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LAMPIRAN

Lampiran 1 Bagan Kerja
1. Preparasi Sampel

3 kg biji kelor kering

- Dipisahkan dari kulitnya
- Diambil kulit biji kelor kering

400 g kulit biji kelor kering

- Diambil sebanyak 40 g

- Dibersihkan dengan akuades

- Dilakukan proses pra-karbonisasi dalam oven
selama 1 jam dengan temperatur 2 x 125°C

- Ditimbang massa setelah pra-karbonisasi

- Dicatat perubahan yang terjadi

Sampel kulit biji kelor

2. Penggilingan Sampel

Sampel kulit biji kelor

- Dihaluskan menggunakan blender

- Diayak menggunakan ayakan 100 mesh

- Digiling menggunakan ballmilling selama +24 jam
- Diayak menggunakan 200 mesh

Bubuk kulit biji kelor

3. Aktivasi Kimia
a. Pembuatan KOH 0,3M

2,52 g KOH

- Dimasukkan ke dalam gelas kimia
- Dilarutkan ke dalam 150 mL akuades
- Dihomogenkan selama 1 jam dengan magnetic stirrer

KOH 0,3 M
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b. Aktivasi Kimia

KOH 0,3M

Ditambahkan 30 g bubuk biji kelor secara perlahan
Dihomogenkan pada suhu tetap selama 2 jam
Didiamkan hingga mencapai suhu ruang
Dinetralkan hingga pH 7

Dikeringkan dalam oven dengan temperatur 75°C
hingga 90°C selama 24 jam

Dihaluskan dengan mortar

Diayak dengan 200 mesh

Sampel sesudah aktivasi

4. Karakterisasi Sampel
a. Analisis TG/DTG

Bubuk kulit biji kelor

Diambil sebanyak 5 g untuk karakterisasi sampel
Ditimbang sebanyak 0,025 g

Dimasukkan ke dalam instrument TG/DTG

Dialiri gas N2 dengan laju peningkatan suhu sebesar
10°C per menit

Diamati hasil analisis pada layar komputer

Data Analisis TG/DTG

b. Analisis FTIR

Bubuk kulit biji kelor

Diambil sebanyak 5 g untuk karakterisasi sampel
Ditimbang sebanyak 0,002 g

Ditambahkan 0,198 g KBr

Dicetak membentuk pelet

Dimasukkan ke dalam instrument FTIR

Diamati hasil analisis

Data Analisis FTIR

Catatan: Dilakukan prosedur yang sama terhadap sampel setelah aktivasi.
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c. Analisis XRD
Bubuk kulit biji kelor

- Diambil sebanyak 5 g untuk karakterisasi sampel
- Ditimbang sebanyak 2 g

- Dipasang pada instrumen XRD yang telah

- Dipasangkan kolimator

- Ditutup instrumen XRD

- Diamati hasil analisis pada layar komputer

Data Analisis XRD

d. Analisis Massa Jenis

Pelet Elektroda Karbon

- Diukur diameter menggunakan jangka sorong

- Diukur ketebalan menggunakan mikrometer sekrup
- Ditimbang massa elektroda karbon

- Dihitung volume elektroda karbon

- Dihitung massa jenis elektroda karbon

- Dicatat massa jenis elektroda karbon

Massa jenis elektroda karbon

5. Pembuatan Pelet Elektroda Karbon

Sampel sesudah aktivasi

- Ditimbang sebanyak 0,7 g

- Dicetak menjadi pelet menggunakan hydraulic press
pada tekanan 10 ton

- Ditahan selama 5 menit

Pelet Elektroda Karbon
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Lampiran 2 Perhitungan

1. Pembuatan KOH 0,3M

M KOH x V akuades x Mr KOH
Massa KOH = 1000

M KOH = 0,3 M x 150 ml x 56 g/mol
assa = 1000

Massa KOH = 2,52 g

2. Perhitungan Massa Jenis

a. Elektroda Karbon A
i. Diameter rata-rata elektroda karbon A

_ D
DA - TA
o: 490,8
AT 25
Da = 20,45 mm
Dy = 2,045cm
ii. Tebal rata-rata elektroda karbon A
— _XTa
==
— 61,74
AT 25
Ta = 2,47 mm
Ta = 0,247 cm
iii. Massa rata-rata elektroda karbon A
— XMy
MA = n
Mo = 17,668
AT 725
M, = 0,71 gram
iv. Massa jenis rata-rata elektroda karbon A
4 x My
pP=——
Tl'DA t
2,84

X = — = 3= 3
3.043 0,876 g/cm*® =0,88 g/cm



C.

b. Elektroda Karbon B

i. Diameter rata-rata elektroda karbon B

—  YDg
DB = T

o 489,09
B~ 25

Dg = 20,38 mm
Dg = 2,038 cm
ii. Tebal rata-rata elektroda karbon B

Tg = 2,40 mm
Tg = 0,240cm
iii. Massa rata-rata elektroda karbon B

— YMg
MB = n
o 17,70
B~ 25

Mg = 0,71 gram
iv. Massa jenis rata-rata elektroda karbon B

4 x Mg
P = —
Tl'DB t
- 284 0,908 g/cm®=0,91 g/cm?®
3,127 '
Elektroda Karbon C

i. Diameter rata-rata elektroda karbon C

—  XDc¢
DC = T

— 507,89
¢c” 25

D¢ = 20,32 mm
D¢ = 2,032cm
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Tebal rata-rata elektroda karbon C

ii.
— _ xTc
Te= =0
= 55,81
€™ 25
Tc = 2,33mm
Tc = 0,233cm
iii. Massa rata-rata elektroda karbon C
— _ XMc
MC = n
W = 17,66
¢~ 25
Mc = 0,71 gram
iv. Massa jenis rata-rata elektroda karbon C
_ axMg
D t

X = 2’84—0942/ 3=0,94 g/cm?®
= 3014 0942 glem’ =0,94 glem




Lampiran 3 Dokumentasi Penelitian

Bubuk Kulit Biji Kelor Aktivasi dengan KOH 0,3 M

Pengeringan Sampel Penggerusan Sampel

Pengayakan Sam'pel Pencetakan Elektroda Karbon
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Lampiran 4 Elektroda Karbon

Elektroda Karbon A

Elektroda Karbon B
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Elektroda Karbon C

YAN/RY

-4 ¢4 4 S
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Lampiran 5 Hasil Analisis FTIR

1. Analisis FTIR sebelum aktivasi

Mo, Peak Corr. Basze (H) Basa (L} Area Com. Area
1 536.21 81. 787 0. 302 330.14 245.20 27.162 B.34T
2 565.14 G0.057 0.53 374.789 5358.14 7.913 006
a3 B11.43 38.538 2413 883.87 aTE.T2 18,633 D.BS1
4 Ba1.58 84021 004 873 T [:=0=N.] 16,658 0135
a &84 57 37182 2230 814.18 B73.T3 0283 0. 183
a 103305 41634 3.802 1041.50 B10.12 200002 | D.BEZ
T 105699 40.534 4. 2006 1091.71 1043.49 16831 0.83
a 110328 31481 3.322 1141.80 1093.04 11581 0738
B 115538 8515 B.B13 1182.01 1143.789 5.568 1108
10 124023 82 408 1370 1244 08 1153.894 256 0357
11 12653 TR.TT2 5.303 129610 1246.02 4.078 0735
12 132124 81.8622 | BB20 1340.24 1250.09 3.570 D022
13 137535 81888 4. 358 1382.81 1383047 3.203 D.45F
14 14254 TH.444 4 482 14a0.83 135453 487 0551
13 1456 28 TE.TE1 0308 1485.18 144275 3.403 0.B8Z
14 131412 T2.087 11.823 1528.55 148712 3.003 13506
17 134305 | 75.080 2.212 150427 1331.48 3.671 0211
13 163492 40.431 404 1818.87 1366.2 44047 2.2
18 185638 B8.031 0. 357 1847.08 18208 0. CYEsT) 0.0 B
20 214877 B0.558 0.334 220657 F000.30 06872 | D.DEZ
21 236000 BT.62T 1.333 2393.60 Z349.3 0285 0118
22 243009 98.821 | D.B0T 2502.60 Z393.06 0413 0298
23 282512 98.852 0. 234 288385 panla i ] 0004 0031
24 273z A3 98.574 0. 188 27242 Paal=k ] a.ar LEek-]
23 2054 .05 74008 T.020 2072.01 ZTOT.05 445 0704
20 2532408 30.643 a0.981 2588.31 F073.84 15,087 73T
27 338121 32.022 03263 37an.g 301474 103424 1781389
Comment; Date/Time; 111772023 1:36:00 PM
Biji Kelor Mo. of Scans;

Resolution;

Apodization;
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2. Analisis FTIR sesudah aktivasi

Ho. Peak Corr. Base (H) Base (L} Area Corr. Area
1 362.62 08.239 T.217 372206 31.04 0717 0325
2 420.483 92631 18481 43377 408.81 0.050 0. 136
3 588.29 33.435 0. 708 803.72 032 33 1.818 0.Z23
4 618.13 83.358 0. B 048.008 B03.03 1.154 DLDE3
8 54737 '93.608 A. 707 TOT.O7 E30.01 1.772 0.338
L] 513.90 99.781 ] a71.a2 TOO0.80 0132 D098
T a38.83 98848 0771 518.18 BT1.823 OAsT (Xerg
a 103385 77228 1835 1043.45 B18.12 8373 D278
B 1107.14 34512 A.530 1141.80 108337 288 018
10 115538 05. 204 3,008 1182.01 1143.789 1.48 0.345
11 126723 95.724 3.18 129610 124216 0623 0.38
12 1318.31 96.535 1250 1330.80 1296.16 0359 0.0
13 1423 47 33 083 | 2. B33 1440.83 140418 0802 O 24T
14 145618 33148 4515 1403.20 1440.83 0. 700 D457
13 131412 05.872 TATE 1539.55 1483.189 1.764 0736
14 1344 898 08.347 | 2405 1583.50: 1331.48 2273 D267
17 184514 815458 4 58T 1888.43 1585.45 4. B8 OB
18 gl Rl] B7.608 1238 183388 1843.08 0231 0112
18 181724 88.375 | O.E0E 1534.8 180181 0178 DO
20 23620 34538 | 2. 540 238843 Z3IT.T2 0. B30 0.414
21 273313 '99.503 0. 230 2701.33 2023.12 0147 | DLOGE
22 292216 92473 T.A28 2939.31 270133 3.553 3.434
23 341878 8Z2.414 0233 3431.30 3402 43 2408 0.0 B
24 360,59 0. B8 1138 338181 3348.02 2018 | D.DSE
23 36140 88.741 1634 3635.82 3004.96 1.383 0133
Comment; Date/Time; 3M6/2024 7:26:45 PM
KK-LOLO MNo. of Scans;

Resolution;
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Lampiran 6 Analisis TG/DTG

Module:

Data Name:

a

Measurement Date:
Sample Name:
Sample Weigh
Reference Name:
Reference Weight:

2.200 —
2.000 —
1.800 —
1.600 —
1.400 ¢

._.WH-.v: F
.__..ma I

0.800 —
0.600 —
0.400 —
0.200 —

0.000 —

0.00

-5.00

-10.00

-15.00

-20.00

-25.00

-30.00

-35.00

-40.00

-45.00

Temperature Program:

Cel Cel Cel/min
min 5
1* 2B 600 10
0O 0.5

Comment :
Operator:
UPT LTSIT

Nitrogen
Pal Alumina
Biji Kelor

150.3Cel
-10.50%

355.1Cel
-60.63%

10.00

—1-10.00

—{ -20.00

— -20.00

-60.00

550.1Cel{ _70.00
329.0Cel 3.45%
— 180mg/min
— -80.00
1 1 | 1 1 1
100.0 500.0 600.0

T6%



Lampiran 7 Analisis XRD
Hasil Analisis XRD Sebelum Aktivasi

1.

ok

Group 1
Data H
# Strongest
no. peak
no.

1 37

2 41

3 32

# Peak Data
p=ak
no.

Basic Data Process

Standard
xrdfbijidkelor

3 peaks
2Theta
(deg)

44,
64.
37.

List

0524
4175
8271

2Theta
(deg)

15.
16.
16.
16.
17.
19.
20.
20.
20.
21.
21.
21.
21.
22.
22.
22.
22,
22.
23.

23

24,
24.
29,
29.
23,
33.
33,
is.

34

36.
3T.
3T.
38.
3s.

40

40.
44,

14

46.
G4.
G4.
64.

4935
4312
7052
9575
3716
1505
0323
3Bo0
6100
0800
2400
3400
8800
2200
4000
€000
7200
3883
1986
3B86
1116
2850
0722
6550
3083
0683
6773
8878
3585
8483
€200
8271
oooo
43916
3433
6483
0524
2800
7815
0BOO
4175
7200

2
1
2

bt bt bt bt BB RS RS RS ORI RS RS RS BRI R R RS RS L L L L L L L L L L Ll oBs oBs oBs oBs ofs s ofs ofs LNLA LA LA LR

d
(R}
.05397
. 44520
.37643

(A}

. 71447
.39054
.30274
.22441
.10073
.63080
.42877
.35412
. 30604
.21504
17372
.12218
.05889
.99755
. 96583
.93118
.9108639
.BG565
.B3108
T6B62Z
.G8B04
66210
.D&305
.01005
.98513
LT06T3
.65316
.64313
60733
.43728
.3a782
.37643
. 36602
.28002
»23351
.21777
.05397
04354
. 94030
. 45200
. 44520
.43917

I/I1
100

39
13

I/I1

D00 N On L L Ll L

-t

[
=]
LN s L -d O L Ll o Lol L L Ll Ll L L L WD LA LA LA En - @

W

FWHM
{deg)
0.15940
0.17620
0.1B570

FWHM
{deqg)
0.

o000 0000000000 00000000 0000000000000 0000O0

0a120

.12250
.13620
.15500
03670
.05230
07320
.09340

20000

.18000
13720
.23420
00000
00000
16000
.0oooo
.25000
18330
17730

11070

.0B330
.09450
.09560
27000
.12330
07670
.10130

06440
07710

.0B330
.0BOO0D
.1B570
.09500
03670

11470

.13000
.15940

07700

.09300
Ll2000
17620
14660

Intensity
{Counts)
506
502
14

Intensity
{Counts)
16
20
19
16
17
13
20
18
3z
28
40
44
56
34
50
43
34
29
27
29
23
44
16
15
17
15
19
15
16
16
19
(13
i3
20
15
13
506
33
15
20
502
26

Integrated Int
{Counts)
4529
4700
554

Integrated Int

{Counts)
61
196
122
148
107
a0
123
115
378
368
280
1003
o

o
762
o
414
260
226
216
171
236

227
134
126
113

1139
120
107
554
210
137
152
145
4529
245
115
321
4700
271
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*** Basic Data Process ***

# Data Infomation

Group : Standard

Data : xrd#bijidkelor
Sample Nmae : powder

Comment H

Date & Time : 11-15-23 13:28:37

# Measurement Conditicn

X-ray tube
target : Cu
woltage 1 40.0 (kV)
current : 30.0 (mA)

Slits
Auto Slit : not Used
divergence slit H 1.00000 {deqg)
scatter slit H 1.00000 {(deg)
receiving slit : 0.30000 (mm)

Scanning
drive axis : Theta-2Theta
scan range i 15.0000 - 70.0000 (deg)
scan mode : Continuous Scan
scan speed 1 2.0000 (deg/min}
sampling pitch 1 0.0200 (deg)
preset tims 1 0.60 (sec)

# Data Process Condition

Smoothing [ AUTO ]
smoothing points : 11

B.G.S5ubtruction [ AUTO ]
sampling points : 13
repeat times : 30

Kal-a2 Separate [ MANUAL ]
Kal a2z ratio : 50 (%)

Peak Search [ AUTO ]
differential points 1 9
FWEM threhold : 0.050 (deg)

intensity threhold : 30 {(par mil}
FWHM ratic ({(n-1)/mn : 2

System error Correction [ HO ]

Precise peak Correction [ HO ]
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xrd#bijitkels

Data:

Standard
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2. Hasil Analisis XRD Sesudah Aktivasi

o

Group H
Data E

# Strongest

no. peak
no.

1 30

2 33

3 17

# Peak Data

peak

no.

B bl e et et e e e e e e
D000 - LAl L R D W 00 -] Sh LA B L R

Basic Data Process

Standard
EK$LOLO

3 peaks
2Theta
(deg)

44,
4.
22.

List

0457
40889
2400

2Theta
(deg)

15.
15.
16.
16.
16.
16.
18.
19.

20

20.
20.
20.
21.
21.

21

22.
22.

22

22.
22.
23.
23.
23.

23

34.
iT.
3T.
38.
43.
44,
44,
4.
4.
G4.

1306
7750
2100
4933
7358
8933
2787
0067
1B33
3B00
€100
3600
1544
3943
7800
o0z00
2400
4200
6600
aoo0
oooo
3200
5541
8350
6585
5225
7326
oooo
7200
04537
2800
oooo
40889
Ta30

2
1
3

et e et B3 RS RS B RS RS R L L L L L Lad Lad Lad o o o o o o o o o o LMOLR LD LA LD LR

d
(A}
.05426
. 44537
.99400

(R}

.B5085
.61327
- 46360
.37039
.29311
.24412
.B43865
66551
. 33611
.35412
30604
.23492
.19644
.14393
07730
.03340
.99400
. 36234
.92091
.B3715
.BE3T1
.B1141
LTT406
72038
.58609
.39502
.37852
. 36602
.D&B81
.05426
.04394
. 45362
. 44537
.43868

I/I1
100

14

I/I1

Lal ol Lal o Ll Ll o Ll L Ll L L

el el el =
[ =P Sy Xy Sy |

-
=] -

w
LA on L =] L LA L Lol s WAL

FWHM
{deqg)
0.16670
0.18510
0.00000

FWHM
{deg)
0.16530
07000
06000
14670
09830
09330
03750
oBOOO
15330
.OBODD
18000
L00ooo
15120
L25140
LAT120
.o0ooo
00000
00000
00000
.ooooo
LG60000
12000
.0BB30
09660
.122590
09500
20680
06220
06000
L16670
07200
L20000
.1B510
13000

CO0O0O00000000 000000000000 000000000O0

Intensity
{Counts)
a00
482
70

Intensity
{Counts)
16
17
17
17
16
18
13
17
20
17
20
17
37
48
34
58
70
68
51
56
39
27
27
18
19

Integrated Int
{Counts)
4541
4840
o

Integrated Int

{Counts)
173
119

74

150

BO

158

a0

138
271

91

348

1}

326
515
1157

158
203
220
97
637
123
117
4541
130
368
4840
176

33



*** Basic Data Process ***

# Data Infomation

Group : Standard

Data 1 KK&LOLO

Sample Nmae : serbuk

Comment H

Date & Time : 03-DB-24 09:57:01

# Measurement Conditicn

X-ray tube
target : Cu
woltage 1 40.0 (kV)
current : 30.0 (mA)

Slits
Auto Slit : Used
divergence slit H 1.00000 {deqg)
scatter slit H 1.00000 {(deg)
receiving slit : 0.30000 (mm)

Scanning
drive axis : Theta-2Theta
scan range i 15.0000 - 70.0000 (deg)
scan mode : Continuous Scan
scan speed 1 2.0000 (deg/min}
sampling pitch 1 0.0200 (deg)
preset tims 1 0.60 (sec)

# Data Process Condition

Smoothing [ AUTO ]
smoothing points : 11

B.G.S5ubtruction [ AUTO ]
sampling points : 13
repeat times : 30

Kal-a2 Separate [ MANUAL ]
Kal a2z ratio : 50 (%)

Peak Search [ AUTO ]

differential points 9
FWEM threhold : 0.050 (deg)
intensity threhold : 30 {(par mil}
FWHM ratic ({(n-1)/mn : 2

System error Correction [ HO ]

Precise peak Correction [ HO ]
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