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APPENDIX A 

PERHITUNGAN NERACA MASSA 

Kapasitas produksi : 50,000 kg 800;0 Acetic Acid 

SatUatl massa : Kilogram (kg) 

Saman wakiu : Hari 

I. Raw Material Mixinl Tank (M - 112) 

: Unmk mencampur 95 % larutan C1H50H dengan Acetic Acid 

o 8'?'<; ethano I 
95% ethanol r~ (DistilatoT Distilate Product) 
(Fresh f"-e.e-drr)---'l .,... 

smf. Acetic Acid 
(Distilator Bottom 
(Product) 

.... _------ .-. ----

.. /".-t---<~" 
M-1l2 

J. 
C'l.(.) I 

! 
'--.. ,/ 

~ 10,5%) ethanol 
1 % Acetic Acid 
88,5% H20 

Pmrem:a'-w Pahrilr Acetic Acid dari Ethanol 
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Feed IIntuk Fenuelltor (disajikan di pel'hitungan ne.-aca massa Mixing Tank) terdiri 

dari -

C2fFlH ,=- 33611,760 kg = 10,5 % = 0,105 

CH~COOH = 3201,120 kg =1% = 0,Ql 

tho == 283299,120 kg == 88,55 == 0,885 
-------
Total = 320112,000 kg 

Untuk membentuklmembuat komposisi feed seperti tersebut diatas maka 

dimanfaatkan hasil distillate dari Distilator, dicampw- dengan hasil produk bottom 

Distitator dan 95% C2HSOH fresh feed. 

Komposisi distillate hasil Distilator adalah sebagai berikut : 

(~2H50H = 2405,079 kg = (2405,079 / 287553,4(1) = 0,00836393978 

H20 ~ 285148,322 kg = (285148,3221287553,401) = 0,99163606022 

Totnl = 287553,401 kg Total = 1,000 

Komposisi bottom hasil Distilator adalah sebagai berikut : 

CH,COOH = 43201,120 kg = (43201,120/54001,400) = 0,80 

HjO = 10260,266 kg = (10260,266/54001,400) = 0,19 

= 540,014 kg = (540,014/54001,400) =0,01 

Tof.al = 54001,400 kg Toml = 1,000 

= 0,95 

c= 0,05 

Total = 1,000 

PI'(!'·IC"!Ca'?a Pabrik Acetic Acid dari Ethanol 
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Dicari berapa massa masing-masing dari 1,2 dan 3 h!!lllB diearnpur sehingga 

Untuk ffl~dillg F~nn~nt.or, misa} diperJukan A kg distillate produk, B kg bottom 

llntuk itll dilakukan langkah-lallgkah perbitnngan sebagai beriknt : 

Persamaan neraca massa C2H50H = 33611,760 

= 0,00836393978 A + 0,01 B + 0,95 C ... pers 1 

Persamaan neracamassa CH,COOH = 3201,120 = 0,80 B ............. peTS 2 

Persarnaan neraea massa IhO = 283299,120 

= 0,99163606022 A+ 0,19 B + 0,05 C ....... pers 3 

Dali peru 2: 

CH~COOH = 3201,120 = 0,80 B 

3201,120 
B = 4001,400 kg 

0,8 

Jadi total massa yang diperlukan dari produk bottom = 4001,400 kg 

l1arga B vang diperoieh di subtitusikan di pers 3 : 

H20 = 283299,120 = 0,99163606022 A + 0,19 B + 0,05 C 

= 0,99163606022 A + 0,19 (4001,400) + 0,05 C 

H20 = 283299,120 = 0,99163606022 A + 760,266 + 0,05 C 

H20 = 283299,120 - 760,266 = 0,99163606022 A + 0,05 C 

282538,854 = 0,99163606022 A + 0,05 C ............ pers 4 

Pm rencana Pabri k Acetic Acid dari Ethanol 
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Harga B yang diperolehjuga disubtitusikan ke pers 1 

C2H50H= 33611,.160 = 0,00836393978 A + 0,oI B + 0,95 C 

= 0,00836393978 A + 0,oI (4001,400) + 0,95 C 

C2H.,OH = 33611,760 == 0,00836393978 A + 40,014 + 0,95 C 

= 33611,760 - 40,014 = 0,00836393978 A + 0,95 C 

B571,746 = 0,00836393978 A + 0,95 C .............. pers 5 

Dican hm'ga A denglUl menggtmakan pers 4 dan pers 5 : 

282538,854 = 0,99163606022 A + 0,05 C ............. pers 4 

.B57i,746 = 0,00836393978 A + 0,95 C .............. pers 5 

Pers" dikalikan dengan (0,05 ! 0,95) = 0,05263157894 menjadi 

(O,05in,95) 3357i,746 = (0,05/0,95) 0,00836393978 A + (0,05/0,95) 0,95 C 

1766,934 = 0,00044020735 A + 0,05 C .............. pers 6 

Eliminasi C del1gan cara pers 4 - pers 6 adalah sebagai berikut : 

282538,&54 =0,99163606022A+O,05C ,",."., ... "pers4 

1766,93.1 = 0,00044020735 A + 0,05 C .............. pers 6 

280771,920 = 0.99119585287 A 

280771,920 
.4 = = 283265,834 kg 

0,99119585287 

Jadi total massa yang diperlukan dari produk distillate = 283265,834 kg 

Harga C dicari clengan subtitusi harga A pada pers 4 sebagai berikut : 

282<;38,854 = 0,99163606022 (283265,834) + 0,05 C 

282538,854 == 280896,616 + 0,05 C 

Z82'538,8'54 - 280896,616 = 0,05 C 

Prarencal?a Pabrik Aretic Acid daTi Ethanol 
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1642,138 =0,05 C 

1642,238 
c = 32844,766 kg 

0,05 

Jadi total massa yang diperlukan dan fresh feed 95% C2H~C>H = 32844,766 kg 

Maka untuk membuat feeding Fennentor dengan kadar 10,5% C2H50H, 1% 

CH3CO( lH dan 88,5% ~O dicampurkan bahan-bahan dan : 

produk distillate = A kg = 283265,834 kg, dengan komposisi sebagai berikut : 

= 0,00836393978 (283265,834) kg = 2369,218 kg 

fhO _____ n = 0,99163606022 (283265,834) kg = 280896,616 b 
Total = 283265,834 kg 

f'rodllk bottom == B kg = 4001,400 kg, dengan kOIDposisi sebagai berikut : 

CH,COOH = 0,80 (4001,400) kg := 3201,120 kg 

H~O == 0,19 (4001,400) kg "" 760,264 kg 

"" 0,oI (4001,400) kg = 40,014 kg 

Total = 4001 ,400 kg 

Fresh fi:<ed 95% C2H50H =C kg = 32844,766 kg, dengan komposisi sebagai berikut : 

= 0,95 (32844,766) kg = 31202,528 kg 

= 0,05 (32844,766) kg = 1642,238 kg 

Total = 32844,766 kg 

I'engecekan hasil perhitungan : 

AI B + C dicampur meIijadi satu akan diperoleh feeding Fennentor dengan 

komposisi sebagai berikut : 

= (2369,218 + 40,014 + 31202,528) kg 

= 33611,760 kg ~ 33611,760 kg 

Pmrel?rmla Pabrik Acetic Acid dari Ethanol 
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CH,COOH . = 3201,120 kg l::: 3201,] 20 kg 

IhO= (280896,616 + 760,264 + 1642,238) kg 

= 283299,120 kg l::: 283299,120 kg 

har,lla-har.~a yang teiab ditetapkan lerlebih dabulu untuk komposisi feeding Fermentor 

maka perhitungan beliar adanya. 

R,il!gka~:,m_l!eraca massa Raw Mixing Tank (M-IIl) 

Masuk Keluar 

Ke Fermentor (R-12Q) 

2369,218 kg 33611,760 kg 

.'" 280896,616 kg = 3201,120 kg 

= 283265,834 kg = 283299,120 kg 

Re.;;ycle (Iar! bottom (F-135) = 320112,000 kg 

CH,coon 3201,120 kg 

IhO 760,264 kg 

40,(H4 kg 

4001,400 kg 

D_ru:iji-i"~shJeed 95% (F-lI0) 

- 31202,528 kg 

1642,238 kg 

= 32844,766 kg 

Total = 320H2,000 kg Total = 310112,000 kg 

,1',-orp,,< w'a Pabrik .Jketic Acid dari Ethanol 
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n. Perment~r (Jl - nt) 

l.~ : Uotuk mereaksikan CzI!jOH deogao <h dsri udara dengao baoluao 

bacteriahinggu. t.erbentuk CH~OOR 

2. Gambar 

Bacteria C0:2 

10,5% ethanol ~ r;=: Recycle 
1 % Acetic Acid ..L...!.......-1I---.!....L. 

88,5%HzO 

R-120 

----. 8,3% Acetic Acid 
0,6% ethanol 

3. Perhitungao : 

\ 'i' 

Perhituogan didasarkan dari Faith and Keyes, 1961, him. 13 deogao uraJan 

Ethanol yang diperlubn adalab = 1950 lb x 0,95 = 1852,5 lb = 840,294 ks 

1000 

60 

840,294 
___ kgmol 

46 

1000 
--x 46 kg = 766,6666661 kg 

60 

Prarencana Pabrl.1r Acetic Acid darl Ethanol 
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C)H50H !'lisa, yang tak bereaksi = (840,294 - 766,6666667) kg 

= 73,6273333 kg 

766,6666667 
----- x 100 'lfo = 91,237908006 % 

840,294 

1000 
02 y3Jlg bereaksi ~_ )( 32 kg = 533,3HB33 kg 

60 

Udara yang dibutuhkan ~ it 000 Ib 

Tenliri dari 79% N2 dan 21(>/(1 02 (dalam % molekul) 

Basis iOO kgmol udara 

79%N2 = 79 kgmol N2 = 79 x 28 kg = 2212 kg = 76,699029126 % 

= 21 kgmol02 = 21 x 32 kg = 672 kg = 23,300970874 % 

= 2884 kg 

11000 It; udara terdiri dari : 

23,300970874 
23,300970874 % 0 3 x 11000 lb = 2563,10679614 Ib 

100 

= 1l6:z,6:Z~24272 kg 

76,699029126 
76,699029126 % N2 x 11000 Ib = 8436,8932039 Ib 

100 

= 3826,97475728 kg 

Total =4989,6 kg= 11000 lb 

533,3333333 
---- xlOO% 

1162,62524272 

= 45,873194018 % 

- ----------------------------------
PpOI'erll'ana Pab.r.ik Acetic Acid dari Ethanol 



18869,760 
% O? yallg bereaksi terhadap udara yang ada = -----x100% 

4989,6 

= 10,688899577 % 

UntiJk 3:'i380,800 kg CzHsOH 95% (sebagai hasil perkalian 35,3808 basis 

perhittmgan ll) 

95 
Kadar 9<'%, Bthanol = -- x 35380,800 kg = 33611,760 kg 

100 

r 

ClhCOOH yang teIjadi = ! 
\. 

33611,760 -'J' 

840,294 . 

= 40000,000 kg 

x 35380,800 kg 

CrbCOOH yang ada = (40000,000 + 3201,120) kg 

= 4]201,120 kg 

40000,000 
C2HSOH yang bereaksi = x46kg 

60 

= 30666,666 kg 

(>H~OH sisa = (33611,760 - 30666,666) kg = 2945,093 kg 

40000,000 
= x18kg 

60 

= 12000,000 kg 

Hi) yang keluar = 283299,120 + 12000,000 = 295299,120 kg 

o( Y3llp. bereaksi 
( 33611,760 '''1 t .) x 18869,760 kg 
- 840,294 

j>"arer1cana Pabnk ./Jcetic kid dan Ethanol 

A- 9 



AppendiX A A-10 

100 
(h yang ada dari udara = x 21333,333 kg 

45,873194018 

= 46505,010 kg = 23,300970874 % berat 

76,699029126 
N2 dari udara = --.------- x 46505,(HO kg 

23,300970874 

= 153078,990 kg 

= (46505,010 + 153078,990) kg 

= 199584,000 kg 

0:1 Ri~:a = (46505,010 - 21333,333) kg 

= 25171,676 kg 

320112,000 
Vohune ballan liquid masuk Fermentor = -----liter 

0,97648 

= 327822,382 liter 

= 86610,933 gallon 

86610,933 
JIIDllah media bacteria = x 7Ib (Presscott, 1987, hIm. 441) 

2500 

= 242,511 Jb 

= 110,003 kg::::- l~.o .. £)(H liter 

N~uH = 0,25 %. dari iumlab media bacteria (Presscott, 198'7, hIm. 431) 

0,25 
x 110,003 kg 

100 

= \},275 kg 

Prar,>r>{:WlO. Pat.H"i/; Acetic _4cid dart Ethanol 
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Reaksi perurail111 NfuOH adaJah sebagai berikut : 

J7 
NH.; . - (0,275) kg = 0,1.14 kg 

15 

18 
Hi) (0,275) kg = 0,141 kg 

Keaksi pembenluk celi bacteria (Battley, 1979, hlm_ 132) 

1,300 (';JHH-I + 2,406 02 + 0,198 NH3 ---...1,339 CH1,704 NO,419 00,408 

1),134 
NIh kgmol 

17 

1,300 

0,198 

= 2,373 kg 

2,406 .'-
I 

-~.----

l 0,198 

= 3,055 kg 

1,339 , 
------ I ---- I 

0,198 L 

= 1,387 kg 

1,262 r' 

I 
= I 0,198 '-

= 2,204 kg 

+ 1,261 C02 + 3,049lLlO 

( 0,134-,) t-;;-J 46 kg 

0,134 1 
I 32 kg 

17 J 

0,134 -, 
I 26,098 kg 

17 ) 

0,134 1 
! 44 kg 

17 ! 
J 

p"(?y,,,,,"(ma Pabdk" Acetic Acid dan Ethanol 

A-ll 
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Ripglras8ll neraca massa Fennentor CR-120) 

Masuk Keluar 

Dari (F-I10) dan <D-130) Recycle Ke Distilator (D-130) 

CaH50H = 33611,760 kg CH)COOH = 43201,120 kg 

CH3COOH = 3201,120 kg C2H50 H = 2945,093 kg 

}hO = 283299,120 kg IbO = 295408,588 kg 

= 320112,000 kg Bacteria = 1,387 kg 

Media bacteria dari Jaboralorium = 341556,188 kg 

Cl H50 H = 2,373 kg Keudar"a 

Bacteria = 0,206 kg ~ = 25168,621 kg 

NRtOH = 0,275 kg N2 = 153078,990 kg 

H2O = 107,148 kg C~ = 2,204 kg 

= 110,003 kg = 178249,815 kg 

lliI!n 

~ = 46505,010 kg 

N2 = 153078,990 kg 

= 199584,000 kg 

Total = 519806,003 kg Total = 519806,003 kg 

Prarencana Pabn k Acetic Acid dan Ethanol 
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In. DhtillatDr (D - 130) 

: Unblk mt~mlUlliklill larutan 8,3% Acetic Acid metyadi produk 80010 

Acetic Acid, 

Uap elhanol + H20 ke Condenser 

~ f ·---·-il Reflux ethanol +H20 dari ACClUllulator 

I I" 0,8'% ethanol distilate product 
D-UO 

1 .. ····1 
I I 8,3% Acetic Acid 

0,6% ethanol - Uap Acetic Acid dari Reboiler 

------. 80'% Acetic Acid Product 

,- ---S;;lyawa -, Berm Berm 

I I (kg) I molekul 
L __ ----- --------t-----__+__ 
! C~H\uH I 2945,093 I 46 I -

CH3C'OOH 43201,120 60 

H20 295408,588 18 
1------- ----r-- -
1 Tola\ 1 141554,801 1 

Jumlah 

molekul 

64,024 

720,019 

16411,588 

17195,631 
I __________________ 1 _______ ---1 ____ '--__ _ 

Bottom terdiri dari ; 

I Molekul 

I fraction I 
10,003723261 

0,04187219 

0,95440455 r 1,00000 

Stlmua fhlction CH,COOH ke Bottom = 720,019 kgmol = 80 % massa 

= 43201.120 kl.! 
> '-' 

1 
= __ x43201,120 kg 

80 

= 540,014 kg = 11,739 kgmol 

Prarf'mm'(l Pabl"ik- Ai;etic Acid daTi Ethanol 
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19 
-- x43201,120 kg 

80 

= 10260,266 kg = 570,015 kgmol 

Total moJelml ke Bottom = (720,019 + 30,000 + 570,015) kgmol 

= 1320,034 kgmol 

fIlol fhlk;-;i di Bottom: 

C1-hCOOH '720,019/1320,034 = 0,54545455 

IhO = 570,015 11320,034 = 0,43181818 

('2H~on ~, 30,000/ 1320,034 = 0,02272727 

Nenlca mass;] komponen CJ-IsOH = F . XF = D.XD + BXB 

(17195,6.H x 0,0(372326) = DXn + (1320,1)34 x 0,(2272727) 

64,024 = DxD + 30,000 

Dxo = 64,024 - 11,739 

= 52,284 kgmol 

Nera~'a ma~Ba kOIIlponen Hi) = F.X. = Dxn + BXB 

(i 7195,631 x 0,9544(455) = DXD + (1320,034 x 0,43181818) 

16411,588 = DXD + 570,015 

DXD = 16411,588 - 570,015 

= 15&41,573 k,gmol 

Jadi kmnposisi Distillate 

= 52,284 kgmol = 0,00328959 mol fraction 

1+20 = 15841,573 kgmol = 0,99671041 mol fraction 

= iS893,8S8 kgmol = 1,00000 mol fraction 

Prarencm'a Pabrik Acetic Add dar! Ethanol 

A -15 
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Komp08isi moi fi-action di Distiilator 

I So?nyawa I Boiling point I Mol fraction Mol fraction , Mol fraction 

I I I Feed Distilate I Bottom 

r<::;-UjCOOH -T lJ8,loC ! 0,04187219 ! 0,54545455 
I I I 

I
i ("H~Ol I I 78YC 0,00372326 0,00328959 I 0,02272727 

~;!()- I 100°(; I 0,95440455 0,99671041 I 0,43181818 

l~~;~j~ ~-__ -_~J--~-~~==:I=_----Lt---l,-OO-O--II---l-,o-o-o----lJ 
Mellentllkan kondisi operasi feed masuk Distillator 

Perhitungan sesuai Kern hlm.324 

SI~lU bubhle point feed di trial = 100,5°C 

Tekamm operasi di trial = 760 mmHg 

[----------10- . 
t Kompollen \ Mol frakSI I Pi (mmHg) I I 

f-dii.ry·rn--fo.04 ;:7219l~ 
I 

I 415 
1 I I 
I C21I~OH I 0,00372326 
I I 
I H.'O I 0,95440455 1- -------+-. -

! .. ______ . _____ L __ _ 

I 1760 I 
I 
I 773,68 
I 
I 
I 
I 

Bubb!E' point Distillate 99,9°C 

Tekall8JI J atm ~~ 760 llUnHg 

IK~~mp()nt>n 
I-~- --::: - -
I c2H~.uH 

I Mol frnksi = x Pi (nnuHg) 

I 
III/~O_ 
I L ____ _ 

---I 0,00328959 1712 

I 0,99671041 
.---~----

757,29 

____ J __________ L 

PmrenlXl.l'a Pabrik Acetic Acid. dari Ethanol 

ki =pi/p YI = ki.xi 

(p = 760 mmHg) 

0,5460526 0,02286442 
I 

2,3158 I 0,008622286 I 

1,018 
I 

0,9715838 

1,003 "" 1 

! ki =pifp I YI = ki_xi 
I 
I 

2,1526316 ! 0,00741023 I 

0,99643421 I 0,99315635 
j 

I 1,0005"" 1 

I 

I 
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Bubble point Bottom 106GC 

Td{aIlan 1 atm = 760 mmIfg 

YI =ki.xi I-K-OI;;POI;~-n I M-o-I-frak-'Si-=-x Pi (nnnIfg) ki = pi/p 

r cil;c6o H .- fB454:-::5:-::4~5 5=---t---S=-=3:-:-1:-:::, 9~3 7::Cl:-:::7~3 --+--O::-,6-:-:9=-=9-=-9:-:17:---f--~-::-"-:=--I I 0,381773 I 

I II :llH)H I 0,02272727 2200 2,89474 I':" . _+0,431818_]_8-;- 986,865672 1,2985075 

0,065789 

j 
0,5607191 

1,008 ~ 1 

Tekanan I aim = 760 mmHg 

IK(~;j.i~~len I Mol fraksi '" x I Pi (mmHg) ki =' pi/p Yl = YDi / xi 

l (ji.(~O()II--- r-O,54545455 588,481675 

C2H<,OB 0,02272727 2440,00 

0,774318 0,7044322 

3,2105 0,0070790 

I fhO I 0,43181818 1100,298507 I 1,4477612 0,29826616 
I .- - -.--+-------4-------;1------1--------1 

t._ __ __ ._l __ . __ . ____ L ______ .... 1 _. _____ L-=-,00977_~ 

Dew pont Distillate IOOoe 

Tekanan i alm = 760 mmHg 

Ikompo~~~--fMol fraksi = x I Pi (mmHg) I ki = pi/p r Yl = xi / ki l 
I t;,IH)tl----i- OJ)0328959 t-- 1720 -+i -2 .. 263-1-57-8-9--1-1- 0-,0-01-4-5-3-54--11 
I - I 1 I I - I 

II~'~-. __ ~J_()_'996~104_1 L 760_---->1 __ -___ 1====:I~()O_'~9_99_6:_21_:4_11--11 

P"(Ft'nc!Vm Pl1b.r.ik iket.ic lkid da.r.i Ethanol 
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Meneari harga reflux ratio minimum (R min) 

(CumRuo & Raviprasad : Chemical Engineering, Octob«, 12,1987) 

Rmin = 

dimana: 

0,00372326 

=--------
0,00372326 + 0,04187219 

0,00372326 
'" .-------- = 0,0816586 

0,04559545 

uu"Hk atas = distillate yang dew point (ki) 

2,26315789 
= 2,26315789 

1 

ct.J.k, 11k bawuh = bottom yang dew point (ki) 

3,2105 
= 2,21756 

l,4477612 

= .~ (2,26315789) (2,21756) == 2,24024 

1 
Rmin - = 9,87398 

(0,0816586) [(2,24024)-1] 

R op '" 1,1 - 1,5 R min (Peny ed. 6) 

A - 18 

.. _---_._------------------- ------
Prarpl1cana Pabril; Acetic Acid dad Ethanol 



AppenJuA A -19 

= 1,2 - 2,0 R min (Ludwig) 

Diambil: 

R or "" 1,2 R min 

= I 2 (9 873982) .-0 11 8488 = UD ~o R " , 

L =RxD 

L = 11,8488 x D 
Total conde.nse.r 

D 

Komposisi reflux: 

ponen Dkgmol I L= 1l,8488xD V = (1l,8488 + 1) D 

OR 52,284 619,503 671,787 

15841,573 187703,630 203545,203 

Liquid=L 

= 619,503 x 46 kg = 28497,138 kg 

H20 = 187703,630 x 18 kg = 3378665,340 kg 

Total = 3407162,478 kg 

Distillate = D 

= 52,284 x 46 kg 2405,079 kg 

HlO = 15841,573 x 18 kg = 285148,322 kg 

TotaJ = 316889,145 k8 

Prarencana Pab.rllc Acetic Acid dan Ethanol 
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Vapour = V = L + D 

~ (2&<\97,138 + 1405,079) kg =; 30902,217 kg 

H20 = (3378665,340 + 285148,322) kg = 3663813.662 kg 

Total = 3694715,879 kg 

Bottom 

CIhCOOII -'" 720,019 x 60 kg =; 43201,120 kg 

H20 = 570,015 x 18 kg = 10260,206 kg 

C2H\OH = 30,000 x 46 kg = 540,014 kg 

Total = 54001,400 kg 

Komposisi produk CH,COOH 

Komposisi produk CH3COOH yang dijual = produk bottom - recycl~ ke Fermentor 

(K~t-.ull!h8n lmtuk r~cycl~ disIUikml di p~rhjtungml Material Mixing Tank) 

C113COOH '" (43201,120 - 3201,120) kg = 40000.000 kg 

H20 = (10260,266 -760,266) kg = 9500,000 kg 

0= (540,014 - 40,014) kg = 500,000 kg 

= 50000,000 kg 

Komposisi waste (buangan) 

KODlposisi waste = produk distilate - lmtuk recycle ke Ferment« 

(Kebutuhan untuk recycle disajikan di pemitungan Material Mixing Tank) 

C.H~OH = (2405,079 - 2369,218) kg 35,861 kg 

H20 = (285148,322 - 280896,616) kg = 4251,706 kg 

Total - 4287,567 kg 

P,arenrana Pab,Ur Acetic Acid dan Ethanol 
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Rillgkasan neraca IllllSsa Distillator (D-130) 

Dari Bilater (£-126) 

- 2945,093 kg 

43201,120 kg 

"" 295408,588 kg 

= 341554,801 kg 

Total = 341554,801 kg 

Prarencana Pabrik Acetic lJ{;id dart Ethanol 

A - 21 

Distill. ke CF-137l 

Recycle ke F~entor (R-120) 

== 2369,218 kg 

lilO =: 280896,616 kg 

=< 283265,834 kg 

35,861 kg 

"" 4 287 ,567 kg 

Bottom 

Recycle ke Fmuenlor (R-120) 

CH3COOH - nOl,120 kg 

~O '" 760,266 kg 

== 4001,400 kg 

Dijual 800/0 Acetic Acid 

ClI;COOH == 40000,000 kg 

liJO 

Total 

== 9500,000 kg 

- 500,000 kg 

-= 50000,000 kg 

== 341554,801 kg 
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--------------------------------------------------

APPENDIXB 

PERHITUNGAN NERACA PANAS 

Kap8Bitas produksi : 50.000 kg SOOIo Acetic Acid 

Satuan P!Ulas : kilokalori (kkal) 

Basis waktu : 1 hari 

3ubu ref~n,"ce : 2s"e 

I.llaw Material MbiDI T •• (M - tll) 

1. Ftmp,Si : Untuk mencampur 95 % larutao e~50H dengan Acetic Acid 

dan ~O sebingga membentuk campuran 10,5% C:Jf50H, 1 % 

2. G1unbar 

95% ethanol 
(Fresh feed), lO"C 

80% Acetiffic~Ai\.cCllr~~_t_--~ 
(Distilator Bottom 
(Product), lOGe 

PrQnmcana Pohrik Acetic Acid dari Ethanol 

o 8%e 01 
(Distilator Distilate Product) 
lOGe 

M-1l2 

10,5% ethanol 
1 % Acetic Acid 
88,5% ~O, 27Ge 
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3. Perhihmgan : 

Etbalpy babao masuk dari Distillate pada 300e 

AH.C2H:DH = 2369,218 x 0,680 (30-25) kkaJ 

MI.I:l?O = 280896,616 xl (30-25) kkal 

Total 

Enthalpy baban masuk dari bottom pada 30De 

MI.C2H~:OH = 40,014 x 0,680 (30-2.5) kkBl 

MI.CH3COOH = 3201,120 x 0,522 (30-25) kkal 

Ml.H:JO = 760,264 xl (30-25) kkal 

Total 

Etb~aban masuk dari fresh feed pada 30De 

MI.C2H50H = 31202,528 x 0,680 (30-25) kkal 

Ml.H20 = 1642,238 x 1 (30-25) kkal 

Total 

Total enthalpy bahan masuk = 1539130,497 kkal 

Eotbalpy bahan ke1uar 

= 8055,341 kkBl 

= 1404483,080 kkal 

= 1412538,421 kkBl 

= 136,048 kkBl 

= 8354,923 kkal 

= 3801,320 kkal 

= 12292,291 kkal 

= 106088,595 kkal 

= 8211,190 kkal 

= 114299,785 kkal 

Dari hasil percobaan. pada pencampuran terjadi penunman subn dari 30De menjadi 

2rc = 8111m baban keluar. 

Enthalpy baban keluar pada 27"e 

AH.C2H50H = 33611,760 x 0,680 (27-25) kkal 

AH.CHJCOOH = 43201,120 x 0,522 (27-25) kkBl 

AH.I:l?O = 283299,120 x 1 (27-25) kkal 

Total 

Prare.t1cana Pabrik Acetic Acid d(zri Ethanol 

= 45711,994 kkal 

= 45101,969 kkaJ 

= 566598,240 kkal 

= 657412,203 Ideal 
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Karena udara luar subunya lOOib tin,ggi dari suIru bahan Belelab pencampuran atau 

= (1539130,497 - 657412,2(3) kkal = 881718,294 Ideal 

Ringkasan neraca. panas Raw Malerial Mixing Tank eM-I 12) 

== 1404483,080 kka} 

= 1412538,421 kkaI 

Dari bottom 

AH.C2H~OH = 136,048 Ideal 

AHCH3COOH= 8354,923 kkal 

MiIiJO 

Fresh feed 

Mi.C2H50H 

Total 

= 3801,320 kkal 

= 12292,291 kkal 

= 106088,595 kkal 

= 8211,190 kkal 

= 114299,785 kkal 

= 1539130,497 kkal 

Keluar 

tlli.CH)COOH= 45101,969kkal 

= 566598,240 kkaI 

= 657412,203 kkal 

Panas yang diserap 
dari udara = 881718,294 kkal 

Total == 1539130,497 kkal 

p.rarf;'ncono Pobn" Acetic Acid dan Ethanol 

B-3 
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II. J!ermeDtor (R - 120) 

1. FlU1SMi : Untuk Illereaksikan C1H50H dengan ~ dari udara dengan bantuan 

bacteria bingga teroentuk: CH3COOH 

2. Gambar 

10,5% ethaool_-. 
1 % Acetic Acid 
88,5% H20, 30DC 

Recycle, J2YC 

R-l20 

L....-. 8,3% Acetic Acid 
0,6'...0 ethanol, 32,5°C 

Eulhalpy 100/0 ethanol dan 1% acetic acidmasuk dari M-1l2 pada30°C 

MI.C2HjOH == 33611,760 x 0,680 (30-25) k:kal == 114279,984 k:kal 

MI.CH3COOH = 43201,120 x 0,522 (30-25) k:k:al == 8354,923 k:k:al 

= 283299,120 xl (30-25) k:k:al == 1416495,600 kkal 

Total == 1539130,507 kkal 

Enthalpy media bacte-ria masuk pada 30Ge 

MI.bact.eria = 0,206 x 1,0 (30-25) kkal = I,OlO kkal 

MI.NlL$OH = 0,275 x 1,0 (30-25) kkal = 1,375 k:k:al 

= 107,148 x 1,0 (30-25) k:k:aJ = 535,740 kkal 

Total = 546,213 kkal 

P"arel?CQnQ Pabrik Acetic Acid da.t7 Ethanol 
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Enthalpy udara masuk pada 30°C 

Llli.~ = 46505,010 x 0,22 (30-25) kkaI. = 51155,511 kkaI. 

MI.N2 = 153078,990 x 0,25 (30-25) kkal = 191348,737 kkal 

Total = 242504,248 kkal 

Total enthalpy bahan masuk = 1782180,968 kkal 

EnthalpY baban keluar pada nYc 

Llli.CH3COOH = 43201,120 x 0,522 (32,5-25) kkal = 169132,385 kkal 

Illi.C2H50H = 2945,093 x 0,680 (32,5-25) kkal 15019,974 kkal 

Illi.H20 = 295408.588 xl (32.5-25) Ideal = 2215564.410 Ideal 

MI. bacteria = 1,387 x 1 (32,S-25) kkaI = 10,402 kkal 

MI. 02 = 25168,621 x 0,22 (32,5-25) Ideal = 41528,225 kkal 

MI.N2 = 153078,990 x 0,25 (32,5-25) kkal = 287023,106 kkaJ 

AH.C~ = 2,204 x 0,21 (32,5-25) kkaI = 3,471 kkal 

Total = 2728281.973 Ideal 

Panas n~aksi pada 25°C (padakeadaan standard) 

Reaksi: C2H~H + ~ .. CH3COOH + H20 

Panas reaksi standard (2S0C) sesuai Hougen and Watson, 1954.hlm. 311 adaIah : 

[ AlI Ruction = L. Hf G'roduc19 - L. Hf {R •• ~ J 25
0 

C 

atBu : 

= [- 116200 + (- 68317,4) - (- 66350)] kkalJkgmol 

= - 118167,4 kkalJkgmol _ 

Prarencana Pubri" Acetic Acid dari Ethanol 

B-5 
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40000 
Jumiah molekul = (- 118167,4)kkal 

60 

= - 78178266,667 kkal (negatip, mt'IJ8t'Juarkan panas) 

Pooas reaksi pada n,5"C = 305,5"1< sesuai Smilh Van Ness, 1959, hJm.145 

MI" 3()5,5 =.MI" 298 + [L: (n Cp,mass) - L: (n Cp, masS)] (305,5 - 298) 
P!:oducts R •• ctms 

MI" :ros,S = (78778266,667 + 2728281,973 - 1782180,968) kkal 

= 79724367,672 kkal 

Total enthalpy yang dibarapkan pada suhu 32,5°C = total enthalpy baban keluar 

Enthalpy bahan keluar pada T"C 

AHCH3COOH = 43201,120 x 0,522 (T) Ideal = 22550,98646 T Ideal 

ARC2HsOH = 2945,093 x 0,680 ( T) kkal = 2002,66324 T kkal 

MI.lIJO = 295408,588 x 1 (T) kkal = 295408,588 T kkal 

MI.bacteria = 1,387 xl (T) kkal = 1,387 T kkal 

.lli.G.? = 25168,621 x 0,22 (T) kkal = 5537,09662 TkkaJ 

.lli.N2 = 153078,990 x 0,25 (T) kkal = 38269,7475 TkkaJ 

MI. C02 = 2,204 x 0,21 ( T ) kkal = 0,46284 T kkal 

Total = 363770,92984 T Ideal 

= 80560447,635 kkal 

T = 221,459278426 

10 b8ri proses wlluk liap batch,. makarata-nlta/hsri timbul panas 

Prarencana Pabnfr Acetic Add dan Ethanol 



Appendix B 

78778266,667 
= ldatJ = 7877826,667 ldatJ 

10 

Panas yang hams dibilaogkan = 7877826,667 + 1782180,968 - 2728281,973 

== 9660007,635 

Total == 363770,92984 T Ideal 

T 

:-:: 9660007,635 Ideal 

9660007,635 

363770,92984 
°C:::: 26,5551940592 °C 

Subu baban keluar = (26,5551940592 + 25) °C 

~194059~ ? 
Jadi panas yang hams dihilangkan 

= AHR ~ 0 c + totBl enthalpy baban masuk - total enthalpy baban keJuar 

= (78778266,667 + 1782180,968 - 2728281,973) kkaI 

= 77832165,662ldml 

Jumlab air peodinsin 

B -7 

Digunakan air pendingin masuk pada BUbu 30°C keluar pada subu 45"C 

(Ulrich, 1984, hlm.159) 

JumJah air pendingin = 

77832165,662 

1 (45 - 30) 

= 5188811,04413 kg 

Enthalpy air pendingin 

Enthalpy air pendingin masuk 

kg 

= 5188811,04413 xl (30-25) kkal = 25944055,220 kkal 

Prarencana Pabri k Acetic Acid dan Ethanol 
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Enthalpy air pendingin keluar 

= 5188811,04413 x 1 (45-25) kkal = 103776220,882 kkal 

Ringkasan neracapanas Fermemor (R-120) 

Kelllil1" 

Dari M-1l2 Ke DiBlilator 

Mi.CH3COOH= 169132,385 kkal 

Llli.C2H50H 15019,974 kkal 

Mi.fk?O 1416495,600 kkal Mi.fk?O 2215564,410 kkal 

1539130,507 kkal MI.bacteria 10,402 kkal 

Media bacteria Ml~ 41528,225 kkaI 

8,068 kkal MlN2 = 287023,106 kkal 

MI.bacteria - = 1,030 kkal MI. CO:? = 3,471 kkal 

1,375 kkal = 2728281,973 Ideal 

535,740 kkaI Air pendingin 

= 546,213 kkal = 103776220,882 Ideal 

51155,511 kkal 

191348,737 kkal 

242504,248 kkal 

AlIR250C = 78778266,667 kkal 

Air pendingin 

= 25944055,220 kkal 

Total = 106504502,855 kkal Total = 106504502,855 kkal 

----_.-----------------------------------------------
Prarenca'la Pabn.lr Acetic Acid dan Ethanol 
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m. Heater (E - 126) 

L Fungsi : Untuk memanaskan feed yang akan masuk ke DistiUator dari 30°C 

menjadi 100YC deDg1ll1 menggunakan steam. 

2. Gambar 

Steam. 260"F 

Entbalpy baban masuk pada 30Ge 

MiC2HsOH = 2945,093 x 0,680 (30-25) kkal = 10013,316 kkal 

MI.CH3COOH = 43201,120 x 0,522 (30-25) kkal = 112754,923 kkal 

= 295408,588 xl (30-25) kkal = 1477042,940 kkal 

Total = 1599811.179 kkal 

Enthalpy baban keluar pada 100,5°C 

AH.C2H50H = 2945,093 x 0,680 (100,5-25) kkal = 151201,075 kkal 

Ml.CH~OOH = 43201,120 x 0,522 (100,5-25) kkal = 1702599,340 kkal 

= 295408,588 xl (100,5-25) kkal = 22303348,394 kkal 

Total = 24157148,809 kkal 

Panas yang harns ditambabkan = (24157148,809 - 1599811,179) kkal 

= 22557337,630 kkal 

Pt'a1'l!.tlcanQ Pabrik Acetic Acid dan Ethanol 
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5 
Heat losses diasumsikan 5% = -- (22557337,630) kka1 

100 

= 1127866,882 kkaI 

Total panas yang barns diberikan steam = (22557337,630 + 1127866,882) kka1 

= 23685204,512 kkal 

= 93988906,7936 Btu 

Digunakan steam 260"F, tekan8ll 35,429 Ib forcelinl 

(Me Cabe, 1974, blm915) 

i. =:: 228,60 BtuIlb 

A. = 938,7 Btullb 

ly = 1167,3 Btullb 

Jumlab steam yang diperlukan 

93988906,7936 
Jumlab steam = -----Ib 

938,7 

= 100126,671773 Ib 

t.H.steam = 100126,671773 x 1167,3 Btu = 116877863,960 Btu 

= 29453221,718 kka1 

MI.condensate = 1()0126,671773 x 228,6 Btu = 22888957,1673 Btu 

= 5768017,206 kkal 

Prarel'lCQ,,'a Pabrik Acetic Acid dari Ethanol 
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R inglrasan neraca panas Hearer (E-126) 

Keluar 

MI.ClhCOOH= 112754,923 kkaI MI.ClhCOOH= 1702599,340 kkal 

= 1477042,940 kkal 

= 1599811,179 kkaI 

Misteam = 29453221,718 Ideal 

Total = 31053032,897 kkal 

= 22303348,394 kkaJ 

= 24157148,809 kkaI 

Micondensate= 5768017,206kkaJ 

Heat losses = 1127866,882 kkaI 

Total = 31053032,897 kkal 

IV. Distillator (D - 138) 

l.~ 

2. Gambar 

: Untuk memumikan larutan 8,3% Acetic Acid meqjadi produk 80010 

Acetic Acid. 

D-130 

8,3% Acetic Acid 
0,6% ethanol 
loo,SoC 

'14--. Reflux ethanol +}hO dari Accumulator 

0,8% ethanol distilate product, 99,9°C 

,..- Uap Acetic Acid dari Reboiler, 106°C 
1----1 

'----. 80% Acetic Acid Product, 106°C 

prareflcana Pab.rik Acetic Add da.ri Ethanol 
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i\IH',!lhUtl '2(4),09.lxO,6S()(100,)-b)kkal .... 15120UJhkl<a1 

AH.Cf-tCOOH = 13201 ,120 x 0,522 (100,S-25) kknl = 1702599,Jto kkal 

11H.H,o = 29540~.588 x 1 (100,5-25) kkaJ = 22303348,394 kkal 
--------~------- .. ~--~~~-. 

Total = 241S7148,809 kkal 

.-1lH';JtOH = 2405,079 x 0,680 (99,9-25) kkal = 122495,484 kkal 

= 285148,322 xl (99,9-25) kkal = 21357609,318 kkal 

Total = 21480104,802 Ideal 

AH,CH1COOH = 4nOI,120 x 0,522 (106-25) kkaJ = 1826629,7~61dmJ 

AH.C2IhOH = 540,014 x 0,680 (106-25) kkal "" 2914l,97) kkal 

= \0260,266 xl (106-25) kkal = 831081,S46 kbI 
-.-----.--.--.-----.--,---~--- ------

Total = 2687455,273 kkal 

MLCiH:,OH"" 30902,217 x [(99,9-25) 0,680 + 204,26J kka1 = 7885998,561 kkal 

= 3663813,662 x [(99,9-25) 1 + 540,5] kka1 = 2254710927,568 kkal 
--~--~--------------------------

Total = 249900882,129 kkal 

Pmrf-'1!( :ana Pabrj k Acetic Acid dari Ethanol 
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Entlm!l!.yJimtid!<elllar condenser pada Suhll 99,9°C.~ 

;\11.( .,j 1·,011 10902,217 x 0,6&0 ('>9,9-2.'l) klml ... I W1911 .71 (J kkal 

= .3663813,662 xl {99,9-25) klml = 20554031281,150 kkal 

Total 30803513.866 Ideal 

Behan :;nndem;er ~= Qc = tJiv • ~L 

= (249900882,129 - 308035 B-866) kkaJ 

= 219091368,263 klcal 

Panas yan~ diperlukan dri reboiler = QR 

Se~nai dengatt Kern, hIm. "92, maka 

MIF t QR= AHo + Mia +.Qc + panas hilans 

Panas hi lang diasumsikan 5% QR, maka 

MIr f QR = Mb f Mia + Qc + 0,05 OR 

24157148,809 + QR = 21480104,802 + 2687455,273 + 219097368,263 + 0,05 OR 

= 219107779,529 

= 230639767,92.5 kkal 

5 
Heat losses 5 ~Yo (230639767,925) kkaJ 

100 

= 11531988,396 kkal 

PI'a/'f'r!l~a!la Pabrik Acetic Acid dan Ethanol 
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K~luaa' 

Distilate 

122495,4&4 kkat 

;\1J.O/.:COOH = 1702599,340 kkaJ Ml,H20 = 213'i7609}18IdcaJ 

22303348,394 kkaJ = 21480104,802 Ideal 

H 157148,809 kkal 

230639767,925 Ideal : AII,C2H~OH = 7885998,561 Ideal 

= 2254710927,568 kkal 

= 249900882,129 kkal 

AIlH.l.O "" 20554031281,150 kkal Bottom pada l06·C 

30803513,866 kkai Mf.CH)COOH= 1826629,756 kkal 

AHC2H~OH = 29743,9711dca.1 

tlli·lhO = 831 08 J ,54 6 kk:aJ 

=: 2637455,273 kkal 

Heat I08lletll '"' II ~.t 1988.396 kkaJ 

Total 285600430,600 kkal Total - 285600.HO,600 kkal 

-~--.. -.---------.---
Pl'aI'('/?Cflna Pabrjk Acetic Acid dart Ethanol 
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V. Condenser (E - 132) 

1. Fungsi : Untuk mengembookan uap dari Distilator dengao ml'Jl88UDakan air 

pendingin. 

lI;zO pendingin, 45"C 

Jumlah air pendingin yang diperlukan 

Jumlah panas yang barus diserap teJah disajikan di perhitungan neraca panas 

DistiUator yaitu sebesar = 2190973368,263 kkal 

Air pendingin masuk pada 30°C dan keJuar pada4SoC 

(Ulrich, 1985, hIm. 149) 

Malta jumlah air pendingin 

Enthalpy air pendingin 

2190973368,263 

1 (45 - 30) 

= 14606491,2175 kg 

kg 

MI.JhO masuk = 14606491,2175 xl (30-25) kkaI = 73032456,087 kkaI 

.lli.H20 keluar = 14606491,2175 x 1 (45-25) kkaI = 292129824,350 ldcaJ 

Prarencana Pabrik Acetic Add dari Ethanol 



1\ - 1 h 

:\! Ul/) ,~ 20~ ~,"" 1281,150 kka! 

l,,~{lJ) I J,S66 kkal 

.\lU L\i 13032456,087 kkai 

n:91.B.~8,216Idw] Tufa] .12."111 nll.216 kkal 

I. hIlH~SI : (illlnk Illl'II~lIapkan sebagi,U1 bottom pmducl dt"m!.lul 1IIt"1I1Z,11,UJlakan 

s.t::-a.lH. 

cliperoleh p<U1a>-: yallR \"'HI:;; dihelikan oleb Reboi ler '" QR "= 2W6 V176 7 ,n5 kkal 

. 91~237174,305 Btu 

Pya "elll :1!!1{1 Pab"! k' ikeNc Acid dati Ethanol 
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Digunakun steam 260"F, tekanan 35,4291b force/in2 

(Me Cabe, 1974, hlm.915) 

Ix = 228,60 BtuIIb 

A. = 938,7 Btullb 

1)' = 1167,3 Btullb 

Jumlah steam yang diperJukan 

915237174,305 
Jumlah steam = ----- Ib = 975004,979551Ib 

Misteam 

938,7 

= 975004,979551 x 1167,3 Btu = 1138123312,620 Btu 

= 286807074,783 kkal 

Ml.condensate = 975004,979551 x 228,6 Btu = 222886138,325 Btu 

Ringkasan neraca panas Reboiler (B-131) 

Steam 260"F 

Mlsteam == 286807074,783 kka1 

Total = 286807074,783 kkal 

='56167306,858 kkal 

Keluar 

Panas yang diBmilp 

== 230639767,925 kka1 

Micondensare= 56167306,858 kkal 

Total = 286807074,783 kkal 

'IIRPUSII',i;.AAN 

Walftl1ltal Katolik WW.. MArl •• 
IURABAYA 

P.rarencana Pabril; Acetic Acid dan Ethanol 
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APPENDIXC 

PERHITUNGAN SPESIFlKASI PERALATAN 

81.95% ETHANOL STORAGE (F'-ItO) 

Gambar '5% eth.DOI storace d.D aIir.D maUl 

95% ethanol dan supplier 
32844,766 kWhari + 

". ........ 

F-110 kaL-HI 
I---!. 32844,766 kWhari .... ---~ 

FUD~si : Untuk menampung ethanol fresh feed dan pabrik Alkohol dan Spiritus 

Mojokerto. 

Type : Silinder tegak, tutup alas berbtmtuk ellipsoidal, bagian bawah datar. 

Kebutuhan perhari = 32844,766 kg 

Density ethanol = 0,79555 kgllt 

= 49,642 Ib/cuft (Perry edisi VI, him. 3.89) 

Waktu penampungan seminggu operasi alan 5 ban ketja 

(Viibrnndt dan Dryden, 1959, him. 154) 

Jtmliah tsuki yang digunakan 2 bush 

32844,766 x 5 kg 
MaI<ama,<:sabahantiapstorage= ______ kg =82111,915 kg 

2 

Pra.rt'.ltcana Pab.rik Acetic Acid da.ri Etha.nol 
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a. Menghihmp diameter shell 

Volwne ethanol pertanki = 82111,915 : (0,4536 x 49,642) = 3646,564 cuft 

Safely a.lIowance 1001(1 (Vill:>randt, 1959, him. 152) maka vohune tangki 

= 1,1 x 3646,564 cuft = 4011,220 cuft = 30007,937 gallon 

Digunakan tutup atas berbentuk ellipsoidal, dan bagian bawah datar 

Tinggi dish head = 1/4 . D (Hesse, 1959, hlm.92) 

Volmne dish head = n . D3 i 24 (Hesse,1959, pers. 4-12 him. 92) 

maka volume shell = volume total tangki - (1 x 1t . IY f 24) 

= 4011,2ZO -1 (11:. D3124) 

= 4011,220 - 0,13083 D3 

VQhUJle 8hell = II.! 11: • Ii. T = 4011,220 - 0,1308303 

= 0,785 Ii. T = 4011,220 - 0,13083 oJ 

H = D - 2D (Ulrich, 1984, him. 248-249), ditetapkan H = 1,5 D 

maka peraamaan menjadi == 0,785 : D2 x 1,25 D = 4011,220 - 0,13083lY 

t ,.- "'"'" '" 
!I----...... + 

HI 

•• 

D 

T 

3 n3 D "" (4011,220 11,11208) n 

= 3606,953 if 
3 ___ _ 

D = " 3606,953 = 15,336 ft 

= 184,032 in = 467,441 em 

Volume dish he~ = 1t . D3 /24 "" 3,14. (15,336)3/24 = 471,910 if 

T ='H-(0,25-D) 

= 1,5 D - 0,25 D = 1,25 D 

Prarencana Pabrik Acetic Acid dan Ethanol 
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Volume shell = (n/4) D2 . T=volume total- volume dish head 

= (4011,220 - 471,910) cufl: = 3539,310 cufI: 

Maka tinggi silinder = T = 

Tinggi dish = (1.14) D 

= 
15,336 

4 

3539,310 
fl= 19,170fl 

0,785 X 15,3362 

fl= 3,834 fl 

Tinggi total tangki = tinggi shell + tinggi. dish head 

= (19,170 + 3,834) ft = 23,004 ft 

Menghitllng tekanan tangki : 

Dalam keadaan maksiB1lJlll,tinggi liquid = tinggi tangki (Mc.Cabe ed.3.hJm. 248-249) 

b. ~~itung tekanan desUm (Pd) 

p(!Vgc)h 
p = 

144 

= 49,642 x 1 x 23,0041144 = 7,930 psi 

p design = 1,2 x 7,930 psi = 9,516 psi (Rase, Barrow, 1967, him. 208) 

c. Mengbitung teba!. head (tb) 

p.D 
til = + C (Hesse, 1959, hlm 86) 

2.S.e 

dimana: 

p = internal pressure 

S = maicsinnHll stress yang diijinkan, Ibiinz 

D = diameter shell 

Prarenuma Pabrik Acetic Acid darl Ethanol 
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e = welded-joint efficiency 

C '" faktor kOl"Osi, in = 0,125 in (Perry VI,hlOl .. 23-26) 

S = 12750 Ib/in2 (Brownell, YO\mg, 1959, him. 251) 

e '~0,85 (Brownell, Young, 1959, table 13 .. 2, him.. 259) 

Sehingga: 

9,516 x 184,032 
t hf'ad ... ------- + 0,125 in = 0,206 in ~ 4116 in = 0,250 in 

2 x 12750 x 0,85 

Tebal shell (to) 

p .. D 
t. = + C (Hesse, 1959, hlm .. 85) 

2 .. Se .. p 

9,516 x 184,032 
+ 0,125 in = 0,207 in 

2 x 12750 x 0,85 - 9,516 

dipakai tebalshell4116 in = 0,250 in 

01. SpesifiJuui '5% EthaDol Stora:e (P-UD) 

Type : Tallgki vertikal, tutup alas ellipsoidal, bawab datBr .. 

; 30007,937 gallon 

Dimensi : - diameter shell 

3,834' ' Ir ". ..... ," - tinggi shell . ," 
i 23,004' 

- tinggi total 

19,yO' 1 
~ ~ 15,336' 

- tinggi dish 

- tebal shell 

- tebal dished 
Bahan konstruksi : Carbon steel 

Jmnlah : 2 buab 

Prarencal?a Pabrik Acetic Acid dari Ethanol 
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12. '5% ETHANOL PUMP (L - ttl) 

Gambar 95% ethanol pump dan aDran massa 

Dari F-110 
Rate = 18,186 gpm 
93% ethanol 

~~-=--.... keM-112 

L-lli 

F'1mIsi : Memompa ethanol 95% dari 95% Ethanol Storage (F-IIO). 

PrOles : batch 

Dialram perpipaan pompa: 

b 

Data dan perkiraan (estimasi) perancalllan 

c 

........... 9 .. r,.z-+-"-'" __ ---". 

M-112 

Z2= 
32,921 ft 

Perkiraan panjang pipa 1\Jl1JS = a + b + C + d = 110ft 

Jlunlah elbow = 3 buah 

JlUDJah valve (x) = 2 buah 

Zl = 1 ft ; Zl = 32,921 ft 

Perhitun:;an : 

p = 49,642 Ib/cuft 

Jl. ~ I Cps 

Pmref,'CGf'G Pabrik A.retic Acid dari Ethanol 



Appendix C C - 6 

Kebutuhan perbari = 32844,766 kglhari 

Kebuiuhan perbatch = (32844,766: 24) kg/batch = 1368,532 kg/balch 

Dipompa dengan waktu 25 menit 

1368,532 
Rate pemompaan (Q) = cuft/menit = 2,431 cuft/menit 

0,4536 x 49,642 x 25 

= 18,186 gpm = 0,041 euftldetik 

Optimum inside pipe diameter sesuai Peters, 1991, hlm498 adalab sebagai berikut: 

ID optimmn = 3,9. (Qt45 
. (pt·13 

= 3 9 (0 041)· (l,45 {49 642)°.13 = 1 539 in " ., , 

Sesuai Foust, 1974, hIm 74 maka dipilih nominal pipe size = 1,5 in Seh 40 

Dari Foust,1974, him. 742, didapal: 

Pipa nominal size = 1,5 in Seh 40 : 

OD = 1,90 in = 0,158 ft 

ID = 1,610 in == 0,134 ft 

Luas penampang = 0,014 tr 

Men,gbitung keeepatan aliran : 

Kecepalan aJiran mula-mula = VI = 0 

0,041 tr/detik 

0,014 tr 
= 2,929 ftldetik 

Menghitung NRe (Renault Number) 

D.V.p 
NRe= ----

Prarencul?u Pabrik A£etic Acid dari Et.hanol 
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= 
0,134 x 2,929 x 49,642 

6,72 . 104 

Maim a1 iran turtmlent 

= 28994 > 2100 

Sesuai Foust, 1974, him. 717 maka dipilih pipa komersial steel (e = 0,00015) 

didapat E/d = 0,0012 ; f= 0,026 

Paryang pipa lurus = 110 it, 3 buah elbow 90° dengan barga LeID == 30, maka 

Le = 3 JI 30 x 0,134 = 12,06 it 

Bila digllllakan 2 buah gate valve dengan harga LeID = 35 pada keadaan 3,4 
c 

terbuka maka : 

Le = 2 x 35 x 0,134 it = 9,38 it 

Total pmtiaog equivalent = (110 + 12,06 + 9,38) it = 131,440 it 

Tinggi inlet=ZI = 1,0 it dan tinggi outlet=Z2 =32,921 it makaAZ = 31,921 it 

Tekanan di alat 1 = PI = 1 atm ; tekanan di alat 2 = P2 = 1 atm maka All = 0 

. 
Untuk perhitungan fiiksi digunakan rumus-rumus dari Peters, I 991, hlm483 

aI. Friksi karena gesekao dalam pipa : (Peters hal 483) 

2:tVL 
F = 

gcD 

2 x 0,026 X (2,929)2 x 131,440 
= = 13,602 it 

32,17 x 0,134 

b/. Friksi karena kontraksi dari taogki ke pipa 

Kc-V 
Fe Karena alirao turbulent, malta a = 1 

2.agc 
(Sesuai Peters,1991, hIm. 484-485) 

Prare.1lCfll1a PabrikAcetic Acid da.ri Ethanol 
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0,5 x (2,929i 
= = 0,067 ft 

2 x I x 32,17 

c/. Friksi kanma perluasan (enlargement) ; 

(VI-Vd 
Fe = ____ _ turbulent a. = 1; VI = 2,929; V2 = 0 

2 a.. gc 

(2,929 - 0)2 
= ------- = 0,133 ft 

2 x 1 x 32,17 

EF =' 13,602 + 0,067 + 0,133 = 13,802 ft 

S~!luai moms dari P~t~rs,1991, bJm 487 didapat ; 

v/ 

2a.gc 2a.gc 

PI = P.1 ,= tekanan ahnosfir, VI = V2 (liquid dianggap noncompressible fluid) ,maka 

PlV2 - PI"I = 0, p~rsamaan moojadi : 

___ =Wo-l;F 
2a.gc 2a.ge 

V2 = 2,929 ftidetik; VI = 0 ; flV = 2,929 ftidetik 

(2,929i 
1 x 31,921 +---- +13,802=dWo 

2 x 32,17 

dWo = 45,856 ft = H 

Sesuai dari Perry edisi V, him. 6-3 didapat rumus sebagai berikut : 

HP 
Hx sgxgpm 

3960 

Prarencana PabrjJr Acetic Acid dan Ethanol 
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Dari Peters, 1991, him. 520, efisiensi pompa dengan rate 18,186 gpm adalah 25 %, 

maka tehaga penggerak yang digunaksn adalah : 

45,856 x 0,7955 x 18,186 
lIP =0,670HP 

3960 x 0,25 

Menggunakan motor penggerak = 0,75 HP 

11. Spesiftkasi 95% Ethanol Pump (L - HI) 

Dari F-110 
Rate:= 18,186 gpm 
95% ethanol 

5Q~-=---""'ke M-1l2 

Diameter pipa : 1,5 in Sell 40 

Rate : 18,186gpm 

Head : 45,856 Ibfft I Ibm 

Power ; 0,75 HP 

Jenis : Centrifugal 

Bahan : Carbon steel 

Jmnlah ; 1 buah 

Prare,tu:ana Pabri.1r Acetic Acid dari Ethanol 
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03. MATERIAL MIXING TANK (M -112) 

Gambar material mixiD& taaII. daD aliraD massa 

Dari L-lll, L-136, L-138 
320112,000 kglhari 

M-1l2 

Ke L-I13, 320112,000 kglbari 

C - 10 

For;si ; Unhlk mencanlpur etanol 95%, waste dan Acetic Acid 8()O/1) hingga terbentuk 

campuran 10,5% etanol, 1 % Acetic Acid dan 88,5% ~O. 

Type : Sihnder tegak, tutup alas dan tutup bawah berbentuk dish diltmgkapi 

pengaduk 

Proses: hatch 

Bahan IIlllSuk = 320112,000 kglhari 

Perhit~aD : 

1 0,105 0,01 0,885 
= + + = 1,0291 kgfliter 

pcamp 0,78075 1,0380 1 

p camp = 0,9717 kg/liter = 60,634 Ib/cuft 

Wak1n pengadukan ditetapkan 60 detik (Ulrich, 1984, him. 177) 

Ditetapkan 1 batch waktu operasi 1 jam 

Jumlah batch = 24/1 batch = 24 batchlhari 

-wal:tu pengisian = 25 menit 

-waktu pengosoDg1Ul = 25 menit 

Pra.renrana Pabrik Acetic Acid dart Ethanol 
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-waktu penoampuran = 1 memt 

-allowance = 9 mewt 

a. Mengbitung diameter shell 

320112,000 
Volume liquid perbatch = cuft 

24 x 0,4536 x 60,634 

= 484,955 cuft = 3627,948 gallon 

Safety allowance 20 % 

Volume tangki = 1,2 x 3627,948 cuft = 4353,538 cuft = 32568,818 gallon 

Digunaknn tutup atas dan bawah beroentuk ellipsoidal. 

Tinggi liquid di dish = tinggi dish = 114 . D (Hesse, h1m.92) 

Volume liquid di dish = 1t . D3 I 24 (Hesse pees. 4-12 him. 92) 

maka volume shell = volume total tangki - 2 x 1t. D3 /24 

=4353,538 - 2 (1t. D3 /24) 

= 4353,5J8 - 0,262 D3 

ditetapkan: H = 1,5D (Ulrich, 1984, him. 248) 

H = tinggi silinder 

Vohune shell = 1;. 1t .lY . H = 4353,538 - 0,262 oJ 

=O,785lY .1,5D =4353,538 - 0,262 oJ 

malta persamaan menjadi = 1,1775 oJ = 4353,538 - 0,262 oJ 

4353,538 = 1,439.5 D3 

n3 == (4353,538 / 1,4395) 1f = 3024,340 1f 

3 __ _ 

D = -.J 3024,340 = 14,461 ft = 173,532 in 

Pra.rellrOI','a Pabrlk Auric Acid dari Ethallol 
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Votmne dish bottom = volmne dish head 

= 'It • D3
/ 24 = 3,14. (14,461)3/24 = 395,684 tY 

Tinggi silinder = 1,5 x 14,461 :ft = 21,691 :ft 

Tinggi total tangki "" tinggi shell + 2 . tinggi dish 

=21,691 + 2. (1.14.14,461) :ft=28,921:ft 

Mengbituog tEllrnnan tangki : 

C -12 

Da/am keadaan maksillll.lDJ,tinggi liquid =tinggi tangki (Mc.Cabe ed.m him. 248-249) 

b. Menphibmg tekanan design (Pd) 

p (algc) b 
p 

144 

= 60,634 x 1 x 28,921/144 = 12,178 psi 

P design = 1,2 x 12,178 psi = 14,614 psi 

c. M~tuog teba! shell (ts) 

PxD 
is +C 

2fE- P 

dimanR: 

p :co il1ternsl pressure 

f == maksimum s1nlss yang diijinkan. Ib/in2 

D 00' diameter shell 

E = welded-joint efficiency 

C c:= faktor korosi, in 

f= 12750 Ib/in2 (Brownell & Young, hall5l) 

C = 0,125 inchi 

Prarennma Pabnk Acetic Acid dari Ethanol 
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E =, 0,85 (B & Y, table 13.2, hal 259) 

Sehingg& : 

14,614 x 173,532 
I shell + 0,125 in = 0,241 in r::J 0,250 in 

2 x [(12750 x 0,85) - (14,614)) 

Lapis Stainless steel 316 = 0,125 in 

d. Me~itung tebal dish (ts) 

PxD 
ts - -+C (Hesse, 1959, hIm.S5) 

2 Se- P 

14,614 x 173532 
I shell = ------+ 0,125 in 

2 x 12750 x 0,85 

= 0,242 in r::J 4/16 in = 0,250 in, lapis stainless steel 316 = 0,125 in 

e. Perbitungan power pengaduk 

Dipakai impeJler jenis turbin dengan 6 buah flat hlade.Menurut Mc. Cabe edisi 4, 

figure 9-9) : 

DtlDa =3 ;E =Da 

Da = 113 x 14,461 ft = 4,820 ft = 1,469 meter 

J.1 = 1 Cps =0,000672 lb/fls 

P = 60,634 Ib/cuft 

Digunakan kecepatan putar = 45 rpm = 0,75 rps 

p x IYxN 60,634 x (4,820i x 0,75 
Nre = 1572180 

J.1 0,000672 

Dari grafik 1,2 "Frank, hIm. 11, untuk turbin flat six bladedidapat hargaNp = 1,3 

Sehingga 

Pmrencal1a Pabrik Acetic Acid dan Ethanol 
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? j Np. p. NJ. D 
p 

550. gc 

1,3 x 60,634 x (0,75)3 x (4,820i 
----------- =4,885Hp 

550 x 32,2 

Uniuk motor 4,9 IIp, effisiensi motor = 85% (Vilbrandt dan Dryden,1959, hlm.149) 

4,885 
Power motor = 5,75 Hp, menggunakan 6 Hp 

0,85 

03. Sptsifikasi Mattrial Mum: Tank (M-112) 

Type : Tangki vel1ikal deng81l tutup alas dan bawah berbelltuk dish 

diJengkapi pengaduk. 

Klipasita£: : 32568,818 gallon 

Dimensi : - diameter shell 

- tinggi she n 
3,615' 

- tinggi total 

- tinggi dished 

- teba1shell 

- tebal dished 
14,461 ' 

Tenaga penggerak pengaduk : 6 IIp 

Bahan konstruksi : Carbon steel, lapis SS. 316 

lwnlah : 1 buah 

Prarencara PabrikAcetic Acid dari Ethanol 
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94. MATERIAL MIXED PUMP (L - tt3) 

JfWl~si : Memompa larutan campuran ethanol 10,5%, 1% acetic acid dan H20 dari 

Material Mixing Tank (M-112). 

Dari M-112 C)~-:----I""ke R-120 
Rate = 145,116 gpm ------15;< 

Diameter pipa : 4,0 in Scb 40 

Rate : 145,116 gpm 

Head : 67,259 Ibift I Ibm 

Power : 5,0 HP 

Jenis : Centrifugal 

Baban : Carbon steel, lapis SS. 316 

Jum/all : 1 buall 

05. FERMENTOR (R - 110) 

Gambar fermentor dan aUran massa 

Dari L-1l3 
341556,188 kgIbmi 

R-120 

Ke L-122, 341556,188 kglbari 

JfWl~si : Tempat terjadinya fennentasi alcohol menjadi Acetic Acid dengan bantuan 

bacterium acetic. 

Prarenctwa Pab.rlk Acetic Acid da.rl Ethanol 
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Type- : Silinder tegal<, tutup atas dan tutup bawah berbentuk dish. 

Proses: batch 

Jumlab baban liquid = 341556,188 kglbari 

1 0,1265 0,0086 0,8649 
--- = + + 

p camp 1,0380 0,78075 1 

= 0,99779 ltlkg 

pcamp = 

Pcrhit~aD : 

1 
---- kgIlt = 1,0022 kgIIt = 62,537 Ib/cuft 

0,99779 

WBktu tinggal = 10 bari 

a. MenghibID8 diameter shell 

Volume liquid perbatch = 341556,188: (0,4536 x 62,537) 

= 12040,709 cuft = 90076,544 gallon 

Safety allowance 20 % 

Volmne tangki = 1,2 x 12040,709 cuft = 14448,851 cuft == 108091,853 gallon 

Digunalrnn tutup atas dan bawab berbentuk ellipsoidal. 

Tinggi liquid di dish = tinggi dish = 1/4 . D (Hesse, hlm.92) 

Volume liquid di dish =x. D3/24 (Hesse pers. 4-12 him. 92) 

maka volume shell == volume total tangki - 2 x x . D3
/ 24 

= 14448,851 - 2 (x . IY 124) 

= 14448,851- 0,262 D3 

P.rarencana Pabrik Acetic Acid dan Ethanol 
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ditetapkan tinggi total = 2 D (Sbreve,1956, him. 690) 

H = tinggi silinder == 2D - tinggi tutup alas + bawah 

Volwne shell = 1/~ 11: • D2. H 

=2D-O,5D=1,5D 

= 14448,851 - 0,262 D3 

= 0,785 D2. 1,5 D = 14448,851 - 0,262 rY 

maka persamaan menjadi == 1,1775 D3 == 14448,851 - 0,262 D3 

14448,851 = 0,9155 IY 

D3 = (14448,851 /0,9155) if == 15782,470:tP 

J 

D =" 15782,470 = 25,084 ft = 301,008 in 

Volume dish bottom = volume dish head 

= 11: • D' /24 = 3,14. (25,084f / 24 = 2064,873 ft' 

Tinggi silinder = 1,5 x 25,084 ft = 37,626 ft 

Tiuggi total tangki = tinggi shell + 2. tinggi dish 

= 37,626 + 2. (1.14.25,084) ft = 50,168 ft 

MengbitlUlg tekanau ~ : 

Dalam keadaan maksimum,tinggi liqui<t=tinggi tangki (Me.Cabe ed.ill him. 248-249) 

b. Mengbitugg tekanan design (Pd) 

p 
144 

= 62,537 x 1 x 50,168/144 = 21,787 psi 

P design =, 1,2 x 21,787 psi = 26,144 psi 

Prarenra.na Pabrik' A!7etic Acid dari Ethanol 
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c. ~itung dish (td) 

PxD 
td +c 

2fE-P 

dimarla : 

P = internal pressure 

f = maksimum stress yang diijinkan, Ib/in2 

D = diameter shell 

E = welded-joint efficiency 

C = faktor korosi, in 

f = 12750 Ib/in2 (Brownell & Young, hal 251) 

C = 0,125 inchi 

E = 0,85 (B & Y, table 13.2, hal 259) 

Sehingga: 

26,144 x 301,008 
t dish + 0,l25 in 

2 x [(12750 x 0,85) - (26,144)] 

= 0,488 in ~ 8/16 in, lapis stainless steel 316 = 0,125 in 

d. Me_tung tebal dish eta) 

PxD 
ts = ----+c (Hesse, 1959, h1m.85) 

2 Se 

26,144 x 301,008 
t shell = --------+ 0,125 in == 0,488 inl:j 8/16 in 

2 x 12750 x 0,85 

Lapis stainless steel 316 = 0,125 in 

Prarencw?<!. PabrlkAcetic Acid dari Ethanol 
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e. Perhitungan power pengaduk 

Dipakai impeller jenis turbin dengall 6 bush flat blade.Menurut Me. Cabe edisi 4, 

DfJDa C~ 3 ; E = Da 

Da = 1/3 x 25,084 ft == 8,361 ft == 2,548 meter 

~ == 2 Cps = 0,001344 Iblft.s 

p == 62,537 Ib/cuft 

Digunakan kecepatan putar = 25 Ipm = 0,417 Ips 

pxIYxN 62,537 x (2,548i x 0,417 
Nre -------- == ----------- == 125972 

0,001344 

Dari grafik 1,2 Frank, him. 11, untuk turbin flat six bJadedidapat barga Np == 1,3 

Sehingga 

Np. p.N) .D~ 
P 

550. gc 

1,3 x 62,537 x (O,417i x"(8,361i 
____________ == 13,601 Hp 

550 x 32,2 

Power motor == (1,1 x 13,601 + 0,5) Hp == 15,461 Hp 

Menggunakan tenaga penggerak == 16 Hp 

Perhitungan didasarlmn Kern him. 118 - no dan dari Perry edisi 3 hIm. 414 

(Dnri Perry edisi 3, pers 44a) 

-----_ .... --------------------------------
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Untuk coil a = 0,87, n = 0,62 persamaan disesuaikan dengan Kern him. 718 menjadi : 

P8Iyang lengan pengaduk = L == 8,361 :ft 

p ~'97,078 Ih/cuft 

Putarafl pengaduk == N == 25 x 60 == 1500 revJhr 

Viscositas bahan = Jl. = 2,5 x 2,42 Ib/ft hr = 6,05 Ib/ft.hr 

Viscositas HaO = Jl. = 0,8 x 2,421b/ft.hr = 1,936Ib/ft.hr 

Capasitas panas baban = C = 0,7 BtuilboF 

Rej = 

, 
L'. p.N 

Jl. 

(8,361)2 (62,537) (1500) 

6,05 
= 1083900 

Dari Kern fig 20.2, NRe = 779863 unbJk coil diperoleh hargaj I:i 2500 

J 

[

6,05 JO.14 

1,936 
== 1,173 

Di8llleter taogki = D = 25,084 ft 

[:~ -r ~ [_O_,7_~,:-,O-5-J = 0,361 

Prarencana Pabrilr Acetic Acid dan Ethanol 



Appendix C c - 21 

h.25,084 
J = 2500= --- (0,361) (1,173) 

0,2 

2500 = 53,109 hi 

hi = 47,073 

hi x hoi 
Uc 

hi + hoi 

hoi = water side coefficient dati Mc Adam him 187 ditetBpkan 1800 

47,073 x 1800 84731,4 
Uc = = 45,873 

47,073 + 1800 1847,073 

1 1 
Rd == 0,005 hd = =200 

Rd 0,005 

1 1 
- -- +RdatBu 

UD Ue 

Uc. hd 
UD 

Ue+hd 

45,873 x 200 9174,6 
= = 37,314 

45,873 + 200 245,873 

Jadi overall coefficient beat trnnsfer = 37,314 BtuIhr.:tt2."F 

In = (Kern, 18.5,hlm. 627) 

Dimana; 

C ,= kapasitas panas dari bahan yang dipanasi 

P7a7f'rlCana Pabrik AL:etic Acid dan Ethanol 
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A ;: luas perpindahan panas 

TI 'co suhu ballan mula-mula 

tl ,= subn air pendingin mula-mula (masuk) 

h '" suhu air pendingin keluar 

124,8 -86 37,314. A. 24 
In 

124,8 -113 47748,2. 0,7 

- == 0,018755 A 
11,8 

=3,288136 

A = 175,320 it' 

f PenentU3Il diameter pipa (coil) air pendingin 

Rate air pelldillgill = 5188811,04413 kgthari = 216200,460 kgijam 

= 60,056 kgldetik = 0,2121 cuftldetik 

ID optimal = 3,9 (Qf·45 ( P )0.13 

== 3,9 (2,121 )0.45 (62.4 )o.n 

= 3,3 in dignnakan pipa 3,5 in 

g. Panjang, coil pendingin 

Dari Foust him. 724 

Nominal pipe size = 3,5 in schedule No 40 

Outside diameter pipa 3,5 in = 4,0 in 

Inside diameter pipa 3,5 in = 3,548 in 

Prarencallll Pabrik AL~etic Acid dari Ethanol 
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Diameter rata-rata 
4,0 + 3,548 

2 
in = 3,774 in 

Keliling pipa 3,5 in = n x 3,774 = 11,850 in 

LuaB per it panjang = 11,850 x 12 in2 = 142,2 in2 

= 0,9875 tr 

A 
Panjang coil yang diperlukan = 

luas per panjang coil 

= 177,539 it 

h. Jumlah lingkar coil pendingin 

Diameter dalam tanki reactor = 25,084 fl 

Diameter pengaduk '" 8,361 fl 

175,320 
= it 

0,9875 

Coil diletakkan ditengah-tengah antaradinding tanki dan kipas (blade) pengaduk 

25,084 - 8,361 
Jar-ale coil dari dinding tanki = it = 8,361 fl 

2 

Di8llleter coil (center) = (25,084 - 8,361) fl = 16,723 fl 

Jmnlah lingkaran coil = 

= 

total panjang coil- (2 xjarak coil dengan dinding shell) 

keliling coil 

177,539- (2 x 8,361) 

3,14 x 16,723 
bush 

= 3,06 bush fi;14 bush 

PrarellClma Pab.ri.J: Acetic Acid dari Ethanol 
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05. Spesulk.asi Ferm~ntor (R-120) 

Type : Tangki vertikaJ dengan tutup alas drul bawah berbelltuk dish. 

Kapasitas : 108091,853 gallon 

Dimensi : - diruneter sheH = 25,084 ft 

.j, 

6,271' • ~ 
, ~ i i I 

50,168' 37,626' 

~ 

- tinggi silinder = 37,626 ft 

- tinggi total = 50,168 ft 

- ti~ dish = 6,271 ft 

,IF 
""'- .... 'P 

6,271'J~ 
- tebal shell = 8/16 in 

25,()84' - tebal dished = 8/16 in 

Tenaga penggerak pengaduk : 16 Hp 

Bahan konstruksi : Carbon steel lapis SS. 316 

Luas pemindsh pooas : 175,320~ 

P~j3J..g coil : 177,539 ft 

Jmnlah liJitan : 4 bush 

Jumlah : 10 bush 

1)6. AIR BLOWER (G - 121) 

Gamhar air blower dan atiran mana 

Ke R-120 

Air 
R~1te = 4493,471 cuillmenit 

G-l21 

'un~d : mengbembuskan udara kedalam Fennentor (R-120). 

Prare.l?ca.l?<l Pab.rik Acetic Acid da.ri Ethanol 
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Kapasitas udara = 199584,000 kgIbari = 8316,000 kgljam 

== 18333,333 Ih/jam = 305,556 lb/menit 

Soon = 30~C = 86"F = 546"R 

P.\' nT 
= (Felder, hIm. 171) 

n,.Ts 

1 Ibmol gas ideal pada suIru 492"R., 1 aim mempunyai voh.une 359 :If maka, 

29 14,7 492 
Density u<iara = -- x --x Ib/cuft = 0,068 Ib/cuft 

359 14,7 546 

305,556 Ib/menit 
Ratemiara = ------- = 4493,471 cuft/menit 

0,068 Ib/cuft 

P2 - PI = maksimall,S 

144 x Q (P. - Pi) 
Power blower (Perry V, hal 6 - 20) 

33000 

144 x 4493,471 x 1,5 
= 29,412Hp 

33000 

Untuk power 29,412 Hp, efficiency motor 3 phase = 8SO/o 

29,412 
Power sesungguhnyayang digunakan = = 33,423 Hp l::: 35 Hp 

0,88 

06_ Spesifikasi Air Blower (G - 121) 

Rate : 4493,471 cuftJmenit 

Power : 35 Hp 

Bahan : Carbon steel 

Jumlah : 1 buah 

Pm.rencana Pao.ri/{ A.atic Acid dart Ethanol 
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'7. RAW ACETIC ACID PUMP I (L -121) 

Fwtgsi : Memompa larutan hasil fennentasi dari Fermentor (R-120) ke Raw 

Acetic Acid Storage (F-124). 

Dari R-120 
Rate = 1000,853 gpm 

~-------~~ ke F-124 

Diamet.er pipa : 10 in Sch40 

Rate : 1000,853 gpm 

: 33,027 Ibfft I Ibm 

Power : 15,OHP 

Jenis : Centrifugal 

Bahan : Caroon steel, lapis SS. 316 

Jwnlah : 1 buah 

08. RAW ACETIC ACID STORAGE (F - 113) 

Fun=d : Untuk menampung Raw Acetic Acid dari Fennentor (R -120). 

Type : Silinder tegak, tutup atas berbentuk ellipsoidal, bagian bawaII datar. 

Kapasitas : 49541,898 gallon 

Frarennma Pabrtk Acetic Acid da.rt Ethanol 
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Dimensi - diameter shell = I8,126ft 

., 
4,531' .~ ". .... i I i 27,187' 22,656' 

Jr 1 

- tinggi shell = 22,056 ft 

- tinggi total =27,187 ft 

- tinggi dished =4,531 ftft 

- teba! she 11 = 5/16 in .---- .. 
18,126' - tebal dished = 5/16 in 

Bahan konstruksi : Carbon steel, lapis SS. 316 

J\.UUlall :2buah 

99. RAW ACETIC ACID PUMP n (L - 124) 

FQJl~si . Memompa Raw Acetic Acid dan Raw Acetic Acid Storage (F-123) ke 

Healer (E-125) dan Distilalor Colmnn (D-130) . 

Dari F-123 .. Ke E-125, D-130 
Rate = 62,556 gpm 

Diameter pipa : 3,0 in Sch 40 

Rale : 62,556 gpm 

Head : 95,511lbfftllbm 

Power : 3,0 lIP 

Jenis : Centrifugal 

Bahan : Carbon steel, lapis SS. 316 

Jumlah : 1 buah 

Prare.1!Clma Pahrik Acetic Acid dan Ethanol 
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10. HEATER (E - 125) 

Gambar beater dan idlran massa 

Raw Acetic Acid 
Dari L-124, 86"F 

E-125 

St.eam 260"F 
Rate =4171,945 Ib/jam 

Rate = 31374,5761b/jam Rate == 31374,449Ib/jam 

FUD~sj 

Type 

( : 
Bacteria = 1,387 kgt'bari, .. 

/\ ,) ,,- ( . ' Condensate, 260"F 
( \ i-- l , 

: Menaikkan suhu Raw Acetic Acid dari 30°C menjadi 100,5°C 

: Shell-tube kettle reboiler 

SOOu baban masuk 

Sullu ballaIl keluar 

Dan pemibmgan Dernea panas Heater 

QR = 23685204,512 kkalIhari == 93988906,7936 Btwbari 

= 3916204,450 Btuijam 

Media pemanas dipakai steam : 

T = 260"F 

A = 938,7 Btullb 

1. Jmnlah steam = 100126,671773 Ib/bari 

== 4171 ,945 Ib/jam 

2.LMTD 

Ft = 1,0 (salah satu fluida sulnlllyakonstan) 

Prarencana Pabrik Acetic Acid dart Ethanol 
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174+47 
LM1D== . ___ =110,5 of 

2 

3. Suhu kaJorik 

260+260 
Tc = 260 "F 

2 

86 + 213 
= 149,5 OP 

2 

Asumsi : UD = 90 Btulj (.tr)"F 

Q =Up.A.At 

A == 
3916204,450 

= 393,786 fY 
90 (110,5) 

Dipilih ukuran pipa : 

~14 in OD, 16 BWG, 15/16" triangular pitch. L = 5.85 ft I '-----

A 
Nt ---.~ .,{' = O,19631Y (tab 10) 

1txDoxL 

393,786 
= = 342,91 

(0,1963) 5,85 

Dari tabe-l 9, diperoleh : 

ID shell = 21,25 in 

Prarencana PabTik AcetiC Acid dati EtnaJIo! 
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Nt =342 

Passes = 2 

UD kOTeksi 

A ,= Nt x a" x L 

= 342 x 0,1963 x 5,85 = 392,737 tf 

3916204,450 
------ = 90,240 f:$ 90 Btu/j (tf)"F 

392,737 (110,5) 

Tube side: fluids. panas (st~anl) 

4. Flow area 

at = 0,302 in2 (tabellO, Kern) 

Nt. at 
at= ---

144n 

342 (0,302) 
- ----- = 0,359 it 

144 (2) 

5. Mass velocity 

w 

At 

4l71,945 
---= 11621,OI7Ib/j(if) 
{1,359 

~l = 0,018 cp (Kern,blm. 824.825) 

c= O,Q436 lh/j (if) 

SbeJJ sid~ : fluida dingin 

Pm.rencmw Pab.rik Acetic Acid dan Ethanol 
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D = 0,620 in = 0,0517 ft 

. (Kem,hlm844) 

D xGt 
Ret = 

0,0517 (11621,017) 

0,0436 

= ]3780 

7. hio = 1500 Btulj(tr)"F 

hio x ho 
10. Uc = 

hio +ho 

1500 x 1000 

C - 31 

8. Asumsi 

hio = 1000 Btulj (tr)"F 

hio 
9. tw = tc + (Tc - tc) 

hio+ ho 

1500 
= 149,5 + (260-149,5) 

1500 + 1000 

= 215,8 

Atw=tw-tc 

= 215,8 - 149,5 = 66,3 

Dari Kern,hlm.474 fig 15-11, bv = 1000 

Jadi asumsi ho = 1000 Btulj tr"F 

sudahbenar 

---- = 600 Bb.J!j (tr)"F 
1500 + 1000 

Pmrencana Pabrik Acetic .A£id da.ri Ethanol 
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11. Check QI A 

Q 3916204,450 
= 9971,570 Btulj (tr)"F < 20000 Btulj (tr)"F 

A 392,737 

Uc - UD 

12. Rd = 
UCXUD 

600 - 90 
---'" 0,009 j (fitF 0> 0,002 (mmellllhi) 
600 x 90 

Pressnre Drop : 

L Ret ,= 13780 

f ,= 0,00023 (fig 28, Kern hIm. 836) 

Dari M.Cabe, 1974, him. 915 steam 260"F, spesifik volmne = 11,763 ffllb 

s 

2. APt = 

1 
= 0,085 Ib/ff 

11,763 

I rGiLn 

2 

1 

2 

5221010 D S > 

0,00023 (11621,017i (5,85) (2) 
__________ = 0,016 psi 

5,22 1010 (0,00517) 0,085 

Gt = 11621,017 

V/2g = 0,001 (Kem, fig. 27, him 837) 

4x2 
x 0,01 = 0,094 psi 

0,085 

= (0,016 + 0,094) psi = 0,11 psi 

Prort'trcana Pabrik Acetic Acid dan Ethanol 
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RingkasaIl 

rd dihitung = 0,009 

! I Mr dihitung = 0,110 psi 
! 
I 
I Uc 
I 
I 

= 600 BtuIbr W"F 

= 90 BtuIbr :tr°P 

Rd ketentuan minimal = 0,002 

Mr ketentuan maksimwn = 10 psi 
I 

Ll 
-----------------------~----------------------~ 

10. Spesif"lkasi Beater (1-125) 

Cold fluid 

! 
21,25 in IP------------~--~ 

Condensate out 

...... ..,...----------IoIt-- Steam in 

Type 

Panjang 5,85 it Hot fluid 
Jumlah pipa= 342 buah 

= Shell-tube kettle reboiler 

Kapasitas panas yang diberikan = 3916204,450 Btu/jam 

Luas pemindah panas = 392,737 :tt2 

Panjang pipa H.E = 5,85 it 

UDkoreksi = 90,240 Btu/j (:tt2°P) 

= 0,11 psi 

Bahan konstruksi = carbon steel, lapis SS. 316 

lumlah = 1 buah 

Pnlrpncana Pabri.fr Acetic A.cid dart Ethanol 
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11. DlSTILATOR COLUMN (D - 130) 

G Ilmbllr dldUator column daD aUrIUl ..... 

Di stil an 
.1 r b Condenser 

....... 

...... D -130 
Feed 

r 

dari Heat er 

...... 
l 

L. B oUom Ice Rl'boill'r 

Fqsi 

danlhO. 

Type : Plate Kolom 

Beban kolom : 

F (feed) == 341554,801 kglhari 

'" 14231,450 kgljam '" 716,485 kgmolljam 

Produk alas (D) '" 15893,858 kgmollhari = 662,244 Ianolljam 

Produk bawah (B) = 1320,034 kgmollhari = 55,001 kmo\Jjam 

Rap = 11 ,8488 

q = 1 (liquidajenuh) 

Dengan anggapan equimollal overllow, maka: 

L = R d == 11,8488 x 662,244 kglnolljam == 7846,79671anoIljlllll 

v == (R + 1) D = 662,244 (11,8488 + 1) = 8509,0407 kmol/jR/11 

PmrenCGnG Pabrik Acetic Acid da.ri Ethanol 
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L 0= (I F + L co (I X 716.485) + 7846,7967 = 8563,2817 kmolfi8ll1 

v = F (q -I) + V= 716,485 (1-1) + 8509,0407 kmolJjam = 8509,0407 kgmolJjam 

Kondisi operasi : 

Tekanan operasi = 1 atm = 760 mmHg 

Suhn operasi = lOO,SoC 

Menghinmo BM rata-rata 

Bagiall Em·jching (distillate product) 

Atas : BM liquid = 287553,401 : 15893,858 = 18,092 

BMuap =BM liquid 

= 18,092 

Bawah (feed) 

BM liquid = (0,04187219 x 60) + (0,00372326 x46) + (0,9715838 x 18) 

(X) = 2,512 + 0,171 + 17,489 = 20,172 

BM nap = (0,02286442 x 60) + (0,008622286 x (6) + (0,9715838 x 18) 

Yi = k;.x; (Bubble point feed) = 1,372 + 0,397 + 17,489 = 19,2~8 

Bagian Exhausting 

Atas : BM liquid = 20,172 

BM nap = 19,258 . 

Sawall BM liquid = (0,54545455 x 60) + (0,02272727 x 46) + (0,43181818 x 18) 

(Bottom product) = 32,727 + 1,045 + 7,773 == 41,545 

BM nap = BM liquid = 41,545 

Pmrencanfl Pabrtk: Acetic Add dart Ethanol 



Appendix C c - 36 
------------------------------------------

Tabel rail' uap dan Iiquida masing-masing bagian 

,------ Rate gas Rite liquid 

Kgmol Kgmol 
BM, Kgljam BM Kgljam 

jam jmo 
Emiching 

-Atas 8509,04 18,092 153945,5517 7846,797 18,092 141399,277 

-Bawall 8509,04 - 19,258 163867,092 7846,797 20,172 158285,582 

Exhausting 

-Atas 8509,04 19,258 163867,092 8563,2817 20,172 172738,518 

·Ba\-,,'ah 8509,04 141,545 223470,555 8563,2817 41,545 225723,997 

Perhitungan berdasarkan pada beban liquida terbesar yaitu Exh-!!ding bawah 

v = 223470,.555 kgljam = 4926.59,9.54 Ib/jam 

L = 225723,997 kgljam = 497627,859 Ib/jam 

Bubbltl point bottom =TL = 106°C 

Dew J?oint bottom =Tv = 109"C 

106+ 109 
Rata-rata = ---- "C= 107,soC= 225,5"F= 685,5"R 

2 

41,545 492 1 
py --- x x - Ib/cuft = 0,83 Iblcuft 

359 685,5 1 

P H20 liquid pada 107YC = 59,4881b/cuf (Smith, 1959, him. 450) 

1 
PI. (BoUonj) = ________________ x 59.4881b/cuft 

0,54545455 0,02272727 0,43181818 
-----+----+----

1,049 0,7905 1,0 

Prarencana Pabrik ./ketic Acid dan Ethanol 
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-- ( 1 J x 59,4881b/cuft l 0.51998 + 0.02875 + 0,43181818 

== 60,668 Ih/cuft 

492659,954 
v = Vapour = 492659,954 Ib/jam = ________ cuftljam 

0,083 

= 5935662,096 cuftljam = 1648,795 cuftldetik 

497627,859 
=, Liquid = 497627,859 lv/jam = ------- cuftJjam 

60,668 

= 8202,477 cuftJjam 

= 136,708 cuftlmenit = 1022,712 gpm 

Sugden Parachor diperole>h dati tabel 3-317. hIm. 3-240, Pe>rry e>disi 5 : 

Untuk ClhCOOH =2 x4,8+ 3 x 17,1 + 1 x 11,3 + 60,0 = 132,2 

= 2 x 4,8 + .5 x 17,1 + 1 x 11,3 + 1 x 43,2 = 149,6 

Untnk H:lO = 2 x 11,3 + 1 x43,2 = 65,8 

1,049 
gmol/cmJ = 0,0175 gmol/cmJ 

60,0 

0,7905 
gmol/cmJ = 0,0172 gmol/cmJ 

46,0 

1,0 
gmol/cmJ = 0,0556 gmol/cmJ 

18,0 

Prarenama PabrikAcetic A.dd dari Ethanol 
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Dan Reid, 1977, hlm. 590-591 didapa1 : 

a CH3COOH = (132,2 X 0,0175)4 dynelem= 2,314 dyoeIcm 

a 4HsOH = (149,6 x 0,0172)4 dyne/em = 2,.573 dyneIcm 

a mix = LX. 01 = (0,54545455 x 2,314 + 0,02272727 x 1,573 + 0,.3181818 x 

3.6.58) dyne/em 

= 1,262 + 0,058 + 1,580 

= 2,90 dyne/em = 2,97 dyne/em 

MeDeatHaD j1llDlah plate miDim 

Dengan persamaao Frenske (Van WillkJe, 1967. hbn. 236) 

Log {XuIXm:)O (~} 
Nm = 

Logoav 

Dibituog di neraca massa : (X HIC.)o = 0.99671 041 

(X u0s = 0,02272727 

LoS (O,OO3289S9/0,99671041) (0,4318181810,02111117) 
= 

log 2,24024 

log 789501701.317· 
= = 19.041 

108 2,24024 

MeDentnku jllllllah plate ideal 

Dengan metode Gilliard dari Van Winkle, 1967, him. 142 

R op - R min 11,8488 - 9,873982 
= = 0,154 

R op + 1 11.8488 + 1 

Dari fig 5-18, hIm. 243 Van WillkJe, 1967 didapa1: 

Prarencana Pabrlk Acetic Acid darl Ethanol 
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N !\j Illill 

N I! 

N = n,61,! ':'IllS 

Menentukan di:.lmeier kolom 

"i', ' 1,;01 ; : 

Rate IIlllSim maksillllIHL Ib/jam. tt2 = G = k ,j pv (PL - pv) 

,.,\.,.1 ')8'''')<'«' 
. i t... J'~ \., .' \ u\ ,", U(lO 0,8:;) . ,. ,< • • 7 It, 'J" ltl - J\H) ...... ~ I JJ iUl1. 

r:-;-
I Vm 

Diamd0r k.::.jOill, n" Dc. 1,13 I 
,I G 

/492~~;~~.~· 
= 1,13 .,/ ... -.--- .. " ... 

3664,7 

= B,l OL 11 ::: 3,993 IJJ ~,j 111, memenuhi (UlrivlJ, I 'ilS4, table 4- HLhlllll8lS) 

MeJlcnfllk.m tioggi kol(lm 

Tinggi \",10111 .. jlllllllh plale x janlk 

C._ .~8 x 3611 211= 114 ft 

Prarer!,'flIW Pabrik AcetiC .4·ft! dan Ethanol 
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12. REBOILER (E - 131) 

Gambar reboiler daD aliraD massa 

Uap ke D-130 
Steam 260"F 

Raw Acetic Acid dari D-130 ~+----~ 
:Rate= 40625,207 Ibljam 

Rate = 4960,446 Ih/jam 
86"F 

( .............. .... ----, 
•••••••••••••••• ---.... Condensate 260"F 

Ke F-135, liquid 

: Menguapkan kembali produk bawall dari kolom Distillator. 

Type : Shell~tube kettle reboiler 

Perbitun:an 

Bubble point bottom = 106°C = 379~ = 223"F 

Dew pont bottom 

Dan perhitungan neraca panas DistiUator 

QR = 230639767,925 kkaIJhari = 9609990,3302 kkalljam 

= 38134882,263 Btu/jam 

Media pemanas dipakai steam : 

T = 260"F 

I"~ = 938,7 Btutlb 

1. Jumla.~ steam = 975004,9795511bihari 

= 40625,207 lb/jam 

2. LMTD 

Ft = 1,0 (salah sam fluida suhunyakonstan) 

Prarenc{ma Pab.r},l; Acetic Acid da.r} Ethanol 
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Llt = 37"F 260"F 

37 + 32 
~ ___ =34Dp 

2 

3. SOOu kaloJik 

1260 + 260 
Tc 

2 

223 + 228 
to = 225,5 "F 

2 

Astul1si : DOl = 90 Btu,j (1ttP 

Q =UD . A . At 

38134882,263 
A = 12281,766 ff 

90 (34,5) 

Dipilih IIkur1m pipa : 

3/. in OD, 1~ BWG, 15/16" triangular pitch, L = 90,4 ft 

A 
Nt -~.~ ~' = 0,1963 1t (tab 10) 

1txDoxL 

12281,766 
= 692,105 

(0,1963) 90,4 

Dan tabel 91 dipero}eh : 

ID shell =29 in 

Prarencarla' Pabrik Acetic Acid dari Ethanol 
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Nt =692 

Passes = 2 

UD kor~ksi 

A =, Nt x a" x L 

=06911. x 0,1963 x 90,4 = 12280 fY 

Q ='UDxAxAt 

38134882,263 
------ = 90,013 = 90 Btu/j (fY)"F 

12280 (34,5) 

Tube side: fluida pBIl8S (steam) 

4. Flow area 

at = 0,302 in2 (tabellO, Kern) 

Nt. at 
8t= 

144n 

692 (0,302) 
- -

144 (2) 

5. Mass vel&city 

W 
Gt= 

At 

= 0,726:tY 

40625,207 

0,726 
= 55957,585 lb/j(tr) 

6. Pada Tc =to 260"F 

/.1 = 0,018 cp (K~m,hJm. 824,825) 

= 0,0436 lh/j (if) 

Shell side: fluida dingin 

Prarel1{'I71'!a Pabrllr" Acetic Acid dart Ethanol 
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11. Check maximmn reflux 

Q 38134882,263 
~ _____ = 3105 Btulj (tr)"F < 20000 Btulj (tr)"F 

A 12281,766 

Uc- Un 
12. Rd =, 

Dc xUn 

600 - 90 
---= 0,009 j (ftl)"F> 0,002 (mmenuhi) 
600 x 90 

Pressure Dr~p : 

L Ret. =, 66)JS3,37S 

f =, 0,0002 (fig 28, Kern hIm. 836) 

Dari M.Cab~, 1974, him. 915 steam 260°F, spesifik volume == 11,763 trllb 

s 

2. APt = 

1 
= 0,085 Ihftr 

11,763 

1 forLn 

2 

1 

2 

5221010 D S , 

0,0002 (55957,585i (90,4) (2) 

5,221010 (0,00511) 0,085 

Ot =, 55$)57,585 

V'l2g = 0,001 (Kern, fig. 27 , him. 837) 

4x2 
x 0,01 = 0,094 psi 

0,085 

=, (0,493 + 0,094) psi = 0,581 psi 

Pmrencana Pabrjl; Acetic Acid dari Ethanol 
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Ringkmmn 

I R, dilUt.... ~ 0,009 

M1 dihitInJ,g = 0,587 psi I M1 ketentuan maksimmn = 10 psi 

I Dc = 600 Btu/hr ft2"F I 
~; ____ ~=_9_0_B_tulbr __ tr_"F __ _'__ __________ __l 

Ro ketentuan minimal = 0,002 

12. Spesif'Jk,si Rtboiltr (E-131) 

Coldlfluid 

Condensate out 
,.------------~--~ 21,25 in 
\.1._------"1-- Steam in 

Panjang 90,4 ft Hot fluid 
JumJah pipa = 342 buah 

Type = shell-tube kettle reboiler 

Kapasitas p$as yang diberikan = 38134882,263 Btu/jam 

Luas pemilld~ panas = 12280!Y 

Panjang pipa liE = 90,4 ft 

UDkoreksi = 90,013 Btu/j (!Y"F) 

= 0,587 psi 

Bahan konstItuksi = carbon steel, lapis SS. 316 

lumlah = 1 buah 

Prarencana Pabri.l< Acetic Acid dart Ethanol 
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13. COND8NSER (E - 13%) 

Gambar coDd~Dnr daD aliuD maua 

Air pendingin 86°p 
!Rat~ = 608603,801 kgljam 

Uap, H20 + e2H~OH 
dari D-OO, 212"F 
Rate = 17396,377 kg/jam 

E-132 

ke F-123, 212"F 

Air pendingin, 113"F 

: Untuk mengk:ondensasikan produk alas Distillator. 

Type : Shell and tube heat exchanger 

Perhitungan 

1. Dari Der!¢a panas, diperoleh : 

Qc = 2190973368,263 kkaJlhari = 91290557,011 kkaJ/jam 

= 362264115,122 Btu/jam 

W distilat = 417513,060 kglhari = 38351,8021bJjam 

Jumlah air yang dibutuhkan = 14606491,2175 kglhari 

= 608603,801 kg/jam = 1341719,1371bijam 

Suhu uap di$tiUate masuk == subu liquid - keluar 

= 99,9°C = 212"F 

Subu air peqdingin masuk = 300 e = 86"F 

SOOu air pendingin keluar = 4Soe = 113"F 

Prarencana Pabrik Acetic .4cid dart Ethanol 
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2. LMI'n 

Ft = 1 (salah saluny.afluida suhunyakonstan) 

126+ 99 
UvITD= = 112,5 of 

2 

3. Suhu kalorik 

212 + 212 
Tc --. ____ = 212 cp 

2 

113 +86 
tc __ ---- = 99,5 "F 

2 

Dipilih: 1 ';s, in OD, 16 BWG, 1 in square pitch 

(L~~4~ ] 
~- ... 

Asurnsi : Do = 200 Btulj (tr)"F 

A 

A 

Q =UD. A . ~t 

Q 

UD.M 

362264115,122 
----- = 16100,627 i¥ 

200 (112,5) 

=Nt. a" . L 

prl1l'('nmna Pabrik Acetic Acid dari Ethanol 
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16100,627 =N1 (O,3925) 140 

Nt = 293,005 

Dari tab?1 9; K?lll dip?rol?b ; 

ID shell =39 in 

Nt =299 

Passes =2 

DDkoreksi : 

== 2%1 x 0,3925 x 140 = 16430,05 tr 

She-Ii side (illuida panas) Tube side (air) 

-------~----------------+-------------------------

4.38 = m x t' B! 144 PT 

39 J!. 0,1875 x 12 
= -------= 0,361 if 

1,5 + 0,1875 x 144 

w 
5.08= 

38351,802 
= 

:= 106~37,6791b/j (iftF 

j.L = 0,12 gs (fig. 15 Kern) 

= O,19~ IbijaDl (ft) 

De = 0,95 / i12 ft = 0,079 ft 

Nta't a't=I,47 
4.31= 

144n (table 10 Kern) 

299 x 1,47 
= 1,526 tr = 

144 (2) 

W 
5.Gt.= 

at 

1341719,137 
= 

1,526 

=879239,277 

6.Pada t = ll3"F 

j.L = 0,7 cp = 1,694 Ib/j (ft) 

\Di = 1,37 iIf = 0,114 it 
I 

J 
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Res=D GsfJ.1 

DOt 
i),0'i19 x 106237,679 Ret = 

= 

0,2904 

jH = 80 (Ug 28 Kern) 

k = 0,(l13'~ BtuIhr 1f ("F/ft) 

(table' 5 Kern) 

=28900 

C = 0,47 ~lb"F (fig 3 Kern) 

C 11 113 Q,47 x 0,2904 113 

k 0,0137 

=2~718 

k C J.11f3 

ho =jH-
De k 

10,0137 
= (80) (22,718) 

0,079 

0,114 (879239,277) 
59169,585 

1,694 

jH =200 (Kem, fig 4,hlm. 834) 

7.Pada tc = 99,5"F 

k = 0,364 Btu/j (if)"F 

C = 1,0 Btullb ("F) 

C 113 
~l 1 16941

/3 , 
= 

k 0,364 

= 1,6696 
k C J.1113 

hi=JH 
De k 

= 315,1 ~6 Btulj (tr)"F 0,364 
= 200 (1,6696) 

0,114 

= 1066,201 Btulj(fY)"F 

ID 
9.bio =hi 

OD 

1,37 
= 1066,201-- (Kern table 10,h1m.843) 

1,5 

= 973,797 Btu/j(if)"F 
-------------------~--------~-------------

-----.-----------------------------------------
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!hio x ho 973,797 x 315,76 
Uc = 238,44 Btulj (Jr)"F 

ihio+ho 973,797 + 315,76 

Uc - Uo 238,44 - 200 
Rd = = 0,00081 

UexUD 238,44 x 200 

PRESSURE DROP 

I 

1 'Res = 289~0 \ 1. Ret = 59169,585 

f = O,OOlIS (Ke>rn,fig 29,blm.839) \ f = 0,00017 (Ke>rn,fig 26,bbn.S36) 

2' 8 = 0,0317 (Me Cabe,1974,hlm.915) I 
12 x 140 fxorxLxD 

N+l= ____ =140 2. AP\= 
12 

Ds = 0,Q79 ft (Kern,fig 28,blm.838) \ 0,00017 x (879239,277i x 140 x 2 

APs = fxI Gs
2 

X Ds x (N+l) I 5,22 x 10
10 

x 0,114 x 1 x 1 

\22: x 1010 x De x s x $s I = 6,184 psi 

0,001S ~ (l0623Sf x 0,079 x 140 \3. y2l2g = 0,001 (Kern,fig 27,hlm.S37) 

APr = 4 nls (y2!2 g) 

= 1,473 psi 4x2 
= x 0,001 = 0,008 

1 

APT = APt + APr 

= 6,184 + 0,008 = 6,192 psi 

Pra.l'encana Pabrik Aatic Acid dan Ethanol 
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Kesimpuhm: 

f Hot gas h out side cold liquid 
Uc - 238,44 

Dr< = 200 

I ho = 315,176 

I hin = 973,797 

l ~ __ -:-. ___ =_°_'°_°_°_81 ________ ----4 

U_~7=S~_~-~-.-!.::~:~il~~:;~~~!!!an~~~0~,~Ol~~~~~:~!:~: ~ 

13. 8pes;rIluhi Condenser (H - 132) 

Condensate out 
~------------~--~ \.&,.,.----------..... 1---Steam in 

P~iang 140 ft Hot fluid 
Jtmllah pipa = 299 buah 

Shell side Tube side 

ID : 29" Jtmllah dan panjang : 299 buah dan 140 ft 

Baffle space : 12" OD,BWG,pitch : 1,5", 16, 1" 0 

Passes : 1 Passes : 2 

Bahan : Carbon steel 

------~------------------------------
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14. ACCIJ1\lIJLATOR (Ii' -133) 

Gambar accumulator dan aman mana 

Dari E-132 
= 417513,060kglhari 

FDD~si : MenamptJll8 sementara Distillate dari Condenser (E-132). 

Type : Tangki horizontal dngan tutup samping beroentuk dished 

Dasar pemiHban : Tangki bekelja pada suhu 86,3"C dan tekanan ± 1 atm. 

Kebutuhan prmmri = 417513,060 kglhari = 99,9 kgljam 

Density untuk 4,']6/0 C#~OH = 0,99311 kgllt = 61,970 Ibicuft 

(Perry edisi !\.1J,hlnL 3.89) 

Digunakan s~buah tangki dengan waklu tinggal 600 detik = 10 menii 

(lTIrich, 19811-, blm.249) 

417513,060 
Volmne liquJd = x 10 cuft = 103,146 cuft 

0,4536 x 61,970 x 24 x 60 

Safety allowance Im-~ (Vilbralldt, 1959, Wm 152) 

Maka volu~ tangki = 1,1 x 103,146 cuft = 113,461 cuft = 848,802 gallon 

Mencari diameter tangki : 

(PersamaanlPersamaan dan data perbitJrngan diambil dari Brownell-Y O1mg) 

Panjang tangki = P = 1 - 2D tangki 

p= ± 1,5D _____ ..... v = 7ti4. D2 . H 

=n/4. DJ .1,5 D = n/4. 1,5. D3 

Pm.rencana Pab.rik fl..cetic fl..cid da.rt Ethanol 
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113,461 = 0,785 . 1,5 D3 

= 96,358 --____ • D = 4,585 it 

Rc = (D +- O,S) ft 

= (4,585 - 0,5) ft = 4,085 it 

h = Rc ,. "(Rc2 
- 02/4) 

= 4,0$5 - ...j (4,0852 
- 4,585 214) = 0,704 it 

V = 1,0$. b2
. (3 Rc-b) 

= I,O~ x 0,7042 
. (3 x 4,085 - 0,704) = 6,011 tr 

V sHinder = [113,461 - 2 (6,011)} cuft 

= 101,439 cuft ______ .. 1t 14 . D2 . P 

101,439 = 0,785 . 4,5852
. P 

P~iang == p = 6,147 ft 

P~jang totall = (6,147 + 2 X 0,704) it = 7,555 ft 

Tinggi total maksimal::= diameter tangki = 4,585 ft 

Mencari te1o.lmm design : 

Tinggi liqui~ maksimal = 4,585 ft 

P proses = p. 8igc. h1144 

= 61,970 x 1 x 4,5851144 = 1,973 psi 

Untuk safety = 20 % 

P design ::= 1,2 x 1,973 psi = 2,368 psi 

Tebal tutup ~ri kanan (dish = td) 

P.D 
td =, ----<---- + C 

2.fe-P 
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Digunakan Garbon steel 

f " 121750 psi 

e "" 0,85 (welded butt joint) 

c = 2/16 (faktor korosi) 

1,973 x 4,585 x 12 
Is ----------- + 2/16 in = 0,130 in 

2 x 12750 x 0,85 - 1,973 

Digunalom tebal = 3i16 in = 0,1875 in 

Tebal shell ~ts) 

P.D 
ts -----+C 

2. f. e 

1,973 x 4,585 x 12 
ts ~------- + 0,125 in = 0,130 in 

2 x 12750 x 0,85 

DigWlakru:! t.dba! 3/16 in = 0,1875 in 

Type : Tangki horizontal dengan tutup samping beroentuk dished. 

Kapasitas : 848,802 gallon 

Dimensi : • diameter shell =4,585 ft 

7,555 it - pru:!Jang = 6.147 it ... p 

= 3/16 in 

,~ 4' 585 ft 
,., f 

- tebal she 11 = 3/16 in 

- teba! dished . 
~ ~ 

6,147 ft 

Baban kOllsbiuksi : Carbon steel 

Jumlab : 1 buab 

-_._----------_._-----------------
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15. DISTILATE PUMP (L - 134) 

FUillsi : Niemompa l8Il1tao basil distillate dari Accumulator (F-133) ke Distilator 

Column (D-130) dan Waste Storage (F-137). 

Dart F-133 
Rate = 77,164 gpm 

_~ __ ~. Ke D-130, F-137 

5Q 
Dimm~ter pipa : 3 in Scb40 

Rate : 77,164 gpm 

Head : 16,474 Ibift / Ibm 

Power : 1,50HP 

Jenis : Cen -. trifugul 

Ballan : Caroon steel 

Jumlah : 1 buah 

16. ACETIC ACID PRODUCT STORAGE (11'-135) 

hD:si : Untuk menamptmg produk Acetic Acid dan Distilator Column (D-130). 

Type :. Silinder regal<, tutup alas berbentuk ellipsoidal, bagi8ll bawah datar. 

Kapasitas : 13850,989 gallon 

---------------------------------------------------------
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Dimensi 

2,963' f-j;,ooooo---;;;;:--.o. 

I 
14,815' 

I 

... 11852' .. , 

17,778' 

: - diameter shell 

- tillggi shell 

- tinggi total 

- tinggi dished 

- tebaJ she 11 

- tebal dished 

Baban konstmksi : Carbon steel lapis SS. 316 

Jwnlab : 1 buah 

17. ACETIC ACID PRODUCT PUMP (L - 136) 

C - 58 

= 8,995 ft 

= 14,815 ft 

= 13,494 ft 

= 2,963 ft 

= 4/16 in 

=4/16 in 

FUD~si : Memompa produk Acetic Acid 80 % dari Acetic Acid Product Storage 

(f-135) ke kemasan (drum). 

DariiF-135 
Rate'= 69,955 gpm 

E2 .. -,.----i ..... Ke kemasan (drum) 

Diameter pipa : 3,0 in Sch 40 

Rate : 69,955 gpm 

Head : 12,591 Ibfft /Ibm 

Power : 0,75 HP 

lenis : Centrifugal 

Bahan : Carbon steel, lapis SS. 316 

lwnlah : 1 buah 

Pm.reYlctma iPabrik Acetic Acjd dari Ethanol 
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18. WASTE!STORAGE (F'-137) 

li'UUlsi : {jfntuk menwnpung waste dari DistiJator Column (D-HO). 

Type : $ilinder tegak, tlltup atas berbentuk eJlipsoidal, bagian bawab datar. 

Kapasitas : 28139,026 gallon 

Dimensi : - diameter shell 
~ .. ' 

4691' ~,... .... i ' , to 

lSJ63' 

I 

23,454' 

1 1 

- tinggi shell 

- tinggi total 

- tinggi dished 

' ... ... - tebal shell 
15,011 ' 

- tebal dished 

Bahan koIIStr1lksi : Carbon steel 

Jmnlah : 1 buah 

19. WASTE !PUMP (L - 138) 

= 15,011 ft 

= 18,763 ft 

= 23,454 ft 

= 4,691 ft 

=4i16 in 

=4116 in 

C - 59 

1!'QD~5i : Memompa waste dari Waste Storage (F-B7) ke Material Mixing Tank 

(M-112). 

Dari F-IH7 
Rate = 125,995 gpm 

~ ... ~---. ... Ke M-1l2 

PrarenC!ma PabriJr Acetic J..cid dari Ethanol 
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Diameter pipa : 4 in Sch40 

Rate : 125,995 gpm 

Head : 39,6381bfft libm 

Power : 2,50HP 

Jenls : Centrifugal 

Bahan : Carbon steel 

jmnlah : 1 buah 

PrarencarlG Pabrik ..A..cetic Acid dan Ethanol 
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APPENDIXD 

PERHITUNGAN ANALISA EKONOMI 

1. .Metode Pf:nafsiran Har~a Alat 

Masalah perala!an proses produksi diputuskan untuk membeli I memesan 

peralatan pabrik Acetic Acid dari perusahaan / pabrik pembuat alat-alm industri kimia 

di dalam ne,geri. HaJ ini disebabkan adanya beberapa pertimbangan sebagai 

berikut: 

L Dengau adanya kemajuan dalam pembuatan peralatan pabrik (industri kimia) 
~ 

di Indonesia yang dapat membuat beberapa peralatan yang cul..IlP sulit. 

Sebagai cOlltoh : evaporator, filter press, distilator dan lain-lain. 

2. SI~laiJil itu juga adanya perbedaan yang cukup besar harga peralatan antara 

buatan dalam negeri dan luar llegeri. 

3. Serta keadaan ekonomi yang tidak ~1abil di Indonesia yaitu dengan berubab-

ubahnya nilai tukar rupiah terhadap dolar (nilai rupiah sanga! jatuh), 

2. Metode Pllnaluiran Haria Bahan Baku dan Produk 

Penaksiran harga beli bahan baku dan harga juaJ produk Acetic Acid dapat 

diperkirakan / ditanyakan langsung ke pasaran eli Surabaya atan di biro statistik. 

----------------------------------------------
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c 1\1838772,78 x RJl5.ll()(I 

'" Rp_ ~U93.863.9I1U 

= Rp. HlOu 

!\.t hilI nll.1 It l'r! l.lhun ,= 330 x 1 HUlO3 Il~ = 3631H1.99 k.t!. 

== .$6300,99 X R,}. lOOt) 

j'" i.! "t d • J .. r hili uha" I."h"n Ira kil ,d;lma 1 tab un ""' It JI. <;4.13(\.164.89\1 

ii.H~' ' 'i, ".h,lIIll.4ku ~elama i hllian )}rllduksi ~ i{ p. 4.9 3i1.ili 5 .ili:!i 

t," ;:'" : ... ' ", ,,,1 uk I'tarna ,Jan Saml'ill~ 

\'1 ... 1 "I" i I"" \ J I II III 

" 16500000 x RI' 8.0UH 

= Rp, 151,UIIIUIHH.IIHII 

., . 
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Tabd D-2 : Perine-ian g~i pegawai tiap bulan 

r N~I-- Jabatan 
I I 
I I 
I I 
\--.-+:::-:-.-. 
I 1. I lhrektlU" (itama 
I I 

I 2. I D;,.lduc T dm;k & Produksi 

I 3. I DirekUlr Administrasi & Keuan~an 
I -
I I I 4. I Sekretaris 

j 5. I Kepala bagian 
! \ -
\ 6. \ Kepala seksi 

I 7. I KUl'yawan operator proses 

I 8. I KaJY<lwan kantoriadminitrasi 

I 9. I Karyawan utilitas 
I I 

\10.\ Karyawan M & R 

! 11. I Ka.")'awan smpam 

I 12 I 1/- • I '. I .l'~aryawan soplr 

I Jumlah I 
I I 
I I 
I 1 I I I 
I I 
I I 

I 1 I 
I 1 I 
I I 
I I 

I 1 I 

j :0 
I 

40 

10 

I 12 
I 

I 2 

Gaji I 
perorang 

(Rp) \ 
9.200.000 I 

I 
7.000.000 I 
7.000.000 

I 
2.500.000 I 
3.000.000 I 

I 
2.000.000 ! 

I 
1.210.000 I 
l.ooo.oooj 
1.000.000 I 

I 

1.000.000 I 
900.000 ! 

I 

900.000 I 

D -6 

Jumlah I 
(Rp) I 

9.200.000 1 
I 

7.000.000 I 
7.000.000 

2.500.000 I 
15.000.000 I 
20.000.000 I 
48.000.000 I 
10,000,000 I 

I 
8.000.000 I 
8,000.000 I 

I 
10.800.000 ! 

l.800.000 I 
13.1 Karyawan kebersihan. toilet, tanlall 2 ?OO.OOD 1.400.000 

I I 

I 14. I Km1'awaD konirak (harian iepas) 3 600.000 I 1.800.000 
I I' '. I l __ ---j----------------------4--1-04--~------~I-l-S-O.-OO-O-.O-O~OI 
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