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Adsorption of Polyoxyethylated Detergents on Quartz 

H. N. DUNNING 
Surface Chemistry  Laboratory, Petroleum Experiment Station, Bureau o f  Mines, B a r t l e s v i l l e ,  Okla .  

Dete rgen t s  prepared by condensation of e thylene ox ide  
with a n  alkylphenol h a v e  at ta ined widespread industr ia l  
usage. B e c a u s e  t h e  mole ratio of e thylene ox ide  to  phenol 
can b e  varied continuously above a value of 1, detergents  
with a wide range of properties may b e  prepared readily. 
Detergents  of t h i s  type appear  promising a s  addi t ives  t o  
water  injected into petroleum-producing formations t o  
s t imulate  petroleum production. They have  been invest i -  
gated extensively for t h i s  specif ic  application and for more 
general  appl icat ions (3, 4, 8-10). T h e  surface ac t iv i t i e s  
(3, 8) ,  interfacial  ac t iv i t i e s  (4,  8), and cr i t ical  micel le  
concentrations (7) of t h e s e  detergents  have  been investi-  
gated recently.  

B e c a u s e  of t h e  extremely large surface a r e a s  of petrc- 
leum-producing formations, adsorption of detergents  may 
c a u s e  their  u s e  to  b e  economically prohibited. However, 
appl icat ion of t h e  chromatographic theory (2, 11) t o  deter- 
gent movement i n  such reservoirs i nd ica t e s  that  adsorption 
may not b e  an  insurmountable obstacle .  T h e  b a s i c  data  for 
calculat ions according to t h e  chromatographic theory, and 
of many other surface funct ions ( I ) ,  a r e  obtained a s  adsorp- 
tion isotherms. 

A comparative study of the  adsorption of Igepal CO-710 
on sand  w a s  made recently in  an invest igat ion of t h e  
mechanism of adsorption (6). No general  s tudy of t h e  
adsorption character is t ics  of s e r i e s  of polyoxyethylated 
detergents  h a s  been made, although the  data  would b e  of 
considerable  practical  value.  T h e  adsorption of s i x  
members of series based  on nonylphenol and of three 
members of t h e  octylphenol s e r i e s  h a s  been invest igated 
with a f ine quartz powder. T h e  data  afford comparisons of 

t h e  effects  of composition on adsorption and allow general- 
i za t ions  of t h e  behavior of similar detergents.  

MAT E RIALS 
T h e  quartz powders were s i zed  carefully by sedimenta- 

t ion from a crushed sample of commercial quartz.  They 
were cleaned with hot chromic acid,  washed extensively 
with deionized water, r insed with reagent grade acetone,  
and dried a t  110’ C. T h e  quartz powder used  i n  most of the  
experiments contained par t ic les  ranging from about 0.5 t o  
4 microns and averaging 2 t o  3 microns i n  diameter. A 
coarser  powder u s e d  for a few of t h e  experiments ranged 
from 3 to  13 microns and  averaged about 8 microns i n  
diameter. T h e  surface a r e a s  of t h e  powders were 3 . 9 ~  
lo4 and 1.1 x lo4 sq.  c m .  per gram, respectively,  a s  deter- 
mined by t h e  B.E.T. nitrogen-adsorption method. 

T h e  detergents  were of t he  polyoxyethylated alkylphenol 
type and represented homologous se r i e s  b a s e d  on nonyl- 
and octylphenol i n  which t h e  hydrophilic polyoxyethylene 
cha ins  varied i n  length.  Two of t h e s e  s e r i e s  were de- 
scr ibed previously and  were designated “Series  11” and 
“Series  III”,  respect ively (3). Series  11 comprises Igepal 
CO-710 homologs (General Aniline and Film Corp., New 
York) and s e r i e s  111, Triton X-100 homologs (Rohm and H a a s  
Co., Philadelphia).  T h e  various detergents  a r e  designated 
“NR” or “OR”  t o  indicate  nonyl- or  octylphenol,  and by a 
numeral to  ind ica t e  mole rat io  of ethylene oxide t o  phenol. 

Thus ,  NR-20 is a detergent composed of 1 mole of nonyl- 
phenol and  a n  average of 20 moles of ethylene oxide. Two  
of t he  detergents ,  NR-7.9 and NR-11.5, were molecularly 
dis t i l led samples  similar t o  those  descr ibed by Mayhew 
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Figure 1. Adsorption of lgepal CO-710 homologs 
on quartz powder (molar basis) 
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(IO). One member of t h e  Surfonic (Jefferson Chemical  Co., 
New York) series, based  on nonylphenol, a l s o  w a s  s tudied.  
Mole ra t ios  of e thylene oxide t o  phenol were ca lcu la ted  
from absorbance  v a l u e s  at 2 7 6  m p  

Water w a s  prepared by disti l l ing deionized water in  a 
conduct ivi ty  s t i l l .  T h e  chemica ls  used  were analyt ical  
reagent grade. 

EXPERIMENTAL METHODS 
Measured volumes of so lu t ions  of known concentrat ions 

were shaken  with weighed amounts of quartz  on a “wris t -  
ac t ion”  shaker  for severa l  hours. T h e  v i a l s  containing t h e  
so lu t ions  and quartz  samples  were centrifuged for 30 
minutes  a t  a centr i fugal  force of 1700 t imes  gravity. Then 
a portion w a s  careful ly  pipet ted from the  interior of t h e  
l iquid phase ,  di luted if necessary ,  and centrifuged again. 
T h e  centrifuged l iquid then w a s  analyzed and  the  amount of 
adsorpt ion w a s  ca lcu la ted  from the  observed d e c r e a s e  in  
concentration. Concentrat ions general ly  were determined 
by measurement of t h e  absorbance of ul t raviolet  l igh t  with a 
Beckman Model DU spectrophotometer. Determinations 
were made i n  dupl icate  or tr iplicate.  In t h e  u s u a l  spectro- 
photometric method, absorbance w a s  measured at 2 7 6  mp, 
a wave length of maximum absorbance for t h e s e  detergents ,  
and corrected for res idual  suspended material by subtract- 
ing  t h e  absorbance  a t  300 m p  T h i s  correction averaged 
less than  2% of the  to ta l  absorbance.  T h e  repeated cen- 
trifuging removed almost all of t h e  quartz from suspens ion  
and general ly  made i t  unnecessary  to  apply t h e  two-wave 
length method of calculat ion (6). 

RESULTS 
T h e  adsorpt ion isotherms of t h e  Igepal homologs a r e  

plot ted on a molar b a s i s  in  F igure  1. Average resu l t s  of 
dupl icate  determinations a r e  indicated.  Experimental 
points  have  been  omitted a t  the  lower concentrat ions t o  
avoid confusion. T h e  maximum amounts of adsorpt ion 
d e c r e a s e  rapidly with increas ing  mole ratio of ethylene 

oxide. T h e  isotherms are  nearly l inear  a t  lower concentra- 
t ions  and  t h e  s l o p e s  of t h e s e  l inear  portions d e c r e a s e  with 
increas ing  mole ratio. T h e  concentrat ions at which the  
isotherms begin to  deviate  markedly from linearity,  a s  the  
maxima i n  adsorption are approached, i n c r e a s e  with mole 
ratio of e thylene  oxide. 

T h e  adsorpt ion of three of the  Tri ton homologs i s  i l lus- 
t ra ted  in  F igure  2. T h e  average  resu l t s  of dupl icate  deter- 
minations are indicated.  T h e  maxima i n  adsorption of t h e s e  
detergents  a r e  comparable to those  of t h e  Igepal series 
which they resemble in  hydrophilic-lipophilic balance.  
However, t h e  maxima are reached only a t  considerably 
higher concentrat ions with the  Triton X-100 homologs. T h e  
locat ion of the  concentrat ions a t  which adsorpt ion ceases 
to vary l inear ly  with concentration is difficult. However, 
extrapolat ion of the  two near ly  l inear  portions of a n  i so-  
therm to  their  intersect ion appears  to be  a reasonable  
method of es t imat ion.  T h i s  point of in te rsec t ion  will be  
termed t h e  “critical adsorption concentration. ” Values of 
t h i s  function, maximum adsorption, and s l o p e  of t h e  init ial  
portion of t h e  isotherm are summarized in  T a b l e  I. 

T h e  desorption isotherms of OR-12 and of a member of 
the  Surfonic series (NR-11.5) were determined in  a study of 
the reversibi l i ty  of adsorpt ion of such  detergents .  T h e  
adsorption and desorption isotherms of t h e s e  detergents  
a r e  shown i n  Figure 3.  

T h e  amounts of OR-12 adsorbed from solution (on a 
sur face  a rea  b a s i s )  by the two powders agreed within the 
experimental error of t h e  adsorpt ion and sur face  a rea  
determinations. 

T h e  sur face  propert ies  of t h e s e  detergents  a r e  affected 
by electrolyte  concentrat ion (7),  and much of t h e  water 
u s e d  i n  waterflooding o i l  f ie lds  i s  highly sa l ine .  B e c a u s e  
t h e s e  detergents  a re  promising a s  addi t ives  for such  flood 
water, the  adsorpt ion of NR-20 and OR-17 from 1N sodium 
chlor ide so lu t ions  w a s  invest igated.  

T h e  adsorpt ion isotherm of NR-20 i n  1N sodium chlor ide 
solut ions is shown i n  F igure  4. Similar e f fec ts  of s a l t  
concentration on t h e  adsorpt ion of OR-17 were observed. 
T h e  va lues  of maximum adsorption, s lope  of l inear  portion 
of isotherm, and cr i t i ca l  adsorption concentrat ion are 
summarized in  T a b l e  I. T h e  maximum exten ts  of adsorption 
were increased  about 25% i n  the  sa l t  solut ions,  while 
adsorption a t  lower concentrat ions w a s  increased  sharply;  
t h e  s l o p e s  of t h e  l inear  portions of the  isotherms were 
about tripled. 

DISCUSSION 
T h e  decreased  adsorpt ion resul t ing from increasing the  

content of hydrophilic polyoxyethylene in  the  molecule  is 

12 
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Figure 2. Adsorption of Triton X-100 homologs 
on quartz powder (molar bosis) 
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Table 1. Adsorption Properties of Detergents 

Detergent Solvent 

NR- 6.5 Water 
NR- 7.96 Water 
NR-10.3 Water 
NR-11.5b Water 
NR-11.5' Water 
NR-20 Water 

OR- 9 .7  Water 
OR-12 Water 
OR-17 Water 

NR-20 1N NaCl 
OR-1 7 1N NaCl 
%olecularly disti l led sample. 
bSurfonic ser ies .  

Max. Adsorption 
pmole/gram 10' x gradgram 

18.8 95.7 
12.0 68 .0  

8.7 58.5 
6 .7  48.6 
6.5 47.2 
3 .6  39.0 

10.0 63.4 
6.1 45.9 
4.4 42 .9  

4 .3  46 .6  
5 . 8  56.5 

Initial Slope, 
(pmole)/(Grarn X Cpmole) 

0.47 
0.27 
0 .14  
0 .15  
0 .08  
0 .02  

0.07 
0.03 
0.02 

0.06 
0.045 

Critical Adsorption Concn. 

p n o l e  P.p.m. 

70 35 
90  50  

110 75 
90  6 5  

130  95  
2 50 2 70 

2 90 185 
3 30 2 50 
3 80 3 70 

80 85 
1 80 175 

to  b e  expected b e c a u s e  t h e  solubili ty of t he  detergent i n  
water i s  increased accordingly.  T h e  decreased adsorption 
paral le ls  generally t h e  decreased surface act ivi ty  a t  t h e  
air-water interface (3, 8), and ref lects  a departure from t h e  
optimum hydrophilic-l ipophilic balance of t h e  molecules.  
Economically,  t he re  would appea r  t o  be l i t t l e  reason for 
choosing a detergent of t h e s e  s e r i e s  having a mole ratio of 
over 1 2  or 14  if i t  is to  b e  used  in  fresh water solut ions 
having concentrat ions above 400 p.p.m. T h e  adsorption on 
a weight bas i s ,  by which detergents  a re  marketed, ceases 
to dec rease  a t  about t h i s  mole ratio. Furthermore, t h e  
general  deters ive abi l i ty  and the  efficiency of such  deter-  
gents  in  displacing crude oil  from sand su r faces  a r e  lower 
a t  t h e  higher mole rat ios  of ethylene oxide (3, 8) .  

T h e  two s e r i e s  have  comparable adsorption maxima a t  
corresponding mole rat ios  and solubili ty properties. Other 
detergents  of t h i s  type s u c h  a s  t h e  Synthet ics  (Hercules 
Powder Co., Wilmington, Del.) series, o n e  of which was  
used recently i n  a large-scale  field t e s t  (3, would be 
expected to behave  similarly.  

T h e  extent of maximum adsorption i s  not changed appre- 
ciably by t h e  change from nonyl- t o  octylphenol and may b e  
expressed (within a n  avernge deviation of + 7%) by t h e  
equation 

r.. 250 
' rnax .  = p 

where r,, i s  exp res sed  i n  micromoles per gram of quartz 
and R is t h e  mole ratio of ethylene oxide to octyl-  or 
nonylp henol. 

o - ADSORPTION 

b - DESORPTION 

EO. CONCENTRATION 

Figure 3.  Adsorption and desorption of detergents 
on quartz powder 

Although t h e  maximum adsorption va lues  a re  comparable 
between t h e  two ser ies ,  adsorption of the  Triton homologs 
a t  lower concentrat ions i s  much less than that  of t h e  
Igepal homologs (Table  I). T h i s  behavior i s  parallel  t o  
that  a t  t he  air-water interface (7), where i t  w a s  observed 
that decreasing t h e  alkyl chain by o n e  methylene unit about 
doubled t h e  cr i t ical  micel le  concentration. T h e  "crit ical  
adsorption concentration" of t h e  Igepal homologs in  water 
may b e  expressed approximately by t h e  expression 

log  (CAC) = 0.037 R + 1.66 

This expression i s  similar to  that describing t h e  variation 
of cri t ical  micel le  concentrations with R for t h i s  s e r i e s  of 
detergents.  

T h e  two molecularly dis t i l led samples  (NR-7.9 and 
NR-11.5) have adsorption character is t ics  typical of t h e  
s e r i e s  they represent ,  indicating that t he  width of t h e  
chain-length distribution curve does  not have  a marked 
effect  on t h e  propert ies  of such  detergents  i n  t h i s  system. 

T h e  desorption s tud ie s  (Figure 3) corroborate the  reversi-  
bil i ty of adsorption of t h e s e  detergents  and ind ica t e  that  
their  movements through porous materials may b e  predicted 
from t h e  chromatographic theory. Desorption va lues  of 
NR-11.5 (Surfonic) a r e  practically identical  with adsorption 
va lues  a t  corresponding equilibrium concentrations.  De- 
sorption values  i n  t h e  lower concentration range with OR-12 
a r e  appreciably greater than t h e  corresponding adsorption 
values ,  but a r e  equal t o  them a t  higher concentrations.  

T h e  adsorption isotherms shown above do not exhibit  t he  
second inc rease  i n  adsorption reported previously for 

t- I .. . 

a 

500 1,000 1,500 2,000 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 1 '  

Ea. CONCENTRATION,  A M .  
Figure 4. Adsorption o f  NR-20 on quartz powder 

from water and salt  solution 
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Igepal CO-710 on sand  (6) and generally a r e  of t h e  Lang- 
muir type.  A s  a resul t  of more ex tens ive  study, i t  is con- 
c luded tha t  t h e  final i n c r e a s e  i n  adsorption reported for 
t h i s  detergent is not val id  and is a ref lect ion of t h e  l a rge  
experimental  error c a u s e d  by t h e  suspens ion  of f ine  cal- 
c i t e  pa r t i c l e s  identified i n  t h e  sand  sample.  

T h e  effect  of electrolyte  concentration on t h e  adsorpt ion 
of t h e s e  detergent s e r i e s  is similar  t o  t h e  effect on t h e  
cr i t ical  micel le  concentrat ions of t h e  Igepa l s  (7). T h e  
maxima i n  adsorpt ion a r e  not i nc reased  markedly,  but they 
occur a t  much lower concentrations.  High electrolyte  
concentrat ions dec rease  t h e  hydrophilicity of t h e s e  deter- 
gents.  Therefore,  for comparable resul ts ,  detergents  u s e d  
in  s a l i n e  water should have  a higher e thylene ox ide  content 
t han  t h o s e  u s e d  i n  f resh water. T h e s e  r e s u l t s  i nd ica t e  
that  t h e  detergents  could b e  used effectively i n  strongly 
sa l ine  water,  a s  well  a s  i n  f resh water. 
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Comparison of Brazilian and Colorado Shale Oils 

G. U. DINNEEN, C. S. ALLBRIGHT, AND JOHN S. BALL 
Petroleum and Oil-Shale Experiment Station, Bureau of Mines, Laramie, Wyo. 

L ack  of uniformity of retorting operat ions on s h a l e s  from 
various loca l i t i e s  h a s  made i t  difficult  to  s epa ra t e  the  ef- 
f e c t s  of retorting from t h o s e  contributed by t h e  nature of t h e  
oi l  sha l e .  Ana lyses  of oils obtained from Colorado s h a l e  by 
var ious retorting methods and of o i l s  from a number of coun- 
t r i e s  have been  published (11). T h e s e  la t ter  o i l s  in general  
resul ted from commercial retorting, so did not give informa- 
t ion a s  t o  t h e  range in product composition obtainable  by 
different retorting methods or different operating condi t ions 
in  t h e  same  retort. In  t h e  present  invest igat ion,  o i l s  ob- 
ta ined by retorting P a r a i b a  Val ley s h a l e  from Brazi l  in s ix  
experimental  re tor ts  have been  analyzed. Comparison of 
s e l e c t e d  properties with those  on a s imilar  s e r i e s  of Colorado 
o i l s  affords an  opportunity t o  dis t inguish between t h e  ef- 
f e c t s  of s h a l e  composition and retorting conditions.  

T h e  content  of low-boiling d i s t i l l a t e  in  o i l s  from Colorado 
or Brazi l ian s h a l e  showed subs t an t i a l  differences,  which 
depended largely on retorting method. T h e  quantity of 
residuum in an  oi l  from Colorado s h a l e  w a s  a lways  greater 
than in  t h e  corresponding oi l  from Brazi l ian sha le ,  an indi- 
cat ion of an effect  of s h a l e  composition. T h e  structure of 
the  organic matter in t h e  two s h a l e s  differs with r e spec t  t o  
the  nitrogen l inkages present ,  as evidenced by da ta  on t h e  
oils produced from the  s h a l e s .  T h e  proportion of nitrogen 
in t h e  organic matter in  Colorado s h a l e  that  appeared in  t h e  
oil w a s  substant ia l ly  higher than for t h e  Brazi l ian sha le .  
T h e  nitrogen in a l l  t h e  Colorado o i l s  analyzed w a s  con- 
centrated in  t h e  higher-boiling fract ions,  a s  h a s  been found 
for other o i l s ,  but i t s  boil ing range distribution in four of 
the Brazi l ian o i l s  w a s  relat ively uniform. T h e  su l fur  con- 

t e n t s  did not show an  effect  of s h a l e  composition s imilar  to  
that observed for nitrogen. When produced under equivalent 
conditions,  t h e  Colorado o i l s  contained more saturated and 
correspondingly l e s s  aromatic hydrocarbons than t h e  Brazil ian 
oi ls .  

E XP E RI MENTAL 
T h e  a n a l y s e s  d i scussed  were obtained by t h e  Bureau of 

Mines method (11) for the ana lys i s  of crude s h a l e  oil .  T h e  
composi te  fractions indicated in  t h e  out l ine (Figure 1) a re  
designated for e a s e  of d i scuss ion  a s  naphtha (fractions 1 t o  
T) ,  light dis t i l la te  (fractions 8 to  lo) ,  and heavy d i s t i l l a t e  
(fractions 11 to 14). A summary of r e su l t s  pertinent to t h e  
present  d i scuss ion  i s  given in  T a b l e  I for e ight  o i l s  from 
Brazi l ian (Pa ra iba  Valley) s h a l e  and four o i l s  from Colorado 
sha le .  Complete  analyt ical  da t a  on  t h e s e  o i l s  have  been  
published (1, 11). 

T h e  Brazil ian o i l s  for t h i s  work were obtained from ex- 
perimental  operat ions in s ix  different retorts which may b e  
grouped into three types  according t o  t h e  method of heat ing 
used. T h e  Union (7) and G a s  Combustion ( 2 )  retorts were 
internally heated; t h e  entrained so l id s  (9) and F i s c h e r  a s s a y  
(IO) retorts,  and for one run t h e  Parry ( 6 )  retort ,  were ex- 
ternally heated. T h e  remaining runs on the  Pa r ry  retort and 
t h e  Otto (4)  retort used a combination of t h e s e  methods of 
heating. T h e  Union, G a s  Combustion, and Otto retorts have  
lump s h a l e  moving countercurrent or t ransverse to  the  gas  
phase.  T h e  entrained s o l i d s  and Parry retorts treat  f inely 
ground s h a l e  in  t h e  entrained s t a t e .  T h e  F i sche r  a s s a y  re- 
tort i s  a small  laboratory unit in  which a charge of sha le ,  
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