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57 ABSTRACT 
A proccss is disclosed for improving thc oxidative re 
sistance of amorphous carbon or graphite articles. The 
process comprises applying a solution of water; an 
oxide or hydroxide of a group 2 metal; a mcm her of 
the group consisting of nitric acid; sodium nitrite and 
sodium carbonate; and boric acid or sodium tetrabor 
te. 

5 Claims, 1 Drawing Figure 
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PROCESS FOR THE TREATMENT OF 
AMORPHOUS CARBON OR GRAPHITE 

MANUFACTURED ARTICLES, FOR THE PURPOSE 
OF IMPROVING THER RESISTANCE TO 
OXIDATION, SOLUTIONS SUITABLE FOR 

ATTAINING SUCH PURPOSE AND RESULTING 
PRODUCT 

This is a division, of application Ser. No. 108,739, 
filed Jan. 22, 1971 and now U.S. Pat. No. 3,814,699. 
The present invention refers to a process designed to 

give amorphous carbon or graphite manufactured arti 
clcs greater resistance to oxidation at high tempera 
turc, rcfcrence is madc, in addition morc particularly 
to a crics of solutions designed to make the said manu 
factured articles more resistant to oxidation at high 
temperature, and to the said manufactured articles 
which are obtained by such processes and solutions. It 
is known that carbon materials - whether amorphous 
or crystalline - are, in view of their particular electric, 
mechanical and thermal properties, used in many types 
of industries as electrodes for furnaces in the iron and 
steel industry, or, again as electrodes, in the production 
of aluminum, or as refractories, crucibles, resistors, etc. 
Despite their wide field of use, carbon materials have 

always found a limit in their easy oxidability at high 
temperatures. 

Proposals have been made for coverings protecting 
the jackets on the surface of the manufactured article, 
with a base of silicons, polysiloxans, colloidal silica, 
carbides, nitrides and silicides of refractory metals, 
etc.; these systems are not the best, both because of the 
complexity of the operations and equipments required 
for the coating, and because the protective layer comes 
away fairly easily, and also owing to the addition of ele 
ments which are sometimes undesired, which may hap 
pen when manufactured articles protected in this way 
are used as electrodes or refractories in the iron and 
steel industry or in metallurgy in general. 
Trials have also been made with impregnation with 

solutions having a phosphoric base, either alone or in 
combination with compounds such as ammonium phos 
phate, magnesium or zinc phosphate, chlorides of alka 
line metals, sodium tetraborate, etc. But also these 
methods do not ensure good protection against oxida 
tion except at relatively low temperatures. 
The purpose of the present invention is to supply a 

process and solutions capable of making carbon or 
graphite manufactured articles resistant to the oxida 
tion caused by air, molten metals, or other high temper 
ature oxidating means, in a wider temperature range 
than that hitherto covered. Another purpose, equally 
important, of this invention is to supply carbon or 
graphite manufactured articles capable of resisting high 
temperature oxidation better than those so far known. 
The ways to achieve the above objectives and the ad 
vantages deriving from the present invention will be ill 
lustrated in the description given hereunder, 
The objectives of the present invention are achieved 

by impregnating, or covering in some other way, the 
carbon or graphite manufactured articles, using a solu 
tion composed of: 
Water 
phosphoric acid 
one or more compounds selected in one or more of 
the groups formed by the salts, oxides, and hydrox 
ides of a metal of the 2nd group of the periodic sys 
te . 
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one or both the components of the group formed by 

boric acid and sodium tetraborate decahydrate 
one or more compounds selected from among nitric 

acid, sodium nitrite, and sodium carbonate. 
The advantages of using such a composition with re 

gard to protection from oxidation will be evident in the 
examples which follow. Other immediate advantages of 
these solutions consist in not using hydrochloric acid as 
solvent and in providing for relatively low concentra 
tions of phosphoric acid, thus making the preparation, 
handling and application of the solutions easier; fur 
thermore the process selected for the preparation of 
the manufactured articles docs not require their bak 
ing, so that it is simplcr and more cconomical than 
other processes, which do require it. 
According to the general idea of the present inven 

tion, the solutions inhibiting oxidation may have a per 
centage composition by weight varying within the 
ranges indicated below: 

water 570 - 76.() 
one or more compounds selected from 
among the salts, oxides and hydroxides 
of a metal of the 2nd group (). - 6.0 
one or both the components of the group - 
formed by sodium metaborate decahydratic 
and boric acid 6.9 - 2.0- 
phosphoric acid 26.0 - ().0% 
one or more compounds selected from 
among nitric acid, sodium nitrate. 
and sodium carbonate 0.0 - 6.0 

A study of such solutions has shown that they can be 
divided into two groups, according to whether sodium 
tetraborate decahydrate or boric acid is used. 

In the two cases the composition of the solutions can 
vary within the following limits, again expressed as a 
percentage composition by weight: 

Water 57) - 67.0 
phosphoric acid 20.0 - 6.0% 
one or more compounds selected from 
among the salts, oxides and hydroxides 
of a metal of the 2nd group SO - 0.4% 
sodium tetraborate decahydrate 2.0 - 6.6 
one or more compounds selected from - 
among nitric acid. Sodium nitrite, und 
sodium carbonate 6.0 - 0.0% 

Of 

water 700 - 76.0 
phosphoric acid 210 - 6.6% 
one or more compounds selected from 
among the salts, oxides, and hydroxides 
of a metal of the 2nd group 2.0 - 0.4% 
boric acid 2.0 - 7.0% 
one or more compounds selected from 
among nitric acid. Sodium nitrite. and 
Sodium carbonate 5.0 - 0.0% 

The results obtained by using the solutions described 
in the present invention as protective solutions are set 
forth in the following examples. 

EXAMPLE 
A sample of graphite weighing 0.450 gr, taken from 

an Elettrocarbonium brand electrode diameter 350 
mm was placed in an emptiable container and sub 

65 jected to degassing with a vacuum up to 5.10 mm Hg; 
once the sample had been degassed, the impregnating 
solution was introduced into the container, still under 
vacuum, at a temperature of 70°C, so that it covered 
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the sample; the pressure is raised to a maximum of 5 at 
mospheres. The sample, removed from the solution, 
was dried and seasoned at room pressure and tempera 
ture for about 48 hours. 
The impregnating solution had the following percent 

age composition by weight: 

water 62.8 
phosphoric acid 18.0% 
calcium oxide 0.4% 
sodium tetraborate decahydrate 4.6 
nitric acid 2.9% 
(dum rite (),3 
sodium curbonute t 

To prepare the solution the phosphoric acid was first 
added to the water, then the calcium oxide was added, 
and then the sodium tetraborate decahydrate, until sat 
uration at 70°C, and lastly all the other components. 
The sample thus treated was subjected to oxidation 

resistance testing by means of a thermobalance, with 
air flow equal to 6.4 litres/h and heating speed of 
10°C/min, up to a maximum temperature of 1600'C. In 
this test the percentage decrease in the total weight of 
the sample was measured. The results were as follows: 

Total Percentage 
Temperature Decrease in Weight 

up to 1000C 8.2% 
up to 1250C 22.8% 
up to 1400°C 39.2% 
up to 1600C 63.8% 

EXAMPLE 2 

A sample having the same characteristics as the one 
in example 1 and obtained from the same zone of the 
electrode was treated, on the basis of the technique de 
scribed above, with a solution having the following 
composition by weight; 

Water 62.8% 
phosphoric acid 18.0 
zinc oxide 0.49 
sodium tetraborate decahydrate 4.6. 
nitric acid 2.99 
sodium nitrite 0.3% 
sodium carbonate 1.0% 

The solution was prepared in the way described in ex 
ample 1. The thermobalance test, carried out with the 
same procedure as in example l, gave the following re 
sults: 

Total Percentage 
Temperature Decrease in Weight 

up to 1000C 8.0 
up to 1250C 2.6% 
up to 1400C 42.8 
up to 1600C 71.4% 
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EXAMPLE 3 

A sample having the same characteristics as the one 
in example 1 and obtained from the same zone of the 
electrode was treated, on the basis of the technique de 
scribed above, with a solution having the following 
composition by weight: - 

water 65.5 
phosphoric acid 8.89. 
cakcium oxide 0.49 
sodium tetraborate decahydrate 5.3% 

Thc thermobalance tust, carried out with the same 
procedure as in example l, gave the following results: 

Total Percentage 
Temperature Decrease in Weight 

up to 1000C 4.5 
up to 250C 25.49 
up to 1400°C 43.8% 
up to 1600C 7.0 

EXAMPLE 4 

A sample having the same characteristics as the one 
in example 1 and obtained from the same zone of the 
electrode was treated, on the basis of the tici. que de 
scribed above, with a solution having the following 
composition by weight: 

Water . 65.5% 
phosphoric acid 8.89 
cadmium oxide 0.4 
sodium tetraborate decahydrate 5.3 

The thermobalance test, carried out with the same 
procedure as in example l, gave the following results: 

Total Percentage 
Temperature Decrease in Weight 
up to 1000C 6.8% 
up to 1250C 20.4% 
up to 1400C 37.89. 
up to 1600C 65.29 

EXAMPLE 5 

A sample (sample D) of the type already used was 
treated, on the basis of the technique described above, 
with a solution having the following percentage compo 
sition by weight: 

Wate 74.2% 
phosphoric acid 20.49 
cakcium oxide 0.49 
boric acid 5.0 

By means of the thermobalance test, carried out with 
the same procedure as in example 1, the following were 
determined: 

a. temperature of start of reaction 
b. speed of reaction expressed as percentage reduc 

tion in weight of the sample per C (percent C) 
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c. the total percentage decrease in weight of the sam- After impregnation the sample was dried and then 
pite uptoothletenperaturettC. subjected topessicationnat i?).5G and baking at 500°C. 
The resuilts difthe test are shown in tables lianti 2. Tfhettests were thenocarrietcoutwith tthetithermit5ti 

ance in accordance with example 5 and with the same 
EXAMPLE 6 5 procedure as in example 1. The results obtained are 

shown in tables and 2. 

A sample (sample C) of the type described above was 
treated, on the basis of the technique described above, Rho ic acid 23; 
with a solution having the following percentage compo- to pigs: c 38. 
sition by weight: horic acid (). 

Tibe 2 

Sump.A Samp.B Samp.C Sump. D 

Total wt % decrease up to (xx)C 34.2 8 S3% 5.3% 
125()C 68.2% 3().() 9. 8.8% 
4(X)C 89.(r. 44.2% 34.4% 33.8% 
f(x)'C M- 7.2 62.2 S6.() 

fisho ic acid f; 2 In order better to evidence the properties of the solu M 

peries 0.4 tions covered by the present inyention, other experi 
sodium tetraborate decahydrate 15.1 ments were carried out, the results of which are shown 
sodium carbonate hereunder 

Table 3 shows the percent losses in weight after a stay 
by the samples of 4 hours at the temperature “t. 
The tests were made in a muffle with an air circula 

tion obtained by natural draught and the samples, 
about 160 g, were placed in a magnesite crucible when 
the muffle had reached the working temperature. 
The percentage increase in weight of the samples, 

due to impregnation, was always at least 5 percent after 
seasoning. 
Tables 4 and 5 show the results obtained on the ther 

mobalance when using the solution of example 5, but 
varying once the calcium oxide and once the phos 
phoric acid respectively, and maintaining the other 
components constant in order to demonstrate the im 
portance of the composition of the solutions for pur 
poses of good protection; it is found that the percent 
ages used in the solution of example 5 are the most suit 

By means of the thermobalance test, the same deter 
minations as in sample 5 were made. The results ob- 30 
tained are shown in tables l and 2. 

In order to emphasize the advantages of the series of 
solutions covered by the present invention, a compari 
son was made between samples treated according to 
examples 5 and 6 and other samples, of which one not 35 
treated (sample A) and another treated with a solution 
and a method already known in technique (sample B). 
All the samples were of course obtained from the same 
zone of the same electrode. 
A non-treated sample (sample A) was tested directly 40 

on the thermobalance, with the procedure set forth in 
example l; the same determinations as in sample 5 
were carried out. The results are shown in tables l and 
2. 
The other sample (sample B) was treated with the so- 45 o w able ones. 

lution and the method which seem to have given the 
best results in known technique. Such solution has the 
following percentage composition by weight: 

50 
Water 2.99 phosphoric acid 63.3% Table 3 
zinc oxide 3.89. boric acid Percentage loss after 4 hours at temperature t'C 

C 900 200 4()() 

The impregnation vessel containing the sample was 55 aphit 7 36 5() 

degassed and then filled, still under vacuum, with the notes Spite i 3. 37 
above solution. Impregnation under pressure was then EE N. : 2 : s o e s example No. 

carried out, with a maximum pressure of 5 atmo example No. 6 25 37 
spheres. 

60 

Table 4 

Percentage of calcium oxide 0. 0.4 3.8 

Total % decrease in weight up to 000°C 9 5.3 9 250C 26 ty 28 
400C 44 34 45 

FF 600C 72 56 64 
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t().4 23 

5.3 7 
19 22 
3. 36 
S6 f 

Table 5 

Percentage of phosphoric acid ().9 

Total i decrease in weight up to (XXC 9 
25°C 25 

A (C 39 
63 

The attached graph shows thc results of some expcri 
ments which give a comparison betwecn non-treatcd 
graphite (curve a); graphite treated with the solution 
already known to technique, and used in description 
after example 6 (curve b); graphite treated according 
to example 5 (curve c); graphite treated according to 
example 6 (curved). The ordinates of the graph repre 
sent the percentage losses in weight of the sample when 
heated up to temperature to, as shown in the abscissae 
with heating speed of 10°C/min in air flow equal to 6.4 
litres/h. From the foregoing examples and comparisons 
it can be seen that there is a clear improvement in the 
properties of resistance to oxidation that the solutions 
proposed as new by the present invention are capable 
of giving to graphite or carbon bodies, as compared 
with the results which can be obtained with solutions 
already known in technique. 

It should be borne in mind that, although the samples 
tested in the various experiments were all obtained 
from electrodes, the present invention refers to the 
treatment of any type of manufactured articles made 
from amorphous carbon or graphite, such for example 
as crucibles, refractory bricks, resistors and also mate 
rials treated with carbon products. Furthermore, al 
though the examples have mentioned only one particu 
lar technique of impregnation, it is clear that the pres 
ent invention also refers to any other technique of ap 
plication (varnishing, immersion, etc.) of the solutions 
forming the subject of the present invention. 
What we claim is: 
1. Process for giving resistance to oxidation to manu 

factured articles made of amorphous carbon or graph 
ite, characterized by the fact that: 

a. said manufactured articles are degassed and im 
mersed, under vacuum, in a solution obtained by 
mixing: water; phosphoric acid; one or more com 
pounds selected from the group of salts, oxides and 
hydroxides of a metal of the 2nd group of the peri 
odic system; one or both components of the group 
formed by sodium tetraborate decahydrate and 
boric acid; one or more components selected from 
the group formed by nitric acid, sodium nitrite, and 
sodium carbonate; the components of the said solu 
tion are mixed in accordance with percentage ra 
tios by weight ranging between 57.0: 26.0 : 0.1 : 
16.9 : 0.0 and 76.0 : 0.0: 6.0: 2.0: 6.0 respec 
tively; 

b. the said manufactured articles are impregnated 
with said solution; 

O 
c, the said manufactured articles are allowcd to dry 
and Season at room temperaturc, 

2. Process for giving resistance to oxidation to manu 
factured articles made of amorphous carbon or graph 

15 ite, characterized by the fact that: 
a said manufactured articles are degassed and im 
mersed, under vacuum, in a solution obtained by 
mixing: water; phosphoric acid; one or more com 
ponents selected from the group of salts, oxides 
and hydroxides of a metal of the second group of 
the periodic system; sodium tetraborate decahy 
drate; one or more compounds selected from the 
group formed by nitric acid, sodium nitfite, and so 
dium carbonate; the components of the solution 
are mixed in accordance with percentage ratios by 
weight ranging between 57.0: 20.0: 5.0: 12.0: 6.0 
and 67.0: 16.0 : 0.4: 16.6 : 0.0 respectively; 

b. the said manufactured articles are impregnated 
with said solution; 

c. the said manufactured articles are allowed to dry 
and season at room temperature. 

3. Process for giving resistance to oxidation to manu 
factured articles made of amorphous carbon or graph 

35 ite, characterized by the fact that: 
a. said manufactured articles are separated and im 
mersed, under vacuum, in a solution obtained by 
mixing; water; phosphoric acid; one or more com 
pounds selected from the group of salts, oxides and 
hydroxides of a metal of the second group of the 
periodic system; boric acid, one or more compo 
nents selected from the group formed by nitric 
acid, sodium nitrite, and sodium carbonate; the 
components of the solution are mixed in accor 
dance with percentage ratios by weight ranging be 
tween 70.0: 21.0: 2.0: 2.0 : 5.0 and 76.0: 16.6 
: 0.4:7.0: 0.0 respectively; 

b. the said manufactured articles are impregnated 
with said solution; 

c. the said manufactured articles are allowed to dry 
and season at room temperature. 

4. Process in accordance with claim 1, in which the 
metal of the 2nd group of the periodic system is cal 
C. 

5. Process in accordance with claim , in which the 
metal of the 2nd group of the periodic system is cad 
mium. 
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