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Removal of Fatty Soil from Glass. 
Detergent-Builder Effect 

Electrolyte 
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C 
OMPOSITIONS DESIGNED for use in mechanical 
dishwashing machines are characterized by the 
essentially complete absence of foaming surf-  

actants. The design of the machines generally is such 
that  foam impedes water-droplet  impingement on the 
articles to be cleaned. This negative effect far  sur- 
passes the useful potential  physieo-ehemical activity 
of the surfactant.  As a consequence, dishwashing 
compositions are comprised essentially of electrolyte 
surfaetant  builders with only very  minor percentages 
of low-foanling surfaetants.  Since absence of water 
spotting and good drainage are adversely affected by 
water hardness, the materials chosen should soften 
water, not by precipitation, but by sequestration of 
Ca and Mg ions. Materials most generally used for 
this purpose are the polyphosphates, par t icular ly  so- 
d]ran trip/llyphosphate (NaaPaOlo). Though other de- 
tergent  builders, such as the carbonates and silicates, 
may be added, for  this discussion they will be omitted. 

A previolIS paper  lly the present authors (1) re- 
viewed thc characteristics of glass, indicating that 
pr imary  adsorI)tilm sites were present and that tri- 
stearin, the radio-tagged fa t ty  soil, was adsorbed at 
these polar regions. Pre l iminary  work in preparat ion 
of the glass slides for  tile adsorption-cleaning study 
indicated that  once a glass surface had been cleaned 
with a polyphosphate, the resoiled glass surface then 
retained the soil much less tenaciously than whcll a 
silicate or caustic cleaning agent had been used. This 
report  describes this characteristic p roper ty  of poly- 
phosphates with glass alld suggests its important  
practical applications. 

:Experimental 
The experimental pro('edllre was essentially that  of 

the previous paper (1) comprising' the frosting of 
microscope slide disks, preparat ion for soiling, soiling 
with mono- or malt] layers of carbon-14 tagged tri- 
stearin, removal in a modified Terg-O-Tometer, and 
the counting procedure. Deviations from this tech- 
nique will be indicated. 

I'rel~minary Disk Trcatme~,t. Following removal 
of possible organic couture]hunts f rom the frosted 
disk by immersion in hot nonionic surfaetant ,  af ter  
rinsing inorganic containinants are removed by treat- 
ment with hot sodium hydroxide solution. Init ial ly 
however, since tr ipolyphosphate is a major  constitu- 
ent of dishwashing compositions, it was natural  that  
this should be used as the glass-pretreating agent. In 
so doing, it was found that soil subsequently applied 
was readily removed, so much so that  little spread 
between detergent values could be found. [n  contrast, 
when sodium hydroxide was used for pretreatment ,  
the soil was quite tenacious, and good differentiation 
between detergents (or solvents [1]) could be dis- 

eerned. This finding led to the development of the 
data of Table I by pre t rea t ing  the glass disks a f te r  
organic contaminant removal as follows. 

T h e  i n i t i a l  so i l  l e v e l ,  a s  a s p o t t e d  a p p l i c a t i o n ,  w a s  a b o u t  
400  c p m .  T h e  w a s h i n g  p r o c e d u r e  f o r  t h e  r e p l i c a t e s  o f  t h e  
i n d i v i d u a l  p r e t r e a t m e n t  m a t e r i a l s  w a s  a w a s h  f o r  10 r a i n .  
a t  1 4 0 ~  in  a t t o t p o i n t  d i s h w a s h i n g  m a c h i n e .  T h e  w a s h e d  
d i s k s  w e r e  m a c h i n e - r i n s e d ,  a g a i n  w i t h  1 4 0 ~  w a t e r  f o r  5 
r a in . ,  d r i e d ,  a n d  ( !oun ted .  

T A B L E  I 
In f luence  of Glass P r e t r e a t m e a t  olt Soil Remova l  

. . . .  % Soil r emoved  l~re t rea tment  

Sodium t r ipolyphosphate  ............................... ] 81.8 
Glassy sodium phosphate  ............................... 68.0 
Ethylene  d iamim!  te t raace ta te  ....................... 85.6 
Sod ium or thophospha te  ................................. 
NaOK ............................................................ 20.818.1 
Te t rapotass iu  m ferrovyanide.  ........................ 21.6 
Sod ium carbonate  .......................................... F 28.3 

W a s h  condit ions 
l-Iotpoint d i shwasher .  
0.25~0 Sodium metasi l icate .  
10 M i n . - - 1 4 0 ~  

In]t iM soil l e v e l - - 4 0 0  cpm -spotted soil. 

i t  is quite at)part,Jr from Table ! that sequestering 
materials arc the cffcvtivc tyi/cs, that  the precipitat ing 
type of water-softening buil/lcrs arc ineffective, and 
that mull]valency of the auhnl is not the controlling 
factor. This surprising ability of tr ipolyphosphate 
(as representat ive of the class) to reduce the ability 
of soil to adhere was fur ther  investigated in an at tempt  
to elucidate tile nlcchaldsm (tr a(~tioll. 

Soil Remowd by Bidhlcrs. ]laving verified the pre- 
t reatment  effect of t;l'il)()ly, all subse(luent disks were 
prepared with sodium hydroxi/h; solution for pre- 
t reatment  before soiling. 

A series of builders, all at ().25~)/~ C~Olmentration (an- 
hydrous basis), were tested for removing spotted soil. 
The data of Table II, In'el)arc(1 tly the now standard- 
ized Terg-O-Tometcr procedure, verified tile prelimi- 
na ry  data of Table I. These show that cven though 
the disks were not l /repared (or pretreatc(t) with tri- 
poly, this class ot' eOnltlOUlld nevertheless had high 
effectiveness in soil removal. Tile lower effectiveness 
of the glassy phosphate may probably be at t r ibuted 
to a p H  effect since the anion is at ]east as effective a 
sequestering group as tile t r ipoly i/UL 

TABLE I t  
Soil Remova l  by  Bui lders  

0.25% Solut ions ( anhydrous  bas i s ) .  
Terg-O-Temeter ,  75~ distil led wa te r .  
Soi l - - - t r is tear in  ( s p o t t e d - - 4 , 4 0 0  e p m ) ,  
T i m e - - 2 0  rain. 

BuiS?er % D e t e r g e a c y  

Sodium t r ipolyphosphate  ............................... [ 82.0 
T e i r a s o d i u m  pyrophospha te  .......................... I 82.0 
Glassy sodium phospha te  ............................... ] 46.5 
Sod ium metas i l ica te  ....................................... ] 37.0 
Na'zCOa ........................................................... / 26.9 
N a O l t  ............................................................. / 18.0 
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Tripolyphosphate ( S T P )  Evaluat ion.  

a) Wash Time/Conce~dration. The data of F igure  
1 arc a plot of detergency against  S T P  concentrat ion 

6o 

K 6O Mlnutes 

- - - - - - ~ - ( D  l o  

' 0.% o.~l 0 o.001 o.o025 
STY Cone~n%rmti~n - % 

[~'1(~. 1. Soil ,'(,moval as ~ func t ion  of  t ime.  Spot ted  s o i l - -  
w;Ish t('ml). 75~ 

(log scale) for three different wash pcriods. These 
data  show tha t  an op t imum wash t ime exists and that  
S T P  concentrat ion has an impor tan t  bear ing upon the 
degrcc of soil removal.  Though the curves are indi- 
('ated as reaching zero detergency at 0.(llIl% concen- 
tration, it is likely that  actual measurement  at lower 
(.O,lCcntrations would incline the curves toward the 
origin. The loss of effec~tiv(~,mss at this concentration 
may possibly be ~ttr ibuted at, least in par t  to hydro-  
lytie reversion to the orthophosphate.  ]t is impor tant  
however that  the 0.001% level scems to be a l imit ing 
concentration. I t e rc  the max imum wtriation occurs 
as the reproducibi l i ty  shows. Reprodueibi l i ty  (95% 
('~onfi(tenec level) for  f rom 10 to 13 replicate disks 
for  the several ST1 ) concentrat ion levels were 0 .001%- 
•  ; 0.0025% •  ; 0 . 0 1 % - + 2 . 2  ; 0.1%---+1.5 (Fig-  
ure 3, spotted soil curve) .  

The relative effect of STI ) concentrat ion is more 
apt)arent  in F igure  1 while detergency improvement  
with wash t ime is shown in F igure  2. 

b) Soil Film. The data  of F igure  3 show the dif- 
ferences in soil removal  with an increase in the amount  
and type of soil application. The more continuous the 
film of soil, the greater  the difficulty and the les~ 
complete the soil removal,  and the greater  the STP  
concentrat ion required. 

c) Quartz as a Substrate.  Quartz  slides were pre- 

lbo ~ o.1~ s~e 

--~ o.o0~5% sTP 

o r "o ~ & 
Wash T~ - Minutes 

FIG. 2. Soil r emoval  as a f unc t i on  of  concent ra t ion .  Spot ted  
s o i l - - w a s h  temp.  75~ 

pared  as for  glass, and a spotted soil was applied. 
The curve shown in F igure  3 indicates that  the soil 
removal  characterist ics for  the quartz  substrate arc 
similar to glass and that  the soil is somewhat more 
difficult to remove at the lower concentrat ion level. 

D i s c u s s i o n  

S T P  Effect.  The surpris ing abili ty of STP  to pre- 
vent the strono' adherence of t r is tear in  soil as a result  
of pre t rea tment  of the glass substrate  was not antici- 
pated.  The few ~itcrature references concerning glass 
and builders are ('oncerned with the adsorption of 
sodium (4) or of sodium orthophosphate (3). The 
lat ter  was said not to be adsorbed in appreciable 
amount  though other investigators who t reated glass 
surfaces with sodium hydroxide found that  ortho- 
phosphate was adsorbed. This was believed to be a 
good indication of alkali a t tack (2).  The data of 
Table I suggest no greater  adsorption of orthophos- 
phate  than for sodium carbonate or NaOI i  (or that  
adsorbed orthol)hosphate had no effect on rcsoiling) 
whereas the adsorpt ion of the sequestrant  type ot' 
anions had appreciable  effect and was considerably 
greater  than for le,~s complex compounds. 

O- Spotted Soll Film - 6000 cpm 

- Continuous Soll Film ~ lO,O00 cpm 

Q u a r t z  

# 
95% Confldence Limits 

0 # I 

o.ocl o.ooe5 o.lol o.o~5 o.~5 o la 
STP Concentratlon - ~g 

Fro. 3. Spot ted  vs. cont inuous  soil film removnl.  

The detergent  effect of the polyphosphates,  and to 
a much lesser degree, of metasilicate, is evident f rom 
Table I [, in which the sequestrant  type  of compounds 
is the more effective soil remover ( f rom caustic pre- 
t reated glass). 

F igures  I and 2 show that  soil removal  is a function 
of t ime and concentrat ion for  the t empera tu re  studied 
and that  once a 10-rain. wash period is attained, soil 
removal  increases less markedly  with concentration 
increase. 

Mechanism. Two mechanisms are actual ly  involved: 
the S T P  effect (sequestrant  anion) and the mechanism 
of soil removal.  

Several  hypotheses for  the S T P  effect may  be ad- 
vanced: adsorpt ion at p r i m a r y  sites with a hydra t ion  
effect, competi t ion for  polar  adsorpt ion sites per se, 
and base exchange with Mg and Ca ion sites. Tha t  a 
hydrat ion effect (surface-adsorbed moisture) was not 
involved was shown by baking the soil in a normal  
manne r ;  the soil remained relat ively easy to remove 
with STP- t rea ted  disks. Normal ly  a layer  of mois- 
ture must  probably  be present  for  soil removal  is 
much greater  with regular ly  p repared  disks when not  
" a g e d . "  Base exchange is probably  not involved since 
quartz should be essentially free of exchange sites, 
such as those present  in glass; yet, as shown in Fig-  
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ure 3, S T P  continues to have excellent soil-removal 
effect. Others (3) have shown tha t  sodium is adsorbed 
on both glass and quartz though the extent for the 
lat ter  substrate  is less by about  75%. Such a degree 
of lowering with STP  was not found, suggesting either 
that  the same adsorption sites which adsorbed sodimn 
were not involved or that  others are active with S T P  
and this soil. This leaves only a competit ion for polar  
adsorption sites between S T P  and the tr istearin,  and 
whichever was adsorbed first would have considerable 
influence on the ease of replacement  by the other. The 
fact  that  oily soil is more readily removed from a 
STP- t rea ted  substrate  and tha t  STP  can ahnost com- 
pletely remove t r is tear in f rom the fa t - t reated sub- 
s t ra te  suggests the grea ter  polar i ty  of the S T P  system, 
as might  be expected. 

The mechanism of soil removal  for solvent system 
removal of t r is tear in  (1) f rom glass consists either 
of dissolution of coherent soil or a " s t r i p p i n g "  or 
preferential  displacement process for removal of 
adherent  (adsorbed monolayer)  soil. Since STP  is 
neither a solvent nor a surfaetant ,  neither dissolution 
nor micelle solnbilization is involved for this system 
in coherent soil removal. Ins tead it appears  that  the 
upper  soil layer may be removed in par t  by emulsifi- 
cation, but more likely that  both coherent an<l ad- 
herent soil are relnoved near ly  simultaneously by the 
" s t r i p p i n g "  or preferent ial  displacement meetlanism. 
The lower layer  is desorbed and, along with it, coher- 
ent soil. In suppor t  of this hypothesis is the fact that  
the eol~timml,S soil film of F igure  3 is r<,moved with 
much more difficulty (time and eOlicentrati<>n in- 
crease) than the Sl)otted soil applieation. F<>r the 
lat ter  type of soil applie, atiolb the potential area for 
penetration and contact is obviously nmeh g'reater. 

Impl@atio~ls. Use of S T P  in dishwashin~ composi- 
tions has general ly been based upon its effeetivem'ss as 
a sequestrant  type of water  softener. ~Vhih, it cer- 
tainly has these eharaeteristics, these data straw its 
lnueh broa(ler utility. Sequestrant  type of sol' |eners 
are the only ones found to p rc t rea t  glass surfaces so 
that  subseqnen~ soiling is less retentive. Soiling pre- 
vention occurs lhrough pre t rea tment ,  buL more im- 
portant,  mn~e ;t soiled glass (not pretreate(t)  has heen 
(deane(l wilh a composition containing al)pre('iab]e 
amounts of STI ), the effect upon subsequeni soiling is 
|ha t  of a soil-preventive pre t rea tment .  STI '  not only 
softens water  without precipitat ion,  it is an effe(;tive 
detergent  for an oily soil and, when used for washing, 
imparts  a soil-resistant surface to the glass. 

Additional Factors Requiring I'nvestigation. This 
repor t  is the first of several, for  factors  which mus t  
be investigated are: effect of other builders, bui lder  
c o m b i n a t i o n s ,  b u i l d e r - s u r f a e t a n t  combinations, ad- 
sorption-desorption isotherms, other soils, and other 
substrates.  

Summary 

The mechanism of radio-tagged t r is tear in  removal  
f rom a glass substrate  by sodium t r ipolyphosphate  is 
p r imar i ly  one of preferent ia l  displacement.  Triste- 
ar in removal by S T P  appears  to be a competi t ion for  
p r i m a r y  polar adsorpt ion sites: being' the more polar, 
S T P  displaces the soil. Continuous soil films are more 
slowly removed than  spot ty  soil films because ini t ial ly 
fewer accessible adsorpt ion sites are available for  dis- 
placement  a t tack by STP.  I t  is believed tha t  emulsi- 
fication of these heavy films occurs init ial ly by the 
" s t r i p p i n g "  or preferent ia l  displacement by S T P  of 
the adsorbed monolayer  at a site, followed by a rolling 
up of coherent soil along with the desorbed monolayer,  
result ing in a degree of emulsification. 

In addition to its sequestrant  water-sof tening action, 
previously considered its main function, and its de- 
tersive effectiveness, another  very  impor tan t  fea ture  
has been diseovere(t. Tr ipolyphosphatc  (and seques- 
t r an t  type of anion) adsorbs on a glass surface and 
reduces the tenaci ty of subsequent f a t t y  reselling. 
This may account to a considerable degree for  the 
demonstra tedly  high practical  cleansing effectiveness 
of the compound. 

Adsorption of STI> is not by a base exchange meeh- 
a l l i s l n  f o r  q n a r t z  a l s o  displays the same effect a s  g l a s s .  

It seems a p p a r e n l  that  the same type of a(lsorptiol~ 
sites exists on bolh glass alld quartz snr faees  thongh 
those o n  quartz snggesl either a s t ronger  adsorption 
of a higher energy level or a larger  number  of adsorp- 
tion sites. 

These data den|ousiraie the relatively high detersivc 
efliciem.y of the polyphosphaies for this soi l /substrate  
system. Sodium metasili(,ate and sodium carbonate fal l  
consi(lerably lower in soil-removal value. 
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Direct Extraction d Jojoba Seed 1 

I. J. SPADARO, P. H.  EAVES, and E. A. GASTROCK, Southern Regional Research Laboratory, 2 
New Orleans, Louisiana 

J 
OJOBA SEED contains about 50% of a liquid wax, the 
eomposition of which is unique in that  it is one of 
the few agr icul tural  products  known to have sneh 

] Presented at  the Fall Meeting, Anmriean Oil Chemists'  Society, Los 
Angeles, Calif., September 28-30 ,  1959. 

COne of the laboratories of the Southern Utilization Research and  
-" lIevelopment Division, A~rieultural  Research Service, U. S. Depart-  

m(mt of Agricul ture.  

high proport ions of C,:,o and C22 acids and alcohols 
combined as esters. This liquid wax is general ly re- 
ferred to as an " o i l "  because of its liquid state at  
room temperature .  In  several reviews and technical 
publications (1, 8, 10, 11 ) it has been shown that  both 
the oil and the products  derived f rom the oil have 


