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ABSTRACT

A novel adsorbent was fabricated using 3D printing technology for the removal of
dyes. First, graphite carbon nitride (g-CsN4) was synthesized and then its powder
form was transformed into a structure with a desired features using a DLP 3D
printer. The performance of this adsorbent in the removal of rhodamine dye was
investigated and effects of adsorption variables including pH, temperature and
contact time were appraised and optimized. The results showed that the dye
adsorption reached its maximum value (81%) under basic condition (pH=10),
temperature of 80°C and contact time of 180 minutes. Comparison with the sample
without active material showed that the presence of g-CsNx in the printed structure
leads to improved adsorption efficiency. Also, the design of a porous and uniform
structure through 3D printing technology plays an effective role in increasing the
contact surface and improving the adsorption performance through effective
interaction with dye molecules. In addition, the efficiency of this adsorbent in
removing methyl orange (73%) and Congo red (56%) dyes was confirmed.
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Tablel: Printing details of monolith.

Printing parameters

Layer thickness 0.050
Normal exposure time (s) b
The first layers exposure time (s) 60
First layers no. 5
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Figure 8: Comparison of the efficiency of 3D-resin and 3D-g-C3N,4

for RhB removal. Reaction conditions: RhB solution initial
concentration: 1.1 mg/L, temperature: 80 °C, time up to 140 min.
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Figure9: Investigation of the influence of temperature on the
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Figurel0: Investigation of the influence of contact time on the
adsorption of RhB using 3D-g-C3N4. (A) The plot of UV-Vis spectra,
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Figurel2: Investigation of the influence of pH on the adsorption of
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time up to 140 min.

— — b

I\

f 4
RhB iz il 5 S0 49,5 5l 036 8D-g-CaNy 5 s V) JSCio
Ae Lo o) g oS o V1) RNB Jsloma aggl ke 2Ty Lyl

SIS ssle 4z o
Figurell: C: color change of fresh 3D-g-C3N4 from yellow to pink
upon RhB adsorptionreaction conditions: RhB solution initial

concentration: 1.1 mg/L, temperature: 80°C.

e 40,5 S, 5l a5 3D-g-CaNg asled 5, RhB i L

S (o0l 4z )L Sh el

pH JS1-f-y-v

B 1 9550 55 3D-GCaNa iz o Shee 52 Jslowo PH 5L
5 PH=T) ol slaslone ;o RNB Qi jslate cnl 610 085
Jt bdglio (PHEV) 5 Jslos b 5 (o,e505hl (H=1+) g3
e ]y 0% 3 Shee Gy 5 Gy 3D-0-CaNa m s L
SERNB Syl ay azgi b olo lis 095 51 (gaul 9 (o5b Ll yo
a8 Heb 4wl Az g BB Slaalie cplcwl Se0l5 655,
U g hr S Sl bl as g-CaNa o e L
RhB i 0051 g 95 aigis (gl Lol p o Wilgs o 0090 g0
YU HY cdale pH=Y jo a8 bl oS0 ole 4 om0 zalS |
35 b sl b (S m 1 sl RNB 1S5, L aggs ool s
50 i o (EalS [ RNB Qi dmil )0 g 0iS oo cold, ol
Sy St oils RNB slasSlye eyl Lyl s lse
4 e cody slbdisS 3925 pac g 05ylo 3D-g-CaNa L jiS e
O JS5) 05 oo i 035k S5

g-CaNu bawgi (2 omology @i j 9500 —F-¥
Ll bl olodas O3> SO lgreas ()5 ol
Vb o a9z 2la SRy Ll (i 3l e Sbeg)
Ozt g cwlio Gl g besd gl (e Jlsle

Sl gsl—‘ Lgl,mo.\.:.;}/i L S5 Prbaw glo iiS e 5,8 5 0 olles

EEQ-EPY E(NEE) 1D /55) S »d wilallo (Sele Ay yuins



e (539 A by 8-C3N4 3 5o () 3 9 wa b/ YHKed 9 (3w ldlul daloww

lodld 9,51 Jols (2iSTy (Sonlipoga s Jalse aslal 5o
Ay Koy T el ) ool b (AHF) (g3l e _JT 4 (ASY)

) (3) -3

ROR()
S ol h g OVFAXT™Y - JKL) rasiler ol K o abasl, ol o
UT oy o INKT) Jloges e (FIYFFE Y- JK Imol Ly
2 RIB 61555, sl Jlogas ol ;o RZ ke (VF USE) 0b oo 5
5 YE5 MOLK Ll AS* (o5l Jlnb (o] ol oy <145
ke oS ] w0 KIMOL b oy (AHY) (g5loled T
WS el NS cdlo o el LalS eaims olis ASF it
Job o 23l Jld 4l oS1ime g plate JlSlo 51 (SB6 Wl o
Sl wge AHY 0l Lvd 5 oo oo (rizmon ol (25T
S5 9k 4 gl nl el Ay s 392 5551 05 9 S Le S
olz g-CaNe o> ;5 RNB ol sSly 45 aiten o] ,Sol
g Sewload plowl Gl 6351 4 5l 5 clie S b Gaman
Sfles Sente ;0 G B LI gl Jld g plaie LSl

ol asls o) (S
-10.0
L]
-10.2
£ -10.44
5 ~104
= [
-10.6
-10.8 - \.
T T T T
0.0029 0.0030 0.0031 0.0032

1T (K)

S50 slos iy o (u“%-")] alal ) UT ply jolnk loges VY JSCo
asllae

Figure 13: The diagram of In k vs.1/T (Arhenious equation) at five
studied temperatures.
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Table 3:Comparison of activities carried out to remove RhB dye.

Contact Time (min) Initial Dye Concentration
1 180

Removal
efficiency (%)

G E I

3D-g-C3Ny 1.1 mg
2 Perlite 50 20-100 90 (38)
3 Pomegranate Peel 10 5 89.8 (42)
4 Activateéiaggilte Sugar 12 50 mig/L 93 (39)
5 Polymeric Dowex 100 100 98.4 (40)
6 Peat 240 10 93 41
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