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LEAD-FREE SOLDER POWDER AND PROCESS FOR PREPARING TIIB SAME 

Technical Field 

This invention relates to lead-free solder powder which has .formed thereon a 
protective film of an organometallic compound _of malonic acid and is prevented from 

5 oxidation with time and to a process for preparing the same. 

Background Art 

In recent years, size reduction of wiring boards used in electronic equipment has 
brought about swift development of surface mounting technology. Soldering paste is used 
in surface mounting. Tin-lead-based solder, which has been of very long use, is generally 

10 used. However, where electronic equipment is disposed as general industrial waste and left 
to stand in the environment, the lead component in solder used in wiring boards dissolves 
and penetrates into underground water, which has given rise to a problem to the human body. 

Hence, lead-free solder containing no lead has been developed intensively. In 
particular, tin-silver-based· solder has practically the same characteristics as those of 

15 conventional tin-lead-based solder in terms of mechanical characteristics and handling 
properties. However, it is expensive and has a high melting point, which has been a bar to 
spread of the solder of this composition. 

On the other hand, tin-zinc-based solder or tin-zinc-bismuth-based solder i~ almost 
equal to tin-lead-based solder in melting point and rather superior to tin-lead eutectic solder 

20 in mechanical characteristics. In addition, it is almost equal in cost. Despite these 
advantages, it is very susceptible to oxidation. As a result, the solder tends to develop 
solder balls, and the soldering paste tends to increase viscosity during storage or exhibit 
extremely deteriorated wetting or develop many voids. 

Although use of a flux having very high activity is a oo~ceivable solution to these 
25 problems, this not only necessitates washing after soldering but involves a fear of corrosion 

by the residual flux, which may impair reliability after soldering. 
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. A method comprising treating the surface with a stable metal, such as tin or nickel, 

was proposed as disclosed in Japanese Patent Application Laid-Open No. 164496/96. 
However, the method is very costly, involving such steps as alkali degreasing, oxide film 
removal, lead activation, and nickel plating. This impairs the merit of relatively low cost of 

s tin-zinc-based solder. 

Further, Japanese Patent Application Laid-Open No. 58190/98 teaches a surface 
treating method for preventing oxidation of solder powder, e.g., tin-lead-based solder 

powder, which comprises forming a metallic compound of adipic acid on the surface of the 
powder. According to this method, however, adipic acid forms an organometallic 

10 compound chiefly with lead in the solder p~wder. Therefore, the oxidation preventing 
effect on tin-zinc-based solder powder or tin-zinc-bismuth-based solder powder is not 
sufficient. 

To use no lead in solder powder is a social demand as stated above. In order to 
meet the demand it has been desired to effectively prevent surface oxidation of the above-

15 · described tin-zinc-based solder powder or tin-zinc-bismuth-based solder powder. 

Accordingly, an object of the present invention is to provide lead-free solder powder 

which has tin-zinc or tin-zinc-bismuth as a main composition and is effectively prevented 
from surface oxidation and a process for preparing the same. 

Disclosure of the Invention 

20 As a result of extensive studies, the present inventors have found that the above 

object is accomplished by forming, on the surface of solder alloy powder having tin-zinc or 
tin-zinc-bismuth as a main composition, an organometallic compound formed of malonic 

acid and a metal of the solder alloy powder. 

Having been completed based on the above finding, the_.present invention provides 
2s lead-free solder powder characterized in that solder alloy powder having tin-zinc or tin-zinc­

bismuth as a main composition and containing no lead has formed on the surface thereof an 
organometallic compound formed of malonic acid and a metal of said solder alloy. 
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The present invention also provides a preferred process for preparing the lead-free 
solder powder of the present invention, which is characterized by comprising allowing lead­
free solder alloy powder having tin-zinc or tin-zinc-bismuth as a main composition to react 
with vapor of vaporized malonic acid to form an organometallic compound of a metal in the 

5 solder alloy powder and malonic acid on the surface of the solder alloy powder. 

Best Mode for Carrying out the Invention 

The present invention will be described below in detail. 
In the present invention solder alloy powder which has tin-zinc or tin-zinc-bismuth as 

a main composition and contains no lead is used. Containing no lead, such solder alloy 
10 powder meets the social demand. Also, the solder alloy is advantageous as mentioned 

above in that it is almost equal in melting point to the conventionally used tin-lead-based 
solder powder, rather superior in mechanical characteristics to tin-lead eutectic solder, and is 
almost equal in cost. 

The solder alloy powder has a particle size of 10 to 40 µm, preferably 20 to 40 µm. 
15 H the particle size of the solder alloy powder is smaller than 10 µm, the powder undergoes 

oxidation so violently during preparation that solder ball development cannot be prevented 
by the surface treatment. On the other hand, there is a tendency that boards become more 
compact in the future so that the components to be surface-mounted thereon will be· reduced 
in size, and the wiring pitch will be narrowed accordingly. · Therefore, the upper limit of the 

20 particle size of the solder alloy powder is 40 µm. 

The lead-free solder powder of the present invention has on the surface thereof an 
organometallic compound formed of malonic acid and a metal of the solder alloy. The 
metal of the solder alloy which forms the organometallic compound chiefly includes zinc. 
Zinc reacts with the carboxyl groups of malonic acid to form a firm organometallic 

25 compound. Such an action is observed only with malonic acid. Adipic acid, which is also 
a dibasic acid, fonns a finn organometallic compound with tin-lead-based solder alloy 
powder but is incapable of forming an organometallic compound· as firm as that formed by 
malonic acid with solder alloy powder having tin-zinc or tin-zinc-bismuth as a main 
composition. 
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In the present invention the amount of malonic acid to be adhered to the solder alloy 

powder is preferably 0.01 to 1.0% by weight, still preferably 0.03 to 0.6% by weightt 

particularly preferably 0.05 to 0.5% by weight, based on the whole solder powder, in terms 

of malonic acid when the organometallic compound on the surface of the solder alloy 

5 powder is extracted with an acid. If the above-Oescribed converted amount is less than 

0.01 % by weight, the effect of the malonic acid in forming a protective film, i.e.t the effect in 

preventing oxidation of the solder powder during handling, is weak, and the effect in 

inhibiting solder balls development is reduced. On the other hand, if the converted amount 

ex~eds 1.0% by weightt the increased amount of malonic acid causes the solder powder to 

1 o agglomerate during handling. Such powder is difficult to make into paste due to poor 

dispersibility t failing to achieve effects as expected for the increased cost. 

The process of preparation according to the invention will then be explained. 

In the present invention the solder alloy powder having the above-mentioned 

composition is allowed to react with vapor of vaporized malonic acid to fonn an 

15 organometallic compound of a metal in the solder alloy powder and malonic acid on the 

surface of the solder alloy powder. 

The lead-free solder. powder having, on the surface thereof, an organometallic 

compound formed of a metal in the solder alloy powder and malonic acid is preferably 

obtained by a process comprising v~porizing malonic acid and allowing the .vapor to react 

20 onto the surface of solder alloy powder. The process can be embodied by a method 

comprising vaporizing malonic acid and spraying the vapor to solder alloy powder and a 

method comprising mixing malonic acid with solder alloy powder and heating the mixture. 

. 25 

In order for malonic acid to form an organometallic compound on the surface of solder 

alloy powder, it is necessary to raise the temperature above room temperature. 

A suitable treating temperature is from 50 to 120°~; for the decomposition 

temperature of malonic acid is about 140°C. If the treating temperature is too low, e.g., 

below 50°C, malonic acid fails to form an organometallic compound on the surface of the 

solder alloy powder. If the treating temperature is as high as exceeding 120°C, the solder 

alloy powder begins to sinter to form unfavorable big lumps. 
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In order to perform the reaction between malonic acid and zinc efficiently, it is 

required to carry out the treatment while minimizing oxidation of the solder alloy powder. 

The treating is desirably conducted in an inert gas atmosphere, such as argon gas, under high 
vacuum having a high degree of vacuum of 10·1 Torr or less. 

s The amount of malonic acid to be added corresponds to the amount to be adhered to 

the solder alloy powder, while depending on the particle size of the solder alloy powder. It 
is suitably 0.01 to 1.0% by weight. If the amount to be added is less than 0.01 % by weight, 

one cannot expect the effect of addition because malonic acid fails to cover the entire surface 
of the solder alloy powder. If the amount exceeds 1.0% by weight, part of malonic acid 

· 10 which has not formed an organometallic compound remains on the surface and dissolves in 

the solvent of a flux. As a result, the resulting paste is liable to denature, which is 

unfavorable, too. A preferred amount of malonic acid to be added is from 0.05 to 0.5% by 
weight. 

The lead-free solder powder according to the present invention is kneaded with an 

1s appropriate flux comprising a solvent, etc. to make lead-free soldering paste. 

Since the lead-free solde~ powder of the present invention has gained a protective 

film of an organometallic compound formed by a metal in the solder alloy bound to m~onic 
acid, it is prevented from being oxidized after the preparation and during storage. It is also 

prevented from oxidation during all the handling steps including a step of making the lead-

2 o free solder powder into paste, a printing step, a step of transferring to a reflow furnace, a 
reflow step, and the like so that solder balls which may develop in using the powder in a 

paste form can be suppressed as much as possible. This allows reduction of the amount of 

an activator in the flux used to the required minimum or makes an activator, such as an 
amine, unnecessary, which can permit omission of washing with Freon. Thus, there are 

25 provided lead-free solder powder and lead-free soldering paste which are extremely suited to 

microsoldering mounting technology for electronic circuits and the like that are being 

reduced in size and weight. 

The present invention will be described in greater detail by way of Examples. The 

percents in Table 1 are by weight. 
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EXAMPLE! 

An alloy powder consisting of Sn, 8 wt% of Zn, and 2 wt% of Bi was prepared by a 

rotary disk method and passed through a screen to obtain a solder alloy powder of 20 to 

40µm. 

s In a 200 ml separable flask placed in a mantle heater was put 0.5 g of malonic acid 

(corresponding to 0.05 wt% based on the solder alloy powder) and heated to 150°C. A 
three-necked stopper was used. The central port was connected to a thermometer, and the 

other two ports were connected to respective copper pipes. Argon gas was made to flow as 
a carrier gas through one of the copper pipe at a rate of 10 mVmin. A 1000 ml sample 

io bottle stopped with a rubber stopper was prepared, and two copper pipes were connected 

thereto. The argon gas containing vaporized malonic acid was introduced into the sample 

bottle through one of the copper pipes, and the other copper pipe, equipped with a check 

valve, was an outlet for the malonic acid. The malonic acid was released into the air after 

being absorbed by ethanol. 

1 s One kilogram of the above-described solder alloy· powder was put into the sample 

bottle. The sample bottle was immersed in an oil bath up to the height of the solder alloy 

powder and kept at 110°C for 5 hours while introducing argon gas. At this time, the degree 
of vaclium in the container was 1 x 10-2 Torr. When the malonic acid in the separable flask 

was consumed, argon gas feed was stopped, and the sample bottle was cooled in a water bath 

20 at 20°C. After cooling to room temperature, the resulting lead-free solder powder was 
taken out. 

The amount of the malonic acid adhered was found to be 0.05 wt% in terms of 

malonic acid as measured with a thermobalance. 

EXAMPLE2 

2 s The same procedure as in Example 1 was repeated, except that the amount of 

30 

malonic acid put in a separable flask was changed to 0.75 g (corresponding to 0.075 wt% 

based on the solder alloy powder), to obtain lead-free solder powder. The amount of the ..... 
malonic acid adhered was found to be 0.075 wt% in terms of malonic acid as measured with 
a thermobalance. 

EXAMPLE3 
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The same procedure as in Example 1 was repeated, except that the amount of 

malonic acid put in a separable flask was changed to 1 g (corresponding to 0.1 wt% based on 

the solder alloy powder), to obtain lead-free solder powder. The amount of the malonic 

acid adhered was found to be 0.1 wt% in terms of malonic acid as measured with a 

5 thermo balance. 

EXAMPLE4 

The same procedure as in Example 1 was repeated, except that the amount of 

malonic acid put in a separable flask was changed to 5 g (corresponding to 0.5 wt% based on 

the solder alloy powder), to obtain -lead-free solder powder. The amount of the malonic 

1 o acid adhered was found to be 0.5 wt% in terms of malonic acid as measured with a 

thermo balance. 

EXAMPLES 

The same procedure as in Example 1 was repeated, except that the amount of 

malonic acid put in a separable flask was changed to 10 g (corresponding to 1.0 wt% based 

15 on the solder alloy powder), to obtain lead-free solder powder. The amount of the malonic 

acid adhered was found to be 1.0 wt% in terms of malonic acid as measured with a 

therm9balance. 

COMPARATIVE EXAMPLE 1 

The solder alloy powder used in Example 1, given no treatment, was taken as lead-

2 o free solder powder. 

COMPARATIVE EXAMPLE 2 

The same procedure as in Example 1 was repeated, except that 1.5 g (corresponding 

to 0.15 wt% based on the solder alloy powder) of adipic acid was put in a separable flask in 

place of malonic acid, to obtain lead-free solder powder. The amount of the adipic acid 

25 adhered was found to be 0.15 wt% in terms of malonic acid as measured with a 

thennobalance. 

In a 10 ml polyethyle~e container were put 1.05 g of each of the lead-free solder 

powders obtained in Examples 1 to 5 and Comparative Examples 1 and 2 and 0.25 g of a 

flux (comprising 60 wt% of rosin, 30 wt% of butyl carbitol, and 9 wt% of hydrogenated 

30 castor oil) and kneaded with a spatule for 5 minutes to prepare a lead-free solder paste . 
. . 

iliitiWt irnr 
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These lead-free pastes were stored under conditions of 25°C and 60% RH. The 
time required for the paste to become too hard to stir with a spatule was taken as a measure 
for evaluating viscosity stability. The results obtained are shown in Table 1. 

TABLE 1 

Surface Treatin il Conditions 
Viscosity Stability Additive Treating Treating Time Temp. 
(paste hardening 

Kind Amount(%) {hr) (oC) time*) 

1 
malonic 

0.05 5 110 >168 hrs acid 

2 
malonic 

0.075 5 110 >168 hrs acid 

Example 3 malonic 
0.1 s 110 >168 hrs acid 

4 malonic 
0.5 5 110 >168 hrs acid 

s malonic LO 5 110 >168 hrs acid 
Comparative 1 untreated <48 hrs 

Example 2 adipic acid 0.15 s 110 <48 hrs 

* The time for the paste to harden when stored at 25°C and 60% RH. 

As shown in Table 1, Examples 1 to 5, which were prepared by surface treatment 
with malonic acid, had a paste hardening time of 156 ho~ or longer, exhibiting suitable 
viscosity stability, whereas Comparative Example 1 (untreated) and Comparative Example 2, 
which was prepared by surface treatment with adipic acid, were inferior in viscosity stability 
as indicated by their paste hardening time of 48 hours or shorter. 

Industrial Applicability 

As described above, according to f!ie·present inven~ion, lead-free solder alloy powder 
having tin-zinc or tin-zinc-bismuth as a main composition is effectively prevented from 
surface oxidation~ The lead-free solder powder can be obtained with ease by the process of 
preparation according to the present invention. . ..... 

. This Sheet Has Been Replaced . 
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CI.AIMS 

1. Lead-free solder powder characterized in that solder alloy powder having tin-zinc or 

tin-zinc-bismuth as a main composition and containing no lead has formed on the surface 

thereof an organometallic compound formed ofmalonic acid .and a metal of said solder alloy. 

2. Lead-free solder powder as set forth in claim 1, wherein the metal forming said 
organometallic compound is zinc. 

3. Lead-free solder powder as set forth in claim 1 which has a particle size of 10 to 
40µm. 

4. Lead-free solder powder as set forth in claim 1, wherein the amount of malonic acid 

is 0.01 to 1.0% by weight based on the whole solder powder when the organometallic 

compound on the surface of the solder alloy powder is extracted with an acid. 

5. Lead-free solder paste comprising the lead-free powder set forth in any one of claims 
1 to4. 

6. A process for preparing lead-free solder powder characterized by comprising 
allowing solder alloy powder having tin-zinc or tin-zinc-bismuth as a main composition and 
containing no lead to react with vapor of vaporized malonic acid to form an organometallic 

compound of a metal in said solder alloy powder with malonic acid on the surface of said 
solder alloy powder. 

7. A process for preparing lead-free solder powder as set forth in claim 6, wherein the 

temperature of the reaction is 50 to 120°C. 

.•;. 


