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This invention relates to a method of melting ice and 
snow and providing vehicular and pedestrian traction 
thereon in the presence of steel, aluminum, and other 
metals with a minimum of corrosion to these metals, and 
also to compounds which are useful in melting ice and 
Snow under conditions involving the contact of these 
metals with aqueous solutions of the ice and snow melting 
compounds. 
The use of freezing point depressants such as sodium 

chloride (rock salt) and calcium chloride has been known 
for years. Both compounds are relatively inexpensive, 
they are quite effective in melting ice and snow at sub 
freezing temperatures and are used extensively. 

In recent years due to the tremendous increase in motor 
vehicle traffic, these ice-melting salts have found wide 
spread use in the melting of ice and snow on streets, 
roads, bridges and other vehicular roadways. Such ma 
terials are completely soluble in water so that no dis 
posal problem exists as in the case of cinders, slag, sand, 
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harmless to aluminum and its alloys. 
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nesium and its alloys are still highly susceptible to chlo 
ride corrosion. Aluminum and magnesium alloys and 
alloys of ferrous metals are components of aircraft, rail 
road cars, buses, trucks, and other vehicles, and it is one 
object of my invention to minimize corrosion of these 
metals where they exist together. and are subject to con 
tact with the de-icing salt solution resulting from the 
melted ice and snow. Aluminum and its alloys are at 
tacked in such a local manner by the chlorides that these 
salts cannot be safely used where they will be splashed 
upon the aluminum alloy surface. The inhibiting salts 
such as chromates and phosphates seem to have no 
effect to reduce the pitting-type of corrosion which the 
chlorides cause on aluminum alloys and these mixtures 
cannot be used where aluminum is encountered. 

I have found that several salts which have a marked 
depressing action on the freezing point of water and 
thereby are useful ice-melting materials, are essentially 

However, these 
compounds are still quite corrosive to steel and other 
ferrous alloys. I have found that by inhibiting these com 
pounds, they- will not appreciably corrode the ferrous 
metals and at the same time they can be safely used in 
the presence of aluminum and its alloys. 
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or other purely abrasive materials. These latter materials 
are water insoluble, and during melting and thawing 
periods, are washed of the roadway and clog catch-basins, 
sewer lines, etc. The ice-melting salts, on the contrary, 
create no such problem and although their initial cost per 
pound is much higher than that of cinders or related 
abrasive type materials, the overall cost of these deicing 
Salts frequently are lower as there are few maintenance 
problems encountered, 
The chlorides of sodium and calcium are extremely 
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corrosive to steel, particularly in the dilute solutions en- . . 
countered on roadways when these de-icing salts are 
diluted by snow or rain. Several effective inhibitors 
have been developed for use with the chlorides, such as 
the alkali-metal chromates, the alkali-metal phosphates, 
and certain proprietary mixtures such as Banox, a material 
sold by Calgon, Incorporated, which is a mixture of the 
phosphates and other materials. Corrosion of the under 
bodies of trucks, passenger cars, etc. through the use of 
the chlorides as roadway ice-melting salts has been con 
siderably reduced and their use has become widespread 
during the past several years. The inhibiting salts such 
as chromates and phosphates do not, however, appear to 
reduce the localized, pitting type corrosion which the 
chlorides produce upon aluminum and its alloys to any 
satisfactory extent. 
Although protection against the corrosion of steel by 

the alkali-metal chlorides can be prevented by these ad 
ditives, certain other metals which are used in vehicle 
construction, such as aluminum and its alloys, and mag 
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... My discovery is particularly useful in conjunction with 
the melting of ice and snow on airport runways, bus and 
truck loading areas, etc. where as has been stated, most 
of the equipment is constructed of various metals includ 
ing both steel and aluminum. 
My preferred ice-melting compounds for use where 

aluminum alone or aluminum and steel are encountered 
are all relatively inexpensive and are in plentiful supply. 
Although these materials are not quite as effective in de 
pressing the freezing point of water as are the chlorides, 
they are sufficiently effective in this respect to make them 
economically feasible. The alkali-metal nitrates such as 
sodium and potassium nitrate are virtually non-corrosive 
to aluminum, magnesium, and their alloys and when in 
hibited by the use of my preferred corrosion inhibitors, 

i can be used safely where iron, carbon steel, and other 
ferrous alloys are encountered. 

I have found also that the alkali-metal sulfates and 
ammonium sulfate are effective, particularly the latter 
salt. Ammonium sulfate per se is only slightly corrosive 
to aluminum and its alloys but when inhibited by my pre 
ferred materials, it is virtually non-corrosive to aluminum. 
Steel is badly corroded by ammonium sulfate but when 
inhibited, the salt can be safely used as a de-icing material 
in the presence of steel. Ammonium sulfate even when 
inhibited, however, is somewhat corrosive to magnesium. 

While somewhat more costly than either the sulfates 
or the nitrates, urea may also be employed as a de-icing 
salt since it is non-corrosive to aluminum. It is normally 
quite corrosive to steel, but when inhibited by my addi 
tives, it can be used in the presence of steel with com 
plete safety. - - 

To inhibit the corrosivity of the above named ice 
melting salts, I combine an alkali-metal polyphosphate 
with a salt of a divalent metal selected from the group 
consisting of calcium, strontium, and zinc, the combined 
mixture being in the neighborhood of 10 percent or less by 
weight of the ice-melting salt with which it is used. 

I have found that corrosion protection is conferred 
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upon either ammonium sulfate, sodium nitrate, or urea, 
or mixtures of sodium nitrate and urea, by as little as 
0.1% by weight of my inhibitor mixtures based on the 
weight of freezing point depressant. Larger amounts, up 
to 10% by weight or more may be used but adequate 
protection can be obtained anywhere in the range of 

. 0.1% to 10%, the preferred range being from about 0.5% 
to 2.0% by weight. 
While I may vary the ratio of components in the in 

hibitor viz. the polyphosphate and selected divalent metal 
salt, I have found that optimum results are obtained 
when I use an amount of divalent metal salt which is at 
E. chemically equivalent to the amount of polyphos 
phate. --- . . . . . . 
By a chemically equivalent amount of a salt of a 

divalent metal of this group of elements I mean that 
amount which will displace the alkali-metal ion from 
each molecule of alkali-metal phosphate to form a metal 
or alkaline earth metal phosphate. For example, if a 
chemically equivalent amount of zinc sulfate (ZnSO) is 
added to sodium metaphosphate (NaPOs) the Nasion 
is displaced from the molecule of NaPO in accordance 
with the equation: 

ZnSO4-2NaPO->Na2SO4--Zn(PO) 

In Elementary. Quantitative Analysis by Willard and Fur 
man, 2d ed., 1935, D. Van Nostrand Co. Inc., New 
York, page 57, where a section of the text is devoted to 
precipitation and complex-formation reactions, the au 
thors state that "the equivalent is the amount of the sub 
stance which contains or reacts with one gram atom of 
a univalent metal, one-half gram atom of bivalent metal, 
etc.' 

It will be seen from the following that using the "chemi 
cally equivalent weight' for my purposes will vary the 
actual weight ratio between phosphate and divalent metal 
salt depending upon (a) the phosphate employed and (b) 
the divalent metal salt employed. For example, if I 
use 5% by weight of a sodium phosphate glass having 
a molar ratio of 1Na2O to 1POs the chemical equivalent 
in weight percent will be as follows for various divalent 
metal salts: 

Percent 
Calcium sulfate ----------------------------- 3.34 
Calcium acetate ------------------------------ 3.88 
Calcium nitrate ------------------------------ 4.02 
Zinc sulfate --------------------------sa as a - 3.96 
Zinc acetate --------------------------------- 4.49. 
Strontium acetate ---------------------------- 5,03 
Strontium nitrate ----------------------------- 5.18 

If sodium tripolyphosphate (NagpOo) is chosen as 
the phosphate in the inhibitor, the following weight per 
centages will be the chemical equivalents of 5% by weight 
of NassOo: 

Percent 
Calcium sulfate ------------------------------ 4.63 
Calcium acetate ------------------------------ 5.37 
Calcium nitrate ----- ses all as a -a as a -sa as as as - a sew as as as as as 5.57 

Zinc sulfate --------------------------------- 5.48 
Zinc acetate ----------earns - - - - - - se -- reases area as - 6.23 
Strontium acetate ---------------------------- 6.96 
Strontium nitrate ----------------------------- 7:18 

In other words, the ratio of sodium tripolyphosphate 
to divalent metal salt will vary between 5 to 4.63 and 5 
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4. 
to 7.18 in the given examples. Although the use of less 
than the chemically equivalent weight of divalent metal 
salt (as related to the phosphate) will not result in an 
inoperative mixture, it is preferred to use at least the 
chemically equivalent weight or more, an excess doing 
no harm to the anti-corrosion properties of the combina 
tion. 

In the development of my invention, I have conducted 
numerous corrosion tests by immersing specimens of the 
several metals in large beakers containing about 1000 
ml. of solution. The following data was obtained from 
one set of experiments which was conducted for about 5 
days: 

TABLE I 

Continuous innersion with mechanical digitation at room 
temperature 

21-s ALUMINUM ALLOY (2x3 INOH STRIPs) 
... Weight Loss 

ice-Meting Agent (ngfdn./ 
day) 

5% Rock Salt solution.----------------------------------- 2.2. (caused 
sewer 

pitting) 
5%. Urea Solution. --------------------------------------- 0. 
5%. Urea solution (inhibited ). . 
5%, Sodium nitrate solution. . 
5%. Sodium nitrate solution (inhibited ) 0.2 

COLD ROLLED STEEL (2x3 INCH STRIPS) 

5%, Rock salt solution 3. 
5%. Urea solution. 49; 4 
5%. Urea solution (inh 3.3 
5%, Sodium nitrate Solution... ----..... 10. 
5%, Sodium nitrate solution (inhibited ).-------- - - - 0.2 

1 Inlhibitor components present in the de-icing salt solutions in each 
instance had the following solution concentration: 

0.9% also brand glassy sodium phosphate (nol ratio Nao: 
Oise.:1). 

0.034%, Calcium acetate onohydrate. . 
0.0060%, Zinc sulfate (36% Zn). 

It is evident from a review of the test panels and the 
data in Table I that rock salt solutions are corrosive to 
steel and attack aluminum with a pitting-type of attack; 
urea solutions alone are not corrosive to aluminum but 
badly corrode steel, as is the case... with sodium nitrate 
solutions. "... . 

- While I have shown the use of a glassy sodium phos 
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phate having a molar ratio of 1.1 to 1 Na2O:POs, I may 
use any molecularly dehydrated alkali-metal phosphate 
having a molar ratio of alkali metal to phosphorus 
pentoxide in the range of from about 0.7: 1 to about 2:1. 
The use of crystalline phosphates such as sodium tripoly 
phosphate or sodium pyrophosphate is within the scope 
of my invention, but I prefer the glassy phosphates such 
as sodium hexametaphosphate or sodium tetraphosphate 
as they are somewhat more effective. 

I may also use the so-called "insoluble" polyphosphates 
such as sodium or potassium metaphosphate which are 
solubilized by certain compounds as more fully described 
in U.S. Patent No. 2,405,276. If I use a potassium poly 
phosphate (insoluble) in a composition which contains 
ammonium or sodium compounds, the potassium phos 
phate is rendered soluble by the ammonium or sodium 
ion. Conversely, if I use an insoluble sodium phosphate 
in a mixture containing ammonium or potassium salts, 
the phosphate is solubilized quite readily. 
A second set of experiments using approximately 1000 

ml. of solution in large beakers was carried out with 
the following results being obtained: 
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TABLE II. . . . 
Continuous immersion with mechanical agitation 

at room temperature 
61-S (T8) ALUMINUM ALLOY (2x3 INCH STRIPs) 

Weight Loss 
Ice-Melting Agent (mg/dm. 

day) 

10% Rock Salt Solution-...-----------...------------------ 4.3 (caused 
E. O g 

10% Amnonium sulfate solution.--------------...--...--- . 
10% Ammonium sulfate solution (Inhibited )........---- 1.5 
25% Ammonium sulfate solution.-------------- - - - - 3.1 
25% Ammonium sulfate solution (Inhibited ).--- 1.6 
25% Ammonium sulfate solution (Inhibited).------------ , 6. 

COLD ROLLED STEEL (2x3 INCH STRIPs) 

10% Ammonium sulfate solution.------------ 156.0 
10% Ammonium sulfate solution Site: i). 84,0 
25% Ammonium sulfate solution (Inhibited 2)- - 82.0 
25% Ammonium sulfate solution (Inhibited 8).---...---- 58.0 

Inhibitor components present in the de-icing salt solution had the 
following solution concentration: 

0.10% Calgon brand glassy sodium phosphate (moratio NaO: 
PaOsl:). 0.05% Calcium sulfate dihydrate. 

0.05%, Zinc sulfate (36% Zn). 
Inhibitor components present in the de-icing salt solution had the 

following solution concentration: 
0.25% Calgon. 
0.125% Calcium sulfate dihydrate. 
0.125%. Zinc sulfate (36% Zn). 

3Inhibitor components present in the de-icing salt solution had the 
following solution concentration: 

0.25% Calgon. 
0.25% Zinc sulfate (36% Zn). 
Insepection of the above data (Table II) establishes 

the fact that both the inhibited and the uninhibited 
ammonium sulfate solutions were less corrosive to alu 
minum than was the solution of rock salt. The absence 
of localized, pitting attack upon the aluminum in the 
ammonium sulfate solutions is an even more significant 
factor since such localized pitting is the usual cause for 
aluminum failure in sodium chloride solutions. Further 
more, my inhibitor component markedly reduces the 
corrosive attack of ammonium sulfate solutions on steel. 

In a 41-day stagnant continuous immersion experiment 
at room temperature using strips of 24-S aluminum, a 
5% rock salt solution produced a corrosion rate of 0.3 
mg./dm2/day vs. a rate of 0.2 mg/dm./day for a 5% 
calcium chloride solution. Specimens which were exposed 
to both solutions were heavily pitted. Inhibited sodium 
nitrate, on the other hand (5% solution), gave a favor 
able rate of only 0.03 mg/dm./day and there was no 
evidence of pitting or other localized attack. The in 
hibited ice-melting composition in this case had a solu 
tion concentration of 0.03% by weight of Calgon brand 
glassy sodium phosphate, 0.03% calcium sulfate dihy 
drate, 0.005% zinc sulfate (36% Zn), and the balance of 
4.935% sodium nitrate. 

In a 5-day stagnant continuous immersion test at room 
temperature using specimens of cold rolled steel in a 10% 
solution of ammonium sulfate, the corrosion rate was 
found to be 27.3 mg./dm2/day whereas inhibited am 
monium sulfate solutions were markedly less corrosive 
as evident from the following data: - - 

Weight Loss 
(Ingfdn.) - Ice-Melting Solution Concentration day) 

10%. (NH4)2SO4------------------------------------------ 20.3 
0.10% Calgon. 
0.10% ZnSO4 (36% Zn). - 

10% (NH4)SO4------------------------------------------ 
0.10% Calgon. - - - - - 

0.10% ZnSO (36% Zn). 
0.10% NaHCOs.Na2CO. . . . 

10% (NH4)2SO4--------------------------------------- 
0.10% Calgon. - 
.0.10% ZnSQ4 (36% Zn). 
0.10% SrCO. 

14.5 

3.2 

6 
From the above data it will be noted that the addition 

of alkaline carbonates reduced the rate of corrosion 
somewhat, presumably due to the fact that the alkalinity 
of the solution was increased. I may use any alkaline 

5 compound such as the alkali or alkaline earth metal 
carbonates, bicarbonates, sesquicarbonates, silicates, phos 
phates, etc, or the ammonium salts of these compounds. 
While I may employ any of the water-soluble or 

sparingly soluble divalent salts, I especially prefer the 
10 sulfates, acetates, nitrates, and carbonates. I may use 

the chlorides in this connection but in view of their pitting 
effect upon aluminum, I prefer not to employ them. 
The actual amount of inhibited ice-melting com 

pound used in practice will obviously depend upon 
15 weather conditions, amount and type of ice or snow de 

posits, etc. I may mix my compositions with cinders, 
slag, sand, or other abrasive type materials or use them 
as adjuncts to the abrasives. My preferred mixtures under 
general conditions for de-icing airport runways should be 

20 spread at a rate of 500-1000 lbs. of de-icing material per 
mile of standard width runway and if used to "freeze 
proof" cinders, etc. stored in the weather, I generally use 
100-200 pounds per cubic yard of abrasive. - 
The following examples of preferred mixtures are 

25 illustrative of my invention but I do not limit myself 
thereto as other mixtures which are effective ice-melting 
compositions are within the scope of my disclosure here 
in, the preferred range of components being from about 
0.1 to about 10% by weight of the inhibitor mixture and 

30 from about 99.9% to about 90% by weight of the ice 
melting salt, viz. ammonium sulfate, sodium nitrate, or 
rea. 

EXAMPLE 
- Percent 

(NH4)2SO4------------------------------------98 
Calgon-------------------- ------------------- 1. 
ZnSO4 (36% Zn).------------------------------ 

0 EXAMPLE 2 

NaNO3------------------------------- -- - - 98 - 
Calgon-------------------------------------- 1. 
ZnSO4 (36% Zn).----------------------------- 0.5 
Calcium acetate monohydrate------------------- 0.5 

45 EXAMPLE 3 

Urea -------------------------------------- 98 
Calgon ---------------------------- -------- 1.2. 
ZnSO4 (36% Zn) --------------------------- 0.12 

50 Calcium acetate monohydrate ----------------- 0.78 

EXAMPLE 4 

Urea--------------------------------------- 97.8 
Calgon ------------------------------------- 1.2 
Calcium acetate monohydrate ------------------ 1.0 

EXAMPLE: 5 

NaNO ses as - - - - as an - - - - as was a -i- m a. as w - a ma rur - - - -n as a - - - - 98 

60 Calgon ------------------------------------ 1.2 
ZnSO4 (36% Zn) --------------------------- 0.12 
Calcium acetate monohydrate ----------------- 0.78 

EXAMPLE 8 

"NaNOs ------------------------------------- 98 
Calgon ------------------------------------- 0.9 
ZnSO4 (36% Zn) ---------------------------- 0.2 
CaSO4 dihydrate ---------------------------- 0.9 

70 EXAMPLE 

(NH4)2SO4 -------------------------------a- 98 
Calgon ------------------------------------- 0.9 
ZnSO4 (36% Zn).---------------------------- 0.2 
CaSO dihydrate ------------------------------09 
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EXAMPLE:8 
- - - 'Percent 

(NH4)2SO4 ---------------------------------'98 
Calgon ---------------------------a-'l' sma au"-'n'- : 
ZnSO4 (36% Zn) --------------------------- 0.5 
CaSO4° dihydrate ----------------------------- 0:5 

EXAMPLE: 9 

(NH4)2SO4 ----------------------------------- 98 
Calgon --------------------------------------- 
ZnSO4 (36% Zn) ----------------------------- 

EXAMPLE 10 

(NH4)2SO4 -------------------------ea aan - w w w as 96 
Calgon ----------------------'w m w ma at w we as a um and mom 2.0 

ZnSO4 (36% Zn).--------------- in marr was so visa-4 m man an 1.0 

CaSO. dihydrate ----------------------as an on no as - O 

EXAMPLE 11 
(NH4)2SO4 ----------------------------------- 96 
Sodium tripolyphosphate ----------------------- 2 
ZnSO4 (36% Zn) ----------------------------- 1. 
CaSO4 dihydrate ------------------------------ 1. 

EXAMPLE12 

(NH4)2SO4 -----------------------------------94 
Calgon --------------------------------------- 2 
ZnSO4 (36% Zn).------------------ a- - - - - - --- a ... 2 
Sodium Sesquicarbonate ------------------------ 2. 

EXAMPLE. 13 

(NH4)2SO4 ----------------------------------- 97. 
Calgon --------------------------------------- 1. 
ZnSO4 (36% Zn) ----------------------------- 1 
Sodium metasilicate ---------------------------- 

EXAMPLE.14 

NaNO - - - - - - - - - - - - - ------------------------ 99 

Calgon ------------------ - - - - - - - - - - - - - - - - - - - 0.5 

ZnSO4 (36% Zn) ---------------------------- 0.5 
EXAMPLE 15 

(NH4)2SO4 ----------------------------------- 97 
Tetrasodium pyrophosphate --------------------- 1 
ZnSO4 (36% Zn) ----------------------------- 2 

EXAMPLE 16 

(NH4)2SO4 --------------------------------- 90 
Calgon ------------------------------------- 5 
ZnSO4 (36% Zn).------------- a- - - - - - - - - - - - - - 2.5 
Calcium acetate monohydrate ------------------ 2.5 

EXAMPLE 7 

NaNO3 ------------- a - - - as -- m - - - - - more - - - - - - - - 97.5 

Calgon ------------------------------------- 0.5 
Sodium tripolyphosphate ---------------------- 0.5 
ZnSO4 (36% Zn) ---------------------------- 5 

EXAMPLE: 18 

NaNO - - - - - w w - a wa- m -- aw as or wri wa? a 4 m w- - - were awar - we n- - - - - 98. 

Sodium phosphate glass 
(mol ratio Na2O:PO5=1.3: 1) ---------------- 

ZnSO4 (36% Zn) ----------------------------- 1. 
EXAMPLE: 9 

NaNO3 -------------------------------------- 98 
Sodium phosphate glass - 

(mol ratio Na2O:P2O5=1.5:1) ----------------- 1. 
ZnSO4 (36% Zn).----------------------------- 1 
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8 
melting salts, the proportions of ingredients ranging from 
1%. urea to 99% sodium: nitrate and from 99% urea to 
1% sodium nitrate, with mixtures of equal parts being 
quite satisfactory. Here also I find that from about 
0.1% to about 10% of the inhibitor protects ferrous 
metals from corrosion by these binary ice-melting mix 

This application is a continuation-in-part of my appli 
cation Serial No. 265,926 filed January 10, 1952, and 
now abandoned. 
Having thus described my invention, what I claim as 

new and desire to secure by Letters Patent is: 
1. A non-corrosive composition for melting ice and 

snow under conditions whereby corrosion of steel and 
aluminum are ordinarily concurrently encountered which 
composition consists principally of a freezing point de 
pressant selected from the group consisting of ammonium 
sulfate, urea, and sodium nitrate and at least 0.2 percent 
by weight of a water-soluble alkali-metal molecularly 
dehydrated phosphate and at least the chemical equi 
valent amount of a water-soluble salt, other than the 
chlorides, of a divalent metal selected from the group 
consisting of zinc, calcium, and strontium. 

2. A non-corrosive composition for melting ice and 
Snow which consists of from about 90 percent by weight 
to about 99 percent by weight of a freezing point de 
pressant selected from the group consisting of ammo 
nium sulfate, sodium nitrate and urea, and from about 
1 percent to about 10 percent by weight of an inhibitor 
mixture, said mixture comprising at least one water 
soluble alkali-metal molecularly dehydrated phosphate 
and at least a chemical equivalent amount of at least 
'one water-soluble salt, other than the chlorides, of a 
divalent metal selected from the group consisting of zinc, 
strontium, and calcium. 

3. An ice-melting composition which is non-corrosive 
to both ferrous metals and aluminum which consists of 
'from about 90 percent by weight to about 99.8 percent 
by weight of a freezing point depressant selected from the 
group consisting of ammonium sulfate, urea, and sodium 
"nitrate and from about 0.2 percent to about 10 percent by 
weight of a mixture of (a) alkali-metal polyphosphate 
and (b); a water-soluble salt other than the chlorides; of 
a divalent metal selected from the group consisting of 
zinc, strontium, and calcium, said salt being present in an 
'amount which is at least chemically equivalent to the 
amount of polyphosphate. 

4. An ice-melting composition inhibited against cor 
rosion of both steel and aluminum which consists of a a mixture of a freezing point depressant selected from the 
group consisting of urea, ammonium sulfate, and sodium 
-nitrate and (a) at least 0.2 percent by weight of a water 
soluble sodium polyphosphate and (b) a water-soluble 
salt other than the chlorides; of a divalent metal selected 
from the group of metals consisting of zinc, calcium, and 
strontium, and (b) being present in an amount which is 
at least the chemical equivalent of (a). 

5. A method of melting ice and snow by means of a 
chemical composition which in aqueous solution is non 
-corrosive to both steel and aluminum, which comprises 
contacting the ice and snow with a freezing point depres 
sant composition wherein about 90 percent to 99.8 percent 
by weight is a compound selected from the group con 
sisting of urea, sodium nitrate, and ammonium sulfate, 
and about 0.2 percent to 10 percent by weight is a mix 
ture of (a) an alkali-metal water-soluble molecularly de 
hydrated phosphate and (b) a water-soluble salt; other 
than the chlorides, of a divalent metal selected from the 
group consisting of calcium, strontium, and zinc, the 
Spy of (b) being at least the chemical equivalent 
of (a). 

6. As a non-corrosive ice-melting composition suitable 
for use in the presence of aluminum and steel, a mixture 
of about 98 percent by weight of ammonium sulfate, 

Mixtures of urea with sodium nitrate are effective ice- 5 about 1 percent by... weight of a water-soluble glassy mo 
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lecularly dehydrated sodium phosphate having a mol 
ratio of Na2O to POs of about 1.1 to 1 and about 1 per 
cent of zinc sulfate. 

7. As a non-corrosive ice-melting composition suitable 
for use in the presence of aluminum and steel, a mixture 
of about 98 percent by weight of a freezing point de 
pressant consisting essentially of sodium nitrate and urea 
and about 1 percent water-soluble alkali-metal molecu 
larly dehydrated phosphate, about one-half percent zinc 
sulfate, and about one-half percent calcium acetate mono 
hydrate. 

8. An ice-melting composition which when used in 
sufficient concentration to melt ice is relatively non-cor 
rosive to both ferrous metals and aluminum, said com 
position consisting of (a) urea from about 90 percent to 
about 99.8 percent by weight, (b) alkali-metal polyphos 
phate having a molar ratio of alkali-metal to phosphorus 
pentoxide of from about 0.7 to 1 to about 2 to 1, from 
about 0.2 percent to about 5 percent by weight, (c) 
water-soluble salt of a divalent metal selected from the 
group consisting of zinc sulfate, calcium acetate, and cal 
cium sulfate, in an amount which is the chemical equiva 
lent of (b). 

9. An ice-melting composition as described in claim 
8 wherein (a) is sodium nitrate. 

10. An ice-melting composition as described in claim 
8 where (a) is urea about 98 percent by weight, (b) is 
an alkali-metal polyphosphate having a molar ratio of 
alkali-metal to phosphorus pentoxide of from about 0.7 

10 

15 

O 
to 1 to about 2 to 1, about 1 percent by weight, and (c) 
is zinc sulfate about 1 percent by weight. 

11. A method of melting ice and snow by means of 
a chemical composition which in aqueous solution is non 
corrosive to both steel and aluminum, which comprises 
contacting the ice and snow with a freezing point de 
pressant composition, wherein about 90 percent to 99.8 
percent by weight of which is a compound consisting of 
urea, and about 0.2 percent to about 10 percent by weight 
of which is a mixture of (a) an alkali metal water 
soluble molecularly dehydrated phosphate and (b) a 
water-soluble salt other than chlorides of a divalent metal 
selected from the group consisting of calcium, strontium, 
and zinc, the weight of (b) being at least the chemical 
equivalent of (a). 
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