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Abstract :

This study aims to evaluate the potential use of recycled gypsum board waste (CaSO,-2H,0) as
a low-cost and environmentally friendly adsorbent for the removal of Congo Red (CR) dye from
aqueous solutions. Gypsum was characterized using X-ray Diffraction (XRD), Fourier Transform
Infrared Spectroscopy (FTIR), and Scanning Electron Microscopy coupled with Energy
Dispersive X-ray Spectroscopy (SEM/EDX). Ultraviolet-Visible Spectroscopy (UV-Vis) was
also employed to determine dye concentrations before and after adsorption and to evaluate the dye
removal efficiency.

The effects of several operating parameters on adsorption efficiency were investigated, including
the initial dye concentration (5, 10, 15, 20, 25, and 50 mg/L), contact time (20-140 min), and
solution pH (5, 7, and 9). The results showed that the best adsorption performance was achieved
at pH= 5 and an initial dye concentration of 20 mg/L, where a removal efficiency of approximately
93% was obtained, demonstrating the high capability of gypsum for dye removal under favorable
conditions. The point of zero charge analysis revealed a pHpzc value of 7.47, which helped explain
the influence of solution pH on the adsorption behavior and dye removal efficiency.

The equilibrium behavior was analyzed using four adsorption isotherm models: Langmuir,
Freundlich, Sips, and Temkin. The Sips model exhibited the best agreement with the experimental
data at all investigated pH values, indicating that the adsorption process is influenced by the
surface characteristics of the adsorbent and the distribution of adsorption sites.

The obtained results indicate that recycled gypsum possesses significant potential as an effective
and sustainable adsorbent for the removal of organic dyes from contaminated water. Therefore, it
represents an economical and environmentally friendly material that could contribute to the
development of industrial wastewater treatment technologies.

Keywords: Recycled gypsum; Congo Red; Adsorption; pHpezc; Sips model; Wastewater

treatment.
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0.5 R2=0-9998
0
0 20 40 60
C(ppm)

Aabaa) S0 AN LpaleaiaV) adl Sl il (8= 1V)J<ad
CR dxual
pH=5 (a), pH=7 (b), pH=9 (C)

Wil Jungsngl B ad die oSl eal drear daldll gpledd) Clisie gl

102



As8lially it a Jail

e Ayl bl @85 S e OGSO E UL Bao) D dualiaial) 2l a2 dus (g paal)

P (58
bl daleadl pH=5 die spleall Jaic Caay g
A= 0.0239C+0.1413

R?=0.9668 10,3 L) Jalza as
D Abledl pH=7 e sl el Laiy

A= 0.04C+0.0423
-R?=0.9994 L,V Jalee il
Pl 38g ¢ ad Gilg il Lo Jgean) &5 3 pH=9 vie Ll

A=0.0409C+0.0265

R2=0.9998 : (g5l 1ol ) Jalaas

Lae cByaiall dadadall cululiall 4835 dudadl) daedlall sasa Jali V) O laleal daiipall asdll Jaig
s3sSl yanl dria 35 aaat b Ay Leiida g Al Badiaal) Bulaall Ciliinia didgise Slo Jy
R Al Jalye caine DA

el ey Ll A 2-2-1V
sl Y Lalaiey) ghi1-2-2-1V

O c0395 el Gusnll mha o 535Sl eal diaa i) elges Julas daball s28 ol

e b Ol ey C Jslaall ) 5Kl  dbiall dabiadal) Jelsall ans 5l anis Dl
o daeY) @ dg pH =5, 7,9 aill) die s ugh) a5l Ay T hall days cus
Aowyaall Jag pall Calide cant eall A1) 56U pantg 5fieY) Audee jelai il HleY) cilinia

e Lieeal (UV-ViiS) L pally dumesiid) (358 s ildag 2ol LooaloaiaV) cluls Cusal
<2¢3 [200-800 M adll Jaall ea UV-Vis Gllas Jleainls cdilise 3815 die g1 oK)
dde la L)l DA Geall zhe o Lall i ASa am ) duhall o

103



As8lially it a Jail

sl sl die dpalaial) ad Jaas Pl (e <lldg ((20,40,60,80,100,120,140 min)
oSl peal daval Bhiae (aliaiel dad alY (38l5al
Bl ae ApaliaiaV) a3 Loy Laless) (3-1JKAY) Leale Jeaniall ciliiniall gl

o Jsbad) 8 Axal) il o Jay Les Lusg padll Jmg pugl) B0 ad Calise die Gadlall (ga)
(DR%) l5aY) 5eliS anits Alld ~6] Mg . cpa3ll g5

200

T T T T 1
400 500 600 700 800

Longueur d'onde [nm]

T
300

—— OMIN —— 0 MIN
0.4+ ——— 20MIN ——— 20 MIN
— 40MIN —— 40 MIN
N\ ——— 60MIN —— 60 MIN
) 80MIN 02 80 MIN
0.3 / \ 100MIN 100 MIN
© N\ / \ —— 120MIN ° ——— 120 MIN
8 /N \ —— 140MIN 8 ——— 140 MIN
© / \ / \ ©
2 / N \ g
§ 021 “‘\ / 2NN 2
AN y 2 AN '2
< ZN \,/ V. W
ZA\ 4 AR
N 4 N
X\‘y /4 N\ \
0.1+ == N \N
NN
AN
N -
> -
0.0 T T T 1 0.0 T T
300 400 500 600 700 300 400 500
Longueur d'onde [nm] Longueur d'onde [nm]
—— OMIN
— 20MIN
™\ —— 40MIN
0.6 4 — 60MIN
/ \ 8OMIN
N\ \ 100MIN
\ —— 120MIN °
8 \ —— 140MIN S
& 04 \ &
2 2
o o
%) \ [%2)
< £
0.0 . . . 3 0.0 T T — |
300 400 500 600 700 300 400 500 600 700
Longueur d'onde [nm] Longueur d'onde [nm]
—— OMIN — OMIN
251 —— 20MIN —— 20MIN
T N  Gomin
\ 0.6 - \
204\ 8OMIN N\ 8OMIN
\ 100MIN \ / 100MIN
® \ ——— 120MIN ® \\‘ / \ —— 120MIN
g 154 |\ — 140MIN <] \ / —— 140MIN
g 7] 5 04 \/
g \ S N -
o \ \ E] —
< 1.0 \f \ \\ < 7N /\ NN \
: \/\/\ \
NN
S
0.0 0.0

T
500
Longueur d'onde [nm]

T
400

() 50 ppm

(e) 25 ppm

PH= 5 xic 3Shill @b CR dsal (aliaial) Ciida e 1(9- V) &)

(@) 5 ppm, (b) 10 ppm, (c) 15 ppm, (d) 20 ppm, (&) 25 ppm, (f) 50 ppm

104




a Jail

———OoMIN —— 0 MIN
0.5 ——— 20MIN 0.30 4 —— 20 MIN
| ——— 40MIN i —— 40 MIN
—— 60MIN 1] —— 60 MIN
04 80MIN oz 80 MIN
100MIN M . 100 MIN
—— 120MIN 0201l —— 120 MIN
@ @ .
g o3 —— 140MIN Q \ —— 140 MIN
8 < L\
=] E=} g |
§ § 0.15
< o024 <
0.10 4
0.14
0.05
0.0
200 300 400 500 600 700 800 0'00200 300 400 500 600 200 300
Longueur d'onde [nm] Longueur d'onde [nm]
—OMIN ——OMIN
12+ —— 20MIN ~ 20MIN
—— 40MIN —— 40MIN
—— 60MIN —— 60MIN
8OMIN 80MIN
100MIN 100MIN
—— 120MIN —— 120MIN
3 — 140MIN 8 —— 140MIN
[ = =4
I ©
2 2
o =}
[%2) [%]
Q Q
< <
0.0 T T T T T 1 0.0 T T T T T 1
200 300 400 500 600 700 800 200 300 400 500 600 700 800
Longueur d'onde [nm] Longueur d'onde [nm]
—— O0MIN —— OMIN
—— 20 MIN —— 20MIN
— 40 MIN —— 40MIN
—— 60 MIN —— 60MIN
80 MIN 80MIN
100 MIN 100MIN
° ——— 120 MIN ° ——— 120MIN
o —— 140 MIN <] — 140MIN
© [
2 2
o o
1%} 1%2)
Q Q
< <
1.0
054
0.0 T T T T T 1 . T T T T T 1
200 300 400 500 600 700 800 200 300 400 500 600 700 800
Longueur d'onde [nm] Longueur d'onde [nm]

() 50 ppm

(e) 25 ppm

PH=7 sie 510 @3 CR el (aleaia¥) Cida inie 1(10- 1V) IS

(@) 5 ppm, (b) 10 ppm, (c) 15 ppm, (d) 20 ppm, (&) 25 ppm, (f) 50 ppm

105



As8lially it a Jail

—— OMIN —— O0MIN
—— 20MIN —— 20 MIN
——— 40MIN —— 40 MIN
—— 60MIN —— 60 MIN
80MIN 80 MIN
100MIN 100 MIN
120MIN 120 MIN
g —— 140MIN 8 —— 140 MIN
] &
2 2
o o
0.0 T T T T T 1 0.0 T T T T T T T
200 300 400 500 600 700 800 200 250 300 350 400 450 500 550 600 650 700 750 800
Longueur d'onde [nm] Longueur d'onde [nm]
—— OMIN —— OMIN
—— 20MIN —— 20MIN
—— 40MIN —— 40MIN
—— 60MIN 0.8 —— 60MIN
N\ 8OMIN \ 8OMIN
/A 100MIN | 100MIN
/A 120MIN 1 N\ 120MIN
@ / \ @ 061} [\
8 A —— 140MIN 8 1\ / —— 140MIN
=4 / j=
5 A g
= \ e\ =
5 \ // \ \ 2
A\ L\ \
\W/ \
\\/// A\
0.24 V“l;\ 0.2
\
0.0 T T T T T | 0.0 T T T T T |
200 300 400 500 600 700 800 200 300 400 500 600 700 800
Longueur d'onde [nm] Longueur d'onde [nm]
— OMIN — OMIN
2.5 — 20MIN —— 20MIN
I —— 40MIN 124 —— 40MIN
\ —— 60MIN —— 60MIN
80MIN | 80MIN
100MIN el 100MIN
120MIN 120MIN
8 —— 140MIN S o8| —— 140MIN
=4 c
[ [
e <
[=} o
@ @ 0.6
2 Ed
0.4
0.24
0.0 T T T T r Y 0.0 T T T T T 1
200 300 400 500 600 700 800 200 300 400 500 600 700 800
Longueur d'onde [nm] Longueur d'onde [nm]

(f) 50 ppm (e) 25 ppm
PH=9 s :SIal 3 CR vl abaia¥) Cinh iaia 3(11- 1V)JSl

(a) 5 ppm, (b) 10 ppm, (c) 15 ppm, (d) 20 ppm, (e) 25 ppm, (f) 50 ppm
s oleY) BelaS Ao il ey il -1-2-2-1V
Oe 8345 Of oys deall el xlaw e Congo Red dxua el A gl cjeli]

E\M})AAS\ L;‘:’;i)d:"@j\ (’5)“ ?:\5 Calide die J‘\):LAY\ 5cleS Lf J:};La g ‘;l gﬁ.ﬁjﬁ UAAM\

106



As8lially it a Jail

g Ao Aaliall Alladl) xdlgall gai Lgilia JU) dais Jolaall & dauall 5658 (a8l (uSay Laa
- Loy Wa)liial g s)lal) salall

co Laa ool o (V) dalyall 8 daiill aBlgal) (ha 5a€ 23e High dlsldl laa Sl
Aabiall adlgall (Bl dain Ga3l) g e e Loyt ddenl) Ul o caeall ciliiad gpee fiaal
- lieY) Il s e plaill iyl

(Sl Jaussll (e drpall Aly) e s 5,08 clbiag 01535 seall Gl o ) illl s
e Gas il s O (¢ aadlal (1) 831 aa S1ie¥) 86Ul oyl g lin¥) 8 sy La sag
edtial diayy)

AR Beli€ e AN g b -3-2-1V

e Ahgale Bgem 5 523oS0) yeal dreal SISV S s of A el ) e

ad IR DA (e Ll 138 (u€adl Cua cBle 5L 0y alaal) Gaad) Jlarials ey 56US

(14=1V) 5 (13- 1V) ((12= 1V) JE&Y) i WS g paddl €05l Calide die Alacdl) 50l

d Lae ((pH=5,7,9) dusgyaall cmg ugll syl i (1o dad IS e I3 elgls A (b 2

go leleling daeall Al 3930 23 & Laga Dgd canly (s2e il ) pumen) Jacigll s of e
Sl salall s e Alladl) 2d)sal)

b OB die V) 8elS e gaioSh jeal drual Slnd) €l L8h duhy s N
SRRV BelS ks i o5 o edpatll Jagyall Bl it e pH = 5,7,9 ing sugl) (a0 i
g paall Cagplall Caide cand oyt el () o1l anis Jal e Jolaall Slaiy) 550 ANy

107



As8lially it a Jail

: pH=5 xie Sy <l il -1-3-2-1V

-

PH=5 4 3€)5 vie (CR) diwal jl5eY) 52 (4= 1V)J gaad

JURaY) Belis Ce(mg/L) o5l xis 5uS8Y  Co(mg/L) Aaiy) Sl
(DR%) *
78% 2.1631 10
77% 3.4602 15
93% 1.4100 20
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