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SPECIFICATION 

 

TITLE OF INVENTION: CLEANING FLUX, CLEANING SOLDER PASTE, AND SOLDER JOINT 

 

[TECHNICAL FIELD] 5 

[0001] 

 The present invention relates to cleaning flux that suppresses its volatilization by heating 

during soldering, cleaning solder paste in which the cleaning flux and solder alloy powder are mixed 

and a solder joint that is formed by using the cleaning flux or the cleaning solder paste. 

 10 

[BACKGROUND] 

[0002] 

 In general, the flux used for soldering has positive effects for chemically removing a metal 

oxide that resides at a solder alloy and a metal surface of a bonding object to be soldered and for 

allowing metallic elements to move at a boundary therebetween. Therefore, by soldering with the flux, 15 

an intermetallic compound can be formed between the solder alloy and the metallic surface of the 

bonding object to accomplish a strong bonding. 

[0003] 

 In the soldering using a spherical solder alloy called a solder ball, the soldering is executed by 

applying the flux to an electrode on a substrate, mounting the solder ball on the electrode to which the 20 

flux is applied, and melting the solder by heating the substrate in a heating furnace called a reflow 

furnace. 

[0004] 

 The solder paste is a complex material obtained by mixing the solder alloy powder and the 

flux. In the soldering using the solder paste, the soldering is executed by applying the solder paste to a 25 

portion to be soldered such as an electrode on a substrate, mounting a part on the portion to be 
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soldered to which the solder paste is applied, and melting the solder by heating the substrate in a 

reflow furnace. 

[0005] 

 For example, in a soldering process using a Sn-Ag based solder alloy, a temperature profile is 

set so as to increase a temperature of the reflow furnace to 220 °C, which is a melting temperature of 5 

the solder alloy, or higher. In general, a peak temperature, which is the upper limit temperature in the 

reflow furnace in the soldering process, is set to be about 240-250 °C. 

[0006] 

 The flux comprises a solid component, a solvent for dissolving the solid component and the 

like. However, in the flux comprising conventional components, the solvent component and the like in 10 

the flux are volatilized by the heating during the soldering. 

[0007] 

 When the solvent component and like in the flux are volatilized by the heating during the 

soldering, gas flux fumes occur. The flux fumes adhere to places, such as a wall surface or a cooling 

zone in the reflow furnace, having a temperature lower than that during the heating, and then they 15 

become liquid. 

[0008] 

 Thus, when the volatilized components of the flux adhere in the reflow furnace and they 

become liquid, there is a possibility such that the liquid falls in drops to a product carried in the reflow 

furnace. Therefore, a constant cleanup work is required. 20 

[0009] 

 A water-soluble adhesive has been proposed for temporally fixing a solder ball having a small 

diameter to an electrode (refer to, for example, Patent Document 1). However, it has not considered 

any volatilization volume thereof at all and its composition is assumed under a condition that the 

solvent is volatilized. 25 

 

[DOCUMENT FOR PRIOR ART] 

 [PATENT DOCUMENT] 
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[0010] 

Patent Document 1: W02008/114711 

[SUMMARY] 

[0010a] 

In one aspect of the present disclosure, there is provided a cleaning flux characterized in that 

the cleaning flux contains, as the solvent, 60-98% by weight of one or both of an alkylene oxide-

resorcinol copolymer and an ethylene oxide-propylene oxide condensation-added alkylene diamine 

wherein an addition amount of the alkylene oxide-resorcinol copolymer is within a range of 0-98% by 

weight and the addition amount of the ethylene oxide-propylene oxide condensation-added alkylene 

diamine is within the range of 0-98% by weight; and the cleaning flux further contains one or both of 

an organic acid and a halogen compound wherein the addition amount of the organic acid is within the 

range of 0-18% by weight and the addition amount of the halogen compound is within the range of 0-

4% by weight. 

[0010b] 

In another aspect of the present disclosure, there is provided a cleaning solder paste in which a 

cleaning flux and solder alloy powder are mixed, characterized in that the cleaning flux contains, as 

the solvent, 60-93% by weight of one or both of an alkylene oxide-resorcinol copolymer and an 

ethylene oxide-propylene oxide condensation-added alkylene diamine wherein an addition amount of 

the alkylene oxide-resorcinol copolymer is 0-93% by weight and the addition amount of the ethylene 

oxide-propylene oxide condensation-added alkylene diamine is within the range of 0-93% by weight; 

and the cleaning flux further contains one or both of an organic acid and a halogen compound wherein 

the addition amount of the organic acid is within the range of 0-18% by weight and the addition 

amount of the halogen compound is within the range of 0-4% by weight. 

[PROBLEMS TO BE SOLVED BY THE INVENTION] 

[0011] 

In the past, in flux, the solvent is a main component that volatilizes in the soldering process and 

adheres in the reflow furnace. In the past, it has not been proposed to form the flux by focusing on the 

suppression of the solvent volatilization and the suppression of the whole flux volatilization. 
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[0012] 

The present invention solves these problems and has an object to provide a cleaning flux that 

does not inhibit a function for removing a metal oxide film but can suppress volatilization by heating 

during soldering and clean a residue; a cleaning solder paste in which the cleaning flux and solder 

alloy powder are mixed; and a solder joint that is formed by using the cleaning flux or the cleaning 

solder paste. 

[MEANS FOR SOLVING THE PROBLEMS] 

[0013] 

As described hereinbefore, the solvent is the main component that volatilizes in the soldering 

process and adheres in the reflow furnace. On the other hand, since a component added as an activator 

to the flux also volatilizes during the soldering process, it is one of elements of stain in the reflow 

furnace. However, reducing an addition amount of the activator causes a capability of removing the 

metal oxide film to be reduced. 

[0014] 

Accordingly, the inventors of the present application have found that, by using a compound 

having the functions of the solvent and the activator and having the capability of cleaning the residue 

generated by suppressing the volatilization, the stain in the reflow furnace can be reduced while 
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suppressing the volatilization based on the heating during the soldering without inhibiting the function 

of removing the metal oxide film. 

[0015] 

 The present invention relates to a cleaning flux that contains a solvent having a polarity of 

dissolving the flux component and a boiling point of 330 °C or higher wherein a volatilization volume 5 

occurred at the reflow soldering process is equal to or less than 20% of the whole flux volume. The 

cleaning flux of the present invention contains as the solvent 60-98% by weight of one or both of an 

alkylene oxide-resorcinol copolymer and an ethylene oxide-propylene oxide condensation-added 

alkylene diamine wherein an addition amount of the alkylene oxide-resorcinol copolymer is within a 

range of 0-98% by weight and the addition amount of the ethylene oxide-propylene oxide 10 

condensation-added alkylene diamine is within the range of 0-98% by weight. This cleaning flux 

further contains one or both of an organic acid and a halogen compound wherein the addition amount 

of the organic acid is within the range of 0-18% by weight and the addition amount of the halogen 

compound is within the range of 0-4% by weight. The addition amount of a thixotropic agent is 0-

30 % by weight and the addition amount of rosin is 0-15% by weight. 15 

[0016] 

 Further, according to the present invention, in a cleaning solder paste in which the cleaning flux 

and solder alloy powder are mixed, the cleaning solder paste is characterized in that a flux contains a 

solvent having a polarity of dissolving a flux component and having a boiling point of 330 °C or 

higher, and a volatilization volume occurred in a reflow soldering process is equal to or less than 20% 20 

of the whole flux. In the cleaning solder paste of the present invention, the cleaning flux contains as 

the solvent 60-93% by weight of one or both of an alkylene oxide-resorcinol copolymer and an 

ethylene oxide-propylene oxide condensation-added alkylene diamine wherein an addition amount of 

the alkylene oxide-resorcinol copolymer is 0-93% by weight and the addition amount of the ethylene 

oxide-propylene oxide condensation-added alkylene diamine is within the range of 0-93% by weight, 25 

contains one or both of an organic acid and a halogen compound wherein the addition amount of the 

organic acid is within the range of 0-18% by weight and the addition amount of the halogen compound 

is within the range of 0-4% by weight, and contains 5-30% by weight of a thixotropic agent and 0-15% 

by weight of a rosin. 

[0017] 30 
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 Moreover, the present invention relates to a solder joint formed by using the aforementioned 

cleaning flux or cleaning solder paste. 

 

 [EFFECTS OF THE INVENTION] 

[0018] 5 

 In the present invention, the alkylene oxide-resorcinol copolymer and the ethylene oxide-

propylene oxide condensation-added alkylene diamine added as the solvent component to the cleaning 

flux have the polarity of dissolving the flux material and the boiling point that is higher than the peak 

temperature in the furnace during the soldering process using the reflow furnace by 80 °C or higher. 

Therefore, the volatilization of the solvent component in the soldering process is suppressed. Since the 10 

volatilization of the solvent component in the flux is suppressed, the flux fume is inhibited from 

adhering in the reflow furnace. Therefore, stain can be reduced in the reflow furnace. 

[0019] 

 By selecting the alkylene oxide-resorcinol copolymer and the ethylene oxide-propylene oxide 

condensation-added alkylene diamine having also a function of an activating adjuvant, an addition 15 

amount of the organic acid can be reduced without lowering a capability of removing the metal oxide 

film. Therefore, stain can be reduced in the reflow furnace. 

 

[EMBODIMENT FOR CARRYING OUT THE INVENTION] 

[0020] 20 

<Composition Example of Cleaning Flux According to This Embodiment> 

 A cleaning flux according to an embodiment contains one or both of the alkylene oxide-

resorcinol copolymer and the ethylene oxide-propylene oxide condensation-added alkylene diamine 

and further the organic acid. The cleaning flux according to the embodiment may contain the 

thixotropic agent. 25 

[0021] 
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 The cleaning flux according to the embodiment is used for a solder joint called a chip attach or 

a ball attach. The cleaning flux according to the embodiment is mixed with the solder alloy powder 

and is used as the cleaning solder paste. 

[0022] 

 The alkylene oxide-resorcinol copolymer and the ethylene oxide-propylene oxide 5 

condensation-added alkylene diamine are added mainly as the solvent component in the cleaning flux 

to dissolve the solid component in the cleaning flux. Moreover, the alkylene oxide-resorcinol 

copolymer and the ethylene oxide-propylene oxide condensation-added alkylene diamine have also the 

function of the activating adjuvant component that removes the metal oxide film. 

[0023] 10 

 The alkylene oxide-resorcinol copolymer and the ethylene oxide-propylene oxide 

condensation-added alkylene diamine have the boiling point higher than the peak temperature of the 

soldering process using the reflow furnace by 80 °C or higher. Here, in the soldering process, the 

temperature in the reflow furnace is about 240-250 °C and a compound having the boiling point of 

330 °C or higher is selected for the solvent component. 15 

[0024] 

 The alkylene oxide-resorcinol copolymer and the ethylene oxide-propylene oxide 

condensation-added alkylene diamine are soluble in water or a predetermined cleaning agent. An 

ethylene oxide and a propylene oxide are listed for the alkylene oxide portion of the alkylene oxide-

resorcinol copolymer, and an ethylene, propylene, an isopropylene and the like are listed for the 20 

ethylene oxide-propylene oxide condensation-added alkylene diamine. 

[0025] 

 The organic acid is added as the activator component for the flux. The organic acid may be a 

general organic acid having 10 or less carbon atoms. For example, the organic acid is preferably a 

carboxylic acid having 4-10 carbon atoms (C4-C10) with a carboxyl group. 25 

[0026] 

 The halogen compound is added as the activator component for the flux. The halogen 

compound may be an amine hydrobromide and a halogeno alcohol. For example, the amine 

hydrobromide is an ethyl amine hydrobromide, a propyl amine hydrobromide, a diethyl amine 
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hydrobromide, a diphenyl guanidine hydrobromide or the like, and the halogeno alcohol is a 2,3-

dibromo-1,4-butanediol, a trans-2,3-dibromo-2-butene-1,4-diol or the like. 

[0027] 

 The thixotropic agent is added as appropriate for giving a thixotropy. The thixotropic agent is 

soluble in water or a predetermined cleaning agent and may be a compound having a suppressed 5 

volatilization. An example of the thixotropic agent is a higher fatty acid amide, hardened castor oil, a 

polyethylene glycol having 1000 or more molecular weight, or preferably the polyethylene glycol 

having 1500 or more molecular weight. 

[0028] 

 The rosin protects the activator component such as the organic acid and the halogen compound 10 

from the heat and suppresses the activator component from volatilizing. The rosin may be soluble in 

the predetermined cleaning agent, and modified rosin, polymerized rosin, hydrogenated rosin or the 

like are exemplified. 

[0029] 

 The alkylene oxide-resorcinol copolymer and the ethylene oxide-propylene oxide 15 

condensation-added alkylene diamine added as the solvent component have the boiling point higher 

than the peak temperature in the furnace during the soldering process using the reflow furnace by 

80 °C or higher. 

[0030] 

 Therefore, the volatilization of the solvent component can be suppressed in the soldering 20 

process using, for example, the solder ball. By suppressing the volatilization of the solvent component 

in the flux, the flux fume can be inhibited from adhering to the furnace. Therefore, the stain in the 

furnace is reduced. 

[0031] 

 On the other hand, a component in the flux, which does not resolve and volatilize by heating 25 

during the soldering, remains as a flux residue after the soldering. Since the volatilization of the 

alkylene oxide-resorcinol copolymer and the ethylene oxide-propylene oxide condensation-added 

alkylene diamine are suppressed by heating during the soldering, they remain as the flux residue after 

the soldering. 
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[0032] 

 Therefore, when selecting the solvent component having a high boiling point so as to suppress 

the volatilization based on the heating during the soldering, the alkylene oxide-resorcinol copolymer 

and the ethylene oxide-propylene oxide condensation-added alkylene diamine have been selected. 

Moreover, when adding the thixotropic agent, the compound, which can be cleaned with water or the 5 

predetermined cleaning agent, has been selected. Therefore, it is possible to clean the flux residue by 

the components that do not volatilize with the heating during the soldering. 

[0033] 

 In addition, if the volatilization of the solvent component in the flux is suppressed, the flux can 

be inhibited from solidifying. Therefore, since the flux spreads on the surface of the electrode and the 10 

surface of the solder ball and the metal oxide film can be removed, the solder wettability can be kept. 

[0034] 

 The alkylene oxide-resorcinol copolymer and the ethylene oxide-propylene oxide 

condensation-added alkylene diamine added as the solvent component serve as the activating adjuvant 

component that removes the metal oxide film. Therefore, it is possible to reduce the addition amount 15 

of the activator component, namely, the organic acid and the halogen compound in this example. 

[0035] 

 Since the organic acid and the halogen compound in the flux volatilize in the soldering process, 

it is one of the elements of staining in the reflow furnace. However, by reducing the addition amount 

of the organic acid and the halogen compound, the capability of removing the metal oxide film is 20 

decreased. 

[0036] 

 By selecting as the solvent component the alkylene oxide-resorcinol copolymer and the 

ethylene oxide-propylene oxide condensation-added alkylene diamine having also the function of the 

activating adjuvant, the addition amount of the organic acid and the halogen compound can be reduced 25 

without lowering the capability of removing the metal oxide film. Therefore, the stain can be reduced 

in the reflow furnace. 

[0037] 
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 In the flux, by increasing the additive amounts of the organic acid and the halogen compound, 

the wettability of the solder is improved. On the other hand, if the additive amounts of the organic acid 

and the halogen compound are increased, then the additive amounts of the alkylene oxide-resorcinol 

copolymer and the ethylene oxide-propylene oxide condensation-added alkylene diamine are 

decreased relatively, and a ratio of the volatilized component is increased in the flux. 5 

[0038] 

 Therefore, the cleaning flux of this embodiment contains one or both of the alkylene oxide-

resorcinol copolymer and the ethylene oxide-propylene oxide condensation-added alkylene diamine. 

The addition amount of the alkylene oxide-resorcinol copolymer is within the range of 0-98% by 

weight and the addition amount of the ethylene oxide-propylene oxide condensation-added alkylene 10 

diamine is within the range of 0-98% by weight. In a case of containing both of the alkylene oxide-

resorcinol copolymer and the ethylene oxide-propylene oxide condensation-added alkylene diamine, 

the total addition amount of the alkylene oxide-resorcinol copolymer and the ethylene oxide-propylene 

oxide condensation-added alkylene diamine is 60-98% by weight. 

[0039] 15 

 In a case of containing either the alkylene oxide-resorcinol copolymer or the ethylene oxide-

propylene oxide condensation-added alkylene diamine, the addition amount of the alkylene oxide-

resorcinol copolymer or the ethylene oxide-propylene oxide condensation-added alkylene diamine is 

60-98% by weight. 

[0040] 20 

 Moreover, one or both of the organic acid and the halogen composition are contained wherein 

the addition amount of the organic acid is within the range of 0-18% by weight and the addition 

amount of the halogen composition is within the range of 0-4% by weight. The addition amount of the 

thixotropic agent is 0-30% by weight and the addition amount of the rosin is 0-15% by weight. 

[0041] 25 

 The cleaning solder paste of the embodiment is formed by mixing the aforementioned cleaning 

flux and the solder alloy powder. The cleaning flux for forming the cleaning solder paste contains one 

of both of the alkylene oxide-resorcinol copolymer and the ethylene oxide-propylene oxide 

condensation-added alkylene diamine. The addition amount of the alkylene oxide-resorcinol 
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copolymer is within the range of 0-93% by weight and the addition amount of the ethylene oxide-

propyiene oxide condensation-added alkylene diamine is within the range of 0-93% by weight. In a 

case of containing both of the alkylene oxide-resorcinol copolymer and the ethylene oxide-propylene 

oxide condensation-added alkylene diamine, the total addition amount of the alkylene oxide-resorcinol 

copolymer and the ethylene oxide-propylene oxide condensation-added alkylene diamine is 60-93% by 
weight. 

[0042] 

In a case of containing either the alkylene oxide-resorcinol copolymer or the ethylene oxide-

propylene oxide condensation-added alkylene diamine, the addition amount of the alkylene oxide-

resorcinol copolymer or the ethylene oxide-propylene oxide condensation-added alkylene diamine is 

60-93% by weight. 

[0043] 

Moreover, one or both of the organic acid and the halogen composition are contained wherein 

the addition amount of the organic acid is within the range of 0-18% by weight and the addition 

amount of the halogen composition is within the range of 0-4% by weight. The addition amount of the 

rosin is 0-15% by weight and the addition amount of the thixotropic agent is 5-30% by weight as 

needed basis. The cleaning solder paste of this example is formed by mixing, in proportion, 80-91% by 

weight of solder alloy powder having the solder alloy composition of Sn-3Ag-0.5Cu (each number 

shows % by weight) and 9-20% by weight of the cleaning flux. The present invention is not limited 

only to this solder alloy. 

[0044] 

The solder joint of the embodiment is formed by soldering by a use of the aforementioned 

cleaning flux and the solder alloy having a desired composition or a use of the aforementioned 

cleaning solder paste. 

[EXECUTED EXAMPLES] 

[0045] 

The flux of each of the executed examples and the comparison examples having compositions 

shown in the following table 1 was prepared. The volatilization and soldering property of the flux were 
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verified by using the flux of each of the executed examples and the comparison examples. It is to be 

noted that each composition ratio in Table 1 is represented by "% by weight" in the flux composition. 

[0046] 

 In the volatilization verification, model TGD9600 of Ulvac Riko, Inc. was used for a 

thermogravimetric measurement (TGA measurement) to measure the volatilization volume of the flux 5 

(% by weight). 

[0047] 

Condition of Measurement: 

 Preheat: 130-170 °C for 120 seconds 

 Peak temperature: 245 °C 10 

 Holding time in 220 °C or more: 46 seconds 

 Atmosphere: N2 

[0048] 

 In this example, if the volatilization volume is equal to or less than 20%, it is assumed to meet 

a desired low volatilization. Although the simple flux was used for the volatilization verification, the 15 

verification may be accomplished by using the solder paste. However, in the case of using the solder 

paste, since the amount of the flux is about 10% of the whole amount and the volatilization volume is 

insignificant amount, the measurement accuracy is limited. 

[0049] 

 The verification of the soldering property for the flux of the executed examples and the 20 

comparison examples was based on the JIS Z 3197 Solder Spreading Method. In these examples, if the 

spreading diameter is 80% and more, it is determined to meet the desired solder spreading property. 

[0050] 

TABLE 1 

  25 
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[0051] 

As shown in Table 1, all of the executed example 1 (EE1) and the executed example 2 (EE2), 

which contained the alkylene oxide-resorcinol copolymer, the ethylene oxide-propylene oxide 

condensation-added alkylene diamine and the activator. The executed examples 3-8 (EE3-8), which 

further contained the thixotropic agent, found the volatilization rate of 20% or less, so that it has been 

found that they meet the desired low volatilization. Moreover, it was found that the spreading diameter 

thereof was 80% or more and they met the desired soldering property. 

[0052] 

On the other hand, in each comparison example to which a conventional volatile solvent 

component such as diethylene glycol monohexyl ether or the like was added, it has been found that 

they meet the soldering property but the volatilization volume thereof is larger than 30% and they do 

not meet the desired low volatilization. 

[0053] 

From the executed examples 3-5, it has been found that one or both of the organic acid and the 

halogen agent may be used. From the executed examples 6 and 7, it has been found that only one of 

the alkylene oxide-resorcinol copolymer and the ethylene oxide-propylene oxide condensation-added 

alkylene diamine may be used. 

[0054] 

From the executed example 8, it has been found that the rosin may be used. However, if the 

rosin is added to the flux, the viscosity shows a tendency to increase. Therefore, it is preferable that the 

addition amount of the rosin is equal to or less than 15% by weight. 

[0055] 

From the above verification result, it has been found that the flux volatilization based on the 

heating during the soldering can be suppressed by adding one or both of the alkylene oxide-resorcinol 

copolymer and the ethylene oxide-propylene oxide condensation-added alkylene diamine instead of 

the conventional solvent component. Moreover, it has been found that the soldering property does not 

reduce and the soldering property substantial same as the conventional one can be obtained by adding 

one or both of the alkylene oxide-resorcinol copolymer and the ethylene oxide-propylene oxide 

condensation-added alkylene diamine. 
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[INDUSTRIAL APPLICABILITY]  

[0056] 
 The present invention is applied to the soldering operation using the reflow furnace. The non- 

volatilization property thereof is preferable to be used in a vacuum reflow furnace. 5 
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CLAIMS 

1. A cleaning flux characterized in that the cleaning flux contains, as the solvent, 60-98% by 

weight of one or both of an alkylene oxide-resorcinol copolymer and an ethylene oxide-propylene 

oxide condensation-added alkylene diamine wherein an addition amount of the alkylene oxide-

resorcinol copolymer is within a range of 0-98% by weight and the addition amount of the ethylene 

oxide-propylene oxide condensation-added alkylene diamine is within the range of 0-98% by weight; 

and the cleaning flux further contains one or both of an organic acid and a halogen compound wherein 

the addition amount of the organic acid is within the range of 0-18% by weight and the addition 

amount of the halogen compound is within the range of 0-4% by weight. 

2. The cleaning flux according to Claim 1 characterized in that the cleaning flux further 

contains 0-30 % by weight of a thixotropic agent and 0-15% by weight of rosin. 

3. A cleaning solder paste in which a cleaning flux and solder alloy powder are mixed, 

characterized in that the cleaning flux contains, as the solvent, 60-93% by weight of one or both of an 

aikylene oxide-resorcinol copolymer and an ethylene oxide-propylene oxide condensation-added 

alkylene diamine wherein an addition amount of the alkylene oxide-resorcinol copolymer is 0-93% by 

weight and the addition amount of the ethylene oxide-propylene oxide condensation-added alkylene 

diamine is within the range of 0-93% by weight; and the cleaning flux further contains one or both of 

an organic acid and a halogen compound 
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wherein the addition amount of the organic acid is within the range of 0-18% by weight and the 

addition amount of the halogen compound is within the range of 0-4% by weight, 

4. The cleaning solder paste according to Claim 3 characterized in that the cleaning flux further 

contains 5-30% by weight of a thixotropic agent and 0-15% by weight of rosin. 
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CLEANING FLUX, CLEANING SOLDER PASTE, AND SOLDER JOINT 

 

ABSTRACT 

 

 A purpose is to provide a cleaning flux that does not inhibit a function for removing a metal 5 

oxide film but suppresses volatilization by heating during soldering.  

 The cleaning flux contains as a solvent 60-98% by weight of one or both of an alkylene oxide-

resorcinol copolymer and an ethylene oxide-propylene oxide condensation-added alkylene diamine 

wherein an addition amount of the alkylene oxide-resorcinol copolymer is within a range of 0-98% by 

weight and the addition amount of the ethylene oxide-propylene oxide condensation-added alkylene 10 

diamine is within the range of 0-98% by weight; and further one or both of an organic acid and a 

halogen compound wherein the addition amount of the organic acid is within the range of 0-18% by 

weight and the addition amount of the halogen compound is within the range of 0-4% by weight. 

 

[No suitable figure] 15 


