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Optimizing the removal of solid sebum soil appears to 
depend on both the surfactant and the soil substrate. 
Like other solid, organic soils, sebum's removal from 
hard surfaces involves penetration of the surfactant 
(and associated solvent molecules) into the soil. This 
soil-softening {liquefaction) process prepares the soil for 
secondary processes (roll-up, abrasion, emulsifica- 
tion, etc.} which accomplish soil removal. A smaller 
hydrophobe and lower HLB both appear to aid soil 
removal by increasing surfactant penetration into the 
soil. However, when solid sebum is present on cloth, the 
ability to wet the cloth matrix becomes important. 
Surfactants better able to promote cloth wetting 
appear to be better at penetrating the soil, because 
wetting increases the amount of surfactant in contact 
with the soil. 

Sebum refers to the fat and cellular debris continuously 
released by  thousands of sebaceous glands contained in 
the human skin (1). Considerable work has been done in 
an a t t empt  to characterize this material, because it 
represents  one of the most  common laundry  soils 
encountered by  the consumer.  Consequently,  mos t  
facilities using detergency evaluation tes ts  use a sebum 
soil, usually one based upon the synthet ic  sebum recipe 
offered by Spangler (2,3}. 

At  wash temperatures  greater  than about  30 C (86 
F}, sebum is a liquid. I ts  removal  is accomplished 
through a simple "roll-up" mechanism where the soil is 
more or less pinched off the subs t ra te  by  surface 
chemical forces which preferent ial ly  wet the  cloth 
surface (4). 

At  wash temperatures  below 30 C, however, sebum 
exists as a solid. Although little information is available 
in the literature, characterization of sebum removal at 
tempera tures  below 30 C is impor tant  because the 
current  t rend  is toward cooler wash tempera tures  (5). 

This  s t u d y  examines  the  e f fec t  of s u r f a c t a n t  
molecular s t ruc ture  on removal of solid sebum soil from 
both  hard and soft surfaces. A surface chemical model 
is proposed which relates surfactant  performance to its 
abil i ty to pene t ra t e  the soil and to its abil i ty to 
concentrate  at  the soil/water interface. 

EXPERIMENTAL 

Soil-submersion tests. Soi l -submers ion t e s t s  were 
performed to measure the ability of surfactant  solu- 
t ions to penet ra te  and/or remove solid sebum soil. Each 
tes t  consisted of suspending preweighed soiled-sub- 
s t ra te  coupons in a series of identical 200-ml solutions 
of 1.00% (wt/wt) surfactant.  Each  coupon was sub- 
mersed at a specific t ime relative to the total  length of 
t ime desired for submersion. At  the appropriate time, 
all coupons were removed from their  solutions simul- 
taneously,  allowed to air-dry for 2 hr (to remove 

1Presented at the AOCS meeting in Honolulu, Hawaii, in May 
1986. 

surface moisture), and then reweighed to determine the 
change  in so i l - subs t ra te  we igh t  as a func t ion  of 
submersion time. Data  were plot ted as a function of 
t ime submersed in surfactant  solution. 

Thin aluminum coupons (3.8 cm in diameter,  ~275 
mg in weight} were used as the soil substrate.  Coupons 
were  soi led b y  br ie f  s u b m e r s i o n  in me l t ed  soil. 
Approximate ly  300 mg of soil was applied to each 
coupon. 

Tests  were performed under s tat ic  conditions (no 
mixing). Submers ion  t imes of up to 30 min were 
necessary to observe significant differences in the soil 
penet ra t ion  and soil removal  proper t ies  of various 
surfactants .  Surfac tant  concentrat ions below 1% could 
not  readi ly  be used  because  subs t an t i a l l y  longer  
submersion times would be required. 

A more detai led descr ipt ion of the equipment ,  
materials and procedures used in the submersion tests,  
as well as a discussion of tes t  reproducibility, is given 
elsewhere (6). 

Detergency testing. Detergency  tes t s  were per- 
formed using materials  and procedures outlined in 
Table 1. Performance was determined by  monitor ing 
so i l - subs t ra te  weight  and ca lcu la t ing  pe rcen t  soil 
removal. 

% Soil removal = Wt  (washed) - Wt  (soiled} × 100 

Wt  (unsoiled} - Wt  (soiled) 

Sebum-soiled cot ton and permanent  press cloths were 
prepared by  applying melted sebum directly to the 
cloth using an automated  soiling sys tem (E. Benz AG, 
Zurich, Switzerland). 

Microscopy~photography. Microscopic examinations 
were performed using an Olympus BH-2 microscope 

TABLE 1 

Detergency Test Materials and Procedures 

Testing apparatus 
Wash cycle 
Rinse cycle 
Wash temperature 
Water hardness 
Number of soiled cloths 

(3 by 2 1/4 inch) 
Number of unsoiled cloths 

(as ballast} 
Soft 
Cloth 
Test procedure 
Weight measuring device 

Terg-O-Tometer 
10 min 
5 min 
68 F (20 C) 
none 

6 {3 cotton and 3 perma press) 

3 (cotton) 
Sebum 
Cotton a and permanent press b 
Vista Lab Method 303-84 c 
Mettler AE 163 0.1 mg balance 

aTest fabrics S/419. 
b65% dacron/35% cotton with a permanent press finish (Test fab- 
rics S/7406). 
cSimilar to ASTM Standards, Part 30, 465-466 (1977). 
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equipped  wi th  an O l y m p u s  C-35AD camera .  Pho- 
tographs  were taken  at  40x. 

Surfactants/sebum soil. Descript ions of the surfac- 
ran ts  and soil used in these exper iments  are given in 
Tables  2 and 3. 

RESULTS AND DISCUSSION 

Removal of solid sebum from hard surfaces. The ability 
of var ious sur fac tan ts  to pene t ra te  and remove solid 
sebum soil f rom hard surfaces was examined using 
so i l - submers ion  tes t s .  These  t e s t s  m o n i t o r e d  soil 
weight  as a function of t ime submersed  in var ious 
s u r f a c t a n t  solut ions.  Soil weight  was observed  to 
increase due to penet ra t ion  of su r fac tan t  and solvent 
molecules into the soil. Previous studies sugges t  tha t  it 
is t h i s  l i q u e f a c t i o n  or s o i l - s o f t en i ng  s t e p  which  
prepares  the soil for o ther  processes (emulsification, 
agitation,  etc.) which actual ly accomplish soil removal  
(6). Sur fac tan t  penetra t ion should therefore be max- 
imized for op t imum soil removal.  

The  e f fec t  of s u r f a c t a n t  h y d r o p h o b e  size was  
examined  by  compar ing  an 8-60 e thoxy la te  and a 
12-60 e thoxyla te  (Fig. 1A). Both  su r fac tan t s  show an 
increase in soil weight  resul t ing f rom penetra t ion of 

TABLE 2 

Surfactants Used in Soil-Submersion and Detergency Testing 

Nonionic surfactants (alcohol ethoxylates) 
Surfactant Alcohol base % EO Moles EO 

8-60 C8, linear, primary 60 4.5 
12-55 a C,2, linear, primary 55 4.7 
12-60 C~, linear, primary 60 6.3 
12-70 C,~, linear, primary 70 9.8 
12-80 C~, linear, primary 80 17 

Anionic surfactants (linear alkylbenzene sulfonate) 
Avg. carbon Typical 2-phenyl 

Surfactant chain length Avg. Mol. Wt. isomer content 

C~ LAS 12 343 14.5 

a1:1 blend of C~-50% EO/C~-60% EO surfactants. 

TABLE 3 

Synthetic Sebum Formula 

Component Source Wt. percent 

Palmitic acid Kodak 10.0 
Stearic acid Kodak 5.0 
Coconut oil Sargent-Welch 15.0 
Paraffin wax Paraseal 10.0 
Spermaceti wax Sargent-Welch 15.0 
Olive oil Pompeian 20.0 
Squalene Kodak 5.0 
Cholesterol Kodak 5.0 
Oleic acid Kodak l(k0 
Linoleic acid Kodak 5.0 

ET AL. 

sur fac tan t  and solvent into the soil. The ra te  observed 
with the 8-60 e thoxyla te  is significantly grea ter  than  
tha t  observed with the 12-60 ethoxylate .  As observed 
with other solid soils (6), a smaller hydrophobe appears  
to result  in a fas ter  ra te  of penetrat ion.  A smaller 
hydrophobe also has been shown to improve  hard- 
surface cleaning performance on greasy  soils (7,8}. 

The effect  of su r fac tan t  H L B  (hydrophile-lipophile 
balance) was  examined by  compar ing  a series of C-12 
e thoxyla tes  containing va ry ing  degrees of e thoxylat ion 
(Fig. 1B). Al though differences are small, a lower HLB 
(lower EO content) appears  to improve the ra te  of 
penetrat ion.  (Note: Al though not  shown, the  curves for 
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FIG. 1. Effect of (A) ethoxylate carbon chain length, (B) ethoxylate 
EO content, and (C) I N S  HLB on the change in soil.~ubstra~ weight 
observed as a function of submersion time (sebum soil, 68 F, 1% 
surfactant). 
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REMOVAL OF SOLID SEBUM SOIL 

the 12-60 and 12-70 e thoxyla tes  fall between those of 
the 12-55 and 12-80 ethoxylates).  

The effect of H L B  was also examined by  compar ing  
dodecyl LAS vs  a 2:1 molar  blend of LAS and MgC12. 
The purpose  of the magnes ium chloride was to lower 
HLB by  forming Mg(LASh.  Results  (Fig. 1C) again 
show tha t  a lower H L B  (lower water  solubility) yields 
an increase in the ability of the sur fac tan t  to penet ra te  
the soil. 

The dependence of soil penet ra t ion on soil tempera-  
ture was examined by  tes t ing  sur fac tan t  performance 
a t  40 F, 55 F and 68 F (Fig. 2). As expected, penetra t ion 
ra te  increases as t empera tu re  is increased. 

The interact ion of solid sebum soil with var ious 
surfactant  solutions was also monitored microscopically. 
Dur ing  these examinat ions,  it became apparen t  t ha t  
"rol l-up" was an impor tan t  soil removal  mechanism 
(Fig. 3). Al though roll-up likely removes  liquid soil 
c o m p o n e n t s ,  i t  m a y  also accoun t  for r e m o v a l  of 
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FIG. 2. Effect  of temperature on the change in soil-substrate 
weight observed as a function of submersion time in 1% 8-60 
ethoxylate.  

"l iquefied" solid soil components  as well. Because soil 
weight  consis tent ly  increased as a function of sub- 
mers ion  t ime, su r f ac t an t  pene t ra t ion  appa ren t ly  is 
more effective in increasing soil weight  than  roll-up is 
in r e d u c i n g  it. I t  is a l so  l ike ly  t h a t  s u r f a c t a n t  
penet ra t ion  aids roll-up by  preferential ly wet t ing  the 
mat r ix  formed by  the more solid soil components .  

Removal of solid sebum from soft surfaces. Deter- 
gency  t e s t s  were  p e r f o r m e d  for c o m p a r i s o n  wi th  
hard-surface soil removal  data.  Tes t s  were per formed 
at  68 F using both  0.1% and 1% sur fac tan t  concentra- 
tions. 

The relat ive de tergency performances  of 8-60 and 
12-60 e thoxy la tes  are shown in Table  4. Al though  
the 8-60 e thoxyla te  has been shown to be superior in 
pene t ra t ing  solid sebum soil under  s ta t ic  conditions, 
the 12-60 e thoxyla te  clearly gives be t te r  detergency 
performance.  This is par t icular ly  evident  at  the 0.1% 
concentrat ion,  where differences in surface ac t iv i ty  
become i m p o r t a n t .  (The 12-60 e t h o x y l a t e  is more  
surface active and therefore concentra tes  more at  the 
soil-water interface.) 

Similar t es t s  were per formed using 12-55, 12-60, 
12-70 and 12-80 e thoxyla tes  to determine the effect of 
H L B  on sebum detergency.  Resul ts  {Table 5) show tha t  
in c o n t r a s t  to  w h a t  was  o b s e r v e d  wi th  the  soil- 

TABLE 4 

Detergency Performance of 8~o0 and 12~o0 Ethoxylates on Sebum Soils 

Surfactant 
Surfactant concentration Cloth % Soil removal 

8-60 1% Cotton 97.3 
12-60 99.0 

8-60 1% Permanent 94.0 
12-60 press 94.8 

8-60 0 .1% Cotton 13.7 
12-60 86.3 

8-60 0 .1% Permanent 1.7 
12-60 press 81.1 

TABLE 5 

Detergency Performance of 12-55, 12~i0, 12-70 and 12-80 Ethoxy-  
lates on Sebum Soil 

Surfactant 
Surfactant concentration Cloth % Soil removal 

12-55 0.1% Cotton 87.4 
12-60 89.8 
12-70 95.2 
12-80 94.2 

FIG. 3. Photograph (40X) of sehum soil submersed in 1% 8-60 
ethoxylate  showing "roll-up" (as evidenced by formation of liquid 
droplets on the soil surface). 

12-55 0.1% Permanent 78.6 
12-60 press 82.1 
12-70 92.6 
12-80 94.0 
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FIG. 4. Soil-submersion curves for 8-60 and 12-60 ethoxylates obtained with sebum-soiled 
cotton (A} and permanent press IB) swatches (68 F, 1% surfactant). 

submersion tests ,  a higher  degree of e thoxyla t ion  
appears to aid sebum detergency. 

To examine the effect of substrate,  soil-submersion 
tes ts  were repeated using sebum-soiled cloth swatches 
ins tead  of sebum-soiled a luminum coupons.  Bo t h  
cot ton and permanent  press swatches were submersed 
in 1% 8-60 e thoxyla te  for 0-15 vain. All swatches were 
allowed to air-dry for 24 hr prior to determining their  
change in soil weight. Results {Fig. 4A and 4B} again 
show soil weight increases with increasing submersion 
time, but  they also demonstra te  tha t  penetrat ion rate is 
s u b s t r a t e  dependen t .  On c o t t o n  cloth,  the  12-60 
e thoxy la t e  pene t r a t e s  more rapidly  than  the 8-60 
ethoxylate.  On permanent  press cloth, the opposite is 
observed. These results suggest  tha t  the degree of 
penetrat ion observed for a surfactant  depends upon 
both  its ability to maximize contact  with the soil and 
its ability to penetra te  solid soils. 

Surfactant rA.mount of surfaetantl . F Ability of surfactantl 
performance a L in contact with soil _] Lto penetrate solid soil_] 

The model presented above offers one explanation as to 
why penetrat ion rate appears to be substra te  depen- 
dent. The ability of a surfactant  to penetra te  and swell 
solid sebum adhered to a hard surface depends both on 
i t s  ability to concentrate at the soil/water interface 
(first term} and its ability to  penet ra te  solid soils 
{second term}. When surfactant  concentrat ion is high 
{e.g., 1%), plenty of surfactant  is available, so the 
second term becomes more impor tant  to penetration.  
T h i s  is why at a 1% concentrat ion the 8-60 ethoxylate  
was observed to penetra te  sebum faster  than  the 12-60 
ethoxylate  even though it is less surface active. 

In contrast ,  when surfactant  concentrat ion is low, it 
is reasonable to assume tha t  the first t e rm in the model 
equa t ion  becomes more i m p o r t a n t  to penet ra t ion .  
Consequently,  penetrat ion would depend more strongly 
on the ability of the surfactant  to concentrate  at the 
soil/water interface. 

With a cloth substrate,  the ability of the surfactant  
to wet  the  s u b s t r a t e  also af fec ts  the amo u n t  of 
sur fac tan t  t ha t  comes in contact  with the soil by 

increasing the area of the soil-water interface {first 
term}. This results in an overall increase in surfactant  
penetrat ion because more surfactant  is available to 
take par t  in the penetrat ion process. {This is important ,  
as a cloth subs t ra te  yields a substant ial ly  greater  
surface area than hard surfaces.} This is why the 12-60 
e thoxyla te  penetra tes  sebum/cotton more rapidly than  
the 8-60 ethoxylate.  I t  is bet ter  at wet t ing the cloth, so 
more surfactant  is available for penetrat ion at the 
soil/water interface. In contrast,  on permanent  press 
cloth (a more hydrophobic substrate), neither surfac- 
rant  has the edge in substra te  wetting. Consequently, 
the second te rm becomes more impor tan t  and the 
opposite t rend is observed. 

Keep in mind tha t  the synthetic  sebum used in this 
s tudy may not  accurately represent natural  sebum soil. 
These studies were performed without  the addition of 
part iculate mat te r  which normally would accompany 
natural ly derived soil. In addition, it has been reported 
tha t  natural  sebum exists in an emulsified state  (9). The 
presence of part iculate  mat ter  and emulsifiers would 
certainly affect soil removal. 
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