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Abstract: Alkaline modified sugarcane bagasse and coffee mesie used for the adsorption of water hardnessicgu
constituents (C& and Md?). The water hardness sample was collected usihgthylene bottle from Jigjiga city drinking
water supply, Ethiopia. The adsorbents were charaed using FTIR and BET surface area technidlies.concentration of
the constituents were determined using AAS Spextms It was found that, using the ABC and ACHCaasadsorbent, the
maximum sorption capacity obtained for Ca and Mglhess adsorption are 46.8 and 37.35, and 52.9t&r28 mg ¢ for
ACHC and ABC respectively. Activated carbon filtoat also depends on various parameters such asqtiact time,
adsorbent dose, temperature and initial Ca anddvigconcentrations. The maximum recovery of the dmgb calcium and
magnesium was achieved in less than 200 minutdsig#o 78% and 73% respectively. After treatingtbgtic water solution
simulating an actual water stream with the alkadidified bagasse and coffee husk, total hardnefiseafreated sample meets
the required standard for drinking water, belowr6@/L of CaCQ. Therefore, ABC is more suitable for the removal o
hardness ions than ACHC from drinking water; arel@mnsidered as effective low cost adsorbents.
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1. Introduction

Quality of water is one of the most important natur some cases, the resource does not satisfy to thiealle
resources of the world. It plays a vital role ineth levels regarding their chemical properties, suclhasiness,
development of communities; hence a reliable supgly nitrate contamination, heavy metals, soluble irett. [2].
water is essential. It needs to be maintainedhalltime for Among them, water hardness can appear problenmasiorne
human and industrial use. As for human consumptiortases; it can also be considered as an importatheie
qguantity and quality of drinking water have beecognized parameter. However, because public acceptancerdhéss
as increasingly critical issues. Addressing thewdetation of  differs remarkably according to local conditiongnaximum
water quality in developing countries, where annested acceptable level has not been defined. In genevater
one billion people lack access to potable qualigter; is a supplies with total hardness higher than 200 mgih be
primary motivating factor for many community dev@hoent tolerated by consumers but are considered as psources;
efforts and is a key component of the Millenniumwhile values higher than 500 mg/L are not acceptdbt
Development Goals [1]. The provision of safe watethe most of the domestic consumptions [3], [4].
people is an urgent development priority of anyrdouin Recently, various methods including electro deiatiin
the world [1], [2]. process, electro membrane processes, capacitivairaiion,

Most of the water resources should be treated fanembrane and fluidized pellet reactor, ion exchgmgeess
purification before consumption. In some countriesand adsorption have been studied for the removal wide
groundwater is the main safe drinking water reseltg. In  variety of ionic and molecular species from variouater
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streams, including those responsible for hardness C&” available to the people. The high cost of importitng

and Mg? cations). Amongst the developed processesctivated carbon puts a significant burden on thetew

adsorption has been widely studied for the uptdkeadous treatment budget since foreign currency is sca@t€r]. The

ionic and molecular species from water [6]-[8]. main aim of the study was to apply activated canm@pared
In an effort to reduce the proportion of peoplehwiit from coffee husk and bagasse wastes in drinkingemwat

sustainable access to safe drinking water, theeeriged to treatment and assess the efficiency of the carlonhe

optimize the production of activated carbon frontally purification of hardness of water as a functionop&rating

available wastes and apply it for water treatmentliverse parameters [3].

communities. This has led to the development aratttive

low-cost technologies such as activated sugar tagasse 2 N aterials and M ethods

for the treatment of drinking water in the devetapiworld.

Research has also been focused on the indigenodagtion  2.1. Description of the Study Area

of water treatment chemicals using locally ava#albhw

materials [1]. Carbon adsorption offers significadvantages _ J1diiga is a city in eastern Ethiopia and the apif the
including low cost, availability, profitability, ®a of Somali Region of the country. The city is located the

operation and efficiency in comparison with coniemal Jidiiga Zone approximately 80 km (50 mi) east oftaand
methods especially from economically and envirortaign 60 km (37 mi) west of the border with Somalia. ity has
points of view [4],[5]. an elevation of 1,609 meters above sea level aadoand

In countries with poor economic base, the high afst With coordinates of 9°242°48E. The climate of Jigjiga is
importing the water treatment chemicals prevent& Subtropical highland — climate ~ (Képpen  climate
consistently good drinking water quality being @skid in classification), with the influence of mountainrchite, with
many cases. The activated carbon has been wideg ud'©t @nd dry summers and cold winters. The temperatu
worldwide as an effective filtration or adsorptiorterial for 'ange of the city was between 25 and °29 As of 2008,
removing chemical contaminants from drinking water. Jigiiga has about 34.1% of the total population &esess to
most developing countries, the activated carboimjsorted  drinking water from underground water
at high cost, limiting the quantities of safe diirmk water

— 180 kn

Figure 1.1. Map of the study area.
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Figure 1.2. Shows (A) Raw sugarcane bagasse, (B) Alkali activated carbon, (C) Raw Coffee Husk.

2.2. Chemicals and Solutions grinder to get the desired particle size of 500 khen, they
were treated with concentrated sodium hydroxideM2

Apparatus and instruments:  pH meter (MP  220y50H for 24 hours at room temperature with theorafi1:1
METTLER =~ TOLEDO), FTIR spectrometer, AAS 1540 tg carbon ratio) then stirred for 30 min et for
spectrophotometer (BUCK SCIENTIFIC MODEL VGPZlo'overnight. The purposes of treating carbon using BaOH

USA), Rotary Shaker (VRN - 480, GEMMY Orbit Shaker, yere to create a suitable environment for its riggening
Taiwan), ~Balance (OHAUS, E11140, Switzerland)yhich increase the number of adsorption sites. Iyinthe
Desiccators, Electrical mill (IKA-WERKE, M20 GMBH & oated carbons were washed with distilled wateretaove
CO.KG, GERMANY), Filter Paper (Whatman 542, 90 MMg, cass hases and any other soluble substances kafor
diameter), Sieve no of different size (IMPAOT, UK), qampie were dried in Furnace and adjusted its pibtmut
Deionizer, hot air Oven (OV1S0CGENL ABWIDNES, g5 These materials are referred as activated réaga
England). bagasse and coffee husk. All experiments were aiadu
2.2.1. Reagents and Chemicals according to the standard methods for the exanoinatif

Analytical grade CaGland MgSQ. 7H,0 purchased from Water and wastewater.
Avishkar LAB TECH CHEMICALS, LOT which were used 5 4 Batch Filtration Experiments
as a model compound to stimulate the total hardemvat
Sulphuric acid (HSQ,) purchased from Reagent chemical All experiments were conducted in batch mode in 880
service limited Company, Runcorn Cheshire usedctvate  conical flasks. Several operating parameters imctugH (2-
bagasse and coffee husk, Sodium hydroxide (NaOéth fr 10), temperature (10-56C), adsorbent mass (2-10 g/L),
Avishkar LAB TECH CHEMICALS, LOT used to adjust the initial calcium and magnesium concentrations (40-frity/L)
pH, HCI from Reagent chemical service limited Compa and contact time (40-120 minutes) were investigated
Runcorn Cheshire used for titration, Sodium ChlerfNaCl) Optimized adsorption times for modified adsorbewsre
purchazed from TITAN BIOTECH LIMITED, BHIWADI first examined by varying the contact time at room
which was used for titration in Sear’s surface ammalysis. temperature, pH= 6.0 and for an adsorbent massper
All experiments were conducted according to thendsiad liter of solution. For this purpose, 2 g of adsarbevere
methods for the examination of water and wastewatdgr added to 1 L of solution in a conical flask conianCa? or
Mg*? cations at a concentration in the range of 40 t6 12
mg/L. The mixture was then shaken at 200 rpm.

The removal efficiency (%R) and sorption capaci®e)
was determined as follows (Eq. 1 and 2):

2.2.2. Sampling and Sample Collections

Tap ground water samples were collected in cle@® 10l
plastic bottles. The containers were first washeath we-
ionized water, and then several times with the samater

before collection in order to avoid any contamioati The R(%)=[(Ci-Ce)/Ci ]x100 1)
samples were then carried in ice-packed coolergh® .
laboratory for analysis within 24 hours. Q. (Mg/g) = [(Ci-Ce)/m]v @)

Where, G and G are the initial and final concentration of
metal in solution (mg), V is the volume of solution (I) and

Raw Sugarcane Bagasse and coffee husk were cdllect® is the mass of sorbent (g).
from Wonji sugar factory and coffee refinery S.rCEthiopia, After investigation of the effect of the contaché and the
which are collected as a waste. The samples waleeddfor initial ion concentration, the effects of pH andsadbent
24 hours and washed with distilled water beforeinserder mass were examined. The effect of temperature Wwas t
to remove any impurities. Raw sugar cane bagassplea investigated in the optimal conditions for pH, atigmt mass
was boiled for 30 min to remove remain soluble ssigBhey and contact time, for three initial concentratiarisCa™ or
were kept in drying oven maintained at £G5for a period of Mg*? cations (60, 120 and 180 mg/L). All the experiments
24 hours. The dried materials were grounded wititctecal had performed in duplicate and the mean values were

2.3. Collection and Preparation of Adsorbent
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reported.
Analysis of the Adsorbate Solution:

adsorption of calcium and magnesium and the regénar
percentage were calculated based on the compaoistine

Spectrophotometric measurements were carried angj us removal efficiencies of fresh and regenerated dustus.

Atomic Absorption spectrophotometer using calciumd a
magnesium hollow-cathode lamp at respective wagtten
and an air/acetylene flame with strict adherencetamdard
calibration guidelines.

Characterization of Adsorbents: In order to understand
the mechanism of the sorption, large quantitiesvork was
done to investigate the influence of the sorptioncpss
using different kinds of techniques. Fourier Transf
Infrared (FTIR) Spectroscopy analysis was conduchtd
Ethiopia Pharmaceutical Factory, Addis Ababa, Hilsio
which is used to asses functional groups of therbasts.

Determination of BET surface area: The specific surface
areas of the adsorbents were determined using ¢lag’sS
method (1956). For this 1.5 g of modified adsorbentre
acidified with 0.1 M HCI to pH value of 3-3.5. Th®lume
in the beaker was made to 150 ml with distilled evatfter
addition of 10.0 g of NaCl. Titration was then oadr out
with 0.1 M of NaOH to pH value of 4.0 and then td palue
of 9.0. The volume V (ml), required to raise the fobin 4.0
to 9.0 was noted and the specific surface areacaagputed
from the following equation [20].

S(nf/g) =32V-25 3)

Determination of the zero point charge: The zero point
charge was determined using 0.01 M solution of NaChn
electrolyte and by adding 0.1 M solutions of HCar Fhis
purpose, the pH of eight beakers containing 50 nfiL
electrolyte was set to the desirable values irrdnge of 2 to
12. Then 2 gram of adsorbent was added into eaakebe
and shaken for 48 hours. After completion of thection, the
adsorbent was filtered and the final pH of eachkbeavas
measured. By plotting the initial pH versus the after 48
hours of agitation, the zero point charges of tisogbents
were determined, which were found to be 6.5 for ified
bagasse and coffee husk.

2.5. Regeneration of the Spent Adsorbents

Regeneration tests for saturated modified adsosbsate
carried out by adding 2 g/L of spent adsorbent ifM2

3. Result and Discussion
3.1. Adsorbent Characteristics

The various physical and chemical characteristicshe
AC for both coffee husk and bagasse are represamtathle
3.1

Table 3.1. Physico-Chemical properties.

Parameters ABC ACHC
pHzpc 7.58 103
BET (nf/g) 546.6 410
Mesh size 500pum 500um

The modified adsorbents were characterized by meéns
instrumental techniques called Transform Infrared
spectroscopy (FTIR) and BET surface area.

The specific surface area of the adsorbents wasume
using the BET technique. It showed a significartlgher
specific surface area for the ABC and CHC, 54660 410
m?/g respectively. The remarkable improvement of the
surface area can most likely be attributed to #raaval of
components occupying the pores of the AC resultingore
accessible pores and consequently larger surfaee ar

3.1.1. Infrared Spectral Analysis
The adsorption of Ca and Mg ions on bagasse arfdecof

%husk were also affected by other interactions betwe

functional groups of Ca and Mg and bagasse, cditesk in

addition to electrostatic interaction. FTIR anak/seere

conducted in order to identify possible locatiows these
interactions. The result is presented in figure(a.and b). As
it can be seen, the FTIR spectra of Ca and Mg ibagasse
and coffee husk and after adsorption are discusskeav.

3.1.2. FTIR Spectra of Bagasse

FTIR spectra of bagasse has a broad band centered
between 3154.63 chand 3334.98 cth( hydrogen bonded
OH), the band at 2853.73 to 2954.03¢mCH, and —CH
asymmetric and symmetric stretching), the peak7a4154

solution of NaOH. For adsorbent saturation, 2 g/t ocmj (associated with C-O carbonyl), the peaks at IHBO0.
adsorbent were let in contact with 250 mL solutiorfm and 1462.07 cth (associated with the aromatic ring of

containing 100 mg/L calcium or magnesium and <lirad¢
200 rpm until equilibrium time was reached (120 u@s).
The spent of the adsorbents were filtered, wasiheddaied

lignin) and the large peak at 1022 to 1249.89 ¢associated
with the C-O bond bending of cellulose). FTIR speabf
SBC show peaks at 3568.37 tnThis could be due to (N-H

at 55°C for 24 h. The dried spent adsorbents were let itretching), 1590.34 ¢N=N stretching), 1462.07 cfn

contact of 2 N NaOH for 2 hours; then filtered, hed
several times with deionized water and dried alG%or 24
h. The regenerated adsorbents were then testedhéor

(aromatic C-C stretching), and 1377.20%(8-O bending).
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Figure 3.1. (a) FTIR spectral analysis of AC from Sugar cane bagasse.
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3.1.3. FTIR Spectral Analysis of Coffee Husk

The FTIR spectral analysis shows that several fonat
groups are available on the surface of coffee Hoiskinding
hardness causing agents hardness causing divatetThe
result was shown in fig 3.2 (b), Wavelengths cqroesling
to their respective functional groups. Thereforde t
wavelengths appeared in the graph i.e. 3431, 29236,
1652 and 1450 indicates the applicability of —O€H; C=0,
C=C, -COO respectively. The FTIR spectra obtairedtlie
activated coffee husk samples are shown in Figth&. broad
band at about 3400 ¢hincluded many vibration modes
mainly attributed to -OH groups with a minor cohtriion of

-NH functional groups. The presence of methyl and 2

methylene groups is confirmed by the two sharp peatk
2925 cm' and 2855 cnt attributed to asymmetric and
symmetric stretching of C- H bonds in aliphaticiclsa

The peaks located at 1737 and 1633 *crare
characteristics of carbonyl group stretching froellutose
and ketones. The presence of -OH group, alongagithonyl
group, confirms the presence of carboxylic acidugsoin the
biosorbent. The peaks at 1508 tmre associated with the
stretching in aromatic rings. The peaks observelD@t and

T —=—nitial pH

144 —e—Final pH /l
12 o
10 /e
_ /. /
T L ]
o /.‘.
- [ )
g 7 o—@ -><o~./
s | ././ ./
6 /
| |
l/
4 a
I/
T T T T T T T T T T T
2 4 6 8 10 12

Initial pH

Figure 3.2. (b) pH point zero charge (pHpzc) for ACHC.

It has been reported by earlier researchers thatpitpzc
of an adsorbent increases with increase in basigpgron the
surface of the adsorbents [19]. This is due to, thia¢
adsorbents have basic surfaces since the pHpzes/atu
greater than 7.

1024 cnit are due to C-H and C-O bonds. The -OH, -NH, From the results, it can be concluded that alkali

carbonyl and carboxylic groups are important sorpsites.
3.2. pH Point of Zero Charge

The point of zero charge of the adsorbent ABC aGiHE
were assessed from the graph of final pH verstislipH for
0.5 g of the adsorbents. The results are presémfieglre 3.2
(a and b). As shown from the graphs, the valugsHgzc of
an adsorbent are determined from the points winerénitial
pH equals the final pH. The pHpzc values are 7riD&103
for ABC and ACHC respectively. As presented in ginaphs
it seems that, the adsorbents were negatively etaat) pH
greater than the pHpzc and below pHpzc there wasagge
reversal.
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Figure 3.2. (a) pH point zero charge (pHpzc) for ABC.

modification of the adsorbent gave a negative ()asirface
charge for the adsorbent. The relationship betwgdpzc
and adsorption capacity is that cations adsorptianany
adsorbent will be expected to increase at pH vaigher
than the pHpzc while anions adsorption will be faide at
pH values lower than the pHpzc [21].

3.3. Batch Activated Carbon Filtration

In the present study, alkali treated bagasse affidechusk
are used as an adsorbent for water hardness causing
constituents from aqueous solutions and pollutedewa
Based on the results obtained, the effects of thasemeters
are discussed in the subsequent sections.

98

—=— AC from bagasse
[ —@— AC from coffee husk

] —L

96 \

95 H (]
o ]
= 944 '\
[ 4
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& 937 .
= ]
< 92 - ] -
S | ~_
91
90 ®
| ~_ @ e
89 T T T T T T T T T T T T T
20 40 60 80 100 120 140 160

Initial Ca ion concentration (mg/l)

Figure 3.3. Effect of initial Ca hardness concentrations on softening
efficiency (2 g adsorbent, pH 6.5, room temperature, agitation speed 200
rpm.
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Effect of the contact time and initial hardness agent
concentration:

The optimum time observed for removal of 96.1% and

The effects of the initial calcium and 93.4 % of Ca and Mg hardness were 120 min. Thegenea

magnesium concentrations and the contact time an tlappreciable increase in percentage removal of t@edness

softening efficiency of ABC and ACHC are illustretén
figure 3.3. As it can be seen, adsorption efficieneas
improved by increasing the contact time and deekds/
increasing the initial ions concentration.

94

—=&— AC from bagasse
—&— AC from coffee husk

93 4

N

92 4

91 4 ®

90 4

% of Softening

89 4

88 - T

T T T
20 40 60 80 100 120 140 160
Initial Mg ion concentration (mg/l)

Figure 3.4. (a) Effect of initial Mg ion concentrations on softening efficiency
(2 g adsorbent, pH 6.5, room temperature, agitation speed 200 rpm.

Accordingly, for an initial metal concentration df20

mg/L, 97% and 94.1% of calcium and 90.8% and 93i%
magnesium were adsorbed by ABC and ACHC respeytivel

showing for both adsorbents a higher affinity f@ictum
over magnesium. Furthermore, alkali modification bafth
adsorbents improved the adsorption capacity towassth
tested cations.

after these optimum times. As shown in Figure 3.4 3.5,
the adsorption process took place in two stages. firlst
stage was rapid. This may be due to that, at the Eirge
number of vacant surface site may be availabladisorption
process. The second stage represented a sloweregsog
adsorption. The reason is that, the remaining \asarface
sites may be exhausted due to repulsive forceseeetthe
solute molecules of solid and bulk phase [24],[28}th the
progressive occupation of these sites, the probessmes
slower in the second stage. Moreover the initidiposited
metal ions penetrate to the interior of the sorltbnbugh
intra-particle diffusion which was slower proce$his was
similar with the observations of other studies [42},].

—=— AC from bagasse

—_—
—®&— AC from coffee husk - -

/.m.
/
?o

90

80

-
o
1

o
o
1

% of Softening
| ]

50 °

40 ]

T T T
20 40 60 80 100 120 140 160
Contacttime (minute)

Figure 3.5. Effect contact time on softening efficiency of magnesium
hardness (2 g/L adsorbent, pH 6.5, room temperature, agitation speed 200

The effect of contact time on Ca and Mg ions wasgpm, 120 mgl.

investigated by varying the contact time (30-15@)mihile

other parameters were kept constant. The respiteisented
in figure 3.4 and 3.5. As it can be seen in tharkg softening

efficiency increased with an increasing in contante before
removaresponsible for metal uptake by natural pumiceddition to

equilibrium is reached and after equilibrium
efficiency would be constant.

—&— AC from bagasse
—&— AC from coffee husk

100

90 4 o

50 - /

% of Softening

40

30

T T T T T T T T T 1
20 40 60 80 100 120 140 160
Contacttime (minute)

Figure 3.4. (b) Effect of contact time on softening efficiency of calcium
hardness (2 g/L adsorbent, pH 6.5, room temperature, agitation speed 200
rpmand at 120 mg/l initial concentration

Surface adsorption and ion exchange can be coesider
the driving forces of ion removal. While bonding wietal
ions to the surface can be considered as the magmamnism

surface adsorption, ion exchange can also be iedoiv the
case of the alkali-modified pumice leading to a aerable
enhancement of the adsorption capacity [19]. Funtbee,
alkali modification can contribute to the removaf o
impurities, which can unblock some pores improving
accessibility to the active adsorption and ion exde sites
of the modified sample. Removal efficiency alsovgbd an
increase with the initial metal concentration, whican be
attributed to an increase of the concentration igrad
increasing the driving force [24].

Effect of the pH and the adsorbent mass: The pH of the
solution should be considered as an important fadfecting
metal adsorption process due to its impact on dgrae of
ionization of metal specie and the surface charbehe
adsorbent. The effect of pH of the reaction mixtarethe
adsorption efficiency at various adsorbent dosess wa
examined in order to optimize the adsorbent dosagkthe
pH. According to the results summarized in fig ar&l 3.7,
the highest adsorption capacity towards?Gand Md? ions
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was achieved at pH = 6.5 for ABC and ACHC and fiir a The removals of water hardness causing constituasyts

tested dosag

es. This optimal pH was in accordaiitethe

zero point charge values (6.50 and 8.310 for ABE€ AGHC

respectively).

—— AC from bagasse
—<— AC from coffee husk

100
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% of Softening

60

50

o e -
1 < 2
&
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<
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T T T T T
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pH

Figure 3.6. Effect of pH on softening of calcium hardness (contact time 120
min, ions concentration 120 mg/L, room temperature, 200 rpm agitation).
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Figure 3.7. Effect of pH on softening of magnesium hardness (contact time

120 min, ions
agitation).

concentration 120 mg/L, room temperature, 200 rpm
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Figure 3.8. Effect of adsorbents dose on softening of calcium hardness
(contact time 120 min, ions concentration 120 mg/L, room temperature, 200

rpm agitation).

ABC and ACHC at different dose (0.5 - 2.5 g) foreth
constant Ca and Mg concentration of 120 mg/l are
investigated. Results are presented in figure BdB39. The
percentage removal of Ca and Mg increases from 8Y.0
96.2% with an increase in the activated bagassecafide
husk carbon amount from 0.5 to 2.5 g respectivElis is
due to the increasing of the adsorption sites abkal for
adsorption.

100 4 —®—AC from bagasse
| —®—AC from coffee husk

90
80 4
70

60

% of Softening

50 A

40 4

30 T T

T
1.5 2.0 2.5

Adsorbent dose (g)
Figure 3.9. Effect of adsorbent dose on softening of magnesium hardness

(contact time 120 min, ions concentration 120 mg/L, room temperature, 200
rpm agitation).

As it shows in fig 3.6 and 3.7 of the pH, 79 an®®6f
calcium and 51 and 93% of magnesium were removed by
o/L of the ABC and ACHC adsorbents, respectiveliie T
lower removal efficiencies observed in acidic medig.e.
pH in the range 2-5) can be attributed to the pration of
adsorbent functional groups or competition dfwith metal
ions to bind and occupy the active sites of theodmmnts. On
the other hand, in alkaline environment (i.e. pHha range
7-10), the formation of metal hydroxide can be aered as
the main reason for decreasing metal uptake. Simelsults
were reported [26]. The highest removal capacitgHt7.5,
namely close to the zero point charges of both rbesus,
confirms that the studied adsorbents can be comsidas
promising low cost adsorbents suitable for theesoftg of
hardness ions from drinking water.

The linear increase of the adsorption capacity for
increasing adsorbent dosage indicated the acchtysifi a
larger number of sorption sites at higher dosagadsorb
calcium and magnesium ions. Contrarily, in the reahof
calcium using raw and modified sugar cane bagasse,
adsorption capacity remained constant above 100 mg
adsorbent.

Effect of the temperature: The temperature effect in the
range of 10°C to 60°C was studied and thermodynamic
parameters were calculated. As shown in Fig 3.T0lewthe
effect of temperature on magnesium adsorption séémbe
negligible, a low maximum for the adsorption ofatam was
absorbed at 2€.
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under 8 cycles of adsorption and desorption (npagsented

94 . in fig 3.12 and 3.13. As the n increased, the paege of Ca
- :
] _/ \ S and Mg recovered and adsorbent regeneration awdCds
93 4 " and Mg removal, until 4 of these cycles slightlycamsed
] and after that, until 8, sharply decreased. Ithewa that
o 92 - ABC and ACHC can be reused for softening/regeramati
g —=— AC from bagasse . B ; P :
5 o AC from coffos husk processes; but after that, it loses its softengggneration
3 914 ability and its performance drops down.
2 ]
S 90 —m— Softening efficiency (%)
1 —e—% recovery
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./ \ 00 u .\.
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Figure 3.10. Effect of temperature on softening of Calcium hardness 2 60_’ \ -
(contact time 120 min, ions concentration 120 mg/L, 2 g adsorbents, 200 £ | ) \
rpm agitation). 2 50 \ .
3 1 e \.
89.0 - " == - S 40 \
] 7] .\
2 1
88.8 7 30 4 °
88.6 4 — T T T T T T T T T T T T T T T
88 1 —=—AC from bagasse 0 1 2 3 4 5 6 7 8 9
‘4'_ —@— AC from coffee husk n
g 88.2 ] Figure 3.12. Successi ve softening/regeneration efficiency of Ca hardness.
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Figure 3.11. Effect of temperature on softening of magnesium hardness. § 50 _ \
3 ] *— =
3.4. Regeneration of the Saturated Adsorbents > 404 °\ \
4 [_]
. . 30 - o—_
Regeneration experiments were conducted to study th °
reusability of the spent adsorbents, which is g waportant o 1 2 3 4 5 & 1 8 9
parameter in terms of economic feasibility of theveloped n

process. Regeneration using sulphuric acid soluticas Figure 3.13. successive softening/regeneration efficiency of Mg hardness.
carried out on the spent bagasse and coffee husfles. As
it were shown in the figure below, maximum recovefyhe 4. Conclusion
adsorbed calcium and magnesium was achieved irtHass
200 minutes leading to 78 and 73% desorption of the Softening of hard water by removing Taand Md"
adsorbed calcium and magnesium at 97 and 93% of thations was studied using alkali-modified sugarechagasse
adsorbed calcium and magnesium from ABC and ACHGnd coffee husk as adsorbents. Increasing the rofss
respectively. Furthermore, maximum cation desomptior  adsorbent, the contact time and decreasing thalinins
saturated carbon were observed after 300 min @fne@tion, concentration leads to an increase of cations raindihe
while only 200 min of regeneration was needed toiea® studied adsorbents showed a higher selectivityctdecium
maximum cation desorption of the saturated modifieddsorption if compared to magnesium in ABC than ACH
adsorbent. It should be noticed that even if thadiffel Both adsorbents are efficient to adsorb water hessin
sugar cane bagasse showed higher sorption capfeity causing constituents; but, ABC is more criticalrthsCHC.
calcium and magnesium rather than modified cofiggkhits  After treating synthetic water solution simulatiag actual
regeneration potential was lower than that of thévated water stream with the alkali modified activated &sge and
carbon from bagasse. activated coffee husk, total hardness of the tceatmple
Generally, Ca and Mg recovery and adsorbent regéoar met the required standard for drinking water.
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