DAFTAR ISI

PERNYATAAN KEASLIAAN TUGAS AKHIR.......ccooieeee e i
PERNYATAAN PERSETUJUAN PUBLIKASI ......cccoviiiiiiiei e, ii
LEMBAR PENGESAHAN ..ottt iii
KATA PENGANTAR ...ttt iv
F N o S I ¥ A SRR SRR v
[ I G 1 R vi
DAFTAR GAMBAR ..ottt sttt sttt ans Xi
DAFTAR TABEL ...ttt sttt en s Xiii
DAFTAR NOTASI ..ottt ettt ene s Xvii
BAB | PENDAHULUAN ...ttt e e e 1
1.1 Latar BelaKang ......ccoeeoieiiiinice it 1
1.2 ANAIISIS PASAN ...viiuiiiiiie it isitaie e ettt sttt b et be e 3
1.2.1  Kebutuhan Mangan Dioksida Dalam Negeri.....ceiemiioenerierinannns 3
1.2.2  Kebutuhan Mangan Dioksida Luar Negeri «........ccovureverenesiiivinennne 5
1.2.3  Kapasitas ProQUKSI ........ccoi ittt s sensenas e 5
1.2.4  Ketersediaan Bahan Baku.........ccc..oooevieiiiiinnnniniioneeeese e 6

1.3 Pemilihan LoKasi Pabrik ..............ccuiiimiinoniie i st 8
1.3.1  FAKIOr UTAMA ...eeiviciiieiecieeie st e e snsenneanaeateeseaeneesneesneaneens 9
1.3.2  Faktor PENAUKUNG ..........cccoiiiiiiieeiiiieie sttt sttt 11
STUDI KELAYAKAN AWAL ..ottt 14
2.1 SEIEKSI PrOSES...c.viieiiiieiiesiieee e 14
2.1.1  Proses PirOmetalurgi .........cooeiiiiniiiiiee e 14
2.1.2  Proses Bioleaching.........ccccoiiiiiiiiiiiiiii e 15
2.1.3  Proses Hidrometalurgi ......cccceeieeiienieniie e csies e esee e esee s 15
2.1.4  Pemilinan PrOSES.......cccoiiiiiiiiiiieieieie et 16

2.2 Deskripsi Proses Terpilin ........ccoooiioiiiieiiein e 16
2.2.1  Proses Pre-treatMent.........ccccouoieeiieiiin it 17
2.2.2  Proses Leaching .......ccccccoviiiiiiiiciii s 17
2.2.3  Proses PUMTIKASI......ceruiriiiiieiiiicesiese e 18

2.3 Spesifikasi Bahan Baku dan Produk .............ccccceevviieiiiiisie e, 19

Vi



2.3.1  Spesifikasi Bahan BaKu ...........ccccocceiiiiiiiiicicc e 19
2.3.2  SpeSifikasi Produk............cccoveiiiiiiiicie e 23
BAB 111 PROCESS FLOW DIAGRAM......ccoiiiitieiit et 24
3.1  Diagram Alir Blok Massa (Kg/Jam) ........c.ccccevmiiiininieniiiniseeeee, 24
3.2 Diagram Alir BIOK ENEIGi......ccoiiieiiiiiiieiiee e 26
BAB IV NERACA MASSA DAN NERACA ENERGI ......c.cccocevevviiiiiicncenn 28
4.1 NEICE MASSA....cuvierieeiirieteesiee et e e re e e re e ns 28
41.1  Crusher (JC-101, CC-101, BM-101) ...coovvvirreeereneeeeeseisseissssinnes 28
A.1.2  SCIEENET | e e 29
O R T Y 137 g I (5 OO 30
4.1.4  MIXEr H (M-102)......ccotiiiiieiiiieieieitesie e sa e 30
415  Reaktor Leaching (R-101) .......cccoovvvereiiieiieniesieseese e e 31
416  Rotary Drum Vacuum Filter (RF-101) ......cccocoiiiiiiiiiiiiecccen 34
4.1.7 © MIXEr T (M-103) ....oooveits oo eseesse s et 35
4.1.8  MIXEr AV (IM-104) ....ociiieeiriaieiieieieeieseeeesansss s ias e eeneaesneeereseeneens 35
4.1.9  Reaktor Netralisasi | (R-102) .........cccvevuiiiiiineinsionsniinneeieseesee e svinnees 36
4.1.10 - Centrifuge | (CN=101)...cc.cuiiiiiiiniinisiiebeeaiin it 38
4.1.11 Reaktor Netralisasi (R-103) .....ccccueiieeiueeiidineninsineseeneeie e sieeeeseens 39
4.1.12  Centrifuge Tl (CN-102) ..........coiieireaiieeeeieses s e aties e se e e e sre e 40
4.1.13 Rotary Dryer (RD-101)..........ccooiiieieiieesieaeesiinseassesesseeeniesnessesnnens 41
4.1.14  Rotary Kiln (RK-10L) .......coccvverveeeseeseessssisssssesssseseeseesssesseessessenees 42
4.1.15  Ball Mill 11 (BM-102) .....oovvirereeeeeiereeeeeseesseeseeneesseeeseeseesseenssnennes 43
4.1.16  SCreener (S-102) ....ccveiiieiie et s 43
4.2 NEraCa ENEIQi...cccccciiiiiii et 44
4.2.1 REAKTOR (R-101) .ecviiieireie e cieeie e e sie e esae e sae e 45
422  REAKTOR (R-102) ...oooivoreirereseiinseissesiossessesssisssssessssesssssssssnnes 47
423 REAKTOR (R-103) ..ceiiiiieiiiieieiesiesieseeesiessesase st saee e saeaa e e 49
4.2.4  MiIXEr | (M-101) ..ovoioiiiieice e 50
425  MiIXEr I (M=102) ....ciiiiiiiiiiieieice e 51
426 MIXEr I (M-103)......couiveereerereesieeseeeesiesseeseeseesseeesesssesseensssenees 52
427 MIXEr IV (M-104) ..o esseese s 53
4.2.8  Heater 1 (E-101) ...ccccoiiiieiie et 54

Vil



£.2.9  HEALEE 2 (E-102) roevovvveeereeseeeeeeoreeseesssessesseesssessesssssssesseesessseesseen 56

4.2.10  COOIEI (E-L103) ...eeieriiiiiieieieie ettt 57
4.2.11  Air Preheater (E-201) .....ccccooviiieiiiie et 58
4.2.12  Grate CoOoler (GC-101).....ccouiriririnieieierie et 60
4.2.13 Rotary Dryer (RD-101).......ccceuierimieiienieeiesiesie e 61
4.2.14  Rotary Kiln (RK-101) ..o 63
BAB V SPESIFIKAST ALAT ..ottt 66
5.1 Belt Conveyor (BC-101, BC-102, BC-103, BC-104)..........cccveveverrennen, 66
5.2 Belt Conveyor (BC-301).......ccccceiiimiiriiiieieeie e stee e se e 67
5.3  Belt Conveyor (BC-302).........cccooiiririiiiaiieaie et se e 67
5.4  Belt Conveyor (BC-303)........ccceiiiiiiiiiiieeiieesie e iese e se e e sre e 68
55  Belt Conveyor (BC-304).........cccoieiiiieiieeieenie e siee e see e sie e sreesse e 69
56  Belt Conveyor (BC-305).....cccciiriiiiriniiiinieiieiiesie s 70
5.7  Belt Conveyor (BC-306)......ccccueivuereiieiienieaieseesieenieseesee e stssieesiesnnens 71
5.8  SCrew Conveyor (SC-101)..cccc iiieerieiiieeiueareesussssssssessesnnsesasneseesseaseens 71
5.9 Screw ConveYor (SC-102) ......ccuiimiiurieiieeiueaiuesitesiaes deanseineesseseesseessvsneens 72
5.10 - Screw ConVveYOr (SC-103)....c.cc.eiueitireireaianaenreibessteianeseesseesesnrersssiesmmnse s 73
5.11  Screw CONVEYOr (SC-104) ... iuiiiiiireineiaiensieasiassanasseaseesseeseeseesseesseseens 73
5.12  Screw Conveyor (SC-105)...c.....cccuiiriiueaiiereaiesesiinesneatieseesseeeesreensesnens 74
5.13  Jaw Crusher (JC-L10L1) ..cccc.cccvireiieiiiiisieesreesnesneesssenseannesnasseeeneesreesseaneens 75
5.14 Cone Crusher (CC-101) .......ccccceiiieriieiesiasueasaesneessaessesseesseeseeseesseesseaneens 75
5.15  Ball Mill (BM-101) .....ovoveieeceeeeeeeeeesseeeeeseeeeeeesesees s 76
5.16  SCreener (S-101) ..oveeiiiiiieiie et 77
5.17  MiIXEr (IM-101) c.cveieiiieieiee et 77
5.18  MIXEr (M-102) .....oovoveeieseeseeeeeeseeeeeessssesss s ssssesesssssssses s esesnseenees 78
5.1 MiXEr (M-103) .....ocuiiveirieicinseieeeeseiessesssssesssessesssssssssssssessseseesssessssnssenees 79
5,20 MiXEI (IM-104) ..ottt sttt st 80
5.21 Reaktor Leaching (R-101)......ccccciiiiiiiiiieie e 81
5.22 Reaktor Netralisasi-1 (R-102)........cccceoviiiriiiiiiiieiiese e ese e 82
5.23 Reaktor Netralisasi-1l (R-103)........ccccrvuririiiiienienesiseeeeeee e 83
5.24 Rotary Kiln (RK-101).....cccoiiiiiiiiiiisisieeerie e 84
5.25 Rotary Drum Vacuum Filter (RF-101)......ccccoviiiiiiiieiiecic e, 84

viii



526 Centrifuge 1 (CN-101) ..ccoiiiiiiiiiiiecee e 85

5.27  Centrifuge 2 (CN-102) ...ccveeireiie e 86
5.28 Tangki Penyimpanan Asam Sulfat (ST-102) ........cccccvvvevivervnieiieeseanens 86
5.29 Tangki Penyimpanan H202 (ST-103) ......cccooereiirinineneseene e 87
5.30 Silo Penyimpanan NaOH (ST-104).......cccoooiiiriimienieieenie e, 88
5.31 Silo Penyimpanan NazCOz (ST-105) .......ccceiiiiiieiiiriiieiie e cieesiee s 88
5.32 Silo Penyimpanan MnO2 (ST-106)........cccccerrueriverieniienrerieseeseeseesee e, 89
5.33  Silo MNO2 (SL-101) ..veceeieieieieeie ettt ene s 90
5.34  POMPA (P-10L)...uciiiiiieiiieiieie ettt sttt 90
5.35 POMPA (P-102)....cciuiiiiiiiiiieieiie et sttt 91
5.36  POMPA (P-103)....cciuiiieiiieciieie ettt et 92
5.37  POMPA (P-104).....ciiiieiiiiiee ettt an e steesae e raenaeaneenneens 92
5.38  POMPA (P-105).....cueuiiiiaieiiiiieeieeeibese ettt 93
5.39  POMPA (P-106)....cciuiiuirieeitiniiesteeiieeaesieeseeiessessteeseesseesseesiasseesessseessesssenns 94
5.40  POMPA (P=20L)1cu..civeeieiiieieieiaeas e ireensseseesseesesseesassss s aseaseesnansesatnessessessseens 94
5.41 POMPA (P-202) ... e ieeiee it it eites e staesae e e ste e da s denneeneeneesraeee st s 95
542 POMPA (P-203). ... it itieiitiaieiinsneeietc st s ane st ibennsie b e b 96
543 POMPA (P-204)...cc i iiairiie et sn et ieste e itas e snassteeee e steensesneenaeens 96
5.44  POMPA (P=30L) . ueiieeiiieiteiire et eiteaseeatie e essessasibessaeabies e sseesraesseaseesneens 97
5.45 Heater (E-LO0L1) ...oooiiir ittt et sas e taeeeaneenne e 98
546  Heater (E-L102) ....cccoii e ieee et aae e sne e ananteeee e sreeeeaneenneens 99
547  COOIEI (E-103) ..ueieiitiiiiiieiiieiiei et 100
5.48 Heater (HE-201) ....ccccoviiiiiieieie e 101
5.49 Bucket Elevator (BE-101, 102).......ccccceovieiieiieiieiieie e 102
BAB VI UTILITAS ..ottt e e e anaa e e nnae e 104
6.1  Unit Penyedia dan Pengolahan Air ..o 104
6.1.1  UNIt PeNYedia Al ....cccveiieeiie ittt 104
6.1.2  Unit Pengolahan Air ..o 112
6.2 Kebutuhan LiStrik........cccooiiiiiiiiiiiisisee e 115
6.3  Kebutuhan StEaM..........ccooieiiii e e 120
6.4  Kebutuhan Bahan BaKar............cccooviiiiiiiniieneeseeceee e 120



BAB VII PERTIMBANGAN ASPEK KESELAMATAN, KESEHATAN KERJA

DAN LINGKUNGAN ..ottt ettt en s 124
7.1  Analisa Resiko dalam Pabrik ............ccoooviiiiinnee 124
7.1.1  Tabulasi Identfikasi Hazard Bahan Kimia pada Proses................. 126
7.1.2  Tabulasi Identifikasi Hazard Kondisi Peralatan Proses dan Plant
LaYOULt (Ar€a PrOSES) ....civeiiiieiie i siee sttt ettt st nre e 133
7.2 Evaluasi Tata Letak Pabrik..........ccccooiiiiiiiiiiiceeee e 149
7.3 Pengolahan dan Pengelolaan Limbah............cccocoiiiiiiininiiicen 152
7.3.1  Pengelolaan Limbah Padat..............ccocomiiiiniinneneec e 153
7.3.2  Pengelolaan Limbah Cair..........ccccoiveiiiiiniiiniieneseseee e 154
7.3.3  Pengelolaan Limbah Gas ..........cccccoveeieeiieiieiieie e 154
BAB VI ANALISIS EKONOMI .....ocuiiiiiiiieiie et 156
8.1 Investasi Modal Tetap / Total Capital Investment (TCI) ..........ccccuenee. 156
8.1.1 =~ Modal Tetap / Fixed Capital Investment (FCI)..........c.ccccovrvenenn. 156
8.1.2 = Modal Kerja / Working Capital Investment (WCl)..........c.ccooen..... 156
8.2~ Total Biaya Produksi / Total production cost (TPC) .....ccceeevveveveeeiiiane. 157
8.2.1 - Biaya Fabrikasi / Cost Of Manufacture (COM) ..............ccerivunnn: 157
8.2.2  Pengeluaran Umum / General Expenses (GE)...........c.ccoceveiennnn. 157
8.3 AnalisiS Profitabilitas .........coveveiiiie it st e 157
8.3.1  Laju Pengembalian Modal / Return on Investment (ROI) ............. 157
8.3.2  Shut DOWN POINE (SDP) .....ccueiriiieieiiieesieesiesiesnaese e seesee e seeeneas 157
8.3.3  Titik Impas/ Break Even Point (BEP)........c.ccccooiiiiiiiiiiiice 158
8.3.4  NetPresent Value (NPV) ... 158
8.3.5  Discounted Cash Flow Rate Return (DCFR)..........cccccovevvviveninnnn. 158
8.3.6  Discounted Payback Period (DPBP).........ccccoovriiiinieinnenenenin 159
BAB IX KESIMPULAN ...ttt e e e nnae e 160
DAFTAR PUSTAKA ..ottt sttt et an s 162
LAMPIRAN A oottt se s s s A-1
LAMPIRAN B ...ttt B-1
LAMPIRAN C ..ottt e a et e et e et e e st e e e nae e aneeeennes C-1
LAMPIRAN D .ottt e e D-1



