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5.1 Conclusions

In  th is  s tudy , th e  w as te  o il can  be reco v e red  fro m  th e  A P I sep a ra to r s lu d g e  
p rio r  to  th e  p y ro ly s is  p ro cess  by  u s in g  tw o  m e th o d s . T h e  f irs t te c h n iq u e  w as to  use 
su rfac tan t an d  e lec tro ly te  so lu tio n  w h ile  th e  o th e r te ch n iq u e  in v o lv e d  co ag u la tio n  
an d  flo ccu la tio n  p ro cesse s  w h ich  w ere  u sed  to g e th e r  w ith  th e  f lo ta tio n  tech n iq u e . 
F ro m  the  ex p e rim en ta l re su lts , th e  oil re co v ery  in c rea se s  as  th e  c o n c e n tra tio n  o f  
su rfac tan t and  e lec tro ly te  so lu tio n  in c reases  b u t d e c rea ses  as th e  tem p era tu re  
in c reases. T h e  h ig h es t oil re co v e ries , 6 2 -6 4 % , co u ld  be  o b ta in e d  a t th e  o p tim u m  
co n d itio n s  w h ich  w ere  5000  p p m  o f  su rfac tan t w ith  sa tu ra ted  N aC l an d  o p era tin g  
te m p e ra tu re  o f  30 and  40°c fo r E m p ilan  K B -7  an d  E m p ilan  N P -9 , re sp ec tiv e ly . T h e  
a d d itio n  o f  th e  p o s itiv e  ch a rg e  o f  e lec tro ly te , C a C b , im p ro v es  th e  reco v e ry  b u t the  
sy stem  still req u ired  h ig h  c o n c e n tra tio n  o f  C a C b . It w as  fo u n d  th a t th e  su rfac tan t 
so lu tio n  can  n o t be re -u sed  b ecau se  o f  th e  loss in  su rfac tan t d u rin g  th e  p ro cess. It 
m ay  be c o n c lu d e d  th a t the  su rfac tan t so lu tio n  co u ld  n o t re c o v e r  th e  o il fro m  the  
s lu d g e  w ith o u t th e  ad d itio n  o f  e lec tro ly te . M o reo v e r, th is  sy s tem  re q u ire d  very  h ig h  
c o n c e n tra tio n  o f  su rfac tan t and  e lec tro ly te  w h ich  re su lte d  in  th e  e c o n o m ic  d raw b ack  
an d  co rro s io n  p ro b lem s, re sp ec tiv e ly . O n  th e  o th e r han d , th e  u se  o f  fe rric  sa lt and  
p o ly e le c tro ly te  to g e th e r  w ith  flo ta tio n  tech n iq u e  p ro v id e d  h ig h e r o il re co v e ry  
e ffic ien cy  th a n  th e  p rev io u s  tech n iq u es . It w as fo u n d  th a t the  o p tim u m  fe rric  ch lo rid e  
d o sag e  a t pH  9 w as 50 mg/1 w h ich  p ro v id ed  84%  oil reco v ery . H o w ev e r, the  
p e rfo rm a n c e  o f  ferric  ch lo rid e  d e p en d ed  on  pH  o f  th e  so lu tio n  an d  th is  p ro cess  
req u ired  th e  pH  ad ju stm en t. T h e re fo re , the  u se  o f  p o ly e le c tro ly te  w as m ore  
p re fe rab le  fo r ch em ica l tre a tm e n t b ecau se  the  m a x im u m  reco v e ry , 9 0 -9 9 .7 % , co u ld  
be  ach ie v e d  at v e ry  low  c o n c e n tra tio n  o f  p o ly e lec tro ly te . T h e  o p tim u m  d o sag es  w ere  
5 mg/1 fo r P F 2 5 2 5 , 10 mg/1 fo r F T 2413  and  F T 2 4 3 1 , and  20  mg/1 fo r P F 2628  and  
F T 2 6 0 2 .
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After the sludge was treated by chemical method, the treated sludge was 
pyrolized at the same condition with the original sludge (untreated sludge). The TG 
data showed that the large fraction of oil was removed during the chemical treatment 
process which was a convenient and cost effective method. The DTG data indicated 
that the pyrolysis behavior of the treated sludge did not change significantly 
compared to the original sludge. In addition, the kinetic models of pseudo bi
component provided a good fit to the experimental data of the original and treated 
sludge. By using this model, the kinetic parameters of both reactions could be 
determined. It is obvious that the reaction orders of both reactions of the original 
sludge pyrolysis are different but the reaction orders of the treated sludge are 
approximately the same. The activation energies of the treated sludge pyrolysis are 
lower than that of the original sludge and other hydrocarbon materials. They are 
approximately 44-48 and 60-66 kj/mol for the first and second reaction regions, 
respectively.

5.2 Recommendations

There are several ways to improve the recovery efficiency and reduce the 
cost of oil recovery.

1. Developing and applying the flotation unit which provides high flotation 
efficiency.

2. Applying different kinds of chemical with high performance to reduce 
the amount of chemical used in treatment process and recovery cost.
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