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Concentration and the 

Abstract 
The effect of concentration and kind of deter- 

gent, and nature  of oil-on-oil removal efficiency 
in hard  water was studied. Maximum oil removal 
efficieneies are shown at the same water hardness 
for  a given oil. As the concentration of deter- 
gents increases, the water  hardness at maximum 
oil removal efficiency increases and the sharpness 
of the oil removal peak is lessened. A linear re- 
lationship between concentration of detergent 
and water hardness at maximum oil removal ef- 
ficiency was found. This relationship is depen- 
dent on the nature  of the oily soil and kind of 
detergent. 

Introduction 

A TttOUGtt DETERGENCY using oily soil has been 
variously studied (1),  the mechanism of removal 

is not clearly understood (2). I t  may be assumed, 
however, that  the most important  phenomenon in- 
volved is the solubilization or mieroemulsifieation by 
detergent of the oily soil, which is then suspended in 
the water away from the textile. This phenomenon, 
in short, makes a stable emulsion a condition for 
detergency. 

The mechanism of emulsification has been studied 
by many (3,4). They have suggested that,  in order 
best to make a stable emulsion, the hydrophile- 
lipophile balance (HLB)  of detergent will be varied, 
depending on the nature  of the oil. 

I f  sodium dodecylbenzene sulfonate (NaDBS) is 
used in various water hardnesses, a par t  will be con- 
verted to calcium dodecylbenzene sulfonate (CaDBS),  
which is insoluble in water and more lipophilie than  
NaDBS. Accordingly, detergent solutions can be ob- 
tained of various CaDBS/NaDBS ratios (that is, the 
detergent solutions of various I-IBL values). There- 
fore, if  a detergent such as NaDBS is used for wash- 
ing in hard  water, it  may  be expected that  maximum 
detergency will be shown at the same water hardness 
for  any given oil. Although there are many reports 
on the effects of hard  water on detergency (5-11),  
these did not seem adequate to test the above idea. 
The present investigation was undertaken to obtain 
data on detergency at various water hardnesses, to 
test this idea. 

Experimental 
M a t e r i a l s  

Sodium dodecylbenzene sulfonate (NaDBS, Neo- 
plex 05: Kao Soap Co.) was purified by extraction 
with petroleum ether and repeated crystallization 
from water. 

Sodium dodecyl sulfate (SDS, Emal  O: Kao Soap 
Co.) was used without purification. 

The hard  water was prepared from distilled water, 
using calcium chloride (extra pure) ,  and the calcium 
content determined by E D T A  titration. 

Cotton cloth (Sarashi-Kanakin:  Kanebo Co.) was 
soiled with various amounts of oil. Three oily soils 
were used: beef tallow (acid value; 7.13, saponifica- 

tion value; 194.2, iodine value; 0.64, melting point;  
57.3C: Kao Soap Co.), liquid paraffin (ep),  and a 
mixture of beef tallow and liquid paraffin in 1:3 ratio. 
All were dissolved in carbon tetrachloride, and a con- 
stant weight of carbon black (C-carbon: Tamagawa 
Co.), suspended in the solution. Test swatches (5 
cm • 10 era) were cut f rom a roll of soiled cloth af ter  
removal of solvent by evaporation. The amount of oil 
adhering to the swatches was determined by the Soxh- 
Iet extraction. 

M e t h o d  

Washing was carried out in the Launder-o-Meter 
(Atlas Electric Devices Co.). Two test samples were 
placed in each jar  with 60 ml of various hard water /  
detergent solutions, and 20 rubber balls were also 
included to provide agitation. Washing was carried 
out for 30 rain at 30C. 

Following washing, each swatch was rinsed once 
with 60 ml of distilled water  using the Launder-o- 
Meter for 5 min, at the same conditions as for  wash- 
ing, and then air-dried. 

Soil removal efficiency was measured by reflectance. 
The instrument  used was the Color Machine (Color 
Machine Co.), and the soil removal efficiency (% 
SRE)  was calculated according to the formula 

% SRE = ( R w - R s ) / ( R o + R s )  
where Rw, Rs, and Ro are the reflectance of the laun- 
dered swatches, of the soiled swatches, and of the 
original unsoiled fabric, respectively. In  these experi- 
ments, Ro was in the neighborhood of 87 and Rs in 
the neighborhood of 30. 

The amount  of Ca detergents (CaDBS or calcium 
dodecyl sulfonate) were determined as follows: Na 
detergents (NaDBS or SDS) converted to Ca deter- 
gents in various hardness of water were separated by 
filtration and were also calculated from measurement 
of Na detergents in the filtrate by the Epton  method. 

Results and Discussion 
The  C o n v e r s i o n  to  Ca D e t e r g e n t s  in  H a r d  W a t e r  

When a constant concentration (0.1 wt %) of Na 
detergents was used in various water hardnesses, a 
par t  was converted to water-insoluble Ca detergents, 
and these were separated by filtration. The results 
are shown in Table I. 

In  Table I, the conversion to Ca detergents is a lit- 
tle less than theoretical, but  if one considers that  a 
par t  of the Ca detergents would form a mixed micelle 
with Na detergents (8), or the slight solubility of Ca 
detergents, this conversion can be regarded as ap- 
proximately theoretical. 

T A B L E  I 
The A m o u n t  of Conversion to Ca Detergents  in  Each Wate r  

Hardness/Na Detergent (0.1 wt  % )  Solut ions* 

Water N a D B S  ( x l 0  -e wt  % )  SDS ( x l 0  - ewt  % )  
hardness,  

ppm 1 2 1 2 

22.3 1.2 1.4 
44.5 2.6 3.3 2.0 2.6 

* Where  1 is the exper imental  value,  2 is  the theoretical  value.  
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Fie. 1. The effect of kind of oil soils on the oil removal 

efficiency vs. water hardness. 
The concentration of NaDBS is 0.1 wt %. The kind of oil 

is (1) beef tallow [amount of oil (g) /swatch : 0.023], (2) 
beef tallow-liquid paraffin mixture [amount of oil (g)/swatch: 
0.017] and (3) liquid paraffin [amount of oil (g)/swatch: 
0.046]. 

Effect of Oily Soils on Oil Removal 

Oil r emova l  efficiency vs. w a t e r  ha rdnes s  curves  
were d e t e r m i n e d  fo r  t h r ee  oi ly  soils a n d  p l o t t e d  in  
F i g u r e  1. Beef  t a l low soil was most  eas i ly  removed ,  
fo l lowed b y  beef  t a l l ow- l i qu id  paraf f in  mix tu re ,  a n d  
l iqu id  paraffin.  Beef  t a l low was most  efficiently re-  
moved  when the  h a r d n e s s  of w a t e r  was  20 p p m ;  fo r  
the  m i x t u r e ,  34 p p m ;  a n d  for  l i qu id  paraff in ,  41 ppm.  
The p o l a r  beef  t a l low showed g rea t e s t  oil r emova l  
efficiency, whi le  n o n p o l a r  l i qu id  paraf f in  showed leas t  
oil r emova l  efficiency. However ,  the  r e l a t i onsh ip  be- 
tween the  w a t e r  ha rdnes s  a t  m a x i m u m  oil r emova l  
efficiency for  each soil  a n d  oi ly  soil p o l a r i t y  was p a r a l -  
lel. T h a t  is, a p r o p o r t i o n a l  r e l a t i onsh ip  is a p p a r e n t  
be tween the p o l a r i t y  of the  oil ( log d ie lec t r ic  con- 
s t an t )  a n d  the  h y d r o p h i l e - l i p o p h i l e  ba lance  ( H L B )  
of the  d e t e r g e n t  (12) : the  m i x t u r e  of the  de t e rgen t s  
of th i s  r a t io  wou ld  be the  most  effective H L B  of de- 
t e r g e n t s  for  each oil soil a t  m a x i m u m  de te rgency .  
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The correlation between the amount of oil (beef 
tallow-liquid paraffin mixture) soil vs. the water hardness at 
maximum oil removal efficiency. 
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Fie. 3. The effect of the concentration of NaDBS on the 

oil removal efficiency vs. water hardness. 
The concentration of NaDBS (wt %) is 0.04 (1), 0.06 (2), 

0.1 (3), 0.2 (4), and 0.4 (5). Amount of oil (beef tallow- 
liquid paraffin mixture) soil (g)/swatch is 0.055. 

Effect of Amount of Oily Soil 

As the w a t e r  ha rdnes s  h a d  such a r e m a r k a b l e  ef- 
fect  on oil r emova l  efficiency in  each sys tem,  i t  was 
expec ted  t h a t  the  d i f fe ren t  amoun t s  of oi ly  soil  wou ld  
not  m a r k e d l y  change  the  ha rdnes s  of w a t e r  a t  max-  
i m u m  oil r e mova l  efficiency. The r e l a t i onsh ip  be tween  
the w a t e r  ha rdnes s  a t  m a x i m u m  oil r e mova l  efficiency 
and  the  a m o u n t  of oi ly  soil  is shown in  F i g u r e  2. 
This  r e l a t i o n s h i p  d i d  no t  g r e a t l y  change  for  the  
d i f fe ren t  a m o u n t s  of o i ly  soil  used. 

Effect of Detergent Concentration on Oil Removal 

I t  was expec ted  t h a t  as the  concen t r a t i on  of de te r -  
gents  was increased ,  t h a t  the  ha rdnes s  of w a t e r  a t  
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FIG. 4. The effect of the concentration of SDS on the oil 
removal efficiency vs. water hardness. 

The concentration of SDS (wt %) is 0.1 (1) and 0.4 (2). 
Amount of oil (beef tallow-liquid paraffin mixture) soil (g ) /  
swatch is 0.055. 
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maximum oil removal  efficiency would be increased 
so that  the ratio of C a D B S / N a D B S  at the max imum 
oil removal efficiency would remain constant. This 
effect was measured, and the data obtained are plotted 
in F igure  3. The same results were obtained with a 
different amount  of oily soil (amount  of oil soil 
( g ) / s w a t c h  is 0.017). As the concentration of NaDBS 
and water  hardness was increased, oil removal effi- 
ciency increased, and the sharpness of the oil removal  
peak was lessened. This result  may  be regarded as 
explaining the data  of Tahibana (13) which showed 
a max imum oil removal  efficiency at the same concen- 
t ra t ion of SDS. 

Effect  o f  K i n d  of  D e t e r g e n t  on Oil  R e m o v a l  Eff ic iency  

Oil removal efficiency curves were also determined 
with SDS. The results are plot ted in F igure  4. The 
max imum oil removal  efficiency of SDS was lower 
and was shown at higher water  hardness than  
NaDBS. This would be explained by the difference 
in affinity between the detergents and oil or the hy- 
drophil ici ty of the detergents. 

The  R e l a t i o n s h i p  B e t w e e n  the  D e t e r g e n t  Concentrat ion  
and  W a t e r  H a r d n e s s  

F r o m  the above results, the concentration of NaDBS 
and SDS vs. hardness of water  at  maximum oil re- 
moval efficiency were plotted in F igure  5. I t  is clear 
f r o m  Figure  5 tha t  the relationship between deter- 
gent concentration and water  hardness at maximum 
oil removal efficiency is linear, and, the molar ratio 
of C a D B S / N a D B S  is 0.21: in the case of SDS, it is 
0.28. At  this ratio, the opt imum hydrophile-lipophilc 
detergent  balance for a given washing is shown. From 
the results of Figures  1 and 5, this rat io  is also shown 
to be dependent  on the nature  of the oily soil and 
kind of detergent.  

The relationship between the solubilizing power of 
some kinds of NaDBS in hard  water  were measured 
by K imura  et al. (8), and others (14). They found 
that  the ratio of C a D B S / N a D B S  at  maximum solu- 
bilizing power with Orange-OT was about 0.4-0.5 
molar  ratio. F r o m  our data, the C a D B S / N a D B S  
ratio at max imum solubilizing power was a little 
larger  than tha t  determined by detergency values. 
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F i e .  5. T h e  r e l a t i o n s h i p  b e t w e e n  w a t e r  h a r d n e s s  vs.  concen-  

t r a t i o n  o f  d e t e r g e n t s  a t  m a x i m u m  oil ( b e e f  t a l l ow- l i qu id  p a r -  
affin m i x t u r e )  r e m o v a l  efficiency. 

I n  the  case  o f  N a D B S ,  the  a m o u n t  o f  oil soil ( g ) / s w a t c h  
is 0.055 ( ( I )  a n d  0.017 (qD) .  
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