LAMPIRAN

Lampiran 1. Diagram alur penelitian

Aktivasi Zeolit Alam

A

Sintesis Komposit Zeolit-Kitosan dengan
rasio Zeolit : Kitosan

(25:75%; 50:50%; 25:75%)

A4

Karakterisasi Zeolit Aktivasi, Kitosan,

dan Komposit Zeolit-Kitosan

Uji Kemampuan Adsorpsi Congo Red

A

Analisis Data
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1.1 Aktivasi zeolit alam

Zeolit Alam 100 mesh

Gelas beker
e Perendaman dengan  akuades
selama 24 jam
e Dekantasi
Filtrat Endapan
e Pengeringan
e Perendaman dengan HCl 1M
selama 24 jam
e Penyaringan
Endapan Filtrat

e Penentralan menggunakan
akuades dan air deionisasi

e Pengeringan dengan suhu

110°C

Zeolit Alam Teraktivasi
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1.2 Sintesis komposit zeolit-kitosan (Z-Cs) 25%:75%

6 g Kitosan

Gelas beker

200 mL asam asetat (2%)

Pengadukan selama 24 jam dalam suhu ruang
Penambahan 2 g zeolit alam teraktivasi
Pengadukan 5 jam dalam suhu ruang

Sonikasi selama 20 menit

Gel zeolit-kitosan

Penambahan NaOH 1M hingga membentuk
endapan

Pendiaman dalam suhu ruang

Pencucian menggunakan akuades hingga netral
Pengeringan dalam suhu ruang

Pengeringan dengan suhu 60°C selama 24 jam

Penggerusan komposit hingga 100 mesh

Komposit zeolit-kitosan
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1.3 Sintesis komposit zeolit-kitosan (Z-Cs) 50%:50%

4 g Kitosan

Gelas beker

200 mL asam asetat (2%)

Pengadukan selama 24 jam dalam suhu ruang
Penambahan 4 g zeolit alam teraktivasi
Pengadukan 5 jam dalam suhu ruang

Sonikasi selama 20 menit

Gel zeolit-kitosan

Penambahan NaOH 1M hingga membentuk
endapan

Pendiaman dalam suhu ruang

Pencucian menggunakan akuades hingga netral
Pengeringan dalam suhu ruang

Pengeringan dengan suhu 60°C selama 24 jam

Penggerusan komposit hingga 100 mesh

Komposit zeolit-kitosan
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1.4 Sintesis komposit zeolit-kitosan (Z-Cs) 75%:25%

2 g Kitosan

Gelas beker

200 mL asam asetat (2%)

Pengadukan selama 24 jam dalam suhu ruang
Penambahan 6 g zeolit alam teraktivasi
Pengadukan 5 jam dalam suhu ruang

Sonikasi selama 20 menit

Gel zeolit-kitosan

Penambahan NaOH 1M hingga membentuk
endapan

Pendiaman dalam suhu ruang

Pencucian menggunakan akuades hingga netral
Pengeringan dalam suhu ruang

Pengeringan dengan suhu 60°C selama 24 jam

Penggerusan komposit hingga 100 mesh

Komposit zeolit-kitosan




1.5 Karakterisasi material

Kitosan murni
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Zeolit alam teraktivasi

Komposit Z-Cs
(25:75%)

Komposit Z-Cs Komposit Z-Cs
(50:50%) (75:25%)

e Karakterisasi FTIR dan
PSA

Hasil

Zeolit alam teraktivasi

Komposit Z-Cs 25:75%, 50:50% dan 75:25%

e Karakterisasi SAA

Hasil

Zeolit alam teraktivasi

Komposit Z-Cs rasio terbaik dalam aplikasi

(50:50%)

e Karakterisasi SEM

Hasil
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1.6 Penentuan panjang gelombang maksimum dan kurva standar congo red

a. Penentuan Panjang Gelombang Maksimum Congo Red

Larutan congo red 10 mg/L

Gelas beker

e Pengambilan 5 mL larutan congo red 10 mg/L
e Penuangan larutan ke dalam kuver
e Pemindaian menggunakan spektrofotometer

UV-Vis dengan panjang gelombang 200-800 nm

Panjang gelombang maksimum

congo red

b. Kurva Standar Congo Red

Larutan congo red 250 mg/L

Labu ukur 100 mL

e Pengambilan 40 mL larutan congo red 250 mg/L

e Penambahan akuades hingga batas meniskus

Larutan congo red 100 mg/L

Labu ukur 25 mL
e Pengambilan 0; 0,5; 1; 1,5; 2; 2,5; 3; dan 3,5 mL

larutan congo red 100 mg/L

e Penambahan akuades hingga batas meniskus

Larutan congo red 0, 2, 4, 6,

8,10, 12, dan 14 mg/L
e Penuangan larutan ke dalam kuvet

e Pengukuran absorbansi dengan spektrofotometer
UV-Vis pada panjang gelombang maksimum
e Pembuatan kurva standar dengan konsentrasi vs

absorbansi

Kurva standar larutan congo red
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1.7 Pengujian adsorben pengaruh konsentrasi awal congo red

a. Zeolit alam teraktivasi

25 mL larutan congo red 60; 75; 90; 105; 120; 135; dan 150 mg/L

Gelas beker 250 mL

e Penambahan 0,05 g zeolit alam teraktivasi

e Penggojogan selama 60 menit menggunakan shaker

e Pengambilan filtrat

e Pengukuran absorbansi menggunakan spektrofotometer UV-
Vis pada panjang gelombang maksimum

e Perhitungan konsentrasi

Hasil Data

b. Z-Csrasio 25:75%

25 mL larutan congo red 60; 75; 90; 105; 120; 135; dan 150 mg/L

Gelas beker 250 mL

e Penambahan 0,05 g Z-Cs 25:75%

e Penggojogan selama 60 menit menggunakan shaker

e Pengambilan filtrat

e Pengukuran absorbansi menggunakan spektrofotometer UV-
Vis pada panjang gelombang maksimum

e Perhitungan konsentrasi

Hasil Data
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¢. Z-Csrasio 50:50%

25 mL larutan congo red 60; 75; 90; 105; 120; 135; dan 150 mg/L

Gelas beker 250 mL

e Penambahan 0,05 g Z-Cs 50:50%

e Penggojogan selama 60 menit menggunakan shaker

e Pengambilan filtrat

e Pengukuran absorbansi menggunakan spektrofotometer UV-
Vis pada panjang gelombang maksimum

e Perhitungan konsentrasi

Hasil Data

d. Z-Csrasio 75:25%

25 mL larutan congo red 60; 75; 90; 105; 120; 135; dan 150 mg/L

Gelas beker 250 mL

e Penambahan 0,05 g Z-Cs 75:25%

e Penggojogan selama 60 menit menggunakan shaker

e Pengambilan filtrat

e Pengukuran absorbansi menggunakan spektrofotometer UV-
Vis pada panjang gelombang maksimum

e Perhitungan konsentrasi

Hasil Data




Lampiran 2. Perhitungan
2.1 Perhitungan aktivasi zeolit

Pembuatan HC1 1 M
% x p x1000
Mr
37 %> 1,19 g/mL x1000
Her 36,5 g/mol

M= 12,06 mol/mL

Untuk membuat HCI 1M 500 mL
Vi xM;= V,xM,

Vx12,06 M= 500 mLx1M
V;=41,459 mL

Myci=

2.2 Perhitungan sintesis komposit zeolit-kitosan

a. Pembuatan 100 mL asam asetat 2% dari asam asetat 100%
VixM;=V,xM,

Vx100%= 100 mLx2%

Vi=2mL

b. Pembuatan 100 mL NaOH 1M

mol
MNaon= 5

Myoon_ M
L 0,1L

Massa

=1 mol

mol =

mol=

Massa

1 molz ———
T g/mol

Massa =1 mol x 40 g/mol
Massa=4 g

2.3 Perhitungan pembuatan larutan standar congo red
a. Pembuatan larutan induk 100 mL 250 mg/L congo red

250 mg/L =250 mg/L
250 mg/L =250 mg/1000 mL =0,25 mg/mL

51



0,25 mg/mL=x/100 mL
x=25 mg=0,025 gram
b. Untuk 100 mL 100 mg/L congo red dari larutan induk
Vi xM = V,xM,
V% 250 mg/L= 100 mLx100 mg/L
V=40 mL
c. Larutan standar 25 mL 0 mg/L congo red dari larutan 100 mg/L
Vi xM = V,xM,
V%100 mg/L=25 mL x0 mg/L
Vi=0mL
d. Larutan standar 25 mL 2 mg/L congo red dari larutan 100 mg/L
VXM= V,xM,
V%100 mg/L=25 mL %2 mg/L
V;=0,5 mL
e. Larutan standar 25 mL 4 mg/L congo red dari larutan 100 mg/L
VXM= V,xM,
V%100 mg/L= 25 mL x4 mg/L
Vi=1mL
f. Larutan standar 25 mL 6 mg/L congo red dari larutan 100 mg/L
VixM = V,xM,
V%100 mg/L=25 mL x6 mg/L
V;=1,5mL
g. Larutan standar 25 mL 8 mg/L congo red dari larutan 100 mg/L
VXM= VxM,
V%100 mg/L=25 mL x8 mg/L
Vi=2mL
h. Larutan standar 25 mL 10 mg/L congo red dari larutan 100 mg/L
Vi xM;=V,xM,
V%100 mg/L=25 mL x10 mg/L
V,=2,5mL
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i. Larutan standar 25 mL 12 mg/L congo red dari larutan 100 mg/L
Vl XM1= VzXMz
V%100 mg/L= 25 mL %12 mg/L

V1= 3mL

j. Larutan standar 25 mL 14 mg/L congo red dari larutan 100 mg/L
Vl XM1= VzXMz
V%100 mg/L= 25 mL %14 mg/L

V1= 3,5 mL

2.4 Perhitungan kurva standar congo red
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a. Tabel
Kode Konsentrasi | Absorbansi ) )
Sampel (x) (y) xy * Y
0 mg/L 0 0 0 0 0
2 mg/L 2 0,102 0,204 4 0,010404
4 mg/L 4 0,211 0,844 16 | 0,044521
6 mg/L 6 0,320 1,920 36 0,1024
8 mg/L 8 0,431 3,448 64 | 0,185761
10 mg/L 10 0,530 5,300 100 0,2809
12 mg/L 12 0,632 7,584 144 | 0,399424
14 mg/L 14 0,744 10,416 196 | 0,553536
Jumlah 56 2,97 29,716 560 | 1,576946
Rata-rata 7 0,37125 3,7145 70 0,197118
b. Grafik

Absorbansi (a.u)

0,8 1
0,7 1
0,6
0,5 1
0,4 1
0,3 1
0,2 1
0,1 1
0,0

-0,1

y =0,0531 x - 0,0007
R? = 0,9998

T
4 6 8 10

Konsentrasi (mg/L)



c. Persamaan Garis
1. Mencari m
e 1(2)- (2)(2Y)
n (Xx)- (5
_ 8(29,716)-(56)(2,97)
"R (560) - (Z56)
m=0,0531

Dengan n =8

2. Mencari ¢

y=mX+c

c=y-mx

¢=0,37125-0,05313 x7

¢ =-0,0007

3. Mencari R’

e (T (EE)
[n(Z37)- (2071 [(Z37)- (23]

5 [8 (29,716)-(56)(2,97)]"

[8(560)-(562)][8(1,576946)-(2,97°)]

R?=10,9998

Maka persamaan garis yang didapatkan
y=0,0531 x+0,0007

R’=0,9998

2.5 Pembuatan variasi konsentrasi larutan congo red sebagai adsorbat
a. Larutan congo red 100 mL 250 mg/L
250 mg/L =250 mg/L

250 mg/L =250 mg/1000 mL =0,25 mg/mL
0,25 mg/mL=x/100 mL

x=25 mg=0,025 gram

b. Variasi 60 mg/L dengan labu ukur 25 mL
VXM= V,xM,
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V%250 mg/L= 25 mL %60 mg/L
Vi=6mL

c. Variasi 75 mg/L dengan labu ukur 25 mL
VixM;= V,xM,
V%250 mg/L= 25 mL %75 mg/L
V=7,5mL

d. Variasi 90 mg/L dengan labu ukur 25 mL
VixM;=V,xM,
V%250 mg/L= 25 mL %90 mg/L
Vi=9mL

e. Variasi 105 mg/L dengan labu ukur 25 mL
VixM;=V,xM,
V%250 mg/L= 25 mL %105 mg/L

V,=10,5 mL

f. Variasi 120 mg/L dengan labu ukur 25 mL
Vi xM;=V,xM,

V%250 mg/L=25 mL %120 mg/L
Vi=12mL

g. Variasi 135 mg/L dengan labu ukur 25 mL
VixM;= V,xM,

V%250 mg/L= 25 mL x135 mg/L
Vi=13,5mL

h. Variasi 150 mg/L dengan labu ukur 25 mL
VixM = V,xM,

V%250 mg/L=25 mL %150 mg/L
Vi=15mL

2.6 Perhitungan konsentrasi setelah adsorpsi (Ce) congo red

y=mx +c
y=20,0531 x - 0,0007

Y-
m

X
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Ce=x xFP
Keterangan :

y = absorbansi

_ . mg
x = konsentrasi akhir (T)

m
Ce = konsentrasi setelah adsorpsi (Tg)

FP = Faktor Pengenceran
¢ =-0,0007
m =0,0531

a. Adsorben Zeolit Alam Teraktivasi

60 mg/L, y = 0,469
Dengan FP =5

-C

Ce = Y xFP
m

_ 0,469 -(-0,0007)

¢ 0,0531

Ce = 44,2279 mg/L

90 mg/L, y=0,377
Dengan FP =10

I
m

Ce xFP

Ce 0,0531

Ce=171,1299 mg/L

120 mg/L, y = 0,513
dengan FP =10

-c
Ce = o xFP
m

_ 0377-(:00007)

_ 0.513-(-0,0007)

¢ 0,0531

Ce=96,742 mg/L

75 mg/L, y = 0,609
Dengan FP =15

-C

Ce= z xFP
m

_ 0,609-(-0,0007)

¢ 0,0531

Ce=57,4105 mg/L

105 mg/L, y = 0,444
Dengan FP =10

_r-¢
m

Ce xFP

Ce 0,0531

Ce = 83,7476 mg/L

135 mg/L, y= 0,569
dengan FP =10

Ce= Y xFP
m

_ 0,569-(-0,0007)

_ 0,444-(-0,0007)

0,0531
Ce=107,2881 mg/L
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150 mg/L, y=0,617

dengan FP =10

-C
Ce= 1S wpp
m

3 0,617-(-0,0007) y

~0,0531
Ce=116,3277 mg/L

b. Adsorben Z-Cs 25:75%
60 mg/L, y = 0,054

y-c

m
3 0,054-(-0,0007)
~0,0531

Ce=1,0301 mg/L

Ce

Ce=

e

90 mg/L, y = 0,394
y-cC

m
_0,394-(-0,0007)
~0,0531

Ce=17,4331 mg/L

Ce=

e

120 mg/L, y = 0,278
dengan FP =5

-C

Ce= Y xFP
m

0,278-(-0,0007)
= X
0,0531

Ce =26,2429 mg/L

e

150 mg/L, y = 0,402
dengan FP =5
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75 mg/L, y = 0,107
y-¢
m
0,107 — (-0,0007)
- 0,0531

Ce =2,0282mg/L

Ce=

Ce

105 mg/L, y = 0,769
_y-¢

" m
_0,769-(-0,0007)
~0,0531

Ce = 14,4953 mg/L

Ce

135 mg/L, y =0,326
dengan FP =35

-C

Ce= t xFP
m

0,326-(-0,0007)
= X
0,0531

Ce = 30,7627 mg/L

e



-c
Ce= Y xFP
m

_ 0,402-(-0,0007) y
0,0531

Ce=37,9190 mg/L

c. Adsorben Z-Cs 50:50%
60 mg/L, y=10,014

y-cC

m

_0,014-(-0,0007)

-~ 0,0531

Ce=0,2768 mg/L

e

Ce=

e

90 mg/L, y = 0,108
y-cC

m
_0,108-(-0,0007)
B 0,0531

Ce=12,0471 mg/L

Ce=

e

120 mg/L, y = 0,357
Dengan FP =2
_y-c
om
_ 0,357-(-0,0007)
T 0051

Ce=13,4727 mg/L

Ce xFP

Ce

150 mg/L,y =0,311
Dengan FP =5
_y-c
om
_ 0,311-(-0,0007)
T 00531

Ce xFP

Ce
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75 mg/L, y =0,033
y-cC

m

B 0,033-(-0,0007)
~0,0531

Ce = 0,6347 mg/L

Ce=

e

105 mg/L, y = 0,321
y-c¢

m
_0,321-(-0,0007)
B 0,0531

Ce =6,0584 mg/LL

Ce=

e

135 mg/L, y =0,222
Dengan FP =5
_r-e
om
_0,222-(-0,0007)
0081

Ce =20,9699 mg/L

Ce xFP

Ce



Ce =29,3503 mg/L
d. Adsorben Z-Cs 75:25%
60 mg/L, y = 0,402
y-cC
m
B 0,402-(-0,0007)
B 0,0531

Ce=17,5838mg/L

Ce=

e

90 mg/L, y=0,519
Dengan FP =2
_y-e
om
_ 0,519-(-0,0007)
T 00531

Ce=19,5744 mg/L

Ce xFP

Ce

120 mg/L, y = 0,428
dengan FP =5
_y-e
om
_0,428-(-0,0007)
T 00531

Ce = 40,3672 mg/L

Ce xFP

e

150 mg/L, y = 0,277
dengan FP =10
_y-c
m
_0,277-(-0,0007)
T 00531

Ce=52,2976 mg/L

Ce xFP

e
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75 mg/L, y = 0,755
y-c¢

m
_0,609-(-0,0007)
B 0,0531

Ce=14,2316 mg/L

Ce=

105 mg/L, y = 0,302
Dengan FP =15
_y-e
om
_0,302-(-0,0007)
T 00331

Ce = 28,5028 mg/L

Ce xFP

Ce

135 mg/L, y = 0,243
dengan FP =10
_yec
B m
~0,243-(-0,0007)
T 0031

Ce=45,8945 mg/L

Ce xFP




2.7 Perhitungan kemampuan adsorpsi (ge)

_(Ci-Ce) xV
- w

qe
Keterangan :

. ] mg
Ci = konsentrasi awal ( T )

m
Ce =konsentrasi setelah adsorpsi ( Tg )

V= Volume adsorbat (L) = 0,025 L
W =massa adsorben (g) = 0,05 g

a. Adsorben Zeolit Alam Teraktivasi

mg
Ci=60—=
! L
mg
L
(60 - 44,2279 Ymg
T

Ce= 44,2279

x0,025 L

7= 0,05 g

qe=17,8861 mg/g

oo™
Ci=90
Ce=71.1299 22
e=171, T
(90-71,1299)mg
T

x0,025 L

7= 0,05 g

qge =9,4350 mg/g
mg
=120 —
Ci 0 T

mg
Ce=96,7420 T

(120-96,7420) mg
L

x0,025 L

7= 0,05 g

ge =11,6290 mg/g

60

mg
Ci=75—=
TR

mg
Ce=57,4105 T

(75-57,4105)mg
L
0,05¢g

ge =8,7947 mg/g

x0,025 L

qe =

mg
Ci=105—=
! L

mg
Ce=183,7476 —
L
(105-83,7476)mg
qe = L
0,05¢g

qe=10,6262 mg/g

x0,025 L

) mg
Ci=135—
1=135 T

mg
Ce =107,2881 T

(135-107,2881)mg
L

x0,025 L

7= 0,05 g

ge = 13,8559 mg/g



mg
Ci=150—
! L

mg
Ce=116,3277 T

(150-1 16£3277)mg 0,025 L

9= 0,05 g
qe =16,8362 mg/g

. Adsorben Z-Cs 25:75%

mg
=60 —2
Ci T

Ce=1,0301 =2
e=1, T

(60-1,0301)mg
_ L
a¢ 0,05 g

ge =29,4849 mg/g

x0,025 L

_opme
Ci=90 T

Ce=174331 28
e=1, T

(90 — 7,4331)mg
L

x0,025 L

7= 0,05 g
ge=41,2834 mg/g

. mg
Ci=120—
mg
i
(120-26,2429)mg

_ L
1& 0,05 g

qe =46,8785 mg/g

Ce=126,2429

.0,025L

mg
; :1 —
Ci=150 L

61

mg
=75 -2
Ci T

Ce=2.0282 28
e= 4, L

(75-2,0282)mg
_ L
a¢ 0,05 g

ge =36,4859 mg/g

x0,025 L

o mg
Ci=105—
mg
T
(105-14,4953)mg

_ L
a¢ 0,05 g

qge =45,2524 mg/g

Ce = 14,4953

x0,025 L

mg
Ci=135—=
! L

mg
Ce=30,7627 T

(135-30,7627)mg
_ L
1€ 0,05 g

qe =52,1186 mg/g

.0,025 L




Ce=137.9190 =2
e=37, T

(150-37,5190)mg.05025 L

4= 0,05 g

ge =56,0405 mg/g

. Adsorben Z-Cs 50:50%
mg
Ci =60—
VL

mg

L
(60-0,2768)mg

L

Ce=0,2768

x0,025 L

= 0,05 g

ge =29,8616 mg/g

oo
Ci=90 T

Ce=2.0471 €
€=z, L

(90-2,0471)mg
L
0,05¢g

qge =43,9765 mg/g

x0,025 L

qe =

mg
| =120—
Ci T

mg
Ce=13,4727 T

(120-13,4727)mg
L

.0,025 L

4= 0,05 g

qe =53,2637/g

mg
; :1 —
Ci=150 L

mg
Ce=129,3503 T
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mg
Ci=75—=
T

Ce= 0634722
e=0, L
(75-0,6347)mg
T
0,05¢g

qe =37,1827 mg/g

x0,025 L

qe =

mg
Ci=105—=
! L

Ce=6,0584 =2
e=0, L

(105-6,0584)mg
L
0,05¢g

qe =49,4708 mg/g

x0,025 L

qe =

mg
=135—
Ci T

mg

L

(135-20,3699)mg 0.025L
0,05¢g

ge =57,0151 mg/g

Ce=20,9699

qe =



(120-29,5)503)mg.O’O25 L

4= 0,05 g

ge =60,3249 mg/g

d. Adsorben Z-Cs 75:25%

mg
Ci=60—=
T

Ce=7.5838 2
e=/, L

(60-7,5838)mg
L
0,05¢g

ge =26,2081 mg/g

x0,025 L

qe =

mg
=90 —
Ci T

Ce=19.5744 28
e — 5 L

(90-19,5744)mg
L

x0,025 L

== 0,05 g
qe =35,2128 mg/g
mg
[ =120—
Ci T

mg
Ce=40,3672 T

(120-405672)mg 0,025 L

== 0,05 g
ge =39,8164 mg/g
mg
Ci=150—
: L

mg
Ce=52,2976 T

., .mg
Ci=75 T

mg
Ce= 14,2316T

(75-14,211316)mg %0,025 L

qe= 0,05¢g

ge=30,3842 mg/g

mg
=105 —
Ci T

mg
Ce= 28,5028 T

(105-28,5028)mg
L

x0,025 L

= 0,05 g
qge =38,2486 mg/g
mg
[ =135—
Ci T

mg
Ce=45,8945 T

(135-45,5945)mg 00251

= 0,05 g
ge =44,5527 mg/g
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(150-52,5976)mg 00251

qe =

0,05¢g

ge =48,8512mg/g

Lampiran 3. Tabel dan Grafik

3.1 Tabel kemampuan dan efisiensi adsorpsi

a. Adsorben Zeolit Alam Teraktivasi

64

Ci Ce C teradsorpsi qe
y m c FP %Efisiensi
(mg/L) (mg/L) (mg/L) (mg/g)
60 0,469 | 0,0531 | -0,0007 | 5 | 44,2279 15,7721 7,8861 | 26,2869
75 0,609 | 0,0531 | -0,0007 | 5 | 57,4105 17,5895 8,7947 | 23,4526
90 0,377 | 0,0531 | -0,0007 | 10 | 71,1299 18,8701 9,4350 | 20,9667
105 | 0,444 | 0,0531 | -0,0007 | 10 | 83,7476 21,2524 10,6262 | 20,2403
120 | 0,513 | 0,0531 | -0,0007 | 10 | 96,7420 23,2580 11,6290 | 19,3817
135 | 0,569 | 0,0531 | -0,0007 | 10 | 107,2881 27,7119 13,8559 | 20,5273
150 | 0,617 | 0,0531 | -0,0007 | 10 | 116,3277 33,6723 16,8362 | 22,4482
b. Adsorben Z-Cs 25:75%
Ci Ce C teradsorpsi qe
y m c FP %Efisiensi
(mg/L) (mg/L) (mg/L) (mg/g)

60 0,054 | 0,0531 | -0,0007 | 1 1,0301 58,9699 29,4849 | 98,2831
75 0,107 | 0,0531 | -0,0007 | 1 | 2,0282 72,9718 36,4859 | 97,2957
90 0,394 | 0,0531 | -0,0007 | 1 | 7,4331 82,5669 41,2834 | 91,7409
105 | 0,769 | 0,0531 | -0,0007 | 1 | 14,4953 90,5047 45,2524 | 86,1950
120 | 0,278 | 0,0531 | -0,0007 | 5 | 26,2429 93,7571 46,8785 | 78,1309
135 | 0,326 | 0,0531 | -0,0007 | 5 | 30,7627 104,2373 | 52,1186 | 77,2128
150 | 0,402 | 0,0531 | -0,0007 | 5 | 37,9190 112,0810 | 56,0405 | 74,7207




¢. Adsorben Z-Cs 50:50%
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Ci Ce C teradsorpsi qe
y m c FP %Efisiensi
(mg/L) (mg/L) (mg/L) (mg/g)
60 0,014 | 0,0531 | -0,0007 | 1 | 0,2768 59,7232 29,8616 | 99,5386
75 0,033 | 0,0531 | -0,0007 | 1 | 0,6347 74,3653 37,1827 | 99,1538
90 0,108 | 0,0531 | -0,0007 | 1 | 2,0471 87,9529 43,9765 | 97,7255
105 | 0,321 | 0,0531 | -0,0007 | 1 | 6,0584 98,9416 49,4708 | 94,2301
120 | 0,357 | 0,0531 | -0,0007 | 2 | 13,4727 106,5273 | 53,2637 | 88,7728
135 | 0,222 | 0,0531 | -0,0007 | 5 | 20,9699 114,0301 57,0151 | 84,4668
150 | 0,311 | 0,0531 | -0,0007 | 5 | 29,3503 120,6497 | 60,3249 | 80,4331
d. Adsorben Z-Cs 75:25%
Ci Ce C teradsorpsi qe
y m c FP %Efisiensi
(mg/L) (mg/L) (mg/L) (mg/g)

60 0,402 | 0,0531 | -0,0007 | 1 | 7,5838 52,4162 26,2081 | 87,3603
75 0,755 | 0,0531 | -0,0007 | 1 | 14,2316 60,7684 30,3842 | 81,0245
90 0,519 | 0,0531 | -0,0007 | 2 | 19,5744 70,4256 35,2128 | 78,2507
105 | 0,302 | 0,0531 | -0,0007 | 5 | 28,5028 76,4972 38,2486 | 72,8545
120 | 0,428 | 0,0531 | -0,0007 | 5 | 40,3672 79,6328 39,8164 | 66,3606
135 | 0,243 | 0,0531 | -0,0007 | 10 | 45,8945 89,1055 44,5527 | 66,0040
150 | 0,277 | 0,0531 | -0,0007 | 10 | 52,2976 97,7024 48,8512 | 65,1350




3.2 Grafik efisiensi adsorpsi (%)
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3.3 Spektrum congo red sebelum dan sesudah adsorpsi
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Lampiran 4. Dokumentasi penelitian

Zeolit Alam Aktivasi Zeolit menggunakan HCI

Pencucian Zeolit Aktivasi menggunakan

akuades hingga netral

Pelarutan Kitosan Suspensi Zeolit-Kitosan
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Penambahan NaOH

4 =

Larutan Congo Red sebelum adsorpsi

Komposit Z-Cs 25:75%, 50:50%, dan
75:25%

"y k- S
e

Larutan Congo Red setelah di adsorpsi

Larutan Congo Red setelah di adsorpsi oleh
oleh Zeolit Teraktivasi asam komposit Z-Cs 25:75%

Larutan Congo Red setelah di adsorpsi
oleh komposit Z-Cs 50:50%

Larutan Congo Red setelah di adsorpsi oleh
komposit Z-Cs 75:25%



Lampiran 5. Hasil Analisis dan Karakterisasi

5.1 Karakterisasi FTIR

a. FTIR Zeolit Alam Aktivasi

PerkinElmer Spectrum IR 10.6.1
Lab. Terpadu UNDIP

November 13, 2024 4:46

Sample Details

E:\Report Hasd analisis
FTIR\2024\November 2024113 November

Filename 2024\SP24248014011)( Zeolit, Exa A
)1 1sp
Creation Date 11/13/2024 4:37:01 PM
Analyst Administrator
X-Axis Units cm-1
X-Axis start value 4000
X-Axis end value 400
Data interval =1
Number of points 3601
Y-Axis Units %T
Sample { Zeolit, Exa A ) By Administrator
Description Date Tuesday, November 12 2024
Spectrum
102
10— T S o g N V|
B LV |I | 1, |
o | f ‘
f il
w0 \
\l [ ||
i H| | )
[
& '
[ ]
75! |
||
7 \l
\
65 + + - +— + - ——
4000 3500 3000 2500 2000 1500 1000 500400
cm-1
Name Descripton

(Zeod EkaA)_1_1 Sample ( Zeolt Eka A ) By Admnistrator Date Tuesday, November 12 2024

Summary

Sample ( Zeollt,
Eka A ) By
Administrator
Date Tuesday,
November 12
2024

Search Results
Result Spectrum

1>
Page 1 of 4

PerkinElmer’
For the Bettor



b. FTIR Kitosan

ParkinElmer Spectrum IR 10.6.1
Lab. Terpadu UNDIP

December 11, 2024 23:52

Sample Details

E:\Report Hasil anaksis
FTIR2024\Desember 2024412 Desember

Flenams 20248P242735140114 kitosan
1_016_1_1.8p

Creation Date 121212024 1121841 AM
Anabyst Administrator
X-Axis Units cm-1
¥-Axis start value 4000
¥-Axis end valus 400
Data interval -1
Mumber of points 3601
¥-Axis Units %t

. Sample { kitosan ) By Administrator Date
Description Thureday, December 12 2024
Spectrum

"0,

100 |

\ N ,r’—*l /

bt N _,-’/-\\; /—F"" LY l"_ll ! [ f hJ"

o S | ﬂ_I
'_
£ oM I |I

f
s |
|

1 | Jl

s 4

oo 3500 3000 2500 2000 1500 1000 SO0400

em-1
Hame Dwesz iplaan

{ kitesan )_016_1_1 Samph | kilasan ) By Admnistralor Date Thursday, December 12 2024

The Quality
Checks give rise
to a Weak
Bands waming
3024 for the sample.

December 12

Search Results
Result Spectrum
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PerkinElmer’
For the Beifer

Page 1 of 5
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c. FTIR Z-Cs 25:75%

Sample Details

Filename

Creation Date
Anakhyst

X-fatis Units
X-Azis start value
¥-Azizs end value
Drata interval
MNumber of points
-fatis Units

Description

Spectrum

w%T

PerkinElmer Spectrum IR 10.6.1
Lab. Terpadu UNDIP

January 20, 2025 0:39

E:\Report Hasd analisis FTIRW20250anuari
2025020 Januari 20255P2501491401 1
Z2-Cs25T5% ) 1 1ep

122025 11:11:50 AM
Administrator

cm-1

4000

400

-1

3601

®T

Sample { 2-Cs 25675 % ) By Administrator
Date Thursday, January 16 2025

ga!sa$ﬁ:ﬁ&t§

Mame

(Z-C5 2575 % )11

Summai

(2-Cs 25,75 %

Sample | Z-Cs
25:75 % ) By
1 Administrator
- Date Thursday,
January 16 2025

2500 2000 1500 1000 500400
cm-1
Dascriplion

Sample { 2-Cs 25.75 % ) By Administrator Date Thursday, January 16 2025

The Quality
Checks give rise
to & Weak
Bands warning
for the sample.

Search Results
Result Spectrum

[ g

PerkinElmer’
For the Batter
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d. FTIR Z-Cs 50:50%

PerkinElmer Spectrum IR 10.6.1
Lab. Terpadu UNDIP

January 20, 2025 0:39

Sample Details
EjReport Hasd analsis FTIRZ025\amian
Filename 202520 Jamuan 20255P25014814011Y
Z-Cg 5050 % ) 1_1.5p
Creation Date 122025 11:36:48 AM
Analyst Administrator
M-Axia Unils cm-1
X-Axiz start value 4000
X-Axiz end value 400
Diata interval -1
MNumber of points 3601
Y-Axis Unils %T
Sample | 2-Ca 50:50 % | By Admintstrator
Description Date Monday, January 20 2025
Spectrum
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{2-Cs 50:50 % )_1_1  Sample { 2-Cs 50050 % ) By Administrator Date Monday, January 20 2025

Sample | Z2-Cs Thie Quakly

50,50 % ) By Chiechs give rise
[2-CaS0.50% | pgminisirator 10 a Wesk
L Date Manday, Bands warning

January 20 2025 for the samgle.

Search Results
Resull Spectrum

| B
Page 1 of 5

PerkinElmer’
For the Beter
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e. FTIR Z-Cs 75:25%

PerkinElmer Spectrum IR 10.6.1
Lab. Terpadu UNDIP

Sample Details

Filename

Creation Date

January 20, 2025 0:35

E:'\Report Hasil analisis FTIR2025Januan

2026120 Januari 2025 SP25014814011Y
ZCa 7525 % )_1_1.sp

AEO2025 1140000 AM

Anakyst Administrator
X-Azis Units cm-1
X-fuis start value 4000
X-Azis end value 400
Data interval -1
Murnber of points 360
¥-Axis Units %T
- Sample | Z-Cs 7525 % ) By Administrator
Description Date Monday, January 20 2025
Spectrum
o .- — I
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A0 3500 D00 2500 00 1500 D0 500400
cm-1
Hame Descriplian

(Z-CoT525% ) 11

Samgle [ Z-Cs 7525 % } By Admnisirater Date Manday, Janeary 20 2025

Sample { Z-Cs
' 75,25 % ) By
;?_1'-1’.‘.‘5 75:25 % Adrmanistrator

report any
Data Monday, warnings for the
January 20 2025 sample.

The CQuality
Checks do not

Search Results
Result Spectrum

[ g

PerkinElmear’
For tie Bettor

Page 1 of 4



f. FTIR Z-Cs setelah adsorpsi

Lab. Terpadu UNDIP

PerkinElmer Spectrum IR 10.6.1

April 22, 2025 23:20
Sample Details
E:\Report Hasil analisis FTIRM2025A0ri
Filename 2025\23 april 2025\5P25065714011Y Z:Cs
50;50% - Abs FTIR)_1_1.ap
Creation Date A2NHZE G304 AM
Anakyst Administrator
X-Axis Units cm-1
X-Axie start value 4000
X-Axis end value 400
Data interval -1
Mumber of points 3601
‘f-Axie Units. w"T
Samgle { Z£,Cs 50,50% - Abs FTIR ) By
Description Administrator Date Wednesday, Aprll 23
2025
Spectrum
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{ Z08 S0:50% - |y yinistrator 1o a Weak
Abs FTIR |_1_1 [oom

‘Wednesday,
Spnil 23 2025

Search Results
Result Spectrum
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PerkinElmer’
For the Betfer

Page 1 of 5
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5. 2 Karakterisasi PSA

a. Zeolit alam teraktivasi

Betltersize
Bettersizer 2600(\Wet) Particle Size Analysis Report

Range - (L0 - 2500um

Sample : Zeolit Alam Number : 1 Sample Soures : UNDIF Himia
Operator:  Fatih Test Time: 20250310 18:41:09 Measured By :  NEXUS Analytics Indonesia
Particle K : 152 Particle AR : 0.05 Medium RI: 1333
Optieal : iz Mode : Adaptive Distribution:  Velume
Sampling: Speed (rpmj Ultraseund:
Medium : Water Dispersant: Water Remark -
D43): 9272 um Oj32: M5 um Oji0): 0748 um Peak Size: 3347  um
SPAN: ATH B8A:  ERSTmRlkp Residusal - 0343 % Ob=curation : 1071 %
W =2240  um D6 = 45846 um DD =8562 wm DIE=1321 wm D35 =308 um
D75 =1285 um D50 =43.18 um D8l =1834 um D =2407 wm 47 =301 um
Particle glzs disteibuilen gragh Tale
-5
Diam um | Percent
D10=8.562
4300 47T
D50=49.18 4
Ta.00 ELIS
DO0=240.7
100.0 BE50
-3 é 2000 BE.06
|, 6 | o | no=e
400.0 o750
500.0 pole )
-1 6000 [T
T00.0 fk )
r T T T T T [+] BOO.O 100,00
0.01 01 1 10 100 1000
Size um
Fartlche size distribution table
Dam m Tiam un Of% | Cumi Tiamum Diam um
0.0200.022 oo noo 0370427 o o 7211812 1o 945 136.5-154.0 ima a7z
0.02E0.025 oo noo D427-0420 o o2 BHZEA2E 12 1087 154.0-1722 203 BEES
00250028 oo 0o DAZ0-0.540 o3 025 24261025 143 1210 TR0 281 BEAR
002005 oo 0o 0.540-0608 o8 ot 10261154 187 177 1M.5.H33 264 BE 1D
00I0.0% onn 0o 0.508-0.534 oi7 058 11541299 13 1570 833457 240 8050
000040 oo noo 05240768 [2E] o7 12881461 217 e ETITTE 296 9266
0040045 oo noo 0.765-0.855 018 0.5 14.61-16.84 244 2031 TSR 187 8453
00450051 ono 0o 08550 574 [2E] 144 1B.44-12.88 287 FE T 342 23512 158 86.11
D.051.0.057 oo 0o D.8741 056 020 138 18.48.20.80 2 2559 361 2385 1 127 9738
0.057.0.054 ono 0o 10861 232 ozt 185 20.B0-23.80 im | 305 14445 asr 5535
D0B4-0.073 ono 0o 12321 336 023 178 23.40-26.33 am 3232 43455000 Qs T304
0.0710.082 oo noo 025 203 26332962 EE:} 1555 SO00-SEEE 048 9950
0.0BZ0.05E ono 0o ] 232 29623232 am | 3884 562 5532 B aza T8
D0SE0A0E oo 0o o3 2E3 323789 3410 4734 EI2ETILG 016 304
010340116 ono 0o o 287 ITABAZAT EES 4570 TH.9.800.5 ans | 40000
0MED.131 ono 0o oar 334 ATATATA EE 4100 20055005 ann | 4o
01310142 oo noo ] 273 ATALELET 1: 5223 50081013 am | o
0180158 onn 0o 2R11-3.162 0.3 448 53376004 ERT =537 || 140 ann | 4000
DABEOAET ono 0o 31623 557 (] 462 S0.4-57.55 EL 844 1140. 1282 ann | t0noo
DABTO.210 oo noo 3.557-4.002 L] 51 &7.5575.08 1@ B1AT 12E2-9843 am | toeoo
02100257 oo 0o 4.00-4.502 053 54 75055589 e B4.49 14431623 ann | 4o
0.237.0.256 oo noo 45005065 (1] 623 BSADEEAT 1m ET.52 16231826 am | o
02650300 onn 0o 50655 658 064 &7 28171081 am T5E 1B26-2054 ann | 4000
03000357 ono 0o 55066410 (k] TED 0BT EL s || mseaEn ann | 0o
0.337.0.379 oo 000 EA107.211 0.5 245 12171369 106 TEE 23112500 oo | tooo
Lid  www bellersizeinsirumenls com H i .com Tel:+B8 (415) 618 4440
Syuiam Sivne ASO-D0u0-00e0 M-I 0 TS0 1] EETO0-E-1 1800005 Ko1-13 0 o0e L] 50 BST0000 1 Wb, 43T 31 121 03130050 125-0-0-85
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b. Kitosan

Betltersize
Bettersizer 2600(Wet) Particle Size Analysis Report

Range : 0L0Gum - 2600um

Sample : Eitosan Number : 1 Sample Seurce : INDIP
Operator:  Fatih Test Time:  2085-4-25 143044 Ey: MNEXDS
Particla RI: 15 Particle AR : 0.1 Medinm RI: 1333
Optical : Mie Mode : Adaptive Distribution:  Volume
Sampling: Speed (rpm): Ultrasound:
Medinm : Water Dispersant: Water Remark :
Di43]: 1829 uom OE2: 1L wm O{L0f: 1846 um Peak 8ize: 2051 wm
EPAN:  1.5&0 53A:  199im"2ikg Residual : 0537 % Obscuration: 11.92 %
DoE =31.17  um DO6 = 4601  um M0 =6128 um DIE=8011 um n25=1M4 um
075 =2458 um D50=1681 um D&d =256 um D90 =3235 um DT =4100  um
Particle size distribution graph Table
e Diam um | Percent
20.00 1.5
- # 15.00 5.76
75.00 14.25
-6 & o | 2z
» a8 200.0 ELAD
J00.0 86,29
A00.0 96,40
r2 s000 | saz
G000 99,89
r T T T T T o T00.0 100.00
001 0.1 1 10 100 1000
Size um
Particle slze disiribation takle
Diam um OiF% | cunf Tham um D% | Coe || Diamum Dif% | Cams Dlamum | OiT&% | Cumis |
0.020-0.022 oo o 03750427 0,00 000 7210812 oo 0o 136541540 E78 461
0.022:0.035 oo oo 04Z70480 000 oog B128.12% aos 0.1z 15401732 T3z 51.83
0.025-0.028 oo o 048005490 0.0 0.0 R E- 0.1 0z 1732-154.8 T4 6T
0.028-0.02 oo a 05400608 0.0 000 WIS o1z 041 18852123 780 &7.57
0.032.0.03% (o1 and 05050 684 noa oo 11541258 a1 nss HAZMET TES 7622
0.036.0.040 oo and 0.584.0 768 noa o 12859451 0 o 4ETITTE 702 f-37]
0.040-0.045 oo oo 07830 265 000 oog 14699644 azx 0=z 7753122 588 B2
0.045-0.051 oo o 08550574 0.0 0.0 16441048 0z 1.8 22312 465 HZBT
0.051-0.057 oo a 0.974-1.085 0.0 000 12.48-20.80 0z 145 35123981 3 B
0.057.0.051 (o1 and 10951 232 noa oo 002340 a3 120 3061444 5 200 8811
0.064.0.073 oo and 12321386 noa o 2402633 043 273 448 55000 110 =
0.073-0.082 oo oo 13851560 000 oog 26332962 asz T E00.0-562 5 a2 |7
0.082.0.052 oo an 1.560.1 756 0oa i 9631 LT EE=] BE25.E3ZA [EL} a6
n.0sa0.1m oo and 17551978 noa o TAITAS o 417 63287119 oos | 10000
01030116 oo oo 18974231 000 oog ITARA21T asT 514 TN.9800.9 (i) 100.00
Q160131 oo oo 2221z 488 000 oog AZATAT A4 120 634 BOOSB00E | 0D 100.00
0.131-0.148 oo a 2498281 0.0 000 ATALELT 148 TE2 50081013 | DI | 100.00
O4B.0.15 oo an 2E3.962 0oa o SLATEOM 182 aE4 31180 0 | 000
DLBG-0.1ET oo and 39623 857 noa o S004.6T 55 2m 1187 11401282 npa | 10009
OLIET-0210 oo oo 35574002 000 oog &7T.E5-THAE 2Tz 1458 1282-1443 (i) 100.00
000237 oo oo 4.00z4 502 000 oog T558-8548 i1 1722 18431623 ooa 100.00
0.237-0.28 oo o 45025065 0.0 0.0 BEADEGAT as 212 1E23-1226 0 | 10
0.266.0.300 oo ano 50555 658 noa oo BEATA08.1 Asa 2635 18262051 opa | 0000
0.300-0.337 oo oo 5ERE-E 410 000 oog 0851217 537 nTE 054.2311 ooa 100.00
0.337-0.378 000 Qo 54107211 001 (1] 12174368 ao7 arsa 23112600 oo | 10000
Bellarsize Lid. . betlersi S0AT fivt] c£om  Tel+36 (415) 618 4440

Splem S AD0OHE] G- 10025000 101 EBTD0] Bl Kbl 201061 L0 000001 W81 5 121 O340 100 DG

SWDLOIECTAL0 01 OSEOIINE  Print Trme 20250425 HeMH12 Proje Rarse: Pak Padom UKCIP Bimia (2] FecardMa: 2 PHIT: Selierace: 2500 BT80N Prc Garneral - Toad Mathod: Laser
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c. Z-Cs 25:75%

Bettersize
Bettersizer 2600(Wet) Particle Size Analysis Report

Hange : §.02um - ZHHum

Sampla : Zoolit Alam - Kitesan 25 75 Number : 2 Sample Seurce : UNDIF Kimia
Operator:  Fatih Test Time:  2025-03-10 185648 Measured By :  NEXUS Analytics Indonesis
Partlele B1: 152 Particle AR : 0L05 Medlum RI: 1333
Optical : Mg Mude : Adaptive Distribgtion :  ¥olume
Sampling Speed [rpm): Ultrasound:
Mediom : Water Disperzant: Water Hemark :
mi3: 1625  um 3.2 G064 um OLOj: 0682 um Peak Size: 1811 um
SPAN: LEM ERA:  197EmZEg Residual - 0365 % Obscuration: 1052 %
D03 =155 um D06 = 3255  um 010 = 4538  um DIE=6401 um 025 =876 wm
05=2198 um 050 = 1482 um DAd = 2585 um Dl =2075 um 047 = 3885  wm
Parthcle size distribalion graph Tabde
- 10
Diamum | Perceat
D10=46.38
20.00 320
D50=148.2 L g
45.00 456
D90=297.5
Ta.00 2007
e & wio | =
L, & 2000 8.
000 2.2
A0 A5
2 s00 | sman
BHLD =0.91
r T T T T T o T 110000
0.01 01 1 10 100 1000
Size um
Farlicls gize distribution table
|Diam um %9 Crnr, Disass um Do (=T D¥ e = Cums Dhiass my D Cus
00200022 .00 [T 03750427 (i1 000 THIENE 012 13 136.0-15410 705 | mRa7
0.022-0.035 .00 (T DAIT-0.480 0 .00 E1ERI2E 214 150 154.0-1722 TAE | ELES
00250028 .00 o 04800540 (i3 13 91261026 015 166 17321940 TEZ | e
0.028-0,032 .00 (T 05400608 (1 ot 10.26-11.54 018 163 104.0:5103 TIT | ME
00820036 .00 o 06080, 624 (13 1% 11.54-12808 020 2m HAZMET GET | B1EE
0.035-0,040 .00 o 0684-0.7E0 (i3 [ +] 12081451 M 257 A T-ITTE 5EE | B2
00400045 .00 (i 0.7BEL0.BEG oo 021 || 611644 0.3y 257 || wrmsmza 451 9171
1L045-0U0E .00 (T 0.865-0.074 0 .21 6441848 [ F13 31223512 231 B
0610067 .00 o 0.574-1.085 oo [ +]] 18.4B-20.80 43 E55 351.2-305 1 223 | WS
057064 .00 o 1.0851.232 oo [ +] 2080-29 40 0L5E AT 30514445 138 | sl
D0E4-D.0TS .00 i 1.392-1.386 i1 0 || 23snemis a2 450 || 4a45s000 oFF |
00730082 .00 o 13851560 oo [ +] 263329 62 0TE 5 50005625 038 | m7e
0.082-0.082 .00 i 1.560-1.T56 i1 (] 206233 39 (™ a0 SE2EE32 A o | mes
00020103 .00 [T 17651074 ool [ +] 233237 40 1144 M £32B-711.0 ons | 40000
1030118 .00 i 1974-2.21 o4 [ 7404217 13 &7 T1.8800.0 oo | 10000
A1E-0.431 .00 [T 23942458 (i3 15 AZATAT AL 184 1034 B00.8-500 5 oy | 40000
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Z-Cs 50:50%

Betltersize
Bettersizer 2600(Wet) Particle Size Analysis Report

Range - 0L02um - SK0um

Sample : Zeodit Alam - Kitosan 50 50 Number : 3 ‘Sample Source - UNDIP Kimia
Operator:  Faiih Test Time:  2025-03-10 19:11:31 Measured By : NEXIS Analytics Indonesia
Particle BI: 15 Particle AR: 0,05 Medimm RI: 1333
Optical : Dl Mode - Adaptive Distribation:  Volume
Sampling: Speed (rpmj Tltrassund
Medium Water Dispersamt: Water Remark :
Df43): 1165  um n32z: 545 um oiLe: 175 uwm Peak Size: 1499 um
SPAN: ZIM B8A:  43T0m"2kg Residual: 0450 % Obscuration : 1044 %
DiE =364 um DiE=7038 um Dl =1518 wm D6 =283 wm D2 =47497 um
075 =1686 wm D50=1026 wm DB =2026 wm 050 =2354 wm D47 =384 um
Particla glze distributien gragh Table
=10
Diam um | Pereent
D10=15.18
10,00 756
D50=102.6 L g
20,00 1230
D90=235.4
5,00 218
- & g D
-
2000 Eld5
3000 AT
r2 W | mau
5000 .95
r T T T T T o B0 100.00
0.01 o1 1 10 100 1000
Size um
Parilele slze distribwiion (atle
DCHam um [+ =T Diam um [+5 ) Cur D um Gl Cuns DHam um D Cunt
00002 ann 00o (e .00 0.00 TIENZ [ [ 13651540 & 7035
D0ZE00S ann noo D427.0.420 o0 o.0n BNZE126 0.5t T2 154.0:173 2 &0 TEA5
0025002 o ooo D420-0.540 0.0 oo 2426-10.25 05T TR 1TRZ140 570 B224
00005 ann 00o 15400508 000 o.0n 10261154 06t LEY 1845133 545 8738
0.0IE0.03 o ooo 05080588 o0 o0 11541299 L LE=S A1 T 428 8165
0.03E-0.040 o 000 05240760 0.0 oo 12881461 0.8 874 METITTE 1ze 8488
DD0.045 ann 000 07660585 o0 o0 14611684 0.8 0.5 T EN2D 238 TR
0.045-0.051 ana 000 DLEE50ETE 008 007 1E.84-12.88 n:a 151 342 23512 142 8557
00510057 ann noo 09741 086 o0 04T 18.45.20.80 146, 125 361 2385 1 080 8337
00570054 ana 00o 1.096.1 232 013 0.30 20.60-23.60 1.18 1274 305 14445 040 5377
DL0B4-0.073 ann noo 123241 386 015 045 21.40.26.33 13 1507 44455000 018 8385
0.0730.08 o ooo 1.386-1.560 oie 053 26332962 148 6.5 SO00SE2E ons | w0000
0.0BE0.05 ann ooo 15801755 oz 08L 2662332 148 1824 SEZ 5532 B ono | 4000
00RO ann 000 17551 578 023 107 323789 180 A5 E2ETIE oo0 | oo
01020116 o ooo 1974220 oz 134 IABAZAT 216 23 T.5-800.8 ono | o000
01E-0.131 ann 000 22312458 e 1E5 AZATATA 244 TS 200 55005 oo0 | o0
01310142 ann noo Z&E-2 811 035 2M ATALELT 27 | s 500 81013 oo0 | 000
01420088 o ooo ZE11-2162 oa2 243 S1LIT-E0.04 8 | s || 1MEte0 ooo | 000
01BE0.1ET o 000 21623557 0T FL0] S0.04-57.55 347 408 1140- 1282 ooo | woooo
01B7-0.210 ann 000 25574002 05 a4 &7.65.TEA8 £ aTad 1221843 ono | oo
0.210.0.257 ann ooo 4.000-4.502 055 EL TEOEESED 435 | 4229 14431622 ooo | 000
0.237-0.288 ann ooo 4.500.5.065 055 452 ESADEEAT 45 AT 16231828 ono | 40000
0.266-0.300 ana n0o 5.065.5.558 055 507 BE1T-108.1 55 =237 1BEE-Z054. an0 | o0
03000357 ann noo 5E8-6410 053 560 108.111T 574 sif || msean ooo | oo
0.3F-0.379 oo 0oo EA10.7.211 15} 611 12171369 648 E414 23112500 000 | o000
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Z-Cs 75:25%

Beltersize

Bettersizer 2600(Wet) Particle Size Analysis Report

Eange : [L2em - Silam

Sample : Zeolit Alam - Kitosan 75 25 Number : 4

Sample Source : UNDIF Kimia

Operator:  Fathh Test Time: 20250810 19:22:33 Measured By: NEXUS Analytics Indonesia
Particle RI: 15 Particle AR : 005 MediumRI:  1.333
Optical : Mie Mode : Adaptive Distribution:  Wolume
Sampling: Spead (rpmj Ultrasound:
Medinm : Water Dizpersant: Water Remark :
O43): 8237 um D{3.2): 1243 um DLOj: 0811 wm Peak Sie: 1114 um
SPAN: 2500 884 9650m°2kp Residmal: 0415 % Ubscuration : 1074 %
D= L6534  um DOG=3171 um Do=5464 um D1E= 1079 um 5=2178 um
Wh=1232 um D50 =§4.54  um DB =1548 um D90 = 1862 um D47 =1853 um
Farticle alze distribetion graph Tabls
e 10
Diam um | Pareent
D10=5.464
2.0 9.2
D50=64.54 L g 1
100 15.24
D90=185.2 —_—t
20.00 21,68
re S KD
|, & [=m [=a]
1000 66,35
2000 9208
e 3000 867
0.0 99,85
T T T T T T o 5000 100.00
001 (151 1 10 100 1000
Size um
Paribcle alze distribwiion table
Diamum OiFs | Cume i um D | Cumte || Diamum D% | Cum® || Dlamum Om% | Cusm |
0.020-0022 n.oo nog 0ITB04T am om 12118112 10 12.30 136.5-154.0 451 5]
00220025 oo 0o Q4270480 o8 o8 B.120.128 107 1437 1540-1732 408 | &ves
0.025-0028 n.oa nog 0L.4B0-0 540 o143 022 34251025 112 1589 17321848 a5 | oW
0.028-0032 .00 nog 05400602 o7 038 10261154 11 1670 1945193 zEa | M
00820035 .00 nog OENE0 BB 022 0 11544250 13 1201 FI03-345T 218 | 6.e4
0.096-0040 000 nog 0B TER 025 088 1REE146 140 19.41 BMETETTE 154 | ovm
0.040-0 085 oo n.og 07630 BES 028 144 14611644 181 | maz FTEHED 08E | 8.8
0.045-0.051 n.oo nog 0B3R5 874 030 148 16441842 162 | ZRB4 223613 057 | @6
0.051-0057 n.oa nog 05741005 o3z 176 12,4820 50 173 | T 3 23651 0 | Em
0.057-0064 n.oa nog 1.085123F 033 208 20602340 188 | i3 M5 14845 013 | e
00640073 oo 0o 12321388 035 248 2340783 200 | =3 444550000 on | foom
00730082 .00 nog 1.385-1.560 036 280 6332952 2H Iy 005625 o0 | 10000
00820002 .00 nog 1560175 040 im0 29623332 212 IR SE2EE3ZA o0 | 10000
0.082-0 103 oo n.og 17651874 042 182 MARITAS 262 3511 BIZETIE ann | 10000
01030118 oo n.og 1.674-2291 048 an IT4BADAT 274 I7ES T11.9.8008 o | 10000
01180131 oo nog 221240 055 4E6 AZATATAY 0 | 4085 055000 o | fooao
0.131-0148 oo nog 24982211 083 520 AT4EIT s | s 50051012 o | foooo
01480168 oo 0o FENERT- 088 588 E1LITE0.04 385 | 4786 1012140 oo | toom
0.1BGB-01BT .00 0og 31623657 o7 &75 E004ETES ipgs 5152 1140-1222 o | fo0o
0BT 210 .00 nog 3 5574 00 o83 758 &7.65.75.58 415 55T 12ERAMT oo | 10000
02400237 .00 nog 40024502 ogs Ba7 TEABE545 Frn 6011 1431623 oo | 10000
0.397-0268 .00 nog 45025 065 o2 B BEA4BG6.1T 468 | &3 B2 1826 oo | 10000
02860300 oo nog 5 0655 BOE 058 1035 BEATADBA 481 | =280 18262054 oo | foom
02000337 oo 0o 5ENEE410 088 .31 10811217 450 74.50 0642311 oo | 1oom
0.337.0378 .00 n.0g BAI0T21 088 1228 1271368 477 7827 23112600 o0 | 10000
Lid. imenis cam  Emailservice s cam  Tel-+86 (£15) 618 4440

Spwmm Smh ADSD0E0 00 00T T D] 1) EAT0583 L BOA0-58 M2 L0 L85 200E0 1 W 2075 130 00 030080 5350088

WD 01 IAASE  JLIBOES0I%0  Prist Teme: SIQMIMN 150434 FrojeciMame: Pk Pardoy UNDE M. Racoef o 21 PT: Daisnsirar 600 57

P Gosaral Tas Wlaitod: Lause
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5. 3 Karakterisasi SAA

a.  Zeolit alam teraktivasi

80

UNIVERSITAS ISLAM INDONESIA
JI. Kaliurang Km 14.5, Slerman Yogyakarta
LABORAIDRIUM TEREADL
Guantachrome TouchWin v1.22

Quantachrome

Report date: Mon Feb 10 2025 Operator: Yusuf
Filename: 01340125 _4.qeuPhyslso
Analysis Information
Sample
ID 0134 4 Weight 0.08015
Description  Zeolit
Analysis
Data ID  {T01d3a2a-23f4-dc2e-ad01-30cTe31d b 790}
Operator  usuf Date 20250209 Duration  $4.2mn
Instrument 5t 1on NOVA touch 4L [s/n: 1701 70510001) Firmware 1.07
Comments description of sample
Ambient Temp. 2279 Void Volume Mode NOVA mode Cell 1D 41
Cell Type  Smmwith rod Thermal Delay 3006 Po Mode Continuous
Adsorbate
Mame Hhitrogen Moleculsr Weight 280135 Cross Section Area 1628w
Mon-ideality & 5800008-05 100 Bath Temperature 7735
Degas information
Time  3.0nwn Temp  250.000000-

Thermal Transpiration no

Data Reduction Paramsaters

an

al

olume Adsorbed @ STP (coig)

3n

20

Graph - Isotherm leotherm
S ads

B Des

02 04 0.8 0a 1

Relative Pressure, F/fo

Cpaantachrama Touch®in™ 122

{Report 1D QC20250210160746582-09807) Page 1of 1



UNIVERSITAS ISLAM INDONESIA

JI. Ealivrang Km 14.5, Sleman Yogyakarta
LABORATIRILM TERBADU
Quantachrome TouchWin v1.22

81

¥

Quantachrome
LI |

Report date: Mon Feb 10 2025 Operator: asuf
Filemame: 01340125_4.qeuPhyslso
Analysis Infarmation
Sample
I 01344 Weight 00801,
Description  Zeolit
Analysis
Data ID  {F01d3ala-23fd-dc2e-ad01-30cFe31db o0
Operator  usof Date 2025.02.09 Duration  94.2mn
Instrument 5t 1 on MOVAtouch 4LX [5/n: 1701 70510001] Firmware 1.07
Comments description of sample
Ambient Temp. 2219 Void Volume Mode HNOVAmode Cell ID 41
Cell Type  9mm with rod Thermal Delay  300.. Po Mode Confinuous
Adsorbate
me  Mitrogen Molecular Weight 28013qma Cross Section Area  16.240ma
Mon-ideality  6.5800008-05 110 Bath Temperature 7735«
Degas information
Time  3.06ms Temp 250000000

Data Reduction Paramaters

Thermal Transpiration no
Temp. Comp no

Thickness Method
P-tags below 0.35
Adsarbate Model

Bath Temperature

deBoer
ignored
Mame MNitrogen
77.35¢

Molecular Weight

Maoving Pt. Average off

Cross Section Area 1624 mak:

Area-Volume Summary results
Surface Area Results
Multipeint BET 8400210
BIH adsorption  21.1127xs
BJIH desorption  31.8111x0g
Pore Wolume Results

BJH adsorption cumulative micropore volume  0L0B25807 =y

BJH desorption cumulative micropore velume

Cuantachrome Teuchidin™ v122

0.0BB23B2 g
Total Pore Velume  0.171849% 0
Paore Size Results
BJH adserption pore radius  12.7467.m
BEJH desorption pore radius  5.74617am
Average Pore Size 2.82122.m

{Report 1D QC202502101609716854-10107) Page 1 of 1



b. Z-Cs25:75%

UNIVERSITAS ISLAM INDONESIA

. K.:Iiuran% €m 14.5, Sleman Yogyakarta
LAR

RATDRILM TERPADLU

Duantachrosss TaushWin vi .23

82

Qunn!uhr_\:;me

Report date:
Filename:

Sample
s
Dl_:cripl.ion

Analysis

Operator
Instrument
Commaents
Ambiant Temp.
Cell Type
Adsorbate
Hame
Mon-ideality

Degas information

Fri Feb 7 2025 Operator: Wesuf
Q0210125 _1.qouPhysisa
analysis Information

o2t Weight L0771,
I-(8 2575
{fi0320loe-9291 -4%cl -baaa-50%e00¢d 01 5c)
suf Date 2025.02.0% Duration  112.8m
St 1 on NOWA tauch 40U |5/ 1701 705 10004) Firmware 1.07
description of sample
)45 Void Volume Mode NOVA mode CellID 41
Smm with rod Thermal Delay 300 Pe Mode Continuous
Mitrogen Molecular Weight 2013w Cross Section Area  T6.2s0wa

& SRO000e-05 | Bath Temperature 77.35:

3 0o Temp 150.000000<

Drata Reduction Parameters

Thermal Transpiration yes

Eff.

ell Diameter Jun

Walume Adsorbed @ STF {oc/gl

Graph - botherm Isaotherm
B Ads B [Des

0.2 04

Eff. Molec. Diameter Os

0.6 08

Relative Pressure, BAPo

Dusaiar hecme Fouch Wia™ w112

[Report 1D: QC20E50207 110534260-21661] Page 10f 1



UNIVERSITAS ISLAM INDONESIA

A1 Ealiurang Km 14.5, Slerman Yogyakarta
LAE ORATORILUM TERPADU
Quaniachrome TowchWin v1.22

&3

Report date:

Fri Feb 7 2025 Operator:

isuf

Fllename: a0210125_1.geuPhyslse
Analysis Information
Sample
oozia Welght 007715
Deseription  2-C5 2575
Analysis
Data 1D {f03200ce-9291-4%:8-baaa -50%e00fdd15c)
Operator  Yusuf Date 20250205 Duration  1128mn
Instrument St 1 on NOVA touch 40¢ [5/m170170510001] Flrmware 1.07
Comments description of sample
Amblent Temp. 20.45c Vold Volume Mode NOVA mode Cellip a1
Cell Type  9rmmwith red Thermal Delay 300w Pa Mode Continuous
Adsorbate
Marme Mitrogen Molecular Welght 28013 5w Cross Section Area 16240
Mon-ldeallty 6580000805 1m0 Bath Temperature 77.35g

Degas information

Time

3.0 ram Temp  150.000000<

Data Reduction Parametars

Thermal Transpiration no

Temp. Comp no
Thickness Method deBoer
P-tags below 0.35 ignored

Adsorbate Model

Mame Mitrogen Molecular Welght 280134,

Bath Temperature 77.35¢

Moving Pt. Average off

Cross Section Area  16.280mae

Area-Velurme Summary results
Surface Area Results

Multipoint BET 0407347y

BIH adsarption 3480247
BIH desarption 101080
Pare Valume Results

BIH adsorption cumulative micropore volume 0.0178E36 0y
BIH desorption cumulative micropore volume 00264484

Cuan tachrome Tuchivin™ v1.22

Total Pore Volume 00155967
Pore Size Results
BIH adsorption pore radius 1350550
BIH desorption pore radius  2.05560m
Average Pore Slze  TE.5TTom

[Repeort (D QU20250207110754203-22116] Page 10f1



84

c. Z-Cs50:50%

UNIVERSITAS ISLAM INDOMNESIA

JL Kaliurang Km 14.5, Sleman sogyakarta
LABORATORIUM TERPADU
Quantachrome TowchWin vi.22

Quantachrome
raTTivs iy

Report date: Fri Feb 7 2025 Operator: isuf
Filename: 00210125 _2. qeuPhyslso
Analysis Information
Sample
b oozl 2 Weight 0.07464
Description  2-C5 50:50
Analysis
Data ID  {e65ccdSc-BaTh-4771-abef-80748a 171640
Operator  Wisuf Date 20250205 Duration 113.8nn
Instrument St 2 on MOVA towch 4L [5n 1700 70510001) Firmware 1.07
Comments deccription of sample
Ambient Temp. 2043« Vold Volume Mode  HOVA mode Cell 1D 42
Cell Type  9rwn with rod Thermal Delay 300 Po Mode Continuous
Adsarbate
Mame Mitrogen Molecular Weight  2B0135ma Cross Section Area  1B.24%ma

Non-ideality  6.580000e-051/00 Bath Temperature T7.35¢
Degas infarmation
Tirng  30hmn Temp  150.000000-c

Data Reduction Parameters

Thermal Transpiration yes Eff. Malec. Diameter 0O«
Eff. Cell Diarmeter Omm

Graph - lsotherm lsothem
Shds O Des

25

20

Volume Adsorbed @ STP (coig)

i] (i3 .4 06 08 1
Relative Pressure, P/Po

Cuantachrama Touchdin'™ vl 23 {Report 1D QC20250207110819068-22200; Page 1 of 1
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UNIVERSITAS ISLAM INDONESIA —

A1 Kaliurang Km 14.5, Sleman Yogyakana Quantachrome
LABDRATORIUM TERRADL . &t

‘Quantachrome TouchWin w1.22

Report date: Fri Fab 7 2025 Operatar: Yusuf
Filenarme: 00210125 2.qewPhyslso
Analysis Infarmation
Sample
21 2 Welght 00746,
Description  Z-C5 5050
Analysis
Data ID  {e65ccd5c-BaTh-4771-abE(-B07 468 1706400
Operator  osufl Date 2025.02.05 Duration  113.Emn
Instrument 512 on NOVA touch 4LX [5/n: 1707170510001] Firmware 1.07
Comments description of samgle
Amblent Temp. 2043c Vold Volume Mode MNOWA made Cell 1D 42
Cell Type  mm with rod Thermal Delay 300 Po Mode Continuous
Adsorbate
Mame Mitrogen Maolecular Welght  280133ma Cross Section Area 1E.2a%na
Mon-ldeality 6 5B000De-05 1000 Bath Temperature 77.35c
Degas infarmatian
Time 3.0nan Temp  150.000000-c

Data Reduction Parametess
Thermal Transpiration no
Temp. Comp  no
Thickness Method deBoer
P-tags below 0.35 gnored Moving PL. Average off
Adsorbate Model

Mame Mitrogen Molecular Weight 2801345 Cross Section Area  16.240nee
Bath Temperature 77.35¢

Area-Volurme Summary résults
Surface Ares Results
Multipsint BET 10.8412x0g
BJH adsorption 9.474%4.0q
BIH desarption  127616x0
Pore Volume Results
BIH adsorption cumulative micropore volume 00362483y
BIH desorption cumulative micropore valume DO3B1590 0y
Total Pare Valume DO0375393.
Pore Size Results
BJH adsorption pore radius 20446
BJH desorption pore radius  2.06148an
Average Pore Size 69253

Suartachrose Touchitin™ v1.22 [Report ID: QC20250207110946250-22434] Page 1 of 1



d. Z-Cs75:25%

UNIVERSITAS ISLAM INDONESIA

JI. Kaliurang Km 14.5, Sleman Yogyakarta
LABORATDRIUM TERPAD L
Cuantachrome TouckhWin wl.22

86

i
Quantachrome

Report date:
Filer ame:

Fri Feb 7 2025 Operatar:

0210125 _3.qeuPhyslio

Sample
ID 00213
Description Z-{5 7525
Analysis

Anahdis Information

Weight D0.0B2T,

Data ID  {3d7705c6-6d91-418d-9c94-535cd7531a76])

Operatar sl

Date 20250205

Instrument 513 an NOVA& touch ALY [/ 1701705100017]
Comments description of sample

Ambient Temp. 2047

Cell Type  Smmwith rod

Adsorbate
Mame Nitrogen

Void Volume Mode MOVA mods
Thermal Delay 300w

Molecular Weight 2B013gma

Moan-ideality 6 5300008051500 Bath Temperature 7735«

Degas infarmation
Time 3.0nan

Temp  150.000000:c

Thermal Transpiration
Eff. Cell Diameter

s
Do

3n

[
=]

Volume Adsorbed @ 5TP iccig)
=

nz 0.4

Yusul

Data Reduction Parameters

Graph - lsotherm lsotherm
S hds O Ded

Duration 120.Emn
Firmware 1.07

CelllID 43
Po Mode Continuous

Cross Section Aréea 16.24ma

Eff. Malee. Diameter Da

0.6 0B 1

Relative Presiure, PiPo

Chan tachearme TeuchVin™ 122

(Report ID: QC20250207111005110-22546} Page 1of 1
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UNIVERSITAS ISLAM INDONESIA

1. Kaliurang Km 14.5, Sleman Yogyakarta Quantachrame
LABORATOR LUK TERPADL i
Quantachrome Touch'Win v1.22
Report date: Fri Felr 7 2025 Operator: suf
Fillemame: 00210125_3.qeuPhyslzso
Analysis Informatian
Sampla
I 00213 Weight 00827,
Description Z-C5 75:25
Analysis
Data ID  {347705:6-6d 914180 -2 0d-335cd TE3FATE)
Operator  Vasuf Date 20250205 Duration  1208ma
Instrument 5t 3 on KOWA touch 41 [s/n: 1 70170510001) Firmware 1.07
Comments description of sample
Ambient Temp. 2041 Void Volume Mode  ROVA mode Cell ID 43
Cell Type 9mmwith rad Thermal Delay 5300 Po Mode {Continuous
Adsarbate
Mame Mitrogen Molecular Weaight 2E0134ma Cross Section Ares 16.240na
Mon-ideality 6 580000e-05 1 Bath Temperature 7735
Degas information
Time  30houn Temp  150.000000¢
Drata Reduction Parameters
Thermal Transpiratien no
Temp. Camp  na
Thickness Method deBoer
P-tags below 0.35  ignored Maving Pt Average off
Adsarbate Madel
Name Nitrogen Molecular Weight 280134, Cross Section Area 16280 rae
Bath Temperature 77.35«

Area-Volume Summary results
Surface Area Results
Multipoint BET 96406600
BIH adsorption 107226m0
BIH desorption 1B8&79xg
Pore Vaolume Results

EJH adsarption cumulative micropore volume 0.05191540;

BJH desorption cumulative micropore valume

Cunmtacroma Truc k™ v

0.0559352 0y
Total Pore Volume 005145800
Pore Size Results

BJH adzorption pore radius 126792
BJH desarption pore radius 573304
Average Pore Size 1067520

[Report I0: Q20250207 111125562-22807} Page 1 of 1
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5.4 Karakterisasi SEM

a.  Zeolit alam teraktivasi

SElI  20kV WD10mm SS30 — SElI  20kV WD10mm SS30 x5.000 Spm

N S —
LAB.TERPADU UNDIP 0000 21 Apr 2025 LAB.TERPADU UNDIP 0000 21 Apr 2025

SEl  20kV WD10mm  S830 x10.000 1pm
LAB.TERPADU UNDIP 0000 21 Apr 2025

Gambar L.1 Morfologi permukaan zeolit alam teraktivasi perbesaran
(2)3000x, (b) 5000x, dan (c¢) 10000x



SElI  20kV
LAB.TERPADU UNDIP

L o

WD10mm SS30

89

x3.000  Spm

0000

SElI  20kV WD10mm SS30
LAB.TERPADU UNDIP

X5.000  Spm

21 Apr 2025 0000 21 Apr 2025

x10.000 1pm
0000

SEl  20kV WD10mm  S530

LAB.TERPADU UNDIP 21 Apr 2025

¢)

Gambar L.2 Morfologi permukaan Z-Cs 50:50% perbesaran a) 3000x, b)

5000x, dan ¢) 10000x
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5.5 Karakterisasi XRD zeolit alam Klaten

YKAN

N be s e s
e on

HASIL ANALISIS CONTOH TANAH

Nomor SPK

CE\R7 21140 V
Nama Pemohon Aldian Fahralam : )
M, Yogysknrin

Laboratorium Tanah, Tanaman, Pupuk, Air

1 Stadon Maguwoharo No 72 Wedomantan. Ngemplal, Sien
Telp (0274) BR4662. 4477050 Fax (0274 SATI052; & mak

DF782 b

Alamat Pemohon JI Sacewn No 104 RT 52/ RW
Asal Sampel Tw.mw\@v
Ursian Kandesi Sampel Uiy Utuh

Jumiah Sampel Uji 3 (tiga) (b
Tanggal Penenmaan 9 Juh 2021
Tanggal Penguian :-mwmt Q
22 23

- Pu——— Sehan 1 520] T11 21, 529] 111 21, 530 Mends

1 |KTK* emol( + (%) 017 2650 |[Destilasi K 541
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Sampel Z1 i |

No Element Concentration Abs. Error
1 Na,0 |Sodiumoxide 0,992% 0.018
12 MgO |Magnesiumoxide 0,5970% 0.0066
13 AlLO, Aluminumoxide 8.409% 0.01
14 S0, Siliconoxide 61,92% 0.02
15 PO, Phosphorusoxide 0,04677% 0.00071
16 S0, Sulfideoxide 0,00786% 0.00012
17 cl Chlorine 0,00787% 0.00009
19 K,0 Potassiumoxide 1.072% 0.002
20 Ca0 Calciumoxide 4712% 0.003
21 Fe,0, |Ironoxide 3011% 0.004
22 MnO |Manganeseoxide 1284 pg/g 1
23 Sc |Scandium 80.8 pg/g 31
24 Al Titanium 1830 pg/g 3
25 v Vanadium 38.9 pg/q 1
26 Cr Chromium 6.2 pg/qg 03
27 Co Cobalt < 0.1 pg/g -
28 Ni Nickel 14.5 pg/q 09
29 Cu Copper 16 pg/g 08
30 Zn Zinc 42.1 pg/g 0.7
N Ga Gallium 13.2 pg/g 03
32 Ge Germanium 0.4 yg/g 0.2
33 As Arsenic 0.8 pg/g 0.2
34 Se Selenium 0.2pg/9 0.1
35 Br Bromine < 0.1 pg/g -
37 Rb Rubidium 29.9 pg/g 02
38 Sr Strontium 677.1 yg/g 0.8
39 Y Yitrium 15.9 pg/g 02
40 Zr Zirconium 102.9 pg/g 0.5
4 Nb Niobium < 0.1 pg/g

42 Mo Molybdenum < 0.1pg/g -
a4 Ru Ruthenium 0.8 pg/g 0.2
45 Rh Rhodium 0.6 pg/g 0.1
46 Pd Palladium < 0.4 p9/g .
47 Ag Silver 2.4 pg/g 0.1
48 Cd Cadmium 0.5 pg/g 0.2
49 In Indium 0.8 pg/g 02
50 Sn Tin 4.1 pg/g 0.5
51 Sb Antimony 5.1 pg/g 06
52 Te Tellurium = 18.8 ug/g i 4
53 | lodine 129 yg/g 1
55 Cs Cesium 27.1 pa/q 2
56 Ba Barium 133.2 yg/g 23
57 La Lanthanium 52.5 pg/q 41
58 Ce Cerium 31.8 pg/g 29
59 Pr Praseodymium 5.3 ug/g 2
60 Nd Neodymium < 0.5pg/g

62 Sm Samarium < 0.1 ug/g

70 Yb Ytterbium < 42 u9/g -
72 Hf Hafnium 2.7 ug/g 08
73 Ta Tantalum < 0.5 pg/q

74 w Tungsten < 0.1 yg/g

79 Au Gold < 0.2 pg/g

80 Hg Mercury < 0.3 pg/g

81 Ll Thallium < 0.1 wg/g -
82 Pb Lead 4.5p9/g 04
83 Bi Bismuth < 0.4 pg/g -
90 Th Thorium 0.4 pug/g 02
92 U Uranium 0.9 ug/g 04
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XRDZeohte-results

ZEOLIT KLATEN

081215463812

Klinoptilolit | 40,46/ 37,35/ 33,23

Mordenit 11,46 14,29| 14,27
Ortoklas 13,79 11,01| 16,77
Plagioklas 6,66| 1520 1095
Opal 529 1153| 1348
Grafit 6,74 431 2,98
Natrolit 3. 29 3,20 3,57
Kuarsa 8,95 - -

Hematit 1,74 1,60 2,50
Gibsit 1,68 1,51 2,25
Total 100,00| 100,00| 100,00
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