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Abst ract

Tea plants have been generally known by m ost  of I ndonesian as a refreshing
drink. Tea leavesusually contain caffeine of 1-4% , tannins of 7-20%  and a
lit t le essent ial oil. Powder of t ea dregs has the abilit y to absorb heavy m etal
of chrom ium . The research obj ect ive was to study the adsorpt ion kinet ics of
heavy m etal ions of Cr (VI )  using powder of tea dregs and to study factors
that  affect  adsorpt ion process of chrom ium m etal. The analysis of sam ple
solut ion concent rat ion of Cr (VI )  in this study was using Atomic Absorpt ion
Spect rophotom eter (AAS) . The effect  of various process variables such as
init ial concent rat ion of t he m etal solut ion, st irrer speed and concent rat ion of
m odifying agent  of sulphuric acid has been invest igated. The results showed
that  the opt im um  adsorpt ion process was obtained at  adsorbate
concent rat ion of 125 ppm  with act ivat ion process at sulphuric acid
concent rat ion of 0.8 M. The highest  efficiency of heavy m etal adsorpt ion
reached 83.24%  with adsorpt ion capacity of 5.202925 m g/ g bio-sorbent .
This adsorpt ion was in accordance with the Langm uir I sotherm  m odels with
R2 value of 0.909. This study was also in accordance with kinet ics of a
second pseudo order with a R2 value of 0.997 and K of 0.752 g/ m g. Minute.
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I nt roduct ion

Chrom ium is one of high toxicity m etals that pollute our environm ent . Chrom ium  toxicity
depends on its ion valence. Cr6+ ion is the m ost  widely studied Cr form because Cr6+ is
highly toxic, corrosive and carcinogenic. Cr6+ can form  com plex m acrom olecules in cells, in
addit ion to the chem ical st ructure can penet rate cell m em branes rapidly and undergo a
react ion in the cell. The level of chrom ium  poisoning in hum ans is measured through the
content  of chrom ium  in the urine. The penet rat ion of chrom ium  into the hum an body
through food and drink can eventually accum ulate in the liver and kidneys sim ultaneously
and for a long t im e will precipitate and can cause cancer (Danarto, 2007) .

Nowadays, research with topics of alternat ive adsorbents derived from  nature (biosorbent )
which has a good adsorpt ion abilit y, low costand environm entally fr iendly adsorbent were
studied by m any researchers (Mariana et . Al, 2012) . Jalali et  al (2002)  used seaweed
adsorbents to take the m etals of Pb, Chandrasekhar et  al (2002)  used Garcinia Cam bogia

fruit as an adsorbent  for uptaking Cr, Adhiya et  al (2002)  usedChlam udom onas reinhardt ii

t yped bacteria to take Cd m etal. The use of act ivated carbon has also been studied as an
alternat ive adsorbent and Juang et  al (2002)  used act ivated carbon adsorbents derived from
sugar m ill waste (bagasse) . While Abriagni (2011)  used the dregs of tea leaves ( Cam ellia

sinensis)  as an adsorbent  for adsorpt ion opt im izat ion of chrom e. Abriagni (2011)  indicated
that  waste tea leaves can absorb the waste of Cr(VI )  as m uch as 0.334775 m g from the
init ial m ass of 0.562945 m g and the percentage of adsorpt ion is 59.46% . The adsorpt ion is
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st ill below 60% . Therefore it  is necessary to do further research on the use of powder of tea
dregs as biosorbent  for the absorpt ion of Cr(VI )  from  wastewater. This study used powder
of t ea dregs as biosorbent  for uptaking chrom ium m etal from  liquid waste, fundam ental
differences of this study with research Abriagni (2011)  is biosorbent  physical propert ies.
Abriagni (2011)  used waste from  the m anufacturing plant  of tea while this research used of
waste dregs of tea that  is used in everyday life. Tannins contained in tea that  causes the tea
to absorb heavy m etals. I t  is known that  the presence of the carbonyl bond in tannins
m akes it  easy protonated m olecule or negat ively charged so that  easily to absorb cat ions.
Tannin content presented in tea around 20% .

The purpose of this research is to understand the m echanism s of heavy m etal adsorpt ion
using bioadsorbent  tea waste and heavy m etal absorpt ion capabilit y by bioadsorbent  that
has been added by m odifying agent  which serves to rem ove dissolved organic com pounds
so that can im prove the efficiency of absorpt ion

Research Methods

Equipm entss and m aterials

The m ain equipm ents used in this study are Atom ic Absorpt ion Spect rophotom eter
(Shim adzu AA-6300) , I nst rum entat ion Tester Surface m orphology (Scanning Elect ron
Microscopy) , FTIR (Four ier Transform ed Inf rared Spect roscopy) , pH Meter,  analyt ical scales,
m agnet ic st irrer and oven dryer. Materials used includedpowder of tea dregs, K2Cr2O7,
H2SO4,  dist illed water, filter paper and alum inum  foil.

Modificat ion Process of Tea Dregs Bioadsorben

I n this study biosorbent  used is powder of tea dregs obtained from  the tea dregs that has
been used in everyday life. First ly, the tea dregs were washed using dist illed water to
rem ove the dye and dirt , then act ivated by using a m odifying agent of H2SO4 at different
concent rat ions for 60 m inutes. After act ivat ing and filtering process, the adsorbent  was
washedby using dist illed water unt il a pH around 7, and finally was dr ied for 24 hours at  a
tem perature of 105 ° C in oven dryer.

The Adsorpt ion Process of Heavy Metal I on by Act ivated Bioadsorbent

At  this stage,act ivated biosorbent was contacted withvarious concent rat ions of K2Cr2O7

solut ion for 60 m inutes at two different st irrer speeds of 80 and 100 rpm  at  room
tem perature. After adsorpt ion process finished, the solut ion was separated by using a filter
paper, then the cake (biosorbent )wasanalyzed its m orphology by SEM, while the filt rate was
analyzed for final chrom ium  concent rat ion by using AAS to determ ine the percent of Cr (VI )
uptaking.

Results and Discussion

Surface Characterizat ion of Pow der  of Tea Dregs Biosorbent

Biosorbent  characterizat ion process of st ructure m orphology was done by analyzing
biosorbent  before and after the adsorpt ion process using analyt ical tools Scanning Elect ron
Microscope (SEM) as shown below.
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Figure 1 . Morphology and size pore of biosorbent  (100x and 1800x m agnificat ion) :  (a)
without  act ivat ion with H2SO4;  (b) After act ivat ion withH2SO4

Figure 2 . Morphology of act ivated biosorbent  before adsorpt ion process of Cr (VI ) and
afteradsorpt ion process of the Cr (VI )

Figure 1a is powder of tea dregs without  act ivat ion where the figure showed that  the pore
surface of biosorbent was st ill very sm all, whereas in Figure 1bof powder of t ea dregs after
act ivat ion showed that the pores on the surface of biosorbent  seem  obviously, it  is proved
that  the act ivat ion aim s to open up the pores on biosorbent  surface was achieved. Figure 2
showed the difference between the surface m orphology of biosorbent  before and after
contact ing with K2Cr2O7 solut ion. At sam ple of biosorbent before contact ing with adsorbate
it  was viewed that  the  surface of adsorbent  was  a lot  and in order shape. However, the
im age of biosorbent after contact ing with adsorbateshowed that the pores becam e less and
surface of pore slight ly wider due to absorpt ion of Cr (VI ) inside. Without  act ivat ion
obtained the pore size around 8,096 m  (80,960Å) , whreas the act ivat ion obtained the pore
size of 22,185 m (221,850Å) . Secondary data obtainde that  the pore sice of Cr(VI ) is 48 Å.
This indicates that  the pore of t ea dregs posible to absorp Cr(VI ) .

Effect  of Act ivat ion Concent rat ion of Biosorbent  against  Adsorpt ion Capacity and

Adsorpt ion Efficiency

Suarya (2008)  suggest ed that  act ivat ion of the adsorbent  using the acid will produce the
adsorbent  with larger act ive sites and larger surface acidity, so that it will produce the
adsorbent  with higher adsorpt ion capacity than before act ivat ion. The success of the
adsorpt ion process with various concent rat ions of biosorbent  can be proved from  the results
of the analysis using the tool AAS (Atom ic Adsorpt ion Spect rophotom eter) .

(a) (b)
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Figure 3 . The relat ionship between the sulphuric acid concent rat ion (M)  and
K2Cr2O7concent rat ion (ppm )  toward adsorpt ion capacity of the adsorbate at  a
st irrer speed of 80 rpm

Figure 4 . The relat ionship between the sulphuric acid concent rat ion (M)  and K2Cr2O7

concent rat ion (ppm )  toward the adsorpt ion efficiency at  a st irrer speed of 80
rpm

Figures 3 and 4 showed the rat io of adsorpt ion between biosorbent with act ivat ion and
without  act ivat ion. A best  adsorpt ion capacity occurred if biosorbent was t reated by using
H2SO4 which aim s to increase the surface area of biosorbent .  The figure above also showed
that  surface area of biosorbent decreases with the increase in the concent rat ion of H2SO4,
wherein atact ivat ion of 1.3 M H2SO4 would decrease surface area. This phenom enon shows
that  increasing the m odifying agent concent rat ion (H2SO4) would decreases also the am ount
of adsorbate that  would adsorbed into adsorbent . According to Hundal et  al. (2001) the
increasing of m odifying agent concent rat ion would not ineffect ively form  of act ive sites
anym ore because of dam aging of adsorbent st ructure. However, in our research, a good
adsorpt ion capacity was observed at  concent rat ions of 0.8 M H2SO4 because it s adsorbent
has a large surface area. This is certainly influenced by the appropriate am ount  of sulphuric
acid concent rat ionduring act ivat ion process of tea dregs. The low concent rat ions of sulphuric
acid lead to incom plete form at ion of the act ive site, on the other hand, the too high
concent rat ions of sulphuric acid will cause dam age to biosorbent st ructure.
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I soterm  Adsorpsi

Figure 5 . Langm uir isotherm  curve on adsorpt ion of Cr (VI ) m etal ion by H2SO4 0.8 M
act ivated biosorbent at a st irrer speed of 100 rpm

Figure 6 . Freundlich isotherm  curve on adsorpt ion of Cr (VI )  m etal ion by H2SO4 0.8 M
act ivated biosorbent  at  a st irrer speed of 100 rpm

From Figures 5 and 6 we understand that the correlat ion coefficient value (R2) of Langm uir
m odels was 0.909 and the correlat ion coefficient value (R2)  of Freundlich m odel was 0.890.
Based on these two m odels it  was predicted that  the adsorpt ion of Cr (VI )  using biosorbent
of powdered tea dregs followed the Langm uir isotherm  m odels where the value of
correlat ion (R2)  in Langm uir m odels are closer to 1 (one) .

Adsorpt ion Kinet ics

Figure 7 shows the kinet ics rate of first -order where the obtained k value was 0.038
g.m g/ m in and the obtained qe values  was -2.57732 m g/ g. Figure 8 shows the kinet ics rate
of two pseudo-order where the obtained k value was 0.752 g /  m g.m in and the obtained qe
value was 1.303781 m g/ g, so it  can be concluded that  the process of adsorpt ion of the
m etal ions Cr (VI )  using powdered tea dregs followed the pseudo second order with k values
of 0.752 g/ m g.m in andqe value of 1.303781 m g/ g with R2 values of 0.997.
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Figure 7 . The first -order adsorpt ion kinet ics  of Cr (VI ) adsorpt ion process using biosorbent
that was act ivated by 1 M H2SO4 at  adsorbate concent rat ion (K2Cr2O7) of 60 ppm
and a st irrer speed of 100 rpm

Figure 8 . The second pseudo order adsorpt ion kinet ics  of Cr (VI )  adsorpt ion process using
biosorbent  that  was act ivated by 1 M H2SO4 at  adsorbate concent rat ion (K2Cr2O7)
of 60 ppm  and a st irrer speed of 100 rpm

Conclusions

The highest  adsorpt ion efficiency of Cr (VI ) m etal ion of  83.24% was obtained on adsorbate
concent rat ion (K2Cr2O7)  of 125 ppm  by using biosorbent  that was act ivated by 0.8 M
sulphuric acid concent rat ion at a st irrer speed of 100 rpm .  Adsorpt ion process of Cr (VI )
m etal ion using powdered tea dregs tends to follow the Langm uir isotherm m odel with R2
values of 0.909. Adsorpt ion kinet ics in adsorpt ion process of Cr (VI )  m etal ion by using
act ivated powder of tea dregs follows two pseudo-order kinet ics, with k value of 0.752
g/ m g.m in, qe value of 1.303781 m g/ g and linear regression value of 0.997.
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