IOP Conference Series: Materials
Science and Engineering

PAPER « OPEN ACCESS You may also like

- Effect of microwave drying pretreatment

Utilization of Activated Carbon Prepared from Bt o st exacton ofcofee ol

. rlyantl, 1ZKIa, yamsuadin etal.
Aceh Coffee Grounds as Bio-sorbent for e etentia of coffee eround compoe
Treatment of Fertilizer Industrial Waste Water of musiard areers i acidn and

J Jumar, R A Saputra, R Wahdabh et al.

To cite this article: M Mariana et al 2018 IOP Conf. Ser.: Mater. Sci. Eng. 358 012027 - The effect of coffee grounds and sawdust
Tectona grandis L. f. as planting media for
cultivation oyster mushroom Pleurotus sp.

E Tambaru, R Ura’ and M Tuwo

View the article online for updates and enhancements.

@ N =L DISCOVER
i = how sustainability

The : intersects with
Electrochemical
Society

Advancing solid state &
electrochemical science & technology

[ & 8l

This content was downloaded from IP address 3.149.251.154 on 06/05/2024 at 08:50


https://doi.org/10.1088/1757-899X/358/1/012027
https://iopscience.iop.org/article/10.1088/1755-1315/1183/1/012066
https://iopscience.iop.org/article/10.1088/1755-1315/1183/1/012066
https://iopscience.iop.org/article/10.1088/1755-1315/1266/1/012037
https://iopscience.iop.org/article/10.1088/1755-1315/1266/1/012037
https://iopscience.iop.org/article/10.1088/1755-1315/1266/1/012037
https://iopscience.iop.org/article/10.1088/1755-1315/1230/1/012071
https://iopscience.iop.org/article/10.1088/1755-1315/1230/1/012071
https://iopscience.iop.org/article/10.1088/1755-1315/1230/1/012071
https://iopscience.iop.org/article/10.1088/1755-1315/1230/1/012071
https://iopscience.iop.org/article/10.1088/1755-1315/1230/1/012071
https://iopscience.iop.org/article/10.1088/1755-1315/1230/1/012071
https://iopscience.iop.org/article/10.1088/1755-1315/1230/1/012071
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsuFp364jcIxLEgrtM-fYGP5z-DUJF9KmHAGvcuJTfwFJvgwABUtsdv2MKAUTVlzERpP-tmtUJEEnVcTRS918hBv9NtszW0-Xr-G2Ko_V6QUN56M0B5i7vNkMHzKcXoAKu21Um8cuV2QM1MQ9X4kiFSI_Jgg5I7RybsyL-EWP-ely784xYqAOwTc1iRnGNyoX6_Mw3khF_lbCTtW3udR54t0uAfslJ50v_efkLyn0-tLl-3U6M-DnfRigcZV7i78V-DL74NvPp_R2G6PociGKAyjf_3bJIjO-vcEG-HGMRQz4gHoBgxnepfvgBAnsE11mAeybdl8aRBRniQ5CrD7lZJP8H2x1A&sig=Cg0ArKJSzPdVdCtcI1S0&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

ICGSCE 2017 IOP Publishing
IOP Conlf. Series: Materials Science and Engineering 358 (2018) 012027 doi:10.1088/1757-899X/358/1/012027

Utilization of Activated Carbon Prepared from Aceh Coffee
Grounds as Bio-sorbent for Treatment of Fertilizer Industrial
Waste Water

M Mariana'?, M Mahidin'?, F Mulana'*and F Aman*

' Department of Chemical Engineering, Faculty of Engineering, Syiah Kuala
University, Darussalam, Banda Aceh 23111, Indonesia

* Environmental and Natural Resource Research Center, Syiah Kuala University

* Faculty of Chemical Engineering, Universiti Teknologi MARA (UiTM), Shah Alam
40450, Malaysia

* Post Graduate Program of Chemical Engineering, Syiah Kuala University
Darussalam, Banda Aceh 23111, Indonesia

mariana_hasyim@yahoo.com

Abstract. The people of Aceh are well known as coffee drinkers. Therefore, a lot of coffee
shops have been established in Aceh in the past decade. The growing of coffee shops resulting
to large amounts of coffee waste produced in Aceh Province that will become solid waste if not
wisely utilized. The high carbon content in coffee underlined as background of this research to
be utilized those used coffee grounds as bio-sorbent. The preparation of activated carbon from
coffee grounds by using carbonization method that was initially activated with HCl was
expected to increase the absorption capacity. The prepared activated carbon with high
reactivity was applied to adsorb nitrite, nitrate and ammonia in wastewater outlet of PT. PIM
wastewater pond. Morphological structure of coffee waste was analyzed by using Scanning
Electron Microscopy (SEM) and Fourier transform infrared spectroscopy (FTIR). The result
showed that the adsorption capacity of iodine was equal to 856.578 mg/g. From the
characterization results, it was concluded that the activated carbon from coffee waste complied
to the permitted quality standards in accordance with the quality requirements of activated
carbon SNI No. 06-3730-1995. Observed from the adsorption efficiency, the bio-sorbent
showed a tendency of adsorbing more ammonia than nitrite and nitrate of PT. PIM wastewater
with ammonia absorption efficiency of 56%.

1. Introduction

Used coffee grounds are inexpensive and widely available materials that can be utilized to reduce the
levels of nitrite, nitrate and ammonia in wastewater. Coffee grounds are organic materials that can be
converted to activated carbon to be used as adsorbent [1,2]. Activated carbon is a porous solid that
produced from carbonaceous material by heating at high temperatures. The previous study mentioned
that the activated carbon from coffee grounds could adsorb iron and mercury up to 99.43 and 99%,
respectively [3]. In this study, the coffee grounds were used as raw material to be prepared as activated
carbon. Furthermore, activated carbon was used to reduce the content of ammonia, nitrite and nitrate
in the fertilizer industry wastewater effluent.

Activated carbon is an amorphous carbon material consisting mostly of free carbon and has
excellent adsorption ability. Activated carbon has been generally used as an ingredient for dye
relievers as well as in the application of gas adsorbent, metal adsorbent and so on [4,5].Used coffee
grounds are inexpensive and widely available materials that can be utilized to reduce the content of
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ammonia, nitrite and nitrate in wastewater. Activated carbon is a porous solid that can be produced by
heating up carbonaceous material at high temperatures. The larger surface area of the activated carbon
caused the higher of adsorption capability [6].Even though the content of ammonia, nitrite and nitrate
in the wastewater pond of outlet wastewater treatment unit of PT. PIM are still under the allowed
quality standards, but with continuous discharge the levels of those wastes will accumulate and exceed
the quality standards especially on the near location of this wastewater treatment unit before it is
expanding. The presence of urea in certain concentrations can cause increased growth of algae. In
addition to urea, excess content of nitrites and nitrates in the effluent can also cause death to the
aquatic organisms. Therefore, proper treatment is required to reduce the negative impacts caused by
industrial waste, particularly the urea fertilizer industry.

2. Method
Experiment was conducted as follows: (1) preparation of activated carbon bio-sorbent from coffee
waste; and (2) the process of adsorption of ammonia, nitrite and nitrate using a batch process.

2.1. Preparation of activated carbon

Coffee waste was dried under the sun and then soaked in a solution of 0.1 M HCI for 48 hours. Next
drained and washed with distilled water to pH neutral. Coffee waste that have been activated
chemically then put in oven to reduce the moisture content, finally those materials were inserted into
muffle furnace at a temperature of 350°C for 3.5 hours. The produced activated carbon was sieved
using a sieve of+80-100 mesh and later activated carbon was stored in a desiccator.

2.1.1. Yield
The yield of activated carbon was calculated by comparing the weight of raw material to the weight of
produced activated carbon after carbonization:
b (D
Yield (%)= i 100%
where:  a = initial weight of the carbon (g)
b = weight of dried carbon (g)

2.1.2. Water content
The water content was determined by comparing the initial weight of the carbon with the weight of
dried carbon.2 grams of activated carbon was put in a porcelain cup that had been weighed
beforehand. Afterwards, the cup was placed in an oven at a temperature of 105°C for 3 hours then
cooled down in a desiccator and weighed.

)
(9= ) 300%

Water content (%) =
a
where:  a = initial weight of the carbon (g)
b = weight of dried carbon (g)

2.1.3. Ash content

The ash content was calculated by comparing the initial weight of dried carbon with the weight of the
ash.2 grams of activated carbon was put in a porcelain cup that had been weighed previously.
Subsequently, the cup was placed in a muffle furnace at a temperature of 600°C for 3 hours then
cooled down in a desiccator and weighed.

Ash content (%) = %xlOO% 3)

where: a = weight of the ash (g)
b = initial weight of dried carbon (g)
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2.1.4. lodine adsorption

A total of 2 grams activated carbon was put into a dark and sealed container. 50 mL of 0.1N iodine
solution was added into the container then shaken for 15 minutes and filtered. As much as 10 mL of
filtrate was titrated with sodium thiosulfate solution 0.1N. Once the yellow solution about to be
disappeared, 1% of starch indicator was added. The titration was then continued right until the blue
color disappeared.

oot )
lodine Adsorption (n;g} = %xl%ng “4)
where: V' = total sodium thiosulfate required
N = concentration of sodium thiosulfate solution
S = mass of activated carbon (g)
12.69 = amount of iodine in accordance with 1 ml of sodium thiosulfate solution 0.1

2.2. Absorption of nitrate and nitrite using batch process

Liquid waste of fertilizer industry as much as 100 mL was contacted with activated carbon as much as
0.2 grams with size of 80-100 mesh at various stirring time. The wastewater before and after contacted
with adsorbents was measured the ammonia, nitrite and nitrate concentrations by using
spectrophotometry.

3. Result and discussion
Characteristics of activated carbon from Aceh coffee grounds are shown in table 1.

Table 1. Characteristics of activated carbon from Aceh coffee grounds

Quality requirements for

Parameter ﬁ::gtssls activated carbon according to
SNI 06-3730-1995

Yield 18.7 -

Water content 6.38 Maximum 15 %

Ash content 1.05 Maximum 2,5 %

Absorption of iodine 856.575 Maximum 750 mg/g

Table 1 shows the analysis results of prepared activated carbon. The result of parameter was the yield
value of 18.7, the water content of 6.38%, the ash content of 1.05%, and the adsorption capacity of
iodine of 856.575 mg / g. From those characteristics of prepared activated carbon as shown in Table 1
it can be concluded that the prepared activated carbon meet the quality standards in accordance with
the quality requirements of activated carbon refer to SNI No. 06-3730-1995.

3.1. Analysis of the functional groups and morphology of prepared activated carbon

Chemical functional groups of samples were identified by using Fourier transformation infrared
spectroscopy (FTIR) with a range of 500 to 4000 cm™. Graph of infrared spectra of samples was
shown in figure 1. Figure 1 shows that the results of FTIR analysis on prepared activated carbon
before and after adsorption have a bit similar spectra, but there is a change and a shift in the absorption
band in each region after adsorption process with the sample waste of nitrite and nitrate, in which the
occurrence of absorption band shift was predicted due to the process of interaction that occurs is
physically caused by the force of van der walls or hydrogen bonds. This suggests that the interaction
between waste of nitrite and nitrate with functional groups that existing on the surface of the adsorbent
can occur through interaction of the van der walls, hydrogen bonding, ion exchange or complex
formation and this usually occurs on the surface of a solid-rich functional group [7,8].
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Figure 1. Spectra of prepared activated carbon.
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Figure 2. SEM pictures of prepared activated carbon: a. prior to adsorption process with a
magnification of 800X, b. After adsorption process with 800X, c¢. prior to adsorption with a

magnification of 1200X, and d. after adsorption with a magnification of 1200X.

The functional group obtained after analysis by FTIR is an OH group (alcohol) with a length of
absorption bands (3580-3650) cm™, CH with a length of absorption bands (2900-3300) cm™, group -
N=C= N (Isocyanides) with a length of absorption bands (2240-2275) cm™, group NH (amine) with a
length of absorption bands (1575-1650) cm™ and group NO, with a length of absorption bands (1550-
1570) cm™. Deeply it can be seen from arrow sign inside the figure the distinguishing of the
absorption bands before and after absorption that refer to the existence of nitrite and nitrate
components in the liquid waste. Morphological structure of the prepared activated carbon was

4
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characterized by using Scanning Electron Microscope (SEM). SEM characterization results can be
seen in figure 2 that shows the surface shape of each sample before and after the adsorption of nitrite
nitrate.

Even though the results of SEM analysis are not so focus but the figure shows clearly some
differences on each figure. On activated carbon sample before contacting with the adsorbate, it can be
seen many visible and empty pores as shown by the arrow in figure 2. However, on sample of
activated carbon after contacting with the adsorbate it seem that some visible pores were filled by a
substance but not yet fully charged (as shown by the arrow). Pores contained in prepared activated
carbon may enhance the ability to adsorb adsorbate concentration. In this study, it is predicted that
adsorption process of the nitrites and nitrate occurs on the pores surface of the prepared activated
carbon.

3.2. The adsorption efficiency of nitrite and nitrate in liquid waste of PT PIM

The adsorption efficiency stated the percentage of adsorbate adsorption on the surface of adsorbent.
This adsorption efficiency is influenced by the concentration of adsorbate, where the increase of
concentration of adsorbate will also increase the adsorption efficiency. The adsorption efficiency of
nitrite and nitrate in liquid waste of PT PIM can be seen in figure 3.

SEM pictures of prepared activated carbon
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Figure 3. The adsorption efficiency of nitrite and nitrate in liquid waste of
PT PIM at contact time of 40 minutes.

With increasing the used adsorbent amount, therefore the adsorption efficiency would also increase.
The increasing of adsorbent weight is proportional to the increase the number of particles and the
surface area of activated carbon, causing a number of binding levels of nitrite, nitrate and ammonia
also increases and as a result the adsorption efficiency also increases [9]. From the above figure we
can see that the adsorbent cannot adsorb all of the three components in the waste at the same time of
adsorption process, but adsorbent would tend to absorb more ammonia component compare to nitrate
nitrite components. Most ammonia in nature and in the wastewater is oxidized to form nitrite and
nitrate that are carried out by two kinds of autotroph bacteria during nitrification process following
reaction:

NH; + H,O — NH, + OH" (ammonia to be ammonium)
2NH," + 30, + 20H — 2NO, + 2H" +4H,0 (ammonium to be nitrite)
NO, + 1/20, — NOj (nitrite to be nitrate)
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Figure 4. Percentage of ammonia decomposition after adsorption process for 40 minutes

Activated carbon from waste coffee grounds prefer absorbed components of ammonia, and
ammonia remaining in the waste reacted quickly to form nitrite and nitrate and as a result the
components of nitrites and nitrates in the effluent increased. From the above figure we can see that is
likely to occur due to the interaction between the components in the waste cause decomposition
ammonia into nitrite reached 30% and finally decompose again to be nitrate as much as 80%.

4. Conclusion

The analysis results of prepared activated carbon meet quality standards that are permitted by SNI No.
06-3730-1995. The prepared activated carbon has the capacity to absorb nitrites, nitrate and ammonia,
however the adsorbent tend to adsorb more ammonia compare to sorb nitrite and nitrate. The highest
ammonia adsorption efficiency was 56%. The results showed that the remaining ammonia decomposes
into nitric reached 30% and breaks down into nitrates by 80%.
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