LAMPIRAN 1
Skema Prosedur Kerja

A. Pembuatan Abu Jerami Padi

500 gram sekam padi
dicuci

v

Dikeringkan

\ 4

Diabukan

v
Dibakar pada temperatur
600° C selama 8 jam

\ 4

Didinginkan

A\ 4

Disaring

B. Pembuatan Natrium Silikat

3,895 gram NaOH dilarutkan
dengan 24,930 gram akuades

!

Ditambah 1,260 gram abu jerami padi

}

Diaduk selamal jam
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C. Pembuatan Natrium Aluminat

3,895 gram NaOH dilarutkan
dengan 24,930 akuades

A 4

Ditambah 2,04 gram Al,O3

A 4
Diaduk selama 1 jam
pada suhu 50° C

D. Sintesis Zeolit Dari Abu Jerami Padi Dengan Variabel Bebas Waktu
Aging

Natrium silikat Natrium aluminat

'

Diaduk selama 1 jam

A\ 4
Pengadukan pada periode
kristalisasi 24 jam, 48
jam, dan 72 jam

v

pH diturunkan

\ 4

Disaring

\4

Dikeringkan

\ 4
Dikarakterisasi dengan
FTIR dan XRD
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Data Spektrum FTIR
Spektrum FTIR Waktu Aging 24 Jam

@ Las. imis Orgeeik FMIPA - UGM B SHM
£l

o
3 [ B R [ AR B B A B R A DN G G A BB AS! G5 BN BE A KR! R AR FHLISE. [N G LSNLEED SNLENL S Su Ju ENE S AN e A | Ty

4000 2200 3200 2800 2000 750 <200 1250 1000 750 0
Dewni M, zecilt 24 lam, peiet 28 Januar 2016 1km
" |Paak intensity |[Corr. infensity |Basa (H) |Bass(L) |Area Corr. Area

1 |384.8 3.504 12.68 6262 316.33 47.582 14.914

2 [478.35 3.978 2,438 601.79 383.45 256.21 28.05%

374638 7,395 0.2023 Tea 21 717.52 51493 0.377

4 |726.56 6.758 1.203 340.96 771.53 7€.376 1.608

5 [985.27 4.052 2.892 106271 |3E7.26 216.304 13.767

5 |1087.85 5.073 0.608 1450.47  |1072.42 320.535 1.267

T [1E356E 15506 3558 1759.08 (155848 [128EES 7.538

3 |1574.81 25917 0.238 1813.39 |[1267.08  |27.07¢ 0.114

9 [2121.7 2877 0.245 221423 |1882.52 135,854 0.694

10 |2276 25.7€7 0.092 229915 |2229.71 40.50% 0.03¢

11 1235772 24518 1.007 283w/ (2WEEE [T 0.31%

12 12368.53 23.325 2.034 2345  |2383.18 28275 0.73¢8

13 |2831.5 2133 0.06¢ 2539.52 (245345  |289.282 0.01

14 |3425.323 3.26¢€ 12.747 386475 |2847.23 629.712 145.253

15 [3748.62 21.584 1.115 3763.19  |3734.13 38.225 0.497
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Spektrum FTIR Waktu Aging 48 Jam
@ Lok, Kimiz Orgznik FAIPA - UGM B sHMADZU
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4002 3500 3000 25cC 2000 4730 4200 1250 1000 750 sC0
Oeni M, zecilt 48 [am, selet, 28 Jareszri 2016 tcm
" |Paax infensity Corr. intensity | Base (H) Base (L) Area Colr. Area
1 13542 4584 7.207 36262 330,47 24388 1698
2 |278.35 2322 3577 32408 383.48 284383 31882
3 [726.56 2433 2678 984 41 708.3 304049 20253
& 108557 R 55 135037 PR 130EEs ;
5 |1635.64 20903 3.602 1733.08 1573.81 115.785 §.028
5 |1874.81 26946 0.271 181333 1267.03 26.288 0128
7 |202841 708 0.05 2035.83 1882.52 30.55 0.0¢5
3 (|2105.27 27.008 0115 22291 205393 9E.2%6 0.208
9 (2278 2718 007E 228143 224512 ZE1EE 117
10(2337.72 25673 1117 2353.16 228335 31.044 0328
11 [2368.53 24,388 2.332 238345 2353.16 27.314 0752
12128318 22738 0144 2847.23 2453.45 28338 0.045
13333572 gz 1283 JE6LTS  (25ATET (SEEEm  |(1BBEE
14 |3743.62 23044 1.528 3783.13 3725.47 38318 0.718
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Spektrum FTIR Waktu Aging 72 Jam

@ Leb. Kimiz Organik FMIPA - UGM @sp.mm
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4002 2300 2000 2500 2000 <722 4200 1250 1000 750
Oewi M, zecilt 72 jam, pelet, 26 Jaausrl 2016 1km
Paak Corr. intensity | Base {H} Base (L) Area Corr. Area
1 |331.76 5.521 2803 338aT 30881 33.331 3.852
2 |354% 3.283 482 3E2.62 339.47 31.27 4173
3 |378.05 3.193 1,144 383.45 370.33 331308 1.472
4 |478.35 1.014 1.68% 6C1.79 £01.19 JE0.017 4£.526
5 |726.56 2.337 1.224 540.56 717.52 125.203 5.054
(5 [8Ed37 2.022 0.037 a10d 34558 5553 0.237
7 [1010.7 1.768 1.472 1072.42 345.55 189351 14.388
3 |1835.64 14.929 5.573 1783.94 1552.42 188.03 10.975
9 |1874.51 2295 0.271 1835.53 1267.03 24153 0.242
10 20214 23256 0328 g 158252 L3EES 0.0a2
11 {2276 23.682 0.084 2305.85 2252.55 33.785 0.042
12 |2337.72 22.641 0.297 2353.16 231453 24,450 0.32
13 |2363.53 21.469 2.033 2393.45 2353.16 28.904 0.79
147|3325.53 L1gae {E7E 3THAT 250745 1075.551 2SS
15 |3748.62 20.025 1.126 3783.19 3734.18 36.801 0.508
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LAMPIRAN 3

Difraktogram XRD

Difraktogram XRD Waktu Aging 24 Jam

10000 Meas. data:Zeolit 24 jam/Data 1 ——
8000
6000
I 4000+
g
>
3
5]
£ 2000
0 I I I
20 40 60 80
2-theta (deg)
Peak list
2-theta Height FWHM Int. Asym.
No. (deg) d(ang.) (cps) (deg) Int. I(cps deg) W(deg) factor
1 1.64(5) 53.9(17) 17236(379) | 4.9(6) 127586(84207) | 7(5) 5(6062136)
2 20.88(2) 4.251(4) 701(76) 1.45(11) 1673(91) 2.4(4) 0.20(5)
3 21.979(9) | 4.0408(16) | 5273(210) 0.370(10) | 2889(78) 0.55(4) 1.44(18)
4 27.24(6) 3.271(7) 217(42) 3.7(3) 1545(74) 7.1(17) 0.22(5)
5 31.34(4) 2.852(4) 287(49) 1.24(10) 481(32) 1.7(4) 2.7(12)
6 36.11(4) 2.485(2) 923(88) 0.44(5) 710(22) 0.77(10) | 0.5(2)
7 46.36(9) 1.957(3) 125(32) 2.0(2) 314(39) 2.5(10) 1.0(6)
8 66.89(6) 1.3977(11) | 284(49) 2.29(8) 992(31) 3.5(7) 0.78(7)
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Difraktogram XRD Waktu Aging 48 Jam

10000 o
Meas. data:Zeolit 48 jam/Data 1 ——
8000
6000
. 4000
[%2)
e
=
2
£ 20001
0
20 40 60 80
2-theta (deg)
Peak list
2-theta Height FWHM
No. d(ang. Int. I(cps de Int. W(de Asym. factor
(deg) (@ng.) (cps) (deg) (cps deg) (deg) | Asy
1 20.934(15) | 4.240(3) 692(76) 1.27(7) 1501(67) 2.2(3) 0.22(4)
2 22.068(8) 4.0248(14) | 4726(198) | 0.380(9) | 2761(57) 0.58(4) 1.45(14)
3 28.43(13) 3.136(14) 163(37) 1.16(12) | 201(28) 1.2(5) 2.3(12)
4 31.45(3) 2.843(2) 238(45) 0.42(7) 132(19) 0.55(18) 0.4(5)
5 36.31(3) 2.4724(19) | 766(80) 0.46(3) 435(47) 0.57(12) 1.9(6)
6 38.09(8) 2.360(5) 106(30) 1.5(5) 190(44) 1.8(9) 4(3)
7 46.88(4) 1.9364(15) | 207(42) 2.52(13) | 574(40) 2.8(7) 3.7(12)
8 67.14(8) 1.3930(15) | 313(51) 2.20(7) 734(32) 2.3(5) 1.3(2)
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Difraktogram XRD Waktu Aging 72 Jam

10000
Meas. data:Zeolit 72 jam/Data 1 ——
8000
6000
4000
m
5
2
2]
8 20001
E
0 I I I I
20 40 60 80
2-theta (deg)
Peak list
No. | 2-theta(deg) | d(ang.) Height FWHM Int. | Int. W Asym. factor
(cps) (deg) (cps deg) (deg)
1 20.874(13) 4.252(3) 505(65) 0.34(5) 279(31) 0.55(13) 0.61(19)
2 21.998(10) 4.0374(18) | 4693(198) | 0.383(12) | 2941(40) 0.63(3) 1.23(16)
3 46.15(11) 1.965(4) 139(34) 2.6(3) 404(60) 2.9(11) 1.1(6)
4 66.93(4) 1.3970(7) 311(51) 2.52(11) 1068(35) 3.4(7) 1.1(2)
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Difraktogram XRD Abu Jerami Padi

10000+

Meas. data:544-XRD-2016/Data 1 ———

BG data:544-XRD-2016/Data 1

Calc. data:544-XRD-2016/Data 1

7 5000
0
2‘0 4‘0 6‘0 85
2-theta (deg)

Peak list
No. 2-theta d(ang.) Height FWHM Int. | Int. W Asym.

(deg) (cps) (deg) (cps deg) (deg) factor
1 4.66(15) 18.9(6) 79(26) 1.17(14) 104(15) 1.3(6) 1.6(10)
2 20.72(2) 4.283(5) 866(85) 0.74(8) 1059(124) 1.2(3) 0.31(6)
3 21.879(9) | 4.0591(16) | 7040(242) | 0.459(10) | 5167(119) | 0.73(4) 1.34(12)
4 31.17(2) 2.8668(18) | 334(53) 0.52(6) 216(22) 0.65(17) 0.4(3)
5 36.02(2) 2.4916(16) | 1401(108) | 0.41(2) 913(19) 0.65(6) 0.9(2)
6 46.49(8) 1.952(3) 75(25) 1.7(3) 135(30) 1.8(10) 0.2(2)
7 56.84(8) 1.619(2) 206(41) 0.84(7) 192(19) 0.9(3) 0.8(3)
8 64.83(16) | 1.437(3) 114(31) 0.79(14) 106(20) 0.9(4) 0.6(5)
9 80.61(6) 1.1909(7) 88(27) 1.13(17) 113(19) 1.3(6) 0.7(6)
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LAMPIRAN 4
Standar JCPDS

PDF Card No. : 00-039-1425 Quallty S

! gui-File Name. umr;,dnm HU\EIEI?‘ Al uz,&.l{s_tai Lemun&llyd:mwn Pwduu, Common Pl!d: . Edutauuum F
_ f"m;ﬁu—la.Z N Si 02 o - 7
Name Cristobalite, syn 1/Tc (RTR)= —-
Crystal Svstem: Tetragonal Space Group: P41212{82) Dmeas:
Cell Paramctors: a= 4.9732 b= 4.9732 o= 6. 9236
Alpha=  90.000 Beta= 90,000 Gamma=  90. 000
i Volume= 171.239 = 4
Reference! Wong-Ng. W.. McMurdie, I, Parctzkin, B., Hubbard. C., Dragec, A., NBS, Gaithershurg, ...
' Radiation: Cukalphal Wavelength= 1. 54060 .
" 9Theta range: 21.98 - 89,28

Database comments: Additional Patterns: See PDF 01-082-1404, 0]- 089vl41€) 01-075-0923, 01~ 076 0935,
0i-076-0030, 01-076-0837, 01-077-1315, 01-077-1316 and G1-077-1317. To replace
00-011-0695 and validated by calculated pattern. Color: Colorless. Palvmorphism/Phase
Transition: There ave a number of other forms of *’Si 02", Sample Preparation:

istebalite was prepared by the Trans Tech Company using Berkeley 5 mi

MIN-U-SIL(R). A two kilogram sample was heated at 1600 C for eight hours, The- sample was

Relative Intensity

100

90

i 80~ i
70 '
60-
50
40
30
20
10 ,
0 o4 T S Y N B LI T TR A I I -

10 15 20 25 30 35 40 45 S5 55 60 65 70 75 8 8 90

2Theia |
|
No. | 2Theta | d-Value | Intensity 'h k 1 | Noi2Theta | d-Value Totensity | h k [
1 lne. | 4040 | 1000 i 0 G m e 4% 20 8 0 2
] | 3.515 Lo 1 1 [ PR 1432 20 I i z
ERREX] | 3.1% [ 80 v t EREX 19 2 [ 4]
4 3148 2841 X i1 0 2 74 Bl Lo 2 2 3
s 3.6 | z.487 T30 2 ] [ 25 | 68,68 2.0 T 1 i
L6y | 36,38 X L 11 1 T D6 L enar Y il 2 1
P |22 10 2 o 1 fo21 e L0 i3 0 3 |
L8 | a6k | 2148 FX] 12 i i [ T0.54 | Lo ] o 5 i
e s ! 2020 |20 12 ) z IR ) HE i 3 H
10 | 41.06 | 1929 | 4.0 Pt i 3 |30 730 i [ L0 |3 2 LA
KR | LATI Y] HE) 1 2 ETRELET] e HE z 4
|12 | 5.4 1.759 L0 2 2 [} LY 1.0 [ 4 0 1
EREX 1730 Lo [] [ ¢ e 79.39 1o 1 1 0
T 1.602 FY) HED 0 3 154 | 815 | 1.0 E 2 a |
15 | 6.2 1.635 TLe 1 ] 1 ERLE] { Lo i [ 51
R Lz X 3 o 1w e i 1o i3 1 .
T L6l [ 0e Lz i 3 : b i3 3 [
} 18 | 58.68 L5712 L Lo is ! ] | e HE] 3 2 !
{19 5867 1567 ! P2 P Lo P4 H 1 i
0.3 1534 _g HE 1 1 1.0 R 1 5

[ Note: 2theta are calonlated wtth wavelength = 1.54959

2016-Feb-26 12:53:60 Poge-171
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PDF Card No. : 00-038-0237 Quality:S

Sub-File Name: Inorganic, Mineral, Zeolite
' Formula: Na2 A12 $i2.5 09 -6.2 H2 0
' Name: Zeolite X, (Na) I/Te (RIR)= -

Crystal System:  Cubic Space Group: F{0) Dmeas: 1.930
] Cell Parameters: a= 24. 95900 b= 24. 9900 = 24. 9900

Alpha= 90, 000 Beta=  90. 000 Gamma=  90. 000
Volume= 15606, 257 =

! Reference: Milton, R., 2,882 244 (/. S. Patent (1959).
Radiation: CuKalphsa Wavelength= 1. 541580

2Theta range: COB.10 - 5T.44

£l

- Database comments: General Comments: "'NaZ 07 = 0.9+/-0.2, "'8i 027 = 2.5+/-0.2 '

. Relative Intensily
100

90+

80

701

60

50

40
30
20 :
10 [ ! s o
6 8 10 14 16 18 20 22 26 28 30 32 36 38 40 42 46 48 50 52 54 58 6

2Theta
{ No. | 2Theta | d=Value ! Intensity | h k 1 [ No. | 2Theta | d-Value' ' Intensity ' h k 1
"1 610 | 11.476 100.0 LY 1 1 P21 820 | 2.620 T80 9 3 1 !
2 | 8.850 18.0 i2 2 ¢ l22 03516 | 2550 S0 8 i
‘3 FTE0 120 31 1 | 2.401 L 50 10
" ©5.730 180 '3 3 T | 2.254 CLo 11 :
|5 | 4.810 5.0 i5 1 1 .25 4082 | 2.209 3.0 '8 8 0o |
e EX Y ‘4 4 0 26 4L34 218 20 9 7 1
T 1230 1.0 5 08 1w a7 lwim 20 10 6 0 !
| 3.946 | 4.0 6 2 U 28 az.el | 2.120 2.0 y 7 3
19 a3 ‘3808 210 '5 3 3,29 434 | 2.083 1.0 120 0
C1n 93 R1 ‘ 1 TRR lan LR 2 2 a0 4R 4R 11 a8y 1.6 n R 0
L1 2465 32.609 | Lo 4 4 4 3l 4nd 1,928 ) w8 2
P12 2543 | 3.500 L Lo T i 1 132 49.44 [ 1.842 Lo 2 6 2
(18 [ 2668 3338 | 18.0 i6 4 2 i38.5i0 1788 2 10 S S S S
J14 2139 | 3.263 L0 77 3 1 34 5169 1787 2.0 w2z 0
S I T T X | D S
(16 3034 (294 w0 (6 6 0 (36 b4 L6035 8.0 I T
U1 3097 | 2,885 BT ‘1 5 1 e i 6
i mo {2794 8.0 s a0 i | 1
RIS B O RS 1. SN 1 S SN S EN SRS S S ;
20 33.63 2,663 8.0 6 & 1 : ) :

| Note: 2theta are caleulated with wavelength = 1.54059-
e © 2016-Feb-25 12:55:09 Page-1/1
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Sub-File Nemie:
—

Formi

1.
id-

Name®

Crystal System:

Cell Parameters:

Roference:
Radiation:

2Theta range:

Tnorganic,

NaB6 Al96 5796 0384 -

216 H2 ©

PDF Card No.: 00-035-0222 Quality:C

Zeolite 4, (Na} I7Ic (RiIR)= ——
Cubic Space Group: Fm-3c (226} Dmeas:

a= Z4. 8100 = 24, 6100 o= 24 8100

Alpha= G0, 000 Bera= S0, 000 Gamma= 90, 000

Volume= 14905 069 7= -

von Ballmeos, R Colloction of Simulated YRD Powdor Patterns For Teolites(1984}.

CiKalinha
7 5R, 56

7.18

Database pomments:

Relative Intensity

100 .
90
80
70..?
60
50
40!
30-
20
10

Wavelength= 1. 4180

| Lo
o
T A A
| I I , |
| | b Pl T I T bl

o -
7 9 1113

15 17 19 21 23 25 27 29 31 33 35 37 30 41 43 45 47 49 51 53 55 57 59

Theta
i No. 2Theta  d-Value _ Imiensity h k i Mo 2Theta  d-Value - Intensity h k I
1118 T12306  100.0 T2 o o0 21 |seT 2368 . 23 0z oz
210,16 {8701 2 2 0 122 0 40.10 2.247 Lz w4 z |
ERE R - 5 2 2 2 23 4L 2175 6.1 s 8 ©
T4 1808 5503 R 24 @15 242 38 1w 4 4
5 1.6 5023 42 o5 AaEr 2010 3.6 ‘w6 0
CE 20,40 - 4.350 4 4 0 .26  43.47 - 2,080 1.8 S0 6 2
7o A0 53 1 et Tataz 2081 9.4 iz 8 0
8 7185 A0z 6 ] 0 8 416 Lzazs 01 plz 2z o
T8 s 3591 6z 0 : T192 43 i 8 6
L0 aaer a0 6 2 2 RE: RN w8 2
T 343 L3 5 1 0 1. 1z 12+ &
12 Taee lsose Tazn R o8 T
12 0 29.00 3076 0.5 B0 0 L7716 01 8 8 8
14 202 7988 41.6 64 1 Sl il 2 6 4
S 2. 900 T R Ty an Via wooowooon
16 3252 2151 Cua s ) LB 14 4z oz
BRI SR 2685 1.9 & 4 z LG N L1z 2
118 3416 2623 346 6 4 54.78 1674 L6 14 4
Cie sl zalz 6.8 B4 4 3 LB 32 L0 8
‘20 S48 2461 31 o e e a0 wmw " 1L616 0.7 [T )
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9theta are calculated with wavelength = 1. 54059

57

2016-Feh—25 12:32:30 Page-2/2



LAMPIRAN 5
Interpretasi Spektrum Inframerah Zeolit Sintesis

Frekuensi Daerah Serapan (cm)

Tipe Vibrasi

3650-3200

Gugus -OH

3500-3200 Vibrasi rentang -OH bebas

3436,9 Vibrasi rentang dsn tekuk dsri molekul
H20

3448,5 Pita renggangan -OH

3448,5 Serapan rentangan asimetri -NH

3440,8 Serapan rentangan ikatan O-H

2923,9 Serapan vibrasi ulur simetri -CH-

2120-2230 Vibrasi ikatan -Osi-H

2235-2285 Vibrasi rentang Si-H untuk subtitusi
trihalida

1639,4 Serapan rentangan -NH

2550-1560 Vibrasi rentangan S-H, Gugus aril -SH

1624 Vibrasi rentang dan tekuk dari
molekul H>0O

1300-1475 Lentur (CH)s-CH

1100-980 Regangan asimetri Al dalam situs
tetrahedral

1250-950 Regangan asimetri tetrahedral luar

920-914 Gugus Al-O dalam silika alumina

900-700 Gugus S-O, Vibrasi S-O

750,3 Serapan vibrasi rentang simetri TO4
(T=Si atau Al)

1000-650 Lentur Ar-H , C=C-H (luar bidang)

720-650 Symetric stretch

570-500 Serapan rentangan asimetri TO4

-560 Serapan vibrasi cincin ganda

650-500 Struktur dengan dua cincin

580 Vibrasi tetrahedral dia cincin lingkar
luar dalam struktur framework

434 Adanya ikatan Si-O

445 Serapan vibrasi tekuk T-O

470,6 Serapan vibrasi tekuk ikatan Si-O dari
lapisan silika

420-500 Ikatan T-O tetrahedral luar

300-420 Pembukaan pori

( Sumber: Kurniawan,2010)
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