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The  fa sh ion  industry heavily stra ins na tu ra l re sources; for exam ple , p roducing  one  cotton  
T-sh irt u ses a round  2,700 lite rs of wa te r(1). By deve lop ing  m ore  e ffective  and  susta inab le  
dye  rem ova l m e thods, th is work a im s to  im prove  fabric recyclab ility and  reduce  
environm en ta l bu rdens a ssocia ted  with  textile  waste  and  p roduction . 

To support th is textile  recycling , th is p roject com pares extraction  techn iques such  as 
hea ted  solven t extraction , ASE, and  supe rcritica l CO₂ to  rem ove  ind igo dye  from  den im .

Methods

Background

Figure  3: (A) Te m pera tu re s  in fluence  on  the  am ount o f ind igo  le ft in  a  je an , (B) Volum e’s in fluence  on  the  m ount o f ind igo  le ft 

Results
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Goal

1. Solven t Screen ing  (Sm all-Sca le ):
Test va rious solven ts (e .g ., ace tone , e thanol) in  sm a ll via ls  with  den im  p ieces on  a  hea ting  
p la te  to  a ssess extraction  poten tia l.
2. Best Solven t Se lection :
Ana lyze  extracted  sam ples using  UV-Vis spectroscopy to  com pare  dye  rem ova l e fficiency 
and  iden tify the  m ost e ffective  solven t.
3. Ca lib ra tion  Curve  Crea tion :
Prepa re  a  concen tra tion  se rie s of ind igo in  the  se lected  solven t and  gene ra te  a  ca lib ra tion  
cu rve  using  UV-Vis to  quan tify extraction  re su lts .
4. Acce le ra ted  Solven t Extraction  (ASE):
Use  ASE to  te st so lven t pe rform ance  under h igh  tem pera tu re  and  p ressu re  with  laye red  
den im  and  d ia tom aceous ea rth  in  p ressu rized  ce lls .
5. Supe rcritica l CO₂ Extraction :
Em ploy supe rcritica l CO₂ with  e thanol a s co-solven t under con trolled  tem pera tu re  and  
p ressu re  to  eva lua te  ind igo extraction  on  den im .
6. Color Measurem en t with  LAB Mete r:
Measure  color streng th  (ΔE) on  den im  be fore  and  a fte r trea tm en t to  quan tify dye  rem ova l 
in  CIELAB color space .

Solven ts
Deep  Eu tectic Solven t (DES)
• Mix of thym ol + decanoic acid  

crea te s hydrophobic DES.
• Form s hydrogen  bond  ne tworks 

tha t enhance  non-pola r ind igo 
solub ility(10).

Ethanol
• Modera te ly pola r (~6/10); in te racts 

with  cotton  bu t lim ited  for 
ind igo(4)(5).

Ace tone
• Pola r aprotic (~5/10); be tte r a t 

d issolving  ind igo, m in im a l cotton  
in te raction (6)(7).

Te rt-Bu tyl Alcohol
• Sligh tly pola r (~4/10); a ids ind igo 

solub ility and  cotton  
pene tra tion (8).

Extraction  Techn iques
Supe rcritica l CO₂ Extraction
• CO₂ above  critica l tem p/pressu re  

behaves like  both  gas and  liqu id .
• Efficien t for extracting  non-pola r dyes 

like  ind igo.
• Co-solven ts (e .g ., e thanol) he lp  extract 

m ore  pola r dyes.
(11)

Acce le ra ted  Solven t Extraction  (ASE)
• Applie s h igh  tem pera tu re  and  p ressu re  

to  force  solven t th rough  fabric. 
• Increases dye  solub ility and  extraction  

ra te . 
• Efficien t for both  pola r and  non-pola r 

dyes; u ses le ss so lven t than  trad itiona l 
m e thods.

(9)

Conclusion

Acetone  was found  to  be  the  m ost e ffective  solven t for ind igo extraction , ou tpe rform ing  
a ll o the r te sted  solven ts, includ ing  e thanol, a  te rt-bu tyl a lcohol m ixtu re , and  DES.

Ace tone  p roved  the  m ost e ffective  solven t for ind igo extraction , rem oving  up  to  3.4 m g 
from  5 g  den im  with  ΔE va lues ove r 16 (see  sam ples A & B). Its  strong  pe rform ance  and  
recovery poten tia l m ake  it  a  top  cand ida te  for susta inab le  dye  rem ova l.

Sam ple s A & B: De n im  p ie ce s tre a ted  five  t im es with  ace tone  unde r ASE cond itions (120 °C, 110 bar, 1 h r).
Sam ple s C & D re p re sen t be fo re  o f sam ple  A and  B.

Ind igo (Dye )
• Ind igo has two ca rbonyl g roups (-C=O) and  

two secondary am ines (-NH)(figu re  1), 
wh ich  typ ica lly g ives pola rity to  the  
m olecu le (2).

• Mostly non-pola r due  to  e lectron  
de loca liza tion , desp ite  having  pola r 
g roups(2).

• It form s on ly weak bonds with  the  pola r 
cotton  fibe rs.

Cotton
• Made  of ce llu lose ; h igh ly pola r with  

m any hydroxyl (-OH) g roups(figu re  
2)(2).

• Hydroph ilic and  swe lls  ~11% in  
wa te r.(3)

• Strong  hydrogen  bonding  a ffecting  
solven t in te raction .

.

Figure  2: Ce llu lose -Monom er fo r Co tton  Fibe r

.

Figure  1: Molecu la r s tructu re  o f ind igo

.

Figure  4: Ind igo-rich  ace tone  so lu tions from  se quen tia l ASE rin se s (approx. 30 m L pe r bo ttle ).

Figu re  3 consists  of two graphs showing  the  in fluence  of tem pera tu re  (A) and  solven t 
volum e  (B) on  the  am oun t of ind igo extracted  from  den im  using  ace tone . In  g raph  A, the  
trend line  equa tion  is y = 0.0214x – 0.1481 with  an  R² va lue  of 0.965, ind ica ting  a  strong  
positive  corre la tion  be tween  tem pera tu re  and  extraction  e fficiency. Graph  B shows the  
e ffect of volum e  with  a  trend line  of y = 0.0107x + 0.566 and  an  R² va lue  of 0.754, suggesting  
a  m odera te  positive  re la tionsh ip . Toge the r, these  re su lts  h igh ligh t how both  factors 
con tribu te  to  ind igo rem ova l.

An  ASE system  was used  to  te st ace tone  under in tense  cond itions with  a  5 g  den im  sam ple  
sub jected  to  five  rin ses, with  da ta  shown  in  Figu re  4. Afte r fou r rin ses to ta ling  106.5 m L, 
3.393 m g of ind igo was rem oved , re su lting  in  nea r-com ple te  decolora tion  and  a  lab  
m easurem en t of ΔE 16.18. The  sam ple , includ ing  a  dup lica te  of the  experim en t, can  be  seen  
be low.

A B

A CB D

The  im ages above  d isp lay den im  sam ples be fore  and  a fte r. Sam ples C & D show the  
orig ina l, un trea ted  den im , wh ile  Sam ples A & B dep ict the  sam e  fabric a fte r undergoing  five  
rin ses a t 120 °C and  110 bar for one  hour each . The  visib le  con tra st h igh ligh ts the  
e ffectiveness of the  ASE m ethod  in  rem oving  ind igo dye .
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