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ABSTRACT: 
This study is to ana\ylc the use of activated waste coffee grounds (WCG). a highly effective 

electrode material, in the capacitive deionization (COl) process for the flrsl time. Simply via 
[hennal actlvallon, the WCG's properties were significantly improved, mcludmg large surfact! 
area and good elecltochcmical activity. Along with other advantages, such as easy availability, 
cost effectiveness, and ceo-friendly, the wea could be conSIdered as promising electrode 
material for COl units. The hardness removal capacity of WCG electrodes reached 4.4 mg go! al 
an appJied voltage of 1.5 V. Til;:;; result is better than most conventional activated carbon 
materials that are being used in WaleI' softening (cchno!(\j'y 

Keywords: Capacitive deionization, water 
wasle coffee grounds. 

I. Introduction 
Hard water has numerous mineral components, 

inclUding iron, ITILlnganese, calcium. and 
magnesium. Hardness ions are responsible for 
~erious failures to industrial, domestic. and natural 
water, such as pile blocking, membrane clogging, 
and efficiency decay of heaters and heal 
exchangers [I ]. Variolls merhod:,> h;lVe been lIsed 10 
remove these impurities. Examples of these 
include ion exchange [21, <.:Icctrodialysi., [3.4), 
water acidification, nnd chelllical preclpilJ.tioll [5]. 
However, these processes al~o involve the addition 
or chemicals into water, and most of the\t.' 
chemicals <Ire deleterious for human health and 
prohibited in drinking waler 

As a result, capncltiw dcionization (CDI) was 
dl:veloped to remove charged ionic species such as 
salt ions from salty waler 16]. The bnsic concl;.'pt of 

d 
eieclrodes. that lS porous carbon electrodes. By 
polarlzmg both electrodes, the charged ions are 
adsorbed on each electrode surface, and po",itivcly 
charged Ions are attracted to the surface of the 
negal1vely charged electrode and vIce ver:-.a [71- As 
CDI is a simple system wlIh high ion adsorption 
capacity, it is potentially nn alternallve softening 
waler technology with low· energy con<.;umplion. 

To optimize the operatIon of the COl process, 
carbon materials are usually llsed as electrodes. 
They include cOllvemional activated carbon [8-11]. 
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carbon aerogels (12]. carbon nilnotube~ [13-15]. 
and graphene l [6, 17], all of which exlllbit 
excellent eJcctrosorprion propertie~ due to their 
good conductlvilles. high surface areas, and 
suitable pore Slze distribution. However. Ihey are 
qUite expen<;ive on account of the chemicals and 
machineries required for their fabrication. 
Therefore. it is very important 10 find an abundant 
and environmentally friendly material that can be 
applted in the water softenmg process. 

In (his study, we dernonslr:llcd 11lC p()~slbility of 
using W;)S(C coffee grounds (WCG) as highly 
effective electrodes. for the first lime In COl 
systems. Waste coffee grounds are the residue,,> of 
coffee after grinding and breWing. Given the 
conslanl mastic incrca<;es In coffee conslimptiOIl 
around the world, enonnous amounts of \\ICG 
withoUl Jny treatment or recycling method ~rc 

discarded inlo the environment. Only negligible 
quantiltes <He used as fuel in J carbon fuel cell 
technology r 18), dimibuted to the public for 
g<lrdening <lnd composling, a$ Ihey possess high 
amounts of potJ.',siul11, phosphorus. copper, and 
magnesium l19], applied in supercapacirors POJ, or 
utili7cd to produce biodiesel and ethanol [21]. Our 
simple Ihermal treatment. WCG. led 10 a 
significant increase in surface area and 
electrochemical activity, making it suitable for 
eieclrosorption of hardness ions. As iJ result, WCG 
exhiblled considerably higher COl performance 
than most current activated carbon materials and 
appeared to be a promising electrode )TI£lterial for 
water softening technology. 

2. Material and methods 
2.1. Preparatioll of Waste coffee grollllds 
Waste coffee grounds (WCG. oblained from 

Tanay Hills Coffee Beanery, Hazelnut Arabica, 
Pbdippmes) were dried at room temperature for 
three days and put in ,Ill oven al 500C until the 
relative humidity dropped below 50% Then, they 
were sieved to select the powder gr~li!1s with an 
nverage uniform size of 500-1000 jJl1l. FIve gram 
ofWCG were baked in a Box Furn~ce.1t 950 oC for 
three different dUf<ltions of 30,60, and 90 m.in and 
denoted "' WCG-]O, WCG-60, and WCG-90, 
respectively. In thiS step. the carboniz.ation process 
occurred ,JOel WCG changed its structure. making 
the componellt:.. morc suitable for COl test. To 
prevent tilt comhustion of WCG dUring thermal 
lI(;:;)tment. It was air-sealed using <l ceramic lid. 
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pc\\·(lc,:--: 
PVclF powder, and N-Methyl-2-pYlTolidone 
solvent) was sonicated and stirred for 24 h, and 
then coaled on the graphite sheet by Dr. Blade 
equipment. The electrodes were dried in an oven at 
600C ror l2 h to completely remove humidity, and 
then placed into a vacuum furnace at 70 oC ror 24 h 
to evaporate reSidual organic materials. Finally, 
(he eleclrodes were assembled into a CDI device 
for testing. A hardness water solution was pumped 
m[o Ihe COl system, where the voltage was 
applied. The dilute solution flowing from the COl 
cell was measured every 10 seconds by a 
conduclivity meter. The regeneration process was 
conducted by turning off the power supply. The 
ions adsorbed on tbe electrode surface were 

(BEl) .... uf'1J...:...: .... rLJ. anti pme size dislribution 
(PSD) were examined using nitrogen as an 
adsorbate al 77 K. The electrochemical 
performances of as-obtained electrodes were also 
evaluated by cyclic voltammctry (CV) at room 
lemperature, 

3. ResuJts and discussion 
3.1. Waste coffee gl'OUlld characlen'zariolt 
To investigate Ihe morphology and crystal 

struclLlre of tile samples. scanning eleclTon 
microscope (SEM) und tn:tnsmission eleclron 



nucroscopy (TEM) were performed. As seen in Fig. 
la, the WCG has a honeycomb~shaped sLfUcture. 
The composition of weG consisted of volatile 
maner (84.86%), fixed carbon (13.85%), and ash 
(1.29%), measured by the method in ASTM 03172. 
Following the thermal treatment, their organic 
compounds were broken up and converled into 
inorganic components; and the volatile compounds 
were removed. resulting in the honeycomb walls 
becoming thinner. Longer holding Urnes for heat 
treatment resulted in nan-ower comb walls. Thus. it 
was expected that the densities of (he sample$ 
decreased while their specific surface area 
increased, which would positively affeci the ion 
adsorption process in the CD] cell 

Fig. I also displayed the TE:VI images of rhe 
prIStIne and as-prepared WCGs. As shown, pristine 
WeG had a sheet stn.!cture consisting of several 
layers. Due to the smaU amollnt<; of metal clements 
in compari.son wlfh carbon, the metal element:>, 
were not observed on the sheet surface. Following 
rhe treatment, sm,IIJ panicles appeared in each 
WCG layer, demonsrra!ing the significant change 
in lIS compo.~it!on. The particles could be 
recognized more discernibly when rhe duration of 
heal treaunent was increased (from 30 to 90 min). 
Possibly, the numerous holes and pores were 
fonned on the surface of WCG, consequently 
enhancing its specific surface area. This result was 

unchanged after a penod of thermal 
decomposition. It could be concluded that [he only 
changes in the components of the samples involved 
the conversion of carbon compounds from organic 
to inorganic forms, and the removal of volatJle 
mauers at high temperature. (Table I) 

The XRD patterns of the pnstine and 
as-prepared WCG were shown in Fig. 2a. As seen 
in the WCG curve, since the prisllne WCG 
consIsted of several orgaruc compounds (such as 
Ligmn, ceUuJose, glucose) with their own unclear 
peaks, an obvious peak could not be distinguished. 
Following heal treatment, organic compounds were 
convened into inorganic compounds such as 
activated carbon, ash, KCaP04• and H,Q 

Fig. 1: SEM and rEM (the inset of SEM Image) of (a) 
(b) WCG-JO, (e) WCG-60, and (d) WCG-90 

111 

.. m:J Jnd jJon..: :)llC 

distribution of the materials, 
the Brunauer~Emmett~Teller 
(BET) measurement was 
conducted. As sbown in fig. 
3a, the specific surface areas 
of pristine WCG, WCG-30, 
WCG-60, and WCG-90 were 
0.2, 391.9, 675.3, and 675.[ 
m2 g.I, respectively. Initially, 
the pristine WCG had a small 
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Tobie 1, EOX characteristics of prisllne ond aSmprepored WCGs 

I 
r- WCG --I WCG-30 

Element --~t . I Welght(%) ~tomIc(%)-l Welghl(%) I.~tom'c( ") 
I CK 95.29 9668 ~ 97·13 

o K i~1 3:05' 2.02 

Mg K I 0.18 0;2 

C---pK 012 0." '---! . 

0.09 0.44 

0.05 0.84 

s K 0.08 003 0.16 .00 11.17 <to V. 'I u i~ 

K K 004 0.G1 003 .01 0.21 0.07 0.01 0.00 

Ca K 028 0.08 155 48 o.a1 0.25 0.86 O.2B --
Totals 100.00 100.00 100.00 100.00 

fig. 2: X-ray diffraction patterns and the weight plo' of prisline 
and as-prepared WCGs 

curves of WCG-30. 
WCG-60, and WCG-90. 
The greater duration of 
thermal trealment 

specific surface area, and it was increased 
remarkably via therm;.)l treatment. The maximum 
surface area was achieved at 60 min of baking. 
during which the volatile mailers were entirely 
removed. When prolonging heat treatment 
duration to 90 min, the activated carbon malenals 
were partly converted to ash; therefore, the surface 
area was :-;Iightly reduced. The specifLc surface 
area was known to be a powerful paramett:f to 
evaluate the CDI performance. On the basis of the 
above BET result. a<;-prepured WCGs w\"!re 
expected to have excellent CDI efficiency 
Moreover, Fig. 3b mdicated tht:: nilrogcn 
adsorption and dc,>orptioll isotherm'> of the pristine 
and <h-prerared WGCs. It was clearly observed 
that the loops of the prisline WCG 

of the micropore structure 
with similar ndsorptloll and de~orplion curves. 
Following heat treatmellt, the microrpore structure 
was converted mlo mesopore forlll, ~s shown in the 

282 s6 16 - Thong 9/2019 

resulted in more 
mesoporous s.lrUClures. as 
indicated by the clearer 
difference between the 

L kOli a 
S·L, II should be nOled Ihat the specific capacitance 
was proportional 10 the average areas of CV 
curves, and that higher capacitance implied that 
more electrolyte ions were able to reach the pores 
of electrodes. As seen In Fig, 4. pristine WCG 
showed no electrochcmicnJ activity wilh a very 
narrow CV curve. Afler heat trealment, its activity 
considerably improved with a sLgnificantly 
extended curve. Upon increasing the duration of 
thermal process to 60 mm. the capacitance 
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WCG-60. ,nd WCG-90 showed COl emciencies of 
20%,39%. and 26%. respectively. The maximum 
COl efficiencies that could be achieved were ·l4 
mg g" at 1.5 V and 6.8 mg go! at 2.0 V using WCG-
60. This result was in good agreement with the 
excell~nt properties of WCGs, described 
previously In this article. Noticeably. the ion 
adsorption efficiency of as-prepared WCG wa~ 
better than most activated carbon electrodes al the 
snme applied voltage (2.0 V), such as graphene 
(1.8 mg g") [2:1]. carbon nanotube (0.75 mg g") 
[24]. or reduced graphite oxidate-resol (3.2 mg go!) 

1"5). (Fig. 5) 

Fig.S: Cyclic lesl (a) IIrsl cycle and (b) all 

cycles 01 WCG-60 01 1.5 V with a flow 

rale of 10 mL min-J and the feed soJu/Jon 

01 180 ppm (as CoCO:;! 

(a) 

(b) 

Ad,OfptlO(I Desorption 

--------f 
g 

203040M60 

Time (min) 

Numbers of Cyde~ 

700,.-------------, 
-;- 55C 

g ~:: 
~ 5' 

l;-'CC 

t 
o 
u 

2CO t,OO COO aoo lO~O , 200 140J 

Time (min) 

28L1 5616 - Thong 9/2019 

COflduI0Jls. Every ]0 min of aJ~()ip1iOn foii0INtO 

by 40 1111n of desorption was implemenled al 1.5 
V with u flow l'llte of 10 mL 111111- 1 (Fig. 6a). The 
experiment was repealed 20 times In continuous 
operation mode for a 10lal period exceeding 20h 
(Fig. 6b). As seen in Fig. 6a. (he adsorption time 
was much less than desorption time. The effects 
of the meso-porous structure with the 

complicated combination of micro - and meso -
pores on the removal p4lthway of ions can 
explained this. Tn the first cycle, the COl 

efficiency reached 40%, with a total ion removal 
of 3.0 mg go'. As expected, in Fig. 6b, a 

sigmficanl degradation of COl performance was 

Lu.::ndty propcni\,;:i. In PJfliCllit.n, lIs COl 

performance was rernarkable and stable 
compared to other conventional act iva led carbon 
materiab. Moreover, by using a thermal 
treatment step. the f<:lbrication method or tbe 
electrode was simple and Inexpensive. In 
summary, the fabricated material displayed 

immense potential as a promising electrode 
Illal~rial for CDI applicallon in water softening 
technology. 
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NANG CAO HItU QUi\' 
TRONG Ht THONG CAPACITIVE 

sif DI)NG D1tN 

T6MTAT: 

eTS. TRINH 
Khoo C6ng ngh$ 

TnJCing flo; 

Trong bbi bao nay, chung toi sa dl,1ng bfi c,\ 
cho qua Irlnh khlt ion d;~n dung (COl). Sau k11: 
WCG ituqc di thi¢n r6 r';l, bao g6m di~n tich 
Ngoa i rd, ba ell phe con c6 de U'u (]jim kh,ic nhurat pho bie'n In~n (h~ truong, chi phi nguyen 

li~u thap va Ihan thien v(1i m6i tnJong. E)i~u nay khie'n cho n6 tra thitnh v~t Ii~u che' t{to di~n 
el/e CDI tit 11l1a hc;:n. KCI qua nghien cUu eho thay hi¢u qua IO~lI bo d¢ c((ng eua WCG len 101 

4,4 mglg trang di€.u ki¢n cli~n rip J ,5 V. Ket qua nay eao hdn hau he'teae v~t lieu carbon ho~t 
tinh truy~n tho'ng khi1c (Iii dude nghien cuu va slI'dl,lng eho rnl,1C ('!ich lam mtm mtdc. 

Tukhoa: Cdpacitive DClonil;Jlion, lam mem nu'dc, bJ. ca phe, bi) ea phe ho~t Itnh. 
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