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s ol e LG 8L

fpandl GliSyal)l dhauly cplinall ) L AL BlS o el e Ll A
e 0.1g Ly 28 LS wm 3 «(F€(C,04)-2H,0 — Cu(C,0,). H0 — Zn(C,0,).2H,0)
Aafide 30050 S0 draall Jslae g0 100MI e ggind cDlagall (e dudu 3 dualall 5Ll
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Qmax*b

: (Freundlich Isotherm) gulaig #1343 2.10.11
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4asls(Doctoral dissertation, sl JsS jrall alie gkl Helbdly cuilglS—culy)

:4iaY) sl

[1] Mohammed, A., & Abdullah, A. (2018, November). Scanning electron
microscopy (SEM): A review. In Proceedings of the 2018 international conference
on hydraulics and pneumatics—HERVEX, Baile Govora, Romania (Vol. 2018, pp.
7-9).

[2] Movasaghi, Z., Rehman, S., & ur Rehman, D. I. (2008). Fourier transform
infrared (FTIR) spectroscopy of biological tissues. Applied spectroscopy reviews,
43(2), 134-179.

[4] Shackley, M. S. (2010). An introduction to X-ray fluorescence (XRF) analysis
in archaeology. In X-ray fluorescence spectrometry (XRF) in geoarchaeology (pp.
7-44). New York, NY: Springer New Y
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35233385cm L aa sl wie dacaly daja 38 sl CVLS S pal eyl ciat Al Cade s
e S e e (& Bpuaad) il VLSS G e msaase Ju 1y ¢ (O—H)hadyy ey
1626Cm™ aie 4igdg Bala dad dgag Jaadls cdaaaha o) ile ganall dadaiag Laiiy Jala el cle Cliia
(C-alahll j=ail317cm™ sie Ak desiia VLSV 95 (C=0) dudis &I Aol [ais
135 ¢ (O-C=0)cVLSY) (< slinil  Aalally  821CM xic Shadl) dejall elii LS (O)
bl ey 485em ! vie 5k Al el 5 . Jelill e ulall Adsal) Asd) o Bl ik

VLY (e Al SV cilydg izl 853 G il 2 lad e Ju L 525 ¢(Zn-0)

A Bpanall Gl auan o) (FTIR) 4uysh dagats shyeal) cnt dai) dudblaey Julanl) i) o
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10 pm EHT = 20.00 kV Signal A= SET Date: 8 Apr 2026 CRAPC
WD = 9.64 mm Mag= 1.00 KX Time: 14:44:07 Prapc-ouargla (DR
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Blsas S dac g dndacs dalis Hig () s Las ey Gl IS mhadd) jelay .« agill dadiig
Sl sl e skl Qg Saa Ao 8ol 538 (e e Tulal Didige 3 L sy t00eie ddads
ey dalee oL

14,0k

(o}
12,6k
1.2k
9,8k
8,4k!
Fe
7.0k '
5,6k
4,2k
2,8k F
cffe Au cla .
1,4k Au
m° AuAu Au Au C Co Au Au  Au Au Au
0,0k N RIS
00 13 26 39 52 6,5 78 91 104 17 130
Résultats quantitatifs Intelligents
% de %
Elément masse  atomique Kratio z A F
cK 9.97 21.65 0,0321 1.1824 02725  1.0000
[ ok 31.87 51.96 0,1523 1.1363 04205  1.0000 |
CK 0.31 0.23 0,0025 0.9727 08315  1.0124
| Fek 54.85 25.62 0,4930 0.8852 1.0065  1.0087 |
CoK 0.45 0.20 0,0039 0.8654 09997  1.0131
[ Au 255 034 00154 0.5975 1.0205  0.9867 |

Clld) Cpelal G il 256Kl Bloll) yualiall e oSy e il Shal) bl il caiig
OansSY) yainy lesia 54.85% L)) g AN Ay (Fe) maal) juaial dsialy 8yl
X5 ¢51.95% by ) CpmnSSU L4 Loaail) dald cdaitipall ool 23231.87%. 4.y O)
LSy gL (o IS Tan ddid BT el Lty caal) 3l (e oaadhy IS 0555 83l
Sl Aall Caalit Lolead L 35235, 11%  Losty (AU) dl) pmic 35a5 W1 % o2am Y ooy
coaall pandll juiaadl)

Cu(C,04). H,0 J Jula3 .

Ghe oilies 1.50 KX s da s xie abiilal (MEB) malall g 7SI jeadl) 5j5m selil
Ll Lndacall Linglsdysall 10um
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10 pum EHT = 20.00 kV Signal A= SE1
Wi G e Mag= 1.50 KX Time: 14:13:08 prarc-ouvargla (G

Date: 8 Apr 2026 CRAPC

.CU(C,04). Hy0 4ual MEB (gy¢aall Jilaill 5y50m 1(25.2.11) JS&)
Ad) o3a aai L Jale Sl gl ad jedae il Aabiie e Aus Cleesd KI5 Dl G
s dae b Bonas dalis 35ag loliai) ey Lee (Aadid Sontans unjliiaty daialy iy Cleld 35as0
) gl il 3 dagadty SeY) dilac 5ol Jujanl 5y pum al gag cddadi Lol aBlge g

LBaladl JAds
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1,7k! Cu
0,0k A — e
00 13 26 39 52 65 78 9,1 104 "7 130
Résultats quantitatifs intelligents
% de %
Elément masse  atomique Kratio zZ A F
CK 12.03 26.22 0,0339 1.1900 0.2365 1.0000
[ OK 30.68 50.19 0,1292 1.1439 0.3680 1.0000
CuK 57.28 23.59 0,4982 0.8574 1.0077 1.0065

57.28% lsias (CU) Galadll yeaial dows lof cilals Cun innll LK) jualinl) (o il caiS

1Sl e Hle sl o dll o3 530.08%  dowis (0) GaamsSY) eain lesiia (AU Zocall,
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ke oulias] 00 K X 5 das sic ccijl dad (MEB) zeclall 35 ST gl 5y50m gl

10pum

s'aﬁ‘ L

10 pm EHT = 20.00 kV Signal A= SE1 Date: 8 Apr 2026
WD = 10.07 mm Mag= 1.00 KX Time: 14:33:00

ZN(C,04).2H,0 sl MEB (geadl Jilatll §y5em :(26.2.111) (<l

Sanal) Cliaall dudy aliiia 55k IS8 @3 3283 i (e O3S Tan Bacia undas Lnslsb e el

CRAPC
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Zn

18,9k
16,8k|
14,7k]
12,6k
s

84k n

6,3k

42

214 € Zn

Cu Cu
0,0k
0,0 13 26 39 52 65 7.8 91 104 "7 13,0
Résultats quantitatifs intelligents
% de %
Elément masse  atomique Kratio z A F
cK 748 20.23 0,0143 1.2363 0.1548 1.0000
[ oK 22.05 44.75 0,0793 1.1893 0.3025 1.0000 ]
CuK 0.55 0.28 0,0062 0.8977 1.0041 1.2582
[ zk 69.92 3474 0,6327 0.8965 10052 1.0041 |

o U< dad @y Cus ¢ (ZN)A puaial daaly Slass dil) s3gy palall EDX didas el
o (it ¢ ASD) Gandll DA 54569.92%. ) clias S s el Jag cciiball 8 s
oS L <20.23% dawis (C) Ol 44.75% L) 4y dawiy (O) as¥) (e JS Biae
ulall) il Tan Cauida dgag dea) LS iSall iy Jals yealiall 03gy il 380l Sluasl i Y)

: (XRF)disd) dail) 550 dudldae mili Julas 3.2.11
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Name and formula

Reference code:

Mineral name:
Compound name:
ICSD name:

Empirical formula:
Chemical formula:

Crystallographic parameters

Crystal system:
Space group:
Space group number:

a (A):

b (A):

c (R):
Alpha (°):
Beta (°):
Gamma (°):

C2/c
15

01-089-7120

Humboldtine
Iron Oxalate Hydrate
Iron Oxalate Hydrate

Fe (C,0,) .2H20

Monoclinic

12,0400
5,5800
9,8900

90,0000

127,5700

90,0000
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Calculated density (g/cm”3): 2,27

Measured density (g/cm”3): 2,32
Volume of cell (10°6 pm~3): 526,64
Z: 4,00
RIR: 1,53

Subfiles and quality

Subfiles: Corrosion
ICSD Pattern
Inorganic
Mineral
Quality: Calculated (C)
Comments
ICSD collection code: 076659
Creation Date: 01/01/1970
Modification Date: 01/01/1970
ICSD Collection Code: 076659

Calculated Pattern Original Remarks: ATOM H 1 +1. 16.00 Atoms not located in unit cell
Calculated Pattern Original Remarks: REM M PDF 23-293, cp. 16813

Test from ICSD: Calc. density unusual but tolerable
Temperature Factor: ITF. The structure of oxalite Fe C2 04 * 2 H2 O.
References
Primary reference: Calculated from ICSD using POWD-12++
Structure: Mazzi, F., Garavelli, C., Period. Mineral., 26, 269, (1957)
Peak list
No. h k 1 d [A] 2Thetaldeg] I [%]
1 -1 1 1 4,81852 18,398 16,3
2 -2 0 2 4,77753 18,557 100,0
3 0 0 2 3,91945 22,669 13,4
4 -1 1 2 3,63522 24,467 19,9
5 -3 1 2 3,18931 27,953 1,7
6 -4 0 2 3,01000 29,655 28,8
7 0 2 0 2,79000 32,054 1,1
8 -3 1 3 2,76613 32,339 0,4
9 -1 1 3 2,66636 33,584 17,1
10 0 2 1 2,62848 34,082 9,8
11 -2 2 1 2,53136 35,432 0,1
12 -2 2 2 2,40926 37,293 0,8
13 -2 0 4 2,39806 37,473 1,7
14 0 2 2 2,27295 39,620 5,2
15 -3 1 4 2,25807 39,892 2,1
16 -5 1 3 2,18962 41,194 1,8
17 -2 2 3 2,12696 42,466 6,7
18 1 1 3 2,04780 44,192 7,8
19 -5 1 4 2,03531 44,478 3,3
20 -4 2 3 1,98028 45,783 1,3
21 0 0 4 1,95973 46,291 0,9
22 -6 0 4 1,94459 46,672 10,2
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1,90716
1,84658
1,82565
1,81861
1,81454
1,80792
1,73416
1,67798
1,64748
1,64330
1,63451
1,62907
1,61170
1,60566
1,60365
1,59533
1,59251
1,58565
1,57248
1,56852
1,55002
1,53552
1,51766
1,50487
1,48636
1,46545
1,45504
1,42104
1,41717
1,41469
1,40560
1,40437
1,39500
1,38306
1,38175
1,37342
1,37173
1,36909
1,35899
1,34744
1,33908
1,33207
1,32591
1,31424
1,30648
1,29659
1,28411
1,26429
1,26201
1,25884
1,25529
1,25341
1,25210
1,24960
1,23621
1,23465
1,23061
1,22722
1,21240
1,20463
1,20214
1,19903
1,19727
1,19624

47,644
49,310
49,913
50,120
50,240
50,437
52,743
54,653
55,752
55,907
56,234
56,438
57,102
57,337
57,415
57,743
57,855
58,129
58,663
58,826
59,598
60,219
61,003
61,577
62,429
63,423
63,930
65,649
65,851
65,981
66,463
66,529
67,034
67,691
67,764
68,231
68,327
68,477
69,057
69,734
70,234
70,658
71,036
71,764
72,257
72,897
73,721
75,074
75,233
75,456
75,707
75,840
75,934
76,113
77,088
77,203
77,504
77,758
78,892
79,502
79,699
79,947
80,089
80,172
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87 7 1 1 1,19476 80,291 0,6
88 -10 0 6 1,19028 80, 655 0,5
89 -8 2 7 1,18199 81,339 0,3
90 -8 2 1 1,18090 81,430 0,3
91 -1 1 7 1,17330 82,071 0,2
92 =7 3 1 1,17100 82,267 0,1
93 -2 2 7 1,16123 83,111 0,1
94 -6 4 3 1,14541 84,522 0,5
95 -4 4 5 1,13933 85,079 0,1
96 0 4 4 1,13647 85,344 0,1
97 -6 4 4 1,13350 85,621 0,2
98 3 1 5 1,13060 85,894 0,2
99 -1 3 6 1,12646 86,286 0,7
100 -9 1 1 1,12390 86,531 0,8
101 -2 4 5 1,11690 87,209 0,1
102 -1 5 1 1,10846 88,043 0,1
103 =10 2 5 1,10546 88,344 0,1
104 -6 4 5 1,09965 88,934 0,4
105 8 2 0 1,09683 89,223 0,2
106 -10 2 6 1,09481 89,432 0,1
Structure
No. Name Elem. X Y Z Biso sof Wyck.
1 o1 0 0,17200 0,08100 0,25000 1,7400 1,0000 8f
2 02 0 0,08500 0,38100 0,42000 1,7400 1,0000 8f
3 03 0 0,41500 0,28100 0,08000 1,7400 1,0000 8f
4 Cl C 0,45000 0,08100 0,15000 1,7400 1,0000 8f
5 FE1 Fe 0,00000 0,08100 0,25000 1,7400 1,0000 de
Name and formula
Reference code: 00-048-1054
Compound name: Copper Oxalate Hydrate
PDF index name: Copper Oxalate Hydrate
Empirical formula: C,H,CuOs
Chemical formula: C,Cu04 * H,0
Second chemical formula: CuC,04 * H,O

Crystallographic parameters

Crystal system: Unknown

RIR: -

Subfiles and quality
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Subfiles:
Quality:
Comments

Creation Date:

Modification Date:

References

Primary reference:

Inorganic
Organic

Low precision (O)

01/01/1970
01/01/1970

Costisor, O., Brezeanu, M., Rev. Roum. Chim., 37, 731, (1992)

Compound name:

PDF index name:

Empirical formula:
Chemical formula:

Peak list
No. h k 1 d [A] 2Thetal[deg] I [%]
1 4,26000 20,835 36,0
2 3,86000 23,022 100,0
3 3,13000 28,494 6,0
4 2,86000 31,249 9,0
5 2,49000 36,041 27,0
6 2,31000 38,958 19,0
7 2,14000 42,195 13,0
8 1,78000 51,285 14,0
9 1,73000 52,880 15,0
Stick Pattern
Intensity [%]
100
Ref. Patlem: Copper Oxalate Hy drate, 00-048-1054
50
. || ‘ | | ‘ ‘
20 30 40 50
Position [%2Theta] (Copper (Cu))
Name and formula
Reference code: 00-014-0740

Zinc Oxalate Hydrate
Zinc Oxalate Hydrate

C2H4062n

C204Zn ) 2H20

Zn(C,0,).2H,0 3 al
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Crystallographic parameters

Crystal system: Unknown
Measured density (g/cm”3): 2,56
RIR: -

Status, subfiles and quality

Status: Marked as deleted by ICDD
Subfiles: Inorganic
Quality: Low precision (O)
Comments
Color: White
Creation Date: 01/01/1970
Modification Date: 01/01/1970
Additional Patterns: To replace 00-001-0295
Deleted Or Rejected By: Deleted by 00-025-1029
Color: White.
References
Primary reference: Hanawalt, et al., Anal. Chem., 10, 475, (1938)
Peak list
No. h k 1 d [A] 2Thetaldeg] I [%]
1 4,73000 18,745 100,0
2 3,93000 22,607 18,0
3 3,58000 24,851 18,0
4 2,95000 30,273 35,0
5 2,66000 33,666 14,0
6 2,55000 35,165 12,0
7 2,23000 40,416 12,0
8 2,15000 41,989 4,0
9 2,08000 43,473 6,0
10 2,03000 44,600 4,0
11 1,99000 45,547 2,0
12 1,92000 47,306 8,0
13 1,88000 48,376 8,0
14 1,80000 50,674 6,0
15 1,76000 51,911 6,0
16 1,69000 54,233 2,0
17 1,65000 55,660 2,0
18 1,59000 57,955 2,0
19 1,55000 59,599 2,0
20 1,52000 60,899 2,0
21 1,48000 62,728 2,0
22 1,43000 65,186 2,0
23 1,37000 68,425 2,0
24 1,24000 76,809 2,0
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Abstract

This study addresses a vital environmental issue: the preparation and characterization of
a series of metal oxalates (Fe, Zn, Cu) for use as effective adsorbents in water treatment
to remove organic pollutants, specifically Methylene Blue (MB) dye. In the
experimental phase, the chemical precipitation technique within the "Soft Chemistry"
methodology was adopted for synthesis.

Structural and compositional characterization results using FTIR, DRX, and XRF
confirmed the successful preparation and the acquisition of high-purity hydrated
oxalates. Furthermore, SEM/EDX microscopy revealed a clear variation in surface
morphology, particularly in iron oxalate, which featured a porous and rough structure
providing distinct active sites for the adsorption process.

The removal efficiency results demonstrated that the nature of the central metal
significantly influences adsorption capacity; iron oxalate recorded the highest removal
efficiency, followed by zinc and then copper. By applying the results to mathematical
models, it was found that the process follows the Langmuir model for iron—indicating
the formation of a homogeneous monolayer on the surface—while the results for zinc
and copper tilted toward the Freundlich model. Overall, the study concludes that these
metal oxalates represent promising, eco-friendly, and low-cost materials, opening broad
horizons for their application in industrial wastewater treatment and the valorization of
chemical resources for environmental protection.
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