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ABSTRACT 

Penetrations of concrete specimens by solutions of 
boiled linseed oil in mineral spirits and emulsions of 
boiled linseed oil were measured. Concrete specimens 
were cured with polyethylene sheet (removable) and 
wax-based and resin-based compounds prior to 
penetration tests. Penetration was greatest at 35 days 
and least at four and seven days after curing. 
Penetration at 105 days was only slightly less at 35 
days. Maximum penetrations were obtained with 
solutions more dilute than 50 volume per cent of 
linseed oil in mineral spirits. Penetrations on 
polyethylene-, wax- or resin-cured specimens varied 
from 1.5 to 3 mm when 50 volume per cent linseed 
oil solution or emulsion was spread on the specimen 
at the rate of 0.16 lb/yd 2. 

INTRODUCTION 

The deterioration of concrete caused by deicing salts and 
freeze-thaw cycles greatly concerns highway people, the 
Portland Cement Association and others (1,2). In searching 
for a solution to this problem, member companies of the 
National Flaxseed Processors Association, a number of 
State Highway Departments and the Northern Laboratory 
have shown that boiled linseed oil in mineral spirits or as an 
emulsion in water is one of the most effective agents in 
reducing damage to concrete caused by freeze-thaw cycles 
and salt (3-9). These linseed oil antispalling compounds are 
usually applied to sheet-cured concrete about one month 
after pouring. Today, liquid membrane-curing compounds 
containing wax or resins are being used in increasing 
amounts. These materials leave a coating on the surface that 
may lower the effectiveness of the linseed antispalling 
compounds. We believe that some penetration of the boiled 
linseed oil into the concrete is necessary to obtain 
protection, but no detailed studies have been carded out to 
determine the best way to use linseed antispalling 
compounds on sheet-cured concrete, and no work has been 
done on whether or not  these compounds will penetrate 
into concrete previously cured with typical commercial 

1presented before Committee MC-B4 at the Highway Research 
Board Meeting, Washington, D.C., January, 1970. 

2No. Market. Nutr. Res. Div., ARS, USDA. 

pigmented resin and wax compounds. Recent work at our 
Laboratory and field tests in two southwestern states have 
shown that properly formulated boiled linseed oil 
emulsions can be used as curing agents for concrete. After 
periods of one to five years, no deterioration from 
freeze-thaw and deicing chemicals is apparent in any of 
these field tests. Thus, we wanted to know if the linseed 
emulsion used as a curing agent would penetrate and if 
LASC would penetrate month-old concrete previously 
cured with these linseed emulsions. Because of this lack of 
knowledge, work was undertaken to study the penetration 
of linseed oil into concrete under a variety of conditions 
and to correlate this information eventually with 
companion durability studies. 

EXPERIMENTAL PROCEDURES 

Concrete test specimens were prepared according to the 

FIG. 1. Left, concrete specimen dish showing stainless-steel 
wedge in position. Right, a typical unbroken block specimen. 
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FIG. 2. Concrete test specimens showing penetration of 50% 
boiled linseed oil in mineral spirits (LASC) into polyethylene-cured 
concrete between 1 and 35 days old. (1) LASC applied at one day, 
stored indoors; (2) LASC applied at seven days, stored indoors; (3) 
LASC applied at 35 days, stored indoors; (4) LASC applied at 35 
days, stored indoors seven days then outdoors 28 days. 
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TABLE I 

Penetration o f  Linseed Oil Composi t ions  Into Sheet- and Liquid Membrane-Cured 
Concrete Treated Between 1 and 105 Days After  Casting (Measured as Depth o f  Penetrat ion in Millimeters) 

Age of concrete,  a Polyethylene cured Pigmented wax cured Pigmented resin cured 

days LASC b LSOE b LASC LSOE LASC LSOE 

1 1-2 --- t-1.5 I-1.5 . . . . . .  
4 0.5-1 --- 0.5-1 0,5 . . . . . .  
7 0.5-1 - -  0.5-1 0,5 1.0 --- 

14 1-2 --- 1-1.5 1-1.5 1-1.5 --- 
35 2-2.5 2.0 2.0 1.5-2 2-3 1.5 
35 c 2-2.5 2-3 2-2.5 2.0 3.0 2.0 

105 1-2 2.0 . . . . . . . . . . . .  

aWhen treated with linseed oil composi t ions  at 78 F and stored indoors.  
bLASC, 50 volume per cent  boiled linseed oil in mineral spirits. LSOE, water  emulsion containing 50 volume 

per cent  boiled linseed oil. Application rate, O. 16 lb/yd 2. 
CWhen treated with linseed oil composi t ions at 78 F and stored outdoors.  

f o l l o w i n g  f o r m u l a :  S a n d  a n d  gravel  (all  p a r t i c l e s  < 1 / 4  in.  in  
d i a m e t e r ) ,  3 p a r t s ,  4 8 0 0  g; c e m e n t ,  1 p a r t ,  1 6 0 0  g; w a t e r ,  
0.5 p a r t ,  8 0 0  g; air  e n t r a i n i n g  a g e n t  ( D a r e x ) ,  1.2 ml .  

C o n c r e t e  b l o c k s  w e r e  p r e p a r e d  in  p o l y e t h y l e n e  d i s h e s  
(4  x 4 x l  1/8  in . )  b y  a m e t h o d  d e v e l o p e d  by  A.  A r t e r s  o f  
S h e r w i n - W i l l i a m s  C o m p a n y ,  C l e v e l a n d ,  O h i o  (Fig.  1). A 
s t a i n l e s s - s t e e l  w e d g e  (4  x 3 / 4  in . )  is p l a c e d  in  t h e  c e n t e r  o f  

::: ~ ....... . 

. . . .  ! 

N?: 

....... 7' 
:::: :::;:: ::: . . . .  

::;: ::: ::: :: : 5  

FIG. 3. Concrete test  specimens showing penetrat ion of  LASC 
and an emulsion o f  50% boiled linseed oil in water (LSOE) into 
liquid membrane-cured concrete.  (1) A wax-curing compound ;  (2) 
LASC through a wax compound ;  (3) LASC through a resin-curing 
compound;  (4) LSOE through a resin-curing compound ;  (5) LASC 
through  a pigmented resin-curing compound .  

e a c h  d i sh ,  a n d  t h e  d i sh  over f i l l ed  s l i gh t l y  w i t h  c o n c r e t e .  
T h e  w e d g e  p r o d u c e s  a w e a k  a rea  a l o n g  w h i c h  t h e  b l o c k  
l a t e r  c a n  be  eas i ly  b r o k e n .  A s  s o o n  as f ree  w a t e r  d i s a p p e a r s ,  
t h e  e x c e s s  c o n c r e t e  is s c r e e d e d  off .  A f t e r  a b o u t  2 h r ,  t h e  
s u r f a c e  is f i n i s h e d  w i t h  a w o o d e n  b l o c k  a n d  a s t i f f  p a i n t  
b r u s h  (1 x 1 7 /8  in . ,  a n g l e - c u t ,  b e v e l e d ,  h o g  br i s t l e )  to  
s i m u l a t e  a b r i dge  d e c k  o r  h i g h w a y  s u r f a c e .  T h e  b l o c k s  a re  
i m m e d i a t e l y  s p r a y e d  w i t h  a c u r i n g  c o m p o u n d  a t  t h e  
r e c o m m e n d e d  ra te  ( u s u a l l y  2 0 0  f t 2 / g a l )  o r  t h e  s u r f a c e  o f  
t he  b l o c k  is c o v e r e d  w i t h  p o l y e t h y l e n e .  I n  a d d i t i o n  t o  
p o l y e t h y l e n e  a n d  w a x  a n d  r e s in  c u r i n g  c o m p o u n d s ,  b o i l e d  
l i n s e e d  oil e m u l s i o n  ( L S O E )  or  e m u l s i o n s  c o n t a i n i n g  
m i x t u r e s  o f  b o i l e d  a n d  b o d i e d  l i n s e e d  oils were  u s e d  as 
c u r i n g  agen t s .  T h e  b l o c k s  are  c u r e d  fo r  s e v e n  d a y s  at  r o o m  
t e m p e r a t u r e  i n d o o r s ,  r e m o v e d  f r o m  t h e  d i s h e s  a n d  t h e n  
s t o r e d  in t h e  l a b o r a t o r y  o r  o u t d o o r s  o n  t h e  l a b o r a t o r y  r o o f  
u n t i l  c o a t e d  w i t h  l i n s e e d  a n t i s p a l l i n g  c o m p o u n d .  In  a f e w  
tes t s ,  l i n s e e d  a n t i s p a l l i n g  c o m p o u n d s  we re  a p p l i e d  w h e n  t h e  
c o n c r e t e  w a s  o n e  a n d  f o u r  d a y s  o ld  b u t  c u r i n g  in t h e  d i sh  
was  a l w a y s  c o n t i n u e d  fo r  a t o t a l  o f  s e v e n  d a y s .  

Bo i l ed  l i n s e e d  oil in  m i n e r a l  sp i r i t s  ( L A S C )  or  L S O E  
were  u s e d  as a n t i s p a l l i n g  c o m p o u n d s .  T h e y  we re  s p r a y e d  o n  
at  t h e  ra te  o f  0 . 16  l b / y d  2 u n l e s s  o t h e r w i s e  i n d i c a t e d .  T h e  
t e r m  50% L A S C  d e n o t e s  a s o l u t i o n  o f  50  v o l u m e  p e r  c e n t  
b o i l e d  l i n s e e d  oil in  m i n e r a l  sp i r i t s  a n d  50% L S O E  is an  
e m u l s i o n  o f  50  v o l u m e  p e r  c e n t  b o i l e d  l i n s e e d  oil  in  w a t e r  
(10) .  In s o m e  tes t s ,  c o n c e n t r a t i o n s  o f  b o i l e d  l i n s e e d  oil 
o t h e r  t h a n  50% in  m i n e r a l  sp i r i t s  o r  e m u l s i o n s  were  u s e d ,  
a n d  t h e s e  c o m p o s i t i o n s  a re  spec i f i ed .  

S p e c i m e n s  were  b r o k e n  f o u r  d a y s  a f t e r  t r e a t m e n t  w i t h  
a n t i s p a l l i n g  a g e n t  (s ix  d a y s  f o r  b l o c k s  t r e a t e d  at o n e  d a y )  
a n d  p e n e t r a t i o n  o f  oil  i n t o  t h e  c o n c r e t e  c o u l d  be  s e e n  as a 
f a i n t  g r a y - y e l l o w  a rea  o n  t h e  b r o k e n  s ide  n e a r  t he  c u r e d  t o p  

TABLE II 

Effect of  Composi t ions Differing in Concentra t ion  of Linseed 
Oil on Penetration Into Concrete 30 and 105 Days Old 

(Measured as Depth o f  Penetration in Millimeters) 

Antispalling Polyethylene cured Pigmented resin cured 

c o m p o u n d  30 Days a 105 Days a 30 Days 105 Days 

25% LASC b 6.0 4-5 3-5 4-5 
50% LASC 2-3 1-2 2-3 2-4 
75% LASC - -  - -  1-2 --- 
2-25% LASC c 6-7 5-7 6-7 4-5 
25% LSOE - -  1.5 1.0 --- 
50% LSOE --  1.5 . . . .  
2-25% LSOE c - -  - -  1-2 - 

aSee footnote  a, Table I. 
bOne coat of  indicated volume per cent  of  boiled linseed oil in 

mineral spirits (LASC) or emulsion (LSOE) applied at 0.16 lb/yd 2. 
CTwo coats of  indicated vo lume per cent  o f  boiled linseed oil in 

mineral spirits (LASC) or emulsion (LSOE) applied at 0.16 lb/yd 2 
each. 
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TABLE III 

Effect of Concentration of Oil in Linseed Oil Compositions and of Temperature 
on Penetration Into Polyethylene- and Pigmented Resin-Cured Concrete 30 Days Old 

(Measured as Depth of Penetration in Millimeters) 

Curing conditions 

34 F b 78 F 100 F 

Per cent LASC a PE c PR c PE PE PR 

20 3-6 2-4 1.0 3.5-4 2.5 
25 3.0 --  2.0 2.5-3 --- 
30 3-4 1.5-2.5 1.5-3 1-2 1-2 
35 2-2.5 1-2.5 1.0 2.0 1-2 
40 2.0 1.5-2 1-2 2.0 1.0 
50 2.0 1-2 --  2-2.5 1.0 
50(control,  7 8 F )  2.0 I-2 1-2 2.0 0.5-1 

aSee footnote b, Table II. 
bTemperature of concrete when LASC was applied and for five days thereafter. 
CpE, polyethylene cure; PR, pigmented resin cure. 

of  the  block.  However ,  a b e t t e r  m e t h o d  for  d e t e r m i n i n g  
p e n e t r a t i o n  was to spray the  b r o k e n  side of  the  b lock  w i th  
a 50% so lu t ion  of  sulfuric  acid and  bake  in an oven at 
130 C for  30  min .  The  acid t r e a t m e n t  char red  the  organic 
mate r ia l  and  p r o d u c e d  a b lack  area where  the  oil had  
pene t r a t ed .  Figure 2 is a p h o t o g r a p h  of  selected b locks  and 
i l lus t ra tes  the  relat ive ease wi th  wh ich  p e n e t r a t i o n  can be 
seen f rom the  sulfuric  acid test.  This tes t  was developed in 
c o o p e r a t i o n  w i th  m e m b e r s  of  S u b - C o m m i t t e e  V, Nat iona l  
F laxseed  Processors  Associa t ion .  

DISCUSSI ON 

In  Table  I are s h o w n  results  of  tests  m a d e  to d e t e r m i n e  
the  p e n e t r a t i o n  of l inseed oil c o m p o u n d s  in to  conc re t e  at 
t ime intervals  up  to 105 days. Thus ,  50% LASC at 0.16 
l b / y d  2 was appl ied to  p o l y e t h y l e n e - c u r e d  concre te  a f te r  
l ,  4, 7, 14, 35 and  105 days. T h e  first  spec imen  was cured  
for  one  day and  t h e n  t rea ted  wi th  LASC. P e n e t r a t i o n  
occur red  to a d e p t h  of  1-2 m m .  Spec imens  sprayed  w i th  
LASC af ter  cur ing 4 and  7 days showed  l i t t le  p e n e t r a t i o n  
while  the  14-day t r e a t m e n t  gave p e n e t r a t i o n  s imilar  to  the  
1-day specimen.  Spec imens  t rea ted  wi th  LASC at 35 days 
gave the  deepes t  pene t r a t i on .  No d i f fe rence  in p e n e t r a t i o n  
was observed b e t w e e n  i n d o o r  and o u t d o o r  specimens.  A 
spec imen  t rea ted  wi th  LASC af ter  105 days had  a 
p e n e t r a t i o n  s o m e w h a t  less t h a n  the  35-day spec imens  bu t  
equal  to  the  conc re t e  t r ea ted  at  14 days. Table  I lists the  
p e n e t r a t i o n  o f  LSOE appl ied to  i n d o o r  and o u t d o o r  
samples  at  35 days  and  indoors  at  105 days of  age. 
Pene t r a t i on  of  the  emuls ion  was s imilar  to  co r r e spond ing  
spec imens  t r ea ted  w i th  LASC. 

We have also d e m o n s t r a t e d  t h a t  l inseed oil p e n e t r a t e s  
conc re t e  cured  wi th  some c o m m e r c i a l  resin and  wax 
c o m p o u n d s  (Fig. 3). Block 1 was t r ea ted  wi th  wax-cur ing  
c o m p o u n d  only,  b r o k e n  af ter  30 days of  aging, sprayed  
wi th  50% aqueous  sulfuric  acid and baked  to  develop the  
t h in  b lack  line t h a t  represents  essent ial ly  no  pene t r a t i on .  
Resul ts  were similar  w h e n  b locks  were  t r ea ted  wi th  resin 
and  res in -p igmented  cur ing c o m p o u n d s .  Blocks 2-5 were 
cured  wi th  a wax- or  res in-cur ing c o m p o u n d  and t r ea ted  30  
clays la te r  wi th  50% LASC or  LSOE.  Linseed oil p e n e t r a t e d  
the  conc re t e  t h r o u g h  all wax-  and resin-cured tes t  
spec imens  w h e t h e r  i t  was in mine ra l  spiri ts  so lu t ion  or as an 
emuls ion .  

Table I t abu la te s  the  p e n e t r a t i o n  by  50% LASC and 
LSOE of  concre te  b locks  previously  cured  by  a commerc i a l  
p igmen ted  wax c o m p o u n d .  LASC appl ied one  day a f te r  
p o u r i n g  p e n e t r a t e d  the  concre te  1-1.5 m m .  When LASC was 
appl ied at  4 or  7 days, p e n e t r a t i o n  reached  a d e p t h  of  0.5 
to  1 mm.  A t  14 days, p e n e t r a t i o n  was equal  to  the  1-day 
sample .  Af t e r  35 days,  p e n e t r a t i o n  of  LASC was 

s ignif icant ly  grea ter  t h a n  at sho r t e r  l eng ths  of  t ime.  
Spec imens  cured  wi th  p igmen ted  wax c o m p o u n d  and  

t r ea t ed  wi th  50% LSOE ins tead  of  LASC showed  t h a t  some 
p e n e t r a t i o n  occur red  at  one day and  less p e n e t r a t i o n  at  
four  and  seven days. A t  14 days, the  d e p t h  of  p e n e t r a t i o n  
increased and  was 1-1.5 ram.  Wax-cured spec imens  sprayed  
wi th  l inseed emuls ion  at 35 days showed  a p e n e t r a t i o n  of  
1.5-2 m m  for  spec imens  exposed  b o t h  indoors  and  
ou tdoors .  

Tab le  I also lists a series of  tests  c o n d u c t e d  w i th  a 
c o m m e r c i a l  p i g m e n t e d  res in-cur ing c o m p o u n d  ins tead  of 
wax and  subsequen t l y  sprayed  wi th  LASC or LSOE. Depths  
of p e n e t r a t i o n  were similar to  the  wax-cured  specimens .  

Conc re t e  cured  u n d e r  p o l y e t h y l e n e  or  by  spray ing  w i th  
c o m m e r c i a l  wax- or res in-cur ing c o m p o u n d s  and  
s u b s e q u e n t l y  t rea ted  wi th  50% of  e i t he r  LASC or LSOE 
was pene t r a t ed .  P e n e t r a t i o n  of  ant i spal l ing  c o m p o u n d s  was 
greates t  w h e n  the  concre te  was t r ea ted  one m o n t h  a f te r  
curing. With concre te  up  to 35 days old and t r ea ted  wi th  
50% so lu t ion  or emuls ion ,  all m e t h o d s  of  cur ing tes ted  gave 
similar  p e n e t r a t i o n  pa t t e rn s  wi th  t ime and  suggest t h a t  the  
d e p t h  of  p e n e t r a t i o n  of  these  ant i spal l ing  c o m p o u n d s  i n to  
new conc re t e  depends  m o r e  on  the  age of  the  conc re t e  at  
the  t ime  of  app ly ing  the  l inseed oil c o m p o u n d  than  it  does  
on the  cur ing m e t h o d  used.  

Table  II records  data  on concre te  b locks  cured  u n d e r  
p o l y e t h y l e n e  or the  commerc ia l  resin and  t r ea ted  wi th  
so lu t ions  of  LASC or  LSOE tha t  c o n t a i n e d  d i f f e ren t  
a m o u n t s  of  boi led  l inseed oil, e.g., 25% LASC represen t s  
25% by vo lume  of oil in minera l  spiri ts.  With the  samples  
t h a t  were 30 days old w h e n  t r ea ted  w i th  LASC solu t ions ,  
the  50% so lu t ion  p e n e t r a t e d  to a b o u t  2.5 ram,  whereas  the  

TABLE IV 

Penetration of Linseed Emulsion Curing 
Agents and Linseed Antispalling Solutions 

Into Concrete 

Curing agent a Antispalling agent, b 
Emulsion Penetration, total penetration, 
type, % mm mm 

50 LSOE 2.0 3.0 
20 c 1.0 3.0 
30 0.6 2.2 
40 0.4 2.0 
50 0.2 0.2 

aApplied at 200 ft2/gal. 
bFifty per cent LASC applied at 0.16 lb/yd 2 to linseed emulsion- 

cured concrete 25 days old. 
CEmulsion of 50 volume per cent mixture of boiled and bodied 

linseed oils in water. Values given indicate volume per cent of bodied 
Z8 linseed oil in boiled linseed oil. 
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25% solution penetrated more than twice as much. If we 
apply 25% LASC in two coats of 0.16 lb/yd2 each and 
allow 24 hr between applications, we obtain slightly deeper 
penetration than with the single application. No oil film 
remains on the surface of the block. 

A similar study was conducted on concrete specimens 
cured under a commercial pigmented resin-curing com- 
pound instead of polyethylene. Penetration was greatest 
with 25% LASC and the specimen coated twice with this 
solution showed the most penetration. In general, resin- 
cured specimens treated with LASC displayed about the 
same penetration pattern as the corresponding polyethyl- 
ene-cured blocks. When resin-cured specimens treated with 
one or two coats of 25% LSOE were compared with the 
corresponding LASC blocks, much less penetration was 
observed. 

Table II also lists penetration on blocks treated with 
linseed oil solutions and emulsions after 105 days. When 
polyethylene cured LASC-coated blocks treated at 30 and 
105 days are compared, concrete 30 days old was pene- 
trated to a greater depth by LASC than concrete 105 days 
old. When 105-day-old concrete was treated with LSOE, 
there was no difference in penetration between 25% and 
50% emulsions. When the resin-cured blocks treated with 
LASC at 30 and 105 days are compared, the penetration 
depth of the 25% and 50% solutions were similar. When 
25% LASC was applied in two coats over the resin-curing 
compound, penetration was deep but uneven. 

Table III shows data on polyethylene and pigmented 
resin-cured concretes that had been treated with several 
concentrations of LASC at 35, 78 and 100F.  Different 
batches of concrete were used to prepare the blocks for 
each temperature study, and a control specimen was 
included as a check on the variability of the concrete. A 
comparison of the polyethylene-cured controls in Table III 
with corresponding polyethylene cured blocks treated with 
50% LASC shown in Tables I and II illustrates how 
variability between batches of concrete made in the same 
way affects penetration. Concrete specimens listed in Table 
III are somewhat less porous than those listed in the other 
Tables. Although this variability precludes direct critical 
comparisons of data in the Tables, some trends can be seen. 

Penetration of LASC occurred with all polyethylene- 
cured specimens at the three temperatures studied (Table 
III), and greatest penetration was observed with the LASC 
solutions in the 20-30% range. Since 50% LASC gave 
moderate penetration in the 34-100 F range, the 50% LASC 
normally used by highway departments should penetrate 
sheet-cured concrete under most conditions encountered in 
field work. 

At 34 and 100 F greater penetration of pigmented 
resin-cured concrete occurred with 20-35% LASC than with 
solutions in the 40-50% range. When the pigmented 
resin-cured controls in Table I l l  are compared with the 
35-day 50% LASC treated block in Table 1, it is evident 
that tests at 34 and 100 F were done on less porous 
concrete, particularly the tests at the high temperature. 
Because of the apparent difference in porosity between 34 
and 100 F specimens, we cannot conclude from these data 
whether there is a difference in penetration between 
corresponding specimens at 34 and 100 F. 

Table IV shows penetration data on concrete specimens 
cured with 50% LSOE or 50% mixed emulsions that 
contained Z8 bodied linseed oil in the boiled oil. The curing 
agent was applied at 200 ft2/gal and the LASC applied 25 
days later at 0.16 lb/yd 2. Clearly, 50% LSOE when used as 
a curing agent penetrated the concrete. The LASC antispall- 
ing agent also penetrated the concrete cured with emulsions 
where the oil phase of the curing agent contained up to 40 
volume per cent of Z8 oil. Penetration of LASC is markedly 
less into concrete cured with emulsions containing 50% Z8 
oil. 

We should point out that we tested only a few of the 
wax- and resin-curing compounds commercially available. 
Although others might allow more or less penetration of 
the antispalling compound, we selected curing compounds 
that, to the best of our knowledge, were representative. 
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