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Abstract. Preliminary research on Cr(IV) removal in a liquid waste using guava leaves (Psidium Guajava) 
as a bio-sorbent has been done. The experiments were conducted in a stirred batch reactor. The effect of 
temperature on efficiency and absorption capacity has been studied. Both the efficiency and absorption 
capacity are directly proportional to the temperature under the current experimental conditions. The results 
showed that optimum absorption capacity and absorption efficiency of Cr(VI) use of guava leaves obtained 
at stirring time 30 minutes.  
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Introduction 

Nowadays, industrial activity in the world has grown very fast. In addition to induces  

positive impacts, the growth of industry also generates a new problem for the environment 

and so we need to search an effective and efficient handling ways of negative impacts such 

as waste. One example of pollutions due to industrial wastes is a pollution caused by waste 

containing in dissolved heavy metals. Waste with a high content of heavy metals could be 

dangerous pollutants. One of heavy metals that are harmful is chromium. Chromium 

contained in waste usually has a valence of three (Cr3+) and valence of six (Cr6+). Heavy 

metals such as chromium waste derived from metal plating industry (electroplating), 

paints/pigments industry and leather tanning industries. Cr waste (VI) is concerned 

because of its carcinogenic properties. Interestingly, only Cr(VI) which are carcinogenic, 

while Cr (III) is not (Mariana, et al, 2006). The toxicity level of Cr (III) is only about 1/100 

times that of Cr (VI). Some of handling methods of Cr (VI) waste has been conducted 

through chemical reduction and ion exchange (Slamet et al. 2003). 

In general, the methods used for handling of Cr (VI) waste require high cost and 

long process. There are other alternatives for removal of chromium from industrial waste by 

adsorption method using biomaterials. This method is a very promising method for treating 

industrial waste, mainly because it is cheap and has a high absorption capacity. Some 

examples of research that has been done by using biomaterials as bio-sorbent to absorb Cr 

(III) by using seaweed (Sudiarta, 2009), the utilization of peanut shell as a bio-sorbent for 

reactive dye of Cibacron Red (Aprilia S, 2009), absorption of copper ions using chitosan 

from crab shell (Maya et al, 2010). 

Sutrasno et al. (2008) had previously conducted research by using guava bark to 

absorb metal ions Cr (VI). The results showed that guava bark had a chromium ion 

adsorption by more than 90 % at pH = 2. This research uses guava leaves as a bio-

sorbent. Leaves are a porous parts of the plant, so it can be used as an adsorbent. Besides 

guava leaves contain tannins. Tannins can be found in almost all types of green plants both 

higher plants and lower plants with levels and different qualities. Tannins are polyphenolic 

compounds that can bind heavy metals and tannin can also absorb pathogenic bacteria so 

that can cure diarrhea. Beside guava leaves is a porous material, the principle of absorption 

by tannins underlying the use of guava leaves as a biosorbent in the absorption of heavy 

metals from wastewater. 

Tannin is a natural polyphenolic compound and an important part of plant secondary 

elements, soluble in water with a molecular weight of 500-3000 g/mol and able to bind 

alkaloids, gelatin and protein (Wiryawan, 1999). Tannin content in guava leaves as many as 

9-12 % (www.litbang.deptan.go.id ). 
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Considering of Cr (VI) metal ions was produced a lot by industry in Indonesia, then 

this biomaterials has a potential to be developed as a bio-sorbent by utilizing waste of 

guava leaves and also very environmental friendly. Adsorption of chromium metal ions of 

Cr (VI) using these biomaterials have greater power adsorption compared with adsorption 

methods that have been developed previously (Subiarto, 2000). In addition the use of bio-

sorbent can also add value to guava leaves that have not been used optimally.This research 

aims is to study the metal ion adsorption capacity of Cr (VI) by biomaterial of guava leaves 

at various of contact temperature. 

 

Materials and Methods 

Preparation of necessary materials include materials procurement such as: (1) guava 

leaves, (2) distilled water, and (3) a solution of K2Cr2O7 as the source of Cr (VI). While the 

prepared equipment include: (1) erlemenyer, (2) volume pipette, (3) aluminum foil, (4) 

separating funnel, (5) measuring cup, (6) magnetic stirrer/water batch; (7) Atomic 

Absorption Spectrophotometer (AAS), (8) electric oven; (9) mixer; (10) balance; (11) filter 

paper, and (12) flask. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Scheme of Work Research 

 

 

Guava Leaves 

Cleaned Guava Leaves 

Dried Guava Leaves 

Adsorption process 
Put Cr6+ solution then stirred at varios time, adsorbent dose and at 
room temperature to determine the influence of the kinetics of 

reaction rate 

PROCESS ANALYSIS 
Adsorbed Cr6+ solution was analyzed using AAS 

instrument (Atomic Adsorbstion 
Spectrofotometer) 

Rinse with water 

Dry by oven at temperature of 50 0C 

Milled by Mixer 

Guava Leaves (dried & powder) 
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   Initially, raw materials of guava leaves was cleaned from impurities/dirt by clean 

water. Then guava leaves was dried using oven dryer at temperature of 50°C until a 

constant weight obtained. Finally, raw material was refined by using mixer with size of  

more than 25 mesh to increase the surface area of biosorbent. Preparation of Cr (IV) 

solution with different concentration. K2Cr2O7 was weighed at determined amount and 

dissolved with distilled water. Schematic of experimental procedure is presented in Figure 

1. 

Chrome samples was tested at different contact temperature. Sample of Cr (IV) with 

specified temperature was put in erlenmeyer containing adsorbent. Residence time for 

adsorption process was varied. The experimental conditions are presented in Table 1. The 

filtrate was filtered by filter paper and ready to be analyzed using atomic absorption 

spectrophotometer (AAS). Analysis of remaining Cr (IV) is performed by using AAS (Atomic 

Adsorption Spectrophotometer). 

 

Table 1 Experimental Conditions 

 

Parameters Value 

 

Initial Cr6+ concentration [mg/L] 

Bio-sorbent dosage (gram) 

Temperature [oC] 

Contact time [min] 

Precipitation time [min] 

 

 

10, 20, 50 

1  

35, 50 

50 – 120 

30 

 

 

Results and Discussion 

Effect of Temperature on Absorption Efficiency 

To determine the effect of optimum contact time and temperature for the treatment of 

guava leaves biosorbent then the study was performed by varying contact time and 

temperature. 

Figure 2 illustrates that the contact time and temperature is directly proportional to 

the absorption efficiency, as seen at a concentration of 10 mg/L with temperature of 35 ºC 

and contact time of 5, 10, 20, 30, 60 and 120 minutes with the absorption efficiency of 

33.77; 36.69; 39.41; 40.32; 42.71 and 43.29%, respectively. At the same of adsorbate 

concentration and contact time, and temperature of 50 ºC, the absorption efficiency  was 

obtained for 34.07; 38.25; 41.25; 44.91; 46.39 and 48.80%, respectively. 

Based on the above figure it can be seen that at temperature of 50 ºC the higher 

absorption was obtained, it is likely to occur because the pore surface of guava leaves 

increase so that the metal ion was absorbed quickly. But biosorben that derived from guava 

leaves have shortcomings as mentioned by Sutrasno (2008) that guava leaves can not be 

soaked at temperatures higher than 50 ºC because it can damage the biosorben itself, so it 

can be concluded biosorben is working at optimum temperature of 50 ºC. 

 

Effect of Temperature on Absorption Capacity 

To determine the effect of time and temperature on the absorption capacity so that we can 

understand the optimum temperature at which the adsorption process takes place. 

Figure 3 shows the relationship of temperature to absorption capacity of Cr (VI). At 

temperatures of 35 ºC and 50 ºC, the contact time of 120 minutes and concentration of 50 

mg/L, absorption capacity was obtained as much as 1.5256 and 1.6752 mg/g, respectively. 

Based on these data it can be seen that the higher of applied temperature then the greater 

of absorption capacity. This is probably due to the empty pores exist in the adsorbent will 

get bigger. Therefore if it is used to absorb the adsorbate at the same temperature then 

absorption capacity become greater. 
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( a ) 

 
( b ) 

 
( c ) 

 

Figure 2 The effect of time and temperature on absorption efficiency of guava leaves  at a 

concentration of (a) 10 mg/L, (b) 20 mg/L, (c) 50 mg/L. 
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( a ) 

 
( b ) 

 
       ( c ) 

 

Figure 3  The effect of time and temperature on absorption capacity of guava leaves  at 

concentration of (a) 10 mg/L, (b) 20 mg/L, (c) 50 mg/L. 
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Conclusions 

The optimum absorption process of Cr6+ metal with adsorbent dose of 1 g and  contact time 

of 60 minutes was obtained at concentration of 50 mg/L and temperature of 50º C. The 

best absorption process of Cr (VI) metal ions using guava leaves was obtained on contact 

time for 30 minutes. 
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