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ICE REMOVAL ON HIGHWAYS A? OUTDOOR STORAGE OF CHLORIDE SAUi.'S

SYNOPSIS

The efficient removal of acciunulated ice and snow from highways is one of

the largest problems confx'onting maintenance engineers in the northern areas.

While mechanical equipment and abrasive materials have been used for many

years to help make roadways safe for motor vehicle travel, the use of straight

chemicals has recently gained popularity. However, little reliable field test

data concerning the effectiveness of chemlcals and mixtures and application

rates of these materials have been available.

This study was undertaken to determine the comparative effectiveness of

chloride salts and abrasive-chloride salt mixtures for ice removal. It was

also desired to study the storage characteristics of sodium chloride, calcium

chloride and mixtures of these materials.

Controlled field ice removal tests were run on 15 combinations of materials

within three temperature ranges. Data were collected on thickness of ice;

actual quantity and location of chemical or abrasive applied; and periodic

condition of the ice with regard to amount of ice removed.

The outdoor storage characteristics of seven bulk materials and one packaged

material under a light polyethylene sheeting were studied. The materials were

sampled for moisture, crusting and caking for a period of 10 months.

A mixture of 1/3 CaClg& 2/3 NaCl appears -bo be one of the better, econcmiical

materials for ice removal. Also this mixture was found to store veil in bulk for a

period in excess of ten months.

Straight NaCl was found to be ineffective in clearing a wheel path within

a 60 minute time period as compared to the mixture of 1/3 CaClg & 2/3 NaCl. Also,

NaCl cannot be stored outdoors in bulk longer than 2 months without considera'ble

caking.

Mixtures of salt, with abrasive were found to be relatively ineffective for

removing ice below about 15 F.

Further research on similar and additional chemicals should be conducted

under well controlled field conditions.
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INTRODUCTION

The increased daily use of highways throughout the country has brought on a

demand for safer and more efficient roadways for use during every season of the year.

One of the largest problems confronting engineers charged with the maintenance of these

streets and highways in the northern areas^ is the efficient removal of accumulated ice

and snow.

Years ago efforts to make roadways safe for motor vehicle travel consisted of the

use of mechanical equipment to plow the roadways reasonably free of snow and the use of

abrasives to provide some degree of traction on hills and curves. These efforts, however,

were confined chiefly to the primary routes. In later years the use of abrasives became

more widespread and It was found that through the use of a mixture of calcium chloride and

an abrasive the freezing of the abrasive stockpiles was eliminated. Secondly, it was found

the chemical also aided in the embedment of the abrasive material in the ice or compacted

snow.

The use of straight calcium chloride and sodium chloride was begun on a limited

scale in the late '20's and early '30's. Because of an apparent detrimental effect to

Portland cement pavement containing no entrained air, the use of straight chemicals

was not1 recommended for use 'but was recommended where conditions existed.

In areas where straight chemicals were found it was advisable to plow off the

resulting slush to minimize the damage.

More recently, the use of straight calcium chloride, sodium chloride and mixtures

of chemicals has popularity as with use of abrasives or use.of

abrasive-chloride mixtures. The primary for this popularity^ it is believed, is the

Tlney, B.C. "TreatmBnt of ley Pavnsnts" HKB Proc. Vol. II

-1-
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Site Preparatmn

Prior to each test/ the site was cleared of snow using snow plows and power

brooms. Next, copper constantan thermocouples, AS & W Wire Gauge No. 25, were

installed on the roadway surface to measure the ice temperatures throughout the test

periods. Figure No. 3 shows a typical thermocouple installation with the thermo-

couple tip about five inches from the expansion joint near the black tape.

•}; .^4-

b ^~K •ia,'ei" 1'
"X :.'•". il^" ^J'^!.:.;-^ ..•::.'%.* •£, S-~^.3if ^'ff/'-.--^ fe ^ ,ySs- sd^ss As:"^ < <.,;4 ^.,^11 •&i.,i •'%..S^' ^ •-s... ...st .~.^. ^"-•:?,.':.-J^£..-.-/-.;:i.."s

7 ''?t.».^ < •

Figure 3 Typical thermocouple installation.

Two additional thermocouptes were used to measure air temperature - one was

placed in a 2 inch diameter black tube 12 inches in length; the second was placed in

a Florence Flask. All thermocouple readings were measured with a Leads and Northrup

laboratory potentiometer. For comparison, a mercury thermometer was also used for

measuring air temperature. A tabulation of the average ice and air temperatures and

cloud cover conditions is given in Table 1.

-5-



Test No.1

H-l

B-2

M-l

M-2

M-3

M-4

L-l

L-2

L-3

TASSS BO.

IABUIATIOM OF ICE ABD ,

Date
of

Test

1-6-61

1-23-62

1-19-61

l-U-62

2-1-62

2-7-62

1-27-61

1-16-62

3-2-62

Pavement

Surface

Jte.
FCC2

Bit.3

POC

PCC

FCC

FCC

PCC

KC

PCC

1

AIH TSMIEBATUBES

Conditions
Taaperatur® "F

Ice Mr Av.

32

28

27

13

23

24

15

12

15

32

2b

12

u.

12

9

8

6

10

32

26

19.5

12

17.5

16.5

11.5

9

12.5

Cloud Cover

Suany

Variable CloudiaesB

Cloudy

Cloi

Cloudy

Bright Sun

Ihrtly ClovOy

Moderate Sun

Slightly Sunny

sr refers to tenpemtwe iaa^. Miaber refere to teBt series.

2Portland Ceaent Concmte

3BitmlnouB

eaoiring during the test.

After installation of the roadway thermocouples, water was applied to the

test sections using a trailer-mounted water tank and spray bar distributor. The

output of the distributor was calibrated and a reasonable speed of the vehicle

determined to apply the necessary quantity of water in several passes to produce

an ice thickness approximately 1/16 inch over a width of about 10 feet. Figure 4

shows the equipment and method used to ice the road. The air temperature at the

time of ice formation was generally below 15°F.

A period of at least one hour was provided for the ice to become completeiy

formed before the chemicals and abrasives were appiied.



Figure 4 Applying water to ice the road.

/

Ice Removal Materials

The ice removal materials selected for comparison in this study were:

Sodium Chloride (Rock Salt and Evaporated Salt); Type I and Type II Calcium

Chloride flakes; Calcium Chloride pellets; mixtures of Calcium Chloride and

Sodium Chloride; a mixture of Calcium Chloride and sand; and a mixture of Sodium

Chloride and sand. The materials used are identified in the tabulation shown in

Table 2.

The sodium chloride and calcium chloride used in this study met the

requirements ofAASHO Designation M143-54 and M144-55 respectively.

The sand used met the gradation requirements ofAASHO Designation M6-51.

-7-



'EKBIS HO. 2

MATERIALS

Sodium Chlorlde Calcium Chlorlde

Material Type Ib Tsye Hc
No. Rock Salt Evaporated Pellets® Flakes Flakes Sand

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

1

3/4

2/3

3/4

2/3

1/2

1/2

1/2

1/2

3A

1/4

1/3

1/4

1/3

1/2 1/2

1/2

1/2

1/2

1

1/2

1/4

aAASHO M 144-57 Concentrated Pellet Calclum Ohloride - 9^ mininmm purity.

t>AASHO M 14-4-57 Regular Flake Calclum Chlorlde - T7^ miniBmm purity.

°AASHO M llA-57 Concentra-ted Flake Calcium Chlorlde - yb% mialjnum purity.

Originally, tests were contemplated on a more extensive variety of chemical

mixtures. However, after performing three field tests during the winter of 1960-61

and anaiyzing the results of these; it was decided to eliminate some of the variations

in mixtures since the comparative ice removal action between mixtures was not too

apparent. Also at this time it was decided to inciude mixtures of chemicais and

abrasives in the 1961-62 program of tests since the use of mixtures of these mat-

eriais is quite common.
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Application of Chemicals and Abrasives

In this stud the application of chemicals and abrasives was, to a certain

extent, a variation of the practices commonly used by maintenance engineers. In

the State of Minnesota, straight chemicals are commonly applied in a narrow band

along the centerline of two lane roadways. Abrasives are applied by vehicles

straddling the centerline and spreading the material with a disc spinner over

both lanes in a single operation; although in some cases, single lane spreading

operations are required and used.

In this study chemicals were applied in a narrow band approximately three

feet out from the centeriine using the chemical dribbler shown in Figures 5, 6 and 7,

Figure 5 Chemical dribbler.
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Figure 6 Dribbler applying evaporated salt. Figure 7 Dribbler appiying a mixture of
calcium chloride and sodium chloride

In Figure 6, the application of evaporated salt is shown to produce a very

of chemical on the roadway, wherea^ in Figure 7 the mixture of

calcium chloride and sodium chloride is shown to considerably. Similar

with straight calcium chloride pellets as well as with rock salt.

The calcium chloride flakes, however, than the calcium chloride

pellets or but than the salt.

Equipment for applying the mixtures is shown in Figure 8.

This equipment produced the of uniformity of applied materials to the

roadway although it is probably one of the more extensively used pieces of winter

maintenance equipment.

-10-



Figure 8 Disc spinner applying abrasive mixture.

The width of application of abrasives varied from about 3 feet to 10 feet;

however, most applications were between 3 and 8 feet wide.

Traffic

Simulated traffic over the test sections consisted of three vehicles of mixed

traffic operating with a one minute headway between vehides travelling at 15 to 20

mph. The vehicles, were: one 3-ton dump truck, one 1/2 ton pickup truck,, and

one passenger car. This volume of traffic corresponds approximateiy to 1440

vehicles per lane per day. Traffic began immediately after all materials were placed

and the conditions of spread recorded. Because the vehicle headway remained constant,

the data are analyzed on a time basis rather than vehicle coverage.

-11-



Collection of Test Data

The observed data were collected by two rating teams consisting of two

raters for team. Observations were made and recorded by the rating at

fifteen minute throughout the The inciuded such

as '* thickness of ice/ and location of chemical

or abrasive aoolied, formation

amourit of removal A tyoica! r'ati??

dnci condition of' tfie •jU-s respect So the

.1;irt th ^" obs^'rveG

and calculated date: are iiiyers in Tables 3 and •L

As on the typical rating sheet (Figure 10) and on Table 4 Observed ice

to the of

ice removai. The first of "pitted". This condition

existed when only the ice immediafeely under the particles of chemical

melted. The condition was called "pocked" and is typified by Figure 9.

In this the initial pits have enlarged and pavement is beginning to show

through.
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Figure 9 Packed condition.
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Tee-t

No.-1

H-l-1

H-2-1

M-l-1

M-2-1

M-3-1

M-4-1
L-l-1

L-S-1

L-3-1

H-l-2

H-2-2

M-l-S

M-2-2

M-3-2

M-4-2

L-l-2

L-2.-2

L-3-2

H-l-3

n ..2-3

M-l-3

M-2-3

M-3-3

M-4..-3

L-].-3

L-2-3

.l.>i-~J-°-J

H-2-4

M-B-4

M-3-^

M-4-4
1,-2-k

L-3-4
H-l-5

H-2-6

M-l-5

H-S-6

M..3-6

M-4-6
I.-1-5

t-Z-6

L-3-6
H-l-7

H-2-8

M-l-7

M-2-8

M-3-8
M-lt-8

L-l-7

L-2-8

L-3-8
H-2-9

M-2-9

M-3-9

M-4-9
1-2-9

L-3-9
H-2-10

M-2-10

H-3-10
M-4-10
1,-e-io

L-3-10
L-l-U
H-l-11

H-l-U
L-l-12

H-l-12

M-l-12

L-l-13
H-l-13
M-l-13
L-l-14
H-l-14
M-l-14
L-l-1?
H-l-15
M-l-15

.SSlStLS&fS-

Average
Width
[feet;

9
8

10
9

12
9
9
8
8
9
8

10
9

IS.

9
1.0

8
9.5
9
8

10
9

12
9

8
y-8^

8
9

12
9
8
9.5
9
8

10
9

12
9
9
8
9.5
9
8

10
10
11

9
9
8
9.5
8
9

11.5
9.5
8
9.5
8

10
10.5

9
8
9.5
9
9

10
9
9

10
9
9

10
9
9

10
9
9

10

Computed
Thickness
(i.ncbfis)

.075

.056

.075

.077
•o45
.078
.075
.055
.o6^
.075
.056
.075
.077
,o45
,078
.075
.055
.065
.075
.056
.075
.077
.03';
.078
.075
.055
.065
.056
.077
.045
.078
.055
.065
.075
.056
.075
-orr
.o45
.078
.075
.055
.065
.075
.056
.075
.077
•o45
.078
.075
.055
.065
.056
.077
.(A?
.078
.055
.06$
.056
.077
.(A5
.078
.055
.065
.075
.075
.075
.075
.075
.075
.075
.075
.075
.075
.075
.075
.075
.075
.075

•l.Ajai^ ,llUt? J

OBSERVED ABB CMjCUU'CED DA1A

Planned
(Ib per
laae-aHe)

250
275
250
275
275
275
250
350
350
250
275
£50
27.5
275
275
250
350
350
250
27.5
250
875
275
275
250
350
3.50
275
275
275
275
350
350
250
275
250
275
275
275
250
350
350
250
275
250
275
275
275
250
350
350
275
275
275
275
350
350
275
275
275
275
350
350
250
250
250
250
£50
250
250
250
250
250
250
250
250
250
250

Test
Sectloi)
ApBlled

6o-6i2 61.

A

A

A

D

D

D

J

J

J

D

B

B

G

G

G

c
c
c
I
I
I
E
E
s
H
H
H
F
F
F

31-62

E

E
E
E

E
E

A

A
A
A

A
A

B

B
B
B

B
B
0
G
a
G
G
6

F

F
F
F

F
F

c

c
c
c

c
c
H
H
H
H
H
H
D
D
D
D
D
D

Chemical and Abraslve



100^ Brine
Test Formation
No.d (Minutest

TKBIE SO. k

OBSERVED ICE BBOTA1 DAIA

Minutes Required for Ice Removal In 18- Inch Wheel Path
^pitted) (Pocked) (Honeycombed) (Scabby) (Clear]

laf, ' ' l5^_L W

Minutes for Outer
Wheel Track to Have

55^ Removal
(Sca?}rl_

S0% Bemoval
(Clear)

-3<

30.
(f)

30

(f)
30
30

(f)

%
45
90
45
30

%
^.(i")
15

6̂o
75
6o
30
15
(f)
15
30.
(f)

(D
30
6o
30

15
30.

ww

(f)

s
^

-It
H-l-1

H-2-1

M-l-1

M-2-1

M-3-1

M-4-1
L-l-1

L-2-1

1^3-1
H-l-2

H-2-2

M-l-2
M-2-2

M-3-a

M-4-2
L-l-2

L-2-2

L-3-2
H-l-3
H-2-3

M-l-3

M-2-3
M-3-3
M-4-3
L-l-3
L-2-3

L-3-3
H-2-4
M-2-4
M-3-it
M-4-4
L-2-4

L-3-4
H-l-5

H-2-6

M-l-5

M-2-6
M-3-6
M-4-6
L-l-5

L-2-6

L-3-6
H-l-7

H-2-8

M-l-7

M-2-8

M-3-8
M-4-8
L-l-7

L-2-8

L-3-8
H-2-9
M-2-9

M-3-9
M-4-9
1^-2-9

L-3-9
H-2-10

M-2-10
M-3-10
M-4-10
L-2-10

L-3-10
L-l-U
H-l-U-

H-l-U
L-l-12
H-l-12

M-L-12
L-l-13
H-l-13
M-l-13
L-l-llt
H-l-14
M-l-14
L-l-1?
H-l-1?
M-l-1?

~w
30
30.
(e)
30
^5.
(e)
6o
45

3̂0
30.
(e)
30
^.
(e)
6o
6o
45
30
45
30
20
30.
(e)
6o
30
30.
(e)
30
15
30
~45

^5
30
45
30
30.
(e)
(e)
75
45
30
20
60
(e)
30
45.
(e)
75
6o

iii
i5-

30
(e)
30.
(e)
(e)
6o
6o
15
'+5.
(e)
i5'
30
'+5
^5
30
45.
(e)
6o

I?
60

"w

15

15

10

15

15

(f)

15

~S3~

10
30

15
50
15

15

25

15
20

10

25

10

10

15

15

10

15
to
15

20

15
20

25

15

15
15

15

5
15
15
30
15
15
15
15
15

10
15
10
15
3-5

15
15
30

25
30
30

(f)

15
15
6o
30.

w
30
^5.
(f)

(f)

15
30

30.
(f)
30

^5.
(f)
10
45.
(f)
to
15

15
to
15
45
10
30
30

15.
(f)

15
50
10
25

^5

10
bo
(f)
30

30

?o
to
15
75
15
45.
(f)
(f)
15
75

4̂5

to
6o
(f)w
6o
w
30

15
30
b5
30.~w

75

15
75

30.

w
(f)
4?'

15
15.

g'
15
45.
(f)
30
i5
30
15.
(f)

15
45.

w
15
6o
15

15
15
15
15
15
15

120

15
75

^
15
45
20
(f.)
(f)

30
90
30
(f)

45.
(f)
(r)
6o
15

15.
(f)
(f)

(!)

(f)

6o
45.

w
60

w

30

i?
w

75

(f)

45.
(f)

(f)

45.
(f)

(f)

w

75
(f)

i3

60
(f)

(f)

w

(f)

75

90

120

75

d Letter refers to temperature range.
to material type (see Table 2).

eForafi.tion of brfne was incaiqple-te at the end of -ttoe teet.
tCondition was not achieved within the time period of the test.

First Number refers to test series. Second Bfumber refers
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As melting continues, the holes begin to interconnect as shown in Figure 11

and the third condition, "honeycombed", is achieved. Approximateiy 40% of the

ice has melted when the condition "honeycombed" exists.

Figure 11 Honeycombecl condition.

The fourth condition was called "scabby" and is typified in Figure 12

Figure 12 Scabby condition,

-1'6-



In this condition only separate fragments of the ice remain on the roadway

and approximately 55% of the ice has melte^. Beyond the "scabby" condition a

"clear" condition was usually achieved where at least 80% of the ice had melted

and a definite dearwheei path was provided.

Temperature Ranges

For the purpose of this report only three temperature ranges are considered;

and, in each case, the temperature of the air is the controlling factor. The low

temperature range (0°F. to 10°F.), medium (10°F. to 20°F.), and high (2QOF.

to 32°F.) are referred to as L, M. and H respectively. As an example, L-3

would indicate the third test series in the lowest temperature range. It was observed

that the ice temperature as measured by the thermocouple was generally significantly

higher than the air temperature.

Analysis of the Data

Since this portion of the study had so many uncontrolled variables such as,

temperature, wind, humidity/ etc. the results are not repeatable. Therefore, the

graphical plots presented herein are considered to be trends based upon mean vaiues

of the observed and calcuiated data.

Figure 13 shows a plot of the volume of ice melted by sodium chloride

(rock salt) in cubic feet per lane mile vs. time in minutes (vehicle headway

remaining constant) for three conditions of average ice and air temperature.
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As indicated by the curves, sodium chloride, with its relatively high

eutectic point of -6°F., appears to melt ice at a rate highly dependent upon

the average of the ice and air temperature. From the observed data an equation

was developed to give a reasonable estimate of the volume of ice which can be

melted at a terminal period of ninety minutes and within a temperature range of
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10 to 20°F. This formula is:

j^Tl-5k
-v-=-

where V = the volume of ice melted in cubic feet per lane mile.

R = rate of applied salt in pounds per lane mile.

T = average of the air and ice temperature in °F.

I == thickness of ice in inches.

k = a constant with a value of 32.

The small exponent of R, rate of salt application, indicates that the rate

of rock salt application is of small concern in the rate of ice removal. On the.other

hand/ the large exponent for T, temperature, indicates that in the case of rock salt,

the amount of melt is primarily dependent on the average of ice and air temperatures.

The equation also shows that as the ice thickness increases the total amount of melt

decreases.

Calcium chloride pellets and flakes have an eutectic point of -58.5°F.

Therefore, they do not appear to be as dependent on temperature as sodium chloride

for their ice removal rate. Figure 14 is a plot of the volumes of ice melted by calcium

chloride pellets at three application rates and with the curves adjusted for temperature

differences. The curves show that the amount of thawing is primarily dependent on the

amount of calcium chloride applied.
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An end point equation showing this relationship for volume of ice melted with

CaCls was derived and is given as:

y= R2Tk

(I) 77B^

where V = volume of ice melted in cubic.feet per lane mile.

R = rate of application of chloride in pounds per lane mile.

T = average of the air and ice temperature in °F.

I = thickness of ice in inches.

k = a constant with a value of 6.15 x 10

In this formula the rate of ice removal varies as the square of the rate of

application of calcium chloride. Therefore, it appears that the more chemical

applied the faster the ice will melt.
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The relative rates of ice removal by calcium chloride and sodium chloride

are shown graphically in Figures 15, 16, and 17. The comparison at 17°F.

shows that initially the Ca Cl^ is more effective but as the action progresses

the rate of melting decreases while that of the rock salt remains more nearly

constant up to about one hour and eventually overtakes the rate of the calcium

chioride. As shown in Figure 16 the rate of ice removal by rock salt at lower

temperatures does not approach that of the Ca Cl2 pellets. From Figures 16

and 17 it may be concluded that sodium chloride is relatively ineffective below

10°F in clearing a wheel path within a reasonable period of time.
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j. 16 Rate of See Removal by CaCI^ Pellets a Rock Salt at 13 • F.
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Figures 18 and 19 are plots of the comparative ice removal rates

of calcium chloride (pellets), sodium chloride (rock salt), and a 1/3 calcium

chloride (pellet) - 2/3 sodium chloride (rock salt) mixture at 17 and 10°F

respectively. The plots show that the chemical mixture removes ice at a rate

closely resembling that of straight calcium chloride but still retaining most of

the economical advantage of sodium chloride
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Figures 22 and 23 are plots of the comparative ice removal of

abrasive-chioride mixtures and a 1/3 Cad2-2/3 NaCl mixture. As indicated

by the curves the abrasive-chioride mixtures are relatively ineffective for ice

removal from pavements particularly at temperatures.

75 9Q30 4S 60
Tima in MinutM

22 Rate of Ice Removal by Abrasiw -Chloride Mixtures 8 CaClz- NaCI Mixture at 17° F.
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•/3 CaClz ((wllef) - 2/3 NaCI (rock salt)

A.

Fig, 23 Rate of lee RemovoS by Abraalv-Chloridt Mixture* a CaClg-NaCI Mixtura at 10* F.

Ice Removal Conclusions

On the basis of the limited test data for this study, the following general conclusions

are indicated:

1. The amount of melt by sodium chloride (rock salt) is primarily dependent on

the average of the ice and air temperatures.

2. The amount of melt by calcium chloride within a given temperature range is

proportionate to the amount of chemical applied.

3. The rate of ice removal for both calcium chloride and sodium chloride is

similar above 15°F.
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4. Below 15°F., calcium chloride was found to be more effective than

sodium chloride.

5. Below 10 F., sodium chloride was found to be relatively ineffective

in clearing a wheel path within a reasonable period of time of 60

minutes.

6. The rate of application of sodium chloride should be varied inversely

with the temperature.

7. The rate at which both calcium chloride and sodium chloride removes

ice is inversely proportional to the ice thickness.

8. Caicium chloride pellets were found to remove ice more rapidly than

either calcium chloride flakes or rock salt.

9. A 1/3 catcium chioride - 2/3 sodium chloride mixture was found to

be the only one which provided clear wheel paths with any consistency.

The mixture removed ice at a rate closely resembling that of straight

caicium chloride.

10. Sodium chloride (evaporated salt) was found to have a high rate of ice removal

in the first 20 minutes after application but fell off rapidly after that time.

11. Mixtures of sodium chloride with abrasive and calcium chloride with

abrasive were found to be relatively ineffective for ice removal from

pavements particularly at temperatures below about 15 F.
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âs
U2
';•&

o*
a*
w
(H&

la-1

^s^
0
0
rf
&»
0

w
Wl

3-
n
t-1

0
0
r^

0-
rET*

3-

w

&t
3
0-

3
ft)
ri"

re

a.

3
m

-i
3-
rt>

s>
a.

w
0

3
rt'
3
0
fO

>
3

<
ft>

c
3
a.
»
sst

f̂t
w
f^.

n»
^

«<

0
a
(t>

a
^t
m
0

0
—n
w
3-

(C

I
w

3-
w

&i

0
ro

_?-0
0

-I
3-
f0
p^
hi
ŵ̂
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Test Materials

The bulk materials included in the are given in Table 5. Assuming the sodium

chloride salt) to a purity of 1009/o, the weights of calcium chloride corn-

on their purity as advert! zed by the manufacturer.

Where mixtures included they were by using nosed shovels

to biend the together.
5

OF

Identification

A

B

c

D

E

F

G

Sodium-

Chloride
Rock

1,000

750

500

500

1,000 *

Calcium
Flakes

1,282

641

Chloride
'PeUets"

1,053

263

526

* Covered with a k inch layer of sand instead
of polyefbylene shee-ting.

The packaged material consisted of 40 of sodium chloride (rock salt) in

types of bags as follows:

"U" paper bags with three of - 15 bags.

B Bituminous with of paper, two of which

with bituminous - 10 bags.

"Bo" Bituminous similar to "B" they in previous storage

for about nine months - 5 bags.

"P" Plastic cemented bags having three layers of paper, two of which were glued

together with a plastic cement - 10 bags.
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The packaged material was placed on planks in five stacks of eight bags per

stack. Since there were five stacks/ an arrangement was worked out so that no more

than two similar bags would be represented in each layer. The arrangement of stacking

is shown in Figure 25.

Figure 25 General arrangement of packaged NaCl.

All materials included in the study were placed in test between November 7

and 10, 1960, except Test Material "G" (100% sodium chloride with a sand cover)

which was placed May 3, 1961.

Protective Covering Material

The protective covering material used in this study was a nominal 5 mil white

po;yethylene sheeting similar to that used for curing concrete. It was anchored with

sand-fiUed burlap bags placed at the base of each storage pile. No potyethylene

sheeting material was used to cover Test Material "G" since this test was introduced

to study the effectiveness of a light sand cover.
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Collection of Data

Observations of the bulk test materials were made once a month and those for

the packaged material two months. Observations included moisture

minations, amounts of caking and crusting and whether or not each material

flowing.

Duplicate moisture of the bulk about midway

between the and of each conical pile. They were taken either at

a depth of two to inches below the or one was at the

and the other five to six into the pile. The moisture for the

bulk materials are given in Table 6. It is that the'figures given are of

the tests.

Single moisture of the by cutting a small

opening the of the bag, as shown in Figure 26, removing about 300 of

salt, and then taping the opening closed.

Figure 26 Method of taking moisture sample from packaged NaCl
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6

DATA FOB

Average Moisture - Percent of Dry Weight

Test
12-6-60 1-3-61 2-3-61 3-1-61 k-j-6l 5-3-61 6-1-61 7-6-61 8-7-61 9-6-61 10-4-6JL 12-7-61

g
Oi
u

A

B

c

D

E

p

G

0.6

11.7

0.6

0.6

0.4

6.7

0.5

11.9

o.k

0.6

0.5

8.0

0.7

11.1

0.4

0.5

0.3

6.7

0.9

11.9

0.6

1.1

0.5

7.2

0.6

10.3

0.1

0.6

0.3

6.2

0.2

11.9

0.4

0.4

0.4

8.3

0.2

0.9

15.6

0.8

0.6

o.k

10.7

0.5

2.2

16.0

0.8

1.1

0.9

14.2

2.6

1.1

16.9

0.6

1.3

0.6

12.6

0.6

0.9

S&.Q

1.3

1.5

1.7

14.5

0.5

2.5

£3.6

1.7

5.8

6.4

21.5

1.0 1.0



and almost half were sampled three times or more. The moisture data and data of

moisture test are given in Table 7.

Some slight caking was found to exist in only a few of the bags of rock salt

within the ten month storage period. However, the cake was easily broken by hand

and no difficulty would have been experienced in using the material.

On the other hand, considerable caking and crusting did occur in some of the

bulk storage piles which would create difficulty in their use. The observations of

crusting and caking are summarized in Table No. 8 along with the average moisture

content of each material.
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TABLE 7

MOISTORE DATX. FOR .Had

Moisture - Percent of Dry Weight
Bag
Positiona 2-3^1 4-7-61 6-2-61 8-I-61 10^61 11^8^61

1
1
1
1
1
2
2
2
2
2
3
3
3
3
3
4
k
h
k
k
5
5
5
5
5
6
6
6
6
6
7
7
7
7
7
8
8
8
8
8

m
SB
so
w
GP
KiP
EP
SB
wu
cu
BU
EU
SP
WB
GB
HB,
EB°

su
w
CP
NP
EBO
SB'

w
co
HU
EU
ap
TO
CB
HB^
EB
so
wu
CP
NP
EB,
®°
wu
ou

0.3
0.3
0.3
0.4
0.4
0.6

0.3

0.3
0.4
0.3
0.4
0.4

0.2

OA
0.1

0.3

0.3

0.1

0.2

0.1
0.1
0.6

0.4

0.3
0.9

o.k
0.5
0«6
0.4

0.5
0.5
0.5
0.3

0.4
0.3
oA
0.3

o.k

0.3

0.3

0.2
0.1

Oe3
0.2
0.1
O.h

0.3

0.1

0.1

0.3
0.4
0.2
0.6

0.

0,
o*

0.

0.

0.

0.

0.

0.

0.

3
1
2
4
2
3
1
3
6
9

o.k
0.3
o.k
0.5
o.k
0.2

0.3
0.2
0.4
0.4
0.6
0.2

0.3
0.2
0.2
0.1
0.2
0.1

0.3
0.2
0.2
0.2
0.2

Q.k
0.3
0.6
OA
0.3
0.3
0.2

0.3
0.5
oA
0.4
0.3
0.5
0.2
0.2

0.8
1.2

(a) The Dumber indicates tfae layer within the stack.
The first letter refers to the compass position of the

North, East, South, West or Center.
The second letter refers to the type of text).

-35-



TABLE NO. 8

Sunmary of Bulk Storage Pile Conditions

Test
Material

B

D

E

After Two Months Storage
Moisture

Physical Condition (Aug.-%}

2-3 in. hard base crust. 0.6

Slight crust on outer
surface —easily broken.

l-l|r in. base crust. No 11.9
surface crust — free

flowing.

yl^ in. base crust. No 0.4
surface crust — free

flowing.

0-1 in. 'base crust. No 0.6

outer surface crust —

free flowing.

1 in. base crust. No 0.5
surface crust — free

flowing.

1-1^- in. base crust. No 8.0
outer surface crust —

free flowing.

Fairly hard cake devel— 2.6

aping especially on
outside - softer within.

After Ten"" Months Storage

Moisture

Physical Condition_ (Aug.-%)

Entire pile caked in a
solid mass. Can lie broken
with some difficulty.

0.9

Slight outer surface crust - 22.8
easily broken and free

flowing beneath.

l-l-^ in. base crust. 1.3
0-^ in. surface crust —

free flowing beneath.

1 in. "base crust. Slight 1.5
crusting at outer surface —

free floving beneath.

1 in. base cruet. Slight 1.7
crusting in outer surface
free flowing beneath.

2 in. base crust. No 15.0
crusting at outer surface —

free flowing.

2-3 in. very hard surface 1.0
crust. Inner portion caked
but not too hard.

(l) All except Test Material "G" which was seven months.
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Analysis of the Data and Discussion

As shown by the data, 100% sodium chioride - rock salt (Test Material "A")

crusted within a two-month storage period. And/ it was completely caked within ten

months although the moisture content remained quite low (0.6 to 0.9%).

100% calcium chloride. Type 1 flakes, (Test Material "B") developed a

base crust of 1 - IVzin. within a two month storage period while no surface crusting

was evident even though the moisture content was quite high (11.9%). At t6n months,

a slight outer surface crust developed which was easily broken. The chemical remained

free flowing in spite of the fact that the moisture content almost doubled in an eight

month period. It is believed the base crust formation in this and other stockpiles in

the test, as shown in Figures 27 and 28, is related to the amount of surface water on

the storage base that is available to the stockpile. This points up the need for a well

constructed, free draining storage base.

Figure 27 Base crust formation in rock salt.
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Figure 28 Base crust formation in caicium chloride

100% calcium chloride pellets (Test Material "C") developed a base crust of1/?

to ll/2in. within a two month storage period but no surface crusting occurred. At ten

months, no increase in base crust was noted although a crust varying from 0 to Yzin.

developed on the surface. The moisture content remained low (1.3%) and the chemical

was free flowing.

Mixtures of sodium chloride and calcium chloride all developed a base crust of

0 to ll/2Jn. within a two month storage period with no surface crusting at all. At ten

months the base crust varied from 1 to 2 in. with only slight surface crusting. All

chemical mixtures remained in a free flowing condition throughout the test period.

The moisture contents remained below 2% except in Test Material "F" (50% sodium

chloride and 50% calcium chloride flakes) which had a gradual increase up to 15%

at the end of ten months. In all cases of the mixtures it was noted that after a short

period of storage only particles of rock salt were left on the surface. These particles
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then fused together to form this light cryst.

Sodium chloride with a 4 in. sand cover, (Test Material "G") developed into

a fairly hard cake with a two-month period and at the end of seven months became very

hard on the surface. The material was not free flowing and this method of storage cannot

be considered desirable.

Packaged rock salt stored well. The moisture content generally remained under

one percent during the ten-month storage period with no detrimental amount of hardening

or caking occurring. Only in a few cases where the moisture content approached or

exceeded 17owas any caking noticed and in these cases the cake was easily broken by

hand. A marked difference in moisture is noted between the types of paper bags. The

moisture of the salt in the unlined bags was as much as double that in the treated bags.

The polyethylene sheeting used in this study as a cover over the bags provided a verv

effective moisture barrier. In fact the barrier was so effective, it prevented the natural

escape of moisture during dry periods. The moisture then collected on the outside of

the bags as shown in Figure 29 and, in some cases/ deteriorated the bags to the point

of breaking.

Figure 29 Collection of moisture on bags,
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Outdoor Storage Conclusions

1. Calcium chloride (pellets or flakes), and mixtures of sodium chloride with at

least 25% caicium chioride, can be outdoors in bulk with a Eight

polyethylene for at 10 months without

hardening.

2. Sodium chbride (rock salt) can be stwed outside up to two months in buik

when; covered with a Hght polyethylefse slsecting,, Bulk storaoe of ^odiuin

chioride beyond 3 months appears to be unsatisfactory.

3. Packaged soclium choloride (100 Ib. bags) may be stored with a

light polyethylene sheet cover for at least 10 months with no appreciabie

hardening.
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RECOMMENDATIONS

Ice Removal

Table 9 gives a recommended range of application rate for eight ice removal

materials. These rates are based on an ice thickness of about 1/16 inch and on

clearing a wheel path IVz- 3 feet in width. It should be pointed out however, that

additional material may be required for complete removal of ice from the roadway.

TABLE 9

Recommended Application Rates of Chemicals and
Chemical-Abrasives for Ice Removal

Ice Removal

Material

CaClg (pellets)

CaCl^ (flakes)

NaCl (Cock salt)

NaCl (evaporated)

1/3 CaCl2 (pellets) - 2/3 NaCl (rock salt)

1/3 CaClg (flakes) - 2/3 Mad (rock salt)

50% Cad2 (pellets) - 50% Sand

50% NaCl (rock sait) - 50% Sand

Suggested Width

ofSpread(ft)

2-4

2-4

3-4

3

2-4

2-4

4

4

Application Rates

Below 10°F.

300-375

350-450

(400-550)b

(325-500)b

300-475

350-500

(excess of 500)b

(excess of 600)t>

(Ib per lane milea) for 1/16 in. Ice

10-20°F

250-300

275-350

250-400

200-325

250-300

275-350

(300-500)b

(325-600)b

20-32°F

(175-250)c

(200-275)c

200-250

150-200

175-250

200-275

200-300

225-325

a Quantities given shall be doubled for 2-lane roadways
b Not recommended because of the low rate of ice removal. Quantities given are suggested if no other material is available.
c Not recommended because a greasy condition often results. Quantities given are suggested if no other material is available.

Since the application rates recommended above are based on a limited number

of tests, they may require modification after being used by the maintenance crews for

a suitable period of time. Suggested modifications are therefore invited.
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Outdoor Storage of Chloride Salts

Bulk sodium chloride intended for outdoor storage longer than two months should

^be mixed with at least 25% calcium chloride - preferably pellets. A mixture of 193
.'/3

sodium chloride (rock salt) -^/3 calcium chloride (pellets) appears to be the best

all-round mixture when considering storage, ice removal action and economy.
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FURTHER RESEARCH

Additional testing of the more promising materials is recommended to be

conducted under field conditions. It is suggested that the roadway be iced in a

manner similar to that used in this study. However, more thought should be given

to the elimination or greater control of some of the variables. For example the

chemicals and chemical mixtures might be applied at a better controlled rate

using a fertilizer spreader, also a better method for evaluating the amount of ice

removal might be found.

Other governmental bodies and agencies are encouraged to conduct field

tests similar to Minnesota's to validate or disprove the results and conclusions

presented herein.
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