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Abstract

The aim of our study is to exploit and value an important
natural resource to remove organic pollutants from water, which
is palm waste (Arjun), as Algeria is considered among the
countries rich in this natural resource. Among the possible
technologies for water treatment, the adsorption process by solid
adsorbents appears, which is a possibility as one of The most
effective method for treating and removing organic pollutants It
has advantages over other methods because of its simple design
and can involve a low initial cost investment The adsorption
process is widely used to treat water from organic and inorganic
pollutants and has received great attention from researchers In
recent years, research has been intensified Low-cost adsorbents
with binding capabilities to remove water pollution, the results of
adsorption experiments on methylene blue dye showed that the
latter is very effective in removing organic pollutants.
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[12.13] ANOVA (2u il z3saills 01 g2

T 4623.18 9 513.69 646.60 <0.0001 Jsae

4459.93 5613.88 < 0.0001
28.58 3597 0.0005
93.64 117.87 <0.0001
18.66 2349 0.0019

AC 0.0030 0.0030 0.0038  0.9525

BC 0.9409 0.9409 1.18 0.3125

A-m 4459.93 1
1
1
1
1
1

A? 0.1308 1 0.1308 0.1646  0.6970
1
1
7
3
4

B-t 28.58
C-pH 93.64
AB 18.66

B2 21.34 2134  26.86 0.0013
C? 0.2553 0.2553 0.3214  0.5885
dgariall 5.56 0.7944
1.85
0.0000

ADall yaits 5.56
Pure Error 0.0000
AEN 4628.74 16

i A pan L 960,01 oy i b lin age 23 9aill G 21 646.60 F 2 5ail dad i
Aego zdsaill Jas 5 o 1) 0.0500 ¢ Jil Adlia ) e 035 ol sacall sy pnal gy

Ehan) il 102 Jgaad)
Std. Dev.  0.8913 R2 0.9988

Mean 42.41 Adjusted R? 0.9973

CV.% 2.10 Predicted R2 0.9808
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%
63.2
21.07
49.13
41.55
69.14
38.95
41.55
41.55
21.2
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41.55
41.55
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42.56
13.06
19.73
70.5

%
63.19
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41.55
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71.29
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0.77
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0.77
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20 100 30 180
Am = 99.9544 B:t=139.177
4 10 13.06 70.5
C:pH = 9.98149 R =70.6197

Desirability = 1.000
Solution 27 out of 100
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m  Experimental data
Langmuir isotherm
Freundlich isotherm

140 4 Toth isotherm Model Freundich isotherm
Equation k(L))
] Pt Langmuir (Use;);n of Sheet1 B"
120 k 34.14775 +0.37741
7] n 2.96933 + 0.02435
Reduced Chi-Sqr 37.28978
~— R-Square (COD) 0.956
(=) Adi. R Square 095595
=100
o>
e 1 Model Freundich isotherm | [Model Toth isotherm
~= Equation (@X)I(LH) Equation (@((K+( )Mz
@ 80 . Plot e Freundlich (User) Fit B"Lang
o q 17760065 £ 1712826 | | Plot muir (User) Fitof Sheetl B'q
4 3 005872 + 001761 P e”
: =
Reduced Chi-Sqr 160.61942 q A 73'6‘7 * 3"‘21729 Ezl“
E 13+ x
60 FeSauare (600) 00532 K 73683E-13 + 2.02523E-1
: =
Adj. R Square 09415 z 0.66322 + 2.65924E-16
Reduced Chi-Sqr 2.26276E-25
R-Square (COD) 1
40 - Adj. R-Square 1

N

o
[
n

0 20 40 60 80 100
Ce (mg/L)
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A A g

co gexp Qe K1 R? Q K1 K2 R?
(meg/L)  (mg/g) (mg/g) (1/min) (mg/g)  (1/min) (g/mg
min)

25 2195 21.20 0.26 0.76 21.20 0.26 0.0018 0.90
50 53.26  50.02 0.27 0.68 50.02 0.27 0.007 0.86
100 7541 72.07 0.27 0.80 72.07 0.27 0.005 0.94
150 105 89.36 0.29 0.77 89.36 0.29 0.004 0.91
200 124.37 11495 0.28 0.76 114.95 0.28 0.003 0.91

250 151.03 128.56 21.30 4.51*10° 128.56 21.30 0.003 0.91

10
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m 25mg/L e 50mg/L 4 100 mg/L

1609 , 150 mg/L & 200mg/L <« 250 mg/L Py
444444«
140 - << 4444‘4,,..,.“00
1 44444« “ oo T2 22 0d
1207 < o‘“‘“ N vYVVVYVYYY
1 « N v vvvvvvv
a100— - ey
= 1 & VYVVVVVVVVN
£ 80 o< v UYL Aaasatibass
= 1 ‘T aA
S 604 ov
| v
A
40 4 A S © © 00000 ®00000000000
P D)
20_ .: :- ---_ H B I B EEEEEEEEEEEEEEE
1 -
0 T

T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20
1% (min®%)

105 pa 3l AV 3 Fiaall dnaSll b i 10 JSA

Glapaall Jala JUESY) 73 ga3 Jal 5o a8 106 Jgd)

Co C K R?

25 14.30 0.54 0.64

50 32.43 1.41 0.76
100 48.81 1.82 0.69
150 65.85 2.59 0.76

200 76.46 3.07 0.77

250 91.66 3.67 0.77
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1.32 -

1.3 - y =-643.54x + 3.2938
2 2 —
128 - R? = 0.954

1.26 -
'g 1.24 -
£1.22

1.2 -

1.18 -

1.16 - *

1.14 T T T T T 1
0.00305 0.0031 0.00315 0.0032 0.00325 0.0033 0.00335

UT (K-1)
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AH AS AG

Jse/ Jon SIS L =cilS, Jse/ Jn LS Jse/ Jsx 5LS
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5.35 0.027
312.5 -3.08ls

322.58  -3.3504l

76



A58l g =l ¢ aql )l Juadl)

AV )53 Jalae aiy e ol sy imial ddadd) Alaleall (e s 581 5 Y1 a8 Ol o

,la da 383k ) & (07) Jsaadl (A da hae dbuad) ) (11) JSEN (8 LS5 )]l ds o slia
Aa 0 gl ae I3 ARj s MBI el dxas O ) iy Law bl Kd <)) ¢ ) e

U Al (AG ©) aff e a ) jall dale ginpday <ilS 1 Y dalee o ()l 138 550 sl
O A gl dagl) ST Aadiia s ) s da 0 2ic daiDle ST AEN CilS ) jieY) ddee ¢
Aon sall dal) < yelal 5 1 i) dalaad 3 ) jall dalall daplall (A Jsa / Jsa 5150.027)

Janll 138 8 4 goal) AN 5 Jlaall G ol (8 4 sdie 30L ) (Jse/ JsaslS 5.35) (583U
AaSaiall A Al 3l (5 i) o) 2S5 Lae Jse/ Jsa 58S 5.35 0 5S3 (AHO) e e J sasll o3

.ARj = MB

77






dale 4ilA

Apall QLK e o 5 phd JSLEe Cany §lua VIS e luall 4aleSl il slally sbyall ol
dala g (Jilell e liall adiill Al A€ ) 5 2B ¢ pladl ey Caglill (e g sill 128 O i3
Lealdlie (o ym Lgie Ay aatll ali g e Ll il iiiall o 685 Cum il e liaall Jlae
Ll sia b ¢ o sl suall oS0 Al Bldina | plad Jiad o8 (UL 5 A0Lall (5 jlaall (8 dallas (50
I a1 AL gha il Ll g il aa S ale | (1 5 shad ey 3o Laa s el 4ilasS LS 5o e
Al Lgads J glaal) o2 e paliill Juady

8 La ad B IS ) 55 g ol ol aaiaall 8 A s Apalail] dpaal cld B e Aladl)
Jadl)l clalae i dalall cillaill ol gall (he b yiae CileS U gt Caldl g iy 5 jaall shlidl
Ol 2 5 4 ) sl giadll Clainall Ao gana (0 ¢ o (o 5 dpradall LA e 3aal 5 (052 all)
RPSY PPV

Ay pallall dpeaal) AN s Jie (s el (ailiad G a5 Ol o eliaill 4lSa) 4l )2 J
Dl 5 el penll Gt AV Aildas Aan) g Lpmpdi i oy LS ¢y gha )l 4 ) pH A seall A
Jie 5y e 5 isall dalsall 5okl oty ARj le MB ) el 4l 5l s 53V )
gy (7 M Ao a5 B2l ALS i gaall a0 Guadll) (e 35l jad) A o il Sl S )
Llee dajlial Aadai (5 yad LS el yall 5 dnwdial) (55 Aa 5V Adlidae Jlem A al aia¥) (il
(s A Ad zh el g g il B ppeaty e ddlide Ay ) 3lail el 3,00 ) il
el g il Al all |yl g cilapadl Jaly HLEY) 23 sad Al A 1) 40l 73 g

— 38l Galdiall (350 AN 3D 30 pall dad DA e I3 g ) 5B Adle 30 LS il < yekil
MQ100 AL 5 48831 80 (o M 5104 e dx p3 S i) all 8 74,1183

Alfial) (GEY) g clua gill

oAl alsle 41 5] e 5 aml Led il ceadal) T Giall ol cllaall e s Al o) il A )

ohall Gedy e e 94y guac

Dl 51 e 8 s sk J oball e ALEN jualiall 5§ Lua¥IS ddlidall 4iLuaySl <l gLl 41 e
Ak gy e Jseanll 8 2ol lae cilhadl

Laba) dalSa yue dglle 3 )08 133l 7 ghaws pladiuile

79



dale 4ilA

il e ja) Jas A el apelaill Jlasiwl JMA (e Cila¥) 8 galaiyl cuilally Hlaialle
bl Gl e 8 LIl s Q) il et (O J 5 Of (5 s Linay L a0 S
Jss Sl Al e 3 el el jaly (o 93 131 il slall A1) (8 B Anilii g 8 gle a0 ) ga i S

GOAY) eVl s cleliall flaw

80



2|l



&) )

[1]0’Connor, R.T., DuPr’e, E.F, Mitcham, D., 1958. Applications of Infrared
absorption spectroscopy to investigations of cotton and modified cottons: part I:
physical and crystalline modifications and oxidation. Text. Res. J. 28 (5), 382—
392. https://doi. Org/10.1177/004051755802800503

[2]Liu, Y., Thibodeaux, D., Gamble, G., 2011. Development of Fourier transform
infrared spectroscopy in direct, non-destructive, and rapid determination of cotton
fiber maturity. Textil. Res. J. 81 (15), 1559-1567. https://doi.org/10.1177/
0040517511410107

[3]Liu, Y., Thibodeaux, D., Gamble, G., Bauer, P., VanDerveer, D., 2012b.
Comparative investigation of Fourier transform infrared (FT-IR) spectroscopy
and X-ray diffraction (XRD) in the determination of cotton fiber crystallinity.
Appl. Spectrosc. 66 (8), 983-986. https://doi.org/10.1366/12-06611

[4]Abidi, N., Cabrales, L., Hequet, E., 2010. Fourier transform Infrared
spectroscopic approach to the study of the secondary cell wall development in
cotton fiber. Cellulose 17 (2), 309-320. https://doi.org/10.1007/s10570-009-
9366-1

[5]Liu, Y., Thibodeaux, D., Gamble, G., 2012a. Characterization of attenuated
total reflection infrared spectral intensity variations of immature and mature
cotton fibers by two-dimensional correlation analysis. Appl. Spectrosc. 66 (2),
198-207. https:// doi.org/10.1366/11-06440

[6]French, A.D., 2014. ldealized powder diffraction patterns for cellulose
polymorphs. Cellulose 21 (2), 885-896. https://doi.org/10.1007/s10570-013-
0030-4

[7TYu, H., Yan, C., Lei, X,, Qin, Z., Yao, J., 2014. Novel approach to extract
thermally stable cellulose nanospheres with high yield. Mater. Lett. 131, 12-15.
https://doi.org/ 10.1016/j.matlet.2014.05.159

[8]Attalla, R.H., Vanderhart, D.L., 1984. Native cellulose: a composite of two
distinct crystalline forms. Science 223 (4633), 283-285. https://doi.org/10.1126/
science.223.4633.283

[9]Kolpak, F.J., Blackwell, J., 1976. Determination of the structure of cellulose
I1. Macromolecules 9 (2), 273-278. https://doi.org/10.1021/ma60050a019

[10]Nam, S., French, A.D., Condon, B.D., Concha, M., 2016. Segal crystallinity
Index revisited by the simulation of X-ray diffraction patterns of cotton cellulose

82


https://doi/
https://doi.org/10.1177/
https://doi.org/10.1366/12-06611
https://doi.org/10.1007/s10570-009-9366-1
https://doi.org/10.1007/s10570-009-9366-1
https://doi.org/10.1007/s10570-013-0030-4
https://doi.org/10.1007/s10570-013-0030-4
https://doi.org/
https://doi.org/10.1126/
https://doi.org/10.1021/ma60050a019

&) )

IB and cellulose II. Carbohydr. Polym. 135, 1-9.
https://doi.org/10.1016/j.carbpol.2015.08.035

[11]loelovich, M.Y., Veveris, G.P., 1987. Determination of cellulose crystallinity
by X-ray diffraction method. J. Wood Chem. 5, 72-80

[12]1. Normah and N. A. Nor Aryan Nabila, Sci. Lett., 13(1), 42 (2019)

[13]V.K. Gupta, S. Agarwal, M. Asif, A. Fakhri and N. Sadeghi, J. Colloid
Interface Sci., 497, 193 (2017)

83


https://doi.org/10.1016/j.carbpol.2015.08.035




OPPO A12- D OPPOATZ- ©

Sl 2kl Slea 01 5 seall

bl z 1) Slea 025 50l

{

5 AN sl () 330 03 3 sl

85



A gaadl da ja Gl e 04 5 sl

Methode pae défaut
Lot par défaut D04

Loandil) (38 Ay Cand Adlbdaall Slea 05 5 suall

86



o) yaall Cind Al G Jlea 06 5 suall

SEM-EDX 5 5<! gae 07 5 sual

87



XDR i) a2 iV 3 sn Jlea 08 5 suall

88



