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malfunctioning batteries. Therefore, safety of batteries is 

strictly restricted in terms of ignition and combustion of 

batteries by safety standards. 

Many attempts have been made to solve the problem 

5 related to the safety of a battery. However, ignition of a 

battery, caused by a forced internal short circuit due to 

external impacts (particularly, in the case of a customer­

abused battery) cannot be solved yet. 

Recently, US Patent No. 6,432,586 discloses a 

10 polyolefin-based separator coated with an inorganic layer 

such as calcium carbonate, silica, etc., so as to prevent an 

internal short circuit, caused by dendrite growth inside of a 

battery. However, the polyolefin-based separator merely using 

conventional inorganic particles cannot provide significant 

15 improvement in the safety of a battery, when the battery 

experiences an internal short circuit due to external 

impacts. There is no mechanism for preventing such problem in 

the separator. Additionally, the inorganic particle layer 

disclosed in the above patent is not particularly defined in 

20 terms of the thickness, pore size and porosity. Moreover, the 

inorganic particles used in the separator have no lithium 

conductivity, and thus cause a significant drop in the 

quality of a battery. 

25 Brief Description of the Drawings 

The foregoing and other objects, features and 

advantages of the present invention will become more apparent 

from the following detailed description when taken in 

conjunction with the accompanying drawings in which: 

30 FIG. 1 is a schematic view showing an organic/inorganic 

composite porous separator according to the present 

invention, and the function thereof in a battery; 
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resistance generated among the inorganic particles or between 

the inorganic particles and the binder polymer can be 

decreased significantly. 

(4) Polyolefin-based separators coated with a layer 

5 comprising a metal oxide or a mixture of a metal oxide with a 

polymer have been disclosed according to the prior art. 

However, most of such conventional separators comprise no 

binder polymer for supporting and interconnecting inorganic 

particles. Even if a polymer is used in such conventional 

10 separators, the polymer should have been used in a great 

amount, so that such conventional separators have no pore 

structures or have a non-uniform pore region in the polymer, 

and thus cannot serve sufficiently as separators, through 

which lithium ions can pass (see, FIG. 4). Additionally, 

15 there is no correct understanding with regard to the physical 

properties, particle diameter and homogeneity of the 

inorganic particles and a pore structure formed by the 

inorganic particles. Therefore, such separators according to 

the prior art have a problem in that they cause degradation 

20 in the quality of a battery. More particularly, when the 

inorganic particles have a relatively large diameter, the 

thickness of an organic/inorganic coating layer obtained 

under the same solid content increases, resul ting in 

degradation in mechanical properties. Additionally, in this 

25 case, there is a great possibility of internal short circuit 

during charge/discharge cycles of a battery due to an 

excessively large pore size. Further, due to the lack of a 

binder that serves to fix the inorganic particles on the 

substrate, a finally formed film is deteriorated in terms of 

30 mechanical properties, and is not suitable to be applied in a 

practical battery assemblage process. For example, 
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conventional separators according to the prior art may not be 

amenable to a lamination process. 

On the contrary, the present inventors have recognized 

that controlling the porosity and pore size of the 

5 organic/inorganic composite porous separator is one of the 

factors affecting the quality of a battery. Therefore, we 

have varied and optimized the particle diameter of the 

inorganic particles or the mixing ratio of the inorganic 

particles with the binder polymer. In fact, it was shown by 

10 the following Experimental Examples that the 

organic/inorganic composite porous separator according to the 

present invention, which comprises a pore structure formed by 

the interstitial volumes among the inorganic particles on the 

polyolefin-based separator substrate, has a significantly 

15 higher ion conductivity, as compared to a conventional 

composite separator having an artificial pore structure 

formed in a polymer film on the polyolefin-based separator 

substrate (see FIG. 4). Additionally, according to the 

present invention, the binder polymer used in the active 

20 layer can serve sufficiently as a binder so as to 

interconnect and stably fix the inorganic particles among 

themselves, between the inorganic particles and the surface 

of the heat resistant porous substrate, and between the 

inorganic particles and a part of the pores in the substrate, 

25 thereby preventing degradation in mechanical properties of a 

finally formed organic/inorganic composite porous separator. 

(5) The organic/inorganic composite porous separator 

according to the present invention can provide excellent 

adhesion by controlling the mixing ratio of the components 

30 forming the active layer, i.e. the mixing ratio of the 

inorganic particles with the binder polymer. Therefore, it is 

possible to facilitate assemblage of a battery. 
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