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ABSTRACT 

The behavior of sodium subsilicates as soap build- 
ers in commercial laundry operations is discussed, 
with particular reference to the technically anhydrous 
product containing 2 mols of sodium oxide per 1 tool 
of silicon dioxide. A system for evaluating soap build- 
ers is suggested, and subsilicates are evaluated accord- 
ing to this system. The data presented indicate that 
the technically anhydrous 2:1 ratio sodium subsilicate 
is eminently suitable as a soap builder in commercial 
laundering. 

BEHAVIOR of SUBSILICATES with SOAP 

This paper  is intended to be of interest to those who 
apply soaps in commercial laundry operations. I t  cov- 
ers in a general way the behavior of subsilicates, par-  
ticularly the 2:1 ratio sodium subsilicate, correspond- 
ing to the formula Na~SiO4,--as a soap builder in 
commercial laundry operations. 

I t  is generally accepted that soap solutions operate 
most effectively as detergents when in the p H  range 
of 10.0 to 11.6. In laundry operations there are sub- 
stances present which are acidic with respect to this 
ideal p H  range. These substances tend to lower the p H  
of  the soap solutions. I f  the tendency is not counter- 
acted by the addition of alkaline "builders," the so- 
dium oxide content of part  of the soap is used up in 
neutralizing these acidic substances. In this way, part  
of  the soap is actually acting as a "builder" for the 
remainder of the soap. Obviously, soap is a very ex- 
pensive builder, owing to its relatively high cost per 
unit of sodium oxide content. 

The ideal laundry soap builder is considered to 
have the following properties:  

I. I t  will dissolve and neutralize acid substances 
which would otherwise use up soap. 

2. It  will exert its buffer action strongly in the p H  
range between 10.0 and 11.6. 

3. I t  will be a good detergent itself, thus adding to 
the detergency of the solution. 

4. I t  will rinse f rom the clothes readily. 
5. I t  will be in such form that it can be conveni- 

ently used. The builder must of course be compatible 
with soap. 

An examination of the behavior of the 2:1 ratio 
sodium subsilicate in laundry operations, indicates that 
its properties conform extraordinari ly well with those 
of the ideal builder, mentioned above. 

I. Neutralization of Acid Substances 

There  are two classifications of substances encoun- 
tered in commercial laundry operation, which are acidic 
with reference to the ideal pH range for ~,oap per- 
formance. They are:  

(1) the acidic soil in the clothes; and 
(2) sodium bicarbonate in the water. 
Christoffers ~ has shown quite clearly that the p H  

values of laundry detergent solutions are depressed 
upon contact with the laundry load, and that the sodium 
oxide contents of the solutions, available at p H  levels 
between I0.0 and 11.6, are depleted. 

He  has made plant scale tests on several types of 
laundry loads, with subsilicate-soap formulas, and 
measured the absorption of the sodium oxide available 
at various pH levels. He  has shown that the total so- 
dium oxide content is not reduced by the acidic soil 
of the load, but that the sodium oxide available above 
a p H  of 10.0 (i.e., at a le'~el where it is of value in 
maintaining the soap solution at an effective range for 
good detergency) is reduced by an average of 71% 
for the various loads tested, representing an average 
absorption of 35.7 gms. of sodium oxide available at 
this level, per 100 lbs. of clothes washed. 

The following table gives a summary of Christoffers'  
data : 

T A B L E  A 

AI)~orption of ~Mkali by L a u n d r y  Loads ~ 

- - x ¢ o  

A 29.4 gins. 78.3% 22.4 gins. 48 .3% 3.5 pIrI 

B 37.9 gnls. 59.2% 27.2 gins. 33.4% 5.5 pH  

B 1 30.2 gms  71.8% 18.3 gins. 32.6% 6.0 pH  

C 37.1 gins. 75.0% 24.7 gins. 38.5% 5.0 p H  

Avrg .  33.7 gms.  71.0% 23.1 gins. 38 .2% 5.0 p H  

Load A---539 lbs. net ted white  shirts ,  ave rage  soil~ 4 4 " x 9 6 "  metal t r ay  
commercial  wash wheel. 

Load B - - 4 3 0  lbs, net ted wet wash,  moderate  to heavy  soil, 44"x120", 
metal  t r ay  commercial  wash wheel. 

Load 1:ll 476 Ibs. net ted wet wash,  moderate  to heavy  soil, 44"x120"  
metal  t r a y  commercial  wash wheel. 

Load C - - 5 5 0  tbs. net ted wet wash,  modera te  to heavy  so~l, in 4 4 " x 1 2 0 "  
commercia l  wash wheel. 

In this work, the soap and alkali builder (composed 
principally of the 2:1 ratio sodium subsilicate) were 
added to the wash wheel prior to the addition of the 
load of clothes, pH vs. titration curves on the washing 
solutions were plotted and the clothes were then added. 
Curves were again made af ter  the washing operation. 
These curves serve to show not only the total sodium 
oxide content of the solutions, but the sodium oxide 
available a ( a n y  p H  level. F rom these curves the sodium 
oxide available for use in soap bui lding-- that  is, 
available .above the pH of 10.0, was determined and 
the effect of the acidic soil in depleting this available 
sodium oxide content was readily shown, as given in 
the above table. 

The second factor encountered in laundry opera- 
tions, which tends to depress the p H  of soap, is the 
sodium bicarbonate content of the water used. I t  is 
the general custom in commercial laundries to remove 
hardness from water  by means of base exchange soft- 
eners. The calcium bicarbonate content of  such water  
is converted to sodium bicarbonate, with the result 
that in some parts of the country, laundries are using 
water which, although it has zero hardness, contains 
as much as 500 parts per million of sodium bicarbon- 
ate, or even more. 

1 2 5  



i
I
 

I
I
 

II 
II 

I
I
i
 

II 
Cl 

I II 

i 

I(IIIII[TFII11111[ 
- 

~ 
rmt1' 

I 
, 

, 
t,mlllr 

ti~ir 

I I l I I I 
........ 

~
, ) ~ i,, 

,,I ~ I 
t I I I ~ |-IY.~H';~ 

, i, 
~ ~

t
:

t
~

'
.

~
:

t
.

]
:

~
.

*
+

K
~

 
,~: ~Y] 

L
~

~
2

]
~

 
~ 

...... 
i 

, 
!1t~ 

i} 
1, 

:> 
:

l
i

l
l

l
t

l
l

l
l

i
l

 
: 

IT1- 
, 

: 
t!l)llillll 

: 

~','~',',',',',',i','; 
.... 

" 
+ 

~ 
1 

' 
.

.
.

.
.

.
.

.
.

.
.

.
 

I I ill 
I 114-H

 ................... 
ff-H

-F
H

-t-F
ti 

I I I I fH
H

# 
V

H
 L~

fcH
+

4-H
+

4-b÷
~

', 
I I 

I Illl 
I

-
H

-
H

~
'

t
~

 
-

t
M

~
,

t
;

<
t

t
t

h
i

~
 

z a; 
' ', ~ i iil 

ill]lll 
llllllll 

Illlllllfl 
II1/11111 

[ i 
I111 

II 
I ' 

'~.p 

',1', 
I'"I,,IIIt_H_PIIIP~N]-]TIT4_L+~_~.H__[[I[IIIilI~,,I 

lltllll 
,' ........ 

~ 
~

~
:

~
:

~
~

T
I

l
l

 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

I 
"

~
-

H
-

H
-

~
 

i I 
I 

I 
i 

[ I I I I 
I I [ t i 

] J I I I 
] 

[ 
.

.
.

.
 

T-FTT~TT1-/~TI 
T Ill 

I I I 
I I L~ 

i 
iiiiiiiiiiii 

illll 
tK~bl.] 

, 
m

F
H

~
-

~
&

t
T

~
z

~
_

~
b

~
_

H
~

+
H

~
z

~
l

~
K

i
-

i
:

t
~

 
: 

,i,,l 
I 

[ I < ' 
I 

I 
I l I H

~4-H
-[÷H

H
--~izlzLIz~H

 
-

b
l

t
l

 
"IL+~ 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 
~

J
r

J
r

~
'

~
,

 
' Jil~ i 

i I ]1, 
...... i.i 

i II 
i iii 

< i i 
....... 

I i[ 
i i-, 

.
.

.
.

.
.

 

I~-i:t::~+Ft~{E
[~[~:~+t4"t 

I [ ......... 
J~-~{'~{~).J~LLI 

If 
I 

'i I ' 
I I 

} " I ' 
i

l
l

'
 l[ 

.
.

.
.

 
' i,, 

i, ll~ll] H
-hLP

lI~.L 
ill 

i[ i 
[ D

II 
i , 

...... 
lii 

i.~ 
i {i 

i
l

l
t

l
 

....... 
ii 

I'II 
ii 

lllll~[i 
i 

ii 
I 

illlll 
i//1111111 

i 
IT,ll 

I/il 
I 

Illllllll 
I 

I rZTTTT~ 
II1111 

II 
I I 

I 
I llllllll 

I 
I~r 

IIII 
l[ 

~ 
I 

[ I I
-

T
"

I
"

I
'

Z
~

]
G

 
I 

I Iil 
i 1 i i i#1/I 

I 
I1F 

llfl 
I I II 

III 
II 

I IIX
 

I m
ill 

III 
r t i 

I 
" 

IIrlllllllllllll 
illlll 

i++i i i i ', ', i i i i i 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 
I ................ 

441 [ { i i I' ',, I I I I I IIi i l I I t H
-

H
~

H
+

h
r

}
Z

£
~

~
~

I
~

4
~

~
~

i
]

 
i~ ..... 

4 
.

.
.

.
.

.
 

~i,,,l 
.... 

ii 
, 

~ 
~ 

,L~,,*I 
...... 

"i-t-F~ 
, , ~+i" 

~-i-{" 5
t

4
~

,
 

i
~

 
I 

I 
) 

t 
i ) ) ) i 

i 
i, i 

i
-

~
 

i 
ix~ 

I
~

l
-

l
i

 
.

.
.

.
.

.
 

Iillliilt 
i 

llilllil!t 
i 

I 
>) 

, .
.

.
.

 
' 

' 
', 

' 
.. 

, 
I 

' 
! 

I'',+_ 
J 

' 
f' 

' 
.

.
.

.
.

 
" 

i 
I 

I 
I~IIII 

IitlIIlilliIillll~tiltltlllltllllll 
IflllIIIItllllt 

J~ 
, 

. 
i 

i 
i 

i t I i 
i 

i1 
i i 

i i 
• 

. 
I ~1 

Ill( 
I I 

I ( Im
l'lllll 

IItltl 
I 

I 
, 

H
4q-t-t-t-tH

~b114-H
-F

bH
H

-H
4+t-bH

 
bH

ll 
I/IH

4i 
H

H
-tH

H
-~

F
H

-H
H

H
H

H
t-IH

H
-H

+
fH

 
H

H
JI#IF

F
tH

-H
+

t-H
II+

H
dIi~

F
tT

cJ-I:~
, 

.............. 
"

H
~

t
*

~
J

I
-

H
~

J
~

H
~

H
-

H
~

+
{

~
J

l
4

q
 

................. 
I 

I I I I I 
I i i 11 

I I 
I i ~

t
t

#
t

 
t 

P
ftt'f 

t'f t''flttl 
t

~
 

I 
I ~

1~
111~

t~
1~

t-F
1~

-1~
f~

1~
1~

1-t1q-r~
T

F
T

tiii~
F

rrF
T

~
~

T
5`~

LLZ
-LJdF

~
 

I I I 
IJJ 

I 
I 

I111 
I 

I I I I I~ 
U

~
I

L
L

I
 

I I I 
I III 

I I 
I 

/ 1 i i I 
I I I I II 

I I I I I I 
• 

i i i i i 
I I I I 

I 
I I I 

I I I /l 
I I 

I 
I I i 1 t

-
I

~
f

'
t

~
t

-
t

-
t

T
~

T
F

r
Z

~
T

]
-

Z
T

I
 

~J--Lj4tt]J 
I I II 

I I 
I I111dl 

I I I ill" ~LL~II~G
 

I I 
I 

] I I I II 
I [ ! I 

I
~

~
 

r
+

'
~

 
.................... 

~
~

l
l

l
~

]
 

....... 
TT_.~I~.]I!! 

..... 
~ 

'll 
~

H
I

H
I

I
I

t
H

I
l

t
{

'
,

'
.

"
 

....... 
illlllll,,,l!l~Tll~|N

lillllillll 
lllllllllllf[lllllll] 

.
.

.
.

.
.

 
l .

.
.

.
 

1/[111111[i]111111[i 
- 

iiiiiJllll-) 

-'iiiiiiii 
.

.
.

.
.

.
.

.
.

.
.

 
~IP~ I I I [ [ [ I I Idlri ]" 

] i i[ll 
l]lll 

I Illllll]l 
m

ll]lll 
!!!!!J 

i J J ill-H
, 

....... 
M

-~III~-I:I¢I-??}H
T:tttt~4 

H41111 
f+

}~
.~

?F
~

tT
~

U
T

rN
t~

t:H
T

F
T

T
T

T
tF

4~
T

T
t~

r4~
~

T
~

T
, 

~-~ ............. 
~

i
l

l
l

 
II i 

l ~1 / i 
..................... 

.... 
i 

Ill111111 
llll[#llillllll 

I 
I 

' 

Iltlllllillllll 
........ 

.
.

.
.

.
.

 
" 

I 
illl~[Irlllll 

ii 
11]111 

Ill 
IIIII 

~
-

+
 

.............. 
[ G

F
f

T
~

T
~

 
T}tTH

 T-~Tq~tTFFI 
F

1
t

~
~

7
:

~
t

7
 

TFtTiI~47-FFFt}7-Hit~ H-t4-H 
............ 

I 
I I;4H

+H
f-H

 
I; 

........ 
H 

IIl 
I ] ] i 

~
l

l
J

l
t

~
-

J
l

l
l

~
"

~
 

" 
H

~
.

~
l

 
I I ' 

I ' 
' 

' 
[

H
~

:
[

~
[

'
[

.
.

 
.

.
.

.
 

~ ~ 
.

.
.

.
.

.
 

- 
r 

~ 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

, i , ) , 
i i i i i 

, 
. 

I 
. 

. ~
"

 
I I i ' 

I I I 
I 

I I I 
I I I 
I ' 

I 
I I I 

I I 
I ' 

) "I 
I 

I I I "I 
I 

I ' 
I "' 

I ' 
' 

' 
...... 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

. ........... 
. 

* 
i 

,ill, 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 
.

.
.

.
.

.
.

.
.

 
iiirliil~ll~ltlll 

1-' 
111111 

l
l

l
l

l
~

l
l

l
[

l
l

l
l

i
l

~
i

i
l

i
i

H
i

 
I 

Flltiittl~ 
~! 

Ii 
lltllltllilllllilliilililil 

~li 
" 

. 
.

.
.

.
.

.
.

 
f .

.
.

.
.

.
.

.
.

.
 

; 
..... 

I,,Iii i 
II 

i[i 
......... 

II*'' 
I''I 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

4 
.

.
.

.
 

~I , ii ii ii i , , I H_i I I , i [ )) I ~ 
~'J~llllll 

l,ll 
II 

I I I'' 'rN
tZTT;T~:H

~qC
H

--1~t~7~G
t~H

+H
--H

4+H
--H

--H
--J~+H

+H
--~H

+i+H
 

II Jl~l~ 
IIi 'l I-H-I-I ~ t-J-I-H-t-J#P4~f++fF~t4~-PI-I-P+-FH-IM

-H-H+H-H-t 
', I I I 

.......... 
Ill]l 

liJ 
)/ 

it 
Illlllllllllll]llll~Tll 

IIIll 
IIIII 

III 
I 

f
~

 
~ 

::: 
' 

......... 
: 

~J:__~:~:b+H
~ 

I I ' 
l 

I 
I I I H

~+~ 
- 

i 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 
~ 

~ 
L

~
 

~l~L~ 
............ 

~J~'~J~L~ 
: : 

.
.

.
.

.
.

.
.

.
.

.
.

.
 

]tl 
ii 

I II 
]-11I 

I I 
IllI 

) [ I 
+~'f-~:~:~.~:Ji~P

+H
-t÷~ 

+÷H
4+f~H

C
FFFII~rH

H
+t 

I 
.

.
.

.
.

.
 

i i i i~pf 
i i 

iii 
i iii 

I ' I 
I 

H 
H

~
 

........... 
j

~
 

i, 
i ] | 

, [] 
] ill 

i [ [ i 
i[ .... 

]l .... 
[[TI 

[ II II I I 
II 

i 
'lllll 

L II 
I 

~t~t- 
"l~J~t~"l('~"~'~'lf'~t~ 

.
.

.
.

.
.

.
.

.
.

.
.

.
 

~
-

~
t

-
~

-
~

-
P

~
+

~
 

~ ~ ~ ~
l

~
j

~
4

 
I I ( ]1 i 

i 
i 

Ii i 
,i i I I ~lEIi 

Ii I I 
i 

i~1 - i~t'~l"t "t "~1 l~l 
IiIiIi 

I I ] I I I I 
) I I I I 

I + I 
I Ill~lil~l#~l 

I m
l I I I I 

I
r

l
l

l
 

.... 
I I II], 

.... 
llll IrLIIIl, 

ll 
H

~m
~ 

+ ......... 
IIIm

L~ 
Ill 

I 
~[J 

I[ll 
[Il] 

I 
l~ilrI 

J I I 
[ I1 

[ I J I I 
I i r [ I 

I I 
I~] 

I I I I 
I 

I [ [I[ 
[ I 

I I 
r E

~I 
II 

II[lll 
I 

III]l 
I~lIFlil[I 

I I 
Ill 

I I ll]l 
IJ~rll 

I 
IIII 

I 
Ill 

[ I 
l 

~
L

~
'

 
I 

I 
'1 

i] 
.

.
.

.
.

.
.

.
.

.
.

.
 

[ : 
!i 

i 
IIIIIlill 

I' II 
Ilil 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

llA
rl~ 

! ~L~-~4~-I 
~i 

1 
~

~
;

J
~

'
~

J
~

[
~

 
....... 

- 
~ 

' ~ 
~

[
 

' 
i 

I 
....... 
" .

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 
.J~..F~..+..+.~H~I~I~[~[~.I[;I[t
~_ 

~Iilvl 
I ] ' 

/ I 
[ 

....... 
~II~ 

[ I I 
I III 

lll]l 
III 

Jl i i 
l 

f
~

~
.

~
4

~
L

]
 

i ili 
! 

I f "
~

'
~

"
~

L
~

I
~

 
LLL 

[,1 
[lldTlll[ 
....... 

~J~ ~
~

1
+

~
 

'
1

~
~

 
IIII 

I]1 
i i 

ii 
Ii ' 
II ' 

]Ill III 
[[ 

....... 
III 

II I I 
I

1
~

~
 

I [l'l 
I 

IIIIII 
I 

I 
I I 

I 
i ' 

' 
I 

I I 
I 

...... 
I I 

I ~ ~l~t~:~/I 
iil 

~
l

~
'

~
*

*
~

I
~

 
.

.
.

.
.

.
.

.
.

 

IlillllTl+llll 
III 

Jill 
il~ 

[ 
~1111111 

I~111111 
il 

II1~1 
1111111 

IIII!l 
III 

,dr 
]I[[III[[ll|[ 

I 
llV

l 
f I 

[I 
Jill 

I 
l]l]llrl 

I I 
III 

f 
I[, 

~ 
IIIIIIIIII 

IIJII 
I i I Ii i ~

1
 

i 
f 

i I / I 
I Ii Ii I I 

I I I 
III 

I]ll,I 
.............. 

Ii 
III 

) .................... 
H

I 
....... 

FH *, ,~J_.u4.x.~ 
,,., 

H
H

;~:~:~d~+H
+t-J#P

+H
+H

~+~L[LLLLL 
.

.
.

.
.

 
{ .

.
.

.
.

.
.

.
.

.
.

.
.

.
 

li[F
I}lll{{lll 

~li 
Ill/ 

Ill 
H

~
-

i
~

 
f i 

I 
I I M

I~I 
I t 

~ LI2.LII~ 
2 

I I 
I I i 

I I 
i~]..L.l.~t.~ 

I I I 
t t t t 

F
H

+
+

~
H

~
 

.... 
I 

.
.

.
.

.
 

;~ 
,, 

' 
, 

, .
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

,
 

-- 
~,,,,<,~ 

<
=

,,, 
,,,,,, 

.................. 
); .

.
.

.
.

.
.

.
.

.
.

 
~~+IU

~, 
.,,, 

,,,,,,H
H

H
H

,.,,,,,,,~ 
.......... 

I 
I t I I I 

I I t t IlI 
I 

I 
I I I 

I 
I I I 

' 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 iiiii) 

 
' 

i 
i 

Ill 
ill 

lliii 
ii 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

II'", 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 
)!Ill 

t
~

U
2

:
~

 
........... 

I 
........................... 

,lll.f 
til 

t ....... 
ii 

.
.

.
.

.
.

.
.

 
J.LL~I_[~LJ~J+III 

llll)J 
lllIl 

I 
'III 

I ............ 
I 

I
'
"
 

,,llllllll 
....... 

I,,I 
I 

kn 
t

1
#

~
 

l I 
I 

~:, H
-~4 

i 
111 

i 
', :1111 

i,i 
Ill 

I1'1 
111 

II}1111111 
t~11I 

f 
11~11 

/1~11 
III 

I11111 
lll]lllll 

illilllltllll~111 
iii 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

IIll 
, 

T ]1 
II 

I 
I 

Illill~llllll 
IIIII 

I I I I I 
I I I I I 

I.llll 
III 

I 
I I I I I 

I ] 
I I 

Illll 
I 

I I I I 
I 

I I 
I 

[ IJllll 
II 

I I 
I 

I II 
I I 

I [1 
/ I 

IIill] 
III 

I 
I 

I I II 
I 

II 
111 

[I 
Ill 

I i 
illll 

Illlllltllll 
' 

I 
I 

I 
I 

Ill' 
~

i
 

' 
' 

.
.

.
.

.
.

.
.

.
.

.
.

.
 

I I 
qIJrl 

........ li~l 
I I I 

I I 
I

i
 

i I I1: 
II 

I 
: 

Ii iiii 
iI Illl 

IU
I~I 

t 1J 
]

1
1

 
~

l~
 ~

t
~

I
:

 
1

:
~

"
 

m
m

l}i'",l 
IIIII 

I 
i II 

I 
I I I 

I i 
~i~ N

i~l 
II 

I 
.

.
.

.
.

 
I I lilll 
~-~''''''''"'' 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 
H i I 11J 

i~-~4+]'~- 
.............................................. 

'"*-"'"'"'"'""'"'""'".:,,,,,,,,.,, 
,,,''"* ............. 

_ ....... 
'"iii!il ~

"
'

"
"

"
 

........................... 
""' 

'""'"'"",.,,,,.,,,,.,,.,,i"" 
" ,.,,'"'" 
.... i'" 

", ,.,''" 
'l ,.,''" 
...... ,.,'''" 

,,.,,,,,,"'"'"'!~I~F~i 
,.,,~,,."'~'" 

',I,,."' 

~
i

l
~

l
 i i i i 

i 
~111~iiii/ii 
..... 
...... 

I 
' 

'i'i: .
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 
lil[I 

I i 
[ 

Ill~lrlll 
............................ 

...... I'lql~P+ 
I 

I I i 
I I 

I I I 
[ I 

I 
I I I I "ll 

I
[

.
H

~
r

~
H

~
H

 
--~ll 

I 
pi1 

i 
:' i 

Ii 
i 

I 
II 

I 
.... 
I 

I I I 
.................... 

,
:

J
l

l
~

_
~

l
l

l
l

 
I 

I 
I:: 

II 
I 

I 
II 

I 
I 

.... 
I J I 

I 
.... 

,' I 
r I 

I 
l' 

II 
.... 
.... 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 
i i 

l~j]l] 
i i 

I I 
M

U" 
I I~rl~J 

I I 
.

.
.

.
.

.
.

.
 

i~1~1~! 
i 

i 
i

l
l

l
l

 
i 

I 
I 

IIl'l~l'rtllt 
[I 

I 
I'1 

ii I I i 
IIU

llll 
i illll 

i T'I 
Ill 

lillItlll 
............. 

'i I 
IIIll 

ill 
i

~
l

 
i I 

lll~l 
I I 

i.lll 
iiii 

I II 
lt'l~l 

I 
...... 

, , 
'' 

I 
I 

i 
iii 

I 
II 

I 
II 

I 
I I1', i i 

I I 
I Ill 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

i,,, 
.................... 
........ 
I I 

II 
f 

I I 
[ 

II 
I[J 

J I 
I ~ 

Illllll 
Illll 

i' I I I 
I I 

I 
I I 

I 
I I 

I 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 
I , I 

[ 
.... 
II 

I 
I 

Ill 
I 

I I I 
llili 
I I It 
I 1 li 

Illl 
IlllII 
.

.
.

.
.

.
.

.
.

.
.

.
 

Illl 
I ,' I I1' 

II 
I 

II 
I 

I I 
I 

I II 
, , ~

l
~

j
_

H
~

 
.... 
I lliiil 

I 
I 

Ill 
t ' 

I I 
I' 

......, 
Ill 

IIH 
ii~ 

fl~ 
IIIIII1 

.
.

.
.

.
.

.
.

.
.

.
.

.
 

IIFFH
.V

I,III,,,II,,,IIIIIIIIIII 
'tlrlillllllllilll 

llll 
............ 

illlll 
.... 

II 
I', 

...... 
Ill 

IPllili:riillllm 
lllll 

................. 
Ibld+lllll 

....... 
I"t 

l~llm
 

~ 
~

:
~

4
4

 
illi] 

i 
iii 

i f ,1-1 
i 

i i 
i~r~.~ 

iii 
[i 

iiii 
ii 

i 
lit 

i1,1 
IIII 

III1 
I l

i
.

I
 

I 
II 

4
4

~
-~

4
fl~

, 
'"' 

....... 
iim

lTlill 

i!!111tl 
"' 

' 
"

'
"

"
"

 
.... 

.... 
)11'"11 

I 
I'":'~'"II~'+I[ 

.
.

.
.

.
.

.
.

 
I'"11 

......... 
:'1~rl 

11 
II 

I 
.

.
.

.
 

1 .... 
~, 

1 
.

.
.

.
.

.
.

 
, 

, 
' 

' 
I i1| 

Ill 
Illl 

IIII 
IIII 

[| 
II 

II 
II 

I 
I| 

III 
III 

I I I 
II 

I 
III 

I 
| 

I 
II 

III 
,,, 

lit 
III 

'" 
1 

.
.

.
.

.
.

.
.

.
.

.
 

I',11111 
.

.
.

.
.

.
.

.
.

.
.

 
II| 

I I I 
IIII 

I 
I I [ [ I 

I 
IIII 

F
! 

i1[ 
im

 
iii 

iiiiiiii 
i 

I
l

l
l

l
l

r
l

l
l

l
l

l
]

l
l

l
~

l
 

I
F

[
I

I
I

I
I

I
I

I
I

 
II1~11 

I
I

I
I

l
f

 
III 

"II 
....... 

i 
i 

iiii 
i 

i 
i 

i 
....... 

I 1 ..... 
I ...... 

ll[ll 
.

.
.

.
.

 
lllll 

.
.

.
.

.
.

.
.

.
.

.
.

 
lllll 

llllllll 
tJl 

................ 
)IIlll,l.)!)!!!i[l 

I .......... 
i 

It11111111 
........ 

ll-II 
~

1 
I

l
l

 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

I I 
I 

i i 
IIIIIIL 

,. 
I II 

I I 
I 

I 
Ill 

ilL
; .

.
.

.
.

.
.

.
.

 
I 

i ! 
~ 

ll#~
l~

l[ll~
llll'~

l~
l[#{[l~

llllltltlltlil~
llllllllll 

I~ll~r 
~#1 

t t t/~lll 
.~- .... 

~iM
Ii 

I
l

l
 

t I 
I 

1111 
I Illlllll 

I 
IIIllllll 

I I! 
111 

I 
t ~tl~l 

I t
l

~
l

l
l

 
I~l~l 

I 
II 

tli 
llltlilllllilll 

I11 
tIli~ili~ 

ltii 
l}(i 

III 
I 

lJ-.Jll~ 
11 

ill~ 
I ! l

~
l

~
l

i
#

i
~

 
t t

~
l

 
i il#t 

i i ~ 
~ lil 

I 
l

l
~

 
illii 

illi 
I 

' 
I 

.................. 
i~ 

.................... 
ill! 

• 
, i 

,x 
~1~, 

, , 
, i : , i 

, ,, 
-. 

I I I I I-[I 
I I t 

I~-J 
~ 

LI 
I ill 

-, 
t I 

7~ 
~

i
~

i
 

i i i I 
I 

-- 
I 

I 
I 

iiliiiitilillliltlllllllllll 
' 

' 
lili 

~
.

~
 

ilililllt 
IIIIIIII 

................ 
i ..... I ~+L~4-~'4-I 

i ~ liillil 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

' 
'i 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 
IIIit 

lllllIilittl 
I i 

i I 
1 t l

i
i

I
i

~
l

 
!~) 

I I I 
i J 

IT 
l

j
~

'
~

l
i

 
i ~

i
l

i
 

i i
~

 
i i ~ 

IV
lW

'!I 
I I I t III 

il lililiiillltlillllltlliiiiiilllI 
111I 

ttitlttll~iliiiill 
ttlIiilItllI 

iilit 
llIlilillili~liij|ll~Lll 

t 
- 

] 
/ 

~ 
i

~
-

~
l

-
r

]
]

l
r

i
~

l
t

~
i

~
i

G
l

l
~

l
i

l
i

-
i

l
l

l
l

~
F

l
i

~
r

i
r

r
t

l
i

i
i

i
l

l
t

l
i

~
l

i
l

l
l

l
i

l
l

l
t

l
i

l
i

i
 

ill 
ill 

i i i 1 i 
i i i i i 

i 1 i 
i 1 

................................................................................................................... 
~;'I 

I 
lt+t4ttllll 

.... 
i

i
~

.
,

m
 

11[t~J I Ill 
II111 

I~l 
l

~
i

l
l

~
 

I 
I 

ill ~ 
I 

~ 
i~li~l~lEi~ 

i I 
I

!
 

I I IBt B
I

i
 

~llJ 
I 

I I~ 
i 

I I
d

F
J

'
~

l
l

 
I 

I I 
I 

11 I 
t 

..... 
IllZilill 

IIII 
III 

III] 
lilli 

T
~

 
~ 

• 
r 

I 
I 

] 
~

1
1

1
 

illll-iiTill~l]l 
iTiii 

m
 i 

lill 
i I 

i 
i 

i i 
IIIlIT 

I 
il 

II 
I 

I 
II 

I 
I I I I 

I I I
m

/
"

~
l

 
I I I I I 

I I I I I 
I 

Ill 
I I I 

I 
i1~ 

iii] 
iiii 

liiiii/ i iii,), I, i 
i 

~ ) i i 
i

i
i

i
l

l
!

i
l

!
!

)
!

]
~

l
l

i
l

~
l

l
l

l
l

l
l

l
t

l
T

l
l

l
l

l
l

l
l

l
l

/
/

l
l

l
l

l
 

I 
.

.
.

.
 

: 
: 

i 
i 

m
 

i 
l 

i 
i 

1 
E 

i 
i 

~ 
i 

i 
.

.
.

.
.

.
.

.
.

.
.

.
 

fllill 
i/ 

i 
i iii 

| 
Fi 

i r i 
i i i i i 

i i i ltttll 
i/ill 

11 
i 

i 
i 

lllm 
IIIIIIIIIIIIIIIIIIII 

It 



O
 

m
 

im
 

O
 

%
0

0
1

 ....... l ....... ~
0

~
 

.... 
~0~ 

II~!II~!ilil G
'_TZI7YJ_If?_.zll 0 "~'A/' 7V_Z01 ..40 _//4'2.3-d'.Yd 

Jliiiilili! 

;i 
i'~!,'.L: 

i 

!ii 

%
O

Z 

,Jii'l 
, 

%
01 

~ Z "O
 aa 

~ 
0"01 

ozJ%
 

i 

ti II 
o

ll 
Z

M
I 

_Z d V
t'I3 



o i l  & s o a p  j u n e ,  1 9 4 1  

The effect of this sodium bicarbonate in depressing 
the pH of built soap solutions is shown by Bayley, ~ 
He has plotted curves showing the amount of soap 
builder (2:1 sodium subsilicate) which is necessary 
to attain various desired pH's  within the ideal soap 
range, with varying amounts of sodium bicarbonate 
present. His work was done in solutions containing 
0.1% neutral soap, so that it is representative of the 
actual conditions in the laundry. These curves are 
given in Chart I, and they show graphically the pro- 
nounced effect of the sodium bicarbonate present in 
the water, on the requirements for builder. For  exam- 
ple, an increase in sodium bicarbonate content from 
100 ppm. to 350 ppm. in the water, is shown to double 
the amount of builder necessary to attain a pH of 11.0. 

The effect of sodium bicarbonate on alkali builder 
requirements was also shown by one of the authors, a 
This work showed that in order to maintain satis- 
factory suds levels and give first quality washing, 
water containing 1000 ppm. sodium bicarbonate re- 
quired an average of 62.77 ozs. of the builder per 
300 lbs. load, as against an average requirement of 
only 44.77 ozs. for  the same size load, when only 
250 ppm. sodium bicarbonate were present. 

The effectiveness of various commercial soap build- 
ers in this important function of neutralizing the two 
above-mentioned classes of acidic substances which 
would otherwise use up soap, can be nicely measured 
from their pH titration curves, which indicate the 
percentage of sodium oxide available at any pH level. 
Since 10.0 is generally agreed upon as the bottom of 
the ideal pH level for soap solutions, the sodium oxide 
content available above a pH 10.0 is suggested as a 
measure of the value of the soap builder in this regard. 

The following table shows these values for several 
alkalies which are accepted by the laundry industry as 
being safe for use as laundry soap builders. 

T A B L E  B 

Percentage Na20 Avai lable  
Soap Builder  Above pH 10.0" 

Sodium Carbonate ................................................. 11.7% 
Modif ied Soda (eorresp. to sesquicarbonate) ...... 0% 
Tr isodium Phosphate, hydrated ................................ 9.0% 
Sodium Metasilieate, hydrated .............................. 19.5% 
Sodium Sesquisilieate, hydrated .............................. 29.2% 
2 to 1 Sodium Subsilieate, technically anhydrous 46.92% 

(Tests made in solutions of such concentration as to furnish  .04692% 
Na.~0 available over p H  of 10.0.) 

The comparative values of the above produc:s and 
the outstanding value of the 2:1 ratio sodium sub- 
silicate have been confirmed by extensive observations 
in commercial laundries during the past four years. 4 

II. BUFFER ACTION in IDEAL pH RANGE 
The second requirement of an ideal laundry soap 

builder, is that it must be buffered strongly in the pH 
range ideal for soap, (i.e., 10.0 to 11.6). Stated another 
way, this would mean that large proportions of its 
sodium oxide content must be available for neutraliza- 
tion at pH levels within this range. The predominant 
proportion of the sodium oxide in the 2:1 sodium sub- 
silicate is available here. This is not true in the case of 
some of the other commonly used builders such as 
sodium carbonate and hydrated trisodium phosphate, 
for example. 

Chart 2 shows pH vs. titration curves for 11.6 pH 
solutions of these three soap builders. 

It  will be noted that 29.5% of the total sodium oxide 
in the sodium carbonate solution is available in the 
range between 11.6 and 10.0. The corresponding fig- 

1 2 8  

ure for trisodium phosphate is 29.0%. With the 2:1 
sodium subsilicate, however, 80.5% of the total sodium 
oxide is available in this ideal laundering range. 

The matter may perhaps be shown even more strik- 
ingly by Charts 3 and 4. They are based on the values 
shown in Chart 2, but they show" by the distribution of 
shaded areas, the percentage of total sodium oxide 
available at various pH levels--for  each of the three 
builders. In each case the total shaded area is 1200 
small squares, representing 100% of the total Na20 in 
the solution. With sodium carbonate, 354 out of the 
1200 shaded squares are between the levels of 10.0 and 
11.6, illustrating that 29.5% of the total Na20 in the 
solution is available for use before the pH drops to 
10.0. 

It  is interesting to note in comparison that the 
2:1 subsilicate solution furnishes that percentage 
(29.5%) of its sodium oxide with a change of less 
than .2 pH units, indicating the much greater buffer- 
ing action of the 2:1 subsilicate, in that range. 

III. DETERGENT VALUE ADDED BY BUILDER 
The third qualification of an ideal soap builder is 

that it be a good detergent in itself, so that it can add 
to the detergent effectiveness of the solution. All of 
the commercially available sodium subsilicates and 
especially the 2:1 ratio product, are outstanding on 
this point. As described by one of the authors in an 
earlier paper, 5 the subsilicate corresponding to the for- 
mula Na4SiO4 has been widely adopted for cleaning 
steel before tinning, and for many other heavy duty 
cleaning operations which are just as exacting. In 
most of these cases there is no soap or other detergent 
present, and it is the sodium subsilicate solution alone 
which acts as the detergent. The advantages of sub- 
silicates over other alkaline salts, such as sodium car- 
bonate, etc., as a lone detergent in solution, have been 
indicated in many industrial applications and con- 
firmed by field reports 6 during the past several years;  
and although sodium subsilicates are used in laundry 
operations chiefly to support soap as the primary deter- 
gent, the inherent detergent properties of the sub- 
silicates make them additionally desirable for this 
purpose. 

IV. EASY RINSING 
Since the purpose of laundering is to remove for- 

eign matter from the clothes, the addition of other 
foreign substances in the washing process should be 
avoided whenever possible. Fortunately, the inert 
material which is added to the clothes when a soap 
builder like sodium carbonate is used presents no prob- 
lem of removal other than that of extra rinsing. Rins- 
ing is, however, a rather expensive procedure in the 
commercial laundry since it consumes not only valuable 
water, but valuable time of the operators as well. 

As can be seen from Chart 2, the 2:1 ratio sodium 
subsilicate carries with it a very much smaller pro- 
portion of sodium oxide inert for detergent work, 
than do such builders as sodium carbonate and tri- 
sodium phosphate. In actual practice the 2:1 sodium 
subsilicate rinses out much more readily than such 
builders as sodium carbonate. A typical example of 
this is shown in a report r of tests made at the Royal 
Standard Laundry,  Chiswick, London, summarized in 
Tal)Ie C. This work shows that one rinsing operation 
could consistently be eliminated when the 2:1 subsili- 
cate was substituted for the soda ash and metasilicate 
previously used, in a washing formula recommended 
by the British Launderers '  Research Association. 
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T A B L E  C 

R E P O R T  OF  T E S T  AT R O Y A L  S T A N D A R D  L A U N D R Y ,  
C H I S W I C K ,  L O N D O N ,  E N G L A N D  

Load w~hed  in each t e~ :  170 lbs. medium soiled sh~ts .  

o g 

No. 1 (washing) Titration 28/55u.  30/40u. 30/40u. 
pI-[ 10.5 11.8 I1.4 

No. 2 (washing) Titration 30/60u. 20/30u. 15/20u. 
pI-I 10.6 11.0 11.0 

No. 3 (rinsing) Titration 10/20u. 8/11.5u. 5/9u. 
pH 10.2 10.0 9.8 

No. 4 (rinsing) Titration 3 / l l u .  3/7u.  2/7u. 
pH 9.7 9.7 9.3 

No. 5 (rinsing) Titration 2/7u. 2/6u .  1/6u. 
pH 9.5 9.2 9.0 

No. 6 (rinsing) Titration 1/6u.  1/Su.  1/Su. 
pH 9.0 8.8 8.8 

Notes : 
(1) The titration figures are expressed in units equivalent to (a) the 

number of drops of N/10 acid required to lower the pH of a ten e.e. 
sample of the washing solution to 8.6 (Phenolphthalein Point) and 
(b) the total number of drops of N / 1 0  Acid, including (a) required 
to lower the pH of the sample to 3.4 (Methyl Orange Point). In 
absolute terms each drop indicates 0.0023% Na20 or 2.6 grains of 
Na20 per imperial gallon expressed as CaCOa equivalent. 

(2) I t  will be observed that in both washing operations (Nos. 1 and 2) 
the ratio of available NaeO/Total  Na'_,O is superior in cases of the 
tests in which 2:1 subsilicate was used. 

(3) I t  is to be noted that in the washing operations using the technicaUy 
anhydrous 2:1 subsilicate, higher pH values are attained with the 
use of less alkali as shown by total titration figures "b ."  This indi- 
cates faster washing with less alkali to rinse out. 

(4) The ease with which orthosilicate (2:1) solutions are rinsed out is 
readily apparent by cmnparing the total alkali figures "b"  given in 
the rinsing operations 3, 4, 5, 6 with the corresponding figures when 
Meta Silicate and Soda Ash are used. It  is to be seen from this 
that rinsing is as complete in three operations with orthosil as in four 
operations when the other products are used. 

(5) Mr. Wallis, Assistant Manager of the laundry, stated that the 
quality of the work using the technically anhydrous 2:1 subsilieate 
was equal to that in which Metasilieate and Soda Ash were used as 
soap builders. 

These same findings regarding the excellent rinsing 
behavior of the 2:1 sodium subsilicate are continuallv 
being confirmed in field reports from commercial laun- 
dries using the builder in this country? 

V. CONVENIENT FORM FOR USE 

The builders most commonly used in the past, such 
as sodium carbonate and trisodium phosphate, are suit- 
able for addition to laundry wash wheels along with 
soap, and for addition to soap in the plants of the soap 
manufacturers.  Certain other chemicals, such as water 
glass and caustic soda, are at a decided disadvantage 
from the standpoint of convenience in use, since the 
first is a viscous sitcky liquid, carrying a large burden 
of water, and the second is a highly corrosive chemi- 
cal, which is safest in the hands of the technically 
skilled worker. 

The sodium subsilicates are available in technically 
anhydrous form, either as free flowing granules for 
use by the laundryman, or as a powder for direct in- 
corporation into the soap or soap mixtures by the soap 
manufacturer.  

Although the 2:1 ratio sodium subsilicate is the one 
which is widely used by the laundries themselves, other 
ratios, from 1.5 N a 2 0 : 1  SiO2 to 7 N a 2 0 : 1  SiO2, are 
being made in the same convenient, technically anhy- 
drous form. The direct process by which these sub- 
silicates are manufactured has allowed them to be 

made available to laundries and to soap manufacturers  
at very low cost, per unit of soap building per- 
formance. 

GENERAL 

In the above discussion, sodium subsilicates have 
been considered with regard to the five proposed re- 
quirements of an ideal soap builder. In each case it 
appears that the subsilicates, (particularly the techni- 
callv anhydrous 2:1 product) are eminently suitable 
as soap builders in commercial laundering. 

This conclusion is confirmed in the report 3 of the 
Research Fellowship No. 13 at the American Institute 
of Laundering which tested the technically anhydrous 
2:1 ratio sodium subsilicate in fifteen different com- 
mercial laundry formulas, on various types of loads. 
In all cases tensile strength losses after twenty wash- 
ings were less than the 10% allowable in "first quality 
laundering." Likewise, the whiteness retention of test 
pieces after  twenty washings, was always greater than 
the 94% required in "first quality laundering." 

The report concludes that:  
"the technically anhydrous 2:1 sodium subsilicate 
is safe to use in cotton and linen washing formu- 
las representing general commercial laundry prac- 
tice" and 
"this subsilicate is suitable as an alkali detergent 
and soap builder in commercial laundering." 

Fur ther  confirmation of the effective behavior of 
the product is given by Bayley 2 of the Division of 
Chemistry, of the National Research Council of Can- 
ada. His conclusions are as follows: 

"The results obtained in our studies have indi- 
cated that the technically anhydrous 2:1 ratio 
sodium subsilicate possesses very definite value 
as a laundrv soap builder. The relatively high 
alkalinity w]aich it possesses, together with its 
excellent detergent characteristics, make it possible 
to use this compound with very considerable suc- 
cess in any laundering formula in which a me- 

dium to high degree of alkalinity is required. 

"The tensile strength losses shown by test pieces 
processed in the formulaeusing the technicMly 
anhydrous 2:1 ratio sodium subsilicate indicate 

that the compound is without deleterious effect in 
this regard. 

"The degrees of detergency (soil removal) and 
whiteness retention obtained in the tests were sat- 
isfactory and indicate that a high quality of wash- 
ing efficiency can be obtained by the use of the 
compound with soap." 
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