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HB'l'ALLIC PLAn MATERIAL roa BLBCTRIC/BLBCTBOHIC IHSftUMElft' AND 

BLBCTRIC/BLBCTROHIC IHSTRUMKHT USING SAHB 

BACKGROUND 

5 fhld of the Inyention • 

The present J.nvent1on relates to a metallic plate material 

which 1.s a material for, for exampl.e. a cas1ng for conta1n1ng, 

parts of an electX"ic/electronic instrument. More speci.f:i.call.y, 

the present :Lnvention relates to a metallic plate material which 

10 comprises a resin-coated metallic pl.ate material being good 1n 

earthing properties, shie1dproperties against el.ectromagnetic 

~~ waves, formab111 ties, sl1d.:Lng properties, resistance to sol vents. 

etc. 

15 Pr:l,or Art 

General.l.y, for exampl.e, a casing for containing parts of 

var1.ous kinds of electric/eJ.ectronic 1.nstruments is produced by. 

for example, forming a metallic thin plate having a surface 

coating. 

20 In forming performed 1.n that case, :Lt has become general to 

use volati1e press oi1 in order to omit a process of cleaning after 

press-mo1ding. Therefore, it is required that the resin-coated 

metal1ic th1n p1ate should have good formabili ties, In some cases, 

press-mold1ng is preformed using ordinary press oil, and .1n that 

25 · case, solvent degreasing needs to be perform~ after press­

molding. Therefore, it is also required that the metallic thin 

plate having a. surface coating should have res.1stanc:e to solvents. 

For a casing of a machine wherein modular components are 

freguent1y attached to or detached from a main body, like a 

30 ~ersonal computer where~n an integrated-type disc drive 1s 

attached to or detached from a main body 1n a casing, 1.t is requ.ired 

that the surface of the metal1ic thin plate having a surface 

coating should have good sliding properties. 
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Further, in order that the appearance of a oasing may not 

be deteriorated by fin!Jerprints and flaws when an instrument i.s 

assembled, :1.t 1s required that the cas.1ng should have resistance 

to fingerprints and resistance to saraches. 

5 Thus1 a rosin-coated meta1l..1c thin plate having a-eurface 

coat1ng used for producing ~ casing for an electric/electronic 

instrument needs to be good in form.abilities, resistance to 

solvents1 sliding properties, resistance to fingerprints, 

resistance to scratches, etc. 

10 In order to meet the requirements as above1 a resin-coated 

metallic plate materia1 ~s used. However, generally. a resin 

-- coating is insulator. 'fherefore1 a casing made of a resin-coated 

metallic p1ate material cannot be earthed, and cannot 

satisfactor:l.iy exhibits a shield function properties against 

15 electromagnet.1c waves from electric/electronic circu.1ts of parts 

of an e1ectr~c/eleotronic .1nstrument contained in the casing. 

The shiel.d properties against electromagnet1.c waves and 

earthing propert.1es of the resin-coated metallic plate material 

oan be improved by improving the electrical conduct1v1ty of the 

20 resin coating, or 1n other words. decreasing the degree of the 

e1ectrica1 res:Lstanoe thereof. Thus , in order to deal with the 

above-mentioned problems, there has been proposed a res:l.n-coated 

metallic plate materia1 '81\~cb contains. as a major component, 

water-soluble polymer •ax having an electrica11y-conduotive 

25 auxiliary agent such as metallic soap. meta11,;i.c powder, or 

graphite powder mixed into (see Japanese Unexamined Patent 

Publication No. Hei 5-320685), 

There has been also proposed a resin-coated metallic plate 

material to which metallic particles are added (see Japanese 

jO Unexamined Patent Publication No. Rei 9-255759, Japanese 

Unexamined Patent Publication No. Hei 11-140345, etc.). 

However, the pr.1or art as above has the following problems : 

For example, when a metall~c p1ate material is formed, an 
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electricall.y-conduotive agent such as metallic powder conta1ned 

in a resin coating may fall off by the res1n coating, wh1ah forms 

a surface of the matall1c plate material, being rubbed by a molding 

machine, and/or by the plate material being transformed. The 

S meta11ic powder that has fallen off may come into electric circuits 

or precision dr1.ve portions of ·parts of an electric[el.ectronic 

instrument in a cas1.ng, and make the electric/electronic 

instrument mal.function. 

Further, the resin coating of this type has electrical 

10 conduct:l.vi ty on1y at the places where the e1ectr:l.cally-conductive 

agent ex1.sts. Since the shape and distribution of the 

eledtrically-conduct1.ve agent affects the e1ectrioal 

conductivity, the e1ectrical conductivity varies to a large 

degree, according to the place. 'l'heref ore, the casing made of 

15 this plate material does not allow an e1ectr1c/electronic 

instrument to he earthed at every desired place. The 

electr:l.c/electronic 1.nstrument may not be able to be earthed at 

some p1ace of the casing. 

20 OBJBC'l'S .um SUMMARY OP "rHB lNVKHTIOH 

An object of the present invention is to provide a metallic 

p1ate material ooated with an electrically-conductive resin 

coating which does not oontai.n an electJ:ida1l.y-conduct1.ve agent 

in the form of particles, and whidh is good in earthing properties 1 

25 shield properties against electromagnet1.a waves.1 fo:anab1lities, 

sliding propert1.es and resistance to sol.vents, and provide an 

e1ectric/e1ectron1c 1nstrument using this metallic plate 

material. 

In order to attain the above object, the present invention 

30 provides a metal11c plate material for an electric/electronic 

instrument comprising a resin-coated metallic plate material. 

wherein the resin coating contains, as resin, at least one 

substance chosen from a group consisting of acrylic-based resin, 
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epoxy-.based resin. and urethane-based resin. and contai.ns water 

in the amount Of 1 to 50 mass % and a 1ubr.1cant in the cunount of 

O. l to 20 mass % • and the res.1.n coating has a t~.:l.clcness of o. OS 

to S p.ID. 

5 Further. the present invention provides an • 

electric/electronic .:l.nstrument using this metallic.plate 

material.. 

BRigp DESCRIPTION OF THB bRAWIHGS 

lo FIG. 1 is a schematic 1.11ustration of a dev.1.ce for mea.sur.:Lng 

the coefficient of friction of a resin coat1ng: 

FIG. 2 is a schemat1.c illustration of a device for measuring 

the eJ.ectrical conductivity of a resin coat.1.ng: 

FIG. 3 is a schemat1.c .1.J.J.ustration of a dev.1.ce for measuring 

15 the sJ..1d1.ng properties of a resin coating: 

FIG. 4 shows a cross sect.ton of an exampl.e of a metallic plate 

material. according to the present invention: 

FIG. 5 .:ls a schematic 1.11ustration showing an example of a. 

bottom-up application method (reverse rotation): 

· 20 FIG. 6 .:ls a schematic 1.ll.ustration show.1.ng an example of a 

top-feed appJ.ication method (natural rotat1.on)J 

FIG. 7 is a schematic 111ustration showing ilD. examp1e of 

another top-feed appl1.cat1.on method (reverse rotation); 

FIG. 8 is a schematic illustration showing an example of 

25 another top-feed appl1cat.:l.on method (natural ~otation)r and 

FIG. 9 is a schematic 111ustrat~on showing the shape of a 

No. 4 Ford cup specif.1.ed in JIS X 5400. 

DBTAILBD DISCRIPTIOH 

30 In the metallic plate material according to the present 

:lnvention. an electrida11y-conduotive agent as mentioned abo~e 

is not mixed .1.nto a resin coating that coats a surface of a metallic 

plate. However, the resin coating itself has electrical 
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conductivity. In addition, it has also good formabilit1es and 

good sliding properties. 

Pr.ior to describing the composition and other features of 

the resin coating, what are measured as indices of the properties 

5 above w.111 be exp1ained. • 
F~rst, as an index of formabilities, the coef~icient of 

friction that represents lubricity of the surface of a resin 

coating 2 is adopted. As shown in FIG. 1, the coefficient of 

friction .is measured with a Bauden test instrument. 

10 Specifically, a contactor 3 Which is an SUS globe of 3 non 

in diameter is compressed against the surface of a resin coating 

2 of a meta111c plate material with a 1oad of 100 gf. In that 

state, force F (gf) required to move the contactor 3 in a direction 

indicated by an arrow is measured, and a vaiue F/lOO is obtained 

15 as a coefficient of friction (µk). When the coefficient of 

friction is sma.l.ler. it means that the meta111c p1ate material 

bas better fo.r:mab1.l1ties. 

The shield properties against electromagnetic waves and 

earthing properties of a resin-coated metal1:1..a plate ma.teria1 Clan 

20 be evaluated by the eleotrioal conductivity of the resin coating. 

and the e1ectr:Lca1 conductivity of the resin coat:Lng 2 is evaluated 

by the contact e1ectrical resiatance measured w1. th a device shown 

1.n FIG. 2. 

Speo1.f1ca1ly, the shield properties aga.1nst electromagnetic 

25 waves and earthing properties of a resin-ooat~d metal.lie plate 

material can be evaluated by the electri.cal conductivity of the 

resin coating, and the abovesaid contact electrical reaistance 

is measured w1.th a tester 5 .in a state that a steel probe 4 having 

an end of Smm 1n radius is compressed against the surface of a 

30 resin coating 2 of a metallic plate material with a load of 500 

gf and that a current is made to flow bet~een a metallic plate 

l and the steel probe 4. In the present invention. it is 

considered good when the contact electrical resistance of the 
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resin coat.:Lng 2 is 100 '2 or sma1ler. It is more desirable that 

the contact electrical r~sistance of the resin coating 2 1s so 
D or smaller. 

The sliding properties of a resin coating 2 are evaluated 

S by the coefficient of fr1otion after sliding measured w1th a device 

shown in FIG. 3. 

Speci£1.aal.ly, the contactor 3 shown 1.n FIG. 1 i.s compressed 

agaJ.nst the surface of a resin coating 2 w1th a load of 20 gf, 

and in that state, the contactor 3 1s made to go and coD1e baek 

10 five times at a speed of 5 mm/s.. Then, the coeff1.c1.ent of fricti.on 

is measured to thereby evaiuate the sliding properties. 

L- FIG. 4 shows an example of the metallic pl.ate mater1al 

according to the present invention. The illustrated metall.~c 

plate material has a structure where:ln each surface of a metall.:Lc 

15 plate las a substrate is coated with a res.in coating 2 which will 

be described later. 

'l'he material. for the metallic plate 1 and the size and shape 

thereof are not restricted to any spec:Lal. ones. · They are chosen 

appropriately, 1.n accordance with the use for the to-be-produced 

20 metallic plate material. For exmnp1e, a galvanized. steel plate. 

a stainless steel pl.ate, an alWDinum pl.ate, a variety of al.uminum 

a11oy plates, a copper p1ate, a copper alloy plate etd. can be 

used. 

The resi.n coating 2 needs to contain, as essential components, 

25 resin. water and a lubricant. which will be desaribed later. The 

thickness of the resi.n coating 2 needs to be o.os to 5 µm. 

The res.in c"onsists of any one of acryl.:Lc-based resins 1 

epoxy-based resins and urethane-based res.:Lns, or a mixture of two 

or more of those resins. 

30 As an acrylic-based resin, for example, acrylate resin, 

methacrylate resin, methyl. methacrylate resin, isopropyl 

methacrylate resin, etc. can be used. As an epoxy-based resin, 

for example, b:l.sphenol A epoxy res in, acrylic modified epoxy resin, 
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bisphenol F epoxy resin, etc. oan be used. As an urethane-based 

resin, for example. polyether urethane resin, polycarbonate 

urethane rasin, eta. oan be used. 

It is an essential requirement that the resin coating 2 

5 contains water. The water is a component for ensuring that the 

X"esin ooat.1.ng 2 has electrical conductivity. The eount of water 
· .. 

contained in the resin coating 2 is arranged to be 1 to SO mass t. 

~his is because when the amount of water contained in the 

resin coating 2 is less than 1 mass ,, .1.t makes the electrical 

10 conductivity worse, and therefore makes the earthing properties 

and the shield properties against electromagnetic waves worse. 

on the other hand, when the amount of water contained in the resin 

coating 2 is more than 50 mass t, it makes the resistance to 

solvents worse. For the resistance to solvent, the desirable 

15 

20 

amount of water contained 1n the resin coating is 1 to so mass % • 

A lubricant, which 1s another essential component, is a 

component for improving the formabilit1es of the produced 

metal.lie plate mater.ial. The amount of the lubricant contained 

in the res~n coating 2 is arranged to be O.l to 20 mass %. 

This is because when the amount of the lubricant conta.1.ned 

in ~he resin coating 2 1s less than 0.1 mass%~ the coefficient 

0£ friction (µk) of the resin coating 2 is J.arger than O .3, wh:Lch 

means that the above-mentioned benef .ic1al effect is not obta1ned 

satisfactori1y. On the other hand, when the amount of the 

25 lubricant conta.1.ned in the resin coating 2 is mol'e than 20 mass !i, 

the contact electrical re~istance (an average of resistances 

measured at 100 places) is over 100 '2, which means that the 

electrical conductivity of the resin coating 2 is worse, so that 

the shield properties against eledtromagnetic waves or the 

30 earthing properties cannot be obtained satisfactorily. 'l'he 

desirable amount of the lubricant contained in the resin coating 

2 is o.s to 10 mass t. 

As the lubri.cant, .1n view of the relation to water thinnable 
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coati.ng materia1s (described later) used for form1.ng the res1.n 

coating 2., for example, a lubricant that dissolves in water, or 

a lubricant that is dispersed in water by using a suitable 

em.n.l.s1fying agent to form an emulsion :Ls desirable. As such 

s 1ubricants, for example. polyethy1ene wax, carnauba wax, l~olin, 

paraffin waxF microorystalline wax. po1ytetrafluor~ethylene, 

po1yviny1 f 1uor:l.de, etc. can be mentioned .. 

10 

The thickness of the resin coat.ing 2 i.s arranged to be o. OS 

to 5 µm. When .the thickness of the resin coat.:Lng 2 is smaller 

than 0.05 tJm, the coefficient of f1"iction measured w:Ltb the device 

shown in FIG. 3 is larger than 0. 5, which means that the s1iding 

properties of tbe surface of the produced meta1l:l.c p1ate material 

a.re worse. When the thickness of the resin coating 2 is larger 

than 5 µm, the contact electrical resistance of the res1n ooat1ng 

15 2 (an average of resistances measured at 100 p1aces) is over 100 

C, wh:J.ch means that the electrical conduotivJ.ty of the resin 

coating 2 is worse, so that the sh~eld properties against 

electromagnetic waves or the earthing propert:les cannot be 

obtained satisfactorily. 'l'he desirab1e thickness of the resin 

20 coati.ng 2 is O. l to 2 µm. 

It is desi.rable that the resin coating 2 further contains 

one or more substances chosen from ac:ryl.amide, pol.yacry1am~de and 

acrylamide compounds as mentioned below. In that case. the 

e1ectrica1 conductivity of the 1"es:ln coating 2 further improves. 

25 It is desirable that the amount of such sub;:stance contained 

in the resin coating 2 ~s 5 mass t or more, because when it is 

leas than 5 mass I, the above-mentioned beneficial effect cannot 

be obtai.ned satisfactorily. The more desirable amount of such 

substance contained 1.n the resin coating 2 :J.s 30 mass % or more. 

30 As the acrylamide compounds, for example. one or more 

acry1amide compounds chosen from methylene b1sacrylam1de, 2-

acrylamide-2-methylpropane sulfonate. N-methylolacrylamide, 

N-methy1ene sulfonate acrylamide, N-isopropylacry1amide, etc. 



can be used. 

The resi.n coat:l.ng 2 may further contain a surface-active 

agent, because it also can improve the el.ectrical conductivity 

of the resin coating 2. 

5 It is desirable that the amount of the surface-actiVf agent · 

contaJ.ned in the resin coating 2 is in the range of o. S to 30 mass t. 
When it .:ls l.ess than o. s mas-s l, the above-mentioned. benef.1.cia1 · 

effect cannot be obtained satisfactorily. When it is more than 

30 mass t, the resistance to solvents is worse. 

10 For example, when a resin-coated •etal.l.ic plate mater~al 

that contains a surface-act.1.ve agent in the amount of more than 

30 mass t :ls 1mmerged in boi.1ed triehlene for 5 minutes, the resin 

coating di.ssolves in trichlene, so that the resin coating 

decreases by 10 mass" or more. s.rhe more desirable amount of the 

15 surface-active agent contained in the resin coating is 3 to 20 

mass '· 
As the surface-active agent, for example, nonionid 

surf ace-active agents such as alkylphenol ethylene adducts and 

higher a1coho1 ethylene oxide adduots; anion surface-active 

20 agents suoh as h1gher alcoho1 ester sulfate, alky1benzene 

.sulfonate, and high~ a1coho1 phosphate; and oationi.c 

surface-act:Lve agents such as h:Lgher al.ky1 amine, a1kyl.trimethy1 

ammoniWll saJ.t and sepami.ne type quaternary ammon:lum. salt1 eta. 

can be used. It is desirable to use an anion surfaae-active agent 

25 or a cationic surface-active agent, because the anion .. 
surface-active agents and the cationic surface-active agents are 

ioni~ed 1n water to thereby improve the electrical conductivity. 

The meta11ia plate material according to the present ,, 
invention is produced by applying a coating material including 

30 · the components for forming a resin coating as ment1oned above, 

onto the surf ace o:f the metallic plate 1, with a th:Lckness of o . 5 

to s pm. 

It is desirable that the coat1ng materi.al is a water thinnable 
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coating materialr which means a coating material wherein 

components such as the above-exp1a1ned resin, 1ubr1cantr and 

surface-active agent (1f needed), and resin-forming components 

such as a curing agent for curing the res1n are dissolved or 

5 dispersed in water. What is desirable.as the water thinnable 

coating material :ls an emulsion coating ma.teri.al wherein each of 
.·. 

the above-mentioned components is di.spersed as emulsion particles 

in water as a oonti.nuous phase. 

The water thinnab1e coating material is app1ied onto the 

10 meta1l:l.c plate. As an application method, a bottom-up method 

(reverse rotation) shown 1n FIG. 5, a top-feed method (natural 

rotation) shown in FIG. 6. another top-feed method (revarse 

rotation) shown in FIG. 7r another top-feed method (natura1 

rotation) shown in FIG. 8, etc. can be adopted app:ropri.ately. It 

15 is des.1.rable to adopt a top-teed method among these a1Jpl1cat1.on 

methods. 

When the water thinnable coati.ng material is prepared, the 

amount of each of the components is determined so that the amounts 

of water, the lubricant and the surface-active agent contained 

20 in the resin coating ( 1ayer) formed by applying the water thJ.nnable 

coating material onto the meta1lic p1ate may be l to 50 mass .fr, 

0.1 to 20 mass t, and o.s to 30 mass %, respectively. 

25 

Here. the resin, the lubricantr the surface-active agent, 

etc. form the so11d component of the prepared water thinnable 

coating materia1. It 1s desirab1e that tbe amount of the so1id .. 
component of the water th1nnable coating materi.al is 3 to 40 mass i. 

When the water thinnable ooating material where.in the amount 

of the so1i.d component is less than 3 mass% i.s used. a gap between 

an appJ.icator roll and a pickup rol1 or a gap between an applicator 

30 roll and a meteri.ng roll in the appiying methods shown in FIGs. 

S to 8 needs to be made larger so that such water thinnabl.e coati.ng 

material. may be applied onto the metallic plate. This makes it 

diffi.cult to form a unifortn resin ooat.:Lng and leads to positional 



5 

11 

variation in e1ectr:l.cal conductivity of the resin coating. When 

the water thinnab1e coating material where:l.n the amount of the 

solid component is more than 40 mass tis used; there is produced 

a problem that the resin coating is formed with too large a 

th.1.ckness. even 1f the gap between the rolls is made na;rower. 

It is aore desirable if the amount of the solid component 
·.· ·. 

of the water thinnab1e coating material i.s f1xed in the range of 

6 to 27 mass t. 

It is desirab1e that the viscos:l.ty of the water thinnab1e 

10 coating mater:l.al at the temperature of 20°c is 1n the range 0£ 

5 to 40 seconds in terms of ef£1ux t:Lme measured using a No. 4 

Ford cup specified in JIS I< 5400,. i.e •• the time required for a11 

the water thinnable coating materia1 to f 1ow out from the No. 4 

Ford cup. 

15 Here, how to measure the viscosity wi11 be described. 

FIG. 9 shows the d1mens1ons of the No. 4 Ford cup used for 

measuring the viacosi ty. The viscosity is measured as follows: 

First, a sample of a to-be-measured watel:' th1nnable coating 

materia1 and the No. 4 Ford cup are kept at 20:1°C in advance. 

20 The measurement is performed also at 20:1:1°C. 

The No. 4 Ford cup :Ls set on a rest, a glass plate ~s set 

on the cup, and tho cup is kept horizontal. Under the cup is placed 

a vessel for receiv~ng the water thinnable coating material. 

'!'hen. a rubber plate is pressed on an orifice of the cup so 

25 that the body temperature may be free to the orif,\ce, and the water 

tbinnabl.e coating material is poured to fil.l the cup in a manner 

that bubbles may not be produced 1n the water thinnab1e coating 

material. Then, the glass p1ate 1s slid on the upper edge of the 

cup from the side hor1zontal1y, to thereby scrape off excess water 

30 thinnable coating material. Then, the rubber plate is taken off. 

A stopwatch is started at the same time the glass plate is 

taken off the upper edge of the cup. and stopped at the time a 

continuous flow of the water thinnable coating materia1 through 



12 

the orifice stops~ 

The time required for the water th.1nnable coating material. 

to f J.ow out is obtained up to one d,ec:Lmal p1ace and rounded to 

a whole n~ber in second. The viscosity is expressed 1n th1s 

S efflux time. ... 
The water thJ.nnable coating materia1 showing an efflux t11lle 

. -, •. 

shorter than S seaonds 1.s too low in viscosity. In order to apply 

it onto the meta11ic plate. the gap between the rolls as shown 

in FIGS. 5 to 8 needs to be made 1arger. 'This makes :Lt d1fficu1t 

10 to form a uniform res:Ln coating and 1eads to pos1.t1onal variation 

in el.ectr:Lcal conductiv:Lty of the resin ·coating. The water 

thinnabl.e coating material showing an eff1ux time longer than 4.0 

seconds is too high .in viscosity, and causes a problem that th& 

resin coati.ng is formed with too 1arge a th1.akness, even if the 

15 gap between the ro11s 1s made narrower. 

The more desirable v1.seosi ty of the water thinnable coating 

material. 1.s G to 30 seconds in terms of efflux time. 

It 1s desirab1e that pr1or to f o~ing a res.in coating on the 

m.etal11.c pl.ate., the metallic plate undergoes pre-treatment such 

20 as r.inse chromate treatment suoh as phosphate chromate or chrom.ic 

chromate, non-rinse chromate treatment wherein resin containing 

chromium :Ls applied, or non-chromium treatment wherein zirconium 

or t.1taniwn is used .:l.n place of chrome. i'h1.s 1s because the 

pre-treatment as above allows the resin coating to adhere to the 

25 metallic plate better. and also improves the +esi.stance to 

corrosion of the produced metallic plate material. 

[Embodiment] 

Embodiments 1 to 23, Comparison examples l to 9 

(1) Preparation of coating materials 

30 Each of the d.1.fferent coating materials shown in tables 1 

and 2 was prepa:red using the components spec.1.fi.ed in tables 1 and 

2, where water or a so1vent was used so that the amount of the 

so1id component might be that specified in tables l and 2 (mass i) . 
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It is to be noted that the resin in each coating material 

shown in tables 1 and 2 consists of a base resin and an acrtlamide 

substance. The amount of a base resin and the amount of an 

acrylamide substance are shown by mass % where the amount of the 

5 whol.e resin, which are part of the sol.id component of each i:oating 

mater:l.al, is consi.dered 100. on the other hand. t~e amount of 

a 1ubr1cant as wel1 as the amount of a surface-active agent in 

tables 1 and 2 is shown by mass -t where the amount of the solid 

component :l.n each coating material ~a considered 100. 

10 llao the Viscosity of each coating materia1 is shown .in tab1es 

land 2 ill terms of efflux time (second). 

.· 



Tab1e 1 
! ltUia. L11brJ.c:ant 

Ba•• resin AcrY1an.i4• avbstanca ' X:.ncl 
lClD4 Amaunt l:l:24 ~°"nt · ·-·· 1111-• 

5t .,., 
Co•tiDg' Bisphencal A epoxy res.in to Accylamicle 10 l!oly•tti.rl•n• 
IMtl!rt.l 1 V•K 

Coat:Lng Aerrl•t• ruin 30 ll•met•yrol· 30 L•nol:L."1 
m•teria!. 2 Bthrl acrvl•t• re•in 40 •c£Ylam.:i4• 
Co•t:Lng Acrl'late real!\ ! 90 lleth:rl.elle·bl.•· 10 caraa11"Da vax 
niater:L•l l ...,rwlalft14e 
coating -- - Pol.y•C.t:Yl•iaide IOG 'Pol.yeth71ene 
mllt•ri•l 4 va:it 
Coating H•thac:ryla~e zesin I SD Acc:ylalll:i4e·M • 50 Pa l!'•t:hrlan& 
llWllter:La:. 5 methrl•n• Vil:K 

nl.fonate 
coating lliaphenol A epo:ic.y r-in J2 -- - Polyteti:a-
1111teria;.. & n·propyl metac.cylate H fl110.r:oethylene 

re.t:.n 
C:O•tlnsr Acr:rlat• rasin .ID -- - Lanolin 
material 7 Metbyl iaet&C:.."'Yl• te resin 40 

B:l.sphenol I. epox:r reain : 
. 50 

coating Acr:rl 4ena~~ed epoxy ID - - La4olln 
material a realR 

Jaa9ropyl r•t•c..:rJAta ZD 
I re.sin .. 

coating Ae&yl.ilte res:l.a 2D - - · Pol.yeth:rlana 
material J BJ.aphenol A epoJC;Y resi..., 70 vu 

P.baJ\ol re.sin 10 
Coatiogr Methac.cylata rein 28 -- - Polr-th:rlena 
matersu 10 B.l!IPhenol A epoxy resin "1'Z vax 

~ 

Burfac•-act:l.¥11 ao.nt 
Amount ltind I .AmD\mt 
[ ...... [Mua ,.., I .,., 

i 

D.2 Ron:l.anlc •l ! l.S 
I 

u Anionic: •2 I 17 

! 
s llonioa.lc: 10 

IQ Anionic 7.G 

a.a bionic 0.6 

' Anionic 2t 

l.I Cationic:: •l &.s 

'·' Anionic II. t 
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Table 2 

'lt.•sin 
&ue res:s.n 
'IU.:>4 

COatill.!1 B:Lsphenol A epoxy ::eain 
r.iateci.al 11 
Coating M•1:hacrrl•te resin 

. matanal. 12 Bisllhuo1 A epoxv ::uin 
~ coat:J.ng Polyather ure than• r•&J.n 
i material ll 

coating Polyaster .resin 
niatenaJ. 14 

l coating BJ.spbelial A epoxy resin 

-terial 15 
Coat"1Ag Methac.cylate resi.n 
-tertal l' 
Coat!.n9 Plaoro::uin 
r.ia 1:er:Lal l7 
Co.itt:l.ns Pol)'ester resin 
matar.i.al le Sll••r partic:Leos 

laverage particle s~:e: 
Swnt 

c-tJ.ng Bisphenol F epoxy resin 
11•1:erial l.' 
Coat:Lng Kethyl mathacrylate . 
mat:erLal 2D =e.sln 

•1: NOAJ'lphenolethyleneoxide adduc:t 
•2: Higher alcohol sulfate 
•3; Alk)'l1:.rimethyl a1111110lli-m:1 sa:t 

Jt.i:-luJ.4e nb•tance 
Alnount tind IUlov.nt 
(m••• tmass 

'9'.) '51 

'8 tOl)'al:IC'Jl-1441 l'Z 

75 -- -
ZS 
LDQ - -
LOG - -
100 - -
lDQ - -
100 - -

I 110 -- -
• 20 

lDO - -
lS Ket~lene·b.U- '.n 

acrylaDLl.de 
I 

.. 

Lu'briaan1: Sll~ce-ac:t:lve a1Mn1: 
Kind ~v.llt: ltio4 All01in1: 

(Ma,1 t-·· .. , "'' 
~araf Hn wax u cao:tonic Q,, 

Pal7a'tlrfle.aa 6.0 Anio.nia 33 

RX 
P•.rllffin wax ·2 An:La.nic: a,, 

Pal7tetr•- t - -
El11oroe thvlene 
Palrethyle.ua s., -- -

• "'2L1C 

LanoU..n lD - -
Polyethrl•n• l.2 - -
wax 

l'arafEin "~ 1l - -

J.analln 0.0'1 -- -
Polrethylene 22 -- -·-

.. 

8-• 0£ 
coat:Lnsr 
1111rteria1 

wuer 

W•tu 

water 

Water 

Sal vent 

Sal-Gt 

Solvent 

Sol•ent: 

Water 

Water 

... .. 

Ancnmt 
of soltd 
ccinpo-

n•n1: 
(lnas .. , 
z 

15 

42 

21 

10 

ZD 
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24 
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vu-
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ts•C) 
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20 

45 
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20 
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24 
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(2) Production and eva1uat1on of metallic plate materials 

'l'he metal.lie plates of various kinds ~hown .:l.n tables 3 and 

4 were first degreased using a degreasing agent that was on the 

market. Then, the coating materials shown J.n tables 1 and 2 were 

5 applied onto the metallic plates w:Lth various th:Lcknesses by the 

application methods of vario1:1s kinds shown in tables 3 ~d 4. 'rhen. 

the metallid plates were baked and thereby dried. Thus, the 

~etallic plate •ater.:Lals each coatedw1th a dried resin coating 

were obtained. In each dr1ed resin coating. the so1id component 

10 (containing resin, a lubricant, and a surface-active agent) of 

each coating material had been cured. 

·• 'l'hen, the amount of water conta1.ned in the resin coating of 

each of the obtained metallic plate materials was measured .in the 

following way. 

15 First, the mass (M) of a resin coating of a samp1e piece was 

measured. Then, the sample piece was heated in an oven at the 

temperature 0£ 105 °C f~r 1 hour, and then the mass (M') of the 

resin coat1ng of the sample piece was measured and the value of 

an expression (M-M')~lOO/M was oa1du1ated. Since 1t oan be 

20 cons.:l.dered that a11 the water contained in the resin coa.ti.ng had 

f1own away during heating, the value of the expression can be 

dons:S.dered as the amount of water that had been contai.ned :l.n the 

res1n coating (expressed in mass%). 

It JBaY be considered that the amount of a lubrJ.cant 

25 contained i.n each resin coating corresponds to the amount of the 

lubricant conta1ned in the solid component of a used coating 

materia1 (shown in tables 1 and 2). 

~he obtained meta11ic p1ate materials were measured and 

evaluated in electrical conduot1v1ty, formabi1ities, lubricity. 

30 sliding properties, and resistance to solvents, in the following 

ways. 

1. Eleotrica1 conductivity 

As an index of earthing properties and shield properties 

aga.:l.nst e1ectromagnetio waves, contact resistance was measured 
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at 100 places of each res.in coating 2, using the devioe shown in 

FIG. 2, and an average of those measured values was obtained. As 

the tester s. 3030·10 HiTESTER (produced by Hioki E.E. 

Corporation) was used. 

5 Further, When the contact r~sistanoe was measured.at 100 

p1aces of each res1n coat:l.ng, the number of places which showed 
-, . 

an overrange (the number of not electrically-conductive places) 

in contact resistance was counted to thereby examine pos:Ltional 

var1at.1on :1.n electr1aal conduct1v1ty. 

10 2, Formab:1.lities 

Cyl..1.ndrical draw:1.ng was performed with each metall:lc plate 

~ materia.1 w:1.th the cond:1.tion• below. to f:lnd a forming he.1.ght. 

Further, a resin coat:lng on a sidewal1 of each mo1ded metallic 

plate material was observed wi. th an SEM. Thus, the appearance 

15 of the res:1.n coati.ng was examined. 

The conditions for the cylindrica1 draw:1.ng 1 Mo1ding speed: 

20 mm/sec, Punch diameter: 40 non, Die diam.eter1 42.4 mm, B1ank 

d1ameter: 84 mm. 

!he forming height of 6 mm or h:lgher was considered very good 

2 O (@) , that of 5 • 5 IUl or hi.gher and lower than 6 nun was consJ.dered 

good(()), and that lower than 5 mm was considered bad (x). 

3, Lubr1c:1.ty and s1iding propert:1.es 

T-he coefficients of friction of each meta111c plate mater:ial 

were measured, using the dev1ce shown in FIG. 1 and the device 

25 shown in FIG. 3, respectively. 

4. Resistance to so1vents 

A sample piece of 100 mm square was cut from each metal1ic 

plate material and soaked in boi1ed trichlene for 5 minutes. Then, 

the decrease in mass, which was caused by the resin coating 

30 d1sso1ving in trichlene, was measured, and the dissolving rate 

{t) was ca1culated. The d1ssolv1.ng rate of 5 ' or lower was 

considered very good (@), that of 10 % or lower and higher than 

5 % was considered good ( 0) • and that of 10°' or higher was 

considered bad (X). 



18 

'!he results are shown in a 1ump in tables 3 and 4. 



Table 3 

I 
Cond:LtJ.ons for a.rD4ucian m•tallic nl•t• ••terJ.al I R••:Ln c• atina 
linll of · Coating math.Cid \1••4 I 'l'Jl.2.0JI:- Alllaunt 

r.ietallic coating nes• or 
pl.at• r.iatersal liunl watar 

- (mau ., 
Embodi· l Alwd.nwa Tap-feed. r.1ethvCl in F:11:. CClat1ng o.s 1.2 

men.ta alloy pl.ate ' (natural rotatl.DDt -tei:-J.al 9 

2 #1.11111.LDUm 'l'op-feed r.1•thod. in FJG, Ca&ting .o,fo . s.s 

, , •llay plat• ' (natui:-al rotat~> mat•rlal t 
! :ia Al umt Rlllll 'l'op-!eed. 111etho4 :ln FlG. Ca&ting Q,5 

I 
allay plate ' tnatmral rotatJ.onJ 11&terJ.al IP 

" Al Calin um ; Top-feed 111eth0Cl in P'lG. Coating a.s 48 

al.lay plate I ' tnatw:al rotat'icmJ material t 

5 Alm:d.n- 'rOP•fH4 11111thod. :ln PlG. COlltJ.ng 0.5 4.-4 

alloy pla'e ' (natyral ~atatlon.] 11111.terlal 1 

' Aluninu• "lop-fae4 rMthod in FIG. coaung . 0.7 10 

! alloy plat• ' (nat•ral rotatiDDI mate.-i.al 2 

1 AlwnJ.na.111 'l'op-fe-4 m• thocl J.n FIG. Coati.R! o., 11 

allor pl.at• 1 (reverse :otat10nt material 3 • 

II Al\lnt.UlWll 'l'op•fee4 .methlld :in na. CaatJ.ng a,s 22 

allay plate 7 treveraa ratat:Lan) : mate~ial 4 

' Al-=Lnwn Top-faect - thod :Ln PIG, COatJ.ug .. , 10 

u:.oy plate a (natural .c:otatJ.ont m•terial. s 
10 Stainless 'l'ap-(eed 111•1:bad J.n FIG, caat:J.n.9 o,, Jl 

st••l plate a (natural ratat:Lonl 111& ter:Lal ' 
• 11 st.-inl••• 'l'op-feal\ method in r:ra. coating a.:i: ll 

:1teel plate : ' Cnat11ral ratat:Lon) material 7 

12 St:alnles• j Top-feeclil'metho4 :ift nG. 1 Coating l l1 
sleel plate ' tnatural rotation) mateir:l.al I 

I ll St,alnlesa 't'op-:Eaect -tha4 in l'IG. Coatlng , o.a, 4.' 

i steel plate 7 t~ever•• ir:otationl material 9 

I 11 Staie.leas Top-feed s:.etball ln PIG. Coating .. .. u 
&1:••1 pla-:e 7 l.c-vtarae rotat:Lo~t mater.Lal I 

: '1'ap·f••4 met:ho4 s.n FJG. o.7 lS Galvani:zeo. coat:Ln9 0,7 

steel plat• a (natural ro~at:Lan) material 11 

u Copper plate 'l'ap-£ee4 methocl in ria. Coating a.a l:D 

• Cnataral rotation) -terJ.al t 

I : 17 I AlllllliRl.llll , 'lop· fae4 iaethatl J.n PIG. Coating .o.s 110 
all~· olate i 6 tnatural rot:.tiont matedlll 10 

. 
I 

, ,. 

I •-•rtiea 
AmoUD.t I ll•ctr:Lcal 
of I con.4.uc ti \Pl tl' 
lubri- . 
cant C:On• M11111b11r ...... tact of non-... ruis- con4uc-

tance Uva 
I ID.' 01ao11s 

l 7.0 0 

l 4. :i: D 

) 2.• D 

ll 2.0 0 

D.2 5 0 

19 12 a 

5 7 • 
1D ' 0 

0.1 u 0 

' u 0 

:s.e 4 0 

'·' 41 0 

'3 l.1 a 
I 
' 3 i 7, a 

14 " a 

ll 4.1 a 

:), z 41 0 

FD~-
bilJ:t• ..... 

0 

0 

0 

0 

0 
I 

l 
0 

0 

0 

0 

0 

0 

0 

0 

0 

c 

c 
0 

Lub&'Lc.l-ty Sl:Lclilltl 
proper-
u .. 

~Co· C.0· . 
efficient •fflci•iit 
of of 
frictian frlctton 

D,01 a.u 

a.DI 0.1.s 

D,QI a. n 

a.10 0.1' 

0.11 0.21 

D.DS D ,'ZD 

. 
• 0.07 D.21 

0,07 0,14 

0.17 0.27 

' o.ot D.16 

a.a& D,14 

.o.os D.12 

0.17 0.27 

D.G!IP o.oe 

0,06 0.11 .. 
0.1& O.lt 

Q,D9 o. 2f. 

l aes.t.s· 
• 'ta.nee 
I to 
:.aol-

-D1:S 

0 

0 

0 

0 
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c 
0 
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Table 4 

l Con4l tions for 11.cD&lacln• -t::•U:la itla't• 11&t•rial. R••:Ln coatlna 
X:lnd Df Coating method Used I Thick- Anlomlt 
metallic coating n••• Df 
pl.a ta mat•:clal. (pint water 

(mass 

4il 

Bmbo4:1.- 18 llamilllm 'l'ap-fee4 metha4 l.n l't~. Coating ... s Z.l 
manta allot plata ' (natural rot:at:io:it material 13 

lt A.1.wain.wn 'l'ap-fea4 ma.t:ha4 ln FtG. Coating 0.06 ; 5 • .S 

al.lOJ" plate ' Cnat~l ~at:s.o..,I material u i 
20 ! Al 11111n11111 , 'l'ap-f'eed. me-:had. 1n l'Z:G. CO.ting 0,7 •.7 

allay plate & (nat11ral ro:at:l.onl material 12 

2l · Alnni.t.nwa 'l'op-faa4 11a:bo6 :Ln l'JG, caating o.oa 2 
alloy pl.ate : & (natural rotat:Lanl ••terU!l 15 

. 
iz AlWDf..nlUD . bp•fea4 netholl :Ln P'JG. Coating 0,07 5 

.-llay plate 1 
Iii Cnatnral .cotat.l.OAJ material U 

Zl Al.llmiR'llm Bot'ton-1111 metho4. ·Coating o.s 2a 
allnv Dlate matUia1 t 

compar- l Al1111:Lnur.1 Top-feeCl 1Mtho4 in PIG. Coating • 1.0 lZ 

ison alloy .Plate ' lnatural .icotatl.on) 111atu1alU' 
Ex•r- 2 Alianinum Tap-fee4 aethod in l'tG. Coating o.:z 4.5 
pl.es allo:r plata 6 Cn•~ rot'•tionl 111• tar:Lal. 17 

l Alllll.1111111 Top-feed method tn FIG, Coating 
: 

O.l o • .s 
' alloy pl.ate ' (c.atural rotat:l.onl 11at•r:l.al 'Z 

t .11.111.minum 'top-feed metholl in PJG. Coating 0.) 56i 

I i alloy plate 6 Ccat~al rotation) · matlrJ.&l 2 
I 5 Alumln11.n: Top-fead mathocl in l'JG. coat.l.n.g l.B 10 

I allay pl.ate ' (natu~al rotatlanl inatu.l.all.a 

I ' Al.umlc.utr 'rop•feed met.bod :l.n !'IG. coating o., l( 

allay plate ' fnatual :r:otaUonJ 11ate£ial lt 
7 Al.'llr.1inurr. ~op-feeCl uthod in. FtG. · Coatln!I' 0.7 t,5 

I 
allay pl.a ta 6 lnatural. EO~atlonl mater:lal20 

II Alumin'llrr. 'l'op- he4 rethod. ia F[G. Coating 0.03 lZ 
all.or pl.ate ' {natural .rotationl 111a~eriB1 SI 

I 
SI Al'llra:lmn:. I 'l'.op-feeel aat:h.od La. rz:c. Co11t1Jr.9 ' 12 

lll.lov 11late 6 lnat:u..:al .rotation I mate~ SI 

{ 

P.ic..,.ct:L .. 
· ~nt I Bl•ctri.mil 

Df conc1uct:l.Yi t:r 
lU:'lle:l- ~ 

cant con· Jl,..b•c 
CJU.H tact of non• ,., .iceaia· C:CINl'llC• 

tance t:l.v• 

"u 11lacea 
2 71 0 

1' J 0 

6 ' 0 

5.t II • 0 

10 '1t 0 

l 21 0 

' over- 100 
range 

1.2 over- 110 
range 

1' llO 5 

u 5 D 

• l3 I ' 
0.01 7 o 

22 lZO 3 

l z D 

l zoo c 

l'OIC'lll&• I Lubrlci ty Sliting 
b:l.lit- prop-r-.... . t:lu 

Co• co-
•f~lciant f •tHcU.eut: 
of ~of 
fcict:Lon fr.lction 

c 0.07 0.22 

0 0.1• 0.26 

0 0.06 0.13 

0 0.10 O.H 

' 
0 a.u 0.1' 

0 G.07 0,15 

0 0.07 0.12 

0 a.os 0.10 

0 o.o6i 0.21 

0 0,07 a.26 

0 o.u a.u 

k 0.32 0.53 

0 o.a.c o.oa 

0 0.23 0.5' 

• 
0 o.oa o.u 

&uls-
ta~ 

to 
1o1-
na.ta 

0 

0 

0 

0 

0 

0 

0 

0 

a 

x 

0 

0 

o. 

ID 

jo 

N 
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As is clear from tables 3 and 4, 1n a11 the embodiments l 

to 23 of the present invention, the metallic pl.ate materials are 

good in electrical conductivity, £ormab1lities, lubricity, 

sliding properties, etc. 'l'hus, they have enough properties to 

S be p1ate materials for an e1ectric/el.ectron1c instrumeat. 

10 

Embodiment 4 was a litt1e worse in resistance to solvents .. . ' 

because the amount of water contained 1n the resin coating was 

a litt1e J.arger. Embodiment 5 was a little worse in formab!lities 

because the amount of the l.ubricant contained in the coating 

materia11 was smal.l. Embod1ment 18 was a litt1e worse in contact 

resistance, because the amount of the solid component and the 

_viscosity of the coating materia1 13 were a little larger and the 

thickness of coat1ng became a l.ittl.e thicker. Embodiment 20 was 

a J.ittle worse i.n resistance to solvents, because the amount of 

15 the surface-active agent contained 1n the coating ma.teria112 was 

a 11ttle 1arger. Embodilnents 21 and 22 were a l.1ttle worse in 

contact res.1sta.nce, because not water tbinnable coating materials 

were used. 
These embodiments can however be used practically, w1. thout 

20 any problem. 

As is clear from the description above, .1n the metall.ic plate 

materia1 according to the preeent ~nvention, the resin coating 

that forms a surface of the metal.11c plate material does not 

contain an eJ.eotrically-conductive agent such as metallic powder, 

25 ~nlike the resin coating of the conventional .metallic p1ate 

material. In addition, the metallic plate ma ter1al according to 

the present invention is good in earthing properties, shield 

properties against electromagnetic wavea, formabilities, 

1ubr1city. sliding properties, resistance to solvents etc. 

30 Therefore, as a material for a casing for containing parts of 

various electric/electronic instruments, the metallic pl.ate 

material according to the present invention has a very high 

industrial value. 
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WHA!' IS CLAIHED XS 

1. A metallic p1ate materia.1 for an eleotr1a/electron1a 

instrument. comprising; 

5 a resin-coated metallic plate material, wherein • 

aa1d resin ooat1ng conta:l.ns. as resin. at least one substance 
. . . 

chosen from a group consisting of aoryl-based res1.n,. ~poxy-based 

resin. and urethane-based resin. 

contains water in the amount of 1 to SO mass -t and a lubr.:Lcant 

10 in the amount of 0.1 to 20 mass t, and 

15 

has a thickness of 0.05 to s µm. 

2. ~he metal1io p1ate materia1 for an e1ectrid/electronic 

instrument according to claim l, wherein 

sa1.d resin coating £urther contains at least one accylamide 

substance chosen from a group of acry1am1.de. po1yaecylam.:Lde and 

aory1i!llll1.de compounds in the amount of 5 mass % or more. 

3. The metallic p1ate material for an e1eotrio/electronio 

instrument according to claim 1 or 2, wherein 

said resin coating contains a surface-active agent in the 

20 amount of 0.5 to 30 mass t. 

4. ~he metallic p1ate materia1 for an electr~c/eleotronic 

1nstrwnent aocording to c1a1.m 1. wherein 

said resin ooating is a 1ayer formed by app1ying a water 

thinnable coating material, wherein 

25 said water thinnab1e coating material con;ta1ns. as resin. 

at least one substance chosen from a group aons1st1ng of 

acryl-based resin, epoxy-based resin and urethane-based resin. 

·and a lubricant in the amount of 0.1 to 20 mass %,. and 

said layer is so formed by applying said water thinnable 

30 coating material as to contain water .in the amount of 1 to so mass%'. 

5. The metallic plate material for an electric/electronic 

instrument according to ala1m 4, wherein 

the sol1d component of said water thinnab1e coating material 

includes at least one acrylamide substance chosen from a group 
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of acrylamide, polyacrylamJ.de and acrylami.de compounds in the 

amount of S mass ' or more. 

6. The metallic plate material for an e1ectr1c/electronic 

inatrument· according to claiJll 4 or 5, wherein 

5 the so11.d component of said water thinnab1e ooati.ng material 

inc1udes a surface-active ag~nt in the amount of o. 5 t~ 30 mass .\. 

7. The metallic plate material for an electric/electronic 

1.nstrument according to any of claims 4 to 6, wherein 

the amount of the solid component of sa:Ld water tbi.nnab1e 

10 coating material is 3 to 40 mass t, and sa:Ld water th:l.nnable coat1.ng 

materi.a.l. has a viscos1.ty of S to 40 seconds in efflux tillle measured 

~.. using a No. 4 Ford cup spec:Lfied in JIS K5400, at a temperature 

of 20°c. 

8. ~he metallic plate 1na.terial for an electric/electronic 

15 instrument according to any of claims 4 tQ 7, wherein 

sa1.d layer is formed by app1y:Lng sa:f..d water th1.nnable coat1.ng 

mater:La1 1n a top-feed method. 

9. An electr1c/electric instrument using the metallic 

p1ate material according to any of claims 1 to 8. 


