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v. 2 
This invention relates to the boiling out of to produce steam the high pressures and ten 

steam boilers prior to placing them in operation peratures cau formation of sodium silicate 
for the generation of steam. scale in the boiler, and in some cases the silica, 

It is now common ice to boil outs content of moisture carried over with the steam 
boilers with alkaline solutions containing sedium dium silicate de w ' 
chemicals such as sodium silicate, sodium hy 
droxide, Sodium carbonate, sodium phosphate, or 
mixtures thereof. The object of this boiling out 
or cleaning process is to remove oil, dirt, metal 
cuttings, mill scale and other undesirable mate.- : 
rials which are present in the boiler when k . 
constructed. Solid foreign matter should W. 
moved from the new boiler before it is placed 
is operation in order to prevent danger of inter 
ference with the free flow of water through 
restrictions in the boiler such as tube entrances 
and orifices. It is advisable to remove the oily 
G9atings because otherwise they would interfere 
With proper heat transfer, thereby resulting in 
Overheating With consequent damage to the 
boiler as a Whole, or at least to localized areas. 
Furthermore, if non-mineral oils are not removed 
before the boiler is placed in operation, saponifi 
cation of such oily matter results from combina 
tion with soluble alkalis in the water used for 
producing steam, and such saponification results 
in the formation of soap which induces extreme 
foaminess of the water. This condition accel 
erates carryover of liquid from the boiler, which 
in turn causes considerable damage to auxiliary 30 
equipment such as superheaters in boilers, power 
generating or power-driven equipment such as 
steam-driven turbines and pumps, and in certain 
processes where steam is used, in damage to the 
product. m - - Y - 

As previously mentioned, the chemicals which 
have been used in the past for cleaning new 
boilers have always been the sodium chemicals. 
Sodium silicates, for example sodium meta 
silicate Na2SiO3, have been used for cleaning out 40. 
new boilers, the silicates being particularly de 
sirable because of their emulsifying and peptizing 
effect on oil and grease, their detergent proper 
ties and their ability to disperse solid fine par- does 
ticles. Generally, other sodium chemicals have 45 
been used along with the sodium silicates to im 
part other desired properties to the boiling out 
solution. Although sodium silicate is a very ls is more espe 
effective detergent, it is almost impossible to flush cially to be preferr thereby the prim 
out the boiler so as to remove all of this cleaning 50 ary objective of the boiling out process is more 
chemical after the boiling out process has been readi -- yed repeatedly 
completed. As a result, undesirable concentra- is .g. e boilers are 
ition of Sodium silicate may remain in the boiler drained and rinsed after boiling out with mix 
after the ordinary boiling out and flushing oper- tires including potassium chemicals, the sur 
ations. When the boiler is placed in operation 55 faces are consistently free of the occasional oily 

eal up seams or 
cals to such an 
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patches and the ends of tubes do not show the 
“tear-drops' present after boiling out with 
Sodium chemicals alone. With potassium ion 
comprising an appreciable part of the metal ions 
present in the boiling out solution, the products 
of Saponification of the non-mineral oil and 
grease are more soluble and the mineral oil and 
grease are more completely emulsified than when 
sodium salts only are employed. 
There is a wide variety of compositions and 10 

solutions which may be employed according to 
my invention. The solution must be sufficiently 
alkaline to effectively remove oil and grease. It 
should contain a silicate because of the deter 
gent properties which silicates possess. There 
should be a certain maximum ratio of silica to 

4. 
of the operation by the conversion of the trimeta 
phosphate to Sodium tripolyphosphate. 
The Water-insoluble crystalline alkali-metal 

metaphosphates also become effective under the 
conditions of use. Water-insoluble crystalline 
Sodium metaphosphate is solubilized by potas 
sium Salts, and Water-insoluble crystalline potas 
sium metaphosphate is Solubilized by sodium 
salts. The insoluble crystalline alkali-metal 
metaphosphates will even cause each other to go 
mutually into solution in water, the dissolving 
action being accelerated by increase in tempera 
ture. Since both potassium and sodium salts will 
usually be present in the water during the boil 

alkali-metal oxide, and a certain minimum ratio . 
of potassium to sodium in order to insure that 
the silicate formed will be predominantly potas 
Sium Silicate rather than Sodium silicate, thereby 
producing a soluble silicate rather than an in 
soluble silicate. The composition used in making 
the cleaning solution may be made up entirely 
of potassium chemicals, or of potassium and 
Sodium chemicals, provided it has the required 
minimum ratio of potassium to Sodium. 
In order to form soluble silicates rather than 

insoluble silicates, the ratio of Silica to alkali 
metal oxide, when expressed in equivalents, 
should be not more than 1:1, and the ratio of 
potassium to sodium, when expressed in equiva 
lents, should be at least 0.5:1. 
The composition always contains one or more 

alkali-metal silicates, the preferred range being 
about 10% to 40% by weight. Although the 
alkali-metal metasilicates are preferred, I may 
use alkali-metal silicates having a lower or a 
higher ratio of alkali-metal oxide to SiO2 than 
the metasilicates, provided that the composition 
as a whole has the proper alkalinity, ratio of 
silica, to alkalinity, and ratio of potassium to 
sodium. I may use alkali-metal silicates having 
a mol ratio of alkali-metal oxide to SiO2 from 
2:1 to 1:4. I may use the alkali-metal ortho 
silicates, sesquisilicates, metasilicates, disilicates, 
or tetrasilicates. The orthosilicates and tetra 
silicates have, respectively, mol ratios of alkali 
metal oxide to SiO2 of 2:1 and 1:4. The other 
silicates have intermediate ratios. The silicates 
may be either potassium silicates or sodium sili 
cates, or mixtures of potassium and sodium sili 
Cates. m - y - 

In addition to the silicates the composition 
preferably contains one or more molecularly de 
hydrated phosphates which have the property of 
sequestering calcium. Among the molecularly 
dehydrated phosphates are the crystalline alkali 
metal metaphosphates, pyrophosphates, tripoly 
phosphates and the alkali-metal phosphate 
glasses. Either glassy or crystalline molecularly 
dehydrated phosphates may be employed, pro 
vided that they have the property of sequester 
ing calcium under the conditions of use. 
The water-soluble crystalline sodium meta 

phosphate commonly known as sodium trimeta 
phosphate does not exhibit this property in 
neutral solution at ordinary temperatures. How 
ever, in an alkaline solution it is converted into 
the calicum-sequestering Sodium tripolyphoS 
phate, this conversion being accelerated by in 
crease in temperature. Thus, when sodium tri 
metaphosphate is used with the alkaline mate 
rials required to produce the desired detergent 
action during boiling out a boiler, Sequestration 
of calcium is developed during the early stages 
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ing out of a boiler according to my invention, the 
Water-insoluble alkali-metal metaphosphates 
may be employed effectively. 
When an alkaline solution is used in boiling 

out a boiler containing oil or grease, and if the 
Water used in making up the boiling out solu 
tion contains calcium, or if calcium is present 
in the dirt contained in the boiler, the calcium 
will form insoluble soaps. By the use of a molec 
ularly dehydrated phosphate, the formation of 
insoluble soaps is prevented until the alkalis 
present have had an opportunity to react with 
the oil or grease. Upon continued heating the 
sodium metaphosphate or other molecularly de 
hydrated phosphate reverts to the orthophos 
phate, forming calcium orthophosphate sludge 
which adsorbs the oil or grease and other foreign 
material. . . 
The molecularly dehydrated phosphates may 

be made from potassium salts, Sodium salts, or 
mixtures of potassium and sodium salts, provided 
the cleaning composition as a whole has the 
proper ratio of alkali-metal oxide to silica and the 
proper ratio of potassium to sodium. The molec 
ularly dehydrated phosphate or mixtures of such 
phosphates in my boiling out composition consti 
tutes about 5% to 50% by weight, and preferably 
about 10% to 40%. In any event, it should be in 
amount sufficient to effectively sequester the cal 
cium for a time sufficient to enable the alkaline 
solution to effectively emulsify any oil or grease 
that may be present in the boiler which is being 
cleaned. Where the boiler to be cleaned con 
tains a large amount of oil or grease, it may be 
found desirable in some cases to add calcium or 
magnesium salts which are ultimately precipi 
tated in the boiling Out proceSS, thereby increas 
ing the amount of precipitate available for ad 
sorbing the oil or grease. Instead of, or in con 
junction with, the addition of calcium or mag 
nesium salts, the effect of producing precipitate 
for oil or grease adsorption may be obtained by 
using raw water or sea Water which naturally 
contain these calcium and magnesium Salts. 

In order to increase the alkalinity of the COm 
position strong alkalis such as sodium or potas 
sium hydroxide, orthophosphate or carbonate, 
may be included. Thus, where the silicate used 
is the metasilicate, or When any silicate which is 
less alkaline than the metasilicate is employed, 
it may be found desirable to include one or more 
of sodium or potassium hydroxide or carbonate 
in the composition. Where the orth Osilicate is 
used it may be found that no additional alkali 
is required. If sodium or potassium hydroxide or 
carbonate is used it may be used in amount up 
to about 50% by weight of the composition, for 
example, in amounts from about 10% to 50%. 
Although tripotassium orthophosphate or tri 

sodium orthophosphate are not essential con 
stituents of the composition, they are desirable 
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ingredients. They form calcium orthophosphate 
precipitate upon ultimate reaction with the cal 
eium of hard water, this precipitate aiding in ad 
sorbing oil, 

If desired, the boiling out composition may 
dontain an inhibitor of embrittlement such, for 
example, as tannins, lignins, the Waste sulphite 
liqug's produced in paper making, or nitrates 
such as sodium or potassium nitrates, all of which 
provide additional protection against embrittle 
ment of the boiler metal. Wetting agents which 
are.stable in alkaline solutions may also be in 
cluded in the chemical mixture for cleaning boil 
ers in order to effect better wetting of surfaces 
and thus produce better cleaning action by the 
other chemicals used, 

he following are examples of Suitable.com 
positions for use according to my invention. 

Ecample No. 1 
Parts 

Tripotassium phosphate-------------------- 14 
Sodium or potassium molecularly dehydrated 
phosphate ------------------------------ 36 

Sodium or potassium metasilicate.---------- 23 
Potassium hydroxide----------------------- 27 

Eacample No. 2 
Parts 

Trisodium phosphate--------------------- 12 
Potassium pyrophosphate.------- s-or-team -ee. as on an 38 

Sodium metasilicate----------------------- 21 
Potassium hydroxide-----------------------. 27 
Sodium nitrate---------------------------- 2 

Eadnole No. 3 
- PartS 

Sodium or potassium molecularly dehydrated 
phosphates ----------------------------- 24 

Sodium or potassium metasilicate.---------- 30 
Sodium or potassium sesquisilicates.--------- 6 
Potassium hydroxide----------------------- 40 

Eacd.imple No. 4 
PartS 

Sodium or potassium molecularly dehydrated 
phosphate ------------------------------ 24 

Sodium or potassium metasilicates.----------. 29 
Sodium or potassium sesquisilicates.--------- 6 
Potassium hydroxide----------------------- 3 
Tannin ---------------------------------- 2 

Eacample No. 5 
- Parts 

Tripotassium phosphate-------------------- 16 
Potassium molecularly dehydrated phos 
phate ---------------------------------- 38 

Sodium metasilicate----------------------- 21. 
Sodium hydroxide------------------------- 25 

Eacample No. 6 
Parts 

Potassium pyrophosphate------------------ 10 
Sodium or potassium molecularly dehydrated 

phosphate ------------------------------ 40 
Sodium or potassium metasilicate---------- 21. 
Potassium hydroxide----------------------- 27 
Sodium or potassium nitrates.-------------- 2 

Eacample 7 
Parts 

Sodium or potassium molecularly dehydrated 
phosphate ------------------------------ 24 

Sodium or potassium metasilicates---------- 28 
Sodium or potassium sesquisilicates.--------- 6 
Potassium hydroxide----------------------- 38 
Calcium hydroxide------------------------- 4. 

In cleaning a new boiler it is only necessary 
to heat the cleaning solution to a temperature 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

6 
sufficient to get circulation, a pressure of about 
10 to...150 pounds per square inch generally being 
sufficient. The compositions are used in an 
amount of at least 3 pounds per thousand pounds 
of water in the boiler, which is a concentration 
of 3,000 P.P. M. Preferably the amount of the 
composition used is such as to produce a concen 
tration of solids in solution of at least 5,000 
P. P. M., up to 10,000 P. P. M., or 20,000 P. P. M. 
The proportion of alkali in the composition and 
the amount of the composition used in making 
the cleaning out. Solution preferably are such as 
to produce a cleaning out Solution having a 
caustic, alkalinity of from about 100 to about 2500 
P. P. M., the caustic alkalinity desirably being 
not less. than 500 P. P. M. The boiler preferably 
is boiled out for 24 hours or more, although this 
will Vary according to the particular conditions 
encountered. After the cleaning of the boiler has 
been completed, the cleaning solution is with 
drawn from the boiler and the boiler is flushed 
out with clean water, after which it is ready to 
be put into operation for the generation of steam. 
The invention is not limited to the examples 

which have been given merely by Way of illustra 
tion, but may be otherwise embodied or practiced 
within the scope of the following claims. 
I claim: 
1. The process of boiling out steam boilers prior 

to placing them in Operation for the generation 
of Steam, which comprises circulating through 
the boiler a heated aqueous alkaline cleaning 
Solution having a concentration of solids in solu 
tion of at least 3,000 parts per million by weight, 
Said Solution containing about 10% to 40% by 
Weight of at least one alkali metal-silicate selected 
from the group consisting of sodium silicate and 
potassium silicate based on the solids in solution, 
Said Solution having a caustic alkalinity of about. 
100 to about 2500 parts per million by weight, 
maintaining in Said Solution a ratio in equiva 
lents of silica to total sodium oxide plus potas 
sium oxide of not more than 1:1 and a ratio in 
equivalents of potassium to sodium of at least, 
0.5:1, said circulation being continued until the 
boiler is effectively cleaned, withdrawing the 
cleaning solution from the boiler and flushing it 
out with clean water. 

2. The process of boiling out steam boilers prior 
to placing them in operation for the generation 
of Steam, which comprises circulating through 
the boiler a heated aqueous alkaline cleaning 
Solution having a concentration of solids in Solu 
tion of at least 3,000 parts per million by weight, 
Said Solution containing about 10% to 40% by 
Weight of at least one alkali metal silicate se 
lected from the group consisting of sodium sili 
cate and potassium silicate based on the solids 
in solution and from about 5% to 50% by weight 
of at least one molecularly dehydrated phosphate 
Selected from the group consisting of molecularly 
dehydrated sodium phosphate and molecularly 
dehydrated potassium phosphate based on the 
Solids in Solution, said solution having a caustic 
alkalinity of about 100 to about 2500 parts per 
million by Weight, maintaining in said solution 
a ratio in equivalents of Silica, to total Sodium 
oxide plus potassium oxide of not more than 1:1 
and a ratio in equivalents of potassium to sodium 
of at least 0.5:1, said circulation being continued 
until the boiler is effectively cleaned, withdraw 
ing the cleaning solution from the boiler and 
flushing it out with clean water. 

3. The process of boiling out steam boilers 
prior to placing them in operation for the gen 
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eration of steam, which comprises circulating 
through the boiler a heated aqueous. alkaline 
cleaning solution having a concentration of 
Solids in solution of at least 3,000 parts per mil 
lion by Weight, said solution containing about 
10% to 40% by Weight of at least one alkali metal 
Silicate selected from the group consisting of 
sodium silicate and potassium silicate based on 
the solids in solution and from about 5% to 50% 
by weight of at least one molecularly dehydrated 
phosphate Selected from the group consisting of 
molecularly dehydrated sodium phosphate and 
molecularly dehydrated potassium phosphate 
based on the solids in solution and an effective 
amount up to about 50% by Weight based on 
the solids in solution of at least one strong alkali 
selected from the group consisting of the hy 
droxides and carbonates of sodium and potas 
sium, said solution having a caustic alkalinity 
of about 100 to about 2500 parts per million by 
Weight, maintaining in said solution a ratio in 
equivalents of silica to total Sodium oxide plus 
potassium oxide of not more than 1:1 and a ratio 
in equivalents of potassium to Sodium of at least 
0.5:1, said circulation being continued until the 
boiler is effectively cleaned, withdrawing the 
cleaning solution from the boiler and flushing it 
out with clean water. 

4. A composition for boiling out steam boilers, 
comprising by weight about 10% to about 40% 
of alkali metal silicate selected from the group 
consisting of sodium silicate and potassium sili 
cate, having a molar ratio of alkali metal oxide 
to silica between 2:1 and 1:4, and about 5% to 
50% of at least one molecularly dehydrated 
alkali metal phosphate selected from the group 
consisting of molecularly dehydrated sodium 
phosphate and molecularly dehydrated potassium 
phosphate, the ratio in equivalents of silica to 
total sodium oxide plus potassium oxide in the 
composition being not more than 1:1, the ratio 
in equivalents of potassium to sodium in the 
composition being at least 0.5:1. 

5. A composition for boiling out steam boilers, 
comprising by weight about 10% to about 40% 
of at least one alkali metal silicate selected from 
the group consisting of sodium silicate and potas 
sium silicate, having a molar ratio of alkali metal 
oxide to silica between 2:1 and 1:4, and about 
5% to 50% of at least one molecularly dehydrated 
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8 
alkali metal phosphate selected from the group 
consisting of molecularly dehydrated SOdium 
phosphate and molecularly dehydrated potas 
sium phosphate and about 10% to 50% of at least 
one strong alkali selected from the group consist 
ing of the hydroxides and carbonates of SOdium 
and potassium, the ratio in equivalents of silica, to 
total sodium oxide plus potassium oxide in the 
composition being not more than 1:1, the ratio 
in equivalents of potassium to sodium in the 
composition being at least 0.5:1. 

6. A composition for boiling out steam boilers, 
comprising by weight about 10% to about 40% 
of at least one alkali metal silicate selected from 
the group consisting of sodium silicate and po 
tassium silicate, having a molar ratio of alkali 
metal oxide to silica, between 2:1 and 1:4, and 
about 5% to 50% of at least one molecularly 
dehydrated alkali metal phosphate selected from 
the group consisting of molecularly dehydrated 
sodium phosphate and molecularly dehydrated 
potassium phosphate and about 10% to 50% of 
potassium hydroxide, the ratio in equivalents of 
silica, to total sodium oxide plus potassium oxide 
in the composition being not more than 1:1, 
the ratio in equivalents of potassium to Sodium. 
in the composition being at least 0.5:1. 

7. A composition for boiling out steam boilers, 
comprising by weight about 10% to 40% of po 
tassium silicate having a molar ratio of K2O to 
SiO2 between 2:1 and 1:4, about 5% to 50% of 
at least one molecularly dehydrated sodium phos 
phate and about 10%. to 50% of potassium hy 
droxide, the ratio in equivalents of Silica, to 
total sodium oxide plus potassium oxide in the 
composition being not more than 1:1, the ratio 
in equivalents of potassium to Sodium in the Com 
position being at least 0.5:1. 

- WENDEL, W. CERNA. 
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