
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hydroxides such as magnesium hydroxide, aluminum hydroxide 

and calcium hydroxide, and metal oxides such as calcium 

oxide, zinc oxide, magnesium oxide,. titanium oxide, alumi­

na and silica. Above all, titanium oxide and calcium 

carbonate.are preferable. 

Another example of the light leakage preventing 

auxiliary layer used in the third invention and the fourth 

invention in which the total light transmittance is less 

than 20% is a film obtained by stretching, in at least a 

monoaxial direction, a film material in which a resin 

compatible with the above-mentioned resin is dispersed in 

the above-mentioned resin, to generate voids between both 

the resins, thereby whitening the film. Still another 

example of the light leakage preventing auxiliary layer is 

a film formed by applying. a white coating composition on 

the surface of the film obtained from the above-mentioned 

resin. 

In view of the stiffness, the light reflectance and 

the like of the light leakage preventing auxiliary layer, 

the thickness of the light leakage preventing auxiliary 

layer is in the range of from about 30 to 150 µm, prefer­

ably from 50 to 150 µm, more preferably from 73 to 150 

µm. 

If the stiffness of the light reflective sheet re­

garding the third invention is excessively low and when 

this light reflective sheet is used as, for example, a 
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light reflecting layer under a transparent light guide 

plate in the liquid crystal display, the ~tructure holding 

properties are not sufficient, and the attachment of the 

sheet to a unit is difficult, which means that workability 

is poor. From these viewpoints, the stiffness of the 

light reflective sheet regarding the third invention is 
·r·---

preferably at lea~t 100 mm. 

The thickness of the light leakage preventing auxil-

iary layer has an influence on the stiffness of the ob-

tained light reflective sheet. No particular restriction 

is put on the upper limit of the stiffness of the light 

reflective sheet regarding the third invention, but the 

increase of the stiffness of ·the light reflective sheet 

inevitably leads to the increase of the thickness of the 

light leakage preventing auxiliary layer. This is not 

preferable for the sake of the miniaturization, weight 

reduction and thickness reduction of ·a whole light ref lec-

tor. From these viewpoints, the upper limit of the thick­

ness of the light leakage preventing auxiliary layer is 

preferably about 150 µm and the upper limit of the stiff­

ness of the light reflective sheet is about 200 mm. This 

shall be applied to the light leakage preventing auxiliary 

layer which is laminated in the light reflective sheet of 

the fourth invention. 

Additives such as an ultraviolet absorber and a 

stabilizer may be added to any of the above-mentioned 
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protectiv~ layers, so far as the object of the present 

invention is not impaired. 

The light reflective sheet of the present invention 

in which the protective layer is laminated on the porous 

resin sheet can be preferably used as, for example, a 

light reflective sheet or the like of the back "light unit 

in the liquid crystal display. Concretely, the light 

reflective sheets regarding the first, second and fourth 

inventions can be each used as a lamp holder constituting 

the back light unit or a light reflecting layer under a 

transparent light guide plate in the liquid crystal dis­

play, and the light reflective sheets regarding the third 

and fourth inventions can be each used ~s the light re­

flecting layer under the transparent light guide plate 

constituting the back light unit in the liquid crystal 

display. More preferably, the light reflective sheet 

regarding the second invention can be used as the above­

mentioned lamp holder, and the light ref l·ective sheet 

regarding the third invention can be used as the light 

reflecting layer under the transparent light guide plate. 

However, in the.case that the light reflective sheet 

regarding the fourth invention is used as the lamp holder 

of the back light unit in the liquid crystal display, it 

is preferred that the thickness of the light leakage 

preventing auxiliary layer is suitably selected within the 

above-mentioned range so that the stiffness of the light 



- 39 -

reflective sheet may be in the range of from 50 to 150 mm. 

Furthermore, in the case that the light reflective sheet 

is used as the light reflecting layer under·the transpar­

ent light guide plate, it is preferred that the thickness 

of the light leakage preventing auxiliary layer is suit-

, ably selected within the above-mentioned range so that the 

stiffness of the light reflective sheet may be at least 

100 mm. 

A porous polyolef in resin layer which can be used in 

the present invention has an extremely excellent light 

reflectivity and a low stiffness. In addition, the stiff­

ness of the porous polyolef in resin layer can be optional­

ly adjusted, when the protective layer is laminated there­

on. 

Particularly in the case that the light reflective 

sheet is used as a light reflective sheet.having a curve 

whose sectional radius is 2 mm or less, the light reflec­

tive sheet is required to have such flexibility as to 

optionally curve the light reflective sheet itself and 

such stiffness as to hold the structure of the light 

reflective sheet itself. 

The stiffness of the light reflective sheet of the 

present invention can be suitably adjusted by selecting a 

material of the protective layer and/or adjusting the 

thickness of the protective layer. Therefore, the light 

reflective sheet of the present invention can be prefera-
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bly used as, for example, the lamp holder of the back 

light unit in the liquid crystal display .. 

Next, typical examples where.the light reflective 

sheets obtained as described above are used as, for exam-

ple, the lamp holder of a light source constituting the 

back light unit and the light reflecting layer under the 

transparent light _guide plate in the liquid crystal dis­

play will be described with reference to attached draw-

ings. 

Fig. 1 is a sectional view of the back light unit in 

the typical liquid crystal display~ In this drawing, the 
.·: ....... .. 

spherical portion of a light source 1 is curvedly covered 

with a lamp holder 2, a certain space being placed.between 

both the members 1 and 2. The lamp holder 2 is formed 

from the light reflective sheet regarding the second 

invention. On one surface of a porous resin sheet 21, a 

UV light protective layer 22 is laminated, and the light 

source 1 and the UV light protective layer 22 are arranged 

so as to face each other. The light source 1 is covered 

with the UV light protective layer 22, a certain space 

being interposed therebetween, and both the ends of these 

members are bonded/fixed to a transparent light guide 

plate 4. A light reflecting layer under the transparent 

light guide plate 3 is formed from the light reflective 

sheet regarding the second invention, and it is arranged 

under the transparent light guide plate 4. This light 
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reflecting layer 3 comprises a porous resin sheet 31 and a 

UV light protective layer 32 laminated on one surface of 

the porous resin sheet 31. ·On the transparent light guide 

plate 4, a light diffusion sheet 5 is placed. Further­

more, on the other surface of the light diffusion sheet S, 

,a lens sheet 6 is placed. In the case that the light 

source 1 is disposed only on one side of the transparent 

light guide plate 4 as shown in Fig. 1, the portion of the 

transparent light guide plate 4 which is close to the 

light source 1 is thickened, and as the transparent light 

guide plate 4 is away from the light source 1, its thick­

ness is reduced. In this case, for the prevention of 

light leakage, light reflecting layers for sides are 

preferably laminated on three sides other than the side on 

which the light source 1 is installed. As the light 

reflecting layers for sides, there can be used two kinds 

of light reflective sheets regarding the third and fourth 

inventions. When the light sources 1 are installed on 

both the sides of the transparent light guide plate 4, the 

thickness of the transparent light guide plate 4 is usual­

ly constant. 

Fig. 2 is a perspective view of the back light unit 

further equiped a light leakage preventing auxiliary layer 

in the liquid crystal display shown in Fig. 1. In this 

drawing, the lamp holder 2 is formed from the light re­

flective sheet regarding the second or the fourth inven-
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tion. On one surface of the porous resin sheet 21, the UV 

light protective layer 22 is laminated, and the light 

source 1 and the UV light protective layer 22 are arranged 

so as to face each other. The light reflecting layer 

under the transparent light guide plate 3 is formed from 

, the light reflective sheet regarding the third invention, 

and a light leakage preventing auxi-liary layer 33 is 

laminated on -the back surface of the porous resin sheet 31 

so as to be placed under the transparent light guide plate 

4 via the porous resin sheet 31. The other structures are 

similar to those of the back light unit in the liquid 

rystal display shown in Fig. 1. 

The light reflective sheet regarding· the second 

invention can be used as the lamp holder 2 or the light 

eflecting layer under the transparent light guide plate 3. 

Furthermore, the light reflective sheet regarding the· 

. third or the fourth invention can be used as the li_ght 

reflecting layer under the transparent light guide plate 

3. In preferable embodiments, the light reflective sheet 

of the se·cond invention can be used as the lamp holder 2, 

and the light reflective sheet of the third invention can 

be used as the light reflecting layer under the transpar­

ent light guide plate 3. 

As the light source 1, a cool cathode ray tube can 

usually be used. As the transparent light guide plate 4, 

a polymethylmethacrylate sheet can often be used. As the 
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light diffusion sheet 5, a· polyethylene terephthalate 

sheet or a polyethylene terephthalate f il~ whose surf ace 

is embossed can often be used. Moreover, as the lens 

sheet 6, a polycarbonate sheet or a polyethylene tereph­

thalate sheet whose surface is coated with a polycarbonate 

, or a polyacrylate can often be used. 

The light generated from the light source 1 irradi­

ates on the lamp holder 2, the light reflecting layer 

under the transparent light guide plate 3, the transparent 

light guide plate 4 and the light diffusion sheet 5. That 

is to say, the light generated from the light source 1 

directly irradiates on the light diffusion-sheet 5, or it 

reflects on the lamp holder 2, partially hits on the light 

diffusion sheet 5 via the transparent light guide plate 4. 

The residue of the light passed through the transparent 

light guide plate 4 reflects on the light reflecting layer 

3, returns to the transparent· light guide plate 4, irradi­

ates on the light diffusion sheet 5, and gets out of the 

system via the lens sheet 6. 

The light reflective sheets regarding the present 

invention can be used as light reflective sheets consti­

tuting back light units of liquid crystal displays of word 

processors, personal computers, televisions and the like, 

and as light reflective sheets constituting lights, copy­

ing machines, projector system displays, facsimiles, 

electronic blackboards and the·like. In addition, there 
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can be provided a light reflector using the light ref lec­

tive sheet of the present invention, ligh~ reflective 

sheets constituting back light units of liquid crystal 

displays of word processors, personal computers, televi­

sions and the like equipped with the light reflector as 

, well as lights, copying machines, projector system dis­

plays, facsimiles, electronic blackboards and the like. 

Now, the present invention will be described in more 

detail with reference to examples. However, the scope of 

the present invention should not be limited to these 

examples. 

Porosity, luminance, total light reflectance, stiff­

ness, light reflectance, light transmittance and deterio­

ration ratio of the light reflectance are measured by the 

following procedures, and an ultraviolet irradiation test 

is carried out in the following manner. 

(1) Measurement of the porosity (%) 

A porosity (C) is calculated in accordance with the 

formula (· 1) 

C(%) = (1 - B/A) 100 ... (1) 

wherein A is a true specific gravity of a selected resin 

composition; and B is a bulk specific gravity of an ob­

tained porous resin sheet. 

(2) Measurement of the luminance (relative value) 

Light reflective sheets obtained in an example of the 

present invention or a comparative example are installed 
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as a lamp holder and a light reflecting layer under a 

transparent light guide plate of a back light unit in a 

liquid crystal display mainly comprising a light source, 

the lamp holder, the transparent light guide plate, the 

light reflecting layer under the transparent light guide 

, plate, a light diffusion sheet and.a lens sheet, and the 

luminance on the transparent light guide plate is then 

measured by the use of a luminance meter (made by Minolta 

Camera Co., Ltd., model: LS-110 type). In installing the 

I'ight reflective sheet, the light reflective sheet on 

which a UV light protective layer is laminated is arranged 

so that light might hit on the UV light protective layer, 

·and the light reflective sheet on which a light leakage 

preventing auxiliary layer is laminated is arranged so 

that the light might hit on the porous resin sheet. 

The luminance is represented by a relative value on 

the assumption that a· luminance is 100 which can be meas­

ured under conditions that a white polyethylene terephtha­

late sheet (made by Kimoto Co., Ltd., trade name: REFWHITE 

RW75C) having a thickness of 113 µm is used as a lamp 

holder portion and a white polyethylene terephthalate 

(Toray Industries, Inc., trade name: E-60i having a thick­

ness of 188 µm is used as the light reflecting layer 

arranged under the transparent light guide plate. 

Measuring conditions: 

Light source: Cold cathode tube (beacon lamp) produced by 
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Toshiba Lightech Co. Model: FC2EX/200T2F 

Tube diameter: 2.5 mm, Tube length: 200 

mm 

Current: 

Power draw 

5 mA, Voltage 

: 2.25 w 

Sample size : 220 mm x 165 mm 

: 450 v 

Distance between sample and light receptive lens of lumi­

nance meter : 100 mm 

(3) Measurement of the total light transmittance (%) 

The total light transmittance is measured by the use 

of a haze meter (made by Nippon Denshoku Co., Ltd., model: 

NDH-300A). For a protective layer onto which an organic 

solvent solution is applied and then dried, the measure­

ment is made on a film obtained by applying and drying the 

solution on a metal plate under the same conditions. 

(4) Measurement of the stiffness (mm) 

The stiffness is measured in accordance with a proce­

dure prescribed in JIS-Ll096. (a cantilever method). 

(5) Ultraviolet irradiation test 

The surface of a protective layer of an obtained 

light reflective sheet is irradiated at ao·c with ultravi­

olet light at 400 MJ (megaJoule) per m2 by the use of an 

ultraviolet irradiation tester (made by Toyo Seiki Seisak­

usho Co., Ltd., trade name: ATLAS-UVCON, model: ASTM-G53; 

ultraviolet light emission lamp: made by Q-PANEL Co., 

Ltd., model: UVA351, main wave length: 351 run). 
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(6) Measurement of the light reflectance (%) 

Light ref lectances of light beams ha~ing wave lengths 

of 300 to 800 nm are measured at the respective wave 

lengths in accordance with Measurement B of JIS-K7105 by 

the use of a spectrophotometer (made by Hitachi, Ltd., 

. model: U-3400), and the total reflectance of the light 

beams having wave lengths of 450 to 550 nm is used as a 

typical value. Th~ light reflectance is represented by a 

relative value on the assumption that a light reflectance 

is 100 which is measured under conditions .that aluminum 

oxide is used as a standard reflective plate. For the 

light reflectance on which a UV light protective layer is 

laminated, the measurement is made by irradiating the UV 

light protective layer with the light, and for the light 

reflectance on which a light leakage preventing auxiliary 

layer is laminated, the measurement is made by irradiating 

the porous resin sheet with.the light. 

( 7) Measurement of .the deterioration ratio ( % ) of· 

the light reflectance 

For specimens subjected and not subjected to the 

ultraviolet irradiation test described in the paragraph 

(5), light reflectances are measured in accordance with 

the procedure described in the paragraph (6), and the 

deterioration ratios (%) of the total reflectances of 

light beams having wave lengths of 450 nm and 550 nm are 

then calculated. 
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Example 1 

230 parts by weight of precipitated ~arium sulfate 

having an average particle diameter of 0.94 µm {made by 

Barite Industry Co., Ltd., trade name: HD), 0.5 part by 

weight of an ultraviolet absorber {made by Adeca Argus 

Co., Ltd., trade name: MARK LA-36) and 3 parts by weight 

of calcium stearate were mixed with 100 parts by weight of 

a linear low-density polyethylene having a density of 0.92 

g/cm3 and a melt index (MI) of 2 g/10 min (made by Mitsui 

Petrochemical Industries, Ltd., trade name: ULTZEX 2021L; 

hereinafter referred to as "LLDPE") by the use o·f a tum­

bling mixer to obtain a resin composition. Next, the thus 

obtained resin composition was formed into pellets by the 

use of a vented twin-screw extruder. These pellet~ were 

molten and extruded at 230"C by the use of an extruder 

equipped with·a T-die to obtain an unstretched sheet. 

Afterward, the unstretched sheet was monoaxially stretched 

at a stretch magnification of 6.5 times between a preheat­

ing roll and a stretching roll heated to as·c to obtain a 

porous resin sheet having a thickness shown in Table 1. 

The porosity and the light reflectance of the obtained 

porous resin sheet were evaluated in the above-mentioned 

manners. The results of the evaluation are shown in Table 

1. 

Furthermore, a polyethylene terephthalate (hereinaf­

ter referred to as "PET") film (made by Diafoil Hoechst 



- 49 -

Co., Ltd., trade name: DIAFOIL HlOOC, thickness: 12 µm, 

total light transmittance~ 90%) was bonded and laminated 

as a UV light protective layer on the surface of this 

porous resin sheet by the use of an adhesive (made by 

Dainichiseika Kogyo Co., Ltd., trade name: Seika Bond E-

295/C-75N) to obtain a light reflective sheet 1. The 

light reflectance, the stiffness and the deterioration 

ratio of the light reflectance of this light reflective 

sheet 1 were measured in the above-mentioned manners, and 

the results are shown in Table 1. · 

The obtained light reflective sheet 1 was used as a 

lamp holder and a light reflecting layer under a transpar­

ent light guide plate of a back light unit in a liquid 

crystal.display to set up a light reflector having the 

same structure as shown in Fig. 1. This light reflector 

was constituted so that light might hit on the UV light 

protective layer. The luminance of the obtained light 

reflector was measured in the above-mentioned manner, and 

the results are shown in Table 1. 

Example 2 

A porous resin sheet was obtained by the same proce­

dure as in Example 1, and an acrylic coating material 

(made by Sampou Chemical Laboratory Co., Ltd., trade name: 

SANBO-RATE, solvent: ethyl acetate, solution concentra­

tion: 10 wt%) was then applied onto the surface of the 

obtained porous resin sheet, followed by drying at 1oo·c 
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for 5 minutes., to form a UV light protective layer having 

a thickness of 5 µm and a total light tr~nsmittance of 

96%, thereby obtaining a light reflective sheet 2 in which 

the UV light protective layer was laminated. Next, the 

thus obtained light reflective sheet 2 was used to set up 

a light reflector in the same manner as in Example 1. The 

porous resin sheet, the UV light protective layer, the 

light reflective sheet 2 and the light reflector obtained 

above were evaluated by the same procedure as in Example 

1', and the results of the evaluation are shown in Table 1. 

Example 3 

The same procedure as in Example 1 was repeated 

except that a blend ratio between LLDPE and barium sulfate 

was set to a weight ratio shown in Table 1, thereby ob­

taining a porous resin sheet. Next, a polymethyl metha­

crylate (hereinafter referred to as "PMMA") film (made by 

Mitsubishi Rayon Co., Ltd., trade name: ACRYPLEN HBSOOl, 

thickness: 35 µm, total light transmittance: 94%) was 

laminated on one surface of the obtained porous resin 

sheet in the same manner as in Example 1 to obtain a light 

reflective sheet 3. The thus obtained light reflective 

sheet 3 was used to set up a light reflector in the same 

manner as in Example 1. The porous resin sheet, the UV 

light protective layer, the light reflective sheet 3 and 

the light reflector obtained above were evaluated by the 

same procedure as in Example 1, and the results of the 
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evaluation are shown in Table 1. 

Example 4 

The same procedure as in Example 1 was r~peated 

except that a propylene homopolymer having a dens~ty of 

0.9 g/cm3 and an MI of 1.5 g/10 min (made by Mitsui Toatsu 

Chemicals, Inc., trade name: NOBLEN FO-SOF; hereinafter 

referred to as "PP") was used as a polyolefin resin, 

thereby obtaining a porous resin sheet having a thickness 

of 150 µm.· Next, a polyester coating material (made by 

Toyobo Co., Ltd., trade n~me: BYLON-200) was applied onto 

one surface of the obtained porous resin sheet in the same 

manner as in Example 2 ,· followed by drying, to form a UV 

light protective layer having a thickness .of 40 µm and a 

total light transmittance of 90%, thereby obtaining a 

light reflective sheet 4 in which the UV light protective 

layer was laminated. Next, the thus obtained ·light re­

flective sheet 4 was used to set up a light reflector in 

the same manner as in Example 1. The porous resin sheet, 

the UV light protective layer, the light reflective sheet 

4 and the light reflector obtained above were.evaluated by 

the same procedure as in Example 1, and the results of the 

evaluation are shown in Table 1. 

Example 5 

The same procedure as in Example 1 was repeated 

except that a propylene-ethylene copolymer having a densi­

ty of 0.9 g/cm3 and an MI of 1.5 g/10 min (made by Mitsui 
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Toatsu Chemicals, Inc., trade name: MJS-G; hereinafter 

referred to as "EP") was used as a polyolefin resin, 

thereby obtaining a porous resin sheet. Next, a silicone 

coating material (made by Toagosei Chemical Industry Co., 

Ltd., trade name: SYMAC US-300) was applied onto one 

surface of the obtained porous resin sheet in the same 

manner as in Example 2, followed by drying, to form a UV 

light protectiv~ layer having a thickness of 20 µm and a 

·total light transmittance of 91%, thereby obtaining a 

l°ight reflective sheet 5 in which the UV light protective 

·1ayer was laminated. Next, the thus obtained light re­

flective sheet 5 was used to set up a light reflector in 

the same manner as in Example 1. The porous resin sheet, 

the UV light protective layer, the light reflective sheet 

5 and the light reflector obtained above were evaluated by 

the same proGedure as in Example 1, and the results of the 

evaluation are shown in Table 1~ 

Example 6 

The same procedure as in Example 1 was repeated 

except that calcium carbonate (made by Dowa Calfin Co., 

Ltd., trade name: SST-40) having an average particle 

diameter of 1.1 µm was used as a finely powdery inorganic 

filler in a weight ratio shown in Table 1 and calcium 

stearate was _replaced with castor oil (made by Ito Seiyu 

Co., Ltd., trade name: Hishigata Special A) in an amount 

of 7.5 parts by weight with respect to 100 parts by weight 
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of a resin, thereby obtaining a porous resin sheet having 

a thickness of 150 µm. A PET fi'lm (made by Teijin Limit­

ed, trade name: B4X, thickness: 25 µm, total light trans­

mittance: 89%) was laminated as a UV light protective 

layer on one surf ace of the obtained porous resin sheet in 

the ·same manner as in Example 1 to obtain a light ref lec­

ti ve sheet 6. Next, the thus obtained light reflective 

sheet 6 was used to set up a light reflector in the same 

manner as in Example 1. The porous resin sheet, the UV 

light protective layer, the light reflective sheet 6 and 

the light reflector obtained above were evaluated by the 

same procedure _as in Example 1, and the results of the 

evaluation are shown in Table 1. 

Example 7 

The same procedure as in Example 1 was repeated 

except that a high-density polyethylene having a density 

of 0.954 g/cm3 and an MI of 1.1 g/10 min (made by Mitsui 

Petrochemical Industries, Ltd., trade name: HI-ZEX 3300F; 

hereinafter referred to as "HOPE") was used as a polyole­

fin resin, thereby obtaining a porous resin sheet having a 

thickness of 150 µm. Next, a PMMA film (made by Mitsu­

bishi Rayon Co., Ltd., trade name: ACRYPLEN HBCOll, thick­

ness: 17 µm, total light transmittance: 95%) was laminat­

ed on one surface of the obtained porous resin sheet in 

the same manner as in Example 1 to form a light reflective 

sheet 7. Next, the thus obtained light reflective sheet 7 
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was used to set-up a light reflector in the same manner as 

in Example 1. The porous resin sheet, the UV light pro­

tective layer, the light reflective sheet 7 and the light 

reflector obtained above were evaluated by the same proce­

dure as in Example 1, and the results of the evaluation 

. are shown in Table 2. 

Example 8 

The same procedure as in Example 1 was repeated 

except that a low-density polyethylene having a density of 

o·. 925 g/cm3 and an MI of 2 g/10 min (made by Mitsui Petro­

chemical Industries, Ltd., trade name: MIRASON F312; 

hereinafter referred to as "LOPE") was used as a polyole­

fin resin, thereby obtaining a porous resin sheet having a 

thickness of· 100 µm. Next, A PET film (made by Teijin 

Limited, trade name: B4X, thickness: 25 µm, total light 

transmittance: 89%) was laminated as a UV light protective 

layer oh ··one surface of the obtained porous resin sheet in 

the same manner as in Example 1 to form a light reflective 

sheet 8. Next, the thus obtained light reflective sheet 8 

was used to set up a light reflector in the same manner as 

in Example 1. The porous resin sheet, the UV light pro­

tective layer, the light reflective sheet 8 and the light 

reflector obtained above were evalu~ted by the same proce­

dure as in Example 1, and the results of the evaluation 

are shown in Table 2. 

Example 9 
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A white PET film containing an inorganic filler (made 

by Toray Industries, Inc., trade name: LU~ILAR E-20, 

thickness: 75 µm, total light transmittance: 9.8%) was 

laminated as a light leakage preventing auxiliary layer on 

the back surf ace of a porous resin sheet obtained in 

Example 1 to obtain a light reflective sheet 9. Next, a 

light reflector was set up by the same procedure as in 

Example 1 except that the thus obtained light reflective 

sheet 9 was used as a light reflecting layer under a 

transparent light guide plate so that light might .hit on 

the porous resin sheet of the obtained light reflective 

sheet 9 and a light reflective sheet 1 obtained in Example 

1 was used as a lamp holder. The porous resin sheet, the 

UV light protective layer, the light leakage preventing 

auxiliary layer, the light reflective sheets 1 and 9 and 

the light reflector obtained above were evaluated by the 

same procedure as in Example 1, and t~~ results of the 

evaluation are shown in Table 2. 

Example 10 

A white PET film containing an inorganic filler (made 

by Toray Industries, Inc., trade name: ~UMILAR E-20, 

thickness: 125 µm, total light transmittance: 5.1%) was 

laminated as a light leakage preventing auxiliary layer on 

the back surface of a porous resin sheet obtained in 

Example 1 to obtain a light reflective sheet 10. Next, a 

light ref lee.tor was set up by the same procedure as in 
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Example 1 except that the thus obtained light reflective 

sheet 10 was used as a light reflecting l~yer under a 

transparent light guide plate so that light might hit on 

the porous resin sheet of the obtained light reflective 

sheet 10 and a light reflective sheet 1 obtained in Exam-

. ple 1 was used as a lamp holder. The porous resin sheet, 

the UV light protective layer, the light leakage prevent­

ing auxiliary layer, the light reflective sheets 1 and 10 

and the light reflector obtained above were evaluated by 

the same procedure as in Example 1, and the results of the 

evaluation are shown.in Table 2~ 

Example 11 

A white PET film .containing an inorganic filler {made 

by Toray Industries, Inc., trade name: LUMILAR E-20, 

thickness: 50 µm, total light transmittance: 12.5%) was 

laminated as a light leakage preventing auxiliary layer on 

the back surf ace of a porous resin sheet obtained in 

Example 1 to obtain a light reflective sheet 11. Next, a 

light reflector was set up by the same procedure as in 

Example 1 except that the thus obtained light reflective 

sheet 11 was used as a light reflecting layer under a 

transparent light guide plate so that light might hit on 

the porous resin sheet of the light reflective sheet 11 

and a light reflective sheet 1 obtained in Example 1 was 

used as a lamp holder. The porous resin sheet, the UV 

light protective layer, the light leakage preventing 
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auxiliary layer, the light reflective sheets 1 and 11 and 

the light reflector obtained above were evaluated by the 

same procedure as in Example 1, and the results of the 

evaluation are shown in Table 2. 

Comparative Example 1 

The same procedure as in Example 1 was repeated 

except that a blend ratio between LLDPE and barium sulfate 

was set to a weight ratio shown in Table 3, t~ereby ob­

taining a porous resin sheet. Next, a PET film (made by 

Diafoil Hoechst Co., Ltd., trade name: DIAFOIL HlOOC, 

thickness: 12 µm, total iight transmittance: .90%) was 

laminated as a UV light protective layer on one surface of 

the obtained porous resin sheet in the same manner as in 

Example 1 to obtain a light reflective sheet 12. The thus 

obtained light reflective sheet 12 was used to set up a 

light reflector.in the same manner as in Example 1. The 

porous resin sheet, the UV light protective layer, the 

light reflective sheet 12 and the light reflector obtained 

above were evaluated by the same procedure as in Example 

1. This light reflective sheet 12 had a low porosity and 

a low light reflectance. In addition, the luminance of 

the light reflector was also low. The results of the 

evaluation are shown in Table 3. 

Comparative Example 2 

The same procedure as in Example 1 was repeated to 

obtain a porous resin sheet. Next, a PMMA film (made by 
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Mitsubishi Rayon Co., Ltd., trade name: ACRYPLEN HBCOOl, 

thickness: 120 µm, total light transmitt~nce: 87%) was 

laminated as a UV light protective layer on one surface of 

the obtained porous resin sheet in the same manner as in 

Example 1 to obtain a light reflective sheet 13. The thus 

obtained light reflective sheet 13 was used to set up a 

light reflector in the same manner as in Example 1. The 

porous resin sheet, the UV light protective layer, the 

light reflective sheet and the light reflector obtained 

above were evaluated by the same procedure as in Example 

1. The light reflectance of the sheet and the luminance 

of the light reflector was also low. The results of the 

evaluation are shown in Table 3. 

Comparative Example 3 

A porous resin sheet having a thickness of 50 µm was 

obtained by the same procedure as in Example 1, and a 

light reflective sheet 14 was obtained without laminating 

any UV light protective layer on the surface of the resin 

sheet. Next, the obtained light reflective ·sheet 14 was 

used to set up a light reflector in the same manner as in 

Example 1. The porous resin sheet, the light reflective 

sheet and the light reflector were evaluated by the same 

procedure as in Example 1 except that the surface of the 

porous resin sheet of the light reflective sheet 14 was 

directly irradiated with ultraviolet light. The results 

of the evaluation are shown in Table 3. 
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Comparative Example 4 

A commercially available white PET s~eet (made by 

Kimoto Co., Ltd., trade name: REFWHITE RW75C, a white PET 

sheet which was obtained by first laminating PET films 

containing calcium carbonate on both the surf aces of a PET 

. film containing a polyolef in resin to form a film compris­

ing three layers, biaxially stretching the thus formed 

film to obtain a stretched white PET film having a thick­

ness of 75 µm, .and then applying a titanium oxide film 

having a thickness of about 40 µm on one surface of the 

stretched white PET film) was regarded as a light ref lec­

tive sheet 15. Next, this light reflective sheet 15 was 

used to set up a light reflector ·in the same manner as in 

Example 1. For the light reflective sheet 15 and the 

light reflector obtained above, evaluation was made in the 

same manner as in Example 1. This light reflective sheet 

16 had a low reflectance and thus a low luminance as well 

as a low light resistance. The results of the evaluation 

are shown in Table 3. The luminance, the light reflect­

ance and its deterioration ratio were the characteristics 

of the surface of the PET film on which titanium oxide was 

not applied. 

Example 12 

A white PET film containing an inorganic filler (made 

by Toray Industries, Inc., trade name: LUMILAR E-20, 

thickness: 38 µm, total light transmittance: 18.4%) was 
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laminated as a light leakage preventing auxiliary layer on 

a porous resin sheet of a light reflectiv~ sheet 1 ob­

tained in Example 1 to obtain a light reflective sheet 16 

in which a UV light protective layer was laminated on the 

surf ace of the porous resin sheet and the light leakage 

, preventing auxiliary layer was laminated on the back 

surface of the porous resin sheet. Furthermore, a white 

PET film containing an inorganic filler (made by Toray 

Industries, Inc., trade name: LUMILAR E-20, thickness: 75 

µm, ·total light transmittance: 9.8%) was laminated as the 

light leakage preventing auxiliary layer on the porous 

resin sheet of the light reflective sheet 1 obtained in 

Example 1 to obtain a light reflective sheet 17 in which 

the UV light protective layer was laminated on the surface 

of the porous resin sheet and the light leakage preventing 

auxiliary layer was laminated on the back surface of the 

porous resin sheet. The characteristics of the sele·cted ··· .. ·'· ., 

porous resin sheet, the light transmittances of light with 

which the UV light protective layers of the obtained light 

reflective sheets 16 and 17 were irradiated, the deterio~ 

ration ratios of the light reflectances, and the stiff­

nesses of the light reflective sheets 16 and 17 were 

measured, and.the results are shown as follows. 

Porous resin sheet: 

LLDPE: 100 parts by weight, Baso4 : 230 parts by 

weight, stretch magnification: 6.5 times, thickness: 200 
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µm, porosity: 45%, light reflectance: 98.8% 

Light reflective sheet 16: 

UV light protective layer: PET film (thickness: 12 

µm, total light transmittance: 90%) 

·Light leakage preventing auxiliary layer: white PET 

film containing an inorganic filler (thickness: 38 µm, 

total light transmittance: 18.4%) 

Light reflectance: 99.0%, stiffness: 138 mm, deterio­

~ation ratio of the light reflectance: 1.8% (450 run), 0.5% 

(550 run) 

Light reflective sheet 17: 

UV light protective layer: PET film (thickness: 12 

µm, total light ·transmittance: 90%) 

Light leakage preventing auxiliary layer: white PET 

film containing an inorganic filler (thickness: 75 µm, 

total light transmittance: 9.8%) 

Light reflectance: 99.3%, stiffness: 185 mm 

Next, a light reflector was set up.by the same prc;>ce­

dure as in Example 1 except that the thus obtained light 

reflective sheet 16 was used as a lamp holder of a back 

light unit in a liquid crystal display and the obtained 

light reflective sheet 17 was used as a light.reflecting 

layer under a transparent light guide plate in the liquid 

crystal display. In this light reflector, incidentally, 

the light reflective sheets 16 and 17 were installed so 

that the light might hit on each UV light protective 



r 

- 62 -

layer. The luminance of the obtained light reflector was 

measured, and it was 125. 



Table 1 

1 2 
Porous resin Resin 

sheet 
Kind LLDPE LLDPE 

Parts of weight 100 100 
Inor~anic 

fi ler 
Kind BaS04 BaS04 

Parts by weight 230 230 
Stretch magnification (times) 6.5 6.5 
Thickness (µm) 200 200 
Porosity (%) 45 45 
Light reflectance (%) 98.8 98.8 

Lamp holder Protective Kind PET Acr1] ic part layer film coa ing 
Thickness (µm) 12 5 

Total 1 i~ht 90 96 
transmit ance (%) 

Li ht 
re¥1ective 

Light reflectance(%) 98.6 98.4 
sheet Stiffness (mn) 95 75 

Deterioration 450 nm 1.8 4.0 
of 1 ight 
reflectance (%) 550 nm o.s 3.2 

Number of I iRht 1 2 
reflective s eet 

Light Protective Kind PET Acr~] ic reflective layer film coa mg 
sheet 

under the Thickness (µm) 12 5 
transparent 

Total 1 i~ht 96 guide plate 
transmit ance (%) 

90 

Li ht light reflectance (%) 98.6 98.4 
re¥1ective 

sheet Stiffness (mn) 95 75 

Number of I iffht 
reflective s eet 

1 2 

Luminance 115 114 

Example 

3 4 

LLDPE pp 

100 100 
BaS04 BaS04 

190 230 
6.5 6.5 

150 150 
48 52 
97.2 97.9 

PMMA Polyester 
film coating 

35 40 
94 90 

96.3 96.9 
95 80 

1.7 3.0 

1.4 2.0 
3 4 

PMMA Pol~~ster 
film coa mg 

35 40 
94 90 

96.3 96.9 
95 80 

3 4 

110 106 

5 

EP 

100 

BaS04 

230 
6.5 

70 
51 
96.8 

Silicone 
coating 

20 

91 

95.9 

74 
4.5 

3.7 

5 

Silicone 
coating 

20 
91 

95.9 
74 

5 

103 

6 
LLOPE 

100 

CaCO:;i 
150 

6.5 

150 
50 

96.7 
PET 
film 

25 
89 

96.1 

105 
1.5 

0.6 

6 

PET 
film 

25 
89 

96.l 

105 

6 

107 

O'I 
w 

.. 



Table 2 

7 
Porous resin Resin Kind HOPE sheet 

Parts of weight 100 
Inorqanic Kind BaS011 fi ler 

Parts by weight 230 
Stretch magnification (times) 6.5 
Thickness· ()IJll) 150 
Porosity {%) 49 
Light reflectance (%) 97.9 

Lamp holder Protective Kind PMMA part layer. film 
Thickness (µm) 17 
Total litt 95 
transmit ance (%) 

Livht · Light reflectance (%) 97.3 re lective 
sheet Stiffness (rrm) 92 

Deterioration 450 nm 1.9 of 1 ight 
reflectance (%) 550 nm 1.8 
Number of liRht 7 
reflective s eet 

Light Protective Kind PMMA reflective layer film sheet 
under the Thickness (µm) 17 transparent 

Tota 1 1 i~ht 95 guide plate 
transmit ance (%) 

Li ht Light reflectance (%) 97.3 re¥1ective 
sheet Stiffness (nm) 92 

Number of 1 ight 7 reflective s eet 
Luminance 105 

Example 
8 ·9 

LOPE LLOPE 

100 100 
BaS04 BaS04 

230 230 
6.5 6.5 

100 200 
50 45 
97.1 98.8 

PET PET 
film film 

25 12 
89 90 

96.3 98.6 
98 95 
1.6 1.8 
1.4 0.5 
8 1 

PET PET 
film film 

25 75 
89 9.8 

96.3 99.4 
98 150 

8 9 

104 120 

10 
LLDPE 

100 
BaS04 

230 

6.5 

200 

45 

98.8 
PET 
fflm 

12 
90 

98.6 

95 
1.8 

0.5 

1 

PET 
film 

125 
5.1 

99.6 
175 

10 

122 

11 

LLDPE 

100 

BaS04 

230 

6.5 
200 

45 

98.8 
PET 
film 

12 
90 

98.6 
95 
1.8 

0.5 

1 

PET 
film 

50 
12.5 

99.3 
130 

11 

118 

O'I 
~ 

., 



il!2.k1 

1 
Porous resin Resin Kind LLDPE sheet 

Parts of weight 100 
Inoryanic Kind BaS04 fi ler 

Parts by weight 50 
Stretch magnification (times) 6.5 
Thickness (J.Llll) 200 
Porosity (%) ' 30 
Light reflectance (%) 93.9 

Lamp holder Protective Kind PET part layer film 
Thickness (J.Llll) 12 
Tota 1 1 i~ht 90 
transmit ance (%) 

Li ht 
reVlectfve 

Light reflectance (%) 93.7 
sheet Stiffness (rrrn) 98 

Deterioration 450 nm 1.9 of light 
reflechtnce (%) 550 nm 0.7 
Number of 1 iRht 12 reflective s eet 

Light Protective Kind PET reflective layer film sheet 
under the Thickness (J.1.m) 12 transparent 

Total 1 i~ht 90 guide plate 
transmit ance (%) 

Li ht 
reVlective 

Light reflectance (%) 93.7 
sheet Stiffness (nm) 98 

Number of liRht 12 
reflective s eet 

Luminance 97 
*: Kimoto Co., Ltd. REFWHITE RW75C 

Comparative Example 

2 3 
LLDPE LLDPE 

100 100 
BaS04 BaS04 

230 230 
6.5 6.5 

200 50 
45 52 
98.8 95.2 

PMMA 
film --
120 --
87 --
92.1 95.2 

200 40 
0.4 11.3 
0.3 11.1 

13 14 

PMMA 
film --

120 --
87 --
92.1 95.2 

200 40 

13 14 

98 101 

4 
PET* 

100 

--
--
--
113 

--
93.2 

--
--
--
93.2 

112 
15.1 

7.5 

15 

--
--
--
93.2 

112 

15 

85 

°' U1 

~ 
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WHAT IS CLAIMED IS: 

1. A light reflective sheet which comprises a 

porous resin sheet and a protective layer laminated on at 

least one surface of the porous resin sheet; the porous 

resin sheet comprising a polyolef in resin and 100 to 300 

, parts by weight of a finely powdery inorganic filler with 

respect to 100 parts by weight of a polyolef in resin; the 

porous resin sheet being stretched at an area stretc·h 

magnification of 1.5 to 20 times; the light reflectance of 

the porous resin sheet at a wave length of 550 nm being 

95% or more; the stiffness of the light reflective sheet 

being at least 50 mm.· 

2. The light reflective sheet according to Claim 1 

wherein the protective layer is a UV light protective 

layer which increases the stiffness of the light ref lec-

tive sheet up to 50 to 150 mm and which has a function as 

the UV light protective layer; the total light transmit-

tance of the UV light protective layer is 80% or more; the 

total reflectance of a light beam having a wave length of 

550 nm irradiated on the surf ace of the UV light protec-

tive layer of the light reflective sheet is 95% or more; 

and after the surface of the UV light protective layer of 

the light reflective sheet has been irradiated with an 

ultraviolet light of 400 MJ/m2 at 80°C, deterioration 

ratios of the total ref lectances of light beams having 
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wave lengths of 450 run and 550 run in the light reflective 

sheet are both less than 10%. 

3. The light reflective sheet according to Claim 1 

wherein the protective layer is a light leakage preventing 

auxiliary layer which increases the stiffness of the light 

. reflective sheet comprising a porous resin sheet and the 

light leakage preventing auxiliary layer laminated only on 

the back surface of the po~ous resin sheet up to at least 

100 mm and which has a light leakage preventing function; 

the total light transmittance of the light leakage pre­

venting auxiliary layer is less than 20%; and the total 

reflectance of a light beam having a wave length of 550 nm 

irradiated on the surface of the porous resin sheet of the 

light reflective sheet is 95% or more. 

4. The light reflective sheet according to Claim 1 

which is a laminate comprising the porous resin sheet and 

the protective layers laminated on both the surfaces of 

-
the porous resin sheet; the protective layer on the sur-

face of the porous resin sheet is a UV light protective 

layer having a function as the UV light protective layer 

and a total light transmittance of 80% or more; the pro-

tective layer on the back surface of the porous resin 

sheet is a light leakage preventing auxiliary layer having 

a light leakage preventing function; the total reflectance 

of a light beam having a wave length of 550 run irradiated 
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on the surface of the UV light protective layer of the 

laminate is 95% or mqre; after the surface of the UV light 

protective layer of the laminate has been irradiated with 

an ultraviolet light of 400 MJ/m2 at 80°C, the deteriora-

tion ratios of the total reflectances of light beams 

having wave .lengths of 450 run and 550 run in the light 

reflective sheet are both less than 10%; and the stiffness 

of the light reflective sheet is at least 50 mm. 

5. The light reflective sheet according to Claim 1 

wherein the polyolef in resin is at least one resin select-

ed from the group consisting of high-density polyethyl­

enes, low-density polyethylenes, polypropylenes, 

ethylene- a-olefin copolymers and ethylene-pro_pylene 

copolymers. 

6. The light reflective sheet according to Claim 1 

wherein the finely powdery inorganic filler is at least 

one filler selected from the group consisting of barium 

sulfate, calcium carbonate, titanium oxide, magnesium 

carbonate, alumina, magnesium hydroxide and zinc oxide. 

7. The light reflective sheet according to Claim 1 

wherein the porous resin sheet contains, as another addi­

tive, 0.01 to 5 parts by weight of an ultraviolet absorber 

with respect to 100 parts by weight of the polyolefin 

resin. 
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8. The light reflective sheet according to Claim 1 

wherein the porosity of the porous resin sheet is in the 

range of from 40 to 70%. 

9. The light reflective sheet according to Claim 1 

wherein the thickness of the porous resin sheet is in the 

· range of from 50 to 500 µm. 

10. The light reflective sheet according to Claim 2 

or 4 wherein the protective layer having a function of 

protecting the porous resin sheet from UV is a resin film 

having a thickness of 1 to 100 µm selected from the group 

consisting of a polyester resin film, a polyacrylic resin 

film and a silicone resin film. 

11. The light reflective sheet according to Claim 3 

or 4 wherein the protective layer having a light leakage 

preventing function is a resin film having a thickn~ss of 

30 to 150 µm which comprises a resin selected from the 

group consisting of a polyester resin, a polyacrylic resin 

and a silicone resin containing 5 to 70% by weight of an 

inorganic filler. 

12. The light reflective sheet according to Claim 11 

wherein the inorganic filler is at least one filler se-

lected from the group consisting of barium sulfate, calci-

um carbonate, titanium oxide, magnesium carbonate, alumi-

na, magnesium hydroxide and zinc oxide. 
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13. The light reflective sheet according to any one 

of Claims 1 to 12 which can be used as ·a light reflective 

sheet for a device selected from the group consisting of 

back light units of liquid crystal displays, lights, 

copying machines, projector system displays, facsimiles 

. and electronic blackboards. 

14. The light reflective sheet according to any one 

of Claims 1, 2, 4, 5, 6, 7, 8 and 10 which can be used as 

~ light reflective sheet for a lamp hqlder constituting a 

back light unit of a liquid crystal display. 

15. The light reflective sheet according to any· one . , . 
of Claims 1, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12 which can 

be used as a light reflecting layer under a transparent 

light guide plate constituting a back light unit of a 

liquid crystal display. 

16. A light reflector which compris.es ·-a transparent 

light guide plate 4, a light reflecting layer under the 

transparent light guide plate 3 placed on one surf ace of 

the transparent light guide plate 4, a light diffusion 

sheet 5 placed on the other surface of the transparent 

light guide plate 4, a lens sheet 6 placed on the surface 

of the light diffusion sheet 5, a_light source 1 installed 

on at least one side of a laminate of these members 3, 4, 

5 and 6, and a curved lamp holder 2 for covering the light 
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source 1, 

the light reflective sheet described in any one of 

Claims 1, 2, 4, 5, 6, 7, 8, 9 and 10 being used as the 

lamp holder 2; and/or the light reflective sheet described 

in any one of Claims 1, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12 

being used as the light reflecting layer 3 under the 

transparent light guide plate. 


