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Substrates investigated were glass, quartz, porcelain, steel, 
stainless steel, aluminum, polyethylene, methylmethacrylate, 
Nylon, and Teflon. lRadiotagged (C-14) soils used were algal 
protein, stearie acid, and tristearin. Soil removal curves 
showed that Nylon, Teflon, methaerylate, and stainless steel 
had few soil-adsorption sites and that the adsorption was of an 
ion-exchange type. Algal protein and stearic acid soils ap- 
peared to adsorb through an ion-exchange type mechanism, with 
most substrates, while tristearin showed a van der Waals' type 
of adsorption with glass, quartz, steel, and aluminum. Con- 
clusions as to adsorption type were based upon the shape of 
the soil-removal curves. 

Adsorption studies showed that both anionic and nonionic 
surfactants were adsorbed by glass, porcelain, steel, and alu- 
minum surfaces, apparently by an ion-exchange type of adsorp- 
tion. The character of the surfactant adsorbed affected the 
degree of removal of subsequently applied soil; the umre 
hydrophilic surfactants permitted easier soil-removal. Tripoly- 
phosphate, orthophosphate, and ethylenediamine tetraacetate 
anions and tetraethylamnmnium cations were adsorbed by these 
same substratcs and influenced the ease of removal of sub- 
sequently applied soil. Pretreatment of substrate by alkali 
generally increased the ion or surfactant adsorption more 
than acid-pretreated surfaces, and rather marked similarities 
between the adsorption sites of glass and quartz were apparent 
from acid pretreatment. 

Stearic acid soiled substrates were cleaned by a preferential 
displacement mechanism; the soil was rolled up into globules. 
Tristearin-soiled surfaces were cleaned by a similar mechanism. 

R MOVAL Of radiotagged tristearin, triolein, stearie 
acid, and algal protein soils from siliceous sub- 
strates has been reported (1,2,4,5). Quartz, glass, 

and porcelain surfaces have shown slight differences 
in adsorption-site characteristics but have served to 
demonstrate that the removal of soil is a preferential 
displacement mechanism. An object of this paper is 
to show the mechanism of soil removal from these and 
other substrates. 

The previous reports have shown that sodium tri- 
polyphosphate (STP)  appears to act by adsorbing on 
certain substrate sites so that subsequently deposited 
soil becomes much easier to remove. I t  would be sus- 
pected that this mechanism of STP adsorption would 
be one of ion-exchange, but only slightly polar soils, 
such as the triglyeerides, might be expected to adsorb, 
not at ion-exchange sites, but at other pr imary  sites, 
probably as a result of van der Waals '  attractive 
forces. An  at tempt will therefore be made to de- 
scribe more dea r ly  these adsorption phenomena and 
to characterize the adsorption type with various soils 
and substrates. 

Experimental Procedures. The details of experi- 
mental procedure have been cited in previous papers 
(1,2,4,5), and only exceptions or additions will be 
mentioned. Each of the data points or values is the 
average of not less than three replicate measurements. 

Materials Used. Ethylenediamine sodium tetraaee- 
tate (EDTA) ,  commercial 

Trisodium orthophosphate (TSP) ,  commercial 
Sodium tripolyphosphate (STP) ,  commercial 
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TetraethylaInmonium bromide, Eastman 
Dodeeylphenol-10-EO (10 molar ethylene oxide 

adduct)  (DDP)  
Dodeeylphenol-5-EO 
Tridecanol-10-EO (TDA) 
n-Dodeeanol-10-EO 
Sodium dodecylbenzene sulfonate (NaDDBS) 

The nonionic surfactants were laboratory prepara- 
tions from which the catalyst had been removed. The 
alkylbenzene sulfonates and the other anionies were 
essentially 100% active ingredient obtained by puri- 
fication. The alkylbenzenes were cuts corresponding 
to the carbon chain-lengths noted. 

Soils. Tristearin (1.73 meuries/mmole),  Nuclear 
Chicago 

Triolein (0.12 meuries/mmole),  New England 
Nuclear 

Algal protein (specific activity 0.234 txe/mg.), 
Nuclear Chicago 

Stearic acid (specific activity 2.52 me./mmole), 
Nuclear Chicago 

Stearie acid soil was dissolved in carbon tetrachlo- 
ride and diluted to a desired activity level and spot, 
or otherwise deposited. 

The algal protein was dissolved in a tert-butano]- 
water mixture (1:1 by volume), containing 1% (vol- 
ume) of morpholine. A working solution (5500-6000 
cpm/0.1 ml.) was tested, showing that the morpholine 
was volatilized from the spot-deposited film. 

Monolayer Levels. The feature that makes the fore- 
going work feasible is the fact (1) that  frosted glass 
slides, though soiled with excess radiotagged tristearin 
or triolein, retain a monomoleeular layer of the tagged 
soil when washed in carbon tetraehloride. This char- 
acteristic effect was repeatedly demonstrated and was 
verified by measurements of actual surface areas of 
the slides by various procedures and other measurable 
adsorbate materials. For  stearic aeid a 20-rain. wash 
at 25~ with absolute ethanol resulted in the same 
phenomenon of renmval only to the monolayer level. 
Soil-removal levels were the only data available for 
the algal protein soil. 

Other Substrates. A porcelain surface was obtained 
through the courtesy of the Syracuse China Corpora- 
tion. Metals used were stainless steel 304, 2B finish, 
SAE 1010 cold rolled steel; and 2024-T6 aluminum. 

Plastic materials used were sheet stock of methyl- 
methacrylate;  Teflon; Nylon 101; and polyethylene of 
two types, low density-high pressure and high density- 
low pressure. 

Disk Pretreatment. For  glass the normal pretreat- 
ment is with acid followed by alkali (0.5% solutions 
for 5 rain. at the boil), but, for following treatment 
by other materials, either an acid or alkali pr imary 
pretreatment was used. Secondary pretreatments fol- 
lowed the pr imary ones, at the solution temperatures 
noted, and were fur ther  followed by a 2-min. rinse 
at room temperature with distilled water. 
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P r i m a r y  pre t rea tment  of aluminum, steel, and stain- 
less steel disks consisted of degreasing with carbon 
tetraehloride, use of 0.1% HC1 or N a O H  at 50~ for 
1 rain., and a water  rinse. Aluminum disks appeared 
unchanged but  apparen t ly  were coated with a thin 
layer  of hydrous  oxide. Steel surfaces rusted easily 
af ter  t rea tment  unless stored in a desiccator. No 
change in stainless steel surfaces was apparent .  
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Soil Removal from Other Substrates. Figure  1 pro- 
vides carbon tetraehloride removal curves vs. wash 
time for a var ie ty  of substrates soiled with tristearin.  
F igure  2 shows removal  value/concentra t ion curves 
for  the n-dodeeanol-10-EO adduet, and Figure  3 the 
same for  the dodeeylphenol-10-EO adduct  with other 
substrates.  

Removal  of algal protein soil by S T P  f rom a vari-  
ety of substrates is shown in F igure  4. 

Characterization of Substratc Surface. Attempts  
were made at characterization of the adsorption sites 
on glass and metal  surfaces, using the p r i m a r y  and 
secondary p re t rea tment  techniques described above. 
Only spotted soil applications were examined. Com- 
parisons following soiling were made between the 
p r i m a r y  pre t rea ted  surface and those with secondary 
pre t rea tment ,  first by  carbon tetrachloride washing 
to reveal the extent of t rue  monolayer retained, fol- 
lowed by a sur fae tan t  wash, then another  carbon tet- 
raehloride wash to remove soil mult i layers  piled up 
by  the sur fac tan t  through preferent ia l  displacement. 

Table I shows the adsorption of sur fae tan t  on 
frosted glass surfaces and the effect of hydrophobe- 
hydrophi l  length of a poor detergent.  
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FIG. 2. Tristearin soil: surfaces washed with n-dodecanol-10-EO. 
Glass: 3500-4000 cpm spotted soil 
~[etal: 4500-5000 epm spotted soil 
Wash temperature, 75~ 

The effects upon soil retention by sur fac tan t  ad- 
sorption on glass, steel, alunfinum, glazed and frosted 
porcelain are given in Table I i .  

The effects of p re t rea tment  with various anions and 
cations upon soil adsorption are shown in Table I I I .  
Similar data for stearic acid soiled disks are shown 
in Table IV. 

D i s c u s s i o n  

Removal from Various Substrates. Since t r is tear in  
may  be removed f rom glass to a monolayer level by 
a carbon tetrachloride wash, comparat ive values with 
other substrates were a t tempted  (F igure  1). The 
wide d ispar i ty  between removal  levels is related to 
the character  and number  of adsorption sites present  
on a given surface. Fu r the r  affecting soil adsorption 
(and ease of removal)  are molecular density and 
character  of surface, chemical react ivi ty  of the sub- 
strate, and (implied) the free surface energy of the 
material .  Teflon, a polymer  of extremely low surface 
energy (3),  is not easily wetted by the soils and 
exhibits a min imum of adsorption sites. Stainless 
steel is soiled to a less retentive level than is steel. 
The fewer the adsorption sites, the more readily is 
soil renmved, and soil removal  levels for  Teflon, Ny- 
lon, methyl  methaerylate ,  and stainless steel relative 
to glass, are extremely low. Polyethylene, though 
of relat ively low surface energy, retains f a t t y  soil 
through a dissolution process, recognized for  a num- 
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FIG. 3. Tristearin soil removal studies: various substrates. 
3500-4000 epm spotted soil 
75~ 20-rain. wash with dodecylphenol-10-EO 
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ber of f a t t y  cosmetic materials. The difference be- 
tween the two polyethylene types may be at t r ibuted 
to differences in molecular weight and molecular 
packing. The decreasing order of soil retention was: 
polyethylene (hard)  ; polyethylene (soft) ; Nylon;  
stainless steel; porcelain (glazed);  methylmethacry- 
late;  and Teflon. 

Removal of t r is tearin f rom steel, aluminum, and 
glass substrates by n-dodeeanol-10-EO solutions pro- 
vided the curves of F igure  2. The several substrates 
gave the same type of sigmoid removal curve. Steel 
gave consistently lower removal values, at tr ibutable 
either to fewer or weaker adsorption sites. The alu- 
minum and glass curves were almost identical in 
spite of their  surface and chemical differences. In 
contrast, a normally less effective detergent for  tri- 
stearin, dodeeylphenol-10-EO, very  easily removed 
soil at  ve ry  low solution concentrations from Nylon, 
methyl  methacrylate, Teflon, and stainless steel sur- 
faces, confirming the scarcity of adsorption sites sug- 
gested by the solvent washes of F igure  1. Absence 
of the sigmoid type of removal curve should be noted. 

The importance of the shape of the soil-removal 
curve f requent ly  is overlooked. Comparison of Fig- 
ures 2 and 3 shows the marked differences in these 
substrates for  their  retention of the soil. Obviously 
the number  of adsorption sites affects apparent  ease 
of removal, but  the fact  that  complete removal is 
difficult to at tain with otherwise easily cleaned sub- 
strate suggests a very  strong soil bonding on a few 
sites. 

The relatively sharp release of soil over a narrow 
concentration range for glass, steel, and aluminum 
(Figure  2), with their  sigmoid shape of removal 
curves, compared with the low concentration depend- 
ence of the substrates of F igure  3, indicates a marked 
difference in adsorption-site character  for these sub- 
strafes. The relatively linear soil-removal curves sug- 
gest a type of ion-exchange, and the sigmoid shape 
suggests that  for  a given detergent concentration an 
energy barr ier  is lowered to release soil. This sug- 
gests a van der Waals '  type of soil adsorption. 

Algal protein soil (Figure  4) was removed from alu- 
minum, polished glass, stainless steel, steel, and Teflon 
surfaces ra ther  easily by  S T P ;  glass showed more 
complete removal and at a lower solution-concentra- 
tion than for  the other surfaces. The nmst retentive 
surface was the relatively porous aluminum substrate. 
The somewhat linear shape of these soil-removal curves 
more near ly  resembles a type of ion-exchange adsorp- 
tion. Increasing detergent  concentration increments 
gradual ly  and regular ly  release soil over a broad con- 
centration range. This curve shows that  the protein 
soil is adsorbed differently f rom the fa t ty  soil, so that 
kind of substrate and soil affect type of adsorption. 
Fo r  example, glass gives a van der Waals '  type of 
adsorption with tristearin, and an ion-exchange type 
with the protein soil. However adsorption of tristea- 
rin on Nylon or Teflon is not of the van der Waals '  
type but  more near ly  resembles an ion-exchange. 

The comparative data of F igure  5 show the shape 
of the soil-removal curves by either STP  or the tri- 
decanol-10-EO adduet  f rom glass for  the several soils. 
The regular, almost linear shape of the protein and 
stearie acid soils, with high initial water removal, 
shows gradual  soil release as a function of detergent 
concentration. (Curves for  removal of these two soils 
by the tridecanol-10-EO product  ra ther  closely par- 
alleled the S T P  curves and therefore are not shown.) 
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FIG. 4. Algal protein C-14 soil removal: various substrates 
at 75~ 

The sigmoid shape of t r istearin soil-removal curves 
by the two detergents is more prominent  with STP  
than with the tridecanol adduet. Differences between 
the curve shapes are at tr ibutable to differences in de- 
tergent ability to " n e u t r a l i z e "  the attractive adsorp- 
t i re  soil energy forces. 

Adsorption Site Character. It  is generally consid- 
ered that  adsorbates are distributed over a surface as 
patches. These patches cover p r imary  adsorption sites 
with possible over-run mechanically held or cohesively 
bound to the adsorbate at the pr imary  site. Spotted 
soil as applied certainly does not cover all the pr imary  
sites, but free adsorption by exposure to a solution 
of the adsorbate should effectively cover them. An 
experiment (4) with stearic acid soil in which water- 
washing resulted in a more energetically bonded soil 
is a good example, for this soil must have been effec- 
tively redistr ibuted and soil removal then became 
much more difficult. That  soil patches leave aper- 
tures to the substrate surface where surfactant  solu- 
tions can preferent ia l ly  displace soii is evident by 
comparing spotted with continuous tr istearin films 
(2). A continuous film of t r is tearin required 25-fold 
higher S TP  concentration for initial removal and 
never closely approached the final removal value for 
spotted soil. These findings strengthen the prefer-  
ential displacement explanation of the removal mech- 
anism for  S TP  systems. 

Experiments  were designed to determine whether 
surfactants were adsorbed on glans or other sub- 
strates. These were carried out by exposure of the 
surface to the surfactant  solution (then rinsing and 
drying) ,  followed by soil deposition. The soil applied 
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T A B L E  I 

S u r f a c t a n t - P r e t r e a t e d  Fros ted  Glass Surfaces  
Tr i s t ea r in  soil, 251 cpm per  monolayer  
Spotted soil appl icat ion 
3 5 0 0 - 4 0 0 0  cpm rad io tagged  t r i s t ea r in  

(Seconda ry  p r e t r e a t m e n t  compr i s ing  w a s h  in 0 .5% s u r f a c t a a t  
s o l u t i o n ,  r ins ing,  dry ing ,  before  soil ing) 

Secondary  t r e a t m e n t  

Dodecylphenol-10-E 0 
Regu la r  soil 
P r e t r e a t m e n t  
Regu la r  soil 
F r e t r e a t m e n t  

Dodecylphenol-5-E 0 
Regu l a r  soil 
P r e t r e a t m e n t  
Regu l a r  soil 
P r e t r e a t m e n t  

Sodium dodeeylben- 
zen esulfonate  

Regu l a r  soil 
P r e t r e a t m e n t  
Regu la r  soil 
P r e t r e a t m e n t  
P r e t r e a t m e n t  

W a s h  

CCI~ 
CC14 

0 .5% D D P - 1 0 - E O  
0 .5% I)DI:)-10-E 0 

CCh 
CCh 

0 .5% DDP-5 -EO 
0 .5% D D P - 5 - E O  

C014 
0C4  

0 .5% N a D D B S  (p:H 7) 
0 .5% N a D D B S  (low pI-I) 
0 .5% N a D D B S  ( p H  7) 

% Soil 
r emova l  

93.8 
94.4 
77.9 
87.2 

93.8 
95.2 
25.4 

7.4 

93.8 
92.5 
11.8 
68.5 
37.7 

Remain-  
ing  cpm 

242 
226 

242 
99 

242 
287 

was sufficient, if evenly deposited, to provide about 
15 monolayer levels over the surfactant-pretreated 
surface. In the absence of pretreatment a wash with 
carbon tetrachloride would lower the soil level to a 
single monolayer. Consequently, if surfactant adsorp- 
tion had covered available soil-adsorption sites, more 
soil should thus be removed, and the residual soil 
level should be less than for the unpretreated surface. 
After-washing in aqueous solution with the same surf- 
actant should show greater soil removal than a surface 
not pretreated with surfactant before soiling. This 
should follow since the soil had fewer primary sites 
to adhere to, and soiI-to-surfaetant bonds are much 
weaker than the soil-to-primary-site bonding. In pref- 
erential displacement the soil poorly bonded should 
be rolled up into globule form. Following this, a 
carbon tetrachloride wash would result in dissolution 
of the coherently-bonded soil in the globule, leaving 
only the partial monolaycr of adhesively-bonded oil. 
Table I shows that both nonionic and anionic surf- 
actants are adsorbed. Pretreatment with DDP-5 EO 
product indicated a considerable degree of adsorption 
as the remaining counts after a carbon tetrachloride 
wash indicate. Further, when this product was used 
to wash the soiled surfaces, it appeared either to 
redistribute the applied soil or to act as a bonding 
surface, or both. Sodium dodecylbenzene sulfonate 
was also adsorbed and, when used as a washing agent, 
acted in a manner similar to the DDP-5 E 0  adduct. 

Table II expands the number of substrates tested 
and includes both an alkali and acid primary pre- 
treatment. Values for the monolayer levels are shown ; 
the carbon tetrachloride wash indicates the initial 
degree of adsorption of radiotagged tristearin. Values 
above or below that for the control (no secondary 
pretreatment) indicate the degree of adsorption of 
the secondary pretreating agent. Similar compari- 
sons for the nonionic wash supplement the solvent 
wash data. The primary pretreatment had consider- 
able effect upon both surfaetant and soil adsorption. 
An increase in soil adsorption occurred with NaOH 
pretreatment for glass and aluminum while acid in- 
creased the adsorption for steel, suggesting activation 
of adsorption sites by such treatments, h i  general, 
the surface which adsorbed most surfaetant gave the 
least soil adsorption and was most effectively cleaned. 

After a demonstration of surfaetant adsorptions 
and their effect upon soil removal, a series of adsorp- 
tion tests was made with types of anions and cations. 

The objective of these adsorption studies was to de- 
termine whether anion or cation adsorption occurred 
with various substrates, how it varied, and the effect 
upon soil removal or retention. 

Table I I I  shows the effect of preadsorption of 
anions and cations upon tr istearin soil retention, and 
Table IV shows similar data for stearic acid soil. 
Effect of p r imary  pret reatment  may be shown by 
comparison of controls (no secondary pretreatment  
before soiling). Adsorption of anion or cation was 
shown by increase or decrease in the soil monolayer 
level over the control. 

In general, all four pret reatment  materials were 
adsorbed by the substrates, with a few exceptions, 
and to a greater extent af ter  alkaline pretreatment.  
TEAB,  the cation type of adsorbate, was slightly-to- 
moderately adsorbed, result ing in some cases in an 
increase in soil retention but more generally in a 
slight reduction. 

The number of adsorption sites on NaOH pretreated 
glass were increased considerably over that t reated 
with HC1. NaOH pretreatment  of quartz slightly 
affected adsorption, the sites were of a different 
character, but  the HC1 pretreatment  of both quartz 
and glass produced remarkably similar adsorption 
sites according to monolayer retention. 

Acid pret reatment  of aluminum generally reduced 
the number of adsorption sites, but  this was the most 
adsorptive substrate of those tested. The stearie acid 
monolayer level for steel af ter  the final ethanol wash 
(which removed cohesively-bound soil in the form of 
retracted globules) was much the same whether HC1 
or NaOH had been used for pret reatment  even though 
initial monolayer levels varied. Acid pre t reatment  of 
stainless steel tended to cause increased retention of 
soil, but  the values varied considerably. In general. 
the surfaetant  wash of the acid pretreated and soiled 
stainless steel surfaces tended to redistribute the soil 
while the NaOH pret reatment  tended to cause more 
complete soil release. 

T A B L E  I I  

Rema in ing  Monolayer  
T r i s t ea r in  spotted soil, 3 5 0 0 - 4 0 0 0  cpm. :~onolayer,  177 cpm for 

meta l  or  glazed porce la in ;  251 for frosted glass 

Sur face  

Frosted glass 

Steel 

Alunf inum 

Glazed porcela in  

Fros ted  porcelain 

Secondary  
pre t rea t -  

merit  b 

None 
DDF-10 -EO 
D D P -  5-EO 
N a D D B S  p H  7 

None 
DDP-10 -EO 
DDP-  5-EO 
NaDD]~S p H  7 

None 
DDP-10 -EO 
D D P -  5-EO 
N a D D B S  p i t  7 

None 
DDP-10 -EO 
D D P -  5-EO 
N a D D B S  p i t  7 

None 
DDI~-10-EO 
D D I  ~- 5-EO 
N a D D B  S p H  7 

N a O H  P r i m a r y  ~ HC1 P r i m a r y  a 

COI~ I Nonionic/  CCI~ I Nonionic 
. . . . .  h ~ l  wash  d J wash  wash  

1.12 / 0.25 [ 0.79 0.08 
0.67 I 0.18 / 0.57 0.06 
0.65 i 0.12 0.36 0.04 
0.80 I 0.20 i 0.67 0.08 

1.12 ] 0.22 2.92 0.53 
1.29 ] 0.37 1.54 0.62 
0.98 / 0.38 1.04 0.31 
1.35 ] 0.27 1.02 0 .80  

[ 

9.1 i 3.64 1.16 1.36 
b 

8.5 i 3.26 1.70 0.55 
2.38 I 0.92 1.37 0.45 
3.02 i 2.12 2.13 1.01 

J 
0.39 ] 0.15 0.27 0.18 
0.33 [ 0.14 0.26 0.22 
0.27 ] 0.17 0.22 0.18 
0.29 0.21 0.32 0.19 

.... I 0.27 . . . . . . . .  

.... i 0.35 . . . . . . . .  

.... 0.26 . . . . . . . .  

.... I 0.27 . . . . . . . .  

a P r i m a r y  p r e t r e a t m e n t :  G l a s s - - N a O H ,  0 .5%,  100~ 5 min . ;  1--1(31, 
0 .5%,  100~ 5 rain. M e t a l - - d e g r e a s e  wi th  (3Ch; N n O H  or HCI,  0 .1%, 
50~ ~ rain.,  degrease  wi th  CCh. 

b S e c o n d a r y  p r e t r e a t m e n t :  0.59~ su r fae tan t ,  5 min. ,  75~ r inse  2 
rain. wi th  distilled wa te r ,  room temp. ;  DDP-5  or  -10-EO, dodecylphenol;  
N a D D B S ,  sodium dodecylbenzenesulfonate.  

c20-min,  w a s h  at room t empera tu re .  
a20-min ,  wash,  0 .25% dodecylphenol  D D P - 1 0 - E O  at 75~ 
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T A B L E  I I I  

Effect  of P r e t r e a t m e n t ,  T r i s t ea r in -Spo t t ed  Soil 
T r i s t e a r i n  spotted soil, 3 5 0 0 - 4 0 0 0  cpm ini t ia l .  Monolayer ,  177 cpm for  

me ta l ;  251 for  g lass  

S u r f a c e  

F ros t ed  glass  

A l u m i n u m  

Steel 

S e c o n d a r y  
p re t r ea t -  

m e n t  e 

N o n e  
T E A B  a 
S T P  
E D T A  
T S P  

None  
T E A B  
S T P  
E D T A  
T S P  

None  
T E A B  
S T P  
EDTA_ 
T S P  

N a 0 H  P r i m a r y  b [ H C I  P r i m a r y  b 

I , l i t ia l  
][llono- 
l ayer  

0.53 I 0.16 ] 
/ 0.65 ' 0 .16 ' 

0.69 O.08 / 
0.71 0.16 I 

2.27 2.24 
6.38 9.20 
1.89 0.55 
0.80 0.20 
1.75 0.28 

0.67 0.40 
1.26 0.59 
0.42 0.19 
0.83 0.22 
0.39 0.16 

A f t e r  I I n i t i a l  Af t e r  
nonionie// mono- nonionic  

w a s h  a / layer  wash  a 

0.41 0.06 
0.35 0.12 
0.79 0.08 
0.72 0.20 

0.94 0.19 
8.15 4.01 
1.39 0.24 
0.88 1.13 
0.85 0.25 

1.14 0.16 
5.79 0.43 
0.79 0.22 
1.18 0.24 
1.57 0.13 

T E A B - - t e t r a e t h y l a m m o n i u m  b romide  
S T P  - - s o d i u m  t r ipo lyphospha te  
E D T A - - e t h y l e n e d i a m i n e  sod ium t e t r aace t a t e  
T S P  - - t r i s o d i u m  or thophosphate .  

bGlass  p r e t r ea t ed  wi th  0 . 5 %  NaOI-I or  ttC1, 5 min.  at boil. Metals  
p r e t r ea t ed  w i t h  0 . 1 %  N a 0 I : I  or  HOl  for  1 rain. at  50~ deg rea se  wi th  
CCI~. 

e a t  cm~centrat ion noted a t  100~ for  5 min. ,  r inse  2 rain. wi th  dis- 
tilled w a t e r  a t  room t e m p e r a t u r e .  

a 0 . 2 5 %  solut ion at  75~  glass  wi th  D D P - 1 0 - E O ;  meta l s  wi th  n d o -  
decanol-10-E O. 

As might be expected, differences in the magnitude 
of the monolayer between comparable primary and 
secondary pretreatments for the two soils was appar- 
ent, but the trends appeared to be the same. 

The ethanol wash for stearie acid soil, following the 
nonionie surfaetant wash, indicated that in most in- 
stances the surfaetant had caused lowered surface cov- 
erage by rolling the soil up into nmltilayered globules 
though in a few instances the removal had proceeded 
to the monolayer stage. Consequently, though the re- 
moval count after the surfaetant wash was nearly 
identical with the initial monolayer, the fact that 
cohesively-bound globular soil could be removed by 
ethanol indicated that preferential soil displacement 
on the surface had occurred (apparently sufficiently 
high concentration for soil removal to occur had not 
been reached). 

Summary and Conclusions 

Tristearin may be removed by carbon tetraehlo- 
ride to different levels, dependent upon substrate ad- 
sorption-site level. With glass retaining a monolayer 
level, the decreasing order of soil retention was: poly- 
ethylene (hard) ;  polyethylene (soft);  glass; Nylon; 
stainless steel; porcelain (glazed); methyhnethaery- 
late; Teflon. The low surface energy of several of 
these substrates may be correlated with the scareity 
of adsorption site for this soil. Polyethylene, though 
a low surface energy substrate, retained soil through 
a dissolution mechanism. 

Tristearin removal curves by aqueous solutions of 
surfactants for steel, aluminum, and glass were en- 
tirely different in character from the almost linear 
curves of the low energy Nylon, methaerylate, and 
Teflon substrates. This suggested a difference in the 
type of adsorption between these classes of substrate. 

The sigmoid-shaped tristearin-removal curves from 
glass and certain other substrates were replaced by 
nearly linear curves with algal protein soil and ste- 
arie acid soil. This suggested for the linear concen- 
tration-dependent eurves for substrates or soils that 

these were ion-exchauge type of adsorptions, being 
only slowly removed at increasing detergent concen- 
tration. In contrast, the polar but essentially nonionic 
tristearin was removed fronl glass, almninmn, and 
steel in siglBoid-shaped curves, suggesting a soil ad- 
sorption energy potential level satisfied over a com- 
paratively narrow detergent concentration range, i.e., 
that the soil adsorption was of the van der Waals' 
attractive type. 

It was demonstrated that both nonionic and anionic 
surfaetants were adsorbed by glass, steel, almninunl, 
and porcelain surfaces. The prinlary pretreatment of 
the substrate with NaOtt increased surfactant adsorp- 
tion for glass and aluminmn while HC1 pretreatment 
increased the surfaetant adsorption for steel, suggest- 
ing activation of adsorption sites by such treatment. 

Alkaline substrate (glass, aluminum, quartz, steel, 
and stainless steel) pretreatment generally increased 
the adsorption of tripolyphosphate, orthophosphate, 
and ethylenediamine tetraaeetate anions and tetra- 
ethylammonimn cations as conlpared with the acid 
pretreatment. Pretreatnlent of glass with NaOH con- 
siderably increased the number of adsorptiolt sites 
over the acid pretreatment, and both glass and quartz 
adsorption sites were remarkably similar after the 
acid pretreatment. Acid pretreatment of stainless 
steel tended to increase the number of adsorption 
sites. 

The various primary and secondary pretreated 
stearic acid soiled disks, when surfaetant-solution 
washed, showed that the soil had been rolled up into 
multilayered globules, demonstrating the preferential 
soil displacement phenomenon. 

T A B L E  I V  

Effect  of P r e t r e a t m e n t ,  S tear ie  A d d - S p o t t e d  Soil 

In i t i a l  Coun t  3500 4 0 0 0 e p m  
253 epm for  g lass  
133 cpm for  meta l  N a O t I - - P r i m a r y  t~ iC1- -P r imary  

P r e t r e a t m e n t  a P r e t r e a t m e n t  

Second- i I n i t i a l  I n i t i a l  D D P -  
a r v  / 

S u r f a c e  pretr'eat-ment b I l aver  em~176 monO-layer 10washEO Et0IIwash 

F ros t ed  glass  

F ros ted  quar tz  

A l u m i n u m  

Steel 

Sta inless  steel 

N o n e  
T E A B  f 
S T P  
E D T A  
T S P  

None 
T E A B  
S T P  
E D T A  
T S P  

.",'one 
T E A B  
S T P  
E D T A  
T S P  

None 
T E A B  
S T P  
E D T A  
T S P  

None 
T E A B  
S T P  
E D T A  
T S P  

Af t e r  I 
D D P -  E t 0 t t  
10 E 0  wash  e 
W a s h  a} 

1.25 1.29 0.94 
1.24 1.28 0.90 
0.30 0.20 0.17 
0.37 0.14 0.11 
0.22 0.51 0.27 

0.99 0.17 0.13 
0.23 0.17 0.13 
0.30 0.15 0.13 
0.27 0.21 0.18 
0.23 0.28 0.27 

6.4 113.3 8.6 

. . 5.8 
4.3 10.0 7.5 
9.4 9.8 7.0 

1.36 1.49 0.87 
2.22 1.73 1.33 
1.07 1.68 1.06 
1.75 1.17 0.87 
0.49 2.10 1.28 

2.22 1.38 0.57 
0.81 0.61 0.54 
0.64 0.34 0.32 
1.02 0.80 0.45 
0.62 0.30 0.57 

0.29 0.20 
0.36 0.29 
0.34 0.41 
0.32 0.20 
0.33 0.42 

0.38 0.30 
0 .34 0.32 
0.52 0.25 
0.31 0.31 
0.30 0.46 

1.67 5.3 
3.34 8.1 
7.8 6.2 
1 . 4 9  3.5 
8.0 5.3 

2.08 1.54 
2.16 2,06 
2.22 1.12 
1.77 1.39 
1.15 1.71 

1.64 1.56 
0.55 2.67 
1.10 2.72 
1.22 0.66 
0.57 1.63 

0.12 
0 .24 
0.15 
0.20 
0.22 

0.19 
0.17 
0.20 
0.21 
0.31 

1 . 0 4  

6.2 
4.2 
4.4 
2.24 

0.89 
1.39 
1.10 
0.96 
1.28 

0.79 
0.77 
0.74 
0 . 4 9  
0.70 

a P r i m a r y  p r e t r e a t m e n t ,  g l a s s - - 0 . 5 %  tIC1 o r  N a 0 1  ~I, 5 min. ,  100~ 
m e t a l - - 0 . 1 %  IIC1 or  N a O H ,  1 rain. ,  50~ deg reased  

b S e c o n d a r y  p r e t r e a t m e n t ,  0 . 5 %  at  100~ 5 rain.  R inse  2 rain. w i th  
disti l led wa te r ,  dry .  

c I n i t i a l  mono laye r  by  E t 0 H ,  20-rain.  w a s h  at  25~ 253 epm. 
a D o d e c y l p h e n o l - - 1 0  E O  wash ,  0 .25%,  75~ 20 rain.  
e E t0YI  was  as  in "c , "  fo l lowing D D P ,  10 EO w a s h  and  count .  
f T E A B - - t e t r a e t h y l a m m o n i u m  b r omide  

S T P  - - s o d i u m  tripol.~qphosphate 
E D T A - - e t h y l e n e d i a m i n e  sod ium t e t r aaee t a t e  
T S P  - - t r i s o d i u m  or thophosphate .  
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The Comparative Value of Heated Ground Unextracted 
Soybeans and Heated Dehulled Soybean Flakes as a 

Source of Soybean Oil and Energy for the Chick 
L.B. CAREW JR., 1 F.W. HILL, = and M.C. NESHEIM, Department of Poultry Husbandry, New York State 
Agricultural Experiment Station, and Graduate School of Nutrition, Cornell University, Ithaca, New York 

Experiments were conducted to evaluate heated unextraeted 
soybean fractions as sources of soybean oil and protein for the 
growing chick. Heated dehulled unextracted soybean flakes 
produced growth rate and feed efficiency equal to that obtained 
with the combination of soybean oil meal and degummed soy- 
bean oil while heated ground unextracted soybeans were less 
satisfactory in this respect. The poorer results obtained with 
ground unextracted soybeans were shown to be related to a 

poorer absorbability of the oil in them. Flaking the soybeans 
markedly improved the absorbability of the oil by the chick, 
probably by causing a greater disruption of cellular structure 
than was obtained by the grinding of the soybeans. The me- 
tabolizable energy of ground unextraeted soybeans was sub- 
stantially less than that of unextraeted soybean flakes. Most 
of the differences in metabolizable energy were aceounted for 
by differences in absorbability of the oil. 

Soybean hulls at a level equivalent to that contained in soy- 
beans were found to have no effect on growth rate and only a 
slight effeet on feed efficiency. Autoclaving soybean oil did not 
lower its value for the chick. The relationship between the 
poorer growth obtained with ground unextraeted soybeans and 
the low absorbability of the oil in them wt~s discussed. 

To obtain maximum efficiency in the use of unextraeted soy- 
bean products in chick rations, some such means as flaking 
must first be employed to increase the availability of the oil. 

H 
IGHLY u n s a t u r a t e d  vegetable oils are excellent  
sources of energy  for  the chick and  have also 
been shown to increase ra te  of growth in  chicks 

(1,2).  Low d ie t a ry  levels of soybean oil have been 
repor ted  to improve  growth  ra te  by  several  workers,  
us ing  prac t ica l  or semipur i f ied  diets (3,4,5,6), while 
s tudies  wi th  pur i f ied  diets have shown tha t  approxi-  
mate ly  10% soybean oil is needed for  m a x i m u m  growth  
response (2) .  

The work to be described was u n d e r t a k e n  to deter-  
mine  the ab i l i ty  of u n e x t r a e t e d  soybean p roduc t s  to 
serve as a source of both soybean oil and  p ro t e in  for  
the chick. I n  a p r e l i m i n a r y  r epo r t  (7) heated dehul led  
unex t r ae t ed  soybean flakes were shown to be as effec- 
tive as the combina t ion  of soybean oil meal  and  de- 
gummed  soybean oil in  semipur i f ied chick diets, based 
on measuremen t s  of growth rate  of chicks and  effi- 
ciency of feed ut i l iza t ion.  R e n n e r  and  Hi l l  (85 re- 
por ted  a lower metabol izable  energy  vahle  for heated 

: P resen t  address :  The Rockefeller Founda t ion ,  Apar tado  Aereo 58- 
13, Bogota,  Colombia, South  America.  

P re sen t  address :  Depa r tmen t  of Pou l t r y  Husbandry ,  Un  vers i fy  of 
California,  Davis ,  0al i f .  

g r o u n d  unex t r ac t ed  soybeans t han  expected f rom the 
energy  values tha t  were prev ious ly  de te rmined  for 
soybean oil and  soybean oil meal. This  was shown to 
resul t  f rom incomple te  u t i l i za t ion  of the oil in  the 
soybeans a nd  provided  an  exp lana t ion  of the fa i lu re  
of heated g r o u n d  soybeans to s t imula te  growth in  
ear l ier  s tudies  in  this l abora tory .  

F u r t h e r  s tudies  on the g rowth - s t i nmla t ing  effect 
and  metabol izable  energy  values  of une x t r a c t ed  soy- 
bean  p roduc t s  in  chick diets are p resen ted  in  this  
paper .  

Mater ia ls  and  Diets 

The two semipur i f ied reference diets  used in  these 
exper iments  are shown in  Table  I. One ( I )  is the 
low-fat  basal  diet  (1.5% fa t )  used as the negat ive  
control,  a nd  the second ( I [ )  is the soybean oil-sup- 
p lemented  diet  (14.3% fa t ) ,  which served as the posi- 
t ive control.  The diets were based la rge ly  on glucose 
a nd  soybean oil meal  a nd  were supp l emen ted  wi th  
adequate  amoun t s  of all v i t amins  a nd  mine ra l s  known  

T A B L E  I 

Composit ion of Low-Fat  Basal  and Soybean Oil Reference Diets 

Die t  I 

I ng red ien t s  Low-fa t  
basal  diet  a 

% 
Glucose (Cerelose) ............................................. 46.6 
Soybean oil meal ( 50% pro te in)  ....................... 41.0 
Soybean oil, degummed ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cons tan t  ing red ien t s  ........................................... 
Dr ied  fish solubles ......................................... 
Corn dis t i l lers  dr ied soh, bles ........................ 
Dr ied  whey ................................................... 
Corn oil or soybean oil .................................. 
DL-Meth ionine  ............................................. 
Glycine .......................................................... 
Limestone ..................................................... 
Dica lc ium phosphate  ..................................... 
Iodized salt  ................................................... 
~{anganese sul fa te  ........................................ 
Chromium oxide mix (30% CreOa) .............. 
]~Iineral mix tu re  b ......................................... 
-Vitamin mix tu re  b ......................................... 
Diphenyl-p-phenylenediamine ...................... 
Buty la ted  hydroxytoluene ............................ 

Diet  I I  

Soybean 
oil d ie t"  

% 
23.8 
48.7 
12.8 

12.4 14.7 
0.50 0.60 
2.00 2.38 
2.00 2.38 
0.50 0.60 
0.15 0.18 
0.50 0.60 
1.83 2.18 
1,30 1.55 
0.60 0.71 
0.03 0.04 
1.00 1.19 
1.15 1.37 
0.82 0.95 
0.01 0.01 
0.01 0.01 

a All proportions are on a dry-matter  basis. 
bMinera l  and v i t a m i n  mixtures  supply, in rag. /100 g. of basal  d ie t :  

870 KH'-,POd. 240 5[gSO~, 0.3 NaI, 28 FeSOd'7HeO, 0.8 CuSOr 
6.3 ZnO, 0.17 COC12'6H20, 0.83 NaeMoOd-2H~O, 0.022 Na2Se0s, 1.0 
thiamine,  1.0 r ibof lavin ,  4.0 ( 'alcium D-pantothenate,  2.0 pyr idoxine  
]=[C1, 8.0 niacin,  0.3 folaein, 0.3 menadione,  0.04 biot in,  0.005 v i t amin  
B:2. 1.0 chlortetracycline,  147 choline chlor ide:  3.3 I .U.  alpha-tocoph- 
cryl acetate, 1,000 I .U.  v i t amin  A. 150 I .C.U. v i t am in  Da. 


