
E X P E R I M E N T A L  S E C T I O N
CHAPTER III

3 . 1 B a t c h  E x p e r im e n t

3. 1. 1 P reparation  o f  S ilica P articles in M icroem ulsions
T he highly  purified  non ionic  su rfactan t Igepal R C 520 (D P6) 

w as k ind ly  supp lied  by R hone-P oulenc  Inc. and used to  p repare  w ater in oil 
(W /O ) m icroem ulsion  so lu tions. This su rfactan t is a po lyd isperse  m ix tu re  o f  
po ly (oxyeth y lene) a lky lpheny lether m olecu le  w ith  the structure  n -H (C H 2)i 2Ph- 
(O C 2H 4)6OH. T etraethy l orthosilicate  (T E O S )(S i(O C 2H 5)4) w ith  99 .999%  
purity  (A ldrich), aqueous am m onia  consisting  o f  29.6  w t %  am m onia  (N H 3), 
and the co -surfactan ts o f  1-butanol, 1-octanol, and 1-dodecanol w ere  used 
w ithout further purification . H PL C  grade heptane w as used  as a carrier fluid to 
prepare W /O  m icroem ulsion  solu tion . The W /O  m icroem ulsions w ere 
prepared  by add ition  o f  aqueous am m onia and purified  w ater to  the heptane 
so lu tion  con ta in ing  p rem ix ed  D P6 and one type o f  co-surfactan t. Then, the 
resu lting  m ixture  w as gently  shaken till com pletely  transparen t. The 
hydro lysis o f  T E O S and the form ation o f  silica  partic les occurred  im m ediately  
after addition  o f  T E O S into m icroem ulsions. The entire  reaction  w as carried  
out at a tem pera tu re  o f  22° c in the 20 ml vials und er d ifferen t conditions.

3 . 1 . 2  M easurem en t and A nalysis M ethods
3 .1 .2 .1  U V -V is ib le  S p e c tr o p h o to m e tr ic  M e a s u r e m e n t

T he relative partic le  density  w as m easured  by U V - 
V isib le  spec tropho tom eter (V arian  M odel C ary 100 B io). T he absorbance o f  
silica partic les w as m easured  at the w avelength  500 nm . D ue to  the various 
possib le  sizes o f  the silica  partic les p roduced  in each reactor, the absorbance 
value can only give a relative  degree o f  turbidity .
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3 .1 ,2 .2  F o u r ie r  T ra n s fo rm  In fr a r e d  S p e c tr o sc o p ic
M e a s u r e m e n t

F ourier-transfo rm  infrared  spectroscopy  (FT IR ) w as 
used to  study the k inetics o f  T E O S hydro lysis in m icroem ulsion . The 
concen tration  o f  T E O S w as quantified  from  the in tensity  o f  the Si-O -C 
strech ing  band  located  at 967 c m '1. T he transm ission  F T IR  spectra  o f  
m icroem ulsion  so lu tions w ere  m easured  by  using  a sing le-beam  G alaxy F T IR  
spectropho tom eter. The m icroem ulsion  so lu tion  w as accom m odated  w ith  a 
pa ir o f  z inc-selen ide  (Z nSe) w indow s w ith  T eflon  Spacer 0.5 m m  th ick  
(ffa rrick  Scienctific).

3 .1 .2 .3  T ra n sm iss io n  E le c tro n  M ic r o sc o p ic  M e a s u r e m e n t
T he size and m orphology  o f  silica  partic les 

synthesized  in  m icroem ulsions w ere  investigated  using  a Jeo l 2000 FX  
transm ission  e lectron  m icroscope (T E M ). The specim en for T E M  analysis 
w as p repared  b y  p lac ing  a sm all am ount o f  m icroem ulsion  so lu tion  on a 300- 
m esh carbon-coated  copper grid  (SPI Supplied). D ich lo rom ethane w as used 
to  w ash  the residual su rfactan t rem ained  on the copper grid off. T he partic le  
d iam eters, D , o f  silica  partic les w ere m easured  from  the en larged  com puter 
im age o f  the T E M  m icrographs by using  Im age- P ro  E xpress p rogram .
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3 . 2 L in e a r  C o r e f lo o d  E x p e r im e n t

A  cylindrical ceram ic core (1 inch d iam eter) w ith  an initial 
perm eab ility  approx im ate ly  0.6 m D  w as used in linear coreflood  experim ent. 
This core w as cut to  approxim ate ly  12 cm  for use in the system . The core w as 
dried at 110 c  and th en  loaded into a H assler Cell (F igure 3.1) and radial 
overburden  p ressu re  o f  approx im ate ly  1000 psi w as applied  to  the core in 
order to  avo id  seepage o f  flow  out o f  the core radially . H eptane and 
m icroem ulsion  so lu tions w ere  contained  in stain less-steel accum ulators 
a ttached to  th e  in let line. A ll flu ids w ere driven  by an F D S -210, high 
p ressure, pu lse  free pum p. P ressure transducers w ere  p laced  at the in le t and, 
a long the core to  m easure  the p ressure  drop across the length o f  the core as a 
function  o f  tim e.

A bso lu te  perm eab ility  determ ined  under heptane-satu rated  conditions 
w as used as a reference  po in t (Ko), and the initial p lugg ing  experim ent w as 
perfo rm ed  by in jecting  m icroem ulsion  so lu tions (reacting  m ix tu res) d irectly  
into this h ep tane-sa tu ra ted  m edia. P ressure drops w ere  m easured  over 2-in 
in terior sec tion  o f  core  to e lim inate  experim ental' anom alies due to  the 
capillary  end  effects and face p lugging .

T he perm eab ility  w as determ ined  from  the D a rc y ’s equation  as
follow s:

w here

q  _  K  A p  
A  เน  L

q =  flow  rate, cm 3 ร '1 
A  =  cross sectional area, cm 2 
L = length, cm 
p  =  v iscosity , cP 

AP =  d ifferen tia l p ressure , atm  
K  =  perm eab ility , D

(3.1)
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T here w ere m ultiple in jections done in this experim ent. A fte r each 
shut in p eriod  (20 hours), the m icroem ulsion so lu tion  con ta in ing  silica 
particles w as in jected  into the core at a low  flow  rate o f  0.1 cc/m in  and the 
pressure drop along  the core w as m easured until it reached  steady  state 
(pressure drop value w as constant).

F ig u r e  3 .1  Schem atic o f  coreflood apparatus.
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