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LAMPIRAN

Lampiran 1 Alat dan Bahan Persiapan Minyak Dedak Padi dan
Nanofluida

e Magnetic stirer

e Timbangan analitik digital
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e Ultrasonicator Bath Minyak dedak padi dan Nanofluid

e Minyak Dedak Padi yang telah dimodifikasi Nanofluid TiO;
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e Minyak Dedak Padi yang telah dimodifikasi Nanofluid Fe3O4

e Minyak dedak padi murni
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Lampiran 2 Alat Pengujian Sifat Fisik dan Kimia Minyak Dedak Padi dan
Nanofluida

e Viskometer Brokfield

e Hotplate

e Piknometer
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e Oven Uap

e Batang pengaduk gelas

e Pipet tetes dan ukur kimia

X

'

A
o,
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e Desikator

e Termometer digital
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Lampiran 3 Alat Pengujian Sifat Elektrik Minyak Dedak Padi dan
Nanofluida

e Control Desk

e Transformator

e High preassured limiting resistor
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e Chamber Elektroda Tembereng

e Coupling Capacitor
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e HV Flexible Cable

REN. RANGE:
ADDpF- B0D0ORF

e Pulse Generator
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Kotak uji Partial Discharge elektroda jarum - bidang
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Lampiran 4 Hasil Pengujian Sifat Fisik dan Kimia Minyak Dedak Padi dan
Nanofluida

e Massa jenis

Sampel minyak RBO Al,03 TiO, Fes04 MT
Berat Pikno kosong (g) 23.8006 25.263  21.2039 23.8006 21.2039
Berat Pikno kosong + Air (g) 47.9998 51.4713 46.3671 47.9998  46.3671
Berat Pikno kosong + Sampel (g) 45,9566  49.2622 4424 45,9962  43.1459
Berat Jenis Air (29°C) 0.996
Volume Air 24.29638554 26.31355 25.26426 24.29639 25.26426
Massa Jenis (g/cm?3) 0.911905187 0.912047 0.911806 0.913535 0.8685

e Viskositas

Sampel minyak RBO Al,03 TiO, Fes04 MT
Massa Jenis
(g/cm?) 0.911905 0.912047 0.911806 0.913535  0.8685
A 100
Viskositas (cP) 30°C  102.5 107.3 103.5 111.1 22.2
Viskositas (cP) 40°C 86 61 92 81 35
V'Skoggf'é (cst) 112.4  117.65 11351  121.62 2556
V'Skojgf'é (cst) 94.31 66.88 100.9 88.67 40.3

Viskositas (cSt) = A (Viskositas (cP)/Massa Jenis (g/cm3)

e Kadar air
Sampel Minyak RBO Al,03 TiO, Fes04 MT
w1 55.104 55.021 55.82 57.473 56.762
W2 37.52582 49.2438 42.67439 51.7257 10.7848
Kadar air (mg/kg) 3.19 1.05 2.355 19 11.9

Kadar air (mg/kg)=(W1-W2)/W1

e Kadar asam

Sa.mpel RBO Al,O3 TiO, Fes04 MT
Minyak
Kadar asam 0.016689 0.018793 0.016829 0.015427 0.014305
(mg KOH/g)
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Lampiran 5 Hasil Pengujian Sifat Elektrik Minyak Dedak Padi dan
Nanofluida

e Hasil pengujian tegangan tembus minyak

Breakdown Voltage (kV)

Sampel Minyak

Suhu 30°C Suhu 40°C Suhu 50°C Suhu 60°C

RBO 23.52 36.55 40.17 43.81
Al;03 30.59 34.73 44.94 49.77
TiO, 17.19 24.05 26.64 28.38
Fes0, 13.57 31.58 39.05 41.23
MT 33.2 32.64 34.54 35.79
Sampel Minyak RBO Al,03 TiO, Fes04 MT
22.39 31.79 15.56 14.7 33.26
21.86 29.17 16.87 13.04 33.27
Breakdown Voltage (kV) 22.92 31.4 16.29 13.45 32.98
22.62 30.73 18.26 13.61 34.63
26.87 29.84 18.96 13.05 32.15
Oil Samples RBO Al,03 TiO, Fes04 MT
Mean 23.332 30.586 17.188 13.57 33.258
Median 22.62 30.73 16.87 13.45 33.26
Std. Deviasi 2.015 1.083 1.401 0.679 0.892
Maximum BDV 26.87 31.79 18.96 14.7 34.63
Lowest BDV 21.86 29.17 15.56 13.04 32.15

e Hasil Pengujian Partial Discharge

Sampel Minyak Partial Discharge (pC)
RBO 12.6 15.87 12.85 13.05 13.87 15.06
Al,05 12.82 8.47 10.16 9.95 9.09 10.98
Sampel Minyak RBO Al,O3
Average 13.88333  10.245
Median 13.46 10.055
Std. Deviasi 1.322175 1.532955
Maximum PD (pC) 15.87 12.82
Lowest PD (pC) 12.6 8.47
PD Number 332 174
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e Hasil sinyal Partial Discharge Meter berupa pola diagram elips RBO

Pola diagram elips Minyak dedak padi murni (RBO) dengan hasil PD value
12.6 pC.

Pola diagram elips Minyak dedak padi murni (RBO) dengan hasil PD value
15.87 pC.

Pola diagram elips Minyak dedak padi murni (RBO) dengan hasil PD value
12.85 pC.
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Pola diagram elips Minyak dedak padi murni (RBO) dengan hasil PD value
13.05 pC.

Pola diagram elips Minyak dedak padi murni (RBO) dengan hasil PD value
13.87 pC.

Pola diagram elips Minyak dedak padi murni (RBO) dengan hasil PD value
15.06 pC.
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e Hasil sinyal Partial Discharge Meter berupa pola diagram elips Al>O3

Pola diagram elips Minyak dedak padi murni dimodifikasi nanoalumina
(Al203) dengan hasil PD value 12.82 pC.

Pola diagram elips Minyak dedak padi murni dimodifikasi nanoalumina
(Al203) dengan hasil PD value 8.47 pC.

Pola diagram elips Minyak dedak padi murni dimodifikasi nanoalumina
(Al20O3) dengan hasil PD value 10.16 pC.
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Pola diagram elips Minyak dedak padi murni dimodifikasi nanoalumina
(Al2O3) dengan hasil PD value 9.95 pC.

Pola diagram linear Minyak dedak padi murni dimodifikasi nanoalumina
(Al203) dengan hasil PD value 9.09 pC.

Pola diagram sinusoidal Minyak dedak padi murni dimodifikasi
nanoalumina (Al20O3) dengan hasil PD value 10.98 pC.
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e Hasil perhitungan distribusi Weibull tegangan tembus Minitab v.18
Least Square uji keandalan

Distribution ID Plot: RBO, Al,O4, TiO,, Fe;0,, MT
Results for variable: RBO
Goodness-of-Fit

Anderson-Darling Correlation
Distribution (adj) Coefficient

Weibull 3.902 0.795

Table of Percentiles

Distribution Percent Percentile

Weibull 1 17.9550
Weibull 5 19.8989
Weibull 10  20.8231
Weibull 50  23.4500

Table of MTTF

Distribution Mean

Weibull 23.2140

Results for variable: Al,O4
Goodness-of-Fit

Anderson-Darling Correlation
Distribution (adj) Coefficient

Weibull 2.319 0.990

Table of Percentiles

Distribution Percent Percentile

Weibull 1 26.5932
Weibull 5 28.1049
Weibull 10 28.7995
Weibull 50 30.6998
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Table of MTTF

Distribution Mean

Weibull 30.5096

Results for variable: TiO,
Goodness-of-Fit

Anderson-Darling Correlation
Distribution (adj) Coefficient

Weibull 2.395 0.973

Table of Percentiles

Distribution Percent Percentile

Weibull 1 12.5363
Weibull 5 14.1931
Weibull 10 14.9929
Weibull 50 17.3058

Table of MTTF

Distribution Mean

Weibull 17.1088

Results for variable: Fe;0,
Goodness-of-Fit

Anderson-Darling Correlation
Distribution (adj) Coefficient

Weibull 3.122 0.862

Table of Percentiles

Distribution Percent Percentile

Weibull 1 11.4703
Weibull 5 12.2565
Weibull 10 12.6206
Weibull 50 13.6255
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Table of MTTF

Distribution Mean

Weibull 13.5273

Results for variable: MT
Goodness-of-Fit

Anderson-Darling Correlation
Distribution (adj) Coefficient

Weibull 2.727 0.932

Table of Percentiles

Distribution Percent Percentile

Weibull 1 30.1276
Weibull 5 31.3288
Weibull 10 31.8745
Weibull 50 33.3478

Table of MTTF

Distribution Mean

Weibull 33.1952

e Hasil perhitungan distribusi Weibull Partial Discharge Minitab v.18
Least Square uji kendalan (reliatbility)

Distribution ID Plot: RBO, Al,O;
Results for variable: RBO
Goodness-of-Fit

Anderson-Darling Correlation
Distribution (adj) Coefficient

Weibull 2.376 0.920
Table of Percentiles

Distribution Percent Percentile

Weibull 1 9.92118
Weibull 5 11.3226
Weibull 10 12.0030
Weibull 50 13.9834
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Table of MTTF
Distribution Mean

Weibull 13.8183

Results for variable: Al,O4
Goodness-of-Fit

Anderson-Darling Correlation
Distribution (adj) Coefficient

Weibull 2.259 0.959

Table of Percentiles

Distribution Percent Percentile

Weibull 1 5.91649
Weibull 5 7.33360
Weibull 10  8.06306
Weibull 50 10.3343

Table of MTTF
Distribution Mean

Weibull 10.1873
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e Hasil estimasi distribusi Weibull (RBO) Partial Discharge Minitab v.18 dan Microsoft Excel 2016 menggunakan
metode Maksimum Likelihood dan Newton Raphson
k 0 1 2 3 4 5 6 PD (pC) (i) o B Ln(x) In(In(1/1- MR)) Correlation
B 4 7.1212908 10.33149 11.75191248 11.91799833 11.91989 11.919893 12.6 1 2.533697 -2.155616006
\Y 233353.7618 969953331 5.49E+12 2.566E+14  4.02498E+14 A4.05E+14 4.046E+14  12.85 2 2.553344 -1.175270415
w 620165.0759 2.601E+09 1.48E+13 6.95395E+14 1.09113E+15 1.1E+15 1.097E+15 13.05 3 14.46 11.91989 2.568788 -0.601543551 0.919752586
S 1649978.862 6.98E+09 4.01E+13 1.88588E+15 2.95999E+15 2.98E+15 2.975E+15 13.87 4 ' ' 2.629728 -0.147287035
g(B) 0.219387309 0.086274 0.021636 0.002068563 2.30718E-05 2.94E-09 0 15.06 5 2.712042 0.281917795
g'(B) -0.07028737 -0.026875 -0.01523 -0.012454781 -0.012178383 -0.01218 -0.012175 15.87 6 2.764431 0.794336831
MR PDF F(Xi) 1-F(Xi) 1-F(Xn-i+1) S AD S AD* p-value
0.109375 0.1510679 0.176215 0.823784893 0.048159667 -4.76928
0.265625 0.1778818 0.217295 0.782705482  0.19702103 -9.45284
421 2 255111 0. 1 : 17951 -9.
0.421875 0.2003865 0.255 0744888818 0.543917951 -9.87506 '\ oosca  38c095 04966675 02126821
0.578125  0.284653 0.456082 0.543917951 0.744888818 -7.55722
0.734375 0.2533173 0.802979  0.19702103 0.782705482 -4.17983
0.890625 0.1097197 0.95184 0.048159667 0.823784893 -2.67524
e Hasil estimasi distribusi Weibull (Al.O3) Partial Discharge Minitab v.18 dan Microsoft Excel 2016 menggunakan

metode Maksimum Likelihood dan Newton Raphson

k 0 1 2 3 4 5 PD(pC) (i) a B Ln(x) (In(1/1- MF Correlation
B 4 6.148708 7.271357 7.42968839 7.432170861 7.432171 8.47 1 2.136531 -2.15562
v 73977.70058 13198908 2.04E+08 301435304.1 303275993.7 3.03E+08 9.09 2 2.207175 -1.17527
w 177023.0631 32096027 5.01E+08 739214498.7 743739859.5 7.44E+08 9.95 3 10.88 7.432 2.297573 -0.60154 0.959
s 425000.1196 78272187 1.23E+09 1817355824 1828508174 1.83E+09 10.16 4 2.318458 -0.14729
g(B) 0.174878402 0.0487204 0.005432 8.25966E-05 1.96843E-08 0 10.98 5 2.396075 0.281918
g'(B) -0.0813877 -0.0433978 -0.03431 -0.033271931 -0.033256074 -0.03326 12.82 6 2.551006 0.794337
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MR PDF F(Xi) 1-F(Xi) 1-F(Xn-i+1) s AD s AD* p-value
0.109375 0.1510679 0.144249 0.855750663 0.033675366  -5.3272
0.265625 0.1778818 0.231523 0.768477362 0.342278566 -7.60562
0421875 0.2003865 0.402852 0597147949 0.547621898 -7.55678 .., 378056 03725992  0.420
0.578125 0.284653 0.452378 0.547621898 0.597147949 -9.16179
0.734375 0.2533173 0.657721 0.342278566 0.768477362 -6.14086
0.890625 0.1097197 0.966325 0.033675366 0.855750663 -2.09035

Hasil estimasi distribusi Weibull (Al203) Tegangan Tembus Minitab v.18 dan Microsoft Excel 2016 menggunakan

metode Maksimum Likelihood dan Newton Raphson

k 0 1 2 3 4 5 6 7 8 9 10
B 1 1.9979912 3.980121 7.838348038 14.81927195 24.94237 34.020613 37.65859 38.03 38.038246 38.04
v 152.93 4650.1358 4112414 2.26169E+12 5.69421E+22 7.35E+37 2.752E+51 7.65E+56 2.796E+57 2.829E+57 2.83E+57
w 523.1804828 15912.96 14080859 7.75224E+12  1.95513E+23 2.53E+38 9.481E+51 2.64E+57 9.637E+57 9.751E+57 9.75E+57
S 1789.977644 54459.436 48216697 2.65738E+13 6.71347E+23  8.7E+38 3.266E+52 9.08E+57 3.321E+58 3.36E+58 3.36E+58
g(B) 0.998992457 0.4984987 0.247298 0.119990341 0.053975977 0.019772 0.0046422 0.000401 3.572E-06 2.894E-10 0
g'(B) -1.00100325 -0.2514965 -0.0641 -0.017188318 -0.005331962 -0.00218 -0.001276 -0.00106 -0.001046 -0.001046 -0.00105
BDV (kV) (i) o B Ln(x) In(In(1/(1- MR))) Correlation
29.17 1 3.373140784 -1.974458694
29.84 2 3.395849775 -0.972686141
30.73 3 31.04 38.04 3.425239376 -0.366512921 0.990
31.4 4 3.446807893 0.144767396
31.79 5 3.459151775 0.714455486
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MR PDF F(Xi) 1-F(Xi)  1-F(Xn-i+1) s AD s AD* p-value
0.12963 0.111064644 0.0892807 0.910719 0.085021035 -4.880826105
0.314815 0.226532031 0.1989628 0.801037 0.214113217 -9.467663556

0.5 0.426131885 0.492635 0.507365 0.507365007 -6.93255679 0.232  -26.16195 0.288164  0.618
0.685185 0.399767515 0.7858868 0.214113 0.801037218 -3.239532848
0.87037 0.250754074 0.914979 0.085021 0.910719262 -1.641373165

e Hasil estimasi distribusi Weibull (TiO2) Tegangan Tembus Minitab v.18 dan Microsoft Excel 2016 menggunakan

metode Maksimum Likelihood dan Newton Raphson

k 0 1 2 3 4 5 6 7 8
B 4 4.0021509 7.389053 11.66669058 14.50793731 15.17831 15.205686 15.20573 15.21
\" 450433.4815 453215.4 7.57E+09 1.75684E+15 6.67539E+18 4.68E+19 5.072E+19 5.07E+19 5.073E+19
w 1289409.765 1297378.3 2.18E+10 5.08853E+15 1.93948E+19 1.36E+20 1.475E+20 1.47E+20 1.475E+20
S 51613427.61 3716210.6 6.28E+10 1.47446E+16 5.63687E+19 3.96E+20 4.289E+20 4.29E+20 4.289E+20
g(B) 0.228969727 0.2288243 0.09781 0.030875724 0.005081855 0.000192 2.98E-07 7.18E-13 0
g'(B) -106.454161 -0.0675616 -0.02287 -0.010866963 -0.007580691 -0.00702 -0.006996 -0.007 -0.006996
BDV (kV) (i) o B Ln(x) In(In(1/(1- MR))) Correlation
15.56 1 2.744703519 -1.974458694
16.29 2 2.790551423 -0.972686141
16.87 3 17.78 15.21 2.825536897 -0.366512921 0.973
18.26 4 2.904712875 0.144767396
18.96 5 2.942331497 0.714455486
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MR PDF F(Xi) 1-F(Xi)  1-F(Xn-i+1) s AD s AD* p-value
0.12963 0.11271021 0.1232665 0.876734 0.070246427 -4.749152732
0.314815 0.189334489 0.2321492 0.767851 0.223383946 -8.877715091

0.5 0.258524441 0.3621671 0.637833 0.637832902 -7.326642583 0.282  -26.41178 0.350122  0.473
0.685185 0.278817753 0.7766161 0.223384 0.767850822 -3.618782974
0.87037 0.149616551 0.9297536 0.070246 0.876733537 -1.839490836
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