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Information is presented on the use of boiled linseed oil solutions 
and emulsions as antiscaling compounds for concrete. These 
linseed formulations can be easily applied to concrete with con
ventional spraying equipment. With the emulsion drying 2 hr 
after application, serious loss of oil during a rain appears to be 
eliminated. When subjected to freeze-thaw cycles in the presence 
of salt, air-entrained concrete highways coated with linseed oil 
showed increased durability compared to uncoated controls. 
Tests also indicated that recoating is advantageous for long-term 
protection. 

Laboratory freeze-thaw tests in water and 2 percent brine 
were conducted on concrete beams coated with linseed oil emul
sions to evaluate its effectiveness as an antiscaling and curing 
agent. Coated beams showed no loss in 42-day flexural strength 
over moist-cured controls. Coated beams subjected to 300 
freeze-thaw cycles in the presence of water and 2 percent brine 
were from 4 to 6 times as durable as uncoated beams. 

Preliminary data indicate that linseed oil emulsions may 
serve as both a curing and antiscaling compound. 

•EVIDENCE within the past 10 years suggests that air-entrained portland cement con
crete as laid in the field is not the complete solution to freeze-thaw damage in the pres
ence of salts (1). Numerous coatings for concrete have been tried, and in 1963, Furr · 
(2) reported results of laboratory tests indicating that boiled linseed oil offered the best 
pr otection for concrete of all the sealants tested. In 1964, Grieb and Appleton (3) showed 
that linseed oil coatings increased the resistance of concrete to scaling. Snyder (4) in 
1965 published a laboratory investigation in which many protective coatings were tried. 
His best results were with a solution of linseed oil. Both the 1964 and 1965 reports 
contained results of tests of linseed oil emulsions. Although these emulsions were less 
effective than solutions of boiled linseed oil, the test method kept the linseed oil coated 
surface continuously wet. In the field, a concrete surface would be wet for only rela
tively short periods with water, slush, or brine. 

In 1965, Scholer and Best (5) under contract to the Northern Laboratory (NU) listed 
findings as: -

1. Air entrainment does not completely protect concrete from freeze-thaw damage 
in the presence of salts. 

2. Properly applied boiled linseed oil in mineral spirits does extend protection to 
air-entrained concrete during freeze-thaw cycles. 

3. Periodic reapplication of linseed oil is desirable to maintain protection. 
4. Application.of boiled linseed oil after scaling of the concrete surface has started 

appears to prevent further deterioration. 
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5. Reinforcing steel is not corroded as long as the overlying concrete is intact; it 
is the destruction of the concrete that allows corrosion of the steel to occur, not the 
corrosion of the steel that induces destruction of the concrete. 

6. Linseed oil probably protects concrete by preventing the penetration of salt 
while slowing down the penetration (and escape) of water. 

7. With sound aggregate in the concrete, it is the cement paste that is attacked 
initially under freeze-thaw conditions. When poor aggregate, such as porous Florence 
limestone, is used in concrete, it is the aggregate that is destroyed first. 

8. A screeded surface of concrete is more vulnerable to attack than a formed surface. 

In 1967, Kubie and Cowan (6) found that either an emulsion of boiled linseed oil in 
water or a solution of boiled linseed oil in mineral spirits was an effective antispalling 
compound on concrete. Both the emulsion and the solution gave the same protection. 

Morris (7) stated in 1965 the present need for using linseed oil on concrete. He 
outlined procedures to be followed in applying 50 volume percent of boiled linseed oil 
in a mineral spirits solution. 

This paper presents additional information on the use of NU emulsions as antiscaling 
compounds for concrete (6), and on the desirability of recoating from time to time to 
maintain protection. In studies financed by us, durability of concrete coated with NU 
linseed oil emulsion was tested by the U.S. Army Corps of Engineers, Mariemont, 
Ohio. Data from these durability studies are also included. 

WATER SENSITIVITY OF BOILED LINSEED OIL FILMS ON CONCRETE 

Rain soon after the application of boiled linseed oil may wash the film from the con
crete surface. Also, the film laid down from an emulsion may be more easily removed 
than one laid down from a solution. To determine the water sensitivity of linseed oil 
films, 2 by 2 by 1-in. blocks of mortar were prepared from a 3: 1 sand-cement mix. 
The water/cement ratio was 0. 5. The blocks were cured under polyethylene sheeting 
for 2 weeks and then aged at room temperature for 2 weeks before coating. The blocks 
were soaked in either NU emulsion 39-2 (Table 1) or National Flaxseed Processors As
sociation (NFPA) antispalling compound for 20 min, withdrawn, drained of excess fluid 
and allowed to dry in the laboratory for at least 2 hr. Coating weights absorbed by the 
blocks were from 0. 350 to 0. 543 lb of linseed oil per square yard for the emulsion and 
from 0. 268 to 0. 463 for the mineral spirits solution. These amounts are well above 
coating weights of 0. 16 lb/sq yd recommended for use in the field. The coated blocks 
were soaked in 200 ml of distilled water for 72 hr and weighed after withdrawing and 
draining. The water was acidulated and extracted with petroleum ether for Series 1 to 
3 and with xylene for Series 4 to 6 (Table 2). At drying times longer than 6 hr, no oil 
was lost from the blocks. Two hours of drying appears to be sufficient to eliminate 
any serious loss of oil either from the emulsion or solution coating. The first group 
of blocks (Series 1 to 3, average coating of 0. 341 lb/sq yd) picked up an average of 3. 0 
percent water in 72 hr, which is equivalent to the uncoated controls. The second group 

TABLE 1 

FORMULAS OF EMULSION 

NU'Formula 
Emulsion 

38-1 39-2 

Oil phase, 50 volume percent: 

Boiled linseed oil 97 97 
~z, bodied linseed oil 0 0 
Saturated tallow alcohols 3 3 

Water phase, 50 volume percent: 

Tap water 100 99.60 
Sodium hydroxide 0 o. 37 
Diplcolinlc acid 0 0. 03 

49-1 

67 
30 

3 

99.60 
o. 37 
0.03 

(Series 4 to 6, average coating of 0. 425 
lb/sq yd) gained an average of 1. 9 per
cent water, which is almost two-thirds 
of that gained by the control. 

PROTECTION OF AIR-ENTRAINED 
CONCRETE IN THE FIELD 

In November 1959, under the auspices 
of the NFPA and under the direction of 
Charles Morris, a new interchange 
from the Tristate Tollway to Kennedy 
Expressway, Southbound, at O'Hare 
Field near Park Ridge, Ill., was coated 
with two coats of 50 volume percent of 
boiled linseed oil in mineral spirits. It 
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TABLE 2 

EFFECT OF DRYING TIME ON OIL LOSS FROM COATED MORTAR BLOCKS 
IMMERSED IN WATER 

Dry Time Water Series Treatment Rate Before Oil Removed Gain Number (lb/eq yd) Immersion ci> ci> (hr) 

la Emulsion 0.350 2 0.10 3. 2 

lb Lso/msa 0.285 2 0.05 3.0 

2a Emulsion 0.405 4 o.oo 3. 1 

2b Lao/ms 0.277 4 0.03 3.5 

3a Emulsion 0.460 6 0.00 2. 6 

3b Lao/ms 0.266 6 0.01 2.9 

4a Emulsion 0.424 2 0.06 2.1 

4b Lao/ms 0.299 2 0.02 2.1 

5a Emulsion 0.405 4 0.18 2.1 

5b Lso/ms 0.463 4 o.oo 1. 5 

6a Emulsion 0. 543 6 0.00 1. 8 

6b Lao/ms 0.416 6 0.02 1. 7 

Control 

None 0 o.oo 3. 0 

2 None 0 o.oo 3.5 

aUo/ ms = boiled linseed oil in mineral spirits. 

Figure 1. A section of an interchange near O'Hare Field, Chicago. 
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was estimated that the concrete was 4. 5 percent air entrained. The first coat was 
made at the rate of 40 sq yd/ gal of solution and the second, applied 2 days later, at 
the rate of 67 sq yd/gal. The total coating weight was 0. 16 lb/sq yd of boiled linseed 
oil. Salt was applied as needed during the winter months. 

Figure 1 is a representative area of this roadway taken approximately 6 years after 
the interchange was furnished and coated. The damaged area of an uncoated portion of 
roadway is in the background; in the foreground, there is relatively little damage on 
the coated portion. 

This test demonstrated that coating air-entrained concrete with a boiled linseed oil 
solution increased durability of the pavement when subjected to freeze-thaw cycles in 
the presence of salt. 

Tests have now been started to determine the usefulness of linseed oil coatings on 
structures other than roads. Floors of the Grant Park underground garage in Chicago 
had to be replaced after 11 years because of deterioration of the concrete. Salt carried 
in by automobiles presumably caused this deterioration. A new section of floor in the 
Grant Park garage was poured in 1965 and coated with linseed oil emulsion NU 39-2. 
By the summer of 1967, no deterioration of the coated floor could be detected. 

In another test started in June 1966, the floor and ramp of the underground garage 
of the Security Savings and Loan Building in Peoria was sprayed with the NU boiled 
linseed oil emulsion 39-2. The coating rate was 50 sq yd/ gal. To date, no deteriora
tion of the garage floor has taken place. 

RECOATING CONCRETE WITH BOILED LINSEED OIL 
EMULSIONS AND SOLUTION 

Some areas of the parking lot at NU treated in 1962 (6) were recoated in September 
1964. The areas originally treated with 50 volume perce nt of boiled linseed oil in 
mineral spirits were recoated with 0. 10 lb/ sq yd of boiled linseed oil from the same 
system . The areas originally coated with the NU emulsion 39-2 were recoated with 
0. 14 lb/ sq yd of the same emulsion. From 1962 to 1967, no surface deterioration was 
apparent in recoated areas with either system. The areas treated in 1962 but not re
coated are beginning to show scaling in a few spots. These tests indicated that to main 
tain protection for long periods of time re coaling is advisable . 

In May and June 1963, we tested two NU linseed oil e mulsions, 38-1 and 39-2, (Tabl 
1) as curing agents of the sidewalks on our laboratory grounds, details being previously 
published (6). Three different types of controls were used. In October 1965, we re
coated with-NU emulsion 39-2 half of each test area previously coated and coated for 
the first time all control areas. Surface deterioration has been prevented in areas 
where none had previously appeared, and no further deterioration has appeared in the 
once oil-treated areas. 

LABORATORY STUDIES ON PROTECTION OF CONCRETE 

During the past 3 years, I. Narrow and W. W. Roberts of the U. S. Army Corps of 
Engineers have performed a series of tests for us to determine the effects of using NU 
linseed oil emulsions on durability and strength of concrete and to attempt to relate 
these data to the scaling of concrete under freeze-thaw conditions. While these tests 
were primarily designed to evaluate the durability of concrete coated with linseed oil, 
some preliminary information on linseed oil coatings for curing as well as protection 
was obtained. Four mixes (Table 3) were used to make the concrete beams (3 ½ by 
4½ by 16 in.) needed for the evaluation tests. The composition of the beams varied 
slightly in air content and slump. The aggregate chosen contained 8 percent deleteriou 
material, including 3 percent chert. 

Three NU linseed oil emulsions (Table 1) were used to coat the beams. All coating 
rates were approximately 200 sq ft/gal of emulsion (coating weight of 0. 18 lb/sq yd of 
linseed oil). The five conditions used for treating and curing the beams are given in 
Table 4. 



TABLE 3 

COMPOSITION OF THE CONCRETE MIXES USED FOR 
MAKING TEST BEAMsa 

Ingredients 

Cement, bags/ cu yd 

Water/cement, by weight 

Fine aggregate, 1 volume 

Slump, in . 

Air, '.i 
Aggregate: 

8 percent poor (3i chert), ¾ - in . max. 

0
Doto obtained by U.S. Army Corps of Engineers, 

Mix 1 

5. 53 

0.496 

40 

3.5 

3. 6 

Mix 2 

5. 53 

o. 496 

40 

3. 0 

3. 1 

Mixes 3-4 

5. 53 

0.496 

40 

2. 75 

3. 0 

Condition A: Beams kept 35 days in the moist room served as controls. 
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Condition B: Beams held 28 days in the moist room, dried 2 days in the laboratory, 
then coated on all surfaces with emulsion applied at a rate of 200 sq ft / gal, and cured 
in air for 5 days. 

Condition C: Beams placed 1 day in the moist room, then coated, and dried in the 
laboratory for 34 days. 

Condition D: Beams kept 14 days in the moist room followed by drying 2 days in the 
laboratory, then coated on all sides, and cured for 19 days in the laboratory. 

Condition E: Top surface of beams coated as soon as free water disappeared, then 
beams cured in their molds for 14 days in the laboratory. The beams were then re
moved from the molds and their other five surfaces coated, after which they were cured 
for an additional 21 days in the laboratory. 

All beams were immersed in water at 70 ,, 5 F for a period of 7 days immediately 
before testing. Beams were coated with emulsion 38-1 under Conditions B-E; Condi
tions D and E were repeated with first emulsion 39-2 as the coating and them emul
sion 49-1. Six beams were treated in each set of conditions. 

Tests of flexure were run on three of the six beams used in each group (condition) 
immediately after the 7-day soak (42-day flexural strength test) and on the remaining 
3 beams at the end of the freeze-thaw test. Testing was done according to the Corps 
of Engineers Method CRD-C-16 (ASTM C78-59), except that the troweled surface was 
in tension. 

The freeze-thaw test comprised the cycling of three beams from each group under 
water or brine from a beam temperature of 40 F to 0 to 40 F in 2 hr according to the 
Corps of Engineers Method CRD-C-20 (ASTM C291-61T) . Degradation of the beam was 
indicated by sonic measurements of the dynamic modulus. The freeze-thaw durability 

TABLE 4 

CURING AND COATING OF CONCRETE BEAMS WITH LINSEED OIL EMULSJONSa 

Treatment (days) 

Condition Moist Laboratory After Coating Water Soak 
Room Before Coating (50% RH, 70 F) (70 F) 

A (control) 35 0 0 7 

B 28 2 5 7 

C 0 34 7 

D 14 2 19 7 

E, Step 1 (surface) 0 0 35 7 

Step 2 (5 other sides) 0 14 21 7 

0
Dato obtained by U.S. Army Corps or Engineers. 
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TABLE 5 

PERCENT WEIGHT GAIN OF CONCRETE BEAMS 
DURING 7-DAY SOAKa 

Mix 

I 

3 

4 

A 

0.06 

0.10 

0. 21 

Condition 

B C 

0. 53 1.10 

0.69 o. 50 

0
Dato obtoin~d by U.S. Army Corps of Engineers, 

bcoated with emulsion 38- l. 
ccoated with emulsion 39-2. 
dcaated with emulsion 49-1. 

D 

a.sob 
0.90C 
o.8od 

E 

1. 57b 

1. sob 
1. 70C 
1. 60d 

is reported as a Durability Factor 
(DFE 300), which is defined by the 
following: 

PN/300 

where P = ratio of dynamic modulus 
at N cycles to original modulus times 
100, and N = number of cycles. 

Table 5 gives the weight gain (per
cent) of beams during the 7-day im
mersion in water. The controls 
(Condition A) gained little weight, 
from 0. 06 to 0. 21 percent. Beams 
from other conditions gained ap-

preciable weight, 
dition E. 

averaging from 0. 61 percent for Condition B to 1. 67 percent for Con-

Research in this area is particularly difficult because variations in concrete occur 
even when it is prepared under carefully controlled conditions. This variability is il
lustrated by comparing the composition of concrete from Mixes 1 and 4 (Table 3) and 
the average flexural strength of beams prepared therefrom (Table 6, Condition A). 
These beams were made from identical materials and by the same techniques, but the 
42-day flexural strengths of mixes 1 and 4 differed by 20 percent. While comparison 
of results from the same mix is possible, it is difficult to compare results from dif
ferent mixes. 

The same three NU formulas (Table 1) were used for coatings in the tests of flexure. 
All beams under Condition A were uncoated moist-cured controls. Beam from Mixes 
1 and 3 were coated with emulsion 38-1 under Conditions B through E (Table 6). There 
was essentially no loss in the 42-day flexural strength under Conditions B and D when 
compared with the moist-cured controls. Condition C gave a somewhat lower value for 
Mix 1 and a very low value for Mix 2. No conclusions can be reached on beams treated 
under Condition E. With the other two emulsions (39-2 and 49-1), only Conditions D 
and E were studied. Condition D approximates antiscaling work in the field and Con
dition E should give some information on the usefulness of linseed oil coatings for both 
curing and antiscaling. Compared to A, Condition D does not appear to affect the 42-
day flexural strength adversely, whereas Condition E appears to lower strength some
what. 

The concrete controls and beams were 
coated with the three linseed oil emul
sions and durability after 300 freeze
thaw cycles in water and in 2 percent 
brine is given in Table 7. All coated 
beams were more durable than the con
trol (Condition A). Emulsion 38-1 and 
Condition D (typical for antiscaling tests 
in the field) produced the most durable 
specimens. The lower value for E was 
probably due to loss of water from these 
beams during curing (Table 6) . 

Table 7 also gives the durability of 
beams coated with emulsions 39-2 and 
49-1 under Conditions D and E. The 
lower durability of specimens cured 
under Condition E compared to D was 
not evident with these emulsions, Re
sults in water demonstrate that a four
fold increase in durability is gained 

TABLE 6 

AVERAGE FLEXURAL STRENGTH OF BEAMS 
AT 42 DAYS (PSI)a 

Air Condition 
Mix Content 

(i) A B C D 

(a) Emulsion 38-1 

3. 6 895 905 800 925 

3 3.0 802 835 577 793 

(b) Emulsion 39-2 

z 3. 1 805 805 

4 3,0 723 772 

(c) Emulsion 49-1 

2 3. 1 805 825 

4 3.0 723 800 

0
0oto obtained by U.S . Al'my Corps of Engineers, 

6Perl01eter of beams not iaol!!d to mold. 

E 

610b 

648b 

805 

666 

805 
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Mix 

3 

2 

4 

2 

4 

TABLE 7 

DURABILITY FACTOR AT 300 CYCLES (DFE,oo) IN WATER 
AND 2 PERCENT BRINEa 

Air 
Content 

(%) 

3. 6 

3.0 

3.1 

3.0 

3. 1 

3.0 

Freeze-Thaw 
Solution 

A 

(a) Emulsion 38-1 

Water 18 

Brine 11 

(b) Emulsion 39-2 

Water 8 

Brine 14 

(c) Emulsion 49-1 

Water 8 

Brine 14 

Condition 

B C D 

45 60 79 

72 42 80 

34 

86 

35 

87 

E 

54 

57 

33 

79 

40 

79 

67 

under Conditions D or E (antiscal
ing or curing) compared to the full 
moist cure. A sixfold increase in 
durability results in 2 percent 
brine. Condition D usually gave 
the best durability. 

0
Dotc obtained by U.S. Army Corps of Engineers. 

Although none of the experi
ments proved which emulsion was 
the most effective, it is evident 
that a linseed oil film properly 
applied significantly increases the 
durability of concrete under freeze
thaw conditions. Results suggest 
that these films may retain enough 
moisture when used as a curing 
agent to develop full-strength con
crete equal to the strength devel
oped by a full moist-cure. 

CONCLUSIONS 

Linseed oil treatment increases durability of concrete. 
Linseed oil treatment of partially deteriorated concrete reduces and helps to pre

vent further damage. 
Linseed oil emulsions appear to be as effective in the field as linseed oil solutions. 

Also, emulsions eliminate the fire hazard arising with the use of mineral spirits. 
The best method for applying linseed oil to new concrete for antiscalling should in

clude a drying period before application and should be made at least 14 days after the 
pour. 
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