Prarancangan Pabrik Hidrokuinon dari Benzena dan Propilena dengan Kapasitas 10.000 Ton/Tahun
Novia Safitri, Ir. Moh. Fahrurrozi, M.Sc., Ph.D., IPU.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA DAFTAR ISI
LEMBAR PENGESAHAN .....ooiiiieiee ettt sttt et sstebe e sseensesneenneennens i
PERNYATAAN BEBAS PLAGIAST ..ottt ettt e ens i
PRAKAT A ettt ettt ettt e e sbe e st e s bt e et e naeesaneen 111
LD AN L 7N 2 ) TP v
DAFTAR TABEL ..ottt ettt et e sae s seenteeneeseenee e Xi
DAFTAR GAMBAR ...ttt sttt ettt sttt et aes Xix
EXECUTIVE SUMMARY ..ottt sttt eae e sseenseeneenseenes XXl
INTISARI ... ettt e et e e e et e e e e e ssbaeeeennsaeeesessseaesenssneeeennsseeens XX1V
ABSTRACT ..ottt ettt et e e e s te e e atae e st e e snsbeesnsreesnsaeesnseeennseennns XXV
BAB I PENGANTAR ...ttt et sttt nteesaenseensaennesseenes 1
1.1, Latar BelaKang ........ccc.ooiiiiiiiiiii et st 1
1.2.  Bahan Baku dan Produk..........c.ccocviiiiiiiiieee e 2
1.3, Pemilinan ProSes ........cccioiiiiiiiiiiiieeie ettt et et rae e e e enee e 4
LA, MATKEt ANGLYSTS .....eoeeeeieeeeeeee ettt ettt ettt st ens 11
BAB IT URAIAN PROSES ..ottt ettt ettt sse e essaennesnnens 17
BAB III SPESIFIKAST BAHAN ... .coiiiieieeetestee ettt ettt s sse e sse e snnens 20
3.1 Bahan BaKu ...oooeoiiii e 20
320 PrOQUK .ottt ettt et 26
BAB IV PROCESS FLOW DIAGRAM.......ccoooeeiiaieiieeeeeestee et 29
4.1. Diagram Blok Kualitatif...........cccceoiviiiiiiiiiiiieeeee e 29
4.2.  Diagram Blok Kuantitatif............ccoooeriiiiiiiiiiiiecie e 30
4.3, Process FIOW DIQ@EAM............cccooeeueeeeiieeiiieeiieeeieeeeieeesaeeeseveesseaeesieessveessveeenenes 31
BAB V NERACA MASSA .ottt sttt ettt et sttt et e neenaeenaesneens 32
5.1, Neraca Massa Total .......cocueiiiiiiiiiiiiniie e 32
5.2. Neraca Massa di Setiap Alat........coooieiiiiiiiiiiieiieee e 33
BAB VINERACA PANAS . ..ottt sttt sneens 41
6.1.  Neraca Panas di Setiap Alat .......cccooiiiiiiiiiiiiiee e 41
BAB VII SPESIFIKAST ALAT ...ttt sttt 49

v



Prarancangan Pabrik Hidrokuinon dari Benzena dan Propilena dengan Kapasitas 10.000 Ton/Tahun
Novia Safitri, Ir. Moh. Fahrurrozi, M.Sc., Ph.D., IPU.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
D M A RAT ATAL ..o eeeeeeeee e eeeee s eeeeeseseeeeeee 49
7.2, SPESTIKAST ALAL....ccciiiiiiieciie e e s ree e enns 49
BAB VIITUTILITAS ..ottt ettt sttt et tesstenseenseeneesseensesnnens 94
8.1.  Unit Penyedia dan Pengolahan Air (Water Treatment) .............cccoeeevveeecrveencrveennnenn. 94
8.2.  Unit Pembangkit Steam (Steam Generation SyStem) ...........ccoueeevuveecveeecrveercreeennne. 116
8.3. Unit Penyedia Udara (Instrument Air SYSTEM) ........ccccuveeeveeeeieeeiieeeiieeeveeeevee e 119

8.4. Unit Pembangkit dan Distribusi Listrik (Power Plant and Power Distribution System)

124
8.5.  Unit Pengolahan Limbah (Waste Processing SyStem).........c.ccceecveeveeceeecreencveennn 128
BAB IX TATA LETAK PABRIK ......coiiiiiiiiiieiteeee et 134
9.1, Tata Letak Pabrik ........cccciiiiiiiiiiiieee e 134
0.2, Tata Letak Alat PTOSES......cocuiiiiieiieiiieiieee ettt 137
9.3. Studi Dispersion (Kebocoran KIitis).........cceruerriierieeiiienieiiierieeieenie e eseee e 140
9.1.  Klasifikasi Area HazardOuUs ..........ccceeruerienieiienieiieeeeeee e 145
9.2. Analisis Layout vs Zona ResiKO..........cccueeviiiiiiiiiieiieciicie et 147
BAB X PERTIMBANGAN ASPEK KESELAMATAN, KESEHATAN KERJA, DAN
LINGEKUNGAN ...ttt ettt sttt ettt et e et se e e bt en b e eate bt eneesneesaeenseeneenneenee 149
10.1. Manajemen Safety, Health, and Environment ................cccccccceeeevveevencecnenseenseenneenn. 149
10.2. Identifikasi Hazard Bahan Proses dan Utilitas..........c.cccoooiiiieniiiiiienieeiieieeee 151
10.3. Identifikasi Hazard Paparan Bahan Kimia dan FisiS........ccccooininiinininninncnne 168
10.4. Identifikasi Hazard Limbah...........cccccoiiiiiiiiiiii e 176
10.5. Identifikasi Hazard Peralatan dan ProSes.........ccccoooieiiiiniiiiiiniiniiiicnceiccee 187
10.6. Process Hazard ANGLYSIS ..........c..ooecueieecieeeiiieeeeeeieeesiee et siaeesaeesveeesveeesnsee e 232
8.1, Skenario Bahaya..........cccocoiiiiiiiiiiiiccicce et 246
8.2.  Analisis Proteksi Berlapis ........cccocviiviiiiiiiiieiiiiecie et 247
8.3.  Matriks LOPA dan Resiko Residual..........ccoccooiiiiiiiiiiiiiiieeeee, 251
BAB XI ORGANISASI PERUSAHAAN ..ottt 255
11.1. Bentuk Perusahaan ...........cccooiuiiiiiiiiiiiie e 255



Prarancangan Pabrik Hidrokuinon dari Benzena dan Propilena dengan Kapasitas 10.000 Ton/Tahun
Novia Safitri, Ir. Moh. Fahrurrozi, M.Sc., Ph.D., IPU.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
AP S hruktur L@y ez 11 Y 1 F USSR 255
11.3. Tugas dan WEeWEeNANE .........c.cceeuiiiiiiieciieeciieesieeeteeeseteeeeeeeetaeessaeesssaeessseeesnseeenns 250
11.4. Perhitungan Jumlah Operator.............ccccveeiiiieiiie e 256
11.6. Penggolongan Gaji Karyawan...........cccccueeriiieiiieeiiie ettt svee e vee e snee e 261
11.7. Kualifikasi Karyawan..........ccccceerieiiieniieiienie ettt ettt 262
11.8. Kesejahteraan SOSIAL ......c.ccoiieiieriiiiiieiieeiierie ettt 268
11.9. Manajemen ProdukSi........cccceeiieiieeiiieieeieesie ettt st 269
BAB XII EVALUASI EKONOMI ......ooiiiiiiiiieneee ettt 272
12.1. Perhitungan Indeks Harga ............cooooiiiiiiiiiiii e 272
12.2. Perhitungan Modal Tetap (Fixed Capital Investment) .............cceevevceeeevencveenneenne. 280
12.3. Perhitungan Harga Produk (Sales)........cccccveviieoiiniieiieniiciieeeeeeese e 282
12.4. Perhitungan Biaya Produksi (Manufacturing Cost) .........c.ccoeevueeveenceeeivencereneenens 282
12.5. Perhitungan Modal Kerja (Working Capital) ..............ccoceuveeieeciieceeniieiienieeneennn 284
12.6. Pengeluaran Umum (General EXPEnses) ........ccoueuvueeecieeencueeeireenieeesiereesneessneenns 284
12.7. Analisa KeUNTUNZAN ......ccveeiuiiiiiiiieeiieiie ettt e b e saaeeseesneeesseenes 285
12.8. Analisa Kelayakan...........ccociiiiiiiiiiiiiiiie et 285
12.9. ANaliSa SENSITIVITAS ..eueeiiieitieeiieiie ettt ettt et ettt este et e et e e seeesbeesaeeenseeees 292
BAB XIIT KESIMPULAN DAN SARAN ....oooiiiiieitteieeeere ettt eae e 294
13,1, KeSIMPUIAN.....eotiiiiiiiiiiiie ettt 294
13,2, SATAM ..ttt ettt ettt et 295
DAFTAR PUSTAKA ...ttt sttt ettt et esae e 296
LAMPIRAN PERHITUNGAN ALAT PROSES......coiiioieieieieeere et 303
REAKTOR ...ttt ettt sttt st b et sa et ebe e eaee 304
REAKLOT-01 ...ttt ettt s et ee 304
REAKEOT-02...c.iieit ettt ettt b ettt sb et 326
REAKEIOT-03 ...ttt sttt et sb et sttt e 354
REAKLOT-04 ...ttt ettt sb ettt sb et 376
TANGKI PENYIMPANAN ..ottt ettt sttt st 409

vi



Prarancangan Pabrik Hidrokuinon dari Benzena dan Propilena dengan Kapasitas 10.000 Ton/Tahun
Novia Safitri, Ir. Moh. Fahrurrozi, M.Sc., Ph.D., IPU.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GA%gé\f(/}Dﬁenyimpanan 0 et e e e e a e e eabeeeenree e 409
Tangki Penyimpanan — 02..........cocciiiiiiieiiie ettt et ree e ree e sre e e svee e veeesnsaeenes 415
Tangki Penyimpanan — 03 ..........coooiiiiiiiiiiie ettt e e e sre e e e e e sarae e 420
Tangki Penyimpanan — 04..........cccouiioriiieiiie ettt e e e e ere e e svee e veeesnvaeenes 421
Tangki Penyimpanan — 05.........c.oooiiiiiiiiiiiieieee ettt st sebe s 422
Tangki Penyimpanan — 00............cceeeiieriiiiiieniieeie ettt et et sbeeeseeenbeees 423
Tangki Penyimpanan — 07 .........c.oooieriieriiiniieiieeie ettt ettt e ve e e sseesbeesseesnseees 424
POMPA ..ottt ettt ettt s h et e a e e a e bt et e a e bt et e neenaeenee 425
o0 00 o T O PSP 425
POMPA = 02 .ottt e e et e et e e et e e e baeennbaeenn 434
POmMPa — 03 oottt e e et e e et e e et e e e beeeenbaeenns 443
POMPA = 04 ..ot ettt et e e et e e et e e e aeeennbaeenes 444
POMPA — 05 oottt et e et e e et e e et e e e baeeeabaeenes 445
POMPA = 00 ..o et e e e e et e e baeennbae e 455
POMPA = 07 oottt e e et e et e e e e e e e aaeennbaeenns 465
POMPa — 08 ..ottt e e e e e et e e et e e e baeenabaeenn 466
POmPa — 09 ..o e e 467
POMPA = 1O 1ottt ettt e e 468
POmMIPA — L1 s 469
POMPA — 12 Lo e 470
POmPa — 13 Lot 471
POMPA — T4 oottt ettt e et e et e st e e e e abeeena 472
HEAT EXCHANGER ..ottt ettt 473
Heat EXChanger-01.........oooiiiiiieeeee ettt sttt et 473
Heat EXChanger-02..........oouiiiiiiiiie ettt st ettt e e e 483
Heat EXChanger-03.........ooouiiiiieiiee ettt ettt st ettt enee e eee 484
Heat EXChanger-04..........ouo oottt ettt ettt et e e 485

vii



Prarancangan Pabrik Hidrokuinon dari Benzena dan Propilena dengan Kapasitas 10.000 Ton/Tahun
Novia Safitri, Ir. Moh. Fahrurrozi, M.Sc., Ph.D., IPU.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GA%&%%hanger-OS ............................................................................................................. 486
Heat EXChanGEIr-00..........ccccuviiiiiiiiieciee ettt stee et e e teeeseaeeesaeeesaeesssaeessseeesnsaeenns 495
Heat EXChanGEr-07.........ooooiiieiie ettt et e s teeeseaeeesaeessaeesssaeessseaesnsaeenns 505
Heat EXChanger-08..........coouiiiiiiieiie ettt ettt e e teeeseveessaeeesaeesssaeessseeesnsaeenns 514
CONDENSER ...ttt ettt sttt et b ettt sbt e bt et e sbeenbeeatesbeenbeennas 515
CONAENSET-01 ...ooeiiieeiee et e et e e e e rta e e e taeesaeeesssaeesssaeessseeessseeensseeenns 515
CONAENSET-02 ..ottt et e et e e et eestaeeessaeeessaesssseesssseesssaeessseeessseeennseeanns 516
CONAENSET-03 ..ottt et et e e et e e et eesraaeeasaeeesaeesssseesssaeesssaeessseeesseaensseeanns 517
CONAENSET-04 ...ttt ettt e et e et e e e taeesstaeestaeesssseesssaeesssaeessseeessseeesnseeanns 518
CONAENSEI-05 ...ttt st ettt este et se e bt et esae et enbesseenbeenees 519
CONAENSEI-00 ...ttt et st e ettt e ae et eseeesbe et esaeenteentesseenbeenees 520
CONAENSEI-07 ..ttt ettt sttt ettt e bt e e seeesbe e st e saeenteentesseenbeenees 521
REBOILER ...ttt ettt ettt et sttt et eat et e e s nee bt et e eneenaeenee 522
REDOIIET-01 ..ottt et e e st e e e aaeeestaeeeasaeesssaeeesseeesnsaeenns 522
REDOIIEI-02 ... ettt sttt ettt sb e et e bt et enee b enee 523
REDOTIET-03 ...ttt ettt 524
REDOTIET-04 ...ttt ettt et 525
REDOTIET-03 ... ettt st s 526
REDOTIET-00 ...ttt st s 527
REBOILER-D7 ...ttt ettt ettt sttt e sa et sne e e e b e e e enee 528
MENARA DISTILAST ...ttt sttt sttt e st sae et e e e saeenee 529
Menara DIStIlasi-Ol ........coouiiiiiiiii et 529
Menara DIStilasi-02........coouiiiiiiii et e 546
Menara DIStilasi-03 ..ot 548
Menara DIStilasi-04........cooueiiiie et e 550
Menara DIStilasi-05........ooiiiiiiee e e 552
Menara DIStIlasi-00.........cc.eeruiiiiiriiiieeee e e 554
Menara DIStIlasi=07 ........eeueiiiiieriereeee ettt 556



Prarancangan Pabrik Hidrokuinon dari Benzena dan Propilena dengan Kapasitas 10.000 Ton/Tahun
Novia Safitri, Ir. Moh. Fahrurrozi, M.Sc., Ph.D., IPU.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
ERPANSION VALVE ....oooooooeeeeeeeeeeeee e 558
EXpansion Valve - 01 .....ooooiiiiiiiiiceceeee ettt 558
ACCUMULATOR.. ...ttt ettt et sttt ettt et st e bt et e eaeesaeenee 562
ACCUMUIALOT — 06 1.ttt st 562
ACCUMUIALOT — 021ttt ettt ettt et st sb et 567
ACCUMUIALOT — 03 ..ttt b et st 568
ACCUMUIALOT — 04 ..ottt sb et st nb et 569
ACCUMUIALOT — 05 ...ttt st 570
ACCUMUIALOT — 0.ttt ettt ettt e et et e et e e neeenbeennes 571
ACCUMUIALOT — 07 .ttt ettt ettt e et e st e eabeeeneeenbeeenee 572
KNOCK OUT DRUM ..ottt sttt ettt essae s e enaessnenseenseeneesneenes 573
Knock Out DIum — 01 ....ooueiiiiieiieieeeeet ettt st 573
KNock Out DIUM — 02....cueiiiiieiieieeieete ettt sttt ettt sae e e e e 581
DECANTER ...ttt ettt ettt et e et e st esseest et e enseestenseenseeneenseenns 582
DECANtEr — 01 ..ottt e 582
CRYSTALLIZER ..ottt ettt sttt sttt ettt et sae et eneesseenaeenees 591
CryStallIZEr-01 ....c..eiieiieeieee ettt ettt 591
CIYSAIIIZEI=02.....cceeieeee ettt e e e e et ee et eestaeessseeeenseeesssaeesnseeennseeenns 601
CONVEYOR ...ttt ettt h ettt s et e bt e st e saeenbeeneesseenseenees 602
Belt ConVEyOr-01 ......ooiiiiiiiie et ettt sttt et eenee s e ees 602
Belt ConVEYOT-02.......oouiiiiiiieieeiteeeeet ettt st 607
ELEVATOR ..ottt bttt ettt st b ettt et e nae e 608
Bucket EIeVator-0T ........cooiiiiieiieii ettt ettt et 608
Bucket EISVAtOr-02 ........ooiiiiiiiiieieeieeeee ettt 612
HOPPER ...ttt et st ettt e b et sttt eaee 613
5 (0] 15 L PP 613
5 (0] 15 w2 SRR 617
LAMPIRAN PERHITUNGAN ALAT UTILITAS ..oiioiieeeieieeeeseeseeeeeeeee e 618
SCHEENET (SC-01).cnetiieeiie ettt ettt et e et e e st e e s steeesaaeeesaeeesaeesssaeesnseaesnsaeenns 618

1X



Prarancangan Pabrik Hidrokuinon dari Benzena dan Propilena dengan Kapasitas 10.000 Ton/Tahun
Novia Safitri, Ir. Moh. Fahrurrozi, M.Sc., Ph.D., IPU.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
O ATN FEKUAIISAST (B-01).vvveeeeeeeeeeeeeeeeeeeee oo eeeeee e ee e eeseeene 620
Kolam Sedimentasi (B-02) ......c.ccoovuieiiiiiiiieeiee ettt iae e e saeesvae e reeesrae e 621
Mixer Coagulant (IMU-=02)........cccuiiiiiieiiieeiieeeriee et et esiae s aeeesaaeessaeesaeeesseeesnseeennnes 624
(@77 71 =7 (@) 0 O TSRS 628
Sand Filter (FU=01) ...ccuioiiiiiieieee ettt ettt et beesaae b e saesnbaesnaeenseennns 634
Carbon Filter (FU=02) ......ccoouooiieieeieeciteeie ettt ettt ettt eteesteeesseessaesaseesasesnseessseenseas 635
Mixer DISINTEkST (IMU=02) ....oouiiiiiiiiiciicieee ettt sttt s aaeeneees 636
Tangki Penyimpanan Alumunium Sulfat (TU-01).......coceeiiriiniiniiniiieeeeeeceeen 640
Tangki Penyimpanan Kaporit (TU=02) .......cccooieriiiriiiiieiieeieeee ettt 642
Tangki Penyimpanan Air Kebutuhan Umum (TU-03).........cccceeviiiiiiiniieiieieeieeeee e 643
Kolam Air Hydrant (B-03)......c.oooiieiiee ettt et sive e aaeeeraeesvae e s veeesnvaeenes 644
COld BASTN (B=05) ..cccueeieeieeeeeeee ettt e te e e e e e ta e e st e e e ba e e e aba e e earae e nraeeennes 645
HOt BASTI (B-00).....c..uiiieiiieeeie ettt ettt e e tee e et e s aa e e s aae e e vaeessaeeesaseeesasaeennns 646
Cooling Tower (CT-01) ....cooieieeeee ettt sttt seeeaeeas 647
Cation Exchanger (FU=03) ........cooioiiiiiieieeeeee ettt sttt et 654
Anion EXchange (FU=04) ..ottt ettt e 657
Tangki Penyimpanan Asam Klorida (TU-04) ........ccccociiviriiniininiiniineecneeeeeeseeeeeee 660
Tangki Penyimpanan Natrium Hidroksida (TU-00) ........cccceeeiiiiiiiiniiiiiieecieeeiee e 661
Tangki Boiler Feed Water (TU=00)........cccciieiiieeiiieeiiieeciee et eiee e saeeesaeeesvee e 662
Deaerator (DA-01) ...oeeeieeeeiie ettt et e et e e seaeeetaeeensaeesnsaeeensaeesnneeenns 663
Tangki Kondensat (TU=07) .....c.coooiiiiriiieiiieeiee ettt ettt see e siee e siee s e e sveeennveeenes 666
Tangki Penyimpanan Hydrazine (TU-08).........cccoureeiiieeiiieeiieeieeeieeeeiee et evee e 667
Belt Conveyor (BC-01) ...ttt te e e ae e s aae e s aae e eesnaeeennvee s 668
Pompa Utilitas (PU=01)...cccuiiiiieeiie ettt ettt e e aeeesnvae e 671
POMPA ULIIEAS. ..eeiieiieiii ettt ettt e et essbe e b e e eneeenseenens 677



	DAFTAR ISI

