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Abstract Water pollution resulting from industrial development poses a significant barrier to environmental
sustainability. Addressing this challenge necessitates the development of cost-effective and
high-performance adsorbent materials and active research on by-product-derived materials to reduce
overall process costs. Given their high carbon and functional chemical contents, spent coffee grounds
(SCG) are regarded a potential adsorbent for effectively removing contaminants from water. This review
study focuses on the development of SGG-based water treatment adsorbents and methods of preparing
high-performance adsorbents through carbonization, chemical modification, and magnetization.
Specifically, it focuses on methods of producing adsorbents based on SCG and the performances and
chemical and physical properties of the materials produced. The study suggests these adsorbents have

the potential to provide a sustainable, economical solution to the problem of water pollution.
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Table 1. Preparation and adsorption capacity of thermochemically treated SCG-based adsorbents for
removing various contaminants in aqueous solution.

rce:iféiee Pyrolysis type Pyrolysis process Contaminant Capacity (mg/g) Ref.
Operating temperature: 210 °C // Heating
coffee husk Hydbrot}.lertr'nal rate 20 " C/min //residence time: 243 min //| methylene blue 34.85 11
carbonization ratio of water and feedstock: 3.4:1
¢ coff Operating temperature: 500 °C // Heating
spen Cod €€l Slow pyrolysis | rate: 10 " C/min // atmosphere: N; // flow tetracycline 39.22 12
groun rate: 0.5 L/min // residence time: 2h
" o
spent coffee . |Operating temeperature: 400 or 500 10 °C //| sulfonamide sulnfadxalzme 1215 g (at'
round Slow pyrolysis residence time: 2h antibiotics 500 " C) *sulfamethoxazole:| 13
8 : 130.1 1g (at 400 *C)
Operating temeprature: 160 °C // residence . * sulfadiazine: 82.2 ug (10h)
coffee husk ijsrrs]?;zerg;a; time: 6h or 10h // ratio of water to feedstock: Sugggizgglie *sulfamethoxazole: 85.7 ug 14
a a 1:10 a (6h)
arabica . |Operating temeprature: 350 °C or 600 “C //
coffee husk Slow pyrolysis heating rate: 10 ° C/min // residence time: 4h Fe(@ 10 15
Operating temperature: 600 ° C // heating * Pb(2): 3.27
coffee husk | Slow pyrolysis | rate: 10 ° C/min // atmosphere: N; // flow Pb(2), As(4) N As(4): 2.87 16
rate: 0.15 L/min // residence time: 2h e
WAl 313mYgql Sol=2AE WA A B @ BE AL PUL R Aol W3t BHS B
S 3485 mg/sdl A0 Uehgth, A% TBRe B BHEL BAS 284, Wi, BED 22 A 75

St AEo|E Zol2 FZ& 9%t Slo|ERAE A xSt 7|7F FojEA|g, #£4h NaOH, H.SO4, HCL 9 &

£ o AREATHI4L 7 AT AR S2AI9] E2E ool 22 55t A|okS ARgsto] o w2 k2
E4& HEA7|= BET 9 715 51 3710 2 1] BAY] EE o7& EYste] §4 A& Uitk &
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Table 2. Preparation, surface characterization, and adsorption capacity of chemically modified SCG-based

adsorbents for various contaminants in aqueous solutions

Reagent

Enhancement

Modification process

Contaminant

Capacity (mg/g)

Ref.

citric acid

The number of carboxyl
groups that improve metal
adsorption capacity has
been increased in modified

coffee grains.

The residue was immersed in
citric acid solution and treated
at 60 ° C for 12h followed by the
temperature was increased up to
100 ° C.

Cu(10), Pb(ID)

* control: 12.92 (Cu(Il))
49.71 (Pb(I)) * 0.6 M
citiric acid: 104.04
(Cu(1D)), 159.54 (Pb(I1)

NaOH

As the number of
oxygen-containing
functional groups on the
surface decreases, the
surface polarity decreases,
resulting in increased
hydrophobicity.

The residue was immersed in
20% of NaOH solution for 24h
with a rate of 165 rpm at
ambient temperature.

Nitrobenzene

*Boehm method
represented that the
amount of acidic
funtional groups of
control and NaOH
modified residue had
0.44 mmol/g and 1.49

mmol/g, respectively.

Cetyltrimethyl

Cationic head group of
surfactant directing toward

ammonium
bromude (CTAB) the bulk of solution
cetylpyridinium increase adsorption of

chloride (CPC)

anionic adsorbates.

The residue was immersed in
0.027 mol/l surfactant solution
followed by the mixture was
agitated with a rate of 220 rpm
for 48h at 25°C.

methyl orange

62.5

20

H2SO04

Negative surface charge of
the modified residue in a
wide range of pH achieved
strong electrostatic
interaction with
adsorbates.

The residue was immersed in
sulfuric acid followed by the
mixture was stirred at 70 ° C for

3h.

Methylene blue

tetracylcine Cr(VI)

*methylene blue: 812
*tetracycline: 462
*Cr(VI):302

21

HCl

Acid treatment of the
residue was activated for
increasing the adsorption

capacity.

The residue immersed in HCl
was boiled for 2h in a water
bath.

Pb(1l) fluoride

*Pb(I): 61.6 at 30 °C,

62.0 at 40 °C, 63.6 at
50°C, 65.4 at 60 °C

*fluoride: 9.05 at 30 C,
9.3 at 40 °C, 9.55 at
50°C, 9.75 at 60" C

22

polyethyleneimine,
glutaraldehyde

Positive charge of PEI on
the modifed residue
increased the electrostatic
interaction with anionic

The residue was immersed in PEI
solution at 65°C for 6h,
followed by the addition of
glutaraldehyde to the mixture.

Congo Red

dyes.

Reactive Black 5,

* Reactive Black 5: 77.52
*Congo red: 34.36

23

Table 3. Magnetized modification process and adsorption capacity of magnetic SCG-based adsorbents for
various contaminants in aqueous solutions

Coffee residue Reagent Modification process Contaminant Capacity (mg/g) Ref.
Aciridine orange 73.4
Amido black 10B 1.24
spent coffee Iron oxide Residue was immersed in ferrofluid Bismarck Brown 9.2
pgrounds nano particle consisting of magnetic iron oxide Congo red 9.43 26
(10-20 nm) nanoparticles for 1h. Crystal violet 68.1
Malachite green 43
Safarinin O 59
Residue was immersed into FeCls solution 13.8 by N;-assisted
spent coffee at 80 °C for 2 h and dried at 50 °C for 24
P ound FeCls h followed by pyrolyzing the biomass As(V) 27
& mixture in a furnace at 700 °C with the 9.0 by CO;-assisted
flow of N; or CO; for 2 h
FeSO47H,0 The residue was immersed into Fe3SO4 and 41.15 at 25°C
Spent coffee FeCl; solution for 30 min and added -
E wast NH4OH solution to adjust the basic pH of Pb(1I) 43.86 at 35°C 28
can waste FeCl the solution followed by stirring 2h under
e-s Nz atmosphere at 80 °C. 48.78 at 45°C
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