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permit  unin ter rupted ,  una t tended  over-night opera- 
tion. These may  be listed as follows: 

1. An a p p a r a t u s  des igned  for  and  hea t ed  wi th  steam. 

2. An  improved  a i r  reg~t la t ing system. 

3. An  improved  a i r  d i s t r i b u t i n g  sys tem us ing  a s ta in less  
steel  nmnifo ld .  

4. A s a f e t y  valve  is shown which e l imina tes  the  poss ib i l i t y  
of leaks in the wa te r  condens ing  system. 

5, A di f ferent  type  of ae ra t i on  tube  assembly  is described.  

We are indebted to Mr. II .  F lag ler  of the Research 
Engineer ing Depar tment  for the sketches inserted. 
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The Effect of Sodium Carboxymethyl :Cellulose on 
Synthetic Detergent Systems 
THOMAS H. VAUGHN and CLIFTON E. SMITH, Wyandotte Chemicals Corporation, 
Wyandotte, Mich. 

Introduction 

F OLLOWIN(]  the terminat ion of Worhl  W a r  1I in 
tile Europcau  Thcatcr ,  l Ioyt ,  investigating cer- 
tain phases of ( le rman industry,  repor ted  tha t  

certain forms of sodium carboxymethyl  cellnhlsc had 
been used in large quanti t ies  as a soap and synthctic  
detergent  extender  (1). l)ctailed informat ion con- 
eerning its manufac tu re  and proper t ies  and smnplcs 
of one product ,  Tylose I lBR,  were sent to this COlin- 
try.  At  that  t ime these laboratories held a contract  
with the Office of the Quar te rmas te r  General  covering 
research on the development of launder ing  proecdures 
and detergents  suitable for  use with sea water. In 
this cmmection Tylose I IBR was evaluated for  deter- 
gency promot ing proper t ies  on three commercial  syn- 
thetic detergents :  " A r c t i e  Syntex L , "  " I g e p o n  T , "  
and " N e u t r o n y x  228,"  as here inaf ter  reported,  l Ipon 
completing this sea water  la lmder ing investigation, 
a t tent ion was directed to tile formulat ion and deter- 
geney evaluation of compositions based on a sodium 
alkyl  a ry l  sulfonate type  detergent  and sodium ear- 
boxymethyl  cellulose. 

Although in this count ry  sodium carboxymethyl  
cellulose is used in ice cream manufac ture ,  textile fin- 
ishing, pape r  sizing, and  other equally diverse indus- 
tries, its appl icabi l i ty  to the field of detergency, judg- 
ing f rom published information,  appears  relat ively 
unknown. I t  is the purpose of this pape r  to present  
some new data on the effect of sodium earboxy- 
methyl  cellulose on the carbon soil removal  and 
whiteness retention characterist ics of several buil t  
and unbui l t  synthetic  surface active agents and to 
diseuss effects of the mater ia l  such as water  soften- 
ing proper t ies  which are of importanee in the field 
of detergency. 

Chemical Structure and General Properties of 
Sodium Carboxymethyl Cellulose 

The chemical s t ruc ture  of sodium earboxymethyl  
cellulose may  be wri t ten  as follows: I_ OH OH -] 

.OH ' CH / 
HC<CH _ 0 , ~  CHO- / 

CH~OCH2COONa J x 

In  this idealized representat ion the glucose residue 
which forms the basic uni t  of the cellulose molecule 
is shown to be snbst i tntcd ill the I)r imary hydroxyl  
group. The two sceomlary hydroxyl  groups may 
similarly be subst i tu ted and ti~e extcut to which the 
cc]llflOSC is modified is cxI)rcssed in terms of dcgrcc 
of substitution. I f  on the average one hy(h'oxyl 
groul I in each glucose residue uni t  is substituh~d, 
this is te rmed one dcgrec of substitution. 

S " odnlln carboxymethyl  ccllulosc in l)urified form 
is a white odorless and tastelcss solid, lit is believed 
to be I>hysiologically inert  (2). l t s  solnbility ill water  
varies with the degree of subst i tut ion;  in general, the 
grcatcr  the degree of substi tution, the grea ter  the sol- 
ubility. An extensive discussion of the chemist ry  of 
this mater ia l  is given by  l lSppler  (3), and a review 
covering properties,  mamffac tu re  and uses, has been 
contr ibuted by  l lo l labangh ctal. (4). 

The Measurement of Detergency 
In  evaluat ing the effect of sodimn earboxymethyl  

cellulose on synthetic  detergent  systems, our  work 
largely has been confined to the exper imental  launder-  
ing of cotton fabrics.  Fo r  sat isfactory launder ing 
such fabrics  require highly effective detergents  and 
therefore  make excellent test material .  I t  is our  belief 
that  detergency with reference to cottons may  be con- 
sidered in two phases. One--soi l  r emova l - -app l i e s  to 
the capaci ty  of a detergent  solution to remove soil 
f rom a s tandard ly  soiled f ab r i c ;  the o ther- -whi teness  
re tent ion-- involves  the capaci ty  of the solution to 
suspend a colloidal soil and  prevent  its deposition 
upon an unsoiled s tandard  fabr ic  (5).  

The l abora to ry  methods used in determining the 
detergency data  repor ted  herein evaluate independ- 
ent ly these two characteristics. They have not  previ- 
ously been publ ished and accordingly are given in 
full  in this section. 

Pretveatment of Cotton Fabrics. Pr ior  to use for 
detergency studies it is necessary to p re t r ea t  most 
cotton fabr ics  so as to remove the sizing or finish and 
to shrink the material .  

In  our work 14 pieces of a s tandard  muslin ~ 36 in. x 
54 in. are definished in a commercial  monel metal  wash 
wheel (24 in. x 34 in.) by  the procedure  indicated in 
Table I, using throughout  water  softened to below one 

1 Indian Head muslin (permanent finish) count 53 x 47, 5.15 oz. per 
sq. yd., manufmctured by Nashua Mfg. Co., 40 Worth St., N. Y. 13, N. Y. 



T H E  J O U R N A L  O F  T I l E  AMERICAN O I L  C I l E M I S T S '  S O C I E T Y ,  F E B l g U A R Y ,  1 9 4 8  4 5  

T A B L E  I 

P r e t r e a t m e n t  :Procedure  for  Cotton F a b r i c s  

Opera t ion  

B ceak .................................. 
R i n s e  ................................... 
R inse .  ................................. 
S u d s  .................................... 

R i n s e  .................................. 
R inse  ................................... 
R inse .  ................................. 
]i~inse .................................. 

T ime 

rain. 
3o 

3 
3 

Temp.  

180 
180 
180 
180 

160 
140 
120 
100 

Vol. of I 
W a t e r  

liters I 
40 

, 80 
8O 
40 

80 
8O 
80 
80 

Suppl ies  

100 g. N a 0 H  
none  
n o n e  

20 g. s o d i u m  
s t ea r a to  

none 
none  
none  
none  

grain CaCOa equivalent per  gallon. Following the 
pre t rea t ing  operation, the muslin load is extracted for  
5 minutes and tmnbled  to dryness (15 minutes at 85 ~ 
C.) in a commercial  gas-heated l aundry  drier. This 
preheated cloth can be stored pr ior  to soiling or may  
be used immediately.  

P r e p a r a t i o n  of Standard Water-Bound Carbon 
Soi led  Cloth. Thir ty-f ive  pieces of the definished 
s tandard  muslin measur ing approx imate ly  10.5 x 36 
in. are t reated as follows: 

Thirty-seven and three tenths liters of water  sof- 
tened to below one grain  C a C Q  equivalent per  gallon 
are placed in a monel wash wheel (24 in. x 34 in.) and 
441.2 grams of a commercial soluble oil 2 added to the 
water. The wheel is allowed to run  5 minutes in order 
to mix the water  and the soluble oil, a f te r  which is 
added 306.3 grains of a carbon black dispersion 3 and 
the wheel again run  for  5 minutes. The t empera tu re  
dur ing this step is held at 90~ 

The batch of ch)th to be soiled is rap id ly  added 
1)fete by piece to the emulsion of carbon black and 
oil in the wash wheel. In  order to impregnate  the 
ch)th thoroughly with the soil, the wheel is run  at  
:~2 r .p .m,  for  30 ntinntes and slopped at  10-minute 
intervals  while the cloth is untangled.  The wash wheel 
speed is then reduced to 15 r .p .m. ,  the dump valve 
opened and the carhon suspension allowed to dra in  
off the cloth for  a period of 30 minutes with the wheel 
rnnning. 

The cloth is removed piece b y  piece and passed 
once without folding through a power-driven house- 
hold type wringer  to squeeze out any  residual  aque- 
ous dispersion. The pressure upon the wr inger  is 
adjusted to leave in the cloth soil solution equal to 
120% ~ 1% of the d ry  weight of the cloth. 

When all the cloth has been 1)assed through the 
wringer,  it is placed in a eomnlercial-typc drier  and 
tlunbled without  heat for  30 nlinutes at room temper-  
ature.  This step prevents  the migra t ion of carbon or 
draining of the carbon suspension when the soiled 
cloth is hung on a line for  final drying.  The cloth 
pieces are removed and allowed to d ry  eomoletely by  
hangillg edgewise at room conditions for  48 hours. 

After  the above t rea tment  the cloth is cut into test 
pieces measur ing 2~ 4 in. • ~ 2  in. by  3 ~  in. • ~ 2  
ill. using a guillotine paper  cutter.  

Upon the completion of each batch of s t andard  soil 
it is necessary to determine whether  it meets certain 
soecifieations in regard  to carbon load and tenacity.  
The cloth is tested b y  means of a s tandard  detergent  4 
using the procedure Iziven for the carbon soil removal 
evaluation of synthetic  detergents.  The soil is evalu- 

-~ S h e l l - V i r g o  38-P ob ta inab le  f r o m  the Shell Oil Company ,  154 Bag-  
ley St., De t ro i t  26, Mich.  

a Colloidal B lack  D i s p e r s i o n  No. 10, an  aqueous  carbon disDersion 
m a n u f a c t u r e d  by B i n n e y  and  Smi th  Co., 41 E.  4 2 n d  St., N. Y., N. Y. 

The  s t a n d a r d  d e t e r g e n t  used  by this  l a b o r a t o r y  is Kree lon  4D.  

ated in distilled water  against  the s t andard  detergent  
over the range of concentrations indicated in Table 
I I .  Fo r  the soil to be accepted it is necessary tha t  the 
number  of mil l igrams of carbon removed per  l i ter  fall 
within the range indicated for  each concentration. 

T A B L E  I I  

T e n a c i t y  R a n g e  of Accept.able Sell  

t gange  in }r 
Concen t ra t ion ,  % of Carbon  p e r  L i t e r  

0.05 3.7- 4.8 
0.1 4.4- 6.0 
0.2 9.3-11.9 
0.25 10.3-12.4 
0.3 11.3-13.5 
0.5 11.3-13.3 

Carbon Soil Removal Evaluation of Synthetic De- 
tergents. To evaluate the soil removing characteris t ics  
of synthetic  detergents,  a s tandard  Launder-O-Meter  5 
is used for  washing the test pieces and a Fisher  Elec- 
t rophotometer ,  6 without  filter, for  determining the 
light absorpt ion of the detergent  solution before and 
af ter  washing. The p re fe r red  method of expressing 
soil removal  results  for  an unknown detergent  re- 
quires individual  determinat ions of soil removal  value 
of the unknown and of a s tandard  detergent  sample, 
the results being expressed in terms of percentage of 
type detergent.  

The test procedure is as follows: 
A 0.25% solution of the mater ia l  under  test is 

p repa red  in distilled waker. One hundred  milli l i ters 
of this solution are added to each of ten one-pint 
Launder-O-Meter  jars. The jars  are allowed to s tand 
in a constant  t empera tu re  bath  unti l  the t empera tu re  
of the detergent  solution rises to I40~ • 2 ~ , at  
which t empera tu re  the tests are conducted. Fi f teen 
stainless steel balls (3~-iIi. d iameter)  arc placed in 
each jar,  a f te r  which two pieces of the s tandard  soiled 
cloth measur ing  21~ x 31/2 in. are added to each of 
nine of tile jars. In  the tenth ja r  are placed two 
pieces of unsoiled bu t  pre t rea ted  white Indian  I Iead  
muslin of the same size. (This j a r  is used later  to 
d e t e r m i l i e  t i le b lank tu rb id i ty  of the detergent  
solution. ) 

Imnlediately  following the addit ion of the cloth 
swatches, the jars  are sealed and placed in the Laun-  
de r -O-Mete r .  The L a u n d e r - O - M e t e r  is s tar ted  and 
allowed to rnn for  10 minutes at a speed of 42 • 1 
r .p .m.  'Phe ,jars are renlovcd f rom the Launder-O- 
Meter and immediate ly  replaced in the constant tem- 
pera ture  bath.  The j a r  containing tile unsoiled cloth 
is held separate  f rom the rest. The contents of each 
j a r  containing soil suspension are poured  through a 
coarse screen which retains the balls and the soiled 
swatches into a large beaker  which stands in the con- 
s tant  t empera tu re  bath.  The composite suspension 
thus obtained is mixed thoroughly and a sample 
placed in a 10-mm. light, absorpt ion cell. Using the 
Fisher  Eleetrophotometer ,  the l ight absorpt ion is ob- 
tained with as short  a delay as possible. This value 
is re fer red  to as the "Suspens ion  Va lue . "  The l ight 
absorption value of tile tenth j a r  is determined in a 
similar manner  and is known as the " B l a n k . "  The 
light absorption values thus obtained are not a l inear 
function of the weight of carbon removed. In  order 

Type  L 2 Q - E F - S P A ,  m a n u f a c t u r e d  by  At las  E lec t r i c  Dev ices  Com- 
pany ,  361 Wes t  S u p e r i o r  St., Chicago,  n l ino i s .  

~Model  7-089, m a n u f a c t u r e d  by F i s c h e r  Scient i f ic  Company ,  P i t t s -  
bu rgh ,  F a .  
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TABLE I I I  

Analytically Determined Composition of Sodium 
Carboxymethyl Cellulose Products 

Tylose 
I l tB 1 ~ 1  Ca,'bose 

1 r b  x m h 1 ~ il %( 
% 

Sod'urn Ca o. y et y (~ellulose .............................. '32..) 50.B 
N ~,_,C Oa ...................................................................... I 9.5 12.0 

J 

NaItC():~ .................................................................. 12.7 0.0 
Na(~'l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I ~ 4 o  I 1,~.7 
n . , o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I :122 I lO(~ 
Undetermined ........................................................... I ...... I 10.9" 

* Believed to he primarily sodium menochlor~eetate and sediula 
glycolate. 

to convert  l ight  absorpt ion vahies to mil l igrams of 
carbon removed per  li ter of detergent  solution, a 
cal ibrat ion curve for  the Fisher  Elee t rophotometer  
must  be eonstructcd by  obtaining the l ight absorpt ion 
values of suspensions p repa red  by  adding various 
amounts  of carbon blaek dispersion to distilled wateV 
(0 to ',/6 rag. of carbon per  li ter being tile range of 
interest  when using a 10-ram. l ight  absorpt ion cell). 
The l ight absorpt ion values are plotted versus the 
concentrat ion of carholl in mil l igrams per  liter Oil 

rec tangular  coordinate graph paper  in order to obtain 
a s tandard  cal ibrat ion cnrw~. 

Calculations. The "Suspens ion  V~flue" and the 
" B l a n k "  obtained as th,scrihed above are convcrted 
by  means of the calibration cm'vc to mil l igrams of 
carbon per  l i ter  of sohltion. The soil removal  value 
sought is obtained by  taking thc difference t)ctwcen 
tile converted values. 

3'he p re fe r r ed  method of repor t ing  soil removal 
values requires the use of a s tandard  detergent  as a 
reference or control nlateriM. All "rags .  of carbon 
per  l i ter  of so lu t ion"  values for  detergent  mater ia ls  
are then expressed ill terms of " P e r c e n t a g e  of T y p e "  
by  dividing the mil l igrams of carbon value of the test 
mater ia l  b y  tile mil l igrams of carbon value for  ill(; 
s t andard  or control mater ia l  which is determined con- 
cur ren t ly  on the same stock of s tandard  soil and mul- 
t ip ly ing by  300. (This compensates for  day to day 
var ia t ion in the s tandard  soil used.) 

grhiteness Retention Evaluation of Synthetic De- 
tergents. Standa rd  pre t rea ted  muslin is ironed with 
a 36-inch single roll household electric i roner set at 
328-338~ to remo'r wrinkles. Af te r  ironing, the 
cloth is cut into pieces measur ing  21~ in. _+ ~ z  in. x 
31/2 in. _+ 1/3.o in. The l ight  reflectance of each side 
of every piece of cloth is measured by  means of a 
t t u n t e r  Mult i -purpose Reflectometer s using the green 
filter, and  a s t andard  white backing, having a reflec- 
tance of 78.2% based on the reflectance of MgO being 
equal to 100%, behind the cloth. The two reflectance 
values for  each test  piece are menta l ly  averaged and 
the piece placed in the p roper  compar tmen t  of a 
mul t i -compar tmented  box, marked  off in 0.1% units. 
In  using the swatches, to s impl i fy  calculations, the 
swatches for  any  single test  are drawn f rom any one 
compar tment .  

A 0.2625% solution of the detergent  to be tested 
is p r epa red  in distilled water  and  100-ml. port ions 
added to each of five Launder-O-Meter  jars.  In to  
each of these is p ipe t ted  a 5-ml. sample of a s t andard  
soil solution p repa red  by  di lut ing 40.0 grams of car- 

I t  h~s been determined experimentally that  the addition of deter- 
gents t o  t h e  standardization solutions produces no effect on the light 
absorbing properties of the carbon. 

8~anufac t ' a red  by t t en ry  A. Gardner  Laboratory, Inc., Apparatus 
Di.~ision, 472B ~]lm S t r e e t ,  B e t h e s d a  14, Maryland. 

ben black dispersion to a li ter with distilled water.  9 
The solution is shaken vigorously each time immedi- 
ately before the sample is taken. F i f teen  steel balls 
are placed in each jar,  a f te r  which the jars  are 
b rought  to 140~ in a constant t empera ture  water  
bath,  then placed in the Launder-O-Meter  and  ro- 
ta ted  for  five minutes. The L a u n d e r - O - M e t e r  is 
stopped, the jars  are removed, and two pieces of the 
s tandard  cloth described above are placed in each 
jar.  The jars  are replaced and ro ta ted  for  15 r a in - '  
utes. The cloths are removed, r insed by d ipping  
singly in three one-liter beakers of distilled water,  
the water  being renewed for  each set of 10 cloths. 
Tile cloths are then ironed by passing three times 
through the ironer set at a t empera tu re  of a28-a38~ 
The refleetances of both sides of each piece are meas- 
m'ed using the I h n l t e r  Reflectometer as before de- 
scribed. The reflectanees of tile 10 pieces of cloth 
arc averaged and the whiteness retention value for  
the detergent  under  test calculated, this value being 
equal to the rat io of tile average reflectance a f t e r  
washing to the original reflectance, mult ipl ied by  1130. 

I'recision of Detergency Tests. In  a series of 13 
replicate carbon soil removal tests of one Kreelon 
4 1 ) - T y l o s e  l IB1{  formulat ion in which the results 
were expressed relative to a s tandard  detergent  tested 
at the same time, the average relative carbon soil 
removal  was found to be ]60.0% with an average 
deviation of ___ 4.9% or an actual  average percentage 
deviation of • 3.1%. These replicate tests were made 
by  three operators  on 9 soil batches over a period of 
18 months. 

A series of 12 replicate whiteness retention tests of 
a synthetic detergent  gave an average value of 58.6% 
-+- 0.94% or an actual  average percentage deviation 
of • 1.8%. These tests we, re carr ied out by  three 
operators  o,r a period of 12 months. 

These relat ively high degrees of precision may  uni- 
fo rmly  be attained,  but  only through careful  at ten- 
tion to technique, and in tile ease of the carbon soil 
removal  test especially through the use of a s tandard  
comparat ive  detergent  to minimize the effect of tem- 
perature ,  humidi ty ,  and aging upon the soil. 

T e s t  Materials 

The analyses and other ident i fy ing characterist ics 
of the pr incipal  detergents,  alkaline salts and sodium 
carboxymethyl  cellulose products  used in this work 
are given below: 

Soda Ash---A commercial  grade analyzing as fol- 
lows: Na~COa--99.5% ; N a t 1 - - 0 . 4 %  ; Na280 , - -0 .0 5 %  
I n s o l u b l e s - - < 0 . 0 1 %  ; F e - - < 0 . 0 0 2 % .  

Sodium Metas i l iea te - -A commercial  grade having  
the following characteris t ics:  Alkal ini ty  to methyl  
orange as Na~O--29 .5%;  8 i 0 a - - 2 8 . 5 % ;  Inso lub les - -  
< 0 . 0 5 %  ; CO2 as N a ~ C O a - - < l . 0 % .  

Yellow I Ioop~~ special type  of modified soda 
with an average Na,~COa-NatICO a rat io of 1:1.89 b y  
weight. 

"Silicated A s h " l ~ - - A  reaction produc t  of sodium 
silicate and soda ash, containing unreacted sodium 
carbonate  and a silicate p robab ly  in the fo rm of a 

9 Because of temporary  una,TMlability of Colloidal Black Dispersion 
No. 10, Aqua Black B, another product of Binney and Smith Co., was 
used in the present whiteness retention work, 28.55 grams of bhe latter 
replacing 40.0 grams of the former.  

1o Produced by Wyandotte  Chemicals Corporation, Wyandotte, Michigan. 
�9 a Produced by Wyandot te  Chemicals Corporatien, Wyundotte, Michigan. 
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glass since no crystalline silicate is disclosed when 
examined by X-ray diffraction. A typical analysis of 
this product is as follows: Na~O--45%; Na2CQ-- 
68.5% ; SiO~--8.9% ; H20--15.0%. 

Carbose C-1716A~2--One of several technical forms 
of sodium carboxymethyl cellulose. Its analysis, as 
well as that of Tylose HBR, is given in Table III. In 
most of the work reported in this paper, Carbose C- 
1716A (referred to hereafter simply as "Carbose" )  
was used. Fur ther  development has yielded products 
having sensibly greater detergency promoting prop- 
erties. Therefore the data offered should be accepted 
as indicating the trend of improvement that may be 
obtained in using sodium carboxymethyl cellulose in 
conjunction with synthetic detergents but  in no way 
to indicate maximum detergency promotion which it 
is possible to obtain. 

190 

180 

. 170 

160 

150 
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I10 

IO0 

o f 

r: 

, ,e 

Arctic Syntex L �9 
Igepon T + 
Neutronyx 228  o 

J 

J J 

0 O.I 0.s 0.3 0.4 0.5 

Tylox HBR, % 
~h(;. 1. E f f e c t  o f  T y l o s e  t t B R  o n  c a r b o n  so i l  r e m o v a l  c h a r a c -  

t e r i s t i c s  o f  s y n t h e t i c  d e t e r g e n t s .  
D e t e r g e n t  concentra t ion  0 .5%.  Diluted synthet ic  sea water  (C:aOOa 

equiv. 7 g r . / g a l . ) . T e m p e r a t u r e  140~ p H  8.8. 

Kreelon 41)~--A sodium alkyl aryl sulfonate type 
of synthetic detergent having the following approx- 
imate composition : Organic su l fona te- -  40% ; inor- 
ganic salts--60%. 

Effect of Sodium Carboxymethyl Cellulose on Syn- 
thetic Detergents in Sea Water. Because of the in- 
terest of the Office of the Quartermaster General in 
finding an effective salt water detergent, the first 
extensive tests of Tylose HBR were made in con- 
junction with various types of synthetic detergents 
in synthetic sea water ~4 diluted with distilled water 
to a hardness equivalent to 7 gr. CaCO:~ per gallon. 

In Figure 1 and Figure 2 are shown, respectively, 
the relative carbon soil removal and whiteness reten- 
tion results obtained from mixtures of Tylose HBR 
with three commercial synthetic detergents: Arctic 
Syntex L, ~5 the sodium salt of a sulfated monoglyc- 
eride; Igepon T, 16 the sodium salt of a fat ty acid 
sulfolmted amide; and Neutronyx 228, ~ a polyalkyl 
ether condensate of fat ty acids. 

All values for each detergent are expressed relative 
to a value of 100% for the detergent alone ; therefore, 
the relative increase in effectiveness of the detergents 

l~Produced by Wyandot te  Chemicals Corporation,  ~Vyandotte, Michigan.  
la P roduced  by Wyandot te  Chemicals Corporat ion,  Wyandot te ,  Michigan.  
a~ Synthet ic  Sea Wate r  (6) 

:MgCI2.6 FI:~0 11.0 g. 
CaCI~.2H,0 1.6 g. 
Na~SO4 4.0 g. 
NaCI 25.0 g. 

Dissolve in distilled wa te r  and  dilute to 1 liter. 
15 Colgate-Palmolive-Peer Co., Jersey  City, New Jersey.  
le General  Dyestuf f  Corporat ion,  New York City. 
1~ Onyx Oil and  Chemical Company, Jersey  City, New Jersey.  
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Fie. 2. Effect of Tylose I~IBR on whiteness retention charac- 
teristics of synthetic detergents. 

Detergent  concentra t ion  0.5%. Diluted synthet ic  sea w a t e r  ( 0 a C e s  
equiv. 7 g r . / ga l . ) .  Tempera tu re  140~ p i t  8.8. 

associated with the addition of Tylose t IBR may be 
compared but not the detergeneies of the various 
systems. 

In every case both carbon soil removal and white- 
ness retention properties were greatly improved, with 
the nonionic detergent Neutronyx 228 showing the 
greatest relative improvement. 

In most cases substantially the nlaximum effect was 
reached with relatively small amounts of Tylose HBR, 
approximately 10% based on the weight of the syn- 
thetic detergent being a practical level. 

Comparison of Detergency-Promoting Properties of 
Sodium Carboxymethyl Cellulose Products 

Upon confirming the detergency-promoting proper- 
tics of sodium carboxymethyl cellulose, work was im- 
mediately begun upon the development of processes 
for the manufacture of this material. This work was 
carried through the pilot plant stage and resulted in 
a technical form of sodium carboxymethyl cellulose, 
bearing the trade name Carbose and characterized in 
a previous section. 

A comparison of the effectiveness of Carbose and 
Tylose HBR il~ increasing the carbon soil removal 
properties of Krcelon 4D is shown in Figure 3. Vari- 
ous amounts of the sodium carboxymethyl cellulose 
products were added to 0.25% solutions of Kreelon 
41) in distilled water and tlle carbon soil removal 
values determined at 140~ 

Over the range of concentrations tested the two 
materials showed similar properties with Carbose 
being slightly superior to Tylose I tBR except at the 
highest level, 10% based on the weight of Kreelon 4D. 

The remainder of the work reported here has been 
done using Carbose. Because sodium carboxymethyl 
cellulose products cannot be considered as pure com- 
pounds, but differ in detergency-promoting character- 
istics as well as in other properties, depending on the 
nature of the raw material and the variables of the 
manufacturing process, the results obtained cannot 
necessarily be extended to other products. A large 
number of samples of sodium earboxymethyl cellulose 
of both domestic and foreign origin have been ex- 
amined in these laboratories and without exception 
the materials have exhibited the property of promot- 
ing the detergency of synthetics. The degree or range 
of promotion has been found, however, to be different 
for different samples as would be expected. 
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= ~ ~ Ty~ose HBR �9 
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Cone. of Sodium Corbozymelhyl "C, eliglov, e 
eased 0n We*g~t of Kreelon 40, % 

:FI~. 3. Comparative effect of sodium carboxymcthyl celhflose 
products on the carl)on soil removal characteristics of Kreelon 
4D in 0.25% concentration at 140~ in distilled water. 

Detergency in the Systems Kreelon 
4D-Carbose-Alkaline Salts 

The carbon soil removal  and whiteness retention 
characterist ics of systenls containing Krcelou 41), 
Carbose and va.l'iO~lS alkaline salts were invesligated 
in some detail. Two silnple sa l t s - - sod ium cm'honatc 
and  sodium metas i l i ea te - -and  two complex eomIner- 
cial p roduets - -Yelh)w I loop and "S i l i ea tcd  A s h " - -  
all suitable for use as detergent  " b u i h l e r s , "  were in- 
cluded in these tests. Tests were conducted, ae(',ording 
to the s tandard  llW.thods previously deserihed, in dis- 
ti l led water  at ;140~ All data  was e.aleulated rela- 
tive to the s tandard  <letergent, Kreelon 4 I )~1( )0%.  

In  obtaining this data, the relative propor t ion of 
each component  of each system was varied between 
the limits of 0 to 100% as the total concentration 
in the test  solution was mainta ined at  0.25%. This 
approach  permits  the constrnetion of t r i angu la r  co- 
ordinate gral)hs on which can be plot ted detergency 
values for  any three-eoml)onent systems and this in 
t u rn  makes possible tile rapid  vismfl smnmation and 
in terpre ta t ion  of a large mass of data. 

To permi t  of the easiest comparison, individual  
da tum points have been omitted and the graphs  bear  
only iso-detergency lines at various levels. By  the use 
of these graphs  there immediately  may  be located any  
n u m b e r  of combinations of detergent,  promoter ,  and 
builder ,  which have certain desired characteristics. 

Carbon Soil Remoal  Data. Results of the carbon 
soil removal  tests upon the four  systems are presented 
m F igures  4-7 inclusive. The four  sets of curves ex- 
hibi t  several general  correspondences. 5{ost of the 
contour lines open on the Kreelon 4D-Carbose axis 
and  show a marked  distortion toward  tile point  rep- 
resent ing bui lder  ~--- 100%. The area of greater  car- 
bon soil removal  usual ly  is within the bounds approxi-  
mated  by  Kreelon 4D = 50-80%, Carbose ~ 20:50%, 
bui lder  ~ 0-30%. 

Under  the conditions of these tests, a good grade of 
unbui l t  soap of a type commonly used in commercial  
laundering,  has a relative carbon soil removal  value 
of 147%. Along the 150%-contour  line, an infinite 
n u m b e r  of mixtures  are found which approx imate ly  
equal this value, yet  which may  contain as little as 
12% of synthetic detergent  (see F igure  6). Mix- 
tures  represented by  all points fal l ing within the area 
bounded  b y  the 150%-contour line and the Kreelon 
4D-axis exceed, in va ry ing  degree, this soap in carbon 
soil removing capacity.  

The carbon soil removal  proper t ies  of formulat ions 
having  a constant  rat io but  va ry ing  absolute quanti- 
ties of two components with an inversely va ry ing  
quan t i ty  of the th i rd  component  are found along a 

s t ra ight  line drawn f rom the point  represent ing 100% 
of the th i rd  component to the desired point  on the 
opposite side of the triangle.  For  example, in Fig- 
ure 4, all formulat ions containing Yellow Hoop and 
Kreelon 4D in a 1 :I ratio with the quan t i ty  of Car- 

o ioo 

80 Jr " 

I00 r 
o 20 40 60 so ioo 

Carbos4, % 
Fro. 4, Carbon soil removal characteristics in tim System 

](reelon 41}-Carbose-Yellow lIoop. 
T o t a l  e o n e e n l ,  r a t i o n  (1 .25(~ .  l l i s t i l l e d  w a t e r  a t  140"1!  ~. Al l  v a l u e s  

b a s e d  o n  K r e l d o n  41)  ~ 1 0 0 %  w h e n  t e s t e d  u n d e r  t h e  s a m e  c o n d i t i o n s .  

bose va ry ing  f rom 0 to 100% arc found Oil tile dashed 
line, ab. Similar ly line cd represents  tile loci of all 
formulat ions containing Kreelon 41) and  Carbose in 
a 3:1 rat io with the qnant i ty  of Yellow I[oop vary ing  
f rom 0 to 100%. 

I t  is notable in all four  graphs  that  a fundamenta l  
difference exists in the t rend of carbon soil removal  
values obtained when the quant i ty  of either Kreelon 
4D or Carbose is varied as compared to tha t  obtained 
when the quant i ty  of any  one of the bui lders  is varied. 

20 0 I00 eO 

40 

20 

Ioo ~ \0 
0 20 ,~0 60 80 too 

Car tlose % 

:FIG. 5. Carbon soil removal characteristics in the System 
Kreelon 4D~Carbose-Sodium Metasilicate. 

T o t a l  c o n c e n t r a t i o n  0 . 2 5 % .  D i s t i l l e d  w a t e r  a t  1 4 0 ~  A l l  v a l u e s  
based on Kr~elon 4D ---- 100% when tested under th~ same conditions. 
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In  F igure  4 there is seen to be a distinct m ax i mum in 
the carbon soil removal  when the percentage of Car- 
bose is var ied f rom 0 to 100% (line ab), the maxi-  
mum occurring approx imate ly  at  the point  Carbose 

i o o  o 
o 2o 40 so so ioo 

Carbose, % 
:Fia. 6. Carbon soil removal characteristics in the System 

Kreelon 4D-Carbose-Silicated Ash. 
T o t a l  c o n c e n t r a t i o n  0 . 2 5 % .  D i s t i l l e d  w a t e r  a t  1 4 0 ~  A l l  v a l u e s  

b a s e d  o n  K r e e l o n  4 D  --~ 1 0 0 %  w h e n  t e s t e d  u n d e r  t h e  s a m e  c o n d i t i o n s .  

]5%,. In  contrast,  it may be observed tha t  increas- 
ing the quant i ty  of builder,  in this case Yellow Hoop, 
f rom 0 to 100% (line cd) makes it possible to main- 
rain a given level of detergency as the total  quant i ty  
of Kreelon 4D arid Carbose is reduced bu t  no marked  
max imum is obtained. These facts  are more clearly 
expressed in F igure  8 which shows the shape of the 
carbon soil removal  curves taken along the lines ab 
and cd. 

In  general, if  a constant total  concentrat ion and a 

o ioo 
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IO0 o 
o 20 40 ~0 SO I o 0  
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FIG. 7. Carbon soil removal characteristics in the System 
Kreelon 4D-Carbose-Soda Ash. 

T o t a l  c o n c e n t r a t i o n  0 . 2 5 % .  D i s t i l l e d  w a t e r  a t  : 1 4 0 ~  A l l  v a l u e s  
b a s e d  o n  K r e e l o n  4 D  = 1 0 0 %  w h e n  t e s t e d  u n d e r  t h e  s a m e  c o n d i t i o n s .  
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Voriable Component Yellow Hoop 

p 

a / ,, 
g ~ 

g ~ 

\ 

o 20 4 0  60 80 I00 
Vorioble Component, % 

Fro. 8. Relative effect on carbon soil removal of the addition 
of Yellow Hoop to a Kreelon 4D-Carbose System and of Car- 
bose to a Kreelon 4D-Yellow Hoop System. 

T o t a l  c o n c e n t r a t i o n  0 . 2 5 % .  D i s t i l l e d  w a t e r  a t  1 4 0 ~  A l l  v a l u e s  
b a s e d  o n  K r e e l o n  4 D  ~-  1 0 0 %  w h e n  t e s t e d  u n d e r  t h e  s a m e  c o n d i t i o n s .  

constant  ratio of ei ther Kreelon 4D to bui lder  or Car- 
bose to bui lder  are maintained,  then upon increasing 
the quan t i ty  of the Carbose or Kreelon 4D, the carbon 
soil removal  values go through a nlaximum. But  when 
the bui lder  is the var iable  component, increasing its 
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Flo. 9. Whiteness retention characteristics in the System 
Kree]on 4D-Carbose-Ye]low Itoop. 

T o t a l  c o n c e n t r a t i o n  0 . 2 5 % .  D i s t i l l e d  w a t e r  a t  1 4 0 ~  A l l  v a l u e s  
b a s e d  o n  K r e e l o n  4 D  ~--- 1 0 0 %  w h e n  t e s t e d  u n d e r  t i l e  s a m e  c o n d i t i o n s .  

concentrat ion results in the maintenance of a given 
level of carbon soil removal  as the total  concentrat ion 
of Kreelon 4D and Carbose decreases over a con- 
siderable range. I n  other words, carbon soil removal  
proper t ies  of a Kreelon 4D-Builder  m a y  be sensibly 
increased by  the replacement  of pa r t  of each by  Car- 
bose. On the other hand, the replacement  of pa r t  
o~ either component  in a Kreelon 4D-Carbose formu-  
lation by  bui lder  will not increase to a large degree 
the detergency bu t  will main ta in  it at  substant ia l ly  
the same level as considerable amounts  of synthetic  
detergent  and promoter  are replaced by  the builder.  
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Whiteness Retention Data. In Figures 9-12 inclu- 
sive are presented the results of the whiteness reten- 
tion tests made on the four systems. The effect of 
Carbose on whiteness retention is shown to be very 
great and largely independent of the composition of 

O I O O  

0 20 40 SO 80 K)O 

r % 
F;(;. 10.  W h i t e n e s s  r e t e n t i o n  (;harac, t c r i s t i ( ' s  in t h e  S y s t e m  

K r e e l o n  4 D - C a r b o s c - S o d i u m  M c t a s i l i c a t c .  

Total concentra t ion 0.25~+. Distilled water  itt 1,iO"lO. All values 
based on Kreelon 41) ---~ i00(~ when tested unde r  the same conditions. 

the rest os the system. That is, for the systcnis in- 
vestigated, the whiteness retention propcrtics inher- 
ent in Carbose arc such as to make negligible the 
contribution to w]iitcness retention of the buihlcrs 
and of the syntllctic detergent. Thus in Figure 10, 
it is apparent that the whiteness retention character- 
istic of a composition consisting of 10% Carbose and 
90% sodium mctasilicate are approximately identical 
with those of one containing 10% Carbose and 90% 
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COrbo~, % 
F r o .  11.  W h i t e n e s s  r e t e n t i o n  c h a r a c t e r i s t i c s  i n  t h e  S y s t e m  

K r e e l o n  4 D - C a r b o s e - S i l i c a t e d  A s h .  

Total concentra t ion  0 .25%,  Distilled water  a t  140~  ~. All values 
based on Kreelon 4D -~-- 100% when tested u n d e r  the same conditions.  

Kreelon 4D. Further,  although the effects of the dif- 
ferent alkaline salts upon carbon soil removal vary 
sensibly, the difference in the effects upon whiteness 
retention in the presence of Carbose is slight. This 
is demonstrated by the fact that the contour lines of 
the respective graphs bear a strong similarity to each 
other. 
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F r o .  12.  W h i t e n e s s  r e t e n t i o n  e h a r ; w s  i n  t h e  S y s t e m  
K r e e l o n  4 D - C u r b o s e - S o d a  A s h .  

Total concentra t ion  0 .25%. Distilled water  at  140OF. All values 
based on Kreelon 41) ----- 100% when tested unde r  the same conditions. 

In order to point out the significance of the effect 
of Carbose upon whiteness retention it may be men- 
tioned that based on a value of 100% for Kreelon 4D, 
the various alkaline salts tested yield values ranging 
around 15% and the high grade unbuilt laundry soap 
previously mentioned, a value of 197%. In general 
the addition of 10% Carbose to almost all combina- 
tions of Kreelon 41) and any one of the four alkaline 
salts included in this work will result in products 
having whiteness retention characteristics equal to 
or greater than a typical high grade unbuilt soap. 

Water Softening Properties of Sodium 
Carboxymethyl Cellulose 

Although the water softening properties of sodium 
carboxymethyl cellulose are less significant than the 
detergent promoting characteristics previously de- 
scribed, the sequestering effect upon hard water 
cations is appreciable. 

In Figure 13 the water softening properties of 
Carbose and tetrasodium pyrophosphate, a commonly 
used polyphosphate-type softener, are illustrated in 
terms of the number of milliliters of 0.261% sodium 
oleate solution required to produce a stable foam in 
50 mls. of a synthetic hard water ~ of 8.4 gr. per 
gallon. 

In this test increasing the concentration of Carbose 
beyond 0.2% results in little decrease in soap de- 
mand; however, at this point the soap requirement to 
produce sudsing is reduced by approximately 35%. 

This water softening property or protective capac- 
ity against the effects of hard water is further shown 
in Figures 14 and 15. Carbon oil removal and white- 
ness retention values are shown for Kreelon 4D in 
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0.25% concentrat ion with various amounts of Carbose 
at 140~ in distilled, and synthetic hard  waters TM of 
8.4 and 15.0 grs. per gallon. 
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~z(~. 13.  W a t e r  s o f t e n i n g  p r o p e r t i e s  o f  C a r b o s e .  
Water  8.4 gr .  CaC03 equiv. /gal .  Tempera tu re  150~ 

Although it is commonly supposed that  anionic syn- 
thetic detergents are not depreciated when used in 
hard  water, this supposition is only par t ia l ly  correct. 
As il lustrated in F igure  14, the carbon soil removal 
properties are definitely impaired. The degree of im- 
provement is much less than in the case of f a t t y  acid 
soaps and, of course, the reaction products  of the 
anionic synthetic detergent and the hard  water  salts 
are soluble, but  in all cases investigated in these labo- 
ratories some depreciation does occnr. I t  is also evi- 
dent  that  in spite of the normal deleterious effect of 
hard  water upon the synthetic detergent,  the addit ion 
of as little as 10% Carbosc makes it possible to obtain 
greater  carbon soil removal in 15 gr. water  than is 
possible in distilled water in which no Carbose is used. 

In  Figure  15 the effect of hard  water in conjunc- 
tion with a synthetic anionic detergent  is shown to be 
favorable with respect to whiteness retention charac- 
teristics. As would be expected, the addition of Car- 
bose results in material  improvement of whiteness 
retention in both distilled and hard  waters. The cause 
of this favorable effect is unknown but  may be due to 
a possible superior soil suspending action of the cal- 
cium or magnesium salts of the alkyl aryl  sulfonate as 
compared to tha t  of the sodium salt. 

This water softening effect has been observed in the 
field where the descaling of l aundry  washing equip- 
ment f requent ly  has occurred upon changing f rom 
conventional detergent  formulations to ones contain- 
ing Carbose and no other sequestering agents. 

Summary 
Certain forms of sodium carboxymethyl  cellulose 

have been shown to be highly effective as synthetic 
detergent pronIoters. Formulat ions containing a so- 
dium alkyl aryl  sulfonatc type of synthetic detergent,  
alkaline salts and a type of sodium carboxymethyl  
cellulose developed for  high detergency promoting 
properties surpass high quality f a t ty  ~cid soaps in 
both carbon soil removal and whiteness retention on 
cottons. 

18 P repa red  by dissolving the !oroper quanti~ies of calcium chloride 
and  magnesium sulfate in distilled water  to give a mol rat io of C a : M g  
of 2 : 1  and  the desired hardness  both expressed as CaCOs equivalent .  

200 

18 

~ 8 

3 6 

2' 

Conc of Gorbose E~osed on W~ghl of Kreelon 4D, % 

) 

Fro. 14. Effect of the addit ion of Carbose on the carbon soil 
removal characterist ics of Kreelon 4D in 0.25% concentrat ion 
at  140~ in distilled and ha rd  waters.  

Terna ry  diagrams have been presented for  systems 
containing Kreelon 4D, a sodium alkyl aryl  sulfonate 
type of detergent ;  Carbose, a commercial detergent  
grade of sodium carboxymethyl  cellulose; and each 
of four  alkaline salts�9 F rom these diagrams can be 
selected visually an infinite number  of formulat ions 
having any desired level of detergency within the 
range covered and which will meet other require- 
ments such as maximum or minimum foaming, high 
or low alkaline salt content, etc. 

Sodium earboxymethyl  cellulose promotes deter- 
gency lit both hard  water  and diluted synthetic sea 
water and in fact  has actual water  softening proper-  
ties, being able to sequester or otherwise reduce the 
effect of hard  water  cations. A sodium alkyl aryl  
sulfolmte type of detergent  combined with the proper  
proportions of sodiiHn earboxymethyl  cellulose in as 
high as 15 gr. water  exhibits detergent  propert ies  
superior  to those of the synthetic detergent  alone in 
distilled water. 
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FI(~. 15.  E f f e c t  o f  t h e  n d d i t i o n  o f  Ca r l )o se  o n  t h e  w h i t e n e s s  
r e t e n t i o n  c h a r a c t e r i s t i c s  o f  K r e e l o n  4 ] )  in  0 . 2 5 %  c o n c e n t r a t i o n  
a t  ] 4 ( ) ~  in  d i s t i l l e d  a n d  h a r d  w ' t t e r s .  

Methods having a relatively high order  of preci- 
sion for tile evaluation of detergency have been pre- 
sented in detail. By these methods two fundanlental  
characteristics of d e t e r g e n c y - - c a r b o n  soil removal 
and whiteness r e t en t ion - -  as applied to the launder- 
ing of cotton fabrics may be independent ly  measured. 
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