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Description 

A SURFACE REFORMING METHOD OP A METAL PRODUCT 

Field of the Invention 

This invention relates to a surface reforming method for 

such metal products as a mold for press molding a qlass 

product, a mold for forging or press molding a metal product, 

and a mold for injection molding a plastic product. 

Description of Prior Art 

A mold for press molding glass products such as a glass 

optical disc substrate to be used as optical disc memory for a 

computer, video, audio, and the like, a glass hard disc 

substrate to be used for a computer, a glass lens to be used 

as an optical component, the front glass of a cathode-ray tube 

for a TV set, computer display, and the like, or a glass 

substrate disc and the like for a liquid crystal display has 

been known to be one in which that a platinum film is formed 

on a molding face of a mold comprising stainless steel, a 

refractory metal, and the like, with the aim of improving both 

the moid release and oxidation resistance. Also, as to a mold 

tor forging or press molding a metal product and a mold for 

injection molding a plastic product, it has also been known 

that a piatinum film is formed on the molding face· with the 
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aim of improving its exfoliation resistance and oxidation 

resistance. 

However, a comrentional mold for press molding a . glass 

product has such a shortfall in the case of continuous press 

molding that exfoliation of the platinum film and abrasion of 

the molding face occur, causing the mold to have a relatively 

life of 10,000-20,000 shots. Therefore, the entire mold has 

to be replaced in a relatively short time, resulting in a high 

cost .. 

The purpose of this invention is to provide a surf ace 

reforming method for a metal product by solving the above 

problems and to improve both the exfoliation resistance of the 

platinum film formed on the surface of the metal product and 

the abrasion resistanoe of the surface. 

Detailed Description of The Invention 

A surfaoe reforming method of a metal product in Claim l, 

wherein a platinum film is formed after a platinum ion is 

injected onto the surface of the metal product after which 

another platinum ion also is injected onto the surface. 

Aecordinq to the method in Claim 1, a platinum ion that 

injected first, a platinum ion in the platinum film, and a 

platinum ion that is injecte~ afterwards are assimilatory 

combined, resulting in an improvement of both the adhesion of 

the platinum. film to the metal product, and of the exfoliation 

resistance of the platinum film. Furthermore, the abrasion 

resistance of the metal product is improved.. 'l'heref ore, the 
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life of the metal mold product is increased, and the 

replacement cycle becomes longer, resultinq in reduced the 

costs. Furthermore, the oxidation resistance of the platinum 

film is not harmed, and especially the mold release of a . 
·product molded with these molds is not har111ed, even in the 

case of a mold for press molding a glass product, a mold for 

forging or press molding a metal product, or a mold for 

injection molding a plastic product. 

In the method in Claim 1, it is desirable that the injection 

of a platinum . ion before and after the fo.rmation of the 

platinum film is conducted under conditions such that the 

injection volwne is 1-5 x io1s ions/cm2, the acceleration 

voltage is 10-200 kev, and the ion current is 10-100 mA .. 

These ranges have been deteonined through various experiments. 

Also, in the method in elaim 1, it is desirable that the film 

thickness of the platinum film that was formed is 0.1-0.5 J4U .. 

Xf the film thickness of the platinum film is less than O.lµm, 

it is difficult to fo.tlll a platinum· film evenly and thickness 

dispersion is generated on the film, and if the thickness 

exceeds O. SJ.llll, the volume of a platinum ion to be injected 

after the foxmation of a platinum film has to be increased, 

resultinq in the risk that the surface of the metal product 

chaps. 

The surface reforming method of a metal product in Claim 2, 

is such that a platinum film is fonned after a nitrogen ion 

and a platinum. ion ar~ injected onto the surf ace of a metal 

product in that order and, furthermore, a second platinum ion 

is then to be injected. 
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1'0cording to the method in Claim 2, the strength of the 

mother member of a metal product is increased and the abrasion 

resistance is improved by the injection of a nitrogen ion~ 

Also, the platinum ion that is injected first, the platinum 
' 

ion in the platinum film, and the platinum ion that is 

injected aftei:wards are assimilatory com'.bined, resulting in 

the improvement of both the adhesion of the platinum film to 

the metal product and the exf oliation resistance of the 

platinum film. Therefore, the life of the metal product is 

increased, and the replacement cycle becomes longer, resulting 

in reduced costs. Furthermore, the oxidation resistance of 

the platinum film is not ha:cmed, and, especially the mold 

release of the product molded with these molds is not harmed, 

even in the case of a mold for press molding a glass productor 

a mold for forqinq or press molding a metal product. 

~n the method in Claim 2, it is desirable that the injection 

of a nitrogen ion is conducted under the conditions that the 

injection volume is 1-5 x lQlS ions/cm2, the acceleration 

voltage is 10-100 kev, and the ion current is 10-100 ll\A. 

These ranges have been deterndned through.various experiments. 

It is desirable that tb.e injection of a platinum ion before 

and after the fo.t:mation of the platinum film is conducted 

under the conditions that the injection volume is 1-5 x 1017 

ions/cm2, the acceleration voltage is 10-200 kev, and the ion 

current is 10-100 mA .. These ranges have been determined 

through various experiments. Also, it is desirable that the 

thickness of the platinum film to be formed by the method in 
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Cla.i.11\ 2 is O. 1-0. 5 µm. The reason for this is the same as in 

Claim 1. 

A surface reforming method of a metal product in Claim 3, is 

such that a platinum film is formed after a nitrogen ion, a 

carbon ion, and a platinum ion are injected in that order onto 

the surface 'of a metal product and, furthermore, a platinum 

ion is to be injected. 

According to the ?netbod in Claim 3 , the strength of the 

mother member of a metal product is increased and its abrasion 

resistance is improved by the injection of a nitrogen ion and 

a carbon ion. Also, the platinwn ion that is injected first, 

the platinum ion in the platinum film, and the platinum ion 

that is injected afterwards are assimilatory combined, 

resulting in the improvement of both the adhesion of the · 

platinwn film to the metal product and the exfoliation 

resistance of the platinum film. Therefore, the life of the 

metal product is increased, and the replacement cycle becomes 

longer, resulting in reduced costs. Furthei:more, in the case 

that ·the metal product is a mold for press molding a C]lass 

product, a mold for forging or press molding a metal product, 

or a mold for injection molding a plastic product, the mold 

release of the product molded with any of these molds is 

improved by the injection of a carbon ion. Also, the 

oxidation resistance o~ the platinUin film is not be harmed. 

In the method in Claim 3, it is desirable that is conducted 

under the· co~ditions that the injection volume is l-5 x 1015 

ions/cm.2 , the acceleration voltage is 10-100 kev, and the ion 

current is 10-100 mA. These ranges have been determined 
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through various experiments. It is desirable that the 

injection of a carbon ion is conducted under the conditions 

that the injection volume is 1-3 x 1011 ions/cm2, the 

acceleration voltage is 10-100 kev, and the ion current is 10-

100 mA. These ranqes have been detex:mined through various 

experiments. It is desir~le that the injection of the 

platinum ion before and after the foniation of the platinum 

film is 'conducted under the conditions that the injection 

volume is 1-5 x 1017 ions/cm2, the acceleration voltage is 10-

200 kev, and the ion current is 10-100 mA. These ranges have 

been detel':lllined through various experiments • Also, it is 

desirable that the thickness.of the platinum film to be fontled 

in the method in Claim 3 is O.l-0.SJ.mL. The reason for this is 

the same as Claim l. 

The metal products in Claims l, 2 and 3 are, for example, 

molds for press moldinq glass products. 

Also, the metal products are formed with the use of, for 

example, stainless steel, a refractory metal, an alloy jig 

steel for a hot molding mold, and the like. 

The invention in Claims 1, 2 and 3 can be applied for. 

surf ace refo.rmations of metal products such as not only a mold 

for press molding a glass product, but also a mold for forginq 

or press molding a metal product, a mold for injection molding 

a plastic product and a tool, and so forth. 
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.Embodiment. of The Invention 

The following are examples of the invention, along with a 

comparative example • 

. Example 1~ 

·Platinum ions are injected onto the surface of a molding 

face of a mold for press molding a glass substrate for a hard 

disk being fo:rmed with JIS SUS306 under the conditions that 

the injection volume is l x io1s ions/cm2, the accelerating 

voltage is 100 kev, and the ion current is 50 mA. Then, a 

platinum film with a thickness of O. 1 µin is fonned by a 

spattering method. Thereafter, platinum ions are injected 

under the conditions that the injection volwne is 1 lt io1s 

ions/cm2, the accelerating voltage is 100 kev, and the ion 

current is 50 lUA. Thus, the surface of a mold is reformed. 

To evaluate such a mold, a press working Is applied to an 

alkali zinc borosilicate base glass substrate (with a diameter 

of 86 mm, and a thickness of .1.2 mm) under the conditions that 

the mold temperature is 555-560°C and the press pressure is 

48.S t, so as to mold a glass substrate for a hard disk with a 

diameter of 88-90 nun and a thickness of 0.8 mm. Even though 

the molding is continuously carried out in this way, 

exfoliation of the platintun film is not recognized until 

133,900 shots have been made. Further, after 133,900 shots of 

continuous molding, no abrasion is recognized on the molding 

face of the mold. 

; .· 
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Example 2: 

Nitrogen ions are injected onto the surface of a molding 

face of a mold for press molding a qlass substrate for a hard 

disk being foJ:Ined with JIS SUS306 under the conditions that 

the injection volwne is 1 x io1s ions/cm2, the accelerating 

voltage is 100 kev, and the ion current is 50 mA. 'l'hen 

platinwn ions are injected onto the surface of the molding 

face of the mold under the conditions that the injection 

volume is 1 x 1011 ions/cm2, the accelerating voltage is 100 

kev, and the ion current is SO mA. Thereafter, a platinum 

film with· a thi.ckness of 0 .1 JJift is fol.111.ed on the surface of 

the molding face of the mold by a spattering method. Then 

platinum ions are again injected onto the surf ace of the mold 

under the conditions that the injection volume is 1 x 1017 

ions/cm2, the accelerating voltage is 100 kev, and the ion 

current is SO mA. Thus, the surface of the mold is refo:cmed. 

By using such a mold, a glass substrate for a hard. disk is 

continuously press-molded under the same conditions as in the 

above Example 1, 'except. that the mold temperature is 590-

5950C. AS a result, exfoliation of the platinum film is not 

recognized until 930,000 shots of continuous molding have been 

made. Further, after .930,000 shots of continuous molding, 

abrasion is recognized only tc the extent of 0.008-0.01 nm.· 

Example 3: 

Nitrogen· ions are injected onto the surface of a molding 

face of a mold for press molding a glass substrate for a hard 

disk being foDned with JIS SUS306 under the conditions that 

.· ·. ·.. . . . :--'. 
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the injection volume is 5 x 1015 ions/cm2, the accelerating 

voltage is ~00 kev, and the ion current is 50 mA. Then carbon 

ions are injected onto the surf ace of the molding face of the 

mold under the conditions that the injection volume is 1 x 1017 

ions/cm2, the accelerating voltage is 100 kev, and the ion 

current is 50 lt\A. Thereafter, platinum ions are injected onto 

the surf ace of the molding face of the mold under the 

conditions that the injection volwne is 1 x 1011 ions/c:m.2, the 

accelerating voltage is 100 kev, and the ion current is 50 mA. 

Thus, the surface of the mold is refonned. 

By using such a mold, a glass substrate for a hard disk is 

continuously press-molded under the same conditions as in the 

abpve ExampJ.e 1, except that the mold temperature is 5 90-

6000 C. · As a result, exfoliation of the platinum film is not 

recognized until 1,410,000 shots of continuous molding have 

been made. Further, after 1,410,000 shots of continuous 

molding, abrasion is recognized at the center part of the 

molding face of the mold only to the extent of O. 01-0. 05 mm, 

and abrasion is also recognized at the same peripheral part 

and only to the extent of 0.008-0.01 :mm. 

Example 4: 

Nitrogen ions are injected onto the surf ace of a molding 

face of a mold for press molding a glass substrate for a hard 

disk being formed with a we-co base hard metal (JIS K20) under 

the conditions that the injection volume is S x 101s ions/cm2, 

the acce~~ratipg voltage is 100 kev, and the ion current is 50 

mA. Then palladium ions are injected onto the surf ace of the 
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molding face of the mold under the conditions that the 

injection volume is 1 x io1s ions/cm2, the accelerating voltage 

is 100 kev, and the ion current is 50 mA. Thereafter, carbon 

ions are injected onto the surface of the molding face of the 

mold under the conditions that the injection volume is 1 x 1017 

ions/cm2, the accelerating voltage is 100 kev, and the ion 

current is SO mA. Th.en platinwn ions are injected onto the 

surface of the mold under the conditions that the injection 

volume is 2 x io11 ions/cm', the accelerating voltage is 100 

k.ev, and the ion current is 50 mA, and a platin'Wn film with 

the thickness of 0 • 1 J.llR is formed on the surf ace of the 

molding face of the mold. Thereafter, platinum ions are 

injected onto the surface of the molding face of the mold 

under the conditions that the injection volume is 1 x 1011 

ions/cm2, the accelerating voltage is 100 kev, and the ion 

current is 50 D'IA. Thus, the surface of the mold is reformed. 

By using such a mo_ld, a glass substrate for a hard disk is 

press-molded under the same conditions as in the above Example 

1, except that the mold temperature is 670-680°C. 

As a result, peeling of the platinum film is not recognized 

until 1, 21 O, 00 O shots of continuous molding have been made·. 

Further, after 1,210,000 shots of continuous molding, abrasion 

is recogni~ed only to the extent of 0.008-0.01 mm. 

Comparative Example: 

A platinum film with the thickness of 0.5 µm is formed on 

the surf ace of a molding £ace of a mold for press molding a 
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glass substrate for a hard disk being formed with JIS StJS306 

by a spattering method. 

~Y using such a mold, the glass substrate for the hard disk 

is conti~uously press-molded under the same conditions as in 

the above Example l, except that the mold temperature is 590-

Goo·c. As a result, exfoliation of the platinum film is 

recognized at 1 O, 0 O O shots of continuous molding. Further, 

after 10 1 000 shots of continuous molding, abrasion is 

recognized only to the extent of 0.05-0.08 mm. 

Effects of the Invention 

According to the method in Claim 1 1 a platinum ion that 

injected first, a platinum ion in the platinum film, and a 

platinum ion that is injected afterwards are assimilatory 

combined, resulting in an improvement of both the adhesion of 

the platinum film to the metal product, and of the exfoliation 

resistance of the platinum film. Furthez:more, the abrasion 

resistance of the metal product is improved. Therefore, the 

life of the :metal mold product is increased, and the 

replacement cycle becomes longer, resulting in reduced the 

costs. Furthe:cmore, the oxidation resistance of the platinum 

film is not banned, and especially the mold release of p. 

product molded with these molds is not ha:tllled, even in the 

case of a mold for press molding a glass product, a mold for 

forging or press molding a metal product, or a mold for 

injection molding a plastic product. 
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According to the method in Claim 2, the strength of the 

mother member of a metal produet is increased and the abrasion 

resistance is improved by the injection of a nitrogen ion. 

Also, the platinum ion that is injected first, the platinwn 

ion in the platinum film, and the platinum ion that is 

injected afterwards are assimilatory combined, resulting in 

the improvement of both the adhesion of the platinum. film to 

the metal product and the exf oliation resistance of the 

platinum film. 'l'herefore, the life of the metal product is 

increased, and the replacement cycle becomes lonqer, resulting 

in reduced costs. Furthe.rmore, the oxidation resistance of 

. the platinum film is not banned, and, especially the mold 

release of the product molded with these molds is not harmed, 

even in the case of a mold for press moldinq a glass productor 

a mold for forging or press molding a roetal product. 

According to the method in Claim 3, the strength of the 

mother member of a :metal product is increased and its abrasion 

resistance is improved by the injection of a nitrogen ion and 

a carbon ion. Also, the platinum ion that is injected first, 

the platinum ion in the platinum film, and the platinum ion 

that is injected afterwards are assimilatory combined, 

resulting in the improvement of both the adhesion of the 

platinum film to the metal product and the exfo1iation 

resistance of the platinum film. Therefore, the life of the 

metal product is increased, and the replacement cycle becomes 

longer, resulting in reduced costs. Furthe.xmore, in the case 

that the metal product is a mold for press molding a glass 

. product, a mold for forging or press molding a metal product, 
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or a mold for injection molding a plastic product, the mold 

release of the product molded with any of these molds is 

improved by the injection of a carbon ion. Also, the 

oxidation resistance of the platinum film is not be banned. 

Th.is Sheet ll: • 
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CLAIMS 

* C L M S * 

1. A surface refonning method of a metal product, wherein a 

platinum film is foXllled on the surf ace of a metal product ~y 

injecting onto that surface a platinum ion, and Fhen injected 

onto said platinum film a second.platinum ion. 

2. A surface reforming method of a metal product, wherein a 

platinum film is formed on the surf ace of a metal product by 

injecting onto that surface a nitrogen ion and a platinum ion 

in that order, and then injected. onto said platinum film a 

second platinum ion. 

3. A surface refo:cming method of a metal product, wherein a 

platinum film is formed on the surface of a metal product by 

injecting onto that surface a nitrogen ion, a carbon ion and a 

platinum ion in that order, and then injected onto said 

platinlllt\ film a second platinum ion. 

; 4. A surface re£ormin9 method of a metal product claimed in 

Claims 1, 2 and 3, wherein the metal product is a mold for 

press molding a glass product. 
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